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Designing IgG Antibodies for Therapeutic Use – a Review 

Sekhar Kundu 

Department of Zoology, Ramkrishna Mission Vivekananda Centenary College , Rahara , Kolkata  

 

Introduction  :-  Monoclonal antibodies are became the important therapeutic action for many 

diseases and expected to play a greater role in the treatment of diseases , so many efforts have 

been made in devoloping monoclonal immunoglobulin IgG antibodies for use in clinical 

practice. Recent researchers suggests that fc region of igG could also represent an exciting 

approach toward naive therapeutic strategies. The high specificity of monoclonal antibodies in 

association with their multi-functional properties, high effectivity, long half-life permitting low 

dosing and prolonged pharamcological effects, and general lack of off-target toxicity makes 

them ideal therapeutics  28 recombinant monoclonal antibodies are currently approved by the 

FDA. 

A wide variety of monoclonal therapeutic antibodies currently licenced with hundreds more in 

pre clinical and clinical development .These therapeutic antibodies can be administered for a 

wide array of diseases ; although majority of them are used for cancer , autoimmune disorder, 

transplantation. 

Pharmacological differentiation of therapeutic antibodies can be potentially achieved by 

optimizing several areas: the epitope which the antibody binds to, the affinity to the target, the 

pharmacokinetics, the effector function of the constant region (Fc region) and the safety profile 

of the antibody, such as immunogenicity. This review covers the fundamental methods that are 

required to modify IgG  in developing therapeutic antibodies. 

 

OBJECTIVE :-i.IgG antibodies can be engineered to have improved binding properties , 

effector functions and pharmacological properties.  

ii. The objective of using monoclonal IgG antibodies is to stimulate the patient's immune system 

to fight against unwanted pathogens like virus , bacteria and other cells , for example Use 

monoclonal IgG antibodies involves indirect transfer of antibodies for pre/post exposure 

prophylaxis or for treatment. 

III. one of most important objective is to modify the physical or chemical properties for potent 

effect. These are - 

Modifying the fc part of IgG monoclonal antibodies involves various kinds of processes like 

fc glycosylation  , modifying residues of one subclass with another. fc region is the most 

important part in developing the therapeutic antibodies with specific targeting activities therefore 

reducing both potential harmful side effects and dosage. 



Modifying the binding property of therapeutic IgG this involves several processes including 

Random mutagenesis , Targeted mutagenesis , etc. 

Altering the specificity  involves  several immunological techniques such as to reduce the cross 

reactivity to other antigens , binding two different anbodies by a single binding site etc. 

Improving the pharmaceutical properties of monoclonal antibodies   this involves 

optimizing the hydrophobic core of antibodies , modifying VL/VH domain residues , avoiding 

deamidation and isomerization and that helps to retain biological activity during storage. 

 

DISCUSSION:-  monoclonal antibodies plays a very important role in finding other alternatives 

to regular drugs .These are produced by B cells for targeting specific antigens . Discovery of 

Hybridoma technology by Kohler and Milstein has made it possible to produce a large number of 

pure IgG antibodies artificially. Monoclonal IgG antibodies  are developed to complement the 

use of drugs , vaccines . These antibodies have a specific structure that provides them a specific 

kind of function. So to develop a therapeutic antibody the desired function must be considered 

and also merge that into the design and examine that for maximum potency and safety. Currently 

around the globe the monoclonal therapeutic antibodies have sufficient supply chain with a 

current market price of $115.2 billion in 2018 and it is still increasing . irrespective of that 

massive growth rate new companies shows only a small interest to buy the shares .extensive 

researches  suggests that IgA or anti-FcαRI can represent an exciting path toward new 

therapeutic strategies. Fcγ receptor family include six variants(FcγRI, FcγRIIA, FcγRIIB, FcγRIIC, 

FcγRIIIA, FcγRIIIB) which differ in their cellular distribution, binding affinity to Fc, and the resulting 

biological function. Therefore, during developing any tumor specific therapeutic antibodies, including 

single-targeted antibodies, bi-specific antibodies (BsAbs), and antibody-drug conjugates (ADCs), many 

things, such as drug target specificity, cellular distribution of the targets, the internal environments of 

tumor types, as well as the particular mechanism of function, must be taken into consideration. The 

quality of igG antibody should be maintain during storage and administration. Moreover recent studies 

also shows that aggregation of igG monoclonal antibodies is one of most dangerous risk factor that 

compromises safety and efficacy. During the process of igG manufacturing, 0.22-μm membrane filters are 

mainly used to remove the aggregates.The recent researchers shows that removal technique with non 

native igG antibody adsorbent  that helps in long storage process. It also facilitate the quality of 

immunogenicity igG preparations .  Also there is a huge prospect of these therapeutic  monoclonal  

antibody  use. It is well known that high amount of igG antibodies isolated from human plasma imparts 

anti inflammatory effect in a variety of immunological prospects.    Increasing number of 

immunoefficient monoclonal antibodies  and IgG Fc fusion proteins are either useable or in early-to-late 

phase clinical trials for the cure of chronic inflammatory conditions, like autoimmune diseases and organ 

transplant rejection. The optimized specificity of monoclonal antibodies, in association with their multi-

functional properties, high potency, long life span(permitting intermittent dosing and prolonged 

pharamcological effects), and general reduction  of off-target toxicity makes them the ideal therapeutics. 

Also monoclonal igG antibodies used in immune suppression which is more use useful in prolonged drug 

therapy. Using therapeutic IgG antibodies also helps in activating othe immune mediated molecules like 

cytokines , infusion complex etc . 

 



CONCLUSION- presence of natural anibody in an healthy individual is necessary for 

maintaining several functions like fight with pathogens also maintaining the homeostasis of cell 

,and studies showed that normal antibodies can be changed in an individual’s body such naïve 

antibodies are target for having recombinant function,  Despite the fact that only few therapeutic 

igG are used in pathogen specific diseases , it has been worth mentioning that separate 

improvement of variable region property are effective in reducing pathological damage . Due to 

major developments in past decades first in class strategy for finding promising targets is so 

competitive in nature. An raising number of immunoefficient  monoclonal antibodies (mAbs) 

and IgG Fc modified proteins are either approved or in early-to-late stage clinical trials for the 

treatment of different conditions like major inflammatory conditions, autoimmune diseases and 

rejection in organ transplant. During developing and testing therapeutic antibodies the devolping 

authority needs to consider the subclass properties , especially testing against an infectious 

disease. Although this field has a promising future but still ongoing researches in this field is 

slow compared to other drug dvoloping researches . there are so much variety of potential setting 

in developing therapeutic igG monoclonal antibodies , against infectious diseases ,  so therefore 

the pros and cons of  applying this method should be carefully assessed. 
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Introduction: Habitat destruction, climate change, hunting, excessive usage of pesticides and 

the transition of many rural areas to suburban and urban areas, are the main reason behind 

different type of  conservation status like critically endangered (CR), endangered (EN), 

vulnerable (VU), near threatened (NT), least concern (LC).  

According to reptile database, total 337 species are reported from India. After separation all the 

species along with their conservation status, 71 species were enlisted, among them 2 are 

endangered, 2 are vulnerable, 5 are near threatened and 62 are least concern. For designing 

phylogenetic tree, we use mitochondrial gene sequences. Because,  

• Mitochondrial DNA offers a particularly rich source of markers for the study of closely related 

taxa because of the very low rate of recombination (Piganeau et al., 2004).  

• Maternal inheritance, simple genetic structure, reduced effective population size (Ne), and 

relatively rapid rates of evolution (Avise et al., 1983). 

 

Methodology: Methodology will describe step by step with few bullets --> 

1. At first I enlisted total 337 species from “Reptile Database”. 
2. After that according to the IUCN Database, I separate all the species along with 

their conservation status. And finally I enlisted total 71 species, among them 2 are 
endangered, 2 are vulnerable, 5 are near threatened and 62 are least concern. 

3. Then from NCBI Nucleotide Database, I collected total CYT-b and COX1 gene 
sequence along with their accession Id. of 71 species. 

4. After that I runed multiple sequence alignment via MEGA for three times. First 
time I runed total 68 species along with their CYT-b sequence. Second time & 
third time I runed total 15 species. And those 15 species had both CYT-b & COX1 
gene sequence. 

5. Then I analysed all three phylogenetic tree and at the end I 
capable to take a simple decision which have been justified by 
many scientific journals. 
 

◼ Which will be describe later in result & discussion section. 

 

Objective: We were trying to see the correlation between phylogenetic position of Indian 

snakes along with their conservation status. 

 

 

List of 15 Snake species along with their Conservation Status : 

 



 

 

Name of the Snake Family  Conservation 
status  

Ophiophagus hannah Elapidae  VU 

Python bivittatus Pythonidae  VU 

Python molurus Pythonidae  NT 

Coelognathus flavolineatus Colubridae  LC 

Coelognathus radiatus Colubridae  LC 

Euprepiophis mandarinus Colubridae  LC 

Gonyosoma oxycephalum Colubridae  LC 

Gonyosoma prasinum Colubridae  LC 

Trimeresurus stejnegeri  Viperidae  LC 

Lycodon zawi  Colubridae  LC 

Naja kaouthia Elapidae LC 

Protobothrops jerdonii Viperidae LC 

Protobothrops 
mucrosquamatus 

Viperidae LC 

Boiga ochracea Colubridae LC 

Bungarus fasciatus Elapidae LC 



 

 

Result:  

 

Fig1:  68 CYT-b gene sequences alignment based on their conservation status 



 

 

 

 

Fig2: Sequence alignment based on  CYT-b gene sequences of those 15 species 

 

 



 

 

 

 

Fig3: Sequence alignment based on COX1 gene sequences of those 15 species 

 



 

 

Discussion : It’s very much clear that, phylogenetic position of different snake species isn’t 

depend upon their conservation status. According to figure1, it depicts that position of all 

endangered, vulnerable, near to threatened & least concern isn’t in a synchronous way. Previous 

statement also justified by figure 2 & figure 3. Now 2 question arises in mind, i. Why all snake of 

Pythonidae family facing a critical condition & ii. Why only one Elapidae snake King Cobra facing 

trouble and characterised as vulnerable species ? 

• Reason behind decreasing population trends of Pythonidae family :  

i. Nidoviruses : The order Nidovirales is a large group of diverse enveloped positive-

strand RNA viruses (Gorbalenya A. E. et al., 2006). 

Nidoviruses are known to infect a range of vertebrate and invertebrate hosts, several of 

which have caused serious diseases in both humans and animals. In humans, prominent 

nidoviruses belong to the family Coronaviridae and infections can result in a wide range of 

presentations from asymptomatic infections to significant morbidity and mortality 

associated with severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle 

East respiratory syndrome (MERS-CoV) (Tyrrell D. A. et al., 1965 & Pringle C. et al., 

1996). Since their discovery in 2014, reptile nidoviruses (also known as serpentoviruses) 

have emerged as significant pathogens worldwide. They are known for causing severe and 

often fatal respiratory disease in various captive snake species, especially pythons. Related 

viruses have been detected in other reptiles with and without respiratory disease, including 

captive and wild populations of lizards, and wild populations of freshwater turtles. There 

are many opportunities to better understand the viral diversity, species susceptibility, and 

clinical presentation in different species in this relatively new field of research. In captive 

snake collections, reptile nidoviruses can spread quickly and be associated with high 

morbidity and mortality, yet the potential disease risk to wild reptile populations remains 

largely unknown, despite reptile species declining on a global scale. Experimental studies 

or investigations of disease outbreaks in wild reptile populations are scarce, leaving the 

available literature limited mostly to exploring findings of naturally infected animals in 

captivity. Further studies into the pathogenesis of different reptile nidoviruses in a variety 

of reptile species is required to explore the complexity of disease and routes of 

transmission. This review focuses on the biology of these viruses, hosts and geographic 

distribution, clinical signs and pathology, laboratory diagnosis and management of reptile 

nidovirus infections to better understand nidovirus infections in reptiles. (Parrish, K. et al., 

2021) 

 



 

 

 

Fig4: Existence of Nidovirus among different species 

Left portion of figure 4 depicts that Nidovirus present not only in Phyton & Boa but also in lizard 

& turtle. And the right position of this picture depicts that near about all terrestrial, captive pythons 

are facing this problem and the end result is death. 

Another reason for decreasing population trends of Pythonidae family is Inclusion Body Disease 

(IUB) (Rachel E. et al., 2014). Inclusion body disease (IBD) is caused by reptarenaviruses and 

constitutes one of the most notorious viral diseases in snakes. 

According to a current research report (Simard, J. et al., 2020), A total of 292 snakes (178 boas 

and 114 pythons) from 40 collections in Belgium were sampled. In each snake, blood and buffy 

coat smears were evaluated for the presence of IBD inclusion bodies (IB) and whole blood was 

tested for reptarenavirus RNA by RT-PCR. Of all tested snakes, 16.5% (48/292) were positive for 

IBD of which all were boa constrictors (34.0%; 48/141) and 17.1% (50/292) were reptarenavirus 

RT-PCR positive. The presence of IB could not be demonstrated in any of the tested pythons, 

while 5.3% (6/114) were reptarenavirus positive. In contrast to pythons, the presence of IB in 

peripheral blood cells in boa constrictors is strongly correlated with reptarenavirus detection by 

RT-PCR (P<0.0001). Although boa constrictors often show persistent subclinical infection, long-

term follow-up indicated that a considerable number (22.2%; 6/27) of IBD/reptarenavirus positive 

boas eventually develop IBD associated comorbidities. 

 

 



 

 

• Reason behind Vulnerable (VU) status of Ophiophagus hannah : 

According to IUCN red list, The world’s largest venomous snake, the King Cobra 

(Ophiophagus hannah), is listed as vulnerable due to loss of habitat and over-exploitation for 

medicinal purposes. 

1. The International Union for Conservation of Nature has listed the king cobra as vulnerable 

to extinction. These snakes face a variety of threats stemming from human activities. Heavy 

deforestation in Southeast Asia has destroyed the habitats of many king cobras, while they 

are also harvested in large numbers for skin, food, and medicinal purposes. They are also 

collected for the international pet trade. King cobras are also persecuted by humans who 

fear their menacing reputation. 

Comparison of venom composition between Elapidae & Viperidae family 

based on their conservation status :  

The major difference between elapid and viper venoms was the presence of 3FTx in elapid 

venoms The major difference between elapid and viper venoms was the presence of 3FTx in 

elapid  and the virtual absence of 3FTx in viper venoms. Elapid venoms were also less diverse 

in the range venoms and the virtual absence of 3FTx in viper venoms. Elapid venoms were 

also less diverse in the  or number of protein families, largely consisting of only PLA2 and 

3FTx, although different groups range or number of protein families, largely consisting of only 

PLA2 and 3FTx, although different  were dominated by one or the other (Figure). Elapid 

venoms were more variable in the amount of groups were dominated by one or the other 

(Figure). Elapid venoms were more variable in the  different protein families compared to viper 

venoms.  

 



 

 

So, from the previous slide it’s very much clear that; for King Cobra the amount of neurotoxic 

venom that means Phospholipase A2 (PLA 2) is near about 4% & hemotoxic venom that means 

Snake Venom Metalloprotease (SVMP) is near about 15%. This SVMP & PLA 2 help them for 

hunting.  81% 3-finger Toxic (3FTx) venom also present in King Cobra, which help for showing 

defensive character.  

Along with King Cobra, another snake species of Elapidae family like Naja naja, Naja sagittifera, 

Bungarus caeruleus have 22%, 28.5%, 72% PLA 2 and 77%, 75%, 20% 3FTx respectively.  All 

three have very little amount of SVMP. 

But for Daboia russelii (family Viperidae); the amount of PLA 2 is 50%, SVMP is 38 % and SVSP 

is 12 %. If I compare all snakes of Elapidae family based on their venom composition, the it’s very 

much clear that King Cobra have very less amount of neurotoxic venom PLA 2 than others but the 

twist is King Cobra also have a decent amount of hemotoxic venom SVMP whereas another snakes 

of Elapidae family have very low amount of SVMP. 

But still King Cobra is vulnerable and Naja naja, Naja sagittifera , Bungarus caeruleus are least 

concern, WHY ???? 

Fig5 

 



 

 

 

Fig6: Structure of PLA2 in different snake 

 

Fig7 



 

 

Figure 5 depicts that Russell’sViper has more primitive PLA2. King Cobra has also primitive 

PLA2 but it’s slightly modified than Russell’sViper. Figure 6 also justified this statement. Figure 

6 depicts that all structure of PLA2 for different snake species is more all less same but the 

modification and differences present based on the position and number of phosphodiester bond. 

Very few research article explained that more phosphodiester bond means more complexity and 

more toxic. So for  neurotoxic venom aspect King Cobra facing a huge problem, not only King 

Cobra but also Russell’s Viper. But Viper have a benefit for presence of hemotoxic venom SVMP. 

According to figure 7 viper have more modified and toxic SVMP than King Cobra, whereas King 

Cobra has the less toxic and primitive SVMP than others Elapid & Viper. For this less toxicity, 

may be King Cobra facing very much problem due to time of hunting. It’s correct that King Cobra 

inject higest amount of venom than other snake but may be due the reason of less toxicity, it 

creating very much problem. So along with all ecological reason, this also a huge and a major point 

behind vulnerable status of King Cobra.  

 

Reference : 

• Reptile Database 
• NCBI 
• RCSB PDB 
• UniProt 
• Other articles cited in the text 
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Evolution of Snake Venom Metalloproteinase 

(SVMP) in the context of Atrajin from Naja atra 
 

Introduction: 
Snake Venom Metalloproteins (SVMPs) constitute about 30 percent for vipers’ and pit vipers’ venoms. They are also 

present in elapid snake venoms, but in little amounts (less than ten percent) and make a significant contribution to the 

haemorrhagic effect on prey following venom delivery. They cause serious damage to the prey's microvasculature, 

which usually ends in death. Aside from that, they're fibrinogenolytic agents, prothrombin activators, blood 

coagulation factor X activators, apoptotic agents, platelet inhibitors, pro-inflammatory agents, and blood serine 

protease inhibitors [8]. The "A Disintegrin and Metalloproteinase'' (ADAM) proteins are neofunctionalized in SVMP. 

ADAMs are important extracellular cell signalling proteins in mammalian cells [8]. SVMP is thought to have evolved 

from a duplication event of the ADAM28 gene, which was then neofunctionalized around 60 million years ago on 

Earth. Those proteins were taken up by a variety of animals, including snakes, who used them to help in the capture of 

prey. Snake venoms from the Viperidae and Crotalinadae families have an exquisite venom protein. Elapidae venoms, 

on the other hand, have a lower concentration of them.  

The development of SVMP venoms among Elapidae, Viperidae, and Crotalinadae snake venoms was the focus of our 

early research. We phylogenetically analyzed the SVMP proteins whose solved structures have already been deposited 

in the RCSB PDB. We found that VAP1 from Crotalus atrox (Viperidae) and K-like & Atragin from Naja atra 

(Elapidae) belong to the same monophyletic group when analyzing the sequences. The phylogenetic analysis of cyt b 

sequences for each species was in discrete positions since they are from separate families. After that, we looked at 

their geographical distributions. Crotalus atrox was found in the United States and Mexico, whereas Naja atra was 

found in China (Guizhou, Hainan, Hubei, Hunan, Zhejiang, Chongqing, Fujian, Jiangxi, Anhui, Guangdong, 

Guangxi); Hong Kong; Lao People's Democratic Republic; Macao; Taiwan, Province of China; Viet Nam. Because 

they were distantly placed in the Pangea formation state, the reasoning based on localization proximities were 

rejected.  

The conclusions may currently be expressed using the dietary specificity of the two snakes [1, 2]. Daltry et al. 

presented an intriguing article in 1996 in which they looked at the diet of the pitviper Calloselasma rhodostoma from 

different parts of South and North America and associated snake venom evolution. Their research discovered that, 

even within conspecific groups, food and venom evolution differed substantially across geographical areas. It's worth 

noting that their research ruled out both contemporaneous gene flow (based on geographical proximity) and 

phylogenetic linkages based on mitochondrial DNA analysis as explanations for snake venom diversity and evolution 

[1]. Our present goal is to investigate the diet-related differences between the two snakes to better understand their 

evolution.  

In addition, we aim to expand an Ancestral Sequence Reconstruction approach [9], in which we will underpin the 

ancestral most protein of SVMP, which was first introduced to snakes, and its leading to the accumulation and 

modification for other species. The Ancestral Sequence Reconstruction (ASR) is also known as the "retro" approach 

of protein engineering. Proteins are often modified, and environmental factors result in new protein capabilities. 

Metalloproteins are an excellent option for such breakthroughs in evolution. Finding the parent protein, on the other 

hand, can be challenging since it may not exist in its primordial form. We can locate proteins to fill in the gaps in 

protein evolution using this "retro" method to protein engineering. 

Methods: 
 

Phylogenetic Analysis w.r.t. Mitochondrial gene cytB 
FASTA sequences were obtained when an acceptable structure was chosen. For further screening, the FASTA 

sequences were manually put into the MEGA 11 software (https://www.megasoftware.net/) [7]. For better 

understanding and presentation of the idea, each sequence was renamed in the following format: "RCSB PDB ID | 

Name of the Protein | Scientific Name of the Snake species | Family of the Snake species | Protein Class at which that 

specific SVMP belongs to." The sequences were aligned using the MUSCLE technique and gaps in alignment were 



manually trimmed out. Following trimming, the proteins were analyzed using the Neighbor-joining Technique [4] 

with the exception of setting Test of Phylogeny to "Bootstrap method" and increasing the number of bootstrap 

replications to 1000 [5]. The phylogeny of the mitochondrial gene cytb was studied using a similar set of techniques. 

The mitochondrial cytb sequences of snake species previously considered for protein analysis were found in the NCBI 

Nucleotide database (https://www.ncbi.nlm.nih.gov/nuccore/?term=). [("Scientific Name" AND (Cytb OR cytb)] was 

created as a search string. We removed the Crotalus adamanteus from further study since there was no data available. 

The findings were reorganized from long to short depending on their sequence lengths. The cytb gene with the longest 

sequence length was chosen for further investigation. The FASTA format of the finished sequence was obtained, and 

the set was manually aligned with MEGA 11 software. The MUSCLE algorithm was used to align the DNA. Gaps 

were minimized and aligned sequences were pruned further. At the earlier given settings, the phylogenetic tree was 

built using the Neighbour-joining method [4]. After generating the phylogenetic tree, we renamed the sequence entries 

in the following format “Accession ID Scientific Name of the Snake | SVMP protein it carries (structure already 

solved) | Two Major Classes that represent its Venom Composition”.  

The venom composition information came from a previous study that reviewed the proteomic characterisation of 

venom compositions for diverse Elapidae, Viperidae, and Crotalinae snakes [3]. The conservation status of the 

indicated species was assessed using the IUCN Red List website (https://www.iucnredlist.org/). There is still no 

reputable source for diet-related information. 

The evolutionary history was inferred using the Neighbor-Joining method [4]. The optimal tree with the sum of branch 

length = 4.27790847 is shown in Figure 1. The percentage of replicate trees in which the associated taxa clustered 

together in the bootstrap test (1000 replicates) [5] are shown next to the branches. The tree is drawn to scale, with 

branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The 

evolutionary distances were computed using the Poisson correction method and are in the units of the number of 

amino acid substitutions per site. The proportion of sites where at least 1 unambiguous base is present in at least 1 

sequence for each descendent clade is shown next to each internal node in the tree. This analysis involved 16 amino 

acid sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There was a 

total of 198 positions in the final dataset.  

There is a clear distinction between the Class P III and Class P I SVMP proteins in the phylogenetic tree. However, 

the Acutolysin C from Deinagkistrodon acutus which belongs to class P I is in the middle of other P-III proteins. 

Same thing applies for the RVV-X from Daboia russelii that lies in between other class P III proteins. Such results are 

often confusing. The reasonings behind such results are either a strong correlation of evolution from P-III to P-I class 

proteins or a pruning error that puts distinct proteins into related phylogenies. Further review of the literature might 

clarify such points. 

The evolutionary history was inferred using the Neighbor-Joining method [4]. The optimal tree is shown in figure 2. 

The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) 

[5] are shown above the branches. The tree is drawn to scale, with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the 

Maximum Composite Likelihood method [6] and are in the units of the number of base substitutions per site. The 

proportion of sites where at least 1 unambiguous base is present in at least 1 sequence for each descendent clade is 

shown next to each internal node in the tree. This analysis involved 11 nucleotide sequences. Codon positions 

included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair (pairwise 

deletion option). There was a total of 609 positions in the final dataset. Evolutionary analyses were conducted in 

MEGA11 [7].  

While Vipers have SVMP as their main venom component, Elapids prefer PLA2 and 3FTx as their ultimate weapons. 

However, proteomic characterization of venom components reveals that a significant proportion of SVMP is present 

in some Elapid snakes (such as, Naja haze) and vice versa. Therefore, there is a strong need to look for their 

evolutionary ancestral sequences. Later studies on the same analysis resulted on significant correlation between the 

venom complexity and mitochondrial gene diversity. 

 

Conservation Analysis 
The Protein Data Bank (PDB) files for Atrajin (3K7L, 2.5 angstroms) and K-line (3K7N, 2.3 angstroms) of Naja atra 

were downloaded from RCSB PDB database (https://www.rcsb.org/). The PDB files was uploaded on the Consurf 

https://www.rcsb.org/


database (https://consurf.tau.ac.il/) to perform the conservation analysis. The settings applied are briefed in the 

following table. 

Table: Consurf Database Settings used: 

Parameters to homolog search algorithm 

Homolog Search Algorithm HMMER 

Number of iterations 1 

E-value cut-off 0.0001 

Protein database NR (This database is maintained by the NCBI and comprised of 

non-redundant sequences from GenBank CDS translations, PDB, 

SwissProt, PIR, and PRF, excluding environmental samples from 

WGS projects.) 

Select homologs for Consurf analysis Automatic 

Parameters to select the sequences for the analysis out of homolog search algorithm results 

Select 150 sequences that sample the list of homologues to reference sequence 

Maximal %ID between sequences 100 

Minimal %ID for homologs 75 

Alignment method to build the Multiple Sequence Alignment (MSA) 

Alignment method CLUSTALW 

Calculation method Maximum Likelihood (ML) 

Evolutionary substitution model Best model (default) 

Phylogenetic Tree Neighbor Joining with ML distance 

 

Ancestral Sequence Reconstruction 
The Atrajin 3K7L PDB file was uploaded to the FireProtASR (https://loschmidt.chemi.muni.cz/fireprotasr/) 

webserver. The default settings were used. The results can be viewed using the link: 

https://loschmidt.chemi.muni.cz/fireprotasr/?action=calculation&job=lmujva_636&. The protocol for the ASR is 

described below. 

 

Structural Analysis 
The predicted structures (obtained through Homology Modelling) and the experimental structures were subjected to 

further analysis for the Disulphide bridge patterns in PyMol. The structure colours were set using proper RGB codes 

from HTML colour palette. The codes are mentioned in the Table. 

https://consurf.tau.ac.il/
http://www.ncbi.nlm.nih.gov/
https://loschmidt.chemi.muni.cz/fireprotasr/
https://loschmidt.chemi.muni.cz/fireprotasr/?action=calculation&job=lmujva_636&


Table: Details of Experimentally Predicted Structures. 

Protein PDB ID 

(If 

available) 

Experimental/Predicted Colour code 

Atrajin 3K7L Experimental 168, 38, 99 

K-like 3K7N Experimental 82, 111,134 

C. mydas SVMP - Predicted (Homology Modelling) 103, 158, 47 

L. s. domestica SVMP - Predicted (Homology Modelling) 49, 154, 237 

O. hannah SVMP - Predicted (AlphaFold database) 32, 95, 143 

 

Homology Modelling of the Predicted Proteins 
Since the predicted proteins for C. mydas, L. s. domestica and O. hannah did not have any experimental structures 

submitted in the protein databases, we went for structural prediction using Homology modelling approach. We 

uploaded their respective sequences on the Swiss-model server (put link). The details of the templates used for 

homology modelling is mentioned in the Table. 

Table: Homology Modelling 

Protein Template Sequence 

Similarity 

GMQE Q-mean 

C. mydas SVMP 3k7l.1: Structures of two elapid snake venom 

metalloproteases with distinct activities 

highlight the disulphide patterns in the D 

domain of ADAMalysin family proteins 

51.79 % 0.40 0.61 ± 0.05 

L. s. domestica SVMP 2dw0.2: Crystal structure of VAP2 from 

Crotalus atrox venom (Form 2-1 crystal) 

49.03 % 0.51 0.71 ± 0.05 

 

The protein structures were further validated by deriving their respective Ramachandran Plots from the UCLA Saves 

server (https://saves.mbi.ucla.edu/).  

Results: 
 

No significant correlation between Venom complexity and Mitochondrial gene cytB diversity: 
Our study found no significant correlation between venom complexity and mitochondrial gene cytB diversity. 

Although it was expected by us as earlier studies reported the same results in this context. 

 



Ancestral Sequence Reconstruction of Atrajin from Naja atra: 

 

Figure: Phylogenetic Tree derived from the Ancestral Sequence Reconstruction in the MEGA 11 software. 

Automated ASR studies using the Fireprot ASR server resulted in a detailed phylogenetic tree that covered the total 

aspect of SVMP. A total of 150 sequences successfully represented the entire background of the evolutionary module. 

The SVMP homolog from Green Sea Turtle is suspected to be the primitive versions of these snake proteins. It is 

important to note that, the first appearance of SVMP has taken place in the Elapid snakes, namely Thamnophis 

sirtalis. Ophiophagus hannah served as a link between the SVMP of Vipers and Elapids. Protein structure obtained 

from the AlphaFold Database has shown an unusual structure profile for the protein that revolves another important 

aspect of further research in this theme. 

Analysis of the Experimental Structures: 
The two experimental structures of Atrajin and K-like respectively, both from Naja atra was downloaded as .pdb 

format from RCSB PDB Database. The structures were uploaded in UCLA Saves server for Ramachandran Plot 

generation. The visualization processes were performed using the PyMol software. Images produced are set in 300 

DPI settings, without the transparent background while using the “Draw” option in command box. 



                                    

     

Figure: Surface, Electrostatics, Ramachandran Plot and its Statistics for the SVMP Protein Atrajin (PDB ID: 3K7L) 

from Naja atra. 

 

                                       



 

Figure: Surface, Electrostatics, Ramachandran Plot and its Statistics for the SVMP Protein K-like (PDB ID: 3K7N) 

from Naja atra. 

 

Homology Modelling of the Predicted Proteins 
Homology modelling using the Swissprot server resulted in two protein structures. The server successfully modelled 

the proteins obtained from C. mydas and L. s. domestica. However, the T. sirtalis protein obtained no such models. 

 

Figure: Homologs of SVMP: Predicted Structures from C. mydas, L. s. domestica, and O. hannah. 



Structural Analysis: 

 
Figure: Electrostatic Surface Representation of K-like, SHOH, Atrajin, SHLS, and SHCM.  
 

The experimental and predicted structures were subjected for further analysis in the visualization software PyMol. The 

patterns of disulfide bonds were focused. The details of the structural analysis were described in the Table. The 

disulfide bond patterns significantly contributed to the venom complexity. This disulfide bond patterns, or the 

“Molecular Stitching” patterns were highly diverse among the proteins. Further docking studies will confirm if the 

predicted structures have different substrate specificities or not. 

The experimental structures were aligned against each other to obtain their RMSD vale, by which we can define the 

protein structural similarity attributes. The RMSD value for the alignment of Atrajin-K-like was 18.453, which is very 

high w.r.t. the similarity parameters. It is quite expected as there are distinct structural differences among the two 

proteins, already documented in their structure report paper. 

The predicted structures were aligned against the Atrajin protein to obtain their RMSD values for the similar set up. 

The RMSD values (shown in the table) clearly demonstrates that the C. mydas SVMP honolog closely resembles the 

Atrajin, while others are quite different in structure. By structural similarity with Atrajin, the proteins can be arranged 

in the following sequence: SVMP Homolog from C. mydas>SVMP Homolog from L. s. domestica> SVMP Homolog 

from O. hannah. However, the same task was not performed for K-like since, by visual means it is quite evident that 

the K-like structure is quite different from the predicted proteins, while Atrajin is closer in structural relation. 

Table: RMSD Value Calculations. 

Sl. 

No. 

Protein 1 Protein 2 RMSD Values Order of Similarity 

w.r.t. Atrajin 

01 Atrajin K-like 18.943 SHCM > SHLSD > 

SHOH > K-like 02 Atrajin SVMP Homolog from C. mydas (SHCM) 0.145 

03 Atrajin SVMP Homolog from L. s. domestica (SHLSD) 3.444 

04 Atrajin SVMP Homolog from O. hannah (SHOH) 8.045 

 



 

Figure: Experimental Structures of Atrajin and K-like. The Alignment of Atrajin-K-like protein (RMSD = 18.943). 

 

Figure: Alignment of Atrajin against the C. mydas protein (RMSD = 0.145), L. s. domestica protein (RMSD = 3.444), 

and O. hannah protein (RMSD = 8.045). 

Discussion: 
 

Snake Venom Metalloproteins significantly contribute to the venom complexity of all Vipers, Pitvipers, and some 

Elapid snakes. These proteins are important to understand since they are the neo-functionalized versions of ADAM 

and ADAMTS proteins, that play a critical role in extracellular cell signaling. Additionally, these proteins serve as 

important cues for antivenom development against Viper venoms. 

Previous literatures reported ADAM28 as the most primitive non venom protein precursor for SVMPs. About 60 

million years ago, a duplication and insertion deletion event resulted in the P-III subclass SVMPs. About 32 million 

years later, the P-II SVMP was derived from the P-III SVMPs. It is important to note that, SVMP first appeared in 

Elapid snakes and the Vipers took them up to upgrade their venom arsenal. However, the Elapid snakes did not take 

up SVMP as their main venom component. 



We delved through the proteome comparisons of Elapid snakes and found Naja haze having the highest percentage of 

SVMP among the Elapids. We progressed with the Naja atra since it has a validated experimental structure to back up 

our bioinformatic studies. We processed with the .pdb files and conducted Ancestral Sequence Reconstruction of the 

Atrajin protein. SVMP Homolog from the C. mydas is found out to be the most ancestral version of the protein family. 

However, how these proteins came up to the snakes is still under investigation. 

 

Future Directions: 
• The predicted proteins will be docked against an array of small molecule substrates to obtain their 

biochemical characteristics and activity profiles. 

• Further analysis of the O. hannah SMVP protein will be performed using computationally validated models to 

retrospect the unusual structure of the protein. 

• A conservation analysis study will be performed parallel to this study, and it will look if venom complexity is 

related to the organism survival or not. 

• An activation path modeling study has been proposed to investigate the activation pathways of the respective 

proteins. 
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Observation of pollinators vitis Vitis triflorum:

Objective of the study:

Pollination is the act of transferring pollen grains from the male anther of

a flower to the female stigma. The goal of every living organism including

plants is to create offsprings for the generation…. Seeds can only be produced

when pollen is transferred between flowers of the same species. Pollination is

very interesting subject. How pollinators come and visit the flower, take the

pollen from the flowers. Pollination can be occurred by different types of

pollinator in different species or one species.

❖ At the first, we shall observe the flower at different times.

❖ We will observe the time in which the pollinators coming and how long

they visit the flowers and note the time into notebook.

❖ Then recognise the pollinator’s species.

Study site:

Ramakrishna Mission Vivekananda Centenary College, garden.

Collection methodology:

At first I visit the garden to choose the flowering plant. I took help of our

teacher to choose the flower. I choose the flower name Vitis triflorum.

I visit the flower in the noon at 1:30-2pm and has been waiting for the

pollinators. At first I saw the ants came to the flower. I took the pictures of

those ants using my mobile camera.

Then another day I had gone to visit the flower again and this time at 1:30

-2:00 pm. I saw the ants came again and I saw a new species came to the

flower. The next two days I could not visit the flower because of heavy raining.



Results:

Day Pollinator Time of arrival
1 Ants 1:30-2pm
2 Ants and

insects
1:30-2pm

Discussion:

At the first day saw the ants were coming most of the time but I could not find

out the reason behind it. When I went to the garden the other day I saw a

different insect which had a disease on their skin .what is the disease and how

it occur? I could not find.

Pictures:





Pollinator observation on Hibiscus
Shaibal Mondal
Roll no - 510

Department of zoology, Ramakrishna Mission Vivekananda Centenary Collage, Rahara,
Kolkata -700118

● Objective – To gain the knowledge about the various pollinator and their interaction
with hibiscus plant in my locality.

● Study Site – The study was conducted at Mira Kadamtala Para, Plassey in Nadia
district of West Bengal. The insect species on Hibiscus rosa sinensis during its blooming
phase was recorded from September 26, 2021 to

● Latitude & Longitude – 23.77 & 88.28
● Habitat – The study site was a garden in front of my house. The tree was surrounded

by various small & big trees, and under the tree was covered with patchy grasses. The
flower visitors were observed for an interval of each 2 minutes for approximate 1 hour
per day.

● Description of the Plant (Flower)



Color Shape Size Odour Height
from GL

Position
of the

nectaries

Position
of the

ovaries

Red Trumped
shaped

6 – 10 cm
in diameter

No 5.0ft – 5.6ft Inside the
calyx

Bottom of
the flower

● Collection methodology – Collection of flower visitors was made by live observing
the flower and clicking some pictures by mobile. Flower visitors were observed for 1
hour per day.

● DAY 1 – 26/09/21: Time – 11.15am to 12.15pm

o Temp – 31°C, Humidity – 60%, Wind – 9.8km/h, Partly sunny weather.

o Insect visitor : Diurnal

Order Family Genus/
Species

Posture of
sitting

Pollen
carrying

parts

Sitting
time on
flower

Odonata - Anisoptera sp In front
upper

portion of
petal

- 3 minute
approx



● DAY 2 – 27/09/21: Time - 8.30am to 9.15am

o Temp – 34°C , Humidity – 40% , Wind – 6.7km/h , Sunny weather.

o Insect visitor : Diurnal

Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower



Lepidoptera Papilionidae Papilio
clytia
(common
mime)

On the
style

- 5 sec
approx

● DAY 3 – 28/09/21: Time – 12.00pm to 12.40pm

o Temp – 30°C , Humidity – 71% , Wind – 14km/h , Partly cloudy weather.

o Insect visitor : Diurnal

Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower

- - - - - -

● Not a single visitors observed.

● DAY 4 – 29/09/21: Time –

o Temp – 29°C , Humidity – 92% , Wind – 11.2 km/h , Light rainy weather.

o Insect visitor : Diurnal

Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower



- - - - - -

● Due to rain fall since all day no data collected.

● DAY 5 – 30/09/21: Time – 4.00pm to 5.10pm

o Temp –32°C , Humidity – 81% , Wind –  3.6 km/h , Sunny weather.

o Insect visitor : Diurnal

Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower

Hymenoptera Apidae Apis indica Around
the petal

- Approx. 6
sec

● Not able to capture image.

● DAY 6 – 07/10/21: Time – 2.45pm to 3.15pm

o Temp – 33°C , Humidity – 70% , Wind – 4.9 km/h , partly cloudy weather.

o Insect visitor : Diurnal



Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower

- - - - - -

● No flower visitor found.

● DAY 7 – 08/10/21: Time – 10.00am to 10.30am

o Temp – 31°C , Humidity – 50% , Wind – 4.1 km/h , Sunny weather.

o Insect visitor : Diurnal

Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower

- - - - - -

● No flower visitor observed.

● DAY 8 – 18/10/21: Time – 4.30pm to 5.05pm

o Temp – 29°C , Humidity – 55% , Wind – 3.4 km/h , Sunny weather.

o Insect visitor : Diurnal



Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower

Hymenoptera Apidae Apis indica Around
the petal

- 3 sec.

● DAY 9 – 08/10/21: Time – 10.00am to 10.30am

o Temp – 31°C , Humidity – 50% , Wind – 4.1 km/h , Sunny weather.

o Insect visitor : Diurnal

Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower

- - - - - -

● No data found.

● DAY 10 – 04/11/21: Time – 9.10am to 9.50am

o Temp – 28°C , Humidity – 43% , Wind – 5.6 km/h , Sunny weather.



o Insect visitor : Diurnal

Order Family Genus/
Species

Posture
of sitting

Pollen
carrying

parts

Sitting
time on
flower

Hymenoptera Apidae Apis indica Roaming
around
stamen

Leg, wings 3-4 sec

● Result – As a result I recorded an observation chart of 10 days on flower visitor or
pollinator of Hibiscus rosa sinensis at a garden of my house which is located in Plassey,
Nadia. Here -

1. Anisoptera sp (order belongs to Odonata), seen 1 time
2. Papilio clytia or common mime (order belongs to Lepidoptera), seen 1 time
3. Apis indica (order belongs to Hymenoptera) seen 3 times

are observed as flower visitor.

● Discussion – Though Hibiscus is very attractive plant for pollinator but I got 3 flower
visitors which is not good at all. Most flower visitors are often seen at morning and
afternoon time. No visitors found at the time of mid-noon and rainy days. Due to a
moderate pollution in this area and low amount of flowers in the tree, flower visitors are
seen very rarely and also low individual. So, it indicates the low rate of pollination and
also less crop or flower production.



Pollinator observation on Hibiscus 
Manas Saha 

Roll - 513 

Department of zoology, Ramakrishna Mission Vivekananda Centenary Collage, Rahara, 
 Kolkata -700118 

 
• Objective – To gain the knowledge about the various pollinator and their interaction 

with hibiscus plant in my locality.  

• Study Site – The study was conducted at Mira Kadamtala Para, Plassey in Nadia 

district of West Bengal. The insect species on Hibiscus rosa sinensis during its blooming 

phase was recorded from September 26, 2021 to  

• Latitude & Longitude – 23.77 & 88.28  

• Habitat – The study site was a garden in front of my house. The tree was surrounded 

by various small & big trees, and under the tree was covered with patchy grasses. The 

flower visitors were observed for an interval of each 2 minutes for approximate 1 hour 

per day.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



• Description of the Plant (Flower) 

Color Shape Size Odour Height 

from GL 

Position 

of the 

nectaries 

Position 

of the 

ovaries 

Red Trumped 

shaped 

6 – 10 cm 

in diameter 

No 5.0ft – 5.6ft Inside the 

calyx 

Bottom of 

the flower 

 

• Collection methodology – Collection of flower visitors was made by live observing 

the flower and clicking some pictures by mobile. Flower visitors were observed for 1 

hour per day.  

 

 

 DAY 1 – 26/09/21:    Time – 11.15am to 12.15pm 

 
o Temp – 31°C, Humidity – 60%, Wind – 9.8km/h, Partly sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Odonata - Anisoptera sp In front 

upper 

portion of 

petal  

- 

 

3 minute 

approx 

 

 

 

 

 

 

 



 DAY 2 – 27/09/21:     Time - 8.30am to 9.15am 

 
o Temp – 34°C , Humidity – 40% , Wind – 6.7km/h , Sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Lepidoptera Papilionidae  Papilio 

clytia 

(common 

mime) 

On the 

style 

- 

 

5 sec 

approx 

 

 

 



 DAY 3 – 28/09/21:         Time – 12.00pm to 12.40pm  

 
o Temp – 30°C , Humidity – 71% , Wind – 14km/h , Partly cloudy weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

• Not a single visitors observed.  

 

 

 DAY 4 – 29/09/21:            Time –  

 
o Temp – 29°C , Humidity – 92% , Wind – 11.2 km/h , Light rainy weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

• Due to rain fall since all day no data collected.  

 

 

 

 



 DAY 5 – 30/09/21:              Time – 4.00pm to 5.10pm 

 

o Temp –32°C , Humidity – 81% , Wind –  3.6 km/h , Sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Hymenoptera  Apidae Apis indica Around 

the petal 

- 

 

Approx. 6 

sec 

 

• Not able to capture image.  

 

 

 

 DAY 6 – 07/10/21:              Time – 2.45pm to 3.15pm 

 

o Temp – 33°C , Humidity – 70% , Wind – 4.9 km/h , partly cloudy weather.  

 

o Insect visitor : Diurnal 

 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

• No flower visitor found.  

 

 



 DAY 7 – 08/10/21:              Time – 10.00am to 10.30am 

 

o Temp – 31°C , Humidity – 50% , Wind – 4.1 km/h , Sunny weather.  

 

o Insect visitor : Diurnal 

 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

• No flower visitor observed.  

 

 

 

 

 

 DAY 8 – 18/10/21:              Time – 4.30pm to 5.05pm 

 

o Temp – 29°C , Humidity – 55% , Wind – 3.4 km/h , Sunny weather.  

 

o Insect visitor : Diurnal 

 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Hymenoptera  Apidae Apis indica Around 

the petal 

- 

 

3 sec. 

 

 

 

 

 



 DAY 9 – 08/10/21:              Time – 10.00am to 10.30am 

 

o Temp – 31°C , Humidity – 50% , Wind – 4.1 km/h , Sunny weather.  

 

o Insect visitor : Diurnal 

 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

• No data found.  

 

 

 

 

 DAY 10 – 04/11/21:              Time – 9.10am to 9.50am 

 

o Temp – 28°C , Humidity – 43% , Wind – 5.6 km/h , Sunny weather.  

 

o Insect visitor : Diurnal 

 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Hymenoptera  Apidae  Apis indica Roaming 

around 

stamen 

Leg, wings 

 

3-4 sec 

 

 

 

 

 

 



 

• Result – As a result I recorded an observation chart of 10 days on flower visitor or 

pollinator of Hibiscus rosa sinensis at a garden of my house which is located in Plassey, 

Nadia. Here - 

1. Anisoptera sp (order belongs to Odonata), seen 1 time 

2. Papilio clytia or common mime (order belongs to Lepidoptera), seen 1 time 

3. Apis indica (order belongs to Hymenoptera) seen 3 times                                                  

are observed as flower visitor.  

 

• Discussion – Though Hibiscus is very attractive plant for pollinator but I got 3 flower 

visitors which is not good at all. Most flower visitors are often seen at morning and 

afternoon time. No visitors found at the time of mid-noon and rainy days. Due to a 

moderate pollution in this area and low amount of flowers in the tree, flower visitors are 

seen very rarely and also low individual. So, it indicates the low rate of pollination and 

also less crop or flower production.  
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~ Pollinator observation of Ixora coccinea ~ 
 

• Objective – To gain the knowledge about the various pollinator 

and their interaction with Jungle Geranium plant in my locality. 

• Study Site – The study was conducted at Ultadanga at Kolkata, the 

Capital of West Bengal. The pollinator species Ixora coccinea 

during September 29th , 2021 to October 7th , 2021. 

• Latitude & Longitude – 22.592772,88.387433 
• Habitat – The study site was a very small patch of trees in front 

of our building. The tree was surrounded by some shrubs like 

Crepe Jasmine, and under the tree was covered with patchy 

grasses. The flower visitors were observed very rarely. 

 

 

 

 

 

 

 

 

 

•  

•  



• Description of the Flower 

 

• Collection methodology – Collection of flower visitors was done 

by live observation and taking photographs with the smartrphone. 

Flower visitors were observed for 1 hour per day.  

 

 DAY 1 – 29/09/21:    Time –  

 

o Temp – 27 °C, Humidity – 81%, Wind – 8.3 km/h, mild rain fall.  

 

o Insect visitor : 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

• Due to rainfall data not collected. 

 

  

Color Shape Size Odour Height 

from GL 

Position 

of the 

nectaries 

Position of 

the ovaries 

Red The body 

is stick 

type 

5 – 6 cm in 

height 

No 3 ft – 4 ft In the 

middle of 

the petals 

Bottom of 

the 

inflorescence 



 DAY 2 – 30/09/21:    Time – 2:30 pm to 3:30 pm 

 

o Temp – 30 °C, Humidity – 78 %, Wind – 9.1 km/h, partly cloudy weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Hymenoptera Formicidae Lasius niger Roaming on 

the petals & 

the base of 

the 

inflorescence 

- 

 

Didn’t sit 

 

• Not able to capture image. 

 

 

 DAY 3– 01/10/21:    Time – 2:00 pm to 3:00 pm 

 

o Temp – 33 °C, Humidity – 75 %, Wind – 7.8 km/h, partly cloudy weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

• No visitor found. 

 

 DAY 4 – 02/10/21:    Time – 2:30 pm to 3:30 pm 

 

o Temp – 33 °C, Humidity – 76%, Wind – 7.9 km/h, partly cloudy weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 



 

• No visitor found. 

 

 DAY 5 – 03/10/21:    Time – 11:15 am to 12:15 pm 

 

o Temp – 30° C, Humidity – 77%, Wind – 8.1 km/h, partly cloudy weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Hymenoptera Formicidae Solenopsis sp. Roaming on 

the petals & 

the base of 

the 

inflorescence 

- 

 

Didn’t sit 

 

•  

 

 

 

 

 

 

  



 DAY 6 – 04/10/21:    Time – 11:30 am to 12:30 pm 

 

o Temp – 29 °C, Humidity – 78 %, Wind – 7.9 km/h, normal sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

• No visitor found. 

 

 DAY 7 – 05/10/21:    Time – 01:15 pm to 02:15 pm 

 

o Temp – 32 °C, Humidity – 79%, Wind – 9.1 km/h, normal sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

• No visitor found. 

 

 DAY 8 – 06/10/21:    Time – 1:45 pm to 2:45 pm 

 

o Temp – 31 °C, Humidity – 79%, Wind – 8.6 km/h, normal sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Lepidoptera Papilionidae Papilio polytes On the style - 

 

Max. 4-5 

seconds 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 DAY 9 – 07/10/21:    Time – 11:15 am to 12:15 pm 

 

o Temp – 30 °C, Humidity – 78%, Wind – 8.4 km/h, normal sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

• No visitor found. 

 

 



  Result & Discussion : 

According to the Results of this observation on the pollinators of the Jungle 

Geranium plant, it can be said there are very few number of pollinators that 

could be seen during this observation period. 

         Although, the observation period was 9 days long and observed 

minimum 1 hour daily, the timing varied also; but only some ants as visitors 

and a Common Mormon as pollinator can be seen. 

 

         From these observation results, it can be said that the arrival of the 

visitors or pollinators are very rare to the taken plant. As, the plant is 

situated in a proper city area so the main reason behind the lack of visitors 

can be anthropogenic activities and interferences such as sounds, pollutions, 

disturbances etc. Human developments around the plant area is the main 

cause for the rare arrival of the visitors (butterfly could be seen only once.) 

During the afternoon time (01:45 PM to 02:45 PM) when the anthropogenic 

activity is much less the visitor Common Mormon could be seen. This is a 

reference to discussion done as the inference of this series of observations. 

 

 

 

 

 

 

 

 

 ***************  Thank You   ***************  
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Abstract: - Study of advance floral morphology is a very important aspect of pollination biology. 

Many varieties of advance floral morphology are seen across various plant families and orders. 

Though most of the advance morphology is related with pollination of the plant, i.e. for attracting 

pollinators and complete pollination efficiently, pollination is not only its sole purpose, some also 

serves for preying, defense, mutualism, symbiotic relation and other purposes. Orchids 

(Orchidaceae) have most variety among the advance morphology- from conspicuous “star of 

Bethlehem” to little Epipactis, they show extensive variety in both advance floral morphology and 

in pollination syndrome. Other genus like, Arisaema, Salvia etc. also shows various advance floral 

morphology. Advance floral morphology is evolved, modified and controlled by many factors like 

specific pollinator/s, abundance of pollinators, coevolution with the pollinator, habitat, 

environmental factors and stress from surrounding, mutualism or symbiotic relation of the 

pollinators with the plant etc.  

Keywords: - Pollinator flower relation, Coevolution, Competitive selection. 

 

Introduction: - Floral morphology differs in various flowering plants with respect to its habitat, 

reproductive strategies, pollination syndrome and types of pollinators associated with the plant or 

flower.  Floral morphology consists of a large number of parameters, including the number and 

shape of petals, number of stamens, petal size and the number and arrangement of styles and 

ovaries. The pollen grains of insect pollinated flowers are sticky due to pollen kit. The surface of 

stigma of flowers is rough. Some of the plants develop special adaptation for insect pollination. 

Many flowers show advance floral morphology for different pollination syndrome that are adapted 

in order to attract a specific, or sometime, different types of pollinators. Study of advance floral 

morphology is important to understand relation of pollinator and plant, and also the co-evolutionary 

aspect of these two.  

Discussion: - Through years of observation, it is a well-established fact that angiosperm flowers 

and its insect pollinators have influenced each other’s evolution a lot, but it is not quite understood 

that is coevolution is a major process to form diversification among these groups. Coevolution is 

most likely when interacting organisms have strong effects on each other’s fitness (Thompson 

1994). This criterion is clearly met for pollination mutualisms in which the insects that pollinate 

plants also depend on them as brood sites (Thompson 1994). Classic examples of such coevolved 

brood-site pollination mutualisms are the relationships between figs and Agaonid fig-wasps and 

between Yuccas and Tegiticula moths (Pellmyr et al. 1996; Sakai 2002; Weiblen 2002).  

 



Co-evolution: - One of the great examples of this kind of coevolution is Darwin’s orchid 

(Macroplectrum sesquipedale) and its only pollinator the Hawk moth or Xanthophane morganii 

praedicta. 

In hypothesizing, how the Malagasy star orchid might have evolved it’s extraordinarily long (30 

centimeters) nectar spur, Darwin (1862) proposed the first mechanistic model of the co-

evolutionary process. He did refer to “a race in gaining length between the nectary of Angraecum 

and the proboscis of certain moths” (Darwin 1862). He noticed that the Malagasy star orchid, which 

is endemic to Madagascar, have an unusual long spur and have nectar at the very bottom of long 

spur. In fact, to reach the nectar of the orchid requires a 30cm (11inch) long proboscis to penetrate 

the long nectar spur. Darwin and Alfred Wallace (Father of principle of evolution) predicted that the 

pollinator of this long spur flower must have to be some long-tongued moth. Hawk moth, also 

called sphinx moth or hummingbird moth, any of a group of sleek-looking moths that are named for 

their hovering, swift flight patterns. These moths have stout bullet-shaped bodies with long, narrow 

forewings and shorter hind-wings. Wingspans range from 5 to 20 cm. Later, after discovery of the 

moth, it was also observed that the fittest moths in a population would then be those with long 

tongues that could access the nectar in even the deepest flowers, whereas the shorter-tongued moths 

would access less nectar (Fig.1). Thus, moths would be expected to be under strong directional 

selection and should evolve greater tongue lengths (Fig. 1). This is a fine example of both adaptive 

floral morphology of Darwin’s orchid, which have almost 30cm long spur and their coevolutionary 

significance with giant hawk moth who also have almost 30cm long proboscis and is the only 

pollinator of that orchid.   

 

 

 

Mimicry in orchids: -  

Prey mimic: - Orchids show enormous types of adaptive or advance unique floral morphology to 

attract its pollinators. One of the finest examples is Helleborines, Epipactis veratrifolia 

(Orchidaceae). This flower has structure that looks like aphid. This aphid mimicry is a kind of prey 

mimicry as aphidophagous hoverflies lay eggs on false brood sites on their flowers as its larvae eats 

aphids during its developmental stage-  

Fig.1: Darwin’s mechanistic model for plant-pollinator coevolution. 

(Reference- outreach.biomedcentral.com)  



                                              

                        Fig 2.1- Prey Mimic by Epipactis (Ref- bmcplantbio.biomedcentral.com) 

 

Aggressive Mimic: - Another example from orchid genus is Oncidium. Oncidium species have 

bright yellow color flower and it situates at the ends of stalks that sway in breeze, it mimics an 

antagonist- a male bee. An aggressive Centris bee always try to drive other bees or specifically 

males out of their territory. So, the bee mistakenly attacks the flower as male competitor and strikes 

it, eventually the pollinia attaches to its head. When it attacks a second flower, the pollinia presses 

into the stigma and pollination occurs- 

                                          

                          Fig 2.2- Oncidium mimicking male bee (Ref- researchgate.net) 

  

Another fine example of using adaptive floral morphology as mimic is ophrys. In Ophrys sphegodes 

orchid chemical mimicry was first proposed by Kullenberg (1961). Beside of the fact that the flower 

exactly looks like a female bee, BergstroÈm (1978) discusses mainly two possibilities concerning 

the biologically active volatiles involved in the chemical mimicry of Ophrys orchids: 

(1) the orchid mimics an aphrodisiac produced by the females, and (2) Ophrys orchids make use of 

“extranormal stimuli'', i.e., compounds usually not produced by a female, which hit existing 

receptors associated with sexual behavior. Borg-Karlson and TengoÈ (1986) first suggested 

presence of aliphatic primary alcohols and methyl carbinols as well as several terpenes, occurring in 

flowers and bee secretions, to be the key components in O. lutea pollinated by Andrena-bees., the 

alkenes of the orchid and bee cuticle proved to be behaviorally more active than the alkanes. The 

specific adaptation of O. sphegodes flowers for pollinator attraction seems therefore to be a higher 

production of specific isomers of alkenes. The evolution of the pollination mechanism of sexual 

deception, which involves a mimicry of the pollinator’s sex pheromone, has apparently been 

mediated by a change in the hydrocarbon pattern in the wax layer of the flowers-  



 

Fig 2.3- Ophrys flower mimicking female bee, also producing odor that resembles pheromone 

released by female bees. (Ref- Researchgate.net) 

Lever mechanism: -  

Another very complex advance floral morphology is seen in Salvia, a family of shrubs (Salvia 

pratensis). Salvia pratensis is a gynodioecious species featured by its modified stamens that act as a 

lever mechanism in pollination. (Gynodioecy, a sexual system with hermaphrodite and female 

individuals in a population, raises the question how the two sexual morphs are maintained). 

Floral traits significantly differ between two sexual morphs in the population of S. pratensis. The 

female has on average a shorter corolla and tube, a smaller platform (i.e., flower mouth), and a 

stigma closer to the platform than hermaphrodite flowers. Style exertion, flower production and 

stalk diameter do not significantly differ between two morphs. The floral traits (e.g., corolla, tube 

length and stigma height) are significantly larger in hermaphrodites than in females of S. pratensis. 

The flowers of salvia have bilabiate corolla tube. 

The connective of stamen is long. The anterior anther lobe of connective is fertile while posterior 

lobe is sterile. When the insect lands on the lower lip, the fertile lobe automatically comes down to 

touch the back of insect and thus depositing the pollen grains there on. 

                        

                             Fig 3- Lever mechanism of pollination by Salvia. (sciencedirect.net) 



Another example of advance floral morphology that is very common in various species of orchids 

as well as other families is nectar guide, which are the specific patterns or markings on some 

flowers that guide a pollinator to its reward which is a nectar and elicit the pollination. It is proven 

that flowers with these special markings have more chance to achieve pollination than the flowers 

that don’t have this kind of markings. Nectar is a sugar rich compound that is produced by gland 

nectaries. Nectar is one of the most abundant and common reward used for attracting pollinators. 

But sometime it is hard for the pollinators to find the exact position of nectaries or nectar. Here 

comes the role of nectar guides, these are markings or patterns seen in flowers of some angiosperm 

species, that guide pollinators to their rewards. Rewards commonly take the form of nectar, pollen, 

or both, but various plants produce oil, resins, scents, or waxes. Such patterns also are known as 

"pollen guides" and "honey guides". Here are some examples of nectar guides (both normal and uv-

visible)-  

   

Fig 4- Nectar guide in different flowers (Ref-journal.plos.org) 

Another fine and complex example of advance floral morphology in sake of pollination is Cobra 

Lily, also known as Jack-in-the-pulpit (Arisaema triphyllum). It is named for its resemblance with a 

preacher (jack) in its hanging pulpit. The flowers are simple: male flowers are comprised of only 

four stamens, and female flowers of a fuzzy stigma atop an ovary. Jack-in-the-pulpit is pollinated 

by fungus gnats. A total of 16 fungus gnat genera comprising 47 identified species were observed. 

Usually, members of more than one taxon are attracted per Arisaema species, and both sexes of 

gnats are involved. Attraction is deceptive by mimicking olfactory, visual and tactile cues 

characteristic of fungi where the gnat sexes normally meet and females oviposit. Odours produced 

by osmophores play the most important part.  The gnats visit to lay their eggs on what they are 

duped to believe is a fungus. Fungus gnats normally lay their eggs on fungi so that when the eggs 

hatch the larvae will have a readily available food source. When they mistakenly fall into the 

preacher, they are unable to crawl out of the spathe due to its slippery interior, nor can they fly 

straight up to escape in that way. However, if the plant is a male, they may eventually notice a small 

opening at the base of the spathe through which they can escape. By this time, they are dusted with 

pollen. They eventually enter a female plant where the pollen that they are carrying brushes off on 

the fuzzy stigmas, thereby effecting pollination. This time there is no escape since the spathes of 

female plants have no opening in the base of their spathes, and the gnats die within the spathe-  



 

Fig 5- Preacher and pulpit like structure of spathe of Cobra lily (Arisaema) (Ref- 

Gardenia.com) 

 

Another example can be cited by Titan arum, infamous as corpse flower. It is known for its massive 

foul-smelling inflorescence (cluster of flowers). The plant is endemic to the steep hillsides of 

rainforests in western Sumatra. This flower has a very conspicuous unbranched inflorescence and it 

smells like rotting flesh to attract flies and beetles. The massive inflorescence of the titan arum 

consists of an inner flower spike, known as a spadix, surrounded by a petal-like collar known as 

a spathe- 

                                                         

                          Fig 6- A conspicuous Corpse flower (Titan aurum) (Ref- Britanica.com) 
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Pollination in Holy basil (ocimum tenuiflorum 

Presented by – Sayonil sen, roll no.-518, sem-V 

*Study site: Shyamnagar, near Annapurna Bazar 

● Locality: Shyamnagar, near Annapurna Bazar, Allahabad Bank building 

● Habitat: Tropical Semi-Evergreen Forest 

● Date & time:- D:-17/9/21, T:- 12.43PM 

● Lat: 22.8239, Lng: 88.3856 

 

 

     Photograph description:- 

      The exact location of the sight is my house, the Tulsi plant is located on the roof of my 

house and the time was 12.43PM when I noticed an hymenopteran insect came and it 

belonged to the family "Apidae" and the order "Hymenoptera". 

So, here's the conclusion is Holy basil (ocimum tenuiflorum) has a pollination called digger 

need, from the bee family. 

 

     Description of plants 

 

                                           Flower - Holy basil (ocimum tenuiflorum) 
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Colour 
 
 
________ 
White 

Shape 
 
 
________ 
Small 
funnel 
shaped, 
and star 
shaped 
from the 
bird's eye 
view. 

Size 
 
 
________ 
0.6 cm in 
length and 
0.4 cm in 
width 

Odour 
 
 
________ 
Sweet and 
strong 
aroma 
 

Height 
from GL 
 
________ 
 

Position of 
the 
nectarine 
________ 
Flower 
base 

Position of 
the ovaries 
 
________ 
Inside the 
flower. At 
the last 
part of the 
style, 
above the 
disc, 
thalamus 
and 
pedicel. 

 

 

     Insect visitors:- Diurnal ✅ / Nocturnal 

 

 

Insect visitors 
_____________ 
Order 
Hymenoptera 

(Digger bees) 
_____________ 
Family 
Apidae 

 
_____________ 
Genus/species 
Andrena 

 
_____________ 
Posture of 
sitting  
Ventral part was 
towards the 
flower and was 
enjoying nectar 
by digging it's 
head inside the 
flower 

 
_____________ 
Pollen carrying 
parts - body and 
legs 

 

 

Foraging 
activities 
 
__________ 
6AM - 8PM 

 
 
 
__________ 
8AM - 10AM 

 
 
 
__________ 
10AM -12PM 

Foraging 
caught on 
this period 
__________ 
12PM - 2PM 

 
 
 
__________ 
2PM - 4PM 

 
 
 
__________ 
4PM - 6PM 

 

 

Foraging speed 
_____________ 
Sitting on flower 
head  

 
_____________ 
Time of foraging 
and sitting -  
hardly 1min 

 
_____________ 
Flower touching 
(per minute) -  
hardly 3 - 4 
times 

 
_____________ 
At a stretch 
visiting the 
flowers of same 
plant species? 
Ans:- Well yes, 
there's two of 
them and the fly 
was like visiting 

 
_____________ 
Time spent in 
the field - hardly 
40 mins 
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flowers from 
both trees. 

 

 

                                                                                                                   Date:- 18/9/21 

Visited the location for 2 hours, 12PM to 2PM, but no such pollination activities caught.  

 

                                                                                                                  Date:- 19/9/21 

*Study site:- Shyamnagar, near Annapurna Bazar 

● Locality: Shyamnagar, near Annapurna Bazar, Allahabad Bank building 

● Habitat: 

● Date & Time:- D:- 19/9/21, T:- 1:06:46PM 

 



4 

 

     Description with photographs:-  

      The photograph was taken in the afternoon time, the fly is again the "digger bee", it 

belongs to the family"Apidae" and the order is"Hymenoptera". The Hymenoptera came for 

foraging at 1:06:46PM 

 

     Description of the plants 
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Flower Tulsi (Ocimum tenuiflorum) *(Described previously)** 

 

     Insect visitors:- Diurnal ✅ / nocturnal 

  

     **Described previously 

 

 

 

 

Foraging 
activities 
 
__________ 
6AM - 8AM 

 
 
 
__________ 
8PM - 10AM 

 
 
 
__________ 
10AM - 
12PM 

Chosen time 
period 
 
__________ 
12PM - 2PM 

 
 
 
__________ 
2PM - 4PM 

 
 
 
__________ 
4PM - 6PM 

 

 

 

Foraging speed 
_____________ 
Sitting on flower 
head 

 
_____________ 
Time of sitting 
and foraging - 
hardly 1.30min 

 
_____________ 
Flower touching 
(per minute) 

- 4 to 5 
minutes 

 
_____________ 
At a  stretch 
visiting the 
flowers of same 
plant sp.? 
Ans:- yes, the 
fly was visiting 
two plants at a 
time. 

 
_____________ 
Time spent on 
the location -  
20min. 

 

* At the same day there was also another pollinator arrived and it was ants, let's take a view 

about this insect 



6 

 

     Insect visitors:- Diurnal ✅ / nocturnal 

 

 

Insect visitors 
_____________ 

Small black ants 
_____________ 

 
_____________ 

 
_____________ 

 
_____________ 
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Order 
Hymenoptera 

Family 
Formicidae 

Genus/species 
Monomorium 

Posture of 
sitting 
Walking rapidly 
throughout the 
plant also 
walking over the 
flower. 

Pollen carrying 
part 
Mouth, ventral 
side of the body 
and legs 

 

 

Foraging 
activities 
 
 
 
__________ 
6AM - 8AM 

 
 
 
 
 
__________ 
8AM - 10AM 

 
 
 
 
 
__________ 
10AM - 
12PM 

Time was 
1:06:38PM, 
watched 
during this 
time period 
__________ 
12PM - 2PM 
 

 
 
 
 
 
__________ 
2PM - 4PM 

 
 
 
 
 
__________ 
4PM - 6PM 

 

 

 

Foraging speed 
_____________ 
Sitting on flower 
head 

 
_____________ 
Time of foraging 
-  almost about 
10-20 mins. 

 
_____________ 
Flower touching 
(per minute) - 
many times not 
less than 50 
times 

 
_____________ 
At a stretch 
visiting the 
flowers of same 
plant species? 
Ans:- yes 

 
_____________ 
Time spent at 
the spot - 
almost 30min 
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** Other visitors like Damselflies were also present there and it was sitting on a leaf of 

"Sambic jasmine" for almost 5mins then it was flown away.  

● here are "Damselflies" 

Order - Odonata 

Sub order - Zygoptera 

They are predatory in nature both nymphs and adults eat other insects. 

 

                                                                                                       Date:- 20/9/21 

* Nothing special happened, only the same small black ants showed up at 12.48 PM where I 

went to check the pollinators on the time period of 12PM - 2PM. They stayed for 30 mins. 

 

                                                                                                     Date:- 21/9/21 
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No Hymenopteran showed up but a visitor came and it was "Dark grass blue" butterfly. 

"Dark grass blue" butterfly 

● Order: Lepidoptera 

● Class: Insecta 

● Family: Lycaenidae 

● Genus: Zizeeria 

It was sitting on several plant leaves nearby the holy basil and didn't visiting for almost 

30mins but didn't go for the Basil 

                                                                                                                    Date:- 22/9/21 

Nothing special, Though visited the spot for 2 hours, 12PM to 2PM 

                                                                                                                   Date:- 23/9/21 

*Again a hymenopteran digger bee showed up on 2PM and the Pollination was quick. Lasted 

for about 5mins. Flying from flower to flower of two basil plants for 5min. 

                                                                                                            

Here are some other pollinators/visitors sighted on different random days of the year 

2021 

                                                                                          Date:- 25/9/21       
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  A damselfly showed up on 4.09 PM, stayed for 2 mins.            

 

 

It was sitting on the plant and roamed for sometimes. This time it was pollinating 

 
Insect visitors 

 
Damselfly 

   

Order Family Genus/species Posture of sitting Pollen carrying 
parts 

Odonata Coenagrionidae Nehalennia Ventral part was 
towards the 
flower 

Legs 

  

• Foraging activity :- time slot – 12PM to 2PM 

Foraging speed     

Sitting on flower 
head 

Duration of 
foraging – 1min 

Flower touching 
(per minute) - 1 

At a stretch 
visiting the 
flower of same 
plant species - 
1 

Time spent in 
the field – 
Hardy 5 mins 

 

                                                                                                                Date:- 27/9/21 

*A Hawk moth showed up, was perfectly pollinating the neighbouring Tabarnaemontana and 

passed Swiftly within 2 sec. 
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Description of Hawk moth- 

• Scientific classification 

Kingdom: Animalia 

Phylum: Arthropoda 

Class: Insecta 

Order: Lepidoptera 

Superfamily: Bombycoidea 

Family: Sphingidae, Latreille, 1802 

 

Diet – Flower nectar is the main food for hawk moths, fragments also affect their foraging 

activity. 

 

                                                                                                             Date:- 1/10/21 

A house fly showed up and was perfectly pollinating the holy basil, stayed for almost 2 

minutes. 

 

  

Description of the pollinator 

Insect 
pollinator 

House fly    

Order Family Genus/species Posture of 
sitting 

Pollen carrying 
parts 

Diptera Muscidae Musca/M.domestica Ventral part 
was towards 
the flowers 

Legs 
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• Foraging activity:- time slot – 5.29 PM (5PM to 6PM) 

Foraging speed     

Sitting on flower 
head 

Duration of 
foraging – 2 min 

Flower touching 
(per minute) - 1 

At a stretch 
visiting the 
same plant  
species - 1 

Time spent in 
the field – 
hardly 5 
minutes 

 

                                                                                                             Date :- 8/11/21 

A lime butter fly showed up, pollination performed for almost 5 minutes. 

Description of the pollinator 

Insect pollinator Lime butterfly    

Order Family Genus/species Posture of 
sitting 

Pollen carrying 
parts 

Lepidoptera Papilionidae Papilio Ventral part 
was towards 
the flowers 

Legs 

 

• Foraging activity:- time slot – 11.08 AM (11AM to 12PM) 

Foraging speed     

Sitting on flower 
head 

Duration of 
foraging – 10 
minutes 

Flower touching 
(per minute) - 1 

At a stretch 
visiting the 
same plant 
species - 1 

Time spent in 
the field – 
hardly 15 
minutes 
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                                                                                                            Date:- 6/10/21 

A lime blue butterfly showed up twice as a visitor, stayed almost 5 minutes simultaneously 

 

Description of the pollinator 

Insect visitor Lime blue    

Order Family Genus/species Posture of 
sitting 

Pollen carrying 
parts 

Lepidoptera Lycaenidae Chilades Ventral part 
was towards 
the leaf of the 
lemon tree 

None 

        

• Foraging activity:- time slot – 7.57 AM and 8.20 AM (7AM to 9AM) 

 



Flower visiting on Tulsi (Ocimum tenuiflorum) 

SAFIKUL ALAM 

∆ Objectives of the study 

     1.To document the status and trends of pollinator. 

     2.To determine and analysis the multiple pressure that are driving changes in pollinator and 

animal pollinated plant . 

       3. To analyse and improve the interface between the scientific knowledge base on 

pollinator change assessment and policy instruments to reduce pollinator loss and mitigates it’s 

effect. 

      4. To develop communication and education link with a wide range of stakeholders and the 

general public.  

∆ Study site; villege -Sashpara,near primary school ,Kandi, Murshidabad. 

 ∆ Collection methodology; 

   Day1: Date- 27/9/2021, Time – 8 Am to 10 Am 

        The location of the siteis our primary school garden .The Tulsi plant  is located baside the 

wall and the time was 8 am to 10 am i.e 2 hours but I can’t noticed any insect came there. 

Day2, Date- 7/10/2021, Time-12pm to 2 pm  

    This was mid day time .I wating  for 3 hours .Some time there was visitor arrived and it was 

Ant.This ant Shaw in the tob wall. 

 Day3 Date- 18/10/2021,Time- 4pm to 5 pm. 

   This was evening time .I waiting till 1 hour but there no insect found.  

 ∆Discussion; Morphology of this flower is --- 

Holy basil (ocimum tenuiflorum) 

Colour 

 

 

 

White 

Shape 

 

 

________ 

Small 
funnel 

Size 

 

 

________ 

0.5 cm in 

Odour 

 

 

________ 

Sweet and 
strong 

Height from 
GL 

 

________ 

 

Position of 
the 
nectarine 

________ 

Flower base 

Position of 
the ovaries 

 

________ 

Inside the 
flower. At 



shaped, and 
star shaped 
from the 
bird's eye 
view. 

length and 

 0.3 cm in 
width 

aroma 

 

the last part 
of the style, 
above the 
disc, 
thalamus 
and pedicel. 

                   

     Only one visitor we can found that’s back Ant .In the following we can describe the 

morphology of the ant--- 

 

Insect visitors 

_____________ 

Order 

Hymenoptera 

Small black ants 

_____________ 

Family 

Formicidae 

 

_____________ 

Genus/species 

Monomorium 

 

_____________ 

Posture of sitting 

Walking rapidly 
throughout the 
plant also walking 
over the tob. 

 

_____________ 

Pollen carrying 
part 

Mouth, ventral 
side of the body 
and legs 

 

Foraging speed 

_____________ 

Sitting on flower 
head 

 

_____________ 

Time of foraging -  
almost about 10-
20 mins. 

 

_____________ 

Flower touching 
(per minute) - 
many times not 
less than 50 
times 

 

_____________ 

At a stretch 
visiting the 
flowers of same 
plant species? 

Ans:- yes 

 

_____________ 

Time spent at the 
spot - almost 
30min 

 

∆ Photo plate with number or identified name; 

Day-1 



 Day-2 

Day-3 
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Introduction:  

In contrast to antibodies or B-cell receptors, which can recognize an antigen alone, T-cell 

receptors only recognize pieces of antigen that are positioned on the surface of other cells. These 

antigen pieces are held within the binding groove of a cell surface protein called the major 

histocompatibility complex (MHC) molecule, encoded by a cluster of genes collectively called 

the MHC locus. MHC molecules act as a cell surface vessel for holding and displaying fragments 

of antigen so that approaching T cells can engage with this molecular complex via their T-cell 

receptors. There are two main types of MHC protein molecules—class I and class II. Class I and 

class II MHC molecules are membrane-bound Glycoproteins that are closely related in both 

structure and function.  

  Antigen presentation is an important immune process that is essential for T cell immune 

response. Because T cells recognize only fragmented antigens displayed on cell surfaces, antigen 

processing must occur before the antigen fragment, now bound to the MHC, is transported to the 

surface of the cell, a process known as presentation, where it can be recognized by a T-cell 

receptor.MHC class II molecules are critical for the initiation of the antigen-specific immune 

response. 

Objective: 

Antigen presentation with MHC class II is essential for the activation of T cells. MHC class II 

molecules at the cell surface of antigen presenting cells present antigenic peptides to CD4+ T 

helper cells. MHC class II molecules bind to peptides that are derived from proteins degraded in 

the endocytic pathway. In this review, the process of antigen presentation of MHC class II is 

discussed.  

Discussion: 

T cell receptor (TCR) can recognize only antigen that in associated to MHC molecules. T helper 

cells (Th cells) recognize antigen with MHC class II molecules on antigen presenting cells 

(APCs). In general, endogenous protein antigens are presented in MHC class I molecules to 

cytotoxic T cells (Tc cells) and exogenous protein antigens are presented in MHC class II 

molecules to Th cells. Antigen processing and presentation in both endogenous and exogenous 

pathway show these steps – 1.acquisition of antigen; 2.proteolysis; 3.delivery of peptides to 

MHC molecules and 4.display of the peptide-loaded MHC molecule on the surface of the cell. 

Here, the discussion is on the exogenous pathway.  



  MHC class II molecules are expressed by APCs - dendritic cells (DC), macrophages and B cells 

(and,under IFNγ stimuli, by mesenchymal stromal cells, fibroblasts and endothelial cells, and by 

epithelial cells, enteric glial cells). After internalization, antigen degrades into peptides within 

compartments of endocytic pathway. In each compartment, internalized antigen encounters 

hydrolytic enzymes and a lower pH. Final protein degradation and peptide loading in MHC class 

II proteins occurs in the MHC class II-containing compartment (MIIC), APCs' unique form of 

late endosome. Within the compartments antigen is degraded into oligopeptides of 13–18 

residues that bind to class II MHC molecules in late endosomes, as the hydrolytic enzymes are 

more active under low pH. As the movement mechanism of internalized antigen from one 

endocytic compartment to the next is not clarified, some ideas are suggested that early 

endosomes from the periphery move inward to become late endosomes or small transport 

vesicles may carry antigen through the compartments. The portions of endocytic compartments 

return to where they fuse with the plasma membrane to recycle the surface receptors.  

  Some mechanism exist to prevent MHC class II molecules from binding with the antigenic 

peptides destined for MHC class I molecules. When class II MHC molecules are synthesized 

within rough endoplasmic reticulum (RER), they interact with a non-MHC encoded protein 

named the invariant chain (Ii or CD74) that serves as a chaperon and interacts with the MHC 

class II peptide-binding groove preventing any endogenous peptide to bind when MHC class II 

molecule is in the RER. The invarient chain (Ii or CD74) carries sorting signals that direct the 

transport of the MHC class II molecules from the trans-Golgi network to the endocytic 

compartments.  

  Some experiment shows that most of class II MHC-invariant chain are transported from RER 

through the Golgi complex and trans-Golgi network, then through the endocytic pathway, 

moving from early endosomes to the MIIC late endosomal compartment. The proteolytic activity 

increases in the successive compartment, the invariant chain goes through degradation. 

Somehow, a short fragment of the invariant chain named CLIP (for class II-associated invariant 

chain peptide) remains bound to the class II MHC molecule aft er the majority of the invariant 

chain has been degraded within the endosomal compartment. CLIP physically occupies the 

peptide-binding groove of the MHC class II molecule, like antigenic peptide. It prevents any 

premature binding of antigen-derived peptide.  

  A nonclassical class II MHC molecule named HLA-DM is required to catalyze the  

exchange of CLIP with antigenic peptide. The DM-alpha and DM-beta genes are located 

close to the TAP and LMP genes in the MHC complex of humans, with similar genes in 

mice. Like other class II MHC molecules, HLA-DM is a heterodimer of alpha and beta 

chains. Somehow, unlike other class II molecules it’s relatively nonpolymorphic and 

isn’t normally expressed at the cell wall but is found predominantly in the endosomal 

compartment.HLA-DM has been found to associate with the class II MHC beta chain and to 

serve in removing or editing peptides, including CLIP, that associate transiently with the binding 

groove of class II molecules. Peptides that make especially strong molecular relations with class 

II MHC, creating long-lived complexes, are harder for HLA-DM to displace, and therefore 



become the repertoire of peptides that in the end make it to the cell surface as MHC-peptide 

complexes.  

  Another nonclassical MHC class II molecule, HLA-DO, like HLA-DM, is relatively 

nonpolymorphic class II MHC molecule. Unlike other class II molecules, HLA-DO has been 

found to act as a negative regulator of antigen binding. It modulates the function of HLA-

DM and changes the repertoire of peptides that preferentially bind to classical Class II 

molecules. In cells that express both DO and DM, these two molecules strongly associate in 

the endoplasmic reticulum and maintain this interaction to the endosomal compartments. 

Although this interaction has been recognized for years, the function of this negative 

regulator (HLA-DO) and the impact of this changed peptide repertoire is only now being 

resolved. HLA-DO only observed in B cells and the thymus and recently has been expanded 

to dendritic cells (DCs).  

  After the process of CLIP exchanging for an antigenic peptide obtained from a protein 

degraded in the endosomal pathway, MHC Class II molecules binded with foreign peptide are 

then carried to the cell surface to present their cargo to CD4+ T cells. This is the process of 

antigen presentation by MHC class II molecules which is opposed to MHC class I as MHC 

class II molecules don’t dissociate at the plasma membrane . The mechanism of MHC class 

II degradation have not been established but it can be ubiquitinised.  



 

Figure: The MHC class II antigen presentation pathway (Source: Antigen Processing 

and Presentation; Pavel Nesmiyanov; Volgograd State Medical University, Volgograd, 

Russia) 

Conclusion: 

Unlike MHC class I, MHC II presents extracellular pathogens rather than intracellular.  The 

first step is to accumulate pathogen through phagocytosis. The pathogen is then broken 

down and a desired component is then acquired and loaded onto a MHC II molecule. The 

MHC II molecule then travels to the cell surface to present the antigen to a Th cell. MHC II 

active Th cells which help release cytokines and other things which can help induce other 

cells which help to combat the pathogens outside the cells.  
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Introduction: 

 The black a Species of Swan is a large water bird, which breeds mainly in southeast and 

Within south west regions of 

Australia. Australia, the black 

swan is nomadic, with erratic 

migration patterns dependent upon 

climatic Conditions. It is large bird 

with mostly black plumage and a 

red bill. It is monogamous breeder, 

with both parents sharing 

incubation and egg  net- rearing 

duties. They swim with their feet 

and collect food with the help of 

their bill. 

 

observation: 

we Saw towards the a water group of black swan is going for swimming. In this group there 

are two parents and five ducklings. The parents are guarding the new-borns and moves 

slowly towards water. The new-borns feather are woolly and white but parents are totally 

black in colour. At last the parents jumped into water and  new-borns jumped water and one 

after another. Among them 4 were diving well. The parents were catching food for feeding 

them. 

 

Interpretation: 

In this video we get a very wonderful example of learning behaviour. As the new-borns are 

little and their feet are not fully developed and their wings are not completly overdo with 

feathers they had a fear of swim water so, their parents encourages and teached how to jump 

slowly in waters and how to swim.  

        Here we also learn feeding behaviour of swan. As the new-borns' bill are too small to 

catch food, the parents were catching food for their babies and feeding them with the help of 

their bill. 
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Introduction-

Mitochondrial DNA is the most useful evident to study phylogenetic relation among different

species or organisms as it lacks recombination, it doesn’t mutate faster it has a very low

recombination rate in a constant manner it gets mutated, it inherited maternally. That’s why it

has massive use in determining phylogeny over three decades[1]. It do not follow Mendelian

law of inheritance as it has different inheritance nature and evolutionary characteristics ,

comparison between mt-DNA and genomic phylogenies is an important tool to represent the

speciation process of complexity[2]. So from the above discussion we may conclude that it is

uni-parental only inherited from mother and no recombination occurs that’s why it is most

conserved than any other genetic material for ancestry study purpose.

Gene flow occur due to movement of individual organisms that reproduce in their new

population or because of movement of gametes. When the isolated population reach

secondary contact this is expected that these gene flow will get restore but genetic exchange

between the populations shows a directional movement that is usually not symmetrical[3,4].

But as the migration or drift changes occur among the populations it is not necessary to reflect

this effect to the whole genome[5,6]. That indicates though drift occurs and location change

arise their genomic sequence will not get change and they show a common ancestry. So in this

study this is our motto to see whether same individuals of same species in different location

conserve their genomic sequence and their common ancestry or not. Or their is different

common ancestry among same species in same area.

So many studies were done on the systematics of Asian pit vipers of Trimeresurus complex

[7,8].

Except Antarctica everywhere this limbless reptiles are present about more than 3000 species

till now[9]. Of the total snake species one third resides in Asia which is a large amount.

Indonesia has 128 endemic snake species, India 112, China 54, Papua New Guinea 42, Sri

Lanka 41, and the Philippines has 32 endemic species.

In a previous study they showed that species from same origin don't occupy monophyletic

origin in phylogenetic tree. Rather they show some variation in their origins of same species

of Corso-Sardinian grass snakes (Natrix cetti) with respect to their mitochondria genes. This

study was done with respect to time by using relaxed molecular clock calibrated with fossil

evidence[10].



cytochrome b (Cyt-b) and cytochrome c oxidase subunit 1 (Co-1) show largest variation

among the all mitochondrial genes in animal's phylogenetic study. It was studied among five

groups compared: populations within species; subspecies, semi-species, or/and sibling species;

species within a genus; species from different genera within a family; and species from

separate families within an order. By calculating the p-distance using ANOVA[11].

Species identification using DNA is a very effective tool for systemic research, biodiversity

study or forensic analysis[12]. These molecular techniques are used for the identification of

the snakes of different regions of different country all over the world [13].

Objective -

The main aim is to find the relations among the geographical origins (different countries or

same country of different regions), if the same species of different snakes of different origins

are connected phylogenetically(in monophyletic or paraphyletic group) or not and what is the

relation among them with their ancestors by using mitochondrial DNA (cytochrome b).

So in this study this is our motto to see whether same individuals of same species in different

location conserve their genomic sequence and show common ancestry or not. Or their is any

different phylogenetic group among same species of the same area.And if this deviates then

why the deviation occur by studying their gene sequence and base substitution through

Multiple Sequence Alignment of DNA.

Materials And Methods-

Sampling -

Total 7 samples representing the genus Trimeresurus and other species has been selected for

studying the phylogenetic relationship among them . These are Trimeresurus stejnegeri,

Trimeresurus gramineus, Trimeresurus albolabris, Trimeresurus popeiorum, Naja naja, Echis

carinatus, Ophiophagus hannah . In the above table it has been depicted with country name

and the accession number of cytb .

Data Collection-

At first with all the desired species of desired snake species were documented in an excel file.

Then by using NCBI nucleotide database we have collected the accession number for cytb

gene for all respective species. After that by using all the accession number we did blast on

NCBI nucleotide blast and collected the result of full gene bank data from where all the



country names were collected and put on the table some of the rest which were not founded in

the full gene bank data were collected from some research paper.

Sequence Analysis-

The sequence of the mitochondrial DNA (cytb) were aligned with MEGA11 software. First

the FASTA sequence was downloaded for the respective species by doing blast of the selected

accession number from NCBI. The BLAST results were filtered with 75 to 100 percent

identity and 80 to 100 query coverage. Then we have analyzed the sequence on MEGA11

software this sequence were sorted by removing the gap in between them. To draw the

phylogenetic tree for those selected species we used Construct/test neighbour joining tree

option and all the phylogenetic trees were downloaded in PDF format for further use.



Schematic diagram of methodology-



Result-

Table 1. Accession IDs of cytochrome-b of Trimeresurus albolabris with their country names.

Species Name

GeneBank

Accession ID(cyt b) Geograpgical Origin

Trimeresurus albolabris AF171887.1 East Java

Trimeresurus albolabris AF171909.1 Nepal

Trimeresurus albolabris AF171910.1 North Thailand

Trimeresurus albolabris AF171894.1 South Thailand

Trimeresurus albolabris KT216375.1 China: Yunnan

Trimeresurus albolabris KP999432.1 Viet Nam: Gia Lai

Trimeresurus albolabris AY352770.1 Viet Nam

Trimeresurus albolabris AF171886.1 West Java

Trimeresurus albolabris AF171891.1 West Java

Trimeresurus albolabris AF171893.1 Northeast Thailand

Trimeresurus albolabris KP999380.1 China: Qinzhou, Guangxi

Trimeresurus albolabris KP999378.1 China: Qinzhou, Guangxi

Trimeresurus albolabris KP999377.1 China: Qinzhou, Guangxi

Trimeresurus albolabris KP999376.1 China: Qinzhou, Guangxi

Trimeresurus albolabris KP999423.1 China: Hainan

Trimeresurus albolabris KP999433.1 Viet Nam: Gia Lai

Trimeresurus albolabris KP999372.1 China: Zhanjiang, Guangdong

Trimeresurus albolabris KP999438.1 Viet Nam: Cao Bang

Trimeresurus albolabris KP999430.1 Viet Nam: Vinh Phuc

Trimeresurus albolabris KP999363.1 China: Cenxi, Guangxi

Trimeresurus albolabris KP999405.1 China: Quanzhou, Fujian



Figure-1: Phylogenetic tree of Trimeresurus albolabris based on cytochrome b mtDNA

sequence data with respect to their geographical origin.

Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap

consensus tree inferred from 500 replicates is taken to represent the evolutionary history of

the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap

replicates are collapsed. The percentage of replicate trees in which the associated taxa

clustered together in the bootstrap test (500 replicates) are shown next to the branches. The

evolutionary distances were computed using the Maximum Composite Likelihood method

and are in the units of the number of base substitutions per site. This analysis involved 21

nucleotide sequences. All ambiguous positions were removed for each sequence pair

(pairwise deletion option). There were a total of 546 positions in the final dataset.

Evolutionary analyses were conducted in MEGA11.



Here we have taken total 21 accession IDs of cytochrome b as we have got their geographical

origin against them. After aligned then in MEGA we got the above phylogenetic relationship

between different origin. All the results shows more than 50% bootstrap support value. That

means they shows a high posterior probabilities . Here we just found a very interesting data

from the first relation that though distance of Nepal from East Java is more than 5000km and

there is barrier of sea(figure-2) they occupy the monophyletic group and show a close

relationship with 86% high posterior probability that indicates ancestry relation between them

though it is little far from the origin of this tree but show relation between different

geographic region. East Java, Nepal, North Thailand and South Thailand, China’s

Trimeresurus albolabris show paraphyletic group with the bootstrap value 86,66,68,98

respectively. Species of China: Qinzhou, Guangxi are close to the origin with bootstrap value

62% and they show monophyletic and paraphyletic relation among them. And the second

interesting data we have found that though both species have same origin in Viet Nam:Gia Lai

with accession ID KP999432.1 and KP999433.1 that show neither monophyletic nor

paraphyletic relation that indicates divergence of them but have the common origin. Here

accession ID KP999432.1 of origin Viet Nam:Gia Lai show monophyletic relation with

AY352770.1 accession ID of the same geographic location Viet Nam but accession ID

KP999432.1 of origin Viet Nam:Gia Lai show monophyletic relation with KP999372.1

accession ID of different location China: Hainan. China: Zhanjiang, Guangdong

Viet Nam: Cao Bang , Viet Nam: Vinh Phuc, China: Cenxi, Guangxi , China: Quanzhou,

Fujian’s species show paraphyletic relation with a low bootstrap value 21%, 12%, 16%, 24%.



Figure-2: Distance of Nepal from East Java(source: google)









Figure-3: Multiple sequence alignment of phylogenetic tree.

Table-2: Multiple sequence alignment’s discussion on base substitution.

Species Name Accessio
n ID

Geographic
Location Base Substituion Tot

al

Percentag
e
substituti
on(%)

T---
>C

C---
>T

A---
>G

G---
>A

T---
>A

A---
>C

C---
>A

A---
>T

Trimeresurus
albolabris

AF1718
87.1 East Java 13 13 7 5 2 2 0 1 42 7.70

Trimeresurus
albolabris

AF1719
09.1 Nepal 11 10 8 4 2 2 0 0 37 6.77

Trimeresurus
albolabris

AF1719
10.1

North
Thailand 4 8 4 2 0 1 1 0 20 3.66

Trimeresurus
albolabris

AF1718
94.1

South
Thailand 6 7 1 2 0 2 0 0 18 3.3

Trimeresurus
albolabris

KT21637
5.1 China: Yunnan 4 5 4 2 0 1 1 0 17 3.11

Trimeresurus
albolabris

KP9994
32.1

Viet Nam: Gia
Lai 3 5 1 2 0 1 0 0 12 2.2

Trimeresurus
albolabris

AY3527
70.1 Viet Nam 3 4 1 2 0 1 0 0 11 2.01

Trimeresurus
albolabris

AF1718
86.1 West Java 4 6 1 2 0 1 1 0 15 2.75

Trimeresurus
albolabris

AF1718
91.1 West Java 3 5 1 2 0 1 1 0 13 2.4

Trimeresurus
albolabris

AF1718
93.1

Northeast
Thailand 2 3 0 2 0 1 0 0 8 1.47

Trimeresurus
albolabris

KP9993
80.1

China:
Qinzhou,
Guangxi

0 1 0 0 0 0 0 0 1 0.18

Trimeresurus
albolabris

KP9993
78.1

China:
Qinzhou,
Guangxi

0 1 0 0 0 0 0 0 1 0.18

Trimeresurus
albolabris

KP9993
77.1

China:
Qinzhou,
Guangxi

0 1 0 0 0 0 0 0 1 0.18

Trimeresurus
albolabris

KP9993
76.1

China:
Qinzhou,
Guangxi

0 1 0 0 0 0 0 0 1 0.18

Trimeresurus
albolabris

KP9994
23.1 China: Hainan 1 0 1 0 0 0 0 0 2 0.37

Trimeresurus
albolabris

KP9994
33.1

Viet Nam: Gia
Lai 0 0 2 0 0 0 0 0 2 0.37

Trimeresurus
albolabris

KP9993
72.1

China:
Zhanjiang,
Guangdong

0 0 0 0 0 0 0 0 0 0

Trimeresurus
albolabris

KP9994
38.1

Viet Nam: Cao
Bang 0 0 0 0 0 0 0 0 0 0

Trimeresurus
albolabris

KP9994
30.1

Viet Nam:
Vinh Phuc 0 0 0 0 0 0 0 0 0 0

Trimeresurus
albolabris

KP9993
63.1

China: Cenxi,
Guangxi 0 0 0 0 0 0 0 0 0 0

Trimeresurus
albolabris

KP9994
05.1

China:
Quanzhou,
Fujian

0 1 0 0 0 0 0 0 1 0.18



Figure 4: Geographical distribution of Trimeresurus albolabris.

In total 19 positions species of East Java and Nepal have shown similar base substitution and

none of the region which indicates why they are showing monophyletic origin.

Species of Viet Nam Gia Lai don’t show any similar base substitution rather they have shown

different base substitution from each other and they also shown percentage substitution of 2.2

and 0.37 respectively which is not neither similar nor close. That’s why though they are from

same origin don’t show monophyletic or paraphyletic origin rather it is showing the same

percentage base substitution with species of China: Hainan species that is 0.37% from this

result we can conclude their monophyletic nature. Here up to 546th position conserved region

is located. And which species are in monophyletic origin they showing similar type of

percentage base substitution.



Table-3:Accession IDs of cytochrome-b of Trimeresurus gramineus with their country names.

Species Name

GeneBank Accession ID(cyt

b) Geograpgical Origin

Trimeresurus gramineus MG995812 India: Odisha

Trimeresurus gramineus MG995810 India: Odisha

Trimeresurus gramineus MG995808 India: Odisha

Trimeresurus gramineus AY352762 India

Trimeresurus gramineus AY352761 India

Trimeresurus gramineus AF171905 South India

Figure-5: Phylogenetic tree of Indian snake(viper) Trimeresurus gramineus based on

cytochrome b mtDNA sequence data with respect to their geographical origin with bootstrap

value >50%.

Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method. The optimal tree is

shown. The percentage of replicate trees in which the associated taxa clustered together in the



bootstrap test (500 replicates) are shown next to the branches. The evolutionary distances

were computed using the Maximum Composite Likelihood method and are in the units of the

number of base substitutions per site. This analysis involved 6 nucleotide sequences. All

ambiguous positions were removed for each sequence pair (pairwise deletion option). There

were a total of 711 positions in the final dataset. Evolutionary analyses were conducted in

MEGA11.

From the above phylogenetic tree we can interpret that Trimeresurus gramineus of Odisha

show monophyletic origin with the highest bootstrap value 100%. And rest regions show

paraphyletic origin. South Indian origin species shows the closest relation with the origin.

And Odisha regions species show farthest with respect to the origin.

Table-4:Accession IDs of cytochrome-b of Trimeresurus popeiorum with their country names.

Species Name Accession ID Country

Trimeresurus popeiorum AF171888.1 West Malaysia

Trimeresurus popeiorum AF171904.1 South Thailand

Trimeresurus popeiorum AF171902.1 North Thailand

Trimeresurus popeiorum KT216370.1 China: Yunnan

Trimeresurus popeiorum KT216359.1 China: Yunnan

Trimeresurus popeiorum KT216361.1 China: Yunnan

Trimeresurus popeiorum KT216368.1 China: Yunnan



Figure-6: Phylogenetic tree of Indian snake(viper) Trimeresurus popeiorum based on

cytochrome b mtDNA sequence data with respect to their geographical origin .

Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap

consensus tree inferred from 500 replicates is taken to represent the evolutionary history of

the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap

replicates are collapsed. The percentage of replicate trees in which the associated taxa

clustered together in the bootstrap test (500 replicates) are shown next to the branches. The

evolutionary distances were computed using the Maximum Composite Likelihood method

and are in the units of the number of base substitutions per site. This analysis involved 7

nucleotide sequences. All ambiguous positions were removed for each sequence pair

(pairwise deletion option). There were a total of 610 positions in the final dataset.

Evolutionary analyses were conducted in MEGA11.

Here West Malaysia and South Thailand’s species shows monophyletic relation among them

with bootstrap value 100% and both show paraphyletic relation with North Thailand and



China Yunnan’s species. China Yunnan’s species show closest relation to origin with

accession ID KT216368.1 and West Malayasia’s species show farthest relation with origin.

And both the China Yunnan’s species shows monophyletic relations and with another China

Yunnan’s species show paraphyletic relation with bootstrap value 74 and 76 respectively.

Table-5:Accession IDs of cytochrome-b of Trimeresurus stejnegeri with their country names.

Species Name Accession ID Geographic Origin
Trimeresurus stejnegeri KX019087 China: Guangdong

Trimeresurus stejnegeri KX019144 China: Hunan

Trimeresurus stejnegeri KX019148 China: Jiangxi

Trimeresurus stejnegeri KX019068 China: Fujian

Trimeresurus stejnegeri KX019140 China: Fujian

Trimeresurus stejnegeri KX019143 China: Jiangxi

Trimeresurus stejnegeri KX019121 China: Jiangxi

Trimeresurus stejnegeri KX019106 China: Anhui

Trimeresurus stejnegeri KX019137 China: Anhui

Trimeresurus stejnegeri KX019155 China: Zhejiang

Trimeresurus stejnegeri KX019126 China: Zhejiang

Trimeresurus stejnegeri KX019104 China: Hainan

Trimeresurus stejnegeri KX019139 China: Hainan

Trimeresurus stejnegeri KT216408 Viet Nam

Trimeresurus stejnegeri KX019147 Viet Nam

Trimeresurus stejnegeri KX019160 Viet Nam

Trimeresurus stejnegeri KX019159 Viet Nam

Trimeresurus stejnegeri KX019152 China: Guangxi

Trimeresurus stejnegeri KX019154 China: Guangxi

Trimeresurus stejnegeri KX019037 China: Chongqing

Trimeresurus stejnegeri KX019071 China: Guizhou

Trimeresurus stejnegeri KX019008 China: Chongqing

Trimeresurus stejnegeri KX019110 China: Sichuan

Trimeresurus stejnegeri KX019141 China: Guizhou

Trimeresurus stejnegeri KX019053 China: Guizhou

Trimeresurus stejnegeri KX019124 China: Guangxi

Trimeresurus stejnegeri KX019053 China: Guizhou

Trimeresurus stejnegeri KX019158 China: Guangdong

Trimeresurus stejnegeri KX019149 China: Guangxi

Trimeresurus stejnegeri KX019157 China: Hunan

Trimeresurus stejnegeri KX019156 China: Guangxi



Figure-7: Phylogenetic tree of Trimeresurus stejnegeri based on cytochrome b mtDNA

sequence data with respect to their geographical origin with bootstrap value >50%.

Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap

consensus tree inferred from 500 replicates is taken to represent the evolutionary history of



the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap

replicates are collapsed. The percentage of replicate trees in which the associated taxa

clustered together in the bootstrap test (500 replicates) are shown next to the branches. The

evolutionary distances were computed using the Maximum Composite Likelihood method

and are in the units of the number of base substitutions per site. This analysis involved 30

nucleotide sequences. All ambiguous positions were removed for each sequence pair

(pairwise deletion option). There were a total of 1040 positions in the final dataset.

Evolutionary analyses were conducted in MEGA11.

Here we have taken total 31 accession IDs of cytochrome b as we have got their geographical

origin against them and which IDs shows common origins we haven taken only one or two

from them as all of them are showing monophyletic origins. After aligned then in MEGA we

got the above phylogenetic relationship between different origin. All the results shows more

than 50% bootstrap support value. That means they shows a high posterior probabilities.

Closest relation from the origin are shown by accession id KX019037 China:Chongqing’s

species and their monophyletic species. Same origin species shows monophyletic origin and

paraphyletic origins. China: Anhui, China: Zhejiang, China: Hainan, China: Guangxi, China:

Guizhou and China: Chongqing shows maximum bootstrap value 100.



Table-6:Accession IDs of cytochrome-b of Echis carinatus with their country names.

Species Name Accession ID Geographic origin

Echis carinatus
MG995822 India: Tamilnadu,

Vadanemmeli

Echis carinatus
MG995811 India: Odisha, Talcher

Echis carinatus
MH646094 Iran

Echis carinatus
GQ359441 Pakistan

Echis carinatus
GQ359440 Pakistan

Echis carinatus
GQ359439 India

Echis carinatus
GQ359438 Pakistan

Echis carinatus
GQ359437 United Arab Emirates

Echis carinatus
GQ359436 United Arab Emirates

Echis carinatus
GQ359435 India: Tamilnadu

Echis carinatus
GQ359434 India: Rajasthan

Echis carinatus
GQ359433 India

Echis carinatus
AJ275706 Pakistan



Figure-8: Phylogenetic tree of Echis carinatus based on cytochrome b mtDNA sequence data

with respect to their geographical origin with bootstrap value >50%.

Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap

consensus tree inferred from 1000 replicates is taken to represent the evolutionary history of

the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap

replicates are collapsed. The percentage of replicate trees in which the associated taxa

clustered together in the bootstrap test (1000 replicates) are shown above the branches [2].

The evolutionary distances were computed using the Maximum Composite Likelihood

method and are in the units of the number of base substitutions per site. This analysis involved

13 nucleotide sequences. All ambiguous positions were removed for each sequence pair

(pairwise deletion option). There were a total of 554 positions in the final dataset.

Evolutionary analyses were conducted in MEGA11.



Echis carinatus common name is saw-scaled viper shows Asiatic origin and all resides in a

same phylogenetic tree without showing any exceptions. Total 13 accession IDs were selected

and put them with species name against their origin after aligned in MEGA11. Monophyletic

origin shown by the species from Pakistan origin with bootstrap value 80 and their accession

numbers are GQ359441.1 and AJ275796.1 respectively and another monophyletic origin

shown by Indian species with bootstrap value 63 and their accession numbers are

GQ359439.1 and MG995811.1 respectively. And rest of the origins shows paraphyletic origin

with others.

Table-7:Accession IDs of cytochrome-b of Ophiophagus hannah with their country names.

Species Name Accession ID Geographic Location

Ophiophagus hannah MT346766.1 Viet Nam

Ophiophagus hannah MT346773.1 China

Ophiophagus hannah MT346767.1 Indonesia

Ophiophagus hannah MT346770.1 Malaysia

Ophiophagus hannah MT346771.1 Malaysia

Ophiophagus hannah MT346765.1 Malaysia

Ophiophagus hannah MT346764.1 Malaysia

Ophiophagus hannah MT346768.1 Philippines

Ophiophagus hannah MT346769.1 Indonesia

Ophiophagus hannah MT346772.1 Indonesia



Figure-9: Phylogenetic tree of Ophiophagus hannah based on cytochrome b mtDNA

sequence data with respect to their geographical origin with bootstrap value >50%.

Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap

consensus tree inferred from 1000 replicates is taken to represent the evolutionary history of

the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap

replicates are collapsed. The percentage of replicate trees in which the associated taxa

clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The

evolutionary distances were computed using the Maximum Composite Likelihood method

and are in the units of the number of base substitutions per site. This analysis involved 10

nucleotide sequences. All ambiguous positions were removed for each sequence pair



(pairwise deletion option). There were a total of 427 positions in the final dataset.

Evolutionary analyses were conducted in MEGA11.

Ophiophagus hannah or commonly known as king kobra shows paraphyletic origin and no

monophyletic origin with respect to all the countries and all the countries are of Asiatic origin.

Total 10 accession IDs were selected to construct the phylogenetic tree. We have put the

respective country name with their accession IDs as founded from the NCBI database. From

this tree we cannot conclude the origin and which country species was originated first and

which has the highest distance from the origin.

Table-8:Accession IDs of cytochrome-b of Naja naja with their country names.

Species Name Accession ID Geographic Location

Naja naja MT346711.1 Nepal

Naja naja AY13376.1 Nepal

Naja naja MZ029431.1 India: Tamil Nadu

Naja naja GQ359506.1 Nepal

Naja naja DQ272477.1 Hong Kong

Naja naja MH337569.1 Sri Lanka

Naja naja EU547039.1 Australia

Naja naja MT346712.1 Sri Lanka



Figure-10: Phylogenetic tree of Echis carinatus based on cytochrome b mtDNA sequence

data with respect to their geographical origin with bootstrap value >50%.

Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap

consensus tree inferred from 1000 replicates is taken to represent the evolutionary history of

the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap

replicates are collapsed. The percentage of replicate trees in which the associated taxa

clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The

evolutionary distances were computed using the Maximum Composite Likelihood method



and are in the units of the number of base substitutions per site. This analysis involved 8

nucleotide sequences. All ambiguous positions were removed for each sequence pair

(pairwise deletion option). There were a total of 264 positions in the final dataset.

Evolutionary analyses were conducted in MEGA11.

Total 8 accesion IDs were selected to construct the tree as we have found the origin nmes

from NCBI database of this 8. From the above tree of Naja naja we can say that Nepal and

hong Kong origin shows the closest relation to the original with accession IDs GQ359506.1

and DQ272477.1 respectively. And a interesting relation we habe found here that Sri Lanka

and Australia's Naja species shows monophyletic origin with a high bootstrap value of 96

though there are no connection between two places.



Figure -11: Multiple sequence alignment of Naja Naja phylogenetic tree.



Table-9: Multiple sequence alignment’s discussion on base substitution.

Species
Name

Accession
ID

Geographic
Location Base Substituion Total

Percentage
substitutio
n(%)

T--->C C---
>T A--->G G--->A T--->A A---

>C
Naja
naja

MT346711.
1 Nepal 2 3 1 1 0 0 7 2.46

Naja
naja AY13376.1 Nepal 2 3 1 1 0 0 7 2.46

Naja
naja

MZ029431.
1

India: Tamil
Nadu 3 2 1 1 0 0 7 2.46

Naja
naja

GQ359506.
1 Nepal 2 3 1 1 0 0 7 2.46

Naja
naja

DQ272477.
1 Hong Kong 7 7 6 1 1 4 26 9.12

Naja
naja

MH337569.
1 Sri Lanka 2 5 3 2 1 0 13 4.56

Naja
naja EU547039.1 Australia 2 6 3 2 1 0 14 4.91

Naja
naja

MT346712.
1 Sri Lanka 2 5 3 2 1 0 13 4.56

From the above multiple sequence alignment(MSP) it is clearly seeing that base substitution

in all positions except 132nd position is same between the two same species of Naja naja of

two different regions of Australia and Sri Lanka. So from this result we can interpret the cause

why they are showing monophyletic origin.

From the table of base substitution it Hong Kong’s Naja species shows the highest base

substitution rate of 9.12%. And Australia and Sri Lanka shows approximately same type of

base substitution rate that also indicates their monophyletic nature.

Species of Nepal(total 3) and India showing similar percentage base substitution of 2.46%

that’s why they all are located in same group. Here up to 285th position conserved region is

located. And which species are in monophyletic and paraphyletic origin they showing similar

type of percentage base substitution.

Discussion-

From the above results we can conclude that in the same region all the species may not stay in

monophyletic or paraphyletic group and the vice versa different region’s same species may

occupy monophyletic position. So not only the same region’s species occupy monophyletic

group but also others show similar category which interpret about their common ancestry and

previous relation among them from which they became diverge. By analyzing Multiple

Sequence Alignment(MSA) from base pair substitution we can conclude the reason that why

they are showing monophyletic origin though they are very far apart from each other. Due to



common change in base substitution they showing common ancestry. And same origin don’t

showing monophyletic or polyphyletic origin due to different base substitution in same or

different positions. The regions which are in same group showing same percentage base

substitution.
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Introduction:
Females have an immune adversity response to vaccinations.(2) Basically after vaccination at
this stage men and women have different responses due to hormonal reasons, whereas in women
it's much more active. But looking at the random evidence, it's clear that women have much
higher risk of side effects or hypersensitivity than men after vaccination.Some of the
post-hypersensitivity outcomes are dyspnea, anaphylaxis, wheezing, syncope, dizziness etc.
After vaccination anaphylaxis is rare because there have been very few cases reported. It can be
one in every 100,000,(negligible). But in terms of gender classification, women are more likely
to be reported as anaphylactic after the vaccination. Post-vaccine anaphylaxis is more common in
men and women at different stages of life.(2) Evidence suggests that anaphylaxis is more
common in men during puberty and in women after puberty. Many subsequent reviews
highlighted that females have a higher frequency of hypersensitivity than male(passive
surveillance and rarity of events). A comprehensive population study shows that there are many
vaccines in the world that are more likely to infect men than most. Larger population studies will
clarify the difference rate on the basis of gender and related biological studies. Studies on
reviewing based on anaphylaxis in emergency room reports shows that 58% and 60% of women
are suffering and when it comes For non food related anaphylaxis hospitalization the cases of
women found 57%. For food allergies 65%  in women .

Objective:
The chances of IHS(majorly I'm highlighting here anaphylaxis) increase mainly after
vaccination, and in each case gender and age have become a major factor.Because women and
men have not been exposed to IHS equally, in some cases after vaccination, men are more prone
to anaphylaxis, in other words, the ratio of males to females is getting heavier in males and vice
versa in some vaccinations.So here are some of the VAERS(vaccine adverse event reporting
system, a US spontaneous reporting system) experimental vaccination trials conducted from
1987 to 2010 and its impact on a large population. Here data on five vaccine trials have been
collected and presented in a comparative manner.

Discussion:



Figure 1: Anaphylactic reaction(IHS) after vaccination

Anaphylaxis: Anaphylaxis is a sudden, potentially life-threatening allergic reaction that
involves multiple system dysfunction. It's caused by massive release of inflammatory mediators
from mast cells and basophils into the circulation. These mediators are normally responsible for
the body’s protective response against infections or injuries. In case of anaphylaxis this is mainly
due to the severity of the gender. Female hormonal factors like estrogen play a special role but
evidence says, it's still not certain that only women will respond immediately to ier, in some
cases this tendency has been observed in men after specific vaccination. Only some experimental
research is able to address the gender issue in anaphylaxis.(2)

Immediate Hypersensitivity Reactions Following Vaccines by Gender:

Anthrax vaccine: More than 500,000 US military personnel are given safety assessments for the
AVA vaccine trial through review and medical evaluation of adverse events(AEs) reported to the
Vaccine Adverse Event Reporting System(VAERS) by some review and medical evaluation of
adverse events(AEs) reported to the vaccine Adverse Event Reporting System(VAERS). And it
was seen as a result that 1841 reports describing 3991 AEs(9.4 reports/10,000 doses of AVA)
were reviewed by AVEC that were submitted to VAERS(from 1Q1998 through 4Q2001). 147
form that particular participants reports told about SAE or OMIAE, from there 26 were
tentatively rated as possible, probable or certain consequences of vaccination probable cause or
effect anaphylactic-like reaction, injection-site reaction, or  eight other systemic AEs. (3)



Result overview :
Population : N=2 million doses in 500000 vaccines
F≈51,546 , M ≈448,454 (Estimated from report 8.7:1 M/F)
Outcome: Anaphylactic like reaction
Gender ratio: F=1,M=4 where F/M incidence ratio is 2.17

AVA causes significant local inflammation and should be directed as the ulnar nerve and
initially reported that females had higher AEs than males, but after vaccination it was found that
transient articular reactions were more prevalent in male.(3)

Japanese encephalitis(JE) vaccine: From 1999 to 2009, VAERS's Adverse Event Report on the
inactivated Japanese Encephalitis Vaccine extracted from the Mouse's Brain was published.
During this time, VAERS also collected more information, including 300 Adverse events that
complied with the JE vaccination, where basically 24 per 100,000 doses were distributed and
were seen after classifying. As a result 8.4 per 100,000 doses were classified as hypersensitivity
(106 or 35 percent) and 1.8 per 100,000 doses that mean 23 or 8% were reported serious adverse
events and 0.3 per 100,000 doses that mean 4 or 1% reported as neurological events. When they
were immunised, hypersensitivity responses were noted as a common symptom. Women, on the
other hand, are thought to be more likely than males. (4)

Result overview :
Population: N = 1.26 million doses distributed .
Outcome : Anaphylaxis
Gender ratio:  F=10, M=1, F/M ratio: 10:1

Rabies vaccine: The rabies immunoglobulin vaccine was experimentally administered from
1987 to 2005 on 72132 patients at Queen Saovabha memorial institute in Bangkok . Report says
59.56% patients(42965 patients) were given equine rabies immunoglobulin(ERIG) and 49.44%
patients(29167) were given rabies immunoglobulin(HRIG). The data show that a total of 812
people from both groups have been the victims of advanced reactions where top part of which
came from ERIG .
ERIG - male (43.13%), female (56.87%)
HRIG - male (34.62%), female (65.38%)
The result says that women were at higher risk of developing ERIG and HRIG hypersensitivity
than men. (5)

Result overview:-



Population: N=72,132 vaccines F=35,893 M=36,239
Outcome: Anaphylaxis
Gender ratio: F=1, M=0

Yellow fever(YF) vaccine : Although the vaccine has been administered in about 500 million
doses since 1937.Yet the VAERS produced a report between 2000-2006, keeping in mind the
safety of the vaccine. So they used approximately of age sex distribution of administered doses
wih a report from, a 2006 survey of how reactions such as SAE(serious adverse events),
anaphylaxis. The tendency of SAEs is much higher in men, especially in adults over 60 years of
age. These results strengthen the generally accepted safety profile of the YF vaccine.(6)

Result overview :
Population: N=1,534,170 vaccines F=790,865 M=743,305
Gender ratio: F=1.3, M=2.3 per 100,000 doses F/M incidence ratio: 0.61.

Influenza A(H1N1) 2009 monovalent vaccines: This vaccination program was launched in
October 2009 named The United States(US) influenza A(H1N1) 2009 monovalent(2009-H1N1)
vaccination program and reports to the vaccine adverse event reporting system(VAERS).

Result overview :
Population: N=82.4 million vaccines
Outcome: Anaphylaxis
Gender ratio: F=80, M=36 F/M ratio: 2.2:1

Conclusion:
I have briefly discussed sex gender aspect that characterize risk of developing anaphylaxis like
reaction after vaccination. Where vaccination trials 'reports from VAERs' data show that IHS
development is much higher in girls than in men. Women are more prone to allergic reactions
because the amount of estrogen in the body is much higher than in men.However, there are
exceptions. Some vaccines, such as the anthrax vaccine, have been shown to cause
after-vaccination in men who are more likely to suffer from anaphylaxis than women in their
sixties.

Reference:
1. Griffioen, M.; Halsey, N. Gender differences in immediate hypersensitivity reactions to
vaccines: A review of the literature. Public Health Nurs. 2014, 31, 206–214.

2. Martinis, M de., Sirufo, M. M., Suppa, M., Silverstre, D. di., Ginaldi, L.. International Journal



of molecular Sciences, 2020

3. Sever, J. L., Brenner, A. I., Gale, A. D., Lyle, J. M., Moulton, L. H., Ward, B. J., et al. (2004).
Safety of anthrax vaccine: An expanded review and evaluation of adverse events reported to the
Vaccine Adverse Event Reporting System (VAERS). Pharmacoepidemiology and Drug Safety,
13, 825–840. doi:10.1002/pds.936.

4. Lindsey, N. P., Staples, J. E., Jones, J. F., Sejvar, J. J., Griggs, A., Iskander, J., et al. (2011).
Adverse events following Japanese encephalitis vaccination in the United States, 1999-2009.
Vaccine, 29, 58–64.

5. Suwansrinon, K., Jajareonsup, W., Wilde, H., Benjavongkulchai, M., Sriaroon, C., & Sitprija,
V. (2007). Sex- and age-related differences in rabies immunoglobulin hypersensitivity.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 101, 206–208.

6. Lindsey, N. P., Schroeder, B. A., Miller, E. R., Braun, M. M., Hinckley, A. F., Marano, N., et
al. (2008). Adverse event reports following yellow fever vaccine. Vaccine 26(48), 6077– 6082.

7. Tavares, F., Delaigle, A., Slavin, D., Bachau, V., Fries, L., & Seifert, H. (2011). Anaphylaxis
following H1N1 pandemic vaccines: Safety data in perspective. Vaccine, 29, 6402–6407.



Pollinator observation on Hibiscus 
Swapnaneel Chakraborty 

Roll - 528 

Department of zoology, Ramakrishna Mission Vivekananda Centenary Collage, Rahara, 
Kolkata -700118 

 
● Objective – To gain the knowledge about the various pollinator and their interaction 

with hibiscus plant in my locality.  
● Study Site – The study was conducted at Mira Kadamtala Para, Plassey in Nadia 

district of West Bengal. The insect species on Hibiscus rosa sinensis during its blooming 

phase was recorded from September 26, 2021 to  
● Latitude & Longitude – 23.77 & 88.28  
● Habitat – The study site was a garden in front of my house. The tree was surrounded 

by various small & big trees, and under the tree was covered with patchy grasses. The 

flower visitors were observed for an interval of each 2 minutes for approximate 1 hour 

per day.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

● Description of the Plant (Flower) 



Color Shape Size Odour Height 

from GL 

Position 

of the 

nectaries 

Position 

of the 

ovaries 

Red Trumped 

shaped 

6 – 10 cm 

in diameter 

No 5.0ft – 5.6ft Inside the 

calyx 

Bottom of 

the flower 

 

● Collection methodology – Collection of flower visitors was made by live observing 

the flower and clicking some pictures by mobile. Flower visitors were observed for 1 

hour per day.  
 

 

● DAY 1 – 26/09/21:    Time – 11.15am to 12.15pm 
 

o Temp – 31°C, Humidity – 60%, Wind – 9.8km/h, Partly sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture of 

sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Odonata - Anisoptera sp In front 

upper 

portion of 

petal  

- 

 

3 minute 

approx 

 

 

 

 

 

 

 

● DAY 2 – 27/09/21:     Time - 8.30am to 9.15am 
 



o Temp – 34°C , Humidity – 40% , Wind – 6.7km/h , Sunny weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Lepidoptera Papilionidae  Papilio 

clytia 

(common 

mime) 

On the 

style 

- 

 

5 sec 

approx 

 

 

 

● DAY 3 – 28/09/21:         Time – 12.00pm to 12.40pm  



 
o Temp – 30°C , Humidity – 71% , Wind – 14km/h , Partly cloudy weather.  

 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

● Not a single visitors observed.  

 

 

● DAY 4 – 29/09/21:            Time –  
 

o Temp – 29°C , Humidity – 92% , Wind – 11.2 km/h , Light rainy weather.  
 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

● Due to rain fall since all day no data collected.  

 

 

 

 



● DAY 5 – 30/09/21:              Time – 4.00pm to 5.10pm 

 

o Temp –32°C , Humidity – 81% , Wind –  3.6 km/h , Sunny weather.  
 

o Insect visitor : Diurnal 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Hymenoptera  Apidae Apis indica Around 

the petal 

- 

 

Approx. 6 

sec 

 

● Not able to capture image.  

 

 

 

● DAY 6 – 07/10/21:              Time – 2.45pm to 3.15pm 

 

o Temp – 33°C , Humidity – 70% , Wind – 4.9 km/h , partly cloudy weather.  
 

o Insect visitor : Diurnal 
 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

 

● No flower visitor found.  

 

 



● DAY 7 – 08/10/21:              Time – 10.00am to 10.30am 

 

o Temp – 31°C , Humidity – 50% , Wind – 4.1 km/h , Sunny weather.  
 

o Insect visitor : Diurnal 
 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

● No flower visitor observed.  
 

 

 

 

 

● DAY 8 – 18/10/21:              Time – 4.30pm to 5.05pm 

 

o Temp – 29°C , Humidity – 55% , Wind – 3.4 km/h , Sunny weather.  
 

o Insect visitor : Diurnal 
 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Hymenoptera  Apidae Apis indica Around 

the petal 

- 

 

3 sec. 

 

 

 

 



 

● DAY 9 – 08/10/21:              Time – 10.00am to 10.30am 

 

o Temp – 31°C , Humidity – 50% , Wind – 4.1 km/h , Sunny weather.  
 

o Insect visitor : Diurnal 
 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

- - - - - 

 

- 

● No data found.  
 

 

 

 

● DAY 10 – 04/11/21:              Time – 9.10am to 9.50am 

 

o Temp – 28°C , Humidity – 43% , Wind – 5.6 km/h , Sunny weather.  
 

o Insect visitor : Diurnal 
 

Order Family Genus/ 

Species 

Posture 

of sitting 

Pollen 

carrying 

parts 

Sitting 

time on 

flower 

Hymenoptera  Apidae  Apis indica Roaming 

around 

stamen 

Leg, wings 

 

3-4 sec 

 

 

 

 



 

 

 

● Result – As a result I recorded an observation chart of 10 days on flower visitor or 

pollinator of Hibiscus rosa sinensis at a garden of my house which is located in Plassey, 

Nadia. Here - 
1. Anisoptera sp (order belongs to Odonata), seen 1 time 

2. Papilio clytia or common mime (order belongs to Lepidoptera), seen 1 time 

3. Apis indica (order belongs to Hymenoptera) seen 3 times                                                  

are observed as flower visitor.  

 

● Discussion – Though Hibiscus is very attractive plant for pollinator but I got 3 flower 

visitors which is not good at all. Most flower visitors are often seen at morning and 

afternoon time. No visitors found at the time of mid-noon and rainy days. Due to a 

moderate pollution in this area and low amount of flowers in the tree, flower visitors are 

seen very rarely and also low individual. So, it indicates the low rate of pollination and 

also less crop or flower production.  
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Introduction-   

Mitochondrial genome is the sum of the genetic information contained in the chromosome of the 

mitochondrion, a structure located in the cytoplasm outside the nucleus of the cell. The 

mitochondrial genome is composed of mitochondrial DNA (mtDNA), a double-stranded circular 

molecule that contains a limited number of genes. It has only 16,500 or so base pairs in it and it 

encodes different proteins that are specific for the mitochondrial. 

A typical vertebrate mitochondrial gnome has one control region (CR), two ribosomal RNAs 

(rRNA), 13 protein-coding genes, and 22 transfer RNAs (tRNA). Compared to the typical 

vertebrate mtDNA, snake mtDNAs have many unusual features, including two duplicated CRs, a 

compact genome, and an elevated evolutionary rate (Kumazawa et al. 1996, 1998). Based on the 

correlation resulting from the asymmetric replication of mtDNA, the usage of control regions 

(CRs) was inferred to be species specific. In snake mitochondrial DNA, the rate acceleration varied 

considerably among genes and over time, and it appears that these changes at the nucleotide and 

protein level co-occurred with snake mitochondrial DNA incurring a reduction in size and a 

duplication of the control region. 

The mitochondrial genome (mtDNA) represents a favored genetic source for evolutionary studies 

due to four valuable features: a) a faster evolutionary rate than nuclear genome, and this provides 

higher resolution in phylogenies of closely related species; b) a mechanism of maternal inheritance 

and lack of recombination, which introduces fewer errors into the phylogenetic reconstructions; c) 

a compact genome, which allows easier DNA sequence determination and computational analyses 

than would nuclear genomes; d) the presence of various protein-coding genes, which provide an 

evolutionary context of the genome. 

ATP8 – ATP8 is a mitochondrial gene with the full name 'mitochondrially encoded ATP synthase 

membrane subunit 8' that encodes a subunit of mitochondrial ATP synthase, ATP synthase Fo 

subunit 8 (or subunit A6L). This subunit belongs to the Fo complex of the large, transmembrane 

F-type ATP synthase. This enzyme, which is also known as complex V, is responsible for the final 

step of oxidative phosphorylation in the electron transport chain. Specifically, one segment of ATP 

synthase allows positively charged ions, called protons, to flow across a specialized membrane 

inside mitochondria. Another segment of the enzyme uses the energy created by this proton flow 

to convert a molecule called adenosine diphosphate (ADP) to ATP. 

COX1 –  MT-COX1 is a gene that is often used as a DNA barcode to identify animal species. The 

MT-COX1 gene sequence is suitable for this role because its mutation rate is often fast enough to 

distinguish closely related species and also because its sequence is conserved among conspecifics. 

NAD1 – MT-ND1 or NAD1 is a gene of the mitochondrial genome coding for the NADH-

ubiquinone oxidoreductase chain 1 (ND1) protein. 

CYT B – The MT-CYTB gene provides instructions for making a protein called cytochrome b. 

This protein plays a key role in structures called mitochondria, which convert the energy from food 

into a form that cells can use. Cytochrome b is one of 11 components of a group of proteins called 

complex III. 



Objective-  

The main objective of this study is to identify and find the evolutionary trend, evolutionary 

relationship among the closely related species by interpreting the phylogenetic tree and the graphic 

summary of the complete genomes of these snake species of India. Annotation, gene identification, 

multiple sequence alignment of the complete mitochondrial genomes of snakes to study the 

molecular changes among those species. Phylogenetic relation also be established in this study. 

Material and Method- 

In this study we focused only on snake species of regions of India.  

So at first all the scientific name of snake species of India were collected from Reptile Database  

(https://reptile-database.reptarium.cz/). At advanced search snakes were considered as higher taxa 

and India as the place of distribution. Total 337 species were reported which distributed in  India. 

Then we select 7 mitochondrial gene to study further. These are Cytochrome-b, COX-1, 12s rRNA, 

16s rRNA, ND-1, ND-4 and D loop. Now in NCBI ( https://www.ncbi.nlm.nih.gov/ ), these 

nucleotides were searched against all of those 337 snake species. The accession id, distribution of 

the species, title of the reference paper of the various previous studies on those species were 

collected from the NCBI database and put those data on a Excel sheet. Now I further studied my 

topic of study- whole mitochondrial genomes of snake species of India. So then the accession id 

of the whole mitochondrial genomes were collected form NCBI databases. This databases of NCBI 

shown that there is only 24 snake species have the complete mitochondrial gene sequence and the 

total accession id of those species are 51 in number.  

Now, the sequences were to be aligned in NCBI BLAST. As we took complete mitochondrial 

sequence we did the BLASTn 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LIN

K_LOC=blasthome ) for nucleotide sequences. The accession id of Daboia russellii (Accession 

id- EU913478) was put in the query sequence and all the 51 accession ids were put in subject 

sequence. Now the BLAST was done. The BLAST result was the filtered with 75 to 100 percent 

identity and 80 to 100 query coverage. Then FASTA (complete sequence) was downloaded and 

the Graphics of the BLAST result and the BLAST tree view was thoroughly studied for further 

development of this study. 

Then the further study was done mainly on MEGA 11 software (Molecular Evolution Genetics 

Analysis). In the MEGA, the FASTA complete sequence was converted into MEGA files after the 

muscle algorithm run, trimming of unmatched sequences and alignment of the genome sequences. 

Then neighbor joining phylogenetic tree of complete mitochondrial genome as well as 4 genes 

atp8, cox1, nad1 and cyt b was drawn by using Bootstrap method. Now the interpretation was done 

from this Phylogenetic tree. 

Annotations of the sequence using MITOS http://mitos.bioinf.uni-leipzig.de/help.py  

Multiple sequence alignment was done using ClustralW, Clustral Omega and ESPript 

[https://www.ebi.ac.uk/Tools/msa/clustalo/ , https://espript.ibcp.fr/ESPript/ESPript/ ] 

https://reptile-database.reptarium.cz/
https://www.ncbi.nlm.nih.gov/
https://d.docs.live.net/32160b2cba8ff79b/Desktop/(https:/blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://d.docs.live.net/32160b2cba8ff79b/Desktop/(https:/blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://d.docs.live.net/32160b2cba8ff79b/Desktop/(https:/blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
http://mitos.bioinf.uni-leipzig.de/help.py
https://www.ebi.ac.uk/Tools/msa/clustalo/
https://espript.ibcp.fr/ESPript/ESPript/


 

Schematic representation of method- 

Collected the Indian snake species from Reptile database 

 

Searched those species against our specific mitochondrial gene in NCBI 

 

Collected the accession id, distribution of species from NCBI 

 

Separation of the accession id of those species which have complete mitochondrial genome data 

 

Did BLAST using the accession id of Daboia russellii against all the accession id 

 

Filtered the BLAST result with 75-100% of percent identity and 80-100% of query coverage 

 

Downloaded the FASTA complete sequence of BLAST result and thoroughly studied the 

Graphis of genes 

 

Now aligned the sequences in MEGA 11 software 

 

Ran muscle alignment and trimmed the sequence carefully and then converted the FASTA file 

into MEGA file 

 

Finally established a neighbor-joining Phylogenetic Tree using Bootstrap method 



 

 Annotations of the sequence using MITOS webserver 

 

Multiple sequence alignment using ClustralW, Clustral Omega and ESPript 

  

Establishment of Phylogenetic tree of atp8, cox1, nad1 and cyt b complete CDS of those species 

Results and Discussion- The results are mainly based on the finding of interpretation of the 

constructed phylogenetic tree of the whole mitochondrial genome of snake species. 

 

Fig-1: Graphic summary of BLAST result against the accession number of complete genome of 

Daboia russelli. 

https://www.ncbi.nlm.nih.gov/projects/sviewer/?rkey=NCID_1_29891540_130.14.18.128_9147

_1638639648_2283183770_0MetA0__S_NC_PhyloTree&appname=ncbiblast&link_loc=fromD

escr&tracks=%5Bkey%3Asequence_track%2CShowLabel%3Atrue%5D&v=%3A&id=EU9134

78.1#  

From this graphic summary we can interpret that these complete mitochondrial genome shows 

some important points. The BLAST mitochondrial genome of Daboia russellii show most 

similarities with Protobothrops jerdonii as only 174 unaligned regions present between them. 

Protobothrops mucrosqumatus and Protobothrops jerdonii have dissimilarities from 173 to 177 

base pairs with the genome sequence of Daboia russellii. Their unaligned regions present between 

3551 to 3689th sequence. But the species Protobothrops himalayanus and Protobothrops kaulbacki 

under genus Protobothrops have unaligned regions between 3551-3689 as well as 4538-4658th 

sequence. This dissimilarities among species of the same genus Protobothrops reflects that there 

https://www.ncbi.nlm.nih.gov/projects/sviewer/?rkey=NCID_1_29891540_130.14.18.128_9147_1638639648_2283183770_0MetA0__S_NC_PhyloTree&appname=ncbiblast&link_loc=fromDescr&tracks=%5Bkey%3Asequence_track%2CShowLabel%3Atrue%5D&v=%3A&id=EU913478.1
https://www.ncbi.nlm.nih.gov/projects/sviewer/?rkey=NCID_1_29891540_130.14.18.128_9147_1638639648_2283183770_0MetA0__S_NC_PhyloTree&appname=ncbiblast&link_loc=fromDescr&tracks=%5Bkey%3Asequence_track%2CShowLabel%3Atrue%5D&v=%3A&id=EU913478.1
https://www.ncbi.nlm.nih.gov/projects/sviewer/?rkey=NCID_1_29891540_130.14.18.128_9147_1638639648_2283183770_0MetA0__S_NC_PhyloTree&appname=ncbiblast&link_loc=fromDescr&tracks=%5Bkey%3Asequence_track%2CShowLabel%3Atrue%5D&v=%3A&id=EU913478.1
https://www.ncbi.nlm.nih.gov/projects/sviewer/?rkey=NCID_1_29891540_130.14.18.128_9147_1638639648_2283183770_0MetA0__S_NC_PhyloTree&appname=ncbiblast&link_loc=fromDescr&tracks=%5Bkey%3Asequence_track%2CShowLabel%3Atrue%5D&v=%3A&id=EU913478.1


was some evolutionary divergence may be present. Again Viridovipera stejnegeri stejnegeri and 

Trimeresurus albolabris show more or less same dissimilarities like Protobothrops mucrosqumatus 

and Protobothrops jerdonii .The sequence of Naja naja shows unaligned sequence about 185 

basepairs with the genome sequence of Daboia russellii at 3 regions. Elaphe poryphyracea and 

Ptyas mucosa show about 200 unaligned base pairs at 2 regions. Whereas Naja kaouthia and 

Sibynophis collaris differs at 3 different regions on the sequence. Ophiophagus hannah shows 

some different unaligned regions than the other species. So, this graphic summary have shown a 

significant relationship between the unaligned regions and the dissimilarities among the genome 

sequence of the species at a glance. 

Table 1. : The comparison of Unaligned regions and Mismatches in the genome sequences from 

the graphic summary. 

 Species name Accession id Unaligned 

regions 

Mismatches 

1. Protobothrops jerdonii KC112560.1 174 2989 

2. Protobothrops jerdonii NC_021402.1 174 2989 

3. Protobothros mucrosquamatus NC_021412.1 177 3055 

4. Protobothros mucrosquamatus KC438281.1 177 3055 

5. Protobothros mucrosquamatus KT447436.1 173 3070 

6. Protobothros kaulbacki KY695463.1 158 3027 

7. Protobothros kaulbacki NC_029166.1 158 3026 

8. Protobothros kaulbacki KJ689382.1 158 3026 

9. Protobothros himalayanus NC_029165.1 130 3021 

10. Protobothros himalayanus KJ689381.1 130 3021 

11. Trimeresurus albolabris NC_022820.1 175 3098 

12. Trimeresurus albolabris KF31110.1 175 3098 

13. Viridovipera stejnegeri stejnegeri FJ752492.1 186 3019 

14. Viridovipera stejnegeri stejnegeri NC_012146.1 186 3019 

15. Daboia russellii NC_011391.1 0 0 

16. Ophiophagus hannah AZIM01009253.1 

 
146 2422 

17. Ophiophagus hannah AZIM01009253.1 61 611 

18. Sibynophis collaris JN211315.1 151 2567 

19. Naja naja DQ343648.1 185 2634 

20. Naja kaouthia LC431744.1 179 2701 

21. Elaphe poryphyracea GQ181130.1 179 3005 

22. Bungarus fasciatus EU579523.1 210 2978 

23. Ptyas mucosa  NC_030041.1 200 2975 

24. Gonyosoma frenatum NC_057467.1 191 3031 

25. Sinomicrurus macclenllandi MT547176.1 199 3118 

26. Ophiophagus hannah EU921899.1 212 3235 

27. Sibynophis collaris NC_016424.1 151 2568 

28. Sinomicrurus macclenllandi NC_054255.1 201 3264 

29. Orthriophis taeniurus NC_025275.1 169 2888 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-2: Phylogenetic tree of Indian snake species with respect to complete mitochondrial genome 

Viperidae  

Colubridae  

Elapidae  

 

 

 



Caption of the Phylogenetic Tree- 

Evolutionary relationships of taxa- 

The evolutionary history was inherited during the Neighbor-Joining method [1]. The bootstrap 

consensus tree inferred from 500 replicates [2] is taken to represent the evolutionary history of the 

taxa analyzed [2]. Branches corresponding to partitions reproduced in less than 50% bootstrap 

replicates are collapsed. The percentage of trees in which the associated taxa clustered together in 

the bootstrap test(500 replicates) are shown next to the branches [2]. The evolutionary distances 

were computed using the Maximum Composite Likelihood method [3] and are in the units of the 

number of base substitutions per site. This analysis involved 35 nucleotide sequences. All 

ambiguous positions were removed for each sequence pair (pair-wise deletion option). There were 

a total of 16349 positions in the final dataset. Evolutionary analyses were conducted in MEGA11 

[4]. 

1. Sailou N. and Nei M. (1987). The neighbor-joining method: A new method for 

reconstructing phylogenetic trees. Molecular Biology and Evolution 4:406-425. 

2. Felsenstein J. (1985). Confidence limits on phylogenies: An approach using the bootstrap. 

Evolution 39;783-791. 

3. Tamura K. Nei M. and Kumar S. (2004). Prospects for inferring very large phylogenies by 

using the neighbor-joining method. Proceedings of the National Academy of Sciences 

(USA) 101:11030-11035. 

4. Tamura K. Stecher G. and Kumar S. (2021). MEGA 11: Molecular Evolutionary 

Genetics Analysis Version 11; Molecular Biology and Evolution 

https://doi.org/10.1093/molbev/msab120 . 

Phylogenetic tree interpretation- 

Protobothrops mucrosquamatus and Protobothrops jerdonii have monophyletic relationship as 

they are originated from same ancestor. Protobothrops himalayanus and Protobothrops kaulbacki 

are also monophyletic group. Viridovipera stejnegeri stejnegeri and Trimeresurus albolabris have 

a monophyletic relationship. But the genus Protobothrops, Viridovipera and Trimeresurus have a 

paraphyletic relationship between them. There is common ancestor between these 3 genus. Daboia 

russellii also diverged from the same common ancestor. Ophiophagus hannah, Naja kaouthia and 

Naja naja are put in a monophyletic group. These 7 species are in the family Viperidae.  

Now in the family Colubridae, the deepest diverging lineage is Orthriophis taeniurus. Viperidae 

and Colubridae diverged from the same ancestor. The species of family Elapidae (except Bungarus 

fasciatus) and the common ancestor of Viperidae and Colubridae diverged from the same common 

ancestor. But the species Bungarus fasciatus is outgrouped from the common ancestor of family 

Elapidae. So this phylogenetic tree shown a relation between these three families of snake. 

https://doi.org/10.1093/molbev/msab120


 

Fig 3.: Summary phylogeny of 761 colubroid snake species based on a concatenated maximum 

likelihood analysis of five genes (5814 bp). Pyron et al. 2011 

Traditionally, colubroids have been divided into groups based on their tooth morphology: those 

with fixed fangs were placed into Elapidae, those with folding fangs into Viperidae, and those 

without fangs lumped into Colubridae. The first two of these groups have proven to be for the most 

part monophyletic, certain exceptions notwithstanding (Pyron et al. 2011) 



This previously studied phylogenetic tree shows that Viperidae and Elapidae are closely placed 

but our constructed phylogenetic tree shows that Viperidae closely related with Colubridae not 

with Elapidae. 

Pyron et al. 2011 constructed this tree on the basis of conserved regions like CytB, ND1 and ND4 

but our constructed tree is on the basis of complete mt genome. So we can conclude that the 

evolutionary trend is different with respect to conserved regions and complete genome. 

Multiple sequence alignment using ClustralW, Clustral Omega and ESPript- 

Multiple Sequence Alignment (MSA) is equencelly the alignment of three or more biological 

sequences (protein or nucleic acid) of similar length. From the output, homology can be inferred 

and the evolutionary relationships between the sequences studied. 

Here, at first the total gene region of atp8, Cox1,cyt b and nad1 cut form the complete 

mitochondrial genome sequence as data collected from Genome annotations. Then the MSA was 

performed using Clustral omega and ESPript web server. 

 

Fig 4 : MSA with respect to ATP8 



This MSA of ATP8 gene shows that there is conserved region present in between 1 to 80 base 

pairs. But base substitution occurs very random and frequently in this region. 80 to 156 base pair 

region is highly variable. 

Base substitution analysis of ATP8 gene- 

 

 

Fig 5 :  Portion of MSA with respect to NAD1 



The average length of nad 1 gene of these studied species is about 936 base pairs. The MSA of 

this gene shows a conserved region between 1 to 930 base pairs. This suggests that the evolutionary 

divergence is less with respect to nad1 gene region among those studied snake species. 

 

Fig 6 : Portion of  MSA with respect to Cyt B 

The MSA of cyt b shows a conserved region between 1 to 1041 base pairs, but from 960 to 1024 

base pair region shows high variability. 



 

 

Fig 7 : Portion of MSA with respect to COX1  

The conserved region present in between 8 to 1517 base pairs as shown in the MSA of Cox 1 gene. 

44 to 100 base pairs show a highly base transition. The most variable regions present at the starting 

bases of the gene sequences. 



 

Analysis of Annotations- 

Total 13 conserved regions are present in the mitochondrial genome of snakes. These are nad1, 

nad2, cox1, cox2, atp8, atp6, cox3, nad3, nad4l, nad4, nad5, nad6 and cob(cytochrome B) along 

the length of the complete mitochondrial genome. 

Daboia russellii has a special region atp6-1 of 186 base pairs at 16973 to 17158 base pair of the 

complete mitochondrial genome. This region located at the end of the complete mitochondrial 

genome of Daboia russellii.  

 

 Fig 8 : EU913478.1_ Daboia russellii mitochondrion, complete genome 

Genes like atp6-0, cox3 are of same length in all 23 species [atp6=675, cox3=783]. 

Now if we compare the 2 species of the same genus Naja that is Naja naja and Naja kaouthia , 

we found that all the length of the conserved genes are same but the location of these genes in 

the whole mitochondrial genome is slightly different with respect to their start and stop bases 

[nad1 2572-3519 and 2566-3513  

cox1 6227-7753 and 6219-7745 

atp8 8696-8857 and 8688-8849 

cob 14993-16042 and 14986-16035 for Naja naja and Naja kaouthia respectively] 

2 species of family Pythonidae [Malayopython reticulatus, Python molurus] have significant 

differences in lengths of nad1, nad2, cox1, atp8, nad3, nad5, nad6. In nad6 the lengths are 468 

and 504 respectively. But the lengths of other gene regions[cox2, atp6, cox3, nad4l, nad4 and 

cob] are same in both species.  

4 species of family Viperidae of same genus Protobothrops - Protobothrops himalayanus, 

Protobothrops jerdonii, Protobothrops kaulbacki , Protobothrops mucrosquamatus the lengths 

cox2 are 672, 669, 672, 669 respectively. 

Lengths of nad5 are 1773, 1776, 1755, 1755 respectively. 

But in case of nad6, only Protobothrops mucrosquamatus has different length of 501 base pairs 

whereas other 3 species show a same length of 513 base pairs. 

5 species of family Colubridae - Gonyosoma frenatum, Orthriophis taeniurus, Elaphe 

poryphyracea, Ptyas mucosa, Sibynophis collaris 

Cob or CytB of , Sibynophis collaris is 1080 base in length but others 1047. 



 

1. EU913478.1_ Daboia russellii mitochondrion, complete genome 

(gi_195549244_gb_EU913478.1_) 

 

2. DQ343648.1_ Naja naja mitochondrion, complete genome (gi_84371449_gb_DQ343648.1_) 

 

3. LC431744.1_ Naja kaouthia mitochondrion, complete genome 

(gi_1644970594_dbj_LC431744.1_) 

 

4. NC_022820.1_ Trimeresurus albolabris mitochondrion, complete genome 

(gi_558603225_ref_NC_022820.1_) 

 

 

5. NC_025275.1_ Orthriophis taeniurus mitochondrion, complete genome 

(gi_699256358_ref_NC_025275.1_) 

 

6. NC_057467.1_ Gonyosoma frenatum voucher LSU20200812JZF01 mitochondrion, complete 

genome (gi_2091526104_ref_NC_057467.1_) 

 

 

 



 

7. FJ752492.1_ Viridovipera stejnegeri stejnegeri mitochondrion, complete genome 

(gi_224037274_gb_FJ752492.1_) 

 

8. NC_007402.1_ Xenopeltis unicolor mitochondrion, complete genome 

(gi_74310600_ref_NC_007402.1_) 

 

9. NC_042397.1_ Malayopython reticulatus mitochondrion, complete genome 

(gi_1678641010_ref_NC_042397.1_) 

 

10. NC_012770.1_ Elaphe poryphyracea mitochondrion, complete genome 

(gi_238866932_ref_NC_012770.1_) 

 

11. NC_029165.1_ Protobothrops himalayanus isolate KIZ 012736 mitochondrion, complete 

genome (gi_992329443_ref_NC_029165.1_) 

 

12. NC_021402.1_ Protobothrops jerdonii mitochondrion, complete genome 

(gi_511348019_ref_NC_021402.1_) 

 

 

 

 



13. NC_029166.1_ Protobothrops kaulbacki mitochondrion, complete genome 

(gi_992329457_ref_NC_029166.1_) 

 

14. NC_030041.1_ Ptyas mucosa mitochondrion, complete genome 

(gi_1025805876_ref_NC_030041.1_) 

 

15. NC_021412.1_ Protobothrops mucrosquamatus mitochondrion, complete genome 

(gi_511348159_ref_NC_021412.1_) 

 

16. NC_015812.1_ Python molurus molurus mitochondrion, complete genome 

(gi_339906613_ref_NC_015812.1_) 

 

17. NC_016424.1_ Sibynophis collaris mitochondrion, complete genome 

(gi_359422038_ref_NC_016424.1_) 

 

 

18. NC_054255.1_ Sinomicrurus macclellandi voucher HS2020001 mitochondrion, complete 

genome (gi_2026155312_ref_NC_054255.1_) 

 

 

 

 



19. NC_010196.1_ Ramphotyphlops braminus mitochondrion, complete genome 

(gi_164420879_ref_NC_010196.1_) 

 

20. NC_011393.1_ Bungarus fasciatus mitochondrion, complete genome 

(gi_209886953_ref_NC_011393.1_) 

 

21. NC_046795.1_ Hydrophis cyanocinctus mitochondrion, complete genome 

(gi_1829769152_ref_NC_046795. 1_) 

 

 

22. NC_036054.1_ Laticauda colubrina mitochondrion, complete genome 

(gi_1267170684_ref_NC_036054.1_) 

 

23. NC_007400.1_ Acrochordus granulatus mitochondrion, complete genome 

(gi_74310558_ref_NC_007400.1_) 

 

 

  



Comparative analysis of the phylogenetic trees constructed on the basis of complete 

sequence of specific mt gene region- 

 

Family Species name 

Viperidae Daboia russellii  
Viridovipera stejnegeri  
Trimeresurus albolabris  
Protobothrops himalayanus  
Protobothrops jerdonii  
Protobothrops kaulbacki  
Protobothrops mucrosquamatus   

Elapidae Naja naja  
Naja kaouthia  
Sinomicrurus macclellandi  
Bungarus fasciatus  
Hydrophis cyanocinctus  
Laticauda colubrina   

  

Colubridae Gonyosoma frenatum  
Orthriophis taeniurus  
Elaphe poryphyracea  
Ptyas mucosa  
Sibynophis collaris   

Xenopeltidae, Xenopeltis unicolor   

Pythonidae Malayopython reticulatus  
Python molurus   

Typhlopidae Ramphotyphlops  braminus   

Acrochordidae Acrochordus granulatus 

 

 



 

Fig 9 : Phylogenetic Tree with respect to nad1 

Here, Colubridae family is outgrouped. Elapidae and Viperidae shows a common ancestor. 

Xenopeltidae, Pythonidae, Typhlopidae, Acrochordidae show very close evolutionary 

relationship as they are under a common monophyletic group. 

Viridovipera stejnegeri, Trimeresurus albolabris have a common ancestor which is monophyletic 

with the common ancestor of Protobothrops. But in cyt b there is no such so much closely related 

common ancestor between Viridovipera stejnegeri and Trimeresurus albolabris. 

 



 

 

Fig 10 :  Phylogenetic Tree with respect to atp 8 

All the species of family Viperidae, are in a monophyletic group [which is different from others]. 

Here, family Viperidae and the common ancestor of Xenopeltidae and Pythonidae share a 

common ancestor. In family Colubridae, Sibynophis collaris shows a distant evolutionary 

relationship with other species of this family.The rate of evolution with respect to atp8 gene is 

slow in Sibynophis collaris than other species of the family Colubridae. 

Hydrophis cyanocinctus, Laticauda colubrina of family Elapidae show the most closely relation 

with the most common ancestor of the phylogenetic tree with respect to atp8 gene. 

 

 

 

 

 

 



 

 

 

 

Fig 11 : Phylogenetic Tree with respect to cox 1 

But in case of cox 1, all species of family Viperidae, are not in a monophyletic group. 4 species 

of genus Protobothrops possess a same common ancestor. 

Acrochordus granulatus (family- Acrochordidae), Ramphotyphlops  braminus (family- 

Typhlopidae), Xenopeltis unicolor(family- Xenopeltidae), Malayopython reticulatus and Python 

molurus (family- Pythonidae) belong to different genus but present in a same monophyletic 

group [also same in case of nad1 as well as cyt b]. Common ancestor of families Xenopeltidae, 

Pythonidae, Typhlopidae, Acrochordidae show very less relation [35 score] with the common 

ancestor of other 3 families. 

Family Elapidae and Colubridae possess a common ancestor. And this common ancestor and the 

common ancestor of family Viperidae originated from a same common ancestor. 

 



 

 

 

 

 

 

 

 

Fig 12 : Phylogenetic tree with respect to cyt b 

In phylogenetic tree of cyt b families Viperidae and Colubridae possess a common ancestor. But 

in case of cox 1 families Elapidae and Colubridae are closely related and possess a common 

ancestor. It shows that the evolutionary pattern depends on specific gene region changes. 

Though Sinomicrurus macclellandi is belongs to family Elapidae, it is outgrouped and distantly 

related with other species of family Elapidae but is closely related with the most common 

ancestor. 

 



 

Fig 13 : Phylogenetic tree with respect to complete mitochondrial genome 

Here , Viperidae and Colubridae posses a same common ancestor which is similar to that of Cyt 

B. This suggests that the rate of evolution of whole mitochondrial genome is very much 

associated with the rate of evolution with respect to Cyt B gene region of the complete 

mitochondrial genome. Sinomicrurus macclellandi is also very much closely related with the 

most common ancestor which is nearly same as Cyt B phylogenetic tree. 



Conclusion- 

Based on the phylogenetic relationships among the tested snakes and the comparisons of their 

gene organizations, we estimated the processes of evolutionary events occurred in snake 

mitochondrial genomes. 

Snake mitochondrial genomes present a rare opportunity to investigate the evolutionary 

interactions and ramifications that link genome architecture, molecular evolution, and multi-level 

molecular function Previous studies have suggested that snake mt genomes have an accelerated 

rate of evolution. The above study shows that the rates of snake mitochondrial genome evolution 

incorporate broad temporal (Branch specific and depend on Family of snake species) and spatial 

(gene and gene-region specific) dynamics. 

In support of a hypothesis involving selection for overall oxidative metabolic function, the 

accelerated rates of molecular evolution in snakes appear to depend greatly on gene function, 

with most ATP subunits and COX3 accelerating only slightly and occasionally, while COX, ND, 

CytB, and rRNA evolutionary accelerations are more fast (on the basis of annotation and length 

of genes) The roles of these proteins (and the mitochondria in general) in energetics via oxidative 

phosphorylation are well known, and it may be that a single causative agent accompanying the 

diversification of snakes that dramatically altered metabolic demand, or led to a fluctuation in 

metabolic demand, was responsible for large-scale changes in selective pressure on these 

proteins[2]. 

However, a more comprehensive sampling of snake mitochondrial genomes is necessary to 

further refine the phylogenetic relationships among major groups of snakes. 
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Abstract: - Study of advance floral morphology is a very important aspect of pollination biology. 

Many varieties of advance floral morphology are seen across various plant families and orders. 

Though most of the advance morphology is related with pollination of the plant, i.e. for attracting 

pollinators and complete pollination efficiently, pollination is not only its sole purpose, some also 

serves for preying, defense, mutualism, symbiotic relation and other purposes. Orchids 

(Orchidaceae) have most variety among the advance morphology- from conspicuous “star of 

Bethlehem” to little Epipactis, they show extensive variety in both advance floral morphology and 

in pollination syndrome. Other genus like, Arisaema, Salvia etc. also shows various advance floral 

morphology. Advance floral morphology is evolved, modified and controlled by many factors like 

specific pollinator/s, abundance of pollinators, coevolution with the pollinator, habitat, 

environmental factors and stress from surrounding, mutualism or symbiotic relation of the 

pollinators with the plant etc.  

Keywords: - Pollinator flower relation, Coevolution, Competitive selection. 

 

Introduction: - Floral morphology differs in various flowering plants with respect to its habitat, 

reproductive strategies, pollination syndrome and types of pollinators associated with the plant or 

flower.  Floral morphology consists of a large number of parameters, including the number and 

shape of petals, number of stamens, petal size and the number and arrangement of styles and 

ovaries. The pollen grains of insect pollinated flowers are sticky due to pollen kit. The surface of 

stigma of flowers is rough. Some of the plants develop special adaptation for insect pollination. 

Many flowers show advance floral morphology for different pollination syndrome that are adapted 

in order to attract a specific, or sometime, different types of pollinators. Study of advance floral 

morphology is important to understand relation of pollinator and plant, and also the co-evolutionary 

aspect of these two.  

Discussion: - Through years of observation, it is a well-established fact that angiosperm flowers 

and its insect pollinators have influenced each other’s evolution a lot, but it is not quite understood 

that is coevolution is a major process to form diversification among these groups. Coevolution is 

most likely when interacting organisms have strong effects on each other’s fitness (Thompson 

1994). This criterion is clearly met for pollination mutualisms in which the insects that pollinate 

plants also depend on them as brood sites (Thompson 1994). Classic examples of such coevolved 

brood-site pollination mutualisms are the relationships between figs and Agaonid fig-wasps and 

between Yuccas and Tegiticula moths (Pellmyr et al. 1996; Sakai 2002; Weiblen 2002).  

 



Co-evolution: - One of the great examples of this kind of coevolution is Darwin’s orchid 

(Macroplectrum sesquipedale) and its only pollinator the Hawk moth or Xanthophane morganii 

praedicta. 

In hypothesizing, how the Malagasy star orchid might have evolved it’s extraordinarily long (30 

centimeters) nectar spur, Darwin (1862) proposed the first mechanistic model of the co-

evolutionary process. He did refer to “a race in gaining length between the nectary of Angraecum 

and the proboscis of certain moths” (Darwin 1862). He noticed that the Malagasy star orchid, which 

is endemic to Madagascar, have an unusual long spur and have nectar at the very bottom of long 

spur. In fact, to reach the nectar of the orchid requires a 30cm (11inch) long proboscis to penetrate 

the long nectar spur. Darwin and Alfred Wallace (Father of principle of evolution) predicted that the 

pollinator of this long spur flower must have to be some long-tongued moth. Hawk moth, also 

called sphinx moth or hummingbird moth, any of a group of sleek-looking moths that are named for 

their hovering, swift flight patterns. These moths have stout bullet-shaped bodies with long, narrow 

forewings and shorter hind-wings. Wingspans range from 5 to 20 cm. Later, after discovery of the 

moth, it was also observed that the fittest moths in a population would then be those with long 

tongues that could access the nectar in even the deepest flowers, whereas the shorter-tongued moths 

would access less nectar (Fig.1). Thus, moths would be expected to be under strong directional 

selection and should evolve greater tongue lengths (Fig. 1). This is a fine example of both adaptive 

floral morphology of Darwin’s orchid, which have almost 30cm long spur and their coevolutionary 

significance with giant hawk moth who also have almost 30cm long proboscis and is the only 

pollinator of that orchid.   

 

 

 

Mimicry in orchids: -  

Prey mimic: - Orchids show enormous types of adaptive or advance unique floral morphology to 

attract its pollinators. One of the finest examples is Helleborines, Epipactis veratrifolia 

(Orchidaceae). This flower has structure that looks like aphid. This aphid mimicry is a kind of prey 

mimicry as aphidophagous hoverflies lay eggs on false brood sites on their flowers as its larvae eats 

aphids during its developmental stage-  

Fig.1: Darwin’s mechanistic model for plant-pollinator coevolution. 

(Reference- outreach.biomedcentral.com)  



                                              

                        Fig 2.1- Prey Mimic by Epipactis (Ref- bmcplantbio.biomedcentral.com) 

 

Aggressive Mimic: - Another example from orchid genus is Oncidium. Oncidium species have 

bright yellow color flower and it situates at the ends of stalks that sway in breeze, it mimics an 

antagonist- a male bee. An aggressive Centris bee always try to drive other bees or specifically 

males out of their territory. So, the bee mistakenly attacks the flower as male competitor and strikes 

it, eventually the pollinia attaches to its head. When it attacks a second flower, the pollinia presses 

into the stigma and pollination occurs- 

                                          

                          Fig 2.2- Oncidium mimicking male bee (Ref- researchgate.net) 

  

Another fine example of using adaptive floral morphology as mimic is ophrys. In Ophrys sphegodes 

orchid chemical mimicry was first proposed by Kullenberg (1961). Beside of the fact that the flower 

exactly looks like a female bee, BergstroÈm (1978) discusses mainly two possibilities concerning 

the biologically active volatiles involved in the chemical mimicry of Ophrys orchids: 

(1) the orchid mimics an aphrodisiac produced by the females, and (2) Ophrys orchids make use of 

“extranormal stimuli'', i.e., compounds usually not produced by a female, which hit existing 

receptors associated with sexual behavior. Borg-Karlson and TengoÈ (1986) first suggested 

presence of aliphatic primary alcohols and methyl carbinols as well as several terpenes, occurring in 

flowers and bee secretions, to be the key components in O. lutea pollinated by Andrena-bees., the 

alkenes of the orchid and bee cuticle proved to be behaviorally more active than the alkanes. The 

specific adaptation of O. sphegodes flowers for pollinator attraction seems therefore to be a higher 

production of specific isomers of alkenes. The evolution of the pollination mechanism of sexual 

deception, which involves a mimicry of the pollinator’s sex pheromone, has apparently been 

mediated by a change in the hydrocarbon pattern in the wax layer of the flowers-  



 

Fig 2.3- Ophrys flower mimicking female bee, also producing odor that resembles pheromone 

released by female bees. (Ref- Researchgate.net) 

Lever mechanism: -  

Another very complex advance floral morphology is seen in Salvia, a family of shrubs (Salvia 

pratensis). Salvia pratensis is a gynodioecious species featured by its modified stamens that act as a 

lever mechanism in pollination. (Gynodioecy, a sexual system with hermaphrodite and female 

individuals in a population, raises the question how the two sexual morphs are maintained). 

Floral traits significantly differ between two sexual morphs in the population of S. pratensis. The 

female has on average a shorter corolla and tube, a smaller platform (i.e., flower mouth), and a 

stigma closer to the platform than hermaphrodite flowers. Style exertion, flower production and 

stalk diameter do not significantly differ between two morphs. The floral traits (e.g., corolla, tube 

length and stigma height) are significantly larger in hermaphrodites than in females of S. pratensis. 

The flowers of salvia have bilabiate corolla tube. 

The connective of stamen is long. The anterior anther lobe of connective is fertile while posterior 

lobe is sterile. When the insect lands on the lower lip, the fertile lobe automatically comes down to 

touch the back of insect and thus depositing the pollen grains there on. 

                        

                             Fig 3- Lever mechanism of pollination by Salvia. (sciencedirect.net) 



Another example of advance floral morphology that is very common in various species of orchids 

as well as other families is nectar guide, which are the specific patterns or markings on some 

flowers that guide a pollinator to its reward which is a nectar and elicit the pollination. It is proven 

that flowers with these special markings have more chance to achieve pollination than the flowers 

that don’t have this kind of markings. Nectar is a sugar rich compound that is produced by gland 

nectaries. Nectar is one of the most abundant and common reward used for attracting pollinators. 

But sometime it is hard for the pollinators to find the exact position of nectaries or nectar. Here 

comes the role of nectar guides, these are markings or patterns seen in flowers of some angiosperm 

species, that guide pollinators to their rewards. Rewards commonly take the form of nectar, pollen, 

or both, but various plants produce oil, resins, scents, or waxes. Such patterns also are known as 

"pollen guides" and "honey guides". Here are some examples of nectar guides (both normal and uv-

visible)-  

   

Fig 4- Nectar guide in different flowers (Ref-journal.plos.org) 

Another fine and complex example of advance floral morphology in sake of pollination is Cobra 

Lily, also known as Jack-in-the-pulpit (Arisaema triphyllum). It is named for its resemblance with a 

preacher (jack) in its hanging pulpit. The flowers are simple: male flowers are comprised of only 

four stamens, and female flowers of a fuzzy stigma atop an ovary. Jack-in-the-pulpit is pollinated 

by fungus gnats. A total of 16 fungus gnat genera comprising 47 identified species were observed. 

Usually, members of more than one taxon are attracted per Arisaema species, and both sexes of 

gnats are involved. Attraction is deceptive by mimicking olfactory, visual and tactile cues 

characteristic of fungi where the gnat sexes normally meet and females oviposit. Odours produced 

by osmophores play the most important part.  The gnats visit to lay their eggs on what they are 

duped to believe is a fungus. Fungus gnats normally lay their eggs on fungi so that when the eggs 

hatch the larvae will have a readily available food source. When they mistakenly fall into the 

preacher, they are unable to crawl out of the spathe due to its slippery interior, nor can they fly 

straight up to escape in that way. However, if the plant is a male, they may eventually notice a small 

opening at the base of the spathe through which they can escape. By this time, they are dusted with 

pollen. They eventually enter a female plant where the pollen that they are carrying brushes off on 

the fuzzy stigmas, thereby effecting pollination. This time there is no escape since the spathes of 

female plants have no opening in the base of their spathes, and the gnats die within the spathe-  



 

Fig 5- Preacher and pulpit like structure of spathe of Cobra lily (Arisaema) (Ref- 

Gardenia.com) 

 

Another example can be cited by Titan arum, infamous as corpse flower. It is known for its massive 

foul-smelling inflorescence (cluster of flowers). The plant is endemic to the steep hillsides of 

rainforests in western Sumatra. This flower has a very conspicuous unbranched inflorescence and it 

smells like rotting flesh to attract flies and beetles. The massive inflorescence of the titan arum 

consists of an inner flower spike, known as a spadix, surrounded by a petal-like collar known as 

a spathe- 

                                                         

                          Fig 6- A conspicuous Corpse flower (Titan aurum) (Ref- Britanica.com) 
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EXPERIMENTAL OBSERVATION ON SOME LOCAL DRAGON FLIES 
IN THE AREA OF RIVER AND CANAL OF NAWAB GANJ GANGA 
GHAT ,24pgs NORTH.

RISHAV NAHA ,ZOOLOGY DEPARTMENT OF RKMVCC, 
RAHARA,PAPER DSE2A,SEMESTER 5,ROLL NUMBER 531. 

ABSTRACT:- A dragonfly is a flying insect belonging to the order Odonata, infraorder 
Anisoptera (from Greek νισος anisos, "unequal" and πτερόν pteron, "wing", because the ἄ
hindwing is broader than the forewing). Adult dragonflies are characterized by a pair of large, 
multifaceted compound eyes, two pairs of strong, transparent wings, sometimes with coloured 
patches, and an elongated body. Dragonflies can be mistaken for the closely related damselflies, 
which make up the other odonatan infraorder (Zygoptera) and are similar in body plan though 
usually lighter in build; however, the wings of most dragonflies are held flat and away from the 
body, while damselflies hold their wings folded at rest, along or above the abdomen. Dragonflies
are agile fliers, while damselflies have a weaker, fluttery flight. Many dragonflies have brilliant 
iridescent or metallic colours produced by structural colouration, making them conspicuous in 
flight. An adult dragonfly's compound eyes have nearly 24,000 ommatidia each. The order 
Odonata contains the dragonflies and damselflies and is one of the most popular insect groups. 
Odonates are popular with both the amateur and professional because they are large, colorful, 
easily observable and have exceptionally charismatic behaviors. In recent years dragonflies in 
particular have been popular with birders as many dragonflies rival birds in wingspan, color, 
gregariousness, and predictability. As a result of their popularity with the public, they have 
become the focus of many conservation efforts in North America, Europe, and Asia.

Odonata was until recently composed of three suborders: Anisoptera, commonly known as 
dragonflies; Zygoptera, commonly known as damselflies; and Anisozyoptera, as the name 
denotes, a morphological composite of the previous two suborders. However, the suborder 
Anisozygoptera has been abandoned, as current research shows that Anisozygoptera is not a 
natural group, and is paraphyletic (Rehn 2003, Lohman 1996). Thus, the group has been 
combined with the suborder Anisoptera, which does form a natural group in a new suborder 
called Epiprocta (Bechly 1996). To facilitate the discussion of North American odonates it is 
useful to use the names Zygoptera and Anisoptera when discussing differences between the 
damselflies and dragonflies, as there are no extant Anisozygoptera in North America.

KEY WORDS :- Dragonfly ,flight mechanism,area.

INTRODUCTION :- Dragonfly is a flying insect belonging to the order Odonata, infraorder
Anisoptera.Adult dragonflies are characterized by a pair of large, multifaceted compound eyes, 
two pairs of strong, transparent wings, sometimes with coloured patches, and an elongated body. 
Dragonflies can be mistaken for the closely related damselflies, which make up the other 



odonatan infraorder (Zygoptera) and are similar in body plan though usually lighter in build; 
however, the wings of most dragonflies are held flat and away from the body, while damselflies 
hold their wings folded at rest, along or above the abdomen. Dragonflies are agile fliers, while 
damselflies have a weaker, fluttery flight. Many dragonflies have brilliant iridescent or metallic 
colours produced by structural colouration, making them conspicuous in flight. An adult 
dragonfly's compound eyes have nearly 24,000 ommatidia each.

MATERIAL AND METHOD :- Material like mobile phone to capture picture of the 
dragonfly observed with GPS location ,date,time .Method involve visit to local area for the 
collection of data .

OBSERVATION :- Four types of dragonflies are observed in the area of palta park (nawab 
ganj ganga ghat) in different day , these are – Ictinogomphus rapax  ,and other are under family 
Odonata. The weather condition on 16/12/21 mostly clear and foggy at early morning,18/12/21 
clear weather and foggy early morning,19/12/21 clear,foggy early morning ,20/12/21 and 
21/12/21 clear day and foggy early morning. All the dragonfly are near the plant and water side. 
They also try to hide themselves from birds and other predators in the side of plant and water or 
river side . They come to collect food for survive .





 



DISCUSSION:- Fossils of very large dragonfly-like insects, sometimes called griffinflies, are
found from 325 million years ago (mya) in Upper Carboniferous rocks; these had wingspans up 
to about 750 mm (30 in), but were only distant ancestors, not true dragonflies. About 3,000 
extant species of true dragonfly are known. Most are tropical, with fewer species in temperate 
regions. Loss of wetland habitat threatens dragonfly populations around the world.Dragonflies 
are predatory insects, both in their aquatic nymphs stage (also known as naiads) and as adults. In 
some species, the nymphal stage lasts for up to five years, and the adult stage may be as long as 
ten weeks, but most species have an adult lifespan in the order of five weeks or less, and some 
survive for only a few days. They are fast, agile fliers capable of highly accurate aerial ambush, 
sometimes migrating across oceans, and often live near water. They have a uniquely complex 
mode of reproduction involving indirect insemination, delayed fertilization, and sperm 
competition. During mating, the male grasps the female at the back of the head, and the female 
curls her abdomen under her body to pick up sperm from the male's secondary genitalia at the 
front of his abdomen, forming the "heart" or "wheel" posture.

Dragonflies are represented in human culture on artefacts such as pottery, rock paintings, statues 
and Art Nouveau jewellery. They are used in traditional medicine in Japan and China, and 
caught for food in Indonesia. They are symbols of courage, strength, and happiness in Japan, but 
seen as sinister in European folklore. Their bright colours and agile flight are admired in the 
poetry of Lord Tennyson and the prose of H. E. Bates.

 Although dragonflies are swift and agile fliers, some predators are fast enough to catch them. 
These include falcons such as the American kestrel, the merlin and the hobby;nighthawks, swifts,
flycatchers and swallows also take some adults; some species of wasps, too, prey on dragonflies, 
using them to provision their nests, laying an egg on each captured insect. In the water, various 
species of ducks and herons eat dragonfly nymphs and they are also preyed on by newts, frogs, 
fish, and water spiders. Amur falcons, which migrate over the Indian Ocean at a period that 
coincides with the migration of the globe skimmer dragonfly, Pantala flavescens, may actually 
be feeding on them while on the wing. Dragonflies live on every continent except Antarctica. In 
contrast to the damselflies (Zygoptera), which tend to have restricted distributions, some genera 
and species are spread across continents. For example, the blue-eyed darner Rhionaeschna 
multicolor lives all across North America, and in Central America emperors Anax live 
throughout the Americas from as far north as Newfoundland to as far south as Bahia Blanca in 
Argentina, across Europe to central Asia, North Africa, and the Middle East.The globe skimmer 
Pantala flavescens is probably the most widespread dragonfly species in the world; it is 
cosmopolitan, occurring on all continents in the warmer regions. Most Anisoptera species are 
tropical, with far fewer species in temperate regions.

Some dragonflies, including libellulids and aeshnids, live in desert pools, for example in the 
Mojave Desert, where they are active in shade temperatures between 18 and 45 °C (64.4 to 113 
°F); these insects were able to survive body temperatures above the thermal death point of 



insects of the same species in cooler places.Dragonflies live from sea level up to the mountains, 
decreasing in species diversity with altitude. Their altitudinal limit is about 3700 m, represented 
by a species of Aeshna in the Pamirs.Dragonflies become scarce at higher latitudes. They are not 
native to Iceland, but individuals are occasionally swept in by strong winds, including a 
Hemianax ephippiger native to North Africa, and an unidentified darter species. In Kamchatka, 
only a few species of dragonfly including the treeline emerald Somatochlora arctica and some 
aeshnids such as Aeshna subarctica are found, possibly because of the low temperature of the 
lakes there. The treeline emerald also lives in northern Alaska, within the Arctic Circle, making 
it the most northerly of all dragonflies.

 Flight performance of a dragonfly:-The dragonfly, Anaxparthenope Julius (Brauer) was 
observed in free flight, and a theoretical analysis of flight performance at various speeds was 
carried out. The variation with time of forces and moments acting on wings and body in steady 
trimmed flight was calculated by the local circulation method. Measures of flight performance, 
such as top speed, cruising speed and maximum endurance speed, were estimated from a 
necessary power curve required in steady flight and from the estimated available power. The 
results show that without using any novel unsteady aerodynamic force generated by a separated 
flow over the wings, the dragonfly can make steady trimmed flight at various flight speeds, from 
hovering to top speed.The steady slow climbing flight of a dragonfly, Sympetrum frequens, was 
filmed and analysed. By using the observed data, the mechanical characteristics of the beating 
wings were carefully analysed by a simple method based on the momentum theory and the blade 
element theory, and with a numerical method modified from the local circulation method (LCM),
which has been developed for analysing the aerodynamic characteristics of rotary wings.

The results of calculations based on the observed data show that the dragonfly performs low 
speed flight with ordinary airfoil characteristics, instead of adopting an abnormally large lift 

coefficient. The observed phase advance of the hindwing, Δδ1 ≃ 80° can be fully explained by 
the present theoretical calculation. Similarly, the spanwise variation of the airloading and the 
time variations of the horizontal force, vertical force, pitching moment and torque or power can 
be definitely estimated within a reasonable range of accuracy in comparison with the flight data. 
The distribution of loading between the fore and hind pairs of wings is also clarified by the 
calculations.

The dragonfly, Anaxparthenope Julius (Brauer) was observed in free flight, and a theoretical 
analysis of flight performance at various speeds was carried out. The variation with time of 
forces and moments acting on wings and body in steady trimmed flight was calculated by the 
local circulation method. Measures of flight performance, such as top speed, cruising speed and 
maximum endurance speed, were estimated from a necessary power curve required in steady 
flight and from the estimated available power. The results show that without using any novel 
unsteady aerodynamic force generated by a separated flow over the wings, the dragonfly can 
make steady trimmed flight at various flight speeds, from hovering to top speed.



Dragonfly wings are highly corrugated, which increases the stiffness and strength of the wing 
significantly, and results in a lightweight structure with good aerodynamic performance. How 
insect wings carry aerodynamic and inertial loads, and how the resonant frequency of the 
flapping wings is tuned for carrying these loads, is however not fully understood. To study this 
we made a three-dimensional scan of a dragonfly (Sympetrum vulgatum) fore- and hindwing 
with a micro-CT scanner. The scans contain the complete venation pattern including thickness 
variations throughout both wings. We subsequently approximated the forewing architecture with 
an efficient three-dimensional beam and shell model.

CONCLUSION :- From the various resorce and help of the teachers and books ,get many 

information   about dragonflies . Various types of dragon flies get observed during early 
morning .
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Study and Analysis of the Phylogenetic Tree to understand the 

Evolutionary Trend of Snake species present in Indian subcontinent in 

respect of Mitochondrial Genes, Cytochrome B and COX1 

 

Introduction: 

A mitochondrial genome is the sum of the genetic information which are available in the 

chromosome of the mitochondrion, which is located in the cytoplasm, outside of the cell 

nucleus. Mitochondrial genome encodes proteins related to the oxidative phosphorylation. 

The mitochondrial genome generally represents a favoured genetic source for studying the 

evolutionary trends due to some of its valuable features: 

i) offers a faster evolutionary rate than nuclear genome and provides higher resolution in 

phylogenesis of the closely related species. 

ii) a mechanism of maternal inheritance and lack of recombination, which results into fewer 

errors into the phylogenetic reconstruction. 

iii) being a compact genome, allows an easier determination and computational analysis of the 

DNA sequence.  

iv) the presence of various protein coding genes provides an evolutionary context of the 

genome. 

In a typical vertebrate mitochondrial genome, there is one control region (CR), two ribosomal 

RNA (rRNA), 13 protein coding genes and 22 transfer RNAs. When compared with the typical 

vertebrate mitochondrial DNA, the snake mitochondrial DNAs have some unusual features. It 

includes two duplicated CRs, a compact genome and an elevated evolution rate. The CR in a 

typical mitochondrial genome is responsible for initiating replication and transcription. 

Depending upon the correlation resulting from the asymmetric replication of the mitochondrial 

DNAs, the magnitude of the acceleration rate varied considerably among genes and over time, 

and it appears that the changes at the nucleotide and protein level cooccurred with the snake 

mitochondrial DNAs incurring a reduction in the size and duplication of the control region. 

 

Objective: 

The main objective of this study is to find and identify the evolutionary relationship and the 

evolutionary trend among the snake species found in Indian subcontinent by constructing the 

phylogenetic tree in respect of the cytochrome b and COX1 mitochondrial genes.  

 

Material & Methodology: 

For this project, the study is kept limited for the snake species available in the Indian 

subcontinent. 



 

 

At first, the required details (scientific name, common name, higher taxa & distribution) for 

the snake species found in Indian subcontinent was collected from the Reptile Database (link). 

For obtaining a refined search result advanced search was performed taking Snakes as the 

higher taxa and India as the place of distribution. A total number of 337 snake species were 

found under the Indian subcontinent. These obtained data sets were preserved in an excel file. 

After the collection of the required data, 7 mitochondrial genes were selected, under which, 

further study will be conducted. Those 7 mitochondrial genes were Cytochrome B, COX1, 12s 

rRNA, 16s rRNA, ND-1, ND-4 and D- Loop.  

Now, for further study, these nucleotides were searched against the 337 snake species of the 

Indian subcontinent using NCBI (ff) (link). The obtained results were basically the previous 

studies performed on those species against the given nucleotides. From these results, the 

accession id, the title of the paper and species distribution were preserved in a separate 

spreadsheet of the previously made excel file. 

For detailed study the mitochondrial genes Cytochrome B and COX1 were chosen and the 

accession id of the previous studies performed on these two mitochondrial genes were again 

collected and was saved as a text document in notepad. 

Now, these sequences were likely to be aligned using NCBI BLAST. BLAST for nucleotide 

sequence is performed twice (once for Cyt b and once for COX1). For, cytochrome b, the 

accession id of species Cantoria violacea (accession id- KX694852) is placed in the query 

sequence and the total sequence was placed in the subject sequence. For, COX1, the accession 

id of species Coelognathus flavolineatus (accession id- LC075340) is placed in the query 

sequence and the total sequence is placed in the subject sequence and BLAST is performed. 

The result obtained from performing the BLAST function was filtered with the percentage 

identity ranging between 80- 100% and the query coverage ranging between 90- 100%. The 

filtered results were downloaded as FASTA aligned sequence for further progress.  

The next step was performed in the MEGA X software (Molecular Evolution Genetics 

Analysis). In MEGA, the FASTA aligned sequence was converted into a MEGA format after 

performing the muscle algorithm, trimming of the unmatched sequences and aligning the 

genetic sequences for both cytb and COX1. After this, a maximum likelihood phylogenetic tree 

is constructed using bootstrap method from the previously saved aligned sequences.  

Further interpretation was done by studying and analyzing these phylogenetic trees. 

 

  



 

 

Schematic Representation of methodology:  

 

Collection of data of snake species available in the Indian subcontinent from reptile database 

 

 

Searching for previous studies under those species for the selected mitochondrial genes in 

NCBI 

 

 

Collection of the accession id, title of the paper and species distribution from NCBI and 

storing them in an excel file 

 

 

Separating the results of Cytochrome B and COX1 from the previously saved excel file 

  

 

 

Performing BLAST in NCBI using the accession id of Cantoria violacea against all 

accession id in case of Cytochrome B and using the accession id of Coelognathus 

flavolineatus against all accession id in case of COX1 

 

 

Filtering BLAST result by ranging the percentage identity from 80-100% and the query 

coverage ranging between 90-100% 

 

 

Downloading the FASTA aligned sequence  

 

 

 

Aligning the sequence in MEGA- X software 

  



 

 

 

Conversion of FASTA format sequence to MEGA format sequence after muscle algorithm 

run and trimming of the unmatched sequence 

 

 

Construction of maximum-likelihood phylogenetic tree by using bootstrap method. 

 

 

Pointing out the venomicity of the snakes species found in Indian subcontinent 

in a separate column of the previously made excel file. 

 

Editing the phylogenetic trees by adding the common name and venomocity, 

adjacent to the respective snake species. 

 

 

Running the FASTA Alligned sequence of Cytochrome B and COX1 in Clustal 

Omega and ESPript software and perfroming Multiple Sequence Allignment.  



 

 

Observations:-  

 

 

Fig- Phylogenetic Tree of Cytochrome B mtDNA  



 

 

 

 

Fig: Phylogenetic Tree of COX1 mtDNA  



 

 

 

 

 

Fig: Clustal Omega Report of Cytochrome B 

  



 

 

 

  



 

 

 

 

  



 

 

 

  



 

 

 

  



 

 

 

  



 

 

 

  



 

 

 

  



 

 

 

  



 

 

 

  



 

 

 

  



 

 

 

  



 

 

 

Fig: Clustal Omega Report of COX 1 

  



 

 

 

  



 

 

 

  



 

 

 

  



 

 



 

 

  



 

 

 

 

 

Observations: 

By analysing the above phylogenetic trees of mitochondrial genes 

Cytochrome B and COX 1, it is observed that, many paraphyletic 

groups are emerging  from the same ancestor. As, the species differ 

from each other by their geographical distribution and habitat, the 

venomicity of the snakes doesn't depends on the mitochondrial genes. 

It is observed from the phylogenetic tree that many venomous species 

emerged from a non- venomous or mildly venomous ancestor. So, the 

venomicity comes as evolution occurs within the species from time to 

time. 

From the clustal omega results, it is observed that the  result of 

Cytochrome B is more conserved than the COX1 result, it is obtained 

that the cytochrome B is much diversed  than the COX 1  gene. 



 

 

Reference:-  

1. Bbole I, Zhao J-L, Tang S-J, Katongo C (2018) Mitochondrial genome annotation and 

phylogenetic placement of Oreochromis andersonii and O. macrochir among the 

cichlids of southern Africa. PLoS ONE 13(11): e0203095. 

https://doi.org/10.1371/journal.pone.0203095. 

2. Zhi J Jiang, Todd A Castoe, Christopher C Austin, Frank T Burbrink, Matthew D 

Herron, Jimmy A McGuire, Christopher L Parkinson and David D Pollock (2007), 

Comparative mitochondrial genomics of snakes: extraordinary substitution rate 

dynamics and functionality of the duplicate control region, BMC Evolutionary 

Biology 2007, 7:123, doi:10.1186/1471-2148-7-123. 

3. Desirée A Douglas, David J Gower (2010), Snake mitochondrial genomes: 

phylogenetic relationships and implications of extended taxon sampling for 

interpretations of mitogenomic evolution, BMC Genomics 2010, 11:14. 

4. Jiang, Zhijie, "Evolutionary patterns in snake mitochondrial genomes" (2006). LSU 

Doctoral Dissertations. 2964.             

https://digitalcommons.lsu.edu/gradschool_dissertations/2964  

 

 

 

https://doi.org/10.1371/journal.pone.0203095
https://digitalcommons.lsu.edu/gradschool_dissertations/2964


 

 

Ramakrishna Mission Vivekananda Centenary College, 

Rahara, Kolkata-700118, WB 

 
 

 

 

Department:- Zoology 

 

 

Comparison between the Cox1 and Cytb Gene Data of the Common 

Snake Species Found in India. 

 

 

 

 

Submitted By:- 

Shashwata Roy 

UG | Semester-V | College Roll:- 536 

Registration number:-A01-1112-115-026-2019 

 

Under the supervision of  Dr. Ajoy Mallik Asst. Professor, 

Department of Zoology, RKMVCC, Rahara 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

INTRODUCTION:- 

The mitochondrion is a cellular organelle that contains the machinery enabling the 

production of ATP via the process of oxidative phosphorylation in eukaryotes, thus playing a 

pivotal role in metabolism, apoptosis, disease, and aging. 

Inside this organelle, there is a genome called mitochondrial genome (mtDNA) that encodes 

proteins related to oxidative phosphorylation, and the genetic content is thought to have been 

reduced to 37 genes in vertebrates from the original gene content in their ancestor (Lang et al. 

1999; Gary et al. 1999). mtDNA is derived from circular genomic DNA of bacteria that 

became endosymbiotic in the past. For this reason, once released by injured cardiomyocytes, 

mtDNA is recognized by TLRs as pathogen-associated molecular pattern (PAMP) and elicits 

inflammationThe mtDNA is small, circular, gene- rich, maternally inherited, and double 

stranded. During replication, the synthesis of the nascent heavy strand initiates at the origin of 

heavy strand replication (OH), within the control region (CR). After two thirds of the nascent 

heavy strand is synthesized, the synthesis of the nascent light strand starts at the origin of 

light strand replication, located within a tRNA cluster. This tRNA cluster is often referred to 

as the WANCY region(tRNATrp-tRNAAla-tRNAAsn-tRNACys-tRNATyr), between the 

NADH dehydrogenase subunit 2 (ND2) and Cytochrome C oxidase subunit 1 (COX1) genes. 

The asymmetric replication mechanism of mtDNA exposes parts of the heavy strand in a 

single stranded state for a period of time. 

The vertebrate mitochondrial genome has been an important model system for studying 

molecular evolution, organismal phylogeny, and genome structure. The versatility and 

prominence of vertebrate mitochondrial genomes stems from their compactness and 

manageable size for sequencing and analysis, well-characterized replication and transcription 

processes and the diversity of protein and structural RNA genes that they encode. 

The mitochondrial DNAs play an important role in the regulation of cellular metabolism, 

apoptosis and oxydative stress control. Mitochondrial DNA (mtDNA) has many special 

features such as a high copy number in cell, maternal inheritance, and a high mutation rate 

which have made it attractive to scientists from many fields. 

The analysis of mitochondrial DNA (mtDNA) fills a vital niche in forensic genetics. It is 

superior to standard nuclear DNA (nDNA) typing when samples have to be identified that do 

not contain enough nDNA or need to be evaluated with respect to their maternal relatedness. 

 

 

 

 

 

 

 

 

 

 



 

 

 

OBJECTIVE:-  

The main objective of this study is to analyse and compare the phylogenetic tree of 

the cytb and cox1 gene of the common species. The pattern of branching in a phylogenetic 

tree reflects how species or other groups evolved from a series of common ancestors. In trees, 

two species are more related if they have a more recent common ancestor and less related if 

they have a less recent common ancestor. However, comparison of trees for the purpose of 

assessing similarity and the quantification of various biological processes remains a 

significant challenge. 

 

MATERIALS AND METHOD:- 

Samples and sequencing:- 

We have collected the species from the reptile database ( https://reptile-

database.reptarium.cz/ ). Then we choose only the snake species for studying about the 

mitochondrial genes. We have collected near about 337 snake species from the databases.  

 

Data extraction and arrangement:- 

We have searched for the mitochondrial gene (cox1, cytb, ATPase6, ND4, 16s rRNA, 

12s r RNA, D - loop) data of the each snake species in the ncbi website 

(https://www.ncbi.nlm.nih.gov/ ). Then, I downloaded full gene bank data of each species. 

From the full gene bank data I have collected the accession id, common name and 

geographical informations of each species. I arranged these data on a excell file. After that 

collecting all the accession id of the common species (having more than 2 mitochondrial gene 

data) and arranged on the notepad. From that choosing only one accession id from each 

species, I downloaded the FASTA format sequence. 

 

Sequence analysis:- 

 I merged all the FASTA format sequences of the cytb and cox1. Many software tools exist to 

visualize DNA sequence data, but in those I used MEGA.  Then I changed the FASTA format 

to MEGA format on the MEGA software. With this MEGA format I run the muscle 

alogorithm. Then I have trim off the unwanted sequences from the whole sequence. Saving 

the trim off mega file, I run to construct the maximum likelihood phylogenetic tree. This 

process worked out for both the cytb amd cox1 gene data. After getting the phylogenetic tree 

of both the gene of the common species, I try to figure out the difference between the cytb 

gene and cox1 gene of the common species.   
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    After getting the phylogenetic tree of the common species of the cytb and cox1 gene, I 

found that in the phylogeny of the cytb has more diversity than the cox1. So, usually I started 

to find the reason behind this changes. 

  For this, I searched all the data of the common species of the cytb and cox1 gene from the 

blast results. After that I downloaded all the NCBI data of the all the common species. From 

those data I marked all the data of complete cds. But due to the shortage of the data, I took 

partial cds with large (more than 650) gene length. From this I downloaded the FASTA 

sequences of each selected species. With these FASTA sequences, I created the phylogeny of 

the cytb and cox1 gene with the help of MEGA software run. I also selected only the 

complete cds data. And with the accession id of those data I send for annotation on the 

MITOS Web server. Afterwords, I have performed multiple sequence alignment (MSA) on 

the Clustal omega software. And I get the sequences. 

 

Flow chart of the methodology:- 

 

Collecting the species from the reptile data base. ( https://reptile-database.reptarium.cz/ ) 

     

Taking each snake species name, searched the data of mtDNA in NCBI website 

(https://www.ncbi.nlm.nih.gov/). 

 

From the ncbi search, we collected the accession id, distribution of the species as well as the 

common name of the species. 

 

Collecting those data, we arranged the data in the excel file.  

 

Then selecting all the accession id of the cytb gene of the common species then arranged in a 

notepad file. 

 

After then I selected all the accession id of the cytb gene.  

 

 

After that I downloaded the FASTA alligned sequence of each species. 

 

 

After merging all the FASTA alligned sequence of the cytb gene, I performed a MEGA 

muscle run. 

 

After trimming the sequences, I created the phylogenetic tree of the cytb gene data. 
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In the same way, I establish the phylogenetic tree of the cox1. 

 

 

 

Analysis of the phylogenetic tree of the common species of the cytb and cox1 gene. 

 

 

Cytb gene diversity is more than cox1 gene. 

 

 

I searched all the data of the cytb and cox1 gene from the NCBI blast. 

 

 

Selection of only complete cds data and partial cds data with large gene length. 

 

  

Establishing the phylogenetic tree of the cytb and cox1 gene of the selected data. 

 

 

Annotation of the complete cds data. 

 

 

After that I took all the FASTA sequences of all the species of cytb and cox 1 gene. 

 

 

Putting on the Clustal Omega software, then downloaded the alligned sequence. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

PHYLOGENETIC TREE- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:- Phylogenetic tree of the cytb of the common species. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:- Phylogenetic tree of the cox1 of the common species. 

     

 

 

 

 

 

 

 



 

 

 

 

 

 

Fig:- Phylogenetic tree of the cytb gene with complete cds and maximum gene length. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:- Phylogenetic tree of the Cox1 gene with partial cds. 

 

 

 

 



 

 

Multiple Sequence Allignment:- 

 

          Multiple Sequence Alignment (MSA) is generally the alignment of three or more 

biological sequences (protein or nucleic acid) of similar length. From the output, homology 

can be inferred and the evolutionary relationships between the sequences studied. 

Clustal is a series of widely used computer programs used in bioinformatics for multiple 

sequence alignment. There have been many versions of Clustal over the development of the 

algorithm. Clustal Omega has the widest variety of operating systems out of all the Clustal 

tools. 

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees 

and HMM profile-profile techniques to generate alignments between three or more sequences 
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AF471076.1_Daboia_russelii                                                    c  c   c     c     c                   DEEEF DF DEEEEEEEEF DEEEEF DF DF DF DEEEEEEEF A                                  T  A   T     C     T                   GT GG TC AACT TCAAC T GA A T  GG T  ATAC  CTA C ............  G  A  A    T     C      T  T  A  A     T   G C
GQ359441.1_Echis_carinatus_isolate_                                           c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AA TCTCAAC T GA A T  GG T  ATAC   TA C ............     A  C  T       A      C  T  A  C     CT  G T
MK193094.1_Protobothrops_mucrosquamatus                                       c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AA TCTCAAC T GA A T  GG T  ATAC ACT  C ............     T  A  T       C      C  T  A  A        TA T
KX019144.1_Trimeresurus_stejnegeri_                                           c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AACTCTCAAC T GA A T  GG T  ATAC  CT  C ............     A  T          T      T  T  A  A     T  CT C
HM567533.1_Protobothrops_jerdonii                                             c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AACTCTCAAC T GA A T  GG T  ATAC ACT  C ............     A  A          T      T  T  G  A        CT C
LC094069.1_Sinomicrurus_macclellandi_iwasakii                                  c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GT GG TC AACT TC AC T GA A    GG T  ATAC ACTA C ............  C  A  C    T  T  C      TC T  C  T         A C
FR693730.1_Ophiophagus_hannah                                                 c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AACT TC AC T G  A T  GG T  ATAC ACTA C ............     A  T    T  C  C   G  T  T  T  A         A T
KU527540.1_Naja_kaouthia                                                      c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GT GG TC AACTCTC AC T GA A T  GG T  ATAC ACTA C ............  T  A  C       T  C      C  T  C  T         G T
GQ225657.1_Naja_naja_naja_                                                    c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GT GG TC AACTCTC AC T GA A T  GG T  ATAC ACTA C ............  T  A  C       T  C      T  T  C  T         G T
U69859.1_Python_reticulatus                                                   c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAG   C AACTCTCAAC T GA A T  GG T  ATA  ACTA C ............    CAA C          C      C  C  C  A   T     A A
JX401136.1_Python_bivittatus                                                  c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAG   C AACTCTCAAC T GA A T  GG T  ATAC A TA C ............    CAA C          A      C  C  C  A      T  G A
AY099983.1_Python_molurus                                                     c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAG   C AACTCTCAAC T GA A T  GG T  ATAC A TA C ............    CAA C          A      C  C  C  A      T  G A
LC105627.1_Enhydris_enhydris                                                  c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   G  GG TC AACT TCAAC T GA A T  GG T  ATAC  CT  C ............ GT  G  A    T     C      T  G  C  C     C  CA C
DQ902119.1_Gonyosoma_prasinum_                                                c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AA TCTCAAC T GA A T  GG T  AT   A TA C ............     C  A  T       C      C  C  A  T  GT  T  A C
AF471084.1_Gonyosoma_oxycephalum_                                             c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AACTCTC AC T GA A T  GG T  ATAC ACTA C ............     C  A       C  C      C  C  A  T         A A
DQ902121.1_Coelognathus_radiatus                                              c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AACTCTCAAC T GA A T  GG T  ATA  ACTA C ............     G  T          C      T  T  A  A   T     T C
AY486921.1_Platyceps_rhodorachis_                                             c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AACTCTCAAC T GA A T  GG T  ATA  ACTA C ............     A  C          A      T  T  A  C   T     A C
DQ902128.1_Coelognathus_flavolineatus                                         c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AACTCTCAAC T GA A T  GG T  AT C ACTA C ............     A  A          C      T  T  A  C  G      G C
AY486929.1_Ptyas_korros                                                       c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GT GG TC AACTCTCAAC T GA A T  GG T  AT C ACTA C ............  T  G  A          A      C  T  A  C  G      G C
AY611998.1_Ptyas_mucosus                                                      c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AA T TCAAC T GA A T  GG T  AT C A TA C ............     A  A  T T     C      C  T  A  T  G   T  A T
AF471054.1_Ptyas_mucosa                                                       c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AA T TCAAC T GA A T  GG T  AT C A TA C ............     A  A  T T     C      C  T  A  C  G   T  A T
EF076709.1_Orthriophis_taeniurus                                              c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG T  AA TCTCAAC T GA A T  GG T  ATAC  CTA C ............     G TA  T       C      C  C  A  T     T   A C
DQ902132.1_Orthriophis_taeniurus                                              c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                   GTAGG TC AACTCTCAAC T GA A T  GG T  ATAC ACTA C ............     G  A          C      C  T  A  C         A C
DQ902118.1_Oreophis_porphyraceus                                              c  c   c     c     c                   KdddG KG KddddddddG KddddG KG KG KG KdddddddG B                                  T  A   T     C     T                    T     C                                 A      GTAGGGTTAAATT TCAAC TTGAAACTTCGGA CT TAC ACTAA ATGCT  GCCCTA
DQ902115.1_Euprepiophis_mandarinus                                            c  c   c     c     c                   JIIIH JH JIIIIIIIIH JIIIIH JH JH JH JIIIIIIIH C                                  T  A   T     C     T                   GTAGG TC AACTCTCAAC T GA A T  GG T  ATAC ACTA C ............     A  A          C      C  T  A  C         A C

50        60        70        80        90       100         X         X         X         X         X         X        
AF471076.1_Daboia_russelii                               c         c             cc  c cc cc  c cc cc c  DEF  A    DEEEEEF  DEEF DF DEEEEEEEEEF DEEEEEEF DEEEF DF DF             C         C             GC  T CA TA  C GC AA A  TG   A    T  AAA   TAA  GG TTCTT CTA   A C  C   A A       T   TTT ATCA C    CCA    T  C     T     A        T     C  T  T
GQ359441.1_Echis_carinatus_isolate_                      c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC       T  AAA   T A  GG TTCTTCCT    A C      A A       T    CTCTCTA C    CCC T  C  A        G  A     T  C     C  C  T
MK193094.1_Protobothrops_mucrosquamatus                  c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    T  AAA    AA  GG TTCTTCCTA   A C  C   A A       T    TT ATAA C    CTGC   T  G           A        C     C  T  T
KX019144.1_Trimeresurus_stejnegeri_                      c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TG   A    T  AAAT  TAA  GG TTCTTCCTA   A C  C   A A       T   TTC GTAA C     TA    C  C           A        C     C  C  T
HM567533.1_Protobothrops_jerdonii                        c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    T  AAAT   AA  GG TTCTTCCTA   A C  C   A A       T    TT ATTA C     TAC   A  A           A        T     C  C  C
LC094069.1_Sinomicrurus_macclellandi_iwasakii             c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAAT  TAA  GG TTCTT CTA   A C  C   A A       T    CT ACCC       CA    C  G     T     A        T     A  C  T
FR693730.1_Ophiophagus_hannah                            c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAA   TAA  GG TTCTTCCTA   A C      A A       T    CT ACAA      CCT    C  A           A     T  T     C  C  T
KU527540.1_Naja_kaouthia                                 c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAAT  TAA  GG TTCTTCCTA   A    C   A A       T    CT ATAC       TA    C  A           A  T     C     C  T  C
GQ225657.1_Naja_naja_naja_                               c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAAT  TAA  GG TTCTTCCTA   A    C   A A       T    CT ATAC       TA    C  A           A  T     C     C  C  T
U69859.1_Python_reticulatus                              c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TG   A    TA AA T  TAA  GG TT TTCCTA     C      A A       T   TCT GCCT     G AC    C  C  T        CG    T  C     A  C  T
JX401136.1_Python_bivittatus                             c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AA T  TAA  GG TTCTTCCTA   A C  C   A A       T    TT ACCA     G AT    C  A           T        C     A  C  C
AY099983.1_Python_molurus                                c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AA T  TAA  GG TTCTTCCTA     C  C   A A       T    TT GCCC     G AT    C  A           CG       C     A  C  C
LC105627.1_Enhydris_enhydris                             c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC       TA AAAT   AA  GG TTCTT  TA   A C  C     A       T    CTGGCCC       CCC   A  A     TT    C        TC    C  T  C
DQ902119.1_Gonyosoma_prasinum_                           c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAAT   AA  GG TTCTTCCTA   A    C   A A            TC GCCC       CAC   C  A           C  T     T     T  C CC
AF471084.1_Gonyosoma_oxycephalum_                        c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAA    AA  GG TT TTCCTA   A C  C   A         T    CT GCAC      CTAC   C  G  T        C        C  C  C  C  C
DQ902121.1_Coelognathus_radiatus                         c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AA T  TAA  GG TTCTTCCTA   A        A A       T    TC ATCT     G CA    C  C           C  T  T  T     C  T  T
AY486921.1_Platyceps_rhodorachis_                        c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAAT  T A  GG TTCTTCCTA   A    C   A         T    TC GCCC       CA C  A  A           C  T     T  T  C  T  C
DQ902128.1_Coelognathus_flavolineatus                    c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAA   TAA  GG TTCTTC TA   A C  C   A A       T    CT ACCC      CTA    C  A      T    C        T     C  T  C
AY486929.1_Ptyas_korros                                  c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAA   TAA  GG TTCTTCCTA   A C  C   A A       T    TC GCCA      CCC    C  T           C        T     T  C  C
AY611998.1_Ptyas_mucosus                                 c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A   GC  A    TA AAAT  TAA  GG TTCTTCCTA   A C  C   A A       T A  TC GCCA       CA    C  A           T        T     C  C  C
AF471054.1_Ptyas_mucosa                                  c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAAT  TAA  GG TTCTTCCTA   A C  C   A A       T    TC GCCA       CA    C  A           T        T     C  C  C
EF076709.1_Orthriophis_taeniurus                         c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TG   A    TA AAAT  TAA  GG TTCTTCCTA   A C  C   A A       T   TCT GCAC       CA    C  C           C        T     C  T  T
DQ902132.1_Orthriophis_taeniurus                         c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A  TGC  A    TA AAAT  TAA  GG TTCTTCCTA   A C  C   A A       T    CT GCAC       CA    T  C           C        T     C  C  C
DQ902118.1_Oreophis_porphyraceus                         c         c             cc  c cc cc  c cc cc c  KdG  B    KdddddG  KddG KG KdddddddddG KddddddG KdddG KG KG             C         C             GC  T CA TA  C GC AA A                 AT  T               A   A C      A A       T CAAA.TCATAAC GG  TC TC T...........   A     T  C     T  C  C
DQ902115.1_Euprepiophis_mandarinus                       c         c             cc  c cc cc  c cc cc c  JIH  C    JIIIIIH  JIIH JH JIIIIIIIIIH JIIIIIIH JIIIH JH JH             C         C             GC  T CA TA  C GC AA A  TG   A    TA AAAT  TAA  GG TTCTT CTA   A C  C   A A       T   TTC GCCC       TA    A  C     T     A        T     A  C  T

110       120       130       140       150       160         X         X         X         X         X         X        
AF471076.1_Daboia_russelii                   c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccDEEEEEEF DF DEEEF DF DF DEEEEEEF DEEEF DF DF DEEEF DEEEF DEEA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA A CTA            A   T   C   AC   A    T    TA      A T      T     C  C     T  CG A     T  T     T  C  A  T  C     T   
GQ359441.1_Echis_carinatus_isolate_          c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCT             A  AT   C  CA    A    T    TAC     A T         G  C  C     T  T  C       TT     C  A  C     C     C   
MK193094.1_Protobothrops_mucrosquamatus      c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA  CCT             A  A    C  C C   A    T    TAC     A T     C   G  C  C     C  C CC      T C     C  C  T     C     C   
KX019144.1_Trimeresurus_stejnegeri_          c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A  AT      C C   A    T    TAC     A T            C  C     C  T  T  T   T C     T  A  C     C     T   
HM567533.1_Protobothrops_jerdonii            c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA AC TA            A  A       C C   A    T    TAC     A T       T    C  C     C  C CT  T   T C     T  C  G     C     C   
LC094069.1_Sinomicrurus_macclellandi_iwasakii c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA               AT   C  CA    A    T     AC       T            T  T     AG T  C       TG     T  A  AC    G  G  C   
FR693730.1_Ophiophagus_hannah                c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACC                 AT   C  CAC   A    T    TAC     A          KG  C  C     CG A  T        T     T  G  T     A    CC   
KU527540.1_Naja_kaouthia                     c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCT                AT   C  CAC        T    TAC     A T         G  C  C     AG A  T        A  G  C  G  T     G     C   
GQ225657.1_Naja_naja_naja_                   c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA               AT   C  CAC        T    TAC     A T            C  C     AG G  T        G  G  C  A  T     G     C   
U69859.1_Python_reticulatus                  c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A  AT   C  CAC   A    T    TAC     A T            A  T     C  C  C        C     C  C  A     C     A   
JX401136.1_Python_bivittatus                 c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A  AT   C  CAC        T    TAC     A T            A  C     T  C  T        C  C  T  T  A     C     A   
AY099983.1_Python_molurus                    c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A  AT   C  CAC        T    TAC     A T            A  C     T  C  T        C  C  T  T  A     C     A   
LC105627.1_Enhydris_enhydris                 c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA AC TA               AT       A    A         TAC     A         T    A  T     AG A  C  T  T TA     C AC  A     C    CC   
DQ902119.1_Gonyosoma_prasinum_               c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A  AT   C   A    A    T    TA      A T            C  T     A  T  C     A TA     C  T  T  T  G     C   
AF471084.1_Gonyosoma_oxycephalum_            c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA A  TA            A   T   C   AC   A    T    TA      A T      TA    C  T     A  CG A     T  A     C  C  A  T  G     C   
DQ902121.1_Coelognathus_radiatus             c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A  AT       A    A    T    TAC     A T            T  C     A  C  A  T  T TA     T  C  A     T     C   
AY486921.1_Platyceps_rhodorachis_            c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCT             A   T   C  CAC   A    T    TAC     A T         T  C  C     T  TG A        A     C  C  G     G     C   
DQ902128.1_Coelognathus_flavolineatus        c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA A CT             A  AT   C   A    A    T     A      A T      T  T  C  C     T  T  A     T TA     T  C  AC T  A     C   
AY486929.1_Ptyas_korros                      c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCT                AT   C   AC   A    T    TAC     A T         T  C  T     TG T  C     A  A     C  C  A     A     C   
AY611998.1_Ptyas_mucosus                     c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A  AT      CAC   A    T    TAC     A T            A  T     A  C  T  T     A     C  C  A     A     T   
AF471054.1_Ptyas_mucosa                      c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A  AT   C  CAC   A    T    TA      A T            A  T     A  C  T        A     C  C  A  T  G     T   
EF076709.1_Orthriophis_taeniurus             c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A   T   C  CAC   A    T    T C     A T            T  T     T  TG T        A     T  A  A G   T     A   
DQ902132.1_Orthriophis_taeniurus             c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA A CTA            A   T   C  CAC   A    T    TAC     A T      T     C  T     T  TG T        A     T  A  A     T     A   
DQ902118.1_Oreophis_porphyraceus             c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccKddddddG KG KdddG KG KG KddddddG KdddG KG KG KdddG KdddG KddA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA AC TA            A   T   C  CAC   A    T    TA      A T       T    T  C     C  TG G        A     T  C  C  T  A     C   
DQ902115.1_Euprepiophis_mandarinus           c     cc cc ccccc  c    cc cc    cc cc c  cc    cc cc c  cccJIIIIIIH JH JIIIH JH JH JIIIIIIH JIIIH JH JH JIIIH JIIIH JIIA     GC TT TCATC  T    CA AT    CG GA G  CC    GG TG A  ATA ACCTA            A   T   C  CAC   A    T    T       A T            C  T     A  CG A        A     T  C  A GT  A     C   



170       180       190       200       210       220         X         X         X         X         X         X        
AF471076.1_Daboia_russelii                   cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cEEEEEF A DF DF DF DF DEEEF DEEEEEEF DEEEEEEEEEEEEF DEEEF DEECA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A         G     G    A     A  C         A C   AT   CA   C      TTCA  C  C  C  C     CC       TG T  T     T  A     T   
GQ359441.1_Echis_carinatus_isolate_          cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C      G     G        A A  C        CA C   AT   CA           ACA  C  C  C  C  T  C        CG A        T  C     C G 
MK193094.1_Protobothrops_mucrosquamatus      cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C      G     G    A     A      A    CA C  CA    CA   C       ACA  C  C  C  C     TC    T  T  T          CC     T   
KX019144.1_Trimeresurus_stejnegeri_          cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C      G     G    A     A  C   A C  CA C  CAT    A   C       ACA  C  C  C  C     CT       C              C  T  T   
HM567533.1_Protobothrops_jerdonii            cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C      G     G    A     A      A    CA C  CA    CA   C       ACA  C  C  C  C     CC    T  C  T          CC     T   
LC094069.1_Sinomicrurus_macclellandi_iwasakii cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A     C T    G     G    A   A A  C   A C  CA    CA    CA   C   G   C C  C  A  T  C     C        C        T    CC     C   
FR693730.1_Ophiophagus_hannah                cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A A  C   A C  CA    CAT   CA   C       C T  C  A  C  C     C        C        T     C     C   
KU527540.1_Naja_kaouthia                     cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T               A     A  C   A C  CA    CA     A   C       C T  CA A  CA C     CC       T        T    CC  T  C   
GQ225657.1_Naja_naja_naja_                   cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T                     A  C   A C   A C  CA     A   C       C T  CA A  CA C  C  CC       C     T       CC  T  C   
U69859.1_Python_reticulatus                  cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A A  C   A C  CA C  CAT   CA   C       C T  C  T  C  A     C        C              C     C   
JX401136.1_Python_bivittatus                 cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A A  C   A    CA C  CAT   CA   C       C A  C  C  C  C     C        T  T           T     C   
AY099983.1_Python_molurus                    cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A A  C   A C  CA C  CAT   CA   C       C A  C  T  C  C     C        C              T     C   
LC105627.1_Enhydris_enhydris                 cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A A  C   A C   A C  CAT   CA   C       C T  C  A  T  C     T        C     T        C     T   
DQ902119.1_Gonyosoma_prasinum_               cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A A  C   A C  CA C  CAT   CA   C       C A  T  A  C  A     C        T              C     T   
AF471084.1_Gonyosoma_oxycephalum_            cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A    T    G     G    A   A A  C   A C  C     C T   CA   C      TC T  C  C  C  A     C        T      G A   T A     C   
DQ902121.1_Coelognathus_radiatus             cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A    T    G     G    A   A A  C   A     A C   AT   CA   C      TA A  T  A  T  C     C        T  T  T     T  T     C   
AY486921.1_Platyceps_rhodorachis_            cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A    T    G     G    A   A A  C   A C  CA C  CAT   CA   C      TA A  T  A  T  A     A        C              T     T   
DQ902128.1_Coelognathus_flavolineatus        cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A    T    G     G    A   A A  C   A C  CA C  CAT    A   C      TA A  T  G  T  C     A        T              T  T  T   
AY486929.1_Ptyas_korros                      cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A A  C     C  CA    CAT   CA   C       C C  T  A  T  A     C        CG       T     C     T   
AY611998.1_Ptyas_mucosus                     cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A     C T    G     G    A   A A  C   A C  CA    CAT   CA   C   G   C T  T  A  T  A     T        T        T     T     T   
AF471054.1_Ptyas_mucosa                      cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A     C T    G     G    A   A A  C   A C  CA    CAT   CA   C   G   C T  C  A  T  A     T        T        T     T     C   
EF076709.1_Orthriophis_taeniurus             cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A A  C   A C  CA C  CAT    A   C       C T  T  A  T  C     T        T              T  T  C   
DQ902132.1_Orthriophis_taeniurus             cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A    T    G     G    A   A A  C   A C   A C   AT    A   C      TC T  T  A  T  C     T        T     T     T  T  T  C   
DQ902118.1_Oreophis_porphyraceus             cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cdddddG B KG KG KG KG KdddG KddddddG KddddddddddddG KdddG KddCA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A    C   A C  CA C  CAT   CA   C       A A  C  A  T  T     T  G     C              T     C   
DQ902115.1_Euprepiophis_mandarinus           cc cc    cc  c cc  c cc cc  c cc cc  c cc  c cc    cc  c c cIIIIIH C JH JH JH JH JIIIH JIIIIIIH JIIIIIIIIIIIIH JIIIH JIICA AA    CA  C AT  G GC TC  T TT TT  T TG  T TA    CA  T G A  A  C T    G     G    A   A        A C  CA C  CAT        C       C T  T  A  C  C     A  G  T  C              T  TG C   

230       240       250       260       270       280         X         X         X         X         X         X        
AF471076.1_Daboia_russelii                   cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c EF DEEEF DEEEF DF DF DEEEF DF DEF A DF DEEEEEEEEEF DF DF DF CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T       C            C T CC  A   A  A GT   AC    A   AC AC C    A  C  C  T  T  A  T     A  T   G A  T     T     A  C  C  T
GQ359441.1_Echis_carinatus_isolate_          cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T CC      A  A GT   AC    A    C  C C    A     T     C  C  C     CT C   G A  C     C     CT CT C  C
MK193094.1_Protobothrops_mucrosquamatus      cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T            C       C T CC  A   A  A GT   AC A  A   AC AC C    G  GG C     C  A  G     C  T   G A  A           C  C  C  C
KX019144.1_Trimeresurus_stejnegeri_          cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T  C  A   A  A GT   AC A  A   AC AC C    A     T     C  C  C  T  T  T   G A  A           C  C  C  T
HM567533.1_Protobothrops_jerdonii            cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      A     C       C T CC  A   A  A GT   AC A  A   AC AC C    A   A T     T  C  A     T  T   G A  C           C  C  T  C
LC094069.1_Sinomicrurus_macclellandi_iwasakii cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C           CC  A   A    GT   AC    A   AC AC C    C     T     T  G TAC    A  T   AGT  G     C     A  T  A  A
FR693730.1_Ophiophagus_hannah                cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      A     C       C T CC  A   A  A GT   AC        AC AC C    A   A T     T  A  C     A  C   G A  T     G  G  G  T  T  A
KU527540.1_Naja_kaouthia                     cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C         T CC  A   A  A GT   AC A  A   AC  C C    A     C     T  T TA     A  T   G A  T           A  AG C  G
GQ225657.1_Naja_naja_naja_                   cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C         T CC  A   A  A GT   AC A  A   AC  C C    A     C     T  T TA     A  T   G A  T           A  AG C  C
U69859.1_Python_reticulatus                  cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T       C    C       C T CC  A   A  A      A  A  A   A  AC C    A  C  A     C  A  A     C  C   G AACC   A       C TC  C  A
JX401136.1_Python_bivittatus                 cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T  C  A   A  A      A  A      A  AC C    A     A     C  C  C  T  A  T   G AACC   A    C  A TT  A  A
AY099983.1_Python_molurus                    cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T  C  A   A  A      A  A      A  AC C    A     A     C  C  C  T  A  T   G AACC   A    C  A TT  A  A
LC105627.1_Enhydris_enhydris                 cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T       C    C       C T CC  A   A  A GT   AC A  A      AC C    A  T  C     C  A  T     A  C   G A  C           AGTT  C  A
DQ902119.1_Gonyosoma_prasinum_               cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T CC  A   A    GT    C A  A   AC A       A     G     C  G  A     A  C   AGC  A  G        A  C TAA T
AF471084.1_Gonyosoma_oxycephalum_            cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T     A   A  A GT   AC A  A   AC AC C    C     A     C  A  C  TT A  C   A C  A           A  C  A  T
DQ902121.1_Coelognathus_radiatus             cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T  C  A      A GT    C A  A   AC    C    C     A     T  C  G  T  A  T C A C  A  G        A  TGTA  A
AY486921.1_Platyceps_rhodorachis_            cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T  C  A   A  A GT   AC A  A   AC A       A     A     C  A  A  T  C  T   A C  A           A  C TAT A
DQ902128.1_Coelognathus_flavolineatus        cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T CC  A      A  T   AC A  A      AC C    C     A     C  G  C     A  T C A TC A           AGTA  C  A
AY486929.1_Ptyas_korros                      cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T C   A   A  A GT   A  A      AC  C      A     A     T  A  A   A A  C   A T  G   T    G  T  CG TT A
AY611998.1_Ptyas_mucosus                     cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T       C    C       C T CC  A   A  A GT   AC A  A   AC AC C    C  G  A     T  A  T     G  C   A C  C           A  T  C  C
AF471054.1_Ptyas_mucosa                      cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T       C    C       C T CC  A   A  A GT   AC A  A   AC AC C    T  G  A     T  A  T     G  C   A C  C           A  T  C  C
EF076709.1_Orthriophis_taeniurus             cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T CC  A   A  A GT   AC    A   AC AC      A     A     C  A  C     A  C   A T  C     T     A  C  AT A
DQ902132.1_Orthriophis_taeniurus             cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T CC  A   A  A GT   AC    A   AC AC C    G     A     C  A  C     A  C   A T  C     C     A  T  A  A
DQ902118.1_Oreophis_porphyraceus             cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c dG KdddG KdddG KG KG KdddG KG KdG B KG KdddddddddG KG KG KG CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC            C T CC  A   A  A GT   AC A  A   AC AC C    A     A  T  C  A  C     T  T   A C  C           A  C  A  A
DQ902115.1_Euprepiophis_mandarinus           cc cc  c cc cc cc c   c  c  c c c      cc  c cc cc        c IH JIIIH JIIIH JH JH JIIIH JH JIH C JH JIIIIIIIIIH JH JH JH CG GG  T TA TA GG T   A  T  A A A      TG  T TC GG        T      AC    C       C T CC  A   A  A GT   AC A  A   AC A       A     A     C  A  C     A  T   A T  A           G  T TAT A

290       300       310       320       330       340         X         X         X         X         X         X        
AF471076.1_Daboia_russelii                    c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc DEEEF A DEF DEEEEEEEEEEEEEEEF DF DF DEEEF DEEEEEEEEEEEEEEEEE T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC   AA          A  A  AG C               C    A  A  A        AT    C TT  A              T  C  T  C  T  T                  
GQ359441.1_Echis_carinatus_isolate_           c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A      G C  C           CC       A  A              T T   T     C  C        T  T  C     A  C              G
MK193094.1_Protobothrops_mucrosquamatus       c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC   AA    C     A      G    C            C    A  A  A        AT    C T   A     C  T  T     T  C  C  A  A                  
KX019144.1_Trimeresurus_stejnegeri_           c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A     AG C  C           CC    A  A                 T T   A     T           T  C  T     A        C        C
HM567533.1_Protobothrops_jerdonii             c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC   AA    C     A        C  C           C     A              AT    T T   A     C  CT       T  C  T   T A     G  C         
LC094069.1_Sinomicrurus_macclellandi_iwasakii  c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA          A  A  AG    C           CC       A  A              C CT  T           T     T  T  C     A  C              C
FR693730.1_Ophiophagus_hannah                 c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           CC    A  A                 T C   A                 T  C  C     A        C        C
KU527540.1_Naja_kaouthia                      c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C       C     A  A  AG C  C           CC    A  A  A        A  GG T T   T                 C  A  C     C                  
GQ225657.1_Naja_naja_naja_                    c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C       C     A  A  AG C  C           CC    A  A  A        A  GG T T   T                 C  A  C     C                  
U69859.1_Python_reticulatus                   c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C  A          A      G                CC    A  A  A        A  C  C CA  A     C  C  T  T  T  T  C     T                  
JX401136.1_Python_bivittatus                  c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C  A          A  A   G C  C           CC    A  A  A        A  C  C CA  C        C        C  A  T     C                  
AY099983.1_Python_molurus                     c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C  A             A   G C  C           CC    A  A           A  C  C CA  T  G     C        C  A  T     C        G         
LC105627.1_Enhydris_enhydris                  c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           CC    A  A  A        A     T T   A                 C  T  T     A                  
DQ902119.1_Gonyosoma_prasinum_                c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           CC    A     A        A     C C   A                 T  T  C     A     G            
AF471084.1_Gonyosoma_oxycephalum_             c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG    C           CC    A     A        A     C C   C           T     C  T  C     A     G            
DQ902121.1_Coelognathus_radiatus              c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC   AA          A  A  AG C                    A  A  A        AT    T TT  C              T  T  A  T  AT A                  
AY486921.1_Platyceps_rhodorachis_             c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC   AA          A  A  AG C  C            C    A  A  A         A    T TT  C                 C  A  C  G  G                 C
DQ902128.1_Coelognathus_flavolineatus         c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           C        A  A        A     T C   T                 T  C  T   T A  C               
AY486929.1_Ptyas_korros                       c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           CC       A  A        A     T T   T                 T  T  T     A  G               
AY611998.1_Ptyas_mucosus                      c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           CC    A  A  A        A     T C   A                 C  C  C     A                  
AF471054.1_Ptyas_mucosa                       c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           CC    A  A  A              T C   A                 C  C  C     A                 G
EF076709.1_Orthriophis_taeniurus              c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C        A  AG C  C            C    A  A  A        A     T T   C  G              C  C  C  A  A                  
DQ902132.1_Orthriophis_taeniurus              c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           CC    A  A  A        A     T T   T                 T  C  C     A                  
DQ902118.1_Oreophis_porphyraceus              c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc KdddG B KdG KdddddddddddddddG KG KG KdddG Kddddddddddddddddd T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC C AA    C     A  A  AG C  C           CC    A  A  A        A     A T   T                 T  T  C     T                  
DQ902115.1_Euprepiophis_mandarinus            c  c c  cc cc cc cc  c cc cc cc cc cc  c cc cc cc cccccccc JIIIH C JIH JIIIIIIIIIIIIIIIH JH JH JIIIH JIIIIIIIIIIIIIIIII T  T A  CT AT GC AC  C TT TT GG TA GT  T CC TG GG CAAATATC   AA    C     A     AG    C           CC    A  A  A        AT    T T   A     G     A     T  A  C     G                  



350       360       370       380       390       400         X         X         X         X         X         X        
AF471076.1_Daboia_russelii                   cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     EEEEEEEF DEEEEEEEEEF DF DEEEF DF DF DF  A DF DF  A DF DEEEF TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A          A        A  A        CC  C     G   T              C  C   T     A           C  T     C  A  A  AA C  A  TC A  G  CT C
GQ359441.1_Echis_carinatus_isolate_          cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G   T              C  C         A           T  C     C  C  C  CA C  T  CC T  C  CT C
MK193094.1_Protobothrops_mucrosquamatus      cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A           A         C  C     G   T              CAAC         A     C     C  A  T  C  A  C  TG C  C  TC T  A     C
KX019144.1_Trimeresurus_stejnegeri_          cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A           A        CC  C     G   T              CAAC         A     T     T  A     T  A  C  CA C  T  TC G  G     C
HM567533.1_Protobothrops_jerdonii            cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A          A        A  A        CC  C     G   T              CAAC   T     G           C  A     C  A  C  CA C  T  TT A  A     C
LC094069.1_Sinomicrurus_macclellandi_iwasakii cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C           A  A        CC  C     G   T              C AC      G  G           C  A     T  C  T  AA T  C  CC A  A  T  A
FR693730.1_Ophiophagus_hannah                cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A         C  C     G   T              CAAC         A           C  A  T  C  C  A  AA T  C  TC A  A     A
KU527540.1_Naja_kaouthia                     cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A         C  C     G   T                AC         A           C  C  T  C  T  T  AA C  A  CC A  A TC  A
GQ225657.1_Naja_naja_naja_                   cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A         C  C     G   T                AC         A           C  C  T  C  C  T  AA C  A  CC A  A TT  A
U69859.1_Python_reticulatus                  cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A           A        CC  C     G   T              CA C         C     C     T  A     A  C  T  CG A  A  CC A  T   T A
JX401136.1_Python_bivittatus                 cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A           A        CC        G   T              CAAC         T     C     T  C     AT A  T  CG A  A  CT A  C     C
AY099983.1_Python_molurus                    cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A           A        CC        G   T              CAAC         T     C     T  C     AT A  C  CG A  A  CT A  C     C
LC105627.1_Enhydris_enhydris                 cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC        G   T                 C         C           C  C     AT A  C  AA C  A  TC A  A ACT A
DQ902119.1_Gonyosoma_prasinum_               cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G   T              CAAC         G           T  T     A  A  A  AG A  A  CA T  C     A
AF471084.1_Gonyosoma_oxycephalum_            cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G   T                AC         A           T  A     A  A  A  AG C  A  CA T  A AC  A
DQ902121.1_Coelognathus_radiatus             cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G   T               AAC         A           T  T     A  A  A  CA C  C  TA T  C T   A
AY486921.1_Platyceps_rhodorachis_            cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C           A           C   C     G   T              CA C      G  A        C  C  A   T A  A  A  CG A  A  CA C  A   T T
DQ902128.1_Coelognathus_flavolineatus        cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC        G   T              CAAC         A           T  T     AT G  G  CA T  A  TA T  A     T
AY486929.1_Ptyas_korros                      cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC            T              CAAC         C           T  A     GT A  CT AA T  A  CA C  A     C
AY611998.1_Ptyas_mucosus                     cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G   T              CAAC         C           C  A     A  T  A  TA T  A  CA C  C     A
AF471054.1_Ptyas_mucosa                      cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G   T              CAAC         C           C  A     A  T  A  TA A  A  CA C  C     A
EF076709.1_Orthriophis_taeniurus             cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G                  CAA          A           T  A     A  A  A  TGCA  T  TA C  C    TA
DQ902132.1_Orthriophis_taeniurus             cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G   T              CAAC         G           C  A     A  A  A  TG G  A  TA C  C     A
DQ902118.1_Oreophis_porphyraceus             cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     dddddddG KdddddddddG KG KdddG KG KG KG  B KG KG  B KG KdddG TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        C   C     G   T              CAAC         A           T  A   T A  A  A  CG A  A  TA C  C     A
DQ902115.1_Euprepiophis_mandarinus           cc cc cc ccccc cc cc cc cc  c  c cc  c    cc cc  c cc c     IIIIIIIH JIIIIIIIIIH JH JIIIH JH JH JH  C JH JH  C JH JIIIH TT TG GC GCAAC GT AT AC AA  T  T AC  C    CC TA  T GG A       C  A        A  A        CC  C     G   T              CAAC         A           C  A     A  T  A  CG A  A  CA C  C     A

410       420       430       440       450       460         X         X         X         X         X         X        
AF471076.1_Daboia_russelii                    c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc DF DF DF DEEEF DEEEF DF DEEEEEEF DF DF DF DF DF DF DEEEF DF  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC             CT      A                           A  C  C     T  G  C  A     T  C  C  C  A  C  T  C  C  C  C
GQ359441.1_Echis_carinatus_isolate_           c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC             CT      A                  A        G  A  C     C  G  T  C     C  T  C  C  C  G  T  C     C  T
MK193094.1_Protobothrops_mucrosquamatus       c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC    A        C  A                       A        A  T  C     A     G  C   G    C GC  C  C  A  G  C     C  T
KX019144.1_Trimeresurus_stejnegeri_           c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC    A        C  A    A                           T  C  A     A     C  C   G    C  C  C  A  A  A  T  C  C  T
HM567533.1_Protobothrops_jerdonii             c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   A     A        C  A    A                  A        A  A  A   T A     C  C   G    T  T  C  A  A  A  C     T  T
LC094069.1_Sinomicrurus_macclellandi_iwasakii  c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT     C AC   AC    A        CT      A                         A T  A  T     T     G  T     C  C  C  T  A  T  C  C  C  T  T
FR693730.1_Ophiophagus_hannah                 c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC    A        CT      A                           A  A  C     A     G  T     T  C  C  C  A  T  A  C  T  C  C
KU527540.1_Naja_kaouthia                      c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC    A        CT      A                  A        A  A  A     T     G  G     T  T  C  C  A  C  C  C     T  T
GQ225657.1_Naja_naja_naja_                    c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC    A         T      A                  A        A  A  A     T     G  G  T  T  T  C  C  A  C  C  C     T  T
U69859.1_Python_reticulatus                   c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC    C    A        C  A    A                  A        A  A  C  G  T     C  A   G    C  C  C  C  C  A  A     C  T
JX401136.1_Python_bivittatus                  c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   A     A        C  A    A                  A        A  A  C   T A     A  A   G    C  T  C  C  C  C  A     T  T
AY099983.1_Python_molurus                     c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC         A        C  A    A                  A        A  A  C  GT A     A  A   G    C  T  T  C  C  C  A     T  T
LC105627.1_Enhydris_enhydris                  c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   A              CT A    A                  A        T  A  C   T A  G  C  C        C  T  C  C  C  T  C     C  T
DQ902119.1_Gonyosoma_prasinum_                c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C      AC    A        CT A    A                  A        G  TGTC     C     G  A        C  C  T  C  A  A  T     C  T
AF471084.1_Gonyosoma_oxycephalum_             c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT     C AC   AC    A        CT A    A                  A      T A  T  A     G     T  G        C  C  C  C  A  C  C     C  C
DQ902121.1_Coelognathus_radiatus              c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC    C    A        CT A    A                  A        T  C  A  G  C     T  G        T  T  T  C  C  A  T     T  T
AY486921.1_Platyceps_rhodorachis_             c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC    C              T A    A                  A        T  A  A  G  C  G  T  A  T     C  C  T  A  T  A  C     C  C
DQ902128.1_Coelognathus_flavolineatus         c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC    A        CT A    A                  A        A  C  C     T     C  A        C  T  T  C  C  A  C     C  T
AY486929.1_Ptyas_korros                       c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC    A        CT A    A                  A        A  T  C     A     T  T        C  C  C  A  T  C  C     C  C
AY611998.1_Ptyas_mucosus                      c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   A     A        CT A    A                  A        A  C  C   T A     A  C        T  T  T  A  T  A  C     C  T
AF471054.1_Ptyas_mucosa                       c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   A     A        CT A    A                  A        A  C  C   T A     A  C        T  T  T  A  T  A  C     C  T
EF076709.1_Orthriophis_taeniurus              c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC             CT A    A                  A        A  A  C     C  G  A  A        T  C  C  C  T  A  C     T  C
DQ902132.1_Orthriophis_taeniurus              c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   AC    A        CT A    A                  A        A  A  C     C     G  C        T  C  C  C  C  A  T     T  T
DQ902118.1_Oreophis_porphyraceus              c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc KG KG KG KdddG KdddG KG KddddddG KG KG KG KG KG KG KdddG KG  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C   C AC   A     A        CT A    A                  A        C  T  T   T C     G  T        T  C  C  C  C  A  T     C  C
DQ902115.1_Euprepiophis_mandarinus            c c     cc  c cc cc cc cc  c cc c  cc cc cc cc cc cc cc cc JH JH JH JIIIH JIIIH JH JIIIIIIH JH JH JH JH JH JH JIIIH JH  T A     TG  T TG GG GG TT  C AT A  GA CC AC CT AC CG TT TT C     AC   AC    A        CT A    A                  A        A TC  T     C     G  T        T  T  T  T  C  T  A     C  C

470       480       490       500       510       520         X         X         X         X         X         X        
AF471076.1_Daboia_russelii                   cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c DF DF DF DF DEEEF DEEEF A  DF DEEEF  DEEF DEEEF DEEEF DF DF GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T  A    CA     C    T  T  C  C     A     T TC  T     AC    A  T  T     CC C  G
GQ359441.1_Echis_carinatus_isolate_          cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T  A     A     C    C  T  C  T     C     C CC  C     CT    T  T  C  T  CC C  C
MK193094.1_Protobothrops_mucrosquamatus      cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T AA     A     C    T  C  C  C     C     C CC  T     TA    T     C  T  TC A  C
KX019144.1_Trimeresurus_stejnegeri_          cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC           A  A C     AT  T AA    CA     C    C  A  C  T     C     CGCC  C     TA    T     C     TC C  A
HM567533.1_Protobothrops_jerdonii            cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T AA    CA     C    T  C  C  C     C     C CC  C     TA    C     C     CC A  T
LC094069.1_Sinomicrurus_macclellandi_iwasakii cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A    C     AT  T AA        A  C    C  C  C  C     C     T TT  CG    GT    T     C  TG T  T  A
FR693730.1_Ophiophagus_hannah                cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A       A   T AA    CA  A  C    C  A  T  T     C     C TC  C  T  AC  A C     C     C  T  A
KU527540.1_Naja_kaouthia                     cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T                C        A  A  A C     AT  T A      A  A       C  A  C  T  T  A     T TC  C     AC    C   G C  T  T  CT A
GQ225657.1_Naja_naja_naja_                   cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T                C        A  A  A C     AT  T        A  A       C  G  T  T  T  A     T TC  T     AC    C  GG A  T  C  CT A
U69859.1_Python_reticulatus                  cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T                            A  A C     AT  T A     C   A       A  A  T  T  TT A     CGCG  T     AT    C   T A   G T  CT A
JX401136.1_Python_bivittatus                 cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC           A  A C     AT  T A      A  A  C    A  A  T  C     A     CGCA  C     TA    A   C A  T  C  C  A
AY099983.1_Python_molurus                    cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC           A  A C     AT  T A     CA  A  C    A  A  T  C     A     CGCA  C     CA    A   C A     C  C  A
LC105627.1_Enhydris_enhydris                 cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A     A C      T  T AA    CA  A  C    C  T  C  T     C     T CCC C     AC C  T     C     C  C  C
DQ902119.1_Gonyosoma_prasinum_               cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC           A  A C     AT  T AA    CA  A       C  C  C  C     A     CGCT  C     AA    A     C     T  AT A
AF471084.1_Gonyosoma_oxycephalum_            cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC           A  A C     AT  T AA    CA  A  C    C  C  C  C     A     CGCC  T     AC    C     C     T  A  T
DQ902121.1_Coelognathus_radiatus             cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T                C        A  A  A       AT  T AA    CA  A  C    T  A  C  T  T  C     T CT  C  T  TA    T     T     T  A  T
AY486921.1_Platyceps_rhodorachis_            cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               C         A  A  A C     AT  T AA    CA  A  C    C  A  C  C   T A     C CC  T     AC    C     C     T  A  A
DQ902128.1_Coelognathus_flavolineatus        cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A       AT  T AA    CA  A  C    C  T  C  T     T     T TT  C  A  TC    C     T     T  A  A
AY486929.1_Ptyas_korros                      cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T                C           A  A C     AT    AA    CA  A  C    C  C  C  T  T  T     CGCT  C     CC    CA    C     T  A  C
AY611998.1_Ptyas_mucosus                     cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T AA    CA  A  C    C  A  T  T     T     C TT  C     AA    C     C     C  A  A
AF471054.1_Ptyas_mucosa                      cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T AA    CA  A  C    C  A  T  T     T     T TT  C     AA    C     C     C  A  A
EF076709.1_Orthriophis_taeniurus             cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T AA    CA  A  C    C  T  C  T     T     T CT  T     AA    C     C     C  A  T
DQ902132.1_Orthriophis_taeniurus             cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T AA    CA  A  C    T  C  T  T     C     T CT  T     AA    C     C     C  A  T
DQ902118.1_Oreophis_porphyraceus             cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c KG KG KG KG KdddG KdddG B  KG KdddG  KddG KdddG KdddG KG KG GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T  A    CA  A  C    C  T  C  T     T     C CC  C     GG    C  T  C     C  A  A
DQ902115.1_Euprepiophis_mandarinus           cc cc cc cc cc  c ccccc     c  c cc  c  c  c  c cc  c  c  c JH JH JH JH JIIIH JIIIH C  JH JIIIH  JIIH JIIIH JIIIH JH JH GC CT CA TT AT  T CCATT     T  T TC  T  C  C  T CA  T  T  T               CC        A  A  A C     AT  T AA     A  A       C  T  C  T     A     C CT  T     AA    C     T  T  T  AT A



530       540       550       560       570          580      X         X         X         X         X            X     
AF471076.1_Daboia_russelii                    c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc DF DEEF  DEEEF DF DEEEEEEF DF DF DF DEEEEEEF DF DEEEEEEEEEEE T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    C   G AG       C  C              CT          C     C  A  C   CAC     C  T A      AT A  T  T     C ... T            
GQ359441.1_Echis_carinatus_isolate_           c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G  G      GC  C   C          CT   A A    C     C  A  T    AT  G  C  T        C  A  A  T     T  T  C            
MK193094.1_Protobothrops_mucrosquamatus       c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G  G          C   C          CT A A A    C     C  A  T    AC  G  C  T AT     C  G  G  A        C  C            
KX019144.1_Trimeresurus_stejnegeri_           c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C   C          CT A A A          C     T    AT     C  A        T  A  G  A        T  T  T        G
HM567533.1_Protobothrops_jerdonii             c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C     A  G AG       C  C   C          CT A A A    C     C  A  T  T AC     T  C A      T  A  A  A        T  C            
LC094069.1_Sinomicrurus_macclellandi_iwasakii  c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC      CA    AG      GC  C   C           T A A A          C  AT A    ACA    C  T        A  T  T  T  T     T  T  T         
FR693730.1_Ophiophagus_hannah                 c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G A       GC      C          CT A A A    C     C  A  C    AC   A C  C     T  C  A  A  C        C  C            
KU527540.1_Naja_kaouthia                      c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C     A  G  G          C   C          CT A A A    C     C  A  A  T AC  G  C  T AT     C  C  C  C        T  C            
GQ225657.1_Naja_naja_naja_                    c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C     A  G  G          C   C          CT A A A    C     C  A  A  T AC  G  C  T AT     C  C  C  C        T  C            
U69859.1_Python_reticulatus                   c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    C   G AG      GC  C   C          C  A A A    C     C  A  C   GAA     T  T        C  A  A  C   C    C  C            
JX401136.1_Python_bivittatus                  c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    C   G AG      GC  C   C          C  A A A    C     C  A  C   GAA     A  C        A  G  A  A   C    C  C            
AY099983.1_Python_molurus                     c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    C   G AG      GC  C   C          C  A A A    C     C  A  C   GAA     A  T        A  A  A  A   C    C  C            
LC105627.1_Enhydris_enhydris                  c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C   C          CT   A A    C     C     C    AC     A  T        A  T  C  T     T  T  C           T
DQ902119.1_Gonyosoma_prasinum_                c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G  G      G   C              CT   A A          C  A  T    CA  G  G  A  T     CT G  T  A     G  C  T  T         
AF471084.1_Gonyosoma_oxycephalum_             c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C   C          CT A A A    C     C     T    CA     A  A        A  G  A  C        C  T           G
DQ902121.1_Coelognathus_radiatus              c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      G       C          CT A A A    C     C  A  T    CA     G  T  T  T  T  A  A  A        T  T            
AY486921.1_Platyceps_rhodorachis_             c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C   C          CT A A A    C     C     T    CA     G  T        A  G  A  A        C  T           C
DQ902128.1_Coelognathus_flavolineatus         c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG       C  C   C          CT A A A    C     C  A  A    CA     A  C A      C  A  A  C        C  T            
AY486929.1_Ptyas_korros                       c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      G   C   C          CT   A A    C     C  A  T    CA     C  T  T     C  A  A  A     T  T  T            
AY611998.1_Ptyas_mucosus                      c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C   C           T A A A    C        A  T    CA     A  A        A  A  A  T  T     C  C        T   
AF471054.1_Ptyas_mucosa                       c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C   C           T A A A    C           T    CA     A  A        T  A  A  C  T     C  C        T  G
EF076709.1_Orthriophis_taeniurus              c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C              CT A A A    C     C  A  A    CA     A  A        AT A  A  A        T  T            
DQ902132.1_Orthriophis_taeniurus              c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C              CT   A A    C     C  A  A    CT     A  A        AT A  A  A     G  C  T            
DQ902118.1_Oreophis_porphyraceus              c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc KG KddG  KdddG KG KddddddG KG KG KG KddddddG KG Kddddddddddd T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C   C          CT A A A    C        A  A    CA     C  C        A  A  A  T        C  T        T   
DQ902115.1_Euprepiophis_mandarinus            c cc     c  c cc c  cc cc  c cc cc cc  c c   c cc ccccc cc JH JIIH  JIIIH JH JIIIIIIH JH JH JH JIIIIIIH JH JIIIIIIIIIII T CA     A  G TC A  AA CC  T GG AC AA  C G   T GA AAAAT CC C    CA  G AG      GC  C   C          CT A A A    C        A  A    CA     G  T        A  A  A  C        C  T        T   

  590       600       610       620       630       640         X         X         X         X         X         X     
AF471076.1_Daboia_russelii                   cc cc cc cc cc cc  c cc cc     c  c    cc        c        c EF DEEEF DEEEEEEF  DEEEEEF A  DF DEF A DF  A DEEEF DF  A  DETT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C              C  A      C  A A T     T  TAA  AC      A  C     G  T  T  CT       CTCC  A   T A  AA AT    T  AGCCA  
GQ359441.1_Echis_carinatus_isolate_          cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A      C  A A T        T A  AC  T      C     C        CT       TGCC  T   C A  CACCC G  C  CC TA T
MK193094.1_Protobothrops_mucrosquamatus      cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A T       ATAA  AC  T   A  T     C        CT       C CC  C   C A  AACA     T  CC AC  
KX019144.1_Trimeresurus_stejnegeri_          cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C        C        A   A  C  A A T     T ATAA  AC  T   A  C     A  T     AT T     C CC  T   T A  AA A     T  CC AC  
HM567533.1_Protobothrops_jerdonii            cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A T     T ATAA  AC  T   A  C     C        CT       C CC  T   C T  AA A     T  CC AC  
LC094069.1_Sinomicrurus_macclellandi_iwasakii cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A         ATA   AC  T   A  T     C        CT       T TA  A   ACC  CTCT   T T  CC AC  
FR693730.1_Ophiophagus_hannah                cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A T       ATAA  AC  T   A  C     A        TT       T TA  A   A C  AACC     C  CC AC  
KU527540.1_Naja_kaouthia                     cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A T       A  A  AC  T   A  C     C        CT       T TA  G   A C  CTCT CG  C  CC AC  
GQ225657.1_Naja_naja_naja_                   cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C        A   A  C  A A T       AT A  AC  T   A  C     C        CT T     T TG  G   A C  CTCT  G  T  CC GT  
U69859.1_Python_reticulatus                  cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A      C    A T     T ATA           A  C     A        TT       CTTC  CT  C A  AT A   G CCTATCTC  
JX401136.1_Python_bivittatus                 cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A      C      T     T ATAA          A  C     A        AT       TCTA  CT CC A  CC G     CCTATCTA  
AY099983.1_Python_molurus                    cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A      C      T     T ATAA      T   A  C     A        AT       CCTA  CT CC G  CC A     CCTAT TA  
LC105627.1_Enhydris_enhydris                 cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A     A A T     T ATAA  AC  T      C     C        CC       C TAT T   C A  TA T     A  AC AA T
DQ902119.1_Gonyosoma_prasinum_               cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A   T     T ATA   AC         C     A        TC       T TC  A  GC C  TA C   C C  CTCAA T
AF471084.1_Gonyosoma_oxycephalum_            cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C        C     C  A   A     A A T        TAA  AC  T   A  C     C  T     TC       T TTT A   C T  CACCT    C  CC AA  
DQ902121.1_Coelognathus_radiatus             cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C        C        A   A  C  A A T     T ATAA  AC  T   A  T     A  T     CT T     C CC  A   C T  TA T     T  AC TC  
AY486921.1_Platyceps_rhodorachis_            cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A T     T ATA   AC      A  C     G        TT       C CT  A   C A  TA C   G C  CACTA  
DQ902128.1_Coelognathus_flavolineatus        cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A     A A T     T ATAA  AC  T   A  C     C        TT       C CCT A   C A  CA T     C  TA CC  
AY486929.1_Ptyas_korros                      cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C      A  C  A A T     T ATAA  AC  T   A  T     A        TC    G  C TT  C   C A  CG A     C  CC AA  
AY611998.1_Ptyas_mucosus                     cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A T     T  TAA  AC  T   A  T     A        TC       T TC  A   T A  CC AT    T  TA AA  
AF471054.1_Ptyas_mucosa                      cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A T     T  TAA  AC  T   A  T     A        TC       T TC  A   C A  CT AT    T  CA AA  
EF076709.1_Orthriophis_taeniurus             cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T            C  C        A   A     A A T     T ATA   AC      A  T  T  A        AC T     C TAT A   C A  TA T   C A  TACAA  
DQ902132.1_Orthriophis_taeniurus             cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T            C  C        A   A  C  A A T     T ATA   AC  T   A  C  T  A        AC T     C TA  A   C G  TA T   C A  CA AA  
DQ902118.1_Oreophis_porphyraceus             cc cc cc cc cc cc  c cc cc     c  c    cc        c        c dG KdddG KddddddG  KdddddG B  KG KdG B KG  B KdddG KG  B  KdTT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A     A A T     T ATAA      T   A  T     A        TC       C TAT A   T A  TA T     CGTTA AC  
DQ902115.1_Euprepiophis_mandarinus           cc cc cc cc cc cc  c cc cc     c  c    cc        c        c IH JIIIH JIIIIIIH  JIIIIIH C  JH JIH C JH  C JIIIH JH  C  JITT CA CC TA CA TC  A AA GA     T  T    AC        T        T      C     C  C     C  A   A  C  A A T     T ATAA  AC      A  C     A        TC       C TC  C   C A  TG T     T  CACAC  

  650       660       670       680       690       700         X         X         X         X         X         X     
AF471076.1_Daboia_russelii                    c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc EF DF DF  DEEEEEEF  DEF  A DF DF DEEEEEEEEEEEEF DEEEEEEEEEF  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC    AT  T   AT A      C     A       C     A  A     CT    A   C T  T  CC       TGAT  AA C  AA A              C     T     T
GQ359441.1_Echis_carinatus_isolate_           c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T   T  T    T A     CC     A       C     A  A     C  A  A     CC C  CC C     TGA   CA T  AA A              C   A       C
MK193094.1_Protobothrops_mucrosquamatus       c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  AT  T    T A  C  CC     A  T    C     A  A     CT A        C  C  CC T      TA   CG T  C  A              C        G  T
KX019144.1_Trimeresurus_stejnegeri_           c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  AT  T   AT A  C  CC     A             A  A     CT    A     T  C  CA        TT   TA C  CC A  T           C     G     C
HM567533.1_Protobothrops_jerdonii             c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  AT       T A  C  CC     A       C     A  A     CT A  A     C  C CCC C      TA   CG T  AC A              C           C
LC094069.1_Sinomicrurus_macclellandi_iwasakii  c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T   T  T   AT A      C        T             A      T          CC T  CC       TACA  AG TT A  C  T     G     T  T  T  G  T
FR693730.1_Ophiophagus_hannah                 c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T   T  T   AT A     C              C     A  A     CT    A     CC T  TA       TCT A TG CC AC T              T     T     T
KU527540.1_Naja_kaouthia                      c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC     T  T   AT A  C   C             C     A  A     CT    A   C TC T  CC        TTA  CA TT GC C              T     C     T
GQ225657.1_Naja_naja_naja_                    c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC    AT  T   AT A  C   C             C     A  A     CT    A   C T  C  CC        TCA  CA CT GC C              T     C     T
U69859.1_Python_reticulatus                   c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  AT  T    T A  C  CC     A  T    C     A        CT A  A     C  T  CG C      TT   AG T  C  C           C  T           C
JX401136.1_Python_bivittatus                  c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC    AT  T    T A  C  CC     A  T    C     A         T A  A   C C  C  CG C      TT   TG C  T  C           C  C  T        C
AY099983.1_Python_molurus                     c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC    AT  T    T A  C  CC     A  T    C     A        CT A  A   C C  C  CG C      TT   TG T  C  C           C  C           C
LC105627.1_Enhydris_enhydris                  c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T   T  T   AT    C   C        T    C     A  A     CT    A     CC T  CA    C   TCA  AG CT A  T              C     T     C
DQ902119.1_Gonyosoma_prasinum_                c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC    AT  T   AT A     CC     A  T    C     A  A     CT A  A   C A  C  TA       TAC   AG C  A  C              T           T
AF471084.1_Gonyosoma_oxycephalum_             c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  A   T   A  A  C  CC     A  T    C     A  A     CT A  A     T CT  TA  A     AC   AA C  T  C              C           C
DQ902121.1_Coelognathus_radiatus              c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  AT  T   AT A     CC     A  T          A  A     CT A  A     T  T  TA       TTC   AA C  A  T  T           C           C
AY486921.1_Platyceps_rhodorachis_             c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  A   T   AT A  C  CC     A  T    C     A  A     CT A  A     T CT  CA        AC   AG C  A  C              C           C
DQ902128.1_Coelognathus_flavolineatus         c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T      T   AT A  C  CC        T    C     A  A     CT A  A     CTCT  TA        AC   AA TG G  T              C           T
AY486929.1_Ptyas_korros                       c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T      T   A     C  CC     A  T    C     A  A     CT A  A     CGCT  CA  A T   AC   AA C  T  T              C           A
AY611998.1_Ptyas_mucosus                      c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  A   T   A  A  C  CC     A  T          A  A     CT A  A     T CT  TA  G     AC   AA T  G  T  T           T           C
AF471054.1_Ptyas_mucosa                       c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  A   T   A  A  C  CC     A  T          A  A     CT A  A     T CT  TA  G     AC   AA C  A  T  T           T           T
EF076709.1_Orthriophis_taeniurus              c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  AT  T   AT A  C  CC     A  T             A     CT A  A     C  T  TA        GC   AA C  C  T  T     C     T           C
DQ902132.1_Orthriophis_taeniurus              c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  AT  T   AT    C  CC     A  T             A     CT A  A     C  T  TA    G   AT   AA T  C  T  T     T     C           T
DQ902118.1_Oreophis_porphyraceus              c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc dG KG KG  KddddddG  KdG  B KG KG KddddddddddddG KdddddddddG  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  AT  T   AT A     CC     A  T    C     A  A     CT A        C  C  CA       TAC   AA T  C  T              C        G  C
DQ902115.1_Euprepiophis_mandarinus            c    c   c  c cc     c  c  c  c cc ccccc cc cc cc  c cc cc IH JH JH  JIIIIIIH  JIH  C JH JH JIIIIIIIIIIIIH JIIIIIIIIIH  T    A   T  C TT     C  A  T  T AA GACCC GA AA TT  C AA GC T  A   T   A  A  C  CC     A  T    C     A  A     CT A  A     C CA  CA  A     AC   AA C  C  T              C           C



  710       720       730       740       750       760         X         X         X         X         X         X     
AF471076.1_Daboia_russelii                   cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc DEEEF  DEEF DEEEF DEEEEEEF DEEEEEEF DF DEEEEEEEEEF DEEEF DF AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT         A        A           C  CC A     C           CC    C  C  A     T  C     C  G  A           C     T  T
GQ359441.1_Echis_carinatus_isolate_          cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT         A  C        A        C  CC       C           CC    C  C  A        T  G     G  A        G  T     C  A
MK193094.1_Protobothrops_mucrosquamatus      cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     A           A  C                 C  C  A     C           CA  ACC  C  C        T  G  T  A  A      T    T     C  A
KX019144.1_Trimeresurus_stejnegeri_          cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     A T   A     A                        C A     C           AC  A C     C     T  C  G  C  G  G  T  T     T     C  A
HM567533.1_Protobothrops_jerdonii            cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG         A           A  C                 C  CC A     C        T  CA  ACC  C  C        T  G  C  A  G           C     C  A
LC094069.1_Sinomicrurus_macclellandi_iwasakii cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     A T   A     A  C                    CC       C           AC  A C     A        T  G  G  G  G  T     G  T     T  C
FR693730.1_Ophiophagus_hannah                cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C      GT   A     A  C                 C  C  A     C           AA G  C     A        C  G  T  A  G      T    C     C  C
KU527540.1_Naja_kaouthia                     cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A              A  A           CC A                 GC    T     A  G  T  C        G  A  T        T  A  C  C
GQ225657.1_Naja_naja_naja_                   cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A        A  A           CC A                 GC    T     A     T  C        G  G  T        T  A  C  C
U69859.1_Python_reticulatus                  cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A  C     A  A        C  CC A                 CC    A     A        T        A  A           C  T  C  T
JX401136.1_Python_bivittatus                 cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG         AGT   A     A  C     A  A        C  CC A     C        T  AC    T     T        T        A  A           C     C  A
AY099983.1_Python_molurus                    cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG         AGT   A     A  C     A  A        C  CC A     C        T  AC    T     C        T        G  G           C     T  G
LC105627.1_Enhydris_enhydris                 cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A  C     A  A           CC A     C           AA    A     A        C        A  A  T        T     C  C
DQ902119.1_Gonyosoma_prasinum_               cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A  C     A  A        C   C A     C           AC    A     C        T        A  A     T     C     C  A
AF471084.1_Gonyosoma_oxycephalum_            cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C       T   A     A        A  A        C  CC A     C           AC GA T     A     T  T        A  A           T     T  A
DQ902121.1_Coelognathus_radiatus             cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT         A        A  A        C   C A     C           CC    T  C  C     T  T        A  A     T     C     C  A
AY486921.1_Platyceps_rhodorachis_            cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A  C     A  A        C  CC A                 AA    C     A        C        A  A           C  A  C  T
DQ902128.1_Coelognathus_flavolineatus        cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A  C     A  A        C   C A     C           CC    A     A        T        G  G     T     T     T  A
AY486929.1_Ptyas_korros                      cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A  C        A           CC       C           CC    A     C        T  G     A  A  T     G  T     T  G
AY611998.1_Ptyas_mucosus                     cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG         AGT   A     A  C     A  A        C  CC A              T  AA    T     A        T        A  A           C  T  C  A
AF471054.1_Ptyas_mucosa                      cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG         AGT   A     A  C     A  A        C  CC A              T  AA    T     A        T        A  A           C  T  C  A
EF076709.1_Orthriophis_taeniurus             cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A  C     A  A        C   C A     C           AC    A     A        C        A  A     T     C     T  C
DQ902132.1_Orthriophis_taeniurus             cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C     AGT   A     A  C     A  A        C  CC A     C           AC    A     A        C        A  A           C     T  C
DQ902118.1_Oreophis_porphyraceus             cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc KdddG  KddG KdddG KddddddG KddddddG KG KdddddddddG KdddG KG AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C      GT   A     A        A  A        C  CC A     C           TT G  A     A     T  T        A  A           T     C  C
DQ902115.1_Euprepiophis_mandarinus           cc cc  c    cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc cc JIIIH  JIIH JIIIH JIIIIIIH JIIIIIIH JH JIIIIIIIIIH JIIIH JH AA CC  T    AC CC CA CA AT AA CC GA TG TA TT  T TT GC TA GG   C      GT   A     A  C     A  A        C  C  A     C           CA G  A     A        T        G  G      T    T     T  A

  770       780       790       800       810       820         X         X         X         X         X         X     
AF471076.1_Daboia_russelii                   cc  c cc cc  c cc                                           DF DF DEEEF DF DF DF DEEEF DF DF  A  DEEF DF  A  DEEF  A    AT  T CG TC  T CC                                                             AA AAA T GG GG  C  TAGC CT  T  TATC  T      CT A  G  AG C  A  T   T A  C  AA AC    C  AA TA    AA CACT
GQ359441.1_Echis_carinatus_isolate_          cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A                                                 T  T     A  C  A..........................................
MK193094.1_Protobothrops_mucrosquamatus      cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  T GC  T  T  TATC  T      T  T     A  C  A  C     C  C  GG CC C  CT AG CC    CA CACC
KX019144.1_Trimeresurus_stejnegeri_          cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  TAGC  T  T  TATC  T      C  C     A  C  A  T     C  T  GG CC    CT AG TC    TA CGCT
HM567533.1_Protobothrops_jerdonii            cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AA CT GG GG  C  TAGC  T  T  T TC  T      C  C     A  C  A  C  G  C  A  AA TT    CT AG CC G  CA CGTT
LC094069.1_Sinomicrurus_macclellandi_iwasakii cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  T GC CT  T  TATC  T      T  A     T  T  T  T     A  C  AA AC C  C  AT TA    CA CATT
FR693730.1_Ophiophagus_hannah                cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG     TAGC CT  T  TATC  T      C  A     A  T  A  C     A  A  CTGAT    C  AC TA    AA CGCT
KU527540.1_Naja_kaouthia                     cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  TAGC CT  T  TATC  T      C  A     A  C  A  C     A  A  AA AC    A  AC TT    GG CATA
GQ225657.1_Naja_naja_naja_                   cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  TAGC  T  T  TATC  T      C  G     A  C  A  C     A  A  AA AC    AT AC TT    GG CCTA
U69859.1_Python_reticulatus                  cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA  AACT GG GG  C  TAGC  T  T  TATC  T      T  A     C  C  C  CC    T  A  AG AT    CT AG AA    TA TATA
JX401136.1_Python_bivittatus                 cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  T GC CT  T  TATC  T      C  G     C  T  A  T     A  T  CG AT G  C  AG AA    AA CATA
AY099983.1_Python_molurus                    cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  TAGC CT  T  TATC  T      C  A     C  C  A  C     A  T  CG AT    C  AG AA    AA CATA
LC105627.1_Enhydris_enhydris                 cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAA T GG GG  C  TAGC CT     TATC  T      T  C     C  C  C  C   T A  G  AG TG    A  GACAC    CA CCTT
DQ902119.1_Gonyosoma_prasinum_               cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  TAGC CT  T  TATC  T      T  A     C  T  C  C     C  A  GA TT    T  TG AA    CG AGCC
AF471084.1_Gonyosoma_oxycephalum_            cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C        A     AA AAACT GG GG  C  T GC CT  T  TATC  T      C  A  T  A  C  C  T     A  A  AA TA T  C  TA TA    AG AGCA
DQ902121.1_Coelognathus_radiatus             cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C        A     AA AAACT GG GG  C  T GC CT  T  TATC  T      C  T  T  T  C  T  T     C  A  AA CA G  T  TA TT    TG AACC
AY486921.1_Platyceps_rhodorachis_            cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C        A     AA AAACT GG GG  C  TAGC CT  T  T TC  T      C  G  G  T  C  A  C     T  A  AA AG    T  AG AC T  AG AACC
DQ902128.1_Coelognathus_flavolineatus        cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  TAGC CT  T  TATC  T      T  T     T  T  A  T     A  A  AA AA    C  CA CA    TA TGCC
AY486929.1_Ptyas_korros                      cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  TAGC CT  T  TATC  T      C  A     C  C  A  C     A  A  GA CA    T  AG AT    CG AATA
AY611998.1_Ptyas_mucosus                     cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  TAGC CT  T  TATC  T      T  A     C  T  A  C     A  G  GA CG    C  AG TA    AG AATA
AF471054.1_Ptyas_mucosa                      cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                                   A   A     AA AAACT GG GG  C  TAGC CT  T  TATC  T      TT A     C  C  A  C     A  A  GA CG    C  AG TA    AG AATA
EF076709.1_Orthriophis_taeniurus             cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A         AA AAACT GG GG  C  TAGC CT  T  TATC  T      C  A     AG T  A  T     G  G  AA TT    C  AG AC    CG AACT
DQ902132.1_Orthriophis_taeniurus             cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                              C    A   A     AA AA CT GG GG  C  TAGC CT  T  T TC  T      C  A     A  T  A  C  G  A  A  AA CT    A  AG AC C  CG AACT
DQ902118.1_Oreophis_porphyraceus             cc  c cc cc  c cc                                           KG KG KdddG KG KG KG KdddG KG KG  B  KddG KG  B  KddG  B    AT  T CG TC  T CC                                                       A     AA AAACT GG GG  C  TAGC CT  T  TATC  T      CT A  T  T  C  C  C     A  G  GA CC    T  TG AC    CG AACT
DQ902115.1_Euprepiophis_mandarinus           cc  c cc cc  c cc                                           JH JH JIIIH JH JH JH JIIIH JH JH  C  JIIH JH  C  JIIH  C    AT  T CG TC  T CC                                              C    A   A     AA AAACT GG GG  C  T GC CT  T  TATC  T      T  C     C  C  C  C     T  A  AA AA C  C  TA TC    CG AACT
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AF471076.1_Daboia_russelii                   DEEEEF DEEEF  DEF DF DF DEEEF DF  A    DF  A DEEF  DEEEF DF AT CT  TAACA  ACC TT AC CACAC TC       CG  C AT A  TTCCG CC   T  CC     TC   T  C  C     C  AACCACC  AT T  G TA     A  T
GQ359441.1_Echis_carinatus_isolate_          KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ............................................................
MK193094.1_Protobothrops_mucrosquamatus      KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA T ACA  ACC T  AC CACAC  C  A    CG  C AT A  TT CG CC       T C   AT   C AC  C     CG CC CACT  AT T  G TA  T  A  C
KX019144.1_Trimeresurus_stejnegeri_          KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG AT CT  T ACA   CC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC   T  CT C   ACC  C  T  C     C  AC CATT  CT T    TA     A  C
HM567533.1_Protobothrops_jerdonii            KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCT  T ACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC      CT T   AT   C  T  C     C  TC CACT  CT T    TA     A  C
LC094069.1_Sinomicrurus_macclellandi_iwasakii KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC       A     GC   T  C  C     C  AT CGTG  GT C    CC     T  A
FR693730.1_Ophiophagus_hannah                KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG AT CTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TT  G CC   T   A     AC   A  C  C     C  AC TACC  AT T    CT  TM G  A
KU527540.1_Naja_kaouthia                     KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATC TA  AACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC    T  AC    GC   T  C  C     T  GT CACA  AT T    TA     T  A
GQ225657.1_Naja_naja_naja_                   KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATC TA  AACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC    T  AC    GC   C  C  C     T  GT CACA  AT T    TA     C  A
U69859.1_Python_reticulatus                  KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATC TA T AC    CC TT AC CACAC  C  A    CG  C ATAA  TTCCG CC    T  T C  TATC  A  C  A     AG TA TCTT  TC C    CC     A  A
JX401136.1_Python_bivittatus                 KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA T A     CC TT AC CA AC  C  A    CG  C ATAA  TTCCG CC       T T TTACC  A  C  A  T  AG CT CTTC  CC A    CT     C  A
AY099983.1_Python_molurus                    KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA T A     CC TT AC CA AC  C  A    CG  C ATAA  TTCCG CC       T T TTATC  A  C  A  T  AG CC CTTC  CC A    CT     C  A
LC105627.1_Enhydris_enhydris                 KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCT  TAACA  ACC TT  C CACAC TC       CG  C  TAA  TTCCG CC      TA     AC   A  TT C     C  CACAACC  AA CC   CA     C  C
DQ902119.1_Gonyosoma_prasinum_               KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TT CG CC       A     AC   A  T  C     C  AT CATA  AC T    CC  T  C  A
AF471084.1_Gonyosoma_oxycephalum_            KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA   CC TT AC CACAC TC       CG  C ATAA  TT CG CC       A     ACC  A  C  C     C  AAGTGTA  AT C    CC  T  A  A
DQ902121.1_Coelognathus_radiatus             KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CA AC TC  A    CG  C ATAA  TTCCG CC       C     AT   C  C  C  T  T  TC TACA  AT T    CT     C  A
AY486921.1_Platyceps_rhodorachis_            KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCT  TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC      GA     GC   A  C  A     A  AC CCTT  AC A    CT     C  A
DQ902128.1_Coelognathus_flavolineatus        KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG AT CTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TT CG CC   T   A     AC   A  T  C     T  AC CATA  AT T    TT  T  C  A
AY486929.1_Ptyas_korros                      KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CA AC TC  A    CG  C ATAA  TTCCG CC       A     GC   C  C  A  T  C  GC TGTA  TT A    CC     C  A
AY611998.1_Ptyas_mucosus                     KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC       A     AC   A  C  A     C  AT TGTT  AT C    CA     C  A
AF471054.1_Ptyas_mucosa                      KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC       A     AC   A  C  A     C  AT TGTT  AT C    CA     C  A
EF076709.1_Orthriophis_taeniurus             KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC       A     TC   A  T  A     C  AC CATC  AT T    CA     T  T
DQ902132.1_Orthriophis_taeniurus             KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CACAC TC       CG  C ATAA  TTCCG CC       A     GC   A  T  A     C  ACGCATC  AT T    CA     T  C
DQ902118.1_Oreophis_porphyraceus             KddddG KdddG  KdG KG KG KdddG KG  B    KG  B KddG  KdddG KG ATCCTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TT CG CC       T     CT   A  T  A     C  AC CATA  AC C    CC  T  C  A
DQ902115.1_Euprepiophis_mandarinus           JIIIIH JIIIH  JIH JH JH JIIIH JH  C    JH  C JIIH  JIIIH JH AT CTA TAACA  ACC TT AC CACAC TC  A    CG  C ATAA  TTCCG CC   T   A     AT   A  C  A     C  TC CGTA  AC T    CC     C  A
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AF471076.1_Daboia_russelii                    A   DEEF A  DEEEEEEEEF  DF A  A DEEEEEEF DF DEEEEEEEF A DF  T   ACAA T   ATTCTGAAC  T     C A   T AT A  ATCAC TGA C GC C AAT    C AAC         CT TACTA T TCG T  T TT     C   A A  C
GQ359441.1_Echis_carinatus_isolate_           B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG ............................................................
MK193094.1_Protobothrops_mucrosquamatus       B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T   ATT TGA C  T  T  C ACATTCAT A  ATCAC TG  C GC T CAT    C CAC   T   T TT CA CA C        T TC     T  GG C  C
KX019144.1_Trimeresurus_stejnegeri_           B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T   ATTCTGAAC  T     C ACATTCAT A  AT AC TGA C GC T CAT    C TAC         CT TACAA T        C TC  T  C   G C  C
HM567533.1_Protobothrops_jerdonii             B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T    CAA T  TATTCTGA C  T     C ACA T AT A  ATCAC TGA C GC T CATG   C CA        T TT TGCCA T   C T  C TT     C   A C  C
LC094069.1_Sinomicrurus_macclellandi_iwasakii  B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA    TATTCTGAAC  TA T  C AC TT AT AC ATCACATGA C GC C AGC    ACCA          TC  A CA C  C  T  C  C         A A  C
FR693730.1_Ophiophagus_hannah                 B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C ACATTCAT AC    ACATGA C GC T AAC    A CC          AT  A TG T        T  CSWT      A C  C
KU527540.1_Naja_kaouthia                      B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C AC TTC T AC AT ACATGA C GC C ATC    A TC          AT  A CG T  T   G T  C  T      A C  C
GQ225657.1_Naja_naja_naja_                    B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C AC TTC T AC AT ACATGA C GC C GTC    A TC          AT  A TG T  T   G T  C  T      A T  C
U69859.1_Python_reticulatus                   B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T    CAA T  T TTCTGAAC  TA T  C AC TT AT AC ATCACATGA C GC C CTAT   C CA G        AC  G CT C  T  T  T  T         G C  T
JX401136.1_Python_bivittatus                  B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  T TTCTGAAC  TA T  C ACATTCAT AC ATCACATGA C GC C ATC    C AA G        AC  G AT A        C  T         G C  C
AY099983.1_Python_molurus                     B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  T TTCTGAAC  TA T  C ACATTCAT AC ATCACATGA C GC C ATC    C AA G        AC  G AT A        C  T         G C  C
LC105627.1_Enhydris_enhydris                  B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T    CAA T  T TTCTGA C  TA T  C ACATTCAT A  ATCACATGA C GC T GTCT   C AA C      T CC  A CG T        C TA         A A  A
DQ902119.1_Gonyosoma_prasinum_                B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C ACATTCAT AC ATCACATGA C GC C AAT    C AA          CC  G AG C        T  A         G A  C
AF471084.1_Gonyosoma_oxycephalum_             B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T   ATTCTGAAC  TA    C ACATT AT AC ATCACATGA C GC A AGC    C AAC         CC  ACAG C     T  C  T         G A  A
DQ902121.1_Coelognathus_radiatus              B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATT TGAAC  TA T  C ACATTCAT AC ATCACATGA C GC A TAT    C CA    T     GC  G CA T        C  A         G A  C
AY486921.1_Platyceps_rhodorachis_             B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTG AC  TA T  C ACATTCAT AC ATCACATGA C GC A AAT    A CG       G  TC  A TG C        T  A         G A  C
DQ902128.1_Coelognathus_flavolineatus         B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C ACATTCAT AC AT ACATG  C GC C ATC    C AA          TA  G AG C        C  A  T     GG T  T
AY486929.1_Ptyas_korros                       B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA    C ACATTCAT AC ATCACATGA C GC A CAT    A TG          CA  ACAG T        T  A         G A  T
AY611998.1_Ptyas_mucosus                      B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C ACATTCAT AC ATCACATGA C GC A CAT    A AG          AA  G AG C        T  A         G A  C
AF471054.1_Ptyas_mucosa                       B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C ACATTCAT AC ATCACATGA C GC A CAT    A AG          AA  G AG C        T  A         G A  C
EF076709.1_Orthriophis_taeniurus              B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA    TATTCTGA C  TA T  C ACATTCAT AC ATCACATGA C GC A AAT    CCCA        G CC  G AG C        A  T         G A  C
DQ902132.1_Orthriophis_taeniurus              B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C ACATTCAT AC ATCAC TGA C GC A AAT    C TA          CC  G AG C        A  T     G   G A  T
DQ902118.1_Oreophis_porphyraceus              B   KddG B  KddddddddG  KG B  B KddddddG KG KdddddddG B KG  T   ACAA T  TATTCTGAAC  TA T  C AC TTCAT AC ATCACATGA C GC C ATC    T AA          AC  G GG C  C     T  A         G A  C
DQ902115.1_Euprepiophis_mandarinus            C   JIIH C  JIIIIIIIIH  JH C  C JIIIIIIH JH JIIIIIIIH C JH  T   ACAA T  TATTCTGAAC  TA T  C ACATT AT AC AT ACATGA C GC T AAC    C AA          CT  A AG C     T  C  A  T      G A  T

  950       960       970       980       990                   X         X         X         X         X               
AF471076.1_Daboia_russelii                   DF DEEEEEEEEEEEEF DEEEF A     DF  A DEF  DEF DF             AC AAACCAGT GAA C CCATT A     AT  G CAA    C TC               T        G   A C     C CAGAA  TA C   CTTG C  AATT         
GQ359441.1_Echis_carinatus_isolate_          KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             ...................................................         
MK193094.1_Protobothrops_mucrosquamatus      KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AA CCAGTAGAACC CCATT A     AT  G CA   A C TC               T  G           G     C CAGAA  TG A  GTT G T  AATT         
KX019144.1_Trimeresurus_stejnegeri_          KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGT GA CC CCATT A     AT  G CAA    C TC               T        T  G  C     C CAGAA  CG C   CTGG T  AATC         
HM567533.1_Protobothrops_jerdonii            KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCATT A     AT  G CAA  A C TC               T              A     C CAGAA  TG T   CT G C  AGTC         
LC094069.1_Sinomicrurus_macclellandi_iwasakii KG KddddddddddddG KdddG B     KG  B KdG  KdG KG              C AAACC  TAGAACC CC TT A     AT    CA   AAC TC             T T     GA       C  G  C TCATT  CAAC  GAT   C  AATC         
FR693730.1_Ophiophagus_hannah                KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAA C CCAT  A     AT  G CAA  AAC TC               T            T A    GT TCATC  TA C   AT   T  AATT         
KU527540.1_Naja_kaouthia                     KG KddddddddddddG KdddG B     KG  B KdG  KdG KG              C AAACCAGTAGAACC CCATT A     AT  G CA   AAC TC             T T              A     T TTACT  CA T  GAC   G  AATT         
GQ225657.1_Naja_naja_naja_                   KG KddddddddddddG KdddG B     KG  B KdG  KdG KG              C AAACCAGTAGAACC CCATT A     AT  G CA   AAC TC             T T              A     T TTACC  CA T  GAC   A  AATT         
U69859.1_Python_reticulatus                  KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACC GTAGA CC CC TT A     AT  G CAA  AAC TC               A     C     G  C  T  T TCACT  TA T   GT   T  AACA         
JX401136.1_Python_bivittatus                 KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCAT  A     AT  G CAA  AAC  C               A              T    AC TCATC  TA C   GT   AG AACA         
AY099983.1_Python_molurus                    KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCAT  A     AT  G CAA  AAC  C               A              T    AT TCATC  TA C   GT   AG AACA         
LC105627.1_Enhydris_enhydris                 KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGT                                                   T        ........................................         
DQ902119.1_Gonyosoma_prasinum_               KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGT GAACC CCATT A     AT  G CAA  AAC TC               C        T     A     T CATCT  TG T   AC   C  TCTA         
AF471084.1_Gonyosoma_oxycephalum_            KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCATT A     AT  G CAA  AAC  C               T              A     T CCCTC  CG C   GT   CG TACA         
DQ902121.1_Coelognathus_radiatus             KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGA  C CCATT A     AT  G CAA  AAC TC               C           GT C     T CTACT  TG A   AC   T  TTTC         
AY486921.1_Platyceps_rhodorachis_            KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCATT A     AT  G CAA   AC TC               T              G     T CCCTA  CG A   ATC  C  TTCA         
DQ902128.1_Coelognathus_flavolineatus        KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AA CCAGTAGAACC CC TT A     AT  G CAA  AAC TC               T  G           C  C  T CTTTT  TG A   AC   T  CTCT         
AY486929.1_Ptyas_korros                      KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACC GTAGAACC CCATT A     AT  G CAA   AC TC               T     G        A     T CCCTT  TG T   TTG  A  CGCA         
AY611998.1_Ptyas_mucosus                     KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCATT A     AT  G CAA  AAC TC               C              A     C CCATA  TG A   TT   A  AATT         
AF471054.1_Ptyas_mucosa                      KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCATT A     AT  G CAA  AAC TC               C              A     C CCATA  CG A   TT   A  AATT         
EF076709.1_Orthriophis_taeniurus             KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCATT A     AT  G CAA  AAC TC               C              A     T ACACT  CG T   GT   C  AATT         
DQ902132.1_Orthriophis_taeniurus             KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCATT A     AT  G CAA  AAC  C               T              A     T ATACT  CG C   GT   CG CATT         
DQ902118.1_Oreophis_porphyraceus             KG KddddddddddddG KdddG B     KG  B KdG  KdG KG             AC AAACCAGTAGAACC CCATT       AT  G CAA  AAC TC               T              C     CGTTCTT  TA C   TC   C  TACT         
DQ902115.1_Euprepiophis_mandarinus           JH JIIIIIIIIIIIIH JIIIH C     JH  C JIH  JIH JH             AC AAACCAGTAGAACC CCATT A     AT  G CAA  AAC TC               T              C     C CTATA  TA C   AC   C  TATT         

 



1       10        20        30        40        50        60X        X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_     c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc DEEEF  DEEF DF DF DF DF DF  DEEF DF DEEEF DEEEEEEF DF DEEEEE A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T  C    A            T       A        C   C A  C   C    A  A  T  TT    T  C  A  G  C  AT  G A  T     C      G A  T      
MT215102.1_Python_molurus_               c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T                C   C A           A  A     AC    T  T  A  A  C  AC TG C  C     T     TG AT A      
LC086062.1_Python_bivittatus_            c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T                C     A  C        A  A     AC    T  T  A  A  C  AC TG A  C     TT     G AT A      
LC075329.1_Python_bivittatus_            c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T                C     A  C        A  A     AC    T  T  A  A  C  AC TG A  C     TT     G AT A      
MZ031479.1_Trimeresurus_stejnegeri_      c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T  C    A            T        A       C   C A  CA  C    A     T  AA    C  C  A  G  A  CC T  C  G     C        C  A     C
MZ031477.1_Protobothrops_mucrosquamatus_  c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T        A       C   C A  CA  C    A        TA    T  T  A  G  C  TC T  C  G     C        T  A     T
KF170929.1_Protobothrops_jerdonii        c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG   CC    A            T        A       C   C A  CA  C    A   .    TA    T  T  A  G  C  TC T  C  G     C        T  A     T
MT348390.1_Naja_kaouthia_                c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC                 T       AA       C     A   A  C    A        TC G  T  T  C  A  C  TC    C  A     CT    T  G  A     C
MT348389.1_Naja_kaouthia_                c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC                 T       AA       C     A   A  C    A        TC G  T  T  C  A  C  TC    C  A     CT    T  G  A     C
MT348388.1_Naja_kaouthia                 c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC                 T       AA       C     A   A  C    A        TC G  T  T  C  A  C  TC    C  A     CT    T  G  A     C
MT348387.1_Naja_kaouthia                 c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC                 T       AA       C     A   A  C    A        TC G  T  T  T  A  C  TC    C  A     CT    T  G  A     C
MT215097.1_Naja_naja_                    c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC                 T       AA       C   C A  CA  C    A        TC G  T  T  C  A  C  TC    C  G     C        A  A     C
MT215096.1_Naja_naja                     c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC                 T       AA       C   C A  CA  C    A        TC G  T  T  C  A  C  TC    C  G     C        A  A     C
MT215095.1_Naja_naja_                    c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC                 T       AA       C   C A  CA  C    A        TC G  T  T  C  A  C  TC    C  G     C        A  A     C
MT215094.1_Daboia_russelii_              c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T  C                 T       A        C     A   A  C    A  A  T  AA C  C  C  T  A  T  GT  G T  A     TT    T  T  G      
LC105604.1_Enhydris_enhydris_            c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A                    AA       C   C    CA  C    A  A     CC    T  G  C  AG T  CT    T  C     T  T     T  T      
LC105603.1_Enhydris_enhydris             c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A                    AA       C   C    CA  C    A  A     CC    T  G  C  AG T  CT    T  C     T  T     T  T      
LC105602.1_Enhydris_enhydris_            c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A                    AA       C   C    CA  C    A  A     CC    T  G  C  AG T  CT    T  C     T  T     T  T      
LC105601.1_Enhydris_enhydris             c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A                    AA       C   C    CA  C    A  A     CC    T  G  C  AG T  CT    T  C     T  T     T  T      
MZ031450.1_Elaphe_taeniura_voucher       c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T       AA       C   C    CA  C    A  A     AC    T  C  A  G  T  CC    C  A     C  G     T  C      
MZ031467.1_Ptyas_korros                  c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T       AA           C     A  C    A  A     AC    T  C  A  G  A  AC    T  A  T  C  T  T  T  C      
MW144274.1_Ptyas_mucosa_                 c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T       AA           C    CA  C    A  A     AT    C  A  A  A  A  AC    T  G  A  C  C     T  T      
MZ045970.1_Ptyas_mucosa_                 c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T       AA           C    CA  C    A  A     AT    C  A  A  A  A  GC    T  G  A  C  C     T  T      
LC105608.1_Ptyas_mucosa                  c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T       AA           C    CA  C    A  A     AT    C  A  A  A  G  GC    T  G  A  C  C     T  T      
MZ045947.1_Coelognathus_radiatus_        c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA           C A  CA  C    A  A   T AC    C  T  G  A  T  CT    T  G  T  T        C  T      
MZ045946.1_Coelognathus_radiatus_        c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA           C A  CA  C    A  A   T AC    C  T  G  A  T  CT    T  G  T  T        C  T      
LC105611.1_Coelognathus_radiatus_        c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA           C A  CA  C    A  A   T AC    C  T  G  G  T  CT    T  G  T  T        C  T      
LC105610.1_Coelognathus_radiatus_        c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA           C A  CA  C    A  A   T AC    C  T  G  G  T  CT    T  G  T  T        C  T      
LC105609.1_Coelognathus_radiatus_        c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA           C A  CA  C    A  A   T AC    C  T  G  G  T  CT    T  G  T  T        C  T      
LC105618.1_Rhadinophis_prasinus_         c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA       C   C A  CA  C       A   T AC    C  A  C  G  C  CT    C  G     C        C  C  G   
LC105617.1_Rhadinophis_prasinus_         c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA       C   C A  CA  C    A  A   T AC    C  G  C  A  T  CT    C  G     C        C  T      
MZ045988.1_Coelognathus_flavolineatus_   c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T                    T       A        C   C A  CA  C    A  A  TT AT G  C  C  A  G  C  CT  G T  A     C        T  A      
LC075340.1_Coelognathus_flavolineatus_   c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T                    T       AA       C   C A  CA  C    A  A  TT AT G  C  C  A  G  G  CT    C  G     C        C  A      
MZ031453.1_Euprepiophis_mandarinus       c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T  C    A            T       AA       C   C    CA  C    A  A  T  AC    C  C  G  G  T  CC    T  G     C  C     C  A      
MT215100.1_Boiga_ochracea_               c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA       C   C A  CA          A   T AT    T  C  A  A  T  CC    C  G     T        TA A  G   
MT215099.1_Boiga_ochracea                c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA       C   C A  CA          A   T AT    T  C  A  A  T  CC    C  G     T        TA A  G   
MT215098.1_Boiga_ochracea_               c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T C     A            T       AA       C   C A  CA          A   T AT    T  C  A  A  T  CC    C  G     T        TA A  G   
MZ031437.1_Oreocryptophis_porphyraceus_  c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T       AA       C   C A  CA  C       A     AC    T  C  A  A  A  CC    T  T     C        C  A  G   
LC075339.1_Gonyosoma_oxycephalum_        c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc KdddG  KddG KG KG KG KG KG  KddG KG KdddG KddddddG KG Kddddd A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T       AA             A   A  C    A  A     AC    C  C  A  A  T  CT    T  G  T  CT    T  C  G      
LC075338.1_Gonyosoma_oxycephalum_        c  c  c cc cc cc cc  c cc  c  c cc cc cc  c cc  c  c cc cc JIIIH  JIIH JH JH JH JH JH  JIIH JH JIIIH JIIIIIIH JH JIIIII A  T  T TT GG GC TG  C GG  T  T GG GC TG  T AG  T  T AT CG T CC    A            T       AA             A   A  C    A  A     AC    C  C  A  A  T  CT    T  G  T  CT    T  C  G      

        70        80        90       100       110       120         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_    cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc EEEEEEEF DF DF DF DF DF DF  A DF DF DEEEF DEEEEEEEEEF  DEEF AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A    T  T                 A  A  A  A  T  C  GT C  T  C     A  T        AC T  A
MT215102.1_Python_molurus_              cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T                 A  A  A  A  C  C  AT C  C  C     A           GC T  A
LC086062.1_Python_bivittatus_           cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T            G   C   A C  T  T                 A  A  A  A  C  TT AT C  C  C     A           GC T  A
LC075329.1_Python_bivittatus_           cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T            G   C   A C  T  T                 A  A  A  A  C  TT AT C  C  C     A           GC T  A
MZ031479.1_Trimeresurus_stejnegeri_     cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T            G   C   A C  T  T     A           G  T  G  T  A  AT GT C  C  T     G           TC    A
MZ031477.1_Protobothrops_mucrosquamatus_ cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  A               T  C         G   C   A C  T  T     A         T G  A  G  G  G  C  AT T  C  C     A           AT    A
KF170929.1_Protobothrops_jerdonii       cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  A               T  C         G   C   A C  T  T     A         T G  A  G  G  G  C  AT T  C  C     A           AT    A
MT348390.1_Naja_kaouthia_               cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C                       G  C  G  C  A  A  AT C  C  T     A     C  C  AC T  A
MT348389.1_Naja_kaouthia_               cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C                       G  C  G  C  A  A  AT C  C  T     A     C  C  AC T  A
MT348388.1_Naja_kaouthia                cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C                       G  C  G  C  A  A  AT C  C  T     A     C  C  AC T  A
MT348387.1_Naja_kaouthia                cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C                       G  C  G  C  A  A  AT C  C  T     A     C  C  AC T  A
MT215097.1_Naja_naja_                   cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C        T                    G  C  A  C  A  A  AT T  C  T     GG A     C  AC T  A
MT215096.1_Naja_naja                    cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C        T                    G  C  A  C  A  G  AT T  C  T     GG A     C  AC T  A
MT215095.1_Naja_naja_                   cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C        T                    G  C  A  C  A  G  AT T  C  T     GG A     C  AC T  A
MT215094.1_Daboia_russelii_             cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A   C              T  C         G       A C  T        A        G  T  T  G  C  A  C  GT C  T  C  T  G        C  CC    A
LC105604.1_Enhydris_enhydris_           cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A   C              T  C         G   C   A C  T  T     A        G  G  A  G  A  A  A  CC A  A  T     G           AC    A
LC105603.1_Enhydris_enhydris            cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A   C              T  C         G   C   A C  T  T     A        G  G  A  G  A  A  A  CC A  A  T     G           AC    A
LC105602.1_Enhydris_enhydris_           cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A   C              T  C         G   C   A C  T  T     A        G  G  A  G  A  A  A  CC A  A  T     G           AC    A
LC105601.1_Enhydris_enhydris            cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A   C              T  C         G   C   A C  T  T     A        G  G  A  G  A  A  A  CC A  A  T     G           AC    A
MZ031450.1_Elaphe_taeniura_voucher      cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT       C              T  C         G   C   A C  T  T     A     G  G  G  C  A  A  C  A  AT A  C  C     G           TC    C
MZ031467.1_Ptyas_korros                 cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C             C   A C  T  T     A           A  C  G  A  A  A  TA A  C AC     A           CC    A
MW144274.1_Ptyas_mucosa_                cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           A  C  A  A  A  A  CC G  A  C     A           AC    A
MZ045970.1_Ptyas_mucosa_                cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           A  C  A  A  G  A  CC G  C  C     A           AC    A
LC105608.1_Ptyas_mucosa                 cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           A  C  A  A  G  A  CC T  C  C     A           AC    A
MZ045947.1_Coelognathus_radiatus_       cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           T  C  G  C  A  A  TC A  T  C     A           AA    T
MZ045946.1_Coelognathus_radiatus_       cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           T  C  G  C  A  A  TC A  T  C     A           AA    T
LC105611.1_Coelognathus_radiatus_       cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           T  C  G  C  A  A  TC A  T  C     A           AA    T
LC105610.1_Coelognathus_radiatus_       cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           T  C  G  C  A  A  TC A  T  C     A           AA    T
LC105609.1_Coelognathus_radiatus_       cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           T  C  G  C  A  A  TC A  T  C     A           AA    T
LC105618.1_Rhadinophis_prasinus_        cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A                  T  C             C   A C  T  T     A        GT A  C  G  G  A  T  GC A  C AC     A           CC    C
LC105617.1_Rhadinophis_prasinus_        cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A                  T  C         G       A C  T  T     A        GT A  C  G  A  A  T  GC A  C  C  T  A           CC    C
MZ045988.1_Coelognathus_flavolineatus_  cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A   C              T  C         G   C   A C  T  T     A        G  C  T  A  C  A  C  CC A  C  T     A           AA    A
LC075340.1_Coelognathus_flavolineatus_  cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           C  C  G  C  A  G  AC A  C  T     A           GA    A
MZ031453.1_Euprepiophis_mandarinus      cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T  C         G   C   A C  T  T     A           A  C  G  C  C  A  AC A  C  C     A           TT    C
MT215100.1_Boiga_ochracea_              cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC                 C         G   C   A    T  T     A           A  C  G  T  GG A  AC G  C  C     A  T        TC    C
MT215099.1_Boiga_ochracea               cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC                 C         G   C   A    T  T     A           A  C  G  T  GG A  AC G  C  C     A  T        TC    C
MT215098.1_Boiga_ochracea_              cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC                 C         G   C   A    T  T     A           A  C  G  T  GG A  AC G  C  C     A  T        TC    C
MZ031437.1_Oreocryptophis_porphyraceus_ cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A   C              T  C         G       A C  T  T     A        G  G  C  G  G  G  G  TC G  T  C  T  G           TA    T
LC075339.1_Gonyosoma_oxycephalum_       cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc dddddddG KG KG KG KG KG KG  B KG KG KdddG KdddddddddG  KddG AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T            G       A    T        A           A  C  A  A  G  GT AC G  T  C  T  G  T     C  CA    G
LC075338.1_Gonyosoma_oxycephalum_       cc cc  c cc cc cc cc  c  c  c cc c  cc cc  c cc cc cc  c cc IIIIIIIH JH JH JH JH JH JH  C JH JH JIIIH JIIIIIIIIIH  JIIH AT GA  T AC CA CC GG  C  T  T GG A  GA CA  T TT AA GT  T GT   A  AC              T            G       A    T        A           A  C  A  A  G  GT AC G  T  C  T  G  T     C  CA    G



       130       140       150       160       170       180         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_    cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc DEEEEEEEEEEEEF DF DEEEEEEEEEF DEEEF DEEEF DF DEEEF DF DF DF AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C     A              C     A     A        A                    T     CG A     C     C     T     A  T     C  A  C  C
MT215102.1_Python_molurus_              cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A           T        A     A                                   CG A        T  T     T     T  T  G  C  A  C  C
LC086062.1_Python_bivittatus_           cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A           T        A     A                                   CG A        T  T     T     C  T  G  C  A  T  C
LC075329.1_Python_bivittatus_           cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A           T        A     A                                   CG A        T  T     T     C  T  G  C  A  T  C
MZ031479.1_Trimeresurus_stejnegeri_     cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT         C  A   A          C     A     A        A              C  T        C  C     C     T     C     C  T     C  A  C  C
MZ031477.1_Protobothrops_mucrosquamatus_ cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT      C  C  A   A       T  C     A     A        A              C           C  C           C     T     C  C     C  A  T  T
KF170929.1_Protobothrops_jerdonii       cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT      C  C  A   A       T  C     A     A        A              C           C  T           C     C     C  C     C  G  A  T
MT348390.1_Naja_kaouthia_               cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT         C  A   A       T              A        A              T  T        T  C        T  C  G  A     C  T     G  A  C  C
MT348389.1_Naja_kaouthia_               cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT         C  A   A       T              A        A              T  T        T  C        T  C  G  A     C  T     G  A  C  C
MT348388.1_Naja_kaouthia                cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT         C  A   A       T              A        A              T  T        T  C        T  C  G  A     C  T     G  A  C  C
MT348387.1_Naja_kaouthia                cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT         C  A   A       T              A        A              T  T        T  C        T  C  G  A     C  T     G  A  C  C
MT215097.1_Naja_naja_                   cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT      C  C  A   A       T                       A              C           T  C        T  C  G  A  G  C  T     G  A  C  T
MT215096.1_Naja_naja                    cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT      C  C  A   A       T                       A              C           T  C        T  C  G  A  G  C  T     G  A  C  T
MT215095.1_Naja_naja_                   cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT      C  C  A   A       T                       A              C           T  C        T  C  G  A  G  C  T     G  A  C  T
MT215094.1_Daboia_russelii_             cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT         C      A          C     A     A        A              C  A     C  C  C     C     C     A     A  T     C  C  G  T
LC105604.1_Enhydris_enhydris_           cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  C           C     T     C  T     C  A  G  C
LC105603.1_Enhydris_enhydris            cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  C           C     T     C  T     C  A  G  C
LC105602.1_Enhydris_enhydris_           cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  C           C     T     C  T     C  A  G  C
LC105601.1_Enhydris_enhydris            cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  C           C     T     C  T     C  A  G  C
MZ031450.1_Elaphe_taeniura_voucher      cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          T  C           T     A     A  C     T  A  C  C
MZ031467.1_Ptyas_korros                 cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A                                   T  C           T     T     C  C  G  C  G  G  C
MW144274.1_Ptyas_mucosa_                cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  C           C     C     A  T     T  C  A  C
MZ045970.1_Ptyas_mucosa_                cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  C           C     C     A  T     T  C  A  C
LC105608.1_Ptyas_mucosa                 cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  C           C     C     A  T     T  C  A  C
MZ045947.1_Coelognathus_radiatus_       cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A        A   A       T  C     A     A        A                 T  T     C  T           T     T     A  C     T  C  T  T
MZ045946.1_Coelognathus_radiatus_       cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A        A   A       T  C     A     A        A                 T  T     C  T           T     T     A  C     T  C  T  T
LC105611.1_Coelognathus_radiatus_       cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A        A   A       T  C     A     A        A                 T  T     C  T           T     T     T  C     T  C  T  T
LC105610.1_Coelognathus_radiatus_       cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A        A   A       T  C     A     A        A                 T  T     C  T           T     T     T  C     T  C  T  T
LC105609.1_Coelognathus_radiatus_       cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A        A   A       T  C     A     A        A                 T  T     C  T           T     T     T  C     T  C  T  T
LC105618.1_Rhadinophis_prasinus_        cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  C           T     C     T  C     T  C  C  C
LC105617.1_Rhadinophis_prasinus_        cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          C  T           T     C     C  C     T  C  C  C
MZ045988.1_Coelognathus_flavolineatus_  cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C     A     A        A                          T  T           T     T     C  T     T  G  G  C
LC075340.1_Coelognathus_flavolineatus_  cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C           A        A                          T  T           T  G  T     C  T     C  G  G  C
MZ031453.1_Euprepiophis_mandarinus      cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C           A        A                          T  C           C  G  A     T  T     C  G  G  C
MT215100.1_Boiga_ochracea_              cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C     A   A          C     A     A        A                    T     T  C     C     T     T     C  C     T  G  G  C
MT215099.1_Boiga_ochracea               cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C     A   A          C     A     A        A                    T     T  C     C     T     T     C  C     T  G  G  C
MT215098.1_Boiga_ochracea_              cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C     A   A          C     A     A        A                    T     T  C     C     T     T     C  C     T  G  G  C
MZ031437.1_Oreocryptophis_porphyraceus_ cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C  C  A   A       T  C           A        A                          C  C           C  G  A     C  T     C  G  C  C
LC075339.1_Gonyosoma_oxycephalum_       cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc KddddddddddddG KG KdddddddddG KdddG KdddG KG KdddG KG KG KG AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C     A   A       T  C     A     A        A                    T     C  C           T     T     A  C     C  G  G  T
LC075338.1_Gonyosoma_oxycephalum_       cc cc cc cc cc  c ccccc cc cc cc cc cc cc cc cc cc cc cc cc JIIIIIIIIIIIIH JH JIIIIIIIIIH JIIIH JIIIH JH JIIIH JH JH JH AC GC CA GC TT  T ATAAT TT TT AT GT AT CC AT AT AT GG GG TT   A  C     A   A       T  C     A     A        A                    T     C  C           T     T     A  C     C  G  G  T

       190       200       210       220       230       240         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_    cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc DF DEEEEEEEEEEEEF  DEEEEEF DEEEF DF DF DEEEF DF DF DF DEEEF GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C  A C     A  AA     G          A              A     A        C     AC       T  T  A  A  C     A  T  A  A     C
MT215102.1_Python_molurus_              cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA     G          A              A     A              AT       C  G  A  C  C     A  C  A  A     C
LC086062.1_Python_bivittatus_           cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA C     A  AA    AG          A              A     A      T       AT       C     A  A  C     A  C  G  A     T
LC075329.1_Python_bivittatus_           cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA C     A  AA    AG          A              A     A      T       AT       C     A  A  C     A  C  G  A     T
MZ031479.1_Trimeresurus_stejnegeri_     cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    A           A                    A              CC       T   A C  A  C     C  C  C  A  G  C
MZ031477.1_Protobothrops_mucrosquamatus_ cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA       A        A           A              A     A           T  CC    GC A   A C  C  C     C  C  C  A     C
KF170929.1_Protobothrops_jerdonii       cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA       A        A           A              A     A           T  CC    GC A   A C  T  C     C  C  C  A     C
MT348390.1_Naja_kaouthia_               cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C  A C        AA     G                         A     C        T     CT G     T  G  C  A  T  G  C  C  A  A     C
MT348389.1_Naja_kaouthia_               cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C  A C        AA     G                         A     C        T     CT G     T  G  C  A  T  G  C  C  A  A     C
MT348388.1_Naja_kaouthia                cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C  A C        AA     G                         A     C        T     CT G     T  G  C  A  T  G  C  C  A  A     C
MT348387.1_Naja_kaouthia                cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C  A C        AA     G                         A     C        T     CT G     T  G  C  A  T  G  C  C  A  A     C
MT215097.1_Naja_naja_                   cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C    C     A  AA    AG          A              A     C        TG    TC       T     C  A  T     C  C  A  A     C
MT215096.1_Naja_naja                    cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C    C     A  AA    AG          A              A     C        TG    TC       T     C  A  T     C  C  A  A     C
MT215095.1_Naja_naja_                   cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C    C     A  AA    AG          A              A     C        TG    TC       T     C  A  T     C  C  A  A     C
MT215094.1_Daboia_russelii_             cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C        AA                A              A     T              AC T     C  CA C  C  T     C  C  T  C     T
LC105604.1_Enhydris_enhydris_           cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              AC       C     A  G  T     C  T  A  C     T
LC105603.1_Enhydris_enhydris            cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              AC       C     A  G  T     C  T  A  C     T
LC105602.1_Enhydris_enhydris_           cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              AC       C     A  G  T     C  T  A  C     T
LC105601.1_Enhydris_enhydris            cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              AC       C     A  G  T     C  T  A  C     T
MZ031450.1_Elaphe_taeniura_voucher      cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     C              AC       T     C  T  C     T  T  A  G     C
MZ031467.1_Ptyas_korros                 cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              CC       T     G  A  C     C  C  C  A     C
MW144274.1_Ptyas_mucosa_                cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA C     A  AA    AG          A              A     G      T       AC       T     A  A  C     C  C  C  C     C
MZ045970.1_Ptyas_mucosa_                cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA C     A  AA    AG          A              A     G      T       AC       T     A  A  C     C  C  C  C     C
LC105608.1_Ptyas_mucosa                 cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA C     A  AA    AG          A              A     G      T       AC       T     A  A  C     C  C  C  C     C
MZ045947.1_Coelognathus_radiatus_       cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA       A  AA    AG          A              A     T      T    T  TC       C     C  A  T     C  T  A  C     T
MZ045946.1_Coelognathus_radiatus_       cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA       A  AA    AG          A              A     T      T    T  TC       C     C  A  T     C  T  A  C     T
LC105611.1_Coelognathus_radiatus_       cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA       A  AA    AG          A              A     T      T    T  TC       C     C  A  T     C  T  A  C     T
LC105610.1_Coelognathus_radiatus_       cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA       A  AA    AG          A              A     T      T    T  TC       C     C  A  T     C  T  A  C     T
LC105609.1_Coelognathus_radiatus_       cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA       A  AA    AG          A              A     T      T    T  TC       C     C  A  T     C  T  A  C     T
LC105618.1_Rhadinophis_prasinus_        cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA          C AA C     A  AA     G          A              A     C  T           AT       C  G  C  A  T     T  C  C  T     C
LC105617.1_Rhadinophis_prasinus_        cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA          C AA C     A  AA     G          A              A     C  T           AT       C  G  C  T  T     T  T  A  T     C
MZ045988.1_Coelognathus_flavolineatus_  cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C     AA C     A  AA    AG          A              A     T      T       CC       C     C  T  T     C  T  A  A     C
LC075340.1_Coelognathus_flavolineatus_  cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     T              AC       C     C  C  T     C  T  A  A     C
MZ031453.1_Euprepiophis_mandarinus      cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA     G                         A     A              CT       C  G  C  T  C  G  C  T  G  A     T
MT215100.1_Boiga_ochracea_              cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              TT       C     A  A  C     T  T  C  C     C
MT215099.1_Boiga_ochracea               cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              TT       C     A  A  C     T  T  C  C     C
MT215098.1_Boiga_ochracea_              cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              TT       C     A  A  C     T  T  C  C     C
MZ031437.1_Oreocryptophis_porphyraceus_ cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA             A C     A  AA    AG          A              A     T  T   T G     CC       C     T  T  C     T  T  G  T     C
LC075339.1_Gonyosoma_oxycephalum_       cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc KG KddddddddddddG  KdddddG KdddG KG KG KdddG KG KG KG KdddG GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              AC       C     C  A  C     T  C  G  C     C
LC075338.1_Gonyosoma_oxycephalum_       cc cc ccc c  c cc  c cc  c cc  c cc cc cc cc cc cc cc cc cc JH JIIIIIIIIIIIIH  JIIIIIH JIIIH JH JH JIIIH JH JH JH JIIIH GG AA TGA T  T CC  T AT  T GG  C CC GA AT GC TT CC CG AT AA      C   C AA C     A  AA    AG          A              A     A              AC       C     C  A  C     T  C  G  C     C



       250       260       270       280       290       300         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_    cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c DF DEEEEEEF DF DF DF DF DEEEEEEF DF DF DF DEEEF DF DF DEEEF AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C         C       AG A   C  C  C  C A            G    C        T  AT A  A  A      T A  A  C  T     C  C  T  T  T
MT215102.1_Python_molurus_              cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG AC  C  C  C  C A           CG    T        T  A  T  A  A        A  T  T  C     T  C  A     A
LC086062.1_Python_bivittatus_           cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C          AG AC  C  C  C  C A           CG    T        T  A  TT A  A        A  T  C  C     T  C  A     A
LC075329.1_Python_bivittatus_           cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C          AG AC  C  C  C  C A           CG    T        T  A  TT A  A        A  T  C  C     C  C  A     A
MZ031479.1_Trimeresurus_stejnegeri_     cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T         C      C  C       AG AC  C  C  C  C A           CG    C  G     T  A  C  C  C        A  T  A  A     C  C  T     C
MZ031477.1_Protobothrops_mucrosquamatus_ cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG AC  C     C  C A           CG    T        T  A  C  G  A        A  TT A  T     C  T  T     A
KF170929.1_Protobothrops_jerdonii       cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG AC  C     C  C A           CG    C        T  A  C  G  G        A  TT A  A     C  T  T     A
MT348390.1_Naja_kaouthia_               cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       A   C  C  C  C    A           CG    C        C  G  T  A  C   T C  C  A  T  CT    C  C  A     A
MT348389.1_Naja_kaouthia_               cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       A   C  C  C  C    A           CG    C        C  G  T  A  C   T C  C  A  T  CT    C  C  A     A
MT348388.1_Naja_kaouthia                cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       A   C  C  C  C    A           CG    C        C  G  T  A  C   T C  C  A  T  CT    C  C  A     A
MT348387.1_Naja_kaouthia                cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       A   C  C  C  C    A           CG    C        C  G  T  A  C   T C  C  A  T  CT    C  C  A     A
MT215097.1_Naja_naja_                   cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C           C  C  C  C                CG    C        C  G  C  A  C  GT C  C  A  T  CT G  C  T  G     A
MT215096.1_Naja_naja                    cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C           C  C  C  C                CG    C        C  G  C  A  C  GT C  C  A  T  CT G  C  T  G     A
MT215095.1_Naja_naja_                   cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C           C  C  C  C                CG    C        C  G  C  A  C  GT C  C  A  T  CT G  C  T  G     A
MT215094.1_Daboia_russelii_             cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG AC  C     C  C A                 T        C  A  A  A  C        T  CT A  T     C  T  T  TA A
LC105604.1_Enhydris_enhydris_           cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T         C      C  C       AG AC  C  C  C  C A           CG    C  G     C  A  C  T  A        T  A  T  G     A  C  C     A
LC105603.1_Enhydris_enhydris            cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T         C      C  C       AG AC  C  C  C  C A           CG    C  G     C  A  C  T  A        T  A  T  G     A  C  C     A
LC105602.1_Enhydris_enhydris_           cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T         C      C  C       AG AC  C  C  C  C A           CG    C  G     C  A  C  T  A        T  A  T  G     A  C  C     A
LC105601.1_Enhydris_enhydris            cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T         C      C  C       AG AC  C  C  C  C A           CG    C  G     C  A  C  T  A        T  A  T  G     A  C  C     A
MZ031450.1_Elaphe_taeniura_voucher      cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG AC  C  C  C    A            G    C        C  A  A  G  A        A  A  C  AT    A  C  C  T  T
MZ031467.1_Ptyas_korros                 cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG AC  C  C  C  C A            G    T        C  G  T  A  A        G  C  C  T     T  A  C  T  T
MW144274.1_Ptyas_mucosa_                cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A                    AG A   C  C     C A           CG    C     T  C  AT AT G  A      T A  C  AT A     A  A  T     T
MZ045970.1_Ptyas_mucosa_                cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A                    AG A   C  C     C A           CG    C     T  C  AT AT A  A      T A  C  CT A     A  A  T     T
LC105608.1_Ptyas_mucosa                 cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A                    AG A   C  C     C A           CG    C     T  C  AT AT A  A      T A  C  CT A     A  A  T     T
MZ045947.1_Coelognathus_radiatus_       cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG A      C  C  C             CG    T        T  A  T  T  C      T AT A  C  A  C  C  T  C     T
MZ045946.1_Coelognathus_radiatus_       cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG A      C  C  C             CG    T        T  A  T  T  C      T AT A  C  A  C  C  T  C     T
LC105611.1_Coelognathus_radiatus_       cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG A      C  C  C             CG    T        T  A  T  T  C      T AT A  C  A  C  C  T  C     T
LC105610.1_Coelognathus_radiatus_       cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG A      C  C  C             CG    T        T  A  T  T  C      T AT A  C  A  C  C  T  C     T
LC105609.1_Coelognathus_radiatus_       cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG A      C  C  C             CG    T        T  A  T  T  C      T AT A  C  A  C  C  T  C     T
LC105618.1_Rhadinophis_prasinus_        cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG AC     C  C  C A            G    C        C  A  C  C  A        TT A  C  A     C  C  T  T  T
LC105617.1_Rhadinophis_prasinus_        cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG AC     C  C    A            G    T        C  A  C  C  A        TT A  C  AT    C  C  T  T  T
MZ045988.1_Coelognathus_flavolineatus_  cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A         C  C       AG AC  C  C  C  C A            G    C     T  T  A  T  A  A        A  T  T  A     A  C  C  T  T
LC075340.1_Coelognathus_flavolineatus_  cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A         C  C       AG AC  C  C  C  C A            G    C     T  C  A  T  G  A        A  T  A  T     G  C  C  T  T
MZ031453.1_Euprepiophis_mandarinus      cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C         C       AG AC  C  C  C  C A           CG    T        T  AT A  A  C        T  C  T  A     A  T  C     T
MT215100.1_Boiga_ochracea_              cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C         C       AG AC  C  C  C  C             CG    C        C  GT A  A  A        A  T  A  C  T  T  T  A     A
MT215099.1_Boiga_ochracea               cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C         C       AG AC  C  C  C  C             CG    C        C  GT A  A  A        A  T  A  C  T  T  T  A     A
MT215098.1_Boiga_ochracea_              cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C         C       AG AC  C  C  C  C             CG    C        C  GT A  A  A        A  T  A  C  T  T  T  A     A
MZ031437.1_Oreocryptophis_porphyraceus_ cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T         C         C       AG  C  C  C  C  C A           CG    T  G     C  GT A  A  G     C  A  A  T  A     C  C  C     C
LC075339.1_Gonyosoma_oxycephalum_       cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c KG KddddddG KG KG KG KG KddddddG KG KG KG KdddG KG KG KdddG AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG  C  C  C  C  C A           CG    T        T  G  A  A  A     C  A  T  C  A     C  T  T     C
LC075338.1_Gonyosoma_oxycephalum_       cc cc cc cc cc  c  c cc cc  c  c  c  c  c  c cc cc cc cc  c JH JIIIIIIH JH JH JH JH JIIIIIIH JH JH JH JIIIH JH JH JIIIH AA AT AG TT TG  T  T CC CC  C  T  T  T  T  T TC TC TC TA  T      A  C      C  C       AG  C  C  C  C  C A           CG    T        T  G  A  A  A     C  A  T  C  A     C  T  T     C

       310       320       330       340       350       360         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_    cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc DEEEF DF DF DF DF DF DEEEF DF DEEEF DF DEEEF DEEEEF DEEF DEEGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C A        C  A T   C     C  T  C  C  C  C     A  G  T  A  A     G  C   A    C   
MT215102.1_Python_molurus_              cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A             T   C     A  C  C  C  C  T     A  T     C  G     A  C  TA G  C   
LC086062.1_Python_bivittatus_           cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA                        A        C      C A             T   C  G  A  C  C  C  C  T     A  T     C  A     A  C  TA G  C   
LC075329.1_Python_bivittatus_           cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA                        A        C      C A             T   C  G  A  C  C  C  C  T     A  T     C  A     A  C  TA G  C   
MZ031479.1_Trimeresurus_stejnegeri_     cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C       A       T   C     A  C  A  A  A  C     T  C     C  C  G  C     TC G  A   
MZ031477.1_Protobothrops_mucrosquamatus_ cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C       A  C  A T   C     T  C  A  C  A  T     C  C  T  G  T  C  C      T    T   
KF170929.1_Protobothrops_jerdonii       cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C       A  C  A T   C     T  C  A  C  A  T     C  C  T  G  C  T  T      T    T   
MT348390.1_Naja_kaouthia_               cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA                        A        C      C A     A  C  A T   C  G  T  T  C  T  C  C     A  C     G  C     G      C    T   
MT348389.1_Naja_kaouthia_               cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA                        A        C      C A     A  C  A T   C  G  T  T  C  T  C  C     A  C     G  C     G      C    T   
MT348388.1_Naja_kaouthia                cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA                        A        C      C A     A  C  A T   C  G  T  T  C  T  C  C     A  C     G  C     G      C    T   
MT348387.1_Naja_kaouthia                cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA                        A        C      C A     A  C  A T   C  G  T  T  C  T  C  C     A  C     G  C     G      C    T   
MT215097.1_Naja_naja_                   cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T   C     T  T  C  C  C  T     A  C     G  C     G      C    T   
MT215096.1_Naja_naja                    cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T   C     T  T  C  C  C  T     A  C     G  C     G      C    T   
MT215095.1_Naja_naja_                   cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T   C     T  T  C  C  C  T     A  C     G  C     G      C    T   
MT215094.1_Daboia_russelii_             cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C       A     A T   C     T  T  C  C  A  A     C  C     A  A  C  A     TC    T   
LC105604.1_Enhydris_enhydris_           cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A     C     A  G  T  C  A  C     C  G     G  A     A      C   CA   
LC105603.1_Enhydris_enhydris            cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A     C     A  G  T  C  A  C     C  G     G  A     A      C   CA   
LC105602.1_Enhydris_enhydris_           cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A     C     A  G  T  C  A  C     C  G     G  A     A      C   CA   
LC105601.1_Enhydris_enhydris            cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A     C     A  G  T  C  A  C     C  G     G  A     A      C   CA   
MZ031450.1_Elaphe_taeniura_voucher      cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T   C     T  G  C  C  A  A     C  A     G  A     G      C    A   
MZ031467.1_Ptyas_korros                 cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C        A     A     A T   C     C  A  C  A  C  A     T  A     C  GT    A     TC    A   
MW144274.1_Ptyas_mucosa_                cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                             C      C A     A     A T   C     A  G  T  T  C  A  G  A  A     C  A     A     TT    A   
MZ045970.1_Ptyas_mucosa_                cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A     A T   C     A  G  T  C  C  A     A  A     C  A     A     TT    A   
LC105608.1_Ptyas_mucosa                 cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A     A T   C     A  G  T  C  C  A     A  A     C  A     A     TT    A   
MZ045947.1_Coelognathus_radiatus_       cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C A     A  C  A T   C     T  C  T  T  A  C     T  C  T  A  C     G      T    A   
MZ045946.1_Coelognathus_radiatus_       cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C A     A  C  A T   C     T  C  T  T  A  C     T  C  T  A  C     G      T    A   
LC105611.1_Coelognathus_radiatus_       cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C A     A  C  A T   C     T  C  T  T  A  C     T  C  T  A  C     G      T    A   
LC105610.1_Coelognathus_radiatus_       cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C A     A  C  A T   C     T  C  T  T  A  C     T  C  T  A  C     G      T    A   
LC105609.1_Coelognathus_radiatus_       cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C A     A  C  A T   C     T  C  T  T  A  C     T  C  T  A  C     G      T    A   
LC105618.1_Rhadinophis_prasinus_        cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T   C     C  G  C  T  A  G     T  G     C  C     A      A    A   
LC105617.1_Rhadinophis_prasinus_        cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T   C     C  G  C  C  A  A     T  G     C  C     A      A    A   
MZ045988.1_Coelognathus_flavolineatus_  cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA                        A        C      C A     A  C  A T   C  G  C  G  C  A  A  A     T  C     A  C     T      C    A   
LC075340.1_Coelognathus_flavolineatus_  cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA                        A               C A        C  A T   C  G  C  A  C  A  A  A     T  C  T  A  T     T  G   C    A   
MZ031453.1_Euprepiophis_mandarinus      cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A               C       A  C  A T   C     A  C  C  C  A  G     C  T  T  C  C  T  A      C    A   
MT215100.1_Boiga_ochracea_              cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T         A  G  A  T  A  G     C  C     A  C     A      C    C  T
MT215099.1_Boiga_ochracea               cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T         A  G  A  T  A  G     C  C     A  C     A      C    C  T
MT215098.1_Boiga_ochracea_              cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T         A  G  A  T  A  G     C  C     A  C     A      C    C  T
MZ031437.1_Oreocryptophis_porphyraceus_ cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A  C  A T   C     T  A  C  A  A  A     G  C     C  A     A      C    A   
LC075339.1_Gonyosoma_oxycephalum_       cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc KdddG KG KG KG KG KG KdddG KG KdddG KG KdddG KddddG KddG KddGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A     A T         T  G  C  C  A  A     T  A     C  C     A     TC    A  T
LC075338.1_Gonyosoma_oxycephalum_       cc cc cc cc cc cc cc cc cc cc cc cc cc  c cc cc cc  c c  cc JIIIH JH JH JH JH JH JIIIH JH JIIIH JH JIIIH JIIIIH JIIH JIIGA GC GG GC GG AC GG TG AC GT TA CC CC  T TC GG AA  T G  CA   A                    A        C      C A     A     A T         T  G  C  C  A  A     T  A     C  C     A     TC    A  T



       370       380       390       400       410       420         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_    cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc EF DEEEEEEEEEF DEEEEEEF DEEEF DF DF DF  DEEEEEF DEEEF DF DEETC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     C  A     T      C       A                    A           A   T    T     T  C  C  TT    C  A  A  C  A  T
MT215102.1_Python_molurus_              cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA      C       T      C       A        C           A           A  T  G  A     C  A  A  CT    C  C     T  A  T
LC086062.1_Python_bivittatus_           cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA      C A     T      C       A        C           A           A  T     A     C  A  A  CT    T  C     T  A  T
LC075329.1_Python_bivittatus_           cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA      C A     T      C       A        C           A           A  T     A     C  A  A  CT    T  C     T  A  T
MZ031479.1_Trimeresurus_stejnegeri_     cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     C  A     T      C       A                 C  A           A   T    C     T  T  T  CT    C  G  A  A  T   
MZ031477.1_Protobothrops_mucrosquamatus_ cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC              C       A  A     C        C  A           A     G  C  C  C  A  C  CC       A     A  A   
KF170929.1_Protobothrops_jerdonii       cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A            C       A  A     C        C  G           A        C  C  C  A  C  CC       A     A  A   
MT348390.1_Naja_kaouthia_               cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A     T      C       A  A     C        C  A           T        T     T  G  A  TC       A     T  C   
MT348389.1_Naja_kaouthia_               cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A     T      C       A  A     C        C  A           T        T     T  G  A  TC       A     T  C   
MT348388.1_Naja_kaouthia                cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A     T      C       A  A     C        C  A           T        T     T  G  A  TC       A     T  C   
MT348387.1_Naja_kaouthia                cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A     T      C       A  A     C        C  A           T        T     T  G  A  TC       A     T  C   
MT215097.1_Naja_naja_                   cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA      C       T      C       A  A     C        C  A           T  T  T  T     C  G  A  TC       A     T  C   
MT215096.1_Naja_naja                    cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA      C       T      C       A  A     C        C  A           T  T  T  T     C  G  A  TC       A     T  C   
MT215095.1_Naja_naja_                   cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA      C       T      C       A  A     C        C  A           T  T  T  T     C  G  A  TC       A     T  C   
MT215094.1_Daboia_russelii_             cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A            C       A        C        C  T           A        A  C  C  A  C  TC    T  G     A  A   
LC105604.1_Enhydris_enhydris_           cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC          CC A     T      C                C        C  G      AGT  A        A     C  T  T  TT G  G  G     C  C   
LC105603.1_Enhydris_enhydris            cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC          CC A     T      C                C        C  G      AGT  A        A     C  T  T  TT G  G  G     C  C   
LC105602.1_Enhydris_enhydris_           cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC          CC A     T      C                C        C  G      AGT  A        A     C  T  T  TT G  G  G     C  C   
LC105601.1_Enhydris_enhydris            cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC          CC A     T      C                C        C  G      AGT  A        A     C  T  T  TT G  G  G     C  C   
MZ031450.1_Elaphe_taeniura_voucher      cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A     T              A  A     C        C  A           A        A     T  CT G  TC       C     C  C   
MZ031467.1_Ptyas_korros                 cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      C   TC      C  A     T      C       A  A     C        C  T   T    G  A   T    C     T  C  A  TC       C     C  C   
MW144274.1_Ptyas_mucosa_                cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     C  A     T      C       A  A              C  A           T   T    C     T  C  A  TT       C  T  C  C   
MZ045970.1_Ptyas_mucosa_                cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     C  A     T      C       A  A     C        C  A           T   T    C     T  C  A  TT       C     C  C   
LC105608.1_Ptyas_mucosa                 cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     C  A     T      C       A  A              C  A           T   T    C     T  C  A  TT       C  T  C  C   
MZ045947.1_Coelognathus_radiatus_       cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A            C       A  A     C           T           A        A  C  T  T  C  CT       C     T  T  T
MZ045946.1_Coelognathus_radiatus_       cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A            C       A  A     C           T           A        A  C  T  T  C  CT       C     T  T  T
LC105611.1_Coelognathus_radiatus_       cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A            C       A  A     C           A           A        A  C  T  T  C  CT       C     T  T  T
LC105610.1_Coelognathus_radiatus_       cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A            C       A  A     C           A           A        A  C  T  T  C  CT       C     T  T  T
LC105609.1_Coelognathus_radiatus_       cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC A            C       A  A     C           A           A        A  C  T  T  C  CT       C     T  T  T
LC105618.1_Rhadinophis_prasinus_        cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC       T      C       A  A              C  A           A     G  A     C  C  A  CT       C  T  T  C   
LC105617.1_Rhadinophis_prasinus_        cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     CC       T      C       A  A              C  A           A     G  A     C  C  A  CT       C  T  T  C   
MZ045988.1_Coelognathus_flavolineatus_  cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     C  A     T      C       A  A              C  A           A   T    A     C  C  A  TC       C  G  C  C   
LC075340.1_Coelognathus_flavolineatus_  cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     C  A     T      C       A  A     C        C  A           A   T    A     C  C  A  TC       C     C  C   
MZ031453.1_Euprepiophis_mandarinus      cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT       C  TC      CC A            C       A  A     C        C  C  A     C  A        A  C  C  T  T  CC       C     C  C   
MT215100.1_Boiga_ochracea_              cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TC      CC       T      C       A  A     C        C  C        C  G     G  A     C  C  A  TC       C     G  C   
MT215099.1_Boiga_ochracea               cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TC      CC       T      C       A  A     C        C  C        C  G     G  A     C  C  A  TC       C     G  C   
MT215098.1_Boiga_ochracea_              cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TC      CC       T      C       A  A     C        C  C        C  G     G  A     C  C  A  TC       C     G  C   
MZ031437.1_Oreocryptophis_porphyraceus_ cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TCA     C  A            C       A  A     C        C  G           G   T    A  C  C  C  A  TC       C     C  C   
LC075339.1_Gonyosoma_oxycephalum_       cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc dG KdddddddddG KddddddG KdddG KG KG KG  KdddddG KdddG KG KddTC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TC      C  A     T      C       A  A     C        C  C        C  A   T    A     C  C  A  CC       C     C  C   
LC075338.1_Gonyosoma_oxycephalum_       cc cc  cc   cc cc  c cc cc cc cc  c cc  c cc cc cc cc cc cc IH JIIIIIIIIIH JIIIIIIH JIIIH JH JH JH  JIIIIIH JIIIH JH JIITC GG  CA   GT GA  T GC AT TT TC  T CA  T GC GG GC TC TC AT      CC  TC      C  A     T      C       A  A     C        C  C        C  A   T    A     C  C  A  CC       C     C  C   

       430       440       450       460       470       480         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_     c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc EF DF DEEEF DEEEF DEEEF DEEEEEEF DF DEEEEEEF DF DF DEEEEEEEE T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A              A  A  A  G     C     T  C  C        C  T        AGCA  A         
MT215102.1_Python_molurus_               c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A                 A  A  G     T     T  C  C        T  C        TGCA  A     T   
LC086062.1_Python_bivittatus_            c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A                 A  A  A     T     T  C  C        C  C        GGCG  A     T   
LC075329.1_Python_bivittatus_            c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A                 A  A  A     T     T  C  C        C  C        GGCG  A     T   
MZ031479.1_Trimeresurus_stejnegeri_      c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A           A  A   AA         A  A  A  G     C     C  C  T     T  C  C        C  A  A         
MZ031477.1_Protobothrops_mucrosquamatus_  c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A   AA         A  A  C  A     C     C  C  C        C  T        T  G  C         
KF170929.1_Protobothrops_jerdonii        c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A   AA         A  A  C  A     C     C  C  C        C  T        T  G  C         
MT348390.1_Naja_kaouthia_                c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A   AA         A  A  G  G     C     T  C  G        C  C        T  G  A         
MT348389.1_Naja_kaouthia_                c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A   AA         A  A  G  G     C     T  C  G        C  C        T  G  A         
MT348388.1_Naja_kaouthia                 c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A   AA         A  A  G  G     C     T  C  G        C  C        T  G  A         
MT348387.1_Naja_kaouthia                 c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C           A  C        A  A   AA         A  A  G  G     C     T  C  G        C  C        T  G  A         
MT215097.1_Naja_naja_                    c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A  A  G  G     T     C     G        C  C        T  G  A         
MT215096.1_Naja_naja                     c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A  A  G  G     T     C     G        C  C        T  G  A         
MT215095.1_Naja_naja_                    c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A  A  G  G     T     C     G        C  C        T  G  A         
MT215094.1_Daboia_russelii_              c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT               C     T        C        A  A   AA         A  AT A  A     C     C     C  C     T  T        T  A  A         
LC105604.1_Enhydris_enhydris_            c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T        C           A   AA         A  A  G  A     C     C     C  C     C  C  G     T  A  C         
LC105603.1_Enhydris_enhydris             c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T        C           A   AA         A  A  G  A     C     C     C  C     C  C  G     T  A  C         
LC105602.1_Enhydris_enhydris_            c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T        C           A   AA         A  A  G  A     C     C     C  C     C  C  G     T  A  C         
LC105601.1_Enhydris_enhydris             c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T        C           A   AA         A  A  G  A     C     C     C  C     C  C  G     T  A  C         
MZ031450.1_Elaphe_taeniura_voucher       c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C                         A           A  A   AA            A  G  A     T  T  T  C  G     T  C  C        T  A  T     C   
MZ031467.1_Ptyas_korros                  c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T        C        A  A   AA         A  A  G  G     T     T     C  C     C  T        T  A  C         
MW144274.1_Ptyas_mucosa_                 c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A  A  G  G     T     C     A        T  T        C  A  C         
MZ045970.1_Ptyas_mucosa_                 c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A     G  G     T     C     A        T  T        T  A  C        G
LC105608.1_Ptyas_mucosa                  c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A     G  G     T     C     A        T  T        T  A  C        G
MZ045947.1_Coelognathus_radiatus_        c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT               C     T        C        A  A   AA         A  AT A  G     T     T     A  G     T  T        C  A  T         
MZ045946.1_Coelognathus_radiatus_        c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT               C     T        C        A  A   AA         A  AT A  G     T     T     A  G     T  T        C  A  T         
LC105611.1_Coelognathus_radiatus_        c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT               C     T     A  C        A  A   AA         A  AT A  G     T     T     A        T  T        C  A  T         
LC105610.1_Coelognathus_radiatus_        c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT               C     T     A  C        A  A   AA         A  AT A  A     T     T     A        T  T        C  A  T         
LC105609.1_Coelognathus_radiatus_        c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT               C     T     A  C        A  A   AA         A  AT A  A     T     T     A        T  T        C  A  T         
LC105618.1_Rhadinophis_prasinus_         c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C           A   AA            A  G  G     T     T     A        T  C  G     T  A  T     G   
LC105617.1_Rhadinophis_prasinus_         c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A      AA            A  G  G     T     T     A        T  C     G  C  A  T     G   
MZ045988.1_Coelognathus_flavolineatus_   c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A           A  A   AA         A  A  G  G     T     C     A     T  T  C        T  G  C         
LC075340.1_Coelognathus_flavolineatus_   c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A           A  A   AA         A  A  G  G     T     C     A     T  T  C        A  G  T         
MZ031453.1_Euprepiophis_mandarinus       c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A  A  G  G     C     T     A        T  C        T  A  T         
MT215100.1_Boiga_ochracea_               c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A  A  G  A     C     T     A        T  C        A  A  C         
MT215099.1_Boiga_ochracea                c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A  A  G  A     C     T     A        T  C        A  A  C         
MT215098.1_Boiga_ochracea_               c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T     A  C        A  A   AA         A  A  G  A     C     T     A        T  C        A  A  C         
MZ031437.1_Oreocryptophis_porphyraceus_  c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C             C     T        C        A  A   AA         A  A  G  G     T     C     T  G     C  C        C  A  A         
LC075339.1_Gonyosoma_oxycephalum_        c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc dG KG KdddG KdddG KdddG KddddddG KG KddddddG KG KG Kdddddddd T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C                   T     A  C        A  A   AA         A  A  G  G     C  T  C     A        T  C        T  A  C         
LC075338.1_Gonyosoma_oxycephalum_        c cc ccccc cc cc cc cc cc cc cc cc cc cc cc    cc ccccc cc IH JH JIIIH JIIIH JIIIH JIIIIIIH JH JIIIIIIH JH JH JIIIIIIII T GG GCAAT AA TT AT AC AC TG AT AA AT AA CC    TC ATACC AT C                   T     A  C        A  A   AA         A  A  G  G     C  T  C     A        T  C        T  A  C         



       490       500       510       520       530       540         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_    cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc EF DF DEEEF  A DEEEF DEEEEEEEEEEEEF DF DF DEEEEEEF DF DEEEF TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A          T     A  A  A              T   C  C    A     T  C  T  AT A     G         T G  C  G  A     G  T  TT    T
MT215102.1_Python_molurus_              cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A     AC A           T  AC  C  C A     C  C     TT A     T     C        T  G  A        C  C     C
LC086062.1_Python_bivittatus_           cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A     AC A              AC  C  C A     C  C     TT A     T     C        T  A  A  C     C  C     C
LC075329.1_Python_bivittatus_           cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A     AC A              AC  C  C A     T  C     TT A     T     C        T  A  A  C     C  C     C
MZ031479.1_Trimeresurus_stejnegeri_     cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A          T              A              AC  C  C A     T  T  A  CC T     C  G  T  TA    C  A  C  C     A  T     A
MZ031477.1_Protobothrops_mucrosquamatus_ cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A                A  A     A           T  AC  C  C A     T  C  A  CC A  C  T        TA    T  C  A        A  C     A
KF170929.1_Protobothrops_jerdonii       cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A                A  A     A           T  AC  C  C A     T  C  A  CC C  C  T        TA    T  C  A        A  C     A
MT348390.1_Naja_kaouthia_               cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T  AC  C  C A     T  T     CC C     G              C  A  C        C  A     C
MT348389.1_Naja_kaouthia_               cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T  AC  C  C A     T  T     CC C     G              C  A  C        C  A     C
MT348388.1_Naja_kaouthia                cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T  AC  C  C A     T  T     CC C     G              C  A  C        C  A     C
MT348387.1_Naja_kaouthia                cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T  AC  C  C A     T  T     CC C     G              C  A  C        C  A     C
MT215097.1_Naja_naja_                   cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T   C  C  C A     T  C     AC A     C              T  A  C     G  C  A     C
MT215096.1_Naja_naja                    cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T   C  C  C A     T  C     AC A     C              T  A  C     G  C  A     C
MT215095.1_Naja_naja_                   cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T   C  C  C A     T  C     AC A     C              T  A  C     G  C  A     C
MT215094.1_Daboia_russelii_             cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC         C                       A              AC  C  C       T  CT    TC G  C  T  G  C  TA    T  T  C  C     A  T  G  T
LC105604.1_Enhydris_enhydris_           cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  A  A           T  AC  C    A     C  C     CT G     A         A    C  C  T        A  AT    A
LC105603.1_Enhydris_enhydris            cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  A  A           T  AC  C    A     C  C     CT G     A         A    C  C  T        A  AT    A
LC105602.1_Enhydris_enhydris_           cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  A  A           T  AC  C    A     C  C     CT G     A         A    C  C  T        A  AT    A
LC105601.1_Enhydris_enhydris            cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  A  A           T  AC  C    A     C  C     CT G     A         A    C  C  T        A  AT    A
MZ031450.1_Elaphe_taeniura_voucher      cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A        A           T  AC  C  C A     T  T     GT A     A     G  CT    C  C  T        T  A     C
MZ031467.1_Ptyas_korros                 cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC         C        T     A      C             T  AC  C  C A     C  CC    CT G     T     C  G  T  T  C  T        T  G     C
MW144274.1_Ptyas_mucosa_                cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T        A   C             T  AC  C  C A     C  T     AC A     G  G     T  T  T  C  C        C  A     T
MZ045970.1_Ptyas_mucosa_                cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T        A   C             T  AC     C A     C  T     AC A     A  G     T  T  T  C  C        CT A     C
LC105608.1_Ptyas_mucosa                 cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T        A   C             T  AC     C A     C  T     AC A     A  G     T  T  T  C  C        CT A     C
MZ045947.1_Coelognathus_radiatus_       cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T  AC             T  T     CC A     C              T  T  C        TT AT G  T
MZ045946.1_Coelognathus_radiatus_       cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T  AC             T  T     CC A     C              T  T  C        TT AT G  T
LC105611.1_Coelognathus_radiatus_       cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A          T     A  A  AC A           T  AC             T  T  T  TT A     C              T  C  C        TT AT G  T
LC105610.1_Coelognathus_radiatus_       cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A          T     A  A  AC A           T  AC             T  T  T  TT A     C              T  C  C        TT AT G  T
LC105609.1_Coelognathus_radiatus_       cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A          T     A  A  AC A           T  AC             T  T  T  TT A     C              T  C  C        TT AT G  T
LC105618.1_Rhadinophis_prasinus_        cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A          T     A  A  AC A           T  AC  C  C A     T  C  T  AT A     G              T  T  C        C  A     C
LC105617.1_Rhadinophis_prasinus_        cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A          T     A  A  AC A           T  AC  C  C A     T  C  T  AT A     G              T  T  C        C  A     C
MZ045988.1_Coelognathus_flavolineatus_  cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A          T     A     AC A           T  A   C  C A     C  T  T  AC A     T     T        T  A  C      T A  A     C
LC075340.1_Coelognathus_flavolineatus_  cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A     AC A           T  AC  C  C A     C  C     AC A     T     T        T  A  C        A  A     C
MZ031453.1_Euprepiophis_mandarinus      cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T            C             T  AC  C  C A     C  C     AC A     C  G  G  G  T  C  T  C        A  T     C
MT215100.1_Boiga_ochracea_              cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T        A  AC A           T  AC  C  C       C  C     CC A     C  G           C  C  T        C  C  C  A
MT215099.1_Boiga_ochracea               cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T        A  AC A           T  AC  C  C       C  C     CC A     C  G           C  C  T        C  C  C  A
MT215098.1_Boiga_ochracea_              cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T        A  AC A           T  AC  C  C       C  C     CC A     C  G           C  C  T        C  C  C  A
MZ031437.1_Oreocryptophis_porphyraceus_ cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T     A  A  AC A           T  A   C  C A     C  C     CC G     C              T  A  T      T A  A     C
LC075339.1_Gonyosoma_oxycephalum_       cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc dG KG KdddG  B KdddG KddddddddddddG KG KG KddddddG KG KdddG TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T        A   C A              AC  C  C A     C  C     CC A     G  G     C     T  A  C  C     A  C     C
LC075338.1_Gonyosoma_oxycephalum_       cc cc  c cc  c cc cc cc cc cc  c cc cc cc cc cc  c  c  c cc IH JH JIIIH  C JIIIH JIIIIIIIIIIIIH JH JH JIIIIIIH JH JIIIH TT AA  T CC  T TT GT TG TC GT  T AT AC GC AT AT  T  T  T GC       A C        T        A   C A              AC  C  C A     C  C     CC A     G  G     C     T  A  C  C     A  C     C

       550       560       570       580       590       600         X         X         X         X         X         X
MW144275.1_Malayopython_reticulatus_     c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        DF DEEEF DEEEEEEEEEEEEEEEF DEEEEEF DF DEEEF DF DF DF DF DF D T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C        C A     A          A  AC   C          CT A  AC TC T  A  T  A     G        T  C  T    G  C  T  A  T  A  C  A  A 
MT215102.1_Python_molurus_               c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C    A  A          AC AC   C   C      CT A  AC TC T  A     C  G           T  A       A  A     T  T  A  C  A  A 
LC086062.1_Python_bivittatus_            c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C    A  A          A  AC   C   C      CT A  AC TC T  A     T  G           T  A  T    A  A     T  T  A  C  A  T 
LC075329.1_Python_bivittatus_            c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C    A  A          A  AC   C   C      CT A  AC TC T  A     T  G           T  A  T    A  A     T  T  A  C  A  T 
MZ031479.1_Trimeresurus_stejnegeri_      c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C        C    A  A     C     C  C   C   C       T A  AC  C T  A  G  A  C              C G  C  G  A     A  CT A  T  AA C 
MZ031477.1_Protobothrops_mucrosquamatus_  c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A                 C    A  A     C    AC  C   C           T A  AC  C TT A  C  A  C              C    C  A  A  T  A  CT A  T  GA C 
KF170929.1_Protobothrops_jerdonii        c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C        C    A  A     C    AC  C   C           T A  AC  C T  A  C  A  C              C    C  G  A  T  A  CT A  T  GA C 
MT348390.1_Naja_kaouthia_                c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A             A   C A  A        C    AC  C   C   C      CT A  AC TC TT G     G        C        C    C  A  A     A  C  C  C  A  C 
MT348389.1_Naja_kaouthia_                c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A             A   C A  A        C    AC  C   C   C      CT A  AC TC TT G     G        C        C    C  A  A     A  C  C  C  A  C 
MT348388.1_Naja_kaouthia                 c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A             A   C A  A        C    AC  C   C   C      CT A  AC TC TT G     G        C        C    C  A  A     A  C  C  C  A  C 
MT348387.1_Naja_kaouthia                 c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A             A   C A  A        C    AC  C   C   C      CT A  AC TC TT G     G        C        C    C  A  A     A  C  C  C  A  C 
MT215097.1_Naja_naja_                    c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A        C    AC  C   C          CT A  AC TC T  A     A        C        C    C  G  A  T  A  C  A  T  A  C 
MT215096.1_Naja_naja                     c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A        C    AC  C   C          CT A  AC TC T  A     A        C        C    C  G  A  T  A  C  A  T  A  C 
MT215095.1_Naja_naja_                    c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A        C    AC  C   C          CT A  AC TC T  A     A        C        C    C  G  A  T  A  C  A  T  A  C 
MT215094.1_Daboia_russelii_              c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C        C    A  A          AC AC   C          CT A  AC TC T  A  T  T  T           T  T       A  A  T  A  C  T  T  T  T 
LC105604.1_Enhydris_enhydris_            c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C          A  A  A          AC AC   C   C       T A  AC TC T  A  C  TT             T  A       C  A     A  TA C  C  C  A 
LC105603.1_Enhydris_enhydris             c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C          A  A  A          AC AC   C   C       T A  AC TC T  A  C  TT             T  A       C  A     A  TA C  C  C  A 
LC105602.1_Enhydris_enhydris_            c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C          A  A  A          AC AC   C   C       T A  AC TC T  A  C  TT             T  A       C  A     A  TA C  C  C  A 
LC105601.1_Enhydris_enhydris             c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C          A  A  A          AC AC   C   C       T A  AC TC T  A  C  TT             T  A       C  A     A  TA C  C  C  A 
MZ031450.1_Elaphe_taeniura_voucher       c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C        C A  A  A           C A    C   C      CT A  AC TC T  A  T  A              T  C G   T A  T     T  T  A  C  C  T 
MZ031467.1_Ptyas_korros                  c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C        C A  A  A     C    A  A    C   C      CT A  AC TC T  T  C  A                 C  T  T A  T     A  T  T  C  C  T 
MW144274.1_Ptyas_mucosa_                 c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C    AC A    C   C      CT A  AC TC T  G     A                 T     T A  C     A  C  T  C  C  T 
MZ045970.1_Ptyas_mucosa_                 c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C    AC A    C   C      CT A  AC TC T  G     A                 C     T A  T     A  C  T  C  C  T 
LC105608.1_Ptyas_mucosa                  c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C    AC A    C   C      CT A  AC TC T  G     A                 C     T A  T     A  C  T  C  C  T 
MZ045947.1_Coelognathus_radiatus_        c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A     A  A  A     C    AC AC   C   C      CT A  AC TC T  A     AT                C       A  C     T  T  T  T  T  C 
MZ045946.1_Coelognathus_radiatus_        c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A     A  A  A     C    AC AC   C   C      CT A  AC TC T  A     AT                C       A  C     T  T  T  T  T  C 
LC105611.1_Coelognathus_radiatus_        c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A     A  A  A     C    AC AC   C   C      CT A  AC TC T  A     AT                T       A  T     T  T  T  T  T  C 
LC105610.1_Coelognathus_radiatus_        c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A     A  A  A     C    AC AC   C   C      CT A  AC TC T  A     AT                C       A  T     T  T  T  T  T  C 
LC105609.1_Coelognathus_radiatus_        c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A     A  A  A     C    AC AC   C   C      CT A  AC TC T  A     AT                C       A  T     T  T  T  T  T  C 
LC105618.1_Rhadinophis_prasinus_         c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A     A  A  A     C    AC AC   C   C      CT A  AC TC T  G     AT                T       A  C     A  C  C  C  C  T 
LC105617.1_Rhadinophis_prasinus_         c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A     A  A  A     C    AC AC       C               T     G     AT                C       A AC     A  ATATC CCTC TT.
MZ045988.1_Coelognathus_flavolineatus_   c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A        C    AC A    C   C      CT A  AC TC T  A     A        G        C     T A  C     C  T  T  T  A  T 
LC075340.1_Coelognathus_flavolineatus_   c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C     C A    C          CT A  AC TC T  T     A                 T G   T A  C  T  C  T  T  T  A  C 
MZ031453.1_Euprepiophis_mandarinus       c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A        C    AC AC   C   C      CT A  AC TC T  A     A        G        C       A  C     A  C  C  C  C  C 
MT215100.1_Boiga_ochracea_               c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C    AC AC   C   C      CT A  AC TC T  A     C                 T       G  A     C  C  T  T  A  T 
MT215099.1_Boiga_ochracea                c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C    AC AC   C   C      CT A  AC TC T  A     C                 T       G  A     C  C  T  T  A  T 
MT215098.1_Boiga_ochracea_               c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C    AC AC   C   C      CT A  AC TC T  A     C                 T       G  A     C  C  T  T  A  T 
MZ031437.1_Oreocryptophis_porphyraceus_  c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C        C A  A  A     C    A  A    C   C      CT A  AC TC T  G  C  A                 C  T  T A  T     A  C  C  T  C  C 
LC075339.1_Gonyosoma_oxycephalum_        c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        KG KdddG KdddddddddddddddG KdddddG KG KdddG KG KG KG KG KG K T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C    AC  C   C   C      CT A  AC TC T  T     A                 T    T  A  C     A  C  C  T  C  A 
LC075338.1_Gonyosoma_oxycephalum_        c cc cc  c cc cc ccccc cc c  c  c c  cc cc cc     c        JH JIIIH JIIIIIIIIIIIIIIIH JIIIIIH JH JIIIH JH JH JH JH JH J T CC GT  T GC GC GCAAT AC T  T  T A  GA CG AA     A        C    A   C A  A  A     C    AC  C   C   C      CT A  AC TC T  T     A                 T    T  A  C     A  C  C  T  C  A 



                                                                                                                        
MW144275.1_Malayopython_reticulatus_    F                                                           T                                                           
MT215102.1_Python_molurus_              G                                                           T                                                           
LC086062.1_Python_bivittatus_           G                                                           T                                                           
LC075329.1_Python_bivittatus_           G                                                           T                                                           
MZ031479.1_Trimeresurus_stejnegeri_     G                                                           T                                                           
MZ031477.1_Protobothrops_mucrosquamatus_ G                                                           T                                                           
KF170929.1_Protobothrops_jerdonii       G                                                           T                                                           
MT348390.1_Naja_kaouthia_               G                                                           T                                                           
MT348389.1_Naja_kaouthia_               G                                                           T                                                           
MT348388.1_Naja_kaouthia                G                                                           T                                                           
MT348387.1_Naja_kaouthia                G                                                           T                                                           
MT215097.1_Naja_naja_                   G                                                           T                                                           
MT215096.1_Naja_naja                    G                                                           T                                                           
MT215095.1_Naja_naja_                   G                                                           T                                                           
MT215094.1_Daboia_russelii_             G                                                           T                                                           
LC105604.1_Enhydris_enhydris_           G                                                           T                                                           
LC105603.1_Enhydris_enhydris            G                                                           T                                                           
LC105602.1_Enhydris_enhydris_           G                                                           T                                                           
LC105601.1_Enhydris_enhydris            G                                                           T                                                           
MZ031450.1_Elaphe_taeniura_voucher      G                                                           T                                                           
MZ031467.1_Ptyas_korros                 G                                                           T                                                           
MW144274.1_Ptyas_mucosa_                G                                                           T                                                           
MZ045970.1_Ptyas_mucosa_                G                                                           T                                                           
LC105608.1_Ptyas_mucosa                 G                                                           T                                                           
MZ045947.1_Coelognathus_radiatus_       G                                                           T                                                           
MZ045946.1_Coelognathus_radiatus_       G                                                           T                                                           
LC105611.1_Coelognathus_radiatus_       G                                                           T                                                           
LC105610.1_Coelognathus_radiatus_       G                                                           T                                                           
LC105609.1_Coelognathus_radiatus_       G                                                           T                                                           
LC105618.1_Rhadinophis_prasinus_        G                                                           T                                                           
LC105617.1_Rhadinophis_prasinus_        G                                                           .                                                           
MZ045988.1_Coelognathus_flavolineatus_  G                                                           T                                                           
LC075340.1_Coelognathus_flavolineatus_  G                                                           T                                                           
MZ031453.1_Euprepiophis_mandarinus      G                                                           T                                                           
MT215100.1_Boiga_ochracea_              G                                                           T                                                           
MT215099.1_Boiga_ochracea               G                                                           T                                                           
MT215098.1_Boiga_ochracea_              G                                                           T                                                           
MZ031437.1_Oreocryptophis_porphyraceus_ G                                                           T                                                           
LC075339.1_Gonyosoma_oxycephalum_       G                                                           T                                                           
LC075338.1_Gonyosoma_oxycephalum_       H                                                           T                                                           

 



 

RESULT:- 

          The evolutionary history was inherited during the Neighbor-Joining method. The 

bootstrap consensus tree inferred from 1000 is taken to represent the evolutionary history of 

the taxa analyzed. 

From this two phylogenetic tree, it can be observed that species of both the gene comes under 

the same nodes. Like, Naja naja and Naja kaiuthia of cytb comes under the 90 mode i.e. 

monophyletic group. In the same way, these two species are also monophyletic group in the 

cox1 phylogenetic tree. Like this many species comes under the common ancestors. Species 

like, Elaphe taeniura, Ptyas mucosa, Australotaenia bunthangi are also the mono phylatic 

group in both the cytb and cox1 gene. This shows that these species comes under the same 

ancestors. So it is observed that in the cox1 there is more divergence than in the cytb. This 

things is required to study further. 

   

       In the cytb and cox 1 gene, I get the phylogenetic tree with respect to the complete cds 

and the larger gene length. In that it is observed that there are more diversity in the cox 1 

phylogeny than cytb gene. After that when I move for the multiple sequence allignment i.e. 

Clastal omega I get the conservation region which is shown above. The result shows that 

species of cox1 have more diversity than cytb gene. 

        The biological species concept (BSC) implies that a species is an isolated reproductive 

unity. The molecular data, especially pertaining to mtDNA, show that, on the one hand, 

natural hybridization between species may lead to introgression of genes from one gene pool 

to the other one. On the other hand, sequences of individual genes exemplify that the 

variability of DNA markers increases with the rank of the taxon.  

 

      The BSC basic idea that taxon formation necessarily requires the isolation of gene pools 

followed by their gradual genetic divergence. Within species the differentiation may be 

reversed, while it is normally irreversible at upper divisions or at taxa levels. Secondly, 

correlated evidence suggest that the geographic, allopatric, or divergent (D1; Templeton 

1981) speciation mode (SM) prevails in nature, implying a common rule of a gradual 

accumulation of small genetic differences after the separation of gene pools and differences 

increase in a hierarchy of taxa levels. 

     The differences in p-distance estimates between the two genes can have the following 

interpretations. Firstly, the substitution rate may in fact be different in the two genes but 

hidden somehow. For instance, the data on taxonomic groups from the most representative 

sources (Johns and Avise 1998; Hebert et al. 2002a,b), which can differ in divergence level. 
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INTERLEUKIN-17 ROLE IN IMMUNITY AND INFLAMATION 

Name-Subhankar Mahapatra; Roll no. 537 

INTRODUCTION: Interleukin 17 family(IL17) said to a member of pro-inflamatory cystine 

knot cytokines family. Interleukin-17 is a key cytokine that links T cell activation to neutrophil 

mobilization also activation. They are produced by a group of T helper cell known as T helper 17 

cell in response to their stimulation with IL-23. Th17 was identified by Rouvier et al. who 

isolated IL17A transcript from rodent T-cell hybridoma. The protein encoded by IL-17A is 

founding member of IL-17 family. IL17A protein exhibits high homology with viral IL-17 like 

protein encoded in the genome to T-lymphotropic rhadinovirus Herpesvirus saimiri.  

OVJECTIVE: The review summarizes the basic biology of IL-17 and discusses its emerging role 

in Periodontal disease. The current burden of evidence from human and animal model studies 

suggested that the net effect of IL-17 signaling promotes disease development.  

DISCUSSION:  

Interleukin-17 and IL-17 producing lymphocytes, innate immunity are emerging as important 

players in the pathogenesis of periodontitis. Approximately all the IL-17 related research in the 

field of periodontal disease involves the IL-17A isoform and therefore, will be the focus of this 

review. Fore understand the IL-17 role in peridontitis, it is instructive to firest understand the 

basic biology of interleukin and the cell that it produce. 

        The gene encoding IL-17 was cloned in 1993 from a mouse cytotoxic T lymphocyte 

hybridoma cDNA library and the role in human IL-17 inflamation. Interleukin17 or IL-17A is 

founding member of family ot cytokines that also includes IL-17B, IL-17F and IL-17C. The 

good characterized cytokines in the family are IL-17 and IL-17F which can signaling 

homodimers or as IL-17A/F heterodimers through same heterodimeric receptor that comprises 

IL-17RA, IL-17RC subunits. IL-17RA is abundantly expressed in hematopoietic cell 

compartments. If binding repertoire  IL-17RA and IL-17RC includes distinct ligands. In this 

context IL-17RA oligomerizes also with IL-17RB and the IL-17RA/RB complex binds IL-17E, 

also knoen to IL-25. IL-17RA additionally pairs with IL-17RD, although the cognate ligand for 

the IL-17RA/RD complex hasn’t been identified. The different tissue distribution of IL-17RA 

and IL-17RC may also serve to allow tissue specific signaling by IL-17A,IL-17F and IL-17A/F, 

since these ligands have difference binding affinity each of the IL-17RC and IL-17RA subunits.  

 

  



 

 

 

 

 

 

 

 

 

 

FIG: INTERLEUKIN-17 RECEPTOR SIGNALING 

 IL-17 producing CD4+ T helper cells have recently been defined as a unique subset 

of proinflammatory helper cells whose development depends on signaling initiated by IL-6 and 

TGF-beta ,autocrine activity of IL-21, activation of SATE3, and induction of the orphan nuclear 

receptor RORyt. The maintenance, expansion, and further differentiation o the commited Th17 

cells dependant on IL-1 beta and IL-23.IL-17 was originnaly found produced by circulating 

human Cd4RO+ memory  T cells .A recent study found in human TH-17 memory selectively  

high levels of CCR6 .In this study, we report that human peripheral blood and lymph tissue 

contain a significant number of CD4+FOXP3+ T cells that express CCR6 and have the capacity 

to produce IL-17 upon activating. These cells coexpress FOXP3 and RORyt transcription factors. 

The CD4+FOXP3+CCR6+ IL-17 producing cells strongly inhibit the proliferation of CD4+ 

responder Tcells. CD4+CD25high derive T-cell clones express FOXP3, RORyt and IL-17 and 

maintain their suppressive function via a cell-cell contact mechanism.  

ROLE OF INTERLEUKIN-17 IN PERIDONTITIS: The initiation and progression of 

periodontal disease on complex interactions between periodontal bacteria and cell of immune 

system. Studies have demonstrate that a number of proinflamatory cytokines are released in 

response  periodontal bacteria. Andrukhov eyal. Suggested that due to diffenrences in the 

bacterial profile in peridontitis can be associated with different cytokine profiles. 

It is generally ackhnowledged that control of the the Th1/Th2 balance is central to the 

immunoregulation of periodontal disease. It has been suggested that stable periodontal lesions 

are mediate by Th1 cells and progresstion of periodontal reflects a shift towards Th2 cell, and 

therefore, the pathogenesis of periodontitis is clinically considered as involving Th1/Th2 pattern.  



AGP is generally seen in teenagers and young adult. It is the most severe from of periodontitis 

which can lead to significant periodontal inflammation and premature tooth loss in maximum 

number of cases at early age. There is abundantly literature suggesting aberrant 

polymorphonuclear leukocytes function as a key pathogenic mechanism in AGP exhibiting 

defective in vitro PMN chemotactic response and enhanced oxidative metabolic response. 

Evidence suggest that the rate of bone destruction is about the three to four times faster than in 

chronic periodontitis. 

Il-17 may play a significant role in AGP because of the functional impairment of PMN and 

because of the association of IL-17 pathway with the recruitment of neutrophils which results in 

enhanced inflammation and bone resorption. 

    

  

 

 

 

 

 

 

 

 

 

 

FIG: Biological function of IL-17 and their role in peridontitis 

DIFFERENTIATION AND FUNCTION OF Il-17 PRODUCING T CELLS: various 

hematopoietic and lymphoid progenitors are mobilized from the bone marrow and initiate T cell 

development in the thymus. During this process, they express an antigen receptor (the T cell 

receptor, TCR), and most cells differentiate into CD4-positive T cells or CD8-positive T cells. 

After completion of the maturation process, CD8-positive T cells circulate throughout the body, 

acquiring cytotoxic functions. They contribute to immunological homeostatis by killing cells that 

have been infected by viruses as well as cancer cells. On the other hand, CD4-positive T cells are 

helper T cells. They exhibit an immunological regulatory function. Helper T cells are helper T 



cells. They exhibit an immunological regulatory function. Helper T cells have previously been 

divided into mainly two subsets. Th1 cells differentiate under the influence of IL-12 and mainly 

produce interferon-gama . IFN-gama strongly activates macrophages, promoting the eliminating 

of intracellular pathogens. In other words, it support cellular immunity in the acquired immune 

system. On the other hand, Th2 cells differentiate under the influence of IL-4. Th2 cells support 

B cells through IL-4 production. As a result, the antibodies production by B cells switch their 

class from IgM to IgG or IgE. By induction the production of IgG or IgE, elimination of 

extraclellular parasites is promoted. While cellular immunity is performed by Th1 cells, Th2 

cells support humoral immunity. Thus, although derived from the same precursor cells, when 

activated by antigen stimuli, helper T cells differentiate into subsets with different properties due 

to the surrounding environmental factors. The mechanism of differentiation has been previously 

analyzed in detail to clarify mutually exclusive properties. Namely, IFN-gama suppresses the 

differentiation of Th2 cells, while IL-4 inhibits Th1 differentiation. Therefore, the functional 

imbalance between Th1 and Th2 is at the origin of various immunological diseases. For example, 

when there there is a bias toward Th1, autoimmune diseases such as MS and RA are more likely 

to occur, while if Th2 is dominant then allergic reactions represented by pollinosis are provoked. 

However, energetic research in recent years identified subsets other then Th1 and Th2 cells. 

Among these, the Th17 cell subset, which produces IL-17, contributes to autoimmune diseases 

accompanied by chronic immune and inflammatory reactions, working together with Th1 cells. 

INTERLEUKIN-17 AND INFLAMMATORY INTERACTIONS WITH OTHER CYTOKINES: 

IL-17 is also responsible to stimulate other pro-inflammatory cytokines such as IL-1 beta, IL-

6,IL-8, prostaglandin E2 , and matrix metalloproteinases through the stimulation of epithelial of 

epithelial , endothelial, and fibroblastic cells. IL-17 appear to be inadequate to mount a potent 

inflammatory response by itself, but in collaboration and/or synergism with other inflammatory 

cytokines, it accelerates the inflammatory. IL-17 can induce a potent inflammatory cascade by 

increasing the expression of target genes. Il-8 release is functionally important for neutrophil 

recruitment. IL-6 inceases the relese of elastase  from human neutrophils in vitro. IL-17 shares 

transcriptional pathway with IL-1 and tumor necrosis factor alpha. P38 and nuclear factor kB are 

the key transcriptional factor for Il-17 function. IL-17 induces the production and relese of 

colony- stimulating factor granulocyte and granulocyte-macrophage CFSs are powerful anti- 

apoptotic survival factors for neutrophils. 

CONCLUSION: Interleukin-17 plays a central role in innate immunity, inflammation, and 

osteoclastogenesis and links T cell activation to neutrophil mobilization and activation. Although 

it is likely that IL-17 exerts both protective and destructive effects in periodontitis, the burden of 

evidence from human and animal model studies suggested that the net effect of IL-17 signaling 

leades to disease. Systemic anti – IL-17 intervention, as already performed for rheumatoid 

arthritis, ankylosing spondylitis, and psoriasis, could potentially shed light on the true effects of 

IL-17 responses in human periodontitis. 
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Introduction: 

Outbreaks of coronavirus disease 2019 (COVED -19) have spread rapidly around the world 

caused by the deadly acute respiratory syndrome coronavirus 2 (SARS-CoV-2).Early symptoms 

of COVID-19 mainly include fever, cough, mayalgia, fatigue or shortness of breath. In later 

stages of the disease, dyspnea can occur and gradually lead to acute respiratory problems 

syndrome (ARDS)or multiple organ failure(MOF). 

Cytokine storms not only limit the spread of the virus in the body but also cause damage to 

secoundary tissues through the secretion of large amount of active mediators and inflammatory 

factors. It has been determined that cytokine storm of coved-19 is a leading cause of death; so 

cytokine storm is a major therapeutic target of critical ill patients &for prevention of disease. 

Although specific mechanism of cytokine storms in COVED-19 have not been fully expounded, 

hyper activated immune response and dysregulation of ACE(angiotensin converting enzyme 2) 

expression and its downstream pathways might be provide possibilities. 

Objectives: 

In the early stage of COVED-19, symptoms of severe acute respiratory infections appear and 

some patients develop rapid acute respiratory problem syndrome, acute respiratory failure, and 

other series complications. There is significant evidence of cytokine storms as an important of 

diseases progression and health, especially who are seriously ill. Early detection and control of 

cytokine storm can effectively prevent disease progression and reduce mortality. This review 

will summarize on causes of cytokine storm as well as possible mechanism and control of 

COVED-19. 

Discussion:  

Cytokine storm induced viral infections  

The virus can stimulate the activation of immune cells (e.g., T cells, B cells, macrophages and 

dendritic cells) and resident tissue cells ,resulting in the production of large amounts of 

inflammatory cytokines is produced. Previous studies have shown that serum levels of 

proinflamatory factors include IFN-g,IL1b, IL-6, IL-12, IL-18, MCP-1 and CCL2 (CC 

chemokine ligand-2), CXCL-10 and IL-8 positively correlated with lung inflammation and lung 

tissue injury in SARS patients. Where level of serum proinflamatory cytokines IL-6, IFN-g, 



TNF-a, IL-15, IL-17 and chemokines IL-8,CXCL-10 and CCl-5 were significantly increased in 

MARS patients.[2] 

Clinical and pathological manifestation in COVED-19  

The incubation of COVED-19 patients is 1 to 14 days and mostly 3 to 7 days. Common 

symptoms early in the illness were fever, dry cough, myalgia, dyspnea and anorexia; however, 

few patients present initially with symptoms, such as diarrhea and nausea. Most patients had 

good results and treatment ,while the elderly patients and those with chorionic disease usually 

had bad health. Although most patients with COVED-19 dad mid and moderate symptoms, 

severe critically ill patients progressed rapidly to acute respiratory failure, ARDS, metabolic 

acidosis, coagulopathy, septic shock and MOF.]2][3] 

Possible Mechanisms Of Cytokine Storm In COVED-19 

1) Hyperactivated innate immune responses  

During the process of antiviral immune responses, innate and adaptive immune responses  

interact with each other and produced to immune protection. Innate immune responses occer 

immediately and  the  adaptive  immune response usually get take 4-7 days after infection for 

fully in virus clearance. For virus clearance innate immunity is relatively weak that’s why 

adaptive immunity is the key factor in complete elimination of the virus. If the body does not 

produce the  antiviral immune response for that time of virus clearance, the innate immune 

system is will be strong, which can’t fully illuminate the virus and ultimately leads to  systematic 

inflammation response with which uncontrolled  release of inflammatory cytokine. For elderly 

patients and people  with chorionic disease, it takes a long time to produce effective adaptive 

immunity due to deterioration of immune function. This patients really depend in the  innate 

antiviral immune responses in the early stages of infection, which increases the risk of cytokine 

storm ,severe illness and a higher mortality rate.[2] 

2) Dysregulation of ACE2 and its downstream pathway  

Angiotensin converting enzyme 2 (ACE2)primarily catalyzes the breakdown of angotensin II to 

maintain homeostasis of the ranin-angiotension-aldosteron system (RASS).recent studies have 

also revealed potential role in ACE2 in regulating immune responses rather than merely viral- 

binding receptor in COVED-19. 

Cellular entry of SARS-CoV-2 depend on the binding of S proteins covering the surface of the 

virion to cellular ACE2 receptor and on S protein priming by TMPRSS2, a host membrane serine 

protease. Particularly, SARS-CoV-2 can rapidly active pathogenic Th1 cells to secrete pro 

inflammatory cytokines, such as Granulocyte- macrophage- colony- stimulating factor (GM-

CSF) and interlukin-6. GM-CSF farther activates CD14+  and CD16+  inflammatory monocytes to 

produce large quantities of IL-6, Tumor necrosis factor –a (TNF-a)and other cytokines. 



Membrane bound immune receptor (e.g; toll like receptor) may contribute to an imbalanced 

inflammatory responses, and and week IFN-g indication may be important amplifier to cytokine 

production. The cytokine storm of COVED-19 is characterized by high expression of IL-6 and 

TNF-a . 

Hirano et al. proposed a potential mechanism of the cytokine storm caused by the angiotensin II 

pathway. SARS-CoV-2 activates NF-kB, via pattern recognition receptors (PPRs). It occupies 

ACE2 on the cell surface, resulting In a reduction in a ACE2 expression followed by an 

increases in angiotensin II. In  addition to activating NF-kB the angiotensin II – angiotensin 

receptor type 1(AngII-AT1R)axis can also induces TNF-a and the soluble from of IL-6Ra(sIL-

6Ra)via disintegrin matalloprotease 17 . IL-6 binds to sIL-6R through gp130to from the IL-6-

sIL-6R complex, which can active STAT3 in ion immune cells. Both NF-kB and STAT3 are 

capable of activating the IL-6amplifier to induce virus pro inflammatory cytokine and 

chemokines, including Vascular endothelial growth factor (VEGF) and monocyte 

chemoattractant protein-1 (MCP-1), IL-8 and IL-63.[4][3]  

Controlling Cytokine Storm In COVED-19 

Inhibition of cytokines  

1) Blocking of IL-6/IL-6R 

The  cytokine storm may be the cause of SARS and COVID-19 infections. T lymphocyte are 

hyper activated , and huge amount of pro-inflammatory cytokines including IL-6 and IL-1, 

which contribute to vascular permeability, plasma leakage, thereby causing pulmonary damage 

and ARDS, as well as Multi organ failure(MOF). 

Similar problems are also observed after the chimeric antigen receptor T cell(CAR-T) treatment. 

TCZ is a humanized anti IL-6 receptor antibody, inhibiting IL-6. TCZ is used not only for 

therapy of RA, temporal arteritis, and and many other autoimmune rheumatic disease but also for 

the treatment of the cytokine storm , which may be induced by CAR-T treatment.[1][2] 

2) Blocking of IL-1 Family  

As mentioned above, IL-1 is another pro-inflammatory cytokine playing a dominant role in 

cytokine storm , and SARSCoV-2 may cause pyroptosis by IL-1B. Anakrina is a recombinant 

IL-1R antagonist and the first IL-1 blocking biologic agent.  Anakinra blocks the binding of both 

IL-1a and IL-1B to IL-1R, thereby inhibit the pro-inflammatory effect of IL-1. Anakinra was 

found to be beneficial in patients with severe sepsis without significant adverse effect best upon 

the data of phase 3 randomized clinical trial. The recommended SC adult dose of Anakinra 

ranges from 100-200 mg daily to 100 mg three times weekly; the pediatric is 1 mg/kg daily. The 

bioavailability SC injections  95% with a half-life of 4-6 hours. [1] 

 



 

3) TNF-a inhibitors  

TNF-a and IFN-g are also key inflammatory cytokines and attractive targets in the control of 

cytokines storms, and clinical trials are ongoing to test these blockers in COVED-19 [5] 

 

Conclusion: 

Huang et al. observed that patients in intensive care unit (ICU) shows higher level of plasma 

inflammatory cytokines IL-2, IL-7, IL-10, GM-CSF, IFN-g, MCP and TNF-a then non ICU 

patients, indicating the positive correlation between cytokine storm and severity of illness. After 

being infected with the SARS-CoV-2 CD4+ cell were activated and differentiated into Th1 cells 

to secrete pro-inflammatory cytokines such as IL-6, IFN-g, and GM-CSF. GM-CSF can active 

immune cells for further release of IL-6 and other pro–inflammatory cytokine leading to the 

generation of cytokine storms .  There for IL-6  and GM-CSF released by T lymphocyte and 

mononuclear cell may be the key link of cytokine storms in COVED-19.  
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Flower visitors observation on 

 Ocimum tenuiflorum 
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Introduction:- Ocimum tenuiflorum is commonly known as holy basil Or tulsi. It is an erect, 

many-branched subshrub, with hairy stems. Leaves are green or purple; they are simple, petioled, 

with an ovate blade up to 5 cm (2 in) long, which usually has a slightly toothed margin. It is 

strongly scented. Tulsi is mainly cultivated for religious and traditional medicine purposes, and 

also for its essential oil. It is widely used as a herbal tea, commonly used in Ayurveda.  

 

Objective of the study:- Ocimum tenuiflorum (Tulsi) is a very common plant and having 

interesting pollination strategies. Through this study we can know about the pollination strategies 

of tulsi, also about the plant animal interaction between tulsi and its flower visitors, about when 

around the day the flower visitors come, how they get rewarded by the flower, is they carrying 

pollen or not, and their activities related with the atmosphere etc. 

 

Study site:-  The study site is at 2no. Nutan Fulia Mathapara, Fulia, Nadia, 741402 . 

●  Habitat:- The plants are at my house. The plants have grown on the moist soil. At a side 

there is a building and other side there is a tuboile.  

● Long and Lat:- The longitude of the place is 23.236532 and the latitude of the place is 

88.489092.  

Description of the plant:-  

Plant name:- Ocimum tenuiflorum 

Flower:- 

Colour Shape Size Odour Hight 

from 

ground 

level 

Position of 

the 

nectarie 

Position of 

the ovary 

Violet Bilabiate 4mm Strong 

aromatic 

Approxima

tely 4ft 

Besides the 

ovary 

Hypogynou

s 

 



 



 

 



Collection methodology:- for this observation work I have made time slots of 2 hour's, like 

6-8am, 8-10am, 10-12pm, 12-2pm, 2-4pm, 4-6pm . Everyday at different time slot I have 

observed the flowers.  

● Now after reaching at the observatory place, I waits for the flower visitors. 

●  Then when I found the flower visitors, I observed them on the flower and their activities.  

● Then I take the data all I need and note it.  

● Next I take the pictures of the particular flower visitor.  

● Now after this until the flower visitors leave the place I waits or walk around there. After 

they leave I note their total time spent in the field and leave the place.  

The pictures are captured from Poco X3 phone on 64mp camera lense.  

 

Results:-  Throughout the observation I have found 6 species of flower visitors from 26th 

September to 2nd November. Some of them are regular some are not. There are the summary of 

my observational data on behalf of the species given below- 

 

 Species-1:- It is a hymanoptera. It sits on the flower head, takes nectar. At a stretch it also 

touches other flowers of a same species. The pollen carrying parts of it are their body, legs, head 

and in their crop. The observation table of the species-1 is given below- 

 

Date Weather Foraging 

activities 

Sitting on 

the flower 

(Time count 

in seconds)  

Flower 

touching per 

minute 

Total time 

spent in the 

field 

(minutes)  

26/9/2021 Cloudy  10am-12pm 5 10 45 

30/9/2021 Partly cloudy 12pm-2pm 4 12 45 

1/10/2021 Clear sky, 

sunny 

8am-10am 7 6 45 

5/10/2021 Partly cloudy 8am-10am 5 9 35 

7/10/2021 Partly cloudy 10am-12pm 5 9 40 

8/10/2021 Clear sky, 

sunny 

12pm-2pm 4-5 10 35 

9/10/2021 Clear sky, 

sunny 

8am-10am 4 12 25 

21/10/2021 Partly cloudy 6am-8am 4 11 30 

22/10/2021 Clear sky, 6am-8am 6 7 40 



sunny 

23/10/2021 Clear sky, 

sunny 

10am-12pm 4-5 10 30 

24/10/2021 Clear sky, 

sunny 

8am-10am 4 9 35 

25/10/2021 Clear sky, 

sunny 

12pm-2pm 4 10 35 

26/10/2021 Partly cloudy 2pm-4pm 3-4 12 35 

28/10/2021 Clear sky, 

sunny 

12pm-2pm 4 12 35 

29/10/2021 Clear sky 2pm-4pm 5 10 30 

2/11/2021 Cloudy 10am-12pm 6 9 30 

 

So in result it can be said that the species-1 is almost regular as a flower visitor. Which a having 

a average flower sitting time of 5seconds and approximately 10 flower touching per minute. 

Which spends an average of 40-35 minutes in the field.  

 

Species-2:- The species-2 is also a Hymanoptera. It sits on the flower head. And at a stretch it 

also touches the other flower of the same species. The pollen carring parts of it are their hairy 

body, legs, head, pollen baskets. The observation table of species-2 is given below- 

 

Date Weather Foraging 

activities 

Sitting on 

the flower 

(Time count 

in seconds)  

Flower 

touching per 

minute 

Total time 

spent in the 

field 

(minutes)  

26/9/2021 Cloudy  10am-12pm 8 6 35 

1/10/2021 Clear sky, 

sunny 

8am-10am 5 9 30 

27/10/2021 Clear sky, 

sunny 

6am-8am 8 6 25 

 

In result we can say that the species-2 having a flower sitting time of average 5 seconds. In a 

minute it touches approximately 10 flowers. And spends an avarage of 30 minutes in the field.  

 



Species-3:- The species-3 is also a hymanoptea. At a stretch it also touches other flowers of a 

same species. It a sits on the flower head. The pollen carrying part of it areThe pollen carring 

parts of it are their hairy body, legs, head, pollen baskets. The observation table of species-3 is 

given below- 

 

Date Weather Foraging 

activities 

Sitting on 

the flower 

(Time count 

in seconds)  

Flower 

touching per 

minute 

Total time 

spent in the 

field 

(minutes)  

3/10/2021 Partly cloudy 12pm-2pm 2-3 10 25 

4/10/2021 Clear sky, 

sunny 

10am-12am 3-4 8 30 

8/10/2021 Clear sky, 

sunny 

12pm-2pm 3 9 40 

9/10/2021 Clear sky, 

sunny 

8am-10am 3 10 40 

20/10/2021 Clear sky, 

sunny 

12pm-2pm 2-3 13 40 

21/10/2021 Partly cloudy 6am-8am 3 13 35 

25/10/2021 Clear sky, 

sunny 

12pm-2pm 2-3 14 40 

30/10/2021 Partly cloudy 8am-10am 7 7 30 

  

In result we can say that the species-3 having an avarage flower sitting time of 3 seconds. In a 

minute it touches approximately 10-11 flowers. And spends an avarage of 35-40 minutes in the 

field.  

 

Species-4:- Species 4 is regular to the plant but not as a flower visitor. They just moving all 

around the plant. But in my this span time of observation I have seen them some days on the 

flower. They ane also hymanoptea. They have been seen on the plant all day long. The 

observation table for species-4 is given below- 

 

Date Weather Foraging 

activities 

Sitting on 

the flower 

(Time count 

in seconds)  

Flower 

touching per 

minute 

Total time 

spent in the 

field 

(minutes)  



26/9/2021 Cloudy  They have 

been seen 

there all day 

long 

They are not 

sitting they 

are just 

moving 

around 

10 They have 

been seen 

there all day 

long 

1/10/2021 Clear sky, 

sunny 

  15  

3/10/2021 Partly cloudy   18  

 

In result we can say that the species-4 touches an avarage of 14 flowers in a minute.  

 

Species-5:- Its is a hymanoptea. This one is found for very short period of time and on of a 

particular plant. But like the previous one it also been seen there all day long. Observation table 

is given below- 

 

Date Weather Foraging 

activities 

Sitting on 

the flower 

(Time count 

in seconds)  

Flower 

touching per 

minute 

Total time 

spent in the 

field 

(minutes)  

6/10/2021 Clear sky, 

sunny 

They have 

been seen 

there all day 

long 

20-23 2 They have 

been seen 

there all day 

long 

7/10/2021 Partly cloudy  25 2  

8/10/2021 Clear sky, 

sunny 

 25 2  

 

It having a avarage flower sitting time of 25 seconds. And touches approximately 2 flowers in a 

minute.  

 

Species-6:- It is a Diptera. It sits on the flower head. And at a stretch it touches the other flowers 

of a same species. The observation table is given below- 

 

Date Weather Foraging 

activities 

Sitting on 

the flower 

(Time count 

in seconds)  

Flower 

touching per 

minute 

Total time 

spent in the 

field 

(minutes)  



6/10/2021 Clear sky, 

sunny 

2pm-4pm 6 8 40 

8/10/2021 Clear sky, 

sunny 

12pm-2pm  7 6 35 

27/10/2021 Clear sky, 

sunny 

6am-8am 7 7 45 

 

In a result it can be said that the species-6 having an avarage flower sitting time of 7 seconds and 

it approximately touches 7 flowers in a minute. And it spends an avarage of 40 minutes in the 

field.  

 

Discussion:-  In the observation I have seen that the flower visitor that comes almost regularly 

is the Species-1 . In almost every kind of weather except rain I observed the species-1's foraging 

activities. But in sunny weather it spent much time than the cloudy weather as the observation 

shows. It refers that the temperature is fact that stimulate the foraging activities of insects. It 

works also for Species-2, Species-3 and Species-6 . In bright weather they spent much more 

time in the field than in cloudy weather.  

In rainy day of 27th, 28th, 29th of september I had not found any flower visitor. It may for that 

the rainy day is not suitable for their foraging. Although heavy rain also washes, and degrades 

the pollen and dilutes the nectar. So the rain reduces the foraging activities.  

It is seen that while taking nectar the species took more time than taking the pollen. Sitting on a 

flower for very short time, visiting more flower than normal level or spending less time in a field 

it referres that the place is lack of food supply. It occurs when a species comes regularly in a 

same place for foraging. So some insects visits the same place not regularly.  

In case of Species-4 and Species-5 they some different jobs unlike other species. They took 

nectar reward from the flower (The species-5 took nectar from the flower that it take almost 25 

seconds for a single flower) or shelter from the plant. In return they give the plant protection 

form other insects/animals that can harm the plant or flower. That's why they are seen to there all 

day long.  

This observation gives a beautiful example of plant-insect interaction.  
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Pollination Strategy of Lantana camara 

Sayan Banik 
(Department of Zoology, Rahara Ramkrishna Mission Vivekananda Centenary College, Kolkata – 700118.) 

 

 Introduction: -  

                                   Pollination is a biological process of plant to create offspring for the next generation via transferring 
the pollen grains from anther to the stigma. 

                                    Lantana camara, a species of flowering plant within the ‘Verbenaceae’ family, usually found in sub-
tropical and tropical America but a few taxa are indigenous to tropical Asia and Africa. Lantana camara, is a diurnal flower 
and the pollination of L. camara is occurring by some of the insect; to be more precise, some types of butterflies. So, L. 
camara is an entomophilous flower. 

 Objective of the study: -  
                    
                                    Pollination of Lantana camara is one of the interesting and advance topics for study and 
discussion, that depicts about the pollination strategy of L. camara and about the insect pollinators as well. It also deals 
with the common practice of the flower to attract their pollinators including the insect activity. The project summarizes 
the overall pollination process of L. camara and expressing about the role of pollinators in the pollination.  

 

 Study site: -  

                       
                                   The study site was conducted at Bhakunda, Chandannagare in Hooghly district of West Bengal. The 
insect species of Lantana camara during blooming phase was recorded from 15th September, 2021 to 4th November, 2021. 
The study was carried out for 10 days/ 1 week and 3 days. The overall observation was recorded by four sessions; 
7:00am to 8:00am. 8:00am to 9:00am, 9:00am to 10:00am and 4;30pm to 5:30pm. 
 

 Longitude and Latitude: -  

 
                                   According to the GPS co-ordinates, the latitude is 22˚51’28.44” N and the longitude of the study 
site, Bhakunda, is 88˚21’26.244” E. 
 

 Habitat: -  

 
                     The study site is a garden and situated at Bhakunda, Chandannagare in Hooghly district. 
 

 



 

 Description of Lantana camara: - 
 

➢ Colour: Lantana come in many different colours such as red, yellow, white, pink and orange, 

which differ depending on the location, inflorescence, age and maturity. The flower that was 
observed, was white and pink in colour. 

➢ Shape: Lantana has small tubular shaped flowers and have four petals and arranged in cluster 

in terminal area of stem. 
➢ Size: Average height of Lantana is 3ft to 4ft. 
➢ Odor: Lantana has a distinct odor in between fermenting citrus and gasoline. 
➢ Height from Ground Level: The height of the observed flower from ground is 

approximately 3.2ft. 
➢ Position of the Nectaries: Below the ovary. 
➢ Position of the ovaries: It contains superior ovary. 

 
 Collection Methodology: -  
 
                         I had observed the flower for 10 days and each day the observation period was at around 
one to one and a half hours. I also taken few pictures of pollinators of the flower Lantana with the help of my mobile 
phone’s camera. Thus, I have collected same information about this topic. 
 
 

 Results: -  

 
                           Lantana camara is a diurnal flower and it shows different variety of flower colours 
such as red, yellow, white, pink and orange to attract their pollinators. The flowers that I observed was white and pink. 
Lantana camara is an entomophilous flower; that means the pollination of Lantana is carried out by insects.  
                                                     During the observation period I had observed total four types of insects pollinators 
which are discussed below -  

Species Common Name Phylum Order 

Dalias eucharis Common Jezebel Arthropoda Lepidoptera 

 Graphium agamemnon Tailed Jay Arthropoda Lepidoptera 

Hesperiidae sp. Skippers Arthropoda Lepidoptera 

Polistes versicolor Paper Wasp Arthropoda Hymenoptera 

 
                             They are usually found in sunny days and according to my observation they are found 
around 29˚C to 34˚C temperature. They sat on the flower head and suck the nectar with the help of their long proboscis. 
During ingestion of nectar, the sticky pollen grains are stucked with their legs and proboscis as well. When they sat on 
the anther flower, they actually carry the pollen grains and helps in pollination. Thus, they serve them as a pollinator of 
Lantana camara. 



 

 Discussion: -  
 
                               According to the observation all the insect pollinations are usually found at around 29˚C 
to 34˚C. They can not tolerate much temperature than 34˚C and less temperature than 29˚C. They are not available in rainy 
days. There was also a Antigonon leptopus. Plant found but all of these above pollinators never towards the Antigonon 
leptopus plant to avoid the competition with the wasp named Vespa tropica (common name Greater banded hornet). 

                                           Picture: - Polistes versicolor (Paper Wasp)                              

                    Picture: - Dalias eucharis (Common Jezebel) 



                                                                       Picture: - Graphium agamemnon (Tailed Jay) 

                                                                              Picture; - Hesperiidae sp. (Skipper) 

 

 

 

 



                         Picture: - The photo was taken during my observation and studying of Pollination behavior of Insects  

 

❖ Species 1: Dalias eucharis (Common jezebel) 

                                              Dalias eucharis belong to the phylum Arthropoda and order Lepidoptera. It sat on the flower head and 

ingested nectar. The pollen carrying parts are their legs and proboscis.  

 

 

 

 

 



                           

DATE WEATHER OBSERVATION 
TIME 

IF I 
FOUND 

THE 
INSECT 

IF SITTING, 
HOW MUCH 

TIME 
(APPROX) 

(SECONDS)  

FLOWER 
TOUCHING 

PER 
MINUTE 

TOTAL TIME 
SPENT IN 

THE FIELD 
(MINUTES) 

15/09/2021 SUNNY 3:30PM-4:30PM YES 7-8 6 60 

03/10/2021 SUNNY 8:00AM-9:00AM YES 10 5 60 

04/10/2021 SUNNY 8:00AM-8:50AM YES 9 5-6 50 

05/10/2021 SUNNY 8:30AM-9:30AM YES 8 6 60 

08/10/2021 SUNNY 7:30AM-8:15AM NO - - 45 

10/10/2021 SUNNY 8:15AM-9:30AM NO - - 75 

26/10/2021 CLOUDY 7:00AM-8:00AM NO - - 60 

31/10/2021 SUNNY 9:30AM-10:20AM YES 8 5-6 50 

03/11/2021 SUNNY 4:00PM-4:30PM NO - - 30 

04/11/2021 SUNNY 9:20AM-10:00AM NO - - 40 

  

❖ Species 2: Graphium agamemnon (Tailed Jay)                                              

                                            Graphium agamemnon, commonly known as Tailed Jay, belong to the phylum Arthropoda and order 
Lepidoptera. It sat on the flower head and took Nectar. The pollen carrying parts are their legs and proboscis. 

 

DATE WEATHER OBSERVATION 
TIME 

IF I FOUND 
THE 

INSECT 

IF SITTING 
THEN HOW 
MUCH TIME 
(APPROX) 

(SECONDS) 

FLOWER 
TOUCHING 

PER 
MINUTES 

TOTAL 
TIME 

SPENT IN 
THE FIELD 
(MINUTES) 

15/09/2021 SUNNY 3:30PM-4:30PM NO - - 60 

03/10/2021 SUNNY 8:00AM-9:00AM NO - - 60 

04/10/2021 SUNNY 8:00AM-8:50AM YES 4-5 12-14 50 

05/10/2021 SUNNY 8:30AM-9:30AM NO - - 60 

08/10/2021 SUNNY 7:30AM-8:15AM YES 4 14 45 

10/10/2021 SUNNY 8:15AM-9:30AM NO - - 75 

26/10/2021 CLOUDY 7:00AM-8:00AM NO - - 60 

31/10/2021 SUNNY 9:30AM-10:20AM YES 5 12 50 

03/11/2021 SUNNY 4:00PM-4:30PM NO - - 30 

04/11/2021 SUNNY 9:20AM-10:00AM YES 3-4 12-13 40 



❖ Species 3: Hesperiidae sp. (Skipper) 
                 
                                 Hesperiidae sp., commonly known as Skipper, sat on the flower head and took Nectar. Their pollen 
carrying parts are legs and proboscis. 

                               
DATE WEATHER OBSERVATION 

TIME 
IF I 

FOUND 
THE 

INSECT 

IF SITTING 
THEN HOW 
MUCH TIME 
(APPROX) 

(SECONDS) 

FLOWER 
TOUCHING 

PER 
MINUTES 

TOTAL 
TIME 

SPENT ON 
THE FIELD 
(MINUTES) 

15/09/2021 SUNNY 3:30PM-4:30PM YES 10 3-4 60 

03/10/2021 SUNNY 8:00AM-9:00AM YES 12-13 3 60 

04/10/2021 SUNNY 8:00AM-8:50AM YES 12 4 50 

O5/10/2021 SUNNY 8:30AM-9:30AM YES 10 3 60 

08/10/2021 SUNNY 7:30AM-8:15AM YES 15 2 45 

10/10/2021 SUNNY 8:15AM-9:30AM YES 7-8 4 75 

26/10/2021 CLOUDY 7:00AM-8:00AM YES 12 2 60 

31/10/2021 SUNNY 9:30AM-10:20AM YES 10 3 50 

03/11/2021 SUNNY 4:00PM-4:30PM NO - - 30 

04/11/2021 SUNNY 9:20AM-10:00AM NO - - 40 

 

❖ Species 4: Polistes versicolor (Paper Wasp) 
    
                        Polistes versicolor commonly known as Paper Wasp, sat on the flower head and took nectar. Their pollen 
carrying parts are head, legs and suctorial proboscis.  
 

DATE WEATHER OBSERVATION 
TIME 

IF I 
FOUND 

THE 
INSECT 

IF SITTING THN 
HOW MUCH 

TIME (APPROX) 
(SECONDS) 

FLOWER 
TOUCHING 

PER 
MINUTES 

TOTAL TIME 
SPENT ON 
THE FIELD 
(MINUTES) 

15/09/2021 SUNNY 3:30PM-4:30PM NO - - 60 

03/10/2021 SUNNY 8:00AM-9:00AM YES 15 2 60 

04/10/2021 SUNNY 8:00AM-8:50AM NO - - 50 

05/10/2021 SUNNY 8:30AM-9:30AM NO - - 60 

08/10/2021 SUNNY 7:30AM-8:15AM NO - - 45 

10/10/2021 SUNNY 8:15AM-9:30AM NO - - 75 

26/10/2021 CLOUDY 7:00AM-8:00AM NO - - 60 

31/10/2021 SUNNY 9:30AM-10:20AM NO - - 50 

03/11/2021 SUNNY 4:00PM-4:30PM NO - - 30 

04/11/2021 SUNNY 9:20AM-10:00AM NO - - 40 



 Conclusion: - 
 
                          The observation study gives us a brief idea about the pollination strategy of Lantana camara and also 
the importance of insects in pollination process. By this study we got many unknown facts about pollination process and 
the study surely enriched our knowledge.                      

 
                           
                      

 



❖ Review work on insect visitors and pollinators of   

Tabernaemontana divaricata (Togor):- 
• Study Site – The study was conducted at village Ala, Dhaniakhali in Hooghly 

district of West Bengal. The insect species on the flower Tabernaemontana divaricata 

during its blooming phase was recorded from September 27, 2021 to  

• Latitude & Longitude – 22.97 & 88.08  

• Objective of the study- To study about various insect visitors and pollinators of  
Tabernaemontana divaricate (Togor). 

• Habitat – The study site was a mini garden which is located at the top of our house. 

The flower pollinators and visitors were observed for an interval of each 3 minutes for 

approximate 1 hour per day.  

 

 

 

 

 

 

 

 

 

 

 

 

• Description of the Plant (Flower) 

 

 DAY 1 – 27/09/21:    Time – 1.15pm to 2.15pm 

 
o Temp – 30°C , Humidity – 88% , Wind – 8.4km/h , Partly cloudy weather with a 

possible thunderstorm. 

Color Shape Size Odour Height 

from 

GL 

Position 

of the 

nectaries 

Position of 

the ovaries 

White Hypocleteriform,Pinwheel 

shaped 

Centimeter 

in diameter 

No 3.7 ft Base of 

ovary 

Hypogynous 

ovary 

Date:-

26/9/21, 

Time:-1.10pm 

Ajoy Mullick
Typewriter
Manash Mukherjee, Roll-543,Sem-V,Dept-Zoology



 

o Insect visitor : Diurnal/Nocturnal 

Order Family Genus/ Species Posture of 

sitting 

Pollen 

carrying parts 

Hymenopterans Formicidae    

 

 

 

 

 

 

 

 

 

 

 

 

 

 DAY 2 – 28/09/21:    Time – 1.15pm to 2.15pm 

 
o Temp – 29°C , Humidity – 92% , Wind – 6.8km/h , Partly cloudy weather.  

 

o Insect visitor : Diurnal/Nocturnal 

Order Family Genus/ Species Posture of 

sitting 

Pollen 

carrying parts 

Hymenopterans Formicidae    

Date:-28/9/21, Time:- 1.35pm- 

 

  

 

 

 

 

Date:-27/9/21, Time:- 1.25pm 



 

 

 DAY 3 – 29/09/21:    Time – 1.20pm to 2.20pm 

 
o Temp – 27°C , Humidity – 85% , Wind – 4.2km/h , Partly cloudy weather.  

 

o Insect visitor : Diurnal/Nocturnal 

Order Family Genus/ Species Posture of 

sitting 

Pollen 

carrying parts 

Hymenopterans Formicidae    

 

 

 

 

 

 

 

 

                                                                  

                                                                     

                                                                       Date:-29/9/21, Time:-1.45pm  

 

 DAY 4 – 30/09/21:    Time – 4.15pm to 5.15.pm 

 
o Temp – 25°C , Humidity – 81% , Wind – 3.2km/h , Clean weather.  

 

o Insect visitor : Diurnal/Nocturnal 

Order Family Genus/ Species Posture of 

sitting 

Pollen 

carrying parts 

Hymenopterans Formicidae    

 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

                                                              Date:-30/9/21, Time:- 4.42pm 

 

 DAY 5– 1/10/21:    Time – 3.45pm to 4.45.pm 

 
o Temp – 26°C , Humidity – 83% , Wind – 3.8km/h , Clean weather.  

 

o Insect visitor : Diurnal/Nocturnal 

Order Family Genus/ Species Posture of 

sitting 

Pollen 

carrying parts 

Hymenopterans Formicidae    

 

                                                                 Date:-1/10/21, Time:-4.30pm 

 

 

 

 

 

 

 



 DAY 6– 3/10/21:    Time – 1.45pm to 2.45.pm 

 
o Temp – 28°C , Humidity – 85% , Wind – 4.3km/h , Partly cloudy weather.  

 

o Insect visitor : Diurnal/Nocturnal 

Order Family Genus/ Species Posture of 

sitting 

Pollen 

carrying parts 

Hymenopterans Formicidae    

                                        

 

 

 

 

 

 

 

 

 

 

 

                                                                     Date:-3/10/21, Time :-2.10pm 

 

 DAY 7– 5/10/21:    Time – 1.10pm to 2.10pm 

 
o Temp – 29°C , Humidity – 78% , Wind – 3.7km/h , Clean weather.  

 

o Insect Visitor: Diurnal/Nocturnal 

Order Family Genus/ Species Posture of 

sitting 

Pollen 

carrying parts 

Lepidoptera Lycaenidae Neopithecops   

 

 



  

 

 

 

 

 

 

 

 

                                                            Date:-5/10/21, Time:-1.50pm 

Collection methodology:- Data collection regarding the flower Tabernaemontana 

divaricate(Togor) pollinators and visitors was done carefully through day by day observation. 

Each day about 1 hour, I spent my time near our garden.I tried to find the visitors and 

pollinators everyday but at that time due to the weather was rainy so only find some of the 

visitors and did not find any specific pollinators species,after got any of them(visitors) I tried 

to capture their pictures by my mobile. All the data was also recorded in rough notebook for 

careful and detailed analysis. 

Results:- The observation was conducted from mid September 2021 to late early 

October.Though the observation was done in a regularly pattern on daily basis but still did 

not find any specific pollinators except once I got a Quaker(Neopithecops zalmora)butterfly. 

I didnot think that it was came as a pollinator cause it was very movable and somehow I 

captured one photo of that butterfly species. It was seen on the flower buds those were not 

bloomed and on the leaf sometimes,maybe it came just to take the nectar from the flower. 

There were many visitors there like different species of ants(Order- Hymenoptera, Family-

Formicidae)and some dipterans including house fly. Those ants were seen on the flower 

buds which were not bloomed. Those various ant species are solely depends on that natural 

food source for them. They came to take their reward as in form of sweet nectar. From the 

late of September due to the rainy weather I did not find any specific pollinators but from 

early October when the rain stops I find some species of butterflies and dragonflies. Most of 

the time they were not sitting on any flower but one day I got one and I captured that 

moment of a Quaker sitting on a not fully bloomed Togor flower bud and in other times they 

just keep flying above the plant about 2-3 times and went off ,so I did not clicked pictures. 

Discussion:- From the above results I did not found any specific pollinator to be involved 

in pollination of this flower Togor though I got some of the flower visitors. These flower 

visitors are ants,they use that place as their habitat or sometimes they try to protect the 

flower and plant. Due to the rainy weather high humidity and moisture might be the the 

reason for not finding any other insect visitors rather then ants. These ants only visits the 

flower to collects their natural sweet reward which is Nectar or sweet sap. 



Pollinator observation on Hibiscus 

 
Name- Avijit Ghosh 

Roll- 545 

Objective: 

To know about the various pollinators and their interaction with hibiscus plant in my locality. 

 
 

Study Site: 

The study was conducted Bajarpara, Balurghat, D.Dinajpur, West Bengal. The insect 

species on Hibiscus rosa sinensis during its blooming phase was recorded from october 21, 

2021 to November 3, 2021. 

 
 

Latitude & Longitude: 

22.237284 and 88.753858 



 
 
 

Habitat – 

The study site was on my rooftop. The flower visitors were observed for an interval of each 2 

minutes for approximately 1 hour per day. 



 
 

 

Description of the Plant (Flower) 
 
 
 
 
 

Color Shape Size Odour Height 
from GL 

Position of 
the 
nectaries 

Position of 
the 
ovaries 

Red Trumpet 
Shaped 

6 - 10 cm 
In dm 

Aren't any, 7ft- 8ft Inside the 
calyx 

Bottom of 
the flowers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collection methodology- 

Collection of flower visitors was made by live observing the flower and clicking some pictures 

by mobile. Flower visitors were observed for 1 hour per day. 

 
What we observed from day by day is listed down below - 

 
 
 

Order Family Genus/ 
Species 

Posture of 
sitting 

Pollen 
carrying 
parts 

Sitting time 
on flower 

Hymenopter 
a 

Apidae Apis indica The stamen Wings, Legs 10 seconds 

- - - - - - 



Hymenopter 
a 

Apidae Apis indica The stamen Wings, Legs 20 seconds 
approx 

Odonata Dipterocarpa 
ceae 

Anisoptera 
sp 

Flying 
around the 
flower 

- 5 seconds 

- - - - - - 

Odonata  Anisoptera 
sp 

Upper bud legs 1 minute 

Hymenopter 
a 

Apidae Apis indica Around the 
petal 

- 5 seconds 

Passeriform 
es 

Nectariniidae Nectariniidae 
sp. 

Around the 
petal 

beak Stays for 10 
second and 
comes back 
again 

- - - - - - 

Passeriform 
es 

Nectariniidae Nectariniidae 
sp. 

On the calyx beak 3 seconds 

 
 
 

● During the observations temperature stayed between 26- 

31°C, Humidity was around 50-60%, Partly sunny weather 

stayed all throughout the days with some exceptions. 

 
 

Conclusion: I am not sure about that all the insects are pollinators, some bees were flying 

towards the flowers.but some ants were roaming around the roots. 



Observation of flower visiting insect on Lantana camara 

 

Ronit Das (546) 

Department of zoology ; Ramkrishna Mission Vivekananda Centenary College 

Kolkata : 700118  

 

 

Introduction 

Lantana camara is one of the world’s most pervasive exotic and inhabits over 60 Regions globally. It 

relies heavily on pollination services for its reproductive success and flowers Undergo a sequential color 

change from nectar and pollen rewarding yellow to orange then pink. Four insects are observed to 

pollinate Lantana camara and those are Common Jezebel,, Common Mormon,, Lime Butterfly and 

Domestic honeybee. Lantana camara is one of the world’s most pervasive exotic and inhabits over 60 

regions globally. It relies heavily on pollination services for its reproductive success and flowers undergo 

a sequential color change from nectar and pollen rewarding yellow to orange then pink. 

 

Objective  

Pollinators like bees and butterflies are important for plant reproduction. One way to keep these 

pollinators happy is to attract and feed them. Lantana is a sun-loving, warm weather plant that’s great 

for attracting these pollinators . In these plants, the thrips live inside flower buds and lay eggs in the 

petal tissues. The females pollinate the flowers by flying from flower to flower looking for the 

comparatively rare, wingless males. In Lantana however, thrips are associated with the flowers only 

when the stigma is receptive . 

 

 

Study site 

This study was conducted  at Majhipara Palashi which is a village area in Kanchrapara in the city of 

Kolkata.  

This observation on Lantana camara took place in 22nd September 2021 and continued till October 5th . 

The overall observation was recorded by 5 seasons i.e, 6:00-9:00 am ; 11:00am - 12:30pm ; 2:00-3:00pm 

; 5:00 – 6:00pm and 9:30-10:15pm each day continuing for 13 days. 

 

Latitude and Longitude of area  

22.9 degree and 88.4 degree 



  

Habitat  

This study site was a roadside of our house where this flower was bloomed. 

 

                                   

 

Description of flower 

Colour Shape Size Odour 

Height 
from the 
ground 

level 

Position 
of 

nectaries 

Position 
of 

ovaries 



Yellow to 
Orange to 

pink 

Umbel 
round 

2-6 cm 
Smell like 
gasoline 

2-3 m 
  

 

 

Collection methodology  

Most of the insects are basically butterflies and bees. Butterfly has a high foraging speed so they used to 

on the flowers for only few seconds. I took the pictures as much as possible and also videos by my 

mobile phone . I continue this process in different time intervals to observe their actual foraging 

behaviour and to witness the pollination by different pollinators. Then I put those information down on 

a notebook.  I note down the the presence of pollinators of different species in different time intervals. 

And also in which genus, species and order they belong. I also put down the duration of pollination, 

position of sitting and how many flowers they touch within a minute of same/different flowers. 

 

 

Result and discussion   

Only two types of insects are seen to pollinate the flowers. One is the butterfly and the other one is the 

honeybee.  

 

            Insect 1  

 

 

 



                                    

Common Jezebel ( Delias eucharis )  

 

 

Order Family Genus/Species 

Lepidoptera Nymphalidae Heliconius 



 

 

 

Foraging speed 

 

Position of sitting Duration 
Flowers touching per 

minute 

On the head of the flower 5-6 sec Approximately 5 

 

 

 

       Insect 2 

 

 

 



                             

Common Mormon ( Papilio polytes ) 

 

 



Order Family Genus 
Lepidoptera Papilionidae Papilio 

 

 

 

Foraging speed  

 

 

Position of sitting Duration 
Flowers touching per 
minute 

Head of the flower Approximately 8 Sec 5-6 

 

 

 

  

             Insect 3 

 

 

 

                                      



 

Lime Butterfly ( Papilio demoleus ) 

 

 

Order Family Genus / Species 

Lepidoptera Papilionidae Papilio demoleus 

 

• Swallowtail Butterfly 



 

 

Foraging speed  

 

Position of sitting Duration 
Flowers touching 

per minute 

Head of the flower 8 sec 6 approximately 

   

 

 

 



                                           

Domestic honeybee ( Apis mellifera ) 

 

 

Order Family Genus/Species 
Hymenoptera Apidae Apis mellifera 

 



 

Foraging speed 

 

Position of sitting Duration 
Flowers touching 

per minute 

On top of flower 7-8 sec 8-9 

 

Discussion  

  All of these insects were shown to pollinate in the day light from the dawn to afternoon. None of these 

insects pollinate in the night time. No other pollinators were shown to pollinate probably due to the 

cloudy weather & rain. Much of the time the butterflies pollinated the flowers. Butterflies of the same 

species and of the other species both pollinate these flowers. They are attracted to flowers in the broad 

day light because of the flower or scent. This flowers blooms beautifully in the day time specially in 

morning which is right time for this pollinators for foraging. Butterfly of different species are attracted at 

different times. They didn’t pollinate in cloudy weather probably because of the absence of sufficient 

light. Except that honey bees also pollinate at different times more than once in a day. But only 

domestic honeybees are shown in these observation. Bees were also attracted to this flowers but they 

also didn’t come at night maybe because of the low light. All pollinators in this observation were active 

in day time but as it was getting dark their pollination activity were seen to be quite in the observation. 

 

 

Report l 

 

Species Date 
Seasons 
Am/pm 

Total staying time 

Delias eucharis 

23 sep 
24 sep 
25 sep 
29 sep 
30 sep 
2 Oct 

8:12-8:21 
10:05-10:15 

8:42-8:55 
1:02-1:08p 
9:53-10:02 
2:11-2:25P 

9 min 
10 min 
13 min 
6 min 
9 min 

14 min 

Papilio polytes 

23 sep 
24 sep 
25 sep 
26 sep 
28 sep 
29 sep 
30 sep 
1 Oct 

 

7:03-7:11 
12:55-1:09p 
11:22-11:37 
2:42-2:55p 
2:57-3:04p 
5:01-5:09p 
6:52-7:13 

10:32-10:44 

8 min 
14 min 
15 min 
13 min 
7 min 
8 min 

21 min 
12 min 



Papilio demoleus 

22 sep 
26 sep 
27 sep 
28 sep 
2 Oct 

4:05-4:17p 
6:58-7:11 

2:00-2:12p 
10:00-10:08 
10:26-10:40 

12 min 
14 min 
12 min 
8 min 

14 min 

Apis mellifera 

22 sep 
23 sep 
24 sep 
25 sep 
26 sep 
27 sep 
29 sep 
1 Oct 
2 Oct 

7:55-8:06 
9:22-9:39 
6:00-6:18 

12:59-1:11p 
3:04-3:18p 
4:07-4:13p 
1:09-1:20p 
7:00-7:10 

3:09-3:18p 

11 min 
17 min 
18 min 
12 min 
14 min 
6 min 

11 min 
10 min 
9 min 

 

 

 

 



Immediate Hypersensitivity to Wheat Consumption: A Brief Review 

 

Debpratim Paramanik 

Department of Zoology, Ramakrishna Mission Vivekananda Centenary College, Kolkata-700118    

 

Introduction: 

 

The Immune system includes a complex network of cells, tissues, organs and Substances makes body to fight against any foreign 

body. Immune systems are always on alert and react very quickly to something ongoing, a particular persistent adverse reaction 

over a certain food item(includes egg, peanut, soyabean, milk and others). Ingredients causing these adverse effects are called 

allergen, which may lead to serious symptoms like breathing difficulty, vomiting, diarrhoea and even cause anaphylactic shock. 

This phenomenon of food allergy happens when the body's immune system reacts unusually to a specific food item.     

 

Normal ingestion includes interference by the gut microbes (also contributes in strengthening of gut barrier); and normal 

absorption in intestine. Dendritic cells form the first line of defence in the gut barrier, molecules  absorbed by the gut are being 

treated from the gut microbes generally do not excite the dendritic cells. In absence of gut microbes the leaky barriers of gut 

continuously encounter the food molecules activating dendritic cells. Activation of dendritic cells stimulates T-cells and leads to 

IgE antibody production from B cells. Releasing of IgE antibodies activates mast cells (Sensitization), second time encounter of 

the same molecules results in detonation of mast cells in various organs  locations including the circulatory systems causing 

various symptoms and may lead to an anaphylactic shock. 

 

Objective: 

 

Wheat allergy, especially gluten intolerance, is associated with three major conditions: Celiac disease, Wheat Sensitivity and Non-

Celiac Gluten Sensitivity.  

 

Retrospective study from the United States reported the median age of resolution is 79 months, and approximately 35% of patients, 

wheat allergy persisted into adolescence. Another study over Thai childrens of similar median age of resolution of 76 months, and 

there were only a few reported wheat allergy in adults. A larger study conducted in Italy and Denmark over 37 adults, all having 

a history of wheat allergy, only 48% Of the cases reported positive for oral food challenge(didn't mention any age of wheat allergy 

onset).{Source: Pacharn & Vichyanond, 2017} 

 

A proper care over restrictions in food causing allergies is a strict avoidance nowadays. However, Wheat avoidance cannot be 

strictly implemented in our lifestyle as wheat is being widely consumed and used as a constituent of various food products 

including cakes,biscuits and other items. Because of difficulty in complete avoidance of this products severe reactions and 

alternative symptoms are observed, in case need of alternative treatment procedures; among some of this includes oral 

immunotherapy(OIT) 

 

Discussion: 

 

Gluten includes a family of seed storage proteins (with high proline & glutamine content) found mostly in cereal grains 

[barley(hordeins), rye(secalins), oats(avenins)] including maze and rice and are considered as most commonly consumed grains 

worldwide. Broadly, it contains two types of proteins glutenins and gliadins(α/β, γ & Ω) which are resistant to proteolytic enzymes 

of the gastrointestinal tract (particularly crossing the epithelial barrier and activating immune responses). 

 

Cereal food consumption is a major trigger to gluten-related disorders (gluten intolerance) which could be classified under three 

categories: Celiac disease(Autoimmune Disease), Non-Celiac gluten sensitivity(gluten sensitivity) and Wheat allergy (Type I & 

IV hypersensitivity by IgE immunoglobulin) demonstrating symptoms like bloating, abdominal discomfort, diarrhea and 

flatulence. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gluten Related Disorders: 

 
Gluten having high glutamine content are resistant to proteolytic enzymes of gastrointestinal tract, while some of them cross the 

intestinal barrier and activate the immune system and trigger wheat allergy causing incomplete digestion leading to several 

intestinal symptoms.  

Gliadin and other gluten proteins are found to stimulate T cells (IgE immunoglobulins); while the constituents of other wheat 

proteins like agglutinin-carbohydrate binding protein(ACBP) and exorphins also influence the immune system and damage 

intestinal epithelium. Amylase trypsin inhibitors (ATIs, albumin proteins) forming 4% of wheat grain are highly resistant to 

intestinal proteases causes activation of  monocytes, macrophages and dendritic cells releasing pro-inflammatory cytokines in 

celiac disease & non-celiac gluten disease patients.  

Compounds like fructo-oligosaccharides, galactooligosaccharides, lactose, fructose, sorbitol, mannitol and polyols are some of 

prevalent forms of fermentable oligo-, di- & monosaccharides and polyols(FODMAPs) are short chain (less than 10 carbon atoms) 

molecules. These FODMAPs are neither digested nor absorbed by the gastrointestinal tract and have high cosmetic effect and 

could undergo rapid fermentation resulting in intestinal liquefaction, gas production, pain while causing certain bowel 

diseases(irritable bowel syndrome) whereas sometimes patients develops ulcerative colitis, Crohn’s disease. Compounds like 

galactooligosaccharides, fructo-oligosaccharides present in FODMAPs limits the proliferation of certain bacteria like Bacteroides 

spp., Clostridium spp., and E.coli hence affecting intestinal lining(promoting activation of dendritic cells). 

 

Wheat Sensitivity: 

 

Wheat(Triticum aestivum) is a food largely consumed throughout the world. Wheat related allergic disorders, especially in IgE 

mediated allergy, patients suffer severe anaphylactic disorders.On the basis of solubility wheat proteins can be categorised into 4 

categories including albumin, globulin, gliadin & glutenin.  

Water and dilute salt soluble fraction of wheat corresponds 15% to 20% of the total protein i.e, albumin and globulin. However 

most of the proteins consist of ethanol & dilute acid soluble fraction (gliadins and glutenins). Gliadins are grouped into α/β, 𝛄 & 

⍵ gliadins  (recently reported Baker's asthma). Among them, gliadin containing omega5 shows high specificity on IgE mediated 

disorder diagnosis(especially in children). Also wheat allergy in children shows positive IgE response due to glutamines, α/β & 𝛄 

gliadins and α-amylase inhibitors, thus major type of wheat allergy are associated with IgE responses which could be further 

categorised into several subtypes of population. 

An experiment conducted under Battais et al. reveals 27(14 adult & 14 children) patients with wheat allergy, reports percentage 

of patients with IgE response to α-gliadin is 7%, to β & 𝛄 gliadin is 20% and ⍵-gliadin is 20% in immunoblotting studies. The 

result demonstrates the importance of gliadin family proteins as allergen for children causing wheat allergy. These Studies also 



exposed the importance of the glycan portion of gliadin of where binding of IgE shows greater symptomatic response, signifying 

the glycan portion of galaidin(7N linked Glycosylation sites were identified). 

 

Conclusion: 

 

New Strategies of oral immunotherapy (OIT) include modification of innate and as well as adaptive immune mechanisms 

OIT  protocols are classified into 3 phases:  

The first phase(i.e, escalation phase) includes the initial phase also known as rush phase, where food is given 6-8 doses per day, 

starting from small quantities of doses and then increasing it rapidly(phase generally conducted in the hospital due to its high risk). 

At the end of this phase the same starting dose limit was followed for home as earlier. This phase follows by up build up phase, 

during which the amount of food is increased in 1 to 2 weeks (generally 20% to 30% increase) until the patient reaches a proper 

maintenance dose(a level of dose which is maintained for several years). 

Efficiency of this treatment was measured in terms of desensitization & tolerance, desensitization denotes the limit upto where 

patient can persist the maintenance dose for several years during which no interruption in dose quantity was observed(sustained 

on progressiveness); ability of the patient to tolerate dose also determines the patients health after when the treatment discontinues 

(generally shift in 1 to 3 years of OIT).  

Immunological changes that were observed in patients undergone OIT includes decrease in mast cell and basophil release of 

mediators of inflammation, initial increase in food specific IgG but later decrease in food-specific IgE levels and expansion & 

affinity maturation of specific memory B-cell. In this regulatory T cell stimulation, release of IL-10 and IFN-𝛄 plays a central 

role.  

Whole gliadin can be considered an important allergen for children undergoing wheat allergy, where the entire range of gliadins 

are glycosylated whereas the deglycosylation of gliadin reduces the allergenicity of gliadin. The N-glycan moiety of gliadin 

exhibits allergenicity and acts as a carbohydrate epitope in wheat allergy in children. 
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Introduction- 

Ixora coccinea (also known as Jungle geranium, flame of the woods or Jungle flame or Penduli) 

is a species of flowering plant in the family Rubiaceae. It is a common flowering shrub native to 

Southern India, Bangladesh and Sri Lanka. It has become one of the most popular flowering 

shrubs in South Florida gardens and Landscapes. The flowers ,leaves, roots and the stem are used 

to treat various ailments in the Indian traditional system of medicine, the Ayurveda and in 

various folk medicines, in traditional Indian medicine the fusion of juice leaves and the fruit of 

Ixora coccinea is used to care for dysentery, Ulcers and gonorrhea . 

 

Objective- 

Pollination acts as a transferring of the pollen grains from the male anther flower to the female 

stigma to create offspring for the next generation. One of the ways that plants can produce 

offspring is by making seeds. The pollinator may become particular for food or their behaviors or 

they are attracted by the flower. This review will summarize insect behavior, insect foreignness 

and the particular pollinator of the flower. 

 

Study Site- 

The study was conducted at Gidhagram, Katwa in Purba Bardhaman district of West Bengal. The 

insect species on Ixora coccinea during the blooming phase was recorded from 25 .10.2021 to 

10.11.2021 the study was carried out for 15 days of the flowering season . 

 

Latitude & Longitude- 

23°29'44.8"N 88°04'19 .8"E 

23.495772, 88.072169 

 

Habitat- 

This study site is a garden and is located behind my house. There is the ability of 

full Sun and light to moderate shade and it is covered with some shrubs and 

surrounded by other small trees. 



 

 

 

 

 

Collection Methodology- 

The diversity of insect visitors was recorded and the individuals collected by a hand net. Data 

collection regarding the flower visitors was done by careful observation and clicking the pictures 

by mobile. Data was also recorded in a rough workbook for careful analysis. The averages of the 

observations were  calculated. 

 

 

Date Time Temp. 

(°C) 

Weather Wind 

(Km/h) 

Humidity 

(%) 

Barometer 

(mbar) 

Sitting Time 

(Average) 

01/11/20

21 

06.00am-

07.00am 

24 Partly 

Sunny 

No 80 1015 45 sec 

02/11/20

21 

07.00am-

8.00am 

22 Scattered 

Clouds 

No 86 1016 - 

03/11/20

21 

4.15pm- 

5.15pm 

25 Clean No 78 1011 35 sec 

04/11/20

21 

04.30pm-

5.30pm 

23 Clean No 75 1010 33 sec 

05/11/20

21 

06.30am-

07.30am 

20 Sunny 2 84 1014 42 sec 

06/11/20

21 

05.30am-

06.30am 

18 Sunny No 86 1011 No 

07/11/20

21 

11.30am-

12.30p. 

26 Sunny No 53 1011 15 sec 

 

 

 

 Results- 

Ixora coccinea is a dense ,multi-branched, evergreen shrub ,commonly 4-6 ft (1.2-1.8 m) in 

height. It has a rounded form ,with a spread that may exceed its height. The glossy, leathery, 

oblong leaves are about 4 in (10 cm) long ,with entire margins ,and are carried in opposite pairs 

on the stems .  

 



 

 

Flowers are borne at branch-ends, in dense corymb-like cymes, flower-cluster-stalk very short or 

absent; bracts about 8 mm long. Flowers are stalkless, bright scarlet, hypanthium 1-1.5 mm long, 

becoming hairless, teeth about 0.5 mm long. The blooms with bright , hot pink flowers are small, 

tubular, 4 petaled, and are borne in clusters which are 4 to 6 inches across. 

 

Flower-tube is prominently long, 2.5-4.0 cm long, 1.5 mm wide, hairless, petals 8-10 x 4-5 mm, 

twisted in bud, throat hairless. Stamens are 4, inserted on the throat of the flower-tube, filaments 

very short. Style protruding; stigma 1.5 mm long. 

 

 

Discussion- 

From the above results, I can find some flower visiting insects and some pollinators of Ixora 

coccinea. Pollinators provide key services to both natural and agricultural ecosystems. 

Agricultural productivity depends, in part on pollinator populations from adjacent semi-natural 

habitats. Insect pollinators play a crucial role in improving the productivity of cross pollinated 

crops. The availability of a sufficient number of suitable pollinators during flowering time is 

essential for achieving optimum pollination. Pollination, an essential ecosystem service provided 

by insect pollinators , causes it to produce a huge number of varieties of that plant.High humidity 

and moisture might be the reason for not finding any other insect visitors other than ants. And the 

ants only visit the flower only for nectars or sweet sap. 

 

Photo Plate- 

● Date :- 01/11/2021 

 

Order Family Species 

Lepidoptera Papilionidae Papilio polymnestor (Blue 

mormon) 



 

 

 

• Date:- 02/11/2021 

 
 

Order Family Species 

No No No 

 

• Date:-03/11/2021 

 

Order Family Species 

Lepidoptera Papilionidae Papilio polytes 

 (Indian Common mormon) 



 

 

• Date:-04/11/2021 

 

Order Family Species 

Lepidoptera Papilionidae Papilio polytes 

 

• Date:-05/11/2021 

 

Order Family Species 

Lepidoptera Papilionidae Papilio polytes 



 

 

• Date:-06/11/2021 

 

Order Family Species 

       -         -      - 

 

• Date:-07/11/2021 

 

Order Family Species 

Lepidoptera Papilionidae Papilio polytes 



 

 

 

 

 

 

 

 

 



         Flower visitors  observation on Hibiscus rosa-sinensis 

Name:- Pritam Lahiri, B. Sc, Sem-V, Roll-555,Department of Zoology  

Introduction:-Hibiscus rosa-sinensis also known as china rose or Joba Hibiscus  is a genus of flowering plants in 

the mallow family, Malvaceae. The genus is quite large, comprising several hundred species that are native to 

warm temperate, subtropical and tropical regions throughout the world. The leaves are alternate, ovate to 

lanceolate, often with a toothed or lobed margin. The flowers are large, conspicuous, trumpet-shaped, with five 

or more petals, colour from white to pink, red, blue, orange, peach yellow or purple and from 4–18 cm 

broad.Flower colour in certain species, such as H. mutabilis and H. tiliaceus, changes with age. The fruit is a dry 

five-lobed capsule, containing several seeds in each lobe, which are released when the capsule dehisces (splits 

open) at maturity. It is of red and white colours. It is an example of complete flowers. 

Objective of the study:-Hibiscus rosa-sinensis(Joba) is a common plant with very effective pollination strategy 

through self and cross pollination. The cross pollination happens through various Insects. Through this study we 

can know about the pollination strategy of joba and the interaction between plant & the pollinators. About when 

around the flower visitors come, how the rewarded by the plant and is they carry pollen with them or not etc. 

Study site:- The study site is 8/2 Masjid Ghat Road, Naihati, North 24 parganas, 743165 

Habitat:-The plant is at my garden.the plant is grown on moist soil. East, north and south side sourrounded with 

houses & west side is the river Ganga. 

Description of the plant:- 

Plant name:- Hibiscus rosa-sinensis  

Flower:- 

Colour Shape  Size  Odour Hight form 

the ground 

Position of 

nectarie 

Position of 

ovary 

Red Disc shape 10 cm (4 

in) in 

diameter 

No scent 3 miter Located 

just inside 

the calyx 

and under 

the ovary at 

the base of 

the flower 

At the 

bottom of 

the 

blossom 

 

https://en.m.wikipedia.org/wiki/Flowering_plant
https://en.m.wikipedia.org/wiki/Malvaceae


Collection methodology:-For this observation work l have made time 2 hour’s time slots. Everyday at different 

time slot I have observed flowers. Now after the reaching the observatory place and wait for the flower visitors, 

when it comes I take the data&capture the flower visitors activity. Then capture it with my mobile phone(realme 

3i). 

Results:-Through out the study I found 2 types of flower visitors from 29/09/2021 to 12/11/2021. 1 type is regular 

and other is occasional. There are the summery of my data collection given below:- 

Species -1:- it is a hymanoptera. It sits on the inside of the calyx or outside of the petal. It also touches other 

flowers of a same species. The pollen carrying parts of it their body, legs and head. The observation table given 

below 

Date Weather Time Sitting on the 

flower 

position  

Total time 

spent in the 

field(min) 

29/09/2021 Sunny 10am-12pm Calyx 95 

02/10/2021 Sunny 1pm-3pm Walk in the 

stamen 

20 

05/10/2021 Cloudy 9am-10am In the ovary 110 

07/10/2021 Sunny 12pm-2pm Petal 22 

08/10/2021 Cloudy 3pm-4pm Calyx 30 

21/10/2021 Sunny 10am-12pm Petal 15 

23/10/2021 Sunny 3pm-4pm In stamen 5 

24/10/2021 Cloudy 9am-11am Petal 22 

25/10/2021 Sunny 10am-12pm Calyx 30 

26/10/2021 Sunny 11am-1pm Ovary 40 

28/10/2021 Sunny 1pm-3pm Petal 10 



30/10/2021 Cloudy 10am-12pm Calyx 40 

01/11/2021 Sunny 3pm -4pm Petal 15 

02/11/2021 Sunny 10am-12pm Petal 10 

08/11/2021 Sunny 10am-12pm Petal 20 

09/11/2021  cloudy 12pm-2pm Calyx 30 

10/11/2021 Sunny 9am-11am Calyx 40 

11/11/2021 Sunny 11am -1pm Calyx 60 

12/11/2021 Sunny 2pm-4pm Petal 12 

 

So in result we can say the species 1 is a regular flower visitor. It’s avarage time of spent inflower 20-40 min. 

Species 2:-it is also a Hymenoptera. It is sitting in the stamen or flying over the flower the results given:- 

Date  Weather Time  Sitting on 

flower’s position  

Time spent(min) 

29/09/2021 Sunny 10am-12am Flying on the top 2-3 

02/10/2021 Sunny 1pm-3pm Flying over the 

flower  

2 

23/10/2021 Sunny 3pm-4pm Sitting on stamen 5 

25/10/2021 Sunny 10am-12pm Flying over the 

flower  

2 

02/11/2021 Sunny 10am-12pm Sitting on petal 1 



10/11/2021 Sunny 9am-11am Flying over the 

flower  

1 

 

So in result we can say species 2 is a often visit than species 1 and time spent average is 2-3 min 

Discussion:- In the observation I see that the species 1 is a regularly visits thr flowering plant.the sitting place of 

the species is calyx, ovary and petal. It’s body touched so many times in the pollen and visited many flowers as 

much as it can. The average time of the is species 1 is 10am-2 pm.the weather must be sunny. The avarage time 

spent of the species 1 is 20-40 min. It collected the nector but in this case the pollen struck in legs and the body.. 

    In case of species 2 it visit occationaly.and spent 2-3 min in flying over the flower. 

So from this observation I can tell that the cross pollination happens in the joba and main pollinator which works 

in the pollination is species 1 which is ant. It comes everyday except the rainy weather. 

Conclusion:-through is I concluded that china rose main pollinator is ant which visits every da & helps in the 

pollination. And the flower rewarded the ant with it’s nector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Picture :- 

Site:- 

  



 

 

 

Observation pictures:- 
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SAraam al veyhandl nas t kd SAoam -Tu paet 
Hm halped tupaby t iptu S t t 2iven Sede. 

Tophdkion i Nowntain- She'a bsdy 2 Leg sdzruefuns. 

tle te lanb ad babt s iven Cloin 
Shws tu pomta Can.& tFainna immins fo t 

babg lans. 
EICECCR 



TiHa 1 Aggnesive behaviown. in Tephitidas touit fy. 

Ttle 2: Pastental ond Swimming behavioun. ot Glatu Swan 

Name - Ashiresh hondal 

Roll 5 5 



Tephitidae, also Known as t»ue frut fies 

-have 4000 Species , many of which eomstitube 

enonmous thoteats to fnuts onmd vegetabfes 
podwetiom thorough out the woould, causing both 

quantitative and qualtutive loses. Many Species 
of tephitidae are highly polyphoacTus and attan 
to fhe econonmically imposutant uit amd 

vegetable lue manzo, apple, avawa, tomato, 
to 

peppe 
Amumbe ot suD Tephrutidae are leuirg 
SpecieS, 

leir 
umima aaqregabiong 1n whieh 

male s tight to defend a Small termtury 
whenc they cowt femaley amd mate 

Male - male contests also oecwn 1n 

non-lekuing Species ehanaeterized by iesowree 

detense polyayny. Tephru tidae temales 

display agonistie behaviow to maintain to 
Sinale oviposition sites and reduee larval 

eompetition to food. 

male- male fiahtina behaiowr held 
hile matina tith females. The 

aagressive behavion betweem maulas 

at is ehaactemi2ed by ecipnoca 
rina oai n 

Female- female hghhn. behai owr hel d 
Simila to mala -male iht. 

A 8aTTe ssion ean also Oocw bettoeen 
didferrent Tephri tidae Specie2s by Shaun by Shaing the Same habitat hich 

i called inter species comtest 



Introdvetign: The blaek swan is a lange weterbind, 
a Species of Swan whi eh bneo ds 

mainy 1 the southeagt and southwest 

eim of Augtralia. wthin Australia , 

the blaeu soan is nomadic, uoth ematie 

abeut ids, 
mignation pattepng depen odont om 

elimatie emt Conditions t is a lange 

oind 
+ 

ith blae plumage 4a nad biu . 

elip orkbrut . 

ln the video, we saw thote 1S a tOup 0hgenvation 
of blakSwan.- swimnmg 1n o twaten. 

In the ato thoce an TwO paents and 

Some dueklings. The partents an totalLy 

blacu feathered and the tdueklir 

ght aTTey feotthered. The 

putents juped into the wceter and 

following them the duerling elgojmped 
ee exeept dme ome of *the dweuling 

tepe wag in ter to jump into wcctor 

aJE 

The paTents were iatehing food to ked 

the duceuumas and teachinj them ho w ho w 

to eatch foods 

Interpretahim At Last we ean soy the duoklinis 

leartned Suim amd 5wimrnin} 
and eatehinj food ith thein bil. 



Review 

 

Study site 

Pollination Observation on Moringa 

Oleifera 
Manojit Nandi 

 Roll:- 1566 

Sub:- pollination Biology 

 

Locality: The study was conducted at Atrajole,  Kotulpur in Bankura district of West Bengal. 

Habitat: The locality is a garden in front of my house. This tree is surrounded by many small 

plant and flower plants. 
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Data &Time: The insect species on Moringa  oleifera is during its blooming phase was  

recorded from September 26, 2021 to 29th November 2021. 

Longitude & latitude: 

Description of the plant: 

Colour Shape Size   Odour  Height 

from 

GL  .       

Position of 

the 

Nectarines   .    

Position 

of the 

ovaries 

Whitish  

Gray 

Oval to  

Obovate or  

Hear drop 

Shaped 

1.0-1.5 cm 

Long & 

 2.0  

cm broad 

Miniscent 

Of roasted 

Nuts 

9-10  

meters 

Inside the 

Calyx 

Bottom of 

the flower. 

INSECT VISITORS : DIURNAL  

DAY 1 : 26 September,2021.  11:00am - 12:00pm 

Temp: 31° c;  Humidity: 60%  ; Wind : 9.8 km/h ;  sunny weather 

Order Family Species Posture of 

sitting 

Pollen 

carrying 
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Foraging activities: Collection of the flower visitors was made by live observing the flower and 

clicking some pictures by mobile. Flower visitors were observed for one hour per day. 

    Foraging speed: 

Sitting on flower 

head/ else 

If sitting then 

how much time 

Flower touching 

(per minute) 

At a stretch 

visiting the 

flowers of same 

plant species 

Time of spent 

in the field 

The insect sitting 

on flower head 

1.0-1.5 minutes 

Approximately 

50-55 second Yes 4 mins 

 

 

DAY 2 :  27 th September2021.  08:00am to 09:00 am 

Temp : 34°c   ;  Humidity: 40%.;    Wind: 6.7 km/h ;  sunny weather 

Order Family Genus/species Posture of 

sitting 

Pollen 

carrying 

parts 
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Foraging activities: Collections of the flower visitors was made by live observing and clicking 

some pictures by mobile.  

Insect Visitors: DIURNAL 

Sitting on flower 

head/ else  

If sitting, then 

how much time 

Flower touching At a stretch 

visiting the 

flowers of same 

plant 

Time of spent 

in the field 

 Sitting on flower 

head 

 01 – 1.5 mins 60 – 78 second Yes 10 minutes 

 

DAY  3 : 28th September2021.  12:00 pm to 01:00 pm  

Temp: 30°c   ; Humidity:71%  ;     Wind : 17km /h;    Party cloudy weather 

Order Family Genus/ species Posture of 

sitting 

Pollen 

carrying 

parts 

     -     -    -    -     - 

Foraging activities:  Not a single visitors observed for cloudy weather. 

DAY  4 : 29th September2021.      03:00 pm to 04:00 pm 
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Temp: 29°c   ; Humidity: 92% ; Wind: 11.2 km/h ; Light rainy weather 

Order Family Genus/species Posture of 

sitting 

Pollen 

carrying 

parts 

      -      -        -    -     - 

 

FORAGING ACTIVITIES:  Not a single visitors observed 

DAY 5  : 1st October 2021   ;  02:00 – 03:00  pm 

Temp : 25°c  ;    Humidity : 95%  ;  Wind : 15.2 km / h  ; Rainy day 

Order Family Genus/ species Posture of 

sitting 

Pollen carrying 

parts 

    --------      -------     -----     ---------    ------- 

FORAGING ACTIVITIES: No results 
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