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ABSTRACT

A method for species identification of venomous snakes has been developed on the basis of amplification
of a specific part of the mitochondrial cytochrome b gene using PCR. To distinguish among venomous
species, the obtained 1,144 bp PCR products were cut with different restriction endonuclease, Alu | and
Hinf I, resulting in species-specific restriction fragment length polymorphism (RFLP). Each enzyme
generated different-sized fragments which specific to the six neurotoxic and six hematotoxic snake species
in Thailand. However, identical patterns were found between Daboia siamensis and Trimeresurus
popeorum among hematotoxic snakes when Alu | has been used. These results could be resolved by using
additional enzyme such as Hinf | due to no cross reaction between the species was detected in their
restriction patterns. The PCR-RFLP developed here is simple, rapid, reliable and reproducible; hence it
can be routinely applied for snake species identification, essential for conservation and management of
endangered snake species in Thailand.
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INTRODUCTION
Snakes are a group of reptiles with many derivedpimaogical characters related to their peculiar

behavior and life style. The traditional classifioa of snakes based on morphological and histoldgi
characteristics divided snakes into three majouso The Scolecophidia (blindsnakes), the Henoghidi
(primitive snakes), and the Caenophidia (advancedkes). The majority of snakes are Caenophidians
which include many harmless forms and all knownoreous species. These advanced snakes include
three major groups: (1) the colubrids, typical hiasa species eg. rat snakes and racers, (2) thielela
front-fanged species with neurotoxic venom eg. astand coral snakes, and (3) the viperids, spedils
movable front fangs and hemotoxic venom eg. vipamd rattlesnakés However, snakes possess
adaptational characters in various respects ofr thebrphology, which may mislead taxonomic
classification to reconstruct incorrect or unresdiphylogeny. lllegal trade in snake products, esfig

skin and venom, has increased manifold in receatsye\ large number of snakes, such as Indian cobra
are killed in India for skin and venom. The enfanemt agencies fail to implement the law because it
difficult to identify the species from the specirefherefore, reliable labeling of products offefed
sale is important in order to assure the consualsost the identity and quality of the food produbisy
consume for a variety of reasons including aduiimaand socio-religious factors. Due to an inceeias

the consumption demand and high cost, other cheayperals are being used as fraudulent substitutes o
mislabeled*.

The need for accurate and reliable techniques foma species identification has been increased
dramatically during the past few yextsSpecies identification based on protein analyais been widely
used and regarded as a reliable method. Howevisrdifficult to identify the species origin in pressed
products since the proteins are denatured and rolagibal features are no longer detectable after
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processing As an alternative to protein analysis, DNA-basathniques for species identification have
recently started to be applied towards a wide taré animal&®. Mitochondrial DNA (mtDNA) is
regarded as an important tool in studying evol@ignrelationships, species identification and
authentication of animal origih Due to mtDNA contains the conserved protein4sgdiegion, high
variability in non-coding sequences, lack of recarabon, and easy to isolate and sequence. The
sequence divergence accumulates more rapidly if\tthan nuclear DNA due to faster mutation rate
and lack of repair system in mtDNA which contaigthlevels of informative variation. However, théera

of evolution for each region in mtDNA is differeahd has been used to examine various phylogenetic
relationships and species identificafibf. The mitochondrial cytochrome b (cyt b) gene stibvee
relatively high mutation rate and sufficient poimutations to enable discrimination of a wide variet
animals, even closely related species belongithesame family and gends’,

Species recognition by DNA analysis can be cardatlby methods based on PCR, sequencing and
restriction enzyme analysis. The high cost and@rgwnature of DNA sequencing limits its use in $mal
laboratories with restricted facilities. Therefotleis study is aimed at developing a simple andatffe
molecular technique for identification of endangemsmake species of Thailand. Restriction fragment
length polymorphism (RFLP) technique has been ahdsecause (i) it is less time-consuming, (ii)sit i
more cost-effective than DNA sequencing, (iii)@tuires equipment readily available in most molacul
laboratories, and (iv) it has proved its utilitydpecies identificatidn

In this study, for easy and effective identificatiof the venomous snake species in Thailand, we hav
used novel primers to amplify the cyt b gene toegate species-specific restriction patterns. Thealt®
presented here suggest that this technique maffdmiee for discriminating endangered snakes among
neurotoxic and hematotoxic snake species in Thaildihe technique has proved effective even in the
case of degraded DNA recovered from shed snake.skin

MATERIAL AND METHODS
Sample collection
Shed snake skins from Elapinae, Viperinae, andalinaie in Thailand were obtained from the following
species: Neurotoxic snake specibgja kaouthia (NK), Naja sumatrana (NSU), Naja siamensis (SC),
Ophiophagus hannah (OH), Bungarus fasciatus (BF), andBungarus candidus (BC). Hematotoxic snake
species;Daboia siamensis (DRS), Calloselasma rhodostoma (CR), Trimeresurus albolabris (CA),
Trimeresurus macrops (CM), Trimeresurus popeorum (PP),and Trimeresurus purpureomaculatus (CP).
DNA Extraction
Shed snake skins were washed with sterile distiNater, dried in air and cut into small pieces. DNA
extraction was performed using Genomic DNA extactmini kit (Tissue) (RBC Bioscience, USA).
DNA from bloods was extracted using Genomic DNAraation kit (Blood/Bacteria/Cultured cells)
(RBC Bioscience, USA).
Oligonucleotide Primers and Amplification
Oligonucleotide primers of cyt b were designed Hase NCBI GenBank database (Table 1.). DNA
amplification using PCR was carried out with 5Cgdction buffer containing 10xbuffer, 100mM of each
dNTP, 25 mM MgCJ, 50 pmol/pl of sense and antisense primers, Tag pdlymerase and 10 pl DNA
template. The amplification was preceded on a theyele (MWG Biotech, USA) at 94, 3 minutes,
followed by 40 cyclers of 94/56°c/72c one minute each with final extension of@2or 7 minutes.
The final products were electrophoresed on a 1.§&6ose gel containing ethidium bromide in 1XTAE
buffer along with appropriate molecular size maskdihe gel fragment containing the amplified prdduc
was excised and extracted using Gel/PCR DNA fragsnextraction kit (RBC Bioscience, USA).
Nucleotide Sequencing
DNA sequencing was carried out using the same psimeed in the PCRs by' BASE sequencing
(Malaysia-http:// www.base-asia.com). DNA sequerafesyt b from Elapinae, Viperinae, and Crotalinae
snakes were aligned using Clustal X program.
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Restriction Fragment Length Polymorphism (RFLP) Andysis

Cyt b gene sequences obtained in this study webgeced to electronic RFLP using Webcutter 2.0
software. Based on these preliminary results, tnzymes (Alu | and Hinf I) were selected for further
experimental analysis. Fifteen microliters of PGRduct (approximately 1 pg) were separately digeste
with 1 U of Alu | and Hinf | (Vivantis, USA), in dinal volume of 20 ul for 4 hr at 3C. The final
products were electrophoresed on a 2 % agarossogglining ethidium bromide in 1XTAE buffer along
with appropriate molecular size markers.

Table 1.
Primers Nucleotides (5 —» 3') Product size
(bp)
tRNA-F 5’ GCCTGAAAAACCACCGTTGT 3 1,144
tRNA-R 5' CCGTCTTTGGTTTACAAGAAC 3’

Oligonucleotide primers of tRNA (Cytochromefby DNA sequencing was designed based on NCBI GekBa
database: mitochondrion, complete genomi.afgja (NC_010225.1)N. atra (NC_011389.1)Q. hannah
(NC_011394.1)B. fasciatus (NC_011393.1)B. multicinctus (NC_011392.1), anb. siamensis (NC_011391.1).

RESULTS AND DISCUSSION
Cyt b gene amplification of 6 neurotoxic and 6 h&ataic venomous snakes in Thailand resulted in a
single fragment of 1,144 bp (Table 1.). Four specie albolabris, T. macrops, T. popeorum and T.
purpureomacul atus represented the gentlisimeresurus since frequently found throughout Thailand. The
sequences of 12 venomous snakes were assemblesubjetted to electronic RFLP. Following the
electronic RFLP, two enzymes Alul and Hinf | wehen selected to obtain different restriction dimgest
patterns among the venomous snhakes (Table 2.).eTwas enzymes generated reproducible species-
specific restriction patterns and allowed to diméniating 12 snake species on an agarose gel (kig 1.
Electrophoresis analysis of Alu | (Fig 2.) and HinfFig 3.) digestion gave the expected fragmests a
shown except fragments that smaller than 100 bjglaoat be seen in the gel. HowevBr,siamensis and
T. popeorum generateddentical patterns among hematotoxic snakes whenl Alas been used. These
results could be resolved by using additional ereguonch as Hinf | due to no cross reaction betwhen t
species was detected in their restriction pattefdthough digestion of these two snakes with Hinf |
produced distinct RFLP patterns, the apparent ceagsen of a number of enzyme recognition sites
suggests that these two snakes are closely relatesdprobably that nuclear genomic sequence would
provide additional information as to the relatiopshamong the various species of snak&olor
variation and geographic distribution of these ssalkcould be possible considered as additional
information for species identificatio®. siamensis is light brown with dark brown spots and mostly
distributes in central Thailand. popeorum, on the other hand, is predominantly green andnoomnty
found in northern Thailarll For some species, nevertheless, additional fratgrshown up in the gels.
Possibly these results could be attributable to-aroplification of nuclear mitochondrial pseudo ggn
These genes were sequences inserted in the nugtsayme that diverge from their ancestral
mitochondrial genes with a mutational spectra eglab its loss of function. The presence of these m
pseudogenes integrated in nuclear genomes hadavgely demonstrated for several tdxa
There are many reasons of using cyt b for phylogeraalysis in animals. The high discriminatory
power of the cyt b marker is based on the existariadiscrete character classes that exhibit mutatio
rates reliable for phylogenetic analysis, plus fibet that the gene is maternally inherited and foée
recombination. Moreover, the gene evolves slowlieims of non-synonymous substitutions, but the rat
of silent mutations is relatively high. The slow tation rate and absence of recombination of thebcyt
marker seems to make it better suited than micetisas for differentiating closely related popiirdais
and distinguishing populations in close geographioaximity™.
While DNA sequencing is the most common assaygectes identification, the process requires several
steps and is relatively expensive. Sequencing sisaigvolves the manual inspection and interpretati
of base called data, sequence alignment and cosopagigainst database samples, as well as phyligenet
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and statistical analysis. Problems with DNA sequentechniques reflect the vital need of an eaapidr

and cost effective method, which could enable titbentication of snake produtt8 In this experiment,

a brief PCR-RFLP protocol with a set selected eryrovides a simple and effective PCR-RFLP
technigue for rapid identification of common venammesnakes in Thailand. Direct digestion of the PCR
products with restriction enzymes generated remmibtkl species-specific restriction patterns. This
method could be performed in the small laboratoity \minimal equipments, cost and time. The results
also support the worthiness of the method in caelegraded noninvasive of shed snake skins. Hence,

this technique could be recommended for quick ifleation of venomous snakes in Thailand.

It is

hopefully that this technique is not only improveake species identification under “real case camdit
but also strengthen the law enforcement for illégade of snake conservation

Daboia siamensis (DRS)
Calloselasma rhodostoma (CR)
Trimeresurus albolabris (CA)
Trimeresurus macrops (CM)
Trimeresurus popeorum (PP)
Trimeresurus purpureomacul atus (CP)

Table 2.
Specie Alu | Hinf |

Naja kaouthia (NK) 376, 760 87,128,929
Naja sumatrana (NSU) 45,49,86,100,196,660 128, 129,159,728

Naja siamensis (SC) 54,100,376,606 60,72,87,128,129,168,500

Ophiophagus hannah(OH) 154,376,606 128,1,016

Bungar us fasciatus (BF) 130,138,154,693 50,79,215,258,530
Bungarus candidus (BC) 33,154,195,234,498 72,129,307,636

373,760
56,57,315,704
1,133
136,237,760
373, 760
182, 951

53,154,182,270,485
203,258,671
36,287,821
151,162,185,323
215,322,499
128,195,821

Predicted size of DNA segments (bp) based on eleictrestriction fragment
length polymorphism analysis with Webcutter 2.6gsam.

A: Alul

Fig 1.

B: Hinf |

o ca (=11

237

Alu | (A) and Hinf I (B) restriction patterns of tychrome b based on the analysis of the GenBank B&tfuences. The full length
of the PCR product is 1,144 bp. Sizes (bp) foriei&in fragments are indicated above the bands.
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Fig 2. PCRRFLP patterns of neurotoxic(A) and hematotoxic (B) snakes for cytochrome b genobtained by
digestion with enzyme Alu |
A MW NK NSUSC OH BFBC B MW DRS CR PP CP MW CA CM

1,000 b
1,000 by

500 by
500 by

A; lane 1: 100 bp molecular weight marker; la-7: neurotoxic snake®; lane 1 and 6: 100 bp molecular weight markere
2-5 and 7-8: hematotoxic snakes.

Fig 3. PCRRFLP patterns of neurotoxic and hematotoxic snakefor cytochrome b gene obtained b
digestion with enzyme Hinf |
A MW NK NSU SC OH BF BC B MW CR CA CM MW DRS PP CP

1000 bp

1000 by
500 bp

500 by

A; lane 1: 100 bp molecular weight marker; la-7: neurotoxic snake®; lane 1 and 5: 100 bp molecular weight markere
2-4 and 6-8: hematotoxic snakes.

CONCLUSION

Cyt b is a highly conserved region and consequentpod molecular marker for diagstic studies. The
PCRRFLP technique using Alu | and Hinf | restrictionzgmes can easily and effectively identify -
venomous snakes without any need of sequencindnyogenetic analysis. The protocol develope:
this study proved to be simple, rdble, rapid, and costffective method, requiring minimu
experimental set up and enabling accurate ideatifin of closely related venomous snake specit
Thailand. Therefore, PCRFLP technique could be used successfully as aneutethod in speci
identification of venomous snhakes in Thaile
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