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Abstract
The herpetofauna diversity of Pakistan is underestimated due to the country's lack of molecular-

based identification. Field surveys were conducted from August 2018 through July 2022 to
collect as many as possible specimens from Punjab, Pakistan. A total of 21 species were collected
and initially identified by morphological characteristics. The three gene fragments in four
amphibian species and seven reptile species were successfully amplified and sequenced. A total
of 18 DNA sequences of 11 species representing nine genera and five families were deposited
in GenBank, and accession numbers were obtained. Furthermore, phylogenetic analysis was
performed through the Neighbor-joining method using 100 bootstrap pseudo-replicates in
MEGA X. Closely related toad species, namely Duttaphrynus melanostictus and Duttaphrynus
stomatitis, were clearly separated in the tree inferred from Cytb gene sequences. Similarly,
conspecific sequences were analyzed for multiple individuals of Platyceps rhodorachis clustered
together in the tree inferred from COI gene sequences. In our findings, 16S rRNA appears to be
more reliable in identifying amphibian species, while COI has a better success rate in reptile
species identification. In our recommendations, molecular-based identification of herpetofauna
is necessary nationwide to document any new subspecies.
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Amphibians and reptiles are facing serious threats, and their populations are declining at an
unprecedented rate globally. Hence, they have received considerable attention from researchers
around the globe and the scientific community, making efforts to conserve these environmentally
friendly taxa (Valenzuela et al., 2019). Their decline is due to overexploitation, habitat loss, and
climate change (Longo et al., 2019). Likewise, the reptilian populations are also declining
globally, although they are less affected than amphibians (Ortiz-Santaliestra et al.,2018). Their
decline causes are similar to amphibians; however, overexploitation and illegal trade are more
challenging (Van et al., 2018).

The limitations of morphology-based identification urge researchers to a new approach to
identify higher-ranked taxa (Ali et al., 2020 a,b,c). Molecular-based identification is an
exceptional method used to identify biological diversity through small segments of the genome
(Coates et al., 2018). Species identification through DNA sequences forms the foundation of
DNA taxonomy and barcoding. There is significant emphasis on employing a mitochondrial
marker, specifically a fragment derived from the cytochrome oxidase subunit I (COI) gene, for
this purpose (Hebert et al.,2003; DeSalle & Goldstein, 2019). There are increasing numbers of
publications on vertebrate identification by DNA barcoding (Bingpeng et al., 2018; Goldstein et
al., 2019; Zangl et al., 2020). However, identifying species based on DNA sequences takes work
as the molecular evolution rate varies in different genome fragments across the taxa (Zhao et al.,
2016). Previously, phylogenetic systematics focused on mitochondrial genes such as ribosomal
12S and 16S rDNA, but the occurrence of insertions and deletions in comprehensive taxonomic
studies is a major constraint (Vences et al., 2005; Vences & Wake, 2005). Meanwhile, the
mitochondrial cytochrome b (Cytb) gene has been successfully applied in species identification
in diverse vertebrates (Branicki et al., 2002; Parson et al., 2000). Identifying amphibians and
reptiles on morphology is still considered authentic; however, molecular analysis of these taxa
led to the discovery of many new morphologically cryptic species (Ali et al., 2020).

There are several publications regarding the herpetofauna diversity of Pakistan, and most of the
studies are limited to Sindh, Baluchistan, and KPK provinces, or very few species have been
explored extensively (Ali et al.,2017; Khan, 2010). Overall, 24 amphibians and 195 reptiles
species have been reported so far. Out of these, nine amphibians and 13 reptile species are
endemic to Pakistan (Ali et al., 2018a, b). Amphibians and reptiles are considered fearsome
animals in Pakistan and are poorly studied by the scientific community (Ali et al., 2016). The

taxa remain to be explored in most parts of Pakistan, and data regarding diversity and distribution
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is outdated (Ali et al., 2017). The present study, therefore, plans to identify amphibians and
reptiles of Punjab, Pakistan, using 16S rRNA, Cytb, and COI genes.

Material and methods

Specimen’s collection

Field surveys were extended from August 2018 through July 2012 to collect specimens from
selected sites of Punjab Province, namely Bahawalpur, Bahawalnagar, Kasur, Lahore, Mianwali,
Jhelum, and Rawalpindi districts (Fig. 1). Information about each collected specimen such as
GPS coordinates, date and time of collection and species was noted. Each captured specimen
was tagged with a specific voucher number and identified using morphological keys (Khan,
2006). A few specimens (n = 5) of each species were euthanized, preserved in 75% alcohol, and
brought to the lab for further identification through molecular analysis. The voucher specimens

were deposited in the Zoological Museum, UVAS, Lahore, Pakistan. The UVAS Animal Care

and Use Committee approved all procedures.
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Figure 1. Map illustrating the study area
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DNA extraction, PCR amplification, and sequencing. Total Genomic DNA was extracted from
preserved tissues by phenol-chloroform method and quantified using NanoDrop-ONE in the
post-graduate lab, Department of Wildlife and Ecology, UVAS, Pakistan. DNA samples were
taken to the PC2 lab at the School of Animal and Veterinary Sciences, The University of
Adelaide, Australia, for PCR and Sanger sequencing. Three different mitochondrial DNA
fragments were amplified using one set of 16S rRNA, Cytb, and COI primers for amphibians,
while one set of Cytb and four sets of COI primers were used for reptiles (Table 1). PCR
amplification was done following Ali et al. (2020a). Unsuccessful amplified and sequenced
samples were re-amplified up to twice. According to standard protocols, all the samples were
sequenced on an ABI3730XL DNA Analyzer (Applied Biosystems) from AGRF, Australia.

Table 1. List of primer sets used in the study

Taxa Marker | Primer Sequence (5'-3") Annealing | Source
Pair condition
Amphibians | 16S 16SA-L | CGCCTGTTTATCAAAAACAT 50 °C for | Vences
'RNA  "16SB-H | CCGGTCTGAACTCAGATCACGT 30 seconds gtogls
Cyth L14850 TCTCATCCTGATGAAACTCTTGGCTC 50°C for | Tanaka-
H15502 | GGATTAGCTGGTGTGAAATTGTCTGGG 30 seconds o
col LCO1490 | GGTCAACAAATCATAAAGATATIGG 42°Cfor 30 | Folmer
LCO1490 | GGTCAACAAATCATAAAGATATIGG seconds etal
1994
Reptiles Cyth L14910 GACCTGTGATMTGAAAAACCAYCGTTGT 480r50 °C | de
H16064 | CTTTGGTTTACAAGAACAATGCTTTA for 30 Queiroz
seconds etal.
2002
col LCO1490 | GGTCAACAAATCATAAAGATATIGG 42°Cfor 30 | Folmer
HCO2198 | TAAACTTCAGGGTGACCAAAAAATCA seconds etal
1994
col C1J1718 | GGAGGATTTGGAAATTGATTAGTTCC 42°C for 30 | Simon et
C1J2191 | CCCGGTAAAATTAAAATATAAACTTC seconds al 1994
col RepCOI-F_| TNTTMTCAACNAACCACAAAGA 485for30 | Nagy et
RepCOI-R | ACTTCTGGRTGKCCAAARAATCA seconds al 2012
col L-turtCOI- | TACCTGTGATTTTAACCCGTTGAT 56 °Cfor | Zhao et
F 30 seconds | al 2016
H-turtCOI- | TGGTGGGCTCATACAATAAAGC
R

*The forward primer is above, and the reverse primer is below for each primer pair.

Data analysis

The obtained DNA sequences were analyzed and trimmed in MEGA X (Kumar et al., 2018).
Each DNA sequence was BLAST at NCBI to download closely matched sequences. The
neighbor-joining (NJ) tree was constructed in MEGA X under the p-distance model. The nodes
" bootstrap support (Felsenstein, 1985) was assessed with 1000 pseudo-replicates. Genetic
divergence within and between each species was calculated using MEGA 10 with the

uncorrected p-distances.
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Results

PCR Amplification and sequencing

The DNA of 21 species was included in this study; however, only the DNA of 4 amphibians and
7 reptile species were successfully amplified. Table 2 summarizes the successfully amplified
DNA and their GenBank accession numbers. After trimming ambiguous bases, the obtained 16S
rRNA, Cytb, and COI fragments of amphibians were 560 bp, 672 bp, and 660 bp, respectively.
Similarly, Cytb and COI fragments of reptiles were 670 bp and 652 bp, respectively. The 16S
rRNA, Cyth, and COI fragments aligned with DNA sequences retrieved from GenBank
comprised 530 bp, 650 bp, and 610 bp, respectively.

Table 2. List the successfully amplified DNA of the species and the GenBank accession numbers of
voucher specimens.

Family Genus Species GenBank accession and voucher number
16S | Cytb | Col
Class Amphibia
Duttaphrynus MK910158 MK941837 MK947909
. stomaticus (ZMUVAS4) | (ZMUVASY) | (ZMUVAS14)
Bufonidae Duttaphrynus Duttaphrynus _ MKO941836 _
melanostictus (ZMUVAST)
MK881165
. (ZMUVAS1)
Euphlyctis E:Igrs]l%(;[:;ensis i i
Dicroglossidae g MK920114
(ZMUVASS5)
Hoblobatrachus Hoplobatrachus MK922123 i i
P tigerinus (ZMUVAS3)
Class Reptilia
Varanidae Varanus Varanus bengalensis - - (ZI\I/\l/IITJg\L},YAQSllO&
MK936174
MK941835 | (ZMUVAS22)
Platyceps Platyceps rhodorachis - (ZMUVAS12)
MK941839
(ZMUVAS24)
Colubridae . . MK941834
_ Oligodon arnensis - (ZMUVAS10) -
Oligodon MK941840
Oligodon formosanus - (ZMUVAS19)
MK947911
Ptyas Ptyas mucosa - - (ZMUVAS20)
Bungarus Bungarus caeruleus MK2941838 -
Elaidae g g (ZMUVASL11)
P Naia Naia naia ] MK936173 | MK941841
) jana (ZMUVASS) | (ZMUVAS21)
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As shown in Table 2, the 16S rRNA, Cytb primers had a 75% success rate of amplifying
amphibians DNA, while only 25% for amplification of COI. Cytb primers set did not amplify
successfully Euphlyctis cyanophlyctis and Euphlyctis kalasgramensis while the COI primers set
did not amplify successfully Duttaphrynus melanostictus, Hoplobatrachus tigerinus, Euphlyctis
cyanophlyctis and Euphlyctis kalasgramensis. However, COIl primers were 71% successful as
compared to Cytb (57%) in amplifying reptiles DNA. Cytb and COI primers set (Table 1) did
not successfully amplify lissemys punctata, Calotes versicolor, Amphiesma stolatum, Echis
carinatus, Ablepharus grayanus, Eryx johnii, Lycodon aulicus, Uromastyx hardwickii and
Hemidactylus flaviviridis. It should be noted that the fixation and DNA extraction methods of
the samples may have affected amplification success.

Genetic diversity and variation. Table 3 compares the uncorrected p-distances of 16S rRNA,
Cytb, and COI sequences. The mean intraspecific divergences of 16S rRNA, Cyth, and COl in
frogs were 0.001, 0.04, and 0, while those in toads were 0, 0.09, and 0, respectively. The mean
intraspecific divergences of Cytb and COl in lizards were 0 and 0.02, while those in snakes were
0.22 and 0.17, respectively—phylogenetic analysis. The study obtained 18 DNA sequences of
11 species representing nine genera and five families. The specimens (voucher nos. ZMUVAS]I,
ZMUVASD5) of morphology-identified “Euphlyctis cyanophlyctis” were confirmed as Euphlyctis
kalasgramensis by using rRNA sequences (Fig. 2).

Table 3. Comparison of 16S rRNA, Cytb, and COI-based genetic divergence of amphibians and
reptiles using p-distance.

Taxa 16S rRNA Cytb COl
Class Amphibia

Frogs 0.01 0.04 0
Toads 0.00 0.09 0.00
Class reptilian

Snakes - 0.22 0.17

Lizards - - 0.02
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Figure 2. Neighbor-joining tree of amphibians inferred from 16S rRNA sequences. Bootstrap values

are given above the nodes.

Recently, molecular-based identification of Asian amphibians and reptiles has been done, and
DNA sequences of related amphibians and reptile species have been available at NCBI. Closely
related DNA sequences of 16S rRNA and COI were retrieved from NCBI in BLAST searches
but Cytb was less responsive. Neighbor-joining trees based on obtained DNA sequences are
shown in Figures 2-4. Two closely related toad species, namely D. melanostictus and D.
stomaticus, clearly separated in the Cytb tree (Fig. 3). Conspecific sequences analyzed for

multiple individuals clustered together, D. stomaticus (BS = 100%) and P. rhodorachis (BS =

KF665193

74
MK910158 (ZMUVAS4)

KY000463

70%) in COI based NJ tree (Fig. 4).
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Figure 3. Neighbor-joining tree of amphibians and reptiles inferred from Cytb sequences.
Bootstrap values are given above the nodes.



397 | Journal of Wildlife and Biodiversity 8(3): 389-402 (2024)

MK94184 (ZMUVASL19) -
45 o6 [ KUS29344
MKO064666
100| 7
MK064862
KU529343

KU529345

Oligondon formosanus

24

MG700034
100 | MK936174 (ZMUVAS22)
85 | MKoa1839 (ZMUVAS24)
57| oo MG700035
‘ MG700036

MG700033

97

Ptyas rhodorachis

75

MK947911 (ZMUVAS20) ]
100 |— LC105605
54
KR815559
90 | LC105608
69| LC105607
LC105606

MT215097
100
MT215096
100 741 MKo41841 (ZMUVAS21)
F0997
100[ MF099704
KR046052
8L \vroger0s
[ Mnsss

KF766939
Varamis bengalensis
65 IN714165
961 \ko4a791 (zMUVAS1E)

KY000476
67
MK874824
68
100 |' MK947909 (ZMUVAS14,
KY000478

100

Ptyas mucosa

Naja naja

100

Duttaphrynus stomaticus

89 KY000475

0.1 substitutions/site KY000474 _

Figure 4. Neighbor-joining tree of amphibians and reptiles inferred from COI sequences.
Bootstrap values are given above the nodes.

Discussion

In the recent past, globally, herpetofauna has drawn considerable attention to wildlife biologists
due to the decline in species due to many anthropogenic hazards. Overall, at least 43% of
amphibians globally are threatened with extinction (Valenzuela et al., 2019). Although reptiles
are also facing a high rate of decline, significantly less than amphibians, overexploitation, and
illegal trade are causing significant problems (Nijman et al., 2012; Ali et al., 2018a). The DNA
barcoding-based identification of species was started in 2009; however, DNA-based
identification of amphibians and reptiles is relatively new (Che et al., 2012; Xia et al., 2012).
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Vences et al. (2005) reported that one mtDNA marker cannot identify all the amphibians and
reptile species successfully. According to recent studies, 1851 CO1 and 37637 sequences of 16S
rRNA of amphibians are available in GenBank (Benson, 2014). In this study, we have used three
different mtDNA markers, i.e., 16S rRNA, Cytb, and COI, to identify amphibians and reptile
species from Punjab, Pakistan.

Five amphibian species, namely Duttaphrynus stomatitis, D. melanostictus, Hoplobatrachus
trigeminus, Euphlyctis cyanophlyctis, and E. kalasgramensis, were included in this study.
Amphibians are challenging to identify precisely using Cytb and COI primers due to the high
overlap rate of intraspecific and interspecific variation (Fouquet et al., 2007). The 16S rRNA
marker is proposed as an alternative DNA-based identification in amphibian systematics and
taxonomy (Menegon et al., 2017). In addition, recent molecular studies revealed that 16S rRNA
sequence data can easily differentiate between cryptic frog species. During this study, specimens
of Euphlyctis kalasgramensis were morphologically identified as ‘E. cyanophlyctis’, but their
identity was confirmed using 16S rRNA. Euphlyctis kalasgramensis has recently been reported
from Bangladesh and Pakistan, while its range is expected to extend into India (Ali et al., 2020;
Howlader, 2015).

During the study, mean intraspecific divergences of 16S rRNA, Cytb, and COI in frogs were
0.001, 0.04, and 0, respectively, while in toads were 0, 0.09, and 0, respectively. Recent
amphibians' DNA barcoding studies documented 5% threshold variation for 16S rRNA and 9%
for CO1 (Xia et al., 2012). Amaral et al., (2019) demonstrated that 3% divergence in 16S rRNA
sequences is enough to identify amphibians. The COI has a high success rate as compared to
Cytb in the identification of many taxa, including birds, fish, and invertebrates (Crandall et al.,
2019). In addition, CO1 has a higher success rate in the identification of cryptic species, sexual
dimorphism, and high phenotypic variations in reptiles (Smith et al., 2013). A total of 7 species,
namely Varanus bengalensis, Platyceps rhodorachis, Oligodon arnensis, Oligodon formosanus,
Ptyas mucosa, Bungarus caeruleus, and Naja naja, were successfully amplified and sequenced
using Cytb and COI primers set listed in table 1. However, the amplification failure of Cytb was
limited to specific taxa as compared to COl. Overall, COIl and Cytb revealed good performance
in separating closely related species. During the study, Cytb clearly separated two closely related
toad species, namely D. melanostictus and D. stomaticus, while D. melanostictus was not
amplified using COI primers set. Similarly, conspecific sequences of multiple individuals of D.

stomaticus and P. rhodorachis clustered together in the COI tree. The mean intraspecific
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divergences of Cytb and COI in lizards were 0 and 0.02, respectively; while 0.22 and 0.17 in
snakes, respectively. However, molecular variation thresholds of herpetofauna are still arbitrary
and there are not enough studies to support the information. However, in the case of reptiles COI
and Cytb, 10% variation threshold is considered reliable (Dinh et al., 2019). Our results also
echo those of Pons et al. (2006), who documented that DNA taxonomy for a given taxa is based
on more than one region of mtDNA.

Conclusion

The amphibians and reptiles are generally considered fearsome creatures in Pakistan and have
taken less concern to the scientific community. The country's diversity and distribution of
herpetofauna are underestimated due to the lack of an integrative framework for combining
molecular data with morphological traits. This study provides reference data based on molecular-
identification of herpetofauna from Punjab, Pakistan. The study obtained 18 DNA sequences of
11 species representing nine genera and five families. In our findings, the 16S rRNA gene is
more reliable in identifying amphibians, while the COI gene has a better success rate in reptile
identification. In our recommendations, sequence-based identification of herpetofauna is
required nationwide to report any new species or subspecies.

Acknowledgments

The Higher Education Commission Pakistan supported this research under the HEC-IRSIP
Program.

References

Ali W., Javid A., Hussain A., & Bhukhari, S.M. (2018a). Diversity and habitat preferences of
amphibians and reptiles in Pakistan: a review. Journal of Asia Pacific Biodiversity. 11(2),
(pp. 173—-187).

Ali, W., Javid, A., Hussain, A., & Bhukhari S.M. (2018b). Diversity and conservation needs of
fresh water turtles in Pakistan: A review. Biodiversity. 19(1), (pp. 62—71).

Ali, W., Javid, A., Hussain, A., Hafeez-ur-Rehman, M., Chaber, A., & Hemmatzadeh, F.
(2020a). First record of Euphlyctis kalasgramensis (Anura, Dicroglossidae) from Punjab,
Pakistan. Mitochondrial DNA B, Resources. 5(2), (pp. 1227-1231).

Ali, W., Javid, A., Hussain, S., Hussain, A., & Bukhari, S. M. (2020c). Morphological variations,
distribution, and population estimation of Indian spiny-tailed lizard (Uromastyx hardwickii
Gray, 1827) from district Bahawalnagar, Punjab, Pakistan. Asian Herpetological Research.
11(3), (pp. 257-262).

Ali, W., Javid, A., Hussain, S. M., Azmat H., & Jabeen, G. (2016). The amphibians and reptiles
collected from different habitat types in district Kasur, Punjab, Pakistan. Pakistan Journal
of Zoology. 48(4), (pp. 1201-1204).



400 | Journal of Wildlife and Biodiversity 8(3): 389-402 (2024)

Ali, W., Javid, A., Khan, W. A., Hussain, A., Rizwan, M., Ameer, M., & Sajid, A. Q. (2017).
Diversity and habitat preferences of herpetofauna at Kalabagh Game Reserve, District
Mianwali, Punjab, Pakistan. Russian Journal of Herpetology. 24(4), (pp. 267-274).

Amaral, C. R., Chaves, A. C., Borges, Junior, V. N., Pereira, F., Silva, B. M., Silva, D. A.,
Amorim, A., Carvalho, E. F., & Rocha, C. F. (2019). Amphibians on the hotspot, molecular
biology and conservation in the South American Atlantic Rainforest. PLoS One. 2314(10),
e0224320.

Benson, D. A., Clark, K., Karsch-Mizrachi, 1., Lipman, D. J., Ostell, J., & Sayers, E. W. (2014).
GenBanK. Nucleic Acids Res. 42(Database issue), D32-D37.

Bingpeng, X., Heshan, L., Zhilan, Z., Chunguang, W., Yanguo, W., & Jianjun, W. (2018). DNA
barcoding for identification of fish species in the Taiwan Strait. PLoSOne. 13(6), €0198109.

Branicki, W., Kupiec, T., & Pawlowski, R. (2002). VValidation of cytochrome b sequence analysis
as a method of species identification. Journal of Forensic Sciences. 48(1), (pp. 83-87).

Che, J., Chen, H. M., & Yang, J. X. (2012). Universal COIl primers for DNA barcoding
amphibians. Molecular Ecology Resource. 12, (pp. 247-258).

Coates, D. J., Byrne, M., & Moritz, C. (2018). Genetic diversity and conservation units, dealing
with the species-population continuum in the age of genomics. Frontiers
in Ecology and Evolution. 23(6), 165.

Crandall, E. D., Riginos, C., Bird, C. E., Liggins, L., Treml, E., Beger, M., Barber, P. H.,
Connolly, S. R., Cowman, P. F., DiBattista, J. D., & Eble, J. A. (2019). The molecular
biogeography of the Indo-Pacific, Testing hypotheses with multispecies genetic patterns.
Global Ecology and Biogeography, 28(7), (pp. 943-960).

DeSalle, R., & Goldstein, P., (2019). Review and interpretation of trends in DNA barcoding.
Frontiers in Ecology and Evolution. 7, 302.

Dinh, T. D., Ngatia, J. N., Cui, L. Y., Ma, Y., Dhamer, T. D., & Xu, Y. C. (2019). Influence of
pairwise genetic distance computation and reference sample size on the reliability of species
identification using Cytb and COI gene fragments in a group of native passerines. Forensic
Science International: Genetics. 40, (pp. 85-95).

Felsenstein, J., 1985. Confidence limits on phylogenies: an approach using the bootstrap.
Evolution. 39, (pp. 783-791).

Fouquet, A., Gilles, A., Vences, M., Marty, C., Blance, M., & Gemmel, N. J., (2007).
Underestimation of species richness in Neotropical frogs revealed by mtDNA analysis.
PL0oSOne. 2, e1109.

Goldstein, P. Z., & DeSalle, R., (2019). Review and interpretation of trends in DNA barcoding.
Frontiers in Ecology and Evolution. 7, 302.

Hebert, P. D. N., Ratnasingham, S., & deWaard, J. R., (2003). Barcoding animal life: cytochrome
c oxidase subunit 1 divergences among closely related species. Proceedings of the Royal
Society B: Biological Sciences. 270(Suppl 1), (pp. S96—S99).

Howlader, M. S., Nair, A. A., Gopalan, S. V., & Merila, S. V., (2015). A new species
of Euphlyctis (Anura, Dicroglossidae) from Barisal, Bangladesh. PLoS One. 10, (pp. 1-13).



401 | Journal of Wildlife and Biodiversity 8(3): 389-402 (2024)

Hussain, S., Bukhari, S. M., Javid, A., Hussain, A., Rashid, M., & Ali, W. (2020b). Molecular
identification of genus Duttaphrynus from Punjab, Pakistan. Mitochondrial DNA B,
Resource. 5(3), (pp. 3236-3238).

Khan, M. S., (2006). Amphibians and Reptiles of Pakistan. Krieger Publishing Company,
Malabar, Florida.

Khan, M. S., (2010). Checklist of amphibians of Pakistan. Pakistan Journal of Wildlife. 1(2),
(pp. 37-42).

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K., (2018). MEGA X: molecular
evolutionary genetics analysis across computing platforms. Molecular Biology and
Evolution. 35(6), (pp. 1547—1549).

Longo, A.V., Fleischer, R. C., & Lips, K. R., (2019). Double trouble, co-infections of chytrid
fungi will severely impact widely distributed newts. Biological Invasions. 21(6), (pp. 2233—
2245).

Menegon, M., Cantaloni, C., Rodriguez-Prieto, A., Centomo, C., Abdelfattah, A., Rossato, M.,
Bernardi, M., Xumerle, L., Loader, S., & Delledonne, M., (2017). On site DNA barcoding
by nanopore sequencing. PLoS One. 12(10), e0184741.

Nijman, V., Shepherd, C. R., & Sanders, K. L., (2012). Over-exploitation and illegal trade of
reptile in Indonesia. Herpetological Journal. 22, (pp. 83—89).

Ortiz-Santaliestra, M. E., Maia, J. P., Egea-Serrano, A., & Lopes, I., (2018). Validity of fish,
birds and mammals as surrogates for amphibians and reptiles in pesticide toxicity
assessment. Ecotoxicology. 27(7), (pp. 819—833).

Parson, W., Pegoraro, K., Niederstatter, H., Féger, M., & Steinlechner, M., (2000). Species
identification by means of the cytochrome b gene. International Journal of Legal Medicine.
114, (pp. 23-28).

Pons, J., Barraclough, T. G., Gomez-Zurita, J., Cardoso, A., Duran, D. P., Hazell, S., Kamoun
S., Sumlin, W. D., & Vogler, A. P. (2006). Sequence-based species delimitation for the
DNA taxonomy of undescribed insects. Systematic Biology. 55, (pp. 595-609).

Smith, A. M., Fernandez-Triana, J. L., Eveleigh, E., Gomez, J., Guclu, C., Hallwachs, W.,
Hebert, P. D., Hrcek, J., Huber, J. T., Janzen, D., Mason, P. G., & Miller, S., (2013). DNA
barcoding and the taxonomy of Microgastrinae wasps (Hymenoptera, Braconidae), impacts
after 8 years and nearly 20000 sequences. Molecular Ecology Resource. 13, (pp. 168—176).

Valenzuela, N., Literman, R., Neuwald, J. L., Mizoguchi, B., lverson, J. B., Riley, J. L., &
Litzgus, J. D., (2019). Extreme thermal fluctuations from climate change unexpectedly
accelerate demographic collapse of vertebrates with temperature-dependent sex
determination. Scientific Reports. 9, 4254,

Vences, M., Thomas, M., Meijden, A. V. D., Chiari, Y., & Vieites, D. R. (2005). Comparative
performance of the 16S rRNA gene in DNA barcoding of amphibians. Frontiers in Zoology.
2,5.

Vences, M., & Wake, D. B. (2007). Speciation, species boundaries and phylogeography of
amphibians. In “Amphibian Biology, Vol. 6, Systematics” Ed by Heatwole, H.H., Tyler,
M. Surrey Beatty & Sons, Chipping Norton, Australia.



402 | Journal of Wildlife and Biodiversity 8(3): 389-402 (2024)

Xia, Y., Gu, H. F.,, Peng, R., Chen, Q., Zheng, Y. C., Murphy, R. W., & Zeng, X. M., (2012).
COl is better than 16S rRNA for DNA barcoding Asiatic salamanders (Amphibia, Caudata,
Hynobiidae). Molecular Ecology Resource. 12, (pp. 48—56).

Zangl, L., Daill, D., Schweiger, S., Gassner, G., & KobImiiller, S., (2020). A reference DNA
barcode library for Austrian amphibians and reptiles. PLoS One. 15(3), e0229353.

Zhao, J., Li, W., Wen, O., Zhang, D., & Zhu, X. (2016). Genetic diversity and relationship of
Mauremys mutica and M. annamensis assessed by DNA barcoding sequences.
Mitochondrial DNA: Part A. 27, (pp. 3507-3510).



