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Abstract. Background. Molecular typing by PCR-RFLP method allows to identify the spe-
cific attribution of an organism that has a weak phenotypic difference. The main advantage
of this research method is the capacity to analyze a large number of samples without apply-
ing the sequencing method. The purpose of the work is to develop a test-system for the
identification the matrilines of marsh frogs of the Pelophylax ridibundus complex from
Kazakhstan. Materials and methods. The analysis was based on the variability of the prima-
ry structure of the mitochondrial gene the second subunit of dehydrogenase (ND2) which is
a species-specific marker. Subsequently a search for marker nucleotide substitutions speci-
fic for each lineage and recognition sites for the Haelll and Tasl restriction endonucleases
was conducted. Results. As a result of the research, it was confirmed that on the territory of
Kazakhstan inhabiting three main forms of lake frogs where two of them are native
(Balkhash, Syrdarya), and invasive Anatolian form — P. cf. bedriagae. Conclusions.
The authors’ PCR-RLFP test technique is a straightforward and reliable tool for detecting
mitochondrial lineages in the Pelophylax ridibundus complex marsh frogs and may be used
successfully in mass screening investigations.
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AHHOTAUMA. Axmyanvnocmo u yeau. MonekynspHoe tunupoBanue Meronom [THIP-TIIP®
MO3BOJISIET OMPENCIUTh BUAOBYIO MIPUHAIICKHOCTh OPIaHU3MOB, UMEIOIINX Cinadbie GeHo-
TUIIMYECKHUE pa3iauuus. [ 1aBHOE MPeuMyIecTBO JAHHOTO METOJa — 3TO BO3MOXKHOCTh aHa-
JIM3UPOBATh 3HAYUTEIBHBIC 10 00bEeMy BBHIOOPKH O€3 IMIPUMEHEHHST METOJ0B CEKBEHHPOBa-
HUA. ABTOpamu ObLIa IOCTABIIEHA 3aAada pa3padoTaTh TECT-CHCTEMY I MACHTH()UKAINN
o3epHbIx Jiryniek komiiekca Pelophylax ridibundus B Kasaxcrane. Mamepuanwst u memoowL.
Amnann3 ObIT OCHOBaH Ha W3MEHYMBOCTH NIEPBUYHON CTPYKTYPhI MUTOXOHJPHAIBEHOTO T'eHa —
BTOpO# cyObeauunisl HAJTH-nernaporeHasbl, KOTOPBIH SBISETCS BUIOCTICIM(IIHBIM Map-
kepoM. B nanpHeiimeM ObUT MPOBENEH MOMCK MapKEPHBIX HYKJICOTHIHBIX 3aMEH, CIICIIH-
(DUYHBIX [T KaKIOW JTHHHUH, U CAaHTOB y3HaBaHMS JJIS DHIOHYKIea3 pectpukiuu Haelll u
Tasl. Pesyasmamei. B pe3ynbpTare MIpOBENCHHBIX HCCIIETOBAHUN OBLIO IOITBEPKACHO 00H-
TaHue Tpex (OpM 03epHOIl JATyIIKH Ha Tepputopun KazaxcraHa, JBe M3 KOTOPBIX —
HaruBHbie (Banxam, Ceipaapbs) ¥ WHBa3MBHOU aHaTonuiickoi ¢hopmsr — P. cf. bedriagae.
Buigoowl. Pazpaborannas asropamu meronuka IIIP-TI/IP® ananmmza mpencraBiseTr coOoit
MPOCTON M Ha/Ie)KHBI MHCTPYMEHT JJIsI BBISIBICHUS! MUTOXOHJIPUAIIBHBIX JIMHUN Y 03€pHBIX
asrymek komruiekca Pelophylax ridibundus i Moxer ycmemHo HCmonp30BaThCs B Macco-
BBIX CKPHHHHTOBBIX UCCIIEJIOBAHUSX.

KuroueBble cioBa: pecTpukunoHHbIN ananu3, HAJIH-neruaporenasa, MUTOXOHApUAIbHAS
JHK, Pelophylax ridibundus xommiexkc

BaarogapHocTH: aBTOPHI BEIpaxkatoT OmarogapHocTh A. I'. Kanrenkunoit, . Y. Apudy:-
nosoi, ®@. CapxanoBy, B. A. Xpomony, B. H. Kpaiinioky, A. B. Uepenuuuenxko, T. E. Ta-
pacosckoii, C. B. Turosy, B. A. Xpomosy, C. B. Cpapunoy u T. H. yiicebaeBoii 3a mo-
MOIIb B MPOBEIEHUH IKCKypcuil u cbope mpob, C. A. JlykoHMHOH 3a momoIis B abopa-
TOPHBIX paboTax.

®unancupoBaHue. paboTa BBHIOMHEHA NpH mojaepkke rpanta Ne AP08856275 Munu-
crepcTBa 00pa3zoBaHus M Haykn PecnyOnmkn Kaszaxcran «I'enernueckuii nonumopdusm n
9KOJIOTHUYECKAs MIACTUYHOCTh KaK OCHOBA HBOJIOIMOHHOTO OJAaromoydHsi U IPOTPECCHB-
HOro paccenenus 6oioTHbIxX Jsiryiiek Pelophylax ridibundus B Kazaxcrauey.

Jus murupoBanusi: Ualiyeva D.A., Ivanov A.Yu., Ermakov O.A. A development of
a PCR-RFLP test system for the identification of mitochondrial lines of the Pelophylax
ridibundus lake frog in Kazakhstan // M3Bectus Bbiciinx yueOHbIX 3aBeeHHiA. [T0BOHKCKHI
peruon. EctecrBennsie Hayku. 2022. Ne 1. C. 76-84. doi:10.21685/2307-9150-2022-1-7

Introduction

Pelophylax ridibundus (Pallas, 1771) is a species complex of marsh frogs,
occupying territories from Europe and North Africa in the west to Central and
Middle Asia in the east [1-3]. Nowadays, the taxonomy of many forms within
the complex has not been sufficiently studied, in particular, the marsh frog from the
Central Asian region needs to be clarified. Due to its high ecological plasticity, rep-
resentatives of the P. ridibundus complex are adapted to extensive expansions of
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new territories. To the territory of Kazakhstan, the marsh frog was unintentionally
introduced at the end of the 20th century into the basins of the Irtysh and Ural
rivers, as well as into fish farms, which was the beginning of resettlement in the
adjacent territories [4-7]. Due to the difficulties in identifying marsh frogs of
the P. ridibundus complex at the phenotypic level, over the past two decades, many
approaches have been taken to study its genetic component.

Molecular genetic analysis of P. ridibundus forms was carried out on the ba-
sis of mitochondrial genes [8-9]. Several distribution points from the territory of
Kazakhstan were also involved in these studies (Atyrau — western Kazakhstan, and
Almaty — southeastern Kazakhstan). The results of the analysis showed the pre-
sence of two haplogroups on the territory of Kazakhstan — Central Asia 1 and Cent-
ral Asia 2 with the nominal name P. sp. novum [10]. Haplogroup Central Asia 1
represents populations from the southern and eastern part of the Caspian Sea, Iran,
Turkmenistan and Uzbekistan, while haplogroup Central Asia 2 included popula-
tions from Kyrgyzstan and the adjacent territory of Kazakhstan. Along with this,
test systems were also developed for determining the cryptic forms of the marsh
frog complex that involved various nuclear DNA (nuDNA) analyses, such as the
PCR-RFLP-based method [11], the PCR method based on differences in length of
serum albumin intron 1 (SAI-1) sequences [12], and several methods detected vari-
ation of microsatellite markers [13—16]. According to our recent studies [17], it was
found that 3 forms of the marsh frog live in Kazakhstan, two of which are native:
Balkhash form = (Central Asia 2), Syrdarya form — (Middle East) sensu C. Akin [9],
and an invasive form P. cf. bedriagae. The distribution area of P. cf. bedriagae
occurs in almost the entire territory of the country from west to east [9]. It has the
ranges overlaps with Balkhash form on the east and southeast, and southeast,
whereas Syrdarya form occupies the basin of the same name river in the south of
Kazakhstan [17].

The purpose of this study is to develop a test system based on restriction
analysis of the second subunit of the mitochondrial dehydrogenase gene ND2 for
screening identification of Kazakhstani forms of the marsh frog.

Materials and methods

In total, 89 samples of the marsh frog of the Pelophylax ridibundus complex
were analyzed from 21 localities in Kazakhstan, collected during the period of field
expeditions 2009-2021. The toe clips fixed in 96 % ethanol were used as tissue
samples. Extraction of genomic DNA was performed using the standard proteina-
se K lysing salt method [18]. The ND2 gene sequence was amplified with use of
the universal primer ND2L1 5-AAG CTT TTG GGC CCA TAC CCC-3'[19] and
a specific primer ND2H1 5'- GCA AGT CCT ACA GAA ACT GAA G-3' [20].
Reaction mixture (25 pl) contained 50-100 ng of DNA of frogs, 0.5 uM of each
primer, 0.2 mM of dNTPs, 1.5 mM of MgCl,, 2.5 ul 10 x of PCR buffer (10 MM
Tris-HCI, pH 8.3, 50 MM KCI), and 2 units of Taq polymerase (Thermo Scientific).
PCR was performed at 95 °C for 30 sec, 60 °C (depending on the annealing tem-
perature of primers) for 30 sec, and 72 °C for 90 sec (32 cycles).

Amplification products were exposed to restriction endonucleases
BsuRI (Haelll), and Tasl (Tsp5091) (Fermentas). PCR fragments were digested
according to the manufacturer’s protocol by adding 2 units of enzyme activity di-
rectly to aliquots of amplification mixtures (4 ul). Obtained PCR products were
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analyzed by electrophoresis in 6 % polyacrylamide gel (glass plate sizes 8 x 10 cm)
with further dying by ethidium bromide for UV visualization. For molecular weight
size markers, we used the DNA kit of pBR322 plasmid processed with restrictase
Hpall (pBR/Hpall).

Results

The length of the amplified product of the mitochondrial ND2 gene was
1170 base pairs (bp), including primers. Analysis of the nucleotide sequence of the
gene showed the presence of 6 restriction endonuclease Haelll (GG'CC) recogni-
tion sites, 2 of which were common for all three forms, and 4 sites for the Syrdarya
and P. cf. bedriagae forms. In view of the insufficiently studied populations of
marsh frogs from the territory of Kazakhstan, the “western” form, P. ridibundus,
was used as a control group (Fig. 1, gel well 1). Upon treatment with Haelll endo-
nuclease in P. cf. bedriagae, 4 restriction sites were found, the fragments of which
were digested at different lengths and segregating the form into the two matrilines,
hereafter named as P. cf. bedriagae 1 and P. cf. bedriagae 2.P. cf. bedriagael is
distinguished by the fragment with length of 515 bp, where as P. cf. bedriagae 2,
characterized by additional fragments 148 and 367 bp (Fig. 1, gel wells 2-3, re-
spectively). In the Syrdarya form, two slightly different matrilines were also noted,
which, when treated with restriction enzyme, are split into 5 fragments of different
lengths. Indicative length of digested fragment for line Syrdarya 1 was 432 bp, and
for Syrdarya 2 were fragments of 375 + 367 and 65 bp respectively (Fig. 1, gel
wells 4-5). The Balkhash form has three restriction sites, whereas feature fragment
of which is cleaved at length of 511 bp (Fig. 1, gel well 6).

M 1 2 3 4 5 6

Fig. 1. Electropherogram of the ND2 gene restriction products by Haelll endonuclease
in the identification of three mitochondrial lineages of marsh frog P. ridibundus complex
in Kazakhstan. Gel wells: 1 — P. ridibundus; 2-3 — P. cf. bedriagae 1, 2; 4-5 — Syrdarya 1, 2;
6 — Balkhash. On the right side — length of restriction fragment, bp; M — molecular lengths
marker pBR/Hpall; Fragments less than 60 bp are not shown on the phoregram

The endonuclease Haelll enable to identify the native forms but cannot dis-
tinguish P. ridibundus. Thus, the restriction analysis revealed a variation of the
“eastern” form of P. cf. bedriagae 2 from Semey, indicated by the 2 additional
marker fragments — 148 and 367 bp. The variation of the Syrdarya 2 linethatis
characterized by the presence of fragments of 375 + 367 and 65 bp (Table 1).
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Table 1
Lengths of the restriction fragments (bp) detected by Haelll and Tasl
endonucleases of Kazakhstani marsh frogs

Haelll endonuclease
P. ridibundus | P. cf. bedriagae 1 | P. cf. bedriagae 2 | Syrdarya 1 | Syrdarya 2 | Balkhash

515 515 - - - 511
- - - 432 - 432
375 375 375+367 375 375+367
- - 148 - - -
136 136 136 136 136
81 81 81 83+81 83+81 83+81
_ _ _ _ 65 _
54 54 54 54 52 54
Tasl endonuclease
441 - - - - -
- 360 360 360 360 360
- 204 204 - - 204
194 — — — — —
- 153 153 154 154 153
- - - 140 140 140
101+103 — — — — —
85 85 85 - - -
69 - - 69+73 - 69

Endonuclease Tasl ("AATT) allows to identify the presence of the control
“western form” of P. ridibundus among the studied forms. The number of recogni-
tion sites for this restriction enzyme in the ND2 gene sequences among the studied
lines was 8, 2 of which were common to the three studied lines, the remaining
2-4 in different combinations formed fragments characterizing only of one or
another line. A large number of cleavage sites made it possible to obtain specific
restriction patterns for each genetic line, which are well visualized on electrophe-
rograms in the length zone from 69 to 360 bp (Fig. 2).

The common cleavage fragments for all three lines were 360, 154 + 153 bp.
P. cf. bedriagae matrilines are not distinguishable by the Tasl restriction enzyme,
therefore fragment lengths were same and had no characteristic features(Fig. 2, gel
wells 2-3), however, the Syrdarya 1 line had additional favorable fragment with
length 69 + 73 bp. The absence of the 69 and 204 bp fragments for the line of
Syrdarya 2 was specific factor (Fig. 2, gel wells 4-5). Balkhash line identified by
the fragment of 204 bp in length (Fig. 2, gel well 6).

According to the results of Tasl endonuclease analysis, among the studied
samples of the Kazakh populations of the marsh frog, the “western” form of
P. ridibundus was not found. An information about restriction fragments is given in
the Table 1.
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Fig. 2. Electropherogram of the ND2 gene restriction products by Tasl endonuclease
in the identification three mitochondrial lineages of the marsh frog P. ridibundus complex
in Kazakhstan. Gel wells: 1 — P. ridibundus; 2-3 — P. cf. bedriagae 1, 2; 4-5 — Syrdarya 1, 2;
6 — Balkhash. On the right side — length of restriction fragment, bp; M — marker of
molecular lengths pBR/Hpall. Fragments less than 60 bp are not shown on the phoregram

Conclusions

One of the main advantages of this research method is its low cost, which al-
lows to avoid sequencing stage in some cases. Evaluation of the applicability of the
PCR-RFLP method for the identification of mitochondrial lines of the marsh frog
of P. ridibundus complex showed that nucleotide sequence of the ND2 gene has
sufficient variability to allow selection of restriction endonucleases to identify three
known lines. Moreover,the developed test-system serves as a universal method for
determining the cryptic forms particularly with the overlapped habitats, and can
also be used for mass analyses for scientific and monitoring purposes.
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