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MOLECULAR AND GENETIC CHARACTERISTICS
OF KAZAKHSTANI RAINBOW TROUT
WITH ISSR-PCR ANALAYSIS

Abstract. For the first time a molecular genetic research of the Kazakhstani rainbow trout population Para-
salmo mykiss presented by samplings from the mountain and foothill rivers of the Almaty region was conducted.
From the biopsies tissue of the ventricular finlets kingfish the genomic DNA was isolated for further molecular and
genetic research and determination of fish taxonomic belonging to one of the forms of Parasalmo (Oncorynchus)
mykiss species. The Kamchatka mikizha has some common characteristics with rainbow trout. Therefore, some
scientists consider it related to one of rainbow trout type, and others are for the salmon family’s independent species.
The genomic DNA of Kazakhstani trout, isolated by phenol-chloroform extraction, was analyzed by two ISSR
markers. As a result clear polymorphic profiles were obtained, indicating a genetic similarity the Kazakhstani
rainbow trout, caught from the Ornek and Ulken-Kakpak rivers, with the Kamchatka rainbow trout. And they also
pointed to the high genetic variability of the individuals caught from Tekes river. The obtained preliminary data
indicate the possibility of using ISSR markers for studying this species and are the basis for further research in this
direction. These results provide a perspective for the possible isolation of the Kazakhstani rainbow trout species into
a separate ecological form.

Keywords: rainbow trout, genomic DNA, ISSR-markers, PCR analysis, ecoform.

Introduction. The Kamchatka mikizha Parasalmo (Oncorhynchus) mykiss (Walbaum, 1792)
inhabits in the Pacific basin’s reservoirs of the Asian and American coasts. Usually the P. (O.) mykiss
species is represented by anadrom, estuarine and residential forms. It is known that the anadrom mikizha
inhabits the tundra-mountain rivers of the Western and Eastern coasts of Kamchatka, the Okhotsk coast of
the continent and the Amur liman. The freshwater mikizha, which is called Rainbow trout, is also widely
distributed in Kamchatka [1].

The Kamchatka mikizha was introduced in the 80s of the XX century in the mountain and foothill
reservoirs of the southeastern part of Kazakhstan: in Ulken-Kakpak river and Uryukty and Buzumbai
lakes in small batches of 2000-3000 pieces per reservoir. In these reservoirs the mikizha grew well and
developed for some time [2]. However, the monitoring of Kamchatka mikizha population in Kazakhstani
reservoirs was not carried out, despite the fact that it was a valuable commercial species. Six water
reservoirs of the Almaty region were investigated in 2015 only, in which the state of the Kazakhstani
rainbow trout population (synonym “mikizha”) was investigated: the presence, abundance, biometrics and
other parameters of fish habitat [3, 4].

However, at present the potential of the species should be assessed not only using standard biometric
studies, but also on the basis of accurate information on the genetic structure of the species’s population
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and the level of their genetic variability. In this connection, there is the necessity arising to investigate the
genetic structure of the rainbow trout population in Kazakhstani reservoirs by using modern molecular
and genetic markers.

One of the using the molecular markers is the amplification of intermicrosatellite DNA fragments
located between two inverted SSR loci of the genome (Inter-Simple Sequence Repeat, ISSR-PCR) [5].
ISSR-typing uses primers complementary to the selected microsatellite motif [6]. Compare with other
methods the ISSR-typing is characterized by better reproducibility, and it’s used effectively to detect an
intraspecific and interspecific genetic variability, identification of species and populations [7].

With reference to the above mentioned the purpose of this work was to reseach the genetic structure
of the Kazakhstani rainbow trout population by ISSR-PCR markers.

Objects and methods of research. Control samplings of rainbow trout were obtained from Tekes,
Ornek and Ulken-Kakpak Mountain rivers (Almaty region). The catch time was July, as the rainbow trout
spawning occurs at a river temperature of 4.8-5.0°C [8]. With the catch each individual was taken from a
fragment of the pectoral fin, and then the fish was released into the reservoir.

The fin fragments were fixed in 96% ethanol and transported to the molecular genetics laboratory of
the Institute of General Genetics and Cytology for further research.

The genomic DNA from the fin was isolated by standard phenol-chloroform extraction method (1:1),
including homogenization in liquid nitrogen [9]. The concentration of isolated DNA was measured with a
DNA photometer (Biofotometer Plus, Eppendorf, Germany). For photometric analysis, the adsorption of
aqueous DNA solutions was measured at three wavelengths: 260, 280, and 320 nm.

For 80 ng of isolated DNA and 10 pl PCR mixture (PCR Master Mix, Thermo Fisher Scientific,
USA) containing specific primers in a concentration of 0.1-0.3 umol were used for PCR. The primers
used in the research were synthesized on the basis of the molecular genetics laboratory of the Institute of
General Genetics and Cytology of the Ministry of Education and Science of the Republic of Kazakhstan
(Almaty, Kazakhstan), and are presented in Table 1.

Table 1 — Primers used in the amplification of ISSR fragments of rainbow trout

# 5'—>3' T of annealing, °C Length b.p.
1 (cag cagcagcagcagcag cag)t 55 22
2 (cag cagcagcag cag) 54 15

The PCR amplification program included the denaturation at 95°C for 5 minutes, then 40 cycles:
95°C for 45 seconds, (54-55)°C for 45 seconds, and 72°C for 45 seconds and the final elongation is 5
minutes at a temperature of 72°C on the Mastercycler nexus gradient (Eppendorf, Germany).

The electrophoretic separation of the reaction products was carried out in a vertical polyacrylamide
gel in 1% Tris-acetate buffer, at a voltage of 60 V and a current strength of 90A for 1 hour and 40 mi-
nutes. The gel was stained by the dye «SYBR Gold Nucleic Acid Gel Stain» (Thermo Fisher Scientific,
USA) with incubation for 20 minutes. Fixation of the result and determination of the size ranges of
obtained ISSR fragments was carried out using the Quantum-ST5-1100 gelling system (Vilber Lourmat,
France).

Mathematical processing of data was carried out using population genetics methods using the
POPGENE Version 1.32 program. To determine the genetic characteristics of rainbow trout populations,
the following parameters characterizing the genetic structure were calculated: absolute and effective
number of alleles, genetic diversity according to Nei (or expected heterozygosity), information indicator
of Shannon variety. The values were calculated on the basis of an analysis of the incidence of DNA ISSR
fragments in different populations. Similarities of genotypes were made with the help of computer
programs “Statistica 8.0” by the cluster analysis through the dendrograms construction.

Due to the fact that until now the population-genetic research of the Kazakhstani rainbow trout has
not been conducted, the choice of ISSR primers was made on the basis of an analysis of foreign literary
data. Since the rainbow trout is a freshwater form of the Kamchatka mikizha Parasalmo (Oncorhynchus)
mykiss, we selected two primers: (cag)5 and (cag)7t, which were effective for differentiating trout from
some geographical groupings (river basins of Kamchatka, Chile and North America) [S]. This made it
possible to draw a conclusion about their perspectivity for the Kazakhstani trout.
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Results and discussion. Patterns of ISSR fragments for selected primers were obtained for
individuals of rainbow trout of all three fish populations from the Tekes, Ornek and Ulken-Kakpak rivers.
The ISSR spectra analysis for all three populations revealed 11 amplified DNA fragments, of which
9 (81.82%) were polymorphic. This indicator separately for each population was for the Tekes river — 7,
the Ornek river — 4 and the Ulken-Kakpak river — 4. Figure 1 shows the polymorphic DNA fragments for
the primer (cag)5.

2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1000 n.o. B

500 n.o.
400 n.o. &

300 n.o.

200 n.o.

100 n.o.

Figure 1 — Polymorphic ISSR profile of the primer (cag) 5: 1-24 — the tested samplings, M — 100 b.p. Plus Ladder marker

The part of polymorphic loci of the rainbow trout population from the Tekes river was 63.64%,
Ornek river was 36.36% and Ulken-Kakpak river was 36.36%. This suggests that the population of
rainbow trout consisted of genetically more heterogeneous individuals from the Tekes river, while the
populations from the Ornek and Ulken-Kakpak rivers were more homogeneous.

The greatest number of polymorphic loci revealed primer (cag)5: the size range of DNA fragments
by used primer was from 250 to 1000 b.p.

The analysis of both primers showed that almost all of the tested samplings contained a DNA
fragment with a molecular weight of 400 b.p. It can be considered as a species marker for rainbow trout.

Based on the DNA polymorphism’s analysis of Kazakhstani rainbow trout allele frequencies were
determined by the two ISSR markers. The estimation of the genetic diversity parameters is shown in
Table 2 for the three investigated populations.

An estimate of the average of expected heterozygosity separately for the populations showed that the
least heterozygous was characterized by for rainbow trout individuals from the Ulken-Kakpak river
(0.0936), the largest was from the Tekes river (0.1659). The mean value of the expected heterozygosity
for all three populations was 0.1543 (Table 3).

Our data on the expected heterozygosity of rainbow trout from Kazakhstani rivers turned out to be
lower than similar statistics obtained by Russian colleagues for mikizha from river basins of the Kam-
chatka western and eastern coasts. The size of expected heterozygosity in their study was reached to
0.958. There was also a greater heterozygosity for mikizha individuals of Chilean oxbow 0.6851 and
North America 0.7145 [10], Alaska from 0.55 to 0.59 [11], California from 0.62 to 0.79 [12].

The lowest level of allelic diversity (ne) was shown for rainbow trout samplings from the Ulken-
Kakpak and Ornek rivers: 1.1321 and 1.1493, respectively; the highest one is from the Tekes river
sampling. On average this index was 1.2238 alleles per locus. For rainbow trout from seven river systems
of Kamchatka it was from 1.9 to 9.8 alleles per locus. In North American samplings of the Kamchatka
rainbow trout the average number of alleles per locus was 7.15, in Chilean samplings — 5.2 [10].

Apparently, this circumstance can be explained by the greater rainbow trout populations’ isolation in
Kazakhstani reservoirs and by the absence of long-range migrations in comparison with the Kamchatka,
Chile, and North America populations, as a result of which the influx of “new alleles and genotypes” is
declining in the population. Thus, the rainbow trout population (freshwater form of Kamchatka mikizha
Parasalmo (O.) mykissin Kazakhstani reservoirs is genetically less variable than the Kamchatka rainbow
trout populations Parasalmo (O.) mykiss from other regions and continents.
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Table 2 — Frequency of ISSR markers of research rainbow trout populations

Primer The size range of fragments, Allelic frequency
b.p. Tekes river Ornek river Ulken-Kakpak river
251-300 0.0646 0.2094 0.1548
301-350 0 0.0646 0.0742
351-400 0.2094 0 0
401-450 0.6464 1.0000 1.0000
451-500 0.1340 0 0
(cag)s 501-550 0.1340 0 0
551-600 0.0646 0.2929 0.1548
601-650 0 0 0
651-700 0 0 0
701-750 0.2094 0 0
751-800 0 0.1340 0.2441
301-350 0 0.6464 0.0742
351-400 0.2094 0 0
(cag)7t 401-450 0.6464 1.000 1.000
451-500 0.1340 0 0
501-550 0.1340 0 0
Table 3 — Indicators of the genetic diversity of rainbow trout populations.
Population from the river na ne h* I*
Tekes 1.6364 1.2465 0.1659 0.2675
(0.5045) (0.2741) (0.1620) (0.2422)
Ornek 1.3636 1.1493 0.0998 0.1592
(0.5045) (0.2470) (0.1549) (0.2372)
Ulken-Kakpak (é:ggig) ((l)égéé) (8:(1)238) (82553)
For the total sample size 1.8182 1.2238 0.1543 0.2643
(0.4045) (0.2751) (0.1426) (0.1986)

Note. “na” is the absolute number of alleles per locus; “ne” is the effective number of alleles per locus; h* is genetic di-
versity according to Nei, or expected heterozygosity; [* is information indicator of the Shannon variety, for all the above
parameters, standard deviations are given in parentheses.

The use of ISSR markers (cag)5 and (cag)7t also allowed to evaluate the degree of genetic diffe-
rentiation of investigated three samplings. Similarities of genotypes were made by the cluster analysis
method through the dendrogram construction. Figure 2 shows the genetic relationships of rainbow trout

individuals involved in the analysis.
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Tree Diagram for 3 Variables Tree Diagram for 3 Variables
Complete Linkage Complete Linkage
Euclidean distances Euclidean distances
p.Texec p.Tekec
p.Oprex —— p.Ophex |

p.¥nbren-Kaknar p.¥neken-Kaxnax

02 03 04 0,5 06 07 08 09 030 035 040 045 050 055 080 065 070 075
Linkage Distance Linkage Distance

Figure 2 — Dendrogram of genetic distances between research rainbow trout populations by ISSR markers

According to the dendrogram both markers showed the genetic similarities of the rainbow trout
individuals caught from the Ornek and Ulken-Kakpak rivers. Individuals from the Tekes river showed
heterogeneity in the used ISSR markers. It can be assumed that this population has the highest level of
variability in microsatellite markers and differs with a higher level of genetic diversity than other
investigated rainbow trout populations in the Ornek and Ulken-Kakpak rivers.

In conclusion we can say that the goals and objectives were performed: when analyzing two inter-
microsatellite markers for Kazakhstani rainbow trout we were able to identify the qualitative and quan-
titative principles of the genetic differences between the samplings from the three investigated Tekes,
Ornek and Ulken-Kakpak rivers (Almaty region, Kazakhstan).

This investigation initiated the research of the genetic structure of Kazakhstani populations
Parasalmo (O.) mykiss (Walbaum 1792). The preliminary obtained data prove the perspectivity of used
ISSR markers for research this species and the importance for planning the further investigations in which
an increase in the number of rainbow trout samplings and analyzed genetic markers is expected. It should
also be noted that this developed technology could be recommended for practical use in the future.
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KA3AKCTAH/BIK KYBBIVIMAJIbI BAXTAK NONIYJISINUAACBIHBIH
ISSR-PCR AHAJIU3 HETT3IH/IE
MOJIEKYJISIPIBIK-TEHETUKAJIBIK CUITATTAMACBI

AHHOTAUMs. AJFAIIKBI peT AJIMAaThl OOJBICHIHBIH TayJbl XoHE Tay OOKTepi ©3eHIepiHiH ipiKTeMenepiHeH
kenripinren Parasalmo mykiss KyObITManel 0axTaK MOIYISAIUSACHIHA MOJEKYISPBIK-TEHETUKAIBIK 3EPTTEeY JKYPTi-
3immi. KypcakTeik Ky30eKaHATTapBIHBIH OHOICHSIIBIK YINANaphIHAH OJaH KEHIHT1 MOJNEKYISIPIBIK-TeHETUKAIBIK
3epTrey )oHe Parasalmo (Oncorynchus) mykiss MUKIKaHBIH Oip (hopMachIHa JKaTaThIH OANBIKTHIH TaKCOHOMUSITBIK
THECINITiH aHpIKTay YiniH reHoMablK JJHK anpraaer. KamMuaTkanmbik MUKHKa MEH KYOBIIMAIbl 0aXTaKKa JKaJIbl TOH
cunarrap Oap, COHABIKTaH, Oip FaIbIMOap OHBI KyOBUTMANBIK OaXTaKTHIH Oip Typi Jece, OacKamapel — alOBIPT TY-
KBIMJIACBIHBIH ©31HIIK Typi gem ecenreiimi. KazakcraHmblK OaxTakThIH (HEeHOI-XJIOPOPOPMIBIK SKCTPAKIHACHI
omicimen anpraraH reHOMIBIK JIHK-cor exi ISSR-mapkepmen tannanran. Hotmxkecinae OpHek jxoHe Y IKeH-KaKIaK
©3CHJIepiHEH yCTal alblHFaH Ka3aKCTaHIBIK OaxXTak JapalapblHbIH KaMYaTKaJbIK MUKIKACBIMEH TCHETHKAJIBIK
YKCACTBIFBIH KOPCETETiH HAKTHl MOMMMOP(THIK mpodmnbaep aneiHasl. COHBIMEH KaTap, onap Tekec e3eHi gapana-
PBIHBIH JKOFaphl TEHETUKAIBIK BapHaOENIiITiH KepceTTi. AnapiH-ana aiuslHFaH MamiMertep ISSR-mapkepriepmin
OCHI TYpZi 3epTTeyre KoJdAaHy MYMKIHIITIH KOHE OCHI OaFbITTa KEUIHTI 3epTTeyNepi KYpri3yre Heri3 OONaThIHBIH
KepceTTi. Bynm HoTmxkenep Ka3aKCTaHIOBIK KYOBIIMalbl OaXTaKTHIH JKeKe SKOPOpMara >KEKeJIeHy MYMKIHIITiHe
MEPCIIEKTUBTI OOJIBITI CaHATAIBI.

Tyiiin ce3aep: KyopumMansl 6axtak, reHoMaslk JJTHK, ISSR-mapkepnep, ITLP-anamms, sxodopma.
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MOJIEKYJSIPHO-TEHETHYECKASI XAPAKTEPUCTHKA
KA3AXCTAHCKOHU MONYJISINUUA PATYKHOU ®OPEJIN
HA OCHOBE ISSR-PCR AHAJIM3A

AnHoTanus. BriepBrle NMpOBEICHO MOJEKYIAPHO-TEHETHISCKOE HCCIECIOBAHNE Ka3aXCTAaHCKOW TMOMYJISAIHA
panmyxHoil popernu Parasalmomykiss, ipeqcTaBICHHONW BRIOOPKAMHU W3 TOPHBIX W MPEATOPHBIX PEeK AJMATHHCKOW
obnactu. M3 OHOIICHPOBaHHON TKaHM OPIOIIHOTO IJIaBHUYKa Obuia BhiAesneHa reHomHas JIHK s manmpHelimiero
MOJIEKYJISIPHO-T€HETHYECKOTO MCCIIEIOBAHUS M OTIPEIEICHUS] TAKCOHOMHYECKOW MPUHAICKHOCTH PhIO K OJHOM U3
dopm mukmwku Parasalmo (Oncorynchus) mykiss. KamaaTckas MUKI)Ka UMeeT OOIIMe XapaKTepHBIC YEPTHI C pa-
JIy’KHOH (opelibio, IOATOMY OJIHU YUESHbIE CUMTAIOT €€ OJHMM M3 BHIIOB pajly’KHOIl (openu, a Apyrue — camocTosi-
TENBHBIM BUIOM ceMeiicTBa yiococeBbiX. ['eHomuas JIHK kazaxcranckoit ¢operu, BbIIcIeHHAS METOAOM (heHoJI-
XJIOpO(OPMHOHN IKCTpaKIMK, ObUIa MpoaHaM3UpoBaHa 1o 1ByM ISSR-mapkepam. B pesynbrare nmoiydeHbl YeTKUE
noJauMopdHbIe TPOQUITH, YKa3bIBAIOUINE HA TEHETHUECKOE CXOJCTBO C KAMYATCKOM MHKIKEH Ka3aXCTaHCKHX OCO-
Oeii dopenn, noiimanHblX K3 pek OpHek n YikeH-Kakmak. Takke OHM yKa3bIBaJIM Ha BBICOKYIO T'€HETHYECKYIO
BapuaOenbHOCTh ocobeit pexn Tekec. [lomydeHHBIE TpeaBapUTENbHBIE NaHHBIE YKa3bIBAIOT HAa BO3MOYKHOCTH
npumeHernss [SSR-mapkepoB ans m3ydeHHs TAHHOTO BHIA W SIBISIOTCS OCHOBOW IS MPOBENEHHS JATbHEHIINX
WCCIICIOBAHMUIA B 3TOM HAIPaBICHUH. DTH Pe3yIbTAaThl JAIOT MEPCHEKTHBY UL BO3MOXKHOTO O0OCOOJIEHUS Kazax-
CTaHCKOTO BHJIA PaAy>KHOH (hopenr B OTAETBHYIO 3K0(hopMy.
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