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Purpose. Studying the peculiarities of the genetic structure of different age groups of silver and
bighead carps from fish farm Limanske with the use of genetic-biochemical markers.

Methodology. The methods of vertical polyacrylamide and horizontal starch electrophoresis
with our own modifications have been used for the study. Sampling of the biological material and
histochemical staining of gel plates were carried out using the generally accepted methods. Statistical
analysis of the obtained data were performed in "Biosys-1".

Findings. We analyzed the genetic structure of age-1, age-1+ and age-2 of silver and bighead
carps with the use of genetic-biochemical markers - Pralb, EST, MDH, ME, CA. We demonstrated the
peculiarities of allele frequencies and genotypic composition of protein system loci. A high level of
heterozygosity in the examined was detected loci for age-1 silver carp — 66.7-88.9% and age-1
bighead carp — 65.4-77.8%. A significantly higher level of the observed average heterozygosity
compared to the expected heterozygosity of age-1 as silver carp (Ho = 75.9%, He = 49,6%), and
bighead carp (Ho = 73,6%, He = 47,9%) was observed. This fact indicated on the necessity for
performing a stabilization of their genetic structure. The calculated Wright's F index in different age
groups showed a predominance of the observed level of the average heterozygosity over the expected
one for 22.7-53% in silver carp and 24.5-53.7% in bighead carp. A stabilization of the genetic
structure in age-2 silver carp (Ho = 57.8%; He = 47.1%) by the heterogeneity level was observed.

Originality. For the first time we analyzed the genetic structure and the level of heterogeneity of
the breeding groups of age-1, age-1+, age-2 silver and bighead carps from fish farm Limanske with
the use of genetic-biochemical markers.

Practical value. The results of the study can be used in selection and breeding works aimed at
creating the breeding stocks of silver and bighead carps to control the level of interspecies genetic
variability. The obtained experimental data of the genetic structure analysis of silver and bighead
carps of different age groups will be used for the monitoring of the genetic structure changes during
their adaptation to new environmental conditions.

Key words: silver carp, bighead carp, age-1, age-1+, age-2, genetic-biochemical markers,
genetic structure, alleles, genotype, heterozygosity.

PROBLEM STATEMENT AND ANALYSIS
OF LAST ACHIEVEMENTS AND PUBLICATIONS

An important task of selective-breeding works in aquaculture is conservation and
improvement of the genetic pool of culture fish species [1, 2]. Provision of aquaculture
enterprises with high quality fish seeds of Chinese carps requires continuous genetic
control, which allows detecting species-specific properties of genetic pools and
studying the mechanisms of their formation, peculiarities of gene drifts from the
ancestral genetic pool to the existing specific fish group, the effects of different
reproduction conditions. The fundamental of such works are genetic studies, which
showed that the brood stocks of silver carp were crossbreeds of Amur and Chinese
races, which also contained admixtures of interspecies hybrids of silver and bighead
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carps. Ignoring the importance of selective-breeding works when exploring new
breeding objects as well as the lack of control when forming brood stocks of
acclimatized species resulted in excessive hybridization degree and reduction of brood
fish fecundity [2]. Therefore, the primary task in the reproduction of Chinese carps is
the restoration of the genetic purity of each species and solution of the problem of
genetic diversity conservation within each species [2]. Conservation of the genetic
diversity of agricultural animals at sufficiently high level is also one of important tasks
for effective selective works aimed at increasing the adaptability of breeds [3].

A number of authors described different types of molecular-genetic markers, which
were found to be essential for the genetic monitoring of breed stocks of fish, for
detecting the range of population and specific variability, studying phylogenesis, the
degree of genetic similarity and further microevolution of species [4]. Some researchers
point at the possibility of using the fractional composition of albumin and transferrin as
biochemical markers in genetic monitoring of brood stocks for reducing the effect of
negative consequences of artificial reproduction on the genetic structure of silver and
bighead carps [5, 6]. Other researchers working in the field of the use of proteins and
isozymes studied the genealogic diversity of Amur and Chinese lines of silver carp,
which differ by the frequency of erythrocyte glucose-6-phosphate dehydrogenase [7].
They compared the genotypic composition of the protein systems of silver carp of
Vietnamese and Chinese origins that allowed establishing the species specificity of
superoxide dismutase locus [8]. Some literature sources indicate on age-related and
wedge variability of the frequency of protein loci alleles in silver carp. It was noted that
such changes were related to the adaptation to culture conditions and occurred under the
control of not only artificial but also natural selection [9]. The peculiarities of the
genetic variability of different Chinese carp species with the use of microsatellite
markers were studied [10]. Currently, molecular-genetic studies of Ukrainian
population of Chinese carps are fragmentary. An analysis of the variability of the
genetic structures and establishment of species-specific peculiarities of Ukrainian
populations of Chinese carps with the used of microsatellite loci was performed [11,
12]. The works on the study of biochemical marker polymorphism and heterogeneity of
Ukrainian populations of Chinese carps in breeding aquaculture facilities in Ukraine are
continued [13, 14].

HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS
OF THE GENERAL PROBLEM. AIM OF THE STUDY

Forming the purebred breeding stocks of silver and bighead carps requires
continuous genetic control at different age stages. Hence, one of important problem in
aquaculture is an assessment of the genetic structure of breeding stocks of different fish
culture objects.

The aim of the study was to study the peculiarities of the genetic structures of
multiple-age silver and bighead carps with the use of genetic-biochemical systems.
MATERIALS AND METHODS

For genetic structure studies, we used blood samples of silver (Hypophthalmichthys
molitrix) and bighead (Aristichthys nobilis) carps reared in the conditions of fish farm
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Limanske, Kharkiv region: silver carp — age-1 (n=30), age-1+ (n=35), age-2 (n=30);
bighead carp — age-1 (n=27), agel+ (n=30), age-2 (n=30).

Blood samples were taken from live fish from the caudal vein into plastic tubes
with heparin. They were centrifuged at 3000 rpm for 10 min. Different blood fractions
were placed into separate tubes and stored at a temperature of —20 °C.

Following genetic-biochemical markers were analyzed: loci of prealbumin (Pralb),
esterase (EST, EC 3.1.1.1), malate dehydrogenase (MDH, EC 1.1.1.37), malic enzyme
(ME, EC 1.1.1.40), and carbonic anhydrase (CA, EC 4.2.1.1).

During the study, we used the methods of the vertical polyacrylamide and
horizontal starch electrophoresis [15, 16] with in-house modifications and following
histochemical staining [17] and genotyping according to recommendations [5].
Calculations of allele frequencies, genotype ratios, observed (H,) and expected (H,)
heterozygosity, Wright's Fixation Index were performed in “Biosys-1” program [18,
19].

STUDY RESULTS AND THEIR DISCUSSION

The performed analysis of the genetic structures of silver and bighead carps with
the use of genetic-biochemical markers allowed detecting certain peculiarities of the
frequency distribution of allele variants in multiple-age groups of these species (Table

1.

The prevalence of the frequency of the fast migrating allele variant Me F,
compared to slow migrating Me S, was observed in age-1+ and age-2 of both species.
As for Pralb locus, age-1 and age-1+ bighead carp differed from age-2 silver carp by a
higher frequency of Pralb A allele (0.635 and 0.650, respectively). EST locus in age-1+
silver carp was represented by a higher frequency of Est FF— 0.618 that was different
from age-1+ fish, in which this allele occurs with a lower frequency Est F — 0.365
(Table 1).

The distribution of heterozygous genotypes in the studied groups indicates on
significant difference of age-1 fish from other age groups due to the excess of
heterozygous fish for all examined loci in silver (except Pralb locus) and bighead carps,
P<0.001-0.05 (Table 2).

In age-1+ fish, there is an increase in the number of loci, which were in equilibrium
state. E.g., we detected a significant prevalence of fish with heterozygous genotypes in
silver carp for EST, ME and CA loci P<0.001-0.05, while only EST locus in bighead
carp, P<0.01.

In age-2 fish samples, we did not detect significant differences between the
distribution of observed and expected heterozygotes for all loci except CA (P<0.05) in
silver carp as well as EST (P<0.01) and Pralb (P<0.05) in bighead carp (Table 2).

The selection of fish with the best biological-technical parameters contributed to
significant prevalence of heterozygous genotypes in age-1 fish of both species.

The performed analysis of heterozygosity and genetic variability according to
Wright’s F-statistics demonstrated the degree of the difference between observed and
expected levels of heterozygosity (Fig. 1, 2).
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Table 1. Allele frequencies by genetic-biochemical markers

Loci Silver carp Bighead carp
Age-1 Age-1+ Age-2 Age-1 Age-1+ Age-2
Pralb(n) 30 34 30 26 30 30
A 0,533 0,456 0,317 0,635 0,650 0,533
B 0,467 0,544 0,683 0,365 0,350 0,467
EST (n) 27 34 29 26 29 29
F 0,444 0,618 0,569 0,365 0,517 0,534
S 0,556 0,382 0,431 0,635 0,483 0,466
MDH(n) 29 35 30 27 30 30
F 0,483 0,571 0,583 0,407 0,533 0,567
S 0,517 0,429 0,417 0,593 0,467 0,433
ME (n) 29 35 30 27 30 30
F 0,517 0,614 0,667 0,574 0,600 0,633
S 0,483 0,386 0,333 0,426 0,400 0,367
CA (n) 29 35 30 27 30 30
F 0,431 0,471 0,483 0,463 0,517 0,483
S 0,569 0,529 0,517 0,537 0,483 0,517

Table 2. Distribution of heterozygous genotypes by loci in silver and bighead
carps

. Silver carp Bighead carp
Loci Genotypes 5 3
G, Ge X G, Ge X
Age-1

EST FS 24 13,6%** 16,497 19 12,3%* 8,097
MDH FS 22 14,7** 7,297 20 13,3** 7,190
ME FS 22 14,7%* 7,297 21 13,5%* 8,8
Pralb AB 20 15,2 3,119 17 12,3* 3,987

CA FS 21 14,5* 6,115 21 13,7** 8,034

Age-1+

EST FS 26 16,3*** 12,456 22 14,7** 7,297
MDH FS 22 17,4 2,533 16 15,2 0,089
ME FS 23 16,8* 4,867 18 14,6 1,635
Pralb AB 17 17,1 0,002 17 13,9 1,577

CA FS 25 17,7* 6,140 17 15,2 0,415

Age-2

EST FS 19 14,5 2,942 23 14,7%* 9,636
MDH FS 15 14,8 0,004 16 14,9 0,143
ME FS 18 13,6 3,358 18 14,2 2,280
Pralb AB 13 13,2 0,007 22 15,2%* 6,249

CA FS 21 15,2* 4,439 17 15,2 0,415

Note: Go — observed genotypes; Ge — expected genotypes; * P<0.05; ** P<0.01; ***P<0.001.
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The observed level of heterozygosity in age-1 silver carp significantly exceeded the
expected one for all loci: from 33.9% for Pralb to 80% for EST according to the
Wright’s Fixation Index (F from —0.339 to —0.8). In age-1+ silver carp, F values, which
indicated significant prevalence of H, over H,, were detected for all loci except Pralb
(from 28.3% for MDH to 61.9% for EST). In age-2 silver carp, the significant difference
between observed and expected heterozygosity was observed for CA (40.2%), EST
(33.6%), and ME (35%) (Fig 1).
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Fig. 1. The heterozygosity level and Wright’s Fixation Index by genetic-
biochemical markers in silver carp

Note: Ho — observed heterozygosity level; He — expected heterozygosity level; F — Fixation Index

In age-1 bighead carp, the observed heterozygosity level exceeded the expected
one for all loci: from 41% for Pralb to 59% for ME that reflected the calculated
Wright’s Fixation Index (F from —0.41 to —0.59) (Fig. 2).
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Fig. 2. The heterozygosity level and Wright’s Fixation Index by genetic-
biochemical markers in bighead carp

Note: the same as for Fig. 1
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In age-1+ bighead carp, F values, which demonstrated the prevalence of H, over
H,, were detected for all loci: from insignificant 7.1% for MDH to significantly higher
51.9% for EST. We detected a significantly higher difference between observed and
expected heterozygosity in age-2 bighead carp for Pralb (47.3%) and EST (59.4%) (Fig.
2).

In all examined fish groups, the established level of average heterozygosity by all
loci was significantly higher than the theoretically calculated ones, in particular by
22.7-53.0% in silver carp and by 24.5-53.7% in bighead carp according to Fixation
Index (Fig. 1, 2). The highest level of average heterozygosity was observed in both age-
1 silver (observed — 75.9%, expected — 49.6%) and bighead (observed — 73.6%,
expected — 47.9%) carps. It is necessary to note that age-1 fish of both species have
high heterogeneity and require a process of the genetic structure stabilization to be
performed.

CONCLUSION AND PERSPECTIVES OF FURTHER DEVELOPMENT

The results of the studies of the genetic structures of multiple-age silver and
bighead carps with the use of biochemical markers allow suggesting that age-1 fish by
population-genetic parameters differed from other age groups. High observed
heterogeneity of the studied markers: from 66.7% to 88.9% in silver carp and from
65.4% to 77.8% in bighead carp as well as significant level of average heterozygosity of
75.9% in silver carp and 73.6% in bighead carp indicate on the necessity for
maintaining the state of genetic equilibrium in age-1 fish populations.

The selection of fish according to the best phenotypic and culture-valuable
characteristics during the selection works in the aquaculture facility contributed to the
stabilization of the genetic structures by the heterogeneity level in age-2 silver carp (H,
=57.8%; H.,=47.1%).

For optimizing the selection process for further studies, it is necessary to control
the level of heterozygosity in silver and bighead carp populations with the use
molecular-genetic markers.
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Mema. BusuyeHHA ocobsausocmeli 2eHemu4yHOi cmMpyKmypu pi3Hosikogux epyn 6in020 i
cmpokamozao moscmosnobukie JlumaHcbkozo [BCPIl 3a 8UKOPUCMAHHA 2eHemuKo-6ioXiMiyuHuX
Mapkepis.

Memooduka. B 0ocnidiceHHAX 8UKOpUCMO8Y8AaAU MEMOOU 8EPMUKAIbHO20 MOMIAKPUAAMIOHO20
ma 20puU30HMANbHO20 KPOXMAAbHO20 esieKmpoghopesie 3 8AacHUMU MoOuUiKauiamu. Bidbip 3paskie
bionoziyHo20 mamepiany ma eicmoximiyHe hapbysaHHa 2enesux nAACMUH [pPosoounu 3d
3a2anbHONpUliHAMUMU memoduKkamu. CmamucmuyHe Onpayro8aHHA eKcrnepumeHmanbHUx OaHUX
BUKOHY8AsU 3 00MOMOR2010 NPoepamu «Biosys-1».

Pe3yabmamu. BUKOHGHO aHAAI3 2eHeMu4HOi CmpyKmypu OOHOPIYOK, 080/iMOK i 080pPIYOK
6ino2o i cmpokamozao moscmosobukie 3a 8UKOPUCMAHHA 2eHemuKo-6ioximiyuHUx mapKkepie — Pralb,
EST, MDH, ME, CA. lMokazaHo ocobausocmi po3nodiny anesnbHUx yacmom i eeHomunosuli CKAao
710Kycig binKkosux cucmem. BcmaHosneHo 8ucokuli piseHb 2emepo3u2omHocmi 3a 00CAiOHY8aHUMU
nokycamu 'y mexax 66,7-88,9% y 6inoeo ma 65,4-77,8% y cmpokamozo moscmosobuKis
00HOpiYHo20  8iKy. Crnocmepieanace 3HA4YHa nepesaza  (AKMUYHO20 PiBHA  cepedHboi
2emepo3u2omHocmi Hao O4iKy8aHUM y 00HOpiYoK 6inozo (H,=75,9%; H.=49,6%) i cmpokamozo
(H,=73,6%; H.=47,9%) moscmonobukKis, w0 8Kasye Ha HeobxiOHicmb cmabinizayii eeHemu4yHoi
cmpykmypu. Po3paxosaHuli iHOeKc ikcayii Palima F y pi3Hogikosux epyn nokas3as nepesazy
¢haKmu4Ho20 pieHA cepedHbOi 2emepo3u2omHoOcMi Had o4iKy8aHum Ha 22,7-53% y 6inozo i Ha 24,5—
53,7% y cmpokamozo moscmosnobukie. Bidmivyanace cmabinisauyia eeHemu4Hoi cmpykmypu 3a
pieHem 2zemepozeHHocmi y 08opidok bino2o mosecmonobuka (H,=57,8%; H.= 47,1%).

Haykoea HOBU3HQA. 3 BUKOPUCMAHHAM 2eHEMUKO-BioXiMiYHUX MapKepie enepwe nposedeHo
OYiHKY 2eHemu4yHoi CmpyKkmypu ma pieHA 2emepo2eHHOCMI rnaemMiHHUX 2pyrn 00HOPIYOK, 080/IMOK,
080pivoK 6inozo i cmpokamoao moscmosobukis, AKi supowyromeca y J/lumaHcekomy [BCPI1.

MpakmuyHa 3Ha4umicme. Pe3ynemamu 0ocnioxeHs Moxyms 6ymu BUKOPUCMAHI Y
cenekyiliHo-naemiHHili pobomi npu ¢opmyeaHHi naemiHHUX cmad moscmosiobuKie 3 Memoro
KOHMPOso pigHA Mineudosoi eeHemuyHoi MiHausocmi. OTPUMAHI eKCcnepuMeHTaslbHi AaHi aHanisy
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ONA MOHITOPUHIY 3MiH reHeTUYHOI CTPYKTYPM Yy NpoLeci iX aganTauii 4O HOBUX YMOB iCHYBAHHSA.

Knruoei cnoea: 6inuli moscmonobuk, cmpokamuli moecmosobuK, 0OHOPIYKU, 080/IMKU,
dsopiuku, eeHemuko-bioxiMiYHi ~ MapKepu, 2eHemuyHad CMpPyKmypa, aneni, eeHomur,
2emepo3u20mHicme.
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Lenb. N3yyeHue ocobeHHocmeli 2eHemuyeckoli cmpyKmypbl pasHO803pacmHeix epynn 6ea1020
u necmpoz2o moscmonobukos JlumaHckozo [TICPI1 ¢ ucrone3o8aHuem 2eHemuKo-6UoXUMUYECKUX
MapKepos.

MemoodukKa. B ucciedo8aHUAX UCMO1630807U MEMOObl 8ePMUKAAbHO20 NOAUAKPUAAMUOHO20 U
20PU30HMANLHO20 KPAXMAAbHO20 371eKmpogope3o8 ¢ cobcmeeHHbIMU Moougukayuamu. Oméop
06pa3yos buon02UYECKO20 MaAmMepuand U 2UCMOXUMUYECKOe OKpawuseaHue 2esesbiX MaacmuH
nposodusnu no obwenpuHAmMeiMm memooukam. Cmamucmu4veckyto 06pabomkKy sKcrnepuMeHmManbHbIX
OaHHbIX 8bIMOHAAU C MOMOWbIO MPO2PAMMbI «Biosys-1».

Pe3ynbmamel. BoinonHeH aHanu3 eeHemuyeckol cmpykmypsl 20008UKO8, 08YX/1emMOK U
08yx20008uK08 bes1020 U Necmpo2o0 MosaCmMoa0bUKO8 C UCMONb308AHUEM 2eHemuKo-6UoXUMUYECKUX
mapkepos — Pralb, EST, MDH, ME, CA. lNoka3aHbl ocobeHHocmu pacripedesneHus anaenbHsix 4acmom
u eeHomunu4eckull cocmas s0Kycos besnKosbix cucmemM. YcmaHosesneH 8bICOKUll yposeHb
2emepo3u2omHoOCMU o ucce008aHHbLIM A0Kycam y 20008uUKos 8 npedenax 66,7—-88,9% y 6enozo u
65,4-77,8% y necmpo2o moacmonobukos. Habawdanoce 3HayumesnoHoe rnpeobaadaHue
hakmu4eckozo yposHa cpedHeli 2emepo3u2o0mHOCMU 0 CPABHEHUIO C 0XUOAeMbIM Yy 20008UKO8
6enoeo (H,=75,9%; H,=49,6%) u necmpoezo (H,=73,6%, H.=47,9%) mosacmonobukos, Ymo yKasvieaem
Ha Heobxodumocms cmabunuzayuu eeHemuyeckoli cmpykmypesl. PaccuumaHHbIl UHOeKc ghukcayuu
Palima F y pa3Hogo3pacmHbix 2pynn nokasan npeobaadaHue pakmuyeckozo yposHA cpedHel
2emepo3u20mHOCMU Mo CPABHEHUIO C oxcudaembim Ha 22,7-53% y 6enozo u Ha 24,5-53,7% y
necmpoz2o mosicmonobuxkos. Ommevanace cmabunuzayus 2eHemu4eckol cmpyKmypbl 1o yposHIo
2emepozeHHoCcMuU y 08yx20008UK08 bea1020 mosacmonobuka (H,= 57,8%; H.=47,1%).

HayyHasa Hoeus3Ha. [lpu UCMOAb308AHUU 2eHemuKo-6UOXUMUYECKUX MapKepos erepeblie
rnposedeHa OUEHKa 2eHemu4yeckol CMPYyKmypsl U ypoBHA 2emepo2eHHOCMU r/eMeHHbIX 2pynrl
20008UKO8, 08yX/71emMoOK, 08yx20008UK08 6es020 U MNecmpo2o mMosacmosnobukos, Komopble
sbipawjusaromcesa 8 J/lumaHckom [TICPI].

Mpakmuyeckasa 3Ha4umocme. Pe3ysnbmamel ucciedosaHuli mozym 6bimb UCMOMb308GHbI 8
cenekyUuoHHo-naemeHHol pabome npu hopmuposaHuU rnaemeHHbIX cmaod mosacmonobuKos ¢ yesnoto
KOHMPOA ypo8HA Mexaudosoli 2eHemu4eckol usmeH4usocmu. losny4yeHHble 3KCnepuMeHmMasnbHole
OaHHble aHaAU3a eeHemuyeckol CMpPyKmMypbl PA3HOB03pAcMHbIX 2pynn 6e1020 U necmpozo
mosicmonobukos 6ydym ucronb308aHs! 0458 MOHUMOPUH2A U3MeHeHUl 2eHemu4eckol cmpykmypbl
8 npoyecce ux adanMmayuu K Ho8bIM yC/08UAM Pa38€0EHUS.

Kntoueswle cnoea: 6envili moacmonobuk, necmpolli moacmonobuk, 20008UKU, O8yXaAemKu,
08yx20008UKU, 2eHEMUKO-bUOXUMUYECKUe MapKepbl, 2eHemMu4Yeckas cmpykmypa, ansnesnu, 2eHomurl,
2emepo3u2omHocme.
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