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Assessment of genetic diversity in aquaculture stocks is essential
for maintaining breeding efficiency and preventing genetic erosion
in selectively bred fish populations. This study applied inter-simple
sequence repeat polymerase chain reaction (ISSR-PCR) markers to
evaluate the genetic structure and diversity of the Antoniny—Zozule-
nets intrabreed type of Ukrainian scaly and leather carp reared at the
“Stara Syniava” fish farm. Five trinucleotide ISSR primers ((CTC)sC,
(GAG)sC, (AGC)sG, (ACC)sG, (AGC)sC) were used for molecular
genetic analysis. A total of 132 DNA fragments were amplified, of
which 72.3 % were polymorphic, indicating a considerable level of ge-
netic variability within the studied stocks. The informativeness of the
ISSR markers was assessed using polymorphic information content
(PIC), percentage of polymorphic bands (PPB), effective multiplex ra-
tio (EMR), marker index (MI), and resolving power (Rp). The mean
values of these parameters were PIC=0.123, PPB=72. %, EMR=19.1,
MI=2.3, and Rp=9.6, demonstrating the effectiveness of the selected
marker system for population genetic analysis. The sizes of amplified
DNA fragments ranged from 150 to 1170 bp depending on the primer
used. Genetic diversity indices showed moderate variation between
the studied groups: Shannon’s index reached 0.2654+0.017 in leather
carp and 0.24240.018 in scaly carp, while unbiased expected hetero-
zygosity was 0.155+0.011 and 0.14440.012, respectively. The aver-
age number of alleles per locus (Na) was 1.571+0.072 in leather carp
and 1.334+0.082 in scaly carp, with effective allele numbers (Ne) of
1.216+0.019 and 1.201+0.019. These results demonstrate that ISSR
markers provide a reliable tool for genotyping and monitoring genet-
ic variability in Ukrainian carp populations and can support selective
breeding and conservation programs.

Keywords: common carp (Cyprinus carpio), ISSR markers,
genetic diversity, population genetics, allelic variation.

Problem statement and analysis of recent
research. Genetic diversity plays a fundamental
role in the stability, adaptability, and long-term
productivity of fish populations. In aquaculture,
the analysis of population genetic structure is
essential for effective broodstock management,
conservation of genetic resources, and the de-
velopment of sustainable breeding programs.
Molecular genetic approaches provide power-
ful tools for identifying hereditary variation and

detecting genetic differences among individuals,
populations, and breeds. Such analyses enable
the detailed characterization of broodstock ge-
netic resources and support the identification and
preservation of valuable traits for further selec-
tive breeding [12, 26].

In aquaculture systems, long-term artificial
selection and intensive cultivation practices can
lead to a reduction in genetic variability, loss of
alleles, and increased genetic uniformity of cul-
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tured stocks. These processes may negatively
affect the adaptive potential, disease resistance,
and productivity of fish populations. Therefore,
continuous monitoring of genetic diversity is
considered an essential component of modern
aquaculture management [8, 18]. Understand-
ing genetic relationships among populations
also helps prevent undesirable hybridization and
gene introgression during broodstock formation
and selective breeding programs [13, 21].

The application of molecular genetic mark-
ers has significantly improved the ability to study
population structure and genetic variability in
aquatic organisms. DNA-based markers allow
the detection of polymorphism at the genome lev-
el and provide objective tools for assessing ge-
netic diversity both within and between popula-
tions. In aquaculture research, molecular markers
are widely used for population genetic analysis,
parentage assignment, stock identification, and
marker-assisted selection aimed at improving
economically important traits [17, 29]. Recent
studies emphasize that molecular markers such as
microsatellites, single nucleotide polymorphisms
(SNPs), and other DNA-based systems play an
important role in the genetic improvement and
conservation of cyprinid species, including com-
mon carp (Cyprinus carpio) [15, 24].

Among the available molecular approach-
es, inter-simple sequence repeat (ISSR) markers
have proven to be an effective tool for detecting
DNA polymorphism and assessing genetic di-
versity in fish populations. ISSR analysis allows
the identification of polymorphic loci across the
genome and can be used to study genetic rela-
tionships between populations, breeds, and lines,
as well as to perform individual genotyping. Due
to their reproducibility and relatively high lev-
el of polymorphism, ISSR markers have been
widely applied in population genetics studies,
genetic mapping, and the identification of loci
associated with economically important traits in
aquaculture species [5, 10, 11].

Common carp (Cyprinus carpio) is one of the
most important freshwater aquaculture species
worldwide and represents a major component of
global fish production. The species has long been
the subject of genetic and genomic studies aimed
at improving productivity, disease resistance, and
environmental adaptability. Modern molecular
and genomic techniques have significantly ex-
panded opportunities for carp genetic improve-
ment and selective breeding programs [14].

In Ukraine, carp breeding has a long history
and represents a key sector of freshwater aqua-
culture [9]. Ukrainian carp breeds possess valu-
able biological and productive traits, including
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high growth rates, adaptability to different en-
vironmental conditions, and good reproductive
performance. However, maintaining these qual-
ities requires continuous selective breeding and
genetic monitoring in order to prevent the loss of
valuable hereditary characteristics and preserve
the genetic integrity of existing breeds [7].

One of the important structural components
of Ukrainian carp breeds is the Antoniny—Zo-
zulenets intrabreed type. This carp type was
developed through reproductive crossing of lo-
cal non-pedigree carp from the Antoniny State
Fish Reserve (currently PISC “Khmelnytskyry-
bhosp”) with Galician mirror carp. Two pheno-
typic forms are distinguished within this type:
scaly and leather (often referred to in Ukraine
as framed carp) [27]. These carp types represent
an important genetic basis for the formation of
other structural types of Ukrainian carp breeds.

Due to their genetic origin and long history
of selective breeding, Antoniny—Zozulenets carp
stocks demonstrate high productivity under inten-
sive aquaculture conditions. Selection programs
have primarily focused on economically import-
ant traits such as growth rate, survival, and re-
productive performance. As a result of long-term
selective breeding, Ukrainian carp breeds have
developed a productive and genetically diverse
breeding structure and have been distributed both
within Ukraine and abroad [19, 28].

Despite their breeding and economic impor-
tance, molecular genetic information on Anton-
iny—Zozulenets carp types remains limited, par-
ticularly regarding the level of genetic diversity
and differentiation between scaly and leather
forms. Detailed knowledge of the genetic struc-
ture of these carp populations is necessary for
effective broodstock management, conservation
of genetic resources, and further improvement of
breeding programs.

Therefore, the aim of this study was to as-
sess the genetic diversity and determine the ge-
netic profile of the Antoniny—Zozulenets intra-
breed type of Ukrainian leather and scaly carps
using ISSR molecular markers.

Material and methods of research. The
study was conducted in 2021 using blood sam-
ples obtained from the Antoniny—Zozulenets in-
trabreed type of Ukrainian leather and scaly carp
collected at the “Stara Syniava” fish farm locat-
ed in the Khmelnytskyi region, Ukraine.

Blood samples were collected in vivo from
the caudal vein using sterile syringes containing
heparin (25 IU mL™) as an anticoagulant. The
samples were centrifuged for 15 min at 3500 rpm,
after which plasma and erythrocyte fractions
were separated into sterile Eppendorf tubes for
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further analysis. The samples were transported
at 4 °C and stored at —20 °C in the laboratory
until analysis. Both fin tissue and blood samples
were used as biological material for molecular
analysis.

Total genomic DNA was extracted using a
commercial Quick-DNA MiniPrep kit with Zy-
mo-Spin IIC columns (200 isolations) accord-
ing to the manufacturer’s protocol (BioLabTech
LTD, Ukraine). The concentration and purity of
the extracted DNA were determined using a Bio-
Photometer (Eppendorf, Germany). DNA quali-
ty was assessed based on the absorbance ratio at
260 and 280 nm (A260/A280). Only DNA sam-
ples with an A260/A280 ratio > 1.75 were used
for further analysis.

To investigate the genetic structure of the
studied carp groups, ISSR genotyping was per-
formed using five primers targeting DNA frag-
ments containing trinucleotide repeat motifs
(Table 1). These ISSR markers have previously
been successfully applied in Ukraine for assess-
ing genetic diversity in several fish species.

Polymerase chain reaction (PCR) amplifi-
cation was performed using a Thermo Scientific
thermocycler (Arktik Thermal Cycler, Finland)
with Thermo Scientific DreamTaq Green PCR
Master Mix (2x). The PCR program included
an initial denaturation step at 95 °C for 2 min,
followed by 35 cycles consisting of DNA dena-
turation at 94 °C for 30 s, primer annealing at

55-60 °C (Table 1) for 30 s, and extension at 72
°C for 2 min. The amplification was completed
with a final extension step at 72 °C for 10 min.

The amplified products were separated by
electrophoresis on a 2% agarose gel. GeneRul-
er 50 bp DNA Ladder (Thermo Scientific) was
used as a molecular weight marker to estimate
the size of amplicons. The PCR products were
visualized after staining the gel with ethidium
bromide (0.5 pg mL™") under ultraviolet light us-
ing a transilluminator.

The sizes of amplified DNA fragments were
determined using TotalLab software (version
2.01). Genetic diversity parameters were calcu-
lated using POPGENE software (version 1.32)
[28] and GenAlEx (version 6.5) [20]. The poly-
morphic information content (PIC) was calculat-
ed using the GDdom online tool [1].

The informativeness of ISSR primers was
evaluated based on the effective multiplex ratio
(EMR), marker index (MI), and resolving power
(Rp), calculated according to methodologies de-
veloped for dominant molecular markers [22, 23].

Research results and discussion. The ge-
netic structure of the Antoniny—Zozulenets in-
trabreed type of Ukrainian leather and scaly
carp was analyzed using five ISSR primers. In
total, 132 amplicons were detected, of which 72
% were polymorphic, indicating a considerable
level of genetic variability within the studied
populations (Fig. 1).

Table 1 — The ISSR primers used in the study for the analysis of the genetic structure of carps

No Legend Primer Primer sequence 5'—3' f;ﬁii;ﬂ:*‘({}g%
1 A (CTC), C 5'- CTCCTCCTCCTCCTCCTCC -3' 55
2 B (GAG) C 5'- GAGGAGGAGGAGGAGGAGC-3' 58
3 C (AGC),G 5'- AGCAGCAGCAGCAGCAGCG-3' 58
4 D (ACC).G 5'-ACCACCACCACCACCACCG -3' 58
5 E (AGO),C 5'-AGCAGCAGCAGCAGCAGCC -3' 60

1 2

345 6 7 8 9

10 11 M

1 2 3 4 5 6 7 8§ M

Fig. 1. Agarose gel of polymorphic DNA amplification profiles of different carp genotypes obtained
with ISSR primers: a — leather carp, 1-8 — different individuals; b — scaly carp, 1-11 — different
individuals: M — standard molecular size 50 bp.
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The size of amplified DNA fragments ranged
from 150 to 1170 bp across the five loci. A rela-
tively narrow range of amplicons was observed
for primer A (150-675 bp) in leather carp and
primer E (160-650 bp) in scaly carp. In con-
trast, broader fragment spectra were detected for
primer B (263—1000 bp) in scaly carp (SC) and
primer D (260—1000 bp) in leather carp (LC).

The highest number of amplicons in the
scaly carp group was obtained using primer
A ((CTC)sC), which produced 25 amplicons,
whereas the lowest number (13) was detected
with primer C ((AGC)sG). In the LC group, the
highest number of amplicons (23) was detected
with primer C ((AGC)sG), while the lowest num-
ber (16) was observed with primer A ((CTC)sC).

Using primer A, 25 allelic fragments rang-
ing from 1170 to 244 bp were detected in the
SC population. Several fragments (1170, 800,
770, 730, and 600 bp) occurred with a frequen-
cy of 16 %, whereas fragments of 1160, 1000,
830, 675, 560, 500, and 250 bp were detected
at 12 % frequency. In LC, 16 allelic variants
ranging from 675 to 150 bp were identified us-
ing the same primer. Fragments of 450 bp and
250 bp showed the highest frequency in the
population, while fragments of 645, 600, 350,
335, 244, and 150 bp occurred at a frequency
of 12.5 % (Fig. 2).

Primer B produced 14 allelic fragments in
the SC group, with sizes ranging from 1000 to
263 bp. Fragments of 300 bp, 285 bp, and 263
bp were detected in 50% of individuals, where-
as the 360 bp fragment occurred in 28% of the
population. Other fragments were detected at
frequencies ranging from 7.1% to 21.4%. In the
LC group, 19 allelic variants were detected with-
in a similar size range. Fragments of 400 bp and

350 bp occurred most frequently (31.6 %),
whereas fragments of 1000 bp and 450 bp were
detected in 21% of individuals.

Primer C generated 13 alleles in the SC
group, with fragment sizes ranging from 700 to
280 bp. The most frequent fragments were 700
bp and 440 bp (38 %), followed by 520 bp and
450 bp (31 %) and 365 bp (23 %). In the LC
group, 22 alleles ranging from 700 to 240 bp
were detected, with fragments of 300 bp (27 %)
and 365 bp (23 %) occurring most frequently.

Primer D produced 14 alleles in the SC
group, with fragment sizes ranging from 600 to
270 bp. The most frequent fragment was 350 bp
(43 %), followed by 450 bp (36 %), 420 bp (29
%), and 460 bp and 370 bp (21 %). In the LC
group, 18 alleles were detected within a wider
size range (1000-260 bp). Fragments of 400 bp,
320 bp, and 270 bp occurred in 33 % of individu-
als, whereas fragments of 520 bp occurred in 28
%, and fragments of 420 bp, 339 bp, and 260 bp
occurred in 22 %.

Primer E generated 14 alleles in the SC
group, with fragment sizes ranging from 600 to
270 bp. In the LC group, 20 alleles were detected
with fragment sizes ranging from 470 to 240 bp,
with 320 bp fragments occurring most frequent-
ly (27 %), while 450 bp and 295 bp fragments
occurred in 19 % of individuals.

Several fragments demonstrated potential
specificity for particular carp groups. For exam-
ple, fragments of 300 bp, 285 bp, and 263 bp
generated by primer B were detected in 50 % of
SC individuals, while fragments of 350 bp (43
%) and 450 bp (36 %) generated by primers D
and E were also characteristic of this group. No
clear group-specific fragments were identified in
the LC group using the selected primers.
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Fig. 2. The ranges of the obtained amplicons.
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The informativeness of the selected ISSR
markers was evaluated using several param-
eters. The polymorphic information content
(PIC) ranged from 0.103 (primer A) to 0.158
(primer C), with a mean value of 0.123 (Fig. 3).
The effective multiplex ratio (EMR) varied
from 9 (primer C) to 25 (primer A), indicating
the highest efficiency of the primer—marker
system for primer A. The marker index (MI)
showed the highest value for primer A (3.1 in
SC; 1.7 in LC) and the lowest value for primer C

(1.4 in SC). The resolving power (Rp) was low-
est for primer C (3.0 in SC) and primer A (3.4 in
LC), whereas higher values were observed for
primers A and D (6.526 and 6.329, respectively)
(Tables 2 and 3).

The genetic diversity of the studied carp
populations was assessed using several param-
eters. The average number of alleles per locus
(Na) was 1.571+ 0.072 in LC and 1.334+0.082
in SC. The effective number of alleles (Ne) was
1.216£ 0.019 and 1.201+0.019, respectively.

PIC —Polymorphism information content

Fig. 3. Informativeness indicators of the genetic structure of carps.

Table 2 — The genetic diversity values of the studied leather carps based on ISSR markers

Primer Na Ne I uHe

A 1.231 1.149 0.200 0.120

B 1.760 1.259 0.301 0.188

C 1.917 1.247 0.314 0.191

D 1.467 1.244 0.279 0.178

E 1.481 1.184 0.232 0.141
mean 1.571£0.072 1.216+£0.019 0.265+0.017 0.16352+0.012

Table 3 — Genetic diversity values of the studied scaly carps based on ISSR markers

Primer Na Ne I uHe

A 1.923 1.287 0.355 0.222

B 1.360 1.201 0.243 0.152

C 0.750 1.147 0.159 0.104

D 0.933 1.164 0.182 0.117

E 1.704 1.208 0.274 0.165
mean 1.334+0.082 1.201+0.019 0.242+0.018 0.152+0.012
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The Shannon diversity index (I) was
0.265+0.017 for LC and 0.2424+0.018 for SC.
The unbiased expected heterozygosity (He) was
0.15540.011 and 0.14440.012, respectively.

Overall, the results demonstrate that the se-
lected ISSR markers are informative for detect-
ing polymorphism and assessing genetic diversi-
ty in the Antoniny—Zozulenets intrabreed type of
Ukrainian leather and scaly carp.

The analysis of genetic structure using ISSR
markers revealed a relatively high level of DNA
polymorphism. A total of 132 amplicons were
obtained, of which 72 % were polymorphic. The
high proportion of polymorphic loci indicates
considerable genetic variability within the stud-
ied carp populations. Similar results have been
reported in previous studies of common carp
(Cyprinus carpio), where ISSR markers showed
a high level of polymorphism and proved effec-
tive for evaluating genetic diversity in aquacul-
ture stocks [5, 11].

Polymorphic information content (PIC) is
widely used to evaluate the informativeness of
molecular markers in population genetic stud-
ies. In the present study, PIC values ranged from
0.103 to 0.158, with a mean value of 0.123. Ac-
cording to Botstein et al. [4], markers with PIC
values below 0.25 are considered moderately
informative for dominant marker systems such
as ISSR. Therefore, the obtained values indicate
a moderate level of marker informativeness,
which is typical for ISSR markers used in fish
population studies. Comparable PIC values have
been reported in carp populations, ranging be-
tween 0.10 and 0.20 depending on primers and
genetic background [3, 11]. These results con-
firm that the selected ISSR primers are suitable
for detecting polymorphism in Ukrainian carp
populations.

The effective multiplex ratio (EMR), marker
index (MI), and resolving power (Rp) are addi-
tional indicators used to evaluate the efficien-
cy of molecular marker systems. In the present
study, EMR values ranged from 9 to 25, while
the highest marker index values were recorded
for primer A. These results indicate that prim-
ers A and D were the most efficient for detect-
ing polymorphic loci in the studied carp popu-
lations. Similar findings have been reported in
ISSR-based studies of cyprinid species, where
certain primers showed higher resolving power
due to their ability to amplify multiple polymor-
phic loci simultaneously [3, 23].

Genetic diversity was further evaluated us-
ing Na, Ne, Shannon’s index (I), and expected
heterozygosity (He). The mean number of alleles
per locus was slightly higher in LC (Na=1.571)
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than in SC (Na=1.334), suggesting that the LC
population may retain slightly higher genetic
variability. Similar patterns have been reported
in other carp studies and are often associated
with differences in breeding history, selection
intensity, and broodstock management [2, 16].

The effective number of alleles (Ne) showed
similar values in both groups (1.216 in LC and
1.201 in SC), indicating a relatively balanced
distribution of allele frequencies within popula-
tions. Comparable values have been reported in
carp populations analyzed with dominant mark-
ers, reflecting moderate genetic differentiation in
cultured stocks [3].

The Shannon diversity index also indicat-
ed moderate genetic diversity in both groups.
Slightly higher values were observed in LC
(I=0.265) than in SC (I=0.242). Shannon’s index
reflects both allelic richness and evenness and is
widely used as an additional measure of genetic
variability. The obtained values are consistent
with those reported for carp populations in East-
e Europe and Asia, where I typically ranges
from 0.20 to 0.40 depending on marker systems
and population structure [11, 17].

Expected heterozygosity (He) is one of the
key indicators of genetic diversity. In this study,
unbiased He values were 0.155 in LC and 0.144
in SC, indicating a moderate level of genetic
diversity in both populations. Similar heterozy-
gosity levels have been reported in cultured carp
populations, where He generally ranges from
0.10 to 0.20 when dominant markers are applied
[2, 16]. The slightly higher heterozygosity in LC
may reflect differences in breeding history or a
broader genetic base.

The identification of several fragments oc-
curring at relatively high frequencies in SC indi-
viduals suggests potential group-specific genetic
features within the Antoniny—Zozulenets intra-
breed type. Such fragments may serve as useful
molecular markers for population identification
and monitoring of genetic structure in breeding
stocks. However, the absence of clearly specific
markers for LC indicates that additional molec-
ular markers may be required for more precise
differentiation between these carp forms.

Overall, the results of the present study
demonstrate that ISSR markers are effective tools
for analyzing genetic polymorphism and assess-
ing genetic diversity in Ukrainian carp popula-
tions. The obtained genetic diversity parameters
indicate that both scaly and leather carp of the
Antoniny—Zozulenets intrabreed type maintain a
relatively stable genetic structure with moderate
levels of polymorphism. These findings are im-
portant for broodstock management and for the
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development of breeding programs aimed at pre-
serving the genetic diversity of Ukrainian carp
breeds.

The use of molecular genetic markers for
monitoring the genetic composition of aquacul-
ture stocks is increasingly recognized as an im-
portant component of sustainable fish breeding.
Therefore, the application of ISSR markers in
studies of Ukrainian carp populations provides
valuable information for the conservation of ge-
netic resources and the improvement of selective
breeding strategies in aquaculture.

Conclusions. The present study assessed
the genetic diversity and molecular characteris-
tics of the Antoniny—Zozulenets intrabreed type
of Ukrainian leather and scaly carp using ISSR
markers. The analysis revealed a relatively high
level of DNA polymorphism, with 132 ampli-
fied fragments identified, of which 72 % were
polymorphic. These results indicate consider-
able genetic variability within the studied carp
populations.

The selected ISSR primers demonstrated
moderate to high informativeness for analyzing
the genetic structure of the investigated groups.
The polymorphic information content (PIC) av-
eraged 0.123, while the effective multiplex ratio
(EMR), marker index (MI), and resolving pow-
er (Rp) confirmed the efficiency of the marker
system, particularly for primers A and D. These
primers were the most efficient for detecting
polymorphic loci and differentiating individuals
within the studied populations.

Genetic diversity parameters also indicated a
moderate level of variability. The average num-
ber of alleles per locus (Na) and the effective
number of alleles (Ne) were slightly higher in
leather carp (LC) than in scaly carp (SC), while
Shannon’s diversity index and expected hetero-
zygosity values were similar in both groups.
These findings suggest that the studied popula-
tions maintain a relatively stable genetic struc-
ture despite long-term selective breeding.

Overall, the results confirm that ISSR mark-
ers are suitable tools for assessing genetic di-
versity and monitoring the genetic structure of
Ukrainian carp breeds. The obtained data pro-
vide a useful basis for broodstock management,
conservation of genetic resources, and further
improvement of selective breeding programs in
carp aquaculture.
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I'enetnyHe mpo¢inoBaHHA AHTOHIHCHKO-30-
3yJleHellbKUX BHYTPilIHbONMOPOIHUX THMIB YKpa-
THCBKOI JIyCKATOI Ta pamM4acToi mopix kopoma 3
BukoprctanusaM ISSR-mapkepis

Mapiyua A., bopucenko H., lumaunn T.

OLiHIOBaHHS TCHCTUYHOTO PI3HOMAHITTS B aK-
BaKyJIBTYPHHUX MOMYJISMISAX € BXKIUBUM IS IIiJ-
TpuMaHHS €(EeKTHBHOCTI BiITBOPEHHS Ta 3amo0i-
TaHHSA TCHETHYHIN epo3ii celeKuiiHuX rpym pub. Y
nociipkenHi 3actocoBano ISSR-PCR mapkepu aist
OIIHIOBAaHHS TCHETUIHOI CTPYKTYPH Ta Pi3HOMAHITTS
AHTOHIHCHKO-303yJICHEIbKUX BHYTPIIIHBOIIOPOAHUX
THUIIB YKpaiHCBHKOI JIycKaTol Ta paMy4acToi Mopija Ko-
poria, BUpomieHunx y rocrnonapctsi «Crapa CUHABaY.

Jlyist MOJIEKYJIAPHO-TE€HETHYHOTO aHajli3y BHKO-
pucTaHo n&apos;iaTb TpuHykneotuanux ISSR-npaii-
mepis: (CTC).C, (GAG).C, (AGC)G, (ACO)G,
(AGC)C). Ycworo ammidixosano 132 ¢parmenTu
JHK, 3 sikux 72,3 % Oynu noniMop(HUMH, 110 CBij-
YUTH PO BUCOKHUH PiBEHb T€HETHUYHOT MIHJIUBOCTI B
MEXKax JTOCIIKYBaHUX TOMYJISIIH.

InpopmaruBHicts ISSR-mapkepiB orniHIOBaIH
3a MOKa3HWKaMU BMicTy moiiMopdHOi iHpopmarrii
(PIC), Bincorka monimop¢puux cmyr (PPB), edek-
THBHOTO MyJbTUILUIEKCHOTO Koedimienta (EMR),
inmekcy MapkepiB (MI) Ta po3miapHOI 37aTHOCTI
(Rp). Cepenni 3HauenHs cranoswiau: PIC=0,123,
PPB=72,3 %, EMR=19,1, MI=2,3 Ta Rp=9,6, mo
MATBEPIKYE BUCOKY €(EKTUBHICTH 0OpaHOi Map-
KEpHOI CHCTEMH sl TMOMYJISLiIHHO-T€HEeTHYHUX
JIOCIIIIKEHD.

JlomxuHa amrutigikoBannx ¢parmentie JJHK
BapiroBanacs B Mexax 150-1170 m.H. 3aJIeHO BiX
BHUKOPHCTAHOTO TMpaimMepa. [HIEKCH Te€HEeTHYHOTO
PI3HOMAHITTSI 3aCBITUIIIM TIOMipHY BapiaOelIbHICTh
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MK OCHIKYBaHUMHU Tpymnamu: iHaekc lllenHoHa
cranoBuB 0,265+0,017 y pamMyacToro kopoma Ta
0,242+0,018 y ;yckaroro Kopora, ToAl K O4iKyBa-
Ha reTtepo3uroTHicTs — 0,155+0,011 Ta 0,144+0,012
BiamoBimHo. CepemHsi KUIBKICTH ajieliB Ha JIOKYC
(Na) nopisnroBana 1,571+0,072 y pamyaToro xopo-
na ta 1,334+0,082 y nyckaroro, a epekTuBHE YHCII0
anemiB (Ne) — 1,216+£0,019 Ta 1,201+£0,019 Bigmo-
BiJTHO.

Copyright: Mariutsa A., Borysenko N., Dyman T. © This is an open-
‘@ ® access article distributed under the terms of the Creative Commons E,.

OtpuMaHi pesynsraty cBipuarh, mo ISSR-map-
KepH € HaAIMHUM Ta iHPOPMATHBHUM 1HCTPYMEHTOM
JUIsl TEHOTHITYBaHHS 1 MOHITOPHHI'Y T€HETHYHOI MiH-
JIMBOCTI NOMYJISLIN Kopora B YKpaiHi Ta MOXYTb OyTH
e¢(peKTUBHO BUKOPHCTAaHI y CEJIEKIIHHUX MporpaMax i
3axofax 31 30epeKeHHs FTCHETHYHOTO Pi3HOMAHITTS.

Karouosi cioBa: xopon 3Buuaiitnmii (Cyprinus
carpio), ISSR-mapkepu, reHeTHYHE pPiI3ZHOMAHITTS,
MOMYJISIIII{HA TEHETHKA, aJIelTi.
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