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Aim. To determine the genetic variation and phylogenetic relationships among domesticated
paddlefish populations from Ukraine and Poland with wild populations from the United States
using microsatellite DNA markers. Methods. In total, 105 paddlefish individuals were analyzed
using PCR technique, capillary electrophoresis, and statistical methods. Results. The evalu-
ated mean number of alleles per locus (Na) varied from 5.5 to 6.6 in the Polish and Ukrainian
paddlefish stocks, respectively, whereas two-fold lower genetic polymorphism was demon-
strated if compared to that found in wild population from the USA (11.1 alleles per locus). The
mean observed (Ho) heterozygosity estimated in Ukrainian populations (0.709) was rela-
tively close to those in the Polish (0.809) and wild (0.817) populations . Close genetic relation-
ships were observed among the studied Ukrainian populations. The measured genetic similar-
ity ranged from 0.908 (among populations from Kherson and Chernihiv regions) to 0.981
(among populations from Chernihiv and Vinnytsia regions). The Nei's genetic distances ranged
from 0.019 (populations from Chernihiv and Vinnytsia regions) to 0.096 (populations from
Kherson and Chernihiv regions). The constructed dendrogram demonstrated the genetic dif-
ferences among hatchery-reared and natural paddlefish populations, which were separated into
two single clusters according to their geographical origin. Conclusion. It has been revealed
that Polish paddlefish population was more genetically distant from the studied Ukrainian
populations of this species, which confirms the formation of Ukrainian and Polish populations
from different parental individuals. The results obtained allow us to consider the investigated
fish groups as a potential source of the exchange and enrichment of genetic resources of the
paddlefish populations.
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Introduction

The purposeful management of the genetic
resources is becoming increasingly important
in animal husbandry and aquaculture to pre-
serve biodiversity in hatchery-reared stocks.
Growing demand for fishery products requires
the expansion of the production of highly valu-
able objects for the producing of marketable
products in a relatively short time [1, 2].

Currently, American paddlefish (Polyodon
spathula), as a representative of Acipenseri-
formes species, is of high commercial impor-
tance, and its cultivation in aquaculture allows
an increase in the productivity of fishing en-
terprises by rearing in polyculture with other
valuable fishes [3, 4].

Artificial paddlefish reproduction is wide-
spread in the United States for restocking and
conservation of natural genetic resources, pro-
ducing marketable products, and for sport fi-
shing of this species. A similar strategy has
evolved since the creation of the Mississippi
Interstate Cooperative Resource Association
(MICRA) in 1991 providing the management
of natural paddlefish populations through ar-
tificial reproduction and maintenance of its
genetic diversity [5, 6].

In turn, the development of paddlefish aqua-
culture particularly in Europe, Asia and Cuba,
is mainly focused on the production of com-
modity products as black caviar and delicates-
sen meat to meet the needs of the domestic
market and export [7, 8]. Meanwhile, in
Ukraine the paddlefish aquaculture is beco-
ming increasingly popular as an optimal alter-
native to sturgeon species. However, the main
challenge in the aquaculture sector is the risk
of reduction of genetic variability in farmed

paddlefish populations due to small quantities
of the genetic material imported from the USA
and Russian Federation to establish its stocks.
Likewise, in neighboring country Poland the
broodstocks are relatively small and were
formed from the progeny of a few spawners
from Hungary [4, 12, 16]. Because of this, it
is especially significant to evaluate genetic
variation and identify genetic differences
among paddlefish populations.

At present, the study of genetic processes
occurring in paddlefish populations due to
natural geographical isolation or under the
influence of cultivation practice is at high of
its development. The first main contribution
proposed in the investigation of such genetic
processes is the microsatellite DNA markers
[9-14].

In population-genetic studies, microsatel-
lites are widely used to determine genetic dif-
ferentiation, carry out DNA identification and
certification of species, and manage selection
and breeding of valuable objects during their
artificial reproduction [9, 15-18].

Based on the DNA analysis of paddlefish
individuals, the controlled selection of spawn-
er pairs can be performed in order to purpose-
fully restore local populations and maintain
genetic diversity of populations under artificial
reproduction [11-14]. Additionally, the iden-
tification and assessment of genetic differ-
ences among the populations of natural reser-
voirs and farmed species will allow the estab-
lishment of phylogenetic relationships and
determination of the origin of target objects
for effective management of the genetic re-
sources [13, 19-22].
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The purpose of this study is to determine
the genetic variation and phylogenetic relation-
ships among the domesticated and wild paddle-
fish (Polyodon spathula) populations by STR-
loci polymorphism.

Materials and Methods

Fish Samples

Samples (fin clips) were collected (105 in total)
from paddlefish individuals of «Dnieper sturgeon
fish hatchery named after acad. S.T. Artyushhyk»
(n=32, Kherson region, 2016), «Chernihiv-
rybhosp» (n = 35, Chernihiv region, 2017) and
LTD Fish farm «Mercury» (n = 38, Vinnytsia
region, 2017) [23]. The fin clips for the genetic
investigation were stored in 97 % ethanol
at —20 °C.

DNA Extraction

Genomic DNA was extracted («AmpliPrime»
kit, Russian Federation) using silica-based
method (Si02) [24] and subjected to spectro-
photometric reading (BioSpec Nano
Spectrophotometer, Shimadzu, Japan) to assess
the DNA quality (DNA concentration varied
between 48 and 65 ng/ul).

PCR Amplification

Multiplex PCR mix with a total volume of 20.0
pl contained 50.0 mM of Tris-HCI (pH 8.3),
1.5 mM of MgCl,, 0.2 mM of each dNTP,
5 pM of forward and reverse primers and 1.5 U
of Tag-DNA polymerase (Thermo Scientific™,
Lithuania). PCR amplification (PCR) was per-
formed on the Veriti 96 Well termocycler
(Applied Biosystems, USA) by standardized
parameters: (a) initial denaturation — 5 min,
95 °C; (b) 30 cycles, including denaturation —
15 s, 95° C; primers hybridization — 25 s,
56 °C; elongation — 5 s, 72 °C and (c) final
elongation — 5 min, 72 °C [25].

The selected polymorphic microsatellites,
namely Psp21, Psp26 Psp28, which are pre-
sented in GenBank® (Table 1), were co-ampli-
fied in a single multiplex PCR reaction. One
primer (forward or reverse) from each pair was
end-labeled with a fluorescent dye.

Genotyping

Amplified products were denatured with for-
mamide (Sigma, USA), then separated and
detected via capillary electrophoresis (ABI
Prism 3130xl Genetic Analyzer, Applied
Biosystems, USA). The DNA fragment size

Table 1. Specific information for the selected STR loci for individual identification and comparative

analysis of paddlefish populations [10]

Locus Ne GenBank Nucleotide sequence of primers (5° — 3") Allele Size Range (Bases)

Pspl2 AF406735.1 F:ATCTGATACAATCTTCACAGTCC 218-228
R: GAGTTCCAGCTCGCTCTCC

Psp21 AF406736.1 F:-TTCAGCAGGTAGTGAGACAGGCAG 142-170
R:TCAAGTCCCATCCACTCT

Psp26 AF406737.1 F:-TCGGTGTTTGTGTGTGTGTATGC 130-160
R:.TGGTTCCAGTTTCGCTCATCC

Psp28 AF406738.1 F:CAAAGGCATCCCCTACCAC 224-260
R:GCTGGACAAAAAGTATGGAGTGC
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was analyzed with the GeneScanTM 500 LIZ
size standard and GeneMapper analysis

Version 3.7 Software (Applied Biosystems,
USA).

Statistical analysis

Number of alleles per locus (Na), heterozygo-
sity (observed (Ho) and expected (He)),
Wright’s fixation index (Fis) [26], probability
value (P), Hardy-Weinberg equation (HWE)
values were calculated using software MS
Excel 2010.PowerStats V12 (Promega), Cervus
v. 3.0.3, GENALEX 6.5, Statistica 8.0 (StatSoft,
Tulsa, USA) [27-30].

Based on the allele frequencies, the genetic
distances and coefficient of genetic identity
were computed in agreement with Nei [31].

The Principal Coordinate Analysis (PCoA) was
performed using GENALEX 6.5 program. The
Neighbor-joining method (NJ) was used to
construct the dendrogram of genetic distances
between the studied fish groups using the
POPTREEW Software [32].

Results

The comparative study were carried out be-
tween three cultured stock from Ukrainian
regions (obtained as a result of own studies),
two stocks from Poland studied by
Kaczmarczyk D. (Kaczmarczyk, 2012):
Pogorze, Silesian Voivodeship (n = 24) and
Wasosze, Kujawsko-Pomorskie Voivodeship
(n=29) and wild populations from the United
States investigated by Heist E. J. (Heist, 2002).

Table 2. Comparison of genetic diversity indices for Ukrainian and Polish (Kaczmarczyk, 2012)
populations with wild populations from the USA (Heist, 2002)

Origin of the population Na Ho He Fis
(mean + SE) (mean + SE) (mean + SE) (mean + SE)
Ukraine
«Dnieper sturgeon fish hatchery named after acad. S.T. | 7.0£1.527 0.729+0.211 | 0.608+0.143 | -0.159+0.129
Artyushhyk» (Kherson reg.) n =32
«Chernigiv rybhosp» (Chernihiv reg.), n = 35 5.7£1.330 0.724+0.142 | 0.650+0.050 | -0.092+0.144
LTD Fishfarm «Mercury», (Vinnytsia reg.), n = 38 5.7+1.330 0.675+0.133 | 0.589+0.099 | -0.121+0.186
Mean for populations 6.1+0.186 0.709+0.017 | 0.616+0.018 | -0.124+0.019
Poland
Wasosze, Kujawsko-Pomorskie 6.3+£1.450 0.815+0.080 | 0.713+0.092 | -0.153%0.047
(n=29)
Pogorze, Silesian Voivodeship 4.7+0.330 0.803+0.099 | 0.686+0.059 | -0.062+0.116
(n=24)
Mean for populations 5.5+0.800 0.809+0.006 | 0.699+0.014 | -0.108+0.046
USA
Big Muddy and Mississipi rivers, Illinois, n = 28 10.0+1.730 | 0.821+0.074 | 0.809+0.056 | -0.013+0.022
North Dakota, Missouri river, n = 39 12.3+2.400 0.845+0.043 | 0.841+0.041 | 0.004+0.009
Bayou Nezpique and Mermentau River, Louisiana, 11.0£2.080 | 0.785+0.015 | 0.789+0.034 | 0.002+0.044
n=45
Mean for populations 11.1£0.665 0.817+0.017 | 0.813+0.015 | -0.002+0.005

Note: Departures from the Hardy-Weinberg equilibrium (p < 0.05) within investigated stocks.
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For the comparative studies, the populations
were chosen from different geographic regions,
including Bayou Nezpique, Mermentau River,
Louisiana (n = 45); Big Muddy and Mississippi,
Illinoice (n = 28); Missouri, North Dakota
(n = 43); Red River near Natchitoches,
Louisiana (n = 48); Red River below Lake
Texoma, Oklahoma (n = 41); Grand Lake
Neosho River, Oklahoma (n = 35).

Table 2 shows that the mean number of al-
leles per locus (Na) varied from 5.5 to 6.6 in the
Polish and Ukrainian paddlefish stocks, respec-
tively, though it demonstrated a lower genetic
polymorphism compared to that found in wild
population from the USA (11.1 alleles per locus).

The mean observed heterozygosity (Ho)
estimated in the Ukrainian stocks (0.709) was
relatively close to those in the Polish stocks
(0.809) and in wild populations (0.817).
Meanwhile, the average observed heterozygo-
sity was higher than expected for both
Ukrainian (Ho = 0.709; He = 0.616) and Polish
(Ho = 0.809; He =0.699) paddlefish stocks.
Similarly, the Wright’s fixation index (F;g) on
average confirmed the predominance of het-
erozygous genotypes in domesticated popula-
tions from Ukraine (-0.124) and Poland
(-0.108). The results for the populations from
the USA showed that the average observed and
expected heterozygosity values were at 0.817
and 0.813, respectively, indicating that the
genotype frequencies in wild stocks were in
Hardy-Weinberg equilibrium (HWE), as evi-
denced by the fixation index (F;g = -0.002).

Based on the previously calculated frequen-
cies for the identified allelic variants (Kurta,
2019), the Nei’s genetic distances and genetic
identity among Ukrainian paddlefish popula-
tions were revealed (Table 3).
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Table 3. The pairwise Nei's genetic distance (below
diagonal) and identity (above diagonal) matrix
among Ukrainian paddlefish populations

Origin of the population Iilgzgn C}rl:;?;}:lw v;grgliy;:a
Kherson region - 0.908 0.937
Chernihiv region 0.096 - 0.981
Vinnytsia region 0.065 0.019 -

It has been established that local popula-
tions demonstrated a high level of genetic
similarities, which signifies the common origin
of these fish groups. The maximum level of
the genetic similarity was determined between
Chernihiv and Vinnytsia populations at 0.981,
whereas the minimum level of the genetic
similarity was observed between Kherson and
Chernihiv populations at 0.908. The genetic
similarity among investigated groups of pad-
dlefish from Kherson and Vinnytsia regions
was 0.937. According to the analysis of ge-
netic distances for the studied populations, this
index ranged from 0.019 (Chernihiv and
Vinnytsia regions) to 0.096 (Kherson and
Chernihiv regions), whereas among paddlefish
populations from Kherson and Vinnytsia it was
0.065. The increased genetic identity of
Ukrainian paddlefish populations is character-
ized by the presence of predominantly similar
allelic variants and their frequency values at
the studied loci.

The Principal Coordinate Analysis (PCoA)
has been used to visualize the genetic relation-
ships measured by Nei’s genetic distance
(Fig. 1).

The dissimilarity matrix used as input de-
picts on the plot shows that the population
originated from Kherson region is more distant
from those originated from the farms in
Chernihiv and Vinnytsia regions.
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Fig. 1. Principal Coordinate Anal-
ysis (PCoA) based on Nei genetic

Coord 1

Phylogenetic analysis of Ukrainian popula-
tions using the neighbor-joining method (Fig. 2)
showed that Chernihiv and Vinnytsia popula-
tions constitute a single cluster. In turn, the
Kherson population formed a separate cluster.

Overall, the results of the research showed
that the detected genetic distances are a con-
sequence of the features of introduction of
domesticated paddlefish populations within
different geographic location in Ukraine.
A high genetic identity among the three pad-
dlefish populations confirms their common
origin. The phylogenetic analysis showed that
the investigated individuals of paddlefish pop-
ulations from the Chernihiv and Vinnytsia
regions were grouped into a single cluster. The
data obtained indicate that these populations

]_L_ Chemihiv reg.. Ukraine
'\."" ™ . Thsa1
L

Pogorsze. Poland

distances for three paddlefish po-
pulations farmed in Ukraine

originate from one stock and have common
parental individuals. At the same time, the
population from the Kherson region appeared
more genetically distant, perhaps, due to the
genetic material additionally imported to this
region, which is confirmed by historical as-
pects of paddlefish introduction in Ukrainian
fish farms [8, 32].

Meanwhile, the additional comparison al-
lowed the establishing of the genetic relation-
ships between paddlefish population from
Ukraine and Poland and natural populations
from the United States based on three micro-
satellite DNA-loci (Psp21, Psp26, Psp28).

The distribution of genetic heterogeneity
among paddlefish populations from Ukraine,
Poland and natural populations from the USA

Fig. 2. Neighbor-joining
dendrogram of the genetic
distances among domesti-
cated and wild paddlefish

Minnytsia reg. Ukraine
Ukraine

Kherson reg..

Illinois. USA populations

\—:Nonh Dacota. USA

Lowsiana, USA

—_
0.1

Note: The stock from Wasosze (Poland) was excluded from phylogenetic analysis, since there is no data on allele

frequencies.
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showed that domesticated and natural popula-
tions fall into different clusters according to
their population membership. At the same
time, the Polish population was more geneti-
cally distant from the studied Ukrainian pad-
dlefish populations. Such results are similar to
those obtained in the D. Kaczmarczyk studies
[14] and could be a consequence of the forma-
tion of Ukrainian and Polish brood populations
from different parental individuals.

Analysis of the genetic relationships among
paddlefish populations indicated the genetic
delimitation of Ukrainian individuals from
natural groups. Similarly, the genetic distanc-
es were found between Polish and natural
populations. Such results are observed as a
consequence of differences in the allele fre-
quency spectrum identified in the gene pool of
analyzed populations.

Discussion

The evaluated genetic variation in Ukrainian
domesticated populations was compared with
the respective values observed in Polish pad-
dlefish populations and natural populations of
this species from the USA. The mean number
of alleles per locus was significantly lower in
Ukrainian (6.6) and Polish (5.5) populations
in comparison to the natural populations (11.1).
These results indicate that almost a two-fold
lower genetic variation was observed within
domesticated populations from Ukraine and
Poland than for the populations from natural
reservoirs. The analysis of heterozygosity
across the examined populations showed that
the mean observed heterozygosity (Ho) esti-
mated in Ukrainian populations (0.709) was
relatively close to those in Polish (0.809) and
wild populations (0.817). Moreover, the pro-
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portion of Ho to He rates within domesticated
stocks indicated the excess of heterozygous
genotypes over the homozygous for both
Ukrainian (Ho = 0.709; He = 0.616) and Polish
(Ho = 0.809; He =0.699) paddlefish stocks.
These findings were confirmed by values of
Wright’s fixation index (F;g) in Ukrainian
(-0.124) and Polish (-0.108) populations.
Despite the fact that the data obtained show
high heterozygosity levels for the examined
populations, keen attention should be paid to
the genetic control of paddlefish breeding in
order to prevent the loss of its genetic vari-
ability in the farmed populations.

The phylogenetic relationships of cultured
paddlefish populations from Ukraine and
Poland with natural populations from the
United States were determined using three
microsatellite DNA markers: Psp21, Psp26 and
Psp28. The results demonstrate the close ge-
netic relationships among Ukrainian paddlefish
populations, confirming their common origin.
Meanwhile, the genetic differences were found
among Ukrainian and Polish populations,
which allows considering the fish groups as a
potential source for the exchange and enrich-
ment of the paddlefish genetic resources.

The genetic distinctiveness between the
paddlefish populations from Ukraine and
Poland and natural populations from the United
States indicate differences in the allele pool,
in particular, low allelic diversity and allele
frequency spectrum, due to cultivation of this
species of fish in aquaculture.

Therefore, monitoring of the genetic pro-
cesses in stocked paddlefish will allow an ef-
fective management of the genetic resources
and preservation of the biodiversity that may
be lost due to reproductive isolation and uncon-
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trolled selection of spawning pairs for breeding.
Particular attention should be given to selective
and breeding work with the usage of genotyping
of parental individuals for further formation of
productive paddlefish brood stock. We recom-
mend using the investigated microsatellites loci
in the study of Ukrainian populations to analyze
additional hatchery-reared brood populations of
paddlefish from other geographic locations
where the species was introduced.
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I'eneTnuyna pizHOMaHiTHicTH Ta disoreHeTn4Hi
B32€MO3B’I3KH Mi’)K JOMECTHKOBAHUMH TAa JTUKHUMH
nonyJjsuisMu Beciaonoca (Polyodon spathula)

X. M. Kypra, O. O. Manumiesa, 1. 5. Ckpunkina

Mera. [IpoBecTn aHaNi3 TEHETUYHOTO PI3HOMAHITTS Ta
(binoreHeTHYHMX 3B’SI3KIB JOMECTUKOBAHHUX IMOITYJISIIH 3
VYkpainu Ta [Nonbmi i3 qukumu nomyssinisivu 31 CLLA 3a
mikpocaremitaumu JJHK-mapkepamu. Metomu. Beroro
Oymo poanaiizoBaHo 105 ocoOHMH BECIOHOCA, BUHKOPHC-
ToBytoun Metomuky [LJIP, kamiisipuuii enexktpodopes Ta
CTaTHCTHYHI METONM JOCHiKeHb. Pe3yabrarn.
BmsHaueHO cepeHIo KiTbKICTh ameliB Ha JoKyc (Na) s
YKpaiHCBKHUX 1 MOTBCHKUX MOMYJIAIIMN, sika cTaHOBHA 6.1
Ta 5.5, BIANOBIHO, 110 BKa3yBaJIO Ha HW)KYMH PIBEHb
ro1iMop¢i3My HOPIBHSHO 3 IPUPOAHUMH HOMYISIIISIMY,
JUTS SIKAX TaHUH IMOKa3HUK OyB Maike B/IBiUI BUIIKM 1 B
cepenHboMy cTaHoBUB — 11.1 amemns. 3HaueHHs cIio-
crepexyBaHoi rereposurorHocti (Ho), Bu3HaueHe y mryy-
HO KyJIBTHBOBAaHMX Homyssiuisix 3 Ykpaiau (0.709) ta
IMomemi (0.809) Oynu HaOMIKEHIMHE 10 PiBHS CIIOCTEpe-
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’KyBaHOI TEHETPO3UTOTHOCTI y AUKUX mormyismisx (0.817).
BcranoBneHo, 0 M1 AOCHTIKYBAaHUX YKPATHCHKUX
TIOIYJISIIIA CITOCTEPIratoThCsl BUCOKI PiBHI T€HETHYHOT
nomiOHOCTI. 30KpeMa, po3paxoBaHi 3HAYEHHs TCHETHIHOT
cxoxocTi konmuBaiucs Bin 0.908 (MK MOmymsIisiMHU 3
XepcoHcrkoi Ta UepHiriBebkoi obmnacreit) 1o 0.981 (mix
rromyrsiisimu 3 YepHiriBebkoi Ta BiHHUIBKOT 0OmacTeit).
TToka3HUK reHETHYHUX OUCTAHIIN 3a Nel KOJIMBaBCs Bl
0.019 (mix momyrsittisiMu 3 YepHiriBebkoi Ta BiHHUITBKOT
obmacteit) 10 0.096 (MiX MOIMYIISAMIsIME 3 XEPCOHCHKOT Ta
UYepHiriBcpkoi obnacteit). 3rijHO MOOyIOBaHOI 1EHAPO-
rpaMy FeHEeTUYHHX B3a€EMO3B’SI3KIB CIIOCTEPIraeThest po3-
MOJTiJT JIOMECTUKOBAHUX Ta MPUPOJAHUX OIS Ha
OKpeMi KITacTepU BiAIOBITHO JI0 iX reorpadiqHoro mo-
Xo/pKkeHHs. BucHoBKH. Byno BrH3HaueHo, 110 MOJIBLCHKI
oMyl Oyl TeHeTHYHO OLTBIN BiJaJICHUMH, Y TIO-
PiBHSIHHI 3 YKpaiHCEKUMH, ITI0 MiATBEPIKYE OCOOIMBOC-
Ti (hOopMyBaHHSI YKPaiHCHKHX Ta MOJBCHKUX ITOIYJISLIIH
BiJl Pi3HUX BUXITHUX OaThKiBCEKHX 0coOWH. OTprMaHi
pe3yJbTaTy T03BOJISIOTh PO3MIISIAATH JAaHl IPpynu puo, sik
MOTEeHLIHEe JpKepero i1l 0OMiHy Ta 30aradyeHHs reHe-
TUYHUMH PECypCaMu MOyl BECIOHOCA.

KawuoBi caosa: Becionic (Polyodon spathula),
JHK-mapkepu, MikpocaresiTa, noiimMepasHa JIaHIIoToBa
peaxiis, aneni, (piUTOTeHeTHIHUN aHaTi3

I'eneTnyeckoe pazHooopasue u GpuIoOreHeTHYECKHUE
B3aMMOCBSI3U MEK1Y 10MeCTUIHPOBAHHBIMH

U JUKHMM NONYyJasiuusAMHA BecioHoca (Polyodon
spathula)

K. H. Kypra, O. A. Mansiuesa, 1. 5. Ckpunknna

Hean. [IpoBecTy aHann3 reHETUIECKOTO Pa3HOO0Opasust 1
(PMITOTEHETUUECKHX CBSI3eH JIOMECTUIIMPOBAHHBIX ITTOITY-
JISIUI BecJIoHOCA U3 YKpauHbl U [lonbmm ¢ qukumu
nonyssiiusiMa u3 CIHIA o muxpocarenutasiv JTHK-
Mapkepam. Metoabl. Becero ObUTO TTpoaHATH3UPOBAHO
105 ocobeti Becionoca, ncnonb3ys Metonuky 1P, ka-
MWUIAPHBIA IEKTPO(POPE3 U CTATUCTUUCCKUE METOIIBI

uccnenoBanuid. Pesyabrarbl. OnpeneneHo cpenHee Ko-
JYecTBO ayuienei Ha yjokyc (Na) s yKpamHCKHX U
MOJIBCKUX MOy, KoTopoe cocTaBisiio 6.1 u 5.5,
COOTBETCTBEHHO, YTO YKa3bIBAIO HAa 0ojIee HU3KHHA Ypo-
BEHb MOJIMMOPQH3Ma IO CPAaBHEHHIO C TIPUPOIHBIMH TIO-
MYJISIIASMHE, JJ1s1 KOTOPBIX JTAHHBIHA MTOKa3aTelh ObLT M0Y-
TH BJIBOE BBILLIE U B cpeiHeM cocTaBisul — 11.1 amtens.
3HadueHus HabmomaeMoit rereposurotHocty (Ho), ompe-
JICJICHHBIC B MCKYCCTBCHHO KYJIBTUBUPYEMBIX MTOMYJISIIH-
six 13 Ykpaussl (0.709) u [Honpmm (0.809), 6pumr iputim-
YKCHHBIMHU K YPOBHIO HAaOJIIOMAaeMOM reTepO3UrOTHOCTH B
nukux nomyssiiuax (0.817). Yeranosneno, uTo ams uc-
CleAyeMbIX YKPAaWHCKHUX TTOMYJISIHNA HaOMIOIat0TCs BBI-
COKHE YPOBHH T'€HETHYECKOIO CXOICTBa. B wacTHOCTH,
paccuuTaHHbIE 3HAYCHHUS] TEHETHYECKOTO CXO/ICTBA KOJIe-
6amick ot 0.908 (MeXIy TOMyIAIUIMEI U3 XePCOHCKOM
u YepHurosckoii odmacteir) 1o 0.981 (Mex Ity mommysm-
ssMu U3 UYepHuroBckoil u BuHHMIKON oOnacreid).
[MToxazarens TeHeTHIECKHUX qUCTaHIMI 1Mo Nei komedancs
ot 0.019 (Mexnay momyrsiusiMuA U3 YepHUTOBCKOHN U
Bunnuikoit oomacteit) mo 0.096 (Mexay MOMYNISIUASIMEI
n3 XepcoHckol n Yepaurosckoii obmacreii). ComtacHo
ITOCTPOEHHOH AEHAPOrpaMMbI TEHETHIECKUX B3aUMOCBSI-
3eil HaOmoaeTcs pacnpeielieHie OJIOMalTHEHHbIX U 1~
KHX TIOIYIISIAIA Ha OT/ICITFHBIE KJIACTEPBI B COOTBETCTBUH
¢ UX reorpadnIecKuM MPOUCXoKIeHHeM. BbIBObI. BbI10
OIIPE/IENICHO, YTO TTOIBLCKUE TOIYIISIMN ObLIN TeHETHYECKH
OoIree OTIaICHHBIM, TI0 CPAaBHCHHUIO C YKPAHHCKUMH, YTO
MIOATBEP)KIaeT 0COOCHHOCTH (POPMUPOBAHHS YKPAUHCKUX
Y TIOJILCKHX TIOMYJISIINE OT Pa3IMyYHBIX HCXOIHBIX PONIHU-
TeNbCKUX 0cobeii. [lomydeHHbIe pe3yIbTaThl MO3BOJISTIOT
paccMarpuBaTh JaHHBIE TPYIIIEI PBIO, KaK OTEHIINATIBHBIN
WCTOYHHK JjIs1 OOMeHa u oOoraiieHHus TeHeTHYECKUMHU
pecypcaMu IOMyJISIHA BECIOHOCA.
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