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Aim. To study the genetic structure of Ukrainian Large White pigs using mitochondrial DNA-markers.
Methods. Multiplex PCR-AFLP analysis, remarkable for the investigation of D-loop fragment between posi-
tions 15531 and 15959 of the pig mitochondrial genome with one monomorphic 15558W and five polymor-
phic sites Tasl 15580T > C, 15616T > C, 15714T > C, 15758T > C, 15916A > T, was used. The presence or
absence of site 7as/ in the abovementioned positions determines mitochondrial DNA haplotypes, indicated
with Latin letters from 4 to P. Results. Seven mitochondrial DNA haplotypes of different frequency were
revealed among Ukrainian Large White pigs. The highest frequency was noted for haplotypes G (0.141), JI
(0.133) and N (0.591), previously described for wild boars of Belgium, France, Italy (G); wild boars of Japan
and China, Meishan and Large White breeds (J/) and wild boars of Japan and China, Berkshire and Large
White breeds (N). The frequency for haplotype L (Belgian wild boar and Large White) is 0.022; haplotype 4
(French wild boar, Mangalica, Duroc) — 0.003; haplotype C (wild boar of France, Belgium, Poland, Israel and
Landrace, Welsh breeds) — 0.092. Haplotype B/ (0.019) was revealed in Myrgorod breed, Poltava Meat and
Red White Belted breeds, bred on its basis. Conclusions. The haplogroup of mitochondrial DNA of Ukrainian
Large White pigs includes seven haplotypes of mitochondrial DNA. Pigs with haplotypes G, JI, N and L may
be referred to representatives of Ukrainian Large White pigs, which did not have introgression of maternal line

of other breeds.
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INTRODUCTION

At present the condition of animal genetic resources
in the sphere of food production and agriculture is the
subject of monitoring of relevant institutions, including
the Food and Agriculture Organization (FAO) of the
United Nations Organization. Since 2000 the breeds
with specified molecular and genetic characteristics
have been added into the Global Databank of Farm
Animal Genetic Resources. It may be explained by the
fact that sometimes it is rather hard to have a clear dis-
tinction between breeds, as some of them have simi-
lar features, especially useful for economy [1]. Due
to this the determination of specific characteristics of
the breed requires the study of its genetic structure. At
present this study involves a wide application of DNA
markers known for different types of inheritance. First
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of all, these are microsatellite and single nucleotide
polymorphisms (SNPs), localized on autosomes and
inherited from both parents. Secondly, these are mar-
kers, localized on the part of Y-chromosome, which do
not recombine with X-chromosome and therefore are
inherited only in paternal line. Finally, these are mi-
tochondrial DNA markers, inherited in maternal line.
Comprehensive information, obtained using all types
of DNA-markers, will allow obtaining the integral pic-
ture of breed genetic structure.

The prevailing majority of transboundary breeds of
pigs, including Large White, have already been ana-
lyzed for their molecular and genetic characteristics
including the application of amplified fragment length
polymorphism (AFLP) [2], microsatellites [3] and mi-
tochondrial DNA polymorphism [4].
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There are no complete molecular and genetic charac-
teristics for Ukrainian Large White pigs. Therefore, the
aim of the work was to estimate the genetic structure of
this breed using mitochondrial DNA markers.

MATERIALS AND METHODS

The samples of blood, sperm or hair of 369 Ukrainian
Large White boars and breeding sows, bred at breeding
farms of Ukraine, were used in the study.

DNA was isolated using ion-exchange resin, Chelex
100 [5]. The D-loop fragment between positions 15531
and 15959 of the pig mitochondrial genome with one
monomorphic 15558W and five polymorphic sites Tas/
15580T > C, 15616T > C, 15714T > C, 15758T > C,
15916A > T, was analyzed, and the presence or ab-
sence of site 7as/ in the abovementioned positions was
studied to determine mitochondrial DNA haplotypes,
indicated with Latin letters from A4 to P. The oligonu-
cleotide primers MITPRO2F: catacaaatatgtgaccccaa
and MITPROR: gtgagcatgggctgattagtc were designed
from the sequence AJ002189 [6] and synthesized in
Metabion GmbH (Germany). The set of reagents (TA-
POTILI, RF), was used to amplify D-loop fragment of
the pig mitochondrial genome. The amplification was
conducted using the Biometra TRIO Thermocycler
(Biometra GmbH, Germany) following the program:
initial denaturation at 94 °C (5 min), 30 amplification
cycles, each including denaturation (95 °C, 20 s), an-
nealing (63 °C, 30 s) and elongation (72 °C, 30 s). The
final synthesis was performed at 72 °C for 3 min. The
PCR results were found to be positive, if the amplicon
of 426 b.p. was obtained.

The aliquot of the PCR product (10 pl) was hydro-
lyzed using endonuclease 7as/ (Thermo Scientific™,
Lithuania). When the restriction of amplicons using
endonuclease 7as/ was completed, the fragments ob-
tained were separated by electrophoresis in 8 % poly-
acrylamide gel in 1 X TBE buffer. pUC19/Mspl (Hpall)
(Thermo Scientific™) was used as a molecular weight
marker. The products of amplification and restriction
were visualized by staining with ethidium bromide
and photographing at the transilluminator in ultraviolet
light.

RESULTS AND DISCUSSION

Seven mitochondrial DNA haplotypes of differ-
ent frequency were revealed among Ukrainian Large
White pigs. Haplotypes G (0.141), J1 (0.133) and N
(0.591) were the most frequent; considerably less fre-
quent — haplotypes 4 (0.003), B/ (0.019), C (0.092)
and L (0.022) (Figure).
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Mitochondrial DNA haplotypes have their specifici-
ties of inheritance, as the introgression of mitochon-
drial genomes in the population of domestic animals
occurs only due to inclusion into female population
(maternal type of inheritance). Taking into consider-
ation the fact that mitochondrial DNA haplotypes are
known for many subspecies of wild boars and breeds of
domestic pigs, it is possible to determine their impact
on the formation of haplogroup of breeding sows of a
specific breed.

The method of multiplex PCR-AFLP, used in this
work, allows determining only six SNP (Table) which
is less than the number of nucleotide substitutes, found
on the D-loop site. For instance, this was approximate-
ly the site, where Fang et al. found 28 SNP [7], Alves
et al. — 34 [8] and Giuffra er al. — 27 [9].

The nomenclature of haplotypes, suggested in this
work, is commensurate with the one, suggested by
Fernandez et al.* [8], Fang et al.** [7] and Marincs et
al.*** [10]. Haplotype A matches haplotypes (EH12,
EH31)**, (HO1-HO07, H25)***  haplotype C — (H2—
H10, H13, H14, H21, H25, H26)*, (EH7, EH25,
EH28)**, (HO8, H11-H15, H24, H26)***, G — (H1,
H15, H16, H18, H27, H29)*, (EH29, H09)***, JI —
H24*, (AH7, AH19, AH31, AH33, AH34)**, (H18,
H20)*** [ — (HI11, H12, H28)* (EHI15,EH30)**,
H174P*** N — (AH4, AH30)**, (H21, H22, H23)***,
Haplotype B was not found in subspecies of wild boar
and breeds of domestic pigs.

Therefore, haplotypes, revealed among the Ukrainian
Large White pigs, and the previously described ones are
in good agreement. For instance, haplotype G was pre-
viously found in wild boars of Belgium, France, Italy,
haplotype JI — in wild boars of Japan, China, Meishan
and Large White, N — in wild boars of Japan, China,
Berkshire and Large White, haplotype L was previ-
ously found in wild boars of Belgium and Large White.
The haplotypes A4 (0.003), previously described for
French wild boar, Mandalica, Duroc, and C (0.092) —
for wild boars of France, Belgium, Poland, Israel and
Landrace, Welsh breeds, had insignificant frequency.
Haplotype BI was revealed in Myrgorod breed and
Poltava Meat and Red White Belted breeds, bred on its
basis [11].

There may be several explanations for the presence of
haplotypes, not remarkable for purebred Large White,
in the haplogroup of Ukrainian Large White pigs. First
of all, it is a long period of breeding Ukrainian Large
White pigs.
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The export of pigs of this breed started in the territory
of modern Ukraine at the end of the XIX century. At the
beginning of the XX century their number increased due
to agricultural exhibitions. At that time the breeding of
Large White pigs, imported from Shchepkin’s farm, was
conducted in Maynivka agricultural school (Chernihiv
region). In 1910-1912 the pig breeding departments
of Poltava and Nosovska agricultural research stations
started their work in creating pedigree herds of Large
White. During the World War 1, followed by the civil
war, the Large White pig population was destroyed al-
most completely. All the pedigree animals were gathered
in Poltava and Nosovska agricultural research stations
and amounted to 11 boars and 66 breeding sows. In 1927
the specialists of the Poltava agricultural research sta-
tion created the first State Herd-book of Large White
pigs. During 1928-1930 194 boars and 871 breeding
sows were registered therein. Since 1930 the network
of breeding state-owned farms and breeding collective
farms was established in Ukraine. The breeding state-
owned farms were mainly supplied the animals from
breeding farms of the Moscow region, while the breed-
ing collective farms received their pigs from the Poltava
agricultural research station. In 1933 the Poltava and
Starokonstantyniv (Khmelnytsk region) state breeding
centers of Large White were organized.

During World War II almost all the animals were
eliminated, except for the best animals of the Poltava
agricultural research station and the breeding farm
of Maynivka state-owned farm-Dedovo technical
school. After the war these animals were brought back
to Ukraine. In 1945-1955 the breeding farm of the
Maynivka state-owned farm-technical school became
the leading breeding center.

0.003
A 0.019

0.591

0.022

The mitochondrial DNA haplogroup of Ukrainian Large
White pigs and haplotype frequencies, comprising it

By 1970 Large White pigs were bred in Ukraine in
11 breeding centers, 9 breeding farms and 48 breed-
ing collective farms. The number of pedigree Large
White boars was 98.3 % of the total number of boars
of this breed, and that of breeding sows was 38.9 %
[12]. Therefore, it is possible that haplotypes of meat
pigs A and BI were preserved among Ukrainian Large
White pigs.

Large White breed had a considerable impact on the
process of breed formation in Ukraine. These pigs were
used to breed Ukrainian White Steppe (1926—1934),
Myrgorod (1921-1940), Ukrainian Spotted Steppe
(1938—1961), Poltava Meat (1963—1993), Ukrainian
Meat (1981—-1993) and Red White Belted breeds of
meat pigs (1976—2006).

At present Large White breed has a dominating po-
sition in Ukraine, amounting to almost 70 % in com-
parison to other breeds. At this stage of industry de-

The polymorphism positions of D-loop fragment of the pig mitochondrial genome and sizes of restrictive fragments

of endonuclease Tas/

Polymorphism positions of Tas/
Haplotype Size of restrictive

15553 15558 15580 15616 15714 15758 15916 fragments, b.p.
15556 W T>C T>C T>C T>C A>T

A AATT W C C C C A 404/24

Bl AATT W T C C C A 381/23/24

C AATT W C T C C A 344/60/24

G AATT W C T T C A 245/99/60/24

I AATT W T C C T A 201/180/47

L AATT W C T C T A 201/143/60/24

N AATT W T C T T A 201/136/44/23/24
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velopment the pedigree foundation is presented by 74
breeding centers and 60 pedigree sow farms. The genea-
logical structure of the breed includes intrabreed types,
farm lines and families (maternal lines). Three main se-
lection directions have been established for the breed: 1)
aimed at the creation of ULW-1 intermediate maternal
type Ukrainian Large White 1 with high maternal and
growing-fattening features; 2) aimed at the creation of
intermediate paternal type ULW-2 with improved meat
qualities, and 3) complex selection ULW-3.

Due to extensive import of Large White from abroad for
the last 30 years, the number of lines of Ukrainian selec-
tion reduced to 10 % compared to the newly brought ones.
The main countries, from which Large White pigs are im-
ported, are Great Britain, Ireland, France and Hungary.

Some countries have developed their domestic Large
White breeds, for instance, Hungary has Hungarian
Large White with the haplotype C (according to the
nomenclature of Marincs et al., haplotypes HO8, HI11—
H15, H24, H26) [10]. In Ukraine these breeds are reg-
istered as pedigree animals of Large White. This may
be another reason of the presence of the haplotype, not
remarkable for Large White breed.

CONCLUSIONS

The mitochondrial DNA haplogroup of Ukrainian
Large White pigs includes seven haplotypes. Three
mitochondrial DNA haplotypes — 4, BI, C — in the
haplogroup of Ukrainian Large White pigs are not re-
markable for pedigree British Large White. Pigs with
haplotypes G, JI, N and L may be referred to represen-
tatives of maternal lines, which did not have introgres-
sion of mitochondrial genomes of other breeds.

SUPPORT

The work was fulfilled in the framework of the pro-
ject of the National Academy of Agrarian Sciences of
Ukraine “Developing and testing DNA-markers of inter-
mediate maternal type of inheritance in current system
of pig breeding”, state registration No. 030101V003257.
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Meta. JlocniiuTy T€HETHYHY CTPYKTYpY CBHUHEH BEITMKOI
6inoi mopoau YkpaiHu Ha OCHOBI MOMIMOP(I3MY JTOBKHUHH
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pectpuktaHEX (pparmentiB (IIP®D) mitoxonapiansroi JJTHK.
Metoau. Buxopucrano werox OararocaiitoBoro ITJIP-
[IIP®-anani3y, 0COOMHMBICTh SKOTO TOJATaja y BHUBYCHHI
¢parmenta D-netmi mix mosmmisimu 15531 1 15959 mito-
XOH/IPiaIbHOTO TEHOMY CBHHI, € PO3TAIIOBaHiI OAWH MOHO-
MopoHHUA 15558W i mw’sare momimopduux caiTiB  Tas/
15580T > C, 15616T > C, 15714T > C, 15758T > C,
15916A > T. IlpucytHicts abo BincyTHIiCTH caiita Tasl y
3a3HAUEHUX BHIIE MO3HIIISIX BU3HAYAE MITOXOH IPiaJIbHI Tarl-
JIOTWTIM, TIO3HA4YeH] JIATHHCHKUMU JiTepamu Big A mo P,
PesyabTaTi. 3-TIOMiX CBHHEH BeNMKOi 01101 Opoau Yk-
paiHu BUSIBJICHO CIM MITOXOHJpIaJIbHUX TalJIOTHINB, SIKI
3yCTPIYAIOTHCS 3 PI3HOK YacTOTOH. 3 HAWOIUIBIIO Yac-
ToTOIO 3ycTpivanuck ramiorunu G (0,141), JI (0,133) i
N (0,591), panime onwcaHi y OuKOi CBUHI bBenbrii,
Opanuii, Iranii (G); aukoi ceuni Snownii, Kurato, mopin
Mmeiinran 1 Benukoi Ouwtoi (J/) 1 mukoi cBuHI SnoHid,
Kuraro, mnopin Oepkmmp i Bemukoi Ounoi (N). Yacrora
3ycTpivaibHOCTI ramiotuny L (nuka cBuHs bensrii i
BesinKa Oiyla mopona cBuHel) cranoButh 0,022; ramioTuiry
A (muka cBuHs DpaHii, MOpoaAM MaHraluisl, JIOPOK) —
0,003; C (nuxa cBuns ®pamniiii, benerii, [Tonemi, [3painto
i mopomu nanuapac, yensc) — 0,092. T'arutotunt B7 (0,019)
3Hal/IEHO Y MUPIOPOJICHKOI IMOPOAN 1 CTBOPEHMX Ha il oc-
HOBI TOJNITABCbKOi M’SICHOI 1 uepBOHOI Oiyomosicoi mopin
M’CHHX cBHHeH. BucHoBKH. arutorpyna MiToXoHpialib-
Hoi /IHK cBuHell Benukoi 01101 mopoau YKpaiHu BKITFOYAE
cim rarmtorunis MitToxouapiansHoi JIHK. [lo TBapun Benu-
Koi Oioi mopoau Ykpainu, y sIKMX He BifOyJocst iHTporpe-
cii 0 MaTepPUHCHKIN JHHII IHIIMX TOPiJ, MO)KHA BiTHECTH
cBuHel 3 ramtotunamu G, JI, Ni L.

KirouoBi cioBa: Benmka 6ina mopoma CBHHEH, TarIOTHIL,
ramorpyma, [1JIP, ITJIP®, mitoxonapiansua JJHK.

I'eneTnyeckasi CTPyKTypa cBHHeill KpyIHoIi 0eJioi
NMOPO/ibl YKPAWHbI, OLICHEHHas!
¢ noMoubI0 Mmutoxonapuanbubix JIHK-mapkepos
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npousBoactea HAAH
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Hean. M3y4nTh TeHETHYSCKYIO CTPYKTYPY KpPYITHOH Oemoi
MOPOJIBl CBUHEH YKpaWHbI HA OCHOBE MOJIMMOp(H3Ma [UIN-
HBI PecTpUKTHBIX (parmeHToB ([IIPD) mMuTOXOHIpHATH-
voit JIHK. Metoabl. Mcnonbs30BaH MeTOI MHOTOCAMUTOBOTO
[LP-IT/IP®-ananu3a, 0cOOEHHOCTh KOTOPOTO COCTOsIa B
n3ydeHnn ¢parMenta D-metinm mMexmy mosummsamu 15531
n 15959 MHTOXOHIPHATHPHOTO T€HOMa CBUHBH, IJE PACIIO-
JIOKEHBI OMH MOHOMOPGHBIH 15558W 1 mate mommumopd-
veIx caitoB Tasl/ 15580T > C, 15616T > C, 15714T >
> C, 15758T > C, 15916A > T. Hanmuue uiau OTCyTCTBHE
caiita Tasl B yKa3aHHBIX BBIIIE MO3HLUAX ONPENENAET MH-
TOXOH/IPHAJIbHBIE T'aIUIOTUIIBI, 0003HAYEHHbBIE JIATHHCKUMHU
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oykBamu oT A 10 P. Pesyabrarel. Cpenu cBUHEH KpyIHOH
Oemoif 1opoabl YKpawHBI OOHApyXKEHBI CEMb MHTOXOH-
JIPUAJIbHBIX TAIUIOTUIIOB, BCTPEUAOMINXCA C PA3IMYHON Yac-
Totoi. C HanboMbIIel YacTOTON BCTpEYaIHCh TaruioTUNsl G
(0,141), J1 (0,133) m N (0,591), panee onmcaHHBIE Y TUKOTO
kabana benprum, ®Opanmmn, Utammm (G); oukas CBUHBS
Snonnn, Kuras, nmopox meiman n kpymnHoil 6exnoit (J1) u
IUKoro kabana Slnmonuu, Kutas, mopos OCpKIIMp U KPYITHOU
oemoit (). YacToTa BCTpedaeMOCTH Tarwiotumna L (IUKuid
kabaH benbrum m xpynHast Genast mopoja CBUHEH) cOCTaB-
nsiet 0,022; rarmoruna A (nukuit kaban OpaHIUK, TOPOJIBI
MaHraiuna, nopok) — 0,003; C (nukuit kaban Dpaniuw,
bensrun, ITonpmu, M3panis u mopoasbl JTaHapac, y3IbC) —
0,092. Tarmmotun B/ (0,019) obHapykeH y MHPTOpOICKOMH
TOPOJBI M CO3/aHHBIX HA €€ OCHOBE ITOJNTaBCKOH MSCHOM
1 KpacHO# Oeornosicoil mopoja MsICHBIX CBHHEH. BbIBOABI.
lamorpynma mutoxonapuansHoit JIHK kpymHoit Gemoit
MOpO/bl CBUHEH YKpaWHBl BKIIOYa€T CEMb TIaIUIOTHIIOB
vutoxoaapuansHor JIHK. K skuBOTHBIM KpymHO# Oemoit
MOpOJIbl YKpPauHBbI, B KOTOPBIX HE MPOU30IILIA HHTPOTPECCHUS
[0 MaTePHHCKOHM JIMHUM JIPYTHX IOPOJ, MOXKHO OTHECTH
cBuHe ¢ ramornnamvu G, J1, Nu L.

KuroueBble cjioBa: KpynHas Oejas mopoja CBHHEH, rar-
sgorun, ramtorpynna, IIHP, ITAP®, muToxoHIpuaibHas
JIHK.
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