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The results of the study indicate that the variability of mtDNA of pigs is one of the ways to assess and predict the productivity
of hybrid pigs by phenotypic characteristics. The purpose of the study was to conduct zootechnical analysis to determine
the presence of an association of mtDNA haplotypes with signs of fattening productivity in hybrid pigs (Large White x Land-
race). The study was conducted on an experimental sample of pigs (n = 18), which are the result of direct (Large White x
Landrace) and reciprocal crossing (Landrace x Large White). DNA extraction was performed from epithelial tissue using
a kit DNA-sorb-B nucleic acid extraction kit from “InterLabService-Ukraine” LLC. A previous study identified 4 mtDNA haplo-
types among hybrid pigs of Irish selection, three of which are grouped with pigs of European origin clade “E”— C (Landrace,
Hampshire, Wales, wild pig); G (Wales, wild pig); O (Landrace, wild pig). Pigs with haplotype N (Large White, Berkshire,
Asian wild pig) grouped with pigs of Asian origin. Asian-type pigs with mitochondrial haplotype N belong to the Asian cluster
«clade A». The common origin of hybrid pigs has been determined and it has been clarified and how these mitochondrial
haplotypes affect fattening productivity has been identified. The estimated main phenotypic indicators are the following
average values for relation to mitochondrial haplotypes in pigs. (C, G, O, N): a) average daily weight gain for the fattening
period, kg/g — haplotype C (867 g), N (835 g) 77%; for haplotype G (761 g) 74% and 75% (789 g) for haplotype O. b) the time
spent in the fattening group, days, is 10% (107 days) for all haplotypes (C, G, O, N). c) Wet weight attainment, 100 kg/day,
for haplotype C (144 days), N (141 days) 13 percent; 16% (165 days) for haplotype G and 15% (156 days) for haplotype
O. Transfer to the rearing group was carried out at the same age of 63 days, but with a fairly large difference in weight of 5
and 9.2 kg, after all, the average value when fattening should be 30 kg. This also indicates an uneven growth of the stud-
ied sample of hybrid pigs. This is clearly reflected throughout the life of the studied pigs in the following indicators: the age
of achievement of live weight is 100 kg/ day for the accounting period from birth before slaughter, for haplotype C — 144
and N — 141 days compared to pigs with haplotype O — 156 and G — 165 days with a difference of 13 and 22 days. The age
of achievement of live weight is 100 kg/day for the accounting period from days of fattening before slaughter, for haplotype
C— 150 and N — 145 days compared to pigs with haplotype O — 159 and G — 166 days with a difference of 11 and 18 days.
Pigs with haplotypes C and N are characterized by a uniform average daily gain over the fattening period with an average
of 851 g with a difference of -76 g with haplotypes O and G. It is worth noting that only all pigs with haplotypes C (0.696 g),
G (0.605g), O (0.642 g), N (0.715 g) — are characterized by a uniformly low average daily gain for the entire period of cultiva-
tion (from birth to removal from fattening). A logical assumption is that there are advantages of life priority for born pigs, who
have an adequate birth weight to be profitable. These facts confirm the prospect of continuing research on the association
of mtDNA haplotypes as determinantspig of productivity.
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The search for cause-and-effect relationships between gen-
otype and phenotype is an urgent problem in the mitochondrial
biology of highly productive animals (Fabrizio Ghiselli, 2019;
Milani L, 2019). After all, we do not know how dynamics (division
and fusion of mitochondrial networks) affects the distribution
of mtDNA variants and how they affect the animal’s phenotype.
To provide a true assessment of the productive characteristics
of pigs, the study of the variability of the mtDNA of pigs is
one of the ways to assess and predict breeding, commodity,
and productive traits. The accuracy of the conditional
calculation of the herd management strategy to obtain
the desired phenotypic characteristics is recommended to
register fattening and other indicators of pigs (Madonna Ben-
jamin, 2019; Mareike Pfeifer, 2020; Luiz F. Brito, 2020). Mito-
chondrial DNA is a determining factor in the phenotypic traits
of hybrid pigs. The mitochondrial genome is inherited strictly
along the maternal line of the population of mitochondria
present in the egg during fertilization (Jeffrey H. Schwartz,

2021). Due to the fact that the mitochondrial genome plays
an important role in the production of energy and the con-
trol of cell functions, this significantly affects the traits of farm
animals that are significant for breeding in general (Guan-
ghui Yu., 2015; J. Haggman, 2016). With this in mind,
it became the goal of conducting a study in determining
the association of mtDNA haplotypes with phenotypic traits in
hybrid pigs. The maternally inherited mitochondrial genome
is double-stranded. In a pig, the mitochondrial genome has
approximately 16,700 base pairs (Bjérn M. Ursing, 1998; Te-Sha
Tsai, 2016). The maternally inherited mitochondrial genome is
required for the biochemical process of oxidative phosphoryla-
tion (OXPHOS), which generates most of the cellular energy
(ATP) (Te-Sha Tsai, 2016; Thomas Pfeiffer, 2001). OXPHOS
is carried out in the electron transport chain and is the only
cellular apparatus, subunits of which are encoded by chromo-
somal and mitochondrial genomes (Te-Sha Tsai, 2016; Ander-
son S., 1981). The mitochondrial genome encodes 13 subunits
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of the electron transport chain, 22 tRNAs and 2 rRNAs (Hieu
Duc Nguyen, 2017; Anjana Saravanan, 2022). The mitochon-
drial genome has one major non-coding region — the D-loop,
which is where the transcription and replication factors
encoded by the kernel interact, which travel to the mitochondria
to initiate transcription, and then replication of the mitochon-
drial genome. The D-loop also has two hypervariable regions
(HVI and HVII), which are used to identify maternal hereditary
models of mtDNA transmission and migration patterns of wild
and domesticated pigs worldwide (Eduardo Ruiz-Pesini, 2004;
Te-Sha Tsai, 2016). There are a number of traits important to
the production of pigs, which are collectively defined as esti-
mated marketable value. Estimated commercial value allows
you to assess the overall productivity of the studied sample
of animals. The results obtained are important information
for the breeding, commodity and meat industries. Key criteria
include reproductive factors such as number of live births, size
droppings and quality of nipples; factors related to meat quality,
such as fat density and muscle thickness; average daily gain
during life (Yen N. T., 2007) namely the assessment of weight
gain between birth and death, the rate of growth (Kanis E.,
2005). These criteria will determine whether it is possible to
maintain farm animal lines in breeding programs and how they
will breeding programs are managed. As citizens and consum-
ers increasingly attach importance to characteristics, which
have little or no direct relation to the cost or price of the prod-
uct, pig-breeding organizations want to pay more attention to
socially important characteristics, such as the welfare and health
of pigs, the environmental impact of pork production, as well
as the usefulness and organoleptic qualities of the pork prod-
uct (Kanis E., 2005). Since mtDNA haplotypes are associated
with adaptation to the environment, diseases, and reproductive
functions (Justin C. St. John, 2018), we decided to determine, if
there are other specific performance traits associated with pigs
that indicate their estimated commercial value, depend on their
mtDNA haplotypes, and in particular, whether these haplotypes
will be associated with fattening productivity, to promote other
specific phenotypic and genotypic traits, this became the inter-
est of our research.

The purpose of the study. Conduct a zootechnical anal-
ysis to determine the presence of an association of mtDNA
haplotypes with phenotypic signs of fattening performance
of hybrid pigs.

Materials and methods of research. Data obtained from
pigs (n=18) Irish selection. All pigs were raised in TOV NVP
“Globinsky pig farm”, Poltava region, Ukraine. The experi-
mental sample of pigs under study are direct descendants
in the maternal line according to the results of the previous
study, which have been assigned to mtDNA haplotypes
from C to N (Budakva Ye.O.,2022; Pochernyaev K.F., 2014;
Pochernyaev K.F. 2005)]. For the study, we selected bio-
logical material — pig ears during the slaughter of animals
at the «Globino» meat processing plant. DNA extraction
was performed from epithelial tissue using the DNA-sorb-B
nucleic acid extraction kit from “InterLabService-Ukraine”
LLC (Budakva Ye.O., 2022). The mitochondrial haplotypes
were determined using the PCR-RFLP method. DNA ampli-
fication by PCR was performed using recombinant Taqg DNA
Polymerase (Thermo Scientific™), according to the manu-
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facturer’s recommendations. Amplification was carried out
on the programmable thermostat TERTSYK-2 (DNA-Tech-
nologies) under conditions of synthesis, depending on
the structure of oligonucleotide primers: forward — MITPRO2F
CATACAAATATGTGACCCCAAA, and reverse — MITPROR
GTGAGCATGGGCTGATTAGTC. Specificity of PCR products
was tested using 2% agarous gel. Hydrolysis of PCR products
using Tasl endonuclease restriction (JAATT) was performed
in accordance with the manufacturer’s instructions (Thermo
Scientific™). DNA hydrolysis products were analyzed in
8% polyacrylamide gel in electrophoresis buffer 1xTBE. As
a marker of molecular weight, pBR322 DNA/Mspl plasmid
DNAwas used, and pUC19 DNA/Mspl. Visualization of ampli-
fication and destruction products was carried out by painting
with bromide ethidium and photographing on the transillumi-
nator in ultraviolet light (MicroDOC Gel Documentation Digital
camera with UV Transilluminator, Cleaver Scientific).

Results. To evaluate the main phenotypic traits in the stud-
ied sample of pigs (Large White x Landrace) x Maxgro, we
calculated the indicators of fattening productivity, which are
presented in (Table 1, Figure 1, 2).

From (Table 1 and Diagram 1) in relation to the C, G, O, N
haplotypes: The average age at transfer to the growing group
is 19.5 days; time spent in the growing group — 44 days; age
(days) when transferring to the fattening group — 63; time spent
in the fattening group — 107 days; age (days) of removal from
fattening — 171. The difference is in the following indicators: in
weight when fattening, kg/day — pigs with haplotype G (22 kg)
by 5 kg compared to haplotypes C and O (27 kg) previously,
fattening was carried out and with a difference of 9.2 kg
compared to haplotype N. The results show that the transfer
to the rearing group was carried out at the same age of 63
days, but with a fairly large difference in weight of 5 and 9.2
kg, after all, the average value when fattening should be 30 kg.
This is also indicative of the uneven growth of the study sample
of hybrid pigs. This is clearly reflected throughout the life
of the pigs under study according to the following indicators:
the age of achievement of live weight is 100 kg/ day for
the accounting period frombirth before slaughter, for haplotype
C — 144 and N - 141 days compared to pigs with haplotype
O - 156 and G — 165 days with a difference of 13 and 22
days. The age of achievement of live weight is 100 kg/day for
the accounting period from days of fattening before slaughter,
for haplotype C — 150 and N — 145 days compared to pigs with
haplotype O — 159 and G — 166 days with a difference of 11 and
18 days. Pigs with haplotypes C and N are characterized
by a uniform average daily gain for the fattening period
with an average of 0.851 g with a difference of +76 g with
haplotypes O and G — 0.775 g. It is worth noting that all pigs
with haplotypes C (0.696 g), G (0.605 g), O (0.642 g), N (0.715
g) — are characterized by a uniformly low average daily gain
for the entire period of cultivation (from birth to removal from
fattening).

Graphs (Figure 2) represent the average values
of the main phenotypic features relative to the mtDNA hap-
lotype pigs (C, G, O, N): a) average daily weight gain for
the fattening period, kg/g — haplotype C, N (n=6) 77%; for
haplotype G (n=1) 74% and 75% for haplotype O. b) the time
of stay in the fattening group, days, is 10% (44 days) for all
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Table 1

Evaluation of phenotypic traits relative to the mtDNA haplotype in the hybrid pig population under study

(Large White x Landrace) x Maxgro

- Haplotypes
Evaluated indicators: Cin=6) o= 5)p y}:‘ n=6) Gn=1)
Age (days) when transferred to the growing group 20 19 20 19
Time spent in the growing group, days 44 44 44 44
Age (days) when transferred to the fattening group 64 63 64 63
Weight when setting for fattening, kg 27 27 31,2 22
Weight when removed from fattening, kg 119 109 123 103
Weight gained during fattening period, kg 93 83 92 82
ADG (kg/g) during fattening period 867 789 835 761
Relative growth,% 1,276 1,202 1,198 1,301
Time spent in the fattening group, days 107 107 107 107
Age (days) of fattening 171 170 171 170
ADG for the entire period of cultivation, kg/g 696 642 715,3 605
ﬁg; (gierlt);]s% Ji?::érr]]%e? live weight of 100 kg for the accounting period 144 156 141 165
%Argﬁ] (%aeygL{/ec?fcpalagn?r:bv?ové?;%gth?ér100 kg for the accounting period 150 159 145 166

Evaluation of phenotypic traits relative to the mtDNA
haplotype of pigs

867
L = 761
696 715,3
642 -
159 145 166
124'>° = 141 B3
c o N G

Figure 1. Phenotypic trait evaluation diagram relative to the mtDNA haplotype of hybrid pigs
(Large White x Landrace) x Maxgro (n=18)

haplotypes (C, G, O, N). c) age of reaching live weight, 100
kg/day, for haplotype C, N (n=6) 13%; 16% for haplotype
G, and 15% for haplotype O. Representatives (Sus scrofa)
are assigned mtDNA haplotypes, a characteristic feature
of haplotypes is a close grouping of sequence — haplogroup.
Thus, the studied population has a common origin, and their
migration patterns can be mapped.

Discussion. Moreover, there seems to be a compro-
mise between productive ability and other signs such as
AGE100 and ADG, what is demonstrated by mitochon-
drial haplotype C and N. While this is not unusual, this
highlights why certain animals are supported in breeding
programs, because they have signs that provide profit-
ability, but at the expense of other characteristics. Evalu-

ation of mtDNA haplotypes in hybrid pigs (Large White x
Landrace) x Maxgro and using this additional information
to change breeding strategies can significantly increase
the estimated tribal value, thus, to ensure further improve-
ment of certain populations of transboundary and local
pig breeds. Genetic monitoring of young pigs of GGP/GP
breeds of large white, landrace on the maternal line and ter-
minal line Maxgro from Ireland and Ukraine in breeding
programs Hermitage BreedDirect BLUP is focused on
individual customer requirements. However, monitoring
the evaluation of the association for X and Y-chromo-
somal haplotypes of the broodstock and paternal herd
on the signs of target productivity in conjunction with
intra-breed QTL DNA-markers — is an actual addition to
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Figure 2. The average value of the main phenotypic traits relative to the mtDNA haplotype in hybrid pigs (Large
White x Landrace) x Maxgro (n=18)
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Figure 3. Clustering of mtDNA haplotypes from the D-loop area of 18 commercially pigs.

Map showing Southeast Asia, place of origin of pig species (Sus scrofa), as well as the current geographical
distribution of wild and domesticated pigs. The clade A: N — Large White (Asian type), Berkshire,
Asian wild pig. The clade E: C — Landrace, Hampshire, Wales, wild pig (Ukraine, Poland, France);

O - Landrace, wild pig (Sweden, France); G — Wales, wild pig (Italy)
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breeding programs. Our data show that mtDNA haplotypes
are associated with a number of important phenotypic traits,
indicating the economic value of hybrid pigs with “gender”
differences. We see to continue the definition of associations
of mtDNA haplotypes in the studied population of hybrid pigs
with economically useful features.

Conclusions. Overall, the study shows that mtDNA
haplotypes confer positive benefits on phenotypes such as
growth rate during fattening to slaughter, such as growth
rate during fattening to slaughter — for pigs of Asian type
(haplotype N) and European type (haplotype C and O).
Evaluation of phenotypic traits determines the effectiveness

of breeding work and the economic potential of the studied
population of hybrid pigs (Large White x Landrace).

Prospects for further research. Due to the fact that mtDNA
haplotypes are associated with important phenotypic signs,
indicating the economic value of hybrid pigs with «gender»
differences. We see to continue the definition of associations
of mtDNA haplotypes in the studied population of hybrid pigs
with economically useful features. Conduct an associational
analysis of QTL markers MC4R (c.1426 A>G), LEPR
(9.2856 C>T), CTSD (g.70 G>A), RYR1 (g.1843 C>T),
IGF-2 (9.3072G>A) with mitochondrial DNA markers to
assess the phenotypic signs of pig productivity.
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Bydakea €. 0., acnipaHmka, monodwuti Haykosuli crigpobimHuk nabopamopii 2eHemuku, IHcmumym ceuHapcmea
i AFIB HAAH, m. lNMonmasea, YkpaiHa

Acouiayisi MimoxoHdpianbHUX 2annomunie 3 ¢peHomunosumMu O3Hakamu gidzodigesibHOi NPodykmueHocmi
2i6pudHux ceuHel

Pesynbmamu npogedeHo2o ocnioxeHHs1 ceid4amb npo me, wo miHnusicms MmAHK ceuHeli € o0HUM i3 criocobig
OUIHKU ma rpoeHo3y8aHHs npodykmueHocmi 2ibpudHux ceuHel 3a cheHomunosumu osHakamu. Memoro docnidxeHHs 6yno
npoeedeHHs1 300MexHIYHO020 aHani3y 07151 8U3Ha4YeHHs1 HasigHocmi acoujayii cannomunie MmHK 3 o3Hakamu eid2odienbHoi
npodykmueHocmi y eibpudHux ceuHel (eenuka bina x naHopac). JocnidxeHHst npogedeHo Ha ekcriepuMeHmarnbHit aubipui
csuHel (n = 18), kompi € pesynbmamom fpsmMo20 (8esnuka bina x naHOpac) ma peyunpoKHO20 cXpeulyeaHHs (naHOpacx
eernuka bina). Exkempakuis [JHK nposedera 3 enimenianbHoOi mkaHUHU 3 8ukopucmarHsm Habopy DNA-sorb-B nucleic acid
extraction kit 6id TOB «IHmep/labCepsic-YkpaiHa». Y nonepedHbomy docnidxeHHi susieneHo 4 2annomunu mmHK ceped
2ibpudHUX ceuHell iprnaHOCLKOI cenekuyi, mpu 3 sKUX 32pyrnoeaHi 3i CBUHSIMU €8POMNeliCbK020 MOXOOXEHHST «knada E» —
npedcmasHuku 2annomuny C (naHdpac, eemnwup, eenuka bina, duka csuHs); G (yensc, duka ceuHsi); O (naHdpac, duka
ceuHsi). CeuHi 3 2annomuriom N (eenuka 6ina, b6epkwup, asiamcbka OUKa CEUHS) 32pynosaHi 3i CBUHSIMU a3iamchbK020
noxo0xeHHs1. CauHi asiamcbK020 mury 3 MimoxoHOpiansHum 2annomuriom N Hanexams 00 asiamcbKoz0 Krnacmepa «knada
A». BusHa4eHoO criifibHe rMoxo0xeHHs1 2ibpudHuUX ceuHell ma 3’c08aHo, sIK Ui MimoxXoHOpianbHi 2arniomunu ernauearms
Ha 8i0z00igesnibHy npodykmuegHicme. NepedbauysaHi 0CHO8HI heHOMUNOBI MOKa3HUKU Sestomb co60K HacmynHi cepedHi
3HaYeHHs1 No eidHoweH Ao MimoxoHOpianbHUX 2annomunig y ceuHel (C, G, O, N): a) cepedHbodobosull npupicm 3a
nepiod eidzodieni, ke/e — eannomun C (867 g), N (835 g) 77%; dnsa sannomuna G (761 &) 74% i 75% (789 &) dns 2anno-
muna O. b) yac nepebysarHs 8 2pyni gideodieni (dHis), cmaHosums 10% (107 dHig) dns ecix eannomunis (C, G, O, N). ¢)
ik docszHeHHs1 xueoi macu 100 k2/0H., Ons eannomuna C (144 0H.), N (141 0H.) 13%; 16% (165 OH.) Ons eannomuna G
i 15% (156 0H.) dns eannomuna O. [lepesedeHHs 8 2pyny dopowysaHHs MpoeoousTu 8 momy X eiui 63 dHi, ane 3 docums
BEITUKOIO Pi3HUUero v 8asi 5 i 9,2 ke, adxe cepedHe 3Ha4yeHHs Npu nocmaHosyi Ha 8idzodiento nosuHHo bymu 30 ke. Lle
makoxX c8i04umb Mpo HepigHoMipHicmb pocmy docnidxysaHoi subipku 2ibpudHux ceuHel. Lle yimko eidobpaxaembcs
npomsi2omM xumms 00cnidxysaHUX c8uHel y HacmynHUX rnoka3HukKax: ik docseHeHHs xueoi macu 100 ke/dHige 3a obnikosull
nepiod 8i0 HapodxeHHs 0o 3abor, dns eannomuny C — 144 i N — 141 QHie nopieHsiHO 3i cauHsamMu 3 2annomuriom O — 156
i G — 165 Onie 3 pisHuuero y 13 i 22 dHi. Bik docsizHeHHs xueoi macu 100 ke/OHie 3a obnikosuti nepiod eid OHs eidzo0ieni 0o
3aboro, 0nisi 2zannomuny C— 150 ma N — 145 OHig nopigHsiHO 3i cauHamu 3 2ariomuriom O — 159 ma G — 166 OHig 3 pisHuLero
8 11i 18 OHig. CeuHi 3 eannomurnamu C i N xapakmepu3yrombcs pisHOMIpHUM cepedHb080608UM NPUPOCMOM 3a repiod
8id200ieni 8 cepedHbomy 851 2 3 pisHuyero -76 2 3 2annomunamu O i G. Bapmo 3a3Ha4yumu, Wo C8UHi 3 2annomunamu
C(0,6962), G(0,6052), O (0,6422), N (0,715 2) — xapakmepu3syrombcs PiSBHOMIPHO HU3LKUM cepedHbo00608UM MPUPOCMOM
3a eecb nepiod supolyyeaHHs (8i0 HapodxeHHs1 0o 3HsImms 3 8i0200igni). JIo2iyHUM MPUMyWEHHSAM € me, WO ICHyrmb
repesazau Xummegoeo npiopumemy 07151 HAPOOXeHUX c8uHel, SKi Maomb A0CMamHI0 8azy npu HapoOXeHHi, wob bymu
npubymkosumu. Lii gpakmu nidmeepdxyrome nepcriekmusHicms MpodoexeHHs: docnidxeHb acouiauii 2annomunie mmHK
sK demepmiHaHm npPodyKMueHOCMI.

Knroyoei cnoea: csuHi, 2arnnomur, MimoxoHOpianbHul eeHom, D-nemns, acoujauis eanmomury MimoxoHOpianbHOT
[HK, knada, knacmep, lN/IP-IIOP®, 3oomexHidHuli aHanis, AGE100, ADG.
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