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For increasing the rate of genetic progress in Lithuanian White pigs and
commercial lines in growth rate and carcass composition, it is
recommended to involve MC4R gene in selection programs through marker
assisted selection.

It is recommended to characterize the Lithuanian White breed with recently
developed molecular tools for the most promising genetic markers (i.e. for
growth and carcass composition, meat quality, reproduction traits and
health) and to develop selection and economic models in order to evaluate
the benefits and costs associated with each promising gene or genetic
marker before substantial funds are invested in their implementation.
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of breeding values on the basis of estimations of genetic parameters for the
entire Lithuanian White population instead of single measurements in our study
reduces the bias in the recorded performance traits. However, since the potential
effect of a candidate gene variant on the performance trait is included in the
estimated breeding value for the animals already, a post-hoc comparison of
candidate variants underestimates the candidate gene effect (Israel and Weller
1998). Therefore, the significant results obtained for the population of
Lithuanian White allow a recommendation for the integration of the MC4R
genotype into selection programs for increasing growth rate and reducing fatness
of this breed.

CONCLUSIONS

1. The evaluated level of prevalence rate of the MHS gene in the total
Lithuanian White population was low (q=0.044). Analysis of association
between the MHS gene and performance traits showed that animals with
genotype NN have superiority against carriers. The results of association for
lean meat percentage and backfat traits between genotypes suggest the
existence of a gene or genes other than the MHS gene, which have influence
on leanest for the Lithuanian White population.

2. The investigated melanocortin 4 receptor (MC4R) gene showed high
polymorphism (p=0.59) useful for association analysis in the Lithuanian
White breed. Estimated the differences between the breeds regarding gene
frequency, suggests that differences in gene frequency may explain some of
the phenotypic variation in several of the traits that differentiate the breeds
with different selection.

3. An association analysis showed that the MC4R gene has pleiotropic effect:
the marker has 3.2 % for test daily gain, 2.6 % for feed conversion ratio, 3
% for backfat thickness and 5 % of phenotypic variation for lean meat.

4. The use of breeding values instead of single measurements in the study
reduces the bias in the recorded performance traits, which makes a direct
approach to the testing and explanation of the quantitative part of the trait
and QTL with marker in the Lithuanian White breed more suitable.

PROPOSALS

1. In order to avoid economic losses in the Lithuanian White population as
well as animals’ welfare in maternal population and their crosses in
commercial swine breeding, the use of the MHS gene in breeding programs
is not recommended. If MHS carrier females were evaluated and considered
to be advantageous against the normal genotype, it would be important to
mate animals to produce normal offspring. The use of terminal sire lines
with genotypes Nn and nn (e.g. Pietrain breed) for mating with NN females
only in order to reduce economic losses from meat production quality is
recommended.
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thickness (Ramos et al. 2003). Houston ef al. (2004) observed a significantly
shifted allele frequency towards wild type in a line selected for high lean feed
conversion, however no shift in allele frequency was observed in a line selected
for high lean growth under restricted feeding regimen which was discussed as a
possible masking effect of genetic drift. Daily weight gain at test was higher for
the mutant pigs and thus confirms the positive effect of the Asp298 Asn mutation
on growth rate (Kim et al. 2000b, Hernandez-Sanchez et al. 2003, Houston et al.
2004). The direction of the reported allelic effects on other traits however,
differed among the studies. Kim et al. (2000b) and Houston et al. (2004) found
an increased backfat thickness being linked to the mutant allele, whereas Park et
al. (2002) reported a non-significant opposite effect. By consideration of the
population stratification in the material used by Kim ef al. (2000b) and
integration of additional data Hernandez — Sanchez et al. (2003) seemed not to
confirm the decrease in backfat thickness in the homozygous mutant pigs, thus
apparently reversing the results of the initial study. However, in this publication
inadvertently a different code was used for the genotypes (e.g. “11” for
homozygous mutant instead for wild type as used in Kim et al. [2000b]) so that
the results finally confirm the first study (Haley, personal communication). In
our study using breeding values for the traits a significant decrease of backfat
thickness at 10" rib in the order Asp/Asp > Asp/Asn > Asn/Asn was observed.
This decrease was accompanied by a significant increase of lean meat
percentage and a non-significant trend towards an improved feed conversion
ratio. The allelic effects of the porcine MC4R gene in Lithuanian White are
consistent with previous studies in general, except for fat deposition. This may
be due to the different feeding conditions (restricted [this study] versus ad-
libitum [Kim et al. 2000b]). Under restricted feeding conditions, the mutant
Asn298 allele seems to shift energy utilization towards increased muscle weight
gain and decreased fatness. Kim et al. (2004) demonstrated a functional effect of
the Asp298Asn mutation leading to a decreased cAMP production in 293 cells.
They conclude that the Asp 298 residual is directly involved in MC4R signaling
to adenylyl cyclase. However, no differences in ligand binding were observed
between both variants. Wikberg et al. (2000) concluded that leptin signaling can
be alternatively mediated via a MC4R — independent path since MC4R deficient
mice do still respond to leptin. Barb et al. (2004) also conclude from their results
in pigs that the action of leptin on feed intake may be mediated by a regulatory
mechanism circumventing the melanocortin 4 receptor. Their data do not
support the idea that the Asp298Asn mutation in MC4R leads to a loss of
function. The existence of alternative signaling cascades may thus be an
explanation for the contradictory effects obtained for the functional
polymorphism of MCA4R in different pig lines. Park et al. (2002) detected two
suggestive QTL for fatness traits flanking the position of MC4R on chromosome
1. This supports the hypothesis that gene interactions may modify the observed
direction of the linkage between MC4R variants and performance traits. The use
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efficiency. Leach et al. (1996) discussed that the advantage of feed efficiency for
carriers compared with the stress negative pigs could be associated with the
preferential deposition of lean rather than fat in carriers compared with stress
negative pigs. However, in our study we cannot conclude that feed efficiency
benefits for carrier pigs, because the LW pigs with genotype NN showed an
advantage for backfat thickness and lean meat percentage against carriers.
Interestingly, the carcass leanest for the LW animals was in the opposite to the
results of most of the studies (e.g. Goodwin et al., 1994; Christian and
Rothschild 1981; Jensen and Barton-Gade 1985; Leach ef al., 1996), in which
carrier and homozygous animals for allele n had less backfat thickness and
higher lean meat percentage. Our results are based on estimated breeding values
instead of single measurements, thus, the bias in statistics is reduced. However,
the sample size in our study was not sufficient, only 10 carriers were observed,
nevertheless, statistical inspection of the data shows that distributions are normal
and t test statistic approaches p-value at significance level of 0.1. Backfat
thickness and lean meat percentage traits showed maximum statistical power to
detect association. Significant differences between genotypes for the traits were
achieved by increasing sample size. If the power to detect significant results for
the lean meat percentage and backfat thickness with increasing sample size was
satisfying, the explanation for the contradictory effects would support the
hypothesis (Burlot and Naveau 2003) that a major gene than MHS gene exists,
and this gene has influence on the leanest. To sum it up, the presence of the
MHS gene in the LW pigs is not associated with better body composition traits
as well as feed efficiency; thus, utilization of these animals may lead to lower
carcass quality.

Melanocortin 4 Receptor (MC4R) gene

Previous investigations on a single nucleotide polymorphism in the porcine gene
leading to an Asp298Asn amino acid exchange revealed significant relationships
to traits related to obesity, growth and feed intake, respectively (Kim et al
2000b, Hernandez-Sanchez et al. 2003, Houston et al. 2004). In contrast to
many other candidate genes (e.g. ESR — estrogen receptor, Rothschild et al.
1996) which more likely serve as markers for closely linked causal genetic
variants than bearing the causal mutation itself, the MC4R receptor was
demonstrated to act directly in the control of body weight and composition via
mediating the effect of leptin (Wikberg et al. 2000, Kim et al. 2004). The
distribution of allele and genotype frequencies for Asp298 and Asn298 in our
sample did not deviate significantly from Hardy-Weinberg equilibrium
((*=0.008, P=0.996, 2 df) indicating that the locus is not under selection
pressure. This result (wild type: 0.59 vs. mutant: 0.41) is in the same range as
described for Large White derived lines (Kim ez al. 2000a: 0.56 vs. 0.44). In
contrast, the frequencies of this mutation were reported to be 0.96 vs. 0.04 and
0.90 vs. 0.10 in two Portuguese breeds which are characterized by a high backfat
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Ivadas

Genetiskai pranasesniy individy nustatymui ir ivertinimui, vykdant tiek
ju, tiek ir giminingy jiems gyvuliy vertinima pagal fenotipiskai svarbius
pozymius, tokius kaip augimo greitis, paSary isisavinimo efektyvumas,
raumeningumas ir nugaros laSiniy storis, ilga laika buvo taikomi iprastiniai
kiekybiniai vertinimo metodai. Si strategija yra paprasta ir labai efektyvi
vertinant pozymius, kurie pasizymi auk$tu paveldimumu, pvz. mésos kokybés
rodikliai. Taciau tradiciniai genetinio gerinimo biidai turi ir trikumy, kaip antai,
kiekvienas veisimo ciklas uztrunka ilga laiko tarpa, pvz. kuiliy ir parSavedziy
subrendimo amzius, dienos, kai parSavedés ar kiaulaités néra parSingos ar
laktuojancios. Be to, vykdant tradicing selekcija, daugelis potencialiy naudingy
geny néra nustatomi arba néra efektyviai iSnaudojami. Dar daugiau, intensyvis
pasikeitimai gamyboje, plataus masto sveikatingumo, produkcijos ir
reprodukcijos standartizavimas bei didesni reikalavimai mésos kokybei,
reikalauja naujy galimybiy, kurios padéty identifikuoti ir atrinkti gyvulius,
turinius geriausius genus bei leisty vykdyti selekcija tik pagal tam tikra
genotipa. Atsizvelgiant | tai, paskutiniu deSimtmeciu kiauliy genetikoje padidéjo
susidoméjimas nauju molekuliniy bei skai¢iavimo metody taikymu bei jy
panaudojimu veislininkystéje.

Zemés tkio gyvuliy genomy tyrimai sudaré salygas Zemés ikio gyvuliy
genetiniy Zemélapiy sudarymui, o ju palyginimas leido atlikti geny, susijusiy su
kiekybiniy pozymiy lokusais, paieska. Gyvuliy genomo genetiniai zemélapiai
buvo pritaikyti atliekant keliy lokusy sasaju, lokusy ir geny, susijusiy su kiauliy
ekonomiskai naudingy pozymiy, tokiy kaip augimas, mésos kokybe,
raumeningumas, reprodukcija ir sveikatingumas, genetinio kintamumo tyrimus.
ISvardinti pagrindiniai rodikliai yra svarbiis kaip objektas, atliekant kiauliy
genetinius tyrimus (Ellegren ir kt., 1994; Archibald ir kt., 1995; Rohrer ir kt.,
1994 and 1996).

Nezitrint | tai, nustatyty kiekybiniy pozymiy lokusy skaiCius vis dar yra
nedidelis, o nustatyty atskiry genuy, kurie yra identifikuoti kaip atsakingi uz
kiekybinius poZymius skai¢ius - dar mazesnis. Nustatyti pavieniai genai, susij¢
su kiekybiniy pozymiy lokusais, itraukiami | veisimo programas, derinant juos
su jprastiniais fenotipiniais selekciniais metodais - atliekant gyvuliy selekcija
genetiniy Zymeny pagalba (MAS). Toks kombinuotas populiacijos selekcijos
biidas daug efektyvesnis ir rezultatai pasiekiami per trumpesni laiko tarpa.

Genetiniy Zymeny, kurie gali biiti panaudoti selekcijoje, paieSka yra
pagrista dvejomis strategijomis: kiekybiniy pozymiy lokuso kartografavimu ir
potencialiy geny jtakos nustatymu. Kiekybiniy pozymiuy lokusy paieska,
atliekant pilng genomo skenografija, yra apibidinama kaip chromosomy
segmenty, kuriuose yra lokalizuoti kandidatiniai genai, atsakingi uZz pozymi,
tyrimas, nenustatant konkretaus geno ar mutacijos. Kandidatinio geno tyrimo



biidas yra parankus, kadangi yra tiriami vienas ar keletas konkreciy geny, kurie,
manoma, turi jtakos tiriamiems pozymiams (Stratil ir Geldermann, 2004).

Darbo tikslas:

Istirti MHS geno, salygojancio kiauliy stresini sindroma, paplitima
Lietuvos baltyjy kiauliy populiacijoje bei ivertinti melanokortino 4 receptoriaus
(MC4R) geno polimorfiskuma ir nustatyti Siy genetiniy Zymeny ryS$j su
produktyvumo savybémis.

UZzdaviniai:

1. Nustatyti MHS geno paplitima bei jo itaka produktyvumo poZzymiams
Lietuvos baltyju kiauliy populiacijoje.

2.18tirti MC4R geno polimorfizma Lietuvos baltyjuy kiauliy veisléje
naudojant sumodeliuotus pradmenis pagal geno seka bei jvertinti
geno daznio skirtuma tarp populiacijy.

3. Istirti MC4R geno itaka augimo greiciui ir skerdenos sudétinéms dalims
Lietuvos baltyjy kiauliy veisl¢je.

4.]vertinti i$plésta analizés tyrimy modelj ir metoda vertinant genetiniy
zymeny ry$i su produktyvumo savybémis Lietuvos baltyjy kiauliy
veislégje.

Darbo naujumas:
Atlikta kiauliy genetiniy Zymeny (MHS ir MC4R geny) bei jy rysio su
produktyvumo savybémis analizé Lietuvos baltyjy kiauliy populiacijoje.

Praktinis pritaikymas:

Atliktas Lietuvos baltyju kiauliy veislés produktyvumo savybiy genetinés
itakos vertinimas tiesiogiai paaiSkinantis pozymio kiekybinius aspektus ir
kiekybinio pozymio lokuso ry$i su genetiniu Zymeniu, naudojant gyvuliy
veislines vertes. Gauta informacija bei suformuota strategija genetiniams
rySiams nustatyti gali biti pritaikyta Lietuvos baltyju kiauliy veislés tolesnei
genetiniai charakteristikai.

Naudojant veislines vertes vietoje tiesioginio fenotipinio pozymio
ivertinimo, sumazgja tiriamo genetinio faktoriaus, itakojan¢io vertinamus
pozymius, paklaida, dél to gauti rezultatai parodo tikslesng genetinio Zymens,
susijusio su kiekybiniu pozymio lokusu, jtaka Lietuvos baltyjy kiauliy veisl¢je.
Tai suteikia gyvuliy veislininkystés specialistams patikimesng¢ informacija bei
galimybe geriau pasirinkti tam tikra selekcijos kriterijy.

Tyrimy metodai

Tiriamasis darbas atliktas Lietuvos veterinarijos akademijoje, Gyviny
veisimo ir genetikos katedros K. JanuSausko gyviiny genetikos laboratorijoje
2001-2005 metais.
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Discussion

MHS gene frequency

Reports on the purebred progeny test conducted and were published by O’Brien,
(1993); Houde et al. (1993); Mayer et al. (1993); Schellander et al. (1994);
Hardge and Gregor (1995) and Dvorak et al. (1997). It was found an overall
gene frequency of 0.07 across eight pure breeds and that the MHS gene within
breeds ranged from 0.00 for the Chester White breed to 0.43 for the Poland
China breed (Goodwin, 1994). In our study, the reason of lower prevalence of
MHS in LW-BI1 pigs than in LW-M1 is that the LW was improved by
introducing Swedish and Finish Yorkshire in 1977 (Sveistys and Razmaité 1987,
Dziaugys et al. 1994) with low MHS gene frequency. These results may be
related to the incidence of PSS and PSE in these breeds, which are widely used
in breeding programmes. However, Swedish Yorkshire animals imported in
1998 were stress resistant with genotype NN (n=23). No difference in MHS
gene frequency between Swedish Yorkshire and LW-B1 was observed (p >
0.05). Only two individuals (1.3%) were found to be affected among the 704
LW individuals tested.

MHS gene effect on quantitative traits

Performance trait means and best linear unbiased estimates of mean differences
between the stress resistant homozygote and heterozygote animals in our study
showed that test daily gain (TDG) and lifetime daily gain (LDG) was
significantly higher in animals with genotype NN. Goodwin et al. (1994)
estimated differences between 1298 NN and 181 Nn MHS genotypes in
numerous performance and carcass traits and showed that the observed NN
animals had superior (p < 0.05) average daily gain (ADG) over carriers.
Christian and Rothschild (1981) found similar average daily gain. Jensen and
Barton-Gade (1985) evaluated growth and carcass traits in Danish Landrace pigs
of all MHS genotypes and found that normal pigs had higher average daily gain
(ADG) (p < 0.05) than Nn or nn pigs. The results are also in agreement with
Bastos et al. (2001) in that the presence of the n allele correlates with carcass
traits. However, the results were contrary to those of Simpson and Webb (1989),
Sather et al., (1991), Pommier ef al. (1992), Zhang et al. (1992), Leach et al.
(1996) and Favero (1997) who observed a faster growth of the pigs with the
presence of the n allele than of those without this allele. The genotype difference
in feed efficiency was also observed that the animals with genotype NN
consumed less feed compared with nn genotype. The results are in agreement
with those of Christian and Rothschild (1981) and Jensen and Barton-Gade
(1985) who found higher feed consumption in normal pigs compared with pigs
having genotype Nn or nn. The results are contrary to the studies of Leach ef al.
(1996) and McPhee er al. (1994) who reported a feed efficiency advantage for
carriers over the negative pigs. However, Eikelenboom et al. (1980) and Jensen
and Barton-Gade (1985) did not observe any effect of the MHS gene on feed
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on test daily gain with 3.2 %, backfat thickness with approximately 4 % and lean
meat percentage with approximately 5 % of the total phenotypic variation. For
multiple testing (among three genotypes), Bonferroni’s test was applied to
obtain statistically significant differences between three genotypes and to avoid
false positive results (Type I error). p value indicates the probability of getting a
mean difference between the genotypes as high as it is observed by chance. The
genotypic means and means of the population as well as the deviation from the
means from different MC4R genotypes for the analyzed performance traits are
shown in Table 5 and Table 6.

The results after Bonferroni’s correction indicate that homozygote animals with
genotype Asn/Asn differed significantly from heterozygotes Asp/Asn and gained
approximately 50 gram a day. The efficiency of feed consumption was also
higher in animals with genotype Asn/Asn and they consumed 0.28 + 0.096 kg
less feed than heterozygotes. Approximately, 4 cm® in loin muscle area, 3 mm in
loin muscle thickness and 2.7 lean meat percents differed significantly between
two homozygote animals. MC4R genotype groups were also different in backfat
thickness with fatter animals with Asp/Asp genotype measured in different
points. However, only backfat thickness at 10th rib approached significance with
4.9 £+ 1.8 less backfat deposition in animals with Asn/Asn genotype. Backfat
thickness evaluated by using PIGLOG 105 (SSK Technology, Denmark) at the
FAT-1 and FAT-2 points differed significantly between two homozygote
animals, also producing approximately 2.3 and 2.4 mm less backfat of Asn/Asn
genotype, respectively. Significant differences between heterozygotes and
homozygote animals for the allele Asn of these traits were also observed.

MC4R genotype group comparison-wise analysis with estimated breeding values
of the traits demonstrated deviation differences from overall population mean
between two homozygote genotypes with increased weight gain of 22.3 £ 9.5
(p=0.062) for Asn/Asn for test daily gain trait. Genotypes Asp/Asn and Asn/Asn
differed significantly (p=0.046) with 22.2 + 9.1 more weight gain for Asn/Asn
genotype. It was demonstrated that Asn/Asn homozygote pigs had 0.045 £ 0.03
kg higher feed conversion ratio than homozygote ones for allele Asp298 but the
result was not significant. However, pigs with Asn/Asn genotype had 0.065 +
0.03 kg higher feed efficiency than heterozygote pigs (p=0.065), indicating that
mutant allele Asn has a property to increase feed conversion ratio in the
population. Differences between two homozygotes revealed significance
(»=0.02) with 0.9 = 0.3 mm less backfat thickness at 10th rib in Asn/Asn
genotype animals. Homozygotes for the allele Asn298 also differed significantly
(»=0.032) from heterozygote animals, producing 0.8 + 0.3 mm less fat
deposition. Animals with genotype Asn/Asn produced 0.98 £ 0.3 (p=0.007) and
0.86 £ 0.3 (p=0.013) more lean meat percentage than homozygotes for allele
Asp298 and heterozygote animals, respectively.
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Kiauliy atranka pagal MHS genq

Kiauliy stresini sindroma salygojantis genas (MHS) tirtas trijose Lietuvos
baltyju kiauliy tipuose (LB, LB-MI1 ir LB-Bl) bei Vokietijos landrasy ir
Svedijos jork$yry kiauliy veislése. Vokietijos landrasy ir Svedijos jorksyry
veisliy gyvuliai tyrimams atrinkti todél, kad Sios veislés buvo panaudotos
kuriant LB-M1 ir LB-Bl tipus (Sveistys ir Razmait¢, 1987; Songailiené-
Varkaliené, 1989; Dziaugys ir kt., 1994).

Kiauliy stresinis sindromas yra paveldimas, todél galima prognozuoti,
kaip jis bus perduodamas palikuonims. Poruojant tarpusavyje stresui atsparius
(NN) parsavedg ir kuili, ju palikuonys bus stresui atspartis (NN). Jeigu vienas i§
tévy yra $io geno nesiotojas (Nn), tai palikuoniy iSsiskyrimas yra vienodas: 0,5
stresui atspartis (NN) ir 0,5 Sio geno neSiotojai (Nn). Kai abu tévai yra Nn
genotipo, tai palikuonys turés 0,25 stresui atspariy (NN), 0,50 geno neSiotoju
(Nn) ir 0,25 stresui jautriy (nn). Kai vienas i§ tévy yra stresui jautrus (nn), kitas
nesiotojas (Nn), tai palikuoniy pasiskirstymo santykis tarp geno nesiotojy (Nn) ir
stresui jautriy (nn) yra lygus 0,5. MHS paveldimumo informacija yra svarbi
vykdant gyvuliy paranka ir eliminuojant MHS gena i§ populiacijos. Zinant MHS
geno pasiskirstyma palikuonyse néra bitina atlikti visy gyvuliy genotipavima.
Lietuvos baltyjy kiauliy populiacijoje MHS eliminavimas i§ populiacijos buvo
atlickamas pagal gyvuliy geneologing informacija, genotipuojant veislines
parSavedes ir veislinius kuilius bei kiaulaites ir kuiliukus pakaitai.

Gyvuliy parinkimas

MHS geno diagnostikai buvo atrinkta 475 grynaveisliy Lietuvos baltyju,
153 - LB-M1, 76 - LB-BI bei 144 grynaveisliy Vokietijos landrasy ir 23
Svedijos jorkSyru veisliy veisliniai gyvuliai. MC4R geno jtakos tyrimams i$
16539 LB kiauliy populiacijos buvo atrinkta 207 gyvuliai, kurie ivertinti kiauliy
kontrolinio penéjimo stotyje ir veislynuose. Eksperimentiné gyvuliy grupé buvo
sudaryta i§ giminingy gyvuliy, kuriy ivertinti kuiliai sudaré apie trecdali visy LB
populiacijos vertinamy kuiliy.

Duomeny analizé

Pagal patvirtinta Valstybinés kiauliy veislininkystés stoties Lietuvos
baltyjy kiauliy veislés vertinimo model]i genetinis multivariacinis gyvuliy
vertinimas atliktas apjungus palikuoniy duomenis, gautus i§ Valstybinés kiauliy
kontrolinio pen¢jimo stoties ir veislyny. Pozymiai, pagal kuriuos yra atliekamas
LB kiauliy veislés genetinis gerinimas, yra Sie: paros priesvoris stotyje, g
(TDG), pasary isisavinimas, kg/kg (FCR), nugaros lasiniy storis, mm (BF),
paros priesvoris veislyne, g (LDG), raumeningumas, % (Meat %). Pozymiy
veislinés vertés buvo jvertintos PEST (Groeneveld, 2001) ir VCE (Groeneveld,
1998) statistiniais paketais pagal zemiau pateikta statistinj modeli (n=16539):



Yy =p+by+ysh;+sex ; +litter; +animal ) +eyy >

kur:

Y. ijlk = ivertintas pozymis (TDG, FCR, BF, LDG, Meat %),

1 = pozymio vidurkis populiacijoje,

ysh; = pozymio atsitiktinis i-asis jungtinis mety, sezono ir iikio efektas,
ivertintas ikyje ir fiksuotas jungtinis mety ir sezono efektas, nustatytas
kontrolinio penéjimo stotyje,

sex; - fiksuotas j-osios lyties efektas,

litter] = atsitiktinis l-osios vados efektas,

animalj, = adityvinis-genetinis k-tojo gyvulio efektas (visiems
pozZymiams),

b = gyvo svorio regresija vertinta nugaros lainiy storiui,

ejjlj = likutiné paklaida.

MHS ir MC4R Zymeny jtakai kiekybiniams pozymiams nustatyti naudota
vienfaktoriné dispersiné analizé (ANOVA). Tiriamyjy kintamyjy dispersijos (o)
tarp genotipy grupiy nustatytos Livyno testu. Esant grupiy nehomogeniskumui,
duomeny analizei taikyta ir neparametriné ANOVA - Kruskalo-Voliso
(Kruskal-Wallis) ranginis kriterijus. p reik§més paskaiCiuotos asimptotiniu
aproksimaciniu metodu. Dviejuy genotipy grupiy vidurkiy skirtumy palyginimui
taikytas nepriklausomy imc¢iy Stjudento t kriterijus, o atliekant daugkartinius
genotipy im¢iy vidurkiy lyginimus buvo taikytas daugkartinis aposteriorinis (pos
hoc) Bonferonio kriterijus. SkaiCiavimai atlikti naudojant SPSS 12. Taikyty
statistiniy  kriterijy galingumo analizé atlikta STATISTICA 6 programa.
Paskaiciuotas nuokrypis nuo Hardy-Weinberg‘o pusiausvyros désnio ir pagal
212 atsitiktinio grupavimo testa jvertintas geno daznio skirtumas tarp veisliy.
Tikrinant statistines hipotezes, pasirinktas reik§mingumo lygmuo (o) buvo 0,05.

Rezultatai

Genetiniai parametrai

Veislés individuy vertinimo pagal kiekviena pozymi, toki kaip paros
priesvoris stotyje, pasary sanaudos 1 kg priesvoriui, nugaros lasiniy storis ties
10-tu Sonkauliu, paros priesvoris veislyne ir raumeningumo procentas, rezultatai
pateikti 1 lentel¢je, nurodant kiekvieno pozymio paveldéjimo koeficienta
(paryskinta, diagonalé¢) ir kiekvieno pozymio genetinius skirtumus (vir§
diagonalés). Pozymiy paveldéjimo koeficientai atitinka Didziosios Baltosios
kiauliy veislés paveldéjimo koeficientus (Groeneveld ir kt., 1996, Nakavisut ir
kt., 2003), taciau raumeningumo procentas ir nugaros lasiniy storis yra mazesni
negu kity kiauliy veisliy (Peskovicova ir kt., 2002). Tai gali biiti paaiskinta
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approximately 40 animals with genotype Nn to detect significant differences (a
0.05) between genotypes for backfat thickness and lean meat percentage.

MC4R gene in the population

The genotype frequencies in all tested animals were counted after digestion of
the PCR products with Tagl restriction enzyme and separation of the DNA
fragments on the agarose gel. There was a polymorphism at the position 298 in
the melanocortin 4 receptor gene, where changes from G to A in the DNA
sequence result into a substitution of an amino acid from Asp to Asn. The G/A
polymorphism is recognized by the Tagl restriction enzyme. In wild type (G
nucleotide or Asp 298 residual) the enzyme cuts the PCR product into 407-bp
and 76-bp fragments), while in the mutant type (A nucleotide or Asn 298
residual) there is absence of the Tagl cleavage site, resulting into one single 483-
bp fragment (Figure 1). The allele frequencies were 0.59 for the wild type
Asp298 and 0.41 for the mutant type Asn298, respectively (Table 4). The LW
population showed no significant deviation from Hardy-Weinberg equilibrium
(¢ = 0.008, with 2 df, p-value = 0.996). Allele frequencies of the MC4R gene
and genetic differences between the populations by using x> contingency test
showed no significant deviation (chi-square test 0.314 with 1 df, p=0.575) from
the Large White population presented in Kim research (Kim et al., 2000b).
However, alleles Asp298 and Asn298 showed highly significant deviation from
the Landrace breed (x*=35.6, 1df, p<0.001), two synthetic pig lines C (x*=331.6,
1df, p<0.001) and D (3’=57.36, 1df, p<0.001) and the Meishan breed
((*=434.86, 1df, p<0.001). Highly significant differences were observed between
LW population and two Portuguese pig breeds: Alentejano breed (x*=200.4, 1df,
p<0.001) and Bisaro breed (}’=182.3, 1df, p<0.001). The differences between
allele frequencies were also observed comparing LW and two Romania Red
Mangalitsa and Baznu pig breeds. Observed significant differences from LW
were y*=12.42 with df 1, p<0.001 and y’=7.07, with df 1, p<0.001, respectively.
The y° contingency test used to estimate the differences between the breeds
regarding gene frequency suggests that differences in gene frequency explained
some of the phenotypic variation in several of the traits that differentiate the
breeds.

MCH4R gene association analysis

The LW animals were tested to be free from the MHS, thus, excluding the effect
of this locus on the investigated traits. The results obtained by using single
measurements of the traits showed that the effect of the MC4R gene had a
significant effect on the loin muscle area with 11.7 %; loin muscle thickness
with 5.2%; lean meat percentage with 7.4 %; backfat at 10th rib with 6.8 %;
FAT-1 with 6.6 %; FAT-2 with 6.5 %; test daily gain with 6.4 %; feed
conversion ratio with 8.1 % total phenotypic variations, but a non-significant
effect for the other traits. Single marker analysis with the estimated breeding
values revealed no significant association of MC4R gene with feed conversion
ratio and lifetime daily gain, however, we found a statistically significant effect
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Results

Genetic parameters

The results of the individual breed analysis of each trait and genetic differences
between growth rate traits - test daily gain, feed conversion ratio, lifetime daily
gain and carcass composition, backfat thickness at 10™ rib and lean meat
percentage are presented in Table 1. Test daily gain (TDGQG) is highly heritable,
compared to the lifetime daily gain (ADG). Feed conversion ratio (FCR) and
lean meat percentage are both moderately heritable. Backfat depth at the 10th rib
(BF) showed low heritability. Important correlations exist for growth and
carcass traits. There are adverse relationships between growth (TDG, LDG and
FCR) and carcass (BF and Meat %) traits. A desirable relationship exists
between BF and FCR and Meat%. However, a negative relationship has been
observed between LDG, BF, and an undesirable relationship was observed
between TDG and BF.

Analysis of the MHS gene in the population

The stress susceptible allele of the MHS gene was found in all studied
populations (Table 2). The frequency of the stress susceptible allele in LW pigs
was 0.014, in LW-M1 0.144 and in LW-B1 0.033, respectively. The frequency
of a MHS recessive allele in the total sample was 0.044. The highest frequency
of MHS gene carriers was found in LW-M1 (36%) and lowest in LW (2.7%).
Seven percent of LW-B1 animals were found to be heterozygous as well. In the
total sample the frequency of heterozygous MHS gene carriers was 0.082,
homozygous non-carriers 0.915 and the frequency of homozygous stress
affected animals was 0.003, respectively. All breeds as well as the total
population showed no significant deviation from Hardy-Weinberg equilibrium.
Among the 144 German Landrace animals genotyped, the stress susceptible
allele was detected at the frequency of 0.17. A frequency of homozygous stress
resistant genotype was 0.649, of heterozygote 0.278 and of homozygous
recessive genotype was 0.028, respectively.

MHS gene association analysis

F statistic results showed that the overall effect between MHS genotypes had a
significant effect on test daily gain (3.5 %); feed conversion ratio (3.7 %) and
lifetime daily gain (2.3 %), but a non-significant effect on the backfat at the 10th
rib and lean meat percentage. The mean values for the two genotypes were
analyzed on assumption of equality of variances for both genotype groups and
normality distribution for all traits. Stress resistant (NN) pigs had a higher test
daily gain: 28.98 +£10.13 (p<0.01) and lifetime daily gain: 10.15 +4.37 (p<0.05)
as well as better feed consumption: -0.01 +0.034 (p<0.01), in comparison with
carrier (Nn) pigs (Table 3). The non-significant differences between the MHS
genotypes for backfat thickness and lean meat percentage might be attributed to
smaller sample size of Nn genotype. Therefore, we performed power calculation
for sample size. Power of >80 % can be achieved with the sample size of
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skirtingais vertinimo metodais, atlickamais veislinése fermose ir Valstybinéje
kiauliy veislininkystés stotyje.

1 lentelé. Pozymiy paveldéjimo koeficientai = SE (paryskinta, diagonalé) ir
genetinés koreliacijos £ SE (vir§ diagonalés) tarp pozymiy, nustatytos VCE
programa (Groeneveld, 1998), n = 16 539.

Table 1. Heritability coefficients = SE (bold, diagonal) of the traits and genetic
correlations = SE (above diagonal) between the traits estimated with VCE
(Groeneveld, 1998) for the entire data set of performance records (n = 16 539).

Pozymis TDG FCR BF LDG Meat %
(Trait)

DG 0583+ 0693+ 0148  0302:f  0098<
0,024 0.018 0,044 0,077 0,052

FCR 0305+ 0078+  -0288+  -0172+
0,018 0,038 0,085 0,026

SF 0163+  -0.147+ 0810+
0,012 0,041 0,046

0110+ 0210+
LDG 0,007 0.012

Meat % 0(’)?312;

TDG: paros priesvoris stotyje, g (test daily gain in g/day); FCR: paSary sanaudos, kg/kg
(feed conversion ratio in kg/kg); BF: nugaros lasiniy storis ties 10-tu Sonkauliu, mm
(backfat at 10™ rib in mm); LDG: paros priesvoris veislyne, g (lifetime daily gain in
g/day); Meat %: raumeningumas (lean meat percentage).

Pagal lenteléje pateiktus rezultatus, augimo pozymis — paros priesvoris
stotyje (TDQG) turi auksta paveldéjimo koeficienta (0,583) lyginant su paros
priesvoriu veislyne (LDG) (0,110). Pasary sanaudoms (FCR) ir raumeningumo
procentui nustatytas vidutinis paveldéjimo koeficientas, atitinkamai 0,305 ir
0,292. Riebaly atsidé¢jimas, matuotas ties 10-tu Sonkauliu, parodé¢ Zema
paveldéjimo koeficienta. Svarbi genetiné koreliacija buvo nustatyta tarp augimo
ir skerdeny sudétiniy daliy. Taip pat buvo nustatytas neigiamas koreliacinis
ry8ys tarp augimo (TDG, LDG ir FCR) ir skerdeny sudétiniy daliy (BF ir Meat
%) pozymiy, pageidaujamas rySys tarp BF ir FCR ir Meat % pozymiy, o taip pat
neigiamas rySys tarp LDG ir BF bei nepageidaujamas rySys tarp TDG ir BF.

Geny analizé populiacijoje

MHS genas

LB kiauliy veislgje buvo nustatytas MHS geno genotipy dazniy
pasiskirstymas tirty gyvuliy tarpe (2 lentelé¢). Nustatyta, kad LB kiauliy veisléje
kiauliy stresini sindroma sukeliancio geno daznis buvo 0,014, LB-M1 — 0,144 ir
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LB-B1 — 0,033. Bendras recesyvaus alelio daznis 0,044. Dazniausiai kiauliy
stresini sindroma sukelianCio geno alelis aptiktas heterozigotingje formoje.
Didziausias MHS geno nesiotojy daznis nustatytas LB-M1 (36 %) ir maziausias
- LB (2,7 %). LB-BI kiauliy tipas turéjo 7 % $io geno neSiotojy. Tiriant gyvulius
nustatyta, kad heterozigoty daznis buvo 0,082, homozigoty normaliy — 0,915 ir
homozigoty stresui jautriy — 0,003. Ivertinus galima genotipy pasiskirstymo
laipsni pagal Hardy-Weinberg’o désnj, visose tirtose veislése nustatyta Sio geno
pusiausvyra. LB-M1 tipo, sukurto iliejus Vokietijos landrasy kraujo, gyvuliai
turi ne tik daznesnj heterozigotinj, bet ir stresui jautry genotipa, ir, tiek pagal
genotipa, tiek pagal recesyvaus alelio daznj, yra panaSesni | Lietuvoje veisiamus
Vokietijos landrasus negu i grynaveisli Lietuvos baltyjy kiauliy tipa.

2 lentelé. Kiauliy stresinio sindromo genotipy pasiskirstymas (n=704) bei
recesyvaus alelio n daznis Lietuvos baltyjy kiauliy veisléje bei jos tipuose.
Table 2. Distribution of the pigs (n=704) according to MHS genotype and stress
susceptible allele frequency in Lithuanian White populations.

Genotipas (Genotype) Stresui jauraus alelio
. daznis
Veislé (Breed) n NN Nn nn (Stress susceptible allele
frequency)
LB 475 462 13 - 0,014
LB-M1 153 111 40 2 0,144
LB-B1 76 71 5 - 0,033
Suma (Total) 704 644 58 2 0,044
Vokietijos
landrasai 144 100 40 4 0,167
(German
I:andrace)
Svedijos
jorksyrai ) i
(Swedish 323 0
Y ourkshyre)

Paaiskinimas: NN — stresui atspariis gyvuliai (stress resistant animals); Nn — streso geno
nesiotojai (stress gene carriers); nn — stresui jautraus genotipo gyvuliai (stress susceptible
animals).

MHS geno rySys su produktyvumo savybémis

Geno, sukeliancio kiauliy stresini sindroma, itaka kiauliy produktyvumui
buvo paskaiciuota ir jvertinta pagal gyvuliy veislines vertes. Istirta 230 gyvuliy,
i§ kuriy 220 kiauliy nustatytas stresui nejautrus genotipas NN ir 10 gyvuliy -
heterozigotinis genotipas. Stresui jautrus (nn) genotipas nebuvo nustatytas. Pagal
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tested), LW-M1 (153), LW-B1 (76), German Landrace (144) and Swedish
Yorkshire (23). German Landrace and Swedish Yorkshire animals were
genotyped, as these breeds had influence on the formation of the LW-MI1 and
LW-BI1 breeds as well as on a total LW population (Sveistys and Razmaité
1987, Songailiené-Varkalien¢ 1989, Dziaugys et al. 1994). Elimination of
animals in which the MHS gene was detected from the breeding programme was
performed according to the pedigree information scheme (Sveistys, 1982).

Sampling of Animals

Two hundred thirty animals were available for an association analysis. There
were 220 homozygote stress resistant pigs and 10 heterozygote pigs with
estimated breeding values for the performance traits for each animal separately.
The data set used for the MC4R association study comprised 207 randomly
chosen fattening pigs from the 16,539 LW. Among the genotyped pigs, records
for animals were obtained from the State Pig Test Station and on-farm tests. The
experimental group of markers consisted of full- and half-siblings.

Data analysis

The multivariate animal model for genetic evaluation of LW pigs combined data
from progeny testing stations and breeding farms. The following traits were
analyzed: test daily gain (TDG), feed conversion ratio (FCR), backfat at the 10"
rib (BF), lifetime daily gain (LDG), lean meat percentage (Meat %). The
breeding values were estimated using the software packages PEST (Groeneveld
2001) and VCE (Groeneveld 1998) applying the following model (see page 3)
for the entire data set of 16,539 pigs. The effect of bi-allelic marker
polymorphism on the quantitative performance traits was analyzed with one-way
ANOVA approach by using two data types: single measurements of traits for
MC4R gene and breeding values estimated from the entire data set for
genotyped animals for MHS and MC4R genes. The homogeneity of the
variances was evaluated with the Levene test. To account inhomogeneous
variances, a non-parametric Kruskal-Wallis rank-sum test was used to analyze
the effect of the genotype on performance parameters. p-values were obtained by
using an asymptotic approximation method. T test procedure was used to
compare means for two groups of genotypes and post hoc pairwise comparisons
between genotypes were performed by using Bonferroni adjustment. All
statistical tests were carried out using SPSS (Statistical Package for Social
Sciences) package version 12.0 for Windows. The power calculation for sample
size was tested by using STATISTICA 6 package. The x* test was used to
compare the observed allele and genotype frequencies with Hardy-Weinberg
equilibrium assumption. The comparison of allele frequencies between the LW
and other breeds/lines was evaluated by a 2[12 contingency table. Differences
were considered to be significant if p-value <0.05.
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there has been increase in the interest to apply a wide range of new molecular
genetic tools and computational technologies in pig genetics.

In this study we focused on investigation of two genetic markers in Lithuanian
White pig population. Therefore, the aim of this study was to evaluate the
prevalence of MHS gene in Lithuanian White pig population and investigate
polymorphism of melanocortin 4 receptor (MC4R), and also to evaluate the
association of pig genetic markers (MHS and MC4R) with performance traits.
This work was initiated with the following tasks:

1. To evaluate the level of prevalence rate and association between MHS gene
and performance traits in Lithuanian White pig population.

2. To investigate the polymorphism of the melanocortin 4 receptor gene
(MC4R) in Lithuanian White pig breed by using designed primers based on
the gene sequence and to characterize the differences among breeds.

3. To investigate the effect of MC4R gene on growth rate and carcass traits in
the Lithuanian White pig breed.

4. To evaluate the extended study design and the method of analysis for
genetic association studies on performance traits of the Lithuanian White
pig breed.

The novelty of the study:
The study presents evaluation of pig genetic markers (MHS and MC4R)
associated with performance traits in the Lithuanian White pig breed.

Practical importance:

The study presents a direct approach the testing and explanation of the
quantitative part of the trait and QTL with marker based on estimated breeding
values in the Lithuanian White population. Information about the strategies for
association analysis and improvement can be applied for further characterization
of the Lithuanian White population.

The use of breeding values instead of single measurements reduces the bias in
the recorded performance traits, therefore, the results obtained by using the
marker for the Lithuanian White population gives animal breeders the
opportunities for realization of a short-term goal in their selection criteria.

Materials and methods

Malignant hyperthermia syndrome gene

Malignant hyperthermia syndrome (MHS) gene screening and polymorphism
evaluation was based on the data collected from three types of populations (LW,
LW-M1 and LW-BIl). Animals were selected from the main herds and
insemination stations of Lithuania. For the MHS gene testing, 871 pigs were
sampled from the breeding farms and insemination stations: LW (475 animals
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F-statistikos rezultatus nustatyta, kad MHS genas turéjo statistiskai reikSminga
itaka priesvoriui per para stotyje (3,5 %), paSary sanaudoms 1 kg svorio priaugti
(3,7 %) ir priesvoriui per parg veislyne (2,3 %), taciau nugaros laSiniy storiui,
matuotam ties 10 Sonkauliu, ir raumeningumo procentui, ivertintam PIGLOG
105 (SSK Technology, Danija) aparatu, nustatyta statistikai nereik§minga labai
maza pozymiy variacija. Bendras populiacijos vidurkis ir kiekvieno genotipo
nukrypimas nuo populiacijos vidurkio bei reikSmiy skirtumai tarp dviejy
genotipy pateikti 3 lenteléje. ReikSmés analizuotos ivertinus, kad dviejy
genotipy dispersijos nesiskiria ir pozymiy pasiskirstymas yra normalus.

Nustatyta, kad stresui nejautrios kiaulés (NN) stotyje priaugo 28,98
+10,13 (p<0,01) ir veislyne 10,15 +4,37 (p<0,05) daugiau bei pasizyméjo
mazesnémis pasary sanaudomis -0,01 +0,034 (»p<0,01), lyginant su Sio geno
nesiotojais. Sie gyvuliai taip pat turéjo plonesni nugaros laginiy sluoksni, taciau
skirtumas nebuvo statistiSkai reikSmingas (p>0,05). Raumeningumo procentui
tarp genotipy taip pat nepastebétas reikSmingas skirtumas (p>0,05).
NereikSmingas skirtumas tarp genotipy, vertinant nugaros lasiniy storj ir
raumeningumo procenta, gali bliti paaiSkintas mazu heterozigoty (Nn) gyvuliy
skaiCiumi. Taikyty statistinés analizés kriterijy galingumas, vertinant S$iuos
pozymius, taip pat buvo zemas ~ 30 %. Norint nustatyti reikSmingus skirtumus
tarp dviejy genotipy, galingumas turi buti zymiai didesnis (=80 %). Atlikus
galingumo skaiCiavimus, kai pozymiy pasiskirstymas normalus, nustatyta, kad,
esant tokiai paciai pozymiy tendencijai, reikSmingi skirtumai (o 0,05) tarp
genotipy grupiy biity, jeigu heterozigoty skaicius siekty apie 40.

3 lentelé. Populiacijos vidurkiai ir MHS genotipy vidurkiy (+SE) nukrypimas
nuo bendro populiacijos vidurkio tirtiems poZymiams.

Table 3. Population means and deviation of MHS genotype means (+SE) for the
analyzed traits (estimated breeding values).

Pozymis MHS ger}otlpo nukrypimas
(Trait) Hpop (deviation of genotype) t p
NN Nn

TDG (g) 729,1 451£2.10  -24,47£11,68 2,86 0,005
FCR (kg/kg) 3,55 -0,017+0,01 0,08+0,03 2,96 0,003
BF (mm) 22,5 -0,060,09 0,60+0,29 1,50 0,136
LDG (g) 464,7 0,01£0,93  -10,14+2,08 2,32 0,021
Meat (%) 53,2 0,09+0,09 -0,56+0,27 1,51 0,132

Paaiskinimas: TDG: paros priesvoris stotyje, g (test daily gain in g/day); FCR: paSary
sanaudos, kg/kg (feed conversion ratio in kg/kg); BF: nugaros lasiniy storis, mm (backfat
at 10th rib in mm); LDG: paros priesvoris veislyne, g (lifetime daily gain in g/day); Meat
%: raumeningumas (lean meat percentage).



MCH4R genas

Vertinant genotipy varianty pasiskirstymo daznj, atlikus PGR Tagl
genotipavima (1 grafikas), nustatyta, kad Asp298 Asp homozigoto laukinio tipo
daznis LB veisléje yra 0,343, homozigoto mutantinio tipo Asn298Asn daznis —
0,169, o heterozigoto Asp298Asn daznis — 0,488. Laukinio Asp298 alelio daznis
— 0,59, o mutantinio alelio Asn298 daznis — 0,41 (4 lentel¢). Ketvirtoje lenteléje
taip pat pateikti ir kity autoriy §io geno varianty dazniy tyrimai jvairiose kiauliy
veislése.
M12345672891011

1 grafikas. 2, 3, 7 ir 10 takeliuose
parodytas Asp298Asp genotipas; 1, 4, 5,
6 ir 8 takeliuose - Asp298Asn genotipas;
9 ir 11 takeliai rodo Asn298Asn
genotipa. M - pBR322 DNA/Alul
Zymuo.

Figure. Fig. 7. Lanes 2, 3, 7 and 10 show

2(8); Eﬁ Asp298Asp genotype; 1, 4, 5, 6 and 8
lanes shows Asp298Asn genotype; 9 and
11 lanes shows Asn298Asn genotype. M
- pPBR322 DNA/A/ul marker.

76 bp

Pagal Hardy-Weinberg’o désni nustatyta, kad LB populiacijoje aleliy
dazniai yra pusiausvyroje (x> = 0,008, 2 LL, p reikimé¢ = 0,996). Pagal
atsitiktinio dazniy pasiskirstymo testa nustatyta, kad LB populiacija nesiskyre
nuo DB veislés (chi-kvadrato testas 0,314 su 1 L1, p=0,575), taCiau didelis
skirtumas nustatytas tarp LB ir Landrasy kiauliy veislés (x2=35 ,0, 11.1., p<0,001),
dviejy sintetiniy kiauliy liniju C (x*=331,6, 111, p<0,001) ir D (x’=57,36, 111,
p<0,001) bei Meishan kiauliy veislés (x*=434,86, 111, p<0,001). Taip pat
nustatytas didelis LB skirtumas, lyginant su portugaly kiauliy veislémis:
Alentejano veislés (X2=200,4, 111, p<0,001) ir Bisaro veislés (x2=182,3, 11.1,,
p<0,001). Aleliy skirtumai taip pat nustatyti, lyginant LB veislg ir dvi
Rumunijos veisles: “Red* Mangalitsa y°=12,42 1.1. 1, p<0,001 ir Baznu y°=7,07,
L. 1, p<0,001 kiauliy veisles. Atsitiktinio grupavimo testas naudojamas
ivertinant geny dazniy skirtumus tarp veisliy. Nustatyti geny dazniy skirtumai
gali biiti paaiskinti veisliy fenotipiniais skirtumais, kurie lemia veisliy savituma
bei skirtinga selekcijos krypti.

3. Rekomenduojama atlikti Lietuvos baltyju kiauliy veislés geneting
charakteristika, naudojant nustatytus genetinius Zymenis (pvz., susijusius su
augimu ir skerdeny struktiira, mésos kokybe, reprodukcijos pozymiais bei
sveikatingumu), taip pat suformuoti selekcijos ir ekonominius modelius,
vertinant nauda ir iSlaidas, susijusias su kiekvienu genu ar genetiniu
Zymeniu.

Disertacijos tema paskelbty mokslo darby sarasas
List of publications

1. Jokubka R., Miceikiené 1. Streso geno paplitimas tarp Lietuvos
veislininkystés imonése veisiamy kuiliy // Veterinarija ir zootechnika. ISSN
1392-2130. Kaunas, 2001, t.14 (36), p.67-72.

2. Jokubka. R., Miceikien¢ I. Polymerase chain reaction and restriction
fragment length polymorphism screening for the Hal gene in four pig
breeds // Proceedings of the Latvian Academy of Sciences. 2001, Section
B, Vol. 55,237-241.

3. Razmaité V., Miceikiené I., Jokubka R. Lietuvos baltyjy kiauliy atranka
pagal juy atsparuma stresams // LGI mokslo darbai. Gyvulininkysté. ISSN
1392 — 6144. Vilnius, 2001, t.39, 28-33.

4. Jokubka R., Maak S., Kerziene S., Swalve H. H., Association of a
melanocortin 4 receptor (MC4R) polymorphism with performance traits in
Lithuanian White pigs (priimtas spaudai { Journal of Animal Breeding and
Genetics).

Introduction

Traditional quantitative methods have been applied on pig breeding
recording data on a large number of animals based on phenotypic traits of
interest, such as growth rate, feed efficiency, lean meat and backfat in order to
identify and select genetically superior animals through their own performance
and that of their relatives. This strategy is straightforward and highly efficient
for highly heritable traits such as meat quality. However, the traditional process
of genetic improvement has certain limitations, because each breeding cycle
takes a long time, e.g. for the boars and sows the maturity age, the number of
days when the sow or gilt is not either pregnant or lactating are important.
Furthermore, many potentially useful genes are either not recognised along the
traditional selection or are not used effectively. Rapid industrial changes, global
standardization of the health, production and reproduction environments, and
higher production demands for meat quality require an application of new
possibilities for direct identification and selection of animals carrying the best
genes and selected on a particular genotype. Therefore, over the last decade
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homozigotai pasizyméjo 0,045 + 0,03 kg didesniu pasary isisavinimu negu alelio
Asp298 homozigotai, taCiau rezultatai néra statistiskai reikSmingi (p=0,385).
Kiaulés su genotipu Asn/Asn pasizyméjo 0,065 + 0,03 kg geresniu pasary
pasisavinimu nei heterozigotai (p=0,065). Homozigotai pagal aleli Asn298 taip
pat skyrési reik§mingai (p=0,032) nuo heterozigoty, pasizyminc¢iy 0,8 = 0,3 mm
mazesniu riebaly atsidéjimu. Gyvuliai su genotipu Asn/Asn buvo 0,98 + 0,3 %
(»=0,007) ir 0,86 + 0,3 % (p=0,013) raumeningesni negu Asp298 homozigotai ir
heterozigotai.

ISvados:

1. Lietuvos baltyju kiauliy populiacijoje nustatytas zemas MHS geno daznis
(q=0,044). Nustatytas MHS geno rySys su produktyvumo savybémis
parodé, kad NN genotipo gyvuliai pasizymi geresnémis produktyvumo
savybémis nei $io geno neSiotojai. Rezultatai, tiriant rysj tarp genotipy ir
raumeningumo procento bei nugaros lasiniy storio, leidzia teigti, kad yra
kitas genas ar genai nei MHS genas, kuris/kurie itakoja Lietuvos baltyju
kiauliy populiacijos raumeninguma bei nugaros lasiniy stori.

2. Melanokortino 4 receptoriaus (MC4R) genas Lietuvos baltyjy kiauliy
veisléje yra polimorfiskas (p=0,59). [vertintas geno daznio skirtumas tarp
kity veisliy leidzia teigti, kad yra fenotipiniai veisliy skirtumai bei skirtinga
kiauliy veisliy selekcija, kurios itakoje atsirado skirtingi Sio geno genotipy
dazniai.

3. Nustatytas melanokortino 4 receptoriaus lokuso pleotropinis poveikis
produktyvumo savybéms: paros priesvoriui (g) itakoja 3.2 %, paSary
sanaudoms (kg/kg) 2.6 %, nugaros lasSiniy storiui (mm) 3 %,
raumeningumui (%) 5 %.

4. Kiauliy veislines vertes tikslinga naudoti nustatant geny Zymeny itaka
produktyvumo savybéms bei siekiant paaiskinti pozymio kiekybing dalj ir
kiekybinio pozymio lokuso rysi su genetiniu faktoriumi.

Pasiulymai:

1. Norint i$vengti ekonominiy nuostoliu bei uztinkrinti gyvuliu gerove
Lietuvos baltyju kiauliy veisléje bei jos hibriduose, komercinéje kiauliy
veislininkystéje, MHS genas per motining Lietuvos baltyjy kiauliy veisle
neturi biiti platinamas. Gyvulius, turincius § gena, i§ veislinio branduolio
nedelsiant reikia eliminuoti. Komercinéje kiaulininkystéje didelg veisling
vertg turin¢ioms parSavedéms, kurios yra MHS geno neSiotojos, reikia
parinkti reproduktorius, neturinCius $io geno. Téviniy linijy, kuriuose
nustatyti Nn ir nn genotipai (pvz. pietrény veislé), gyvulius poruoti tik su
NN genotipo parSavedémis.

2. Didinant Lietuvos baltyjy kiauliy ir komerciniy linijy augimo tempa bei
skerdeny sudedamyjy daliy genetinj progresa rekomenduojama MC4R gena
itraukti i selekcijos programas.
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4 lentelé. MC4R geno genotipy ir aleliy dazniai.
Table 4. Genotype and allele frequencies of the analyzed MC4R gene.

MC4R genotipai alelio
o MCA4R genotype (nt298) Avsp Literatiiros
Veislé daznis « e
(Breed) n Asp Saltiniai
Asp/Asp Asp/Asn  Asn/Asn  gllele Reference
frequency
Misy tyrimai
LB 207 0,343 0,488 0,169 0,59 (Present
study)
DB 303 0,350 0,439 0,211 0,57
Landrasai 399 0,554 0,398 0,048 0,75 Kim ir kt
C linija 615 0 0,276 0,724 0,14 2000 N
D linija 403 0,134 0,452 0,414 0,36
Meishan 124 0,161 0,540 0,298 0,43
Mangalitsa 40 0,828 0,164 0,008 0,91 Ciobanu ir
Baznu 62 0,302 0,495 0,202 0,55 kt., 2001
Alentejano 266 0,922 0,077 0,002 0,96 Ramos ir kt.,
Bisaro 477 0,810 0,180 0,010 0,90 2003

* Genetiniy rySiy analizé tarp populiaciju pateikta Zemiau lentelés.

MC4R geno rysys su produktyvumo savybémis

Vertinant ir analizuojant MC4R geno jtaka, buvo naudojama
vienfaktoriné dispersiné analizé (ANOVA). Norint jvertinti ANOVA tinkamuma
geno jtakos nustatymo tikslu, buvo atliktas Livyno testas - jvertintas sibsy
duomeny (duomeny sklaida) pasiskirstymo visuose genotipuose tolygumas.
Nustatyta, kad tiriamy kintamyjy dispersijos genotipy grupése nesiskiria
(p>0,05), taciau, analizuojant duomeny dispersijas, ivertintas veislinéms
vertéms, nustatyta, kad nugaros laSiniy storis ir raumeningumo procentas tarp
genotipy grupiy skyrési (p<0,05). Taip pat skyrési ir genotipy imciy didumas,
dél ko apskaiciuota p reikSmé gali biiti didesné nei tikroji. Dél Sios prieZasties
nepriklausomoms imtims analizuoti buvo taikytas ir Kruskal-Wallis ranginis
kriterijus. Gyvuliai, genotipuoti pagal MC4R gena, neturéjo stresui jautraus
genotipo ir nebuvo $io geno nesiotojais, todél $is faktorius neturéjo jokios jtakos
vertintiems poZymiams.

Nustatyta MC4R geno statistiSkai reik§minga jtaka nugaros raumens
plotui (11,7 %), nugaros raumens storiui (5,2 %), raumeningumo procentui (7,4
%), nugaros laSiniy storiui (6,8 %), FAT-1 (6,6 %), FAT-2 (6,5 %), priesvoriui
per parg stotyje — (6,4 %), paSary sanaudoms 1 kg priesvoriui (8,1 %).



5 lentelé. MC4R genotipy vidurkiai + SE ir jy skirtumai jvertintiems skerdenos
rodikliams (skersta kontrolinio penéjimo stotyje).

Table 5. Genotypic means = SE within MC4R genotypes for the analyzed
carcass composition (dissected in the State Test Station).

MCA4R genotipo nukrypimas (deviation
of genotype) (nt298)
Asp/Asp Asp/Asn Asn/Asn
n=39 (58) n=>55 (83) n=17 (32)

Pozymis (Trait)

Paros priesvoris stotyje, g 7342 +
(test daily gain) 115 718,8+8,6 7689+14,9 0,023
Pasary sanaudos kg/kg

. . 324+0,06 3,37+£0,05 3,09+£0,08 0,012
(feed conversion ratio)

Bekono ilgis, cm (body
length)

Puselés ilgis, cm (carcass
length)

Ilg. nugaros raumens
plotas, cm’ (Loin muscle 31,0+£0,5 31,4+£0,5 35,0£0,9 0,003
area)

Kumpio masé, kg (ham
weight)

Ilg. nugaros raum. storis,
mm (loin muscle (40,4+0,6) (42,9+0,6) (433+1,1) 0,048
thickness)
Raumeningumas, % (lean
meat percentage)
Nugaros lasiniy storis 1,
mm (Backfat thickness 1)
Nugaros lasiniy storis 2,
mm (Backfat thickness 2)
Nugaros lasiniy storis 3,

74,6+ 04  75,1+0,36 74,2+0,7 0,8

94,1+0,5 944+04 93,3+0,9 0,7

10,7+£0,1 10,702  10,7+0,1 0,95

(52,4+05) (528+04) (551+0,6) 0,002
269+09  269+07 241+12 024
21,0£0,8  208+0,7 187+12 047

222408  21,9+0,7 192409 0,15

mm (Backfat thickness 3)

Nugaros laSiniy storis 4,

mm (Backfat thickness 4) 19,5+ 1,1 19,9+ 0,9 150+1,4 0,02
FAT-1 (179+0,5) (17,7£04) (15,3+0,6) 0,005
FAT-2 (172+04) (172+04) (149+0,7) 0,004

geno jtaka priesvoriui per para stotyje — 3,2 %, nugaros lasiniy storiui apie 4 %
ir raumeningumui apie 5%. Atlikus genotipy imciy vidurkiy lyginimus (5
lentelé), nustatyta, kad homozigotai gyvuliai su genotipu Asn/Asn statistiskai
reik§mingai skyrési nuo heterozigoty Asp/Asn. Jie per para stotyje priaugo 50
gramy daugiau ir 1 kg priesvorio pasary sanaudos buvo vidutiniskai 0,28 + 0,096
kg maZesnés nei heterozigoty. Mazdaug 4 cm” ilgiausio nugaros raumens plotas,
3 mm nugaros raumens storis ir 2,7 % raumeningumas skyrési tarp dvieju
homozigoty. Nustatyta, kad Asp/Asp genotipo gyvuliai pasizyméjjo storesniais
lasiniais, taciau statistiSkai reik§mingas skirtumas tarp genotipy nustatytas tik
ties 10 Sonkauliu, kur Asn/Asn genotipo gyvuliy lasiniai buvo 4,9 £1,8 mm
plonesni. StatistiSkai reik§mingi skirtumai tarp dvieju homozigoty nustatyti
ivertinant laSiniy stori FAT-1 ir FAT-2 taskuose PIGLOG 105 (SSK
Technology, Danija) aparatu. Asn/Asn genotipo gyvuliy lasiniai atitinkamai
Siuose taskuose buvo 2,3 ir 2,4 mm plonesni.

6 lentelé. Populiacijos vidurkiai ir MC4R genotipy vidurkiy skirtumai bei
nukrypimas nuo bendro populiacijos vidurkio (ivertintos veislinés vertés).

Table 6. Population means and deviation of means within MC4R genotypes for
the analyzed traits (estimated breeding values).

MCA4R genotipo nukrypimas (deviation of

Pozymis genotype) (nt298)
(Trait) Hpop Asp/Asp Asp/Asn Asn/Asn p
(n=71) (n=101) (n=35)

TDG 729,1  -13,6 £5.8 -13,5+4,8 8,7+£5,6 0,046
FCR 3,55 0,01 +£0,02 0,03+0,02 -0,04+0,02 0,065
BF 22,5 -0,1+0,2 -0,2+0,2 -1,0£0,3 0,020
LDG 464,7 1,7+1,5 0,3+1,5 42+2,0 0,445
Meat % 53,2 0,1+0,2 0,2+0,2 1,0+£0,3 0,007

Paaiskinimas: p reik§més paskaiciuotos lyginant genotipy grupiy im¢iy vidurkius taikant
post hoc Bonferonio kriteriy. p-values according to post hoc pairwise analysis
(Bonferroni test) of the phenotypic variance.

Naudojant gyvuliy veislines vertes MC4R geno itaka pasary sanaudoms ir
priesvoriui veislyne itaka nenustatyta, taciau nustatyta statistiSkai reikSminga
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Paaiskinimas: TDG: paros priesvoris stotyje, g (test daily gain in g/day); FCR: pasary
sanaudos, kg/kg (feed conversion ratio in kg/kg); BF: nugaros laSiniy storis ties 10-tu
Sonkauliu, mm (backfat at 10" rib in mm); LDG: paros priesvoris veislyne, g (lifetime
daily gain in g/day); Meat %: raumeningumas (lean meat percentage). p reik§més
paskaiCiuotos, lyginant genotipy grupiy iméiy vidurkius, taikant post hoc Bonferonio
kriteriy. p values according to post hoc pairwise analysis (Bonferroni test) of the
phenotypic variance.

Remiantis pozymiy veislinémis vertémis, atlikta MC4R genotipy
palyginamoji analizé (6 lentelé) parodé, kad Asn/Asn genotipa turinciy kiauliy
priesvoris per parg stotyje buvo 22,3 £ 9,5 g (p=0,062) didesnis. Gyvuliai su
genotipu Asp/Asn ir Asn/Asn taip pat skyrési statistiSkai reikSmingai (p=0,046),
esant 22,2 + 9,1 g didesniam paros priesvoriui Asn/Asn genotipy tarpe. Asn/Asn
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