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Abstract

Identification of Leul27Val (Alu 1) polymorphism in growth hormone (GH) locus in Polish
Red cattle was carried out using PCR-RFLP technique. The following distribution of genotypes was
found: Leu/Leu 0.574, Leu/Val 0.408, Val/Val 0.018. Due to a very low frequency of Val/Val
genotype this genotype was excluded from the analyses. The GH" allel frequency was 0.774. The
relationship between Leul27Val polymorphism and milk performance traits was studied based on
the data obtained from the first lactation and data from the first three lactations was pooled. In the
first lactation the cows with Leu/Leu genotype were characterized by 0.15% higher protein content
in milk (p<0.05) compared with cows with Leu/Val genotype. The genotype did not affect the yield
of- milk, protein and fat as well as fat content in milk.
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Introduction

The growth hormone gene was mapped on the short arm of 19th cattle chromosome - 19926
(Hediger et al., 1990). The studies determined that in cattle genome there is a one copy of
somatotrophin gene of 1.8 kb. It consisted of five exons, separated by four introns (Gordon, 1983).
In GH gene many polymorphic sites were localized. The substitution C — T at position 2141 within
the exon V, in codon 127 of amino acid chain, was described with regard to a potential relationship
with production traits in cattle (Seavey et al., 1971). Up to date, it was observed that the frequencies
of the polymorphic genotypic forms of GH displays a high variation within particular cattle breeds.
It was found that the frequency of GH" allele is the highest in dairy breeds (Holstein Frisian, Brown
Swiss), whereas GH" allele is three times more frequent in beef breeds than in Holstein-Frisian
(Zhang et al., 1993).

The aim of the study was to determine the frequency of alleles and genotypes in GH locus
and to investigate an association between the polymorphic site (Leul27Val) and the chosen milk
performance traits in Polish Red cows.

Material and methods

The studies were carried out on 115 Polish Red cows located in two herds of conservation
breeding from the southern Poland: Szczyrzyc (n = 59) and Jodlownik (n = 56). The data of milk
performance during the first three lactations were analyzed together.

DNA was isolated from the whole blood collected from jugular vein to sterile test-tubes
(Wizard Genomic DNA Purification Kit, Promega). The 492 bp fragment was amplified in PTC-
200 Engine (MJ Research, Watertown, MA, USA). The PCR was carried out in 20ul of a mixture
containing: 2mM MgCl, (Fermentas), 0.2mM dNTP Mix, DNA genome 150-200ng, 1.25U Taq
Polymerase recombinant (MBI Fermentas), 0.2uM each of primers (Lechniak et al., 2002). The



following PCR protocol was used: initial denaturation 95°C for 5 min; 36 cycles: 95°C— 30 s, 57°C
—30's, 72°C — 30 s, final synthesis 72°C — 10 min. 10 pl of PCR products were digested with A/ul
restriction endonuclease (3U) at 37° C for 16 hours. The obtained fragments of DNA were subjected
to electrophoresis in 3% agarose gel ,NuSieve GTG agarose” (BioWhittaker Molecular
Applications).

In aforementioned herds the frequencies of alleles and genotypes in the growth hormone
locus were calculated. In order to estimate the effect of Leul27Val polymorphism in GH locus on
milk performance traits [milk, protein and fat yield per lactation (kg), protein and fat content (%)]
the analyses of variance using the least-square method were performed. Two calving seasons were
assumed: winter - from 1. October to 31. March and summer - from 1. April to 30. September. The
data on milk performance in the first lactation and first three lactations were analysed separately by
the SAS GLM Procedure (SAS Institute Inc., 2001). The standard 305-day lactations were used for
calculations. The lactations shorter/longer than 305 days were standardized according to the
methodology of milk recording. In case of the lactations shorter than 305 days the regression on
days in milk was applied. Because the effect of the lactation proved to be significant in the
preliminary analysis, the milk performance data were adjusted for the successive lactation and the
final model for the evaluation of individual effects was as follows:

Yjg =pu+g +r,+g, + bwijk +e where:

Yiju— value of the trait, p — general mean, g; — effect of genotype (i = Leu/Leu, Leu/Val), r; — effect
of year-calving season (j = 1, ...,18), g« — effect of the farm (k = 1, 2), bwjjx — regression on days in
milk, ejj— random error

Results and Discussion

The performed analysis of the Leu/Val polymorphism in the population of 115 Polish Red
cows showed a high frequency of Leu/Leu homozygote (0.57) vs. very low frequency of Val/Val
homozygote (0.18) (Table 1). The distribution of genotypes corresponded with that observed by

Citek et al. (2000) and Skinkyte et al. (2005) in Polish and Lithuanian cows.
Table 1

Distribution of genotypes and alleles for Leul27Val polymorphism in GH locus in Polish Red cows

Farm Genotype Allele
(number of animals) Lew/Leu (n) Lew/Val (n) Val/Val (n) GH"  |GH'
Szezyrzyc (59) 0.559 (33) 0.441 (26) 0.000 0771 |0.229
Jodlownik (56) 0.589 (33) 0.375 (21) 0.036 (2) 0777 |0.223
Total (115) 0.574 (66) 0.408 (47) 0.018 (2) 0.774  |0.226

n — number of observations

Analysis of variance showed that the effect of Leul27Val polymorphism of growth hormone
on milk performance traits in Polish Red cattle was generally not significant (Table 2). It was found
that only milk protein content in the first lactation was significantly higher in the cows with Leu/Val
genotype but that effect was not observed when the data from the first three lactations were used for
calculations.

Also, there is no evidence in literature of the association between the polymorphism of
growth hormone gene and milk performance traits in Polish Red cattle. However, the results
obtained for other breeds indicate the existence of such relationships. Lucy et al. (1993) observed
the positive effect of GH" allele on milk yield of Holstein cows

Table 2

Least-square means (LSM) for the analysed traits of milk performance
in the 1 and 1*' — 3" lactations depending on genotype
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n — number of observations, SE- standard error
" significant differences at p<0.05

The analysis performed by Lee et al. (1996) proved that the HF cows of with Leu/Leu and
Leu/Val genotypes were characterized by higher milk yield than the cows with Val/Val genotype.
Grochowska and Zwierzchowski (2000) observed that the Leu/Leu homozygotes of Danish
Holstein cattle produced more milk and fat but less protein compared with heterozygotes. Contrary
to above statements, Sabour et al. (1997) noted a statistically significant effect of GH" allele on
protein content in milk. A higher frequency of Leu/Val genotype observed by this authors in the
group of Holstein bulls of the highest breeding value may suggest that GH" allele are more
desirable for milk performance improvement. Chrenek et al. (1999) noted a higher fat and protein
content, by 0.36% and 0.18 % - respectively, in milk of Brown Swiss cows with Leu/Leu compared
with Val/Val genotype. Also, the Black-and-White cows of various GH genotypes differed
significantly in milk performance. The highest yield was observed in cows with Leu/Leu and
Leu/Val genotypes and the lowest in those with Val/Val genotype (Grochowska et al., 2001). In the
same paper the relationship between GH genotype and milk traits in the Danish Jersey and Danish
Red cattle was not found. The higher (by 225 kg) milk yield in the first lactation of Black-and-
White cows with Leu/Leu genotype, as compared to the Leu/Val heterozygote, was observed also
by Dybus (2002). On the other hand, Zwierzchowski et al. (2002) reported higher milk yield in
Val/Val homozygote of Black-and-White cows, as compared to the cows with Leu/Leu and Leu/Val
genotypes, respectively by 2.1 kg and 3.3 kg. Milk of Val/Val cows was characterized by a higher
content of components (e.g. protein - by 0.3 %) than milk of Leu/Leu homozygotes.

The most probably growth hormone can affect the milk production, but certainly it is not the
only one of factor influencing that process. The investigations carried out by Zwierzchowski et al.
(2002) indicated that the highest effect on milk yield of Black-and-White cows had cow’s age, stage
of lactation and somatic cell count in milk (SCC). A considerable effects of GH, PIT (Pit-1
transcription factor) and LEP (leptin) genotypes were also detected for PIT and LEP genotypes.
They amounted to 25% of the total effects. Zwierzchowski et al. (2002) sequenced the influence of
the studied effects as follows: cow’s age (successive lactation)>lactation stage>SCC >PIT > LEP
>GH. However, Serensen et al. (2002) claim that GH can be a physiological indicator of milk yield.
The lines of dairy cows selected for high milk yield are characterized by a higher concentration of
endogenous growth hormone in blood compared with the lines of low yielding cows (Klemetsdal et
al., 1992).
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Inentudikamis Leul27Val (Alu I) momimopdismy B mnokyci ropmony pocty (GH) y
MoJIbChbKOi uepBOoHOI mopoau BPX Oyna 3milicHena, BukopuctoByrounm TexHiKy PCR-RFLP.
BcranoBneno HactymHe po3minieHHs renorumi: Leu/Leu 0.574, Leu/Val 0.408, Val/Val 0.018. ¥
3B’SI3Ky 3 AY’KE€ HHU3BKOIO 4acToTor reHotuna Val/Val #ioro Oyio BHKIIOYEHO 3 JOCIIHKCHb.
Yacrora GH" aneni ckmana 0,774. BupuaBcs B3aeMo3B’s30k Mix momimopdismom Leul27Val i
MOJIOYHOIO TPOMYKTHBHICTIO KOPIB 3a TMEpIIy JaKTaimilo, 1 Mepmux Tpu Jjgakramii. B mepmry
JaKTauito KopoBu 3 reHoTunom Leu/Leu xapakrepusyBanucs Ha 0,15 % BUIIUM BMICTOM MPOTEIHY
B MoJoti (p<0,05), y mopiBHAHHI 3 KOpoBamu 3 reHoTunoM Leu/Val. 'eHoTHN HE BIUIMHYB Ha BUXI1]
MOJIOKa, IPOTETHY 1 KHUPY, TAK CaMO SK 1 Ha BMICT )KUPY B MOJIOILI.
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WUnentudpukamus Leul27Val (Alu N) nomumopdusma B nokyce ropmona pocta (GH) y
MOJIbCKOM  KpacHo mopoasl BPX Owuia ocymiectBieHa, wucnonb3dyss TexHuKy PCR-RFLP.
YcranoBieHo cneaytomiee pazmenienue renorunos: Leu/Leu 0.574, Leu/Val 0.408, Val/Val 0.018.
B cBsaA3u ¢ oueHp HU3KOHW yacTtoTOM reHoruiia Val/Val ero ObUIO MCKIIFOYEHO W3 MCCIIENOBaHUM.
Yacrora GHL amenm cocraBuna 0,774. M3ydanach B3aUMOCBSI3b MEXIy MOJIUMOpP(H3IMOM
Leul27Val u mMomo4HON NPOU3BOIUTEIHLHOCTHIO KOPOB 3a IEPBYIO JIAKTAIUIO, U TIEPBBIX TPH
nakTauuu. B mepBylo nmakranuio KOpoBel ¢ reHotunoMm Leu/Leu xapakrtepuzoBanuch Ha 0,15 %
BBICIITUM COJIep)kaHueM TpoTenHa B moiioke (p?0,05), B cpaBHEHHH C KOPOBaMU C TEHOTHUIIOM
Leu/Val. 'eHOTHIT HE OBJHSUT HA BBIXOJI MOJIOKA, TPOTEHMHA U KUPA, TAK K€ KaK U HA COACpKAHHE
KHUpa B MOJIOKE.
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