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BLACK-AND-WHITE DAIRY CATTLE

MerToto rocnimpkeHHs Oyino 3’siCyBaTH BIUIMB HoJiMopdizMy rena mponaktuHy (PRL) Ha mokasHukm MosodHOI mpo-
IyKTHBHOCTI, 30KpeMa HaJiil, CKJIaJ Ta TEXHOJIOTIYHI BIIACTHBOCTI MOJIOKA, B YKpaiHChKOI YOpHO-psi601 MoI04HOI Xy 1001
(n=200). [nst BM3HA4YCHHS TEHOTHIIIB TBapHH 3a JIOKyCOM TIeHa HpPOJAaKTHHY Oyno BukopuctaHo meron ITJIP-TIJIP®.
VY nocnimkeHomy crani yactorta anemiB A i G cranosmia Bignosiguo 0,120 i 0,880, yacrora renorumnis AA, AG i GG —
pigmosiguo 0,017, 0,211 1 0,772.

Bcranosneno, mo tBapunu 3 reHotunom PRL AA Manu BHINI MOKa3HUKH HaJoI0 Ta 6ikoBomonouHocTi (P<0,05) mopis-
HSHO 3 TBapHHAMH aJbTEPHATUBHUX TeHOTUMIB. CTOCOBHO TEXHOJOTIYHHX BIACTHBOCTEH (TPHUBANICTh CHUYYXKHOTO 3CilaHHSA,
TEPMOCTIHKICTh), BUILI 3HAYEHHS MMOKA3HHUKIB CIOCTepiramu y HOCilB reHotuny AA mopiBHsHO 3 reHoTumamu AG ta GG.
OTpuMaHi JaHi MiATBEP/IKYIOTH, IO TEH MIPOJIAKTHHY MOKE BUKOPHCTOBYBATUCH SIK KaHJMIATHHI Te€H Y MapKep-acouiioBaHiit
CeNeKIIT 1 € BAKJIMBHUM JDKepeioM iH(popMaril sl BUPOOHUKIB MOJIOYHOT MPOTYKIIii.

KurouoBi ci1oBa: MotoyHa poAyKTUBHICTE, TeH nponakTuly, [IJIP-TTJIP®, renotuny, Haxii, ckiag MoJoKa, CHPOIIpHIA-
THICTb, TEPMOCTIHKICTB.

Formulation of the problem, analysis of recent research and publications. One of the methods
of improving the milk production traits in cattle (yield, content and milk technological properties) is the
use of information on polymorphism of genes engaged in shaping the importance of these properties.
Having this information, it has been possible to quantify genetic variability and identify the superior
genetic merits of animal through mathematical models, through more and more refined means.

Among genes involved in milk production there is prolactin gene (PRL). PRL disruption experiments
proved its essential roles in reproduction, mammary gland development, initiation of milk secretion, and the
maintenance of lactation in mammals. In addition to being a classical pituitary hormone, PRL is also
primarily responsible for the synthesis of many milk components, including milk proteins, lactose, and
lipids [7]. Therefore, the bovine PRL seems to be an excellent candidate for linkage analysis of quantitative
trait loci that affect milk performance traits in dairy cattle.

Many authors [1, 3, 5, 6, 8, 9] reported a polymorphism in the prolactin gene that is present in a
number of breeds of cattle, including dairy cattle. The polymorphism was found to influence milk yield,
percent protein, and fat in the milk. However, these authors did not evaluate the polymorphism for any
effects on technological properties of milk, particularly cheese-making properties and heat stability. This
study was conducted to follow up on the researches of different authors, by investigating whether the
polymorphism in the prolactin gene can be used as a DNA-marker for selecting dairy cows with
favorable milk cheese-making properties. Also, this research was conducted to confirm that the prolactin
gene polymorphism affects milk yield and quality.

The objectives of this work were to study gene frequencies at the prolactin locus, and
association of genetic variants of the PRL gene with milk production traits in Ukrainian Black-and-
White dairy cattle

Materials and research methods. The research was conducted in the Skvira district, Kiev region on
200 Ukrainian Black-and-White dairy cows. During the experiment the investigated livestock was
located in the same conditions of feeding and keeping, the animals were clinically healthy.

The blood for the tests was collected from the external jugular vein into test tubes with EDTA
anticoagulant. Genomic DNA was isolated from blood samples using «DNA-sorbB» (Amplisence,
Russia) according to recommendations of producer.

Prolactin genotypes were determined using method PCR-RFLP (polymerase chain reaction-
restriction fragment length polymorphism) [4]. Restriction fragments were separated electroforetically in
a 4 % agarose gel with ethidium bromide in the presence of 1x TBE buffer and visualized in the
transilluminator.
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Milk yield was calculated based on the results of monthly control milking. Fat and protein content in
milk was measured by means of device "Ekomilk KAM-98.2". Total solids content was determined by
method of drying to constant weight, milk solids non-fat (MSNF) content and lactose content — by using
milk analyzer AM-2, casein content — by formol method. The casein number was calculated as the ratio
of casein to whole protein. Milk density was measured using a lactodensimeter [2].

The rennetability of milk was ascertained by the trial of rennetability. 20 cm® of milk was heated up
to 35 °C in water bath, 1 cm® of rennet Hannilase powder with the strength of 1:400 was added, milk
was stirred. The time till the creation of first curd flakes was measured.

Heat stability (alcohol number) was determined by the titration with 96 % ethanol. Alcohol number
expresses an ethanol consumption of given concentration for fixed bulk of milk (2 cm?®) till protein
coagulation under the terms of the method [10].

Statistical analysis was carried out in program Statistica 6.0.

Results and discussion. The electrophoretic separation of the PRL/Rsal restriction fragments of the
bovine prolactin gene is presented in Figure 1. In the examined herd of dairy cows, two alleles of the
PRL gene (PRL A and PRL G) and three genotypes (AA, AG and GG) were identified. The conducted
research showed (Table 1) that 77 % of the population had the GG genotype, 21 % had the AG genotype
and 2 % had the AA genotype. This has been confirmed by the results obtained by Novak et al. [3] for
Ukrainian Black-and-White dairy cattle.
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Fig. 1. Electroforetic restriction fragments PRL/ Rsal of bovine prolactin gene: lanes 1, 4 — genotype AG;
lanes 2, 3, 4-7, 9 — genotype GG; lane 8 — genotype AA; M — DNA size marker GeneRuler 100 bp.

Table 1 — Allele and genotype frequencies of PRL gene in cattle

Locus Genotype Number of animals Genotype frequency Allele Allele frequency
PRL AA 3 0,017 A 0,120

AG 42 0,211 G 0,880

GG 155 0,772

Table 2 shows the effect of the PRL polymorphism on milk production traits in cows studied. The
highest milk yield (5703 kg) was characteristic of cows with the AA genotype, then those with AG and
GG genotypes. Results of present study are exactly in agreement with data obtained by Brym et al. [6]
on Jersey cows, Alipanah et al. [5] on Russian Pied cows and Gareeva [1] on Russian Black-and-White
cows showed that PRL/Rsal had a significant effect on milk yield.

Significant differences between the cows of different PRL genotypes were not found for the content
of main substances of milk. At the same time we have observed the difference (P<0,05) between animals
with genotypes GG and AG in milk fat yield — 6,8 kg. The associations of PRL/Rsal mutation with milk
fat yield and fat percent were reported by Kathami et al. [9], Dybus et al. [8], Brym et al. [6] and
Alipanah et al. [5], but our result for fat percent was not similar to their outputs. Animals with genotype
PRL GG had slightly higher milk fat content (3,90 %) in comparison with genotypes AA (3,82 %) and
AG (3,85 %). The differences were not significant (P>0,05).
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Table 2 — Effect of PRL polymorphism on milk yield, composition and technological properties in Ukrainian Black-and-
White dairy cows, X+ m,

Traits Genotypes Difference
AA AG GG GG-AA GG-AB
n 3 42 155

Milk yield, kg 5703+109,2 5424+77 .4 5347+34,3 —356 77
Fat content, % 3,82+0,024 3,85+0,037 3,90+0,029 +0,08 +0,05
Fat yield, kg 216,5+35,16 208,5+55,32 215,3+23,45 -12 +6,8*
Protein content, % 3,15+0,001 3,11+0,043 3,10+0,007 -0,05 -0,01
Protein yield, kg 183,5+25,38 167,6+28,64 166,7+11,56 -16,8* -0,9
Casein content, % 2,39+0,005 2,40+0,011 2,39+0,004 0 -0,01
Casein number, % 75,9+1,29 77,1+1,16 77,0+1,34 +1,1 -0,01
Lactose content, % 4,50+0,007 4,50+0,012 4,49+0,043 -0,01 -0,01
Total solids content, % 12,45+0,056 12,50+0,045 12,47+0,034 +0,02 -0,03
MSNF content, % 8,63+0,063 8,65+0,042 8,5740,062 -0,06 -0,08
Density, °A 28,0+0,11 28,0+0,25 27,5+0,14 -0,5 -0,5
Rennetability, s 181,8+23,46 158,3+16,34 158,8+18,92 —23* +0,5
Alcohol number, ml 2,32+0,126 2,18+0,144 2,18+0,144 -0,14* 0

*—P<0,05

In the case of milk protein yield in the present study it was found the PRL AA homozygotes were
characterized by the highest yield (183,5 kg), whereas the lowest one was found in the GG homozygotes
(166,7 kg). The difference between cows with genotypes GG and AA was significant (P<0,05). The
significant association of the PRL polymorphism with milk protein yield was not previously reported for
populations of Black-and-White cattle.

We determined the highest casein number (75,9 %) in the milk of cows with PRL AA genotype.
It was also found a significant association of rennetability and heat stability with the genotype PRL
AA. An insignificant positive effect of the G allele on the shortening of renneting time was
observed both in homozygous and heterozygous genotypes. The expression of G allele had a
negative effect on heat stability of milk. These results can be applied when milk is used for cheese
production.

Conclusions. Our results showed that animals with genotype PRL AA had a highest (P<0,05) milk
yield and milk protein yield in comparison with alternative genotypes. The positive association between
allele A and rennetability and heat stability of milk were confirmed. Unfortunately, the frequency of this
allele in herd studied is low (0,120). Data obtained confirmed that PRL may be a strong candidate gene
for application in marker assisted selection and could be used as an important source of information for
producers as well as for breeders.
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Biusinue monumopgusMa reHa NpoJaKTHHA HA MOKA3aTeJlH MOJOYHOH NMPOJYKTUBHOCTBI YKPAHHCKOr0 4YepHO-
MecTPOro MoJIOYHOI0 CKOTA

E. [lnuBauyk, A. lyoun, T. [Ibimanb

Lenpto uccnenoBanus ObUIO ONpPENENUTh BIMSHHE moauMopdusma reHa npoiaktuHa (PRL) Ha mokaszarenn MOJOYHOMN
MPOJYKTUBHOCTH, B YacCTHOCTH YJOH, COCTaB M TEXHOJOTMYECKHE CBOMCTBA MOJIOKA, B YKPAaHHCKOTO YEPHO-TIECTPOrO
MoutouHoro ckora (N =200). J{yist onpeeseHns] TEHOTHITOB KMBOTHBIX 10 JIOKYCY T'€Ha MPOJaKTHHA ObUT HCIONIB30BaH METOJ
MLP-TIAP®. B unccrenoBaHHOM cTaje yacTtoTa BerpedaemocT amuteneil A u G cocrasnsina coorBerctBerHo 0,120 u 0,880,
gacroTa BctpedaeMocTd TeHoTHoB AA, AG n GG — cooteercteenso 0,017, 0,211 u 0,772.

YcraHOBIE€HO, 4TO >KMBOTHBIE ¢ TreHotunmoM PRL AA xapaktepu3oBanuch Oojiee BBICOKMMH MOKa3aTeISIMHA YOO U
6enxoBomosogHocTH (P<0,05) Mo cpaBHEHHUIO C KUBOTHBIMH ANbTEPHATUBHBIX T€HOTUIIOB. OTHOCHTENHFHO TEXHOJIOTHIECKUX
CBOMCTB (IJIMTENBHOCTD CBHIYY)KHOTO CBEPTBHIBAHUS, TEPMOYCTOHUYMBOCTH), Oojiee BBICOKHME IIOKa3aTelnu HaOIIogaIu y
Hocutened reHotuna AA o cpasHenuio ¢ reHotunamu AG n GG. [lonyueHHbIe JaHHBIE TOATBEPIKAAIOT, YTO TEH MPOJAKTHHA
MOXKET HCIIOJIB30BATHCI B KA4YCCTBC KaHIWJATHOIO Ic¢Ha B MapKep-aCCOL[l/ll/I]Z)OBaHHOi/’I CCIICKIIMH W ABJIICTCA BaXHBIM
MCTOYHUKOM MH(OPMAIIMH TS IPOU3BOUTEINCH MOJIOYHOI MPOYKIIMH.

KuioueBble ci1oBa: MoJOYHasi MPOAYKTUBHOCTD, TeH npoiakTtuna, [TIP-I1/IP®, renotumnsl, yaoi, coctaB MoJoKa, CHIPO-
MIPUTOJHOCTH, TEPMOYCTOHIHBOCTb.

Effect of prolactin gene polymorphism on milk production traits in Ukrainian black-and-white dairy cattle

O. Plivachuk, O. Dubin, T. Dyman

The objective of this study was to elucidate the effect of prolactin (PRL) gene polymorphism on milk production traits
involving total milk yield, milk composition and technological properties in Ukrainian Black-and-White dairy cattle (n=200).
PCR-RFLP method was used to PRL genotypes detecting. In this herd, the frequencies of alleles were follows: A=0,120 and
G=0,880. The frequencies of AA, AG and GG genotypes were 0,017, 0,211 and 0,772 respectively.

Results showed that PRL AA genotype had a statistically significant (P<0,05) higher milk yield and milk protein yield in
comparison with alternative genotypes. With respect to technological properties (milk rennetability and heat stability), the AA
genotype had higher levels than the AG and GG individuals. The obtained data confirmed that PRL may be a strong candidate
gene for application in marker assisted selection and could be used as an important source of information for producers as well
as for breeders.

Key words: milk production traits, prolactin gene, PCR-RFLP, genotypes, milk yield, milk composition, rennetability,
heat stability.
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