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In marker-assisted selection (MAS) of dairy cattle certain genes are proposed as potential candidates
associated with dairy performance traits. Among different candidates, prolactin receptor gene (PRLR)
seems to be promising because of its crucial role in transmitting signal from lactogenic hormones to
milk protein gene promoters. In this study nine PCR fragments representing most important func-
tional domains of PRLR were screened for polymorphism. Using SSCP method one SNP (A—C) was
found in intron 9. The SNP was deposited in GenBank AY484400 and AY339393 at position of 205
nt, for Jersey and Polish Black-and-White cattle, respectively. Allele frequency was estimated in 186
Polish Black-and-White (0.981 and 0.019 for 4 and C, respectively) and 138 Jersey (0.812 and 0.188
for A and C, respectively) cows. Preliminary analysis showed no significant associations between
PRLR genotypes and milk performance traits. However, Jersey cows of CC genotype produced more
milk with higher protein content than those of A4 and AC genotypes. Because of the low number of
cows of CC genotype, it is necessary to investigate more numerous population of cattle in which all
genotypes will be efficiently represented.
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Prolactin receptor (PRLR) is thought to play a central role in signal transmitting
from prolactin to milk protein genes. It binds prolactin and contributes to activation of
JAK?2 kinases and subsequent phosphorylation of STATS transcription factors which
bind to recognition sequences located in promoters of milk protein genes [Bole-Feysot
et al. 1998]. Therefore, PRLR is suggested as candidate gene associated with milk pro-
tein yield and content in dairy cattle. The gene coding for bovine PRLR was mapped
on chromosome 20q17 [Hayes et al. 1996]. In cattle, there are two distinct prolactin
receptor isoforms: long PRLR with 557 amino acids [Scott ef al. 1992] and short PRLR
with 272 amino acids [Schuler et al. 1997] produced by alternative splicing mechanism
using a single intron with one 5’ and two 3’ sites [Bignon et al. 1997]. The short PRLR
is unable to mediate transcriptional activation via JAK-STAT pathway. Furthermore,
short isoform can inhibit long PRLR activation of JAK2 and transcription via forma-
tion of heterodimers [Bole-Feysot ez al. 1998]. So far, no polymorphism was reported
for PRLR gene in cattle.

In the present study the first nucleotide polymorphism in intron 9 of the bovine
PRLR gene is described.

Material and methods

Initial screening for polymorphism within bovine PRLR gene was performed in
individuals of dairy vs beef cattle: Polish Black-and-White (n=20), Jersey (n=10),
Polish Red (n=6), Simmental (n=3), Limousine (n=3) and Charolaise (n=3). Next,
genetic structure of population and possible association(s) of PRLR gene variants
with milk performance traits were analysed in Polish Black-and-White (n=186) and
Jersey (n=138) cattle. Approximately 9 ml blood was withdrawn from each animal.
Genomic DNA was isolated from leukocytes by the MasterPure DNA Purification Kit
(EPICENTRE).

The following were PCR conditions applied for PRLR 241 bp gene fragment. The
PCR was carried out in 25 pl of mix containing: 1.25 ul 20xPCR buffer (EPICEN-
TRE); 1.3 ul ANTP (2 mmol each); 70 pmol of each primer: forward 5> CATGGTGAC-
CTGCATCCTC 3, reverse 5’ ACCCTCATGCCTCTCACATC 3’; 1.5 mM MgCl,; 5 pl
10x Enhancer (EPICENTRE); 0,8 U Tfl DNA Polymerase (EPICENTRE); 100-600 ng
of genomic DNA and H,0 up to 25 pl. The PCR reaction was carried in EPPENDORF
MASTERCYCLER 5330 thermocycler and cycling conditions were as follows: initial
denaturation (94°C/3 min), followed by 35 cycles of denaturation (94°C/30 s), annealing
(59.4°C/30 s) and extension (72°C/30 s), followed by final synthesis (72°C/5 min).

SSCP analysis was performed according to Kaminski [1998]. PCR products
representing different SSCP patterns were sequenced using ABI PRISM™ 377 DNA
Sequencer (APPLIED BIOSYSTEMS) and DY Enamic ET Terminator Cycle Sequenc-
ing Kit (AMERSHAM BIOSCIENCES). The results were analysed by Staden Package
(http://staden.sourceforge.net/).

Frequency of alleles and genotypes and their accordance with Hardy-Weinberg
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equilibrium was calculated by POPGENE ver. 1.31 software (http://www.ualberta.
ca/~fyeh). Frequency of alleles and genotypes in Jersey and Black-and-White cows
were compared by the chi-square test. The effects of PRLR genotype on milk produc-
tion traits of cows were analysed using GLM procedure (STATISTICA 6, StatrSort
INC). The following model was used:

Y, =u+G +YS+(GYS), +e,

1

where: B
ik analysed trait of k-th cow;
M= overall mean;
G~ effect of i-th genotype;
¥sj - effect of j-th year-season of calving;
(GYS) 7 interaction between the main effects of the model;

e. —
ik random error.

The following milk performance traits were considered: milk yield (kg), fat yield
(kg), fat content (%), protein yield (kg) and protein content (%). Data on milk perform-
ance traits for lactation I were retrieved from breeding documentation available from
owners of cows.

Results and discussion

Based on the genomic sequences available in GenBank (L02549, AF042780), nine
pairs of PCR primers encompassing almost the entire encoding sequences for PRLR
were designed by PRIMER3 software (www.genome.wi.mit.edu). Nine specific PCR
products were obtained (data not shown) and initial screening for polymorphism by
SSCP analysis was carried out. SSCP polymorphism was observed only for one PCR
product — PRLR 241 bp. Three SSCP patterns were observed: W, W, and W (Fig. 1).
Sequencing of these SSCP patterns revealed a single nucleotide substitution A—C (Fig.
2) at position of 205 nt, allowing for real genotype designation of 44, AC and CC
for W, W, and W, respectively. The SNP is located in intron 9 (according to human
PRLR gene sequence AH007727) which is involved in alternative splicing of short
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Fig. 1. SSCP patterns PRLR 241 bp
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Fig. 2. Direct sequencing of PRLR 241 bp PCR products 1nvest1'gat10n.we‘: assumed that SNPs

occurring within PRLR gene may

affect milk protein biosynthesis and

hence chemical composition of milk, or at least be an effective DNA marker of cattle

genome region. We screened all exons coding functional domains of PRLR except one

encoding transmembrane domain. Using PCR-SSCP method we found only one SNP

located in intron 9. The SNP was deposited in GenBank AY484400 and AY339393,

for Jersey and Polish Black-and-White cattle, respectively. It is the first polymorphism
found and reported in the bovine prolactin gene.

Because the SNP is a silent mutation it cannot be causative mutation affecting any
phenotypic variation, and can be suggested as a new marker for a genome region within
which it resides. However, it is noteworthy that even silent mutations in introns may
turn to be QTLs /oci as it was proved in pigs [Van Laere ef al. 2003].
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Comparison of allele frequency revealed significant differences between geno-
type and allele frequencies in both breeds. It may indicate that the SNP is a marker
of unknown breed-specific locus involved in determining the extreme protein content
of milk. However, because of very low number of CC cows we could not prove this
hypothesis. It is noteworthy that close to prolactin receptor gene the QTL was mapped
for protein content of milk [Mosig et al. 2001].

It is believed that SNPs located in candidate genes for quantitative traits or close
to hypothetical QTL may be very useful in genome scanning of SNPs using high
throughput method, e.g. microarray genotyping.
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Polimorfizm w genie receptora prolaktyny (PRLR) bydta

Streszczenie

Receptor prolaktyny posredniczy w przekazywaniu sygnatu od hormonéw laktogennych do promo-

torow genow biatek mleka. Gen receptora prolaktyny (PRLR) jest potencjalnym kandydatem na marker
cech ilo$ciowych bydta mlecznego. Wykorzystujac metod¢ SSCP analizowano polimorfizm wsrod 9 frag-
mentéw PCR, obejmujacych prawie cala sekwencj¢ kodujaca genu PRLR. Zaobserwowano polimorfizm
SSCP dla amplikonéw PRLR 241 pz. Analiza sekwencyjna prob DNA o odmiennych wzorcach SSCP,
wykazata istnienie SNP (A—C) w pozycji 205 nt (GenBank AY484400 i AY339393). Wykryta mutacja
znajduje si¢ w intronie 9. W analizowanych populacjach bydta rasy cb (n=186) oraz jersey (n=138) za-
obserwowano odpowiednio nastgpujace frekwencje alleli: 0,981 i 0,812 dla allelu A oraz 0,019 i 0,188
dla allelu C. Wstegpna analiza nie wykazata istotnych zaleznosci migdzy genotypem PRLR a cechami
uzytkowosci mlecznej. Niemniej zauwazono, ze krowy rasy Jersey o genotypie CC charakteryzowaly
si¢ wyzsza wydajnoscia mleka oraz wyzsza zawarto$cia biatka w mleku. Obserwacja ta wymaga jednak
potwierdzenia na liczniejszej populacji bydta.
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