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Streszczenie. Celem badan byta analiza zalezno$ci pomiedzy polimorfizmem genu PRL w obrebie
4 eksonu 23 bydlecego chromosomu (locus g.8398G>A) a wielkoscig postepu produkcyjnego
w zakresie wydajnosci mleka, ttuszczu i biatka w mleku u krow rasy polskiej holsztynsko-
-fryzyjskiej odmiany czarno-biatej. Wyniki przeprowadzonych badan swiadczg o wystepujgcych
zaleznosciach miedzy genotypem w locus g.8398G>A genu PRL a postepem produkcyjnym
w zakresie wydajnosci mleka oraz ttuszczu i biatka w mleku. Wykazano, ze najwiekszym postepem
produkcyjnym oraz postepem kumulowanym w wydajnosci mleka oraz wydajnosci ttuszczu
i biatka w mleku charakteryzowaty sie heterozygoty AG w Jocus 9.8398G>A, natomiast
najmniejsze wartos$ci analizowanych parametrow uzyskaty homozygoty AA.
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INTRODUCTION

The bovine prolactin gene (PRL) is located within chromosome 23, it is approx. 10 kb
in length and comprises five exons and four introns (Camper et al. 1984). Prolactin is
expressed mainly in the pituitary gland by a process regulated by many transcription factors
(Toda et al. 2008). PRL serves numerous versatile functions, e.g. it stimulates mammogenesis,
colostrogenesis, lactogenesis, galactopoesis and galactokinase activity. Li et al. (2006)
presented an opinion that prolactin serves an important role in the development of the
mammary gland and milk production. For this reason, this gene has been selected as
a marker of milk production traits in cattle. Accorsi et al. (2002) stated that this hormone also
plays a primary role in the controlled involution of epithelial cells of the udder in cattle. QTLs
found at chromosome 23 in cattle are responsible for variation in the yield of milk protein
(Georges et al. 1995) as well as yields and contents of milk fat and conformation traits
(Ashwell and Van Tassell 1999).
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In cattle more than a dozen polymorphisms have been found within the PRL gene.
Results reported to date concerning the dependence between prolactin genetic variants and
production traits have been inconclusive. For this reason analyses proposed within this study
may provide new insights into the dependence between genotypes at locus 9.8398G>A of
the PRL gene and the level of obtained production progress in dairy cows. From the point of
view of milk production economics the most desirable solution is to obtain maximum
production progress within a relatively short time, while at the same time ensuring no
deterioration of performance traits of cows and no increase in financial outlays on milk
production. In the opinion of Atashi et al. (2006), it is possible to simultaneously improve
lactation persistency and milk yield. This objective may be realised on condition we find
a respective genetic marker, which would be of great value both for dairy cattle breeders and
milk producers. Literature sources lack reports concerning a dependence between genotype
at locus 9.8398G>A of the PRL gene and production progress in terms of milking
performance traits. The authors decided to investigate this problem in view of its practical
importance and a lack of literature sources on the subject.

The aim of the study was to analyse the dependence between the PRL gene
polymorphism at locus g.8398G>A and the level of production progress in terms of milk yield,
as well as the yield of fat and milk protein in Polish Holstein-Friesian Black-and-White cows.

MATERIAL AND METHODS

Analyses included 1099 Polish Holstein-Friesian Black-and-White cows. Cows were kept
at six farms from the Wielkopolska region (Poland).

The study comprised analyses of the polymorphic site (locus g.8398G>A) of the PRL
gene using PCR-RFLP.

The scheme of the experiment comprised several stages:

a) isolation of genetic material — DNA (from peripheral blood, taken from the jugular vein)
was performed applying phenol extraction;

b) amplification of a DNA fragment (156 bp) — was conducted with a TGradient thermocycler
(Biometra) using primer sequences provided by Mitra et al. (1995); PRLF (5-CGAG
TCCTTATGAGCTTGATTCTT-3) and PRLR (5-GCCTTCCAGAAGTCGTTTGTTTTC-3).
The reaction mixture of 15 ul consisted of 90 ng genomic DNA, 0.6 U Taq polymerase,
10 pmol of each primer, 1.5 mM MgCl,, 200 uM dNTP, 1.5 ul PCR buffer — (NH4)2SO4
(10x) and 0.75 ul DMSO. Following initial denaturation (94°C/5 min) 30 cycles were run
comprising denaturation (94°C/30 sec), primer annealing (53.7°C/30 sec) and synthesis
(72°C/30 sec), followed by final synthesis (72°C/5 min);

c¢) digestion of PCR products using a restriction enzyme. The amplification product was
digested for 3 h with a restriction enzyme (Rsal) at 37°C with Buffer Tango™. The
composition of the reaction mixture (11 pl) for one sample was as follows: 5 ul PCR
product, 1 ul restriction enzyme at 10 U/ul (Fermentas), 1ul enzyme buffer (Fermentas)
and 4 ul HX0;

d) verification of digestion products using agarose gel electrophoresis. Following restriction
enzyme digestion each sample was supplemented with 2 ul loading buffer (Gel Loading
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Solution type |, 6x). Afterwards the digestion products were verified using electrophoresis
in 3% agarose gel (BASICA GQT, Prona) in 1 x TBE buffer. The DNA Gene Ruler™
marker in the DNA Ladder Mix was applied in a mixture consisting of 2 ul loading buffer,
1.5 ul DNA marker and 10.5 ul H,O. The settings for electrophoresis time and applied voltage
were 30 minutes and 150 V, respectively. Digestion products were examined in UV light;
identification of genotypes. The amplified fragment of the PRL gene was 156 bp. The
following genotypes were identified: GG — 156 bp (no site recognised by the Rsal restriction
enzyme), AG — fragments of 156, 82 and 74 bp, and AA — fragments of 82 and 74 bp;
statistical analysis. Frequency of alleles A and G was 0.2106 and 0.7894, respectively,
while genotype frequencies were GG = 0.6087, AG = 0.3613 and AA = 0.0300.

Cows came from herds with an average milk yield in 305-day lactation ranging from 4500
8000 kg milk. Animals were in their 1st to 10th lactations. Milk recording data provided

information on 3365 305-day lactations from the period of 2002-2009. Successive lactation
ranks in the overall number of lactations accounted for the following shares: 1 — 28.4%,
2 -255%,3 -20.1%, 4 — 13.4%, 5 - 7.0%, 6 — 3.3%, 7 — 1.5%, 8 — 0.5%, 9 — 0.2% and
10 — 0.1%. Milk yield as well as yields of milk fat and milk protein were recorded for each cow.

In this study annual production progress and cumulative progress in the period of

2002- 2009 were calculated for milk yield as well as yields of milk fat and milk protein for the
investigated population of cows depending on genotypes at locus g.8398G>A of the PRL gene.

Statistical analyses were conducted using the following linear model:
Yikmnop= it + Hi+ Rj+ Sc+ Li+ Gm + Sihfn + fowco + €ijimnop

where:

Yixkmnop — phenotypic value of analysed trait,
1 - population mean,
Hi- fixed effect of herd (i = 1,...,6),
R;- fixed effect of calving (j = 1,...,8),
Sk- fixed effect of calving season (k = 1,...,4),
Li- fixed effect of lactation rank (I = 1,...,10),
G — fixed effect of genotype at locus g.8398G>A (I = 1,...,3),
P, P2 — partial first-order linear regression coefficients:
hfn — share of HF genes in the genotype,
wco — age at first calving in days,
€ijkmnop — random residual effect.
Statistical calculations were performed using the SAS® statistical software package (2011)

using the MEANS and GLM procedures.

Object means were compared using the Duncan multiple range test.

RESULTS

Table 1 presents the calculated annual production progress and cumulative progress for

milk yield in the years of 2002-2009 for the investigated population of cows in terms of
genotyping at locus g.8398G>A of the PRL gene.



Table 1. Production progress for milk yield [kg] in the years 2002—2009 for the studied population of Holstein-Friesian Black-and-White cows? with regard to
genotyping at locus g.8398G>A

Tabela 1. Postep produkcyjny dla wydajnosci mleka [kg] w latach 2002—2009 w badanej populacji kréw rasy polskiej holsztynsko-fryzyjskiej odmiany czarno-
-biatej?, z uwzglednieniem podziatu na genotypy w locus g.8398G>A

Genotype at locus g.8398G>A — Genotyp w locus g.8398G>A

Year
Rok GG * AG * AA =
kk
X Xi-Xi-1 % Xi-X0 % X Xi-Xi—1 % Xi-X0 % X Xi-Xi-1 % Xi—X0 %
ABC ABC ABC
2002 5862.0 v 5654.1 a L 5846.2
003 61516 2896 ., o 2896 . . 60649 4108 . . 4108 . . 54810 3652 .. 3652 .o
a A b Ab a ab
2004 65954 4‘/:?3'8 107.2 73A3'4 1125 64366 3;157 106.1 78A2'5 1138 64264 2404 4473 9802 4499
005 70607 4653 . 11987 .. 71125 6759 . . 14584 o 643656 10.2 1000 5904 -
a B B b A B ab
2006 71041 4%4 100.6 12‘é2'1 1212 12403 1278 4018 15%6'2 1281 00498 2132 4033 8036 44537
2007 76354 531[53 107.5 17?4 130.3 76063 362'0 105.1 195[’)2'2 1345 72239 5741 108.6 13;\7'7 123.6
o0 62630 6276 .. 24010 ..o oo 3884 .. 23406 .., 76949 4711 65 18487 o
a D E c E a B
2000 82919 o9 q003 24299 445 82729 o055 o35  B188 g5 TE199 050 g7z 16737 4084
a F b F ab C
% 3471 3741 239.1
Xi—Xi-1 — annual production progress — roczny postep produkcyjny, xi-xo — production progress in relation to the initial year (cumulative production progress) — postep

produkcyjny w stosunku do roku poczatkowego (kumulowany postep produkcyjny); *x* statistically significant effect at P < 0.01 — wptyw statystycznie istotny przy P < 0,01;
* statistically significant effect at P < 0.05 — wptyw statystycznie istotny przy P < 0,05. Means marked with the same letters are statistically different — Srednie oznaczone tymi
samymi literami réznig sie statystycznie: A, B, C— at P <0.01 — przy P <0,01; a, b, c —at P < 0.05 — przy P < 0,05; with xi—xi—1 differences between years are marked — przy xi—
Xi—1 0znaczono réznice miedzy latami; for xi-xo differences in relation to the initial year within the group are indicated; mean differences between individual genotypes at locus
g9.8398G>A were determined — przy xi-Xo 0znaczono réznice w stosunku do roku poczatkowego w obrebie grupy; przy $rednich oznaczono réznice miedzy poszczegdlnymi
genotypami w locus g.8398G>A.

auntil 2005, the Black-and-White name was used — do 2005 roku obowigzywata nazwa: czarno-biata.



Dependencies between PRL gene... 175

Statistical analysis showed that year (at P < 0.01) and PRL genotype (at P < 0.05) had
a significant effect on milk yields of cows. In the analysed period the greatest mean annual
production progress for milk yield (374.1 kg) was found for the AG heterozygotes, while it
was lowest (239.1 kg) for the AA homozygotes. For the GG homozygotes this value was
347.1 kg. In terms of cumulative progress obtained at the last observation it was found to be
greatest (2618.8 kg) in the group of the AG heterozygotes, with a lower value recorded for
the GG homozygotes (2429.9 kg) and the lowest (1673.7 kg) recorded for the cows with the
AA genotype.

When comparing milk yields of cows with specific genotypes at locus g.8398G>A in
individual years of observations it was shown that the lowest value of this trait was recorded
most frequently for cows with the AA genotype. Statistically in 2003, 2005 and 2009 the AA
homozygotes differed in milk yield at P < 0.05 from the two other genotypes of cows. In turn,
in 2006 and 2008 they differed (at P < 0.05) in terms of the same traits from the AG
heterozygotes and the GG homozygotes, respectively. No statistically significant differences
were recorded in milk yields between the GG homozygotes and the AG heterozygotes.

Table 2 presents the calculated annual production progress and cumulative progress for
the yield of milk fat for cows differing in their genetic variants at locus g.8398G>A. It was
shown that year and genetic variant at the specific polymorphic site of the PRL gene
influenced (P < 0.01) the analysed milking performance trait. The greatest average progress
in the production of milk fat (15.3 kg) during the analysed period was observed in the AG
heterozygotes, while the level by 3 kg lower was recorded in the GG homozygotes, while it
was lowest (8.5 kg) in cows with the AA genotype. At the last observation time identical
ordering of genotypes was observed for the value of cumulative production progress calculated
for the yield of milk fat. The values of this parameter for the AG, GG and AA genetic variants
amounted to 107.3 kg, 86.2 kg and 59.8 kg, respectively. When analyzing the yield of milk fat
in individual years of observations depending on the genotype at locus g.8398G>A it was
shown that except for 2002 the greatest value of this milking performance parameter was
obtained for the AG heterozygotes, while it was lowest for the AA homozygotes. Statistical
analysis showed that in 2005 cows with the AA genotype differed at the significance level
P < 0.05 in their yields of milk fat from the other genetic variants of cows. In 2007 and 2009
for the discussed milking performance trait statistically significant differences were recorded
between the AG heterozygotes and the AA homozygotes at P < 0.01 and P < 0.05, respectively.

Table 3 gives values of calculated production progress and cumulative progress obtained
in the period of 2002-2009 for the yield of milk protein for cows differing in their PRL
genotype. The year of observation and genotype at locus g.8398G>A had a significant effect
(at P < 0.01) on the analysed milking performance parameter. The average production
progress during the period of observations for the yield of protein was highest (12.6 kg) in
cows with the AG genotype, followed by the GG genotype (with 10.7 kg), whereas it was
lowest (7.5 kg) in the AA homozygotes. At the last observation time the value of cumulative
production progress for the yield of milk protein in cows with the GG, AG and AA genetic
variants increased in relation to the initial level by 138.3%, 146.9% and 126.3%, respectively,
amounting to 10.7 kg, 12.6 kg and 7.5 kg. In terms of the yield of milk protein recorded in
individual years of observations it may be stated that cows with the AA genotype produced
the lowest amounts of this milk component (except for 2002).



Table 2. Production progress for fat yield [kg] in the years 2002—-2009 for the studied population of Holstein-Friesian Black-and-White cows? with regard to
genotyping at locus g.8398G>A

Tabela 2. Postep produkcyjny dla wydajnosci ttuszczu [kg] w latach 2002—-2009 w badanej populacji krow rasy polskiej holsztynsko-fryzyjskiej odmiany czarno-
-biatej?, z uwzglednieniem podziatu na genotypy w locus g.8398G>A

Genotype at locus g.8398G>A — Genotyp w locus g.8398G>A

Year
Rok GG *x* AG #x AA ek
kk
X Xi-Xi-1 % Xi-X0 % X Xi-Xi—1 % Xi-X0 % X Xi-Xi—1 % Xi—X0 %
ABC 2346 ABC 2558
2002 2435 A oiiaoA A A eiiaoA i ABC
105 105 2503 15.7 15.7
2003 254.0 e 104.3 o 104.3 s 106.7 > 106.7 2462 06 962 96  96.2
2004 5745 2%5 108.1 318'0 1127 2686 188('33 107.3 3Aé° 1145  271.1 24.9 1104 153  106.0
2005 2802 57 ygpq BT qy5y 2824 138 q054 4B 404 272 54 986 114 1045
a C b C C ab
2006 5790 ‘10'2 906 35D'5 1146 2897 753 102.6 55D'1 1235 2755 83 1031 197 1077
2007 288 643 318.9 292 843 2047 38.9
307.8 o 110.3 " 126.4 N o 110.1 " 135.9 A 19.2 107.0 o 115.2
2008 3319 232 o175 87.5 1359 3289 9.9 1031 93 4402 3123 17.6 1060 985 4221
D F Ea F B
2009 3597 13 996 86.2 1354 3419 13.0 1040 1073 4457, 3156 33 1011 298 434
G a E G a C
X 12.3 15.3 85

Explanations see Table 1 — Objasnienia zob. tab. 1.



Table 3. Production progress for protein yield [kg] in the years 2002—2009 for the studied population of Holstein-Friesian Black-and-White cows? with regard to
genotyping at locus g.8398G>A

Tabela 3. Postep produkcyjny dla wydajnosci biatka [kg] w latach 2002—-2009 w badanej populacji krow rasy polskiej holsztyrisko-fryzyjskiej odmiany czarno-
-biatej?, z uwzglednieniem podziatu na genotypy w locus g.8398G>A

Genotype at locus g.8398G>A — Genotyp w locus g.8398G>A

Year

Rok GG ** AG #x AA

" X Xi—Xi-1 % Xi-X0 % X Xi—Xi-1 % Xi=X0 % X Xi—Xi-1 % Xi-X0 %
2002 1956 R ABC 187. R ABC 1988 . ABCDE
2003 2040 83 1046 89 1046 2030 DT 1084 5T q0sa 1804 7124 935 7124 g3
2004 g57 22 1104 Y] 1154 2201 R 1084 2% q175 2215 3o 1188 A7 1114
2005 2877 1200 053 42T 1215 238 0 082 Uz 200 8.2 %3 L% 1073
2006 2376 DT 999 20y 2420 39 016 °LT 1202 2200 i~ 1033 %% 1108
2007 2586 gizo 107.1 5?5'0 130.2 25:'1 BI'; 1046 %2 1351 2%'5 gg w078 %27 1195
2008 2rzz 118 4069 780 q39p 2003 22 104 80 s 239 04 q0e9 T 277
20092705 47 994 e g3 D2 2% 1037 L% waee L0 29 986 27 1263
% 10.7 12.6 75

Explanations see Table 1 — Objasnienia zob. tab. 1.
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Cows with that genetic variant, except for 2002 and 2004, differed in terms of this milking
performance trait from the other genotypes at the significance level P < 0.01. Statistically
the AG heterozygotes and the GG homozygotes did not differ in terms of their yields of
milk protein.

DISCUSSION

Literature on the subject lacks conclusive results indicating a relationship of a specific
genotype at locus g.8398G>A of the PRL gene with milking performance traits in cows.
Mehmannavaz et al. (2009) in their studies on Holstein bulls showed a significant effect of
the G gene on the yields of milk and milk protein. A similarly significant effect of the GG
genotype on the above-mentioned milking performance traits in Red-and-White cows was
reported by Oprzadek (2007). An advantageous dependence between the GG genetic
variant and milk production was also shown by Ghasemi et al. (2009). In turn, Brym et al.
(2005) stated the highest milk yields for the AG heterozygotes. Neja et al. (2013) for the
period from 2001 to 2009 in Poland for milk yields of the population of Black-and-White cows
and Polish Holstein-Friesian Black-and-White cows covered by the milk recording programme
recorded an increase by 1423 kg, while the mean annual production progress was 158 kg. In
comparison to the level of annual production progress and cumulative progress for milk
yields in the active population of Black-and-White cows and Polish Holstein-Friesian Black-
-and-White cows, published by KCHZ (2003, 2004, 2005) and PFHBiPM (2006, 2007, 2008,
2009, 2010) with the results recorded in this study, for most years the annual increment in
milk production and cumulative production progress irrespective of the PRL genotype was
greater in the group of cows in this study. Production progress in the investigated period in
relation to the initial year of the study (2002) in cows with the AG and GG variants of the PRL
gene was by 1128.9 kg and 1317.8 kg greater, while in the AA genotype it was by 372.7 kg
greater in comparison to cumulative progress recorded in 2009 (1301 kg) for cows from the
entire active Polish population.

When analysing results given by KCHZ (2003, 2004, 2005) and PFHBiIPM (2006, 2007,
2008, 2009, 2010) it may be stated that Polish Holstein-Friesian Black-and-White cows with
the AG genotype in the investigated period (except for 2002) had a greater annual production
progress in terms of the yield of milk fat in comparison to the results obtained by the active
population of that cattle breed in an analogous period. Cumulative progress for the yield of
milk fat in cows with the AG, GG and AA genetic variants was higher when compared to that
in the active population by 55.3 kg, 34.2 kg and 7 kg, respectively.

The most advantageous values of annual production progress for the yield of milk protein,
exceeding means calculated by KCHZ (2003, 2004, 2005) and PFHBIPM (2006, 2007, 2008,
2009, 2010) for the entire active population of the Black-and-White and Polish Holstein-
Friesian Black-and-White breeds, were recorded in the investigated period for cows with the
AG genotype, followed by AA and GG. In turn, in the case of cumulative progress in the
analogous period it was similarly greatest for the AG heterozygotes, followed by the GG and
AA homozygotes. At present in view of consumer preferences, breeding work on dairy cattle
is focused on increasing the production of milk protein. In many countries it is assumed in the
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implemented breeding programmes to reduce the discrepancy between contents of milk fat
and milk, while the ratio of these milk parameters varies, e.g. from a relatively small
difference of 0.3% for fat, to an absolute balance of 1: 1 (Neja et. al. 2013).

CONCLUSIONS

Results of studies on the population of Polish Holstein-Friesian Black-and-White cows
indicate dependencies between genotype at locus g.8398G>A of the PRL gene and
production progress in milk yield as well as the yield of milk fat and milk protein.

It was shown that the greatest production progress and cumulative progress for milk yield
as well as yields of milk fat and milk protein were found for the AG heterozygotes, whereas
the lowest values of these parameters were recorded for the AA homozygotes.
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Abstract. The aim of this study was to analyse dependencies between PRL gene polymorphism
within exon 4 of bovine chromosome 23 (locus g.8398G>A), and the level of production
progress in milk yield, yields of milk fat and milk protein in Polish Holstein-Friesian Black-and-
-White cows. Results of this study indicate dependencies between genotype at locus
g.8398G>A of the PRL gene and production progress in terms of milk yield as well as the yields
of milk fat and milk protein. The greatest production progress and cumulative progress for milk
yield as well as yields of milk fat and milk protein were shown for the AG heterozygotes at locus
g.8398G>A, while the lowest values of analysed parameters were recorded for the AA
homozygotes.



