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ABSTRACT

Associations of milk production traits with growth hormone (L/V) and k-casein (A/B)} gene
polymerphisms were investigated in this study. Official breeding values of genotyped 99 Al bulls for
milk, protein, fat yields as well as fat and protein contents were used to study genotype effects on the
production traits. Effects of four single-locus genotypes (LL, LV, AA and AB) and four two-loci
genotypes (AALL, AALV, ABLL and ABLV) were cstimated. The AB genotype showed an advan-
tage over the AA homozygote in terms of fat and protein contents. No significant relationships
between the GH polymorphism and the breeding values were found. The anatysis of the effect of two-
loc1 genotype reflected the relationships observed for single-locus analysis and ABLL and ABLV
genotypes were related to higher breeding values for fat (ABLV) and protein (ABLV and ABLL)
contents. The contradictory effects of the studied genetic variants are discussed.
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INTRODUCTION
K-casein (CSN3) as well as growth hormone (GH) genes are considered to be

potential genetic markers for the milk production trait in cattle. Among several
mutations in the bovine growth hormone gene (bGH}, the most investigated one is

' Corresponding author



40 GENE POLYMORPHISMS AND MILK TRAITS IN CATTLE

the point mutation causing the leucine/valine substitution in the 127 position of the
aminoacid chain (Seavey etal.. 1971). With regard to the CSN3 locus, the A and B
alleles appear with the highest frequency among cattle breeds (for review see
Kaminski, 1996). An extensive amount of work has been done on associations
between the A/B or L/V polymorphisms and productive traits in cattle; however,
published results seem to be contradictory.

The aim of the present study was to evaluate the effect of the CSN3 (A and B
alteles) and GH (L and V alleles) loci on milk production traits, based on the breed-
ing values of genotyped Al bulls.

MATERIAL AND METHODS

Altogether, 99 Al proven bulls of dairy breeds were examined in this study {25
Holstein-Friesian -HF, and 74 crossbred — Polish Black-and-White with a predomi-
nant share of the HF genes).

Primers for PCR amplification of the CSN3 gene were designed, based on the
gene sequence published by Alexander et al. (1988):

Forward primer -

5- AAGAAATAATACCATTCTGCATAATTTATTTTTTTACAG - 3°

reverse primer 5°- GGCTGTTATTCATTTTGCCTTATTTTTACCTG -3°
The PCR products were digested with Hinf | and Hind 1T (Promega) restriction
enzymes,

The data on the frequency of the GH variants was already published by Lech-
niak et al. (1999).

Official breeding values (EBV) for milk, fat, protein yields and fat and protein
contents estimated on the national scale were used to analyse the association be-
tween genotypes and production traits (Zarnecki et al., 2001). The effect of geno-
type on consecutive traits was tested using the least square analysis of variance
{SAS) based on the following model:

Yi = potait ey

where y; ts the bull EBV of'a production trait, p is the general mean, a_is the
fixed effect of genotype 1, e; — residual effect associated with ij-th observation.

Single-locus and two-loci analyses were carried out separately. In the single-
locus model the effect of the GH and CSN3 genotypes on milk traits was analysed
in scparate runs.
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RESULTS AND DISCUSSION

Among genotyped bulls the following allele frequencies were found: A — 0.81,
B--0.19and L —0.88, V - (.12. The frequencies were similar among pure HF and
crossbred bulls, however the incidence of the V alleie in the pure HF individuals
was especially low (0.04). The observed frequencies confirmed the already de-
scribed tendency (Lucy et al., 1993; Lien et al., 1999). Due to the low number of
bulls with BB (four individuals) and V'V (two individuals} genotypes, the analysis
was carried out only for selected single-locus {AA, AB, LL, LV) and two-loci
{(AALL, AALV, ABLL and ABLV) genotypes.

The effect of the single-locus genotype is presented in Table 1. The AB bulls
were characterised by a higher breeding value for fat (P<0.05) and protein con-
tents (P<<0.01). No significant relationships were found at the GH locus. The ana-
lysis of the effect of two-loci genotype revealed that bulls carrying the hetero-
zygous status of CSN3 locus presented higher breeding values for fat (ABLV) and
protein (ABLL and ABLV) contents when compared with bulls carrying AALL
genotype (Table 2). It can be assumed that the effect of the AB genotype was not
influenced by the GH locus (LL or LV). Thus, a lack of interaction between these
two loci is postulated.

The average milk production recorded for the progeny of bulls used in this study
was rather low (X =4 725 kg). It allows to speculate that the expression of genetic
variance was limited.

Previously published reports on the effect of the GH and CSN3 polymorphisms
on lactation traits are rather contradictory. There are reports on the lack of any
associations with regards to A/B polymorphism at CSN3 locus (Velmala et al.,
19935), On the other hand, considering the milk yield, higher milk production was
noticed for the heterozygous HF and crossbred cows (Ng-Kwai-Hang et al., 1991,

TABLE |
Least square means for breeding values of analysed Al bulls according to their genotypes
Bull's genotype at locus
Trait CSN3 GH
AA AR LL LV
No of bulls 62 28 73 19
Milk yield, kg 351.35 214.18 32993 193,38
Fat yield, kg 15.34 15.54 15.12 14.95
Protein yield, kg 9.02 7.38 8.86 5.78
Fat, % 0.0 0.13 0.02 0.15
Protein, % -0.04* 0.024 -0.003 -0.004

A . columns with the same superscript differ significantly (* P<0.01; ° P<(.03)
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TABLE 2
Least square means for breeding values of Al bulls according to their combine genotypes at both
analysed loci

Bull's genotype at locus

Trait

AALL ABLV ABLL ABLV
No of bulls 50 12 20 7
Milk yield, kg 373.30 25992 263.95 79.86
Fat yvield, kg 15.26 15.67 [6.65 13.73
Protein yield, kg 9.60 6.62 8.71 4.36
Fat, % -0.01* 0.10 0.10 0.228
Protein, % -0.05n8 -0.04 0.014 0.05%

A — columns with the same superscript differ significantly (P<0.05)

Walawski et al., 1994; Freyer et al,, 1999}, However, in the study of Bovenhuis et
al. (1992) the AA genotype showed an advantage for HF and crossbred cattle. At
the same time a lower casein and a higher whey protein content was found for
daughters of the AA Swiss Brown bulls (Braunschweig ct al., 2000). Moreover,
the A allele was associated with a higher protein yield and content (Lien et al.,
1995; Kaminski, 2000), whereas usually the B allele is attributed to the higher fat,
protein and casein contents (Ng-Kwai-Hang et al,, 1991; Bovenhuis et al., 1992;
Mao et al., 1992; Juszczak et al., 2001; Panicke et al., 2001).

The results published on the associations between tie L/V polymorphism and
milk production traits are also not consistent and vary depending on the analysed
cattle breeds. The L allele was attributed to the higher milk production for the HF
cows, while the V variant was reported to be more effective for the Jersey breed
(Lucy et al., 1993; Lee et al., 1996). However Sabour et al. (1997} and Panicke et
al. (2001) did not observe rclationship between the L/V polymorphism and milk
production. With respect to milk protein and fat contents no relationship was found
between GH genotypes and those traits (Lucy et al,, 1993). On the other hand the
latest study by Grochowska et al. (2001), performed on Polish HF cattle, revealed
significant differences in milk and protein yields in accordance with the L/V poly-
morphism with the LV genotype being superior to others. Moreover, the highest fat
vield was noticed for the LL homozygotes. Our results do not support these obser-
vations.

Extensive studies on the identification of quantifative trait loci (QTL) in the
bovine genome brought numerous reports indicating a tentative localisation of chro-
mosomal regions carrying genes influencing milk production. QTLs influencing milk,
fat and protein yields, localised close to the casein genes on the sixth chromosome
have been reported (Kuhn et al., 1999; Velmala et al., 1999). These findings are
supported by a report by Freyer et al. (1999) on the linkage between CSN3 locus
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and QTLs for fat and protein contents. However, up to date there has been no
report on any QTL identified on the bovine chromosome 19 carrying the GH tocus
(for review see Kuryi, 2000},

Contradictory results on the effect of the GH and CSN3 polymorphisms indi-
cate that the breed/population cffeet on the studied traits is predominant. Since
populations differ from each other with regard to gene pools and cnvironmental
conditions, thus variable effects of the analysed polymorphisms were estimated by
different authors, Tt was probably due to the action of other unknown gencs or/and
interactions between them. For instance, Brockmann et al. (2000) showed that the
obese phenotype in mice is caused by many gene interactions (IGFBP, IGF, leptin
genes). Thus it is proposcd that unknown interactions between both studied genes
(GH and CSN3} and the other ones may influence lactation traits differently in
different populations. Furthermore, A/B and L/V polymorphic forms do not exert
major effects on the milk production traits.

ACKNOWLEDGEMENTS

This study was supported by the Fundation for Polish Science (Scholar Grants
Programme, contract 13/2000).

REFERENCES

Alexander L.J., Steward A.F., MacKinlay A.G., Kapelinskaya T.V., Tkach T.M., Gerodetsky
T.M., 1988, Isolation and characterisation of the bovine kappa-casein gene. Eur. J. Biochem.
178, 395-401

Bovenhuis H., Van Arendonk LLAM., Korver S., 1992, Association between milk protein polymor-
phism and milk production traits. J. Anim. Sci. 75, 2549-2559

Braunschweig M., Hagger C., Stranzinger G., Puhan Z., 2000. Associations between casein haplotypes
and milk production traits of Swiss brown cattle. J. Dairy Sci. 83, 1387-1393

Breckmann G.A., Kratzsch J., Haley C.S., Renne U., Schwerin M., Karle S., 2000. Single QTL
effects, epistasis, and pleiotropy account for two-thirds of the phenotypic F(2) variance of
growth and cbesily in DU6i x DBA/2 mice, Genome Res, 10, 1941-1957

Freyer G., Liu Z.. Erhardt G., Panicke L., 1999. Casein polymorphism and relation between milk
production traits. J. Anim. Breed. Genet. 116, 87-97

Grochowska R., Sorensen P, Zwierzchowski L., Snochowski M., Lovendah! P, 2001. Genetic varia-
tion in stimulated GH release and in IGF-1 of young dairy cattle and their associations with the
leucing/valine polymorphism in the GH gene. J. Anim. Sci. 79, 470-476

Juszezak J., Erhardt G., Kuczaj M.. Zieminski R., Panicke L., 2001, Relations between genetic
variants of kappa-casein and bela-lactoglobulin and performance of Black and White and Polish
Red cattle. Arch. Tierz.-Arch. Anim. Breed. 44, 239-249

Kaminski S., 1996. Bavine kappa-casein (CASK) gene — motecular nature and application in dairy
cattle breeding. I. Appl. Genet. 37, 179-196



44 GENE POLYMORPHISMS AND MILK TRAITS IN CATTLE

Kaminski S., 2000. Associaticns between polymorphism within regulatory and coding fragments of
bovine kappa-casein gene and milk performance traits. J. Anim. Feed. Sci. 9, 435-446

Kuhn Ch., Freyer G., Weikard R., Golddammer T., Schwerin M., 1999. Detection of QTL for milk
productien traits in cattle by application of a specifically developed marker map of BTAG.
Anim. Genet. 30, 333-340

Kuryt J., 2000. The current state of rescarch on the quantitative traits loci in farm animals — a review.
Prace Mat. Zoot. 56, 7-50

Lechniak D., Machnik G., Szydlowski M., Switofiski M., 1999, Growth hormone gene polymor-
phism and reproductive performance of Al bulls. Theriogenclogy 52, 1145-1152

Lee B.K., Lin G.F,, Crocker B.A., Murtaugh M.P., Hansen L.B., Chester-Jones H., 1996. Assacia-
tions ol somatotropin {BST) gene polymorphism at the 3% exon with setection for milk yield in
Holstein cows, Domest. Anim, Endocrinol, 13, 373-381

Lien S, Gomez-Rayz L., Steine T., Fimland E., Rogne 8., 1995, Associations between casein haplotypes
and milk vield traits, J. Dairy Sci. 78, 2047-2036

Lien 5., Kantancn J., Olsaker 1., Holm LE., Eythorsdottir E., Sandberg K., Dalsgard B., Adalsteinsson
S.. 1999, Compatison of milk protein allele frequencies in Nordic cattle breeds. Armim. Genelt. 30,
85-91

Lucy M.C., Hauser 8.D., Eppard PJ., Krivi G.G.. Clark J.H.. Bauman D.E,, Collicr R.I., [993.
Variants of somatotropin in cattle: gene {requencies in major dairy breeds and assoctated mitk
production. Domest. Anim. Endocrinel. 10, 323-333

Mao I..L., Buttazzoni L.G., Aleandri R., 1992. Effects of polymorphic milk protein genes on mifk
yield and composition traits in Holstein eattle. Acta Agr. Scand. 42, 1-7

Ng-Kwai-Hang K.F.. Hayes I.LE, Moxley LE., Monardes H.G., 1991. Identification of k-casein
genotype in Holstein sires: a comparison between analysis of mitk samples from daughters and
direct analysis of semen samples from sires by polymerase chain reaction. J. Dairy Sci. 74, 2410-
2415

Panicke L., Citek J., Schmidt M., Rehout V., Ethardt G., Staulenbiel R., 2001, Enzyme activitics and
milk performance by clusters of growth hormone (GH) and f-casein (§-CN) in German Holsteins.
Czech J. Anim. Sci. 46, 202-208

Sabour M.P, Lin C.Y., Lee A.J., 1997. Association of genetic variants ol bovine growth hormone with
milk production traits in Holstein cattle. J. Anim. Breed. Genet. 114, 435-442

Seavey B.K., Singh R.N,, Lewis V.J., Geschwind L1, 1971. Bovine growth hormone: evidence for two
allelic forms. Biochem. Biophys. Res. Commun. 43, 189-195

Walawski N., Sowinski G., Czamik U., Zabolewicz T., 1994. Beta-lactoglobulin and kappa-casein
polymorphisin in relation to production traits and technological properties of milk in the herd of
Polish Black-and-White cows. Genet. Pol. 35, 93-108

Velmala R., Mantysaari E.A., Maki-Tanila A., 1995. Casein haplotypes and their associations with
milk production traits in the Finnish Ayrshire cattle. Anim. Genet. 26, 419-425

Velmala R.J., Viikki H.J., Elo K.T., de Koning D.J., Maki-Tanila A.V,, 1999, A search for quantitative
trait loci for milk production traits ¢n chromosome & in Finnish Ayrshire cattle. Anim. Genet. 30,
136-143

Zamecki A, Jagusiak W., Czaja H., Trela J., 2001. Sire evalvation for dairy production and type
traits. Annual Report, Research {nstitute of Animal Preduction (IZ} Krakdw, vol. 22, ISSN
0867-1249



LECHNIAK D. ET AL. 45

STRESZCZENIE

Wplyw pelimorfizmu genéw hormonu wzrostu (GH) i kappa kazeiny (CSN3) na produkeje
mleka u bydla

Przeprowadzono analize wplywu polimorfizmu genu hormonu wzrostu (L/V) oraz kappa-kaze-
iny (A/B) na produkcj¢ mleka u bydta. W badaniach wykorzystano oszacowane wartosci hodowlane
99 buhajow objgtych analizg dla nastgpujacych cech: wydajnos$¢ mleka, thuszezu i biatka oraz zawar-
to$¢ thiszezu i biatka w mleku. Ze wzgledu na matg liczebnos§é osobnikow w niektorych klasach
genotypowych, w analizie wykorzystano 4 genotypy dla jednego locus (LL, LV, AA i AB) oraz
4 genotypy uwzgledniajace oba loci (AALL, AALV, ABLL i ABLV). Warto$¢ hodowlana buhajéw
o genotypie AB byla istotnie wyzsza pod wzglgdem procentu thuszezu i biatka w mleku. Nie stwier-
dzono istotnych réznic migdzy genotypami w locus GH. Analiza zwigzku genotypow uwzglednia-
jacych oba loci odzwierciedlita tendencje obserwowana dla genotypow z uwzglednieniem jednego
locus. Istotnie wyzszy procent thuszczu w mleku przekazywaly potomstwu buhaje o genotypie
ABLYV, podczas gdy samce o genotypach ABLV 1 ABLL wyzszy procent biatka. W pracy przedysku-
towano niejednoznaczne wyniki dotychczasowych badan nad wplywem omawianego polimorfizmu
na produkcje mleka.



