Association of bGH and Pit-1 gene variants with milk
production traits in dairy Gyr bulls
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Abstract — The objective of this study was to obtain genetic marker information in the Gyr breed by analyzing
bGH and Pit-1 gene polymorphisms and to verify their association with milk production traits. One sample
including 40 Gyr bulls were genotyped at two bGH gene restriction sites (bGH- Alul and bGH-Mspl) and at one
restriction sitein the Pit-1 gene (Pit-1 Hinfl). The bGH-Mspl (-) allele was favorable for fat milk percentage. The
heterozigous Pit-1 Hinfl (+/-) bulls were superior for fat milk production, in relation to homozigous Pit-1 Hinfl
(+/+). The Pit-1 and bGH genes are strong candidates in the dairy cattle QTL search, and zebuine populations
are promising samples for this purpose.

Index terms: dairy cattle, genetic markers, polymorphism, zebu.

Associacao dos variantes dos genes bGH e Pit-1 com caracteristicas
de producdo leiteiraem touros Gir leiteiro

Resumo — O objetivo deste estudo foi obter informagdes dos marcadores genéticos naraca Gir pela andlise dos
polimorfismos nos genes bGH e Pit-1, e verificar suas associagdes com caracteristicas de producdo leiteira. Uma
amostra de 40 touros da raga Gir foi genotipada, nos dois sitios de restricdo no gene bGH (bGH-Alul e
bGH-Mspl) e em um sitio de restri¢do no gene Pit-1 (Pit-1 Hinfl). O alelo bGH-Mspl (-) favoreceu a porcentagem
de gordura no leite. Os touros heterozigotos Pit-1 Hinfl (+/-) foram superiores quanto a producgéo de gordura no
leite, em relagdo aos homozigotos Pit-1 Hinfl (+/+). Os genes Pit-1 e bGH s8o fortes candidatos a pesquisa de

QTLs em ragas leiteiras e popul agdes zebuinas representam uma amostra promissora para esse propdsito.

Termos paraindexacdo: gado leiteiro, marcador genético, polimorfismo, zebu.

I ntroduction

The bovine growth hormone (bGH) is a polypeptide
of 191 amino acids and its role in growth, lactation, and
mammary gland development has been extensively
studied (Etherton & Bauman, 1998). The galactopoietic
effect of bGH can be explained by itsdirect involvement
in many tissues and metabolism adaptationin al nutrient
classes. Furthermore, in amanner thought to be mediated
by theinsulin-like growth factor system, it also indirectly
affects the mammary gland (Bauman, 1999). The bGH
gene is considered an attractive candidate gene for use
as a beef and milk production marker due to itsrole in
galactopoietic metabolism and the growth process.
A considerable number of studies seeking an association
between variants of this gene and productive traits has
beenreported (Hgj et al., 1993; Lucy et al., 1993; Lagzid
et al., 1996, 1999).

The pituitary transcription factor (Pit-1) is the cell-
specific transcription factor for activating expression of
the prolactin, thyrotropin, and GH genes in the anterior
pituitary gland (Tuggle & Trenkle, 1996). Bovine Pit-1
is a 291 amino acid protein with DNA-binding POU
domain. This gene is another candidate for milk
production marker because of its role in regulating
expression of bGH and the prolactin genes.

The Brazilian herd composition is unique, i.e.,
importation of several taurine and zebuine breeds has
occurred on a wide scale and consequently a great
number of crossbred and synthetic breed animals has
emerged. Zebuine breed populations constitute an
interesting field for genetic studies since they present
traits very different from those of the taurine breed.

The objective of thisstudy wasto contributeto marker
geneinformation about the Gyr breed by analyzing bGH
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and Pit-1 gene polymorphisms and to verify their
association with milk production traits.

Material and Methods

A total of 40 Gyr sires evaluated for their genetic
merit for milk fat, protein production, and milk composition
based on daughter’s performance were used. The
animals were from the Progeny Test Programs, the
National Sire Evaluation of the Dairy Gyr (Martinezet d.,
1999). Predicted transmitting abilities (PTA) were
estimated considering only sires having at least five
daughters.

Genomic DNA from semen was prepared according to
standard protocol (Zadworny & Kuhnlein, 1990). The PCR
reactions contained 100 ng DNA, 1 nM each primer,
200 nM each dN'TR, 1.0 unit of Tag polymerase, and PCR
buffer (TrisHCl 10 mM pH 8.3 with 25 mM MgCl,,
50 mM KCI, and 0.1 mg/mL of bovine serum
albumin). The primer sequence used for the
bGH Alul stewas P: GCTGCTCCTGAGGGCCCTTCG
(Schlee et d., 1994a) and P,;: GCGGCGGCACTTCA
TGACCCT (Schlee etal., 1994b); for the
bGH Mspl site, the sequence was. P;: AGAATGAG
GCCCAGCAGAAAT (Hgj etd., 1993); P, GCGGCG
GCACTTCATGACCCT (Schlee et d., 1994b); for the
Pit-1 Hinfl ste: P;: CAATGAGAAAGTTGGTGC; and
P,: TCTGCATTCGAGATGCTC (Moody et a., 1995).
Amplification programs were 2 cycles of 94°C (2 min),
62°C (1 min), and 72°C (2 min); 2 cycles of 94°C
(1 min), 62°C (1 min), and 72°C (2 min), followed by 25
cycles of 94°C (45 sec), 60°C (45 sec), and 72°C (45 sec)
for the bGH Alul site; 5 cycles of 94°C (2 min), 60°C
(1 min), and 72°C (2 min), followed by 25 cycles of 94°C
(1 min), 58°C (1 min), and 72°C (1 min 20 sec) for the
bGH Mspl site. For the Pit-1 Hinfl site, the program
described by Moody et a. (1995) was used.

The PCR product (20 pL) was digested by restriction
enzyme: eight units of Alul, or eight units of Mspl, or 4
units of Hinfl as described by the manufacturer.
Following digestion, the samples were electrophoresed
through a 3% low melting agarose gel.

Genetic effect of the genotypes (Alul, Mspl loci of
the bGH gene and Hinfl locus of the Pit-1 gene) on milk
and fat production was estimated using the daughter yield
deviation (DYD). The DYD is the average yield of the
daughter of each bull adjusted to non genetic effects
(herd, year-season of calving and age at calving). It was
caculated as DYD =2~ PTA/REL, where PTA is the
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sire’s predicted transmitting ability estimated using an
animal model, and REL istherdliability of thesire SPTA.
The anima model included the fixed effects of herd-
year-season, age at calving and daughter’s genetic
composition, besides animal random effects and error.
All the available pedigree information was used to
generate the rel ationship matrix. Only first lactation was
used to estimate sire’s PTA.

The statistical model was:
Yij=u+CG; + g,
where Yj; is the average DYD for each trait (milk, fat
production, fat percentages); U is the effect of the gene-
ral average; CG; is the fixed effect of genotype of
candidate gene (Alul or Mspl of bGH gene and Hinfl
of Pit-1 gene), and g; is the random error effect.
A weighted least square method was used to account
for the non homogeneous variance among genotypes.

Results and Discussion

The fragment amplified for identifying Mspl site
polymorphism (858 bp) contained three Mspl recognition
Sites, i.e., two monomorphics and one polymorphic. The
Mspl (+) phenotype was characterized after restriction
enzyme digestion by four fragments (~54, ~93, ~99 and
~612 bp) and the Mspl (-) phenotype by three fragments
(99, ~54, and ~705 bp). After digestion, the Alul
amplified fragment (~223 bp) revealed two aleles, i.e.,
V allele, without recognition site (~223 bp), and L dlele,
characterized by two fragments (~171 bp and ~52 bp).

As described previously by Moody et a. (1995), the
Pit-1 Hinfl amplified fragment (~1,355 bp) had two
monomorphics and one polymorphic Hinfl recognition
Sites. After digestion, it resulted in two aleles, Hinfl (+)
and Hinfl (-). Thelatter wasidentified by threefragments:
~270, ~425 and ~660 bp; and the former, by four
fragments:~270, ~385, ~660 and ~40 bp.

The Mspl (-) frequency was 0.81 (Table 1). Zebuine
breed bGH Mspl (-) frequencies are reported in the
literature, i.e., Sahiwal, 0.86 (Mitraet a., 1995); Brazilian
Nellore, 0.82; and Ongole, 1.00 (Lagzidl et al., 2000).
Taurine breeds, in contrast, have reported low Mspl (-)
allelefrequencies, i.e., Holstein breed, 0.26 (Zhang et al.,
1993); Angus, 0.14; Brown Carpathian of Ukraine, 0.26;
Hereford, 0.00; Jersey, 0.15; Limousin, 0.39 (Lagziel
et a., 2000), and Red Danish, 0.05 (Hgj et al., 1993). It
has been proposed that the Mspl (-) allele originated in
the Indian subcontinent because frequencies of thisallele
in relation to geographic origin of breeds shows a cline
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pattern, decreasing with distance from the Indian
subcontinent (Lagziel & Soller, 1999; Lagzid et al., 2000).

The Gyr sires were monomorphics in the Alul bGH
locus, indicating either that the L allele is fixed in this
population or that frequency may be too low to be
detected (Table 1). No previous information was found
about this allele in the Indian Gyr breed population.
However, a frequency of 0.04 for V allele has been
reported for the Sahiwal breed in India (Mitra et al.,
1995).

Frequency of alele Hinfl (-) of Pit-1 gene was 0.05
(Table 1). The value determined in the Gyr breed for
the present study can be classified as low when
compared with the allelic frequency range reported in
theliteraturefor Angus(0.45), Holstein (0.26), Hereford
(0.21) and Brahman (0.10) (Moody et a., 1995).

Estimates of candidate gene effect on milk, fat, protein
production, and fat and protein percentages, for each of
the two loci (bGH Mspl and Pit-1 Hinfl) analyzed are
presented in Table 2. The bGH Alul locus was not
analyzed because it was monomorphic.

A superiority of the Mspl (-) alele for fat percentage
(P<0.05) was observed. Thereisnoinformation reported
about association between bGH Mspl variants and fat
percentage. There are reports about Mspl(-) association
with fat production in both Red Danish and Norwegian
Red dairy cattle (Hgj et a., 1993) and protein percentage
in Isragli Holstein dairy cattle (Lagziel et a., 1999).

The notable bGH effect on milk production (Bauman,
1999) supports a possible direct effect of functional site
polymorphism at bGH locus. A conceivable mechanism
for Mspl site polymorphism effect in the present study
could berelated to thelocalization of thisMspl site, which

Table 1. Genotypic and allelic frequencies of bGH Mspl, bGH
Alul and Pit-1 Hinfl variantsin Gyr breed sires.

Genotype n Genotypic frequencies  Alldic frequencies

bGH-Mspl

++ 3 0.075 0.19(+)

+ - 9 0.225

- - 28 0.700 0.81(-)
bGH-Alul

LL 39 1.000 1.00(L)

Lv - -

\AY
Pit-1-Hinfl

++ 36 0.900 0.95(+)

+ 4 0.100

- - 0.05(-)

is located in the intron 111, near a transcription binding
site (Parmentier et al., 1999). However, if the bGH
Mspl (-) alele effect is limited to the Gyr breed, it
suggests a nonfunctional role of this site. One of the
explanation for the results obtained is that they may be
due to alinkage disequilibrium of afavorable locus and
the bGH Mspl (-) site. Another explanation is that a
coadaptation of the Mspl (-) alele to a set of zebuine
geneslimitsitseffect on fat yield to the zebuine genomic
background.

The heterozygotes Hinfl (+/-) sires were superior in
relation to the Hinfl (+/+) sires for fat production
(P<0.05). The Hinfl (-/-) genotype was not observed
because of the low Hinfl (-) allele frequency.

The Pit-1 Hinfl polymorphism in the Holstein breed
was investigated by Renaville et al. (1997). These
researchers used fixed and mixed linear models to fit
DYD and thus showed the superior effect of Hinfl (-)
allele on milk and protein yields, and negative effect on
fat percentage. Influence of this alele on fat yield was
not observed. An additional study (Parmentier et a., 1999)
demonstrated significant superiority of the Hinfl (-) alele
for milk and proteinyield, but an inferiority for fat yield.

Table 2. Daughter yield deviation (DY D) for milk, fat, protein
production and fat percentage of Gyr breed sireswith different
bGH and Pit-1 gene genotypes.

Trait Genotype Mean Standard error  Significance
level
bGH-Mspl
Milk (kg) ++ 58.7 434.3
+ - 166.1 735 ns
- 99.7 55.5
Fat (kg) ++ 2.4 13.2
+- 10.4 35 "
-- 7.1 19
Fat (kg) ++ 5.6 34
+- 19 20 P£0.05
- - 4.1 15
Pit-1-Hinfl
Milk (kg) ++ 90.3 420
+- 300.3 128.7 ns
Fat (kg) ++ 6.5 17
+- 16.6 4.0 P£0.05
Fat (kg) ++ 2.7 1.2

+- 4.6 13.6 ns

nsNo-significant.
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The results on fat yield in Gyr breed does not agree
with previous results reported for the Holstein breed
(Renaville et a., 1997; Parmentier et al., 1999). These
differences of Pit-1 Hinfl (-) alele effect between Gyr
breed and that observed in Holstein sires (Renavilleet d.,
1997) suggest a nonfunctional role for this variant. It is
possible that alinked functional locus, other than Pit-1,
affecting milk production isinvolved, whether in tighter
or looser linkage disequilibrium with Pit-1 Hinfl locus.
Another explanation is the existence of a different
genomic background effect. The long divergence
between B. taurus and B. indicus must have resulted
inseveral genomic differencesanditiscertainly possible
that the same variant presents different effects because
of different genomic background influences.

Further studies with daughter samples from
heterozygous sire can increase information concerning
the molecular event underlying the somatotropic axis
gene action and its effects on milk production traits.

Conclusions

1. In the Gyr breed sire population studied there are
associations of the bGH-Mspl and Pit-1 Hinfl variants
on fat percentage and fat yield, respectively.

2. The zebuine breed population is an interesting
source for QTL research because of their gene diversity
and variety of the gene effect.
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