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ABSTRACT

The Signal Transducer and Activator of Transcription 5A (STAT5A) gene involved in activating the
transcription of milk protein genes was predicted to be influencing milk production traits. The present
study was undertaken to investigate the suitability of the polymorphism of STAT5A as a marker for milk
traits in Ongole, crossbred cattle and Murrah buffaloes from Southern India. Blood samples (n 5 502) for
DNA isolation and milk samples (n 5 222) from different genetic groups were collected from various
farms. The gene variants upon polymerase chain reaction–restriction fragment length polymorphism (PCR-
RFLP) on the exon 7 region of STAT5A were subjected to GLM analysis to evaluate their association with
milk production traits. The frequencies of C and T alleles at the STAT5A/AvaI locus were 0.98 and 0.02
(Jersey crossbred), 0.94 and 0.06 [Holstein-Friesian (HF) crossbred], 0.97 and 0.03 (Ongole). T allele was
not observed in Murrah buffaloes. The least squares mean lactation milk yield of CC and CT genotypes of
STAT5A were 2,096.90 ± 48.63 and 2,294.41 ± 215.85kg in Jersey crossbred, 2,312.92 ± 91.01 and 2,392.82
± 207.66 kg in HF crossbred and 528.40 ± 22.10 and 396.37 ± 76.17 kg in Ongole cattle, respectively. The
milk fat content of the CC genotype was higher (P > 0.05) in Jersey crossbred cattle. The CT genotypes of
Ongole and HF crossbred cattle recorded a higher fat per cent than the CC genotypes. Significant asso-
ciations were not observed in support of STAT5A as a marker for milk production traits in either Ongole or
crossbred cattle of indicine admixture and no reason could be found to consider this locus as universal
markers for milk production traits in indicine cattle and buffaloes. Considering the monomorphic nature of
the gene in buffaloes and their higher milk fat content as compared to bovine milk, much remains to be
explored regarding the underlying differences across the bovine and the bubaline species.
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INTRODUCTION

Genetic improvement of indigenous cattle is an integral part of livestock policy towards the
increase in milk production, aiming at the protection, conservation and promotion of such
breeds. Indigenous cattle of India are highly resilient to heat and adaptive in the tropics, and few
of the native breeds are acclaimed around the world and have been used in developing different
genetic lines elsewhere (Sanders, 1980; FAO, 2006; Faria et al., 2009; Madalena et al., 2012;
Sutarno and Setyawan, 2016). The Ongole (Nelore) cattle breed is one of the familiar dual-
purpose breeds in peninsular India, known for its sturdiness, rusticity and adaptability. These
cattle were regarded as fair milk producers, yielding 432 ounces (∼12.8 L) of milk per day
(Shortt, 1889) and were considered as a good breed among the milking animals during the early
1900s (Littlewood, 1936). A shift in the selection priorities of traditional breeders towards the
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appearance and gait of these cattle, domestic preferences for
buffalo milk, and indiscriminate cross-breeding are a few of
the factors that have led to the decline of milk line in this
breed. In India, buffalo milk constitutes about 49.2 per cent of
total milk production (Report, 2017) and it is the preferred
source of milk due to its taste and higher fat content; thus, it is
fetching higher prices at the market. However, over the years
buffaloes have received relatively little attention and much of
their genetic potential is yet to be exploited.

The rapid improvement in traits of economic impor-
tance in livestock species embarks on identification of the
underlying genes and their polymorphisms. Over the
previous decades many candidate genes with different
functions in metabolism, including Signal Transducer
and Activator of Transcription 5A (STAT5A), have been
proposed as affecting milk yield and composition in dairy
cattle (Ogorevc et al., 2009). Since STATs are factors that
mediate transcription of milk proteins in response to
prolactin (Wakao et al., 1994) and are involved in the
lactogenic hormone response, the genes coding for these
proteins are supposed to influence milk protein and milk
production traits in cattle and buffaloes. Polymorphisms
in STAT5A were previously shown to be associated with

milk production traits in certain genetic groups of cattle
(Selvaggi et al., 2009; He et al., 2012). However, such
studies on Zebu cattle in the tropics and subtropical
habitats were scanty. Replication of the reported associ-
ations in an independent population is vital to validate
the claim of candidate genes. Owing to the physiological
role of the STAT5A gene, the present study was con-
ducted to determine the polymorphisms and their asso-
ciation with milk production traits in different bovine
genetic groups that are popular in Southern India. The
geographical area examined in the study includes the
Southern plateau region, the East coast plain and hill
region and the West coast plain and hill region. These
regions are affected by different agro-climatic conditions
as shown in Fig. 1.

MATERIALS AND METHODS

Ethics approval

This study did not involve any animal testing or experi-
mental studies with animals and was approved by the

Fig. 1. The sampled bovine population across different agro-climatic regions of Southern India. Climatic zones (Koeppen's classification):
Aw – tropical savanna type, BShw – steppe climate, Amw – monsoon type with short dry season, As –monsoon with dry season in summer.

Cattle genetic groups: M – Murrah buffaloes, O – Ongole, JX – Jersey crossbred, HFX – Holstein-Friesian crossbred
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institutional competent authority (No. 389/PG/AGB/VCRI).
The blood samples were collected aseptically from live ani-
mals after the written informed consent from the rightful
owners of the animals by a qualified veterinarian following
all applicable guidelines for the care and use of animals.

The animals utilised in the present study were neither
procured nor housed for any specific experimentation but
were approached in their rearing habitat. The blood samples
(5mL) were collected aseptically from the jugular vein of
each animal at the barn. Whole blood samples (n 5 502)
from the unrelated individuals belonging to Ongole (Nelore)
(135), Holstein-Friesian crossbred (114) and Jersey cross-
bred (96) cattle, and Murrah buffaloes (157) reared in
different organised farms of Tamil Nadu, Andhra Pradesh
and Kerala states across Southern India (Fig. 1) were used
for genomic DNA isolation (Miller et al., 1988). The native
cattle breeds of the area are low or moderate milk producers
and are either dual (milk and draft) or draft purpose,
compared to the breeds with their home tract in the
Northern part of the country. The cattle included in the
study were from an inter-se mated crossbred population that
resulted from using half-bred bull semen following the
National Cattle Breeding Policy. A previously identified
PCR-RFLP marker on STAT5A-exon 7 (C→T) (Flisikowski
et al., 2003) was chosen and the genomic region was
amplified by modifying the protocol and performing PCR in
a reaction volume of 15 mL comprised of PCR mastermix (2x
Taq Master Mix Red, Amplicon, Denmark) along with
5 pmol each of forward and reverse primer. The cycling
conditions for STAT5A amplification included denaturation
at 94 8C/2min, followed by 34 cycles: 94 8C/1min, 60 8C/
1min, and 72 8C/1min. The final extension was 72 8C/3min.
The amplicon of each sample (10mL) was digested with 10
units of AvaI (Eco 881) for 6 h, 37 8C to genotype each an-
imal with respect to STAT5A. All the digested samples were
electrophoresed in agarose gel (Himedia, India) and visual-
ised with Gel Doc� XRþ (Biorad, USA) to determine ge-
notypes. Evaluation of Hardy–Weinberg equilibrium was
performed using the POPGENE 32 (Version 1.32) program
by Yeh et al. (2006). The amplicons exhibiting RFLP were
further confirmed by sequence-based typing (PCR-SBT) and
the sequence variations were compared by Multiple
Sequence Alignment Software (DNASTAR, USA). The
Neighbour-Joining phylogenetic tree was constructed using
the MEGAX program (Kumar et al., 2018).

Out of the total number of animals that were sampled for
DNA isolation, milk samples were collected from 222 ani-
mals that were in lactation at the time of blood sample
collection. Fat, protein, lactose and solids not fat (SNF)
contents of milk were determined in fresh samples using
Lactoscan SL 30, MB Ver.60 (Ktpl Instruments, India) for
association studies. The data on lactation milk yield was
collected from the registers maintained at the farms. Addi-
tional information on parity, farm location, and lactation
milk yield was also collected. Adjustment for the seasonal
influences was imperative, so the months were grouped into
four seasons to have less intra-group differences than be-
tween the groups (Winter: January–February; Summer:

March–May; South-West Monsoon: June–September;
North-East Monsoon: October–December). The lactations
were grouped into three stages: 5–90 days (1), 91–180 days
(2), and 181 days and above (3).

Evaluation of the effect of polymorphic variants of the
STAT5A on lactation milk yield was performed using the
General Linear Model procedure (SPSS Statistics base 17)
with the following model for lactation milk yield: Yijklm 5 m
þ fi þsj þ pk þ gl þ (g x p)lk þ eijklm, where, Yijklm 5 the
mth observation of ith farm, jth season, kth parity, lth genotype
and interaction of lth genotype3 kth parity, m 5 overall
mean, fi 5 fixed effect of ith Farm, sj 5 random effect of jth

season, pk 5 effect of kth parity, gl 5 effect of lth genotype, (g
x p)lk 5 effect of interaction of lth genotype and kth parity,
eijklm 5 random errors, assumed to be NID (O, σ2e). The
model employed for the analysis of milk constituents was
Yijkl 5 m þ fi þpj þ sk þ gl þ (g x p)lk þ eijkl, where, Yijklm

5 analysed trait, m 5 overall mean, fi 5 fixed effect of ith

farm, pj 5 effect of jth parity on the test day, sk 5 effect of jth

stage of lactation, gl 5 effect of lth genotype, (g x p)lj 5 effect
of interaction of lth genotype and jth parity, eijkl 5 random
errors, assumed to be NID (0, σ2e).

RESULTS

Polymorphism and population indices

The DNA fragment of the STAT5A (215 bp) gene in all the
three genetic groups was amplified and the polymorphisms
observed upon RFLP (Fig. 2). STAT5A/AvaI digestion
resulted in the C allele, restricted by the enzyme into a single
position (181 bp), while the T allele remains uncut due to the
modification of the restriction enzyme site through the C→T
substitution. Typing allelic variation on Ongole, Jersey
crossbred and Holstein-Friesian (HF) crossbred cattle resul-
ted in only two genotypes for the C/T polymorphism, viz. CT
and CC. Abundance of the CC genotype and absence of the
TT genotype was observed in all the genetic groups of cattle.
The gene frequency of the C allele was 0.98 in Jersey cross-
bred, 0.94 in HF crossbred and 0.97 in Ongole (Table 1).

The analysis on STAT5A loci revealed that the present
populations were consistent with the Hardy–Weinberg
equilibrium (P > 0.05). The difference in genotypic fre-
quencies between the cattle genetic groups (Table 2) was
significant for the polymorphisms at the STAT5A/AvaI lo-
cus. Jersey crossbred differed (P < 0.05) from the HF
crossbred and Ongole, where the differences were not sig-
nificant (P > 0.05) for the HF crossbred with the Ongole
breed and also, the allele frequencies of both crossbred cattle
did not differ significantly from those of the Ongole breed
(P > 0.05). The distribution of STAT5A genotypic fre-
quencies in all the genetic groups studied revealed hetero-
zygosity values almost equal to the expected heterozygosity
(Table 3). The genetic diversity analysis in the examined
populations demonstrated that the Jersey crossbred had the
highest homozygosity with respect to STAT5A loci (0.969)
and a low PIC (0.038).
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Sequence analysis

The PCR amplicons pertaining to different genotypes were
subjected to sequencing. After submission of the sequences

to GenBank, accession numbers were obtained for various
genotypes of STAT5A (Ongole: KJ461324.1 and KJ461325.1,
crossbred cattle: KM052367.1 to KM052370.1, Murrah
buffalo: KM052371.1). A dinucleotide substitution of

Table 1. Distribution of genotypes and allele frequencies at the STAT5A/AvaI locus in cattle and buffaloes

Breed/Group
Number of
animals (n)

Observed genotypic frequency
Allele

frequency Expected genotype frequency c2

value
P

valueCC CT TT C T CC CT TT

Jersey
crossbred

96 0.97 (93) 0.03 (3) 0 0.98 0.02 0.97 (93.02) 0.03 (2.96) 0 (0.02) 0.02NS 0.90

Holstein-
Friesian
crossbred

114 0.88 (100) 0.12 (14) 0 0.94 0.06 0.88 (100.40) 0.12 (13.20) 0 (0.40) 0.45NS 0.50

Ongole 135 0.95 (128) 0.05 (7) 0 0.97 0.03 0.95 (128.08) 0.05 (6.84) 0 (0.08) 0.08NS 0.78
Murrah
buffalo

157 1.0 (157) 0 0 1 0 – – – – –

Figures in parentheses are the number of animals, NS: Not significant (P > 0.05).

Fig. 2. RFLP pattern of the STAT5A/AvaI gene in cattle and buffaloes. (a) Jersey crossbred, (b) Holstein-Friesian crossbred, (c) Ongole cattle,
(d) Murrah buffaloes. Genotypes: TT (215 bp), CT (215, 181 and 34 bp) and CC (181 and 34 bp); M: 50 bp DNA marker (a & b), M: 100 bp

DNA marker (c & d), NC: negative control
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CT>GC at 6,852 and 6,853 was observed in all the native and
crossbred cattle and buffalo populations from the subcon-
tinent. An additional SNP (G>T) at three nucleotides up-
stream of the AvaI restriction site in all the animals, and
(C>T) at nine nucleotides upstream was observed in cross-
bred cattle and buffaloes, but not in the Zebu cattle.

Association of polymorphism with milk production
traits

Milk yield. The least-squares mean of lactation milk yields in
different genetic groups of cattle after adjusting for the effects of
farm, season and parity are presented in Table 4. Among the
factors studied, only the location of farm had a significant effect
(P < 0.05) on lactation milk yield. Since no TT genotype was
observed at the STAT5A locus in any of the genetic groups
studied, only CC and CT were included in the association
analysis. The mean milk yields of CC and CT genotypes were
2,096.90 ± 48.63 and 2,294.41 ± 215.85 kg in the Jersey cross-
bred. The mean milk yields over all the three lactations in the HF
crossbred were 2,312.92 ± 91.01 and 2,392.82 ± 207.66kg for
the CC and CT genotypes, respectively. Although the average
milk yield of the CT genotypes was higher than that of the CC
genotypes, the differences were not significant (P > 0.05).

Milk composition. The least-squares mean for the milk
constituents of STAT5A genotypes of Jersey crossbred (72),

HF crossbred (50) and Ongole (62) cattle are presented in
Table 5. The fat, SNF, protein and lactose content of milk of
the CC genotype is higher (4.31 ± 0.39, 8.94 ± 0.14, 3.27 ±
0.05 and 4.90 ± 0.08%, respectively) than those of the CT
genotype in Jersey crossbred cattle, whereas the CT geno-
types showed higher values in the HF crossbred. In Ongole
cows, the values of CC and CT were almost similar except for
fat content, where CT genotypes recorded a higher fat per-
centage (4.36 ± 0.58) than CC genotypes (3.52 ± 0.17). The
differences were not significant for any of the milk constit-
uents (P > 0.05). In the present study, differences were not
significant in fat, SNF, protein and lactose contents between
the CC and CT genotypes in either the Jersey crossbred or
the HF crossbred.

DISCUSSION

The C→T substitution in exon 7 was determined previously
by Dario et al. (2009) in Italian Friesian, Jersey and Podolica
breeds, by Sadeghi et al. (2009) in Iranian Holstein, by
Selvaggi et al. (2009) in Italian Brown and Romanian
Simmental, by Kmiec et al. (2010) in Holstein and by Dario
and Selvaggi (2011) in Jersey cattle. In conformity with the
present observation in Zebu cattle and their crosses, TT
genotypes were not reported in dairy breeds of Iranian
Holstein bulls and Polish Holstein-Friesian by Sadeghi et al.
(2009), Bao et al. (2010) and Kmiec et al. (2010). The

Table 2. Genetic distance based on genotypic and allelic frequencies at the STAT5A/AvaI locus

Breed

STAT5A/AvaI locus

Jersey crossbred Holstein-Friesian crossbred Ongole

Jersey cross – 5.87* (P < 0.02) 4.03* (P < 0.04)
HF cross 5.62* (P < 0.01) – 0.58 (P < 0.45)
Ongole 2.192 (P < 0.14) 0.797 (P < 0.37) –

Above the diagonal: c2 (P value) for differences in genotypic frequencies (df 5 2) between the two breeds.
Below the diagonal: c2 (P value) for differences in allelic frequencies (df 5 1) between the two breeds.
* Significant difference (P < 0.05), ** Significant difference (P < 0.001).

Table 3. Heterozygosity statistics and genetic diversity at the STAT5A locus

Breed Gene
Observed

homozygosity
Observed

heterozygosity
Expected

homozygosity
Expected

heterozygosity Ne PIC FIS

Jersey crossbred STAT5A 0.9688 0.0312 0.9691 0.0309 1.03 0.038 –0.0159
Holstein-Friesian
crossbred

STAT5A 0.8772 0.1228 0.8842 0.1158 1.13 0.106 –0.0654

Ongole STAT5A 0.9481 0.0519 0.9493 0.0507 1.05 0.057 –0.027

Ne 5 effective number of alleles; PIC 5 polymorphic information content; FIS 5 fixation index.

Table 4. Least-squares mean (±SE) of lactation milk yield (kg) in different genetic groups of cattle for STAT5A genotypes

n Jersey crossbred n Holstein-Friesian crossbred n Ongole

Overall mean 2,195.66 ± 110.50 2,352.0 ± 117.93 462.38 ± 39.83
CC 139 2,096.91 ± 48.63 121 2,312.92 ± 91.01 142 528.40 ± 22.10
CT 6 2,294.41 ± 215.85 20 2,392.82 ± 207.66 12 396.37 ± 76.17

n 5 number of observations. Means with at least one common superscript within classes do not differ significantly (P > 0.05).
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absence of the TT genotype in the studied populations which
were reared for milking purpose concurs with their obser-
vations. However, some of the cattle reared for meat pur-
pose, i.e. Charolaise, Limousine and Red Angus, Hereford
and Simmental, were also without the TT genotype (Flisi-
kowski et al., 2003). Contrary to the present findings, Dario
et al. (2009) reported the absence of the CC genotype in
Italian Friesian. Much lower allele frequencies of C were
observed in Anatolian cattle native to Turkey (Arslan et al.,
2015). The differences in the allele frequency between the
populations investigated and those reported by other au-
thors could be due to inter-crossing through artificial
insemination of Bos taurus with indigenous cattle in the
subcontinent.

The analysis of data from Ongole cattle revealed that the
C and T allele frequencies were 0.97 and 0.03, respectively.
No studies of STAT5A polymorphism in Bos indicus breeds
could be found in the available literature except for that of
Flisikowski et al. (2005) who studied polymorphism at a
locus in exon 1 in Dwarf Zebu of Sri Lankan origin and
reported fixation of the A allele at –226 position. However,
polymorphism in a different exon was reported in Zebu
cattle from Sudan by Hummeda et al. (2014). Fixation of
allele C was reported (Paramitasari et al., 2015) in Bali cattle
(B. javanicus) indigenous to Indonesia, which share a
common phenotype with the B. indicus breeds in having a
hump.

In Murrah buffaloes, the restriction enzyme digestion on
STAT5A exon 7 yielded no polymorphic pattern and only
the undigested product representing the CC genotype was
observed in the analysed herds. The C allele was fixed in the
population of the Murrah. A similar observation was re-
ported in Anatolian buffaloes by Daldaban et al. (2020). No
studies of STAT5A polymorphism at this locus in buffaloes
of Indian origin could be found in the literature. SNPs in
other regions of STAT5A than the presently studied exon 7
were reported in Binlangjiang and Italian buffaloes (Min
et al., 2013; Coizet et al., 2018).

The genotype frequency of Jersey crossbred cows
significantly differed (P < 0.05) from that of HF crossbred
and Ongole, but the differences in genotype and allelic fre-
quency were not significant (P > 0.05) between the HF
crossbred and the Ongole breed (Table 2). The differences
between the Jersey crossbred and the HF crossbred suggest a
significant effect of breed selection on molecular character-
istics of the STAT5A gene. The present values (PIC <0.25)
are indicative of a good homologous state of Jersey crossbred
cattle. The HF crossbred (PIC 5 0.106) could be considered
as a reliable source of genetic variability for STAT5A
(Table 3).

The sequences of STAT5A of the different genetic groups
of the present study were aligned, annotated and multiple
sequence analysis was performed with the sequence available
(AJ237937.1) in GenBank for SNP detection. A substitution
C→T at position 6,853 within exon 7 was reported earlier
(Flisikowski et al., 2003; Selvaggi et al., 2009) in taurine
cattle. However, the same was not observed in any of the
examined genetic groups. Interestingly, compared to the
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reference sequence and those available in dbSNP from
Ensembl a dinucleotide substitution of CT>GC at 6,852 and
6,853 was observed in all the native and crossbred cattle and
buffaloes included in the study (Fig. 3). The SNP (C>T) at
nine nucleotides upstream was observed in crossbred cattle
and buffaloes but not in Zebu cattle. A variation, G→C
transfusion (rs715052038) at 32 nucleotides downstream
was observed in Ongole cattle. The absence of C>T and the
presence of G>C is unique to Ongole cattle. These differ-
ences were also reflected in the phylogenetic tree (Fig. 4),
each genetic group reflecting in a single clade showing a
monophyletic group of Ongole, Jersey crossbred and HF
crossbred. Separation of a clade of HF crossbred from
Ongole sequence may be due to the admixture of Ongole
cattle with cattle of Holstein-Friesian origin that could be a
result of probable indiscriminate crossbreeding (Basu, 2009;
Manomohan et al., 2021).

In the present study, the milk yield of CT genotypes was
superior to that of the CC genotypes by 197.51 kg in Jersey
crossbred and 79.9 kg in HF crossbred. A similar observation
of higher yields by CT genotype was reported by Flisikowski
et al. (2004) in Polish Friesian cows; however, that com-
parison was made with TT genotypes as no CC genotypes
were observed in their study. Contrarily, Selvaggi et al.
(2009) and Dario and Selvaggi (2011) reported significantly
higher milk yield by CC genotypes than CT genotypes in
Italian Brown and Jersey breeds, respectively. The non-
significantly higher milk yield by CT genotypes than CC in
the present study was in agreement with reports on taurine

cattle by Sadeghi et al. (2009), Kmiec et al. (2010) and He
et al. (2012). Contrary to the observations in crossbred
cattle, the average milk yield of CC genotype was higher than
that of the CT genotype in Ongole cows, but the differences
were not significant (P > 0.05). The corresponding values
were 528.40 ± 22.10 and 396.37 ± 76.17 kg, respectively.
Taken together, from these results it appears that the ge-
notypes do not have a significant effect on milk yield in
either crossbred or Ongole cattle. The milk yield in Murrah
buffaloes in the first three lactations was found to be
1,737.96 ± 65.55, 1,910.64 ± 55.09 and 1,984.17 ± 137.22,
respectively. Since Murrah buffaloes are monomorphic at
the investigated loci, an association analysis was not per-
formed.

The higher fat, SNF and protein per cent for CC geno-
types in Jersey crossbred cattle is in agreement with the
reports of Sadeghi et al. (2009), Kmiec et al. (2010), Dario
and Selvaggi (2011) and Bao et al. (2010), who reported a
non-significantly higher value for CC genotypes for this trait.
However, Selvaggi et al. (2009) reported significant effects of
genotype on these traits. The non-significantly (P > 0.05)
higher value of lactose content for the CC genotype observed
in the study was in accordance with the findings of Dario
and Selvaggi (2011). They reported that CC cows produced
more milk than CT cows and the protein content was higher,
whereas in the present study the CT genotype had a higher
lactation milk yield in both crossbred populations. Brym
et al. (2004) reported a significant influence of the SNP in
intron 9 of the STAT5A gene on milk fat and milk protein

Fig. 3. Variations in STAT5A nucleotide sequence compared with the reference sequence
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percentage in Jersey cattle. Regarding most of the milk
constituent percentages of CC and CT in Ongole cattle, no
significant inferences could be drawn by comparing the
genotypes because the values were almost similar except for
the fat per cent. Nevertheless, the superiority of allele C over
T could not be significantly established due to the absence of
TT genotypes in all the studied genetic groups and could not
be included in the statistical analysis for an accurate esti-
mation due to the relatively small number of the sampled
animals. In Murrah buffaloes (n 5 38) the milk fat, protein,
SNF and lactose content was 6.52 ± 0.40, 3.47 ± 0.05, 9.29 ±
0.14 and 4.93 ± 0.08%, respectively.

Milk protein gene expression in mammary epithelial cells
is regulated by the action of prolactin mediated through the
STAT5A protein. The exon 7, together with exons 8–12,
codes for amino acids 250–480 of the STAT5A molecule in
the DNA-binding domain responsible for binding to pro-
moters of target genes (Pellegrini and Dusanter-Fourt,
1997). Mutations in this region might result in changes in
the transactivation properties of the STAT5A protein, and
thus influence the level of expression of the genes. The PCR-
RFLP variant studied in the present study is a synonymous

variant. Hence, the mutation might not have involved
changes in the transactivation properties of the STAT5A
gene. The association observed in the earlier studies could be
a linked association to SNP at other loci rather than a direct
effect.

The differences observed in the present study from those
of the previous studies could be due to the populations in
question that are bred under different conditions and for
different purposes, and also might be due to differences in
the factors incorporated in the model for analysis. Uniform
selective pressure on different breeds, for milk and meat
production traits, can result in changes in allele frequency in
other genomic regions due to polygenic influence and also
the pleiotropy that cannot be ignored. The present study
could not find a reason to consider this locus as a universal
marker for milk production traits in the indicine cattle and
buffaloes. Each breed retains a unique signature of its se-
lection history and it can be understood that for the dual-
purpose breeds, strong selection has not been performed on
either milk or beef traits. Considering the monomorphic
nature of the gene in buffaloes and their higher milk fat
content compared to cattle, much remains to be explored

Fig. 4. Phylogenetic tree analyses of the STAT5A exon 7 of zebu, taurine crossbred cattle and buffalo
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regarding the underlying differences across the bovine and
the bubaline species.
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