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Introduction

Kaunas, Lithuania

ABSTRACT. The study analysed single nucleotide polymorphisms (SNP) of
the growth hormone (GH) (GH7-exon 5, 2141C>G, GH2-exon 5, 2291A>C,
GH3-intron 3, 1548C>T) and signal transducer and activator of transcription
5A (STAT5A) (exon 7, 6853C>T) in three beef cattle breeds (Angus, Charolais,
and Limousin; n = 124), and their association with productivity traits. Significant
associations were identified between the GH1 (2141C>G) polymorphism and
traits like daily weight gain and carcass weight, with the CC genotype showing the
most favourable effect. The AA genotype of the GH2 (2291A>C) polymorphism
and the CC genotype of the GH3 (1548C>T) polymorphism were the most
common and were associated with higher weight gain and improved carcass
characteristics. For the STAT5 gene, the CC genotype also demonstrated
a significant positive association with productivity traits. These findings highlight
the potential utility of these polymorphisms as genetic markers for beef cattle
selection. This study is the first to report on the frequency of these alleles and
their associations with productivity traits in beef cattle raised in Lithuania.

The growth hormone (GH) gene codes for
a bone and muscle development regulator that plays

Livestock productivity traits, such as meat yield,
growth rate, and milk production, are heritable and
genetically determined (Ribeca et al., 2014; Akgay
et al., 2020). Traditional improvement methods rely
on quantitative genetics using phenotypic data to
select animals with high genetic potential. This ap-
proach is most effective for highly heritable traits that
can be measured before reproductive age. Genomic
selection, on the other hand, employs genome-wide
molecular markers to predict the breeding value of
selection candidates (Pogorzelska-Przybylek et al.,
2018; Odzemir et al., 2018; Motmain et al., 2022;
Kostusiak et al., 2023).

a key role in postnatal somatic growth and skeletal
maturation. The GH gene is located on the auto-
some 19" chromosome (BTA19) of Bos taurus
(Kiyici et al., 2019). It is considered a candidate
gene for predicting growth, milk, and meat quality
traits in livestock (Omer et al., 2018; Akcay et al.,
2020). The signal transducer and activator of tran-
scription 5 (STAT5A4) gene encodes a key mediator
of GH signalling, activating target genes within the
somatotropic axis to promote cellular growth. The
gene is located on the 19" chromosome (BTA19) of
cattle (Kiyici et al., 2019). Given the dual role of
STATS in mediating prolactin and growth hormone
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effects, its gene has been proposed a potential quan-
titative trait locus for characteristics such as meat
yield and milk composition (Selvaggi et al., 2015;
Kiyici et al., 2019). The analyzed polymorphisms
offer valuable insights into marker-assisted selec-
tion (MAS) in beef cattle breeding. By identifying
genotypes associated with improved performance
traits, breeders can make more informed decisions
to accelerate genetic improvement in their herds.
To date, GH (2141C>G, 2291A>C, 1548C>T), and
STAT5A4 (6853C>T) polymorphisms have not been
studied in beef cattle raised in Lithuania, nor has
their association with productivity traits. Consid-
ering this, the present study focused on three most
popular high-value beef breeds in the country, i.e.,
Angus, Limousin, and Charolais, selected for their
rapid growth, high carcass yield, and meat qual-
ity. The aim of the present study was to analyse the
polymorphisms in the GH (2141C>G), (2291A>C),
(1548C>T), and STAT5A4 (6853C>T) genes in Lithu-
anian beef cattle, and to determine their association
with productivity traits.

Material and methods

The study was conducted following the method-
ology of the Law on the Welfare of Farm Animals of
the Republic of Lithuania and complied with Direc-
tive 2010/63/EU of the European Parliament and the
Council on the protection of animals used for sci-
entific purposes. All procedures involving animals
followed institutional guidelines for animal care
and use, and were approved by the Institutional Lo-
cal Ethics Committee (Approval No. 2024-BEC2-
1055).

The study was conducted at “Siluté¢ Breeding”
located in Armalénai village, Siluté district, south-
western Lithuania, between 2023 and 2024. “Siluté
Breeding” is the only licensed performance testing
station in Lithuania that evaluates the offspring of
purebred beef breed bulls based on growth perfor-
mance and carcass traits. In Lithuania, a continuous
evaluation of beef cattle sires is carried out using
the fattening performance of their male offspring to
determine the heritable productivity characteristics
of each sire. During the study period, animals for
performance testing were selected from farms lo-
cated in various regions of Lithuania. The selection
included male offspring (young bulls) of sires rep-
resenting the most popular beef cattle breeds in the
country, i.e., Charolais, Limousin, and Angus. A to-
tal of 10 sires were selected from each of the Cha-
rolais and Limousin breeds, and 11 sires from the

Angus breed. Four offspring were randomly select-
ed per sire. Genetic analysis involved 124 animals
(44 Angus, 40 Limousin, and 40 Charolais) using
hair follicle samples collected from bulls maintained
under uniform fattening conditions. The test bulls
were not castrated. Purebred bulls were selected
for control fattening at 210 days of age. Intermedi-
ate weighings were performed every three months.
Animal age (in days), full fattening period duration
(90-270 days), and daily weight gain (kg) were re-
corded at the Siluté control station. Hair samples
for genetic analysis were obtained from all animals,
while slaughter data and carcass quality parameters
(including chilled carcass weight in kg and muscle
development scores according to the EUROP classi-
fication system) were provided by participating pri-
vate slaughterhouses. All bulls included in the study
were classified as category A, indicating animals
up to 24 months of age. Prior to carcass chilling,
warm carcass weights were recorded. These were
subsequently adjusted by deducting 2% to calculate
chilled carcass weight. The EUROP scoring system
was used to assess both fat coverage and muscular
conformation, which directly influence carcass val-
uation within the European beef market.

Molecular genetic analysis was conducted at the
Dr. K. JanuSauskas Laboratory of Animal Genetics
of the Lithuanian University of Health Sciences. Bo-
vine genomic DNA was extracted from hair follicles
using the Chelex method (200 pl Chelex 100, 7.5 ul
DTT, 10.7 pl proteinase K), followed by 10-minute
inactivation step at 94 °C. DNA samples were stored
at 4 °C (Miceikien¢ et al., 2002). SNP genotyping
was conducted using the PCR-RFLP (polymerase
chain reaction-restriction fragment length polymor-
phism) technique, with primer sequences and ther-
mal cycling conditions provided in Table 1. A 404-
bp GH1 fragment was digested with A/ul restriction
enzyme, GH2 (404-bp) with Ddel (HpyF3I), and
a GH3 329-bp fragment with Mspl (Hpall). A 215-
bp STAT5A PCR product was digested with Aval
(Eco88I) restriction nuclease. Digestions were car-
ried out at 37 °C overnight (Miceikiené et al., 2002;
Omer et al., 2018). RFLP products were separated
by agarose gel electrophoresis using 3% gels for
STAT5A analysis and 2% gels for GH gene frag-
ments (Table 2).

Statistical analysis

Statistical analyses were conducted using IBM
SPSS Statistics, version 29.0.0.0 (241). Allele fre-
quencies for GH1, GH2, GH3, and STAT5A polymor-
phisms were determined by direct allele counting.
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Table 1. Primer sequences, amplified fragment sizes, and PCR conditions, for each SNP

Genes  SNP Sequence (5'—3') PCR profile Z(Z:E EEOdUCt References
GH1 Exon 5, 2141C>G  F: TAGGGGAGGGTGGAAAATGGA 94 °C 2 min 404 Silveira et al. (2008)
GH2 Exon 5, 2291A>C R: GACACCTACTCAGACAATGCG 94 °C 30s 40 cycles
59°C 80s
72°C 90s
72°C 5min
GH3 Intron 3, 1548C>T F: TAGGGGAGGGTGGAAAATGGA 95°C 2min 329 Sodhi et al. (2007)
R: GACACCTACTCAGACAATGCG 94°C 30s
60 °C 60s
72°C 60s
72°C 5 min
STAT5A  Exon7,6853C>T F: CTGCAGGGCTGTTCTGAGAG 95°C 2min  35cycles 215 Cosier et al.(2012)
R: GGTACCAGGACTGTAGCACAT 94°C 30s
60 °C 60s
72°C 60s
72°C 10 min

SNP - single-nucleotide polymorphism, PCR - polymerase chain reaction, GH1 — growth hormone (exon 5, 2141C>G), GH2 — growth hormone
(exon 5, 2291A>C), GH3 - growth hormone (intron 3, 1548C>T), STAT5A — signal transducer and activator of transcription 5 (exon 7, 6853C>T)

Table 2. Restriction endonucleases and RFLP fragment sizes for individual SNP genotypes

Genes SNP Restriction endonuclease Genotype Fragment size, bp
GH1 Exon 5, 2141C>G Alul cC 185, 131, 51, 37

GG 236,131, 37

CG 236, 185, 131, 51, 37
GH2 Exon 5, 2291A>C Ddel (HpyF3l) AA 192, 157, 45,9

cC 349,45,9

AC 349,192,157, 45,9
GH3 Intron 3, 1548C>T Mspl (Hpall) cC 224,105

TT 329

CT 329, 224, 105
STAT5A Exon 7, 6853C>T Aval (Eco88l) cC 181, 34

1T 215

CT 215,181, 34

SNP - single-nucleotide polymorphism, RFLP — restriction fragment length polymorphismGH? — growth hormone (exon 5, 2141C>G),
GH2 - growth hormone (exon 5, 2291A>C), GH3 - growth hormone (intron 3, 1548C>T), STAT5A - signal transducer and activator of

transcription 5 (exon 7, 6853C>T)

Data normality was verified using the Shapiro-Wilk
test. Means and standard errors of productivity traits
for each genotype were calculated. The effects of
genotype and breed were evaluated using the gen-
eral linear model, while pairwise comparisons were
performed using the post hoc LSD test. Association
between genotype and carcass characteristics (mus-
cularity and adiposity) were evaluated using the x2
test. The z-test with Bonferroni correction was ap-
plied to compare proportions. Differences were con-
sidered statistically significant at P < 0.05.

Results

The genotypic results and fragment size pat-
terns for the GHI (2141C>G), GH2 (2291A>C),
GH3 (1548C>T), and STAT5A (6853C>T) variants

after restriction enzyme digestion are presented in
Figure 1 and Table 2.

The C allele of GHI and A allele of GH2 were
more frequent than the G and C alleles, respectively,
in all three breeds. The CC genotype of the GHI
(Alul) polymorphic site was dominant in Charo-
lais (90%), Limousin (75%), and Angus (52%)
cattle. The heterozygous CG genotype was most
frequent in Angus (41%), which also showed the
highest G allele frequency (33%). The GG genotype
(7%) was detected only in the Angus breed. For
the GH2 (Ddel) polymorphism, the AA genotype
was most frequent in all breeds: Charolais (60%),
Angus (59%), and Limousin (50%). The AC geno-
type was more common in Angus (41%) compared
to Limousin (15%) and Charolais (30%). The CC
genotype was most frequent in Limousin (35%) and
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Figure 1. PCR-RFLP results for the GH1 (2141C>G) (A), GH2 (2291A>C) (B), GH3 (1548C>T) (C), and STAT5A (6853C>T) (D) polymoprhisms

GH1 - growth hormone (exon 5, 2141C>G), GH2 — growth hormone (exon 5, 2291A>C), GH3 — growth hormone (intron 3, 1548C>T),
STAT5A - signal transducer and activator of transcription 5A (exon 7, 6853C>T)

was not observed in Angus. Regarding the GH3
(Mspl) polymorphism, the CC genotype was the
most common in all breeds, i.e., Charolais (95%),
Angus (86%), and Limousin (75%). The CT geno-
type was most frequent in Limousin (20%) and least
in Charolais (5%), while the TT genotype appeared
only in Limousin (5%). The C allele frequency
was similar across breeds: Charolais (97%), Angus
(93%), and Limousin (85%). The frequency of the
C allele of the STAT5A gene was high and relatively
consistent in all studied bulls: Charolais (97%), An-
gus (93%), and Limousin (85%). The T allele was
found at low frequencies in Charolais (5%) and
Limousin (3%) breeds, but was more common in the
Angus breed (17%). The STAT5A CC genotype was
most frequent in all breeds: Limousin (95%), Cha-
rolais (90%), and Angus (66%). The TT genotype
was not detected in any of the animals, while the
CT genotype frequency was highest in Angus bulls
(34%) compared to Charolais (10%) and Limousin
(5%) bulls (Table 3).

Significant variation in average daily weight
gain (kg) during the fattening period (90-270 days)

was observed between GHI, GH2, GH3, and
STATS5A genotypes in Limousin bulls and the overall
beef cattle population (P < 0.05). No such variation
was detected in other breeds. In the Limousin breed,
animals with the CC genotype of the GHI SNP
showed a 25% higher average daily weight gain
compared to CG genotype animals. In the general
beef cattle population, the difference between
these genotypes was 5% (P < 0.05). The GH2 CC
genotype was associated with the highest growth
rates compared to AA genotypes in both Limousin
and general populations. GH3 genotype effects
were breed-specific, with Limousin TT genotype
bulls outperforming CC and CT genotypes by
24% and 21% respectively (P < 0.05). STATSA
CC genotype bulls showed significantly increased
growth, with Limousin CC individuals gaining 73%
more weight daily than CT counterparts, and a 13%
advantage population-wide (P < 0.05). Interbreed
comparisons revealed significant differences (P <
0.05) in daily weight gain (kg) between GHI1, GH2,
GH3, and STAT5A SNP genotypes. Charolais bulls
consistently showed the highest average daily gain
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Table 3. Genotypes and allele frequencies of STAT5 and GH genes polymorphisms in beef cattle breeds (Angus, Charolais, and Limousin)

Breed Angus Charolais Limousins
n=44 n=40 n=40
Genes Genotypes f?:;lj)ém? Qlljglr:acsyfre- ?::S;ﬂ? '::J:Irifyfre' f?::lita)r/\i?/ Alleles frequency
CcC 0.523 C (0.670) 0.900 C (0.950) 0.750 C (0.875)
GH1 (Alul) CG 0.409 G (0.330) 0.100 G (0.050) 0.250 G (0.125)
GG 0.068 0.000 0.000
AA 0.591 A(0.795) 0600 A(0.650)  0.500 A(0.575)
GH2 (Ddel) AC 0.409 C (0.205) 0.300 C (0.350) 0.150 C (0.425)
cC 0.000 0.100 0.350
CcC 0.864 C (0.932) 0.950 C (0.975) 0.750 C (0.850)
GH3 (Mspl) CT 0.136 T (0.068) 0.050 T (0.025) 0.200 T (0.150)
1T 0.000 0.000 0.050
CC 0.659 C (0.830) 0.900 C (0.950) 0.950 C (0.975)
STAT5A (Aval) CT 0.341 T(0.17) 0.100 T (0.050) 0.050 T (0.025)
1T 0.000 0.000 0.000

STAT5A - signal transducer and activator of transcription 5 (exon 7, 6853C>T), GH - growth hormone, GH7 - growth
hormone (exon 5, 2141C>G), GH2 - growth hormone (exon 5, 2291A>C), GH3 - growth hormone (intron 3, 1548C>T),

for all analysed genotypes. In contrast, Limousin
bulls had the lowest daily weight gain (kg) for
many of the gene variants compared to other breeds
(Table 4).

We evaluated differences in chilled carcass
weight (kg) of cattle between bull breeds and
GH and STAT5A polymorphisms. Significant
differences in chilled carcass weight were identified
between GHI genotypes in all breeds and the
general population (P < 0.05). The CC genotype
was associated with higher chilled carcass weight
compared to CG, with differences of 13% in Angus,
11% in Charolais, 15% in Limousin, and 29% in the

general population. For GH2 and GH3 genotypes,
no meaningful variation was observed in Charolais
and Limousin breeds; however, clear genotype-
related differences were found in Angus and the
general population, where AA (GH2) and CC
(GH3) genotypes were associated with improved
performance (P < 0.05). In contrast, bulls with the
GH3 TT genotype had lower chilled carcass weight
compared to CC/CT in the general population
(P < 0.05). For the STAT5A gene, significant
genotype-related differences in carcass weight were
found in Charolais and Limousin bulls. Bulls with
the CC genotype showed higher values than those

Table 4. Differences in average daily gain between breeds and genotypes of the analysed genes during the fattening period (90-270 days),

kg/day

Gene Genotype Overall Angus Charolais Limousins

GH1 (Alul) ccC 1.162 £ 0.0312 1.200 £ 0.047A 1.415 £ 0.0218 1.165 £ 0.026A2
CG 1.107 £ 0.034° 1.118 £ 0.043* 1.336 £ 0.0218 0.934 £0.097C*
GG 1.407 £ 0.02%® 1.265 + 0.109

GH2 (Ddel) AA 1.203 £ 0.0272 1.180 + 0.040* 1.381 £ 0.0208 1.021 + 0.046C?
AC 1.229 + 0.045° 1.135 £ 0.048* 1.536 + 0.095° 1.307 £ 0.072C®
cC 1.269 + 0.042° 1.416 £ 0.037% 1.144 + 0.051B°

GH3 (Mspl) cC 1.222 +0.022 1.173 £0.032* 1.409 + 0.0218 1.046 + 0.038C?
CT 1.213 £ 0.050 1.090 + 0.099 1.372 £ 0.002 1.266 + 0.051b
TT 1.383 £ 0.050 1.383 £ 0.050b

STAT5A (Aval)  CC 1.247 £ 0.0212 1.184 £ 0.040 1.415 £ 0.0218 1.135 + 0.030A°
CT 1.108 £ 0.054° 1.119 £ 0.046* 1.336 + 0.0218 0.657 £ 0.010C*

GH1 - growth hormone (exon 5, 2141C>G), GH2 — growth hormone (exon 5, 2291A>C), GH3 — growth hormone (intron 3, 1548C>T), STAT5A —
signal transducer and activator of transcription 5A (exon 7, 6853C>T); ® — different lowercase letters in columns (for each gene separately)
indicate statistically significant differences (P < 0.05); A8 — different uppercase letters in rows (between breeds) indicate statistically significant

differences (P < 0.05); data are presented as mean values + SEM
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with the CT genotype, with differences of 11% in
Charolais (P < 0.01), 6% in Limousin (P < 0.001),
and 17% in the general population (P < 0.01). No
significant differences were detected in Angus bulls.
Overall, chilled carcass weight differences were
associated with GHI1, GH2, GH3, and STAT5A SNP
genotypes (P < 0.05). Among the breeds studied,
Charolais bulls consistently achieved the highest
chilled carcass weight for all genotypes compared
to Angus and Limousin bulls (Table 5).

GH3 genotype effects were significant in Angus,
Charolais and the general population (P < 0.05),
with CC genotypes consistently scored as U class
carcasses, and CT/TT genotypes more frequently
categorised as R class. The carcasses of bulls with
the heterozygous GH2 AC genotype were mainly
classified in the lower R (good) conformation
class, while GH3 genotype analysis showed that
CC homozygotes were associated with U (very
good) class and CT/TT genotypes with R class

Table 5. Differences in average chilled carcass weight between breeds and genotypes of the analysed genes

Chilled carcass weight, kg

Gene Genotype Overall Angus Charolais Limousins

GH1 (Alul)  CC 4251 £11.23° 362.7 £ 9.66% 535.8 £ 5.61Ba 329.8 £ 5.58%
CG 329.0 £ 11.16° 320.8 + 7.69% 483.4 +7.25% 286.0 + 14.92%
GG 320.7 £17.73 320.7 £ 17.73%®

GH2 (Ddel)  AA 404.0 £ 11.87¢ 352.5 +9.06% 525.9 +6.518 324.6 + 11.74¢
AC 346.4 + 16.00° 316.8 £ 6.29% 539.1 + 24.86° 306.5 £ 2.32*
CcC 417.9 £22.922 537.0 £ 11.69* 315.8 £6.328

GH3 (Mspl)  CC 404.8 £ 10.15° 344.4 £ 6.84% 532.4 +5.828 319.6 + 8.16°
CT 333.2 £ 16.69° 306.6 £ 6.85% 496.0 £ 0.508 320.0 £7.32*
1T 302.9 £0.50° 302.9 £0.50

STAT5 (Aval) CC 404.0 £ 10.29° 3441 £9.33* 535.8 £ 5.6182 324.7 £4.98%
CT 3445 £ 17.34° 325.9 £4.92* 483.4 £7.25% 306.3 £ 0.50%

GH1 - growth hormone (exon 5, 2141C>G), GH2 - growth hormone (exon 5, 2291A>C), GH3 — growth hormone (intron 3, 1548C>T),
STAT5A - signal transducer and activator of transcription 5A (exon 7, 6853C>T); ® — different lowercase letters in columns (for each gene
separately) indicate statistically significant differences (P < 0.05); #5¢ — different uppercase letters in rows (between breeds) indicate statistically

significant differences (P < 0.05); data are presented as mean values + SEM

The influence of the genotypes of all studied
genes on carcass muscularity conformation and
fat coverage classes in individual breeds varied
according to the cattle carcass muscularity
classification system (Figure 2). Most carcasses
with the GHI CC genotype were assigned to
the U (very good, EUROP system) carcass
conformation class in Limousin, Charolais, and the
general population, but not in Angus (Figure 2). In
Charolais bulls, the GHI CC genotype was also
associated with the highest muscularity class E
(excellent) (Figure 2). In contrast, carcasses from
bulls with the GHI CG genotype were more
frequently ranked in the lower R (good) and even O
(fair) classes (Figure 2), demonstrating significant
differences between GHI genotypes (P < 0.001) in
all breeds except Angus. For GH2, while AA and
CC genotypes were predominantly associated with
U (very good) class, the AC heterozygote showed
reduced performance, particularly in Charolais and
the general population, where it was associated
with R class (P < 0.05 and P < 0.01, respectively).

in Angus, Charolais and the general population
(P < 0.05). For STAT5A4, the CC genotype bulls
consistently produced U class carcasses, with
significant CC-CT differences in Charolais
and general population (P < 0.001), where CT
genotype carcasses were typically graded as R or
O (fair) conformation class. Most bull carcasses
from all breeds were assigned to the 3™ (medium)
fat coverage class, with genotypes showing limited
influence on this trait. However, differences were
observed for the Limousin breed. The GH2 CC
genotype was more frequently associated with the
3 (medium) fat class compared to the AA and AC
genotypes (P < 0.01). Bull carcasses with the GH3
TT genotype were primarily ranked as the 2™ (low)
fat class, while the CT genotype more frequently
placed in the 3™ class (P < 0.05). STAT5A gene
genotypes also showed a clear association with fat
coverage in Limousin bulls. Most carcasses with
the CT genotype were classified in the 2" (slight)
fat coverage class, whereas the CC genotype to the
3 (medium) class (P < 0.05).
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Figure 2. Influence of GH1 (exon 5, 2141C>G), GH2 (exon 5, 2291A>C), GH3 (intron 3, 1548C>T), and STAT5 (exon 7, 6853C>T) polymorphisms
on carcass muscularity classes (EUROP, %), and fat coverage classes (%) in individual breeds

(A) GHT - lanes 1, 2, 3, and 6 — CG genotype; lanes 4 and 5 — CC genotype; lane 7 — 50 bp DNA ladder marker (Thermo Fisher Scientific Baltics,
Vilnius, Lithuania); (B) GH2 - lanes 2, 3, and 5 — AA genotype; lane 4 — AC genotype; lanes 1 and 6 — 50 bp DNA ladder marker; (C) GH3 - lanes
2,4, and 5 - CC genotype; lane 3 — CT genotype; lane 1 — 50 bp DNA ladder marker; (D) STAT5A - lanes 2, 3, 4, and 6 — CC genotype; lane
5- CT genotype; lane 1 - 50 bp DNA ladder marker; frequencies marked with different letters indicate statistically significant differences in mus-
cularity classes: ® — U class (P < 0.05), - R class (P < 0.05), 9" - O class (P < 0.05), for fat coverage classes: ® — class 2 (P < 0.05), - class 3
(P <0.05); GH1 - growth hormone (exon 5, 2141C>G), GH2 - growth hormone (exon 5, 2291A>C), GH3 - growth hormone (intron 3, 1548C>T),
STAT5A - signal transducer and activator of transcription 5A (exon 7, 6853C>T)
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Discussion

This study investigated the association of GH1,
GH2, GH3, and STAT5A polymorphisms on growth
performance and carcass quality traits in beef cattle.
Candidate gene studies are valuable tools in livestock
breeding, as they support early selection and con-
tribute to high economic returns. The GHI gene is
a key candidate associated with economic traits such
as growth, reproduction, and fattening performance
(Bayraktar et al., 2022; Gerasimov et al., 2023,). In
the present study, the GH1 C allele and CC genotype
were most frequent in all bull breeds studied: Angus
(52%), Charolais (90%), and Limousin (75%). These
findings are consistent with the results of Sedykh
et al. (2020), who reported higher frequencies of the
CC genotype (52.63%) compared to CG (35.96%)
and GG (11.40%) in beef cattle. The C allele has been
consistently associated with favourable traits, includ-
ing higher birth weight (Lee et al., 2013), mature
weight, and marbling (Fedota et al., 2016). In a sub-
sequent study, Fedota et al. (2017) reported a clear
association between GHI genotypes and live weight,
with animals carrying the CC genotype consistently
exhibiting higher body weight compared to heterozy-
gous CG and homozygous GG animals. On average,
CC individuals were 3-25 kg heavier than CG, and
10-25 kg heavier than GG cattle. Comparable re-
sults were obtained in the present study. The average
daily weight gain of bulls with the GHI CC geno-
type was 25% higher than that of heterozygous CG
genotype bulls in the Limousin breed and 5% higher
in the general cattle population during the fattening
period. In addition, the CC genotype was associated
with higher chilled carcass weight (kg) and, accord-
ing to the EUROP carcass classification system, was
mostly assigned to the U (very good) class, with some
carcasses even assigned to the E (excellent) class. In
contrast, carcasses from animals with the CG geno-
type were more commonly classified in lower classes,
with these differences between genotypes being sta-
tistically significant (P < 0.05). These findings align
with results of Tatsuda et al. (2008), who reported
that the animals with the GH CC genotype had sig-
nificantly higher chilled carcass weight and meat
content compared to those with the GG genotype—
by 7.20% and 4.86% in Herefords, and 6.65% and
8.02% in Limousins, respectively. Although the find-
ings of Gerasimov et al. (2023) differed from ours, as
they showed that young animals with the GG geno-
type had significantly higher body weight at weaning
and 1 year of age, as well as faster growth rate during
the control rearing period. The present results regard-

ing the GH2 polymorphism were similar to those
obtained by other researchers. The GH2 AA geno-
type predominated in our population (Angus 59%,
Charolais 60%, Limousin 50%), which was consist-
ent with Mullen et al. (2010), who reported genotype
frequencies of 78% for AA, 20% for AC, and 2% for
CC. Similarly, Lee et al. (2013) found that the most
frequent GH2 genotype (2291A>C) in the Hanwoo
beef breed was homozygous AA (67%) followed by
heterozygous AC (29%) and homozygous CC (4%).
In the current study, significant differences in daily
weight gain (kg) between the GH2 AA, AC, and CC
genotypes were observed only in Limousin bulls and
the general beef cattle population. Significant differ-
ences in chilled carcass weight (kg) between the AA
and AC genotypes of the GH2 polymorphism were
also found in Angus bulls and the general population.
Bulls carrying the GH2 AA genotype showed higher
chilled carcass weight (kg) compared to bulls with
other genotypes. Silveira et al. (2008) reported sig-
nificant genotype-related differences only in wean-
ing weight, with calves carrying the AA genotype
weighing approximately 5 kg more than those with
the AC genotype, and 4.5 kg more than those with
the CC genotype. Our assessment using the EUROP
carcass muscularity classification system showed
that carcasses with the GH2 AC genotype were more
frequently classified in the lower R (good) muscular-
ity conformation class. In contrast, most carcasses
with the GH2 AA and CC genotypes were assigned
to the U (very good) class; however, the differences
between genotypes were not statistically significant.
Meanwhile, in Limousins, the CC genotype showed
a significant association with 3 (medium) fat cover-
age compared to AA and AC genotypes (P < 0.01).
These findings contrast with Lee et al. (2013), who
observed no significant associations between the
GH?2 2291A>C polymorphism and carcass traits in
Hanwoo cattle. Analysis of the GH3 polymorphism
revealed that the C allele and the CC genotype were
the most frequent in all studied bull breeds. Mean-
while, the homozygous GH3 TT genotype was found
only in the Limousin breed (5%) and was absent in
other breeds. Similar findings were reported by Pu-
tra et al. (2013), who observed lower frequencies of
the T allele and TT genotype in Limousin and Sim-
mental breeds (Bos taurus) compared to Indonesian
Aceh cattle (B. indicus). The GH3 1548C>T SNP
showed statistically significant differences between
genotypes, observed exclusively in the Limousin
breed. Bulls with the TT genotype had 24% higher
daily weight gain (kg) compared to those with the
CC genotype and 21% higher than bulls with the CT
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genotype. This result aligns with findings by Arango
et al. (2014), who recorded significant differences in
growth traits associated with an intron 3 polymor-
phism in the GH gene, with the TT genotype animals
weighing 73.6 kg and 68.7 kg more than those with
the CC and CT genotypes, respectively. In contrast,
Maylinda et al. (2011) observed that body weight
was more strongly associated with the CC and CT
genotypes than with the TT genotype. In our study,
statistically significant differences were also found in
chilled carcass weight (kg), with bulls carrying the
GH3 TT genotype both in the Angus breed and the
general cattle population showing lower values. Ad-
ditionally, carcasses of bulls with the TT genotype in
the general population were predominantly assigned
to the lower R (good) carcass conformation class.
The results of our study on the STAT5A4 SNP were
consistent with those obtained by other researchers.
Selvaggi et al. (2015) reported C and T allele fre-
quencies of 83% and 17%, respectively. In our study,
the C allele was predominant in all investigated bull
breeds, with frequencies of 97% in Limousin, 95%
in Charolais, and 83% in Angus. Regarding genotype
distribution, the CC genotype was the most prevalent
in our study: 95% in Limousin, 90% in Charolais,
and 66% in Angus, while the TT genotype was not
detected. Likewise, a study examining the STAT5A-
Aval polymorphism in cattle breeds of European ori-
gin (Red Angus, Charolais, Limousin, and Hereford)
reported that the CC genotype was the most common
and the TT genotype was not detected (Daldaban
et al., 2020). The present results showed that bulls
with the STAT54 CC genotype had significantly high-
er daily weight gain than those with the CT genotype,
both within the Limousin breed and the general cattle
population. Additionally, statistically significant dif-
ferences in STAT5A genotypes between breeds were
observed for chilled carcass weight. The advantage
of the CC genotype over the CT genotype was evi-
dent in Charolais and Limousin bulls, as well as in the
general cattle population. Similarly, Oprzadek et al.
(2005) showed that beef cattle with the CC variant
of the STAT5A polymorphism outperformed CT ani-
mals in terms of weight gain, several carcass traits,
and feed conversion, which was consistent with the
aforementioned studies of Daldaban et al. (2020) and
Selvaggi et al. (2015). Our study also demonstrated
that, according to the EUROP carcass classification
system, the CC genotype of the STAT5A polymor-
phism was significantly associated with higher car-
cass muscularity conformation classes as opposed to
the CT genotype. Statistically significant differences
between the CC and CT genotypes were observed

in Charolais cattle and the general population. Most
bulls of all breeds with the CT genotype had carcasses
classified in the lower R (good) and O (fair) confor-
mation classes. Daldaban et al. (2020) also found that
animals with the CC genotype presented better car-
cass traits compared to those with the CT genotype.

This study has confirmed that polymorphisms in
the GH, and STAT5A genes are associated with im-
portant growth and carcass traits in beef cattle. The
GHI CC and GH2 AA genotypes were most frequent
and associated with improved daily weight gain and
chilled carcass weight. The GH3 CC genotype was
dominant across breeds and associated with better
carcass conformation, while the rare TT genotype in-
creased weight gain but reduced carcass weight. The
STAT5A CC genotype showed the strongest over-
all association with increased weight gain, carcass
weight, and muscularity, particularly in Limousin and
Charolais bulls.

Conclusions

Charolais bulls raised in Lithuania demonstrated
better growth and carcass performance among all an-
alysed genotypes compared to Angus and Limousin
breeds, which displayed greater genotype-dependent
variation. These findings underscore the potential
utility of GH and STAT5A gene polymorphisms as
molecular markers in selective breeding programmes
aimed at improving productivity and carcass quality
in beef cattle. Future research should build upon these
findings by increasing the sample size and incorpo-
rating additional beef cattle breeds to improve the re-
liability and broader applicability of the results.

Conflict of interest

The Authors declare that there is no conflict of
interest.

References

Aytag A., Akylz B., Bayram D.,2015. Determination of the Alul poly-
morphism effect of bovine growth hormone gene on carcass
traits in Zavot cattle with analysis of covariance. Turk J. Vet.
Anim. Sci. 39, 16-22, https://doi.org/10.3906/vet-1404-29

Akgay A., Daldaban F., Celik E., Arslan K., Akylz B., 2020. Meta-
analysis of allele and genotype frequency of growth hormone
(bGH) gene Alul polymorphism, which is effective on milk yield
in Holstein cattle. Kafkas Univ. Vet. Fak. Derg. 26, 687-695,
https://doi.org/10.9775/kvfd.2020.24256

Arango J., Echeverri J.J., Lopez A., 2014. Association between a poly-
morphism in intron 3 of the bovine growth hormone gene and
growth traits in Holstein heifers in Antioquia. Genet. Mol. Res.
13, 61919, https://doi.org/10.4238/2014.August.15.1


https://doi.org/10.3906/vet-1404-29
https://doi.org/10.9775/kvfd.2020.24256
https://doi.org/10.4238/2014.August.15.1

10

STAT5A and GH polymorphisms and cattle productivity

Bayraktar M., Ozdemir M., 2022. A meta-analysis of the association
between Growth Hormone (GH) gene polymorphism and
growth traits in cattle breeds. J. Hell. Vet. Med. Soci. 73,
4657-4666, https://doi.org/10.12681/jhvms.29407

Beishova |.S., Ulyanov V.A., Shaikamal G., Papusha N., Belaya
E.V, 2019. Features of Holstein cattle bred in Kazakhstan
by the polymorphic genes of the somatotropin cascade. Adv.
Anim. Vet. Sci. 7, 60-65, http://doi.org/10.17582/journal.
aavs/2019/7.51.60.65

Cosier V., Croitoriu V., 2012. Research concerning the polymorphic
expression of Pit-1 and STAT5A Genes in Cattle. J. Anim.
Sci. Biotech. 69, 1-2, https://doi.org/10.15835/buasvmen-
ash:69:1-2:8391

Daldaban F., Arslan K., Aksele G., Akyiiz B., 2020. Polymorphism of
the STAT5A and MYF-5 genes in Anatolian water buffalo.
Turk. J. Vet. Anim. Sci. Tlbitak. 44, 284-289, https://doi.
org/10.3906/vet-1904-30

Fedota O.M., Ruban S.Y., Lysenko N.G., Kolisnyk A.l., Goraichuk
I, Tyzhnenko T.V., 2017. The effects of polymorphisms in
growth hormone and growth hormone receptor genes on
production and reproduction traits in Aberdeen-Angus cattle
(Bos taurus L., 1758). Cytol. Genet. 51, 352-360, https://doi.
org/10.3103/S0095452717050024

Fedota O.M., Ruban S.Y., Lysenko N.G., Kolisnyk A.l., Goraichuk
I.V., Tyzhnenko T.V., 2016. SNP L127V of growth hormone
gene in breeding herd of Aberdeen Angus in Kharkiv region,
Eastern Ukraine. J. Vet. Med. 2, 5-11, https://repo.knmu.edu.
ua/handle/123456789/16667

Gerasimov N.P., Dzhulamanov K.M., Lebedev S.V., Kolpakov V.,
2023. Effect of IGF-1 C472T, GH C2141G, and GHR T914A
polymorphisms on growth performance and feed efficiency
in young Kazakh white-headed cattle. Vet. World. 16, 1584—
1592, https://doi.org/10.14202/vetworld.2023.1584-1592

Kiyici J.M., Arslan K., Akyuz B., Kaliber M., Aksel E.G., Cinar M.U.,
2019. Relationships between polymorphisms of growth
hormone, leptin, and myogenic factor 5 genes with some milk
yield traits in Holstein dairy cows. Int. J. Dairy Technol. 72,
1-7, https://doi.org/10.1111/1471-0307.12539

Kostusiak P., Slésarz J., Gotebiewski M., Grodkowski G., Puppel
K., 2023. Polymorphism of genes and their Impact on beef
quality. Curr. Issues Mol. Biol. 45, 4749-4762, https://doi.
org/10.3390/cimb45060302

Kramarenko A.S., Gil M.I., Gladyr E.A., Naidenova V.A., Dubinskii A.L.,
Zinoveva N.A., 2015. Analysis of the relationship between
growth hormone gene polymorphism (bGH) and growth rates
of cows of southern beef breeds, Nauchno-Tekh. Byull. Inst.
Zhivotnovod Nats. Akad. Agrar. Nauk. Ukr. 113, 112-119,
https://lwww.researchgate.net/publication/281239863

Lee J.H., Lee Y.M,, Lee J.Y., Oh D.Y., Joeng D.J., Kim J.J., 2013.
Identification of Single Nucleotide Polymorphisms (SNPs)
of the Bovine Growth Hormone (bGH) Gene Associated
with Growth and Carcass Traits in Hanwoo Asian-Australas.
J. Anim. Sci. 26, 1359-1364, https://doi.org/10.5713/
ajas.2013.13248

Magotra A., Yogesh C., Bangar B.S., Asha Rani M., 2022. Evaluation
of candidate genotype of GH gene associated with
growth, production, and reproduction traits in dairy cows.
Reprod. Dom. Anim. 57, 711-721, https://doi.org/10.1111/
rda.14110

Maylinda S., 2011. Genetic polymorphism of growth hormone locus
and its association with bodyweight in Grati dairy cows.
Int. J. Biotech. Mol. Biol. Res. 2, 117-120, https://www.
semanticscholar.org/paper/

Miceikiené ., Paulauskas A., Grigalitnaité ., Malevi¢iaté J., Tubelyté-
Kirdiené V., 2002. Genetics practicum. DNA polymorphism
research methods. Lithuania. Kaunas. VDU Pub. House,
42-45

Motmain Z., Ozdemir M., Ekinci K., Saygili E., Bilgin E., 2022. A meta-
analysis of the associations between prolactin (PRL) gene
polymorphism and milk production traits in cattle. Kafkas
Univ. Vet. Fak. Derg. 28, 627-631, https://doi.org/10.9775/
kvfd.2022.27857

Mullen M.P., Berry D.P,, Howard D.J., Diskin M.G., Lynch C.O.,
Berkowicz E.W., 2010. Associations between novel single
nucleotide polymorphisms in the Bos taurus growth hormone
gene and performance traits in Holstein. J. Dairy Sci. 93,
5959-5969, https://doi.org/10.3168/jds.2010-3385

Odzemir M., Topal M., Aksakal V., 2018. The relationships between
performance traits and the bGH/Alu | and Pit-1/Hinf |
polymorphisms in Holstein cows. Indian J. Anim. Res. 52,
186-191, https://doi.org/10.18805/ijar.v0iOF.8495

Omer RM.A,, Marsi M., Jawasreh K., Nour |.A., Biraima A.D.A,,
Musa L.M.A., Ahmed M.K.A., 2018. Molecular detection
of selected genetic polymorphisms in growth hormone and
insulin-like growth factor 1 gene in indigenous Sudanese
Baggara cattle. J. Kafkas Uni. Vet. 24, 187-194, https://doi.
org/10.9775/kvfd.2017.18556

Oprzadek J., Flisikowski K., Zwierzchowski L., Juszczuk-Kubiak E.,
Rosochacki S., Dymnicki E., 2005. Associations between
polymorphism of some candidate genes and growth rates,
feed intake and utilization, slaughter indicators, and meat
quality in cattle. Arch. Tierz. Dumm. 48, 81-87, https:/iwww.
researchgate.net/publication/242575376

Pogorzelska-Przybytek P., Nogalski Z., Sobczuk-Szul M., Purwin C.,
Kubiak D., 2018. Carcass characteristics and meat quality of
Holstein-Friesian x Hereford cattle of different sex categories
and slaughter ages. Arch. Anim. Breed. 61, 253-61, https:/
doi.org/10.5194/aab-61-253-2018

Putra W.P.B., Hartatik T., Sumadi S., 2013. Growth hormone gene
genotyping by MSP [ restriction enzyme and PCR-RFLP
methods in Aceh cattle breed at Indrapuri district of Aceh
province. J. Indon. Trop. Anim. Agric. 38, 207-211, https:/
doi.org/10.14710/jitaa.38.4.207-211

Ribeca C., Bonfatti V., Cecchinato A., Albera A., Gallo L., Carnier P,,
2014. Effect of polymorphisms in candidate genes on carcass
and meat quality traits in double-muscled Piemontese
cattle. Meat Sci. 96, 1376-1383, https:/doi.org/10.1016/.
meatsci.2013.11.028

Sedykh T.A., Gizatullin R.S., Dolmatova I.Y., Gusev 1.V., Kalashnikova
L.A., 2020. Growth hormone gene polymorphism in relation
to beef cattle carcass quality. Russ. Agric. Sci. 46, 53-57,
https://doi.org/10.3103/S1068367420030167

Selvaggi M.A.C., D'Alessandro A.G., Cataldo D.A., 2015. Bovine
STAT5A gene polymorphism and its influence on growth traits
in Podolica breed. Anim. Prod. Sci. 56, 1056-1060, https://
doi.org/10.1071/AN14739

Silveira L.G.G., Furlan L.R., Curi R.A., Ferraz A.L.J., De Alencar
M.M., Regitano C.A., 2008. Growth hormone 1 gene (GH1)
polymorphisms as possible markers of the production
potential of beef cattle using the Brazilian Canchim breed
as a model. J. Genet. Mol. Biol. 31, 874-879, https://doi.
0rg/10.1590/S1415-47572008005000003

Sodhi M., Mukesh M., Prakash B., Mishra B.P., Sobti R.C., Singh K.P,,
2007. Mspl allelic pattern of bovine growth hormone gene in
Indian Zebu cattle (Bos indicus) breeds. Biochem. Genet. 45,
145-53, https://doi.org/10.1007/s10528-006-9068-4


https://doi.org/10.12681/jhvms.29407
http://dx.doi.org/10.17582/journal.aavs/2019/7.s1.60.65
http://dx.doi.org/10.17582/journal.aavs/2019/7.s1.60.65
https://doi.org/10.15835/buasvmcn-asb:69:1-2:8391
https://doi.org/10.15835/buasvmcn-asb:69:1-2:8391
https://doi.org/10.3906/vet-1904-30
https://doi.org/10.3906/vet-1904-30
https://doi.org/10.3103/S0095452717050024
https://doi.org/10.3103/S0095452717050024
https://repo.knmu.edu.ua/handle/123456789/16667
https://repo.knmu.edu.ua/handle/123456789/16667
https://doi.org/10.14202/vetworld.2023.1584-1592
https://doi.org/10.1111/1471-0307.12539
https://doi.org/10.3390/cimb45060302
https://doi.org/10.3390/cimb45060302
https://www.researchgate.net/publication/281239863
https://doi.org/10.5713/ajas.2013.13248
https://doi.org/10.5713/ajas.2013.13248
https://doi.org/10.1111/rda.14110
https://doi.org/10.1111/rda.14110
https://www.semanticscholar.org/paper
https://www.semanticscholar.org/paper
https://doi.org/10.9775/kvfd.2022.27857
https://doi.org/10.9775/kvfd.2022.27857
https://doi.org/10.3168/jds.2010-3385
https://doi.org/10.18805/ijar.v0iOF.8495
https://doi.org/10.9775/kvfd.2017.18556
https://doi.org/10.9775/kvfd.2017.18556
https://www.researchgate.net/publication/242575376
https://www.researchgate.net/publication/242575376
https://doi.org/10.5194/aab-61-253-2018
https://doi.org/10.5194/aab-61-253-2018
https://doi.org/10.14710/jitaa.38.4.207-211
https://doi.org/10.14710/jitaa.38.4.207-211
https://doi.org/10.1016/j.meatsci.2013.11.028
https://doi.org/10.1016/j.meatsci.2013.11.028
https://doi.org/10.3103/S1068367420030167
https://doi.org/10.1071/AN14739
https://doi.org/10.1071/AN14739
https://doi.org/10.1590/S1415-47572008005000003
https://doi.org/10.1590/S1415-47572008005000003
https://doi.org/10.1007/s10528-006-9068-4

	_Hlk199752531
	_Hlk199239544
	_Hlk165636229
	_Hlk199505566

