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Marker-assisted selection (MAS) is an effective approach to accelerating genetic progress in livestock by identifying 

polymorphisms associated with economically important traits. The pituitary-specific transcription factor gene PIT1 plays a 

regulatory role in the synthesis of growth hormone and prolactin, thus potentially influencing milk yield and body confor-

mation in dairy cattle. This study aimed to investigate the distribution of PIT1 genotypes and their associations with produc-

tive and morphometric traits in Ukrainian Red-and-White dairy cows – a local breed with limited genetic characterization. 

Genotyping was performed using PCR-RFLP with restriction enzyme HinfI on DNA samples obtained from 51 cows. Three 

genotypes (AA, AB, BB) were identified with frequencies of 0.059, 0.549, and 0.392, respectively. The population was in 

Hardy–Weinberg equilibrium, and the Polymorphic Information Content (PIC) value (0.34) confirmed an adequate level of 

variability for association analysis. The frequency of allele B was twice that of allele A, suggesting moderate genetic consol-

idation of the herd. Cows with the PIT1 BB genotype showed a significantly higher milk yield per lactation (higher by 

14.8%) and a 9.8% higher 305 day yield compared with the AB group. In contrast, genotype AB was associated with greater 

chest width (by 3.4%), as well as higher pelvic–thoracic and thoracic indexes, indicating a more robust body type. No signif-

icant differences were found among genotypes for milk fat content, udder morphology, milking speed, live weight, or service 

period duration.The obtained results demonstrate that PIT1 polymorphism affects milk yield and certain conformation in-

dexes in Ukrainian Red-and-White cattle, primarily through mechanisms related to endocrine regulation rather than skeletal 

development. The presence of both alleles at moderate frequencies highlights the genetic diversity of this local breed and 

supports its potential use in further genomic selection programs aimed at improving milk productivity while maintaining 

adaptive traits.  

Keywords: pituitary-specific positive transcription factor 1 gene; dairy cattle; Ukrainian Red-and-White dairy breed; 

milk yield; body conformation; marker-assisted selection; genetic diversity.  

Introduction  

 

The application of marker-assisted selection (MAS) in animal 
breeding enables a substantial acceleration of genetic progress, parti-
cularly when improving traits with low heritability or when the selec-
tion differential between the best individuals of the herd and its ave-
rage productivity is relatively small (Wakchaure et al., 2015; Xu et al., 
2020; Das et al., 2021). Increasing productivity, in turn, is important 
not only for enhancing the economic efficiency of livestock producti-
on but also for reducing the negative impact of agriculture on green-

house gas emissions – one of the major global challenges of modern 
times (Zos-Kior et al., 2020; Brockova et al., 2021; Zos-Kior et al., 
2021). Moreover, improving animal productivity contributes to more 
efficient land use (Goncharov et al., 2013; Zos-Kior et al., 2016; Bilan 
et al., 2017). MAS is based on identifying correlations between quan-
titative trait loci (QTLs) and performance traits. Once markers associat-
ed with QTLs have been identified, they can be integrated into the 
breeding process. MAS can be applied to enhance desirable charac-

teristics of livestock and to facilitate the utilization of existing genetic 
diversity within breeding populations (Ma et al., 2021; Sukhno et al., 
2022; Zhukorskyi et al., 2022). The rate of genetic gain can be in-
creased only through continuous identification of new QTLs. Howev-
er, the longer selection is carried out for a particular QTL, the smaller 
the additional genetic improvement achieved through MAS becomes. 
The efficiency of MAS is greatest when productive traits are evaluat-
ed after selection for specific QTLs, allowing the selection response 

to be maximized (Wakchaure et al., 2015; Vashchenko et al., 2022; 
Saienko et al., 2023).  

Genomic selection, which has evolved from MAS, is considered 
one of the seven most significant advances in breeding methods – both 

in crop science and animal husbandry – alongside transgenic animals, 
association mapping, envirotyping, QTL mapping, phenomics, and 
genome editing (Bernardo, 2016; Xu et al., 2020; Sharma et al., 2024).  

According to numerous studies conducted over several decades 
(Machlin, 1973; Sabour et al., 1997; Saleh et al., 2024), milk produc-
tivity in cows of different breeds is influenced, among other factors, 
by the growth hormone (GH) gene. Since the expression of this gene 
is regulated by the pituitary-specific transcription factor PIT1, the stu-

dy of PIT1 genotype distribution and its association with productive 
traits is of considerable practical interest. Research by Chernenko & 
Hubarenko (2014) demonstrated that combinations of genotypes LL 
(GH) with AB or BB (PIT1) result in significantly higher milk yield 
and milk fat and protein output compared with other genotype combi-
nations (P < 0.001), confirming the selective value of PIT1 as a mar-
ker gene.  

Previous studies have shown that growth hormone deficiencies in 

humans and mice are associated with PIT1 mutations. As a member 
of the POU family of homeo-domain transcription factors, PIT1 plays 
a key role in pituitary cell differentiation and proliferation, as well as 
in the activation of genes responsible for the synthesis of growth hor-
mone, thyrotropin, and prolactin (PRL). Inhibition of PIT1 expression 
leads to a significant reduction in PRL and GH synthesis and a drastic 
decrease in the proliferation of cell lines producing these hormones 
(Renaville et al., 1997; Alzaydi & Salim, 2021).  

At present, PIT1 gene polymorphism in cattle has been well 
characterized for many breeds. According to the review by Ebrahimi 
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Hoseinzadeh et al. (2015), the allele ratio of PIT1 in European dairy 
breeds such as Holstein, Holstein-Friesian, and other related Black-
and-White breeds ranges from 0.16:0.84 to 0.28:0.32 (A:B). In con-

trast, beef breeds such as Angus and Belgian Blue demonstrate a sub-
stantially higher frequency of the A allele – 0.33 and 0.42, respective-
ly (Ebrahimi Hoseinzadeh et al., 2015). However, no data were found 
in the available literature regarding the genotype distribution of this 
gene in the Ukrainian Red-and-White dairy breed (URWD), which is 
the second most numerous breed in Ukraine.  

The distribution of genotype frequencies within a marker locus is 
essential for assessing the feasibility of further association studies, sin-

ce a population must exhibit sufficient genetic variability to demon-
strate correlations with productive traits. According to Botstein et al. 
(1980), for a valid association analysis, the Polymorphism Informati-
on Content (PIC) value should range between 0.25 and 0.75. Consid-
ering that local breeds – including the URWD – may exhibit unique 
allele frequency patterns (Giovambattista et al., 2001; Hohmann et al., 
2021; Eiríksson et al., 2022), the study of the PIT1 polymorphism in 
such populations is important not only for Ukraine but also in the 

broader global context of preserving livestock genetic diversity.  

 

Materials and methods  

 
In conducting the research, strict adherence was maintained to the 

Order of the First National Congress on Bioethics (Kyiv, 2001), as 
well as the Law of Ukraine “On the Protection of Animals from Cru-
elty” No. 3447-IV of 21 February 2006, with subsequent amend-

ments as of 4 August 2017. The experimental protocol was formally 
approved by the Committee for the Maintenance and Use of Animals 
at the Poltava State Agrarian University. All procedures were carried 
out with a strong emphasis on animal welfare. The cows were kept in 
a free-stall housing system, which allowed them to express their natu-
ral physiological and behavioral needs with minimal restrictions. 
During the study, blood samples were collected for genetic analysis 
using procedures designed to minimize discomfort and stress. The 
health status and overall condition of the animals were carefully mon-

itored throughout the experimental period to ensure compliance with 
welfare standards. In addition, the research team followed the 3Rs 
principle (Replacement, Reduction, Refinement) established in the 
European Convention for the Protection of Vertebrate Animals Used 
for Experimental and Scientific Purposes (Strasbourg, 1985). This ap-
proach minimized potential stress, improved sampling accuracy, and 
prevented unnecessary procedures. Consequently, the study not only 
met ethical standards but also strengthened the reliability and validity 

of the obtained results.  
The experimental animals were cows of the Ukrainian Red-and-

White dairy breed belonging to the private agricultural company “Uk-
raina”, located in the Myrhorod district of the Poltava region (Ukrai-
ne). The study focused on identifying associations between the ani-
mals’ genotypes for the pituitary-specific transcription factor gene PIT1 
and their milk productivity traits within this local breed. The follo-
wing traits were recorded for each animal: milk yield for 305 days of 

lactation (kg), total milk yield per lactation (kg), milk ejection rate (kg 
per minute). The following body measurements were recorded for 
each cow: height at withers (cm) – measured vertically from the gro-
und to the highest point of the withers; oblique body length (cm) – 
measured from the anterior edge of the shoulder joint to the ischial 
tuberosity; chest depth (cm) – measured vertically from the highest 
point of the withers to the lowest point of the sternum; chest width 
(cm) – measured as the distance between the lateral surfaces of the 

shoulder joints; chest girth behind the shoulder blades (cm) – measu-
red with a measuring tape around the thorax immediately behind the 
shoulder blades; cannon bone girth (cm) – measured at the middle of 
the metacarpus; live weight (kg) – determined using livestock scales 
immediately after the morning milking and before feeding. Body me-
asurements were taken using a measuring stick with a scale division 
value of ±1 mm (Nasco Education, Ajax, Canada) and a measuring 
tape (Kruuse, Langeskov, Denmark). The animals were weighed on 

electronic scales with a measurement accuracy of 0.5 kg (Dniproves, 
Dnipro, Ukraine).  

To assess the proportional development of the body and the exte-
rior type of cows, the following body conformation indexes were cal-
culated based on linear body measurements: the leg length index was 

determined as the ratio of the height at the withers to the oblique body 
length, expressed as a percentage; the body length index was calcula-
ted as the ratio of the oblique body length to the height at the withers; 
the pelvic-thoracic index was defined as the ratio between the width 
of the rump (hip width) and the width of the chest; the thoracic index 
was obtained by comparing the chest girth measured behind the sho-
ulder blades with the height at the withers; the compactness index was 
calculated as the ratio of chest girth to oblique body length; the height 

proportion index was determined by dividing the height at the withers 
by the oblique body length. It indicates the proportionality between 
the animal’s height and body length, showing whether the cow has a 
tall or elongated body type; the boneiness index was estimated as the 
ratio of the cannon bone girth to the height at the withers. To assess 
reproductive performance, the length of the service period (days) was 
also calculated.  

The experimental work was carried out in several consecutive 

stages (Fig. 1).  
 

  

Fig. 1. Research organization scheme  

During the experimental period, all cows were provided with a 

feeding ration balanced according to zootechnical standards (Ibatullin 
et al., 2016). The nutrient composition of the diets was adjusted based 
on the average live weight of 550 kg and the mean daily milk yield, 
which varied throughout the 305-day lactation period from 26.5 kg in 
the second month to 15.1 kg in the tenth month. Because the feeding 
standards for dairy cows are presented in discrete increments of 5 kg 
of daily milk yield, three ration variants were used in the experiment – 
balanced for 15, 20, and 25 kg of daily milk yield, respectively.  

According to their main nutritional characteristics, these rations 
contained, respectively, 156.6, 177.5, and 202.8 MJ of metabolizable 
energy; 2759, 2836, and 3120 g of crude protein; 2346, 2269, and 
2340 g of rumen-degradable protein; 413, 567, and 780 g of rumen-
undegradable protein; 1780, 1830, and 2047 g of digestible protein; 
4272, 4392, and 3900 g of crude fiber; 2403, 2470, and 3120 g of 
starch; 1602, 1647, and 2047 g of sugars; 570, 586, and 702 g of 
crude fat; 115.7, 119.0, and 126.8 g of calcium; and 80.1, 82.3, and 

87.8 g of phosphorus.  
In the winter period, the ration included sainfoin hay, grass hay, 

alfalfa hay, silage, fodder beet, and concentrate feeds. To meet miner-
al and vitamin requirements, a 4% protein-mineral-vitamin supple-
ment was added to the diet. During the summer period, the cows were 
fed green maize at the milk-wax stage of maturity, fresh alfalfa, Su-
dan grass and oat hay, barley straw, and the same protein-mineral-vi-
tamin supplement.  

Cows were kept under a loose-housing system in well-ventilated 

barns that met zoohygienic standards. Milking was carried out in a 
milking parlor equipped with a modern digital monitoring system, 
which enabled automatic animal identification and recording of indi-
vidual milk yields and milk flow rate (Fig. 2).  

Molecular-genetic analyses were performed at the certified La-
boratory of Genetics of the Research Institute of Pig Breeding and 
Agro-Industrial Production, which holds Certificate of Accreditation 

Determination of genotypes for the PIT1 gene 

Grouping of animals based on DNA typing results 

Recording of milk productivity traits 

Association analysis 
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No. 039-22 dated June 3, 2022, issued by the Ministry of Economic 
Development and Trade of Ukraine (State Enterprise “Poltava Re-
gional Scientific and Technical Center for Standardization, Metrology 

and Certification”).  
Genomic DNA was isolated from 200 μL of blood using the 

Chelex 100 (Bio-Rad Laboratories, Inc., USA) method (Walsh et al., 
2013). DNA genotyping was conducted using the PCR–RFLP tech-
nique (Hlazko et al., 2001). The reaction was performed in a Tercyk-2 
thermocycler (Tertsik TP4-PCR01, DNA-Technology, RF) using 
0.5 mL Eppendorf microcentrifuge tubes (Eppendorf, Germany) with 
a total volume of 25 μL. The optimized conditions for PCR amplifica-

tion of the PIT1 gene fragment included an annealing temperature of 
55 °C, allowing the synthesis of an expected product with a length of 
1355 base pairs. The reaction protocol comprised an initial denatura-

tion at 94 °C for 3 minutes, followed by 35 amplification cycles. Each 
cycle consisted of denaturation at 94 °C for 30 seconds, primer an-
nealing at 55 °C for 35 seconds, and elongation at 72 °C for 45 se-

conds. The reaction was completed by a final elongation step at 72 °C 
for 2 minutes.  

The specific primers used for amplification were as follows: 
Forward: 5′-CAATGAGAAAGTTGGTGC-3′ 
Reverse: 5′-TCTGCATTCGAGATGCTC-3′ 

The polymorphism of the PIT1 gene selected for the study con-
tains a recognition site for the HinfI restriction endonuclease (Thermo 
Fisher Scientific, Lithuania). As a result of HinfI digestion, DNA 

fragments of the following lengths were expected: allele A – 660 bp, 
425 bp, and 270 bp; and allele B – 660 bp, 385 bp, 270 bp, and 40 bp.  

 

Fig. 2. Cows of the Ukrainian Red-and-White dairy breed in the milking parlor (private agricultural company “Ukraina”, Poltava Region  

Electrophoretic analysis of the amplification products was perfor-

med in a 2% agarose gel under a current of 76 mA and a voltage of 
275 V. Visualization was carried out by staining the gel with ethidium 
bromide, followed by examination under ultraviolet light using a 
transilluminator. According to the electrophoresis results, the sizes of 
the obtained DNA fragments corresponded to the expected ones rela-
tive to the molecular weight marker DNA 1 Kb Ladder (Fig. 3).  

The GenAlEx 6.0 software package (Peakall, Australia, 2012) 
was used to calculate allele and genotype frequencies and to determi-

ne the polymorphism information content (PIC) (Peakall, 2012). The 
Chi-square test was applied to assess the consistency between ob-
served and expected genotype frequencies.  

Statistical processing of productive and morphological traits was 
performed using SAS/STAT® 15.1 (SAS Institute Inc., USA, 2018). 
The tables present the arithmetic means and their standard errors (x ± 
SE). Differences between groups were evaluated using one-way anal-
ysis of variance (ANOVA). The ratio of intergroup to intragroup vari-
ability was estimated with Fisher’s F-test. Multiple comparisons were 

performed using Tukey’s HSD test, and differences were considered 
statistically significant at P < 0.05.  

 

Results  

 
As a result of carrying out laboratory genetic and molecular studi-

es, the genotypes of experimental cows were determined according to 
the pituitary-specific transcription factor (PIT1) gene. Distribution of 

genotypes was: AA – 3 animals, AB – 28 animals, BB – 20 animals 

(Table 1).  
It was established that the frequency of allele B was approximate-

ly twice as high as that of allele A. Analysis of the genotype distribu-
tion showed that animals carrying the heterozygous genotype AB pre-
dominated in the population. In particular, this genotype occurred 
9.3 times more frequently than genotype AA and 1.4 times more fre-
quently than genotype BB. At the same time, genotype BB was found 
6.6 times more often than genotype AA.  

A comparison of the observed and expected genotype distributi-
ons revealed no statistically significant differences, as confirmed by 
the Chi-square test. This indicates that the studied population does not 
deviate significantly from Hardy–Weinberg equilibrium.  

The level of polymorphism at the PIT1 locus was sufficient for 
conducting association studies. The Polymorphism Information Con-
tent (PIC) was 0.34, which falls within the optimal range for such 
analysis and provides adequate genotype variability to detect potential 
relationships with productive traits. The observed and expected heter-

ozygosity values for the studied locus were Ho = 0.549 and He = 
0.444, respectively, which also correspond to optimal parameters 
(Fig. 4). In the cattle population genotyped at the PIT1 locus (n = 51), 
two distinct alleles (Na = 2) were identified, both occurring at fre-
quencies above 5% (Na Freq. ≥ 5% = 2.000). The number of effective 
alleles (Ne), reflecting the actual genetic diversity, was 1.800. The 
Shannon information index (I), which accounts for both the number 
of alleles and the evenness of their frequencies, was 0.637, indicating 
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a relatively low but still detectable level of allelic diversity. Two pri-
vate alleles (No. Private Alleles = 2.000) characteristic of this popula-
tion were recorded. At the same time, locally common alleles, defined 

as those occurring in ≤25% or ≤50% of populations (No. LComm 
Alleles), were absent in this sample.  

 

Fig. 3. Electropherogram of the PIT1 gene in 2% agarose gel. lanes 1, 2, 7, and 10 – genotype AB;  
lanes 4 and 5 – genotype AA; lanes 3, 6, 8, and 9 – genotype BB; M – molecular weight marker 1 Kb DNA Ladder  

Table 1  
Allelic and genotypic frequency distribution of the PIT1 gene in cows (n = 51)  

Locus 
Allele frequencies Genotype frequencies 

χ2 P F 
A B АА AB BB 

PIT1 0.333 0.667 0.059 (0.11) 0.549 (0.45) 0.392 (0.44) 2.824 0.093 0.235 

Note: values in parentheses represent the expected genotype distribution.  

 

Fig. 4. Allelic patterns across populations  

The expected heterozygosity (He) was 0.444, while the unbiased 
expected heterozygosity (uHe), adjusted for the limited sample size, 
was 0.449. These results indicate a moderate level of heterozygosity 
within the population. Thus, the cattle population under study at the 
PIT1 locus is characterized by a small number of alleles but also the 
presence of private alleles, which highlights its genetic specificity. 
The obtained heterozygosity and information index values demon-

strate the preservation of a certain degree of within-population diver

sity, although overall diversity remains limited. The moderate level of 
heterozygosity suggests partial genetic homogeneity, and the absence 
of significant deviation from Hardy–Weinberg equilibrium confirms 
that no detectable effects of inbreeding or selection were observed at 
this locus.  

An association analysis was performed to evaluate the relation-
ships between PIT1 genotypes and milk productivity traits, live 
weight, and selected linear body measurements (Table 2). According 
to the results of Tukey’s post hoc test, a statistically significant differ-
ence was observed for three traits only between groups AB and BB, 
whereas the parameters of cows with genotype AA did not differ 
significantly from either of the other two groups. In particular, cows 
carrying the AB genotype produced 1,017.3 kg less milk per lactation 

than cows with the BB genotype, which is 14.8% lower compared 
with the BB group. For the 305-day milk yield, the difference be-
tween these two groups amounted to 706.2 kg, or 9.8%, in favor of 
the BB genotype.  

Regarding chest width, cows with the PIT1 AB genotype ex-
ceeded those with the PIT1 BB genotype by 1.89 cm, indicating that 
AB cows had a 3.4% wider chest region.  

Table 2  
Effect of PIT1 genotype on milk productivity, live weight, and linear body measurements of Ukrainian Red-and-white cows (x ± SE)  

Productive traits 
Genotype 

F P 
AA, n = 3 AB, n = 28 BB, n = 20 

Milk yield per lactation, kg       8149.3 ± 1698.3ab   6872.4 ± 195.5a    7889.7 ± 382.2b 3.334 4.41*10-2 

Milk yield for 305 days, kg     7346.0 ± 985.2ab   6521.6 ± 156.1a    7227.8 ± 165.1b 4.586 1.51*10-2 

Height at withers, cm 141.00 ± 7.57 138.75 ± 1.10 139.50 ± 1.17 0.232 0.794 

Oblique body length, cm   39.67 ± 0.33    38.93 ± 0.24    39.20 ± 0.22 0.278 0.758 

Chest depth, cm   81.00 ± 3.06    79.07 ± 0.84    80.20 ± 0.97 0.527 0.594 

Chest width, cm     52.33 ± 1.20ab     55.04 ± 0.52a      53.15 ± 0.53b 3.912 2.67*10-2 

Chest girth behind the shoulder blades, cm 203.67 ± 9.13  201.50 ± 1.14  202.90 ± 1.66 0.284 0.754 

Cannon bone girth, cm   19.33 ± 0.33    19.64 ± 0.11     19.70 ± 0.13 0.552 0.579 

Live weight, kg   510.00 ± 28.87  516.07 ± 4.79   519.00 ± 7.40 0.139 0.870 

Note: different letters within each row indicate significant differences between groups according to Tukey’s HSD test results.  

For other morphometric traits – including height at withers, 
oblique body length, chest depth, chest girth behind the shoulder 
blades, cannon bone girth, and live weight – no statistically significant 
differences were detected among genotype groups. Cows with the 

AA genotype were taller, with an elongated and narrower chest, 
whereas heterozygous AB animals were shorter but had a broader 
body conformation. Although linear body measurements reflect the 
absolute dimensions of the animals, a more informative indicator of 



5 
Regulatory Mechanisms in Biosystems, 2025, 16(4), e25195 

conformation is the relationship among these measurements, ex-
pressed as body conformation indexes. These indexes were calculated 
to provide a comprehensive assessment of exterior type (Table 3).  

No statistically significant differences were found among the 
PIT1 genotypes for most body conformation indexes, including leg 
length, body length, compactness, height proportion, and boneiness. 
However, a significant effect of the PIT1 genotype was established 
for the pelvic-thoracic and thoracic indexes. For the former, cows 
with the AB genotype exceeded those with the AA genotype by 

9.55 units (7.24%) and those with the BB genotype by 5.83 units 
(4.30%). Regarding the thoracic index, AB cows also showed a ten-
dency toward higher values compared with the other groups, although 

a statistically significant difference was observed only between the 
AB and BB groups, amounting to 3.34 units, or 5.02%. These fin-
dings indicate that polymorphism in the PIT1 gene primarily influen-
ces the proportional development of the thoracic and pelvic regions of 
the body, whereas other exterior indexes remain relatively stable re-
gardless of genotype.  

Table 3  
Effect of PIT1 genotype on body conformation indexes of Ukrainian Red-and-White cows (x ± SE)  

Body composition index 
Genotype 

F P 
AA AB BB 

Leg length, units   42.41 ± 1.84   43.00 ± 0.47  42.51 ± 0.50 0.273 0.762 

Body length, units 121.25 ± 4.19 122.72 ± 0.79 122.85 ± 0.75 0.206 0.815 

Pelvic–thoracic, units   131.90 ± 1.98a  141.45 ± 1.33b  135.62 ± 1.31a 6.410 3.41*10-3 

Thoracic, units       64.90 ± 3.82ab     69.77 ± 0.87a     66.43 ± 0.96b 3.893 2.71*10-2 

Compactness, units  119.46 ± 3.01  118.52 ± 0.74  118.50 ± 0.83 0.083 0.921 

Height proportion, units  103.38 ± 5.06  104.42 ± 0.92   103.99 ± 0.79 0.096 0.908 

Boniness, units    13.77 ± 0.53    14.18 ± 0.14     14.14 ± 0.16 0.384 0.683 

Note: different letters within each row indicate significant differences between groups according to Tukey’s HSD test results.  

When assessing udder characteristics, it was found that all cows 
under study had a cup-shaped udder, and the average score for udder 
conformation did not differ significantly among genotypic groups, 
averaging 36.01 ± 0.11 points across the sample. The PIT1 genotype 
also had no significant effect on milk flow rate, which averaged 
1.9062 ± 0.0105 kg/min.  

Evaluation of the effect of different genotypes on the duration of 

the service period also revealed no statistically significant differences 
among the groups (F = 1.3424; P = 0.2709). Although the mean value 
of this trait in cows with the AA genotype (X = 219.0 days) was 
1.68 times higher than that in cows with the BB genotype (X = 
30.75 days), the trait exhibited very high variability (standard errors 
were 185.98 and 69.45 days, respectively).  

 

Discussion  

 
The results of the population-genetic analysis indicate a moderate 

level of genetic variability within the studied sample. The presence of 
only two alleles with an uneven distribution suggests a certain degree 
of genetic consolidation in the herd, which is typical of populations 
subjected to long-term selection for productive traits. The observed 
balance between heterozygosity parameters (Ho and He), as well as 
the absence of deviation from the Hardy–Weinberg equilibrium, 

confirms the stability of allele frequencies and the lack of strong se-
lection pressure at the PIT1 locus (Selvaggi & Dario, 2011).  

Allele B was found to be twice as common in the population of 
Ukrainian Red-and-White dairy cattle as allele A. Similar allele dis-
tributions were reported in young bulls of the Podolica breed (Selvag-
gi et al., 2011), where the frequency of allele A was 30.0%, being 
2.33 times lower than that of allele B. In contrast, in Holstein cows 
(Renaville et al., 1997), the predominance of allele B over A was 
even greater – by a factor of 4.32, with respective frequencies of 

18.8% and 81.2%. When comparing the genotype frequencies of the 
PIT1 gene identified in the Ukrainian Red-and-White breed with 
those reported for the Holstein breed (Renaville et al., 1997), it was 
observed that Holsteins had a higher proportion of BB homozygotes 
(66.3%), whereas the frequencies of AA and AB genotypes were 
markedly lower (2.2% and 31.5%, respectively). In other studies in-
volving Holstein and Simmental cattle, the predominance of allele B 
was also confirmed, with its frequency reaching up to 90.0% (Ayte-

kin & Fadhil, 2022). Previous research associated this allele with im-
proved milk productivity, while allele A was more closely linked to 
certain body conformation traits.  

Considering that the Ukrainian Red-and-White dairy breed was 
developed using Simmental cattle as the maternal base, which were 
then crossed with Holstein and Ayrshire sires (Kruhliak et al., 2015; 
Machulnyi, 2018), such an allele distribution is entirely expected. 
Therefore, our results are consistent with general genetic patterns ob-

served in dairy cattle populations. The PIT1 gene encodes a pituitary-
specific transcription factor that regulates the expression of genes 
responsible for the synthesis of growth hormone and prolactin (Cohen 
et al., 1996; Alzaydi & Salim, 2021). The pattern observed in our 
study – higher milk productivity in cows with the BB genotype com-
pared with AB heterozygotes – aligns with the findings of a recent 
meta-analysis by Çelik Gürbulak & Aksel (2025), which indicated 

that for the Pit1-HinfI polymorphism, the BB genotype and allele B 
are the most prevalent. That analysis demonstrated that allele distribu-
tions in Holstein, Simmental, and Brown Swiss cattle are shaped by 
productivity level, whereas local breeds tend to maintain greater ge-
netic diversity. The authors also associated allele B with higher milk 
yield, while allele A was characterized as a significant indicator of 
sustainability, potentially playing an important role in preserving the 
genetic background in the future.  

However, our findings contrast with those of studies on Holstein 
cows (Renaville et al., 1997; Doosti et al., 2011), in which higher 
milk productivity was linked to the AA genotype. Thus, the substanti-
al differences in milk yield among genotypes may reflect the regulato-
ry role of this gene in lactation physiology. The lack of significant 
differences in most body conformation traits suggests that PIT1 pol-
ymorphism primarily affects metabolic and hormonal pathways rather 
than skeletal development (Prihandini et al., 2025).  

Similar conclusions were drawn by other researchers as well (Re-
naville et al., 1997), who applied canonical transformation of the data 
to increase the accuracy of analysis, which proved effective for sepa-
rating the effects on interrelated traits. However, the association bet-
ween PIT1 gene polymorphism and milk productivity traits in cows 
was confirmed both in the raw data and after statistical transfor-
mation. Consistent with our results, no significant influence of allele 
A on exterior characteristics was detected, except for traits such as 
body depth and angularity, which are known to be correlated with 

milk performance (Renaville et al., 1997). Our findings support this 
observation, since the 3.4% narrower chest width observed in BB 
cows compared with AB heterozygotes is also a characteristic feature 
of the “dairy type” of cattle. Thus, the narrower chest in cows with 
higher milk productivity corresponds to the body conformation pat-
terns previously described by other authors (Renaville et al., 1997).  

Because the transcription factor PIT1 participates in regulating 
the expression of several anterior pituitary genes – particularly those 

controlling the synthesis and secretion of hormones involved in lacta-
tion – its indirect effect on milk ejection can be hypothesized. Specifi-
cally, PIT1 has been reported to interact with other regulatory prote-
ins, such as C/EBPα, in the control of oxytocin (OXT) gene transcrip-
tion, which directly mediates myoepithelial cell contraction and milk 
release (Pauciullo et al., 2012). Based on this, we proposed the hy-
pothesis that PIT1 gene polymorphisms may influence milk ejection 
rate through alterations in oxytocin system activity. To test this hy-
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pothesis, the milk flow rate was measured in the studied cows, and an 
association analysis was performed with PIT1 genotypes. However, 
no statistically significant relationship between genotype and milk 

flow rate was detected.  
Furthermore, both our data and previously published studies reve-

aled no significant association between PIT1 polymorphism and the 
duration of the days open period, which indirectly characterizes the 
reproductive ability of cows (Temesgen et al., 2022).  

The results obtained indicate that PIT1 gene polymorphism may 
serve as a potential genetic marker of milk productivity in Ukrainian 
Red-and-White cattle. However, to confirm the observed tendencies 

and to determine the combined effect of multiple loci on productive 
and morphological traits, further studies involving larger datasets and 
additional candidate genes are required.  

 

Conclusions  

 
The Ukrainian Red-and-white dairy population demonstrated two 

alleles (A and B) at the PIT1 locus with moderate polymorphism 

(PIC = 0.34) and no deviation from the Hardy–Weinberg equilibrium. 
The B allele predominated in the population, occurring with twice the 
frequency of allele A, indicating genetic similarity to European dairy 
breeds. Cows with the PIT1 BB genotype had higher milk yield per 
lactation and per 305 days compared to heterozygous AB individuals 
(P < 0.05). Genotype AB was associated with larger chest width and 
higher pelvic-thoracic and thoracic indexes, reflecting a more develo-
ped body frame. The PIT1 polymorphism did not significantly affect 

udder morphology, milking speed, or reproductive traits (service peri-
od duration).  

The results confirm the potential of the PIT1 gene as a molecular 
marker for milk productivity traits in Ukrainian Red-and-White dairy 
cattle and justify further multi-locus genomic studies to improve the 
breed’s selection efficiency.  
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