
SUMMARY
Numerous studies have examined the association between prolactin gene polymorphisms with different traits of milk produc-
tion in cow, often with conflicting results. This study was performed to investigate the association between PRL/Rsa I polymor-
phism and milk production by meta-analysis of various published research results. In this meta-analysis the Metafor package of
R software was used to analyze the data. Based on these results, the overall effect of this gene on milk production is 0.533 with
a 95% confidence interval between 0.179 to 0.887 and animals with AA genotype have higher production than animals with BB
genotype (P <0.01). Subgroup analysis revealed that this difference in the function of genotypes is related to non-Holstein cows,
so that cows with AA genotypes are better than BB genotype (0.66, CI 0.113 1.119, I2=80.04%), while this difference is not sig-
nificant for Holstein cows (0.37, CI -0.035 0.779, I2=41.08%). It was also found that in additive, dominance, codominance, and
recessive models when Holstein cows were studied, the difference in animal performance with different PRL/Rsa I genotypes was
not significant. Based on these results, no association was found between PRL/Rsa I polymorphism with fat percentage and milk
protein percentage in the studied populations. It is suggested that instead of focusing on variants on this gene as direct markers
for the selection of dairy cows, the effect of this gene in combination with other genes in the framework of genomic selection
should be considered.

KEY WORDS
Genetic model, milk traits, PRL gene, systematic review.

MASOUD ALIPANAH†1, ZAHRA RODBARI‡, ALI ESMAILIZADEH§, 
IMAN YOUSEFI JAVAN†, FAEZEH QARARI†

† Department of Plant Production, University of Torbat Heydarieh, Postal Box 9516168595, Torbat Heydarieh,
Iran.

‡ Department of Animal Science, University of Jiroft, Postal Box 7867155311, Jiroft, Iran.
§ Department of Animal Science, Shaid Bahonar University of Kerman, Postal Box 7616913439, Kerman, Iran.

INTRODUCTION

Genetic selection of livestock based on traits to improve pro-
duction and reproduction performance is a time-consuming
process that is only possible for livestock with production
records. Therefore, a suitable solution to improve these traits
is to search for molecular markers in or around genes that are
directly or indirectly involved in milk production or repro-
ductive function to use genomic information along with
phenotypic records for accurate estimation of breeding values.
In dairy cows, one of the most important goals of selection is
to increase both milk productivity and composition. Through
molecular techniques and determining the basic genes affect-
ing production traits in livestock, the efficiency of breeding pro-
grams can be enhanced1.
Candidate genes for a particular trait are sequenced genes whose
biological activity is known. Based on the candidate gene hy-
pothesis, much of the genetic diversity of quantitative traits is

due to the diversity of functions of genes directly involved in
physiology or production. Single nucleotide polymorphisms
(SNPs) are believed to occur in some genes and may affect the
gene product or at least the DNA marker of the underlying re-
gions of the genome2. For more than fifty years, many studies
have been conducted on different forms of genes affecting the
economically important traits of cow’s milk3. Genes encoding
milk proteins and hormones are good candidates for locally ef-
fective trait markers in milk production due to their crucial bi-
ological functions. Among various hormones regulating the milk
production process in cattle, prolactin is of great importance4. 
Prolactin (PRL) gene (ENSBTAG00000015274.4) is a polypep-
tide hormone synthesised and secreted from the specialised cells
of the anterior pituitary gland. It is essential for the initiation
and maintenance of lactation, and it is also mainly responsi-
ble for the synthesis of milk proteins, lactose, lipids, and all oth-
er major components of milk1,5,6. In mammals, prolactin is re-
sponsible for the onset and maintenance of lactation, the growth
of the mammary glands, and lactogenesis. Given the effects de-
scribed above, it can be hypothesized that the DNA variants in
this gene could be used as potential genetic markers for milk
yield in cattle7. The bovine PRL gene is located on chromosome
23 and comprises five exons and four introns, spanning a 10
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kb genomic segment and it encodes a 199 amino acid mature
protein in BTA238. It has a molecular weight of approximate-
ly 22-kDa. It is a single-chain polypeptide of 198 amino acids
and involved in many endocrine activities9. Many researchers
reported that the PRL gene is highly polymorphic and had an
association with milk production traits10. A non-synony-
mous A  G transition mutation in exon-3 of bovine PRL gene
genotyped by Rsa I restriction endonuclease enzyme, has be-
come a prevalent genetic marker for several production and re-
production traits11. Two allelic variants (A and B) have been
distinguished at the DNA level, based on Rsa I polymorphism.
The PRL/Rsa1 locus had a significant effect on milk produc-
tion and fat percentage in dairy cattle10,12,13,14. 
Based on the statistical and mathematical principles, meta-analy-
sis is a systematic review of quantitative research. Integrating
the results from different studies with a single subject, compared
to the findings of an individual research, allows for a more ac-
curate and reliable estimation. The challenge for biologists is
to discover ways to analyze scattered data to help them un-
derstand the complex dynamic system of life. Meta-analysis is
a statistical method for integrating data from different surveys
with related hypotheses, which is a valuable way to increase the
analytical power of individual surveys. In this regard, new and
powerful tools have been developed for the analysis of expressive
data.
One of the most important goals of meta-analysis studies is to
provide an accurate and valid result, by increasing the sample
size due to the combination of different studies and hence re-
ducing the confidence interval of these measurements and solv-
ing problems resulting from controversial results of previous
studies15.
The term meta-analysis is used to refer to the statistical
analysis of a large set of results from individual studies to in-
tegrate findings16. Like any statistical method, meta-analysis has
its pros and cons but is now one of the standard tools for pro-
viding a clear, objective and repetitive summary of research find-
ings in the social sciences, medicine, education, and other fields17.
According to the many studies that have been conducted on
the prolactin gene mutation (PRL/Rsa I) on different breeds
of cattle, which have led to different and sometimes contra-
dictory results, it seems that it is necessary to summarize the
effect of this mutation on the production of milk, fat, and pro-
tein based on more data. Therefore, this meta-analyze was per-
formed to investigate the association between polymorphism
studies of PRL/Rsa I polymorphism with milk production and
the dependent traits of fat percentage and protein percentage.

MATERIALS AND METHODS

Published scientific papers on the relationship between
PRL/Rsa I polymorphism and milk production in cattle were
retrieved from several databases (Web of Science, Science Di-
rect, and Google Scholar); out of which a sample consisting of
98 original research papers published between 2000 and 2020
was selected. This number was selected by refining and final-
ly, 21 articles were selected for the subsequent analysis. All se-
lected articles met all three inclusion criteria including 1) ex-
amining the relationship between PRL/Rsa I polymorphism and
milk production. 2) Investigation of three genotypes (AA, AB,
and BB). 3) Existence of mean report, and standard deviation
or standard error for milk production, milk fat percentage, and

milk protein percentage traits for each genotype.
All necessary information from selected articles was entered in
a table. This table included information about the character-
istics of the corresponding author(s), year of publication, coun-
try, breed, the number of animals tested, the number of geno-
types observed, average milk production for each genotype, stan-
dard deviation from the mean and significant level of rela-
tionship. Before statistical analysis, this information was
arranged according to the corresponding author to prevent er-
rors. In the cases with no standard deviation, the standard de-
viation value was calculated using the following equation:

where, SE stands for the standard error of the genotype and n
represents the number of records for each genotype.
The mean standardized difference was obtained using the fol-
lowing equation18:

In this equation, 1 and 2 are the means of the two groups com-
pared and SDpooled is the cumulative standard deviation of both
groups obtained from the following equation:

where, n1 and n2 are the sample size and S1 and S2 are the stan-
dard deviations in each group.

Statistical Analysis:
Metafor statistical package of R software was used to analyze
the data in this meta-analysis. The collected data were divid-
ed into three groups based on the breed of cattle, including Hol-
stein, other breeds (Jersey, Gir, Conkraj, Sahiwal, and Dioni)
and the combination of these two groups, the results of this
analysis are presented in Table 4. Four different genetic mod-
els (AA vs BB additive model, AA + BB vs AB co-dominant
model, AA + AB vs BB dominance model, and AA vs AB + BB
recessive model) were used to evaluate the relationship between
PRL/Rsa I polymorphism and milk production.
Heterogeneity between studies was calculated using the I2 pa-
rameter whose value varies between zero and 100; that is I2 less
than 50 indicates low heterogeneity and I2 above 50 indicates
high heterogeneity. A random model should be used for the
analysis of studies with high heterogeneity19.
The genotypic and allelic frequencies of PRL/Rsa I polymor-
phisms in the various studies used in this survey are shown in
Table 1. 

RESULTS

The results of the meta-analysis for the association between
PRL/Rsa I polymorphism and milk production based on four
genetic models including additive, dominant, co-dominant, and
recessive are presented in Tables 2-4.
The relationship between polymorphism of PRL/Rsa I and milk
production: The results of the heterogeneity test based on I2

and the number of studies used in Meta-analysis show that al-
most all models have a high heterogeneity, even using a ran-
dom model. Although animal grouping into two groups of Hol-
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stein cows and other breeds reduces the level of heterogene-
ity, in most cases heterogeneity is still high (Table 2).
An additive model: Comparison of genotypes in this model (AA
genotype versus BB genotype) indicates that the average yield
of milk production in animals with AA, and BB genotypes are
5999.12, and 3907.17 liters; respectively. Supplementary Table
1 presents the results of the meta-analysis with an additive mod-
el for the relationship between the PRL gene, and milk pro-
duction. Based on these results, the overall effect of this gene
on milk production is 0.533 with a 95% confidence interval be-
tween 0.179 to 0.887 and animals with AA genotype have high-
er production than animals with BB genotype (P <0.01). But
based on I2, there is significant heterogeneity between obser-
vations and hence, the results should be evaluated more care-
fully. With separate analysis for Holstein cows and non-Hol-
stein cows, it is determined that this difference in the function
of genotypes is related to non-Holstein cows so that cows with
AA genotypes are better than BB genotype (0.66, CI 0.113 1.119,
I2=80.04%) While this difference is not significant for Holstein
cows (0.37, CI -0.035 0.779, I2=41.08%).
Dominant model: In this model, animals with AA + AB geno-
type were compared with animals with BB genotype of
PRL/Rsa I polymorphism. Animals in the AA + AB genotyp-
ic group with an average of 5914.60 liters have a better per-
formance than the animals of the BB genotype group with an
average of 3097.17. However, the results of the meta-analysis
show no significant difference between the two groups, the es-
timation of the dominant model effect was 0.043 (95% con-

fidence interval between 0.303 and 0.389). But in this model,
there was also heterogeneity between different studies (I 2 =
86.25) and of course a very low number of animals with BB
genotype can also be the reason for the lack of significant dif-
ferences in the model. When the analysis was performed with
a random model, the performance difference was significant
(P <0.01).
Co-dominant model: In this model, animals with AB genotype
were compared with animals with AA + BB genotype. Animals
in AA + BB, and AB genotypic groups showed an average of
5309.51 and 5224.04 litter, respectively. But there was no sig-
nificant difference. A significant difference was observed be-
tween two genotypic groups when the analysis was per-
formed on breeds other than Holstein (P <0.05).
Recessive model: In this model, animals with AA genotype were
compared with animals with AB + BB genotype of PRL/Rsa I
polymorphism. AA genotypic group animals with an average
of 5337.40 liters showed better performance than the animals
of the AB + BB genotype with an average of 5228 liters, but the
difference was not significant. A significant difference was ob-
served when the analysis was performed on breeds other than
Holstein (P <0.05).
Relationship between PRL/Rsa I polymorphism and milk fat
percentage:
The results of the heterogeneity test based on I2 and the num-
ber of studies used in the meta-analysis show that heterogeneity
levels are high in dominant and codominant, and moderate in
additive, and recessive models.

1 2007 Holstein 72 36 0.50 30 0.42 6 0.08 51 0.71 21 0.29 0.0002 P>0.05

2 2007 Holstein 98 59 0.60 38 0.39 1 0.01 78 0.80 20 0.20 0.0996 P>0.05

3 2002 Holstein 900 657 0.73 235 0.26 8 0.01 775 0.86 125 0.14 0.0235 P>0.05

4 2002 Holstein 600 426 0.71 166 0.28 8 0.01 509 0.85 91 0.15 0.0168 P>0.05

5 2002 Holstein 366 255 0.70 104 0.28 7 0.02 307 0.84 59 0.16 0.0075 P>0.05

6 2005 Jersey 185 17 0.09 80 0.43 88 0.48 57 0.31 128 0.69 0.0002 P>0.05

7 2005 Jersey 147 13 0.09 63 0.43 71 0.48 45 0.31 102 0.69 0.0002 P>0.05

8 2005 Jersey 91 6 0.07 37 0.41 48 0.53 25 0.27 66 0.73 0.0010 P>0.05

9 2005 Holstein 242 172 0.71 69 0.29 1 0.01 207 0.86 35 0.14 0.0578 P>0.05

10 2005 Holstein 162 117 0.72 44 0.27 1 0.01 139 0.86 23 0.14 0.0399 P>0.05

11 2005 Holstein 94 69 0.73 24 0.26 1 0.01 81 0.86 13 0.14 0.0155 P>0.05

12 2008 Holstein 720 133 0.18 572 0.79 15 0.02 419 0.58 301 0.42 0.6610 P>0.05

13 2019 Holstein 150 108 0.72 41 0.27 1 0.01 129 0.86 21 0.14 0.0385 P>0.05

14 2017 Gir 200 9 0.05 166 0.83 25 0.13 92 0.46 108 0.54 0.5678 P>0.05

15 2017 Kankrej 100 13 0.13 70 0.70 17 0.17 48 0.48 25 0.25 0.2131 P>0.05

16 2008 Kankrej 51 17 0.33 18 0.35 16 0.31 26 0.51 25 0.49 0.1213 P>0.05

17 2008 Kankrej 51 17 0.33 18 0.35 16 0.31 26 0.51 25 0.49 0.1213 P>0.05

18 2088 Kankrej 51 17 0.33 18 0.35 16 0.31 26 0.51 25 0.49 0.1213 P>0.05

19 2008 Kankrej 51 17 0.33 18 0.35 16 0.31 26 0.51 25 0.49 0.1213 P>0.05

20 2015 Sahiwal 126 75 0.60 39 0.31 12 0.10 95 0.75 31 0.25 0.0734 P>0.05

21 2012 Dioni 72 7 0.10 42 0.58 23 0.32 28 0.39 44 0.61 0.0567 P>0.05

Table 1 - Allelic and genotypic frequencies of PRL/Rsa I polymorphism in different studies for meta-analysis.

No Year Breed Total Genotype Frequencies Allele Frequencies

Number nAA %AA nAB %AB nBB %BB A %A B %B P
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Based on the results presented in Table 3, the overall effect of
this gene on milk fat percentage is -0.17 with confidence in-
tervals of 95% between -0.73 and 0.38 and animals with BB
genotype have a higher fat percentage of animals with AA geno-
type, although this difference is not statistically significant. In
random models and separate analyzes for Holstein cows and
other breeds, there was no significant difference in the effect
of PRL/Rsa I polymorphism on milk fat percentage.
Additive model: A comparison of genotypes in this model (AA
genotype versus BB genotype) shows that the average percentage
of milk fat in animals with AA genotype and BB genotype were
4.11 and 4.97%; respectively. 
Dominant model: In this model, the percentage of milk fat in
cows with BB genotype was compared with that of cows with
AA + AB genotype. the results revealed that BB genotypic with
an average of 4.97% have better performance than animals of
the genotype AA + AB with an average of 4.11%. The results
of the meta-analysis show no significant difference between the
two groups.  The estimation of the dominant model was 0.038
(95% confidence interval between 0.143 and 0.219). In this mod-
el, there was also heterogeneity between the population of dif-
ferent studies (I2 = 45.74). Fewer number of animals with BB

genotype can explain the lack of significant differences in the
model. When the analysis was done with a random model, there
was no significant difference in the percentage of milk fat be-
tween the groups.
Co-dominant model: In this model, Animals with AA + BB
genotypic group with an average of 4.17% compared to ani-
mals with genotype AB with an average of 4.11 had better per-
formance, but no significant difference was observed.
Recessive model: In this model, animals with AA genotype were
compared with animals with AB + BB genotype. AA, and
AB+BB genotype groups have an average of 4.11 and 4.24, re-
spectively, but there was no significant difference.
The relationship between polymorphism of PRL/Rsa I and milk
protein percentage:
The results of the heterogeneity test based on I2 and the num-
ber of studies used in the meta-analysis show that heterogeneity
levels were high in co-dominance and dominance models, but
suitable homogeneity was observed in additive and recessive
models.
Additive model: A comparison of genotypes in this model (AA
genotype versus BB genotype) indicates that the average per-
centage of milk protein in animals with AA and BB genotypes

Additive AA vs BB 3783 0.533 0.181 0.179 0.887 0.003 70.900
Random 3783 0.093 0.325 0.544- 0.730 0.776 61.250
Holstein 2658 0.372 0.207 0.035- 0.779 0.073 41.080
Other breeds 1125 0.656 0.277 0.113 1.119 0.018 80.040

Dominant AA+AB vs BB 3783 0.043 0.176 0.303- 0.389 0.808 86.250
Random 3783 -0.828 0.339 -1.493 -0.163 0.015 81.500
Holstein 2658 0.634 0.332 -0.016 1.284 0.050 77.070
Other breeds 1125 -0.187 0.167 -0.514 0.139 0.261 81.500

Co-dominant AA+BB vs AB 4529 0.259 0.184 -0.101 0.618 0.159 95.940
Random 4529 0.469 0.363 -0.243 1.181 0.197 95.770
Holstein 3404 0.054 0.256 -0.447 0.555 0.834 97.150
Other breeds 1125 0.520 0.248 0.034 1.006 0.036 91.570

Recessive AA vs AB+BB 4529 0.283 0.171 -0.053 0.618 0.099 94.310
Random 4529 0.473 0.338 -0.189 1.134 0.161 95.770
Holstein 3404 0.089 0.227 -0.356 0.534 0.696 96.390
Other breeds 1125 0.564 0.241 0.091 1.037 0.019 81.080

Table 2 - Estimate of PRL/Rsa I polymorphism effect with a different model on the milk yield.

Model Number Estimate SMD1 Ci.l Ci.u p-value I2

1Standardized mean difference

Additive AA vs BB 5113 -0.173 0.284 -0.729 0.383 0.542 91.67
Random 5113 0.48 0.862 -1.21 2.17 0.578 83.94
Holstein 4205 -0.091 0.241 -0.563 0.382 0.706 81.33
Other breeds 908 -0.326 0.786 -1.866 1.213 0.678 96.32

Co-dominant AA+BB vs AB 5113 -0.008 0.044 -0.095 0.078 0.85 37.4
Random 5113 -0.002 0.054 -0.104 0.108 0.967 44.1
Holstein 4205 0.001 0.046 -0.089 0.091 0.978 29.63
Other breeds 908 -0.035 0.139 -0.307 0.237 0.8 64.69

Dominant AA+AB vs BB 5113 0.038 0.092 -0.143 0.219 0.682 45.74
Random 5113 -0.012 0.125 -0.258 0.233 0.922 46.47
Holstein 4205 -0.014 0.108 -0.225 0.198 0.899 21.09
Other breeds 908 0.116 0.196 -0.268 0.499 0.554 77.12

Recessive AA vs AB+BB 5113 0.002 0.042 -0.081 0.085 0.965 23.36
Random 5113 0.003 0.047 -0.089 0.095 0.998 27.22
Holstein 4205 0 0.044 -0.086 0.086 0.999 23.33
Other breeds 908 0.02 0.153 -0.279 0.319 0.896 41.2

Table 3 - Estimate of PRL/Rsa I polymorphism effect with a different model on the milk fat percentage.

Model Number Estimate SMD1 Ci.l Ci.u p-value I2

1Standardized mean difference
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were 3.25 and 3.67; respectively. The results of meta-analysis
with the additive model for the relationship between the PRL
gene and the percentage of milk protein are presented in Table
2. According to the results, the overall effect of this gene on the
protein percentage of milk is 0.569 with a 95% confidence in-
terval between -0.27 and 1.14. The animals with BB genotype
have a higher performance compared to those with AA geno-
type, although this difference isn’t significant. In random mod-
els and separate analyzes for Holstein cows and other breeds,
there was no significant difference in the effect of PRL/Rsa I
polymorphism on the percentage of milk protein.
Dominance Model: In this model, the percentage of milk fat
compared, animals with BB genotype versus animals with AA
+ AB gene of PRL/Rsa I. there is a significant difference between
the animals in genotypic group AA + AB with an average of
3.32% compared to the animals of the genotype BB (P<0.05).
Although in the analysis of this model, the effect of the dom-
inant model was 0.196 (95% confidence interval between 0.002
and 0.398). In this model there was also heterogeneity between
different studies (I2 = 42.93). When the analysis was repeated
with a random model, there was no significant difference.
Co-dominant model: This model compares AA + BB, and AB
genotypes. There was no significant difference between animals
in the AA + BB genotype group with an average of 3.28% pro-
tein milk and the genotypic group AB with an average of 3.31%
protein milk.
Recessive model: In this model, animals with AA genotype were
compared with animals with AB + BB genotype of PRL/Rsa I
gene. Animals in the AA genotypic group with an average of
3.25% showed lower yield compared to the animals of the AB
+ BB genotype group with an average of 3.27%, but the dif-
ference was not significant.
Most studies on the correlation between the polymorphisms
of genes and different production traits in certain breeds are
constrained to a limited number and in certain areas. And some-
times the abundance of some genotypes is slightly observed,
which accompanies the general conclusion about the rela-
tionship between the multiplexing of the study gene and traits
with doubt. It has been suggested that in these cases, with cu-
mulative data and with meta-analysis assistance, comparisons
can be compared with the larger number of samples in such
a way that the results may be more comprehensive20.

DISCUSSION

Most studies1,13,21,22,23 have shown that the A allele and AA geno-
type had the highest frequency for the PRL gene in most of cat-
tle breeds. Although studies have shown that the BB genotype
in the Holstein breed is rare, the BB genotype has a higher abun-
dance in other breeds1,14,24,25. These findings may reflect the neg-
ative effect of Holstein cow selection criteria on the frequen-
cy of the B allele, while other breeds, especially local breeds, show
a higher frequency of allele B and the BB genotype.
Contrary to the clear effect of selection on reducing the fre-
quency of B alleles and BB genotype, in the effect of this allele
and genotype on milk production, regardless of the breed of
cows, has been suggested in various results. While others14,21

showed that Holstein cows with BB genotype produced more
milk compared to two AA and AB genotypes; in other re-
search1,2,26,27,28 AA genotype has been reported as the main cause
of the increased milk production performance and milk fat and
in some studies there is no significant difference between
PRL/Rsa I genotypes for milk production or other traits7,23,25.
In various studies29,30,31 while the AA genotype had a better per-
formance for milk production (P <0.05), no difference has been
reported between PRL/Rsa I polymorphism with fat and pro-
tein percentage in the Holstein breed of different parts of the
world. A similar result was obtained for Russian Simmental
cows23.
Some other studies13,32 have maintained that Holstein cows in
Poland with BB genotype had the lowest milk and milk fat per-
centage compared to two other genotypes of PRL/Rsa I; this
result may be attributed to the negative correlation between milk
production and fat percentage. While the percentage of pro-
tein does not show a significant difference between the three
genotypes. In a study1, it was observed that Holstein cows in
Poland AA have the highest milk production, while the BB geno-
type had the lowest percentage of protein.
In previous studies, animal with BB genotype were associat-
ed with higher annual milk yield while there were not signif-
icant differences for milk fat and milk protein percentage, the
same results were observed in comparison with PRL/Rsa I geno-
types for indigenous breeds Gir, and Kankrej 24. In other stud-
ies33, genotyped animals for the PRL/Rsa I did not have any sig-
nificant difference for milk production traits, milk fat percentage,

Additive AA vs BB 4786 0.569 0.43 -0.274 1.413 0.186 95.93
Random 4786 0.75 0.496 -0.221 1.722 0.13 95.66
Holstein 4178 0.75 0.522 -0.274 1.744 0.151 95.81
Other breeds 608 -0.052 0.618 -1.264 1.16 0.933 92.6

Co-dominant AA+BB vs AB 4786 0.048 0.06 -0.07 0.165 0.428 62.25
Random 4786 0.09 0.063 -0.033 0.214 0.152 57.28
Holstein 4178 0.085 0.055 -0.022 0.191 0.121 46.2
Other breeds 608 -0.156 0.222 -0.599 0.272 0.462 78.72

Dominant AA+AB vs BB 4786 0.196 0.099 0.002 0.398 0.048 42.93
Random 4786 0.212 0.125 -0.032 0.456 0.089 41.98
Holstein 4178 0.203 0.135 -0.062 0.467 0.133 45.58
Other breeds 608 0.126 0.088 -0.046 0.299 0.152 59

Recessive AA vs AB+BB 4786 0.184 0.12 -0.052 0.42 0.126 90.27
Random 4786 0.226 0.137 -0.042 0.494 0.099 91.07
Holstein 4178 0.227 0.142 -0.052 0.505 0.111 92.63
Other breeds 608 0.029 0.198 -0.36 0.417 0.885 52.96

Table 4 - Estimate of PRL/Rsa I polymorphism effect with different model on the milk protein percentage.

Model Number Estimate SMD1 Ci.l Ci.u p-value I2

1Standardized mean difference
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and milk protein percentage.

CONCLUSION

In this study, the relationship between PRL/Rsa I polymorphism
and milk production, milk fat percentage, and milk protein per-
centage were investigated according to different models. The
results of this meta-analysis showed that in order to study the
relationship between prolactin gene polymorphism and milk
production, an additive model is more suitable than other mod-
els. While there is no correlation between prolactin gene poly-
morphism and fat percentage and milk protein percentage. By
comparing the frequencies of the PRL/Rsa I in Holstein cows
in different parts of the world with other breeds of dairy cows,
it can be found that the selection for milk production increases
the AA genotype and, as compared to other milk breed cattle,
with lower or local milk production. It is due to pressure se-
lection on this gene. According to these results, PRL/Rsa I is not
a very important gene affecting milk production, fat percent-
age, and protein percent of milk. Therefor, instead of focusing
on this gene as a candidate gene for the milk yield and milk com-
position in dairy cattle, the effect of this gene in combination
with other genes, in the framework of genomic selection should
be considered.

Disclosures
The authors declare no real or perceived conflicts of interest.

References 

1. Dybus A., Grzesiak W., Kamieniecki H., Szatkowska I., Sobek Z.,
Błaszczyk P., Czerniawska-Piatkowska E., Zych S., Muszy ska M. (2005).
Association of genetic variants of bovine prolactin with milk production
traits of Black-and-White and Jersey cattle. Arch Anim Breed, 48(2):149-
156. doiI.org/10.5194/aab-48-149-2005.

2. Brym P., Kaminski S., Wojcik E. (2005). Polymorphism within the bovine
prolactin receptor gene (PRLR). Anim Sci Pap, 23(1):61-66. 

3. Ozdemir M. (2020). A Prl/RsaI Polymorphism in Exon 3 and 4 of Pro-
lactin Gene in Dairy Cattle. Pak J Zoo, 52(1):1-4. doi.org/10.5194/aab-
61-197-2018.

4. Lien S., Sundvold H., Klungland H., Vage D I. (1997). Two novel poly-
morphisms in the bovine obesity gene (OBS). Anim Genet, 28:245.

5. Pearce S., Mostyn A., Alves-Guerra M.C., Pecqueur C., Miroux B., Webb
R., Stephenson T., Symonds M.E. (2003). Prolactin, prolactin receptor and
uncoupling proteins during fetal and neonatal development. Proc Nutr
Soc, 62(2):421-427.

6. Horseman N.D., Zhao W., Montecino-Rodriguez E., Tanaka M.,
Nakashima K., Engle S.J., Smith F., Markoff E., Dorshkind K. (1997). De-
fective mammopoiesis, but normal hematopoiesis, in mice with a targeted
disruption of the prolactin gene, 1997, EMBO J, 16 (23):6926-6935. 

7. Akkaya M., Akyuz B.L.A.L. (2019). Investigation of the Relationship be-
tween GHRH and PRL Genes Polymorphisms and Milk Yield in Holstein
Cattle Breed Reared in Turkey. J Agric Nat, 22(5):763-771.
doi:10.18016/ksutarimdoga.vi.530786.

8. Uddin R.M., Babar M.E., Nadeem A., Hussain T., Ahmad S., Munir S., Ah-
mad F.J. (2013). Genetic analysis of prolactin gene in Pakistani cattle. Mol
biol rep, 40(10), 5685-5689.

9. Hani H.A., Al-Bazi, W.G.M., MUHAMMED H.A. (2021). Association of
prolactin genepolymorphism with some biochemical and lactation
traits in dairy cow in Karbbala province. Turk J Physiother Rehabil, 32:3. 

10. Karuthadurai T., Chakravarty A.K., Kumaresan A., Das D.N., Selvan A.S.,
Chandrasekar T., et al. (2021). Genetic polymorphism in prolactin gene
and its effect on test day milk production traits in Sahiwal cattle. Indian
J Anim Res, 1: 7. 

11. Bangar Y.C., Magotra A., Patil C.S., Jindal N. (2021). Meta-analysis of Ge-

netic Structure and Association of Prolactin Gene with Performance Traits
in Dairy Cattle in India. Biochem Genet, 59(3): 668-677.

12. Mitra A., Schlee P., Balakrishnan C.R., Pirchner F. (1995). Polymorphisms
at growth hormone and prolactin loci in Indian cattle and buffalo. J Anim
Breed Genet, 112(1 6), 71-74.

13. Wojdak-Maksymiec K., Kmic M., Strzalaka J., Judyma U.D., (2008). Pro-
lactin gene polymorphism and somatic cell count in dairy cattle. J Anim
Vet Adv, 7(1):35-40.

14. Sacravarty G., Vadodaria V.P., Joshi C.G. (2008). Prolactin Gene Poly-
morphism and its Association with: Economic Traits in Kankrej Cattle.
Indian. J Dair Sci, 61(4):273-276.

15. Field, A. P. (2005). Is the meta-analysis of correlation coefficients accurate
when population correlations vary? Psychological methods, 10(4), 444. 

16. Glass G.V. (1976). Primary, secondary, and meta-analysis of research. Edu
res, 5(10):3-8.

17. Del Re A.C. (2015). A practical tutorial on conducting meta-analysis in
R. Quant Meth Psych, 11(1):37-50. doi: 10.20982/tqmp.11.1. p37.

18. Cohen J. (1988). Statistical power analysis for the behavioral sciences.
Lawrence Erlbaum, Hillsdale, NJ.

19. Mahmoudi P., Rashidi A., Rostamzadeh J., Razmkabir M. (2019). Asso-
ciation between c. 1189G> A single nucleotide polymorphism of GDF9
gene and litter size in goats: A meta-analysis. Anim. reprod. Sci. 209:106140.
doi.org/10.1016/j.anireprosci. 2019.106140.

20. Akcay A., Daldaban F., Celik E., Arslan K., Akyuz B., (2020). Meta-analy-
sis of allele and genotype frequency of growth hormone (bGH) gene AluI
polymorphism, which is effective on milk yield in Holstein cattle. J Fac-
ult Vet Med, Kafkas Unıv, 26(5): 687-695. doi: 10.9775/kvfd.2020.24256

21. Alipanah M., Kalashnikova L., Rodionov G. (2007). Association of pro-
lactin gene variants with milk production traits in Russian Red Pied cat-
tle. Iran J Biotech, 5(3):158-161.

22. Thuy N.T.D., Thu N.T., Cuong N.H., Ty L.V., Nguyen T.T.B., Khoa D.V.,
(2018). Polymorphism of PIT-1 and prolactin genes and their effects on
milk yield in Holstein Frisian dairy cows bred in Vietnam. Russ J
Genet, 54(3):346-352.

23. Pavlova N., Dodokhov V., Filippova N., Khaldeeva M., Kurtanov H.,
Stepanov N. (2019). The analysis of polymorphism of kappa-casein, B-
lactoglobulin and Prolactin genes among Yautian cattle and its influence
on milk production. J Agric Environ, 2(10): doi.org/10.23649/
jae.2019.2.10.1

24. Patel J.B., Chauhan J.B. (2017). Polymorphism of the prolactin gene and
its relationship with milk production in Gir and Kankrej cattle. J Nat Sci
Biol Med, 8(2):167. doi.org/ 10.4103/jnsbm.JNSBM.303.16.

25. Singh U., Deb R., Kumar S., Singh R., Sengar G., Sharma A. (2015). As-
sociation of prolactin and beta-lactoglobulin genes with milk production
traits and somatic cell count among Indian Frieswal (HF× Sahiwal)
cows. Biomark genom med, 7(1):38-42. doi.org/10.1016/j.bgm.2014.07.001.

26. Ghasemi N., Zadehrahmani M., Rahimi G., Hafezian S.H. (2009). Asso-
ciations between prolactin gene polymorphism and milk production in
montebeliard cows. Int J Genet Mol Biol, 1(3):048-051. doi.org/
10.5897/IJGMB.9000010.

27. Alfonso E., Rojas R., Herrera J.G., Ortega M.E., Lemus C., Cortez C., Ruiz
J., Pinto R., Gomez H. (2012). Polymorphism of the prolactin gene (PRL)
and its relationship with milk production in American Swiss cattle. African
Journal of Biotechnology, 11(29):7338-7343. doi: 10.5897/AJB11.1485

28. Oguzkan SB., Bozkurt A.S. (2019). A study on the effect of Prolactin gene
variants on milk production traits of Holstein cattle. Russ J
Genet, 55(4):480-486. doi.org/ 10.1134/S1022795419040082.

29. Dong C.H., Song X.M., Zhang L., Jiang J.F., Zhou J.P., Jiang Y.Q. (2013).
New insights into the prolactin-RsaI (PRL-RsaI) locus in Chinese Hol-
stein cows and its effect on milk performance traits. Genet Mol
Res, 12(4):5766-5773. doi.org/10.4238/2013.22.3.

30. Patel J.B., Chauhan J.B. (2017). Polymorphism of the prolactin gene and
its relationship with milk production in Gir and Kankrej cattle. J Nat Sci
Biol Med, 8(2):167-170

31. Plivachuk O., Dubin O., Dyman T. (2015). Effect of prolactin gene poly-
morphism on milk production traits in Ukrainian black-and-white dairy
cattle. Technol product proc prod, 116(1):57-60. 

32. Gilmanov K.K., Vafin R.R., Tyulkin S.V. (2021). Influence of complex geno-
types of GH and PRL genes on milk productivity and milk quality of cows.
IOP Conf Ser: Earth Environ Sci, 699)1):012036. doi:10.1088/1755-
1315/699/1/012036.

33. Rhinocon J.C., Lopez-Herrera A., Echeverri J.J. (2013). Effect of two sin-
gle nucleotide polymorphisms on milk yield and composition. Genet Mol
Res, 12(2):995-1004. doi.org/10.4238/2013.

Alipanah Bovini_ok  02/02/23  10:02  Pagina 14


