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Abstract
Placental Lactogen is a polypeptide hormone that is produced by the Placenta, also known as chorionic
somatomammotropin hormone. It has both Growth Hormone and Prolactin activities on growth, lactation,
and luteal steroid production. The objective of this study was to investigate the bovine Placental Lactogen
(bPL) gene polymorphism of Holstein cows in Razavi Khorasan province. Blood samples were collected
from 150 dairy cattle from six herds. DNA extraction was performed by salting out method. A fragment
of 449 bp from intron 1 was amplified by the polymerase chain reaction and analyzed by single-strand
conformation polymorphism to get the patterns of single-stranded DNA separated by native
polyacrylamide gel electrophoresis and visualized by silver staining. Six genotypes were revealed with
the frequencies of 0.283 (AA), 0.085 (AB), 0.292 (AC), 0.019 (CC), 0.292 (AD) and 0.029 (DD). The
allele frequencies for A, B, C and D were 0.6179, 0.0425, 0.1651 and 0.1745, respectively.Chi-square test
didn't confirm Hardy-Weinberg (H-W) equilibrium for this locus. Associations between polymorphisms
and the traits studied were evaluated using the MIXED procedure of the SAS 9.1 software. Results
showed that the polymorphism of the bPL gene is significantly is associated with fat percent (P=0.012).
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Introduction
Milk volume and components are important to the producer because they determine the income generated
and the profitability of a dairy cow. Most economically important traits in livestock are quantitative and
generally controlled by very many genes and it is virtually impossible to eliminate genetic variation from
a given population. Using tools and techniques to identify genes underlying these traits is important for us
to gain a better understanding of their physiological and biochemical roles and for a more direct way of
genetic improvement. Techniques applied in molecular genetics in conjunction with conventional animal
breeding techniques could be used to optimize animal breeding programs, resulting in higher yields (i.e.,
greater genetic gains), as it is possible to determine the potential of an animal, even before the trait is
expressed phenotypically (Warwick, 1979). Successful lactation in dairy cows requires that the mammary
glands produce a large numbers of potential milk secreting cells during pregnancy and dry period. Both
Mammary growth and milk production is attached with the interaction complex between pituitary,
adrenal, ovaries and placenta hormones. Cattle often are lactating and pregnant at the same time, unlike
many species. Placenta’s endocrine function, during gestation, is one of the most important events that
influence both the future of the newborn and the next lactation. The climax of blood concentration for
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placental lactogen (PL) being recorded simultaneously with the moment of maximum intensity of
mammogenesis. The first ruminant PL to be described was that of the goat (Buttle et al., 1972). Shortly
after the discovery of PL in the goat it was discovered in sheep placental tissue (forsyth, 1974; Kelly et
al., 1974) and was soon purified to homogeneity (Chan et al., 1978; Hurley et al., 1977; Martal and
Djiane, 1975). Placental lactogen or chorionic somatomammotropin hormone 1 (CSH1), is a polypeptide
hormone found in the mammalian placenta (Anthony et al., 1995). In sheep, PL has more structural
similarity to ovine prolactin than ovine GH and it has been shown to exhibit somatogenic actions both in
vitro and in vivo. This is why the term chorionic somatomammotropic hormone is also used to describe
PL, especially in gene databases (e.g. GenBank). Administration of recombinant oPL stimulates weight
gain in GH-deficient dwarf rats with a similar or superior potency to bovine GH (bGH) (Singh et al.,
1992). Recombinant bPL has been shown to have galactopoietics properties in dairy cattle (Byatt et al.,
1992). These data suggest that PL also has actions similar those of GH. In other litter bearing species such
as rats and mice the concentration of placental lactogen is directly related to litter size (Soares and
Talamantes, 1983). Binding to the Prolactin (PRL) receptor is one of the principal biochemical
characteristics of bPL. The lactogenic activity of bPL is almost equipotent to that of highly purified ovine
PRL (Schellenberg and Friesen, 1982). Because bPL has structural and functional similarities to bPRL, it
may have evolved from the ancestral gene of the PRL lineage (Soares et al., 1998). According to research
to date, bPL is involved in the regulation of ovarian function, mammogenesis, fetal growth and
pregnancy-associated maternal adaptation. Although there have been many studies on the physiological
roles of PL in rodents, it is sometimes difficult to translate these findings to ruminants. In ruminants,
research has been carried out mainly using sheep and goats. Bovine placenta and bPL have characteristics
that are different from those of ovine and caprine species, whereas the histological architecture of the
placenta, molecular structure of PL and plasma PL profiles are closely related in sheep and goats
(Takahashi, 2006). Bovine Placental Lactogen is located on chromosome 23 and spans approximately
12.5 kb, contains five exons and encodes a predictive preprohormone of 236 amino acids with a signal
peptide of 36 amino acids (Schuler et al., 1988; Kessler and Schuler, 1991). Until now very little work
has been done on the polymorphism of bPL gene and also the association of its variants with milk
production traits. It has been shown that the SNP within exon 2 of bPL (NT7409(T-C)) is associated with
milk production traits in Holstein dairy cattle (Zhang et al., 2009). Based on the important roles in the
growth and development of mammary gland (mammogenesis), synthesis of milk (lactogenesis), and
maintenance of milk secretion (galactopoiesis), bPL is considered a strong candidate gene for milk
production traits in dairy cattle. The objectives of the current study were to detect polymorphisms of bPL
and determine association of such polymorphisms with milk production traits in Holstein cattle of Razavi
Khorasan province.
MATERIAL AND METHODS
Blood samples collection and DNA processing: Blood samples of 150 Iranian Holstein cows were
collected randomly from six Iranian Holstein cattle farms in Razavi Khorasan. The blood samples were
kept to isolated in -20 °C. Genomic DNA was isolated from blood samples by the salting out method
(Iranpur and esmailzadeh, 2010) and the quality and quantity of DNA was investigated by Nanodrop set
and loaded on a 1% agarose gel. Polymerase chain reactions (PCR) were carried out in 25 µl volume
including 250 ng of genomic DNA, 10 pmol each primer (Fig 1) and 12µl Master Mix (sinaclone
company, Iran). The PCR protocol was 95 °C for 3 min, followed by 35 cycles of 95° C for 30 s,
annealing for 40 s and 58°C for 30 s, 72 °C for 1min with a final extension at 72°C for10 min. 1%
agarose gel and Marker (500bp, Fermentaz company) was used to investigation quality of the PCR
products (Fig 2).
Genotyping: The PCR products were genotyped by single-strand conformation polymorphism (SSCP) to
screen the mutations within the amplified region. In total, 3µl of the PCR product of each sample was
mixed with 7µl of denaturing buffer (98% formamide, 1% NaoH, 0.5% bromophenol blue and 0.5%
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glycerol) and then denatured at 95°C for 10 min, followed by a rapid chill on ice for 10min. The
denatured PCR products were electrophoresed on 10% polyacrylamide gels for 18 h at 8 V/cm and
stained by 0.2% AgNO3 for 20min. Genotypes were recorded according to band patterns.
Statistical analysis: the program POPGENE 32 (Francis et al., 1999) was used to test the number of
alleles per locus (N), effected number of alleles (Ne), expected (He) and observed (Ho) heterozygosity,
and departures from Hardy–Weinberg equilibrium (HWE). The relationship between different genotypes
and selected milk traits, which include milk yield (kg), the protein and fat content (%) were analyzed
using Mixed procedure of SAS9.1 package (Cary, 2003). Tukey Kramer test were used to compare the
mean values of the attributes traits for the different genotypes. The statistical model is as follows:
Milkijkmno= µ+ Cowik+ Gj+ Hk+ Ym+ Sn+ DIM+ qDIM+ Po+ SCSij+ FPij+ PPij+ eijkmno
PPijkmno= µ+ Cowik+ Gj+ Hk+ Ym+ Sn+ DIM+ qDIM+ Po+ Milkij+ FPij+ SCSij+ eijkmno
FPijkmno= µ+ Cowik+ Gj+ Hk+ Ym+ Sn+ DIM+ qDIM+ Po+ Milkij+ ScSij+ PPij+ eijkmno
Where:
Milki- monthly milk yields for each of cow i,
PPi and FPi- protein and fat percentage respectively.
µ- means of population,
Cowi- The fixed effect of cow i,
Gj- the fixed effect of genotype j,
Hk- the fixed effect of herd k, (k=1,2,3,4,5,6).
Ym- the fixed effect of calving year m.
Sn- the fixed effect of calve season n, (n=1,2,3,4)
DIM- the number of lactation days.
qDIM- square of the number of lactation days.
Po- parity O of cow, (O= 2,3,4,5,6,7)
SCSij- somatic cell score of cow i and genotype j.
Eijkmno- the random errore.
RESULTS
Six genotypes were revealed with the frequencies of 0.2830 (AA), 0.0849 (AB), 0.2924 (AC), 0.0190
(CC), 0.2924 (AD) and 0.0283 (DD). The allele frequencies for A, B, C and D were 0.6179, 0.0425,
0.1651 and 0.1745, respectively.The chi-square test confirmed that this population is not in H-W
equilibrium for the studied locus (Fig 3 and Table1). Genetic diversity parameters such as observed and
expected homozygosity and heterozygosity, Observed number of alleles (Na), Effective number of alleles
(Ne), Shannon and Nei index, obtained from POPGENE are shown in table 2. Another criteria is used for
loss of heterozygosity in the population is the fixation index that is referred to as the inbreeding
coefficient (Wright, 1977). If the fixation index value is negative, indicating that the loci alleles have low
correlation with each other and is high the heterozygosity in it locus, values of the fixation index was
showed in table 3.
Association between bPL gene and milk production traits: The milk yield and protein percentage not
showed a significant association with genotypes of bPL gene. The fat percentage is one of another
production traits that measured on industrial farms. Fat percentage was showed a significant association
with genotypes of bPL gene (Table 4). According to Table 5, it can be said that AB genotype have a
Higher fat percent and since that was found significant difference of fat percent with bPL gene, this
genotype can be selected in the breeding programs, However, if aim increases of fat amount in the milk.
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DISCUSSION
Polymorphism was observed in 449 bp fragment from intron 1 of bPL gene in Holstein cattle of Razavi
Khorasan. Zhang and et al (2009), was found two SNPs, NT7409(T–C) and NT11246(G–A) and showed
that the SNP within exon 2 of bPL (NT7409(T–C)) is associated with two milk production traits (milk
and protein yields), and this provided further evidence that bPL could be a major gene-controlling milk
production trait in Holstein dairy cattle. The fatty acids in milk arise from two sources, uptake from
circulation and de novo synthesis within the mammary epithelial cells. Short-chain fatty acids (4 to 8
carbons) and medium-chain fatty acids (10 to 14 carbons) arise almost exclusively from de novo
synthesis. Long-chain fatty acids (>16 carbons) are derived from the uptake of circulating lipids, and fatty
acids of 16 carbons in length originate from both sources. In ruminants, about one-half of the milk fatty
acids (molar percent) are derived from de novo synthesis. Whereas glucose is used for de novo synthesis
by nonruminants, ruminants utilize acetate produced in rumen fermentation of carbohydrates as the major
carbon source. In addition, β-hydroxybutyrate, produced by the rumen epithelium from absorbed butyrate,
provides about one half of the first four carbons of de novo synthesized fatty acids in the ruminant.
Preformed fatty acids taken up by the mammary gland and directly used for milk fat synthesis are derived
from circulating lipoproteins and nonesterified fatty acids (NEFA) that originate from the absorption of
lipids from the digestive tract and from the mobilization of body fat reserves, respectively. In ruminants,
fatty acids in milk fat that are taken up from circulation are derived predominantly from the intestinal
absorption of dietary and microbial fatty acids (Bauman and Grinari, 2003). bPL stimulated a small but
significant increase in feed intake. This acute increase in feed intake seemed to be a specific effect of bPL
because it takes several weeks of treatment with bST before DMI is elevated (Bauman et al., 1985).
Conclusion
According to discussion, probability, feed intake increases Leads to increased fermentation activity of
bacterial fermentation in the rumen, As a result, Leads to increased volatile fatty acids in bovine blood
circulation and therefore, leads to Increased de novo synthesis of fatty acids and Increased the amount of
milk fat. Moreover, placental lactogen is Causes to dimerization of STAT5A gene and it's causes to
Transcription of OPN and UTMP gene, That this genes affect to the milk production (Khatib et al., 2008).
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Figure legends

Figure 1: The selection subregion of primers and their sequencing

Figure 2: Quality of PCR products for bPL gene, identified by Marker (500bp from
fermentaz Co).
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Figure3: genotypes derived from the electrophoresis of Polyacrylamide gel for bPL gene.

Table 1: the frequencies of Allele and genotypes for bPL gene
A
61.79

Allele frequency (%)
B
C
D
04.25
16.51
17.45

AA
28.30

AB
08.49

AC
29.24

AD
01.90

Genotype frequency (%)
CC
DD
X2
29.24 02.83 21.12

X2 =chi-square for HW equilibrium

Table 2: Genetic diversity values for bPL gene
Parameters

of

genetic
diversity
Na

bPL gene

Ne

2.2658

Obs_Het

0.6698

Obs_Hom

0.3302

Exp_Het

0.5613

Exp_Hom

0.4387

Nei

0.5587

I

1.0336

4

Na = Observed number of alleles, Ne = Effective number of alleles (Hartl and Clark, 1989), I = Shannon's
Information index (Shannon, 1948), Obs-Het= observated heterozygosity, Obe-Hom= observated
homozygosity, Exp-Het=Expected heterozygosity, Exp-Hom= Expected homozygosity and were computed
using Levene (1949), Nei=Nei's index (1973).
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Table 3: The fixation index for bPL gene

1

Allel

Value1

A

-0.4185

B

-0.0443

C

-0.0609

D

-0.0150

Total

-0.1990

Values of negative, indicating that is heterozygosity in it locus

Table 4: Statistical values of the three milk production traits and it's association with bPL gene.
bPL gene
mean
36.6561
3.3860
3.2451

traits
MY1
FP2
PP3

RMSE
19.5248
0.5293
0.4025

P value
0.1098
0.0120
0.6348

MY= milk yield (kg); FP= fat percentage; PP= protein percentage; RMSE= root mean square error
1
The milk yield not showed a significant association with genotypes P>0.05.
2
Fat percentage was showed a significant association with genotypes P<0.05.
3
The protein percentage not showed a significant association with genotypes P>0.05.

Table 5: Comparison between different genotypic values on the three milk production traits
traits

AA-AB

AB-AC

Multiple comparison1 (µ ± s.e.)
AB-CC
AB-DD

AB-AD

MY

-0.2139 ± 2.6021
(P=1.0000)

2.7874 ± 2.5900
(P=0.8884)

-0.2788 ± 2.6393
(P=1.0000)

-4.6257 ± 4.1237
(P=0.8700)

2.7936 ± 3.5739
(P=0.9693)

FP

-0.1532 ± 0.0650
(P=0.1929)

0.1358 ± 0.0647
(P= 0.3062)

0.1945 ± 0.0659
(P= 0.0523)

0.3561 ± 0.1028
(P=0.0136)*2

0.2180 ± 0.0893
(P=0.1631)

PP

0.0340 ± 0.0491
(P=0.9819)

-0.0694 ± 0.0489
(P=0.7154)

-0.0576 ± 0.0498
(P=0.8549)

-0.0381 ± 0.0777
(P=0.9963)

-0.0662 ± 0.0674
(P=0.9214)

MY= milk yield (kg); FP= fat percentage; PP= protein percentage
1
Comparison between different genotypic values of MY, FP and PP for bPL gene
2
level of significance: P<0.05.
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