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______________________________________________________________________________________

Abstract
Alpha-1-antitrypsin (A1AT) as a strong protease inhibitor plays a major role in the protection of tissues
against proteolytic destruction by neutrophil elastase. Existence of this protein in the mammary gland may
increase the survival of milk proteins such as lactoferrin and lysozyme. The biological role of A1AT in tissues
such as the mammary gland and results from previous quantitative trait loci (QTL) studies have provoked an
investigation of A1AT as a candidate gene influencing milk production traits. The present study assessed the
association of a single nucleotide polymorphism (SNP) at position 5504 of the A1AT gene with 305-day milk
yield, milk fat and protein percentage and somatic cell score (SCS) in 408 Iranian Holstein cows. The
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique was used for
genotyping. The effect of the genotype on the traits of interest was analysed using the general linear models
(GLM) procedure of SAS software. The frequencies of alleles A and B were 0.633 and 0.367, respectively,
and genotypes showed a significant deviation from Hardy-Weinberg equilibrium, which can be a result of
selection for milk production traits. Results of association analysis showed a significant relationship between
the SNP in the A1AT gene, and fat and protein percentage. Cows of genotype AB had higher milk fat
percentage than those of genotype AA. Cows with genotype AA showed a lower milk protein percentage
than those carrying genotype AB. When the association of this polymorphism with fat and protein percentage
is considered, the SNP could be implemented as a marker in breeding programmes for these traits.
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Keywords: A1AT gene, candidate gene, mammary gland, PCR-RFLP

#

Corresponding author: mahdavi@cc.iut.ac.ir

Introduction
Quantitative traits in dairy cattle are controlled by a large number of genes and environmental factors.
Several genes that were selected based on their biological actions or that are located in genome regions
containing previously identified QTLs have been regarded as candidate genes affecting milk production traits
and SCS in dairy cattle. Genes, markers or QTLs can be considered for selection of desirable genotypes at
an early age in the life of an animal. Marker-assisted selection (MAS) as an efficient tool in animal breeding
is believed to increase the annual rate of genetic gain in livestock breeding programmes (Meuwissen &
Goddard, 1996; Ruane & Colleau, 1996). The expected genetic gain through MAS is estimated to be 44.7%
to 99.6% (Edwards & Page, 1994). For effective use of individual markers or genes in animal breeding
programmes, existence of an association between them and traits of interest is inevitable.
A1AT belongs to the superfamily of serpins, or serine proteinase inhibitors with a molecular mass of
52 kDa, which contains 15% carbohydrate (Carrell et al., 1982). The primary role of A1AT is to protect
tissues against proteolytic digestion by neutrophil elastase (Blank & Brantly, 1994). Possible roles of A1AT in
the immune response include inhibition of lymphocyte toxicity and of chemotaxis (Blank & Brantly, 1994).
A1AT is synthesized primarily in the liver, but is also expressed by blood monocytes and macrophages
(Perlmutter et al., 1985), intestinal epithelium cells (Molmenti et al., 1993), breast carcinoma cells (Finlay
et al., 1993) and the cornea (Twining et al., 1994). In addition, it has been reported that A1AT protein is
produced by the human mammary gland and may increase the survival of milk proteins such as lactoferrin
and lysozyme (Chowanadisai & Lonnerdal, 2002). Hence, A1AT may affect the susceptibility of dairy cattle to
mastitis through its possible role in the protection of lactoferrin from proteolytic degradation in the mammary
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gland. Mastitis is caused by the invasion and multiplication of pathogenic microorganisms in the mammary
gland, leading to reduced synthetic capacity of the mammary gland and compositional changes in the milk
produced by infected cows (Harmon et al., 1994). Lactoferrin has been demonstrated to inhibit in vitro growth
of mastitis-causing pathogens, and the most potent activity of the protein is against Esherichia coli and
Pseudomonas aeruginosa (Kutila, 2004; Chaneton et al., 2008). A direct inhibitory activity of lactoferrin has
been demonstrated against Staphylococcus aureus, both in vitro and in vivo (Lacasse
et al., 2008). The mean concentration of lactoferrin in the milk of cows with subclinical mastitis has been
reported to be higher than in milk of normal cows (Hagiwara et al., 2003). Reported concentrations of A1AT
in human milk range from 0.1 to 0.4 g/L in early lactation, with a subsequent decrease as lactation
progresses (Lindberg et al., 1979; McGilligan et al., 1987; Davidson et al., 1990). The bovine A1AT gene is
located on chromosome 21 (Khatib et al., 2004) and consists of five exons, spanning approximately 9 kb of
genomic DNA, which encodes a protein of 416 amino acids (Li et al., 2010). Five SNPs (single nucleotide
polymorphisms) at positions 164, 269, 284, 407 and 989 of the bovine A1AT gene have been identified in
different cattle populations (Khatib et al., 2004).
Owing to previous QTLs affecting production traits and SCS identified on bovine chromosome 21 and
the biological role of A1AT protein in human (Li et al., 2010), the A1AT gene has been proposed as a
candidate affecting these traits (Khatib et al., 2005). Heyen et al. (1999) reported a putative QTL affecting
milk yield and protein yield at position 56 cM from the centromere of the chromosome. In addition,
Rodriguez-Zas et al. (2002) found a QTL located at 56 cM associated with SCS and milk protein yield. Mosig
et al. (2001) mapped a QTL at 67.3 cM affecting milk protein percentage. Khatib et al. (2005) found a
significant association between the A1AT gene and milk yield, fat yield and protein percentage in North
American Holstein population. In a similar study, Li et al. (2010) reported the relationship of this gene with
305-day milk yield, and fat and protein percentage in Chinese Holstein. The present study was designed to
investigate the possible association of an SNP at position 5504 of the A1AT gene with milk-related traits and
SCS in Iranian Holstein cows.

Materials and Methods
A total of 408 Iranian Holstein cows that had registered phenotypic data for 305-day milk yield, milk fat
and protein percentage and SCS were randomly selected from five dairy herds in Isfahan province. Blood
samples of the animals were collected using vacuum venoject tubes containing EDTA and stored at −20 °C
for DNA extraction. Data for 305-day milk yield, milk fat and protein percentage and SCS were obtained from
Vahdat Industrial Agriculturists & Dairymen Cooperative of Isfahan.
Table 1 Summary of statistics for milk production traits in Iranian Holstein cows
Trait

Mean

Maximum

Minimum

SD

CV %

305-day milk yield (kg)

9842.8

13269.2

5653.6

1437.3

14.60

Fat percentage

3.12

4.45

1.91

0.46

14.74

Protein percentage

2.94

3.47

2.41

0.19

6.46

Somatic cell score

2.60

4.32

1.64

0.84

32.30

Genomic DNA extraction was carried out by the salting out method (Miller et al., 1988). Genotypes were
determined using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
technique. PCR was used to amplify the 448-bp DNA fragments containing the SNP at position 5504 of the
A1AT gene. Each PCR reaction was carried out in a total volume of 20 μL containing 50 ng genomic DNA,
10 pmoL of each primer, 2 μL 10X PCR buffer, 2 mM MgCl2, 200 μM dNTPs and 2.5 units of Taq DNA
polymerase. Sequences of the primers used in PCR were previously reported by Khatib et al. (2005). The
sequences of the primers were as follows:
F: 5'-ATGGCACTCTCCATCACGCG-3′
R: 5′-CCACTAGCTTTGCACTCTCA-3′
The PCR products were digested with 5 U of SphI enzyme (Fermentas, Germany) in 20 μL of reaction
volume at 37 °C for 16 h. The digested products were separated by horizontal electrophoresis on 1.2%
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agarose gel in 0.5 x TBE stained with ethidium bromide and visualized under UV light. The A allele (uncut)
was indicated by a band at 448 bp and the B allele (cut) resulted in two bands at 313 bp and 135 bp (Figure
1).
Table 2 Thermocycling conditions for polymerase chain reaction protocol
Step

Temperature (°C)

Time (min)

Number of
cycles

Initial denaturation

95

5

Denaturation

94

0.5

35

Annealing

55.8

0.5

35

Extension

72

0.5

35

Final extension

72

10

1

1

Figure 1 Polymerase chain reaction-restriction fragment length polymorphism products of the
alpha-1-antitrypsin gene separated by electrophoresis on 1.2% agarose gel stained with ethidium bromide
and visualized under ultra-violet light.

The allele and genotype frequencies were estimated by direct counting, and deviation from HardyWeinberg equilibrium was examined using POPGENE v. 1.31 (Yeh et al., 1997). For the association studies,
the traits of interest were analysed using the least square method of the general linear model (GLM)
procedure of SAS software (SAS, 1994) according to the following model:
Yijk= µ + Gi + HYSj + b1 (W ijk- W) + b2 (Nijk- N) b3 (Zijk- Z) + eijk
where Yijk is value for each trait; μ is overall mean; Gi is the effect of the ith genotype (AA, AB and BB); HYSj
is the combined effect of herd, year and season of parturition; b1 is the linear regression coefficient of milk
yield; W ijk is milk yield; W is mean milk yield; b2 is the linear regression coefficient of open days; Nijk is open
days; N is mean open days; b3 is the linear regression coefficient of days in milk; Zijk is days in milk; Z is
mean days in milk; eijk is the random residual effect.

Results
Using the PCR-RFLP technique, both alleles (A and B) and three genotypes (AA, BB, and AB) of the
locus of interest were identified in all five herds. Genotype AA was characterized by a fragment of 448 bp,
while genotype BB was determined by two fragments of 313 and 135 bp. AB individuals were distinguished
by three fragments of 448, 313 and 135 bp. The genotype and allele frequencies of the polymorphism in
Iranian Holstein cows are listed in Table 2. The result of the test for Hardy-Weinberg equilibrium for the
polymorphism showed that the genotypes in herds 1, 4 and 5 did not show significant deviation from HardyWeinberg equilibrium proportions (P >0.05), while herds 2, 3 and the overall population were not distributed
according to Hardy-Weinberg equilibrium (P <0.01).
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The results of the analysis of association between the A1AT gene and the traits of interest and allele
substitution effects (of allele B) are presented in Table 3.
Table 3 Allele and genotype frequencies of the alpha-1-antitrypsin gene in Iranian Holstein cows
Allele
Herd

Genotype

Number

Chi-square
A

B

AA

AB

BB
ns

1

83

0.604

0.396

0.340

0.528

0.132

0.48

2

65

0.555

0.445

0.207

0.695

0.098

13.19***

3

85

0.645

0.355

0.333

0.623

0.044

8.64**

4

79

0.656

0.344

0.413

0.487

0.100

0.44

5

96

0.697

0.303

0.494

0.407

0.099

0.13ns

Total

408

0.633

0.367

0.359

0.548

0.093

11.54***

ns

ns: not significant at P <0.05.
** significant at P <0.01; *** significant at P <0.001.

Table 4 Least square means ± standard error for milk production traits and somatic cell score in Iranian
Holstein dairy cows with different A1AT genotypes and allele substitution effects
Genotype (mean ± standard error)
Trait

305-day milk yield (kg)
Fat percentage

AA

AB

BB

9456 ± 159.22

9411 ± 137.79

9411 ± 248.34

a

3.10 ± 0.05
a

−143.71ns

b

3.21 ± 0.08

0.07*

b

ab

3.23 ± 0.05

ab

Allele substitution
effects (of allele B)

Protein percentage

2.92 ± 0.02

2.98 ± 0.02

2.99 ±.04

0.02*

Somatic cell score

1.84 ± 0.11

1.92 ± 0.10

1.66 ± 0.18

−0.04ns

Different superscripts in each row indicate significant differences at P <0.05.
*significant at P <0.05; ns: not significant at P <0.05.

Association analysis in the present study revealed a statistically significant relationship between the
SNP in the A1AT gene and fat percentage. Cows with genotype AB showed higher milk fat percentage in
comparison with those of genotype AA (P <0.05). As shown in Table 3, substituting the A allele with the B
allele increased the percentage of milk fat by 0.07%. Additionally, there was a significant association in the
present study between the polymorphism in the A1AT gene and protein percentage. Cows carrying genotype
AA exhibited lower protein percentages than those with genotype AB (P <0.05). The substitution of the A
allele for the B allele increased the percentage of milk protein by 0.02%. No significant association of the
A1AT polymorphism with 305-day milk yield and SCS was evident in the current study (P >0.1).

Discussion
The PCR-RFLP method was useful for detecting an SNP at position 5504 of the A1AT gene and
determining the association between this polymorphism and milk production traits and SCS in Iranian
Holstein cows. The allele frequencies observed in our study were in line with the results of Li et al. (2010)
who reported frequencies of 0.51, 0.49 for alleles A and B, respectively, in Chinese Holstein population.
Association of the SNP with fat percentage revealed in the present study was in agreement with the
findings of Li et al. (2010) who showed a lower fat percentage in the AA genotype compared with the BB
genotype in Chinese Holstein. In contrast, Khatib et al. (2005) reported no association of the A1AT gene with
fat percentage in North American Holstein population. The association of the polymorphism in the A1AT
gene with protein percentage found in this study is in accordance with the conclusions of Khatib et al. (2005)
and Li et al. (2010). Analysing the association of five SNPs at positions 164, 269, 284, 407 and 989 of the
A1AT gene with milk production traits, Khatib et al. (2005) reported an association of the gene with protein
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percentage in North American Holstein population. Li et al. (2010) showed that an SNP at position 8178 (but
not at position 5504) of the gene was associated with protein percentage in Chinese Holstein population.
The SNP in the present study is a silent mutation that does not cause alteration in the amino acid sequence
and the function of A1AT protein (Li et al., 2010). Hence, the SNP is not a functional mutation, but may be in
linkage disequilibrium with a functional polymorphic site in the A1AT or other closely linked gene(s)
influencing milk-related traits (Khatib et al., 2005).
Lack of an association between the A1AT gene and SCS in the present study is in line with the results
from Li et al. (2010). In contrast, Khatib et al. (2005) found an effect of this gene on SCS in North American
Holstein cattle. The results of our study did not show any relationship between the A1AT gene and 305-day
milk yield. Contrary to our findings, Khatib et al. (2005) and Li et al. (2010) revealed an effect of this gene on
breeding value for milk yield and 305-day milk yield, respectively. Furthermore, Khatib et al. (2005) found an
association of the A1AT gene with fat yield. Differences between the results in the present study and those of
other researchers might be due to these aspects: i) Different environments to which populations were
exposed (genotype by environment interaction). Effect or expression of genes varies depending on the
environmental conditions such as feeding, climate and management, which may differ in various countries;
ii) Different genetic background of the animals and possible interactions between the A1AT polymorphism
and background genes. Dairy cattle breeders in Iran put more emphasis on increasing milk yield than on milk
composition, whereas in other countries both milk yield and composition are emphasized. Different breeding
goals and selection criteria in different countries will lead to differences in genetic background of cattle
populations over generations; iii) Different statistical models used to analyse the data. For the traits of
interest in this study, phenotypic values were available. So, to adjust the data, the researchers included
some effects in the statistical model which may be different from those included by others. The differences in
statistical models can lead to different results. According to the findings of the present study and reports from
other authors, it can be postulated that the A1AT gene may be the actual QTG (quantitative trait gene) or in
close linkage disequilibrium with the QTG underlying QTLs affecting milk production traits in cattle (Khatib
et al., 2005).

Conclusion
In summary, the researchers found an association between polymorphism in position 5504 of the
A1AT gene and fat and protein percentage in Iranian Holstein cows. These findings support the results of
similar studies by Khatib et al. (2005) and Li et al. (2010) in North American and Chinese Holstein cattle
populations, respectively. In conclusion, the polymorphism in this gene could be used as a marker in
breeding programmes for selection of dairy cattle with increased fat and protein percentage. However,
further association studies of various polymorphisms in different regions of the A1AT gene with these traits
are necessary in other breeds and populations of cattle in order to verify the effects of this gene as a
candidate on milk production traits and SCS.
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