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Polymerase chain reaction-heteroduplex (PCR-HD)

polymorphism within the bovine STAT5A gene

Krzysztof FLISIKOWSKI, Lech ZWIERZCHOWSKI

Institute of Genetics and Animal Breeding, Polish Academy of Sciences, Jastrzêbiec, Poland

Abstract. Signal transducers and activators of transcription (STATs) are transcription

factors mediating signals of various hormones and cytokines. STAT5A, previously

known as the mammary gland factor (MGF), mediates the action of prolactin on milk

protein gene expression in mammary epithelial cells. We used polymerase chain reac-

tion-heteroduplex (PCR-HD) and sequencing methods for detection of nucleotide se-

quence polymorphism in intron 15 of the bovine STAT5A gene. A 281-bp gene

fragment, from nt 12525 to nt 12806 (GenBank AJ 237937), was amplified with PCR,

denatured and subjected to polyacrylamide gel electrophoresis to detect PCR-HD poly-

morphism. Three genotypes and two alleles were identified. DNA samples derived

from homozygotes AA and BB were sequenced. A trinucleotide CCT deletion was

found in the variant B of the STAT5A gene at position 12549. In a group of 72 beef bulls

of various breeds and 49 Friesian bulls genotyped by PCR-HD mostly the AA genotype

was found (from 83 to 61% depending on breed). The frequency of allele A varied be-

tween 0.91 and 0.77. Animals of genotype BB were found in Charolaise and Limousine

breeds only.
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Signal transducers and activators of transcription (STATs) are a family of 7 tran-

scription factors that mediate actions of a variety of peptide hormones

and cytokines within target cells (DARNELL et al. 1994, SCHINDLER et al. 1995).

STAT5 is also known as a main mediator of the action of growth hormone (GH)

and prolactin (PRL) on target genes (ARGETSINGER, CARTER-SU 1996). STAT5

was first identified in the mammary gland and initially was known as the mam-
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mary gland factor – MGF. STAT5 is a key intracellular mediator of prolactin; it

activates transcription of milk protein genes in response to prolactin (WAKAO

et al. 1994). Therefore, a STAT5 polymorphism may influence milk protein gene

expression during lactation and milk production traits in dairy cattle.

STAT5 exists in two forms – A and B – that differ in few amino acids

in the carboxylic end of the protein molecule. The two forms are encoded by sepa-

rate genes. In cattle, STAT5A and STAT5B genes are located close to each other,

within 40 Kb, on chromosome 19 (SEYFERT et al. 2000). Only in few cases nucle-

otide sequence polymorphism has been detected in the bovine STAT5A gene.

MCCRACKEN et al. (1997) found TG repeats of various length in intron 12.

ANTONIOU et al. (1999) found two SSCP variants in the gene fragment encoding

the SH2 domain of the bovine STAT5A protein, and FLISIKOWSKI

and ZWIERZCHOWSKI (2002) identified a new SSCP polymorphism in exon 7.

Detection of additional polymorphisms is necessary to help investigating the role

of STAT5A variation in milk production traits. In this report, detection of a new

mutation in the bovine STAT5A gene is shown. Sequencing of a 281-bp fragment

of the gene showed in intron 15 a CCT deletion that can be also easily detected

with PCR-HD analysis.

DNA samples derived from 72 young beef bulls of five breeds (Charolaise,

Limousine, Red Angus, Hereford and Simmental) and 49 unrelated Friesian bulls

were included in the analysis. Bulls of each breed were the offspring of 5-7 sires

(OPRZ¥DEK et al. 2001). Approximately 10 ml of blood was withdrawn from each

animal and genomic DNA was isolated from leukocytes (KANAI et al. 1994).

On the basis of sequences available from the GenBank (AJ 237937), by using

the Primer3 software available from Internet (www.genome.wi.mit.edu), the fol-

lowing PCR primers were designed:

STAT 1: 5’ –AGCCCTACAGCTCCAATCCT- 3’

STAT 2: 5’ –GGGTGTACCCGCTGCTTAG– 3’

With these primers a 281-bp DNA fragment encompassing parts of intron 15

and exon 16 in the STAT5A gene was amplified. The polymerase chain reactions

were performed by using a PCR-mix with: primers at a concentration

of 5.0 pmol/ml, 1 U Taq polymerase (Sigma), 1 µl Taq polymerase buffer,

four dNTPs, each at a final concentration of 0.2 mM, ca 100 ng of genomic DNA,

and H2O up to 10 µl. The following PCR protocol was used: 1 min at 94°C, 1 min

at 61°C, and 1 min at 72°C – 30 cycles. The PCR reactions were carried out in

a MJ TETRAD thermocycler. The yield and specificity of PCR products were

evaluated after electrophoresis in 2% agarose gel (Gibco) with ethidium bromide.

The polymerase chain reaction-heteroduplex (PCR-HD) analysis was carried

out with the use of a Hoepfer SE 600 electrophoresis apparatus (Pharmacia).

A thermostatically controlled refrigerated circulator Mulitemp III (Pharmacia)

was used to maintain a constant temperature (20oC) of the gel. The 8%

polyacrylamide gels with added 10% glycerol were prepared with a 1 × TBE

buffer. The gels were pre-electrophoresed (without samples) for 2 h at 120 V,
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50 mA. Ten µl of the PCR product were mixed with 10 µl of denaturation buffer

(20% ethylene glycol, 30% formamide, 0.5% dextran blue), denatured for 5 min at

94°C, incubated for 60 min at 65°C, rapidly chilled on ice, and loaded onto

the gels. The electrophoresis was run at 120 V, 60 mA, 8 W, for 20 h. The gels

were stained by using the Silver Staining System.

PCR products of different variants of the STAT5A gene were purified with

a GenElute PCR DNA Purification Kit (SIGMA) and sequenced in an ABI Prism

(Perkin-Elmer) automated sequencer. Sequences were analysed by using Se-

quence Analyser 2.01 software.

Within the studied group of cattle, three different PCR-HD patterns were ob-

served (Figure 1). The individual PCR-HD patterns were highly reproducible.

We arbitrarily ascribed these patterns to genotypes AA, AB, and BB. The prelimi-

nary results showed that occurrence of different genotypes and alleles may vary

between cattle breeds studied (Table 1). The frequency of the most common ge-

notype AA varied from 61% in Charolaise to 83% in Friesian and Red Angus,

while the frequency of allele A was within the range 0.77-0.91. The BB genotype
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Figure 1. Polyacrylamide gel (8%) showing PCR-HD genotypes in the bovine STAT5A gene.

Genotypes (AA, AB, BB) are shown at the top of each line. M = 26-501 bp DNA marker (MspI

digest of pUC19, BTL, Lodz, Poland).



was found only in Charolaise and Limousin; it was absent in the analysed 49 ani-

mals of Friesian dairy cattle.

The PCR-HD method relies on differences in hybridisation of complementary

and non-complementary DNA strands, leading to formation of various

heteroduplex forms. This affects the rate of migration of DNA into

polyacrylamide gel. Different migration rates result from formation of bulge-like

structures on non-complementary strands and from bending of DNA (WANG et al.

1992). This method is particularly suitable for detection of nucleotide deletions.

We sequenced DNA of two different PCR-HD patterns (genotypes AA

and BB) to precisely identify mutation(s) on the basis of the observed polymor-

phism in the bovine STAT5A gene. A deletion of CCT nucleotides was found in

intron 15 in the variant B of the STAT5A gene, at position 12549-12551, as com-

pared to the variant A and to GenBank sequence AJ237937 (Figure 2).

Most of research on genetic markers applied to animal breeding is focused

on analysis of mutations located within economically important structural genes

and linkage of these genes to quantitative trait loci (QTLs). The STAT5A gene is

a candidate gene for a quantitative trait marker in cattle. In this study the new mu-
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Table 1. Occurrence of STAT5A PCR-HD genotypes in various cattle breeds

Cattle breed
Number of animals Allele frequency

AA AB BB A B

Red Angus 9 2 – 0.91 0.09

Charolaise 11 6 1 0.77 0.23

Limousine 11 4 1 0.81 0.19

Simental 9 2 – 0.91 0.09

Hereford 12 4 – 0.87 0.13

Friesian 41 8 – 0.91 0.09

Total/mean 93 26 2 0.86 0.14

Figure 2. Sequence alignment of the bovine STAT5A gene variants A and B with the GenBank

sequence AJ237937.



tation was found in the bovine STAT5A gene, which may be used in further search

for associations between gene polymorphism and production traits in cattle.

The detected mutation lies in intron 15, interspacing exons 15 and 16 that code

for the SH2 domain of the STAT5A protein. The domain is responsible for its acti-

vation as a transcription factor. Therefore, an extended study, including more ani-

mals and statistical analysis, is needed to confirm differences between breeds

in the frequency of STAT5A genotypes and the possible association of the STAT5A

gene polymorphism with milk production traits.
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