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Simultaneous identification of ryanodine receptor 1

(RYR1) and estrogen receptor (ESR) genotypes with

the multiplex PCR-RFLP method in Polish Large White

and Polish Landrace pigs
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Department of Animal Genetics, University of Warmia and Mazury in Olsztyn, Olsztyn, Poland

Abstract. A method allowing simultaneous genotyping of two loci: ryanodine recep-
tor 1 (RYR1) and estrogen receptor (ESR) is presented. In multiplex PCR amplification,
two amplicons were simultaneously produced: a 272 bp fragment of RYR1 gene
and a 185 bp fragment of ESR gene and were then subjected to “one-tube” restriction
enzyme digestion with Hin6 I and Ava I, respectively. A total of 122 Polish Large
White and Polish Landrace pigs were genotyped by this method, demonstrating its reli-
ability, convenience and lower costs. This method may be useful in the wide-scale
genotyping of both loci in pig breeding programmes.
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Research on the polymorphism of genes with major effects is currently
the best-known application of pig genome mapping in breeding practice. In large
white breeds, two major genes are well-known: the ryanodine receptor 1 gene
(RYR1) whose mutation C11843T is associated with stress susceptibility and a de-
crease of some parameters of meat quality and reproduction (FUJII et al. 1991),
and estrogen receptor gene (ESR), whose mutation T1665G (ROTHSCHILD et al.
1996) in some breeds improves reproduction traits, mainly litter size (SHORT et al.
1997).

After several years of mandatory testing of all boars for the RYR1 genotype,
the possibility of applying ESR testing to wide-scale screening is under consider-
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ation. This idea would be more realistic if the method for genotyping both loci was
easy and cost-effective. So far, the two loci have been identified in separate tests:
the most popular RYR1 tests based on the PCR-RFLP method (FUJI et al. 1991) or
PCR-SSCP (NAKAJIMA et al. 1996) and ESR tests relying on the use of Southern
blotting (ROTHSCHILD et al. 1996) or PCR-RFLP (DRÖGEMÜLLER et al. 1997). In
this paper, a new method for simultaneous genotyping of RYR1 and ESR loci by
the multiplex PCR-RFLP is presented.

The analysis included 97 randomly chosen boars of Polish Large White breed
and 25 boars of Polish Landrace. Approximately 4 �l of blood were taken from
each animal to isolate genomic DNA (MasterPure DNA Purification Kit, Epi-
centre). Multiplex PCR was carried out in 25 µl of mix containing: 1.5 µl 20×
buffer (400 mM (NH4)2SO4, 1.0 M Tris-HCl, pH 9.0), 1.5 µl dNTP (2 mM each)
and 1.2 µl of the following primers:

R-EST-L (5’ CCCTCTATGACCTGCTGCTG 3’),
R-EST-P (5’ TCAGATTGTGGTGGGGAAGTTC 3’),
RYR-L (5’ CTGGGACATCATCCTTCTGG 3’),
RYR-P (5’ GGGTTCTAAGCTCTGGGGTC 3’),

each at a concentration of 100 pmol/µl, 1.0 µl 25 mM MgCl2, 0.5 µl (0.5 U) Tfl
DNA Polymerase (Epicentre), 2.0 µl 10× Enhancer (Epicentre), ca. 400 ng DNA,
H2O ad 25 µl. Primers marked as RYR-L and RYR-P were originally designed
with the software Primer3 (www.genome.wi.mit.edu/cgi-bin/primer/primer3.
cgi). Primers marked as R-EST-L and R-EST-P were drawn from DRÖGEMÜLLER

et al. (1997).
The PCR mix was placed on a thermocycler Eppendorf Mastercycler 5330

and subjected to touchdown PCR, consisting of an initial DNA denaturation
(94oC/2 min), 30 cycles of amplifications with constant temperatures of denatur-
ation (94oC/30 s) and synthesis (72oC/30 s) but with different temperatures
of primer annealing (30 s): 1 cycle at 65oC, 2 cycles at 64oC, 3-4 cycles at 63oC,
5-6 cycles at 62oC, 7-8 cycles at 61oC, 9-10 cycles at 60oC, 11-15 cycles at 58oC,
16-20 cycles at 56oC, 21-30 cycles at 54oC, and final synthesis (72oC/5 min).

The mix of PCR products was digested with restriction enzymes, Ava I
(C�BCGRG) and Hin6 I (G�CGC) at 37oC/3 h. Restriction fragments were
electrophoretically separated in 3.5% agarose gel (AmpliSize Agarose, Bio-Rad)
and stained in an ethidium bromide solution. The results were observed, analysed
and documented by the use of a Fluor-S MultiImager (Bio-Rad).

In order to evaluate the specificity and yield of primers, PCR products RYR1

272 bp and ESR 185 bp were obtained in separate amplifications. In a second step,
the multiplex PCR mix and touchdown thermal profile were optimised for both
pairs of primers. Consequently, two specific PCR products of theoretically ex-
pected size were obtained. After computer analysis of both sequences for potential
restriction sites, it was found that both PCR products could be subjected to simul-
taneous digestion with Hin6 I and Ava I, resulting in a combination of bands en-
abling identification of RYR1 and ESR genotypes (Figure 1) as theoretically
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Figure 1. Simultaneous genotyping of RYR1 and ESR loci
A. PCR products obtained in separate and simultaneous amplification of RYR1 and ESR genes. On the left side:
size of PhiX 174 Hae III digests; on the right side: RYR1 and ESR PCR products size. Line RYR1 and ESR:
272 bp and 185 bp PCR products obtained in simultaneous multiplex amplification of RYR1 and ESR gene
fragments. Line RYR1: 272 bp PCR product of RYR1 obtained in a separate PCR. Line ESR: 185 bp PCR
product of ESR gene obtained in a separate PCR.
B. Discrimination of RYR1 and ESR genotypes by digestion of 272 bp RYR1 and 185 bp ESR PCR products
with Hin6 I and Ava I, respectively. On the left side: size of PhiX 174 Hinf I digests; on the right side:
restriction fragments size of RYR1 and ESR PCR products. Upper side: RYR1 genotypes, below: ESR

t



predicted. This method was verified on a population of 122 pigs (Table 1). Be-
cause Hin6 I enzyme cuts the PCR product only once there is a possibility of mis-
identification between RFLP patterns of RYR1 nn and RYR1 Nn genotypes if
the enzyme is not working or is not active enough. Therefore during genotyping
a group of animals, a mutant NN sample should be included as a positive control
of enzyme activity. Within the group we identified pigs with all possible RYR1

and ESR genotypes but not all combinations of both genotypes were found (espe-
cially combinations including ESR MM genotype).

The method described in this paper may be useful in considering
the wide-scale genotyping of both loci in pig breeding programmes. In many
countries, only the genotyping of RYR1 is mandatory. All boars with RYR1 Nn

and nn genotypes have been eliminated from reproductive schemes. The remain-
ing animals (RYR1 NN) may be the subject of further selection, preferring boars
with ESR MM and WM genotypes.

The method presented above is reliable, fast and cost-effective, and can be suc-
cessfully applied in the wide-scale screening of different pig populations.
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Table 1. The frequency of RYR1 and ESR genotypes identified by the described method

Breed n
RYR1

genotype

Genotype frequency

ESR WW ESR WM ESR MM

n % n % n %

wbp 25

NN 7 28.0 7 28.0 6 24.0

Nn 3 12.0 1 4.0 1 4.0

nn 0 0 0 0 0 0

pbz 97

NN 60 61.9 24 24.7 0 0

Nn 5 5.1 6 6.2 0 0

nn 2 2.1 0 0 0 0

wbp = Polish Large White, pbz = Polish Landrace.
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