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Authors’ earlier study on Polish Heath Sheep (PHS) and Polish Lowland Sheep variety Żelazna 
(PLS) showed 67 and 57 animals, respectively, to be genetically identical as concerns RFLP in exon 
2 of the Ovar-DRB1 (MHC class II) gene. The aim of the present study was to search for the confor-
mation polymorphism in exon 2 of Ovar-DRB1 of the same animals with, however, the single strand 
conformation polymorphism (SSCP) analysis.
A total of 33 SSCP patterns were identified, 27 in PHS and 13 in PLS. Among 16 RFLP haplotypes 
identified earlier with PCR-RFLP, as many as 15 appeared to have two different variants of SSCP 
bands, whereas the RFLP haplotype 11 12 68 (digestion with BstYI, BsuRI, RsaI, respectively) was 
present even in three different SSCP variants. It is concluded that PCR-RFLP method when used 
alone does not supply the complete information on gene polymorphism, while PCR-SSCP approach 
leads to identify more patterns. Therefore, the use of PCR-SSCP simultaneously with PCR-RFLP 
is recommended.
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Major histocompatibility complex (MHC) plays the key role in initiating immune 
response in all mammals. MHC molecules are glycoproteins found on cell surface and 
presenting different antigens against T lymphocytes. MHC class I molecules are found 
on all nucleated cells and, in much smaller proportion, on erythrocytes. These molecules 
present antigens, e.g. viral antigens to CD8+ T lymphocytes [Ballingall et al. 1992]. MHC 
class II molecules are found on the surface of antigen-presenting cells (APC), mainly on B 
lymphocytes, macrophages and dendritic cells, and are responsible for presenting antigens 
to CD4+ T lymphocytes. These molecules include bacterial and parasitic antigens, but also 
animal’s own proteins, including MHC molecule fragments [Klein et al. 1991]. Moreover, 
there are also MHC class III molecules that are part of the complement complex. These 
proteins are present in serum and are regarded as components of non-specific pathway 
of immune response, aiding antibodies functions.

Sheep MHC gene complex is located in chromosome 20, and MHC proteins are 
known as ovine leukocyte antigens (Ovar). ovar class I is represented by two loci: 
ovar-A and ovar-B, whereas class II  by 12 loci: ovar-DRA, -DRB, -DQA, -DQB, 
-DMA, -DMB, -DYA, -DYB, -DIB, -DNA, -DoB, and  -DPB [Deverson et al. 1991, 
Klein et al. 1991, Scott et al. 1991, Ballingall et al. 1992 and 1995]. Exon 2 of locus 
DRB is highly polymorphic, and encodes the outer domain of MHC molecule (β chains) 
which is the binding area for an antigen presented [Andersson 1996, Escayg et al. 1996]. 
The high polymorphism in exon 2 sequence gives possibilities for immune response 
towards the wide variety of pathogens.

In our earlier study [Gruszczyńska et al. 2005] an attempt was made at identifica-
tion of the conformation polymorphism in exon 2 of ovar-DRB1 gene in Polish Heath 
Sheep (PHS) and Polish Lowland Sheep (PLS) – Żelazna variety, with the PCR-RFLP 
method. In 67 PHS and 57 PLS ewes no polymorphism was found and the animals were 
considered as genetically identical. The present report shows the results of a search for 
conformation polymorphism in exon 2 of the ovar-DRB1 gene of the same animals, 
with PCR-SSCP method. 

Material and methods

Animals

The study was carried out on 67 ewes of Polish Heath Sheep (PHS) and 57 ewes of 
Polish Lowland Sheep – Żelazna variety (PLS) kept on the Żelazna Farm of the Warsaw 
Agricultural University, and described in the authors’ earlier paper [Gruszczyńska et al. 
2005]. The mean relationship coefficient was 0.01745 and 0.01549 in PHS and PLS, 
respectively.

Polymerase chain reaction (PCR)

The analysis of exon 2 of ovar-DRB1 gene polymorphism was performed with 
the PCR-SSCP method. Genomic DNA was isolated from the whole blood using the 
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phenol-chlorophorm extraction. In PCR the primers used were those described by 
Ammer et al. [1992].

A single PCR sample volume was 50 µl and contained 5 µl 10 × buffer (FINNZYMES), 
200 µM dNTPs (TerPol), 40 pMol of each primer (TIB MOLBIOL), 50 ng of genomic 
ovine DNA and 2 U of Taq-DNA-polymerase (FINNZYMES). The resulting mixture was 
made up to 50 µl with sterile, deionised water. PCR reaction was run under the conditions 
described by Gruszczyńska et al. [2005]. The amplified fragment of 279 bp consisted of 
9 bp of intron 1 and the entire exon 2, 270 bp in length. 

Single strand conformation polymorphism (SSCP)

SSCP analysis was applied to 67 PHS and 57 PLS ewes, i.e. those which accord-
ing to RFLP method were earlier found genetically identical in exon 2 of ovar-DRB1  
[Gruszczyńska et al. 2005]. Amplification products of exon 2 were, after denaturation, 
separated in 12% non-denaturating polyacryloamide gel with vertical electrophoresis 
set (DCode TM Universal Mutation Detection System, BioRad) in 1×TBE buffer at 
300V, 40W and temperature 10°C for 2.5 h. When the separation had completed, gel was 
stained with silver. The length of restriction fragments was determined with ScanPack 
3.0 programme (BIOMETRA).

Results and discussion

SSCP detects single-base sequence changes by abnormal electrophoretic migration 
of one or both single strands on a nondenaturing polyacryloamide gel. DNA strands 
fold differently if they differ by a single base, and it is believed that mutation-induced 
changes of tertiary structure of the DNA result in a different mobility. Mutations are 
identified as new bands on autoradiograms (radioactive detection), of silver-stained 
bands, or of fluorescent PCR products detected by an automated DNA sequencer 
(non-radioactive detection). In the present study we used the PCR-SSCP method and 
silver staining to identify polymorphism in exon of 2 ovar-DRB1 gene in sheep of 
two breeds – PHS and PLS. 

Table 1 presents haplotypes for exon 2 of ovar-DRB1 gene identified in both breeds 
with PCR-RFLP [Gruszczyńska et al. 2005] and SSCP (this study). The former report 
[Gruszczyńska et al. 2005] dealt with the patterns of PCR products that were digested 
with BsuRI, RsaI and BstYI restriction enzymes. In PHS and PLS eight restriction 
patterns (nos. 1-8) were found when the RsaI enzyme was used, while six (nos. 1-6) 
and  two (nos. 1-2) when digestion was performed with BsuRI and BstYI, respectively. 
Sixty-five RFLP haplotypes were found in PHS and 68 in PLS. The combination of 
restriction patterns was found in the following order: BstYI, BsuRI, RsaI [Gruszczyńska 
et al. 2005]. 

In the present study a total of 33 SSCP patterns were identified, 27 in PHS and 13 
in PLS. Their frequencies varied from 0.02 to 0.03 in PHS and from 0.02 to 0.07 in 
PLS (Tab. 1). 

Single strand conformation polymorphism in exon 2 of the ovar-DRB1 gene



210

Out of 16 haplotypes identified with PCR-RFLP as many as 15 identified with 
PCR-SSCP showed two different variants of bands, and the 11 12 68 RFLP haplotype 
(BstYI, BsuRI, RsaI enzymes, respectively) was present even as three different SSCP 
variants. Moreover, the 11 11 88 RFLP haplotype, originally considered as homozygous 
[Gruszczyńska et al. 2005], in this study presented two variants. The examples of the 
SSCP polymorphism in the ovar-DRB1 gene exon 2 are shown on Photo 1.
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Outteridge et al. [1996] when applying the 
PCR-SSCP method, found exon 2 gene in Merino 
sheep to be polymorphic. They also demonstrated 
that SSCP patterns are inherited as a simple quali-
tative trait.

Gelhaus et al. [1995] in their studies on exon 2 
of BoLA-DRB3 with the use of restriction enzymes 
BstYI, haeIII and RsaI concluded that PCR-RFLP 
method did not provide the complete information on 
gene polymorphism. They showed that 12 out of 42 
restriction patterns corresponded to more than one 
allele sequence. Moreover, only 22 of 52 sequenced 
DRB3 patterns could be identified with RLFP.

Kostia et al. 1998] in their study on identifica-
tion of exon 2 gene alleles in 31 Finnsheep and 
Russian Romanoff and Karelian sheep, showed that 
SSCP makes it possible to differentiate between 
sequences in that exon. They amplified the exon 2 
with PCR, and the products were eventually ana-
lysed with SSCP and sequenced. Nineteen alleles 
were identified, including seven previously not 
published sequences of exon 2 ovar-DRB1 gene. 
One of the newly discovered alleles – DRB1*0115 
– appeared breed-specific for Romanoff sheep. The 
same authors observed that all animals with grey 
wool were highly uniform as far as MHC genes are 
concerned. And indeed, all grey sheep (n=6) were 
found to possess only DRB1*0201 allele.

Exon 2 of the ovar-DRB1 gene was also studied 
by Jugo et al. [1996] in 72 Latxa sheep. Using PCR-
SSCP method the authors were able to identify 10 
variants of bands, suggesting wide variation within 
the locus. They claim the method to be simple and 
relatively sensitive [Jugo et al. 1996, Jugo and 
Vicario 2000]. Provided that each allele has the 
established band pattern, typing of individuals is 
quite fast.

Due to employing PCR-SSCP method in analy-
sis of exon 2 of the ovar-DRB1 gene polymorphism 
we were able to find its intra-gene differentiation, 
that could not be identified earlier with PCR–RFLP 
method. These results suggest that when studying 
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polymorphism of exon 2 ovar-DRB1 gene, it is advisable to employ both methods, 
i.e. PCR-RFLP and PCR-SSCP, as the results obtained with the latter lead to increase 
in the number of identified patterns. 
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Polimorfizm konformacyjny PCR-SSCP w eksonie 2  
genu ovar-DRB1 owiec dwóch ras polskich 
S t r e s z c z e n i e 

Celem pracy było poszukiwanie metodą PCR-SSCP polimorfizmu w eksonie 2 genu ovar-DRB1, 
należącego do klasy II głównego układu zgodności tkankowej (MHC), i którego nie udało się stwierdzić 
we wcześniejszych badaniach przeprowadzonych metodą PCR-RFLP. Analizami objęto 67 maciorek rasy 
wrzosówka (PHS) i 57 maciorek polskiej owcy nizinnej odmiany żelaźnieńskiej (PLS), u których poprzednio 
nie wykryto polimorfizmu restrykcyjnego w eksonie 2 metodą PCR-RFLP. Stwierdzono 33 wzory SSCP, z 
czego 27 u owiec PHS i 13 u PLS. Spośród 16 haplotypów stwierdzonych poprzednio metodą RFLP, metoda 
SCCP ujawniła 15 wykazujących po dwa konformery. Haplotyp RFLP 11 12 68 (kolejność kombinacji 
wzorów restrykcyjnych odpowiednio: BstYI, BsuRI, RsaI) wykazał nawet trzy konformery. 

Uzyskane wyniki wskazują, że metoda PCR-SSCP umożliwia identyfikację polimorfizmu bardziej  
rozległego niż stwierdzany metodą PCR-RFLP i sugerują łączne stosowanie obu metod do identyfikacji 
polimorfizmu badanych sekwencji.  
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