
Major Histocompatibility Complex class II genes
are known to be highly polymorphic with the high-
est variability in exon 2. This exon encodes
the outer domain of the MHC molecule (alpha and
beta chains, respectively), which is the binding
area for antigens presented (Escayg et al. 1996;
Andersson 1996). This high polymorphism in
the exon 2 sequence offers possibilities for im-
mune response towards a great variety of patho-
gens. Therefore, the main aim of this study was to
analyse exon 2 Ovar-DRB1 gene polymorphism in
Polish Heath Sheep (PH Sheep) and Polish Low-
land Sheep (¯elazna variety) (PL Sheep).

This study was carried out on 101 ewes of Pol-
ish Heath Sheep and 99 ewes of Polish Lowland
Sheep (¯elazna variety) bred on the farm of
the Warsaw Agricultural University Research Sta-
tion in ¯elazna. The average relationship within
the studied group was 0.01745 in case of PHS
and 0.01549 in PLS. The analysis of exon 2 gene

was performed with the use of the PCR-RFLP
method. Genomic DNA was isolated from whole
blood samples with the use of phe-
nol-chlorophorm extraction. The polymerase
chain reaction was carried out using primers of
Ammer et al. (1992).The PCR reaction was extended
under the following conditions of amplification
(94oC/3 min; 60oC/1 min; 72oC/1 min) 1; (94oC/30 s;
60oC/1 min; 72oC/1min) 30; (94oC/30 s; 60oC/1 min;
72oC/5 min) 1. The amplified fragment of 279 bp
consisted of 9 bp of intron 1 and the entire exon 2 of
270 bp length. Products obtained with PCR were
digested with three restriction enzymes: BsuRI,
RsaI, BstYI and separated in 10% native
polyacryloamide gel in order to determine length
polymorphism of exon 2 gene restriction frag-
ments. When the separation had been completed,
the gel was silver stained. Lengths of the restric-
tion fragments were determined with
the ScanPack 3.0 program (Biometra). PCR prod-
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ucts were cloned into the pGEM-T Easy vector
(Promega). Clones, selected after plasmid DNA
isolation using standard techniques (Sambrook
et al. 1989), were sequenced by the Sanger dideoxy
chain termination method. Cyclesequencing reac-
tions were performed using the thermo sequenase
fluorescent-labeled primer sequencing kit
(Amersham Pharmacia Biotech) and Cy5 labeled
universal primers. Sequencing reactions were
loaded onto a 5.5% denaturing polyacryloamide
gel and analysed using the ALFexpress DNA se-
quencing system (Amersham Pharmacia Biotech).

A database search to identify similar sequences
was performed using the BLAST program (Gish
and States 1993). Frequencies of the restriction
patterns of exon 2 Ovar-DRB1 gene with BsuRI,
RsaI and BstYI enzymes were calculated, as well
as the frequencies of their combinations in both
breeds. We also performed a simulation of enzy-
matic digestion of exon 2 Ovar-DRB1 gene se-
quences, published in the GenBank.

In the studied groups of PH Sheep and PL
Sheep of the ¯elazna variety we were able to iden-
tify 8 restriction patterns (numbers 1–8) for

the studied fragment of exon 2 Ovar-DRB1 gene
with RsaI enzymatic digestion (Figure 1), six pat-
terns (numbers 1–6) with BsuRI (Figure 2)
and two patterns with BstYI.

We were able to identify 65 different
haplotypes in PH Sheep and 68 different
haplotypes in PL Sheep (¯elazna variety).
Their frequencies varied from 0.01 to 0.03 in PH
Sheep and from 0.01 to 0.05 in PL Sheep.
There are only 20 haplotypes that both breeds
share.

In PL Sheep two homozygous genotypes were
found: 11 11 88 and 22 22 11 (patterns in the order
of BstYI, BsuRI, RsaI) and their frequencies were
0.01 and 0.02, respectively. In PH Sheep there
were also two homozygous genotypes, 11 11 88
and 11 22 11, with similarly low frequencies at
0.03 and 0.01, respectively.

Simulation restriction analysis of exon 2 gene
sequence was performed with the data published
in the GenBank database by Schwaiger et al.
(1994), Griesinger (1997), Kostia et al. (1998),
Jugo and Vicario (2000) and Gutierrez-Espeleta
et al. (2001). The sequences were separated with
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Figure 1. Patterns of exon 2 Ovar-DRB1 gene digested with RsaI restriction enzyme in Polish Heath Sheep, Polish
Lowland Sheep (¯elazna variety) and other breeds (Schwaiger et al. 1994; Griesinger 1997; Kostia et al. 1998;

Jugo and Vicario 2000; Guierrez-Espeleta et al. 2001).
*pattern identified only in Polish Heath Sheep and Polish Lowland Sheep (¯elazna variety)



restriction enzymes RsaI, BsuRI and BstYI with
the Webcutter 2.0 computer program (http://www.
firstmarket.com/cutter/cut2.html). Having ana-
lysed 75 sequences of exon 2, previously identi-
fied in Argali, Coopworth, Finnish Landrace,
Kazakh, Kent, Merino, Mufflon, Parendal, Texel
(Schwaiger et al. 1994); Changthangi, German
Merino, Red Masai (Griesinger 1997) and Russian
Landrace (Kostia et al. 1998); Latxa (Jugo
and Vicario 2000), and Ovis Canadiensis-bighorn
sheep (Gutierrez-Espeleta et al. 2001), we were
able to identify 13 digestion patterns for the RsaI
enzyme (Figure 1), 10 patterns for BsuRI (Fig-
ure 2), and tow patterns for BstYI.

The most common of exon 2 Ovar-DRB1 gene
restriction patterns for the RsaI enzyme in differ-
ent sheep breeds, as well as PH Sheep (0.42)
and PL Sheep (0.41), was pattern 1 (21 sequences
in a total of 75 analysed sequences from
the GenBank) and pattern 8 (17/75). Among
the 75 GeneBank sequences analysed we did not
find pattern 7, identified in our study in PH Sheep

and PL Sheep (¯elazna variety) (Figure 1).
In contrast, patterns 9–14, present in the
GeneBank database, were not found in either Pol-
ish Heath Sheep or Polish Lowland Sheep. Pattern
9 was present in Changthangi, Kent, Merino and
Texel Latxa sheep, whereas pattern 10 – in
Coopworth and Merino sheep. Pattern 11 can be
found in Kazakh and Ovis Canadiensis-bighorn
sheep, 12 in Texel, 13 in Finnish Landrace, Latxa
and Ovis Canadiensis-bighorn sheep and 14 only
in Red Massai Sheep.

Considering digestion patterns of the studied
exon with the BsuRI enzyme, pattern 1 was
the most frequent (38/75). Its frequency was

equally high in both PH Sheep and PL Sheep
(¯elazna variety) (0.36 and 0.32, respectively), but
the most frequent was pattern 2 – 0.40 in PH Sheep
and 0.51 in PL Sheep. Among all the analysed se-
quences from the GenBank we did not identify
pattern 6, present in both breeds studied (Fig-
ure 2). On the other hand, in sequences separated
with Webcutter 2.0 we identified patterns 7 to 11,
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Figure 2. Patterns of exon 2 Ovar-DRB1 gene digested with BsuRI restriction enzyme in Polish Heath Sheep,
Polish Lowland Sheep and other breeds (Schwaiger et al. 1994; Griesinger 1997; Kostia et al. 1998;

Jugo and Vicario 2000; Guierrez-Espeleta et al. 2001).
*pattern identified only in Polish Heath Sheep and Polish Lowland Sheep (¯elazna variety)



absent in either PH Sheep or PL Sheep. Pattern 8
was present in Mufflon and Latxa sheep, pattern 9
in Finnish Landrace sheep, pattern 10 – in Red
Massai, Latxa sheep and and Ovis Canadiensis-
bighorn sheep and pattern 11 only in Ovis
Canadiensis-bighorn sheep. Pattern 1, identified
in Polish Heath Sheep, was also present in Kazakh
sheep. Patterns 1 and 3 were present in both Polish
Lowland and Merino sheep. Pattern 7, present in
Merino and German Merino Sheep, was not found
in Polish Lowland Sheep (¯elazna variety). A sim-
ulation of separation of the published sequences
with the BstYI enzyme revealed that – similarly as
in PH Sheep (0.68) and PL Sheep (0.63) – pattern
1 (279 bp) was significantly more common (0.77)
than pattern 2 (193 bp and 86 bp).

We found new restriction patterns of the ana-
lysed exon for restriction enzymes RsaI (pattern
no. 7) and BsuRI (pattern no. 6). These patterns are
not found in any of the previously analysed se-
quences, published in the GenBank. DNA of
the PH Sheep and PL Sheep showing restriction
pattern 7 for the RsaI enzyme and pattern 5 for
the BsuRI enzyme and 7 for the RsaI enzyme
and pattern 6 for the BsuRI enzyme were se-
quenced and registered in the GeneBank (number
of the sequences in the GeneBank: AY230000
and AY 248695, respectively).
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