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Characterization of BoLA-DRB3.2 Alleles in Hanwoo (Korean cattle) by
Sequence Based Typing (SBT)
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ABSTRACT : A study was conducted with 70 Hanwoo (Korean cattle) for genotyping bovine leukocyte antigen (BoLA)-DRB3.2
gene by using the polymerase chain reaction (PCR) and sequence based typing (SBT). Two-step PCR was carried out for amplitving a
284 by tragment of the target gene and the PCR products were digested with three restriction enzymes namely Rsal. BstY] and Haelll,
Seventeen alleles were detected with frequencies ranging from 1.43 to 18.37% and one (X'aa) of these alleles was identfied as a new
allele that has not been reported betore. The trequency of the new X’aa allele identified in this breed was 12.86%. In addition, the seven
most trequently observed alleles (DRB3.2 *10, *15, ¥16, *26, *27, ¥34 and x"aa) accounted for 74.28% of the alleles in this population.
The phylogenetic tree showed that the BoLA-DRB3.2 allele sequences of Hanwoo were shared with other Bos tamus breeds and no
specitic clade tor Hanwoo was identitied. It indicates high heterogeneity ot the BoLA-DRB3 gene in this population and may give some
ideas for breeding animals having better disease resistance. (Key Wards : BoLA-DRB3, PCR-RFLP, Sequence Based Tyvping (SBT),

Hanwoo)

INTRODUCTION

The major histocompatibility complex (MHC) contains
a number of genes which have very important roles in
immune responses. MHC has been named differently in
different animals; human leukocvte antigen (HLA) is for
human MHC. H-2 complex for mouse MHC. BoLA for
cattle MHC. B and Y complex for chicken MHC and SLA
for pig MHC (van Eijjk et al.. 1992; Bodmer et al.. 1996;
Miller et al.. 2004: Smith et al.. 2005). This MHC region
encodes cell surface glvcoproteins, which bind to foreign
antigens of T Ivmphocytes that are central to the induction
and regulation of adaptive immunity (Germain. 1994:
Townsend et al., 1989). The MHC class [ and class II genes
are highly polvmorphic and are kmown to be related to
immune response related auto-immune disease. infectious
disease. and responses to immunization (Sharif et al.,
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1998a; Ellis and Ballingall. 1999).

In cattle, BoLA genes are located on bovine
chromosome 23 (BTA23) and associations between BoLA
alleles and susceptibilities to disease such as mastitis.
bovine leukenua virus (BLV) and parasitic infestations were
observed (Teale et al., 1991; van Eijk et al., 1992; Park et
al.. 1993). Also associations between BoLA alleles with
fertility, growth and milk production traits have been
reported (Beever et al., 1990). Within the Class 11 region of
BoLA. the DR region contained three DRB genes and high
expression was observed in peripheral blood lymphocytes
(Moon et al.. 1997). These results indicated that a high
degree of sequence polymorphisms was observed in exon 2
of the DRB3 gene and associations between DRE3
genotypes  with  production  traits.  disease  and
immunological traits were also reported.

In cattle, a number of serological, biochemical and
molecular methods have been developed for the efficient
typing of DRB3 polymorphisms (Watkins et al.. 1989;
Davies and Antczak. 1991; Davies et al., 1992; Glass et al.,
1992: van Eijk et al.. 1992: Paswan et al.. 2005). Later on,
more efficient methods have been discovered including
heteroduplex analysis (Sitte et al., 19935). sequence-specific
oligonucleotide typing (Sitte et al. 1996). denaturing
gradient gel electrophoresis (Aldridge et al., 1998), and
sequencing of the PCR products (Aida et al.. 1995). More
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precise sequence-based tvping (SBT) of the BoLA-DRB3
gene in cattle has been reported by Takeshima et al. (2001
and 2002) and Miltiadou et al. (2003). At present. 103
BoLA-DRB3.2 alleles have been identified by the
sequencing of ¢loned genomic DNA. ¢cDNA. PCR products
and PCR-SBT (Davies et al.. 1997, Russell et al.. 1997,
Takeshima et al. 2002, http:/Asvww.projects.roslin.ac.uk/
bola/reports html). The native cattle in Korea known as
Hamvoo are mainly used for beef production. The meat of
the Hanwoo is considered by Koreans to be a safe source of
meat and thus commands a higher price than those from
exotic breeds. Theyv are also well adapted to the Korean

agro-ecological conditions as compared to other beef breeds.

The purpose of this study was to investigate the BoLA-
DRB3.2 allele patterns in Hanwoo cattle. This information
will be useful for the selection of animals having better
disease resistance without compromising their production
ability.

MATERIALS AND METHODS

Sampling

Blood samples were collected from 70 Hanwoo bred at
the National Institute of Ammal Science (NIAS), RDA.
Korea. The obtained blood samples were transferred to the
laboratory and the isolation of genomic DNA was
performed using the MagExtractor kit (TOYOBO Ltd.,
Japan).

Polymerase chain reaction (PCR) of BOLA DRB3 exon 2
The second exon of the BoLA-DRB3 gene was
amplified by hemi-nested PCR using the primers published
by van Eijk et al. (1992). The oligonucleotide primers HL-
030 (5'-ATCCTCTCTCTGCAGCACATTTCC-3"). HL-031
(3-TTTAAATTCGCGCTCACCTCGCCGCT-3") and HL-
032 (5-TCGCCGCTGCACAGTGAAACTCTC-3") were
used in the PCR reaction. The HL-030 and HL-031 primers
were used for the as first round PCR and the HL-030 and
HL-032 primers were used for the second round PCR. The
first PCR reaction consisted of 50 ng template genomic
DNA, 0.2 mM each of dNTP. 3 pM of each primer and 1 U
Ampli-Taq Gold DNA polymerase (Perkin Elmer. USA) in
a 25 pl reaction volume. The PCR condition included an
initial denaturation at 94°C for 4 min followed by 15 cvcles
of denaturation at 94°C for | min. annealing at 60°C for 2
min and extension at 72°C for 1 min with a final extension
at 72°C for 5 min using a MJ Research thermocycler (MJ
Research. USA). The second PCR reaction was carried out
in a total volume of 30 pul containing 3 jul of the first PCR
product. 0.2 mM of dNTPs. 10 pM of each primer and 2 U
of Ampli-Taq Gold DNA polvmerase (Perkin Elmer, USA).
The second PCR condition included an initial denaturation
at 94°C for 53 min followed by 40 cvcles at 94°C for 1 min,
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65°C for 30 sec and 72°C for 1 min with a final extension at
72°C for 10 min using a MJ Research thermocycler (MJ
Research. USA). The PCR products were min on 2%
agarose gels and visualized under UV light.

Restriction endonuclease digestion

All the PCR products were subjected to restriction
fragment length polymorphism (RFLP) analysis using Rsal
and BstYI (New England Biolabs. UK). and Heelll
(Promega. USA) restriction enzymes according to the
method of van Eijik et al. (1992). The RFLP reaction was
performed with 2.5 U each of restriction enzyme, 1xbuffer.
13 ul second PCR product and incubated at 37°C for Rsal
and Heaelll and at 60°C for BsfYL. The resulting DNA
fragments were separated on 12% PAGE gel
(Polvacrvlamide gel). stained with ethidium bromide (EtBr)
and visualized under UV light.

Cloning and sequencing

The BoLA-DRB3 exon 2 PCR products were cloned
using the pGEM T-easy vector ligation Kit (Promega. USA)
and transformed into DH3¢ competent cells. Recombinant
plasmid DNAs were extracted using the Wizard Plus
Minipreps DNA Purification System (Promega. USA) and
the DNA sequences of the clone inserts were determined by
using a dye terminator Kit on an ABI 3100 DNA sequencer
(Applied Biosystems. USA).

Bioinformatics
The Nucleotide BLAST program of NCBI
(http:/Avww.nebinlm.nih.gov/BLAST/)  was used for

sequence homology searches against public databases.
Multiple sequence alignments were performed using the
ClustalW program (Thompson et al.. 1994) and the aligned
sequences were edited by BioEdit package ver. 7.0.5 (http://
www.mbio nesu.edu/BioEdit/page2.html). Sites representing
a gap in any of the aligned sequences were excluded from
the analysis. Distances between nucleotide sequences were
estimated using the substitution model of Tamura and Nei
(1993). Using this distance. a rooted neighbor-joining (NJ)
phylogenetic tree was constructed by using the MEGA
package ver. 3.1 (Kumar et al.. 2004),

RESULTS AND DISCUSSION

The genotypes of 70 Hanwoo individuals were
determined for exon 2 of the BoLA DRB3 allele by PCR
SBET. The PCR products gave only single bands with the
expected size of 284 bp in each reaction. indicating the high
efficiency of the PCR reactions. The second PCR products
of the BoLA-DRB3 .2 gene were digested with Rsal, Haelll
and BstY] restriction enzymes. The restriction patterns of
Haelll and BsrY1 were found to be identical type with the
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Figure 1. PCR-RFLP patterns of BoLA-DRB3 exon 2 region using Rsal restriction enzyvme in Hanwoo cattle. Lane M: Molecular weight

marker (Sun Genetics, Korea). Lane f, 1, 0 and s represent respective patterns obtained by Rsal restriction enzyme. Lane new denotes the

allele not reported previously in the scientific literature, Numbers indicate the sizes of DNA fragments in base pairs.
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Figure 2. Sequence alignment of BoLA-DRB3 between Hanwoo (x’aa) and the published Rsal x tvpe sequence (GenBank accession
number Z82023). Squares indicate the Rsal restriction enzyme recognition sequence and the arrow indicates the new site of Rsal

restriction enzvme giving different RFLP patterns between the x and the X” types.

previous results of van Eijk et al. (1992). Gelhaus et al.
(1993) and Maillard et o/ (1999). Based on the SBT of
BoLA-DRB3 exon 2 in each individual. a new pattern for
Rsal restriction enzyme was identified (Figure 1). The
nucleotide sequence of the new allele is shown in Figure 2.
The allelic nomenclature of *X'aa is based on the restriction
endonuclease enzyme patterns described by van Eijk et al.
(1992). A transversion mutation (T—A) had occurred at 142
micleotide base position in the BoLA-DRB3 gene of
Hanwoo and thus resulted in one more cutting site for the
Rsal enzvme than the x type allele. Therefore, we called
this type as X' type. The Rsal restriction enzyme cuts a 69

bp fragment into two fragments having 30 bp and 39 bp in
Hanwoo (Figure 1).

In total. 17 BoLA-DRB3.2 alleles were identified in 70
Hanwoo with frequencies ranging from 1.43 to 18.37%
(Table 1). Sixteen alleles, representing an allele frequency
of 87.14% were the same as previously described by van
Eijk et al. (1992). Gelhaus et al. (1993) and Maillard et al.
(1999). The new x'aa allele comprising 12.86% of the total
alleles studied was different from the previously
characterized BoLA-DRB3.2 alleles. The seven most
frequently observed BoL A alleles in Hanwoo population
(BoLA-DRB3.2*10, *15, *16, *26. *27. *54 and X’aa)
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Table 1. Allele tvpes and trequencies for BoOLA-DRB3.2 in 70 Hanwoo as identified by PCR-RFLP analysis

DRB3.2 allele ol Rﬂéi;lpe Faelll No. of ammals Frequency (%)
7 b b a 1 1.43
03° b b b 4 3.71
08" f a a 2 2.86
10" f b a 6 8.37
12° h a a 2 2.86
15" i b a 5 7.14
16" i b d 9 12.86
19° $ b b 1 143
20° 1 b b 2 2.86
21" 1 b e ] 1.43
26" 0 a b 3 7.14
27° o b f 3 7.14
28° 0 b b 2 2.86
37" 0 b a ] 1.43
43¢ $ d b 2 2.86
34¢ j d b 13 18.57
v aad N a a 9 12.86

" RFLP types as described by van Ejjk <t al. (1992).

 Allele type designation based on nomenclature deseribed by van Eijk et al. (1992) and Gelhaus et al. (1995),

© Allele type described by Maillard et al. (1999).
 New allele type observed in Hanwoo which was not reported previously.

accounted for 74.28%. These findings partially agree with
the previous results (Sharif et al.. 1998a: Gilliespie et al.,
1999: Takeshima et al.. 2002: Mosafer and Nassiry. 2005;
Pasmi et al.. 2006). They found that the most frequently
detected BoL A alleles in Canadian Jersey cows BoLA-
DRB3.2*§ *[0. *15 *21.  *36 and *ibe accounted for
73.9% of the alleles (Gilliespie et al.. 1999). *8, *11, *16.
*22. %23 and *24 in Holstein cattle population (Sharif et al..
1998a). *7. *8, #9, *2], *24 and *27 representing 70% of
the alleles in Japanese Shorthorn cattle (Takeshima et al..
2002) and *6. *16, *23. *46, *kba and *vaa accounted for
64.7% of the alleles in [ranian native cows (Pasmi et al..
2006). We observed that only 4 (DRB3.2*10, *13, *16 and
*27) out of the seven alleles of the present study occurred at
high frequency in Jersey. Holstein. Japanese Shorthorn and
[ranian native cows as mentioned by previous researchers.
The most frequently detected allele BoLA-DRB3.2%*34
(18.57%) and the other two frequently occurring alleles
DRB3.2 *3 and *26 were not found in other Bos faurus
breeds. On the other hand, the frequency of the remaining
nine alleles (DRB3.2*02, *08. *12_ *19, *20, *2]1_*28 *37
and *43) varied from 1.43 to 2.86%. Our present study
demonstrated that a substantial variation exists in allele
frequencies between Hanwoo and other cattle breeds.
Takeshima et al. (2003) reported that the remarkably
dissimilar pattemns of distribution of BoLA-DRB3 2 alleles
in different breeds might be the result of differential
selection after the separation of the major cattle population.
The allelic frequencies of BoLA-DRB3.2 may also depend
on breed, population and selection pressure (Mosafer and
Nassiry, 2003).

Significant associations have been found between some
infectious diseases and production traits and the BoLA
genes. BoLA-DRB3.2*3 and *16 and *22 alleles were
associated with lower risks of retained placenta and cystic
ovarian disease in Holstein cows, respectively (Sharif et al..
1998a). innate and adaptive immunity in Holstein cows
were related with DRB3.2%2 allele (Dietz et al. 1997), and
*22. %23, *24 and *16 alleles have associations with
mastitis in cattle (Starkenburg et al.. 1997. Ledwidge et al..
2001). Moreover, DRB3.2*%10 and *22 alleles have
significant associations with reduced fat vield. and
decreased milk and protein vield. respectively. in dairy
cattle (Sharif et al., 1998b; Ledwidge et al.. 2001). The
frequencies of BoLA-DRB3.2%2, *3, *10 and *16 were
1.43. 571, 857 and 12.87%. respectively. in Hanwoo.
However, the BoLA-DRB3.2*22, *23 and *24 alleles were
not detected in our study.

In order to identify the relationships of the BoLA-DRB3
gene in Hanwoo with other taurine breeds. a phylogenetic
tree was constructed using the NJ method with known
BoLA-DRB3 sequences from different Bos taurus breeds.
This phylogeny displaved 4 distinct lineages (Figure 3).
Moreover. there is no specific clade for Hanwoo cattle
rather the sequences of this breed were intermingled with
the sequences of other taurine cattle. Similar phylogenetic
patterns were found by Takeshima et al. (2003) with 4 Bos
faurus breeds including Holstein. Jersev. Japanese
Shorthom and Japanese Black cattle. The low bootstrap
values also indicated that there was no significant branch on
this tree. It may be concluded that Hamwoo has diverse
genetic background for this gene even though it has been
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Figure 3. Neighbor-Joining phvlogenetic tree constructed from Bo
cattle breeds using Tamura-Nei distance (Tamura and Nei, 1993).
Japanese Black (JB), Hereford (HF), Jersey (I), Black Angus (A) an

?q| |DRB3‘2?D3IS|
aa

DRB3*0101(H)

DRE3I*2701(H1

LA-DRB3.2 nucleotide sequences of Hanwoo with different taurine
Breed abbreviations are as follows: Holstein (H), Simmental (8),
d Hanwoo (HA). The percent numbers at nodes indicate the levels of

bootstrap suppoert based on neighbor-joinmg analyses of 1,000 resampled data sets. The scale bar indicates ((0.01) nucleotide substitutions
per cach nucleotide position. Bold letters indicate new type (X"aa) of BoLA-BRB3 2 allele 1dentified in Hanwoo.

bred in the Korean peninsula for a long time. The new
alleles found in Hanmwoo cattle were shared with Japanese
Black and Simmental cattle suggesting that this lincage
might be derived from common ancestral alleles that existed
prior to the divergence of the breed.

The results of the present study indicated that the
BoLA-DRB3 locus is highly polvymorphic in Hamwvoo and a
large variation exists with other breeds of cattle regarding
allele frequencies. However, further studies need to be
conducted to more preciously define the extent of
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polvmorphism in Hanwoo. The relationship between the
BoLA-DRB3 alleles and discase resistance traits will also
be investigated in near future.

ACKNOWLEDGEMENTS

This work was supported by a grant from the Biogreen
21 program #20050301034442. Rural Development
Administration, Republic of Korea and by grant No RI11-
2002-100-01008-0 of the ERC program of the Korean
Science and Engineering Foundation.

REFERENCES

Axda, Y., M. Numi, M. Asahina, K. Okada, Y. Nakai and K.
Ogimoto. 1993, Identification of a new bovine MHC class II
DRB allele bv nucleotide sequencing and an analvsis of
phylogenetic relationships. Biochem. Biophys. Res. Commu,
20)9:981-988.

Aldridge, B. M., S. M. McGuirk, R. J. Clark, L. A. Knapp, D. .
Watkins and D. P. Lunn. 1998 Denaturing gradient gel
electrophoresis: a rapid method for differentiatmg BoLA
DRB3 alleles. Anim. Genet. 29:389-394,

Beever, J. E, P. D. George, R. L. Fernando, C. J. Stormont and H.
A, Lewin. 1990. Associations between genetic markers and
growth and carcass traits in a paternal half-sib family of Angus
cattle. . Anim. Sci. 68:337-344.

Bodmer, J. G, S. G E. Marsh, E. D. Albert, W. F. Bodmer, R. E.
Bontrop, D. Charren, B. Dupont, H. A. Erlich, R. Fauchet, B.
Mach, W. R. Mayr, P. Partham, T Sasazuki, G M. T. Schreuder,
I. L. Strominger, A. Svejgaard and P. I.Terasaki. 1996.
Nomenclature for factors of the HLA svstem. Europ. I
Immunogenet. 24:103-151.

Davies, C. J. and D. F. Antczak. 1991. Production and
characterization of alloantisera specific for bovine class II
major histocompatibility complex antigens. Anim. Genet.
22:417-434,

Davies, C. I, L. Andersson, I. Joosten, P. Mariani, L. C. Gasbarre
and E. T. Hensen. 1992, Characterization of bovine MHC class
II polymeorphism using three typing methods: Serology, RFLP
and IEF. Eure. J. Immunogenet, 19:233-262.

Davies, C. J., L. Andersson, S. Mikko, S. A. Ellis, E. J. Hensen, H.
A. Lewin, N. E. Muggli-Cockett, I. J. van der Poel and G. C.
Russell. 1997. Nomenclature for factors of the BoLA system,
1996: report of the ISAG BoLA Nomenclature Committee.
Anim. Genet. 28:139-246.

Dietz, A. B.. I. C. Detilleux, A. E. Freeman, D. H. Kelly, J. R
Stabel and M. E. Kehrli. 1997, Genetic association of bovine
Ivmphocvte antigen DRB3 alleles with immunological traits of
Holstein cattle. J. Dairy Sci. 80:400-405.

Ellis, 8. A. and K. T. Ballingall. 1999. Cattle MHC: evelution
action? Iimmunol. Rev. 167:159-168.

Glass, E. I, R. A. Oliver, I. L. W. Williams and P. Millar. 1992,
Alloreactive  T-cell  recognition of Dbovine major
lustocompatibility complex class I products defined by one-
dunensional 1seelectric focusing. Anim, Genet. 23:97-111.

Gelhaus, A, L. Schnittger, D. Mehlitz, R. D. Horstmann and C. G.
Mever. 1995, Sequence and PCR-RFLP analysis of 14 novel
BoLA-DRB3 alleles. Anim. Genet. 26:147-133.

Jeong et al. (2007 Asian-Aust. J. Anim. Sci. 20¢12).1791-1797

Germain, R, N. 1994, MHC-dependent antigen processing and
peptide presentation: providing ligands for T lvmphocyte
activation. Cell 76:287-299.

Gilliespie, B. E.. B. M. Jayvarao, H. H. Dowlen and S. P. Oliver.
1999, Analysis and frequency of bovine lymphocyte antigen
DRB3.2 alleles in Jersey cows. J. Dairy Sci. 82:2049-2033.

Kumar, S., K. Tamura and M. Nei. 2004, MEGA 3.1: Integrated
software for molecular evolutionary genetics analysis and
sequence alignment. Br. Biomnfor, 3:130-163.

Ledwidge. S. A, B. A Mallard, J. P. Gibson, G. B. Jansen and Z. L.
Jhang. 2001. Multi-primer target PCR for rapid 1dentification
of bovine DRB3 alleles. Anim. Genet. 32:219-221.

Maillard, J. C., C. Renard, P. Chardon. [. Chantal and A. Bensaid.
1999. Characterization of 18 new BoLA-DRB3 alleles. Anim.
Genet. 30:200-203.

Miller, M. M., L. D. Bacon, K. Hala, H. D. Hunt, S. I. Ewald, I.
Kautman, R. Zoorob and W. E. Briles. 2004 Nomenclature tor
the chicken major histocompaubility (B and Y) complex.
Immunogenetics. 56:261-279.

Miltiadou, D.. A. 8. Law and G. C. Russel. 2003, Establishment of
a sequence-based tvping system for BoLA-DRB3 exon 2.
Tissue Antigens. 62:33-65.

Moon, I. O., Y. S. Park, K. O. Lee and B. H. Ahn. 1997. DNA
polymorphisim analysis of BoLA DRB3 gene between Hanwoo
and Holstein in Korea. Kor. J. Genet. 19:343,

Mosafer, J. and M. R. Nassirv. 2003, Idenufication of bovine
Ivmphocyvte antigen DRB3.2 alleles in Iranian Golpavegani
cattle by DNA test. Asian-Aust. J. Anim. Sci. 18:1691-1693.

Park, C. A., H. C. Hines, D. R. Monke and W. T. Threlfall. 1993.
Association between the bovine major histocompatibility
complex and chronic posterior spinal paresis - a form of
ankvlosing spondylitis in Holstein bulls. Anim. Genet. 24:53-
38.

Pashmi, M., S. A. Ghorashi, A. R. Salehi, M. Moini. A. Javanmard,
S. Qanban and S. Yadranji-Aghdam. 2006. Polvmorphism of
bovine lymphocyte antigen DRBE3.2 alleles in Iranian native
Sarabi cows, Astan-Aust. J. Anim. Sci. 19:775-778.

Paswan, C., B. Bhushan, B. N. Patra, P. Kumar, A. Shamma, S.
Dandapat, A. K. S. Tomar and T. Dutt. 20035. Characterization
of MHC DRRE3.2 alleles of crossbred cattle by polymerase
chain reaction-restriction  fragment length  polymorphism.
Aslan-Aust, . Anim. Sci. 18:1226-1230.

Russell. G C.. C. 1. Davies. L. Andersson. S. A, Ellis, E. J. Hensen.
H. A. Lewin, 8. Mikko, N. E. Muggh-Cockett and J. I. van der
Poel. 1997. BoLA class II nucleotide sequences. Anim. Genet.
28:169-180.

Sharif, S, B. A. Mallard, B. N. Wilkie_ J. M. Sargeant, H. M. Scott,
J. C. M. Dekkers and K. E. Leshie. 19984, Associations of the
bovine major histocompatibility complex DRBE3 (BoLA-
DRB3) alleles with occumence of disease and milk somatic
cell score in Canadian dairy cattle. Anim. Genet. 29:185-193.

Shanf, 8., B. A. Mallard, B. N. Wilkie, J. M. Sargeant, H. M. Scott,
J. C. M. Dekkers and K. E. Leslie. 1998b. Associations of the
bovine major histocompatibility complex DRB3  with
production traits in Canadian dairv cattle. Anim. Genet.
30:137-160.

Site, K., 1. J. East, M. F. Lavin and E. C. Jazwinska. 1993.
Identification and characterization of new BoLA DRE3 alleles
by heteroduplex analysis and direct sequencing. Anim. Genet.
26:413-417.



Jeong et al. (2007 Asian-Aust. J. Anim. Sci. 20¢12).1791-1797

Sitte, K., I. J. East and E. C. Jazwinska. 1996. Detection of a
common BoLA DRB3 deletion Dbv sequence-specific
ohgonucleotide typmg. Anmm. Genet. 27:271-273.

Smith, D. M., I. I. Lunney, C. 8. Ho, G. W. Martens, A. Ando, I. H.

Lee, L. Schook, C. Renard and P Chardon 2003
Nomenclature for tactors of the swine leukocyte antigen class
II system. Tissue Antigens. 66:623-039.

Starkenburg, R. J., L. B. Hansen, M. E. Kehrli, Jr. and H. Chester-
Jones. 1997. Frequencies and effects of alternative DRB3.2
alleles of bovine lvmphocyte antigen for Holsteins in milk
secretion and control lines. I Dairy Sci. 80:3411-3419.

Takeshima, S., M. Ikegami, M. Morita, Y. Nakai and Y. Aida. 2001.

Identification of new cattle BoLA-DRB3 alleles by sequence-
based typmg. Immunogenetics 33:74-81.

Takeshima, S., Y. Nakai, M. Ohta and Y. Aida. 2002
Characterization of DRB3 alleles in the MHC of Japanese
shorthomn cattle bv polvmerase chain reaction-sequence based
tvping. J. Dairy Sci. 83:1630-1632.

Takeshima, S., N. Saitou, M. Morita, H. Inoko and Y. Aida. 2003.
The diversity of bovine MHC class II DRB3 genes in Japanese
Black, Japanese Shorthom, Jersey and Holstein cattle m Japan.
Gene 316:111-118.

1797

Tamura, K. and M. Nei. 1993. Esumation of the number of
nucleotide substitutions in the control region of mitochondrial
DNA in humans and chimpanzees. Mol. Biol. Evol. 10:312-
326.

Teale, C.. I F. Morrison, R. L. Page and 8. B. Pearson. 1991. Dose
response to inhaled salbutamol in chronic obstructive airways
disease. Postgrad. Med. J. 67:734-7536.

Thompson, J. D, D. G Hggins and T. J. Gibson. 1994.
CLUSTALW: Improving the sensitivity of progressive
multiple sequence alignment through sequence weighting,
position-specific gap penalties and weight matnx choice.
Nucleic Acids Res. 22:4673-4680.

Townsend, A. and H. Bodmer. 1989, Antigen recognition by class
I-restricted T lymphocytes. Annuw. Rev. Immunol, 7:601-624.

Van Ejk, M. I, I. A, Stewart-Hayvnes and H. A. Lewin. 1992.
Extensive polvmorphism of the BoLA DRB3
distinguished by PCR-RFLF. Anim. Genet. 23:483-496.

Watkins, D. 1., J. A. Shadduck, C. E. Rudd, M. E. Stone, H. A.
Lewin and N. L. Letvin. 1989. Isoelectric focusing of bovine
major histocompatibility complex class II molecules. Eur, J.
Immunol. 19:367-370.

gene



