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Abstract  Single-strand conformational polymorphisnproteins which present soluble peptide antigens to €D4
(SSCP) gel electrophoresis and DNA sequencing weFecells. Most class Il genes show extensive genetic varia-
used to characterize the second exon of the h@B& tion for both number of loci and number of alleles among
homologue as well as to identify eight nd®RB alleles. and within species. For example, in humahi,A-DRB
The SSCP gels presented a complex pattern, with phegenes are assigned to nine different loci. Four of these loci
types exhibiting between 4 and 13 bands. DRRB SSCP encode expressddRB chain-encoding genes while five are
patterns were studied for two families (6 to 13 bands ppseudogenes. Variation in the organization of EHeB loci
pattern). For both families, the patterns showed simpdenong humans exists. Different haplotypes may contain
Mendelian inheritance. The polymerase chain reactiéom two to five DRB loci, though only one or two are
products from two individuals possessing homozygoexpressed in an individual. HumadRB1 appears to be
major histocompatibility compleXHC) alleles by descent common to most haplotypes, but other loci may be con-
were cloned and retested on SSCP gels. All bands deritathed in only a few haplotype groups (Andersson et al.
from the genomic DNA amplification could be accounted994). Likewise, thre®RBloci are defined in cattledDRB3
for with bands derived from the cloned DNA amplificatioris well expressed)RB2is expressed at very low levels by
products. The results were consistent with thib#eB loci, cattle leukocytes (Burke et al. 1991), arigRB1 is a
though this number may be variable within the domestfiseudogene (Muggli-Cockett and Stone 1988). Pigs appear
horse population. Gene sequences were variable amongtthdave threeDRB loci, one which is expressed and two
different products, and we were unable to assign locudich are pseudogenes (Brunsberg et al. 1996).
designations for particular sequences. Amplification of In addition to their role in antigen presentatiddRB
cDNA library material derived from one of the individualsalleles are of interest because they are associated with a
who is MHC homozygous by descent showed an SSGRimber of diseases. These include susceptibility to the
profile suggesting that all threBRB loci are transcribed human autoimmune dermatologic disease pemphigus vul-
into MRNA. garis (Scharf et al. 1988), protection against collagen-
induced arthritis in mice (Gonzalez-Gay et al. 1995), and
resistance of cattle to persistent lymphocytosis caused by
the bovine leukemia virus (Xu et al. 1993).
Introduction To date, three sequences have been reported for the
horse DRB locus, and are designatdaRB*1, *2, and *3
The major histocompatibility compleMHC) is of primary (Gustafsson and Andersson 1994). Our current investiga-
importance in understanding the immune response. Congsén uses single-strand conformational polymorphism
quently, we are investigating!HC genes in horses. Re-(SSCP) analysis and DNA sequencing to identify additional
search in other species has demonstrated\# class Il DRBalleles as well as to determine the numbeb&B loci
genes encode the alpha and beta subunits of dimgsiesent and transcribed in the horse.

The nucleotide sequence data reported in this paper have been
submitted to the GenBank nucleotide sequence database and have yRfterials and methods
assigned the accession numbers L76972—-L76978 and L77079
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A B A ntested Fig. 2 DRB SSCP patterns from
A2/AS A3/W11 A2/AS genomic DNA amplifications of
family samples shown ineverse

A A E contrastto the ethidium bromide
A2/AS A2/W11 A2/A5 AS/W11 stained gel. Lane A (repeated)
contains DNA from the sire,
1)) F lane B contains DNA from a dam,
A2/A2 AS/AS lanes C and E contain DNA from

Fig. 1 Pedigrees of families producingHC homozygous offspring Eé;?;?:lgii:?r%rlsrsiﬂagnd F

by descentMHC class | serological type for tHELA-Alocus is shown
beneatfthe individual's letter designation. Individual A is the sire, an&omozygotes by descent
individuals D and F are the homozygous offspring

here each possessed a differbiC haplotype derived from the sire.
Homozygosity at theMHC was verified by class | serological typing,
Southern blot studies of class | and class Il genes, and mixed
lymphocyte reactivity (class Il dependent) against the sire and other
offspring (unpublished data), as well as SSCP typing oiRAlocus  tjon reactions on an SSCP gel. Only those clones which produced
(Albright-Fraser et al. 1996). SSCP bands also seen in that individual’s genomic SSCP pattern were
picked for sequencing. Plasmid DNA was prepared from 1.5 ml of

. . overnight culture by the CTAB mini-prep method (Del Sal et al. 1988).

DNA isolation Purified plasmid DNA was resuspended inp® of sterile distilled

. . . water, and frozen at -2 until sequenced.
All genomic DNA used for this study was organically extracted from

peripheral blood lymphocytes and then ethanol precipitated. The

cDNA library in Agtl0 bacteriophage was derived from peripheral

blood cell RNA of individual D (see Figure 1) as previously describeBDNA sequencing

(Albright et al. 1991). Approximately BOPFU of cDNA library

material was organically extracted and ethanol precipitated to yidiNA sequencing was done on an Applied Biosystems 377 automated

purified phage DNA template for amplification. sequencer (Division of Perkin-Elmer, Foster City, CA) using their
PRISM ready reaction dye-terminator kit according to the manufac-
turer’s suggested protocol. Three clones of each SSCP pattern were

Primers sequenced in both the forward and reverse directions using M13 (-47)
forward and (—48) reverse primers (New England Biolabs, Beverly,

DRB second exon primers used for initial SSCP analysis, and fiA). Sequence was accepted if at least four of six reactions produced

generating PCR products used in cloning were designed fromidentical results at a given base. Sequence was identical in all six

combination of cattle flanking intron and/or second exon sequenmplicates in most cases. Because of poor cloning efficiency, only two

(Sigurdardtir et al. 1991), and conserved bases at tharid 3 ends clones were sequenced fDRB*10and only one clone foDRB*11

of three reported horsBRB second exon sequences (Gustafsson and

Andersson 1994). These primers were designated DRBZ2a (5

CTCTGCAGCACATTTCCTGGAG) and DRB2b 5

CGCCGCTGCACCAGGAA). Primers DRB2a-i #&GAGTGT-

CATTTCTYCAACGGRAC) and DRB3 (5TCACAGAGCAGAC- Results

CAGGAGGTT) were both used to amplify the cDNA library material.

DRB2a-i is a 5 exon 2 internal primer based on our horse sequenc

DRB3 was designed from a consensus of human (Cairns et al. 19%58 SSCP patterns

cattle (Groenen et al. 1990), and mouse (Braunstein et al. 19R&) . . .

exon 3 sequences. SSCP gels testing the 276 base pair (bp) amplification

product of DRB second exon primers DRB2a and DRB2b

resulted in fragment patterns containing as many as 13

distinct bands as resolved by our gel conditions. In families,

Amplification conditions were identical for all primer sets used, anth€SEDRB fragments were inherited in a simple Mendelian

were as previously reported (Albright-Fraser et al. 1996). Whdashion as shown in Figure 2. Family relationships are

grEpAIifying tDtRB Clonles or gx;raCtegOCDNf\ Iigrary matefialt,_ temg‘gg}shown schematically in Figure 1. Individual A is the sire,
quantity was lowered from ng to 5 ng per reaction. PR 3
conditions were as previously reported with the following modificagnd individuals D and F are thIHC homozygous off

tions: the gels contained no glycerol, and the run parameters were 18HiNg by descent. All bands present in the sifzRBSSCP

at 100 volts at 20C (Albright-Fraser et al. 1996). profile can be accounted for in the profiles of offspring D
and F. The SSCP band patterns in each offspring were, with
one exception, mutually exclusive, and offspring F inher-
ited two more bands than offspring D by total count.

DRB amplification reactions, using the primer set DRB2a and DRB2b, DRB genomic amplification reactions from sire A and
were cloned by the TA-method into ddT-tailed Bluescript:$#tasmid offspring D and F, as well as an unrelated individual (X),
(Stratagene, LaJolla, CA) as previously described (Holton and Grahgfare each cloned into plasmid vectors. Both D and F
1991). Inserts from positive clones (white on LB, ampicillin, X-gal . .
IPTG plates) were confirmed by direct amplification ofpl of an possessed threef unique C'Or?a' patterns by SSCP analysis,
inoculated 5 ml overnight liquid culture using the DRB2a and DRB28Nd the summation of bands in the three patterns accounted
primers. Clones for sequencing were chosen by running the amplifider all bands seen in the genomic amplification (Fig. 3).

PCR and SSCP

Cloning
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DRB exon 2 sequences

DRB consensus sequences, based on individual clone se-
qguences, are presented in FigurddRB*1, *2, and*3, are
those sequences previously reported by Gustafsson and
Andersson (1994).DRB*4, *5, and *6 are the three
sequences from offspring IDRB*7, *8, and*9 are the
three sequences from offspring BRB*10 and *11 are
sequences from individual X. The consensus sequence for
DRB*9 also included a clonal sequence from the sire (A) to
verify that identical SSCP patterns in sire and offspring
clones indeed indicated identical DNA sequence. The
predicted amino acid sequences are shown in Figure 5.
Most base substitutions were non-synonymous, thus result-
ing in an amino acid change. OnPRB*5 contained a
premature stop codon (#). The question mark®RB*10

and DRB*11 indicate an unresolved base sequence at that
site which differs in its predicted amino acid residue.
Underlined residues are those which are thought to contact
antigen (Brown et al. 1988). Among all of the predicted
amino acid sequences reported, 36 of 83 sites (43%) were
variable. For residues thought to contact antigen, 14 of

Fig. 3 DRB SSCP patterns from genomic DNA amplifications ofL6 Sites (87.5%) were variable. For non-contact residues, 22

individuals A, D, and F, and from cloned DNA amplifications ofof 67 sites (33%) were variable.
individuals D and F (denoted by D1, F1, etc.) showrewverse contrast

to the ethidium bromide stained gel

Fig. 4 DRBexon 2 DNA se- DRB* 1
guences. ldentity tbORB*1 is Egii
shown by adash GenBank DRB*4 (D1)
accession numbers are as follows: PRB*S (D2}
DRB*1 (L25644), DRB*2 DRoes ipa)
(L25645),DRB*3 (L25646), DRB*8 (F2)
DRB*4 (L77079),DRB*5 DRE'S (F3)
(L76978),DRB*6 (L76972), DRB*11

DRB*7 (L76973),DRB*8

(L76975),DRB*9 (L76974), _—
DRB*10(L76976), andDRB*11 22!
(L76977) DRB*3

DRB*4 (D1)
DRB*5 (D2}
DRB*6 (D3)
DRB*7 (F1)
DRB*8 (F2)
DRB*9 (F3)
DRB*10

DRB*11
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DRB*2
DRB*3
DRB*4 (D1}
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DRB*6 (D3)
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DRB*9 (F3)
DRB*10
DRB*11

DRB* 1
DRB*2
DRB*3
DRB*4 (D1)
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DRB*7 (F1)
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DRB*10
DRB*11
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10 20 30 40 50 60 70 80
DRB*1 EYSTSECHFF NGTERVRYLD RYFYNGKEYV RFDSDVGEYR ALTELGRPDA EYWNGQQDIL EQKRAKVDTY CRHNYAVSES FLV
DRB*2 ~AVKF--R-§ —=====~ F-E —R-H--E--A ——-——===== - Vemmmmmm mmmeeeoo D-R--E—--— -—---G-IDG ---
DRB*3 ~LVKH-==~§ —==Q===F=-= ===~ RE--- —========= =V-K==-T-~ ——#~=-K-V~ DDA--E---- ==---G-TDT —--
DRB*4 (D1) -T------ § —=-Q-—-F-— ——==-—m- T- ——mmmmmmom - Vomm oo mmeeee K-F- DDA--A---L ----- GI---
DRB*5 (D2) ~—=-m=-m § -=-Q-=-F-= ===§==E-T= —=—==—==== —V====——=~ ——— oo K-V~ DDA~—A-—-= —==——m——=m
DRB*6 (D3) —-—F====§ ===Q=-L--H ~Lm—-====n —=o— R RS- ——-mm-mmmm —meeo E---V ----—- G---—-
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DRB*9 (F3) —=—mmmmmm oo e L e
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DRB transcription Fig. 5 Predicted amino acid sequence@RBexon 2 alleles. Identity

to DRB*1 is shown by a dash. A predicted termination codon in

. . . . DRB*3is shown by a ‘#. The x in sequenc&RB*10 and DRB*11
To determine whictDRB sequences are transcribed, PrMdicate an unresolved predicted amino acid sequence due to DNA

ers DRB2a-i and DRBZb_ were Use.d to amplify phage DN&equence ambiguitynderlinedresidues are those which are thought
extracted from a cDNA library derived from leukocytes ofo contact antigen (Brown et al. 1988)

individual D. This primer pair was also used to amplify

clones D1, D2, and D3 (which contain onRB exon 2 . .
sequence), as well as genomic DNA from individual D. ogome gels) resulted in remarkably different SSCP patterns

: r every other individual tested. The gel condition we
SSCP anegS|s, the fragment patterns of the cloned Dl\iiose fgr these studies was the one v%hich gave us the
once again added up to the fragment pattern seen Wr‘# ximum number of fragments in all samples screened. It

genomic DNA amplifications. Amplifications from cDNA . . ; . .
library material showed an identical pattern to the genom'ﬁ:aISO possible that our primer pair DRB2a and DRB2b did

A not amplify someDRB alleles. However, sequence data
DNA pattern, suggesting that all thr&RB sequences are . . : '
presezt in the I?Ic?rary (gdata not shown) 'Igo control fofrom othe_r equid spimes a_md Crlhmo::efros hs hO\.N cgmplete
. SN " ._tonservation across the perissodactyls for the nine bases on
genomic DNA contamination, the cDNA library matena(!Ehe 3 end of primer DRB2b and the four bases on the 3

was also amplified with the primer pair DRB2a-i an . S
DRB3. Only :?20 bp fragmentg were %bserved which %nd of primer DRB2a (M. Breen, person._al commymcatlon).
' The threeDRB sequences present in offsprint D are

the length expected from a fully spliced transcript assumin sumablv allelic to the threBRB sequences present in
conserved exon lengths between the horse and other mggﬁ?— : y L= 9 P .
offspring F, but no conclusions could be made as to which

malian species. sequences belong to allelic pairs. In both offspring, two of
their three alleles are more similar to one another than the
third, but the similar pairs are quite different between
Discussion offspring. In individual X, the two sequences present
show little similarity, but we do not know whether these
Although DRB polymorphism has been examined in mangre alleles of a single locus (heterozygote) or two different
species, it has been difficult to determine the number loici (homozygote). Interestingly, a similar observation was
DRBloci, and to assign sequences to allelic groups. Our usg@de for horse class | gene sequences. Ellis and co-workers
of individuals who are homozygous by descent atiteC  (1995) sequenceMHC class | genes from a horse cDNA
allowed us to address these questions. The different clohtary. Seven unique full-length sequences were identified,
patterns within offspring D and F, as seen by SSCP, drelicating at least four class | loci are transcribed in the
assumed to represent products of distib®B loci, since horse, but cladistic analysis revealed no clear relationships
these offspring are homozygous for tMHC. Therefore, between the sequences and allelic pairs could not be
discovery of three clonal patterns for each haplotype déscerned. Therefore, a common mode of evolution may
consistent with thre®RB loci in these individuals. be acting on the hor9dHC as a whole, using parallel locus
Gauging by the number of bands seen in SSCP pattethiplication as a precursor to locus diversification.
for most horses tested (6 to 13), three loci may be the usualVariant sequences due to PCR artifacts resulting from
number present, but a few samples showed fewer bareroduplex formation have been reported when amplify-
using DRB SSCP analysis. One of these individuals, ang DRB loci in humans (L'AbBeet al. 1992). These
Andalusian stallion (X), consistently showed only fouartifacts are generally a small proportion of the total
bands regardless of the SSCP gel conditions used. Opfpducts, so we would not expect to observe them on our
two sequences were found in clon®RB amplification genomic-derived SSCP patterns. Several clones produced
products from this stallion, and their SSCP fragmemberrant SSCP patterns when compared with those ob-
patterns accounted for all the bands seen in the genora@rved using genomic DNA templates. These clones may
DNA amplification. Because of poor cloning efficiencyhave contained sequence artifacts from heteroduplex for-
with this sample, we cannot rule out the possibility thanation but this was not verified, since we sequenced only
more sequences exist which happen to have identical S3@&se clones which, when amplified, produced SSCP bands
patterns. However, this seems unlikely, since altering SS&&en in the genomic amplification of that individual. We did
gel conditions (run temperatures and addition of glycerol emcounter evidence for heteroduplex artifacts in one of the
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clones we sequenced (data not reported). This particularand an unusual pattern of transcriptid&MO J 5: 2469-2476,
clone, by chance, gave an SSCP pattern indistinguishaplel 986 o
from ong of the allegles under our gl conditions 9 Brown,J.H.,Jardetzky, T.,Saper,_M.A.,Samraow,B.,ijrkmanj P.J.,
. . 9 . ) and Wiley, D. C. A hypothetical model of the foreign antigen
All three DRB loci preser]t n offspring D appear to _be binding site of Class Il histocompatibility moleculesature 332:
transcribed into mRNA as indicated by SSCP analysis of 845-850, 1988 N
cDNA library amplifications. We cannot completely exBngibertg, U, |d5df0rS-L!|Ja,t_|-, Apder;zogy IL ar}? DGFéJgtafSSOH, K.
hili H H H : ructure ana organization or pi Class genes:
clude the possibility of genomic DNA .Contammatlon.m our evidence for genetic exchange between IdTimunogenetics 44:
cDNA library. However, the amplifications from the library  1_g 1996
material were unlikely to be contaminants for two reasorBurke, M. G., Stone, R. T., and Muggli-Cockett, N. E. Nucleotide
First, the SSCP patterns perfectly matched genomic DNA sequence and northern analysis of a bovine major histocompat-

At indivi ; ; ibility class Il DRB3-like cDNA. Anim Genet 22343-352, 1991
amgllflcgfﬂons olfl tRe |nd|V|_dl_JaII;‘rom WhICthe.IﬁrﬁgyR\gaSCaims, J. S., Curtsinger, J. M., Dahl, C. A. Freeman, S., Alter, B. J.,
made. Since all horses Initially screened wit and Bach, F. H. Sequence polymorphism of HLA [IRalleles

primers had distinct SSCP patterns, it is unlikely that DNA relating to T-cell-recognized determinaniéature 317:166—168,
from a different individual was a contaminant. Second, a 1985

primer was made using a consensus sequence to the tRipySal. G.. Manfioletti, G., and Schneider, C. A one-tube DNA mini-
exon of DRB (DRB3). Amplification of the cDNA library Eg%%aratlon suitable for sequencirigucleic Acids Res 169878,

material with primers DRB2a-i and DRB3 produced QmEIIis, S. A., Martin, A. J., Holmes, E. C., and Morrison, W. I. At least
320 bp fragments, the length expected from a fully spliced four MHC class | genes are transcribed in the horse: phylogenetic
transcript. No amplification was seen in our genomic DNA analysis suggests an unusual evolutionary history for the MHC in

P P this speciesEur J Immunogenet 2249-260, 1995
samples, but this is probably due to the limitations of OLgonzalef-Gay, M. A, Zanelli,?E., Krco, C. J., Nabozny, G. H., Hanson,

thermocycling protocol for amplifying large DNA frag- —; "Grifiiths, M. M., Luthra, H. S., and David, C. S. Polymorphism
ments. The length of the second intron DRB in cattle of the MHC class IIEb gene determines the protection against

is variable, with lengths of around 3 kilobases (kb) and collagen-induced arthritidmmunogenetics 485-40, 1995

Grpenen, M. A. M., van der Poel, J. J., Dijkhof, R. J. M., and Giphatrt,
greater than 6 kb reported (Groenen et al. 1990), so g)M. J. The nucleotide sequence of bovine MHC clasB@B and

5|_m|lar_5|ze. intron in the horse would prevent ampllflcatlon DRB genesImmunogenetics 313744, 1990

with this primer set under our current conditions. Since Wsustafsson, K. and Andersson, L. Structure and polymorphism of horse
do not have full-length mRNA sequence generated from MHC class Il DRB genes: convergent evolution in the antigen
eachDRB locus, we do not know whether one or more of binding site.Immunogenetics 3855358, 1994

. . ton, T. A. and Graham, M. W. A simple and efficient method for
the three transcripts is the product of a pseudogene. Wh% direct cloning of PCR products using ddT-tailed vectdysicleic

of these transcripts result in expressed, functional cell acids Res 191156, 1991
surface proteins remains undetermined. L'Abbé, D., Belmaaza, A., Deary, F., and Chartrand, P. Elimination of
heteroduplex artifacts when sequencidgA genes amplified by
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