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The human major histocompatibility complex contains the
genes for at least three different types of class II antigens,
DR, DC and SB (DR, DQ and DP). They are all composed of
an o and a 3 chain. We have cloned a chromosomal region of
70 kb containing the SB (DP) gene family in overlapping
cosmid clones. This segment contains two « genes and two 3
genes, located in the order SBa1, SB31, SBo2 and SB32. The
orientation of the o genes is reversed compared with that of
the 3 genes. This organisation suggests that the SB region has
arisen by duplication of a chromosomal segment encompass-
ing one o and one 3 gene. Partial nucleotide sequences of the
SBa1 and SBS31 exons demonstrate that the genes correspond
to SBo and 3 cDNA clones. Consequently these genes are ex-
pressed. In contrast nucleotide sequence determination of the
SBo2 gene shows that it is a pseudogene.
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Introduction

The major histocompatibility complex (MHC) of all
vertebrate species investigated to date encodes a class of
polymorphic cell-surface molecules that are expressed mainly
on cells belonging to the immune system. These molecules,
the class II antigens, are involved in the regulation of the im-
mune response (Benacerraf, 1981). They are composed of an
o chain of ~34 000 daltons and a @ chain of ~28 000
daltons (Cullen et al., 1974; Cresswell and Geier, 1975;
Klareskog et al., 1977). The class II antigen chains are encod-
ed by a subregion of the MHC, the HLA-D region in man
and the H-2 I-region in the mouse. Immunochemical studies
of class II antigens and analyses of cDNA and genomic clones
show that two types of class II molecules are expressed in the
mouse, called I-A and I-E. This notion is compatible with the
available molecular map of the I-region (Steinmetz and
Hood, 1983). The I-A and I-E molecules are homologous but
can nevertheless be easily distinguished from each other.
The sequence of the human counterparts of the I-A and I-E
molecules, the DC and DR antigens, have been deduced from
c¢DNA clones (Larhammar ef al., 1982a, 1982b; Auffray et
al., 1982; Long et al., 1983; Gustafsson et al., 1984b). In ad-
dition to these molecules, the existence of a third type of class
II antigen, called SB, was inferred from primed lymphocyte
typing (Shaw et al., 1980). cDNA clones encoding SBa and 3
chains have now been isolated and sequenced. The SB
molecules were found to be as related to DC and DR antigens
as are the latter to each other (Roux-Dosseto et al., 1983;
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Gustafsson , 1984a; Gorski ef al., 1984; Auffray et al., 1984).

DNA-hybridization experiments with SBe and 8 cDNA
probes have failed to identify an SB counterpart in the mouse
(Steinmetz et al., 1982). The SB gene family may therefore be
a distinguishing feature between the human and the murine
class II regions, and the SB molecules may accordingly have a
function partly different from that of the other class II anti-
gens. To analyse the structural relationships between SB, DR
and DC genes, we decided to try to establish a detailed
molecular map of the chromosomal region encoding these
molecules. Here we describe the characteristics of four genes
of the SB locus encoded by a 70-kb chromosomal region.

Recently the nomenclature for human class II antigens was
changed. While DR is still termed DR, DC and SB are now
called DQ and DP, respectively. In this communication the
older nomenclature is used.

Results and Discussion

Isolation and characterization of cosmid clones containing SB
gene

A cDNA clone, pll-3-7, weakly hybridizing to DR and DCg
cDNA probes was isolated from a cDNA library by colony
hybridization. Sequence analysis showed that pll-3-7 was
distinct from DR and DC 8 ¢cDNA clones (Gustafsson ef al.,
1984a). The clone was truncated in its 5’ end which precluded
comparison with the amino-terminal sequence of an SB 3
chain (Hurley et al., 1982). A restriction fragment from plI-
B-7 was found to hybridize to a cosmid, coslI-412, that had
been isolated from a cosmid library screened with a DRg
c¢cDNA probe (Gustafsson et al., 1984b). The 8 gene of
coslI-412 was subcloned and characterized. The nucleotide
sequence of the exon encoding the first domain overlapped
the 5’ end sequence of pll-3-7. The amino-terminal amino
acid sequence predicted from cosII-412 agreed almost com-
pletely with the available sequence of an SBS chain (Hurley et
al., 1982). Thus, plI-3-7 and coslI-412 were identified as SBB
¢DNA and genomic clones, respectively.

Several cosmids containing (3 genes were isolated after fur-
ther screening of the cosmid library with the DRS cDNA pro-
be. Four of these cosmids hybridize strongly to a fragment
from pll-3-7. They were denoted cosII-2301, -2602, -2901
and -3103. These clones and cosII-412 were initially digested
with two restriction enzymes, BamHI and Hpal. The
resulting fragments were separated by agarose gel electro-
phoresis and transferred to nitrocellulose filters which were
separately hybridized to probes isolated from SBS, DR« and
SBa cDNA clones and to a cosmid vector probe. The results
are summarized in Table 1.

The cosmid segment hybridizing to the SBB probe was
found to be located on BamHI fragments of 4.8 kb in coslI-
412, -2901 and -3103. In addition, SBB hybridization was
found on a 9.5-kb fragment in coslI-2301, and in a vector-
containing fragment of 22 kb in cosII-2602. The DR« probe
hybridized under low stringency conditions to a 3.8-kb
BamHI fragment in cosll-412. Weak DR« hybridization
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Table I. Restriction fragment lengths (kb) of cosmids containing SB« and SB3 genes

coslI- 412 -2301 -2602 -2901 -3103

BamHI 13 d 15 d 2 a(bo)d >20 d 19 d
12 (bo) 9.5 a 7.5 12 (o) 12 (bo)
8.5 (a) 7.4 7.4 7.5 7.5
48 a 6.8 6.8 48 a 48 a
3.8 b 2.6 26 2.6
2.6 1.9 1.9 1.9
1.9 ‘

Hpal >2 bed >20 d >2 d >20 d 17 d
10 (be) 12 ad 10 (b0 10 (byo) 10 (bo)
37 a 75 a 7.2 7.8
3.3 5.2 37 a 3.7 a
29 2.9 2.9 2.9
1.3 1.3 1.3 1.3

a, b, ¢, and d denote the restriction fragments hybridizing to: SB3, DRa, and SBa ¢cDNA and vector probes, respectively.

() indicates weak signals.

signals of a 12-kb BamHI fragment were later verified by
hybridization with a fragment from an SBa cDNA clone as
the probe (J. Young, personal communication). (Also, the
SBa ¢cDNA probe hybridized more strongly to the 3.8-kb
BamHI fragment than to the 12-kb fragment.) The SB«
hybridizing BamHI fragment of 12 kb was also found in
cosll-2901 and -3103, and it corresponds to a vector-
containing band of 22 kb in cosII-2602. No reactivity towards
the SBa ¢cDNA probe was found among the fragments of
cosiI-2301. The cosmid clones were subsequently mapped for
restriction sites of seven enzymes by single and double
cleavages (Figure 1B)..It was evident from the restriction maps
that the five cosmids overlap and together encompass 70 kb
of the SB region. The two BamHI fragments which hybridize
to the SBG ¢cDNA probe are located ~ 38 kb apart with an
SBa sequence located in between the two SB3 genes. The se-
cond SBa- and DRa-reactive segment was found at one end
of the cosmid cluster. Thus, the SB region contains at least
two o and two (8 genes. Provisionally, these genes are called
SBal, SBS1, SBa2 and SBB2 (Figure 1A).

Characterization of the SBS genes

The 4.8-kb BamHI fragment containing the SB31 gene was
subcloned to yield p412-4 (Figure 1C). Hybridization ex-
periments showed that this subclone did not contain the first
domain exon. Therefore, two contiguous HindIlIl fragments
of 7.5 and 1.9 kb, respectively, which overlap the BamHI
subclone p412-4 were cloned to give p412-3 and p412-5
(Figure 1C). The three subclones were partially sequenced
and the exon-intron organization determined by comparison
of the sequence with that of an SBG ¢cDNA clone (Roux-
Dosseto et al., 1983) (Figure 2A). In the portions available for
comparison between the cDNA and genomic sequences no
nucleotide substitutions were found. However, this cDNA
clone as well as two other SB8 cDNA clones described are
truncated in their 5’ parts (Gustafsson et al., 1984a; Gorski et
al., 1984). The boundaries of the first domain exon (exon 2)
were therefore deduced from a comparison with a DCg
cDNA clone (Schenning et al., 1984). Several mismatches
were found between the translated portions of the SB3 gene
and the DCB cDNA sequence, but nevertheless they could be
unequivocally aligned.
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Five exons encoding the two extracellular domains (exons 2
and 3), the membrane-spanning segment (exon 4), the
cytoplasmic portion (exon 5) and the 3’ -untranslated segment
(exon 6) were identified (Figures 1C and 2A). The signal-
peptide exon (exon 1) was not present in the 2.2-kb stretch 5’
of the first domain exon in p412-3. It is therefore evident that
the SBB gene spans >9 kb. The organization of the gene is
analogous to that of a DCS3 gene (Larhammar et al., 1983)
with intron-exon junctions conforming to the GT-AG rule
(Breathnach and Chambon, 1981).

The SBB-hybridizing BamHI fragment of 9.5 kb contain-
ing the SBB2 gene was subcloned from cosII-2301 (Figure 1C)
(p2301-3). However, the cDNA probe used to identify this
fragment was truncated in its 5’ end. Therefore, a probe cor-
responding to the intron 5’ of the first domain exon of the
SBB1 gene was excised from p412-3 and hybridized to
BamHI-digested cosII-2301. The sequence of the SBB32 gene
corresponding to the hybridization probes is present in a
7.4kb BamHI fragment, which was subcloned to give
p2301-1. An overlapping HindlIll subclone, p2301-2, of
3.4 kb was also isolated. To locate the exons within the SB32
gene two probes were isolated from the SB31 gene subclones
p412-3 and p412-5. One probe corresponds to the first do-
main exon while the other encompasses the membrane-
spanning portion, the cytoplasmic and the 3’-untranslated
segments. Hybridization with these exon-specific probes to
single and double digests of the subclones p2301-1 and
p2301-3 defined which segments of the subclones contained
the respective exons (Figure 1C). No detailed sequence infor-
mation on the SBB32 gene is available as yet.
Characterization of the SBual gene
The subclone p412-2, containing the 3.8-kb BamHI frag-
ment, and the overlapping subclone p412-1 containing a
4.8-kb HindlIl fragment were isolated. The two subclones,
both hybridizing to the DRa probe, were restriction mapped
and sequenced (Figure 1C). The nucleotide sequence deter-
mined was compared with the sequence of an SBa cDNA
clone (Auffray et al., 1984). Thereby, three exons were iden-
tified, two of which encode the first and second domains,
respectively, whereas the third exon contains information for
the transmembrane and cytoplasmic segments as well as the
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Fig. 1. (A) Molecular map of the HLA-SB region. Exons are shown as filled boxes. The SB32 gene is depicted as an open box with shadowed areas in-
dicating the approximate location of segments encoding the first domain, the transmembrane, the cytoplasmic and the 3'-untranslated portions, respectively.
The arrows show the orientation of the genes. (B) Restriction maps of cosmid clones. Small fragments of <1 kb may have escaped detection under the con-

ditions used. coslI-412 was cloned in the vector pHEP, all other cosmid clones in pNNL. (C) Restriction maps of the subclones used to establish the
organization of the SB genes. K = Kpnl, C = Clal, X = Xhol, H = Hpal, B = BamHI, S = Smal, S2 = Sacll and H3 = HindllI.
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A

Exon 2

m'rcccccéccrccccccac‘m 430 TXE by The GAB O4% 88T ..., BRQ Nl TRE be¥ R0 el A SLTCAGTGAU&GCMGGCC
SBE CDNA CCC ATG ACC CTG CAG CGC CGA G TCCAGCCTAGGGTGAATCTT
DCB cDNA GACTCTCCCG AG GAT TTC GTG TAC CAG TTT AAG CGC GGG ATC CTG CAG AGG AGA G TGGAGCCCACAGTGACCATC
Exon 3 ‘ ‘
TrITTCTTCCACGCTCCTAG R SRS BER AR YAk AR 34 3RE ..., 8K Eep YAl TRE 3¢ %R¢ TR korcacrercicarcaccerc
SBB cDNA CAGCGCCGAG TC CAG CCT AGG GTG AAT GTT TCC AGT CCT GIC ACC GIG GAG TGG A AGGCACAGICTGATTCTGCC

Exon 4 . &s Ala Gln Ser Asp Ser Ala Aég Met His Aég Aég Ser gxs m V‘ .
CTTGGGTCTGTCCTTCCCAG 'AG GCA CAG TCT GAT TCT GCC C <...> ATG CAC AGG AGG AGC AAG G "GTGAGAAAGCCTGCAGGGTG
AAA

SBB cDNA GTGGAGTGGA AG GCA CAG TCT GAT TCT GCC CGG ATG CAC AGG AGG AGC AAG G TTCAACGAGGATCTGCATAA
Exon S ‘ ‘

. ln Arg G Ala Ak .
CCTTTCGTCTTTCATTTCAG %'i‘ 8”\ CGZ G(fo GCA TAA ACAG GTAATATTCCTGCTTTGATT
SBB cDNA AGCAAGAAAG TT CAA CGA GGA TCT GCA TAA ACAG GGTGCCTGAGCTCACTGAAA
Exon 6 ‘
ACTTGTCTTTTACCCCACAG ' GGTTCCTGAGCTCACTGAAAAGACTATTGT <...)> AAAACCCAACATGACTGTTTGTTTTCCTTT AAAAATATGCACCAAATCA
SBB cDNA GCATAAACAG GGTGCCTGAGCTCACTGAAAAGACTATTGT AAAACCCAACATAAGTGTTICCTTTCCTTT AAAAAAAAAAAAAAAAAAA
Exon 2

. Asp His Val Ser Thr Txr Ala Asn His Thr Gln Ala Thr Asn A .
TCTCTACTGTCTTTATGCAG CG GAC CAT GTG TCA ACT TAT GCC <...»> AAC CAC ACT CAG GCA ACC AAC G GTAACGCCCTATCTTTGCCT
SBx cDNA GCCATCAAGG CG GAC CAT GTG TCA ACT TAT GCC AAC CAC ACT CAG GCC ACC AAC G ATCCCCCTCAGGTCACCGTG
Exon 3 ‘ ‘;

. :g Pro Pro Glu Val Thr Val Phe Gln Pro Leu Leu Lys His %58 G .
CTGGTGCTGTCTCCTTCCAG AT CCC CCT GAG GTG ACC GTG TIT <...> CAG CCG CTC CIC G CAC G GTATGCAACTGCTTTTCTCT
SBo. ¢cDNA GCCACCAACG AT CCC CCT GAG GTG ACC GTG TIT CAG CCG CTC CTC AAG CAC TGG G AGGCCCAAGAGCCAATCCAG
Exon 4 ‘m Ala Gln Glu Pro Ile Gln Met Arg Ala Gln Gly Thr Leu Axx ‘
TCTCTTCATTCTTCCCCCAG 'AG GCC CAA GAG CCA A’}’C CAG A‘%G ool CGa GCC CAG GG& ACC CTGC TGA AATACTAAAG'GTGGGAATGTA
SBx cDNA AAGCACTGGG AG GCC CAA GAG CCA ATC CAG ATG CGG GCC CAG GGG ACC CTG TGA AATACTGTAA AGGTGACAAAA

Fig. 2. (A) Partial nucleotide sequence and predicted amino acid sequence of the SB31 gene aligned to an SB3 cDNA clone (Roux-Dosseto et al., 1983). As
no ¢cDNA clone available encodes the 5’ part of the first domain, a DCB cDNA clone was used for this alignment (Schenning et al., 1984). The exon-intron
boundaries are shown by arrows. The 3’ end of the gene was determined from a comparison with the SB3 cDNA clone pll-3-7 (Gustafsson et al., 1984a).
(B) Partial nucleotide sequence and predicted amino acid sequence of the SBal gene aligned to an SBae cDNA clone (Auffray et al., 1984). Exon-intron boun-
daries are shown by arrows.

CCATGGGTCATTTCTGTCTTTGTTTCTTCTCACTC C'I'I'I'J.?C’I'I'I‘I‘C’I'I'I‘CA'I'I'I‘CC A’I‘I‘i‘CTCA’I‘I‘I‘I‘CTCTG'ITA’I'I‘CéTI‘CATG’ITC CCAATAAC! CTTCCTGTTACCTGTTTGCTTCC 120

+ Asp His Val Ser Thr Tvr Ala Glu Phe Val Gln Thr His Ara Pro 1S Exon
TGCA'I'I‘CTGTGTAGCATCCTACGTA’I'I‘CACCCA‘I‘I‘CTCCATC’I'I‘CTCC’I'I‘CATGCAGCA GAC CAT GTG TCA ACA TAT GCG GAG TTT GTG CAG ACG CAC AGA CCC 224 2
Ser Gly Glu Tyr Met Phe Glu Phe Asp Glu Glu Glu Gln Phe Tvr Val Asn Leu Asp Glu Lys Glu Met Val Trp Fro Leu Pro Glu Phe 45 D‘;’"ai"
TCT GGG GAG TAT ATG TTT GAA TTT GAT GAG GAG GAG CAG TTC TAC GTG AAC CTG GAT GAG AAG GAG ATG GTC TGG CCT CTA CCA GAG TTT 3l4
Ile His Thr Phe Asp Phe Gly Ala Gln Arg Gly Ile Ala Gly Ile Val Met Ala Arg Lys His Leu Asn Thr Arg Ile Asn Gly Lys 74
ATT CAC ACC TTT GAC TTT GGT GCT CAG AGG GGT ATT GCT GGC ATC GTC ATG GCA AGG AAG CAC TTG AAC ACC CGG ATC AAT GGT | CC)AAA 403

-

Gln Thr Trp Ala Thr Asn A

CAG ACT TGG GCC ACA AAT G{GC. CCTATAL:LLX;LLL‘(;J. J.LLJ.L1LAGAWW1AI'I‘GCTGGCATCGTCATGGCAAGGAAGCAC’ITGMCACCCGGATCAATGGTCCAMCA 516
7

GACTICGGCCACAMTGGCACTGC CTATAGCTGC! C'IC'I'I‘CCTCTAGAGTC CAGCTGGAGGGATGGGAGGGC CTCTCTGCCACAC ATAGAACTAGAGGC CATGATGC CCACTCATGAATGA 636
GCCCCI'I‘CCC'ICAGAGCGAGAAATCTICGGTCCACACAGCTGGG'I'I‘C'I'I‘AGGACAGCAGAGGAGGAGGCA’I'I'I'I‘C'I'I‘C’I'I‘ACTCMGAGAMGGCTGGGCTGAGGGGGC CAGGTCAGGAG 756
CACGAGMGCTG’ICACCC‘ICTCCAGGAGC CC'.[‘AGCGGAGCAGGAGGATGGGCL‘I‘GGGAGAGGTGGC CCi CTAATCTGGTGAATATAGGAC'I'I‘GGGGTGGTGGMCC'I'I'I'AAGAATCAGC CA 876

a Pro Thr Glu Val Ser Val Phe Pro Lvs Glu Pro Val Asp Leu Glv Gln Pro Asn Thr 100 Exon
ATGGCAGTPAGGCTCCTTGGGTTCTATCCCCTTTTGGAG CC CCC ACC GAG GTA AGC GTC TTT CCC AAG GAG CCT GTG GAT CTG GGC CAG CCC AAC ACC 973 3
Leu vVal His Val Asp Lys Phe Phe Pro Pro Val Leu Asn Ile Thr Trp Leu Arq Asn Gly Glu Pro Val Ile Glu Gly Ile Ala Glu 130 D:"‘""
CTC GTIC CAT GTT GAC AAG TTC TTC CCA CCA GTG CTG AAC ATC ACG TGG CTG CGC AAT GGG GAG CCA GTC ATT GAG GGT ATT GCA GAG 1063
Thr Ile Phe Leu Pro Ser Lys Lys Leu Arg Leu His Arg Phe His Tyr Leu Thr Leu Val Pro Met Ala Glu Asp Thr 'CysnAsp Leu Gln 160

ACC ATC TTC CTG CCC AGC AAG AAA CTC AGA TTA CAC AGG TTC CAC TAT CTG ACC CTC GTT CCC ATG GCC GAG GAC ACC l_TGT GAC CTC CAG 1153

Gly Glu His Trp Gly Leu His Gln Pro Leu Leu Arg His Trp G * . . . 174
GGG GAG CAC TGG GGC CTG CAC CAG CCT CTC CTC AGG CAC TGG G GTATGGAGCGCCCTCCCTCTGCCTCCACGGCCTTGGCACCACCTTTATTTCCTGGGCCCATC 1258

(.‘JCCCL‘ICAGCAC CTGCC'I'I‘CéTCAATCCCA’I‘G’I‘I’ITA’IGG’i‘CACI'I'I‘ATCCMATPTCAC&ATCTCATGGI'ITC GAATAC&CAACAC CTCCCACATC! CAAC.;GC CAGCCCCTGCTCTCTGT 1378
*lu Val His Glu Leu Ile Gln Val Pro Glu Thr Met Glu Met Leu Val Cvs Ala Leu Gly Leu Leu 196 Exon
ACC‘I‘I‘ATMC'I‘CNTC'I'I‘CCL'I'IGGTGCCCCAG AG GTC CAT GAA CTA ATC CAG GTG CCT GAG ACC ATG GAG ATG CTG GTC TGT GCC CTC GGC CTG CTG 1476 4

Val Gly Leu Ala Gly Val Leu Asn Gly Thr Ile Val Ser Lys Thr Lys Arg Ser Asp His Pro Ara Val A\ Gly Leu Leu **% 222D°mai"
GTG GGC GCG GGG GTC CTT AAT GGC ACC ATT GIC TCA AAG ACC AAG CGA TCT GAC CAT CCC CGG GTC GGG CTC CTA TGA GTCA 1566 MC
TCCTATA TA‘I'I‘AGGGACAGAGTGGAAAAGACGAGGTAACMG’I'I‘AGGGGTGMGAGTGGGAAAGAGAAACACTTCACCAGGGGCTC'I'I'I‘GAGCA'I'I‘GATG’I'I'I'I’ACTGC CATTGGG 1686
CI\}GATMAMAC A’I'I‘AACAAA’ICTAATGAGMATGAC A’I'l‘CA’I'I‘GAG'I'I‘GC'I'IACTATG'I'I‘CTAGGCACTA’I'I‘CTAAGTGC‘I'I‘CTC ATGTG’I'I‘CAC‘I'I‘A‘I'I'I‘AC ATCTGGAGG’I'I‘GG’I'I‘ 1806

CTTATHAm‘éA’I‘G’I‘I‘ACAGAGCGGGA 1834

Fig. 3. Nucleotide sequence and predicted amino acid sequence of the SBa:2 gene. Splice junctions as predicted by comparison with an SBa cDNA clone
(Auffray et al., 1984) are indicated by vertical arrows. The conserved cysteine residue is boxed, and the cysteine with an aberrant location is marked with a
dashed box. The two frame-shift mutations, the aberrant splice junction and the premature termination codon are marked by circles. The duplicated sequence
is underlined, with horizontal arrows marking the beginning and the end of each copy. M denotes membrane spanning segment, C denotes cytoplasmic seg-
ment.
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first few bases of the 3’-untranslated region of the o gene
(Figure 2B). Although the sequenced portions of the exons
displayed a few nucleotide differences as compared with the
SBa ¢DNA clone, the predicted amino acid sequences were
identical. The exon corresponding to the distal portion of the
3'-untranslated region of the SBa cDNA clone is not present
in the isolated subclones. Thus, the size of the intron interrup-
ting the 3'-untranslated region must exceed 1.4 kb. The
overall organization of the SBa gene is similar to that of the
DR« (Korman ef al., 1982; Lee et al., 1982) and the DX«
genes (Auffray ef al., 1984) and all splice junctions conform
to the GT-AG rule (Breathnach and Chambon, 1981).

SBo2 is a pseudogene

The second sequence, weakly hybridizing with a DR« probe
was cloned as a 6.0-kb HindlII fragment (p412-12) and as an
overlapping 1.9-kb Smal fragment (p412-11) (Figure 1C). Se-
quence analysis of the cloned fragments revealed the presence
of the exons corresponding to the first domain, the second
domain and the transmembrane and the cytoplasmic portions
of a class II « gene (Figure 3). The exons of the gene are 75%
homologous to an SBe cDNA clone (Auffray et al., 1984).
Thus, the SBa2 gene has diverged considerably from the gene
corresponding to the cDNA clone. A closer inspection of the
sequence revealed that SBa2 is probably a pseudogene by
several criteria. (i) Two single-base deletions, one in the first
domain exon and one in the transmembrane exon cause
translational frame shifts. (ii) The donor splice junction se-
quence after the first domain exon deviates from the GT-AG
rule (Breathnach and Chambon, 1981). This mutated splice
site is located in the 110-bp sequence which has been
duplicated (underlined in Figure 3). This duplication prob-
ably arose after the SBo2 gene was inactivated since both
copies of the sequence are identical and contain the frame-
shift mutation and the changed splice junction sequence. (iii)
A premature stop codon is present in the SBa2 sequence
which would shorten the cytoplasmic tail of a putative gene
product by four amino acid residues. (iv) Codon 159 in the
SBa2 gene (Figure 3), a cysteine codon in the SBa cDNA
clone, has been mutated to a leucine codon. However, a com-
pensatory mutation has changed position 157 to a cysteine
codon.

The first two of the changes described above involve major
mutations, each of which by itself would probably be suffi-
cient to inactivate the gene. However, splicing at a donor site
26 bp 5’ of the one used in all other « genes would give rise to
a protein with a first domain 8 amino acids shorter. The third
and fourth criteria distinguish SBo2 from other SBa se-
quences, but would not necessarily make SBo2 a pseudogene.
Whether a shortened cytoplasmic tail and a shortened
disulfide-loop will affect the structure of a putative SBa2
gene product, were it derived from an active gene, is a matter
of conjecture only.

The SBo2 and (32 genes are oriented in opposite directions

The subclones p412-1, -2, -3, -4, -5, -11, and -12 all contain
restriction sites that have been mapped in the cosmid clones
(Figure 1). Accordingly, the orientations of the SB31, SBal
and SBo2 genes could be determined relative to each other.
The orientation of the SBB2 gene is evident from the
hybridization patterns of the subclones containing this gene
using the probes corresponding to the 5’ end and the 3’ end
of the SBA1 gene. Thus, it can be concluded that the two 8
genes are oriented in one direction and the two o genes in the
other. This seems to be a general feature of class II genes, as

Mapping of HLA-S3 region

the same organization has earlier been noted for the murine
class II o and 3 genes (Steinmetz et al., 1982).

The fact that SBa: and 8 genes are transcribed from dif-
ferent strands and the observation that they occur pairwise
may suggest that during evolution a chromosomal segment
encoding an « and a 8 gene duplicated to give rise to the SB
region. Whether duplications of pairs of genes have played a
role in generating the DR and DC loci is currently under ex-
amination. The isolation of three cosmid clones containing
SBa and 3 genes from two different genomic libraries, has
been reported. One of these libraries is HLA-heterozygous
and the other is untyped (Trowsdale et al., 1984). A partial
map of the SB region has also been published by Gorski et al.
(1984). The molecular map of the SB region deduced from
these cosmids is similar to the one established in this com-
munication. The distances between the genes as well as the
location of restriction sites are remarkably identical in the two
maps, suggesting tha the SB region is highly conserved among
different haplotypes.

Materials and methods

Isolation and characterization of genomic clones

Two genomic libraries were constructed from DNA isolated from an HLA-
homozygous human individual typed to be Dw4/DR4 and SB4 (Jorgensen et
al., 1974 and F. Bach, personal communication), using the cosmid vectors
pHEP and pNNL (Grosveld et al., 1982). The selection of the HLA-
homozygous donor and the construction of the cosmid libraries will be
described elsewhere.

A total of 900 000 colonies were screened with the 790-bp Sacl-HindIIl
fragment of the DRB ¢cDNA clone plI-3-3 (Gustafsson et al., 1984b). Several .
of the isolated clones were found to hybridize strongly to the 600-bp Rsal-
Hpal fragment of the SB3 cDNA clone pIl-3-7 (Gustafsson et al., 1984a).

In Southern blot analyses of the cosmid clones the following probes were
used: (a) a 600-bp Rsal-Hpal fragment of pII-3-7 which encodes the last third
of the first domain, the second domain, and the transmembrane and cyto-
plasmic segments of an SBS chain; (b) a 490-bp Ps!I fragment of pll-a-1
(Larhammar ef al., 1982b) encoding the first and second domains of the DR«
chain; (c) a 600-bp EcoRI-Aval fragment of pDA«13B (J. Young, personal
communication) encoding the first, the second, the membrane-spanning and
the cytoplasmic domains of an SB« chain; (d) total vector pNNL; (€) a 680-bp
Accl fragment of subclone p412-3, which corresponds to part of the intron 5’
of the first domain exon of the SBS1 gene; (f) a 240-bp Narl-Sacll fragment
of subclone p412-1, corresponding to the first domain of the SB31 gene; (g) a
1255-bp Hindlll-Hpal fragment of subclone p412-3, which corresponds to
the membrane coding part, the cytoplasmic and the 3’ -untranslated regions of
the SBA1 gene. Probes were labelled by nick-translation (Rigby et al., 1977).

The SBa sequences were detected by the DR cDNA probe using low strin-
gency washes (2 x SSC at 68°C). Library hybridizations were washed at a
stringency of 1 x SSC at 68°C. All other hybridizations were washed in 0.2 x
SSC at 68°C. (1 x SSC equals 0.15 M sodium chloride and 0.015 M sodium
citrate, pH 7.0.)

DNA sequence determination

Nucleotide sequences were determined with the chemical degradation pro-
cedure (Maxam and Gilbert, 1980) and with a modification of the dideoxy
chain termination procedure (Sanger ef al., 1977) using exonuclease III and
synthetic oligonucleotide primers.
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