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ABSTRACT  Three sets of cosmid clones—containing the HLA-
DRa chain gene and two additional related genes—were isolated
from human genomic DNA libraries by using a cDNA probe for
the HLA-DR« chain. Southern blot analysis using DNA trom so-
matic cell hybrids indicated that all of the clones mapped to chro-
mosome 6. Partial sequence analysis showed that the two addi-
tional related genes were highly homologous to each other, and to
the HLA-DRa chain, in parts of the exon that encoded the a2
domain but were more divergent in intron sequences. One of the
genes corresponds to the HLA-DR-related DC series. DNA probes
made from this gene revealed marked restriction enzyme poly-
morphism when hybridized to genomic DNA from HLA-DR typed
homozygous cell lines. The patterns obtained from a number of
homozygous and heterozygous cell lines correlated with the HLA-
DR crossreactive serotypes and also indicated that there is a tur-
ther sequence in the haploid human genome that is closely ho-
mologous with the DCa chain sequence. One family was studied
and showed the expected HLA-DR-associated inheritance of re-
striction enzyme patterns. No polymorphism has yet been dem-
onstrated in restriction enzyme fragments that include the other
cloned sequence, which may correspond to the SBa chain gene or
to a novel HLA-DR-related gene. These experiments indicate that

there are at least three sequences in the human genome related,
but not identical, to the HLA-DRa chain gene.

The HLA-D region in man contains genes that are involved in
the regulation of the immune response (reviewed in refs. 1 and
2). The known products of this region are composed of dissim-
ilar subunits called @ and B chains (M, approximately 34,000
and 28,000, respectively); the B chains appear to express the
majority of the polymorphic determinants. Immunochemical
analysis of glycoproteins from HLA-DR-typed cell lines by us-
ing monoclonal antibodies has demonstrated at least three dif-
ferent sets of such oligomeric molecules (3, 4). The best char-
acterized are the HLA-DR antigens which are homologous with
the mouse I-E products and which correspond to the first se-
rologically defined allelic determinants. Another separate
product, DC, initially characterized by sera showing patterns
of association with DRI, -2, and -w6, is now clearly defined by
certain polymorphic monoclonal antibodies (4, 5). The DC« chain
sequence has been shown to have homology with the mouse I-
A «@ chain. DC is thought to be the human equivalent of I-A
(6). The extreme NH, terminus of the DCa chain shows no de-
tectable homology with the DRa chain but other parts of the
sequence are highly homologous with it (6, 7). Another HLA-
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D region antigen, SB, initially defined by primed lymphocyte
typing, is related to the HLA-DRa chain at the NH; terminus
(8-10).

Recent information from analysis of the protein sequences
derived from cDNA clones for @ and 8 chains of HLA-D region
antigens has shown that in both cases the protein domains near-
est the cell membrane are homologous with the a3 domain of
HLA-ABC antigens and to Bs-microglobulin and immunoglob-
ulin domains (11-15). This argues strongly for evolution of the
genes for these cell surface molecules from a common ancestral
gene by duplication.

We recently isolated cDNA and genomic DNA clones cor-
responding to the HLA-DRa chain (11, 12). In this paper we
show that two additional sets of cosmid clones contain ditterent
HLA-DRa-related genes. One of these genes corresponds to
a DCa chain, and the other may correspond to the SBa chain
or to another novel HLA-DRa-related gene. In addition, our
results indicate that a fourth sequence, most closely related to
the DCa chain gene, is present in the haploid genome.

MATERIALS AND METHODS

Enzymes and Other Reagents. Restriction enzymes were
obtained from Bethesda Research Laboratories, New England
Biolabs, and Boehringer Mannheim. Radiochemicals were ob-
tained from Amersham. DNA polymerase (large fragment) was
obtained from Boehringer Mannheim.

Cells and Somatic Cell Hybrids. Details of the DR-typed
cell lines have been published (4). All of the lines are homo-
zygous for DR except for Daudi. Human-mouse somatic cell
hybrids were obtained from P. Goodfellow, E. Solomon, and M.
Quintero and are described in detail elsewhere (16). Essentially
all of the hybrids used for assigning sequences to chromosome
6 contained a human X/6 translocation chromosome from the
cell line G3.32.2 (16). Details of other hybrids and cell lines,
where appropriate, are given in the text and the tigure legends.

Isolation of DNA. DNA was isolated from tissue culture cells
or from blood as described (11).

Southern Blots. Restriction endonuclease digests of high
molecular weight DNAs were electrophoresed in 0.7% agarose
gels, denatured, neutralized, and blotted onto nitrocellulose.
The filters were baked and hybridized as described in the fig-
ure legends, according to published procedures, with high spe-
cific activity DNA probes made by nick-translation (17).

Isolation of Cosmid Clones from Human DNA Libraries.
Two different banks of human genomic DNA clones were probed
with the cDNA insert from pDRH2. Both libraries were made
from partial Mbo I digests of human DNA from a placenta (pre-

Abbreviation: kb, kilobase(s).
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fix JG; DR1,2) and a lung carcinoma (LC) cloned into cosmid
vectors (18). Both libraries contained human DNA inserts of
about 40 kilobases (kb). Clones were screened at 3X standard
saline citrate (NaCl/Cit; 1X is 0.15 M NaCl/0.015 M sodium
citrate, pH 7.0) containing 0.1% NaDodSO, at 65°C and the
tilters were washed with 1 X NaCl/Cit/0.1% NaDodSO, at 65°C.

DNA Sequence Analysis. Sau3A or Sau3A/Pst 1 digests of
fragments of the human DNA inserts in the cosmids were li-
gated, respectively, into Sau3A- or BamHI /Pst I- digested bac-
teriophage M13, MPS§ vector. Plaques were then picked, and
templates were prepared and subjected to sequence determi-
nation by the chain-termination method (19).

RESULTS

Southern Blot Analysis of Human DNA. From our earlier
studies it was clear that there were few, if any, DNA sequences
closely related to the HLA-DRa chain gene. Under relatively
stringent conditions (1X NaCl/Cit at 65°C), the HLA-DR«
cDNA probe pDRH2 detected two bands on Southern blots of
EcoRI-cut human DNA, at 3.4 and 4.5 kb (Fig. 1, lane 3). The
3.4-kb band contained most of the HLA-DRa chain sequences
and the 4.5-kb band contained a small part of the 5" end of the
clone, including the signal sequence. Both of these bands were
present in somatic cell hybrids containing chromosome 6.

When similar blots were done under less stringent condi-
tions (6X NaCl/Cit, 65°C), further bands were revealed at po-
sitions corresponding approximately to 10.0 and 5.0 kb (Fig. 1,
lane 7). The sequences in these bands are also encoded on chro-
mosome 6 because they were present in DNA from somatic cell
hybrids containing the X/6 translocation chromosome (Fig. 1,
lane 9). They were not seen in somatic cell hybrids which in-
cluded, between them, all of the other human chromosomes
(data not shown) and were not present in hybrids containing
just the human X chromosome (Fig. 1, lane 10). In HindIII di-
gests of similar DNA samples, all of the four bands hybridizing
to the pDRH2 HLA-DRa chain ¢cDNA probe were also pres-
ent, as expected, in the X/6-containing hybrid (see below).
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Fic. 1. Southern blots of DNA from human, mouse, and somatic
cell hybrids probed with nick-translated pDRH2 insert. EcoRI-digested
DNA samples (25 ug per lane) were loaded onto 0.7% agarose gels. Elec-
trophoresis was at 20 V for 36 hr; then the DNA was denatured and
transferred to nitrocellulose sheets. DNA samples from the following
cell lines were used: lane 1, GBS1-R (revertant of GBS1 and so contains
only mouse chromosomes); lane 2, GBS1 (hybrid with X/6 transloca-
tion); lanes 3 and 7, G3.32.2 (human); lanes 4 and 8, PCC4 (mouse); lane
5, G3X-11 (hybrid with X /6 translocation); lanes 6 and 9, MCP-6 (hy-
brid with X/6 translocation and no other human chromosomes); lane
10, ThyB1 (hybrid with human X). The conditions were: lanes 1-6, hy-
bridization and washing in 1x NaCl/Cit/0.1% NaDodSO, at 65°C; lanes
7-10, 6 X NaCl/Cit/0.1% NaDodSO, at 65°C.
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Isolation of Cosmid Clones. The above experiments indi-
cated that there are genes on chromosome 6 related to the HLA-
DRa chain gene. Of the initial clones isolated from two cosmid
libraries of 250,000 clones each, 9 consistently hybridized with
the pDRH2 probe on subsequent screening in 3X NaCl/Cit/
0.1% NaDodSO, at 65°C. Only one (JG10ii) contained the
strongly hybridizing 3.4-kb EcoRI band indicative of the au-
thentic HLA-DRa chain, and it has been described (11). Some
of the other clones with different genetic structures were cho-
sen for turther analysis (Fig. 2). Clones JG8a and LCI11 con-
tained EcoRI fragments, hybridizing to the pDRH2 probe, of
approximately 10 and 5 kb. These are comparable in size to the
bands on Southern blots of human genomic DNA probed with
pDRH2 (Fig. 1). Clones LC10 and LC14 contained EcoRI frag-
ments, which hybridized to the pDRH2 probe, of about 9 and
1.9 kb, respectively. Pst I fragments from LC10 and LC14, hy-
bridizing to the pDRH2 probe, also differed in size (2.5 and 1.3
kb, respectively). These two clones had common fragments and
are overlapping, but cosmid LC14 contained an incomplete
pDRH2-related sequence which runs into vector sequences (data
not shown). Presumably this is the reason why cosmids LC10
and LC14 have different restriction enzyme fragments at this
point.

The Cosmid Clones Containing the HLA-DR a-Related Genes
Are from Chromosome 6. Nitrocellulose filters containing DNA
from human, mouse, and human-mouse somatic cell hybrid cell
lines that had been digested with EcoRI or HindIII were probed
with tragments of DNA isolated from the cosmid clones as fol-
lows. Pst 1 cut cosmid LC14 into pieces ranging in size from
about 0.5 to 5.0 kb. DNA corresponding to one band, of about
1.3 kb, that hybridized to the pDRH2 probe was excised and
eluted from a preparative agarose gel after electrophoresis.
Similarly, BamHI digestion of cosmid JG8a produced a 4.4-kb
band that hybridized to both Pst fragments A and B of the pDRH?2
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Fic. 2. Provisional maps of the cosmid clones used. Cosmid J(G10i1
contains most of the DRa chain gene. Its isolation and partial sequence
have been described (11). Cosmids JG8a and LC11 are overlapping clones
from different DNA libraries. Both contain similar sequences and share
restriction enzyme fragments in the area of the DRa-related gene (shown
as black boxes). Cosmids LC10 and LC14 are overlapping clones that
contain a DCa chain gene (black boxes). The gene is incomplete in cos-
mid LC14. The 5’-3' orientation of the genes is indicated, where it is
known. The white boxes indicate cosmid vector sequences. The cosmids
contain other genes that will be described elsewhere. These provisional
maps have been constructed from double digestions with BamHI, Cla
I, and Kpn I. No overlaps have been found so far between cosmids from
the three different groups indicated.
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probe. This 4.4-kb band was purified and subcloned by ligation
into the BamHI site of pAT153 by standard techniques. A smaller
probe was obtained by cutting the subcloned 4.4-kb BamHI
fragment with Hinfl. A 1-kb HinfI band reacted strongly with
pDRH2 5’ and 3’ probes, providing a convenient probe tor
Southern blots as shown in Fig. 3. The JG8a HintI probe hy-
bridized on human genomic DNA, under stringent conditions,
to an EcoRI band of =10 kb (Fig. 3, lanes 5 and 6) and HindIII
bands of =4.0 and =4.7 kb (Fig. 3, lane 12), which are similar
in size to the bands that were detected with the HLA-DRa ¢cDNA
probe (Fig. 1, lane 7; Fig. 3, lane 9). The LC14 Pst I probe hy-
bridized to three bands on EcoRI-cut human DNA from cell
line G3.32.2, all of which were also found in DNA from the
somatic cell hybrids with the X/6 translocation (Fig. 3, lanes
15 and 17). A probe made from the LC10 cosmid produced sim-
ilar bands, confirming that it was related to LC14 and was also
on chromosome 6 (data not shown). Thus, all the sequences hy-
bridizing to the two new sets of cosmids shown in Fig. 2 are
assigned to chromosome 6 and so presumably to the HLA re-
gion.

Sequence Analysis. The results described above indicate that
there are at least three gene sequences related to the HLA-DRa
chain in the human genome. In order to determine the relat-
edness of the cloned sequences, Sau3A and Sau3A/Pst 1 frag-
ments of subclones were ligated into bacteriophage M13 vec-
tors and phages hybridizing with the pDRH2 insert were
subjected to sequence analysis. A region in both genomic clones
LC14 and JG8a that hybridized well to the pDRH2 probe cor-
responded to the sequence for the extracellular protein domain
nearest to the cell membrane in the HLA-DRa chain—namely,
the @2 domain. Sequence data for this region in both clones are
shown in Fig. 4. The HLA-DRa-related sequences tfrom clones
JG8a and LL.C14 exhibit considerable homology with the HLA-
DRa chain gene throughout the a2 coding region shown. The
splice donor points are likely to be in the same place in all three
sequences because the sequences are conserved at this point.
In the intron region, however, the homology was less than 40%
for both clones. Comparison of the LC14 (and LC10) sequences
with the DCa chain sequence from a cDNA clone shows that
these clones contain a DCa chain gene or a sequence closely
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related to it (6, 7). This proviso must be added because, as de-
scribed below, there are two highly related sequences ot this
class in the human genome and nothing is known about se-
quences of other DC antigens and its related series, apart trom
DC1. The gene from clones JG8a and LCI11 has not vet been
identified but, from the sequence shown in Fig. 4, it clearly is
different from the DR and DCa chains.

There Are Two Highly Related Copies of DCa Chain Se-
quences in the Haploid Human Genome and Both Are Asso-
ciated with Polymorphism at the DNA Level. In earlier stud-
ies, little polymorphism was observed in the restriction enzyme
sites in and around the HLA-DRa chain gene (11, 15). It was
of interest. therefore. to determine whether the sites around
the related genes were polymorphic. DNA from HLA-DR
homozygous cell lines was digested to completion with Pst I and
EcoRI, electrophoresed, blotted, and probed with DNA frag-
ments from cosmids JG8a and LC14. With the JG8a probe, no
polymorphism was detected when EcoRI (or Pst 1) was used
(Fig. 5A). In contrast, the Pst fragment from LC14 revealed
striking polvmorphism (Fig. 5 B and C). Southern blots of DNA
from the homozygous cell lines cut with EcoRI or Pst T always
gave two bands when the probes from LC14 and LC10 were
used, indicating that there are two sequences corresponding to
this gene in the human genome. This finding was contirmed by
using short nonoverlapping probes cut from the DCa chain se-
quence (data not shown). With EcoRI, the band pattern cor-
responded broadly with the HLA-DR serotypes ot the cell lines
(Fig. 5B). Thus, the cell lines examined so tar which were HLA-
DRI, -2, or -w6 gave bands in similar positions when EcoRI was
used and it is these three types that are associated with the DC1
variant of the DC series (3—6). Both bands showed polymorphic
variation when Pst I was used (Fig. 5C).

Inheritance of the DC Polymorphism. The Southern blots
in Fig. 5 revealed that the patterns with the DCa chain probe
were characteristic for different HLA-DR serotypes. A family
study was carried out to confirm the expected linkage ot the
restriction enzyme polymorphism with the associated haplo-
types. Fig. 6 shows the results for the one typed family tested
so far. The parental HLA-DR haplotypes clearly associate with
the corresponding restriction enzyme patterns for their DNA.
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F1G. 3. Southern blots of DNA from human, mouse, and somatic cell hybrids probed with nick-translated Pst I DNA fragments from cosmids
JG8aand LC14. DNA samples (25 ug per lane) were digested with EcoRI (lanes 1-6 and 13-18) or HindlIII (lanes 7-12) and loaded onto 0.7% agarose
gels. Electrophoresis was at 20 V for 36 hr; then the DNA was denatured and transferred to nitrocellulose sheets. DNA samples from the following
celi lines were used: lanes 1, 4, and 14, GBS1-R (revertant of GBS-1); lanes 2, 5, and 15, GBS1 (hybrid with X /6 translocation); lanes 3, 6, 9, 12,
ar}d 13, G3.32.2 (human); lanes 7, 10, and 16, PCC4 (mouse); lanes 8, 11, and 17, MCP-6 (hybrid with X /6 translocation); lane 18, Horl 1 (hybrid
without human 6). The probes were as follows: lanes 1-6 and 10-12, a 1-kb HinfI fragment of cosmid JG8a that contained sequences hybridizing
to pDRH2; lanes 7-9, pDRHZ2; lanes 13-18, a 1.9-kb Pst I fragment of cosmid LC14 that hybridized to pPDRHZ2 (see text and Fig. 2). Conditions: lanes
1-3 and 7-9, hybridization and washing, 6 X NaCl/Cit/0.1% NaDodSO,, 65°C; lanes 4—6, hybridization 1x NaCl/Cit, washing 0.1 x NaCl,Cit/
0.1% NaDodSOQy, 65°C; lanes 10-18, hybridization and washing, 1 x NaCl,/Cit/0.1% NaDodSO,, 65°C.



Genetics: Trowsdale et al

147 1350 160

Lys Phe His Tyr Leu Pro Phe Leu Pro Ser Thr Glu Asp Val Tyr
A AAG TTC CAC TAT CTC CCC TTC CTG CCC TCA ACT GAG GAC GTT TAC
Ile Ser Thr Ala Asp Glu Ile
B --- A—-—- AGIHY - -—— A~ -——- ——-C —T —-T G— —-T ——G-A—— —-T
Thr Val Al a
E; - === —J] —C —06 A== —-T G=— ——= === == === === == ==T
170
Asp Cys Arg Val Glu His Trp Gly Leu Asp Glu Pro Leu Leu Lys
A GAC TGC AGG GTG GAG CAC TGG GGC TTG GAT GAG CCT CTT CTC AAG
Lys
B e e e e e (e sl e e e S e e | ol [ e Y
Gln
B = mmemen e e e mema e —me e D et e e[ e e
178
His Trp

CAC TGG GGTATGGACCAACACTCAATCTCCTTTATTTCAAGGTTTCCTCCTATGA
—————————— A-—-TG-GTTTCACCC--TT---GA-GCTTTC--GT--GTC-A-T
—————— ~—————C-A-TG-TT-TCTCTC-A-AATC-C-TG-CA-C-TCTA-TCC-

OoD

F1G. 4. Sequence around the internal Pst site in the HLA-DRa chain
gene from cosmid JG10ii (A) and the homologous sequences from the
genes on cosmids LC14 (B) and JG8a (C). The top line gives the derived
amino acid sequence for part of the a2 domain of HLA-DRa chain (11).
The second line shows the nucleotide sequence from which it was de-
rived, continued into the intron sequence (12). — in the nucleotide se-
quence indicates no change from the HLA-DRa chain sequence. A Sau3A
fragment of cosmid LC14 was subjected to sequence analysis in the MP8
vector digested with BamHI. Pst I/Sau3A double-digestion fragments
of cosmid JG8a were analyzed from the Pst I site in MP8 digested with
BamHI and Pst 1. Arrow, proposed boundary between exon and intron,
assumed to be the splice donor point in all three genes.

The EcoRI polymorphism shown in Fig. 6A appears to involve
only one of the two genes; the lower band (=4 kb) is invariant.
The =10-kb, =8-kb, and =5-kb bands segregated with DRw6,
DR3, and DR7, respectively. The association of the 10-kb band
with DRw6 in this family is consistent with its association with
DRI, -2, and -w6 homozygous cell lines, as shown in Fig. 5,
emphasizing the marked linkage disequilibrium between re-
striction site and serological polymorphisms. The Pst 1 poly-
morphism involved both genes (Fig. 5C and Fig. 6B). Each
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haplotype can be associated with two Pst I bands that segregate
appropriately in the family shown in Fig. 6. An =6.5-kb band
has been common to all DNAs so far studied, except for some
cells typed DR7 (e.g., see Fig. 5C, lane 8). The haplotypes in
Fig. 6, as derived from the segregation in the children, can be
described by two Pst I bands thus: father, DRw6 (6.5, 10.0).
DR7 (6.0, 2.0); mother, DR3 (6.5, 3.0), DR7 (6.5, 2.0). The ma-
ternal DR3 haplotype (6.5, 3.0) and paternal DR7 haplotype
(6.0, 2.0) correspond, respectively, to those for the DR3 and
DR7 homozygous lines shown in Fig. 5C, lanes 4 and 8. Thus.
these results also suggest marked linkage disequilibrium be-
tween the restriction polymorphism patterns and the DR sero-
types. However, more data are needed to establish the basis of
the genetic relationship between these DNA markers and the
serological specificities.

DISCUSSION

The experiments described in this paper show that there are at
least three DNA sequences on human chromosome 6 related
to the HLA-DRa chain. Our partial sequence from cosmids LC10
and LC14 matches that for a recently reported DCa chain cDNA
clone, pDCHI1 (7). That clone was identified by comparison with
protein sequence data for the isolated DCla chain obtained in
the same laboratory (6). Absolute confirmation of the identity
ot the genomic clone must await sequence analysis of the other
highly related DCa gene indicated by Southern blots of human
DNA (Figs. 5 and 6).

The DRa-related gene on cosmids JG8a and LC11 has not
yet been identified. This gene may code for the SB antigen «
chain because the SBa chain shows homology with HLA-DR«
at the NH, terminus (10). The: DRa-related sequences in cos-
mids JG8a and LC11 are highly homologous to the DRa chain
in the coding regions for the al domain (unpublished data). Al-
ternative explanations are that the sequence belongs to a novel
HLA-DRa-related gene or to a pseudogene. However, it is ex-
pressed in B-cell mRNA, as detected by RNA blots, as is the
DCa chain gene (data not shown). It is of interest to note that
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FIG. 5. Southern blot patterns of homozygous DR cell lines (apart from Daudi) probed with the HLA-DRa-related gene fragments. The DNA
samples were from the following cell lines: lane 1, Maja (DR1); lane 2, Mette (DR1); lane 3, MST (DR2); lane 4, WT49 (DR3); lane 5, WT51 (DR4);
lane 6, Daudi (DRw6); lane 7, WVB (DRw6); lane 8, Mann (DR7); lane 9, WT52 (Dw9). The DNA samples were digested with EcoRI (A and B) or
Pst I (C). Probes: A, Hinfl fragment from cosmid JG8a; B and C, Pst I fragment from cosmid LC14.
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FiG. 6. Southern blots of DNA taken from an HLA-DR-typed fam-

ily and hybridized with a DCa chain probe. The probe was taken from
the Pst I fragment of cosmid LC14 as indicated in Fig. 2. (A) EcoRI
digestion; (B) Pst I digestion. Lanes and HLA-DR phenotypes: 1, father,
DRw6,7;: 2, mother, DR3,7; 3, son, DR7,7; 4, daughter, DR3,w6. Con-
ditions: hybridization in 6 X NaCl,/Cit/0.1% NaDodSO, at 65°C; wash-
ing at the same temperature in 0.1 X NaCl/Cit/0.1% NaDodSO,.

an equivalent mouse gene has not yet been demonstrated. When
filters containing mouse DNA were probed with subcloned
fragments of the cosmids, under identical conditions the Pst I
fragment (DCa) from cosmid LC14 hybridized to mouse DNA
but the HinfI probe from cosmid JG8a did not (data not shown).
This result has to be interpreted with some caution because all
of the human DR and mouse Ia a-chain sequences show some
homology (Fig. 4). It is necessary to wait until the human and
mouse maps of this region are complete before one can be sure
of which genes are equivalent in the different species.

One ot the most interesting observations in this work is the
restriction enzyme polymorphism in the region of the two DCa-
related sequences. Analysis of proteins presumed to be from
the DC locus indicated possible limited polymorphism for the
DCa as well as the highly polymorphic DCS chains, referred
to as € and B-3 respectively (4). It will be of interest to deter-
mine whether the polymorphism observed at the DNA level
directly reftlects polymorphism of the proteins or is in inter-
vening or flanking sequences. Preliminary experiments indi-
cate that there is a gene related to the HLA-DRp chain on cos-
mid LCI4 and a different HLA-DRB-related sequence on
cosmids JG8a and LCI11. It will be interesting to establish
whether, as might be expected, these are B-chains that cor-
respond to DC and SB, respectively. It cannot be ruled out that
the DNA polymorphism shown in Figs. 5 and 6 comes from
DNA fragments that extend as far as the B-chain sequences on
cosmid 14, which could determine the major DC-related sero-
logical polymorphisms. The apparently very strong linkage dis-
equilibrium between the restriction enzyme and DR and DC
serological polymorphisms is consistent with the presumed close
proximity of the DR and DC loci and the correspondence of the

nucleotide sequence of the a-chain genes on clones LC10 and
LLC14 with that for the DCa chain.

Proc. Natl. Acad. Sci. USA 80 (1983)

Another four HLA-DRa-related cosmids that we have not

vet characterized are related to the cosmids presented in this
paper—i.e., they fall into one of the groups shown in Fig. 2,
and all are on chromosome 6. This argues that there are not
many more copies of sequences related, at this level, to the
HLA-DRa chain in the human genome. But, in view of the
prevalence of the genetic structures that share features ot the
a2 domains in these molecules, as discussed here and else-
where, other related genes could well exist. Out data also in-
dicate that the majority, and perhaps all, of the sequences closely
related to the HLA-DRa chain are on chromosome 6 and so
most probably in the HLA region. This study identities poten-
tial genes for at least two more molecules that have homologous
membrane-proximal protein domains, in addition to HLA-
DRa, B chains, HLA-ABCa chains, B,;-microglobulin and im-
munoglobulin constant domains. It therefore adds weight to the
proposal that the HLA region comprises a tamily of genes that
arose by multiple duplication events (20, 21).

Note Added in Proof. Recent experiments indicate that there are two
separate DRa-related sequences on cosmids JG8a and LC11, one in the
10-kb EcoRI fragment (partial sequence in Fig. 4) and a ditferent gene

in the 5-kb EcoRI fragment. The two genes are separated by at least
15 kb of DNA.
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man, N. Spurr, and P. Travers.
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