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Abstract. A cosmid clone containing the DR~ gene and a 
/~1 exon of a DR~-related gene was isolated from a 
human cosmid clone bank made from the consan- 
guineous DR7 cell line MANN. No other DR/related 
exons were found on this clone. The/~1 exon was located 
about 15 kb away from the DR~ gene in a tail-to-tail 
(3' to 3') orientation. The exon contained several 
deleterious mutations: a defective splice site at the 5' 
end, two translational frame shifts (a 1 bp deletion and a 
1 bp insertion), and three extra cysteine residues. 
Nucleotide and amino acid sequence comparisons of 
the /~  exon indicated that although it is substantially 
different from other class II/%chain genes, it is slightly 
more related to DR than to any other class II gene. The 
D R f e l a t e d  sequence was on a DNA fragment which 
showed no polymorphism on a panel of cell lines with 
Eco RI or Pst I. These Southern blots, however, 
revealed a related, polymorphic sequence in the human 
genome. Nucleotide sequences in the intron flanking 
the ]3~ exon shared greater sequence homology than the 
/3~ exon itself when compared with the DR, genomic 
sequence. The exon may play a role in the generation of 
variation in expressed class II/3-chain genes and it may 
be a relic of a different subset of class II products. 

Introduction 

The class II HLA-D-region genes encode a series of cell- 
surface determinants involved in the immune response. 
These polymorphic surface glycoproteins are composed 
of c~ and /3 chains with molecular masses of approx- 
imately 34000 and 28 000, respectively (Snary et al. 
1976, Springer et al. 1977), which include two extracel- 
lular domains (:~1, ~2 and /31, /32), a transmembrane 
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region, and a cytoplasmic tail (Shackelford et al. 1982, 
Larhammar et al. 1983). 

The three most clearly established regions of class II 
antigens are called DP, DQ, and DR (Bodmer and 
Bodmer 1984). So far, there is evidence of at least six 
a-chain genes and more than seven /3-chain genes 
(Trowsdale et al. 1985, Korman et al. 1985), most of 
which have already been attributed to the HLA-D 
subregions. The characteristic polymorphism observed 
in the HLA-D region is carried mainly by the/3 chains, 
although the DQ~ chain also shows considerable alMic 
variation (Auffray et al. 1983, Chang et al. 1983, 
Spielman et al. 1984, Trowsdale et al. 1983a). Lately, 
much effort has been dedicated to a better understand- 
ing of the molecular organization of the HLA-DR 
subregion (Spies et al. 1985, Larhammar et al. 1985). 
From these studies, as well as from restriction polymor- 
phism analysis of serologically defined DR cell lines 
(Spielman et al. 1984, Trowsdale et al. 1983a, 1984, So et 
al. 1984), it is clear that the HLA-DR subregion includes 
more than one functional/3-chain gene, and that their 
number may vary in different haplotypes. 

In this paper, we describe a /31 exon physically 
linked to DR~ which was isolated on a cosmid clone 
from a genomic library prepared from a homozygous 
DR7 cell line and we discuss the relationship of this 
pseudogene sequence to other HLA-D-region/~-chain 
genes. 

Materials and Methods 

Isolation and characterization of a genomic clone. A genomic library 
was constructed from DNA prepared from the homozygous, con- 
sanguineous B-lymphoblastoid cell line MANN (A29, B12, Bw4, 
Cw4, DR7, DPw2) which was partially digested with Mbo I and then 
ligated to the cosmid vector pTCF (Grosveld et al. 1982). The library 
was screened with a DR~ cDNA probe labeled with [c~32P] de- 
oxycytidine triphosphate by nick translation (Rigby et al. 1977). 
Hybridization was carried out in 6 x NaC1/cit (1 x NaCl/cit is 0.15 M 
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NaC1/0.015 M sodium citrate)/10 x Denhardt 's solution (1 x Den- 
hardt's solution is 0.02% bovine serum albumin/0.02% Ficoll/0.02% 
polyvinylpyrrolidone)/10% dextran sulfate/0.1% sodium dodecyl 
sulfate (SDS)/denaturated salmon sperm DNA (100 ~g/ml) for 18 h at 
65 °C. Filters were washed twice in 6 x NaCl/cit/0.1% SDS for 1 h and 
exposed for 2 days to Kodak XAR-5 film. One DR~-containing clone, 
M4.2, was identified and characterized by restriction site mapping 
and Southern blot hybridization. 

cDNA and genomic probes. The DR~ cDNA probe used for screening 
and restriction mapping consisted of two Pst I inserts (A and B) from 
clone pDRH2 (Lee et al. 1982). The 900 bp Pst I fragment (11-13) 
derived from cosmid LC11 (Trowsdale et al. 1983b) comprises part of 
the/3~ exon and the 5' end intron sequence of the DP~ gene. Pst 1/380 
and Pst 1/530 are two DR¢-specific fragments generated by Pst I 
digestion of the cDNA clone DR/MI (Long et al. 1983). The first 
fragment contains the signal sequence and /~  exon, while the second 
includes the/~2 exon, transmembrane and cytoplasmic regions, and 
part of the 3' untranslated region. A 0.95 kb Hind III/Pst I 
subfragment was generated by Hind III digestion of a 1.6 kb Pst I 
fiagment isolated from cosmid M4.2. This subfragment includes most 
of the M4.2/~ exon and approximately 750 bp of the 5' end intron 
sequence (see Fig. 1B). 

DNA sequence determination. A 1.6 kb Pst I fragment from cosmid 
M4.2 which cross-hybridizes with the DP~I probe 11-13 was 
subcloned in plasmid pAT153 and the recombinant plasmid grown in 
the DH1 strain of Escherichia coli. After self ligation, 10 gg of DNA 
prepared from this recombinant plasmid was sonicated, end-repaired 
and ligated into Sma I-cut vector M 13mp8 (Vieira and Messing 1982). 
Random clones of approximately 300 bp were then sequenced using 
the dideoxy chain termination method (Sanger et al. 1980, Bankier 
and Barrell 1983) and sequences were aligned by computer as 
described previously (Kelly and Trowsdale 1985). To complete the 
sequence of the fi~ exon, a 2.3 kb Hind IlI fragment was subcloned in 
plasmid pAT153 to isolate the 1.3 kb Hind III/Pst I subfragment 
contiguous to the 3' end of the 1.6 kb Pst I fragment (see Fig. 1B). This 
subfragment was ligated into Hind III/Pst I-cut M 13mp9, and the first 
240 nucleotide sequence was obtained by the chain termination 
method. 

Northern analysis. Northern blot analysis of poly(A)+-selected 
mRNA was performed as described by Thomas (1983). 

Southern blot analysis of genomic DNA. The high molecular mass 
DNA derived from eight homozygous and three heterozygous EBV- 
transformed cell lines was prepared as described previously (So et al. 
1984). For details of the cell lines and their HLA types, see Trowsdale 
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Fig. 1 A and B. A Restriction map of cosmid M4.2 containing the DR~ gene and a J~j exon. Exons are shown asfilled boxes. Arrows represent the 
direction of transcription (5'-3') for the DR~ gene and the orientation of the 111 exon obtained by random sequencing of a Pst I fragment (see 
Materials and Methods and the legend to Fig. 2 for further details). Exons are denoted as follows: SS, signal sequence; 1, first domain; 2, second 
domain; *, transmembrane and cytoplasmic domains; and 3' UT, 3' untranslated region. The two Bam HI sites (re)generated at each end of the 
insert are depicted by a broken line. B Illustration of the restriction sites which were used in the sequencing strategy of the fll exon. The/~1 exon 
sequence was derived from overlapping M13 clones generated by sonication of a 1.6 kb Pst I fragment and from the Pst I site of a 1.3 kb Hind 
IlI/Pst I fragment subcloned in M13 (see Materials and Methods). This map agrees with that derived by Spies and co-workers (1985)' 
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and co-workers (1985). DNA was digested with Pst I or Eco RI and 
transferred to nitrocellulose filters. Filters were hybridized with a 0.95 
kb Hind III/Pst I fragment from cosmid M4.2, as described above, for 
18 h at 68 °C and washed in 0.1 x NaC1/cit/0.1% SDS at 65 °C. 

Results 

Isolation of a cosmid containing a DR~ gene and a fll 
exon. The cosmid library, prepared from the homo- 
zygous DR7 cell line MANN, was screened with a DR~ 
cDNA probe under low stringency conditions as al- 
ready described in Materials and Methods. One DR~ 
clone, M4.2, was isolated after resubmitting the colonies 
to stringent hybridization conditions. The restriction 
map of cosmid M4.2 was determined using a com- 
bination of restriction enzymes and blot hybridization 
(Fig. 1A). We had previously shown that a probe 
containing the E1 exon of the DP~ gene hybridized to 
multiple HLA class II E-chain genes under nonstringent 
conditions (Trowsdale et al. 1983b). Under these low 
stringency conditions, the DP~ 1 probe 11-13 hybridized 
to the following restriction fragments on cosmid M4.2: 
Eco RI, 6.3 kb; Pst I, 1.6 kb; and Hind III, 2.3 kb. 
However, when the hybridization was carried out under 
stringent conditions, no cross-hybridization could be 
detected with the DP~ probe. 

In order to obtain more information about the 
nature of this E-like sequence, two DR~-specific frag- 
ments derived from a cDNA clone (Long et al. 1983), Pst 
1/380 and Pst 1/530 (see Materials and Methods), were 
used to probe restriction digests from cosmid M4.2. 
After repeated low salt washes (0.3 xNaC1/cit), one 
strongly hybridizing band was observed for each re- 
striction enzyme digest hybridized with Pst 1/380. Pst 
1/530 did not detect any restriction fragments, even 
when the stringency of hybridization conditions was 
decreased (data not shown). Under relaxed hybridi- 
zation conditions, Pst 1/380 did not detect any ad- 
ditional band which might have suggested the presence 
of a DR~-related signal sequence. These results showed 
that the E2 and signal sequence exons may either be 
missing or may be a large distance away from the E1 
exon. 

To confirm the authenticity of our genomic clone, 
restriction enzyme digests of MANN genomic DNA 
were probed with a Hind III/Pst I 0.95 kb fragment 
which contains most of the fil exon and some of the 5' 
end intron sequence (see Fig. 1B). The following bands 
were detected on Southern blots: Bam HI 10.5 kb, Eco 
RI 6.3 kb, and Pst I 1.6 kb, all of which agree with the 
restriction map of cosmid M4.2 described in Figure 1A. 
This map agrees with the data from Spies and co- 
workers (1985) concerning the DR region from a DR4- 
containing haplotype. 

Nucleotide and predicted amino acid sequences of the E1 
exon. The nucleotide sequence and translated amino 
acid sequence of the fil exon found in cosmid M4.2 is 
shown in Figure 2. Two translational frame shifts were 
introduced in order to obtain alignment with some 
already published DR~ sequences. These were ap- 
parently due to a 1 bp deletion and insertion, 86 
nucleotides apart at positions 1155 and 1243, re- 
spectively. Although no significant match with other 
known protein sequences could be observed in the 
absence of such a modification, the succession of nucleic 
acids remains in an uninterrupted reading frame for 639 
bp, which is in frame with the DR~-related sequence for 
only part of its length. An apparently functional splice 
site is present at the 3' end of the fit exon, whereas the 
expected 'AG' dinucleotide (Breathnach and Chambon 
1981) at the intron-exon junction at the 5' end of the E1 
exon has been changed to 'GG', making it unlikely that 
it is used as a functional splice site. 

One interesting feature of this fil exon is the 
presence of three extra cysteine residues at positions 13, 
56, and 65. Free cysteine residues have been described in 
the first domain of mouse E b, E k fl-chain genes (Mengle- 
Gaw and McDevitt 1983, Widera and Flavell 1984) 
and in the first domain of the DR~ gene Conferring 
DRw53 specificity (Spies et al. 1985). These extra 
cysteine residues were found at positions 12 and 13, 
respectively. On the other hand, free cysteine residues 
are not generally present in the first domain of the DRt3 
gene conferring the main DR serological specificities. 

Northern blots. In an attempt to determine whether the 
E1 exon is transcribed in this lymphoblastoid cell line 
despite the above-mentioned abnormalities, 1 gg of 
MANN poly(A)+-selected mRNA was transferred to 
nitrocellulose filters and hybridized with the 0.95 kb 
Hind III/Pst I El-exon probe derived from cosmid 
M4.2. No signal was detected on a northern blot with 
this fil-exon probe. However, the same filter gave a clear 
1.3 kb band when hybridized with a DP~l-exon probe 
(11-13) (data not shown). Thus, it appears that this fil 
exon is either not transcribed, or is transcribed at very 
low levels. The same would be true for any E-chain gene 
highly related to the exon. 

Comparison of nucleotide and amino acid sequences with 
other HLA-D fi-chain genes and pseudogenes. We have 
compared the nucleotide and amino acid sequences of 
the fil exon from cosmid M4.2 with some already 
known HLA-D E-chain sequences. The nucleic acid 
sequence of the fix exon from cosmid M4.2 appears to be 
most similar to expressed DR~-chain genes with which 
71-76% of nucleotides are shared (Table 1). It also 
shares 70% homology with the E1 exon of the DR~ 
pseudogene (Larhammar et al. 1985). Similarly, when 
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A GCTCTGTGAC A CT'r T TGA G TCC T T A C C7 C7 T C A GAT C AGA T T T GCCA A A TG A G T T TCGGCA A C A A A T T A A A A A CA A C AGCA A G T G A A TTCGTG A G'~ T1" TC TGG A T T TA G A A A G~'CC A A A 120 

A AA A A A A G'I r TGT G G A CC T G T GT T G G(:, G 'r C ~ I'GG A CTCT TCAACT G CTTCCC ~ 7 T A CATTT A G T ~, T A A A T CGA A.~'tCCTA A C A TG A C A A T GAT T'~ T ~, A'~ TG T T T CC T T C TTGTG,~ T T T C T 240 

CC A G TTT A A T C T TTTCCCC ~C C T T TC C T T C ~ TGCTG~' GCTTTA G TGA A CTTTT~ T CTGGTTTCTTG A A G A A GTTC A TCA A TTC T TTC A A G CTT ~ 7G~I A C A7 G A TAT T A T GCT ~" A CCT G A A 360 

I 
ATGTGCCTCCCTTTTTGTCC~GAGAC~ A ACGGG T C C C C CCACTCTGCCC~CTGGC7CACACCCACTAAACCTGTAAGGTCACATTTGAGCTGTCACTCT~AGAGTCCTTCTCTGGCACCCT 480 

A A T GTA A T T T A G A T C A T CC T A TTCT T T C T T C T A G A AC TCCA C A C TT C TCTT A A CA T T TTTC T TTC C T G T A T A A GG T GTTGCGTGT T ~ GGTTT T T 7GC C ~ T C A A T TTC A C T TCT C T T T A ~ G 6CO 

A 
CTCCTCC AGCGGAGG G A TG A G GTCT A TTT T T C CCG TT T GG A TTCCCAGGAGACAGC A C A G A TGAG A C A C A A GGTA A GCACT A A GG A A GCATT T A C AG A ~ T GGA GGC A G T G GG T CTTGT T T 720 

A AGG A A TGA G TAGAG T G T C G CATGA T AGG A G GG A G CA G ~AGTGTCTTTTGGATG G AGGCTCCC AG G A G G A GG A AGCGC A GG A GACAG T GATG A GGAA GG T G AT TCT G AT C C A G A GCCT T G 840 

C AA A GAG~CGTCCAGCT C A Z CTC GG A ~ A T G G G TAGCAG A T CCC A A A TGG T A TTCC A CGCCCCTCGCAGC C TCCCT C CGCCTCA G GCA G ATGG A A GAG G A A C CC C T A GGTGGTCGGGGGTG 960  

HIS 
GCTGGTGGGGGCCAGTCAAGG~GT~CCGCCCCTCGCCCTGC~GATTGTGGGCATAGCCATCACT~TTTTCcT~GGATG~GCcCAAGAAA~CGGTT~TTCATGTC~CTGCGG C~ CAT 1077 

B 

Phe Leu Glu Gln I l e  Lys H~S G l u l ~ J T y  ~ P h . ~  Ash GIV Thr  Glu Arq , e ~  ' r g  Phe V a l  Gin Arg Leu Va l  H i s ~ A r g  Lys Glu 
TTC L~ AAT eGG CTC GTC CAC A ~ / C G G  ~AC GAG eGG ATG eGG TTT GTG CAG ACA AGA GAG 166 TTC TTG GAG CAG ATT AAA CAC GAGIITGqJTAT 1 

Tyr Ale Arq Phe His  Arg AS~ Vel Arg LyS P~e Ara A l e  V a l  A l a  GIu Leu GI~ ~rq Arq Arq Va l  Gin  GI~ ~ A s n ~ e r  Gin  Lys ASh 
TAT GCG CGC TTC CAT AGG GAC C-TC AG~ ~AG TTC CGG GCG GTG GCG GAG CTG GAG eGG AGA AGA GTC CAG GA~ ~ G C  CAG AAG AAC 1257 

Leu Leu G I v ~ - ~  Leu Arq G ly  teu Leu ASp T~r T y r ~ A r a  HIS Ash T y r  G Iv  Va l  Phe GIO Set Phe Set Ret His ~rq Arg 
CTC TTG GGC TLT_~ TTG CGG GGT ,CTG, TTG GAC ACe TAC T~L~AGA CAC AAC TAC GGG GTT TTT GAG AGe TTC TCC ~TG CAC AGG CGA G GTGAG..~C 1348 

~AGGCGGGTGGGGGAGGGGAGT~GGG~CCCTGAGAACAGGGAGTGTGTGTGT~TGC~CACGTAAG~AC~CTGTGGGAGGGTGTAGG~TTGTGAGCCAGAAGG~TTAGGAGGGCTCAGGT 1468 

C D 
AGGTGAGTGTAGAGTGGGATTTGTCTGTGTGTCTGCTGTGGGAGGGAACACAGGAGGGAGCTT 1531 

Fig. 2. The complete nucleotide sequence of the/31 exon isolated from cosmid M4.2. The nucleotide sequence was determined as explained in the 
legend to Figure 1. The derived amino acid sequence shown above the nucleotide sequence was obtained after the introduction of a 1 bp insertion 
and a 1 bp deletion, as shown by the two circled codons. The extra cysteine residues are indicated by a single box, and conserved cysteine residues 
by a double box. The positions of sequences matching other known nucleotide sequences are indicated by solid lines. Dots indicate unmatched 
nucleotides. Two 18 bp sequences, A and D, were respectively identical to a short sequence found upstream of the V. cholera toxin operon gene 
(Mekalanos et al. 1983) and to a sequence found in the first intron of the human haptoglobin gene (Maeda et al. 1984). Closer to the/31 exon, 
sequence B shares t8 bp with a nucleotide sequence derived from the 5' end of the kappa immunoglobulin gene (Klobeck et al. 1984). This 
nncleotide sequence from the kappa immunoglobulin gene contains a putative regulatory element which is found in the promoter region of most 
class II genes (Das et al. 1983, Hyldig-Nielsen et al. 1983, Malissen et al. 1983, Falkner and Zachau 1984, Gillies et al. 1984, Parslow et al. 1984, 
Klobeck et al. 1984, Kelly and Trowsdale 1985, Larhammar et al. 1985). At the end of the/~ exon, sequence C shares 32 bp with a complementary 
sequence of the mouse H-2K b first intron (Weiss et al. 1983). Finally, sequence D shares 27 bp with the poliovirus type 3 p3 2b coding sequence 
(Stanway et al. 1983). The significance of these conserved sequences is not known 

the amino acid sequence of the//1 exon is compared 
with that of expressed DRp genes, the homology varies 
from 52~o to 58~ (DRp pseudogene; 52~o). These values 
are much lower than those observed when DR~ alleles 
are compared to each other. In this case, the homology 
is about 95~ and 82-90~ for nucleotide and amino acid 
sequences, respectively. The mouse equivalents of DQ 
and DR, A and E, share 68-69~o sequence homology 
with the//1 exon at their nucleotide level and only 46- 
48~o at their amino acid level. Other class II/ /-chain 
genes, DP, DX, and DQ, are approximately 62-65~o 
related to the//1-exon nucleic acid and 45-48~o to the 
amino acid sequences. These results show that although 
the//1 exon from cosmid M4.2 is substantially different 
from published DR~ sequences, it is slightly more 
closely related to DRFchain genes than it is to any of the 
known HLA-D//-chain genes. However, the similarity 
to DRp may not be particularly significant, since 
comparisons of//1 domains of DR and DQ or DP and 
DQ indicate that, on a percentage basis, they are as 
related to each other as the M4.2//1 domain ~s/to DRpl 
(data not shown). Table 2 gives a breakdown of the 
relationship between the //1 exon and other DRp 
sequences in terms of replacements and silent sub- 

stitutions. There is a marked increase in both of these 
parameters when compared to the difference between 
two DRp alleles, or between DR~ and its pseudogene 
(Larhammar et al. 1985). This indicates considerable 
evolutionary divergence and thus a relatively long time 
of separation, on a par with that for DP, DQ, or DR 
with each other. However, there are more potential 
silent substitutions, which argues for the fact that much 
of the divergence was, at one time at least, of functional 
relevance. 

The complete nucleotide sequence shown in Figure 
2 was also compared with the genomic sequence of the 
DRp pseudogene (Larhammar et al. 1985), since this is 
the only DRp genomic sequence published so far (Fig. 
3). Interestingly, the nucleotide homology extended to 
the flanking intron sequences on both sides of the//1 
exon. With the exception of one 40 bp insertion and two 
smaller deletions, significant matches were observed for 
most of the intron sequences. In a more detailed amino 
acid analysis, we looked at the distribution pattern of 
the predicted sequences for various HLA-D.and mouse 
A/E//-chain genes. It is clear from Figure 4 that the//1 
exon isolated from the DR7 cell line has retained some 
of the primary structural elements which are character- 
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Table 1. Percent homology observed between the nucleotide and 
amino acid sequences of/31 exons from different class I I/3-chain genes 

M4.2/31 exon homology with Nucleotides* Amino acids* 

DR4 76 57 
DR3,6a 76 57 
DR4, 6 75 58 
DR3, 6b 75 55 
DR1 73 58 
DR2, 2 - 55 
DRw53 71 52 
0DR4 70 52 

DQ3 65 48 
DQ4 63 45 
DX 65 47 
DPw2 a 62 45 
DPw2 b 62 45 

E d 69 46 
A b 68 48 

Sequences were obtained from the following sources: DR4 and 
DRw53 (Spies et al. 1985), DR4,6 (Long et al. 1983), DR3,6a and b 
(Gustafsson et al. 1984), DR1 (Bell et al. 1985), DR2,2 (Kratzin et al. 
1981), ODR4 (Larhammar et al. 1985), DQ3 (Boss and Strominger 
1984), DQ4 (Larhammar et al. 1983a), DX (Okada et al. 1985), DPw2 a 
(Kelly and Trowsdale 1985), DPw2 b (Kappes et al. 1984), E d (Saito et 
al. 1983), and A u (Larhammar et al. 1983b) 

* In these calculations, extra nucleotides or amino acids were 
excluded at certain locations to permit correct alignment of 
sequences (see Fig. 4) 

istic of the HLA class II /?-chain genes. The two largest 
conserved amino acid regions were located near the 
cysteine residues which are highly characteristic of 
expressed class II  fl-chain genes (Kaufman and 
Strominger 1982). Among  other conserved stretches of 
amino acids in the 131 exon isolated from cosmid M4.2 
were two short regions, mainly specific for DR~ genes 
located at each extremity of the fil exon. It becomes 
more apparent  f rom this compar ison that the/31 exon 
described above has diverged considerably from other 
class II  fi-chain genes, notably in areas different f rom 
those generally described as hypervariable regions. This 
is suggested mainly by the replacement of certain amino 
acid sequences which are conserved in H L A - D R ,  DQ,  
DP and, to a lesser extent, mouse A/E, as observed at 
positions 41, 42, 45, 46, 54, 56-61, and 69. Interestingly, 
the amino acids at positions 16 and 35 correspond to 
those found in DP  and D Q  rather than DR, while 
differences in positions 90-92 are in a region that 
appears to be subregion-specific. 

Southern blot analysis of genomic DNAs. In an at tempt 
to look for related sequences, and to determine whether 
the isolated fil exon was present only in the DR7 cell 
line M A N N  or was found in cell lines of other D R  types, 
we submitted genomic D N A  isolated from a panel of 
cell lines of different specificities to Southern blot 
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analysis using a probe specific for the fl~ exon from 
cosmid 4.2 (Fig. 5A). After digestion of genomic D N A s  
with Pst I, a 1.6 kb band hybridizing strongly with the 
Hind III /Pst  I probe was observed in each DR-typed  
cell line tested. 

In addit ion to the 1.6 kb Pst I fragment, other bands 
ranging in size f rom 2.3-5 kb also hybridized to the 
Hind II I /Pst  I probe. We have independently identified 
which restriction fragments on these blots correspond 
to DP, and DQ, genes using appropria te  probes (data 
not  shown). Under  the high stringency condit ions in 
which these hybridizations were carried out, we saw no 
cross-reaction with these HLA-DP or DQ genes. Using 
the same filters and hybridizat ion conditions, the DRp- 
specific c D N A  probe Pst 1/380 detected restriction 
fragments which did not  correspond to the genomic 
restriction fragments described in Figure 5. We suggest 
that  the additional bands  seen in Figure 5A correspond 
to copies of sequences highly related to the sequence 
included in the 0.95 kb Hind II I /Pst  I subfragment. 
They are in fact, more  related than DR, .  This in- 
terpretation is supported by the presence of 1-3 extra 
bands on a Southern blot of genomic D N A  digested 
with the restriction enzyme Eco RI  (Fig. 5B) in addit ion 
to the constant  6.3 kb band. These related sequences 
could represent a previously unidentified polymorphic  
class II /3-chain gene. 

Discussion 

The most  striking feature of this isolated fil exon is its 
extent of divergence, not  only from DP and DQ~ genes, 
but also from the known DR~ sequences. Al though it 
resembles the latter slightly more  than the former, the 
difference between the isolated fil-exon sequence and 
available DR~l-exon sequences is almost as great as 
that between DR and DP,  DR and DQ,  or DP and DQ.  

Table 2. Sequence divergence in the /31 exon of DR~ genes and 
pseudogene(s) 

Percent potential Percent potential 
silent changes replacement changes 

M4.2/31 exon/t)DR4* 53.8 33.7 
M4.2/31 exon/DR4 42.5 25.7 
DR4/DR 1 23.1 7.6 
DR4/~DR4* 22.8 11.4 

Percents of silent changes and replacement changes were calculated 
according to Perler and co-workers (1980). Nucleotide sequences were 
obtained as follows: M4.2 171 exon (this paper, Fig. 2); t)DR4 
(Larhammar et al. 1985); DR4 (Spies et al. 1985); DR1 (Bell et al. 1985) 

* To obtain proper alignment of the sequences, the two missing 
codons in the qJDR4 fi~ exon were replaced by the nucleotide 
sequence CTG GAA, which is most commonly found in DRy1 genes 
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Fig. 3. Schematic representation of the 
/~ exon isolated from cosmid M4.2. 
Above it is a comparison with the 
intron sequence from the DR~ pseu- 
dogene (Larhammar et al. 1985). The 
5' end of the DR~ pseudogene genomic 
sequence corresponds to the Hind lII 
site described in the legend to Figure 2. 
One 40 bp insertion, as well as two 
deletions, 19 and 24 bp, are indicated 
on cosmid M4.2. The curved line at the 
top of the figure shows the distribution 
of homologous regions, as calculated 
every 10 nucleotides for 50 consecutive 
nucleotides. ~ represents an intact 
putative glycosylation site 

This suggests that the M4.2 exon sequence is very old, 
dating back to the time of separation of the major 
subregions of the HLA-D region. A second puzzle is the 
surprisingly high sequence homology of the flanking 
regions of this exon with DR~ intron sequences. 
Flanking and intron sequences between subregions 
generally differ much more than the corresponding 
exon sequences of the various subregions. The overall 
data, including the pattern of amino acid sequence 
differences and similarities of the /~  exon with other/% 
exon amino acid sequences, suggest that it is derived 
from a different, as yet unknown, subregion, that may 
have a slightly more recent common origin with the 
DR~ than with the other subregions. The similarity of 
the flanking regions to DR~ intron sequences could 
have arisen if the exon as a whole was transposed to the 
DR subregion at some point in evolution after its 
divergence from DR. The surrounding sequences would 
then be related directly to DRy. It is even possible that 

once a sequence has been inserted in the DR subregion, 
subsequent gene conversion-like events lead to a ten- 
dency to increased similarity with DRy. In this case, the 
close relationship with DR~ may postdate rather than 
predate the transposition of the sequence to its present 
location. The troughs in the homology profile im- 
mediately flanking the/?~ exon may have resulted from 
genetic events involved in shifting the exon to its present 
location (Fig. 3). Clearly, it will be of interest to try and 
identify sequences corresponding to this new subregion 
elsewhere within HLA-D. Functional versions may 
correspond to the extra bands detected on Southern 
blots by the M4.2 sequence. Alternatively, it may be that 
the subregion now only exists in a relic form in the 
human genome, and in that case it will be interesting to 
try and identify its presence in other species and to trace 
its evolutionary history. 

Does the i so lated/~  exon that we have identified 
have any functional relevance? It has been argued that 
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Fig. 4. Comparison of the/~l-exon amino acid sequences predicted for a series of HLA-D/?-chain genes and mouse A/E/?-chain genes. DR2, 2 is 
derived from a protein sequence. Sequences are from the same sources as in the footnote to Table 1. The boxed areas represent sequences of amino 
acids which are conserved in other class l I /Lchain genes. Arrows indicate the position of a 1 bp deletion and a 1 bp insertion. The solid lines 
represent the hypervariable regions in the/~1 exon of the HLA-DR~-chain genes. The dotted line indicates the glycosylation site in the fl~ domains 
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Fig. 5 A and B. Southern blots of genomic DNA digested with Pst I (A) and 
Eco RI (B). Filters were hybridized under stringent conditions (hy- 
bridization at 68 °C, washes in 0.1 x NaC1/cit, 65 °C) with the 0.95 kb Hind 
III/Pst I subfragment described in the legend to Figure 1 labeled by nick 
translation. The cell lines have the following DR specificities: A METTE, 
DR1; PGF, DR2; SCT-A, DR3; JHH, DR4; WT-50, DR5; WVB, DRw6; 
MANN, DR7; JOM, DRw8/w12; KOZ, DRw9/-; LICRF, DR3/wl0; 
HERLUFF, DRwl2; and B IDF, DR5; BAAN, DR5; WT-50, DR5; WVB, 
DRw6; DAUDI, DRw6; WT46, DRw6; MANN, DR7; TF6, DR7/wl2; 
1BW9, DR7; 231, DRw8; MADURA, DRw8; WT52, DRw6; HERLUFF, 
DRw12. For more details of these cell lines see So and co-workers (1984). 
The arrows indicate the expected positions of the corresponding genomic 
fragments. Each lane contains approximately l0 gg of Pst I or Eco RI cut 
DNA (lanes 5 and 6 in Fig, 5 A contain ~ 30 ~ag) 

pseudogenes may be maintained as reservoirs of donor 
sequences for gene conversion or other related genetic 
mechanisms (Bodmer et al. 1984, Larhammar et al. 
1985). Since the/~t exon is by far the most polymorphic 
domain of the class II/%chain genes, and the rest of the 
sequence remains relatively constant, it is not necessary 
to maintain the whole pseudogene in order for it to act 
as an effective sequence donor source. 

Several pieces of evidence indicate that the number 
of DRp-related genes differs in different haplotypes (So 
et al. 1984). However, from blotting studies it appears 
that all the haplotypes possess the fit exon described 
here. The proximity to the relatively constant DR, gene 
may explain the lack of associated restriction polymor- 
phism, since polymorphic regions are associated with 
the highly polymorphic /~1 and DQ,t  exons (see for 
example, TrowSdale et al. 1985). 

The analysis of 5' untranslated regions and intron 
sequences flanking the pt exon of expressed DRp genes, 
as well as sequences found on the related polymorphic 
genomic fragments described in this paper, could 
provide some information with respect to the origin and 
possible function of this isolated/~1 exon. 
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