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We have determined the DNA sequence of the H-2K" gene of
the C57B1/10 mouse. Comparison of this sequence with that
of the allelic H-2K9 shows surprisingly that the exons have ac-
cumulated more mutations than their introns. Moreover,
many of these changes in the exons are clustered in short
regions or hot spots. Additional comparison of these se-
quences with the H-2L4 and H-2DP sequences shows that, in
several cases, the altered sequence generated at the hot spot is
identical to the corresponding region of a non-allelic H-2
gene. The clustered changes are responsible for 60% of the
amino acid differences between the H-2K? and H-2KY genes
and suggest that micro-gene conversion events occurring
within the exons and involving only tens of nucleotides are an
important mechanism for the generation of polymorphic dif-
ferences between natural H-2 alleles.
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Introduction

The class I genes of the major histocompatibility complex
(MHC) encodes a 40 000 —50 000 polypeptide (called H-2 in
the mouse and HLA in man) which is an integral membrane
protein associated with 32-microglobulin. DNA and protein
sequence information shows that class I genes consist of eight
exons encoding a leader sequence, three extracellular globular
domains (a;, o, and «5), a trans-membrane segment and three
cytoplasmic domains (Steinmetz et al., 1981).

The major class I H-2 genes are H-2K, H-2D and H-2L
found closely linked to each other and other H-2 related genes
such as Qa and TL on chromosome 17 of the mouse (Figure
1). H-2 genes are highly polymorphic, and ~ 50 alleles at each
of the H-2K and H-2D loci have been observed (see Klein,
1979). The polymorphic differences are greatest in the o, and
o, extracellular domains. The protein sequences of two non-
allelic gene products in a given H-2 haplotype are in some
cases more similar to one another (e.g., H-2KP and H-2DY)
than to their respective alleles. This suggested to us (Flavell et
al., 1982a) and others (Lalanne ef al., 1982; Evans et al., 1982)
that the polymorphic differences may result, at least in part,
by gene conversion-like events which exchange genetic infor-
mation between non-alleles by a copying mechanism.

To test this we have sequenced the H-2K® gene and com-
pared this with its allelic H-2K9 gene sequence and the se-
quence of the non-allelic H-2DY and H-2Ld genes. We have
shown previously (Flavell ef al., 1982b; Weiss, et al., 1983) that
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a mutant H-2K" gene, called H-2KY™!, results from a micro-
gene conversion-like event which causes the introduction of a
new stretch of DNA sequence into the H-2KP gene over a
short DNA segment of the order of 30 nucleotides. This new
sequence is identical to that of the H-2Ld gene in the same
region which suggests that an H-2Ld-like gene may have
donated this new information. Pease et al. (1983) have made
a similar suggestion by comparing the amino acid sequence of
mutant and normal H-2 genes. In this paper we show that
several of the differences in nucleotide sequence between the
H-2KP and H-2KY alleles can be explained by similar micro-
gene conversions. We therefore suggest that this mechanism
plays an important role in the generation of polymorphism in
H-2 genes in the mouse population.

Results

We have described previously the cloning of the H-2KP
gene from a cosmid library made with DNA from the B/10
mouse (Mellor ef al., 1982). The sequence of this gene was
determined by the Maxam and Gilbert (1980) and M13 pro-
cedures; the strategy used is shown in Figure 2. The DNA se-
quence is shown in Figure 3 and is complete except for an
~ 1200 nucleotide gap in the large intron between exons 3 and
4.

General structure of the H-2K? gene

The overall structure and dimensions of the H-2Kb gene is
the same as that of other H-2 genes sequenced. The H-2Kb
gene consists of eight exons and seven introns. Table I shows
that the majority of the exons are of the same length as those
of the H-2K9 and H-2L9 genes. However, the leader exons of
the H-2KD (this paper) and H-2Kd (Kvist et al., 1983) gene en-
code one more amino acid than the leader of the H-2Ld gene;
and the trans-membrane exon of the H-2KP gene encodes one
more amino acid than the corresponding exon of H-2Kd
(lacks residue 312) and H-2Ld (lacks residue 309).

The approximate size of the introns is the same in all three
genes with minor variation in the exact lengths (Table I). The
large intron between exons 3 and 4 is of a similar length in the
H-2K alleles but is considerably shorter in the H-2Ld gene and
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Fig. 1. Genetic map of the murine H-2 and associated loci. The top line
shows a diagram of chromosome 17 with the centromere on the left. The
bottom line shows an expanded diagram of the regions between the H-2K
locus on the left and the TL locus on the right. H-2 class I molecules (OJ)
are expressed from at least four separate loci as shown by the arrows
below the line.
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longer in the H-2-like gene found in the Qa2,3 region (Stein-
metz et al., 1981).

The sequence of a cloned H-2K ¢cDNA, derived from
C56B1/6 (=B6) mice, has been reported recently (Reyes et
al., 1982a); the sequence spans the region encoding residues
65 to the 3'-untranslated region (and hence exons 2 —8).
There are three nucleotide differences between the cDNA se-
quence and our H-2KY gene sequence from the B10 mouse.
We have also sequenced most of the mutant H-2Kbm! gene
which is also derived from the B6 mouse and in one of these
nucleotides (codon 223 in exon 4) the bml and B10 sequences
are the same (GTC) and differ from the cDNA sequence
(GTT). The other two nucleotides are in the 3'-untranslated
region which has not been sequenced in the H-2Kb™l gene.
We have, however, found a single polymorphic difference
between the H-2Kbm! and H-2K gene sequences in intron 1;
this may be a B6/B10 polymorphism.

In this article we compare the H-2K gene sequence with
the H-2K9, L4 genes and the Qa-linked H-2 gene (called the
27.1 gene) of Steinmetz et al. (1981) and the ‘A’ gene of
Mellor et al. (1982) which is closely linked to the H-2KP gene.
5'-flanking sequences

The 5’ end of the H-2K® mRNA has not yet been deter-
mined so we cannot define with certainty the 5’ boundary of
the gene. Inspection of the sequence of the H-2KbP gene,
however, identifies the TATAAA and CCAAT sequences
that have been previously found in numerous other
eukaryotic genes and which in those cases have been shown to
be at least part of the promoter for RNA synthesis by RNA
polymerase I1. The position of these sequences relative to one
another and to the AUG initiation codon is unusual in the
H-2KY gene. The TATA sequence is found 55 nucleotides
upstream from the AUG; since RNA polymerae II initiates
RNA synthesis ~30 nucleotides downstream from the 5’
nucleotide of the TATA (see e.g., Grosveld ef al., 1982) it
would follow that this would generate a 5’ -untranslated regin
of only ~25 nucleotides on H-2K® mRNA which is short.
There is a CCAAT sequence present a further 22 nucleotides
5’ to the TATA sequence. This is unusually close to the
TATA, since normally the spacing of the TATA and
CCAAT sequences is ~40 nucleotides (see, e.g., Efstratiadis
et al., 1980). This spacing is however only 32 nucleotides in

the case of the human é-globin gene. Two other sequences
which are homologous to CCAAT sequences are seen at — 84
to —80 (CCATT) and —64 to —60 (CCAAG).

A third component of the RNA polymerase II promoter
has been identified recently (MacKnight ef al., 1981; Grosveld
et al., 1982; P. Diercks and C. Weissmann, personal com-
munication). In the case of the rabbit 3-globin gene three
repeats of a sequence ACCC have been identified (Grosveld
et al., 1982; P. Diercks and C. Weissmann, personal com-
munication). The sequence ACCCC is present in the H-2KP
gene at a site —84 to — 88 upstream from a putative cap site
deduced from position of the TATA box. This may therefore
correspond to the ‘—90’ promoter element for the H-2K
gene.

The 5'-flanking regions of the two alleles H-2Kb/K9 are
very similar as would be expected for true alleles. There is a
total of seven nucleotide differences in this region over the
176 base pairs that we have sequenced in the 5'-flanking DNA
of the H-2K? gene (Figure 4; Table I). In both H-2K alleles
and the 27.1 gene, the TATA (for the 27.1 gene TGTA)
CCAAT sequences are in the same position and no other such
sequences can be detected in the 5'-flanking DNA, which in
the case of the Qa linked H-2 gene sequence extends to >900
nucleotides upstream from the leader sequence. We think it
likely, therefore, that these conserved sequences constitute the
H-2K promoter.

The 5’-flanking sequence of the H-2Ld sequence is totally
non-homologous to that of the H-2K genes over the 110 nuc-
leotides upstream from the leader seduence available for com-
parison and no TATA or CCAAT sequences can be identi-
fied in this region of the H-2Ld gene.

Sequence conservation of intronic DNA in the H-2K? gene

Comparision of the intron sequences of the H-2KP and
H-2K9 genes shows 3—4% divergence, similar to the level
seen in the 5'-flanking DNA. Introns 1 —3 of the non-alleles
H-2KP and H-2L4 show ~ 10% sequence divergence but in-
trons 4 and 5 are 5—6% divergent (Table I). Introns 6 and
7 are somewhat more conserved in showing 2.3% and 1.8%
differences, respectively (Table I). The small difference in the
length of the introns results from short deletions/insertions of
up to seven nucleotides. The remaining differences result
from base substitutions scattered through the introns except
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Fig. 2. Res‘trif:tion. map of the H-2K® gene and sequence strategy. B = BamHI; Bg = Bglll; H = Hinfl; K = Kpnl; P = Pstl; R = Rsal; T = Tagl. The
Hinfl restriction sites are indice}ted for the sequenced part of the gene. Only the Tagl and Rsal site used for sequencing are shown. (a) Maxam-Gilbert; (b)
M13-cloning strategy. The straight arrows give the direction and length of the fragment sequenced. Above the restiction map is shown the position of the

TATAAA box, the exons and the 3’ -untranslated region.
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H-2K" gene sequence and evidence for gene conversion

ACTTCTGCACCTAACCTGGBTCAGGTCCTTCTGTCCGGACACTGTTBACGCBCAGTCAGCTCTTACCEEE - « 70
ATTGGGTGGCECEATCACCAABAACCAATCAGTGTCGLCGCGGACGCTGBATATAAAGTCCACGBCAGLCE
GCAGAACTCAGAAGTCBCGAATCBCCGACAGGTGCGATGGTACCGTGCACGCTGCTCCTBCTBTTGGCGE - 210
MetValFroCusThrLeuLeuLeulLeuleuAlan
CCGCCCTBGCTCCGACTCAGACCCGCGCEGGTGAGTACCGGGCCGGGAGGGAAACGECCTCTGAGBGGAG
laAlaleuAlaProThrGlnThrArgAlalb
GGGCGECACCGGBGAAGCCBLETCCTCGEETCGCCCACCBGACCCTCEBCCCCTTCTCCACCCBAGTCEE - 350
GCGCCCTBCTCCCCTCTCABLCCCGCGCAGCCGLCCBGGETCTGGTGAGGBTGGTCCEEGTCTCACCGLGER
CCGLCCCCABBCCCACACTCGCTGAGBTATTTCGTCACCGCCETETCCCGGCCCEGCCTCGEGGAGLCEE - 490
luFroHisSerLeuArdTurFheValThrAlaValSerArsProGluleuGlyGluF roA

GGTACATGGAAGTCEGCTACGTGGACGACACGGAGTTCGTGCGCTTCGACAGCGACGCGGAGAATCCBAG
rdTurMetBluValGluTurValAsrAserThrGluFheValArgPheAsrSerAsrAlaGluAsnProAr

ATATGAGCCGCGGGELGCGETEGATGEAGCAGGAGGGGCCCGAGTATTGGGAGCGGGAGACACAGAAAGEE - 630
4T9rGluFroArdAlaArdTreMetGlublnGluBlyFroGluTyrTreGluArdGluThrGlnlysAla

AAGGGCAATGAGCAGAGTTTCCGAGTGGACCTGAGGACCCTGCTCGGCTACTACAACCAGAGCAAGGGEG - 700
LusGluAsnBGluGlnSerFPheArgValAsrleuArdThrleuleuBluTurTurAsnGlnSerLusGlub

GTGAGTGACCCCGGGTCGGAGGTCACGACCCCTCCACGTCCCGACACAGGGACGETGACGTTCCGBTCCE
AAGTCCGAGBTTCGGGAACAGAACGGACCCGGAACCGBTTTCTCTTTCAGTTTGGAGGAGBTCCGCGGGEG - 840
GGCGGGGCCGEGGCGGGTGAGCGG6GCTGACCGCGGGGTCCCGCAGGCTCTCACACTATTCAGGTGATET

- luSerHisThrIleGlnVallleS

CTGGCTGTGAAGTGGGGTCCBACGGGCEACTCCTCCGCGGGTACCAGCAGTACGCCTACGACGGCTGEGA - 980
erGluCusGluValGluSerAsrGluArdleuleuArdBluTurGlnGlnTurAlaTyrAsrGluCysAs

TTACATCGCCCTGAACGAAGACCTGAAAACGTGGACGGCGGCGGACATGGCGGCGCTGATCACCAAACAC
pTurlleAlalLeuAsnGluAsrleuLuysThrTreThrAlaAlaAsrMetAlaAlaleulleThrlusHis

AAGTGGGAGCAGGCTGGTGAAGCAGAGAGACTCAGGGLCCTACCTGGAGGGCACGTGCGTGGAGTGGETES - 1120
LesTreGluGlnAlaGluGluAlaGluArdleuArdAlaTurleuBluGluTnrCusValBluTreleun

I
GCAGATACCTGAAGAACGGGAACGCGACGCTGCTGLGCACAGGTGCAGGGGCCGCGGGCAGCTCLTCCLT
reArgTyrleulysAsnGlyAsnAlaThrLeuleuArdThrA

CTGCCCTCGGBCTGEGGCTCTAGTCCTGGGGAABAAGAAACCCTCAGCTGGGGTGATGCCCCTGTCTCAG - 1260
AGGGGAGAGAGTGTCGCTGGTCTCCTGATCCCTCATCACAGTGACTGCACTGACTCTCCCAGBGCTCAGT
CTTCTCCCTGGACABTGCCCAGGCTGTCTCAGGAGGGAAGBAGAGAATTTCCCTGAGGTAACAACAGLTG - 1400
CTCCCTTCAGTTCCCCTGCAGCCTCTGTCAGCCATGGCCTCTCCCAGBCCGGGTTCTCTGCLCACBLLCA
CTGTCTGTAGACACTGACTCCTGTCCTGCTCBAATGTGTCAGCCCTTACACCTCAGGACCGGAAGTCTCL - 1540
TTACCTGATAAGAGACATGGACTCCTCTACACTAGGBACGGTTCACCTAGTTTC T s:ononouaoeTTETETT
GTTAATTGTGTGATTTCTTAAATCTTCCACACAGATTCCCCAAAGGCCCATGTGACCCATCACAGCAGAC o 1671
spSerProlLusAlaHisValThrHisHisSerArgP

CTGAAGATAAAGTCACCCTGAGGTGCTGGGCCCTGGGCTTCTACCCTGCTGACATCACCCTGACCTGGECA
roGluAsplusValThrLeuArdCusTreAlaleuGluFheTurFroAlaAsrIleThrLeuThrTreGl

GTTEAATGGGGAGGAGCTGATCCAGGACATGGAGCTTGTGGAGACCAGGCCTGCAGGGGATGGAACCTTC = 1811
nLeuAsnGlyGluGluLeulleGlnAsrMetBGluleuValGluThrArgFroAlaGluAseGluThrFPhe

CAGAAGTGGGCATCTGTGGTGGTGCCTCTTGGGAAGGAGCAGTATTACACATGCCATGTGTACCATCAGS
GlnLuysTrrAlaSerValValValProLeuGlylysGluBlnTyrTyrThrCuysHisValTyrHisG1lnG

GGCTBCCTGAGCCCCTCACCCTGAGATGGGGTAAGGAGAGTGTGGGTGCAGAGLTGGGGTCAGGGANAGE = 1951
lyleuFroGluProLeuThrLeuArgTreG

TGBAGCTTTCTGCAGACCCTGAGCTGCTCAGGGCTGAGAGCTGGGGTCATGACCCTCACCTTCATTTCTT
GTACCTGTCCTTCCCAGAGCCTCCTCCATCCACTBTCTCCAACATGGCGACCGTTGCTGTTCTGGTTGTC = 2091
luFroFroFProSerThrValSerAsnMetAlaThrValAlaValleuValVal

CTTGGAGCTGCAATAGTCACTGGAGCTGTGGTGBCTTTTBTGATGAAGATGAGAAGGAGAAACACAGETA
LeuGlwAlaAlalleValThrGluAlaValValAlaPheValMetLuysMetArdArdArgAsnThrG

GGAAAGGGCAGAGTCTGAGTTTTCTCTCAGCCTCCTTTAGAGTGTGCTCTGCTCATCAATGGGGAACACA = 2231
GGCACACCCCACATTGCTACTGTCTCTAACTGGGTCTGCTGTCAGTTCTGGGAACTTCCTAGTGTCAAGA
TCTTCCTGGAACTCTCACAGCTTTTCTTCTCACAGGTGGAAAAGGAGBGGACTATGCTCTGGCTCCAGRT = 2371
lyGluluysGluGluAsrTurAlaleunlaFrob
TAGTGTGGGGACAGAGTTGTCCTGGGGACATTGGAGTGAAGT TGGAGATGATGGBAGCTCTGGGAATCCA
TAATAGCTCCTCCAGAGAAATCTTCTAGGTGCCTBAGTTGTGCCATGAAATGAATATGTACATGTACATA = 2511
TGCATATACATTTGTTTTGTTTTACCCTAGGCTCCCAGACCTCTGATCTGBTCTCTCCCAGATTGTAAAGG
luSerGlnThrSerAsrlLeuSerLeuFroAsrCuslysV

TGACACTCTAGGBBTCTGATTGGGGAGGGGCAATGTGGACAGGTTGGBTTTCAGGAACTCCCAGAATCCCE - 2651
TGTGAGTGAGTGATGGGTTBTTCGAATGTTGTCTTCACAGTGATGBTTCATGACCCTCATTCTCTAGCGT

alMetValHisAspProHisSerLeuAla
GAAGACAGCTGCCTBGAGTGGACTTGGTGACAGACAATGTCTTCTCATATCTCCTBTGACATCCAGAGCE = 2791
CTCAGTTCTCTTTAGTCAAGTGTCTGATGTTCCCTGTGAGCCTATGGACTCAATGTGAAGAACTBTGGAG
CCCAGTCCACCCCTCTACACCAGGACCCTGTCCCTGCACTGCTCTGTCTTCCCTTCCACABCCAACCTTG = 2931
CTGGTTCAGCCAAACACTGAGGGACATCTGTAGCCTGTCAGCTCCATBCTACCCTBACCTGCAACTCCTE
ACTTCCACACTGAGAATAATAATTTGAATGTAACCTTGATTGTTATCATCTTGACCTAGGGCTGATTTCT - 3071
TGTTAATTTCATGGATTGAGAATGCTTAGAGGTTTTGTTTGTTTGTTTGATTGATTTGTTTTTTTGAAGA
AATAAATGATAGATGAATAAACTTCCAGAATCTGGGTCACTATGCTGTGTGTATCTGTTGGGACAGBATG - 3211
AGACTGTAGCAGCTGAGTGTGAACAGGGCTGTGCCGABGTGGGCTCAGTTTGCTTTGATCTGTBATGGGG
CCACACCTCCACTGTGTCACCTCTGBGCTCTBTTCCCTCTATCATCATGAGGCACATBCTGABAGTTTGT - 3351
GGTCACAAAGACACAGGGAAGGCCTGAGCCTTGCCCTGTCCCCAGGATTATGAGCCCCCAGBGCTAAAGA = 3431
TCAGAGACTC

Fig. 3. Nucleotide sequence of the H-2K® gene. The amino acid translation of each exon is given below the nucleotide sequence. XXX indicate the gap of
~ 1200 nucleotides in intron 3. The CCAAT, TATAAA, TGA stop codon and AATAAA sequences are underlined.
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in one case, in intron 1, where four out of seven consecutive
nucleotides are altered.

The percentage G + C of introns 1 and 2 is remarkably
high, 77% and 70%, respectively. In the 50 nucleotides ad-
joining exons at the 3’ ends of these introns, the G + C con-
tent exceeds 90%. The remaining introns are from 40— 58%
G + C (Table I).

Sequence divergence in H-2 exons

Previous comparisons of the sequences of a given gene
(such as a globin gene) have shown that the intronic DNA se-
quences show more divergence than mRNA-coding sequences
(van den Berg et al., 1978; Efstratiadis et al., 1980).

This generality does not, however, hold for the pair of
H-2Kb and K9 alleles. The apparent extent of sequence
divergence of the exons is ~3-fold greater than that of the in-
trons for exons 2 and 3 which encode the polymorphic extra-
cellular ¢; and o, domains of the H-2 heavy chain, and 2-fold
greater than that of the introns for the leader sequences, a;
and trans-membrane domains.

Careful inspection of the distribution of nucleotide se-
quence changes shows that these are scattered in the introns
as stated above, but consist of both scattered changes and a

number of clusters containing numerous changes in the ex-
ons. If we subtract the clustered changes, then the frequency
of nucleotide substitutions in the introns and exons becomes
similar (Table I). This suggests further that the scattered
changes result from a similar mechanism in both introns and
exons, and, conversely, that a different mechanism is respon-
sible for the clustered sequence changes. We shall consider
below the nature of these clustered sequence differences bet-
ween the alleles.

As discussed above, the extent of sequence divergence for
the non-coding regions of the H-2KY and H-2L9 genes is
greater than the corresponding sequences of the alleles. In
contrast, the sequence divergence for the exons is similar; that
is, the divergence of the two non-alleles H-2Kb/H-2L4 is
about the same as the two alleles H-2Kb/H-2K4 (Table I).
A mosaic pattern of DNA sequence in exons of H-2 genes

As already discussed, we have noted that sequence dif-
ferences in the exons of the H-2KP and K49 genes tend to be
clustered in hot spots. We have therefore analysed the
changes in these clusters to look for a potential mechanism.
We have noted one such clustered difference in the leader se-
quence, three in the «; domain (exon 2), five such clusters in

Table I
Length [bps] Different Changes K®/K¢ % changes* %G + C
d ides* : - b d d
Kd K¢ L nucleotides Coding  Silent Non- Total Total K° K¢ L
Kb /Kd Kb /Ld clustered
Kb/Kd Kb/K4 Kb/Ld
5' region? [ 176 241 110] 7 b 0 39 b 59 60 62
Leader exon 1 64 64 61 5 7 1 4 3.1 7.8 10.9 72 37
intron 1 190 197 178¢ 14 46 . 3.7 24 77 77 74
al exon 2 270 270 270 28 30 2 6 4.0 10.3 11.1 65 64 65
intron 2 186 187 185 8 25 4.3 13.5 70 70 70
o2 exon 3 276 276 276 31 35 24 7 32 11.2 12.7 62 64 62
intron 3 17004 1729 11004 194 464 4,04 9.74 568 49 498
o3 exon 4 276 276 276 17 11 14 3 32 6.1 4.0 58 57 58
intron 4 127 127 128 6 7 4.7 5.5 58 58 58
™ exon 5 120 117 117 9 18 8 1 1.7 5.8 13.3 52 49 51
intron 5§ 178 178 177 7 9 3.9 5.0 50 50 46
exon 6 33 33 33 2 0 2 0 6.0 6.0 0 58 52 56
intron 6 172 173 173 4 8 2.3 4.6 43 43 4
exon 7 39 39 39 1 4 1 0 2.6 2.6 10.2 51 54 49
intron 7 111 112 112¢ 2 10 1.8 9.0 52 51 53
exon 8 32 32 32¢ 0 1 0 0 0 0 3.1 47 47 4
3’ UT 424 414 [310]f 23 36 5.0 11.6 45 46 52
3’-flanking?® 274 676 15 3.0 54 50

*Total different nucleotides counts each difference irrespective of the event, i.e., a deletion/insertion of seven nucleotides counts as 7. In the % changes we

count a deletion/insertion as a single event irrespective of its length.
2The lengths refer to the DNA sequence available.
ese sequences are no more similar than random.

‘We have used the sequence of Evans ef al. (1982) for the first intron as this sequence is complete. The sequence of Moore ef al. (1982) is used for the re-

mainder of the gene because it is more extensive.

9The length of intron 3 of the K® and LY sequences are approximate and deduced from extensive restriction site mapping. We have determined 471
nucleotides of intron 3 of the K® gene and the % differences refer to this region only.

Exon 8 of Moore e al. (1982) is only depicted as five nucleotides. Exon 8 of H-2K® can be unambiguously determined to be 32 nucleotides because the
H-2K" sequence is determined. Since these 32 nucleotides are homologous in the H-2L9 gene, we cite this alternative possibility for the H-2L4 which would

extend the predicted length of the H-2L4 protein in Moore et al. (1982).

The 3'-untranslated region of the H-2K® gene is only homologous to the H-2L9 gene for 310 nucleotides. After this, the two sequences are totally different.

The % homolc:jgy is calculated only over these 310 nucleotides.
8The K®and L
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H-2K® gene sequence and evidence for gene conversion

Leader

Kb ATG GTA COG TGC ACG CIG CTC CTG CTG TTG GGG GCC GCC CTG GCT COG ACT CAG ACC CGC GCG
Met Val Pro Cys Thr Leu Leu Leu Leu Leu Ala Ala Ala Leu Ala Pro Thr Glu Thr Arg Ala

«d c c A C C
Ala

9 & SR c - - -
Ala Arg Trp Pro Asp Ser Asp Pro Arg

o - domain
1 10 20 30

Kb GGC CCA CAC TCG CTG AGG TAT TIC GIC ACC GOC GTG TCC OGG CCC GGC CTIC GGG GAG CCC OGG TAC ATG GAA GIC GGC TAC GIG GAC GAC ACG GAG TTC GTG CGC TTC
Gly Pro His Ser Leu Arg Tyr Phe Val Thr Ala Val Ser Arg Pro Gly Leu Gly Glu Pro Arg Tyr Met Glu Val Gly Tyr Val Asp Asp Thr Glu Phe Val Arg Phe

IS T T C CT c
Phe Ile Ala Gln
4 A c A G G ¢ 1cT T A a
Met Glu Arg Ile Ser Asn Lys
40 50 60 70
Kb GAC AGC GAC GOG GAG AAT CCG AGA TAT GAG OOG OGG GCG OGG TGG ATG GAG CAG GAG GGG OCC GAG TAT TGG GAG OGG GAG ACA CAG AAA GCC AAG GGC AAT GAG CAG
Asp Ser Asp Ala Glu Asn Pro Arg Tyr Glu Pro Arg Ala Arg Trp Met Glu Gln Glu Gly Pro Glu Tyr Trp Glu Arg Glu Thr Gln Lys Ala Lys Gly Asn Glu Gln
i« T T oc G @& C G A G
Asp Phe Pro Glu Gln Arg Ser Asp
14 A c G AC G © cG
Pro Ile Ile Gln
Gene A G G ATG (02 G GIC A G
Gly Met Pro val Asn Thr
88 96
Kb AGT TTC CGA GTG GAC CTG AGG ACC CTG CTC GGC TAC TAC AAC CAG AGC AAG GGC
Ser Phe Arg Val Asp Leu Arg Thr Leu Leu Gly Tyr Tyr Asn Gln Ser Lys Gly
S X AG GA AG A A
Trp Ser Ala Gln Arg
¥ g A o«
Trp Asn Ala
geneA T CT AA G T GA
Ile Ser Asn Arg Glu
P e
Ala
a-domain
100 110 120
Kb GGC TCT CAC ACT ATT CAG GIG ATC TCT GGC TGT GAA GIG GGG TCC GAC GGG OGA CTC CTC OGC GGG TAC CAG CAG TAC GCC TAC GAC GGC TGC GAT TAC ATC GCC CTG AAC GAA GAC
Gly Ser His Thr Ile Gln Val Ile Ser Gly Cys Glu Val Gly Ser Asp Gly Arg Leu Leu Arg Gly Tyr Gln Gln Tyr Ala Tyr Asp Gly Cys Asp Tyr Ile Ala Leu Asn Glu Asp
K GTC G G I c G T ¢ T c
Phe Arg Met Phe Asp Trp Phe Arg
4 A ACC T G AC c G c G T
Leu Trp Met Tyr Asp Glu Phe
geneA G A KC T G TA ATT A CAG
His Trp Thr Ile Asp Gln
b ACC A G crT G T ¢ T T T A TC
Leu Glu Met Asp Leu Trp Leu Phe Glu Arg
b 130 140
K CTG AAA ACG TGG ACG GOG GOG GAC ATG GOG GCG
Leu Lys Thr Trp Thr Ala Ala Asp Met Ala Ala
@ c
Thr
g TIC T T
Phe Ser Ser
gene A AA A A A T
Thr Ile
i
b 150 160 _ 170
K CIG ATC ACC AAA CAC AAG TGG GAG CAG GCT GGT GAA GCA GAG AGA CTC AGG GOC TAC CTG GAG GGC ACG TGC GIG GAG TGG CTC CGC AGA TAC CTG AAG AAC
Leu Ile Thr Lys His Lys Trp Glu Gln Ala Gly Glu Ala Glu Arg Leu Arg Ala Tyr Leu Glu Gly Thr Cys Val Glu Trp Leu Arg Arg Tyr Leu Lys Asn
& G G T AT TA A @ G Cr
Arg Arg Asp Tyr Tyr Glu Glu Leu
4 a G G cT TAT TA @ A
Gln Arg Arg Ala Tyr Tyr Glu His
geneA A T TG A ACT A T TT A GAG
Gln Gly Gln Leu val Val Glu
® A G G AG cr CAT TA A GA A
Gln Arg Arg Ser Ala His Tyr Lys Glu His
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180
K°  TGC AAC GGG ACG CTG CTG CGC ACA
Gly Asn Ala Thr Leu Leu Arg Thr

K3 TA
Glu
4 T T
P
o~ domai
183 190 200

Kb GAT TCC CCA AAG GOC CAT GTG ACC CAT CAC AGC AGA CCT GAA GAT AAA GIC ACC CTG AGG TGC TGG GCC CIG GGC TTC
Asp Ser Pro Lys Ala His Val Thr His His Ser Arg Pro Glu Asp Lys Val Thr Leu Arg Cys Trp Ala Leu Gly Phe

K T o T C TGT
Tyr Pro Ser Gln Val Asp

4 A o« T A GG
Pro Ser Lys Gly Glu

P A cc T A GG
Pro Ser Lys Gly Glu

210 220 230 249
l(b TAC CCT GCT GAC ATC ACC CTG ACC TGG CAG TTG AAT GGG GAG GAG CTG ATC CAG GAC ATG GAG CTT GTG GAG ACC AGG CCT GCA GGG GAT GGA ACC TTC CAG
Tyr Pro Ala Asp Ile Thr Leu Thr Trp Gln Leu Asn Gly Glu Glu Leu Ile Gln Asp Met Glu Leu Val Glu Thr Arg Pro Ala Gly Asp Gly Thr Phe Gln

« T c c A
Asp Thr
id c
Thr
P c
Thr
250 260 270

Kb AAG TGG GCA TCT GIG GIG GIG CCT CTT GGG AAG GAG CAG TAT TAC ACA TGC CAT GIG TAC CAT CAG GGG CTG CCT GAG CCC CTC ACC CIG AGA TGG
Lys Trp Ala Ser Val Val Val Pro Leu Gly Lys Glu Gln Tyr Tyr Thr Cys His Val Tyr His Gln Gly Leu Pro Glu Pro Leu Thr Leu Arg Trp

S G A c a T
Ala Asn His Lys

18 A G G
Asn Arg Glu

P A G G
Asn Arg Glu

Transmembrane-domain

275 280 290 300

I GAG CCT CCT CCA TCC ACT GIC TCC AAC ATG GOG ACC GIT GCT GIT CTG GIT GIC CTT GGA GCT GCA ATA GIC ACT GGA GCT GIG GIG GCT TIT GTG
Glu Pro Pro Pro Ser Thr Val Ser Asn Met Ala Thr Val Ala Val Leu Val Val Leu Gly Ala Ala Ile Val Thr Gly Ala Val Val Ala Phe Val

K T C TAT A
Leu Thr Val Ile Ile
4 G A TT T T G ATGGCC A T
Asp Ser Tyr Val Ile Gly Met Ala Ile Ile
® G A TT T T G ATGGCC A T
Asp Ser Tyr val Ile Gly Met Ala Ile Ile
Exon 6
315 320

Kb GGT GGA AAA GGA GGG GAC TAT GCT CTG GCT CCA
Gly Gly Lys Gly Gly Asp Tyr Ala Leu Ala Pro

K T A
Val Asn
L8
o
Exon 7
326 330

kb GGC TOC CAG ACC TCT GAT CIG TCT CTC CCA GAT TGT AAA
Gly Ser Glu Thr Ser Asp Leu Ser Leu Pro Asp Cys Lys

Kd G
Gly
4 G AR G
Ser Glu Met Arg
P G AA G
Ser Glu Met Arg
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Exon 8
339 348

kP  GIG ATG GIT CAT GAC CCT CAT TCT CTA GGG TGA
val Met Val His Asp Pro His Ser Leu Ala Stop

«d
L4 T
P e e
5' FLANKING
53 ACTTCTGCACCTAACCTGGGTCAGGTCCTTICTGTCCGGACACTGTTGACGCGCAGTCAGCTCTTACCCCCATTGGGTGGCGCGATCACCAAGAA
4 ! A AGGGC A T A A GGA GACCAC
' C&AWCGCG}ACGCMTATMAGWMCCGCQGAACMMG@AMC@W

ca

C
4 ACCCTGTGAG T ACT TGIC A TGAG GCIGACTGG T A CTA TCC GGATCC CA TG G

INTRON 1
Kkg GTGAGTACCGGGCCGOGAGGGARACGGCCTCTG AGGGGAGGGGCGGCA CCGGGGAAGCCGOGTCCTCGAGTCGCCCACT
GGr T
4 GG TGA s A - GGA — - A
&2 eeacocTCosCCCeTTeTCCA CCCGAGT CCOGOGCCCTGCTCCCCTCTCAGCCCGCGCAGCOGCCOGAGGTCTGGTGAGGTGRTCOGEE
Kg TCCCOGT c A G
L T AGC CT AA- G - TG -T- A-— -
l!zg TCTCAC CGCGOGCCGACCCC AG
P G c
INTRON 2
xkg GTGAGTGACCCCGGGTCGGAGGTCACGGCCCCTCCACGICCCGACACAGGGACGCTGACGTTCC GGT CCCAAGTCOGAGGTTCGGGAACAGAA
A T
L4 c crT --a
K2 CGGACCCGGAACCGGTTICTCTTICAGTTTGGAGGAGIC C GCGGGOGGGCGGAGCCGGAGCAGETGAGOGAAGCTG ACCGCGGGGTCCOGCAG
Kg c T AT G
L A GG C & A — A

INTRON 3
KP GIGCAGGGGCCG  CGGGCAG CTCCTCCCTCTGCCCTCGGGCTGGGG CTCTAGTCCTGGGGAAGAAGAAACCCTCAGCTGGGGTGATGCCCCTGTCTCAGAGGGGAGAG

K - Z

4 fec] G G G -

K®  AGIGTCGCTGG TCTCCTGATCCCTCATCACAGTGACTGCACTGACTCTCCCAGGGCTCAGCCTTCTCCCTGGACAGTGCCCAGGCTGTCTCAGGAGGGAAGGAGAGAATTT
x4 c G T G G a c
14 AC G- G G - - c

KD CCCTGAGGTAACAACAGCTGCTCCCTTCAGTICCCCTGCAGCCTCTGTCAGCCATGGCCTCICCCAGGCCGGGTTCTCTGCCCACGCCCACTGTCTGTAGACACTGACTCCT

K T G G T

4 T - - G -

::g GTCCTGCTCGAATGTGT CAGC CCTTACACCTCAGGACCGGAAGICTCCTTACCTGATAAGAGACATGGACTCCTCTACACTAGGACGGTTCACCTAGTTTICT : : : TTGT
-G TT c

4 &T - G G G % A A CGT & C C

Kb CTTGTTAATTGTGTGATTTCTTAAATCTTCCACACAG

4 @

INTRON 4

‘,ﬁg mmcgmmmmmmmmmmcm&cwmwmgmmmcmcmm

C ca C
C

I G G A A A c

K2  AccTGICCTTCCCAG

b GTAGGAAAGGGCAGAGTCTGAGTTTTCTCTCAGCCTCCTTTAGA GIGTGCTCTGCTCATCAATGGGGAACACAGGCACACCCCACATTG CTACTGTCTCTAACTGGGTCT
G G AC T
A G A - T C
GCTGTCAGTTCTGGGAACTTCCTAGTGTCAAGATCTTCCTGGAACTCTCACAGCTTTTCTICTCACAG
- G

L - - T T

lsdj GTTAGTGTGGCGACAGAGTTGTCCTGAGG ACATIGGAGTGAAGTTGGAGATGATGGGAGCTCTGGGAATCCATAATAGCTCCTCCAGAGAAATCTTICTAGGTGCCTGAGTT
T G
I @ T G G
Kkg GTGCCATGAAATGAATATGTACATGTACATATGCATATACATTTGTTTTGTTTTACCCTAG
c

id G AT
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D GTGACACTCTAGGGTCTGATTGGGGAGGGGCAATGTGGACAGG TTGGGTTTCAGGAACTCCCAGAATCCCCTGTGAGTGAGIGATGGGTTGTTCGAATGTTGTCTTCACAG

K
« ™
L TA

3' untranslated region

30

A C

P

CT @&
CT @G

120 150

- T G G GC
-G -T G 6 GA

P

C
C

240 270
CACTGAGGGACATCTGTAGCCTGTCAGCTCCATGCTACCCTGACCTGCAACTCCTCACTTCCACACTGAGAATAATAATTTGAATGTAACCTTGATTGTTATCATCTTGACC
G

TR
aao
6con

T A G
A T A G

%ro."b.”o'

“w

flanking

2%

2

T

2

G G AGGC
G AGG C

C T A G CG

60 90

AGACAGCTGCCTGGAGTGGACTTGGTGACAGACAATGTCTTCTCATATCTCCTGTGACATCCAGAGCCCTCAGTTCTCTTTAGTCAA - GTGTCTGATGTTCCCTGTGAGCC

czc T T
CA QAT T

180 216

TATGGACTCAATGTGAAGAACTGTGGAGCCCAGTCCACCCCTCTACACCAGGACCCTGTCCCTGCACTGCTCTGTCTTCCCTTCCACAGCCAACCTTGCTGGTTCAGCCARA
A C

A C G T cc T
A C G T - CC

300 310

GGGTGGCTGGAGAGATGGCTCAGCG
GGGTGGCTGGAGAGATGGTCTAGCG

TN3IIﬂGATMrT“HHRNHHCAWZMETEKEAﬂKHTNEB GTTTTGTTTGTTTGTTIGAT TGATTTGTTTTTTTGAAGAAATAAA

T T T

CTGAC1(Iﬂ(HTCCAAAGGB&?RQMHﬂ(mAATCCCAGCAAC ACATGGTGGCTCACAACCATCTGTAATGGTATCTAACACCCTCTTCTGC
CTGACTGCTCTTCCAAAGGTCCTGAGTTCAAATCCCAGCAACCACATGGTGGCTCACAACCATCTGTAATGGGATCTAACACCCTCTTCTGC

TGATAGATGAATAAACTTCCAGAATCTGGGTCACTATGCTGTGTGTATC TGTTGGGACAGGATGAGACTGTAGCAGCTGAGTGTGAACAGGGCTGTGCCGAGGTGGGCTCAG
G

GA G

TTTGCTTTGATCTGTGATGGGGCCACACCTCCACTGTGTCACCTCTGGGCTCTGTTCCCTCTATCATCATGAGGCACATGCTGAGAGTTTGTGGTCACAAAGACACAGGGAA
T

T

GKIHGNIIT“RXIHGn3XK2GGATﬂﬂGNRKKIﬁN}IIﬂmAAGHKEGMﬂKHC

Fig. 4. A comparison of the sequence of the H- 2KP, K9, L9 and DP genes. The H-2DP gene sequence is only available from codon 81 to the end of the
mRNA. We also include a comparison with the H-2-like gene closely linked to the H-2K® gene and called gene A in Mellor et al. (1982). This sequence is
available from codons 44 to 90 and 99 to 160. Deletions are indicated by dashes; the sequences are identical unless indicated. The clustered changes discussed

in the text are overlined.

the o, domain, one cluster in the o; domain and one in the
trans-membrane domain. We shall consider these in order.

Leader sequence. The leader exon of the H-2K? and H-2Kd4
genes encodes 21 amino acids; there are five differences in
nucleotide sequences and three of these are clustered in a
seven nucleotide stretch. The H-2Ld leader is shorter by one
codon and alignment of the DNA sequence suggests that this
occurred by three separate nucleotide deletions which shift
the reading frame and hence the amino acids encoded (Figure
4).

Exon 2; ay domain. The second exons of the two H-2K
alleles differ at a total of 28 nucleotides. Of these, 17 are clus-
tered as follows. (a) Between the codons for residues 22 —24.
Four of a total of eight nucleotides differ between the two
alleles (Figure 4). The sequence in this region in the H-2Kb
and H-2K9 genes is not represented in the H-2Ld, H-2DP
(Reyes et al., 1982b) or 27.1 gene. (b) Between the codons for
amino acids 62— 70, six nucleotide differences exist between
the H-2KP and H-2K9 alleles which cause a total of five
ammo acid substitutions. The entire protein sequence of the
H-2Kb and H-2DP genes is identical from residues 32 to 70
with the exception of one amino acid; the latter difference
could result from a single base substitution (CGC 5 CCQ).

The extraordinary extent of homology between the two non-
allelic H-2K® and H-2DV genes could be the result of a gene
conversion event between these two genes. The nucleotide se-
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quence is not available for the H-2Db gene in this region so a
rigorous test of this idea is not yet possible. (c) Seven of a
total of nine residues in the codons for amino acids 81 —83
differ between the H 2K and H-2K49 genes. The sequence of
the H-2DY and H-2L4 %nes are identical to the H-2KP gene in
this region. The H-2K° gene may therefore have been con-
verted in this region by the H-2Db or Ld-like gene. In fact, the
H-2Kb and H-2DP genes are identical from codons 81 to 88.
Exon 3; o, domain. Clustered changes are seen at the
following sites. (a) Codons 94—99, eight of 16 nucleotides
differ between the two H-2K alleles. In addition, a further
four out of 19 nucleotides differ in the closely linked codons
for residues 102 —108. We have examined all known H-2-like
gene sequences available to us (H-2DY, Ld, H-2-like gene in
Qa region and unidentified H-2d cDNAs in Lalanne ef al.,
1982), but have not found a sequence homologous to either the
H-2K® and H-2K9 genes in this region. (b) A short cluster is
possibly present at codons 144 —145 with two out of six
nucleotides differing between the two allelic H-2K genes.
Although this difference is not large, it is notable that the
H-2K sequence is identical to that of the H-2DP (Figure 4)
and the 27.1 gene (not shown). (c) Codons 155 — 156, where
five out of a total of six nucleotides differ between the H-2KP
and H-2K9 genes. The sequence of the H-2K9 gene is identical
at this posmon with the H-2L4 gene. We believe, therefore
that an H-2Ld-like gene has converted the acceptor H-2Kd
gene. An additional difference exists between the two H-2K




genes at residue 152; we have not located an H-2 gene which
shares the H-2Kb DNA sequence from residues 152 to 156. It
should be noted that the H-2Kb™! mutant gene probably
results from a similar gene conversion between a donor
H-2Ld-like gene and the H-2Kb gene at essentially the same
site (Weiss et al., 1983). (d) The H-2K9 and K® genes differ at
residue 163 (K4 GAG: Kb ACG). The H-2K9 codon is the
same as that of the H-2Ld (Figure 4) and 27.1 genes (not
shown). (e) The H-2KP and K9 genes differ from residues 173
to 177 in five out of a total of 14 nucleotides. The H-2KP se-
quence is identical to the H-2DV gene at this position (Figure
4). This change could result from conversion of the H-2Kb
gene by an H-2DV-like donor gene.

Exon 4; ay-domain. Eight of a total of 24 nucleotides differ
between the H-2Kb/K9 genes from residues 191 to 198.
Although these changes are obviously clustered, we have not
yet found a possible H-2 donor gene among the sequences
available to explain these changes.

Exon 5; trans-membrane domain. A single cluster is pre-
sent between residues 284 and 287 where five out of nine
nucleotides differ between the H-2KP and K9 genes. the
H-2KP gene seqence is identical to that of the 27.1 gene except
for one nucleotide (ATG GCG ACC ATT). These allelic dif-
ferences may result from a conversion between the H-2KbP
gene and a gene similar in sequence to the 27.1 gene of Stein-
metz et al. (1981).

3'-Untranslated region and extragenic DNA sequences.
The 3'-untranslated region of the H-2Kb gene extends from
the termination codon to two closely linked AATAAA
polyadenylation sites 419 and 434 nucleotides downstream
from the TGA terminator. The corresponding 3’-untrans-
lated sequences of the H-2Kd allele are 10 nucleotides shorter.
A total of 23 nucleotide differences exist between the two
H-2K alleles and, correcting for deletions/insertions (i.e.,
assuming that a deletion/insertion is a single mutagenic
event), 4.2% differences exist between the 3’ extragenic
regions of the two alleles. In contrast, there are 11.6% dif-
ferences between the 3’-untranslated regions of the H-2KP
gene and H-2Ld gene over the 310 nucleotide region where
homology can be detected. More importantclly, beyond this
310 nucleotide region, the H-2L4 and H-2K9 sequences are
totally non-homologous (Figure 4). The H-2Ld sequence re-
tains extensive homology with the H-2DY gene throughout
this region. The 3'-flanking DNA of the two H-2K alleles
shows extensive homology and exhibits 3% sequence
divergence.

Discussion

The sequence of the H-2KY gene is similar to those of the
other H-2 genes reported previously in its general structural
features. Comparison of this sequence with the sequence of
the H-2KY allele allows some interesting conclusions to be
made.

Comparison of the DNA sequences of homologous genes
in different species shows that the introns accumulate muta-
tions at a significantly greater rate than exons (van den Berg
et al., 1979; Efstratiadis ef al., 1980). For the allele H-2Kb/K9
pair, the converse is true. In fact, the percentage divergence
for exons 2 and 3, which encode the polymorphic «, and «,
domains of the H-2 polypeptide is 2 —3 times greater than
that of the introns.

The sequence divergence of exons 2 and 3 of the two H-2K

H-2K" gene sequence and evidence for gene conversion

alleles is the same as the divergence between the non-alleles
H-2KP and H-2L94; thus, at the DNA level the non-alleles are
as similar to each other as are the alleles in this region. In fact,
that these two H-2K genes are alleles is apparent only from
the sequence homology in the non-coding regions.

Previous analysis of the DNA sequence of allelic and non-
allelic globin (Slightom et al., 1980) and immunoglobulin
genes (Miyata et al., 1980) has pointed to events resembling
gene conversion (this term is deliberately used loosely in this
paper) which cause non-alleles to be as similar or more similar
to each other than to their respective alleles in part of their
DNA sequence.

To evaluate the role of this type of genetic interaction in the
generation of polymorphism of H-2 genes we have determin-
ed the DNA sequence of the H-2K? gene and previously com-
pared this with a mutant form of the H-2K gene (Flavell et
al., 1982b; Weiss et al., 1983). Our previous study of this
H-2KPM mutant gene showed that the apparently single
mutational event, which caused three amino acid substitu-
tions, has probably resulted from the introduction of a short
DNA sequence from another H-2 gene by a mechanism
resembling gene conversion. In the comparision of the allelic
H-2KY and H-2K4 genes in this article we have noted 11 possi-
ble clustered hot spots of nucleotide substitutions which
resemble the hot spot found by us for the H-2Kb™ mutation
both in the length of the DNA region altered and the number
of nucleotide substitutions found.

Of these clusters, in three of the cases the novel DNA se-
quence found in the H-2K allele has a counterpart in another
non-allelic H-2 gene. Thus, the codons for residues 81 —83 of
the H-2KP gene are identical to those of the H-2DP gene;
codons 155 and 156 of the H-2K9 gene are identical to the
H-2L4 gene; and codons 173 —177 of the H-2KP gene are
identical to the H-2DY gene. In all these cases several
nucleotides at a given cluster are involved. In another four
cases we can detect homologous or identical sequences in
other H-2 genes, but since these changes involve, for the most
part, fewer nucleotides, their predictive power is less. It
should be remembered that there are 20 or more H-2-class
I-like DNA segments in the mouse genome (Steinmetz et al.,
1982; Flavell et al., 1982) and that only a few of these have
been sequenced. Our failure to find a donor sequence for the
remaining four cases is therefore not surprising.

It is striking that these clustered differences are mainly
restricted to the exons. It is at present not clear what
mechanism might be responsible for the introduction of new
DNA sequence from donor to acceptor gene. We would point
out, however, that this might be mediated by either DNA or
RNA and the fact that these changes are seen only in exons so
far is consistent with an mRNA mediated genetic exchange.

S. Weaver, M. Edgell and C.A. Hutchinson III (personal
communication) have performed an initial sequence com-
parison of two allelic 3-globin genes from the BALB/c and
B10 mouse, that is, the same strains compared here. They
find a 3 —4% sequence divergence for exons 1 and 2 and in-
tron 1 of the two pairs of 3-globin alleles. This is the same
percentage divergence as the basal level we see for the introns
and the non-clustered changes in the exons. However, the
majority (60 —65%) of the base substitutions between the two
H-2K alleles fall within clusters. These clusters are analogous
to the changes observed in bml which was isolated as a single
mutational event. We believe therefore that micro-gene con-
version events are the driving force for the generation of poly-
morphism in H-2 genes.
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Materials and methods

Preparation of cosmid libraries and the cloning of the H-2K® gene was
described previously (Mellor et al., 1982). DNA sequence determination was
according to Maxam and Gilbert (1980) and sequence comparisons were per-
formed as described previously (Moschonas et al., 1982).
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