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ABSTRACT Cellular DNA from HLA-typed individuals was
digested with the restriction endonucleases HindIlI, EcoRV, and
EcoRI. The separated restriction endonuclease fragments were
hybridized with a HLA class I cDNA probe by using the Southern
transfer technique. Digestion of cellular DNA with HindIll gen-
erated 22 restriction endonuclease fragments, 11 of which showed
polymorphism for presence or absence in a population sample.
With EcoRV, 13 fragments were identified; 6 showed polymor-
phism. EcoRI generated 11 fragments, of which 1 was polymor-
phic. Of these 18 polymorphic fragments generated by the three
restriction endonucleases, each of 5 was found to be positively as-
sociated with one allele of the HLA-A or -B allelic series (HLA-
Aw24, -B8, -B15, -Bw35, and -B40). One fragment was positively
associated with two HLA-A series alleles (HLA-A1 and -All). An-
other fragment was positively associated with five HLA-B series
alleles (HLA-B5, -B7, -B14, -Bw16, and -Bw35) and one fragment
was positively associated with alleles at two loci (HLA-B14 and
-Cw5). The serologically defined allele HLA-Aw24 was associated
with two polymorphic fragments, one association showing a pos-
itive correlation and the other a negative correlation. Each in-
formative family studied thus far has shown segregation of the
restriction fragment with the associated serologically defined al-
lele. The fragments associated with serologically defined alleles
occurred in the population sample studied at low or moderate fre-
quencies. The remaining polymorphic fragments occur at high
frequency, suggesting that class I genes not serologially detected
show less polymorphism than serologically defined class I genes.

The HLA chromosomal region, the human major histocom-
patibility complex (MHC), located in a 2-3 x 10'-kilobase-pair
(kb) segment of DNA on the short arm of chromosome 6, is a
cluster of at least three gene families coding for cell surface pro-
teins (class I and class II loci) and several complement factors
(class III loci) (1, 2). Serologic and biochemical (phenotypic)
analysis of the gene products of class I loci has demonstrated
at least three polymorphic loci, HLA-A, -B, and -C, each with
a series of alleles coding for a series of Mr 45,000 alloantigen
polypeptide chains (2). Restriction endonuclease analysis of hu-
man cellular DNA by using the Southern transfer technique has
demonstrated a complex pattern of restriction fragments that
hybridize with a cloned cDNA class I gene, compatible with the
interpretation that considerably more class I loci exist than are
found with phenotypic analysis (3-5).
We have found considerable polymorphism of class I re-

striction endonuclease fragments with various restriction en-

zymes. We call a polymorphic restriction fragment-i.e., one
that is generated from the cellular DNA of some individuals but
not from that of others-an allogenotope. We have reported
correlation and segregation of an allogenotope, generated by
the restriction enzyme EcoRV, with the serologically defined
allele HLA-B8, suggesting that restriction fragment-length
polymorphism (RFLP) of class I sequences will coincide with
phenotypically defined class I polymorphisms (4). Here we re-
port additional correlations between class I allogenotopes and
serologically defined class I HLA alleles.

MATERIALS AND METHODS
Techniques for extraction and restriction endonuclease diges-
tion of human cellular DNA as well as electrophoresis, transfer,
and hybridization of restriction endonuclease fragments have
been described (4). After hybridization, the membranes were
washed at 60'C with 0.3 M sodium chloride/0.03 M sodium
citrate, pH 7 (four times, 45 min each), with 30 mM sodium
chloride/3 mM sodium citrate (once, 45 min), and finally with
15 mM sodium chloride/1.5 mM sodium citrate (once, 45 min).
The restriction endonucleases-HindIII (Boehringer Mann-
heim and Amersham), EcoRV, and EcoRI (Boehringer Mann-
heim)-were used according to manufacturers' recommenda-
tions. The probe used for these studies was the 1.4-kb cDNA
clone containing most of the coding sequence for a HLA-B gene,
most likely HLA-B7 isolated by Sood et al. (6).

RESULTS AND DISCUSSION
Allogenotopes That Correlate and Segregate with Serolog-

ically Defined HLA-A Alleles. Cellular DNAs from 68 unre-
lated HLA-typed individuals, whose complete haplotypes were
known, were digested with HindIII, and the restriction en-
donuclease fragments carrying HLA class I sequences were vi-
sualized by using the Southern technique (7). The autoradio-
grams of the patterns of restriction fragments that hybridized
with the HLA class I probe (stringent conditions of washing)
showed 20-22 bands, ranging in size from approximately 36 to
1.7 kb (Fig. 1). Of these bands, 11 were polymorphic frag-
ments-i. e., 11 allogenotopes were noted.
A positive correlation was noted between a 4.8-kb fragment

(Fig. 1) and the antigens HLA-A1 and HLA-All. This allo-
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FIG. 1. For each allogenotope (shown by an arrow), a positive and
negative pattern is shown. The restriction enzyme used and the size (in
kb) of the allogenotope are indicated.

genotope, noted for 23 individuals, was generated from -DNA
from all 15 HLA-Al and 7 HLA-All individuals tested'and from
1 individual who carried neither HLA-Al- nor -All (r = 0.97)
(Fig. 2 Left, allogenotope a).
A 5.0-kb fragment (Fig. 1) was associated with the antigen

HLA-Aw24. DNA from. 14 of -the 15 HLA-Aw24' individuals
generated this fragment, and it was also noted for one -Al,
-Aw23 individual (r = 0.91) (Fig. 2 Left, allogenotope b). These
two HindIII fragments (4.8 and 5.0 kb) might either be derived
from the genes encoding the correlated antigens or from genes

in linkage disequilibrium. The exceptions (Fig. 2) found for each
correlation favor the second hypothesis. However, these ex-

ceptions could reflect structural variations not (or not yet) de-
tectable immunologically. It is of interest that HLA-Al and
-All, strongly crossreacting antigens (8), are correlated with
the same allogenotope. This fragment is lost from DNA of dele-
tion mutant cell lines that have lost the expression of HLA-Al
(3). Thus, the population and cell line data suggest that the 4.8-
kb fragment is derived from the genes encoding HLA-Al and
-All, rather than from a gene in linkage disequilibrium.
A 5.2-kb fragment (Fig. 1) was negatively correlated with

both HLA-Aw24 (r = -0.64) and the two antigens HLA-Al and
-All (r = -0.43). This fragment, which occurred frequently
(78%), was not found in DNA from the individuals heterozy-
gous for HLA-Aw24/Al or HLA-Aw24/All (r = -0.61) (Fig.
2 Left, allogenotope c). These results suggest that the alleles
HLA-Aw24, -Al, and -All, or genes in linkage disequilibrium,
could be derived from a gene associated with the 5.2-kb HindIII
fragment. Thus, this allogenotope, because it occurs at high
frequency, might be related to several other HLA-A alleles.

Family studies have demonstrated that each of these three
HindIII allogenotopes segregates with HLA.

Allogenotopes That Correlate and Segregate with Serolog-
ically Defined HLA-B Alleles. HindIII generated two allogeno-
topes, 10.0- and 2.7-kb fragments (Fig. 1), which were found
to be associated with the serologically defined HLA-B series
alleles HLA-B40 and HLA-B15, respectively. The 10.0-kb frag-
ment was associated with HLA-B40 (r = 0.77); most HLA-B40
haplotypes that carry, this fragment (four of five) also carry the
allele for HLA-Cw3 (Fig. 2 Center, allogenotope h). The 2.7-
kb fragment was noted for all nine of the HLA-B15 individuals
(r = 0.74) and for six additional individuals (Fig. 2 Center, allo-
genotope f).

Cellular DNA from 66 unrelated individuals was digested by
the restriction endonuclease EcoRV and probed for class I se-
quences. Of the 12 or 13 bands detected, 6 were allogenotopes,

and, of these, 3 correlated with alleles of the HLA-B locus. We
have already described (4) the 8.6-kb EcoRV fragment that cor-
related with HLA-B8 (Fig. 2 Center, allogenotope g). In this
study, this allogenotope, found in all 13 of the HLA-B8 indi-
viduals, was also noted in one of two HLA-B17 individuals (r
= 0.95) in the population sample analyzed.
A 13.4-kb allogenotope (Fig. 1) was associated with the se-

rologically defined HLA-B alleles -B5 (-Bw5l), -B7, -114, -Bwl6
(-Bw38, -Bw39), and -Bw35 (r = 0.91). Two individuals car-
rying HLA-Bw51 and HLA-Bw39, respectively, did not carry
this fragment, but it was noted in one individual with the phe-
notype HLA-B-18, -B40 (Fig. 2 Center, allogenotope d). The
antigen HLA-Bw35 was also correlated with another EcoRV4
fragment. This 4.6-kb fragment (Fig. 1), noted for all nine of
the HLA-Bw35. individuals (r = 0.94), was also noted for
the only HLA-Bw52 individual in the population sample (Fig.
2 Center, allogenotope e). The- 13.4-kb fragment and the 4.6-
kb fragment could both be derived-from the HLA-Bw35 gene-
or a gene in linkage, disequilibrium. This would- require the
presence of an intrageneic EcoRV site. Alternatively, this dou-
ble association may also reflect the-existence.of two closely 4inkedt
loci in the B region. The latter hypothesis is supported by the
existence in the mouse of clusters of genes associated with K,
D, and L loci in the H-2 complex (9). Such clusters of genes- in
humans are difficult to detect by-cloning experiments because
class I genes appear to be widely spaced in the MHC (10).
A previously published family study demonstrated segre-

gation of the 8.6-kb fragment with HLA-B8 (4). Each of the
other allogenotopes that correlated with one of the HLA-B se-
ries alleles segregated with the associated allele(s) (except for
the HindIII 10.0-kb fragment correlating with HLA-B40; in-
formative families are not yet available).
An Allogenotope That Correlates with Alleles of the HLA-B

and -C Loci. Analysis of DNA from 54 individuals revealed only
one EcoRI allogenotope among the 11 bands detected with the
conditions of hybridization and washing used in this study. This
8.0-kb fragment (Fig. 1) was found to correlate with HLA-B14
and HLA-Cw5 (r = 0.75). This allogenotope was noted for 11
of 15 HLA-Cw5 individuals; it was also noted in all 7 HLA-B14
individuals in the population sample. This allogenotope was found
for two individuals who were neither HLA-Cw5 nor HLA-B1A
(Fig-. 2 Right, allogenotope i).

Although these alleles, HLA-Cw5 and -B14, have not been
consistently noted to be associated (i.e., in linkage disequilibri-
um), it is possible that the 8.0-kb fragment might represent a
segment from a gene located between the HLA-B and -C loci,
in linkage disequilibrium with these two alleles. With the small
map distance between the HLA-B and -C loci, we wouldexpect
alleles at these loci to show linkage disequilibrium if each were
associated with a gene between them on the chromosome. Thus,
we favor an alternative hypothesis, which suggests that this al-
logenotope reflects a sequence common to both of these se-
rologically defined alleles. This 8.0-kb fragment segregates with
HLA in family studies.

Other Allogenotopes Are Not Correlated with Classical HLA
Antigens. This study has found 18 allogenotopes generated by
HindIII, EcoRV, and EcoRI and, detected by a cDNA probe
containing an almost full-length coding sequence for a HLA class
I gene. Eight of these allogenotopes were positively correlated
with serologically defined class I antigens. Of the other 10 frag-
ments, only 1 (HindIII, 5.2 kb) was negatively correlated with
a HLA antigen. The other 9 allogenotopes were not correlated
positively or negatively with any serologically defined class I
alleles, and they occurred at relatively high frequency (60-90%).
The population sample of this study is rather small, and neg-
ative as well as positive correlations might be missed. Never-
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FIG. 2. Correlation between HLA-A, -B, and -C alleles and various allogenotopes. Unrelatedigenotyped individuals are listed vertically and
their HLA-A, -B, or -C types are given: - means a "blank" allele not yet serologically defined; * means a possibility of homozygosity-i.e., homo-
zygous or heterozygous for a blank allele; an allogenotope noted foran individual is indicated in the box, either by + or by the HLA allele(s) number
with which the allogenotope is positively correlated. In the case of a split of a HLA antigen, the number corresponding to the split is given in the
HLA type, and the number of the original antigen is given in the box. (Left) Locus HLA-A: allogenotope a (HindIIL, 4.8 kb) correlated with HLA-
Al and -All (r = 0.97); allogenotope b (HindIII, 5.0 kb) correlated with HLA-Aw24 (r = 0.91); allogenotope c (HindIII 5.2 kb) correlated negatively
with HLA-Aw24 (r = -0.64). (Center) Locus HLA-B: allogenotope d (EcoRV, 13.4 kb) correlated with HLA-B5, -7, -14, -w16, and -w35 (r = 0.91);
allogenotope e (EcoRV, 4.6 kb) correlated with HLA-Bw35 (r = 0.94) [note that the individuals (except one) with this allogenotope also show the
allogenotope d]; allogenotope f (HindII, 2.7 kb) correlated with HLA-B15 (r = 0.74); allogenotope g (EcoRV; 8.6 kb) correlated with HLA-B8 (r =
0.95); allogenotope h (HindIII, 10.0 kb) correlated with HLA-B40 (r = 0.77) (four of five individuals carry HLA-Cw3). (Right) Loci HLA-B and -C:
allogenotope i (EcoRI, 8.0 kb) correlated with HLA-B14 and -Cw5 (r = 0.75).
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theless, some of these allogenotopes could be associated with
nonserologically defined class I genes. The number of class I
human genes has been estimated to be =20, which is consid-
erably more than the three serologically defined (HLA-A, -B,
and -C) loci. Pseudogenes (11, 12) and the gene equivalent of
the murine Qa or Tla cluster could account for this difference.
If these genes had the extensive polymorphism of the sero-
logically defined genes, we would expect to find some class I
allogenotopes occurring at low frequencies that do not correlate
with HLA antigens. However,. class I allogenotopes with these
characteristics were not observed in this study, suggesting that
these other class I loci are less polymorphic than the serolog-
ically defined HLA loci. This could explain why these genes are
not defined by immunogenetic techniques involving alloanti-
bodies.

Intrageneic or Extrageneic Location of Class I Polymorphic
,Sequences Detected by Restriction Fragment-Length Vari-
ation. A restriction site can be present or absent at a given po-
sition in allelic genes or in their flanking sequences. A "con-
served" site is present at the same position in all alleles of a
series. "Unconserved" sites determine allogenotopes. In an al-
lelic series, these restriction fragments can be flanked by 2, 1,
or even 0 unconserved sites. In the last case, an allogenotope
flanked by two conserved sites is created when, at least in one
allele of the series, an unconserved site is located between the
two conserved sites. The presence of an intrageneic uncon-
served site flanked by two conserved sites will determine two
allogenotopes. For class I sequences, these two allogenotopes
would be detected by the nearly complete cDNA probe used
in this study and would have the same distribution in the pop-
ulation-i.e., they would be completely positively correlated.
Such associated fragments were not observed in this study. Thus,
the unconserved sites detected here might more often be ex-
trageneic than intrageneic, suggesting that the flanking se-
quences of human class I alleles are more divergent than in-
trageneic sequences.
A gene conversion mechanism has been proposed for gen-

erating polymorphism in a multigene family (13). Two dupli-
cated parental gene sequences form a heteroduplex that is ran-

domly corrected, leading to the generation of a new allele. Thus,
the more divergent the duplicated genes are, the more the new
allele diverges from the parental alleles. All of the restriction
enzymes used in this study and others (4, 5) generate numerous
allogenotopes. This probably reflects a high degree of allelic
divergence and is compatible with a gene conversion-like
mechanism for generating polymorphism in the MHC (14-16).
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