
Am J Hum Genet 39:751-762, 1986

RFLP Analysis of HLA-DR and -DQ Genes and Their
Linkage Relationships in the Pacific

M. R. J. KOHONEN-CORISH' AND S. W. SERJEANTSON

SUMMARY

Human genomic DNA samples from Melanesians, Micronesians, and
Caucasoids of known HLA-DR type were examined with cDNA
probes for HLA-DRot, -DRY, -DQa, and -DQI3 chain genes. DRP
hybridizations with TaqI-digested DNA did not detect any new DR
specificities in the Pacific. However, within the DR5 specificity a com-
mon DNA subtype was found in Pacific Islanders that was not seen in
Caucasoids. Altogether, four DNA subtypes of DR5 are described.
With the DQa and DQP probes, significantly more variation could be
demonstrated between populations. For example, DR2 was associ-
ated with a DQP TaqI pattern in the Pacific that was very rare in
Caucasoids and additional RFLP analysis with other enzymes showed
that this pattern is probably associated with the Dwl2 subtype of
DR2. DRw8-positive samples showed two different DQao TaqI pat-
terns, and these correlated with DQwl and DQw3 specificities. DRaL
hybridizations with BglII-digested DNA also revealed different link-
age relationships of the HLA-class II region genes between Pacific
and Caucasoid specimens. The different population linkage disequilib-
rium relationships have permitted tentative assignment of TaqI frag-
ments to either the DRP1 or DRB2 genes and are highly suggestive
that the DQwI specificity is encoded by the DQot chain gene. This
study shows the value of population comparisons in contributing to
knowledge of the genetic organization of the genome.

INTRODUCTION

The histocompatibility class II antigens in man, designated HLA-DP, -DQ, and
-DR, have been defined by serological [1] and cellular [2] assays. These cell-
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surface antigens are heterodimers, comprising alpha and beta polypeptides that
are encoded by separate, but closely linked genes. There are two pairs of alpha
and beta genes at DQ and DP [3], although not all genes are expressed [4], while
at the DR locus there is only a single alpha gene but a variable number of beta
genes [5]. HLA-DP, -DQ, and -DRP as well as DQa genes are markedly poly-
morphic in contrast to the DPa and DRa genes that show only limited variabil-
ity [6, 7]. The HLA-DQ and -DR loci are so closely linked on chromosome 6
that linkage disequilibrium relationships ensure a marked correlation between
DR and DQ specificities; the DP gene complex also maps to the short arm of
chromosome 6 but is not in linkage disequilibrium with DR and DQ.
The production of cloned MHC class II probes [8, 9] has permitted correla-

tion of restriction fragment length polymorphisms (RFLPs) at DR and DQ loci
with known serological HLA-DR antigens [10, 11]. Although it may have been
expected that variation in restriction sites in flanking regions and introns of the
transcribed class II genes could mask simple correlates, we have reported [12]
a remarkably consistent association between TaqI fragments of DRP and DR
antigen specificities. Where heterogeneity within a DR specificity does occur,
as in TaqI fragments of DR3, the RFLPs are consistent for given haplotypes,
with B8.DR3 bearing a 10-kilobase (kb) TaqI DRI3 fragment and B18.DR3
bearing the alternative 12-kb fragment [12].
The correlation between DR types and DRP RFLPs extends also to DQa [13]

and DQI [12], reflecting the strong linkage disequilibrium in this region of the
genome. This linkage disequilibrium is also observed using serological tech-
niques, where in Caucasoids, for instance, DRI-, 2-, and w6-positive cells are
almost always DQwl positive, whereas DR3 and 7 cells are usually DQw2
positive [14]. These DR/DQ relationships can vary in different populations, so
that whereas DRw8 is associated with DQw3 or a DQ "blank" in Caucasoids
[14], it occurs with DQwl in Pacific populations [15]. These population differ-
ences in linkage relations have been important in establishing the genetic
organization of the HLA-D region [16]; in the same way, population com-
parisons of class II RFLPs may assist in assigning the determinants for the
HLA-DQ specificities to the DQ alpha or beta chain genes.
Our study examines TaqI class II RFLPs in Melanesians and Micronesians of

known HLA-DR types and compares DR/DQ linkage relationships with those
observed in Caucasoids.
The HLA-DR antigenic profiles have been described for Melanesians from

New Caledonia [17] and for Micronesians from Nauru [18]. These populations
lack HLA-DRl, 3, 7, and w10, but may have serological subtypes, as described
for HLA-DR5 [15], that are not seen in Caucasoid groups. Evidence for these
subtypes in RFLPs is examined in the Pacific Islanders.

MATERIALS AND METHODS

Study Populations

Micronesians from Nauru were studied, as described in [19], when they presented
with informed consent at a general medical survey. Melanesians from New Caledonia
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were studied during the Second Asia-Oceania Histocompatibility Workshop [15]. Pe-
ripheral blood lymphocytes were frozen at - 70'C in cryoprecipitate within 12 hrs of
collection and subsequently shipped in liquid N or dry ice to Canberra. For 75 of these
unrelated Pacific Islanders, as well as for 74 Caucasoid cells from our local control
series, HLA serological typing and/or DNA-DR typing [12] was available.

DNA-Digestion and Southern Blots

Genomic DNA was prepared from peripheral blood lymphocytes using standard
methods [20]. Approximately 10 ,ug of DNA was digested with TaqI (40 U, Biolabs) at
650C for 2 hrs, with BglII (20 U, P-L Pharmacia), PvuII (40 U, P-L Pharmacia), and
EcoRI (50 U, Boehringer) at 370C overnight, under conditions recommended by the
manufacturer.
Fragments were separated in horizontal electrophoresis through 0.8% agarose gels for

16 hrs in TAE-buffer (0.04 M Tris-acetate; 0.001 M EDTA). DNA was then transferred
onto GeneScreen Plus membrane according to manufacturer's (New England Nuclear)
specifications following the method of Southern [21]. TaqI-digested samples were hy-
bridized with the DRP, DQa, and DQI3 probes and BglII-digested samples with the DRa
probe. DQP hybridizations were also performed with EcoRI- and PvuII-digested speci-
mens and DQa hybridizations with EcoRI-digested DNA. The DQa probe cross-
hybridized with DXa, yielding two allelic TaqI fragments [13] of size 2.3 and 2.2 kb, and
the DQB probe similarly cross-hybridized with a monomorphic TaqI DXP fragment [6].

Probes and Hybridization

cDNA clones for HLA-DRP and HLA-DQPj [8], HLA-DQa [9], and for HLA-DRo
[22] were used. Prehybridization was carried out at room temperature and for 1 hr in a
solution containing 10% dextran sulphate, 0.6 M NaCI, 0.18 M Na2HPO4, 0.06 M
EDTA, 1% sodium lauroyl sarcosine, and 60 ,ug/ml of sonicated denatured salmon
sperm DNA, pH 6.2 [23]. Membranes were then hybridized for at least 40 hrs at 65°C in
a similar buffer containing the 32P-labeled probe.
Membranes were washed at 60°C in 2 x SSC, 0.1% SDS; l x SSC, 0.1% SDS; 0.5 x

SSC, 0.1% SDS; about 30 min in each. Sometimes an additional wash in 0.25 x SSC,
0.1% SDS was necessary, if radioactivity remained high (1 x SSC = 150 mM NaCl, 15
mM trisodium citrate). Membranes were dried and autoradiographed with intensifying
screens for 3-7 days.

RESULTS

There was no evidence from Taql fragments hybridizing with the DRB chain
probe for any new, population-specific HLA-DR alleles; that is, apparent
homozygotes in the series were confirmed as homozygotes on Southern blots.

Class II Taql Fragments in DRJ-, 2-, and w6-Positive Cells

DR, probe hybridizations showed no differences in DR2 and DRw6 between
Caucasoids and the Pacific specimens. DRw6 shows two DNA subtypes in
Caucasoids [12], characterized by 12- or 10-kb fragments that are evident also
in the Pacific. The subtype with the 10-kb fragment is more common in
Caucasoids (67%), whereas the 12-kb fragment is more frequent (83%) in the
Pacific specimens. The DQ, probe hybridized with a 5.5-kb fragment in all DRI
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TABLE 1

FREQUENCY (%) OF HLA-DQI3 TaqI FRAGMENTS ACCORDING TO THE HLA-DR TYPE

CAUCASOIDS PACIFIC

RFLP PATTERN No. % No. %

DRI .5.5kb.5 kb 10 100 ... ...

DR2 .3.0kb.0 kb 20 83 5 16
5.5 kb 1 4 1 3
3.0, 5.5 kb -ve 3 13 26 81

DRw6. 3.0 kb 10 48 ... ...

5.5 kb 11 52 13 100

and in 52% of DRw6 haplotypes in Caucasoids as shown in table 1 and in figure
1. In the Pacific, all DRw6-positive specimens showed the 5.5-kb band,
whereas in Caucasoids, 48% of DRw6 haplotypes carried the allelic 3.0-kb
fragment; that is, the DQP TaqI 5.5-kb band correlated with DRw6 with values
r = .50 in Caucasoids and r = .96 in the Pacific.

DR2-positive specimens were associated with three different DQP TaqI pat-
terns, characterized by a 3.0-kb or 5.5-kb fragment or the absence of both of
these (table 1 and fig. 1). In Caucasoids, 83% of DR2-positive haplotypes
showed the 3.0-kb band; some 50% of the Melanesian DR2 haplotypes but none
of the Micronesian samples were associated with this fragment. One DR2-
positive Nauruan with European ancestry showed the 5.5-kb band, but other
Micronesians as well as half of the Melanesians had neither fragment on the
DR2 haplotype. The DQ, TaqI 3.0-kb fragment correlated with DR2 with

1 2 3 4 5 6

.5- 6.5kb

-3.0kb

DR 2,- 2,- 56 5,6 6g 6,

FIG. 1.-HLA-DQp hybridization of TaqI-digested genomic DNA showing the different RFLP
patterns detected within DR2 and w6 specificities.
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TABLE 2

FREQUENCY (%) OF HLA-DQa TaqI FRAGMENTS ACCORDING TO THE HLA-DR TYPE

CAUCASOIDS PACIFC

FRAGMENT (kb) No. % No. %

DRI ......... 3.8, 2.9 10 100 ...

DR2 ......... 6.8 3 13
6.2 21 87 36 97
3.8, 2.9 ... ... 1 3

DRw6 ....... 6.8 10 48 ... ...

6.2 6 28 ... ...

3.8, 2.9 5 24 13 100

DRw8 ....... 6.8 ... ... 12 86
6.2 5 100 2 14

DR3 ......... 6.2 1 4
5.0 23 96

DR5 ......... 6.2 ... ... 25 60
5.0 13 100 17 40

values r = .76 in Caucasoids and r = .34 in the Pacific. A similar distinction
was made by another two restriction enzymes, PvuII and EcoRI, in conjunc-
tion with the DQP probe. The 3.0-kb TaqI band coincided with a 2.2-kb EcoRI
band, whereas DR2 haplotypes that were not associated with the 3.0-kb or 5.5-
kb TaqI bands showed an 18-kb EcoRI band.
DQa variants in DRI, 2, and w6 are shown in table 2. Within the DRw6

specificity, the DQa and P patterns are associated so that the DQP 3.0-kb
fragment is always found with the DQcx 6.8-kb fragment and the DQP 5.5-kb
fragment with the other two DQot patterns. All known Caucasoid DRw14-
positive cells showed the 3.8-kb, 2.9-kb DQa RFLP pattern, thus confirming
previous findings [6]. In the Pacific, all DRw6-positive haplotypes showed this
RFLP pattern, indicating that DRw14 is more common in these populations
than in Caucasoids.

Class II TaqI Fragments in DR3-, 5-, and w8-Positive Cells

The DR, probe hybridized with only one 8.5-kb fragment in DRw8-positive
cells both in the Caucasoid and Pacific specimens. Within the DR5 specificity,
four DNA subtypes were seen, one of which was clearly population specific.
The pattern seen in figure 2 in lane 5 comprised 64% of DR5-positive haplo-
types in the Pacific cells but was not seen at all in Caucasoids. We have
designated this variant DR5*NAURU and its segregation is shown in a Nau-
ruan family in figure 2. Some 36% of Pacific DR5-positive cells and 85% of
Caucasoid haplotypes showed the pattern seen in a heterozygous individual in
figure 2, lane 6 (type I). DR, TaqI fragments of the four DNA subtypes of DR5
are summarized in table 3. This heterogeneity in DR5 RFLPs in Caucasoids
was not detected in a previous study [6]. The DR5 DNA subtypes resemble the
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1 2 3 4 5 6

0 ... .. .if~~:....... 4-,~, ...;:n `...... ... .:.,........

9.4-

6.6-

4.4-

2.3-
2.0-

DR 4,8 5,8 4,5 4,5 5,- 5,-

FIG. 2.-HLA-DRp hybridization of TaqI-digested genomic DNA showing segregation of the
HLA-DR5*NAURU RFLP pattern in a Micronesian family (lanes I and 4: parents; lanes 2 and 3:
children). Lane S shows a homozygote, and lane 6, a heterozygote, for this RFLP pattern.

two subtypes of DR3 and w6 with 10-kb and 12-kb fragments. With the DQP
probe, no additional fragments were associated with the DR5 or DRw8 spe-

cificity.
DQa variants in DR3-, 5- and w8-positive cells are shown in table 2. Patterns

are clearly population specific for DR5 and w8. DR5*NAURU was associated
with the 6.2-kb DQa fragment, whereas other DR5 patterns were associated
with the 5.0-kb fragment. Some 86% of the Pacific DRw8 haplotypes showed a

6.8-kb DQa fragment, whereas I4% showed the 6.2-kb band as in Caucasoids.
The same difference could be demonstrated with another enzyme, EcoRI. The
6.8-kb TaqI fragment coincided with a 15.5-kb EcoRI band, whereas the 6.2-kb
TaqI band corresponded with a 12.5-kb EcoRI fragment, in both DRw8 and
DR5*NAURU positive individuals.

TABLE 3

TaqI RFLP SUBTYPES OF THE HLA-DR5 SPECIFICITY DETECTED WITH THE HLA-DRI PROBE

FRAGMENTS (kb)

TYPE 12 10 6.0 4.4 4.2

I ............... + + +
II ............... + +
III + + +
5*NAURU + +
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TABLE 4

FREQUENCY (%) OF HLA-DRa BglII FRAGMENTS IN CAUCASOID AND PACIFIC POPULATIONS

Fragment Caucasoid Melanesian Micronesian
(kb) (N = 132) (N = 140) (N = 48)

4.5 .................. 70 79 94
4.4 ................ 18 21 6
3.9, 0.7 .............. 12

NOTE: N = chromosomes.

Class II TaqI Fragments in DR4-, 7- and w9-Positive Cells

DRO hybridization did not reveal any heterogeneity within the DR4
specificity in either the Caucasoid or Pacific cells. However, in DR7, at least
four DNA subtypes were seen in Caucasoids. They all shared 15-kb, 5.8-kb,
and 4.2-kb fragments, but other fragments varied in size. One variant was
similar to the DRw9 pattern. However, with the DQI3 probe, a clear difference
was seen as this DR7 variant was associated with a 6.7-kb fragment that did not
occur in DRw9. One DNA variant was not associated with the 6.7-kb DQI
fragment but showed a 2.9-kb band instead.
With the DQa probe, DR4-, 7-, and w9-positive specimens showed a 5.7-kb

fragment and no differences were seen between Caucasoid and Pacific cells. In
addition to the DQa fragments mentioned above, two small fragments of 2.3 kb
and 2.2 kb were seen in all populations, representing the DXa gene [13].

HLA-DRa BgIII Fragments in the Pacific
Distribution of the BglII fragments hybridizing with the HLA-DRa probe is

shown in table 4. The 4.5-kb fragment was the most common in the Caucasoid
as well as in the two Pacific populations. In Caucasoids, the 4.4-kb fragment
occurred on the Al .B8.DR3 haplotype and on approximately half of the DRw6-
positive haplotypes coinciding with the 6.8-kb DQa and 3.0-kb DQI3 TaqI
fragments. The 3.9-kb and 0.7-kb fragments were associated with DRI and the
Bw57.DR7 haplotype, as noted previously [12]. In the Pacific specimens, HLA-
DRl and DR7 antigens as well as the 3.9-kb and 0.7-kb fragments are absent.
However, although DR3 is also absent from Pacific populations, the frequency
of the 4.4-kb fragment was not reduced in Melanesians, where it was found
associated with other DR antigens including examples of DRw6 and w8. In the
Micronesian specimens, the 4.4-kb fragment was rare and it was found only in
DRw8-positive cells or in specimens showing evidence of foreign admixture in
their HLA phenotypes. The DRa probe subdivided the DRw8 specificity so
that some showed a 4.4-kb band and others a 4.5-kb band. These RFLP pat-
terns were associated with the two DQa patterns within DRw8 (table 2). The
4.4-kb DRa BglII fragment coincided with the 6.8-kb DQax TaqI fragment,
whereas the 4.5-kb DRa BglII band and the 6.2-kb DQa TaqI band co-
occurred.
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DISCUSSION

The TaqI HLA-DRP RFLPs observed in Melanesians and Micronesians are
remarkably similar to those seen in Caucasoids. In the HLA-D region, there is
extreme sequence divergence between alleles of DRP, DQc, and DQI chain
genes, in the noncoding as well as the coding regions, and it may have been
expected that at least some of this allelic variability had accumulated after
divergence of the races. Admittedly, this study was largely dependent on use of
a single restriction endonuclease, TaqI, but this enzyme has consistently
proved one of the most informative in detecting RFLPs in man [24], since sites
containing CpG are the most polymorphic [25]. Sequence data in Caucasoids
for DQa-associated alleles DQwl [26] and DQw2 [27] show 23 differences in
amino acids [6], and, in general, as many as 10%-20% of the amino acid
residues in the a, and PI domains of class II polypeptides vary between alleles
[28]. These regions of extreme variability are accompanied, in the MHC, by
extensive variability in noncoding regions, as has been shown for class II genes
in laboratory and wild mice [29].
Thus, the correlation of HLA-DR types with class II RFLPs is largely depen-

dent on linkage disequilibrium between restriction sites and the DNA coding
for the DR and DQ antigens. It follows that the correlation between HLA-DR
antigens and RFLPs is expected to be more homogeneous between populations
when using the DRP chain probes, compared with DRa, DQa, and DQP
probes. This has proved true in our comparison of RFLPs in Caucasoids and
Pacific Islanders, where at DRP, only one antigen, DR5, shows a variant TaqI
fragment pattern that is not seen in Caucasoids. This DR5 subtype,
DR5*NAURU, shows the same RFLP pattern as a Chinese DR5/Dw blank-
typing cell [12], and our unpublished data suggest this variant is widespread in
Chinese.
At DQa and DQI, no new TaqI fragments were detected in Micronesians or

Melanesians, but the correlation of these fragments with DR type varied mark-
edly between populations, reflecting different linkage disequilibrium relation-
ships between DRP and DQcx, DQP. These different linkage arrangements had
been suggested earlier by mixed lymphocyte cultures (MLC) where MLC
heterogeneity was seen within DR2 and DR5 in Melanesians [30]. For instance,
HLA-Dw2 and -Dwl2 cells are mutually stimulatory in MLCs, for although
they share HLA-DR2 antigenic determinants, there are antigenic differences
coded by the second DR beta chain gene [31] and possibly also by the DQ
locus. These MLC subtypes of DR2 have different population distributions,
with Dwl2 rare in Caucasoids but common in Oriental populations [32] and in
coastal Melanesians [33]. The TaqI DQ, RFLPs reflect these different DR2
associations with DQ. Whereas most Caucasoid DR2-positive cells showed a
3.0-kb DQ, TaqI fragment, most Pacific DR2 cells were missing this as well as
the allelic 5.5-kb fragment. Several restriction enzymes detect DQP RFLP
patterns characteristic for Dw subtypes of DR2 [34]. For example, EcoRI frag-
ments 2.2 kb and 18 kb correspond with Dw2 and Dw12, respectively. We
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found this difference can also be demonstrated with TaqI. Although the appro-
priate MLC typings have not been done, our data show that all DR2-positive
Micronesians have the TaqI DQB fragments associated with Dwl2, while island
Melanesians have both Dw2- and Dwl2-associated patterns.

Population differences in DR/DQ linkage relationships have been recognized
previously in serological assays. For instance, HLA-DR5 is associated with
DQw3 in Caucasoids but with DQw1 in African blacks [35]. Similarly, HLA-
DRw8 is associated with DQw3 or a DQ "blank" in Caucasoids, with DQ
"blank" in Amerindians [36] but with DQw1 in Melanesians [15], Microne-
sians, and Australian Aborigines [37]. Examination of serological patterns in
populations with different linkage relations has permitted assignment of class II
antigenic specificities to DR or DQ loci. As yet, it has not been possible to
discriminate between the DQa and ,3 chain genes as the determinants of DQ
serological specificities. The RFLPs in Pacific cells, however, are highly sug-
gestive that the DQot gene encodes DQw1 and DQw3. For instance, the 6.2-kb
TaqI fragment in DQot is found in Caucasoid DRw8-positive cells that are
DQw3 positive, but not in Pacific DRw8 cells that are DQw1 positive. Instead,
these DRw8 cells have a 6.8-kb fragment. Similarly, Spielman et al. [13] de-
scribed an HLA-DR5 cell line, FpF, that is DQw1 positive and shows the
characteristic 6.8-kb fragment. The DR5*NAURU variant, known from our
serological studies to be linked with DQw3, has the 6.2-kb fragment associated
with Caucasoid DQw3, DRw8-positive cells.
Assignment of the DQwl and DQw3 specificities of the DQot chain is en-

forced further by the EcoRI hybridization results. DRw8 in Caucasoids shows a
characteristic 12.5-kb fragment, but in the Pacific, has the 15.5-kb fragment
found in DQwl-positive cells. Clearly, further studies with additional restric-
tion enzymes and with additional populations are required to unravel the corre-
lations between DQ serological specificities and DQot, DQ, RFLPs.

In the same way that population comparisons have permitted tentative as-
signment of DQ specificities to the DQot chain, our population comparisons of
DR5 RFLPs suggest tentative assignment of DRB TaqI fragments to the 1 and
,2 DR genes. In Caucasoids and Pacific Islanders, a 15-kb TaqI fragment
invariably occurs in DRw53-positive cells. However, assignment of fragments
to DRw52-positive cells (usually DR3-, 5-, w6-, or w8-positive) has proved
more difficult because of TaqI heterogeneity in DR3 and DRw6 cells. Compari-
son of DR5 RFLPs in the Pacific with those in Caucasoids clearly shows two
characteristic patterns for DR5 (6.0, 4.2, or 4.4 kb) that occur with either a 10-
or 12-kb fragment. Similarly, the characteristic DR3 and DRw6 RFLPs occur in
conjunction with either a 10- or 12-kb TaqI DRP fragment, suggesting that these
larger fragments correlate with DRw52.

In contrast to the extensive polymorphism associated with DQct, DRcx is
highly conserved. The murine equivalent, I-Ea, also shows only minor allelic
variation and is associated with very little variation in noncoding DNA [29].
The same situation is true in man as Trowsdale et al. [6] point out, for otherwise
DRa probes would detect as much variation as DQa probes. This study
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confirms that DRa and associated regions are highly conserved, by finding only
limited polymorphism in Melanesians and Micronesians even at the BglII sites
that are known to occur in the 3'UT region [38].

Finally, this study has described DNA correlates of HLA-DR, DQ, and Dw
phenotypes in populations where the logistics of HLA typing has been formida-
ble in the past, since viable lymphocytes are required for serological and MLC
typing. Use of a single restriction endonuclease, TaqI, and three cDNA probes
has revealed greater genetic diversity in the populations studied than would be
possible using currently available serological reagents. Study of additional pop-
ulations in Asia and the Pacific using HLA class II RFLPs will permit more
detailed analysis of the complexities of the genetic interrelationships in the
region.
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