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SUMMARY DNA polymorphisms associated with adult polycystic kidney disease and detected by
restriction enzymes PvuII and RsaI were sought in 18 members of a Greek Cypriot family. The
adult polycystic kidney disease (APKD) defect was shown to segregrate with a specific 3'HVR
PvuII DNA polymorphism and enabled exclusion ofAPKD in two children incorrectly diagnosed
by ultrasound. An unusual problem of the DNA linkage approach in detection of APKD is
illustrated. This occurred after coinheritance of a' thalassaemia and APKD, which resulted in
an altered band size for the (+) RsaI restriction fragment length polymorphism.

In 1985, Reeders et a1' described a number of DNA
markers which cosegregated with adult polycystic
kidney disease (APKD). These markers were de-
rived from hypervariable (HVR) DNA regions
located in the inter-1 globin gene region and 3' to
the a gene complex, as well as an RsaI RFLP
associated with the a2 gene.' Linkage of the APKD
locus to the a gene complex on chromosome
16p13.1 has now been shown in Dutch, Welsh, and
Finnish populations.lA Application of the 3'HVR
probe has also allowed prenatal diagnosis of APKD
from DNA obtained at chorion villus biopsy.5
Potential problems associated with DNA linkage
studies include non-paternity and recombination.
Risk of the latter has been estimated at 3%.2 The
present study describes a large Greek kindred with
APKD in whom coinheritance of a thalassaemia
complicates interpretation of a gene specific DNA
polymorphisms.

Materials and methods

Eighteen of 25 members of a Greek Cypriot family
were studied. Eight subjects, including two children
aged 14 and 12 years, had previously been diagnosed
as having APKD. One affected person has required
renal transplantation. A second is having haemo-
dialysis for chronic renal failure. The remaining two
affected adults have hypertension. All children
(generation II) with APKD were diagnosed by
ultrasound (US) and are asymptomatic. PI thalas-
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saemia has been detected in a number of members
of this family.

HAEMATOLOGICAL STUDIES
Full blood counts, blood films, ferritins, and thalas-
saemia screens (Hb EPG, quantitation ofHb A2 and
Hb F, Hb H inclusion bodies) were obtained in
three children and the spouse of one subject with
APKD.

DNA ANALYSIS
DNA was prepared from the buffy coat in 10 ml
blood collected in lithium heparin. Samples of DNA
(8 to 10 ,ug) from 18 family members were digested
with restriction enzymes PvuII and RsaI. In those
investigated for thalassaemia, additional restriction
enzymes included BamHI, BglII, and EcoRI.
Digested DNA was fractionated on horizontal 0-8%
agarose gels by electrophoresis for 18 hours at
1-8 V/cm. Southern blotting and hybridisation fol-
lowed standard procedures.6 Probes for hybrid-
isation included: 3'HVR; 1.5 kb PstI a; 2-8 kb
EcoRI/BamHI t2 and VNTR probes located on
chromosomes 14 (immunoglobulin heavy chain); 11
(insulin); and two non-assigned loci. Probes were
labelled with 32p (dCTP specific activity 222 TBq/
mmol) by nick translation. Hybridisation conditions
included 6XSSC, SxDenhardt's, 0-5% SDS, 20
,ug/ml salmon sperm DNA, and 5% dextran sulphate
at 65°C for 18 hours.6 Filters were washed in 3xSSC
at room temperature for 30 minutes and 01xSSC,
0-1% SDS at 65°C for one hour. Bands were
identified on autoradiographs using two intensifying
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FIG 1 Family pedigree andDNA band patterns for the 3'HVRIPvuII (left) and aiRsaI (right) polymorphisms.

screens. Bands were sized by comparison to HindIII
digested X DNA and normal DNA run in parallel.

Results

DNA ANALYSIS FOR APKD

The family pedigree is shown in fig 1. Clinical and
laboratory details of those studied are summarised
in table 1. Digestion of DNA with PvuII and
hybridisation to the 3'HVR probe enabled a total of
six alleles to be identified. Four in six sibs (I. 1, 3, 5,
7, 11, 13) of the family are 3-3, 2-2, 2-9, 2-5 kb and
an additional two in spouses include 3-0 and 2-6 kb
(fig 1). Data from the six sibs allowed assignment of
probable genotypes for their dead parents, that is,
2*9/2*2 and 3-3/2-5 (fig 1). 3'HVR polymorphisms in
one sib (I.9) are 2*9/2-9 and thus inconsistent with
the derived parental patterns. The APKD defect
cosegregrates with the 2-2 kb PvuII marker in this
family except for two children (1I.2, 11.3) who do

TABLE 1 Clinical and laboratory data.

Pedigree Sexlage APKD 3'HVR 1-5 kb
No (clinicallUS) APKD Rsal band

marker

1.1 M/41 Y Y Y
2 F/spouse - - -
3 F/49 ? N N
5 F/47 Y Y Y
7 F/43 Y Y Y
9 F/39 ? N* N
11 F/36 Y Y Y
12 M/spouse - - -
13 F/28 ? N N

IL.1 F/18 Y Y Y
2 F/14 Y Nt N
3 M/12 Y Nt N
6 F/17 Y Y Y
7 Mf 12 ? Y Y
8 F/20 ? N N
10 M/17 ? Y Y
11 M/15 ? Y Y
12 F/11 ? Y Y

US=ultrasound; Y=yes; N=no; ?=status not known;
*3'HVR polymorphisms incompatible with family data.
tConflict between US diagnosis of APKD and DNA findings.

kb

I
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TABLE 2 Haematological data forselected members offamily.

Pedigree Hb MCV MCH Hb F Hb A2 Hb H Blood Ferritin
No (gidi) (fl) (pg) (%) (%) bodies film

Normal M 15-5 86 29-5 <1-0 <3-5 Nil - M 20-300
range ±2-5 ±10 ±2-5 Rg/l

F 14-0 F 15-200
±2-5 jig/I

1.1 16-5 82-5 28-5 <1-0 2-8 Nil N 80
2 11-9 647 216 <10 60 Nil TC 151

IL.1 13-1 85-6 28-6 <1-0 3-3 Nil N 51
2 14-3 83-3 30-1 <10 3-3 Nil N 35
3 13 2 64-5 21.7 <1-0 5*8 Nil TC 53

N=normal; TC=target cells.

not have this band despite a previous diagnosis of
APKD (fig 1). To clarify results further in I.9, II.2,
and II.3, RsaI RFLPs were sought. Hybridisation to
the a gene probe of filters containing DNA digested
with RsaI gave the expected normal bands of 3.5 kb
(a2 gene and the (-) allele for the RsaI RFLP), 1*8
and 0 9 kb (al gene), as well as the 2-4 kb band
which indicates the (+) allele for RsaI (fig 1). An
additional band of 1-5 kb was also present. This was
found in subjects with APKD (except the two
children who also lack the 2*2 kb 3'HVR poly-
morphism). RsaI haplotypes based on a 3-5 kb band
(- allele) and a 2.4 kb band (+ allele) are given in
fig 1. In two cases involving affected subjects (I.1
and 1.7), RsaI haplotypes do not fit with haplotypes
found in their offspring, for example, haplotypes in
I.1 are (--) but one of his children is (++) (fig 1).

THALASSAEMIA SCREENING
Haematological data confirmed known i thalas-
saemia in I.2 and II.3 (table 2). Members not tested
but who are said to have ,B thalassaemia include I.8,
II.6, 1.10, and II.8. Haematological parameters
were normal in 1.1 and his two remaining children
(II.1, II.2), but DNA gene mapping with a t gene
specific probe confirmed a' thalassaemia of the
-a3 7/type in II.1 (abnormal bands detected in-
cluded 16 kb with BglII and 19 kb with EcoRI).7
Additional family members tested in this way for a
thalassaemia included II.2 (normal a map), 11.6,
II.10, and 11.12 (a+ thalassaemia of genotype aa/
-a37).

PATERNITY TESTING
DNA VNTR polymorphic patterns for sibs in
generation I did not exclude non-paternity in respect
of subject I.9 (data not shown).

Discussion

Linkage between the a gene locus and APKD as

well as the utility of the 3'HVR DNA probe in
detection of APKD are further confirmed in this
study of a Greek Cypriot family. Two children aged
12 and 14 years with a previous ultrasound diagnosis
of APKD did not have the 3'HVR DNA marker
associated with APKD in this family. However,
review of the original ultrasound films showed
equivocal findings. The 14 year old later had a CT
scan which failed to detect cysts in the kidneys. One
of the seven sibs in the family showed anomalous
3'HVR/PvuII patterns. Additional DNA mapping
using hypervariable polymorphisms located on
different chromosomes was unable to indicate
whether this was because of non-paternity or re-
combination. The latter has already been reported
and would not be unexpected in regions of the a
globin locus such as the inter-1 and 3'HVR loci
which are rich in tandem repeats.' 8

Alternative DNA polymorphisms to the 3'HVR
have been suggested for detection of APKD. These
include the inter-2 HVR and the RsaI RFLP
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FIG 2 a gene complex showing the two a globin genes (a)
and the rearrangement which produces a' thalassaemia of
the 3-7 kb type (b). The Rsal restriction sites are marked by
R and thepolymorphic one is indicated by *. 9
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associated with the a2 gene.' The latter was used in
this study to clarify anomalous 3'HVR results. At
first, RsaI RFLPs were inconsistent with family
studies (fig 1). Furthermore, an additional 1.5 kb
band was detected, which was always found only in
those with unequivocal APKD. The 1-5 kb RsaI
band was confirmed by DNA mapping to indicate
coexistent a' thalassaemia (fig 2). In this situation,
the a' thalassaemia defect produces a 2*6 kb band
with RsaI.10 However, an additional (polymorphic)
RsaI site within the a thalassaemia defect gives the
smaller 1-5 kb band (fig 2). Thus, the 1*5 kb band is
an alternative (+) allele for the RsaI RFLP.
Haplotypes for RsaI need to be reinterpreted to take
into account a+ thalassaemia. For example, I.1
should read +/- not -/-, and so +/+ alleles in his
daughter are now compatible. Similarly, alleles for
1.7 are +/- not -/-, and both II.10 and II.11 are
+/- (fig 1).

In the present study, the additional 1.5 kb RsaI
band enabled correct RsaI RFLPs to be determined.
However, it is possible that a thalassaemia involving
more extensive deletions of the a gene complex (ao
thalassaemia which is found in Mediterranean,
Asian, and British populations) would show no
abnormal band, since both a globin genes are
deleted.11 Thus, RsaI RFLP patterns of +/o or -/o
would be interpreted as +/+ or -/- unless intensi-
ties of bands (often subjective findings) were noted
to be abnormal. Therefore, it is essential that use of
the RsaI DNA polymorphism is accompanied by
exclusion of an a thalassaemia defect. This would be
even more significant if the family study involved a
limited number of persons, because in this situation
anomalous RsaI patterns would be more difficult to
detect, particularly if RFLPs in the normal spouse
were +/-. a+ thalassaemias are phenotypically
silent as shown in this particular family and so gene
mapping is required for complete exclusion. On the
other hand, ao thalassaemias are associated with
microcytic hypochromic blood counts, but these may
be less apparent if subjects have chronic renal
failure. The situation with ao thalassaemia and the
inter-4 HVR or the 3'HVR polymorphisms is more
complicated. First, alleles detected with these
probes vary in size, for example, 1-8 to 8.0 kb with
3'HVR.1 Second, the 5' and 3' endpoints of the
deletions are variable, that is, the inter-2 HVR is
deleted in some examples, while the 3' endpoints of
ao thalassaemia in the majority of cases are located
upstream of the 3'HVR locus.'1 Therefore, addi-
tional care is required with interpretation of inter-4
and 3'HVR DNA polymorphisms when a coexistent
a' thalassaemia defect is present. Recently, Breun-

ing et a112 have identified a polymorphic marker
which cosegregrates with APKD but is located on
the opposite side of the a globin gene complex. Use
of this marker in association with the previously
described ones will reduce the type of error de-
scribed above.

We are grateful to the Australian Kidney Founda-
tion for support of this study. Dr B Hall, Royal
Prince Alfred Hospital, referred the family for
study, and Dr M Robertson from the Prince Henry
Hospital has assisted in subsequent follow up. Dr
D R Higgs, MRC Molecular Haematology Unit,
University of Oxford kindly provided the a, ,, and
3'HVR probes.
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