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Two step procedure for early diagnosis of polycystic
kidney disease with polymorphic DNA markers on

both sides of the gene

M H Breuning, F G M Snijdewint, J G Dauwerse, J J Saris, E Bakker, P L Pearson,
G J B van Ommen

Abstract
Polymorphic DNA markers can now be used for
presymptomatic and prenatal diagnosis of the auto-
somal dominant form of polycystic kidney disease
(PKD). A detailed map is known for the chromo-
somal region around the PKD1 gene on the short
arm of chromosome 16. We present here a simple,
two step procedure for diagnosis ofPKD1 by family
studies. Using this approach, at least 92% of
random subjects are informative for polymorphic
DNA markers bracketing the PKD1 gene. The
recombination rate between these flanking markers
is on average 10%. In non-recombinants (90% of
family members), the accuracy of diagnosis using
DNA markers is >99%. We conclude that sufficient
well defined DNA markers are now available for
routine diagnosis of PKD1.
We recommend, however, that prenatal diagnosis

of PKD by chorionic viii sampling should be
attempted only after the linkage phase of the DNA
markers has been established by haplotyping the
index family. Since autosomal dominant PKD has
been found to be genetically heterogeneous, families
should be of sufficient size to rule out the rare form
of PKD not caused by a mutation on the short arm
of chromosome 16.

The adult form of polycystic kidney disease (PKD) is
one of the most frequent inherited diseases of man.
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The slow but relentless growth of cysts in the kidney
commonly leads to end stage renal failure at the age of
40 to 60 years. At the time the disease is detected,
most patients have already passed on the mutation to
their offspring. For genetic counselling, a reliable
method for presymptomatic and prenatal diagnosis is
needed. As a first step, the mutation responsible for
polycystic kidney disease (PKD1) was mapped to the
short arm of chromosome 16,' closely linked to
3'HVR, a highly polymorphic DNA marker, located
8 kb downstream from the 3' end of the haemoglobin
a gene cluster. 1-3 Recently, several families with
autosomal dominant PKD have been described where
the mutation was not linked to genetic markers on
chromosome 16,4 5 indicating genetic heterogeneity
of PKD. A series of probes for the short arm of
chromosome 16 has been developed since.S8 The
purpose of this study was to combine the probes
isolated by a number of different groups and develop
a standard protocol for early diagnosis of PKD1 with
linked DNA markers.

Materials and methods
Detailed description of the probes, family studies,
and map of chromosome 16 are presented elsewhere.8
The RFLPs detected by the various probes used for
diagnosis of PKD1 are listed in table 1. DNA from
peripheral blood was isolated by standard methods.8
Ultrasonography was used to detect cysts in
asymptomatic family members as described pre-
viously.9 To correct for false negative diagnosis we
used the criteria formulated by Bear et al.1'

TWO STEP PROCEDURE
Step I
DNA from all family members is cut with four
restriction enzymes. The blots are hybridised with
3'HVR as a marker distal to the gene, and four
proximal markers, 24-1, 26-6, VK5, and CRI-090.
The 3'HVR probe is heterozygous in more than 90%
of subjects,2 and the four proximal probes together
are informative in 81% (see table 1 for PIC values). In
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Table I Polymorphic markers on chromosome 16 used in the two step procedure.

HGM Restriction Fragment
Probe number enzyme (kb) Frequency PIC

3'HVR DI6S85 PvuII* A-X
5'HVR RsaI* A-X
Fr342 D16S21 RsaI* Si 1-2 0 33 0-38

S2 1*1 0-02
S3 1-0 065

BamHI S4 3-0 0-84
S5 2-8 0 16

2BPS D16S21 PstI S6 1-3 0-37 0-36
S7 1*1 0-63

XmnI S8 7 0 0-28 0-32
S9 3 5 0-72

HMJ1 D16S21 TaqI* (Sa-Sx)
pEKMDA D16S83 PstI* (Ta-Tx)
pGGGI D16S84 PstI U3 1-9 0-15 0 49

U4 1-5 0-61
US 1-2 0-24

26-6 D16SI25 TaqI* El 5-8 0-27 0-32
E2 0-85 0 73

VK 5 D16S94 MspI VI 1-6 0 57 0-37
V2 1-3 043

218EP6 D16S246 PvuII* Ha 2-8 0-36 0-36
Hb 2 5 0-64

24-1 D16S80 TaqI BI 3-8 0-80 0-31
B2 1-5/1-3 0-13
B3 1-5 0-07

CRI-090 D16S45 EcoRl P1 20-0 0-56 0 37
P2 13-0 0-44

41-1 D16S82 Sacl DI 7-4 0-80 0-27
D2 4-0 0-20

CRI-133 D16S58 HindIII Ql 7 0 0-31 0-34
Q2 6-4 0-69

HGM=human gene mapping, PIC=polymorphism information content. *More restriction enzymes are known to show polymorphism.68

this way a haplotype of linked markers is constructed
for the affected chromosome. In large families, the
haplotype can be derived with a high degree of
confidence, leading to reliable predictions ofPKD1 in
a diagnostic situation. However, in practice, small
family size often leads to an uncertain linkage phase of
the markers, further complicated by double hetero-
zygous matings and recombination. The recombina-
tion rate between 3'HVR and 24-1 or CRI-090 is
approximately 10%.8 Usually, recombinations can be
mapped, or phase problems can be resolved with the
second set of markers (see below).

Step 2
The blots from step 1 are stripped and hybridised
with a second set of probes (table 2). In addition, new
blots can be made with the enzymes SacI, HindIII,
BamHI, PstI, RsaI, and XmnI. If 3'HVR is not
informative in step 1, a probe for a second hyper-
variable region near the a globin gene can be used, the
5'HVR probe." An apparent recombination between
PKD1 and 3'HVR can be characterised further with
two probes for highly polymorphic regions closer to
PKDI, pEKMDA and HMJ1, or still more proximal
with the three allele polymorphism detected by
pGGGI.'2 This probe is preferred to CMM65,13

Table 2 Two step procedure for the diagnosis of PKD using
linked DNA markers.

Step 1 Step 2

Enzyme Probe Enzyme Probe

PvuII 3'HVR 218EP6
TaqI 24-1+26-6 pEKMDA
MspI VK 5
EcoRI CRI-090 HMJ 1

HindIII CRI-133
Sacl 41-1
XmnI 2BPS
BamHI Fr 3-42
PstI pGGG1
RsaI S'HVR

because its small allele is in strong linkage dis-
equilibrium with the U4 allele detected by pGGG1,
while the large allele ofCMM65 is subdivided into U3
and US of pGGG1 (data not shown). Thus pGGGI is
more informative. In addition, four RFLPs can be
used at the D16S21 locus, located halfway between
3'HVR and PKD1.8

Uncertainty of the phase or lack of informativeness
of proximal markers may be resolved by using the
probes 218EP6, 41-1, and CRI-133, which detect
RFLPs on the centromeric side ofPKDI. If after step
2 the segregation of the markers on the short arm of
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chromosome 16 is still unclear, additional markers
could be studied.f8

Discussion
A substantial proportion of frequently occurring
inherited diseases with as yet unknown causes can

now be diagnosed by pedigree analysis, by following
polymorphic DNA markers linked to the affected
gene in a family study. The markers used for routine
diagnosis should be thoroughly characterised before-
hand. The accuracy of diagnosis is greatly increased
when closely linked probes on both sides of the gene

are available. In addition, the markers have to be
informative in a large number of random subjects.
Ideally, hypervariable regions bracketing the gene at

very small genetic distance should be available. Four
of these hypervariable regions are now available on

the distal side ofPKDI (table 1).8 Proximal to PKDI,
however, only simple restriction site polymorphisms
are available. Therefore, to achieve informativeness
on both sides of the gene, DNA from family members
should be digested with three restriction enzymes, to
make blots which can be hybridised with four probes
proximal to PKDI. The most rational approach to

such laborious and costly family studies is to design a

standard procedure for diagnosis and carrier detection,
using RFLPs on both sides of a disease gene. This was

first designed for Duchenne muscular dystrophy by
Bakker et al. 14 We have adapted this concept here to
the diagnosis of polycystic kidney disease.

PITFALLS
Diagnosis of hereditary disease using linked DNA
markers is now performed routinely in many labora-
tories. Analysis of families with Duchenne muscular
dystrophy (DMD), haemophilia A and B, and cystic
fibrosis have indicated pitfalls that may lead to

inaccurate diagnosis. For example, the DMD gene is
very large,'5 and probes located within the gene can

show intragenic recombinations that may lead to

erroneous diagnosis. 16 17 Therefore, the use of flank-
ing markers outside the gene is still necessary in those
cases where the mutation causing the disease has not

been determined.'4 As the PKD1 gene is not known,
we have to be careful and base diagnosis on paired
flanking markers whenever possible.
A second practical problem is the interpretation of

complex banding patterns, sometimes obtained with
probes for hypervariable regions. Using less stringent
hybridisation conditions, the 3'HVR shows many
bands,'8 seriously hampering the recognition of the
chromosome 16 specific bands.
Another pitfall concerns the disease entity. Path-

ologists and nosologists have had long lasting debates
on the classification and diagnosis of cystic disease of

the kidney. 19 The many forms of cystic kidney can be
subdivided into several large groups, such as inherited
cysts, autosomal recessive and autosomal dominant,
cysts as part of a malformation syndrome, secondary
cysts, and simple isolated cysts. 19 With this multitude
of heterogeneous types of cysts, problems with the
diagnosis ofindividual patients are only to be expected.
Therefore, diagnosis of PKD using markers on
chromosome 16 should be applied only in those
families where dominantly inherited polycystic
kidney disease is well documented through several
generations.
The autosomal dominant form of PKD is now

known to be genetically heterogeneous.4 Although it
is difficult to estimate the frequency of 'unlinked'
PKD, it must be small, because genetic heterogeneity
was not found among 27 families from four countries.20
Nevertheless, 'unlinked' families have now been
detected by several laboratories, including our own.8
In such cases the family study with paired flanking
markers on chromosome 16 shows apparent double
recombinants. The chances of missing such indepen-
dent segregation is in fact quite small, given a
reasonable family size. For the sake of completeness,
we also include non-paternity as an obvious, but not
infrequent, source of error in all genetic linkage
studies.

PRENATAL DIAGNOSIS
Prenatal diagnosis of adult polycystic kidney disease
has been performed using 3'HVR as a single marker,
which gave an accuracy of approximately 95%.21 The
procedure described above, although more laborious
and costly, will give an accuracy of more than 99% in
non-recombinants when paired flanking members are
informative. Incorrect predictions will occur only in
the very rare cases of double recombination, once
between PKDI and the proximal marker and once
more between PKDI and the distal marker. In cases
where a recombination between flanking markers is
actually detected, the genotype at the PKDI locus is
no longer predictable. The recombination frequency
between 3'HVR and 24-1 or CRI-090 is approximately
10%.8 Now that several polymorphic loci are available
within this interval, the percentage of such cases will
be much less than 10%. Parents requesting prenatal
diagnosis for PKD have to be thoroughly informed by
careful genetic counselling on this limitation of the
diagnostic procedure. The reliability of the diagnosis
is strongly enhanced by extensive previous family
study. We recommend, therefore, that until more
specific studies on the mutation(s) causing PKD are
feasible, genetic counselling and family studies should
be performed before pregnancy.
The procedure described above is straightforward

and effective in many families, but it is laborious,
costly, and time consuming. Recently, several efficient
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techniques have been described for the detection of
DNA sequence variation.22-30 By combining the
polymerase chain reaction (PCR)3' 32 with these
techniques, the polymorphisms can be visualised
rapidly without using radioactive label. Using
denaturing gradient gel electrophoresis (DGGE),22 we
have detected polymorphisms in the sequence recog-
nised by 26-6.3 We are now designing a set of PCR-
DGGE primers for polymorphic regions flanking the
PKD1 gene that could be used for rapid, unequivocal
identification of haplotypes within families. If this
strategy bears fruit, the diagnosis of polycystic kidney
disease using linked DNA markers will be much
improved.
The search for the PKD1 gene is now drawing to a

close. Flanking markers are available, and the long
range restriction map of the region is almost complete
(Germino et al, Harris et al, in preparation). It can be
expected, however, that even after the gene responsible
for polycystic kidney disease on chromosome 16 has
been identified, the use of family studies with
flanking markers will remain necessary for some time.
First, it will be the best way to identify families with
the 'unlinked' form of PKD (PKD2). Secondly, the
number of different mutations at PKDI is not known
and may be large. If so, as in DMD, it will not be
feasible to detect each mutation directly for diagnostic
purposes. We predict, therefore, that the approach
described here, and similar, more refined ones as
further markers become available, will be the
standard method for presymptomatic and prenatal
diagnosis of polycystic kidney disease for at least some
years to come.

The studies were financed by the Netherlands Kidney
Foundation.
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