Topics: 11
422

LETTER TO JMG

Jrnl:jmg Job:jmg-0206 Div:01283

Mutation screening of the PKD1 transcript by RT-PCR

S Burtey, A M Lossi, J Bayle, Y Berland, M Fontés

common disorder, primarily characterised by progres-

sive renal enlargement and cyst formation, leading, in
the majority of patients, to end stage renal disease. Cyst
formation has also been observed in liver and pancreas.
Cerebral artery aneurysm has also been reported.'

This disorder is genetically heterogeneous, but about 85% of
cases are the result of a mutation in the PKDI gene, located on
the short arm of chromosome 16 (16p13.3). This gene spans
about 50 kb of genomic DNA, is composed of 46 exons, and the
ORF is 13 kb.*”?

The incidence of PKDI in the population is about 1/1000
subjects, making it the most common genetic disorder in
humans.® However, routine clinical diagnosis by molecular
analysis has not been extensively developed. This is because of
two main characteristics of the gene. Firstly, the coding region
is large and spans 46 exons. The second and main reason is
that sequences homologous to 70% of the coding region are
present as nearly identical transcribed copies located closer to
the centromere on the short arm of chromosome 16.”* Some
of these sequences are transcribed.” This situation has led,
until recently, to identification of mutations in only 30% of the
non-repeated part of the coding region. Previously, authors
have reported RT-PCR based mutation detection, but they only
screened the PKDI gene from exon 16 to exon 46. Recently,
two papers have reported different screening strategies for
mutation detection in the repeated region of PKDI.”" One

ﬁutosomal dominant polycystic kidney disease is a
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involves a long range RT-PCR approach (PKD1I is expressed in
lymphocytes) designed to amplify a 13 kb REPCR product.*
This can probably not be used as a routine screening test in a
hospital setting. The second approach involves PTT tests and
sequencing of genomic DNA." This approach is more practical
and has met with some success, although the detection of
mutations is mainly based on protein truncation tests, which
allows the detection of premature protein translation.

The molecular diagnosis of this disorder is, however, impor-
tant not only for patients but also for mutation based selection
of patients for therapeutic trials in the future. We therefore
designed primers from database sequences, spanning regions
in which we detected nucleotide differences between PKDI
and its homologues. We used these primers to amplify RF-PCR
products, ranging from 750 bp to 2.3 kb, a fairly normal range,
and have shown that they are PKD1 specific. We used this test
to screen for mutations in nine polycystic patients, with a
clinical presentation of PKD1, with or without a family history.
Surprisingly, we found 17 polymorphisms and six mutations.
In conclusion, we have developed a strategy for mutation
screening over the entire PKDI coding region by a quick and
reliable method.

MATERIAL AND METHODS

Patients

This study comprised nine patients with autosomal dominant
polycystic kidney disease (ADPKD). Subjects gave informed

Table 1  Sequences and characteristics of PKD1 specific primer pairs. (positions where differences between PKD1 and
PKD1 related sequences have been reported are underlined)

Primer pair Sequence: 5'-3' Position in cDNA Amplicon size (bp) Annealing temp (°C)
1F CTCAGCAGCAGGTCGCGGCC 76 856 66
1R AGGCACTGGAGGGCTGGGCCGC 932

2F CAGGGCTGGTGCCTIGTGTGGCGCG 890 1313 72
2R GGCCTGGGGCGTGGCAAGAGGCGTC 2203

3F GGACGCCTCTTGCCACCCCC 2179 2312 70
3R CIGGCACGGGIGGGGGCGGCTICC 4491

4F AAGCCGCCCCCACCCGTGCCA 4470 750 65
4R CTCCAGGCAGTCCAGCTGTAGGAGAC 5220

5F GGGATGGCACCAACGTCTC 5181 1541 63
5R CCTCCAAGTAGTTGCGCTGTGATCGC 6722

6F AGCGCAACTACTTGGAGGCCC 6705 2202 62
6R ACCACAACGGAGITGGCGG 8907

7F CAGCTCCGCCAACTCCGCCAACT 8875 2106 72
7R GGACAGGAGCCACGCAACACTCAC 10 981

8F AGCCAGCGAGGCIGTCCAGG 10 803 1818 65
8R GCAGCCTGCGCAGGAACAACTCC 12 620

9F CCTCTCGCTGCCTCTGCTCACCTC 11896 1795 68
9R ATAACGCCACCACACCTACCAAGC 13 691
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Table 2 PCR primers for SSCP

Fragment Primer Sequence Annealing T

Fragment 1

1 ABTF GCCATGCGCGCGCTGCCCTAACG 60°C
SAB1B1 GAGGTTCGCCAGGAGCCCAACG

2 SAB1F2 ACA GCG CTA GAC GTC TCC C 60°C
SAB1B2 AAG GGG ATG CCA AGC AGA GG

3 SAB1F3 CCA CGT GTG CTG GGC CTG G 60°C
AB5B GGCACTGGAGGGCTGGGCCGC

Fragment 2

1 ABS5F CAGGGCTGGTGCCTIGTGTGGGGCG 60°C
SAB5B1 CACATAGCGATGCGAGGCAGCCGG

2 SAB5F2 GCT CCG CCG AGG TGG ATG CC 62°C
SAB5B2 TGT CCG AGG GGC AGA GCG GG

8 SAB5F3 TGG TTIC AGG CCT GGA GGC 56°C
SAB5B3 TGG CAG CTC TCC AGG CTG

4 SAB5F4 TCA CCA GGA GCC TAG ACG 52°C
SAB5B4 AAT ACC ATG ACC TCC ACG

5 SAB5FS GCA GGA CGG CCT CTC AGC CCC 60°C
AB10B GGCCTGGGGGTGGCAAGAGGCGTC

Fragment 3

1 AB10OF GGA CGC CTC TTG CCA CCC CC 60°C
SAB10B1 GCT GGC AAG TGG GGC AGC CA

2 SAB10F2 TCT CCG CCA ACG CCT CGT CA 60°C
SAB10B2 GTG GCG TTG GCA CCA GAG TC

3 SAB10F3 CAG CCT TGG TGC TCC AGG TG 64°C
SAB10B3 GAC TCC CTG CAG TAC ACG GG

4 SAB10F4 GAG CCC ATC TGT GGC CTC C 60°C
SAB10B4 GTG GAG ACC TGC AGA CCC TG

5 SAB10F5 CGT GAA CTA CAA CGT AAC CG 62°C
SAB10B5 GCA GCG TAG GTG TGC ATG AC

6 SAB10F6 GGT GCT GGT GGA GCA CAATG 60°C
SAB10B6 CGA GGC ATA GGT GTG GTT GG

7 SAB10F7 CTG TCC TGA CCC AGA GCC 58°C
SAB10B7 GCA GGT ACA CATGCTCCAC

8 SAB10F8 GTG GAC CTT CGA CAT GGG 58°C
SAB10B8 CAC GGT CGT GTT GGA GGA G

9 SAB10F9 CCTCTTCGACTGGACCTTICGGGG 60°C
AB15B1 CTGGCACGGGTGGGGGCGGCTTCC

Fragment 5

1 AB15F2 GGGATGGCACCAACGTCTC 62°C
SAB15B1 CCT CCT CCA AGG ACC AAG TG

2 SAB15F2 CTG GTGGCA GTG GTG TCG 60°C
SAB15B2 CAG CAC CAG CTC ACATIG G

3 SAB15F3 TGC CCT TIT GGG GGC AGC 63°C
SAB15B3 GGC GGA AGG TGA CAG CTG AGC

4 SAB15F4 CAG ATC CTG CTG GCT GCC G 65°C
SAB15B4 GTA GGC GAC CCG AGA GCC GC

5 SAB15F5 TTC ACA GCC CGC GTG CAG C 63°C
SAB15B5 GGT GGC GGC CTC AAACTG C

6 SAB15F6 CTG CTT CAC CAA CCG CTC GG 65°C
30Ext CCTCCAAGTAGTTGCGCTGTGATCG

Fragment 6

1 FQF26 AGC GCA ACT ACT TGG AGG CCC 62°C
SAB26B1 ATG AGC CAC CCT CAATGA TGG

2 SAB26F2 CAG GCC AAT GTG ACG GTG G 60°C
SAB26B2 CCT TCC ACA CGG TCA GGC TG

3 SAB26F3 CGG CTG GCG TGG AGT ACA CC 60°C
SAB26B3 CAG TCG CAT GCC TGC ACT GC

4 SAB26F4 TGG ATG AGA CCA CCA CAT CC 62°C
SAB26B4 CAG CAG CAG GGC GTACAC C

5 SAB26F5 CTT CGA ATG CAC GGG CTG G 62°C
SAB26B5 GTG CAG CCA GAC TGT GAG CC

6 SAB26F6 TCA ACA GGT CTT TGG CCATC 62°C
SAB26B6 CGA TCT GCT GGA TGT CAT CC

7 SAB26F7 GAC TCT GGT GTC CCT GAG GG 60°C
SAB26B7 CAT CCG AGA TGG TGA CTC G

8 SAB26F8 GCC AGC TCG GAC GTG CGG 60°C
SAB26B8 GTC ACT GAG GTT GGC CAG G

9 SAB26F9 CCA CTT CTC CAT CCC CGA GG 62°C
AB21B ACC ACA ACG GAG TTG GCG G

Fragment 7

1 AB21F CAGCTCCGCCAACTCCGCCAACT 62°C
SAB21B1 GCT GGG TCT CTG CTC CCC GG

2 SAB21F2 CTG ACC ACC GGC CCT ACA CC 62°C
SAB21B2 AGC GGA CAT GGC TTG GGG C

3 SAB21F3 CCT GGA GGA GAC CTC GCC 62°C
SAB21B3 GTG GCC GCT CCG GCTGIC CACC

4 SAB21F4 ATC CTC GTC AAG ACA GGC 54°C

SAB21B4 GAA AGC CAG TCA TTG ACC

contd
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Table 2 continved
Fragment Primer Sequence Annealing T
5 SAB21F5 GAC CTG CAG ACG GCA CGC 64°C
SAB21B5 AGT CGC CAA CAG CCC CG
6 SAB21F6 CTG CCT CTT CCT GGG CGC C 66°C
SAB21B6 GCG TGG AGG CCT GAG AAC G
7 SAB21F7 TGG ACT CGT CCG TGC TGG 62°C
SAB21B7 GGA TCA GGT CTT CAT CTG ATG C
8 SAB21F8 CCC CTA CTC GCC TGC CAA ATC C 68°C
SAB21B8 TCC TGG ACA GCC TCG CTG CC
9 SAB21F9 GAC GCT GGC GCT GCA GAG GC 68°C
AB36B GGACAGGAGCCACGCAACACTCAC
Fragment 9
1 AB42F CCTCTCGCTGCCTCTGCTCACCTC 62°C
SAB42B1 AGC GAG GCC GCC AGG CCA CG
2 SAB42F2 CCA GGT GGC GCA GCT GAG CTC 62°C
SAB42B2 CAG GAC TCG GCA GGA CAC AGG
8 SAB42F3 TGG TGC TGT GCC CTG GGA CTG G 62°C
SAB42B3 GAG GGC AGC GGC TCC ATC CCTTC
4 SAB42F4 GGA GT CCG CCA CAA AGT CC 64°C
SAB42B4 CCT TGC AGG CTG TGC AGC
5 SAB42F5 CAA CCA GGC CAC AGA GGA CG 62°C
SAB42B5 CTC GGC CTT GAC AGC GGC
6 SAB42F6 AGT CGG AGT GGA CAC CGC 62°C
SAB42B6 CAT CTG CCC AGG GGG TGG
7 SAB42F7 CTC AGG TAC AGC GGG CTG TGC 62°C
AB46B ATAACGCCACCACACCTACCAAGC

consent and the hospital ethics committee approved the study.
All patients, except patient 4, had a familial history of ADPKD.
The patients under 30 years old all had at least two cysts in one
kidney or one cyst in each kidney, those aged between 30 and
59 had at least two cysts in each kidney, while those aged 60
or older had at least four cysts in each kidney. The parents of
patient 4 had no kidney cysts at an age greater than 60.

Eight patients (1,2,3,4,5,6,7,and 11) had end stage renal
disease. Seven (1,2, 3,4, 5, 6, and 7) were undergoing haemo-
dialysis treatment and patient 9 had received a transplant.
Patient 8 had normal renal function. Families 1, 6, 7, and 8 had
a history of cerebral aneurysms.

The polycystic kidney disease segregates over at least three
generations in eight of the families. Patient 4, however, had no
familial history and is a sporadic case. However, this patient
fulfilled all the PKDI criteria and his clinical presentation was
identical to that of the familial cases. The presence of another
nephropathy segregating in the families was excluded.

Seven of the families are of European origin, family 5 is
from North Africa, and family 6 is from the Middle East. No
linkage analysis was performed because some members of the
families refused to contribute to the study.

—
- 2 -—
.~ 5
1 kb

RT-PCR analysis of PKD1
Using Blast2 software, we compared the sequence of PKDI
(accession number L33243) with the sequence of a BAC con-
taining PKDI homologues (accession number AC002039) and
detected the regions with the lowest nucleotide identity. We
used these data to design a set of nine primer pairs specific for
the PKDI transcript, which encompass the whole coding
region. A summary of these primers is presented in table 1.
Lymphocytes were isolated using a Ficoll gradient and total
RNA was extracted using the Rneasy Quiagen kit, according to
the manufacturer’s instructions (Quiagen SA). Total RNA was
resuspended in Rnase free water. A total of 1-5 pg of total RNA
was reverse transcribed using a RFPCR kit (RT Life Technology
GIBCO BRL), according to the manufacturer’s instructions, and
3 plof the RT products were amplified using a standard hot start
PCR technique using the primers; the PCR temperature is
shown in table 1. MgCl, concentration in PCR reactions was 1.5
mmol and 35 cycles of amplification were performed.

Mutation screening
RTPCR products, synthesised as previously described, were
diluted to 1/1000 and subjected to a nested PCR, using internal

Figure 1 Distribution of primers along the PKD1 transcript. Protein domains are lettered from A to G. A: leucine rich repeats. B: lectin C
domain. C: LDL-A domain. D: PKD domain. E: REJ domain. F: transmembrane domains. G: coil-coiled domain. Primer sets are numbered

underneath.
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A
1 gt ct gcaggt ct ccacagt gccggcecgt gct gt cccccaat gccacgcet agcact gac
CEEPEEEREEEREEEEE PR ERERE PR ER R EAT
2 gt ct gcaggt ct ccacagt gccggcecgt gct gt cccccaat gccacgcet agcact gac
LR TR FPEEEEEE FEPRERE PR FERTEAT
3 gcct gcgggt ct ct acagt gccagcecgt gect gt cccccaat gccacgcet ggcact gac
B
3042 —
1901 —
1141 —
Figure 2 (A) Comparison of the sequences of PKD1 (1) (nt 3273 to 3330 of the cDNA sequence) to the sequence we obtained using our

RT-PCR test (2) and the sequence of one homologue of PKDT (3). (B) Enzymatic cleavage of a PKD1 specific RT-PCR product (fragment 3) with
the restriction enzyme Nhel, which cleaves the PKD1 sequence (nt 3322 of the cDNA sequence), but not the sequence of homologues. Lane 1:
undigested RT-PCR product. Lane 2: digested product. MW: molecular weight markers.

primers derived from the PKDI sequence, in order to generate
fragments of about 200-300 bp (table 2), except for PCR
products corresponding to fragments 4 and 8, which were
directly sequenced. A total of 40 pl of PCR product was mixed
with 40 pl of 0.1 mol/l NaOH and transferred to ice. This mixture
was deposited at the top of a 30% acrylamide gel and subjected
to electrophoresis (16 hours at 10 mA at 18°C). If necessary, a
second analysis was performed at 4°C. Following migration, the
gel was stained with ethidium bromide and fragments were
visualised by UV. Fragments (PCR products) showing an abnor-
mal migration compared to standard DNA from unaffected
subjects were sequenced on both strands.

Sequences were analysed and compared to the PKDI gene
sequence (accession number 133243) and homologous se-
quences  (accession numbers AC002039, AC009065,°
AC012171,° NT 024838, and NT 010543), using the basic
Blast software (http://www.ncbi.nlm.nih.gov/blast/).

RESULTS

Designing an RT-PCR assay specific for the PKD1
transcript

Using database sequences (see Methods), we compared the
sequence of PKDI to sequences of PKDI homologous
transcripts.” The comparison of these sequences was used to
design a set of nine oligonucleotide primer pairs (table 1), for
which at least the 3" end is specific for PKDI. The distribution

of these primers is shown in fig 1 and covers the entire coding
sequence.

We then extracted RNA from normal lymphocytes and
reverse transcribed it using a standard procedure. We
amplified the cDNA using the primers described above. The
amplified products were directly sequenced and compared to
PKDI and related sequences.”* Sequencing of DNA fragments
obtained by our RT-PCR assay clearly corresponds to unique
sequences, corresponding to PKDI only and not to any of the
related sequences (an example is shown in fig 2A). Moreover,
we used enzymes that specifically digest the PKDI sequence
and not the related sequences, and showed that each
amplified fragment is specific for PKDI. An example is
presented in fig 2B.

These data clearly indicate that the RFPCR assay described
above amplifies the PKDI transcript only and not transcripts
from related sequences.

Mutation screening of PKD1 using a specific RT-PCR
assay

In order to test the ability of our REPCR assay to identify
mutations in ADPKD patients, we selected nine unrelated
patients who presented the classical symptoms of the disorder.
RNA was extracted from fresh blood lymphocytes and RT-PCR
was performed. Before screening for mutations, we ruled out
the possibility that the transcript corresponding to the mutant
allele was unstable and degraded in the majority of our
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Figure 3 Test of the expression of the two PKD1 alleles in patients 1-7. A PKD1 specific RT-PCR fragment was digested with the restriction
enzyme Tsel, which specifically digests the PKD1 polymorphic allele (A12273G). This clearly shows that two alleles of PKD1 were amplified in

patients 3, 4, and 5.

patients, as this would have rendered our assay ineffective for
PKDI mutation screening. In order to do this, we used known
PKDI polymorphisms and digested the RT-PCR product with
the appropriate restriction enzymes. An example is given in fig
3. We can see that two alleles can be detected in the RNA of
ADPKD patients. Moreover, we found polymorphisms in all
tested patients (see below) except one (patient 1), indicating
that the two alleles have been amplified in the RTFPCR
reaction.

As a next step, we screened for mutations in RT-PCR prod-
ucts, using a standard SSCP approach, followed by sequencing
(fig 4A, B). Surprisingly, we found 17 differences from the
published sequence (table 3). These differences clearly
represent polymorphisms in the repeated region, since the
variation in the sequence is present in several patients, as well
as in unaffected subjects, some of which have already been
published. It can be seen in table 2 that 13 mutations involve

the base combination of C/T (or G/A), while only four affect
other base combinations (75%/25%). Moreover, of the
missense mutations, seven of 17 polymorphisms (six already
reported and one new one) correspond to a substitution
present in at least one of the PKDI homologues (40%).

In addition, we detected six mutations which were each
present in only one patient and were not detected in
unaffected subjects. One is a 4 bp insertion (patient 6), which
has not been previously described (2986ins4). This mutation
introduces a stop codon 300 bp downstream. The second is a
splice mutation (patient 1) that causes partial deletion (74 bp)
of exon 14 and introduces a stop codon 400 bp downstream,
which has already been described." This splicing abnormality
is caused by a mutation in the splice acceptor site of exon 14
and the use of a cryptic splice site in exon 14. The third is a
splice site mutation that causes exon 44 to be skipped, thus
deleting 45 amino acids coding for the tenth transmembrane

Table 3 Polymorphisms and mutations found in nine unrelated patients
Position in the Already Present in Present in
cDNA Position in the protein described patients (No) homologues
Polymorphisms
A759G P253P No Control Yes
T1119C L373L Yes® 6 and 8 Yes
A2214G Q738R No 5 No
G2700A PQOOP Yes'* 1 4 No
C2730T D910D Yes'4 1 4 No
T3063C G1021G Yes'41® 3 Yes
T4195C W1399R Yes'* 3 Yes
C4335A V1445V No 4 No
A4665C A1555A Yes'* 1 3,4,5 Yes
C6299T S2029L No 7 No
T7165C 12389L Yes'>” 3,4,5 Yes
C74417 124721 Yes'® 3,4 No
T7708C L2570L Yes'® 3 Yes
G8545C A2848A o 8 No
A12130G 14044V Neshsliaozz 3,4,5 No
IVS 44+19 delG Yes!3 181922 6 No
A12273G A4091A Yes'? 1817 3,4,5 No
Mutations
IVS13-2 AST Frameshift L1054fsx1074 Yes'? 1 No
IVS 44 +2 T>C Del 4001-4045. 4001del46 No 4 No
IVS 45 -14 T>C Insertion 30 AA 4148-4149ins30 No 5 No
2986 Ins 4bp Frameshift (1099) S995fsx1099 No 6 No
G3961T Q987H No 7 No
9412del3 3138 delv No 11 No
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B
T T A H |4 G | M
ACC ACG GCC CAC GIG GGC ATC ATG WT

ACC ACG GCC CAC GGC ATC ATG Patient 11
Figure 4 Mutation screening in patients. (A) SSCP analysis of
patient 2 (lane 1), patient 3 (lane 2), patient 11 (lane 3), his affected
daughter (lane 4), patient 4 (lane 5), and patient 5 (lane 6). (B)
Sequencing of the abnormal fragment of patient 9 showed a 3 bp
deletion, removing a conserved amino acid (V) of the PLAT domain.

427

domain.” The sequence of the corresponding region of this
patient’s genomic DNA showed a T>C transition at the intron
44 donor site (fig 5). This mutation was detected in patient 4,
a sporadic case of PKD with no previous familial history. The
fourth mutation (patient 5) is also a splicing mutation that
leads to intron 45 being unspliced, adding 30 extra amino
acids to the protein. Sequencing exons 45 and 46 and intron 45
only showed a T>C transition in the intron (51385, I[VS45-14,
fig 6). These three splicing variants were detected by R-PCR
products of an abnormal size (for example, see fig 5). Abnor-
mal fragments were sequenced, as well as the corresponding
genomic region. The fifth mutation (patient 9) corresponds to
a 3 bp deletion (9412-9415), encoding a valine (3138) which
has been strongly conserved throughout evolution (human,
mouse, Fugu). This valine is part of a PLAT domain, which is
involved in signal transduction.”’ This mutation segregates
with polycystic kidney disease in this family. The sixth muta-
tion (patient 7) is a missense mutation (Q987H) that has not
been previously identified. The absence of these mutations in
100 unrelated wild type chromosomes has been verified. This
mutation is likely to be pathogenic as it changes a negatively
charged amino acid (glutamic acid) into a positively charged
one (histidine). Moreover, the mutated glutamic acid is
conserved in PKD! from human to Fugu.

306 bp

161 bp

cgeggecggg WT

CBEEEAGCTARCCATEET Gocatagactegeatecay

Figure 5 Exon skipping in patient 4. (A) RT-PCR reaction, spanning exons 43 to 45, was performed on cDNA from patient 2 (lane 2), patient
3 (lane 3), and patient 4 (lane 4). Products were analysed on 1.5% agarose gels. Sequencing of the abnormal 161 bp fragment showed
skipping of exon 44 in patient 4 PKD1 transcript. (B) Sequence of the genomic region spanning the boundary between exon 44 and intron 44.

A T-C transition, affecting intron 44 donor site (GT to GC) can be seen.
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GGAGAGCTGTACCGGCCGGCCTGGGAGCCCCAGGACTACGAGATGGTGGAGTTGTTCCTGCGC

G E L Y R P A W E P

Q D Y E

M V E L F L R

AGGCTGCGCCTCTGGATGGGCCTCAGCAAGG TCHgGBGgcccagtggggggga

R L R L WM G L S

gagggacacgccctgggctctgcccagggtgcagecggactgactgagcecce
AQ G A A G L T E P L C R P

E G H A L G S

K v K E VvV G T

A QW G G

t gtgccgeccce

cag TTCCGCCACAAAGTCCGCTTTGAAGGGATGGAGCCGCTGCCCTCT

Q F R H K V R F E

G M

E P L P S

Figure 6 Splicing anomalies in patient 5. Genomic sequence from exon 45 to exon 46 of PKD1. Sequence variation in intron 45 of patient 5

(T to C, nucleotide 51 385) is indicated in bold.

DISCUSSION

Here we describe a PKDI mutation screening strategy based on
RT-PCR amplification of the transcript, using specific primers.
In order specifically to amplify the PKDI transcript, and not
any of the homologous sequences, nine sets of primers specific
to the PKD1 sequences were designed on the basis of compari-
sons with PKDI homologues present in the databases. In order
to check the specificity of this assay, we sequenced RT-PCR
products. The sequence of these fragments corresponds to a
unique sequence, which is the sequence of PKDI and not one
of its six homologues. We cleaved the RT-PCR product with
selected restriction enzymes, allowing the discrimination of
PKDI from related sequences and confirming that the
sequence is definitely the PKDI sequence.

Using RT-PCR, we amplified the PKDI transcript from nine
unrelated patients and checked that the two alleles could be
amplified and analysed, using a published polymorphism.*
This is extremely important, as mutations can often lead to
unstable transcripts that cannot be detected. Three patients
out of nine show the two polymorphic alleles, indicating that
the transcripts from the two alleles can be amplified.
Moreover, we have detected polymorphisms by SSCP in all
patients except one. This indicates that we can screen both
copies, even if one is more abundant than the other (it is well
known that PCR techniques normalise the quantity of
transcripts when more than 35 rounds of amplification are
used). We therefore think it probable that our approach can be
applied to most samples from PKDI patients.

We found six mutations that are likely to be the cause of the
disorder: a 4 bp insertion, three splice mutations, a 3 bp dele-
tion, and one missense point mutation. Only one of the splice
mutations has been previously identified. Moreover, using our
approach we also detected a mutation in a sporadic case.
Unfortunately, we have no access to the DNA of the parents, so
we cannot know if this sporadic mutation is de novo or if the
case is sporadic because of the small size of the family (a situ-
ation becoming more frequent in Europe with the decrease in
family size). One of the splicing mutations (IVS45-14T>C) is
interesting as it did not affect a consensus splice site, but
affected the sequence of the intron. The only explanation for
this (we have never found this splice variant in the either nor-
mal population or other patients) is that this mutation affects
the secondary structure of the mRNA, necessary for the
normal formation of the lariat in the first steps of splicing.
These mutations did not correspond to the sequence of PKD
homologues, ruling out the possibility of some non-specificity
of our test.

Therefore, six mutations were detected in the nine patients.
In spite of the small size of the tested population, this rate of
success (67%) is higher than other published screening meth-
ods. This success is partially the result of the large number of
spliced mutations detected in the assay (3), which can
accurately be detected only by RI-PCR. However, this should
be confirmed in a larger population. The failure to find muta-
tions in 30% of patients may be because: (1) some of the
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patients were not PKD] patients; (2) SSCP screening does not
have a 100% success rate and often gives false negative results;
or (3) there was an error in the sequence of abnormal SSCP
fragments. In order to increase our rate of success, we plan to
use more sensitive and reliable approaches, such as mutation
screening using the DHPLC technique.

In addition, we have detected numerous variations that
appear to be polymorphisms, as they are present in both
patients and unaffected subjects. These represent a high rate
of nucleotide substitution. The most frequent base substitu-
tion in humans is C to T, which is also the case in the present
study.

One explanation for this high rate of base substitution could
be, as has already been proposed,”* that gene conversion
occurs between PKDI and related sequences, introducing
mutations into PKDI. However, more than 60% of the amino
acid or nucleotide changes detected in PKDI are not present in
PKDI related transcribed sequences. Moreover, we may note
that no putative mutations observed in our patients match the
PKD related sequences. The gene conversion hypothesis
cannot, therefore, explain the majority of sequence variants in
the PKDI transcript. However, this observation supports our
data, indicating that our technique specifically amplifies PKD1
and not the related sequences. These findings also confirm the
frequency of polymorphisms of PKDI  previously
described.” ¥ This surprisingly high rate of mutations/
polymorphisms has so far not been elucidated. However, a
high rate of mutations is consistent with the two hit strategy
of cyst formation, as this theory implies a high rate of somatic
mutations in order to have the chance to form a cyst.

In conclusion, we have developed a quick and reliable
RT-PCR approach that specifically amplifies the whole PKDI
transcript, allowing the screening of all types of mutations
over the entire PKDI gene.
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