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Abstract

Background: We have previously developed a long RT-PCR method for selective amplilication of full-langth PXD!
transcripts {1 3.6 kb) and a fong-range PCR for amplification in the reiteratad region (18 kb covering axons 14 and 34 of
the PED! gene These have provided us with an opportunity v study PKDH mutations especially in 1t retterated region
which b difficuk 1o exsmine. In this report, we have further developed the method of rultiple restricdon fragment-single
strand conformation polymarphism (MRE-55CP) for anatysis of PKD | mutalions in the patlents with autosomal dominant
polycystic kidney divease [ADPED), Novel and de nowe PKD ! mutations ara identified and reported.

Mathods: Full-length PRKD cDNA sclited from the patlemts with ADPKD was fractionated into nine overlapping
sepments by nested-PCR. Each segment was digeszed with sets of combined rastriction endonucieases before the SSCP
analysis. The fragments with aberrant migration were mapped, kolated, and sequenced. The presence of mutation was
confinmed by the long-range genomikc DMNA amplification in the PKDT reglon, sequencing, direst mutation detectlon, and
seprepation analysis In the affected farndly.

Rusults: Five PR mutations identified are two framethift mutations caused by two di-nucleotide {c 5235_5226delAG
and ¢.945(_94524elAT) deletions, 3 nonsense (QIE26X, £5693C>T) mutation, 3 sphicing defect atributable 15 31
nucleotide delation (333 184_33214dai3 1), and an In-frame deledon (L3287del, c |D070_100724a0CTC). Al mutations
cocirred within the reiterated region of the gene involving exons 15, 26, 15, 19 and 29, respectively. Thres mutitkns
{onw frameshift, splicing defect, and in-frame deletion) are novel and owo {one frameshift and nonsente) known, In
sdditon, pwvo mutations (nonscnse and splicing defect) are peasibly de novo.

Cancision: The MRF-SSCP mathod has bees developed to analyze PCR products generatad by the fong KT-PCR and
nested-PCR technique for screening PKD# mutations in the full-langdh <DNA. Five mutations identified ware all in the
raterated region of this gena, thres of which were novel. The presence of de nove PKD ! mutations indicates thax this
gona b prone to mytatong.

Page 1 of 15
{page apmir ool Jor GRsdon popossd)




BMC Medical Genelics 2004, §

Background

Autozomal deminant polycystic kidney disease (ADPED;
MIMx 173900) is a potentially fatal disease and one of the
most common inherited disorders in humans, affecting
approximately | per 1,000 individuals. The characteristic
sboormality is the piesence of multiple fAuid-filled cpsts
in both lddneys causing defeaive functions, ultimately
leading 1o énd stage remal disease (ESRD) [1]. Liver cysts
atd other extra-renal manifestations such as cerebral
aneurysm and mitral valve defect, can also be observed
[2]. Two known penes are responsible for this disease:
PKD1 (MIM# 601313) at 16p13.3 [3-6) and PXDZ (MIM#
173910} at 4q21-23 |7]. The presence of the third locus
responsible for this discase Is still controversial [8,9]. A
majority of cades (A5%) is caused by mutations in PRKDI.

PKD] gene spans >50 kb of genomic DNA, containing 46
exons and transcribing ~14-kb mBNA {3-6] that encodes
a large membrane-associated glycoprotein, polycystin-1,
comprsing 4,302 amino achkds. The proteln possibly par.
lmpma in the signal-ansduction pathvay b’}' coondinat-
ing with polycystin-2, the product of PKDZ, in mediating
mechanosensory caleium mobilization by function =
{low-sensitive mechanosensods in the primary dliom of
renal epithelium |10]. A failure of fluid-flow sensation of
the cells may disturb tissue morphogenesis, triggering
abnormal cell proliferation and cyst formation. Renal
cysiz are likely to develop after a second-hit or somatic
mutation, which mactivates the inherited nommal allele of
the same loass, or occasionally an allele of another coun-
terpart bacus (i.e.PED2 of vice versa), giving tise 10 8 (rans-
heterozygous event {11).

To date, at least 250 unique PKD1 mutations have been
identifled a5 liseed Ln the Human Gene Mutuion Data-
bate (HGMD,

m.[cha‘_lmxi.hlmll [12] and also repom:d mone
recently [13-15). Three-fourths of mutations [n this gene
result in runcaied protein products, suggesting s inecti-
vation ot toss-of-function mechanism, Mosi previous
studies have found undesr genotype-phenotype cormela-
tiona for PKD1 mutations, Howeves, a recent report has
shown the significant correlation between the position of
mutation and disense geverity (more severe in more 5'
mutation ), mising the questions whether PRD1 mutations
simply inactivate all praducys of the gene [16]. Mutation
daiabases from worldwide population and sdditional
experiinents would be useful to unravel the precise mech-
anism by which PKD! mutations case divese
phenotypes.

Analysis of PKD! mutations is labor-intensive, time-con-
smming, and expensive because of its Jage size, the pres-
eace of 3 very high GC content, and mosi severely the
presence of more than six homalogous penes, which are

5%

Ittp-www biomedcantral.com/147 1-23500s72

highly homologous to the 5* region {(exons 1=33) of PKD]
[4,17]. The Liner haz made avatation detection in this
gene much more difficuit. The methods successfully
developed for mutation analysis of this gene am based on
discrimination of PRD1 from the non-functional homol-
ogous genes, by enrichmiesit of PRDI sequence while sup-
pressing the homologous onss w undetectable levels,
PXD1 muuations oocur throughout the gene with appar-
ently no muational "hot-spor”, rendering characieriza-
tion of all disease cauning PKD! muiations in various
ethnic groups essendal for comprehension of mokecular
mechanism of the disease and for provlding diagnostc
genetic iesting. Our group aim to Rilfill PKDI-mutation
database of Thal patients and have previously developed
a long RT-PCR technique for isolation of the entire coding
sequenoe of PKDT (~13 kb) for the analysis of its muiz-
tons without imtesference from the homologous
sequences [18]. The analysis of PKD} wansaipt provides
an opponunity foc & wve study of sphicing defects priocto
identification of causative muntations. In addition, a long-
range PCR (LR-PCR) for amplification of PKDI-specific
genomic sequence with the length of about 18 kb in the
reiterated reglon covering exons 14-33 has also been
established for further analysis of PKDI [19). Using these
techniques, we have previously idemified and reported
two mutations causing splicing defecs of PXD] tran-
scrips in Thai families with ADPKD [19,20].

To increase efficiency of screening and hentification for
other types of mutations in the relverated reglon of PKD1,
we have further developed a mubtiple certuiction frag-
ment-single strand conformation polymorphism (MRF-
SSCP) method [21), in addition to the long RT-PCR and
LR-PCR techniques. Since the SSCP method is more effi-
cient for screening mutation in a short fragmeni (bess than
300 bpl. we used different sets of restriction endonude-
ases for digesions of each PKD1-cDNA scgment 40 that
the entire segment was efficiently acreruied. We have
applied this procedure for sareening and identlfying PED1
mutations in Thai patients with ADPKD. Here, vwe report
three novel and two recurrent mutations of PKD1 idemt-
fied In Thai patients; two mutations are possibly de novo,

Methods

Ten unrelated Thai families with ADPKD attending our
clinies at Divisions of Medical Genetics and Nephrology,
Depanment of Medicine, Faculty of Medicine Siriraj Hos-
pital, Bangkok, were included in this ssudy. ADPKD was
diagnosed according to established dinical and genetic
aiteria [22]. Research investigation was conducied in
accordance with the Faculty of hedicine Sirirs] Hospital
Bthics Committee’s guidelines and in accondance with the
Helsinkd Dedaration. Blood samples were collecied after
informed consent for RNA and DNA preparations. Link-
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Taila I: PCR primvers and esnditions for amplifications of PKD cONMNA and DNA

Primer Saquence F'>T)

Pirfivviar Locatiem n PCR Prndud _ Asnesling MR Cone.
Hmlﬂnn PRO) Tramscript  Size (bp) T-nEr-n T
<OINA smplification
THIF CToLGEACAACBEGGCCAYGCD s 10 ruUTh IR 434 ik L2
THIB ACETGGGGCAAGCGAGGATGACALA 1300013 T4 Y UTK
WiF ACOG GGG R CATACERC RO TRICITAM 188310 SUTR [ AL ] T in
b-11 ] CAGTACTCGGCTRTGGCTIAGTGTGGCTCL 1 T34 FIi5e Ewein 7
SIIF AGGAGCETARACSTGTGGATOG i@ Exon -7 LT &8 I3
S8 CETGCATOCTGTTCATCCGETE nr-nie Exim 13
SIF CATCAACGACAMAGCAGTECTT pLLE2 LR Bina 13 (%75 e 3]
38 CCAC L CACAGCAGAGAA 4450 B 15
-2 ATCTCTGITGOCAATGALTCAG S-S Exom |4 1473 & 15
SHB GGGGAAGT TITRREAGAMC [Fie2 2 | Ewen 15
S5F TCAATGCCTUCAAGEAG TLAGT SB08-FRIF Cxn 13 | ek -] 15
[111:] CICTCATCAGCACCAGCGTCTTG HM-Fe Exzm 1A
L1 AGCAGOGGCTOCAMPOGAL Fad-Farg Exen 17 1 50 [ 9
5 CACAACGAMNITTCGCGGAGT E905-Atae Boae 23
HIF CETTTOCCTTTGGCTATAYCAG =-AT3 b 21 1518 L] 15
s OCAMGETAGACGGLEATAGATAAL Lo i o Exon M
nar GUCACCTCCTGOGTTCTOCT 19052 00T | (=, ] L5» &5 13
oM CGTCCCORAOLCATTGTGAG | IS FLEI Exvh 49
SMF CTTCAGCAC CAGCIATTACGACGTY 1 1EX2) 135 o 22 1450 &5 15
nye ACAAAGTAATACTGAGOCG TOTOCACTC 1E=1 3155 3 TR,
Ganomdb: DA smpificssian
50N |9 GLAACGTCAL O TGAACTACAACOTANCEG HI=2L3iM Enow 13 18,079 1 1.0
Ex3dB GAGCAGGTCCOTTTCCATGTGAGTOTCTTG 4ddie=liaite Boon 24
S4OF CTTOCCOAMCANICACAT GET ACAGT I0EA=19039 Doan 13 + 42 [¥-]
SR AMeGUCACTCACAGOCACCTGCACATC =458 Ioen 15
STLIF MIOCAMOGOCACCGTEGAS g 2 Bwa I3 b} r] &0 15
SH. 1B COMMCTAGCAGGATCT AAAAATG TRHT-2905 . Esmn 14
e lF COUTOTEACGCCCTCACCACTAMGGT AE-YiRed ¥ Emon (8 420 &0 13
54,18 GTOMEACCACACTETGAGCOODGTTGE RI4-X1mpr Exoin 20
HTaF GaAMSTTHOCATCTGAACETCTCCAG T ¢ Exon 23 [ L] &0 ¥
e ] CATTATGANCACACGAGCCTTTCACAL TIT-IN & Vs ik
o TTCTTTGACAAGLACATCTGGC 416004152 Exion X? e 45 (X}
) CAGGTARAMOIGGGATAGACAMN. 41054 Eacm O

'Thnnudmﬂdnposﬁummﬂmm HLMHG)MG-MMHNnmzﬁ "The nucctide positions are scconiiag to
HUMPED I GEN, GenBank Accestion Ho. L1891, Bold faoms: mre prismasd fof long-range PR of which products wars uied = PED L-pacil:

tinptates for nested PCRa,

age analysls was performed by using 5 polymorphic DNA
markerz on chromosome 16p including D685 (3
HVR), $M7, 16AC25, $M6, and KG8 as previously
described [19).

FulHength PKD | ¢<DNA ompification by long RT-PCR
RNA prepared from fresh blood sample was used for Gill-
length PKD1 cDNA (~13 kb) amplification by loog RT-
PCR. The full-length eDNA was then fracionated into
ninc overlapping fragments by nesed-PCR methods aa
previously described [18]. The sizés of nested-PCR frag-
ments were 1,473-1,678 bp (Table 1 and Figure 1A). The
product with abnocrmal size as shown by agarcee gel edec-
trophorests was further analyzed by restriciion endooude-
ase mapping and sequencing to direcily ideotify abnormal
RMA splicing.

Scresning of PRD | mutation iry MRF-SSCP

The nested-PCR fragments from PKDI cDNA showing no
abnarmality in size were funther screened for mutation by
a muktiple resricdon fragment-single strand conforma.
tion polymorphisn (MRF-SSCP) method. This method
firstly developed by Lee et al. [21) was modified to use sil-
ver staining instead of rmdioactive detection. A relatively
large PCR-product [1-2 kb) for SSCP method could be
analyzed since k was fractionated Into several shoret frag-
menis by combined digestions with residaion endonu-
tdeases. The restricion enzymes were selected by
conabderation of their reariction maps on the sequences
30 that each digestion produced 6-7 fragments with the
average size about 200-300 bp and resulted in a discrete
Hze disuibution on the SSCP pel. Each nested-PCR frag-
ment was digesied with st least two sets of combined
restriction  endonudeases 1 generate  overlapging-
digested products, in order 10 approximate the position of
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A. Maps of long RT-PCR and 9 overlapping nested PCRs in PKD7T mRNA

reiterated area unique area
HEALMTAN
| TH1Fi/ TH1B {13,634 bp)
1,678 bp 1473 bp w 1,539 bp
ssabp S12  457spp S14 qeeabp 'O 1sapp S18  gesonp
st S13 S1 5 'm" T

1 6 10 16 0

B. Maps of long-range PCR amplification of PKDT DNA

Reiterated reglon

Unique region
3 40 45

Figura |

A. Schematic ilustration of PKDI mRMA, long RT-PCR product, and nilne overlapping nested-PCR fragments
(S1 1=581 %) used for the MRF-SSCP analysis. B. Maps of the regions in PKDI amplified by long-range FCR and

neated-PCR.

mutation in the shified fragment on the SSCP gel (Table
2).

The digestion of nested-PCR fragments was performed in
a final wolume of 25 pl, containiag 10 pl of DNA, 2.5 ul
of 10+ buffer, and 2-5 units of enrymes (e.g. Avw Il + Hinf

I o¢ Bgl 1 + Hha I), in the presence or absence of BSA. The
reaction mixiure was incubated either a1 37, 60 or 63°C
sccording 10 the enzymes used and following the
manufacturer's recommendations. Five pl of the digested-
PCR produat were mixed with 5 pl of 5» TBE and 10 pl of
S5CP-loading dye (959 formamide, 0.05% bromophenol

Pape4of 15
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Tibla 1: MRF-SSCP foF metatisn snalysa of the full-bangth PKDJ ¢DNA

FCR Frl.pn.nt Ehra (bp) bafors Aastriction Rastriction fragmenas longth
from PKD I-cDNA -ﬂhﬂdﬁtﬂtﬂﬂm sndonpclenss used ) b MAF-SECP (3> 1)
51 1554 P W20om b 200, 318, 99, 245, 294, 385
Ad #3502 1+ il 207,182, 384,238, 311, 29
92 | 678 B il | 419,93, b, X7V, 8, 218
S bedgt | 108, 245, T92. €05, 121, 106
a3 1575 Bl |+l | 23N, BI, 424, 196, 025, 202, 112
Togl 47, 218, 187, 243, 501
N4 1473 B¢l 1+Hhe ) 131, 159, %6, 380, 108, 474, I3
Avr ll 178, 252, 478, 204, 253, | 14
&S 1,663 SudA 1By 127, 387,277, 188, 224, 169, 1%
And IHEgr 1 [1§, 324, 421, 216, 141,85, 158
gl & 1.506 Awg T8 | 173 M7, 294, 400 147, 143
Bwl) HAME I I3 344, 245, 190, 70, 239. 85
S 7 [ 58 B} 1Hual | } 12, TA7, 424, 389, 201, 105
Avwy Wil | {97. 102, J9B, 115, P92 109, 105
S8 539 Pru 1HPa HHBEE 337, 199, 233, 505, 216, 185
Tag H+8g 1 190, 141, 222, 344, 474, 98, 208
R 1450 [ 1] | 190, 354, BL, 180, 453, 135, 12, 248
288, M, 197. 529, 84, 134

Toq +8gl1

blue, 0.05% xylene cranol, 20 mM EDTA and 10 mM
NaOH). The total mixture was heat-denatored at 95*C for
10 min before loading onto the vertical ebegitaphoreais set
(size: 17 x 15 = 0.8 an?) of 10% polyacrylamide gel con-
taining 5% glycerol. The clectrophoresis was nun at a con-
stany current (20 mA) and room temperatgre for 4-7 h;
the running ume was longer for & larger size of the
digested fragments. DNA fragments on the gel were
stained with silver nitrate [23). After that, the gel was
placed Detween two sheets of cellophane, Jeft at room
temperature to dry, and kept as a record.

The fragment with mobility shift was amplified with a
newly designed pair of primers. The PCR produt was
purified and subjected to a direct sequencing nsing ABI
PRISM™ BigDye™ Terminator Cecle Sequencing Ready
Beacion Kit and ABl PRISM 310 Automated DNA
Sequencer (PE Applied Biosystems, Foster Clty, CA, USA)

Ganomic DNA analysic

A long-range PCR (LR-PCR) was performed to amplify
genomic DNA in the PKDI region covering the nucleotide
positiona 2634044458 [ 18,099 bp). The amplified prod-
uct was then used 25 template for nested-PCRa (Figure
18}. The primers used foc nested-PCRa are listed in Table
1. The methods for LR-PCR and nested-PCR have been
previously described [19). Briefly, the reaclion was per-
formed in a 1otal volume of 25-pl coniaining 2 pl of the
diluted LR-PCR peoduct, 400 nM of each primer, 200 pM
dNTP mixture, 10 mM Tris-HCl (pH 8.3), 50 mM KCL

125 unlt AmpliTaqGold™ (PE Applied Biosysiems) or

IMMOLASE™ DNA polymerase (Bioline USA Inc.), 10%
DMSB0, and an ¢ptimal concentration of MgCl,. The
nested-PCR product was purified for DNA sequencing to
confirm the aucleotide change observed in the PKDI
¢DNA.

Once the mutation was identified, a simple detection
method was developed for direct mutation and segrega-
tion analysis in the affected family. In addition, the muta-
tion waa examined in 56 DNA samples from unrelated
normal individuals (112 cdwomocsomes). The discase-
causing mutation should not be observed in these nommal
DNA samples.

Results

Of ten families studied, ADPKD was found to be PXDI-
linked or probable PKDI-linked by linkage (haplotype)
analysis using 5 polymorphic markers in the PRDI reglon
on cuomosome 16p in eight families. The results of
haplotype analysis in two families were inconchusive
because of small number of family members.

The RNA samples from the probands of these ten families
were analyzed by the long KT-PCH and nested-PCK meth-
ods. The result showred an about 200 bp shorer nested-
PCR fragment (51 6) of PKD1 <DNA from the proband (11-
3) of famlly PKO66, indicating an abnormal PXI1-mRNA
splicing, No sbnormallty in size was, however, observed
for all nesed-PCR fragments of PR <DNA from the
other probands: they were then further analyzed by the
MRF-S5CP method. A nonsense mutation and small dele-
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Table )i PRD T mutations in Thal tarmniliss idwntied by osr growp

hitp-iivewr-biomedoenirs, oom/ 1471 - 2250852

Famslly Mutation Locatisn ANA Splicing Defoct Bffoct sn Polpoywtin-| Roference
{sxperimantally {thaoretically deduced)
determnined)
PKOISs  I¥S13.245T VI3 Deldwirm7dmtal  F5ax 1055 (PKD V- mwm«ﬂ.m
ol 14 enrriidl deletion) [
PEOYR™ 5005 S1ledelAG Bxon 15 - FSat 1672 (PRD X = This cosdy, Warnick ot al.,
(£:79124_29 1 254elAG) termiral delesion) 1955(24], Resaanel wt ol.. 2002
['5]
PRI QI (56930 T) Bxon 15 Stop oz 1828 (PRO XI5 This sudy, Rosvetrl ot al,
termrined delecion) 2002 [15)
PROSS* g XBIB4_132|4deill Bci94V5i?  Exon 19 sdpping FS at 2498 (REJ mesdule-  This scudy (Mewel)
(316pEINI9-2 1o EIAIF+29 termuinal dalecioen}
or 7913 _T914+1%dei3 1)
PGS CMSI_S52deAT Excn 26 5 at J082 {Tr looerminad  This sody (N}
{5.19376_3937TdelAT) defarion)
PKOQ2s L3287 del Exon 19 - indrume dalstion of L3I2ZI7  Thia stedy (Ploswl)
(. 10070_ 1 007iduiCTC or {TM 2y
£41869_4167136ICTC)
PROOT  [VS4)+ | 4dai20 Vs4) Exon 41 sepping Inframe detecion of 1504—  Rungroj < xl. 2001 [20]
4001 {TM 7-%)

'Mﬂﬁndmwmhilwhﬂlmmﬂmhlﬂr Ralarencs mquances ke DNA and mitbda, of PEDT are GenBank

Axcesrion Mo LYMI9 | and (23243, respeciively,

tions causing elthes frameshift or inframe tanslations
were identified in the probands of four familles. The
details of mutation identified in the five probands and
their families are summarized in Table 3 and described
below.

Spircing defect

The proband (11-3) of family PED66 was the only oae in
thie family who had the disease with chroni tenal faihure
3t the age of 54 years. His father died from coronary heart
descase at the age of 70 years and hls mother was s4ill
healthy a1 the age of 81 years. It was possible that the hap-
lotype carrying defective PKD] in the patient might be
inherited from his Gather (data not shaown). As it seems
that the father did not have the disease, 2 d= mowo PKD1
mutation In thit family was suspecied. The spalysis of
nested-PCR fragments of PKD ¢DNA from the proband
(11-3) of this family showed a possibde deletion of about
200 bp in cne fragment (S 6), which was amplified by
SIGF/SIGR primers (in the Tegion between the nucleotides
7400 and £305). in one aliele. The locadon of possible
deletion ite waz examined by restriction endonuclease
mapping on the nested-PCR. fragment (data not uhmm]
and by amplification with additionsl pair of primers
(S16.1F/S16.1B), covering between the nndeotides 7657
and 7978 in the region of exons 18-20, for dizect sequenc-
ing. The resulis showed that an entire sequence of exon 15
was missing from the deleted neated-PCR fragment (Fig-
uré 2A), Further analysiz of gemomic DMNA of PEKDI
revealed a novel 31-bp deletion in the region between the
nuclentides  33184-33214  (g33184_33214del31).

involving the last two nucteotides of exon 19 and twenty-
nine nuclectides in the fim pan of inron 19, causing
skipping of all sequence of exon 19 (Figure 2A and 2B).

Direct detection of this 31-bp delétion in genomic DNA
samples of the family members could be conducted by
LR-PCR of PKD1 and nested PCR using the pair of 516.1F/
S16.1B primers, The result showed that only the proband
curied this novel deletion; nome of other six family mein-
bes induding the patient's mother had the mutation;
thus, ix is likely 1o be a de row FKD? rmntation (Figure
20).

Nongmace mutdation

In family PKD3), the propositus (I-1) was 55 years odd
who had ADPKD at 43 pears. His son and daughter also
had multiple renal cysiz: however, other S5 members in
the family were not affected by this disease. indicating that
the propositus had a de nove PKD1 mutation that was
inherited to his son and daughter. The MEF-S3CP analysis
of nested-PCR fragment amplified with SI4F/SI4B primers
(fragrment 81 4) from PKD1 cDNA of the proband (I-1) of
the family PK031 showed mobility shifts of restriction
fragments digested with Byl [+ Hha I and also with A 1
{Figure 3A). These were also confirmed by the SSCP anal-
ysis of individual resiriction fragments isolated from age-
rose gels before the analysis (daa not shown). The
mobllity shifts ccounred within the resricion fragments
with the sizes of 476 and 253 bp when digested with Bgi [
+ Hha [ and with Aws 11, vespectively (Figure 3A), corre-
sponding to nudeotides between the positions 5670 and
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| A _ Deletion of 31 bp resulting In exon 19 skipping
Noermnal (9-33184_33214del31)

3-bp deleted region

Exon19| IV§18 |
5/ AGCCAGGCCGTEEGAGBGEEGCOCCEEHT
1 deleted bates :
nt. 33184 ' ' nt. 33214
+ strand CACTCGTCCACS
- strand |G ERGOWBaTEE
Figura 2

Novel PKD {-splicing defect identified in family PK0§6. A. Diagram showing splicing defect resulted from a
deletion of 31 bp in PKD1. The deletian of 31 bp (g.33184_33214dei3 1) Invalves the end of axon |9, splica-donar site and 8
part of intron 19, resulting in wxen |9 skipping In the PKDI-AINA transcripes, B. Direct sequencing snalysis of PKDI-
genomic DNA from the proband. The sequencing result shows the 21-nucleotide dalation including the two hat nucls-
otides in exon 15 and the first cwenty-nine nuclectides in adjucent Intren 1% (g.33184_33214dei3 1) a3 compared with the
sequance af HUMPK.O | GEM. GenBank Accession No. L39891. €. Direct detection of the 31 -bp deletion
(g:33184_33214del3 1) in the family PKO4S. The detection of J1-bp deletion (g.33184_33214del3|) in members of the
Tamily PKOSS was dicectly performad by genomic DNA, smplification. Only tha proband (iI-3) in this family carries the deisdon,
M reprasents 100 bp kdder-DiNA markers.

§911 of PKP1 <DNA. The sequence in this region was  Mutation segregution study by Puz 11 digestion in the
selertively amplified by a new pair of pamem (514.1F/  PK031 family demonstrated that three affected members
514.1B) for sequencing analysis. A single nuclectide sub-  (I-1, II-1. and 1-2) canried this matation while one non-
stitution {€¢5693C>T) resuliing in & nonsense muwtion  affecied member (1-2) did not (Figure 3C and 3D).
where a codon for gluamine {CAG) was changed to a stop
coxdon (TAG) at the pesition 1828 (Q1828X) ineoon 15 Frameshift metations
of PKD1 was obsetved (Figure 3B}, The mutation with the  In family 032, the propositus (1-2) had polycystic kidney
nudentide subsiitition was confirmed by sequencing  disease at the age of 48 years and died of renal failure one
analyys of the PKD? gene (g.29591C>T). This mutation  year later. The patient’s sister (1-1) and her daughter (1I-1)
abolishes a remriction site of Pri 11 endomuclease. were disgnosed as having the disease at 55 and 38 years,
respectively. Two (1-1 and 1-2) out of three affecied per-
sons in this family exhibited renal sone, The patient's sis-
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A Bgil+Hnet J3150:98) 3e0 00 rarg | 2
Avall ATBY 382 | 479 | 204 283 311

MRF-35CP ansaiysis in PKO31: 514 fragment {1473 bp, nt. 4552.9034)

Bl + Hhal

\Uu‘i | 253,252
\ =
178

\

u e - 11

D Family PK031

N K 2 1 U2

bp

C SMIFISILIR {372 bp) ot |
Pyvr Ul digestion 134

d Ny i34y # v 147
QX = o o1

Figure 3

Nonsense mutatlon (Q1828X) identified in family PK031, A. MRF-S5CP analysis in 51 4 fragmant from the
patient of family FKO3 1. The restricdon maps of Bgl | + Hha | and Ava 1l digestions of S 4 fragmant (upper). Tha dotted
square aréa indicates the reglon with mobiity shifts in the MRF-SSCP analysis of S 4 fragment from the patlent. The SSCP pat-
temns (lower) ofﬂ4ﬁwntdgﬁmdwizh Bgf | * Hha | (Jeft) and Avo Il (right) show mobility shifes of single-stranded DNAs
{pointed) in the pationt’s sample (P) compared with that of normal contred (M), Double-stranded DNA fragment-size markars
{ds) ware included for sach sar. The mability shifts were observed in the fragmecits wich the sizes of 476 bp in tha first ser and
252 by in the second ona, The ewa fragmens wars located in the same reglon within the positdons 5670-5911, B. Direct
sequencing analysis of PKD I-cCDNA from the patient of family PK03 1. The sequencing profile shows 3 tclentide sub-
stiion (¢ 5693C>T), resufting In a nodsense mutation; CAG (glutamine) was changed t5 TAG (stop) ;t eodon 1828
({H1A28X).C. Restriction niap of RFLP analysis for g 295¢1 O T (QUA28X) in PKD l-ganomic DA, Four DNA frag-
ments with the sines of 117, 134, 91 and 30 bp are cbeabnnd from the narmal alisle, whereas only 3 frsgments with the sizes of
251, 91 and 30 bp are gentrated from the mutant allele carrying the g.29591 C*T mutation becaute of the loss of & Py Il fec-
cgnion Site ae the posiden 29593, D. Results of direct detection for g.2959 1C>T (or Q [828X) mutstion by Pru Il
digestion in rembers of the familty PKD3 1. The appearance of 25 1-bp fragment In I-1, il-1, and (-2 indicates the presence
of Q828X mutation, Tha mother (-2) did not hava the 251-bp fragment; thus, the did not carry the mutation. N i normal
conmal sample digested with the same enzyme




ter (I-1) also had severe hypertenzion causing serious
headache but no intracranial aneurysm was detecied
magnetic resonance angiography. The MRF-S8SCP analysis
of nested-PCR fragments amplified with SI4F/SI4E prim-
ees (5l 4) from PKDI cDMA of an affected person {I-1) In
thia family revealed mobility shifts of restriction frag:
ments digested with either Ava 17 or Bg/ 1 + Hha 1 (Figure
4A). A deleion of AG  di-nucleotides
{c5225_5226delAG) at codon 1672, resubting in a
frameshift translation stasting from this codon (Figure
48B) was finally identified, The di-nuclectide deletion was
conflmed by sequencing of genomic DNA in exon 15 of
PKD1 (g-29124_29125delAG). This mutation has been
previpusly reported in many Caucasian families [15,24)
and its comrelation to cerebral aneurysm phenotype was
questioned |24). This mutation sbolishes an Eco0109 [
restziction site, Mutation segregation analysis by Ece0109
[ digsstion of amplified genomic DNA samples in the
family PED39 showed that three affected memben (I-1, 1
2, and I}-1) carried the mutation while a non-affected per-
son (11-2) did not (Figure 4C).

The proband (IH) of the family PK0OS9 anended our renal
dindcs with the problem of end-stage chronlc kidney dis-
cage & the age of 42 years. She was found o have poly-
cystic kidoey disease and aince then she commenced on
bemodialysis. Three of her siblings (11-2, 1.3, and 1I-5)
akso had the disease but with normal renal fanction. Her
athes was still healdvy at the age of 81 yeans. Her moilver
died of cervical cancer at the age of 38 years. PKD might
be inherited fram her mother. Mobllity shifts were found
in the MRF-85CP analysis of SI 7 fragment from PKD!
¢DNA of the proband (1I-1) (Figure 4D). The final
sequence analysis in both cDNA and PRDI-specific DNA
indicited a deletion of AT at codons 3080 and 3081
(c.9451_9452delAT or g.39376_39377delAT), Tesulling
in a frameshift vranslation starting from codon 3082 (Fig-
ure 4E). This mumthon abolishes an Aff IIl restriction ghte,
Analysis of the mutation by Afl I digestion in the availa-
ble members of family PKD69 demonstrated that all four
affected persons (11-1,11-2, [1-3, and I1-5) camried the muta-
tion while two unaffected members {I-1 and 11-4) did not
{Figure 4F).

in-frame debstion

The propositus (11-2) of family PK002 was diagnosed as
baving ADPED at 24 years old. He developed BSRD at the
agz of 50 yearn old and has been commenced on
hemodialyriz at frequency of three times a week since
then. He ks now aged 56 years old. His father (1-1) experi-
enced a long-s1anding hyperntension and died a1 the age of
S2 years, His elder sister (II-1) manifested polycystic kid-
ney disease at the age of 37 years. She is now aged 60,
being suffered from chronic renal fallure (semum
creatinine level 6 mg/dl). Further ulrasound wosk-up
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revealed memal oysts in 3 out of 7 members in the sabse-
quent generation. Obvious mobility shifts in the MRF-
S5CP analyss were observed in SI-7 PCR product from
FKD? cDNA of an afferted member (I11) of this family
when compared with the normal counterparts (Figure
SA). Direct sequencing revealed an in-frame deletion of
CTC from ¢.10070_10072 (or g.41669_41671), resulting
in a single amino acid (beucine) deletion at the position
3287 (L3287del) (Figure 5B).

Sequence alignments of polycystin-1 among distant spe-
des from human through worm (Casnovhabdinis elegens)
reveal that L3287 ia highly conzerved (Figure 5C). In addl-
tion, screendng in our control set of 112 nonmal chromo-
somes did not show the L3287del In PKD1. The L3287del
mwitation could direcly be detected by the heveroduplex
analysis of the amplified PKD1-specific fragment. The
presénce of L3287de! mutation in five affecied members
(-1, -2, 10-2, 1114, and 111-6) bant its abeenoe in eight
unaffecied members of PK002 family were demonstrated
{Figure 5D).

Single nucisotde polymorphitmis

Using the MRF-SSCP analysis for screening the entire
PXD1-¢DNA sequéence, we found 2 considersble numbér
of mohility shifta of single-stranded DNA fragments.
Many of these mobility shifts were not taken for further
analysis because they were commeon in several patients as
well a8 in normal control individusls, Thus, they wers
likely 10 be common single nudectide palymorphlsms
(SNTs). In the cases ¢hat the mobility shifis were unique
in the patients or in families possible to be mutaticns,
they were then subjected to the detailed analysis. Hove-
ever, Insiead of being disease mutatlons, several SNPs in
the FKD1 gene were identified as presented in Table 4.

Discussion

We have developed a bong RT-PCR method for amplifica-
flon and isolsdon of the entire PKD1-coding sequence
from fis RNA trenscripts prepared from peripheral blood
lymphocytes, avoiding the interference from mranscripts of
PKD1-homologous genes [18]. This amplified full-length
PKD1 DNA is 3 useful material for mutation analysis.
Since the amplified prodoct was originated from PKD!
mEMNA, abnormal transcipts resulied from mutations
cnsing defecive RNA splicing can directly be analyzed
without the requirement for additional expression experi-
ment. In addition, this amplified product can also be used
for atalysis of other PRI muttions. An LB-PCR for
genombe-DNA amplification of 18 kb covering exons 13-
34 reglati of PKD] has also been developed for confinma-
tory mutation analysis in genomic DNA [19]. In our pre-
vious waorks, we have demonstrated the ase of long RT-
charaderization of two PKD! mutatlons cansing splicng
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Figure 4

Frameshif deletions found in familes PKO1? (A-C) and PKOS? (D-F). A, D. MRF-55CP analyses of 51-4 and 51-
7 fragments from the patdants of familics PK03? and PI06Y, respectively. Tha maps of restriction fragmante
obtained from digestions of PCR fragmants by sets of endonucieases in two familias are shown (upper). The MRF-SSCP analy-
sas (lower) of the patients (P) from badh families shewr mobility shifts of single-stranded DMNAs (pointed) when compared with
these of normial contrels (N). These fragments are Jocatad in the dotred box of the upper map. B, E. Sequencing analyses
of PKDI-cDMNA from the two patients. The wsquencing proliles of both familles show different types of two nuclaotide
daletsons {c. 5225_5226delAG and ¢ 9451 _9452delAT), resubting in frameshift transtation, as compared with the normal
1squence, €, F. Direct detection of the two deletions (g29124_29125delAG and g.39376_319177delAT) in mem-
bers of the families PK039 and FK049, respectively. The di-ucleotide deletlons in PKD | genomic-OiNA In mambers of
both families were detected by restriction analyses. The twe mutations sbolizh recognition 3ites of BooD109 | and Af Ui, respec-
tivaly. The presence of lrger fragment in each Gase indicates the existence of mutation.
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MRF-B82CP anatysis in PKI02: BI-T fragmant (1518 bp, nt. 3700-10228)
A Betyiedinnl 1B M7, ©4 3 73105
Avelbe i) 1720 W, s (W maas

ds

Badr 1+ Hinli

M odn 12 BB R

Figure 5

Novel in-frame deletion (L1287del) identified in family PK002. A. PIRF-SSCP analysis of $1 7 fragmaent of the
patient. The restriction map shews multiple fragment sizes cbained from digestions with two sets of restriction endonucia-
nses (upper). The domed square indicazes the reglon with mobility shifts in the digested S 7 fragment from the patient of family
PKOOZ. The SSCP patterns gensrared from digestions with two sets of anvyrnes (lower) and mobility shifes of single-stranded
DA (painted) are shown, B. Direct sequencing analysls of PKD |-cOMA from the patient. The sequencing proflle
shows a deletion of thres nucheotides (CTC; . 10079 _10072del), resuldng in an in-frame migstion. The CTC deletion cruses
missing of leucine at position 3787 In polycystin-| (L3287del). C. Mubtiple sequence alignment of polycystin-1 from
humsen, dog, rat, mouse, pulferfish and worm by wing ClustalW program [31] Aming acid residues around 13287
are shown, L3287 is highly conserved among distant spackes in which only in C. elegons that the residue It replaced by isoley-
cine, which s in the sama group of amino acid. D, Direct detection for L326Tdel in mambars of the family PK302 by
SSCP analysis. Tha L3287del could be detected by the presence of heteroduplex DiNAs on the SSCP analysiz In the family
P0G, five members carriad the mutation while pine did noc ™ i standard DNA markers and ds s doubbe-strandad DMNA of
2 normal conurod,
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defects in two Thai families [19.20]. The advantage of
simultaneous chararterization of abnormal RNA aplicing
with the mutauon has also been demonstoated in a recent
work by Burtey et al. |25] who developed a method for
PKD] mumation screening by RT-PCR and reported thiee
wpliding defects out of six mutations identified. Unlike our
RT-PCR. and mested-PCR method that require only 10 PCR
Teactions per one sample, the récently reponad method
|25] needs as many as 57 PCR reactions per one sample.

Another advantage of the method that we developed is
that it uses reagents and equipments available in genveral
molecular genetic laboratory. In addition, the mutation
screening method can be modified 10 increase efficiency
and 10 be suitable for each laboratory. However, aeveral
disadvantages are present in analysis of PKDI transcript
incduding diffieulty in gample handling and storage
because of its unstable nature making it unpopular for
routine service laboratory, complicated experimental pro-
cedure {in cDNA synthesis, and presence of false-positive
resulis due to contamination of atypical illegitimate prod-
ucts which sometimes puzzle interpretation of result and
make it necessary 10 analyze of PKDI-genomic DNA for
conflrmaticn of mutatian.

Ini this study, we have further applied the developed long
RT-PCR followed by nested PCR and long-range genomic-
DNA amplification for analysis of mutatkon in the reiter-
ated region of PKD1 in Thai families with ADPKD. The
MRE-SSCF  technique has been developed and
preliminarily used for screendng other rypes of mumtions.
This method is able to screen mutadion in a long cDNA
fragment (>1 kb) amplified by nested PCR and it is feasi-
bie to use for mutation screening in the eatite sequence of
PKDI ¢cDNA, reducing the numbers of PCR reactions and
SSCP gels required for the analysis. In the application of
study, we could detect PKD1 mrutations in 5 out of 10
families (50%). The Umitaion of detetion mte may be
due to low sensitivity of SSCP for mautation screening in
long cOMNA feagmenis (300 bp) usually present afier the
digestion of PCR products with restriction enzymes and
2150 probably due to the use of only single S5CP condi-
tion. However, this detectlon rate Is comparable 1o that of

protein-truncation test (PTT) which is about 524 [26,27]
although it is lower than that of DGCE [28-30] and
DHPLC [15] which are about 60% and 70%, reapectively.
In the MRF-SSCP analysly, false-positive mobility shifis of
the digested<<DNA fragments were found to be about
10%, which could be mainly eliminated by repeating the
saeening experiment or performing the anabysis in more
thai one affected members in the same family, Although
FIT method can screen for a relatively large ¢cDNA frag-
mérils (~2 kb) and the detected aliemations are almost all

pathogenic mutations, itsa major disadvaniage is thm
missense mutations, which are a significant source of
PED1 mutation [27] or small in-frame changes are not
detected. Thus, & may not be an ideal screening method
for detection of sll types of PKD1 muistions. DGGE and
DHPLC are the methods of cholce provided that the
equipments are available and the detection conditions are
well optimized. Direct sequencing of the entire PKD1
genc is howerer very expensive if mutation sareening is
not initially performed and it may not be approgriate for
such a large gene as PKD].

Uging the previously reponied and this newly developed
method, we have identified three novel (splicing
frameshift and in-frame) mutations and two lmown
(nonsense and frameshift) alterations in five Thai families
with ADPKD (Tabde 3 and Figure 6). Two of these (splic-
ing and monsense) changes are possibly de move mania-
tioms. All these rautations located In the relterated region
which were confirmed by analyses of FKD1-genomic DA
uging LR-PCR method and direct sequencing. A nowel
aplicing defect that was identified in family PRO&E is
2.33184_33214ded31 which resulted in exon 19 skipping,
mazt likely becanse of the deletion of splice-donor site of
intron 19. Missing of exon 19 sequence in PFED1 mRNA
will cause a framweshift in polycystin-1 transtaion. The
predicted protein would have a novel 50 amlno-acd
sequence after the residue 2497 and would terminace at
the position 2548. Thus, tre mutant protein would lack
almogt half of polycystin-1 in its C-lerminus starting from
the RE|] module. The second novel mtaton i a
frameshift deletion (c9451_94524¢lAT) ldentified in
faenily PE0G9, resuliing in a frameshifi transiaton after
codon 3081. Mowel 95 amino aclds would be oheerved in
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¢.9451_9452delAT

g VE43+14dei20

g c.5225 522€delAG

+ = Misgense mutation

Cytoplaamic
Loop tail

Figure §

Dhstribution of FKD{ mwtations ientified in Thal patients with ADPKD, Diagrams ef polyeystin-1 (upper) and PKD !
gene [lower) show domain structures and coding reglons for the protsin doffiing, respectively. Seven FKD T mutations {above
potycystin-1 ) were identified by our groups, while the ather eightasn (under polycystine 1) wera akio reported in Thal patients
by Phalcdealitcharcen et ol [31,32]. Majority of the mutations kocats in tUve ragions encoding PKD repeaes, RE] and the bagin-

ning TM domaina.

this mijtt protein befoce premature wermination at the
poaition 3177, tuacating all the C-emminus of polycys-
tin-1 beginning from TM 1. The third novel muation
identified in family PE0O2 is an in-frame deleion
(L3287del) affecing 8 highly conderved residue in T2
domain of polycystin-1. The proband in the family had
ESRD and the youngsi affected member (I0-6) was diag-
naosed at 7 vears old (Figure 5). The frameshift mutation
due 10 dinuceotdde deletion in eon 15
(cszzs_szzsdeuc) found in family PKD39 has been
previoudy peported in teveral untelated Caucsian faml-
lies [15.24). The di-nuceotide debetion causes frameshifi
tranalation beginning 11 codon 1672, inmoduding novel
97 amino adds and premature termination st codon
1768. This mutaton might associse with cerebral
sneuryem [24] but this association was not seen o this
reported Thal family. Instead, it is suspected 10 comelate to
ESRD as cbserved in the proband. A nonsense (Q1828X)
rmutation in exon 15 identified in family PE031 haa
recently been reponied in a European family (P 293) in
which another nonsense mutation ($2164X) was concur-

recily identfied on the ssme chromosome [15). This
noosense (Q1828X) mutation in the Thai family should
occur independently as a de novo event in the patient and
inherited 1o his son and daughter, since this mutation and
ADPED were not observed in other 55 members of his
kindred.

PKD1 mutations reported $¢ far in Thal families appear 1o
be heterogenecus, similar to other ethmic origins world-
wide. However, some degree of clustering of mutations in
the regions envoding the PKD repeats and RE] domain of
polycystin-1 is noticed [Flgure 6) [19,20,31,32]. The
murtations thal we identified in this and previous sudies
[19:20] consisted of splicing, frameshift, in-frame and
nonsense alieratlons. We have not yet observed missense
mutations which have already been repotted in Thai
patierua with ADPKD by Phakdeeldicharoen et al. [31,32).
It s possible that our method has a low senaitivity for
detecting missense mutation. However, as several single
macleotide polymocphisms (SNPs) could be identified
(Table 4}, we believe that our method is capable 10 also
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identify this type of mutation. It is likely that no detects-
ble missense mutadon in our sudy may coour by dhance,
No relatiotship between specific mutation and dinical
manifostations was found from our data, similar to that
observed In many other repora. With our long KT.PCR
and nested PCR and the mutation screening by MRF-SSCP
method or other modifications to increase sareening effi-
clency such as the use of DHPLC [15], we expect to iden-
tify majority of PR mutations, if net all, in our patients
fot the benefits of better understanding of pathogenesis of
ADPKD, development of rapid molecular genetic diagno-
sis, and improvement of preventive measure for the com.-
plications relaved 1o the disexse,

Condusions

This study is the first repont using the long RT-PCR
method in combination with MRFE-SSCP for nmaadon
screening of PKDI dDNA and total five mnnations were
identified within the reiterasted reghon. Three mutations
(splicing defect, frameshift alteration and in-frame dele-
tion) are novel. Two muiations (splicing defecy and non-
pemde change) are possibly de nowe. PKDI mutations
rcported s0 far in Thai patients with ADFXKD are
heerogeneous but mutathons in 4 majority group of
patients are stil unknown, requiring Ffurther
characierization.
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ABSTRACT

Autosamal domineni polycystic kidney digease (ADPKD) 13 & life-troatening disovder inherited a5 an
autosommal dominand, sffecting sither renal or mubtiple ccra-renal sysiems. Mutations in PXD/ sccount for a
majority of ADFKD cases. Mutations reported over the entite soquence of the PKD1 gené have no apgsrent
significant clustering. Moat PKD/! mutationa are tnique bo individuel families buf & few pecwrent events have
been reported in uirelated familics, and therefore it is generally neoessary to screen the whole geoe to determine
gene in @ unrelited ADPKD index cases by using the long reverse transcription and polymerase chain reaction
(RT-PCR) and owitiple-fragment single-strand conformation polymorphism (MRF-SSCP) snalysis.  Abemant
bands were deieoted in a paticnt from PE03?. Sequencing revealed g frameshift swtstion {e.5225delAG) in exon
15, & recurren! mutation which was previously described 5 times in Caucasisn popalation. Thepefore, we aimed w
identify any recurrent mutstions lo PKD/ by using detection methods specific for our knovm matarions in 76
unrclited ADPKD patients. Ooe recusrent mutation, IVS13-2A>T, previously reponied in an affected family
(PX015), was identified in PKO3S family. Results of haplotype studies revealed that the mutations preferably
existed on different allelic backgrounds in the two families, however, IVEL3-2A>T has been also deseribed in ane
Buropesn ADPKD patient. Our resulis and previcus studies indicwte that recurrent rowtations did ocour in some
reglous of PKDI. Given the relstively frequent nature of these two pecurvent matations reported hers, Thai
patients with ADPKD should be screened initially for these nucleotide changes by the specific detection method
before more exhaugtive screening of the entire FRD/ gene.
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Molecular and Genetic Basis of Single~Gene Disorders;
The Implication for Diagnosis of Antosonial Pominant Polycystic Kidney Disease

71181 NoIUNAL
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Al
yalsn: Autosomal Dominant Polycystic Kidney Disease
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nln o1 A Tofings Daanedhufen thamds Andsfmaduiiveny Sallauasendinneln
TWTzETqATY (cnd-stage remal failure) AamytTesar 10 vouazTanovmgaeory  wenwin ik
ADPKD Hammunatonisiedretu ﬁ'm‘{luqaﬁ'T wooniftentutusalihmos fuialviimdsoR uss1f
don Mk Taedal ownmuesTsdnrnghuieding uisrenui¥dsarogtunssd wietudn enm
noase s ey 1Rsg i luusnsassunimTeudin lunsevnifefues sdmidrenafile
ADPKD Tnifefasmnme nnuzuzqahedeoiplzue 501 warvnduswfiefiavinnmewaon
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nndeyaneadidn Tin ADPKD fennumaiinfudh 2 ngu Gendilin prD1 unz PRO2
emrvsianeshindnowntontunaudeduioufun sulsdd guenTin PRDI ssfinm
Pananividssvnindante Innoflewdsundt uozesnu pRDL Wloenh PRz B3 6 v med
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(16p13.3) dmulsn prD2 Bevinmondmlsnfvediu P2 SioquulusTulyn 4 (aq21-23) Bu PEDI
wenvinszihiuiivwmnguiafall st udirdou ntnfle # genomic DNA yuwe7 54 filnwe (b)
YrEnorAan 46 exons sl mRNA YU 14,148 (e, AviuunvedtufBumm guencsine uns cytidine (GC
content) g4, Sy polypyrimidine tact WA lwgiAgmilinemuie 2.5 kb Tu inron 21 6s 0.5 kb T
intron 22 uns i g fig Aehriuwtyesty PKDI szina 3 Tu 4 Mk 5 (UI110 40 kb ¥63 genomic
DNA %78 10 kb Y84 mRNA) 5uvIN exon 1 #4 exon 12 Mudnifhfoumouminduintifings 6 fuf
Fwnnde 16p13.1 vu T nTsafiearu (Sandt hoedologous genes) TnefuprdiBarumileu (homology)
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rowowsolunsi R (ossoffunction)  iwmuls fs Sunduvestu PED! udnzvlinnyaevuly
nsermdfthufiemilasounds  Sfeshitsianinfuimmhinnnimimsounts S iituitu
Pxpi gmsmmindundufigaunnluthiznny unslunduiinaumarmme (heterogeosity) win il
Fnrvvialafiush ot spot Tuduil

fmfenIuaRevoalIn ADPKD #1 PKD1 LAt PKD? Simmusmiisfunnszviunsoussa
Tmiusirveilndulutufndy visudusmelunreusaRiaians @l anduriinforu et
dltdeliitionsRugnsnmiedmondeuduiiininevenyunnisenuealandan  ssndivdingm
trstuimmgue In “two-hit* Taon TRy somatic muarion 1 wild-type sltele vosBufiiumrumn wenvmilds
firwanufianaln “mansheterozygous mutation™ 'h.mmiu'liiﬁ-aqqﬁ?‘lu?lmmnmﬁu'[sn PKD1 unz PKD2
FuflucnmeATfunsinialvBu PED! uny PD2 TuRe allel vosdilunuiAnafs Tnosiediu gormiine
mutation WBaT R by Terily germiine mutstion WO SFUILT MR somatic muration ¥eBnTWItal 1K

FBrisasromsumlsnd

TittlendrmwznmAmnhidu Pror fnanmmswiisdoTss PKD1 matenlfiRney
Wugmadmaron Rneuiidthosefioms Taunnms e inkage #38 polymorphic DNA markers fing
\ndsadulu  Pror  wiBGDuntmn lnodemnrifedvieainbisnns  Adgieiigndes
recombination 5EHIHBUAU linked markers S i Oy TiaRann 14

Heytuirinmidens v dmduvedu Peps WikwneaBufinanniu Inonasinitonm
nguialon Fudumsiiriti geoomic DNA dudniing  Tnolfwdnambeaiufokemend e
fumizvesdu PEDI famunssmnfmn IR o Wilé Wurimena hemologous genes i nngaifien vl
Kedmbss lowionmafity peor wedndéwrumawiedsf Limilsufuffnunes homologsus
genes Imno b¥runrooenuin prmer fHYWERshY PKDI Wolhummiad nensynyestuly
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a1

maiiA long-range PCR (LR-PCR) (R60AE UMW primary PCR 84 #5910 18 PRD/-4pecific template
U primary PCR product uff1 sunouse hldeni sccandary nested PCR. Wilvinafinaatuzanin
ATMNTBIl ATy (mutation  scrcening) i‘ﬁnﬁﬂﬁuulﬁ"mmnﬁa single srand  conformational
polymorphism (SSCP), prodzin truncation test (PTT) U0z denaturing gradient gel clectropboresis (DGGE) (thy
du demmdunnishinediunduInolizradismsin e iR roazonde T

SEmsnTrendiomiu

il nm25a2 Foulfimnsvennicegpiummand momudunduns Heiwfumyinosiug:
mand madviewyimani auzwmomandizimenne WiannTinsdensmdiundulibu pror
nnaﬂﬁah‘iuiﬂunnﬂ'lﬁt Tn19inAiln long reverse ranscription polymersse chain reaction (RT-PCR) ¥41A
13.6 ﬁImumﬁ‘uimmww& coding sequence Rawumvndu PKDI in mRNA SinTuusm hymphocytes
wiinn1s# 14Reguos PCR primer $rovdsfiammuinmziy reitersted sequence windnw&Tu 5 wostu PRDI
dndBndramilai ey wsigue scquence winlmwki 3 veddu PRDI S prinser Antifudat iy
PCR product femuvuunndy PKD! dRuibuitvariniu Sialloprdes namologous geoes nentUld
gwdunrsfnuilasld mRna DdefRenallywudesvimuedun (91 54 kb Akesfmintu ona S 14 kb
Tu mRNA) uaztransodmwInissnalunszynadaissfifiue (RNA processing defect) 1RE2L
yasiints14 pua Ditmouratiohld uidederetniTunnh piailessin mrNA himBuy o
WnronzinsTuluhmunnium saskeilduneurmednlunmulas meNa Wil oA feudn
9 reverse manscription F1simnini il Tanfahfahifome s diumin Taold mrya
Tnsamztusmidme usitiedhals: Tonbhnndmivamao

mansrnfiunduveddu Pxnr Tneld mRNA Suann1mi long RT-PCR Meciuininiyayes
full-kength cONA ¥633u PED! nEmmaRuendnifatds nesied PCR WGnnadonamnfslssane 1s kb
nasdeufunnerisdut i 9 JunnzasedwTi clectrophoresia TuFunsuilfanuinees nened PCR
product fRmbsnd aeTinwyinnAmbind®dl westriction codonuclesse analysis uVimsevEWome
dnins6ii iwun A pRyosvuan PR praduct AIKVIn cDNA w211 PCR prodoct ¥4 9 s
nrsaRomiiuniukanit sscp Taudes PCR product Axnivlni®adunicaou mobiinondnaunee
funrtlavedis ssce dlenud) PCR product Suladinmadoufily polyacrylamide gel Aplini (omobility
shift) $0111 PCR peoduer il isimssssinid i wait e BimsmmSrinivns genomic DNA
Mlwclnrmimbnd 18

fumvlinsesinrusiinmiindlu genomic DNA Snifianfitheationgiy reirrared arca vesiu PAD!
#eai long-range PCR 148 WA primary PCR produet AW PEDI-spesific templats riow tasouaguuiiail
vntals whanTuToh nested PCR uneviuudie Wswyilavesfundy  dnilumddoot
rtadunglu vnique arca ¥845u PXD! 1170711 PCR maunqw?rm&w uad a1 laoesa
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Awsnlie PKD Riounesmdd18 As051avu mensanniian iy donor eplice site 904 intron 13 483
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intron 43 ¥845u PKD/ Tunseunis PK00s finlim exon 43 skipping (IVS43(+5 o+ 143dci20) San1 9wy
Tumirdinaseunda 8 mudiithi Tym udimh 11 audliBulsn (vmid 2)
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AL AT TVSI3-2AST wealu PEDI Smibnseunts 10015 WaTE atlede specific amplification (ASA) swalysis
T genomic DNA

numanerivoinseund PXOIS NBE hepiscypes 7 Wemmsnzi96207 liskage anabysiz Tao¥ polymorphic
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