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Molecular Basis of Group A Xeroderma Pigmentosum

Ichiro SATOKATA and Kiyoji TANAKA

Institute for Molecular and Cellular Biology, Osaka University
(Director: Prof. Yoshio OKADA)

The molecular basis of group A xeroderma pigmentosum (XP) was studied and 3
mutations of the XP group A complementing gene (XPAC) were identified. One was
a G—C transversion at the 3’ splice acceptor site of intron 3, which caused aberrant
RNA splicing resulting in loss of enzyme activity of the XPAC protein. This
transversion creates a new cleavage site for the restriction nuclease AlwN 1. Analysis
of AlwN 1 restriction fragment length polymorphism (RFLP) showed a high frequency
of this mutation in Japanese patients with group A XP: 16 of 21 unrelated Japanese
patients were homozygous and 4 were heterozygous for this mutation. The second
mutation was a nucleotide transition altering the Arg—228 codon (CGA) to a nonsense
codon (TGA). Of 21 unrelated Japanese group A XP patients examined, one was a
homozygote for this mutation and 3 were compound heterozygotes for this mutation
and for the splicing mutation of intron 3. The third mutation was a nucleotide trans-
version altering the Tyr—116 codon (TAT) to a nonsense codon (TAA). Of the
Japanese patients, 2 had this mutant allele. The latter two mutations create new
cleavage sites for the restriction nucleases Hph I and Mse I, respectively. Our data
indicate that almost all Japanese cases of group A XP are caused by one or more of
these 3 mutations.  Therefore, by RFLP analysis of PCR—amplified DNA sequences
using the 3 restriction enzymes described above, rapid and reliable diagnosis of group
A XP can be achieved in almost all Japanese subjects including prenatal cases and

Carriers.
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EBRMFTBE xeroderma pigmentosum (XP) i,
HHAAMSERIR T, BV EREE T, R
Bl o oEERY 2L, BRCEMEE AP
T5. MESEIREES LD, de Sanctis-Cacchione
EREREE R TWBY. RS LT, #E L DNA
OBEEBEEORIEEE L bh T W52, BET TIA~
HEEOBIEHHERIERE S variant O/ IS TED S
nTWw3. A~HEIZ2>WTE, DNA ORFEEGHEERE
DEEREBEEIL TV 5Y, variant oWk, HEH
BEECRE DD L EhTHEY, XP A Bk, XP
OFTRLERERFPERT, HEA XP BEOHYE
BadnTus. B bi, £, XP A By iR
KRS B~ A0 ) 5 DNA BEREFDO 7 5 —
=V 7L, ZOBEF* Xeroderma Pigmento-
sum Group A Complementing (XPAC) Gene &y
ZLEY. Zowy 20 XPAC BEFE2 77—t L
T, e hEBLUT7AD XPAC ¢cDNA #/70—= v
7L, *OB&ELHLALEY. v b XPAC #BiE
Fit, 2BEOT I /BEa2—-NLTEYD, 2 20K
VARHINY ZHAmBET A Fi, ZOMWETFIE, zine
finger motif #HLTRH, ZORETFOEHTH S
XPAC EHIZ, DNA a2 v o THHT & HHEN
Ehtc. EHE, b O XPAC cDNA % 7'n—~C
LT, £E# 25kb, 6oz s v v iokbe FOF
/5 XPAC BETFA 7u0—=v s LY, &6, #ik
Hid, HEA XP A #EED XPAC BEFI>WT
BB EITV, TOBERSZELPICL, &6
i, HAA XP A B0 DNA BHELZHBELLYY ©
THET 5.
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FEBLTICER

BRI R ERRIER A R T HAA XP A BRENRC
2Tk b XPAC ¢cDNA %7 n-—-~2l7T, /-—
7oy bETok (Fig. D. WihoBEflao
XPAC mRNA & IEE®BE~NT/hEL, B
B LT, chboifEfilaod, XP20S o
W, XPAC BIEETFOY— 2= v 2ABH*T-7. XP
208 MDAy /4 DNA 547590 —%fERL, vt
XPAC cDNA *# 7o —~<z LT, XP20S @ XPAC
BEFHEI/n—=v L. 5 75 v v 7ERE L
V75 v v IAvbavEELEII»LE6T I VY
FRO v — 7 v ABTORKE, B34 vioy 72

Fig. 1 Northern blot analysis of poly (A)*
RNA (10¢g each) from patients with
group A XP (lane 4-7) and normal
controls (lane 1-3) with the Pst I—
Rsa I fragment of the human XPAC
¢DNA as a probe. Lane: 1, WI3BVA
13; 2, GM130; 3, GM131;4, XP20S;5,
XP78T0;6, XP84TO; 7, XP96TO. Two
bands in normal controls are due to
alternative polyadenylations. The
XPAC mRNAs of group A XP cells
were smaller than that of normal
controls and amounts were markedly
reduced.

7 E—D AGoAC KHERERLTVS Z &
Bl (Fig. 2). CoFERiLY, HIREESE AlwN 1
ORBESIHNEE 4 = 7 v v HIcHfcic Ul Polymerase
Chain Reaction (PCR) it bh 7S5 vF v 414 v btn
VEEALEEL Y VEELHERL, AlWNIKLS
Restriction Fragment Length Polymorphism (RFLP)
RN LA, XP20S 1Y, ZoERI-OWT homo-
zygote THHZ MBI L (Fig. 3). CoFERK
£ 0, XP20S Mg RNA A7 51 v v FERERE
CTwabZ E%Emdich, PCR VT XP20S s
@ XPAC cDNA ##IEL, TOv—7 1 v A%
fTote. TORER, Ba4xs v v ORPO 2L (AG)

DHMRB|LTA 247 (XPAC def T RNA) &8
3TV VELEBIUVEL IV vORPD 2EENK
BLTWB 247 (XPAC def I RNA) @ 2fHMNE
CHEELTWAZ L L (Fig. 4. XPAC def
I mRNA T}, 7b—Av 7 b&aELL, B4x0Y



460 FREFSME B106E ETH5 VPRIETAH

Exon

Intron 3 ¢ |
1 1
.

*

Intron 3

00l H0O

Fig. 2 DNAsequence analysis of the 3’ splice acceptor site of intron 3.
This comparison of the normal and mutant (XP20S) sequences at the
intron/exon border shows a single base substitution (asterisk) in

the mutant.

YAHIZEIEa P vERE LS. CofRICEY, XP20S
Ml T, RNA A7 S v v VRERELTWE D &
PRENRL., ZORTSA v v SEROBEAMB D,
XP A B3afl (HEAZ21H, BALLG, BAZAEA),
s> XP #8Hl, EEHB4MA>LT PCR X5
AlwN I RFLP #§#~/z (Table 1). ZO&R, Mg
BRIV A AR A2160FR, 1661 (76%) 4% homozygote,
4 %) (19%) » heterozygote THH, BEA XP A
PHRETE, BHTERCIOERSBEDLREL Z LN
HEH L7, ZOBFRE, OAED XP A BHTEED
bhftimotc., LIch-T, ZOFRIE racial diver-
gence BAELLLDTHEESZE LRI, &b,
ZOFEREZ 2T homozvgote THhAHHEE XP84TO
DERIZ2OWT, PCR Itk 3 AlwN I RFLP ##~
oty MBlESREETHL LHHBEL, RELF
PSRBT R TRIET 5 2 E 05 F LA TR
Ehi- (Fig. 5).

wie, TOAT 54 v TEREZOWT heterozygote
THHBE (XP75TO, XP270S, XP67TO) B XU,
ZOBRPELHERVEE (XP3O0S) w207, B
BARAN. /—F v 7oy TR, XP390OS T,
TFTHENBLZ3ERBOTEY M XD mRNA HEDH
hi-. XP75TO, XP270S, XP67TO T, mRNA

DRBIIIFWY L, NEIgcH A4 XD mRNA HBED LR
(Fig. 6). XP390S i, EBERE L UMRERSE
Hebh, FREUPATL LTHRESIRTLEYD, XP
390S #Mfar e cDNA 54 75 ) —%/FBL, &+ XP-
AC cDNA % 7o —~4z LT, XP390S @ XPAC cDNA
Roo—=v Lk BhhbkZa—y6fficonTy—
I3V AR BTl A, WTFhD s a—-vid, o
Fv 228D Arg (CGA) », #lka vy (TGA) &
BLOWAZENHBLL (Fig. 7). ZOoFRiILYy,
HIPREEE Hph | ORBIHMLAE 6 =7 v YREF T
HEUf. PCR kXv®Ee6 s vEEKAHEL, Hph
[ X% RFLP #F~1 & 25, XP390OS 13, 0%
B>\ T homozygote, fFHE, BEETHL Z &
¥ L (Fig. 8). XP75TO, XP270S, XP67TO
ZowTid, PCRIZED, 5 77 v v VBB LU
TIVRVIL Y buavEEUE1IALE6 IV VEH
BAMIEL, ~—2 v A2 fT-7. +OEE, XP
75TO & XP270S &, #E3AV b vDAT S
VIBRL AN V280F VeV ARRYIDIED com-
pound heterozygote TH 5 Z & HHB L. PCR i
&% Hph I RFLP #HAA XP A HREE 216>
VTR, XP3KR &, EROBERIDILD com-
pound heterozygote T#H 5 Z & AVHIEE L7z, XP67TO
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Fig. 3—a) Diagram of the positions of PCR primers and the location of the
new AlwN I site (asterisk) generated by the nucleotide transver-
sion.

b) AlwN I RFLP analysis of amplified DNAs. Aliquots of PCR
products were digested with AlwN I and then analyzed on 8%
acrylamide gel. Lane: 1, WI38VA13; 2, XP20S; 3, XP84TO; 4,
XP100S; 5, XP67TO; 6, XP75TO; 7, XP270S; 8, XP12BE. The
marker lane (M) contains a Hae IlI—digest of ¢ X174 DNA. The
genotypes of AlwN I RFLP are shown under the photograph; a
plus sign denotes the presence of the 328bp band, and a minus
sign the presence of the 244bp and 84bp bands.
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Table 1 AlwN I Restriction Fragment Length Polymorphism
(RFLP) in 42 patients with XP and 4 normal controls

Subjects Genotype * Subjects Genotype *W
Normal controls Group A XP
WI3BVAL3 + .,/ + Caucasian
Hel.a +/+ GMS82 +./+
GM130 +/+ GM544B + 4+
GM131 +/+ GM710A +./+
Group A XP GM1630 +,/+
Japanese GM2009 +./+
XP20S -/ GM2062 +./+
XP6TO - - GM2990 +./+
XP7TO -/ = GM2994 +,/+
XP31TO - XP12RO +,/+
XP32TO -/ = XP12BE +/+
XP35TO -/ - XP8LO +/+
XP54TO -/ = Black
XP78TO - - GM2090 +/+
XP84TO — = GM2033 +/+
XP87TO et Group B XP
XP96TO -/ - GM2252 +,/+
XP30S -/ = Group C XP
XP100S -~ GM2246 +,/+
XP1508 ~-/ = Group D XP
XP3508 - - GM2486 +/+
XPEMB-1 -/ — Group E XP
XP67TO + /= XP24KO +./+
XP75TO +,/— Group F XP
XP2708 + /= XP2YO +./+
XP3KR + /- Group G XP
XP3908 +,/+ XP3BR +/+
Group H XP
GM3248 +./+
Variant XP
XP2SA +/+

* A plus sign denotes the presence of a 5.2kb AlwN I RFLP band, and a minus
sign the presence of a 0.7 kb AlwN I RFLP band.
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Fig. 4 Processing of mutant transcripts. A part of the XPAC gene is shown,
with exons represented by open boxes and introns by thin lines. The
two different mRNAs produced by the mutant gene are shown below;
exons are shown as open boxes, with splices indicated by carets.
The nucleotide sequences of the 3 splice acceptor site of intron 3
are shown at the top of the figure. The location of the mutation is
shown by an arrow, and that of the 3° cryptic splice site by a
vertical dashed line. The abnormal splicing results in a frameshift
and a new stop codon (asterisk) in XPACdefl mRNA.

Fig. 6 Northern blot analysis of poly (A)*
RNA (10#g each) from group A XP
patients (lane 2—6) and a normal

Pedigree of XP84T(O analyzed by
AlwN 1 polymorphism in amplified

DNAs. The marker lane (M) con-
tains a Hae III—-digest of ¢X 174
DNA.

control (lane 1) with the Pst I-Rsa
I fragment of the human XPAC
¢cDNA as a probe. Lane: 1, WI38
VA13; 2, XP20S; 3, XP390S; 4, XP
2708; 5, XP75TO; 6, XP67TO.
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Fig. 7 Nucleotide sequences of the alleles of the XPAC ¢DNA and gene
of XP390S (mutant) and WI38VA13 (normal), respectively. The
left part of the figure shows the corresponding portion of the
normal exon 6 sequence and the right part shows the mutation-
containing region in exon 6 of the patient’s XPAC ¢cDNA. The
arrow indicates the position of a C to T transition.
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Fig. 8-a) Diagram of the positions of the
PCR primers for Hph I RFLP
analysis and the location of the
new Hph I site (asterisk) gener-
ated by the nucleotide transition.

b) Pedigree of XP390S analyzed by
Hph I RFLP in amplified DNAs.
The marker lane (M) contains a
Hae IlI-digest of ¢X174 DNA.
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Fig. 9 Nucleotide sequences of the alleles of the XPAC gene of XP
6770 (mutant) and WI38VA13 (normal). The left part of
the figure shows the corresponding portion of the normal
exon 3 sequence and the right part shows the mutation-con-
taining region in exon 3 of the patient’s XPAC gene. The
arrow indicates the position of a T to A transversion.
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Diagram of the position of the
PCR primers for Mse I RFLP
analysis and the location of the
new Mse I site (asterisk) gener-
ated by the nucleotide transver-
sion.

Mse I RFLP analysis of ampli-
fied DNAs. Lanes: 1, XP67TO;
2, XP78TO; 3, WI38VA13. The
marker lane (M) contains a Hae
II-digest of $X174 DNA.

4 Primer 32

45 bp -+

2 Tid, codon 116 @ Tyr (TAT) 2%, #&lk=2 ¥
v (TAA) CERL T (Fig. 9). ZOoFERI LY,
HIREER Mse I ORBHAHSE 3 =7 v YREFIIC
#£U7%. PCR itd3 Mse I RFLP #HEXA XP A
BREAFC VTR L Z A, XPETTO 1, 20
BRI E3IA VIR VYDRTSA VY IBERIORS
compound heterozygote, XP78TO (I, ZOERwK >
T heterozygote, HH3IA Vb vDATSL vV
HRIZOVTiE homozygote TH A EHHIBAL -
(Fig. 10).

% %

MR o R\ WAAKA XP A BEE22MO XPAC
BEFEOWT, GFFRIEFNFRN AT -1 TORE,
SEHEOSERERFBS LN, 1 BB, #3414
bnY e 7O RTR—DRTSA v FTERT, ZOF
Bz, RNA 2754 v v /eBREr -1, XP-
AC m RNA I, FHwEP L, BEREEZES TV
XPAC EHMELEIhLZENFE2LLRL. 2FBI,
a NV 28DFvEv AERT, ok, CEREHO
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6ED T I JEPRIB LI XPAC BEMNEL SRS C
ERFRIE NI, ZOBRIZ ST homozygote T
HBE XP300S i3, BRER, S mEERy B
BEchsz L Ly, COBRICLOEESRS XPAC
EEL, £ LLBEABRAF LTS EEL LR
ATSA Y VBRI a Ny 228 DF vy AERD
compound heterozygote T# 5 BEOEKERE, M
By XP A LD LB, XP390S L hdEW. XP
A BiAbhndZoXd BERERD heterogeneity
i, XPAC BEFERIAEROBE S RELLTWA
LbolEZLNE., 3FEHOERE, 2 Fv160Fv
Vv AERT, ZOFRICI W CEREMD 158D T 3
JEEDRIB LI XPAC BEEADLBRB I ENTH X
hic, ZOEREZ>\T homozygote T 5 EEIL,
SRIOBHTRRED LR, ATV IE
BEZOBERD compound heterozygote TH 5 XP67
TO VEBABKEREZRTZELD, ZoFR L
DE£ XIS XPAC AW, BHEEEk-THWELOL
Ex bk,

AEOBE T, B34V IRVYORT I vV IE
Bix, BAA XP A BEEDBY, 2 Fv228DF v
v ABRITI9%, 2 KV 116 DF v v AZERITI0%
CRHLRL, ThHOBERI, o ABCEREDHR
et Z & LY, racial divergence #ic4d Ulc b @
EEzZ LR, HEADAL—YD 124 LThER LU
BIRPLEEAEZ bR TWER, ThboE4 Tk, XP
A BRERZIFERC . XPAC BETFRERLY L
HERADN— 2L, FEE LOCHERELSCRD T
e bizuobhd Lk, 250, Zhb320
BREOBEIIHENR LD E Lk, 4E0
BEIT, HAAD XP A HOREA LS TS, 3ME
OEBROBEETELTWAZ EREL b, Lichio
T, PCR #f\ iz AlwN I, Hph I 8L Mse I RF-
LP #kix, 4%, HARRZEEZEDLLHEAD XP A
o DNA ZWiEEL LTERCERER2 O LED
ha.
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HTH XP67TO L2 BEIAL, SRFELLEL
ok HK, 23 intron @ acceptor site ® mutation
&, ZOH3 exon @ nonsense mutation #Ef- T
#9, mutation & LTZ2H->TWwbhdTT. XP67
TO D% 3 intron @ acceptor site @ splicing muta-
tion K2WTIHBRCREI > TWBAEWHZ EH, #
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FREVID W E WD CEFHERLTVET. SHIHANK
kA, #3 intron @ acceptor site ®® mutation
PHRCET S Z L ofllic, #3 exon @ nonsense
mutation 23, BRICEZ ZEMALH- TV BE
Cd-TE2HRELOLUMACHERATE, 20 muta
tion A D BRICAELTWEHEWS T ETT.
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T, TORKRIEL AL mutation BEDHHRT
WwET. TEH5, mutation O U BEEILE S By
B hEBuEd.

#f COBEETFO mRNA X E oMl 8RN
EHETWABDTL & 5.

BE v BRELEDe FTHEAE Lich, MT—
BESHTWB LS TLE. ZORBRHRCARTIR, f
BIERPSFETT L, DEESRELELRET. FER
b FTREL b - T DNA repair & H L,
FNEBYTIAOCAELIOTIREVAENSIZET
CORBILRETFEMR A3 . DNA repair i
L bORORECEELHEY L TLH0TE AV E
WH T ET, BELTWZH EWVHEETT.
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¥, mutation % rescue § 5 & 5 mEE TR LR
DTLxHh.
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faft 2O gene product EHREHCITE S W5
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