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Polymorphisms in the human DNA repair gene XPF
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Abstract

DNA sequence polymorphisms were sought in the coding region and at the exon–intron boundaries of the human XPF
gene, which plays a role in nucleotide excision repair. Based on a survey of 38 individuals, we found six single nucleotide
polymorphisms, one in the 5X non-coding region of the XPF gene, and five in the 2751 bp coding region. At each site, the
frequency of the rarer allele varies from about 0.01 to over 0.38. Except for the 5X non-coding and one coding sequence
polymorphism, the rarer alleles for the remaining four polymorphisms were found only in heterozygotes. Of the five
polymorphisms in the coding region, one is silent, one results in a conserved amino acid difference, and the remaining three
result in non-conserved amino acid differences. Because of its biological function in nucleotide excision repair, functionally
significant XPF gene polymorphisms are candidates for influencing cancer susceptibility and overall genetic stability.
Nucleotide sequence diversity estimates for XPF are similar to the lipoprotein lipase and beta-globin genes. q 1999 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Ž .The nucleotide excision repair NER pathway
can recognize and repair a broad range of DNA
lesions, including those generated by environmental
DNA-damaging agents. The NER pathway includes
steps that recognize the DNA lesion, melt the helix,
excise part of the damaged DNA strand, synthesize
new DNA using the undamaged strand as a template,

w xand finally, ligation 1,2 . Defects in the NER path-
way, as observed in xeroderma pigmentosum pa-
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tients, leads to UV sensitivity, development of can-
cer and decreased survival.

Many proteins are involved in the NER pathway.
The XPF gene, which was initially identified from
xeroderma pigmentosum complementation group F
Ž .XPF individuals, encodes a key protein in the NER

w xpathway 1,3,4 . The XPF polypeptide forms a com-
plex with the ERCC1 protein and carries out an
incision at the 5X end of the recognized DNA lesion,
while the XPG protein carries out an incision at the
3X end of the lesion. The XPF family of genes is
evolutionarily conserved. Extensive homology exists
between human XPF, Drosophila Mei-9, Saccha-
romyces cereÕisiae RAD1, and S. pombe Rad16
w x3,4 , all of which have similar functions in NER.

Because of its importance in DNA repair, we
searched for polymorphisms in the XPF gene among
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38 independent DNA samples. The significance of
any polymorphic changes could be further evaluated
for possible effects on the efficiency of NER in vitro
and on cancer susceptibility and genetic instability.

2. Material and methods

2.1. DNA sample preparation and PCR

DNA from a total of 38 individuals, mostly Cau-
casian, were analyzed. A frozen semen sample from
each individual was lysed and used as PCR template
w x5 . Each 50 ml amplification reaction contained 10

Ž .mM Tris–HCl pH 9.0 , 50 mM KCl, 2.5 mM
MgCl , 0.1% Triton X-100, 40 mM of each dNTP,2

0.2 mM of each primer, and 2 units of Taq poly-
merase. PCR was carried out for 30 or 35 cycles of:
denaturation at 958C for 30 s, annealing at 608C for

Ž30 s and extension at 728C for 1 min. Primers Table
.1 were designed to produce PCR product of about

150–200 bp that covered the coding sequences and
the intron–exon boundaries. Polymorphisms in exon
11 were screened by direct sequencing of PCR prod-
ucts. Polymorphisms in exon 1 to exon 10 were
found using single strand conformation polymor-

Ž .phism SSCP analysis followed by sequencing of
PCR products from samples with aberrant SSCP
patterns.

2.2. SSCP analysis

PCR product was mixed with SSCP loading buffer
Ž90% formamide, 20 mM EDTA, 0.05% xylene

.cyanol and 0.05% bromophenol blue , denatured and
Ž .analyzed on 12% acrylamide gels 29:1 in 192 mM

glycine, 25 mM Tris–HCl. The gels were silver
stained to visualize the bands. Samples of known
sequences were used as a positive control to confirm
the sensitivity of the electrophoresis conditions for
detecting a single nucleotide polymorphism.

2.3. Sequencing

PCR product was purified and sequenced using
Ž .the fmol DNA cycle sequencing system Promega

with 33 P labeled primer under standard conditions. A

total of 30 cycles of denaturation at 958C for 30 s,
annealing at 608C for 30 s, and extension at 728C for
45 s were carried out. Homozygotes for the rarer
allele were not detected in several cases in our study
Ž .see below . To verify the accuracy of these se-
quences, PCR products from the heterozygous indi-
viduals were cloned and several independent clones
from each individual were sequenced using an
ABI377 automated sequencing system.

3. Results

The XPF coding sequence is 2751 bp in length
w xand is made up of 11 exons 4 . We screened for

polymorphic variants in the entire coding region as
well as at the intron–exon boundaries in 38 individ-
ual samples. We found three single nucleotide poly-

Ž .morphisms SNPs where the rarer allele had a fre-
quency greater than 0.1, and another three with

Ž .frequencies of about 0.01 Table 2 .
One polymorphism, g2603 TrA, occurs in the 5X

Žregion of the XPF gene the position 2603 is deter-
mined according to the published XPF genomic se-

.quence with GenBank accession number L76568 ,
http:r rwww.ncbi.nlm.nih.govrhtbin-postrEntrezr
query?uids 1905925&forms6&dbsn&Dopts
g. Heterozygotes as well as both homozygotes were
detected with an allele frequency of 0.378 for the
rarer A allele. This polymorphism has been reported
with a frequency of 0.46 for the A allele when 12
DNA samples were screened for SNPs by direct

w xsequencing 6 . This difference changes the TrC at
the last position in one of the ten core repeat

Ž .TTCGGC TrC sequences in the region upstream of
the starting ATG codon as identified by Brookman et

w xal. 4 .
The remaining two SNPs with frequency greater

than 0.1 for the rarer allele were found in the coding
region of the XPF gene. All the polymorphisms in
the coding region are numbered according to the
cDNA sequence with the A position at the starting

w xATG codon as q1 4 . Polymorphism 1244 GrA in
exon 8 results in an arginine or a glutamine at amino

Ž .acid 415 R415Q . The glutamine allele was found in
Žseven heterozygotes among 33 individuals allele

.frequency of 0.106 . Polymorphism 2505 TrC is
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Table 1
Primers

a bExon Primer Position Primer sequence

1 19 g2021 TGA GTT CGG CCT ACT CTC CA
42L g2179 CGC ACA CTA CTA GCC CGT CA
43 g2159 GTG CTG GAA CTG CTC GAC AC
20L g2323 ACA CTC TCG GAG TCC CCT CA

2 21 g3898 TGA CCT ATT AAA AAC TGC CCT G
44L g4090 CAG TCA AGA AG TCA ACC ACA AG
9 g4044 TGA AGT TTA CAC ACA AGG TGG T
22L g4202 TCT CTG GAG AAA AAT AAA ATG GA

3 23 g8418 AGA AAA ATG TGA TGA ATG AAT GG
45L g8595 ATC AAA GGC AAC AGC ATT GTC
47 g8563 AAA ACA AAC GTG GTT TTA TTA AAG
46L g8742 AGT GCA ACT AAG TTA CAG TAG A

4 25 g9884 GTT AAA CCA AGA CCA GAA ATA C
48L g10025 GTA TAG CAA GCA TGG TAG GTG T
49 g10001 GTT GTA GAA ATC CAT GTT TCT AT
26L g10196 ACT TGC ATT CTT TAA AAT TAC AAC

5 27 g12556 AAT CCT TTT GAA AGT ATG ATT TGT A
12L g12714 ACT GCA GCA AAG TTC GTA ATA
50 g12697 AGT TCA GGA TTT GAA GAT ATT AC
28L g12867 ATT CCC CCT AAA ACC TAA CAC

6 63 g13976 AGG AAG ACA GGA TGA CAG CCA G
64L g14290 TTT TCA CAT GGC CAA AGA AGA C

7 31 g16046 GTT TTA AAA GCC TTT GGA AGA C
32L g16276 GAG CTA ATT AAA TCA GGA CTC A
13 g16151 CCA AAG TGG GAG GCA CTG AC

8 33 g17011 GCA CAG GGA AAC TAG GAG GA
14L g17232 TGA GAT TTC CTA ATT CTC TTT GAA C
15 g17183 AAG GAT AGC AAA GCT GAA GA
52L g17385 GAC GAT ATC CTT CCT CGA CAT
17 g17369 CTG GAA GAG GAA GGA GAT GT
16L g17513 AGA AGC GGA TGG ATG ATA GT
53 g17506 ACC CCT CAC TAT CAT CCA TC
34L g17715 TGG TAT AGT TTC TGG GTT AAA TC

9 35 g19647 TAA AAA TGC TGT TTT TCC AAC CT
36L g19795 GGG GCT TTC ATA CTG ATT TTC T

10 59 g26647 CAG GGA AAA AGC AAG CAT G GT
60L g26774 AAT GGA GGT GCC TGA CAA AGT

11 3 g29548 GGA ACA GAA TGG TAC ACA GCA A
6L g30283 GCA TGG GAT AAG AAA ACA GCC
65 g29440 CAT CCA TCA GAG TTA ACA ACA G
41L g29684 TTG CGC TCC ACG CAC ATT TC
4L g29902 TCC GTA GTC TGG GGA AGT GA
39 g29870 GAC ATT AGT TCC AAA CTC ACT C

a Primers ending with an ‘‘L’’ correspond to the antisense strand.
b ŽPrimer positions are numbered according to published XPFrERCC4 genomic sequence GenBank L76568, http:rrwww.ncbi.nlm.

.nih.govrhtbin-postrEntrezrquery?uids1905925&forms6&dbsn&Doptsg . ‘‘g’’ indicates genomic sequence numbers.

silent and does not change the amino acid at position
Ž .835 S835S . The rarer C allele has an frequency of

0.344. This polymorphism was also reported by Si-

w x w xjbers et al. 3 and Shen et al. 6 at a frequency of
0.38 in Shen’s report. In our study both homozygotes
and heterozygotes for the rarer allele were detected.
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Table 2
SNPs identified in the XPF gene

e Ž . Ž .cDNA bp Exon no. Nt change AA change Genotypes Total a Chrom p N q n Reference

NN Nn nn
Xa w xg2063 5 non- Tra core repeat TT 15 arT 16 aa 6 37 74 0.622 0.378 this study, 6

coding
b1244 8 Gra R415Q GG 26 arG 7 aa 0 33 66 0.894 0.106 this study
b1727 8 Grc R576T GG 36 crG 1 cc 0 37 74 0.986 0.014 this study

c2117 11 Trc I706T TT 35 crT 1 cc 0 36 72 0.986 0.014 this study
d w x2505 11 Trc S835S TT 14 crT 14 cc 4 32 64 0.656 0.344 this study, 6
b2624 11 Arg E875G AA 31 grA 1 gg 0 32 64 0.984 0.016 this study

ag2063 indicates that this position is determined according to the published genomic sequence with GenBank accession number L76568,
http:rrwww.ncbi.nlm.nih.govrhtbin-postrEntrezrquery?uids1905925&forms6&dbsn&Doptsg.
b Indicates non-conserved amino acid substitutions.
c Indicates conserved amino acid substitutions.
d Indicates silent amino acid substitutions.
eTotal number of sequences counted differ for each SNP because the data were not available on all 38 individuals.

For each of the next three sequence variants, only
a single heterozygote was detected. One in exon 8
was ascertained by SSCP screening followed by
sequencing, and the other two in exon 11 by direct
sequencing. Sequence variant 1727 GrC results in a
non-conservative amino acid difference; the rarer
allele has a threonine instead of an arginine at amino

Ž .acid 576 R576T . Sequence variant 2117 TrC re-
sults in a conservative isoleucine to threonine differ-

Ž .ence at amino acid 706 I706T . Sequence variant
2624 ArG results in a non-conservative amino acid
difference, the rarer allele has a glycine instead of

Ž .glutamic acid at position 875 E875G . The fre-
quency for the rarer alleles is about 0.015. We
confirmed these variants by directly sequencing PCR
products that were obtained by reamplification from
the original templates of the heterozygous individu-
als. This minimized the possibility that the variants
arose in the earliest PCR cycles due to base misin-
corporation. We also cloned PCR product from each
heterozygous individual and sequenced several inde-
pendent clones. In every case we detected each of
the two alleles previously deduced from direct se-
quencing of PCR product. Some cloned fragments
also contained nucleotide substitutions at positions
other than the polymorphic site that are not observed
in direct sequencing of PCR products. However, the
nucleotide changes and the position of these changes
were random, and were presumably due to Taq
polymerase misincorporation.

Of the five polymorphic variants, we found in the
coding region of XPF, two occur in exon 8 and three
in exon 11. Clustering is also observed for 14 disease
causing mutations found in XPF patients; seven are

w x Žin exon 8 and two are in exon 11 3,7 . Exon 8 598
. Ž .bp and exon 11 731 bp are the two largest exons

and represent about half of the total length of the
XPF coding sequence. More data are needed to
decide whether this distribution is simply due to the
larger size of these two exons.

4. Discussion

In our survey of the XPF gene, we observed six
SNPs, one in the 5X non-coding and five in the
coding region. Among the five in the coding region,
one is silent, one results in a conserved amino acid
difference, and the other three result in nonconserved
amino acid differences. The frequencies for the three
least common coding sequence variants predicts that,
in each case, the frequency of homozygotes for the
rare allele is expected to be around 2=10y4 , which
could be the reason why we did not find any ho-
mozygotes in our samples. None of these rare alleles

w xhas been observed in XPF patients 3,7 .
The XPF family of proteins, including human

XPF, Drosophila MEI-9, S. cereÕisiae RAD1, and
S. pombe Rad16, have extended regions with se-

w xquence similarity and are functionally conserved 4 .
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The 3X end of exon 8 and all of exon 11 encode the
XPF region homologous to Mei-9, Rad16 and RAD1.
Based on the species alignment of XPF homologous
proteins, SNP 2624ArG is most interesting. This

Ž .position can be a glutamic acid XPF , glutamine
Ž . Ž .MEI-9 and Rad16 , or lysine RAD1 , all relatively
bulky amino acids. The nonconserved substitution of
the relatively bulky and negatively charged glutamic

Ž .acid by the small neutral amino acid glycine E875G
in the human XPF gene may influence the DNA
repair function of the protein. Functionally signifi-
cant SNPs in the XPF gene may contribute to indi-
vidual differences in the fine details of DNA repair.
Since mutations in different NER genes that interfere
with the NER pathway result in increased suscepti-

w xbility to cancer as presented in XP patients 8 , subtle
differences due to polymorphisms in the XPF andror
other NER genes may alter cancer susceptibility.
Genetic instability of simple repeated sequences
might also be influenced by XPF polymorphisms.
XPFrERCC1, which makes incisions at the 5X end

w xof DNA loops 3,9,10 , may contribute to the repair
of large trinucleotide repeat containing loops that are
generated due to replication slippage and are too
long to be repaired by the postreplicative DNA

w xmismatch repair system 11 . Polymorphisms in en-
zymes involved in large loop repair could be respon-
sible for the observed variation in stability of simi-
lar-sized trinucleotide repeat disease alleles among

w xdifferent individuals 12 .
It has been estimated that the number of SNPs

ranges from 0.5 to 10 per 1000 bp when any two
w xhuman chromosomes are compared 13,14 . In the

2751 bp XPF coding region, we found five SNPs
among the 38 samples we surveyed, which corre-
sponds to about one variable site in every 550 nu-
cleotides. These calculations are based on data ob-

Žtained using SSCP screening before sequencing for
.exons 1 to 10 as well as sequencing without a
Ž .screening step for exon 11 . It is well known that

SSCP does not pick up all sequence variations.
Although, theoretically, direct sequencing of PCR
product could find all the variation, technical imper-
fections, such as uneven band intensity and back-
ground bands due to artifactual polymerase stops can
cause sequence ambiguity and lower the sensitivity
of this method, especially in heterozygotes. In our
study, only the base changes that are unambiguously
detected and confirmed in multiple runs of sequenc-
ing both strands are considered valid. We could be
underestimating the number of SNPs in the XPF
region.

Shen et al. found seven SNPs in their screen for
w xXPF SNPs using 12 individuals 6 . Two, g2063

TrA and 2505 TrC, were also observed in this
study. Four intronic SNPs were not seen in our study
because we focused only on intron sequences imme-
diately adjacent to the splice sites. One of their

Ž .coding region SNPs, 1135 CrT P379S in exon 7
with a frequency of 0.08 for the rarer allele, was not
observed in our study. It is possible that the samples
we screened did not contain this SNP. Alternatively,
the different success rates of the two mutation detec-
tion strategies may be the explanation since our
study screened exon 7 using SSCP.

To estimate the sequence variability in the XPF
coding region, we calculated two widely used mea-

Žsures of nucleotide diversity, p defined to be the
average pairwise number of segregating sites per

w x. Žnucleotide; Ref. 15 and u Watterson’s segregat-W
w x.ing sites estimator; Ref. 16 . In Table 3, we give

Žthe diversity statistics p and u for exon 8 whereW
.SSCP screening followed by sequencing was used ,

Ž .exon 11 where only sequencing was used , and for
the whole XPF gene. The number of sequences being

Ž .compared differs among these regions see Table 3
because data on all 38 individuals were not available
for all SNPs. To compare nucleotide diversity values
across loci, we also calculated the estimates of the
variability of p and u , which can be approximatedW

Table 3
Nucleotide diversity in XPF gene

Ž . Ž . Ž .Region Length bp a Sequences p sd p u sd uW W

y4 y4 y4 y3Exon 8 598 66 3.31=10 4.64=10 7.02=10 2.53=10
y4 y4 y4 y3Exon 11 731 60 7.24=10 6.80=10 8.80=10 2.62=10
y4 y4 y4 y4Whole gene 2751 52 2.58=10 2.19=10 4.02=10 9.61=10
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by the standard deviation of p and u under theW
Ž w xinfinitely-many-sites mutation model; Ref. 15 , Eq.

w x.10.9; Ref. 16 . These values are given in Table 3
Ž . Ž .under the column headed sd p and sd u . TheW

nucleotide diversity data on XPF exon 11 can be
Žcompared to data on the lipoprotein lipase LPL;

w x. w x17 and b-globin genes 18 that were also obtained
by direct sequencing. The estimated nucleotide di-
versity p in the LPL coding region was 5.0=10y4

"5.0=10y4 based on sequencing DNA from 76
individuals. In sequencing, a b-globin gene region in
24 unrelated Melanesians, Fullerton et al. found a
single polymorphic site in 444 bp of exon sequence,
corresponding to a nucleotide diversity of ps9.1=

10y4 "9.5=10y4 and u s5.1=10y4 "2.3=W

10y3. The nucleotide diversity estimates in exon 11
and the whole XPF gene shown in Table 3 are
consistent with the diversity estimates in both the
LPL and b-globin genes.

In the 38 randomly selected samples we have
screened, at least 13 are heterozygous for one of the
five polymorphic variants in the coding region, and
five are heterozygous for two polymorphic variants.
Therefore, even for the functionally important XPF
gene, five polymorphic sites are found in the 2751
bp coding region, and almost half of the randomly
selected individuals screened are heterozygous for at
least one polymorphic mutation, even when the het-
erozygosity for several of the SNPs is not high.
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