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Abstract Genetic polymorphisms in DNA repair genes

might influence the repair activities of the enzymes pre-

disposing individuals to cancer risk. Owing to the presence

of these genetic variants, interethnic differences in DNA

repair capacity have been observed in various populations.

The present study was undertaken to determine the allele

and genotype frequencies of two common non-synony-

mous SNPs, XRCC3 p.Thr241[Met (C [ T, rs861539) and

XPD p.Lys751[Gln (T [ G, rs13181) in a healthy Tuni-

sian population and to compare them with HapMap

(http://www.hapmap.org/) populations. Also, we predicted

their eventual functional effect based on bioinformatics

tools. The genotypes of 154 healthy and unrelated indi-

viduals were determined by PCR–RFLP procedure. Our

findings showed a close relatedness with Caucasians from

European ancestry which might be explained by the stra-

tegic geographic location of Tunisia in the Mediterranean,

thus allowing exchanges with Europeans countries. The in

silico predictions showed that p.Thr241[Met substitution

in XRCC3 protein was predicted as possibly damaging,

indicating that it is likely to have functional consequences

as well. To the best of our knowledge, this is the first study

in this regard in Tunisia. So, these data could provide

baseline database and help us to explore the relationship of

XRCC3 and XPD polymorphisms with both cancer risk and

DNA repair variability in our population.
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Introduction

The DNA repair and the maintenance of genome stability

are crucial to cellular and organism functions; defects in

these processes have been implicated in cancer risk and

variability in DNA repair. There are about 150 known

DNA repair genes in humans to repair different types of

DNA damage involving distinct pathways [1, 2].

X-ray repair cross-complementing group 3 (XRCC3),

one of the DNA repair genes, encodes for a protein par-

ticipating in homologous recombination repair (HRR) of

DNA double-strand breaks (DSB) and cross-links [3–6]. It

is a member of an emerging family of Rad-51-related

proteins that may take part in HRR to maintain chromo-

some stability and to repair DNA damage [3–6]. XRCC3-

deficient cells were found to be unable to form Rad51 foci

after radiation damage and demonstrated genetic instability

and increased sensitivity to DNA damaging agents [6, 7].

A single nucleotide polymorphism (SNP) has been

reported in XRCC3 gene at exon 7 (C [ T, rs861539); it

causes the substitution of Threonine to Methionine at

codon 241 (p.Thr241[Met) [8]. It is the most frequent

polymorphism in XRCC3. Carriers of XRCC3 241Met

variant allele had high DNA adduct levels in lymphocyte

DNA compared to homozygous 241Thr wild-type allele

carriers, indicating that this polymorphism was associated
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with low DNA repair capacity [9, 10]. Therefore, XRCC3

has been of considerable interest as a candidate suscepti-

bility gene for cancer. A positive association between the

241Met variant allele and cancer risk has been reported in

several studies [10–17].

The xeroderma pigmentosum complementation group D

(XPD), also known as ERCC2 gene encodes for a DNA-

dependent ATPase/helicase [18]. XPD or ERCC2 has two

functions: nucleotide excision repair (NER), and basal

transcription as part of human transcriptional initiation

factor complex, TFIIH [19, 20]. XPD is also essential for

the viability of cells [21].

Several single-nucleotide polymorphisms have been

identified in the XPD locus. Among them, a C [ A

(rs13181) in codon 751 of exon 23, produces a Lysine to

Glutamine substitution (p.Lys751[Gln) [8]. The mutant

phenotype has shown to be associated with lower DNA

repair capacity by altering the functional properties of

DNA repair enzymes [9, 21–23]. To date, epidemiological

studies have investigated the relationship between the

p.Lys751[Gln polymorphisms and predisposition to can-

cer. However, the results remain conflicting rather than

conclusive. A number of case–control studies have shown

the association of the 751Gln variant with cancer [24–29].

However, no overall association has been seen in Skjelbred

report [30] and recently in Zhang meta-analysis [31].

Such associations between XPD and XRCC3 polymor-

phisms and cancers address an increased need to elucidate

their effects on cancer susceptibility and adverse health

outcomes in Tunisian population. However, it has been

reported in HapMap1 and NCBI dbSNP2 databases that the

prevalence of the repair gene polymorphisms are not ran-

domly distributed throughout the human population, but

follow diverse ethnic and/or geographic-specific patterns.

These findings highlight the necessity to establish a specific

genotype profile for our population in order to provide their

basic prevalence to evaluate their significance in risk

assessment in cancer and other phenotypes.

Therefore, the present study aimed to determine the

allele and genotype frequencies of XRCC3 p.Thr241[Met

and XPD p.Lys751[Gln polymorphisms in a healthy

Tunisian population and to compare them with those

observed in various ethnic groups from HapMap (see

footnote 1) populations. Also, we predicted their eventual

functional effect based on bioinformatics tools, in order to

distinguish between tolerated and deleterious amino acid

substitutions for further clinical and genetic studies as

well.

Materials and methods

Studied population

In the present study, 154 healthy unrelated individuals (56

women and 98 men) from South Tunisia were enrolled

after approval from the Ethics Committee of the Institute.

Their age ranged from 20 to 60 years, with a mean ± SD

of 37.5 ± 11. Information about social habits and health

problems of each individual were gathered through stan-

dardized questionnaire. We excluded those who had a

history of cancer.

DNA extraction and sample genotyping

Blood samples (5 ml) were collected after getting proper

written informed consent and further processed for DNA

extraction using phenol–chloroform standard procedure

[32]. The primers for XRCC3 were 50-GGTCGAGTGA

CAGTCCAAAC-30and 50-TGCAACGGCTGAGGGTC

T-30, which generated a 456 bp fragment [33]. The primers

for XPD were 50-GCCCGCTCTGGATTATACG-30 and

50-CTATCATCTCCTGGCCCCC-30, which generated a

436 bp fragment [34].

These fragments were amplified separately, but under

the following conditions: a 50 ll reaction mixture con-

taining approximately 50 ng of genomic DNA, 10 lM of

each primer, and 2 mM MgCl2, 10 mM mix dNTP, 19

PCR buffer, and 1 U Taq DNA polymerase. The mixtures

were amplified with a GeneAmp PCR System 9700 Ther-

mal cycler (Applied Biosystems). The PCR profile con-

sisted of an initial melting step of 95 �C for 5 min,

followed by 35 cycles with melting at 94 �C for 50 s,

annealing at 63 �C (XRCC3) for 60 s, 64 �C (XPD) for

50 s, and elongation at 72 �C for 50 s with a final elon-

gation step of 72 �C for 10 min. The PCR products were

checked on a 2 % agarose gel and photographed using Gel

doc and were then subjected to RFLP analysis.

The restriction enzyme NlaIII (Fermentas, EU) was used

to distinguish the XRCC3 C ? T polymorphism of exon 7,

in which a create NlaIII restriction site occurs in the

polymorphic allele. PCR–RFLP patterns resulted in two

bands of 140 and 316 bp in the homozygous wild-type

(Thr/Thr), whereas in the homozygous mutant type (Met/

Met), three bands at 140, 211, and105 bp were produced.

The restriction enzyme PstI (Fermentas, EU) was used to

distinguish the XPD T ? G polymorphism of exon 23, in

which a create RsaI restriction site occurs in the poly-

morphic allele. PCR–RFLP patterns resulted in two bands

of 146 and 290 bp in the homozygous wild-type (Lys/Lys),

whereas in the homozygous mutant Gln/Gln), three bands

at 146, 227 and 63 bp were produced.

1 http://www.hapmap.org/.
2 http://www.ncbi.nlm.nih.gov/projects/SNP/.
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Digestion of the PCR product was carried out using 10U

of NlaIII or PstI and the 109 buffer supplied with each

restriction enzyme at 37 Æ C overnight. The digestion

products were separated on a 3.5 % agarose gel and pho-

tographed using Gel doc film (BIO-RAD, USA). A few

samples from each of the three genotypes were sequenced

to confirm the PCR–RFLP results for the XRCC3 and XPD

loci.

Bioinformatics analysis

The HapMap (see footnote 1) database was used to identify

the allele and genotype frequencies of XRCC3 and XPD

polymorphisms in various ethnic groups such as Utah

residents with Northern and Western European ancestry

from the CEPH collection (CEU), Tuscan in Italy (TSI),

Han Chinese in Beijing, China (HCB), Chinese in Metro-

politan Denver, Colorado (CHD), Gujarati Indians in

Houston, Texas (GIH), Japanese in Tokyo, Japan (JPT),

Luhya in Webuye, Kenya (LWK), Maasai in Kinyawa,

Kenya (MKK), Yoruban in Ibadan, Nigeria (YRI), Mexi-

can ancestry in Los Angeles, California (MEX), African

ancestry in Southwest USA (ASW).

Knowing that each amino acid substitution potentially

affects protein function, we used the sorting intolerant

from tolerant (SIFT)3 software (version 1.03) developed

by Ng and Henikoff group [35, 36] to predict whether

the p.Thr241[Met and p.Lys751[Gln substitutions may

have an impact on their protein function’s. To assess

their effects, SIFT assumes that important positions in a

protein sequence have been conserved throughout evo-

lution and therefore substitutions at these positions may

affect protein function. The median sequence conserva-

tion ranges from 0 to 4.32, ideally the number would be

between 2.75 and 3.25. A warning will occur if this is

greater than 3.25 because this indicates that the predic-

tion was based on closely related sequences or there

were not enough sequences. The SIFT score ranges from

0 to 1. The amino acid substitution is predicted damag-

ing if the score is B0.05, possibly damaging if the score

ranges between 0.051 and 0.1, and tolerated if the score

is [0.1.

The SIFT predictions were verified by PolyPhen-2

(Polymorphism Phenotyping, version 2.2) software4 which

predicts possible impact of amino acid substitutions on

the structure and function of human proteins using

straightforward physical and evolutionary comparative

considerations.

Statistical analysis

The allele frequency was calculated from the genotype

frequency. Hardy–Weinberg equilibrium was examined

using a Chi-square (v2) test with one degree of freedom.

The comparison of genotype frequency distributions as a

gender function was performed by v2 test. Pair-wise Chi

square (v2) tests were also performed between Tunisian

population (TUN) and HapMap populations using the allele

frequencies in a 2 9 2 contingency table to find whether

the TUN population was significantly different from others.

These calculations were conducted by computer SPSS

program (Version 17.0). p value \0.05 was considered

statistically significant.

Results and discussion

The discordance in genetic variation observed across eth-

nicities highlights the necessity for researchers to establish

a specific genotype profile for each population. In the

current study, two non-synonyms polymorphisms in

XRCC3 and XPD genes have been studied in the same

individuals of a Tunisian population.

The genotype and allele frequencies of XRCC3

p.Thr241[Met and XPD p.Lys751[Gln substitutions are

summarized in Table 1. The genotype frequencies were

found to be consistent with Hardy–Weinberg expectations

(p [ 0.05, Table 1). There was no difference regarding the

genotypes distribution as a gender function.

The sequencing results confirmed the SNPs genotypes

obtained by PCR–RFLP.

Genotype and allele frequencies of XRCC3 C [ T

(p.Thr241[Met)

The SNP rs861539: C [ T at exon 7 causes Threonine

to Methionine substitution at codon 241 of XRCC3

protein (p.Thr241[Met). The observed (CC) Thr/Thr,

(CT) Thr/Met and (TT) Met/Met genotype frequencies

in Tunisian population were 0.312, 0.428, and 0.260,

respectively (Table 2). The wild-type (C) and the variant

(T) alleles frequencies were 0.526 and 0.474, respec-

tively (Table 2).

Regarding HapMap populations, the variant allele fre-

quency ranged between 0.041 among Chinese population

in Colorado (CHD), and 0.461 among Tuscan population in

Italy (TSI) (Table 2). Tunisian population (TUN) was

found to be significantly different from all HapMap pop-

ulations included in this study, except the Caucasian ones

such as the Utah residents with Northern and Western

European ancestry from the CEPH collection (CEU) and

the Tuscans in Italy (TSI) (p [ 0.05, Table 2).

3 http://sift.jcvi.org/www/SIFT_dbSNP.html.
4 http://genetics.bwh.harvard.edu/pph2/index.shtml.
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Genotype and allele frequencies of XPD T [ G

(p.Lys751[Gln)

The SNP rs13181: T [ G at exon 23 causes Lysine to

Glutamine substitution at codon 751 of the XPD protein

(p.Lys751[Gln). The (TT) Lys/Lys, (TG) Lys/Gln and

(GG) Gln/Gln genotype distribution in Tunisian population

were 0.364, 0.474, and 0.162, respectively (Table 3). The

wild-type (T) and the variant (G) allele frequencies were

0.600 and 0.400, respectively (Table 3). The variant allele

frequency exhibited a range between 0.062 among Japa-

nese population (JPT), and 0.426 among Tuscan population

in Italy (TSI) from HapMap project.

Overall, similarly to XRCC3 polymorphism, the allele

frequencies of p.Lys751[Gln polymorphism in Tunisian

population (TUN) were in line with those reported in

Caucasians from Northern and Western European ancestry

according to the CEPH collection (CEU) and Tuscans in

Italy (TSI) (p \ 0.05, Table 3). These findings may be

explained by the position of Tunisia in the heart of the

Mediterranean which allowed exchanges with the Euro-

pean populations.

Interestingly, in our study, an unexpected relationship

was observed for XPD p.Lys751[Gln polymorphism

between Tunisians (TUN) and Gujarati Indians living in

Houston, Texas (GIH) which whose ancestors came from

the state of Gujarat in India. This result may be explained

by the genetic similarity between Indians and European

(CEU) which has been observed in the Indian Genome

Variation Consortium [37].

However, a high discordance was observed between

Tunisians (TUN) and Americans with Mexican (MEX) and

African (ASW) ancestries as well as with Sub-Saharans

Africans (LWK, MKK, and YRI). This genetic differenti-

ation could be explained by the geographic isolation,

especially, from the Sub-Saharan populations, since the

Sahara desert is a geographic barrier.

Combined genotypes analysis

The combined genotype distributions are shown in Table 4.

Six genotype combinations showed frequencies greater

than 10 %. Approximately 22 percent of the studied sub-

jects carried double heterozygous genotype (TG/CT) which

is the most frequently genotype combination in our popu-

lation. However, among the studied population (154 sub-

jects), only two subjects have double homozygous mutant

genotype GG/TT.

The association between cancer and the combined

genotypes of p.Thr241[Met and p.Lys751[Gln substitu-

tions is not common practice and its effect is still unknown.

Indeed, these data would be useful in the epidemiologic

studies and/or in the occupational and environmental

genotoxic exposure. However, largest population studies

might be more suitable to assess the effect of each com-

bined genotype.

Table 1 Genotype distributions and allele frequencies of XRCC3 and XPD SNPs among Tunisian population

Genotype Total Women Men Allele frequency HWEb

(p value)
N Freq.a N Freq. N Freq. Wild-type

allele

variant

allele

rs861539: C [ T (p.Thr241[Met)

Total 154 56 98

C/C 48 0.312 16 0. 286 33 0.337

C/T 66 0.428 26 0.464 40 0.408 (C) 0.526 (T) 0.474 0.08

T/T 40 0.260 14 0.250 26 0.265c

rs13181: T [ G (p.Lys751[Gln)

Total 154 56 98

T/T 56 0.364 22 0.393 34 0.347

T/G 73 0.474 25 0.446 48 0.490 (T) 0.600 (G) 0.400 0.88

G/G 25 0.162 9 0.161 16 0.163c

N number of subjects
a Frequency
b Hardy–Weinberg equilibrium (there was no deviation from the expected frequencies, p [ 0.05)
c p [ 0.05, no statistically difference as a function of gender
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Effect of p.Thr241[Met substitution on protein

function

Threonine (T) to Methionine (M) substitution at 241 codon

was predicted as possibly damaging to the protein function

(SIFT score at 0.08, Table 5). In our analysis, the SIFT

prediction was based on 13 homologous proteins in the

alignments. SIFT prediction was verified by PolyPhen-2

software, and, therefore a possible damaging effect (with a

score at 0.541) was also observed for p.Thr241[Met sub-

stitution (data not shown). To date, few systematic func-

tional and structural studies of XRCC3 were investigated,

and therefore, the specific functions of the different regions

of the XRCC3 protein have not yet fully identified. Only

two potential ATP-binding domains, the Walker boxes A

and B, have been identified in highly conserved domains in

XRCC3 [38] (See Fig. 1). The p.Thr241[Met substitution

occurs near to the Walker box B [38] (Fig. 1), and, there-

fore the transition from hydrophilic Threonine to a

hydrophobic Methionine could affect ATP-binding and

DNA repair efficiency.

It has been reported that cells lacking functional XRCC3,

such as the hamster cell line irs1SF, exhibit decreased

homologous recombination HRR resulting in a high rate of

spontaneous and induced chromosomal aberrations [39].

They are also sensitive to ionizing radiation and highly

sensitive to DNA cross-linking agents such as cisplatin and

mitomycin-C [39]. In addition, XRCC3-deficient cells were

found to be unable to form Rad51 foci after radiation dam-

age and demonstrated genetic instability and increased

sensitivity to DNA damaging agents [6, 7]. These pheno-

types are a result of failure to initiate HRR and aberrant

processing of HRR intermediates [3, 40, 41]. These findings

highlight the damaged effect p.Thr241[Met substitution

and support its association with cancers risk [10–17].

Effect of p.Lys751[Gln substitution on protein

function

Lysine (K) to Glutamine (Q) substitution at 751 codon

was predicted as tolerated to the protein function (SIFT

score at 0.78, Table 5). This data was verified by Poly-

Phen-2 prediction and a benign effect was also observed

for p.Lys751[Gln substitution (data not shown).

According to Holstege report, this substitution is located

within C-terminal domain, about 50 bases upstream from

Table 2 Genotype and allele frequencies of XRCC3 p.Thr241[Met in HapMap and Tunisian (TUN) populations

Population Genotype frequency Allele frequency Pair-wise

p value

between TUN

and other

populations

Geno. Freq. Geno. Freq. Geno. Freq. Wild-type

allele

Variant

allele

XRCC3 C [ T (p.Thr241[Met) (C) (T)

CEU (n = 226) C/C 0.310 C/T 0.522 T/T 0.168 0.571 0.429 0.52

TSI (n = 204) C/C 0.324 C/T 0.431 T/T 0.245 0.539 0.461 0.85

HCB (n = 274) C/C 0.876 C/T 0.124 T/T 0.000 0.938 0.062 9 9 10-6

CHD (n = 218) C/C 0.917 C/T 0.083 T/T 0.000 0.959 0.041 9 9 10-6

GIH (n = 202) C/C 0.574 C/T 0.356 T/T 0.069 0.752 0.248 8 9 10-4

JPT (n = 224) C/C 0.777 C/T 0.214 T/T 0.009 0.884 0.116 9 9 10-6

LWK (n = 220) C/C 0.582 C/T 0.364 T/T 0.055 0.764 0.236 4 9 10-4

MKK (n = 310) C/C 0.645 C/T 0.310 T/T 0.045 0.800 0.200 4 9 10-5

YRI (n = 288) C/C 0.660 C/T 0.319 T/T 0.021 0.819 0.181 9 9 10-6

MEX (n = 114) C/C 0.719 C/T 0.246 T/T 0.035 0.842 0.158 2 9 10-6

ASW (n = 114) C/C 0.684 C/T 0.281 T/T 0.035 0.825 0.175 6 9 10-6

TUN (n = 154) C/C 0.312 C/T 0.428 T/T 0.260 0.526 0.474

Population data source: (www.hapmap.org)

n number of individuals

CEU Utah residents with Northern and Western European ancestry from the CEPH collection, TSI Tuscan in Italy, HCB Han Chinese in Beijing,

China, CHD Chinese in Metropolitan Denver, Colorado, GIH Gujarati Indians in Houston, Texas, JPT Japanese in Tokyo, Japan, LWK Luhya in

Webuye, Kenya, MKK Maasai in Kinyawa, Kenya, YRI Yoruban in Ibadan, Nigeria, MEX Mexican ancestry in Los Angeles, California, ASW
African ancestry in Southwest USA

p \ 0.05, a significant difference between TUN and other populations

p [ 0.05, no significant difference between TUN and other populations
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the poly (A); therefore, it affects an ATP-binding site of

XPD and destroys its helicase activity, which is important

for NER, but did not affect its transcriptional activity

[42]. In addition, it has been reported that the T ? G

polymorphism of XPD gene leads to a change in the

configuration of the coded protein and may alter the XPD

protein’s interaction with helicase activator p44 protein

inside the TFIIH complex [43]. Also, Benhamou and

Sarasin showed that the codon 751 involves in interac-

tions with the substrate of XPD, thus any substitution at

this residue might produce changes in its function which

could impair the DNA repair capacity [44]. These find-

ings highlight an eventual deleterious effect of

p.Lys751[Gln polymorphism and may explain its asso-

ciation with cancer risk [24–29].

In the overall, our present study establishes the prev-

alence and the possible effects of XRCC3 and XPD

polymorphisms. Tunisian population showed eventual

genetic background homogeneity with European popula-

tion. These data will provide a basic database for our

future clinical and genetic studies pertaining to variability

and the defect in DNA repair capacity. Such studies are in

progress in our laboratory regarding the effect of XRCC3

and XPD polymorphisms on occupational genotoxic

exposure.

Table 3 Genotype and allele frequencies of XPD p.Lys751[Gln in HapMap and Tunisian (TUN) populations

Population Genotype frequency Allele frequency Pair-wise

p value

between TUN

and other

populations

Geno. Freq. Geno. Freq. Geno. Freq. Wild-type

allele

Variant

allele

XPD SNP T [ G (p.Lys751[Gln) (T) (G)

CEU (n = 226) T/T 0.407 G/T 0.522 G/G 0.071 0.668 0.332 0.31

TSI (n = 202) T/T 0.347 G/T 0.455 G/G 0.198 0.574 0.426 0.70

HCB (n = 274) T/T 0.810 G/T 0.190 G/G 0.000 0.905 0.095 10-6

CHD (n = 218) T/T 0.862 G/T 0.128 G/G 0.009 0.927 0.073 10-7

GIH (n = 220) T/T 0.376 G/T 0.505 G/G 0.119 0.629 0.371 0.67

JPT (n = 226) T/T 0.885 G/T 0.106 G/G 0.009 0.938 0.062 10-8

LWK (n = 220) T/T 0.645 G/T 0.327 G/G 0.027 0.809 0.191 10-3

MKK (n = 312) T/T 0.667 G/T 0.295 G/G 0.038 0.814 0.186 8 9 10-4

YRI (n = 294) T/T 0.667 G/T 0.313 G/G 0.002 0.823 0.177 5 9 10-4

MEX (n = 116) T/T 0.655 G/T 0.310 G/G 0.034 0.810 0.190 10-3

ASW (n = 114) T/T 0.544 G/T 0.386 G/G 0.007 0.737 0.263 0.039

TUN (n = 154) T/T 0.364 G/T 0.474 G/G 0.162 0.600 0.400

Population data source: (www.hapmap.org)

n number of individuals

CEU Utah residents with Northern and Western European ancestry from the CEPH collection, TSI Tuscan in Italy, HCB Han Chinese in Beijing,

China, CHD Chinese in Metropolitan Denver, Colorado, GIH Gujarati Indians in Houston, Texas, JPT Japanese in Tokyo, Japan, LWK Luhya in

Webuye, Kenya, MKK Maasai in Kinyawa, Kenya, YRI Yoruban in Ibadan, Nigeria, MEX Mexican ancestry in Los Angeles, California, ASW
African ancestry in Southwest USA

p \ 0.05, a significant difference between TUN and other populations

p [ 0.05, no significant difference between TUN and other populations

Table 4 The frequency of combined genotype distributions for

XRCC3 and XPD polymorphisms

rs13181: T [ G

(p.Lys751[Gln)

rs861539: C [ T

(p.Thr241[Met)

Frequency

Na Freqb.

TT CC 16 0.104

CT 21 0.137

TT 19 0.123

TG CC 20 0.130

CT 34 0.220

TT 19 0.123

GG CC 12 0.780

CT 11 0.714

TT 2 0.129

Total 1.000

a Number of individuals
b Frequency
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