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Fig. S1. Construction of double-stranded oligonucleotides carrying the core lesion sequence used for the construction of the lesion shuttle vectors and
controls. (A) Oligonucleotide B containing a site-specific benzo[a]pyrene-guanine (BP-G) or TT 6–4 photoproduct (PP) adduct was extended by ligating oli-
gonucleotides A and C to its 5′ and 3′ ends, respectively, using oligonucleotide D as a scaffold. (B) Extended oligonucleotides EL and ES were annealed to form
a short DNA duplex with 5′ BspQI and 3′ BstXI compatible overhangs, which was then ligated to the 4,321-bp BspQI-BstXI–digested fragment of plasmid pLSV5,
whose construction is described in Materials and Methods.

Table S1. Tolerance efficiency and sequence signature of two-staggered BP-G adducts
integrated into human chromosomes

Event type DNA damage tolerance product No. isolates %

1 Accurate TLS 5’GTGAC--------------------CGTAT 3’ 
3’CACTG--------------------GCATA 5’ 

5’GTCAC--------------------CGCAT 3’ 
3’CAGTG--------------------GCGTA 5’ 

2 Mutagenic TLS 5’GTTAC--------------------CGTAT 3’ 
3’CAATG--------------------GCATA 5’ 

5’GTAAC--------------------CGTAT 3’ 
3’CATTG--------------------GCATA 5’ 

5’GTCAC--------------------CGAAT 3’ 
3’CAGTG--------------------GCTTA 5’ 

3 HDR 5’GTCAC--------------------CGTAT 3’ 
3’CAGTG--------------------GCATA 5’ 

76% 

6% 

18% 

Total no. isolates:

68 

6 

16 

90

5’ GTGACGTGCAGTGGAATATCTAGTGTAGGACGTAT 3’ 
|| ||||||||||||||||||||||||||||| ||   

3’ CAGTGCACGTCACCTTATAGATCACATCCTGCGTA 5’ 

Human XP12RO xeroderma pigmentosum group A (XPA) cells were stably transformed with the lesion
shuttle vector pLSV5(BP-GstaggBP-G) that carries two BP-G lesions in a staggered conformation with
opposing G or T, respectively. Shown are sequences obtained from amplified genomic DNA of individual
colonies after integration and long-term propagation. The nucleotides at the lesion’s position are marked
with boldface type. HDR, homology-dependent repair; TLS, translesion DNA synthesis.

Izhar et al. www.pnas.org/cgi/content/short/1216894110 1 of 8

www.pnas.org/cgi/content/short/1216894110


Table S2. Relative colony yield of cells after genomic integration
of the two-staggered BP-G adducts lesion shuttle vector
pLSV5(BP-GstaggBP-G)

No. colonies per dish

Shuttle vector Exp. 1 Exp. 2 Exp. 3

Control 144 162 159
pLSV5(BP-GstaggBP-G) 120 191 193
Relative colony yield (RCY), % 83 118 121
Average RCY, % 107 ± 17

Relative colony yield was calculated as the ratio of the number of col-
onies obtained in pLSV5(BP-GstaggBP-G) to a control vector without BP-G
adducts (pBCs) transfections. Shown is an average value of three indepen-
dent experiments.

Table S3. Tolerance efficiency and sequence signature of two-staggered TT 6–4 photo-
products integrated into human chromosomes

Human XP12RO XPA cells were stably transformed with pLSV56-4TTstagg that carries two 6–4TT lesions
in a staggered conformation with opposing TT or CC, respectively. Shown are sequences obtained from
amplified genomic DNA of individual colonies after integration and long-term propagation. The nucleo-
tides at the lesion’s position and/or neighboring bases are in boldface type.

Table S4. Relative colony yield of cells after genomic integration
of the two-staggered 6-4TT adducts lesion shuttle vector
pLSV5(6-4stagg6-4)

Shuttle vector No. colonies per dish

Control 187 190 90
pLSV5(6-4Stagg6-4) 176 184 96
Relative colony yield (RCY), % 94 97 107
Average RCY, % 99 ± 5

Relative colony yield was calculated as the ratio of the number of colonies
obtained with pLSV5(6-4stagg6-4) to pC6-4s (control with no lesions). Shown
is an average value of three independent experiments.
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Table S5. Tolerance efficiency and sequence signature of two-staggered trimethylene lesions
integrated into human chromosomes

Event type DNA damage tolerance product No. isolates Fraction,% 

5’ATCAAG----------------------CATCTGT 3’ 

3’TAGTTC----------------------GTAGACA 5’ 

1 HDR

2 TLS 
8 

5’ATCAAG----------------------CAGCTGT 3’ 
3’TAGTTC----------------------GTCGACA 5’ 

1 
5’ATCATG----------------------CATCTGT 3’ 
3’TAGTAC----------------------GTAGACA 5’ 

29

9

76% 

24% 

83Total No. isolates:

    5’ATCAMGTACTTGGAGGGTTGTGATCACTTCGCCCTCATCTGT 3’ 
   |||| |||||||||||||||||||||||||||||||| |||| 

    3’TAGTTCATGAACCTCCCAACACTAGTGAAGCGGGAGTMGACA 5’
5

Human XP12RO XPA cells were stably transformed with pLSV5(M3staggM3) that carries two trimethylene (M3)
lesions in staggered conformation. Shown are sequences obtained from amplified genomic DNA of individual
colonies after integration and long-term propagation. The nucleotides present at the lesion’s position are in
boldface type.

Table S6. Relative colony yield of cells after genomic integration
of the two-staggered M3 adducts lesion shuttle vector
pLSV5(M3staggM3)

Shuttle vector No. colonies per dish

Control 131 129 126
pLSV5(M3staggM3seq2) 63 77 44
Relative colony yield (RCY), % 48 60 35
Average RCY, % 48 ± 10

Relative colony yield was calculated as the ratio of the number of colonies
obtained with pLSV5(M3staggM3) to a control vector without M3 adducts
(pCMs). Shown is an average value of five independent experiments.
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Table S7. Sequence signature of two-staggered BP-G adducts integrated into human
chromosomes in cells in which expression of REV3L, the gene encoding the catalytic
subunit of DNA polymerase zeta, was knocked down

Human XP12RO XPA cells were treated with a control siRNA or siRNA against REV3L and with a boost
treatment 24 h later. After 48 additional hours cells were stably transformed with pLSV5(BP-GstaggBP-G)
that carries two BP-G lesions in a staggered conformation with opposing G or T, respectively. Shown are
sequences obtained from amplified genomic DNA of individual colonies after integration and long-term
propagation. The nucleotides at the lesion’s position are marked with boldface type.
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Table S9. Signature of chromosomal DNA damage tolerance of a single TT 6–4 PP
5′ CAAGTTGGAGC
3′ GTTCTTCCTCG
No. Event type DNA damage tolerant product No. isolates Fraction, %

1 Accurate TLS
5′ CAAGTTGGAGC 13 12
3′ GTTCAACCTCG

2 Mutagenic TLS 38
40

5′ CAATTTGGAGC 19
3′ GTTAAACCTCG

5′ CAATTCGGAG 4
3′ GTTAAGCCTC

5′ CAATTAGGAGC 3
3′ GTTAATCCTCG

5′ CAAGCTGGAGC 3
3′ GTTCGACCTCG

5′ CAAGTATGGAGC 2
3′ GTTCATACCTCG

2
5′ CAACTCGGAGC
3′ GTTGAGCCTCG

1
5′ CAAGTTGGGAGC
3′ GTTCAACCCTCG

1
5′ CAAAAAGGAGC
3′ GTTTTTCCTCG

1
5′ CAAAAAAGAGC
3′ GTTTTTTCTCG

1
5′ CAAGGTGGAGC
3′ GTTCCACCTCG 1

5′ CAATTTGGAAGC
3′ GTTAAACCTTCG 1

5′ CA_GTTGGGAGC
3′ GT_CAACCCTCG 1

5′ CAATTATGGAGC
3′ GTTAATACCTCG

3 Replication/HDR
5′ CAAGAAGGAGC 53 50
3′ GTTCTTCCTCG

Total no. isolates: 106 100

Human XP12RO XPA cells were stably transformed with pLSV5(TT6-4) that carries a single TT 6–4 PP lesion
with opposing TT. Shown are sequences obtained from amplified genomic DNA of individual colonies after
integration and long-term propagation. The nucleotides at the location of the original lesion are underlined.
The mutations are in boldface type and italics.
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Table S10. Oligonucleotides used for construction of pLSV5(BP-GstaggBP-G), pLSV5(BP-G), and pLSV5BCs vectors

Sequence bp

Long
1AL GCTCGATCTGAC 12
1BL GTTCGT(G)ACGTG 12
1CL CAGTGGAATATCTAGTGTAGGACGTATGCTCCTTGAACGCACCG 44
1DL CGTCCTACACTAGATATTCCACTGCACGTCACGAACGTCAGATCGAG 47
1EL GCTCGATCTGACGTTCGT(G)ACGTGCAGTGGAATATCTAGTGTAGGACGTATGCTCCTTGAACGCACCG 68
1FL GCTCGATCTGACGTTCGTGACGTGCAGTGGAATATCTAGTGTAGGACGTATGCTCCTTGAACGCACCG 68

Short
1AS GCGTTCAAGGAG 12
1BS CAT(G)CGTCCTAC 12
1CS ACTAGATATTCCACTGCACGTGACGAACGTCAGATCG 37
1DS CACGTGCAGTGGAATATCTAGTGTAGGACGCATGCTCCTTGAACG 45
1ES GCGTTCAAGGAGCAT(G)CGTCCTACACTAGATATTCCACTGCACGTGACGAACGTCAGATCG 61
1FS GCGTTCAAGGAGCATGCGTCCTACACTAGATATTCCACTGCACGTGACGAACGTCAGATCG 61

Shown are the oligonucleotides used to construct the duplex oligonucleotides carrying the core lesion sequences for building the
lesion shuttle vectors carrying BP-G lesions and their controls. The underlined G represents the BP-G adduct. The outline of the
construction is shown in Fig. S1 and described in Materials and Methods.

Table S11. Oligonucleotides used for construction of pLSV5(TT6-4staggTT6-4) and pV5TTCs vectors

Sequence bp

Long
2AL GCTCGATCTGAC 12
2BL GCAAG(TT)GGAG 11
2CL CAGTGGAATATCTAGTCGTGCCCTCGCACTCCTTGAACGCACCG 44
2DL GCGAGGGCACGACTAGATATTCCACTGCTCCAACTTGCGTCAGATCGAGC 50
2EL GCTCGATCTGACGCAAG(TT)GGAGCAGTGGAATATCTAGTCGTGCCCTCGCACTCCTTGAACGCACCG 67
2FL GCTCGATCTGACGCAAGTTGGAGCAGTGGAATATCTAGTCGTGCCCTCGCACTCCTTGAACGCACCG 67

Short
2AS GCGTTCAAGGAG 12
2BS TGCGA(TT)GCACG 12
2CS ACTAGATATTCCACTGCTCCTTCTTGCGTCAGATCG 36
2DS GAAGGAGCAGTGGAATATCTAGTCGTGCAATCGCACTCCTTGAACGC 49
2ES GCGTTCAAGGAGTGCGA(TT)GCACGACTAGATATTCCACTGCTCCTTCTTGCGTCAGATCG 60
2FS GCGTTCAAGGAGTGCGATTGCACGACTAGATATTCCACTGCTCCTTCTTGCGTCAGATCG 60

Shown are the oligonucleotides used to construct the duplex oligonucleotides carrying the core lesion sequences for building the
lesion shuttle vector carrying TT 6–4 PP lesions and their controls. The underlined TT represents the 6–4 PP. The outline of the
construction is shown in Fig. S1 and described in Materials and Methods.

Table S12. Oligonucleotides used for construction of pLSV5(M3staggM3), pLSV5(M3oppM3), and pV5MCs vectors

Sequence bp

Long
3E1 GCTGCTCTCCATCAAMTACTTGGAGGGTTGTGATCACTTCGCCCTCAGCTGTGTTGTGGCGGACCG 66
3E2 GCTGCTCTCCATCAMGTACTTGGAGGGTTGTGATCACTTCGCCCTCATCTGTGTTGTGGCGGACCG 66
3F GCTGCTCTCCATCAAGTACTTGGAGGGTTGTGATCACTTCGCCCTCAGCTGTGTTGTGGCGGACCG 66

Short
3E CCGCCACAACACAGMTGAGGGCGAAGTGATCACAACCCTCCAAGTACTTGATGGAGAGC 59
3F CCGCCACAACACAGCTGAGGGCGAAGTGATCACAACCCTCCAAGTACTTGATGGAGAGC 59

Shown are the oligonucleotides used to construct the duplex oligonucleotides carrying the core lesion sequences for building the
lesion shuttle vectors carrying M3 lesions and their controls. The underlined M represents the M3 lesion. The outline of the construc-
tion is shown in Fig. S1 and described in Materials and Methods.
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