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Figure S1. Generation of FANCJ-deficient DT40. A. The targeting construct to
remove exons 6 — 8 of the chicken FANCJ locus, which disrupts the helicase domain
of the protein, was constructed with primers FJ5F and FJ5R to generate the 5° arm
and FJ3F and FJ3Y (Table S6) to generate the 3’ arm. These were cloned into
pBluescript as Sall — BamHI and BamHI — Notl fragments respectively. The drug
selection cassette, conferring resistance to either blasticidin or puromycin (55) was
inserted into BamHI site. Drug-resistant clones were screened for targeted integration
by digestion of genomic DNA with EcoRV and BamHI followed Southern Blotting
with a probe 3’ of the targeting construct generated with the primers FJIPF and FJPR.
B. Loss of FANCJ mRNA was confirmed in the microarray analysis. Mean probe
intensities for the FANCJ locus in wild type (light grey) and fancj (dark grey) cells,
compared with the mean probe intensity for GFP, a non-expressed control, in both

lines.
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Figure S2. Further biophysical analysis of the CD72 & BUIA G4 DNA sequences.
A. UV melting curve of the oligonucleotide CD72-F recorded at 295 nm in the
presence of LiCl (dotted line), NaCl (dashed line) and KCI (solid line). B. UV melting
curve of the oligonucleotide BUIA-F recorded at 295 nm in the presence of LiCl
(dotted line), NaCl (dashed line) and KClI (solid line). C. Thermal difference spectra.
Normalized differential absorbance signatures of CD72-F (blue), BUIA-F (red),
HTelo (black solid line) and C-KIT1 (black dashed line) in presence of KCI. The
differential absorbance signatures of CD72-F and BU1A-F are similar (negative
minimum at A = 295 nm and positive maxima at A = 243, 273 nm) to the two
quadruplex motifs formed by HTelo and C-KIT1. Conformational studies have been
performed and structural assignments have been used to establish the quadruplex

conformation adopted by HTelo (53) and C-KIT1 (54).
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Figure S3. Chromatin changes at the CD72 locus of fancj cells. A. qRT-PCR
confirming reduction of CD72 expression in the fancj line. Error bars show standard
deviation. B. Trimethylation of H3K4 at the CD72 promoter in wild type (WT) and
fancj cells. C. Acetylation of H3K9 and K14 at the CD72 promoter in wild type and
fancj cells. D. Dimethylation of H3K9 at the CD72 promoter in wild type and fancj
cells. The signal at the RHOGLOBIN promoter is shown for comparison. E.
Acetylation of the H4 N-terminal tail at the CD72 promoter in wild type and fancj
cells. Error bars in B - E represent S.E.M..
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Figure S4. Genetic stability of the BUIA locus in fancj cells. A. Map of the Bula
locus indicating the position of the primers to amplify the G-rich region, including the
two overlapping G4 DNA motifs. B. Amplification of the G-rich region from 6 fancj
Bula-loss variants. C. Sequences of the G4 DNA motifs from 18 fancj Bula-loss
variant clones. D. Long range PCR of the extracellular domain of Bula from 6 fancj

Bula-loss variant clones. The initial 6.7 kb fragment was digested with EcoRI.
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fj 3 360 ATGTGGCACTGGGACATGGGGACAGAGAGGGGTGAGGTTGGGC AL LA 419
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Figure S5. Genetic stability of the CD72 G4 DNA motifs in fancj cells. A. Map of
the CD72 locus indicating the position of the primers used to amplify the G4 DNA
motif. B. Sequences of the G4 DNA motif from 6 CD72-loss variant fancj clones.
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Figure S6. Gene deactivation and derepression in fancj and wrn/blm cells. Mod
ranked plot of probe intensity differences for probes whose expression is altered by

>0.25 log, units in revl compared with wild type with p < 0.075.
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Figure S7. Efficiency G4 DNA replication in wrn/blm cells. Replication efficiency,
in wrn/blm cells, of the RHOGLOBIN G4 DNA (14), incorporated into the leading
strand template of the replicating plasmid pQ, shown as the ratio of Amp' to Kan' E.
coli colonies. Amp' plasmid contains the CD72-F oligo while Kan" plasmid does not
(14). The single mutants wrn and blm did not exhibit any decrease in the efficiency of
replication of this plasmid. Attempts to perform this assay in fancj cells were

unsuccessful due to reproducibly poor recovery of pQ.
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Figure S8. Redundancy between WRN and BLM in maintenance of epigenetic
stability at G4 DNA. A. Venn diagram showing the number of probes statistically
significantly perturbed (p<0.05) with a greater than 0.25 log units difference to WT
DT40 in wrn, blm and wrn/blm mutants, and the overlap between these sets.
Significance of overlap between sets (Fisher’s hypergeometric distribution): wrn &
blm p = NS; wrn & wrn/blm p = NS; bim & wrn/blm p < 1 x10™°. B. Venn diagram as
in Figure S3A showing the percentage of probes, within each set, which show the
same direction of change in each pair of mutants. The expected codirectionality
assuming independence between the conditions is approximately 50% for each set.
Significance of co-directionality between sets (chi-squared test): wrn & blm p = NS;

wrn & wrn/blm p < 3 x107; blm & wrn/blm p < 1 x107".
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Figure S9. Effect of gap length variance on histone modification loss. Using the
Zippee algorithm (14), replication fork stalling at a fixed position, with a probability
of 0.5 per cell division, was simulated for 30 cell divisions, with 30 repetitions of the
simulation per point. The probability of mark copying reaching two nucleosomes was
0.5, 3 nucleosomes 0.25 etc. Mean gap length was varied between 5 and 8
nucleosomes, which corresponds to a gap approximately 1 - 1.6 kbp, and variance was
altered from O to a maximum of 0.8 of the gap length, assuming a normal distribution
of gap lengths clamped at 0 nucleosomes (i.e. a gap length of less than 1 nucleosome
in length). Random histone misincorporation was set at 1%. The final gap length
after 30 cell divisions, as a fraction of the mean gap length, is plotted against the
variance as a fraction of the mean gap length. This plot reveals a roughly linear
relationship, with the gradient approximately the same for all the different gap lengths
tested, which indicates that as the gap length variance increases, the final length of
gap also increases. Thus, the final gap length after 30 cell divisions is not just
determined by the mean gap length left whenever the replication fork stalls, but also
by the maximum gap length that occurs. This suggests that the occurrence of rare

events where long gaps are left leads to a longer tract of histone modification loss.
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Mutant line Reference Notes
revl (Cambridge) 31

revl (Munich) @7

revi:hREV1 (13)

revl:hREV 1% (13)

rev3 (56)

poly (57)

radl8 (58)

pcnaK164R “@n

blm (59)

wrn (32)

blm/wrn this study wrn cells targeted with blm constructs (59)
fancj this study Figure S1
fancc (60)

rad54 61)

xrcee3 (62)

xpa (63)

Table S1. DT40 mutants used in this study.
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Sarkies et al. Table S2 - Legend

Identity of probes exhibiting dysregulated expression in revl, fancj, wrn, blm and
wrn/blm DT40. Table S2 is an Excel workbook listing all the probes whose signals
are more than 0.25 log, units increased or decreased from wild type with p < 0.075.
There is a single sheet for each mutant and for the overlaps between mutants (gene
sets A — C in Figure 6C). The probes are ordered in descending absolute intensity

difference from wild type.
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Melting temperature 7, (°C)

Sequence T Na* T

BUIA-1 no transition 30.0 61.5
BUIA-2 no transition 45.5 59.5
BU1A-F 20.5 50.5 65.5
CD72-1 25.5 36.0 52.0
CD72-2 25.0 40.0 59.5
CD72-F 25.0 42.0 59.5

Table S3A. Melting temperature of the studied G4 DNA oligonucleotides.

Melting temperatures were calculated by following the UV absorbance at 295nm.

Oligonucleotides were prepared at a final concentration of 4 uM in 10mM lithium

cacodylate (pH 7.2) containing 1mM of EDTA and 100mM of MCI (where M is
either Li, Na or K).

Sequence _ CD characteris{[ion §
Li Na K
BUIA-I ma.lx.ima 261, 284 nm 261,291 nm 264 nm
minima 235 nm 235 nm 242 nm
maxima 278 nm 245,292 nm 264 nm
BUIA-2 minima 235 nm 259 nm 241 nm
BUIA-F ma.lx.ima 263,281 nm 253,295 nm 264 nm
minima 236 nm 230, 268 nm 242 nm
CD72-1 maxima 260 nm 260, 295 nm 264, 292 nm
minima 240 nm 238 nm 239 nm
CD72-2 ma.lx.ima 259 nm 258,295 nm 264,291 nm
minima 241 nm 237 nm 237 nm
CD72-F maxima 260 nm 259, 294 nm 266, 289 nm
minima 240 nm 238 nm 239 nm

Table S3B. CD characterisation of the studied G4 DNA oligonucleotides.

Oligonucleotides were prepared at a final concentration of 10 uM in 10mM lithium

cacodylate (pH 7.2) containing 1mM of EDTA and 100mM of MCI (where M is
either Li, Na or K).

14
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correlation log,wrn/blm | log,wrn/ | log,revl n p p
+ log,revl blm vs. Ruurspimerevt vs.fanci | (Rosrmimsrent vs. fanci
vs. vs. log.fancj > Rorioim vs. ganci) > Riev vs. fanci)
logfancj | log.fancj
probe sets
(fancj + 0.74 0.85 0.35 3890 1 1 x107°°
wrn/blm) —
revl
(fancj + revl) 0.81 0.59 0.80 88 1.7 x10° 043
—wrn/blm
wrn/blm + 0.82 0.69 0.62 172 2.3x107 3.6x107
revl

Table S4. Correlation coefficients (R) for comparison of gene expression changes

in overlap sets of revl and wrn/blm against fancj. The correlations tested are

indicated in the headers to columns 2 - 4. The probe sets tested are indicated in the

headers to rows 2 - 4. For example ‘(fancj + wrn/blm) — revl’ means the probes

overlapping between the fancj and wrn/blm sets but excluding those that also overlap

with revl. The correlations coefficient R is indicated as are the number (n) of probes

analysed. Only in the overlap between wrn/blm and revl (Row 4) is the correlation

coefficient for log,wrn/blm + log,revl statistically significantly greater (p<0.01) than

both log,wrn/blm with log,fancj and log,revl with log,fancj.
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ChIP, qPCR and PCR primers

Name Sequence Reference
RHOGLOBINpromF | 5’ -TCAGTGTGCACAAGGTGTGG (64)
RHOGLOBINpromR | 5’ ~GAAGGGTGAGGGAAGTGCC (64)
LYSCpromF 5’ ~CCACATTGTATAAGAAATTTGGCAA | (65)
LYSCpromR 5’ -AAAACGCCTCTTGAGTATACAGAA (65)
GAS41promF 5’ -CGTGAACTGCGCGAAGAAG (65)
GAS41promR 5/ ~CCCCCGCCACCTACCA (65)
CD72promF 5’ -CAAGTTCTGCTTCTGTAAGAGCC This study
CD72promR 5’ ~AGGTCAGTGTAGAGCACTCCTTG This study
BUIApromF 5’ -CTCTGTAGCCAGATCGTCTTCTC This study
BUIApromR 5’ -GTGTCAGCTCATCTAGGCAAATC This study
BUIAexpnF 5’ -CTGTTACTGATGGCTCTGCTACC This study
BUIAexpnR 5’ -CTCCAGTTTCAGACATCTCTTGG This study
CD72expnF 5’ ~-CAAGGAGTGCTCTACACTGACCT This study
CD72expnR 5’ -GACTCTCAGCCTCATCCATACC This study
ACTBexpnF 5/ -TGTCCACCTTCCAGCAGATGT (65)
ACTBexpnR 5/ ~AGTCCGGTTTAGAAGCATTTGC (65)
BU1ASthnprobeF 5’ -GCTTCTGACATCATTTCCTGAATGC This study
BU1ASthnprobeR 5’ -ACCTTATGTTCTCCATTGACACGC This study
BUIAG4seqF 5’ ~GGGAATTCAAGGCTGACTCTCCTCTG | This study
AAGCTA
BUIAG4seqR 5’ ~-GCGGATCCGGAGCACATCACTAAGTA | This study
ACCAGAC
CD72GAF 5’ - CTTGGTATGGATGAGGCTGAGAGTC | This study
CD72G4R 5/ — AGAAGAACCAAGTGAGGAGTATGG This study
BUIALF 5’ - TGCAGCTAGACCAGAGTAGGTATT This study
BUIALA 5" - GATCTCCATAGACAGATGAGGAC This study

G quadruplex experiments

BUI1A-1 5" -GGGCTGGGTGGGTGCTGTCAAGGG

BUIA-2 5" -GGGTGGGTGCTGTCAAGGGCTGGG

BUIA-F 5" -GGGCTGGGTGGGTGCTGTCAAGGGCTGGG

CD72-1 5" -GGGACATGGGGACAGAGAGGGGTGAGGTTGGG

CD72-2 5" -GGGGACAGAGAGGGGTGAGGTTGGGCTGGG

CD72-F 5" -GGGACATGGGGACAGAGAGGGGTGAGGTTGGGCTGGG

HTelo 5" -GGGTTAGGGTTAGGGTTAGGG

C-KIT1 5’ ~GGGAGGGCGCTGGGAGGAGGG

BulapQG4 1 5" -AATTCGGGCTGGGTGGGTGCTGTCAAGGGCTGGG

BulapQ G4 2 5" -AATTCCCCAGCCCCTTGACAGCACCCACCCAGCCC

CD72 pQ G4 1 5" -AATTCACCCAGCCCAACCTCACCCCTCTCTGTCCCCATGTCCC
CD72pQ G4 2 5" -AATTCGGGACATGGGGACAGAGAGGGGTGAGGTTGGGCTGGGT

16




Construction of fancj DT40

FI5F 5" -GCGTCGACACAGCTCTTATGCCATGATTATTAG
FISR 5" -GCGGATCCCATATTCAACTTCATCAGAACCC
FI3F 5" - GCGGATCCAGTAGGAATCTCAGTCCCTTCATG
FI3R 5" -TAAGCGGCCGCCCACAAACTTTGAAAGGCATTCC
FIPF 5" -GCAAAGTCAGTACAGATGCAAGACAACC

FJPR 5" -AGTCAGCTGGTAGAAACAGGGTATG

17




Supplementary Methods

UV spectroscopy

UV melting curves were collected using a Varian Cary 400 Scan UV-visible
spectrophotometer by following the absorbance at 295 nm. Oligonucleotides solutions
were prepared at a final concentration of 4 M in 10 mM lithium cacodylate (pH 7.2)
containing ImM EDTA and 100 mM MCI (where M is either Li, Na or K). The
samples were annealed by heating to 95 °C for 10 minutes and then slowly cooled to
room temperature. Samples were transferred to a lcm path-length quartz cuvette,
covered with a layer of mineral oil, placed in the spectrophotometer and equilibrated
at 10 °C for 5 minutes. Samples were then heated to 95 °C and cooled to 10°C at a rate
of 1 °C/min, with data collection every 1 °C during both melting and cooling. T,
values were obtained from the minimal of the first derivative of the melting curve.
Thermal differential spectra were obtained by subtracting the UV spectra collected at
20 °C from the one collected at 80 °C of the oligonucleotide solutions prepared as

described above.
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