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Figure S1, related to STAR Methods. The Brca1/Bard1 heterodimer.

A) A map of the mouse Brca1 and Bard1 proteins. The RING domains of Brca1 (amino acids 9-
96) and Bard1 (36-110) are denoted as ovals, while the BRCT domains of Brca1 (1594-1786)
and Bard1 (559-757) are shown as rectangles. The interaction between Brca1 and Bard1 is
mediated by sequences encompassing their respective RING domains. The BRCT domain of
Brca1 interacts in a mutually exclusive manner with the phosphorylated isoforms of several HDR
proteins (Abraxas, Bach1, CtIP, Uhrf1) to form separate Brca1l complexes, while the BRCT
domain of Bard1 interacts with poly(ADP-ribose) (PAR).

B) An alignment of the amino acid sequences encompassing the BRCT domains of Bard1 and
Brca1l from both mouse (m) and human (h). The four conserved contact residues of the
phosphate-binding cleft are highlighted in yellow, including amino acids S563, G564, T605, and
K607 of mouse Bard1 and amino acids S1598, G1599, T1643, and K1645 of mouse Brca1. The
three missense mutations examined in this study (Bard1-S563F, Bard1-K607A, and Brca1-
S1598F) are highlighted in turquoise. The recognition sequence for HP1 binding in human
BARD1 (PLVLI) is denoted in red.

C) The Bard1-S563F and Bard1-K607A mutations disrupt the interaction between mouse Bard1
and poly(ADP-ribose) chains (PAR). Purified glutathione S-transferase (GST) and GST-Bard1
fusion polypeptides containing the C-terminal region of murine Bard1 without (wt) or with (SF
and KA) the indicated BRCT mutations were analyzed by PAGE (left). To assess their ability to
interact with PAR (right), the indicated GST polypeptides were bound to glutathione-agarose
beads and incubated with purified PAR chains. After elution from the beads with glutathione, the
GST polypeptides were spotted onto a nitrocellulose membrane and immunoblotted with anti-
PAR and, after stripping, anti-GST monoclonal antibody.

Figure S2, related to STAR Methods. Design of the mutant Bard1S5F allele.

A) Map of the wild type Bard1 locus (Bard1*) encompassing exons 7-9. The position of the wild
type S563 codon in exon 8 is shown in green. The 5’ and 3’ Bard71 DNA probes used for Southern
analyses are shown, and relevant restriction enzyme sites are indicated: EcoRV (RV), Sacl,
Scal, Kpnl, Pacl, and Hindlll (H3).

B) Map of the Bard15%63F-ne0 targeting vector. The position of the S563F missense mutation in
exon 8 is shown in red. A neomycin expression cassette flanked by loxP signals (purple
triangles) was inserted into intron 7.

C) Map of the Bard1S%3F-n¢0 g|lele generated by homologous recombination (HR).

D) Map of the Bard15%63F allele generated by Cre-mediated recombination.

E) The sizes of the EcoRV fragments and Kpnl fragments recognized, respectively, by the 5’
and 3’ Bard1 DNA probes used for Southern analysis (shown in green in panels A-D).

Figure S3, related to STAR Methods. Design of the mutant Bard1X6%7A allele.

A) Map of the wild type Bard1 locus (Bard1*) encompassing exons 7-9. The position of the wild
type K607 codon in exon 8 is shown in green. The 5 and 3’ Bard1 DNA probes used for
Southern analyses are shown, and relevant restriction enzyme sites are indicated: EcoRV (RV),
Sacl, Scal, Kpnl, Pacl, and Hindlll (H3).

B) Map of the Bard1X607A-neo tgrgeting vector. The position of the K607A missense mutation in
exon 9 is shown in red. A neomycin expression cassette flanked by /oxP signals (purple
triangles) was inserted into intron 8.

C) Map of the Bard1<607A-nec gllele generated by homologous recombination (HR).



D) Map of the Bard1K6974 allele generated by Cre-mediated recombination.
E) The sizes of the EcoRV fragments and Kpnl fragments recognized, respectively, by the 5’
and 3’ Bard1 DNA probes used for Southern analysis (shown in green in panels A-D).

Figure S4, related to STAR Methods. Bard157SF and Bard1¥4%4 male mice display a
fertility defect distinct from that of Brca757SF male mice.

A) The testes of six-week-old Bard1*4K4, Bard1S7SF, and Brca15/SF mice are smaller than those
of their wild type and heterozygous littermate controls.

B) H&E-stained transverse sections of seminiferous tubules from the testes of six-week-old mice
at 20X magnification. Unlike those of wild type mice, all seminiferous tubules of Brca?57SF mice
were devoid of elongated spermatids and mature spermatozoa but contained all prior stages of
germ cell development, including secondary spermatocytes and round spermatids. In contrast,
the seminiferous tubules of Bard71SFSF and Bard 1A mice show two distinct patterns of
maturation arrest. Approximately 50% of the tubules (arrows) were almost entirely devoid of
germ cells, apart from a ring of spermatogonia adjacent to the basal membrane. The remaining
tubules (asterisk) showed maturation arrest at the primary spermatocyte stage, with a complete
absence of secondary spermatocytes, round spermatids, elongated spermatids, and
spermatozoa. Scale bars = 100 micrometer.

testes from 6-week-old mice shown at higher (40x) magnification. (i) Bard1** tubules display
normal germ cell maturation in all seminiferous tubules with production of elongated spermatids
(arrowheads). Conversely, Brca15SF mice (iv) show germ cell maturation only up to the round
spermatid stage (arrowheads) in all seminiferous tubules, some of which form multinucleated
giant cells (arrow). Approximately half of the Bard1K4*4 (ii) and Bard157SF (v) seminiferous
tubules are largely acellular apart from a few spermatogonia (arrows) and Sertoli cells
(arrowheads). The remaining Bard 1¥4¥A (iii) and Bard15/SF (vi) tubules exhibit a block in germ
cell maturation at the pachytene stage of meiosis | in primary spermatocytes (arrow) with the
characteristic coarse chromatin pattern representing the “thick threads” of chromosomal tetrads.
Scale bars = 20 micrometer.

Figure S5, related to Figure 1. Brca1 and Bard1 expression and heterodimerization is
preserved in Bard15FSF and Bard1¥~KA MEFs.

A) Subcellular fractionation of isogenic clones of Bard1**, Bard157* and Bard157SF MEFs (left
and middle) and Bard1**, Bard1*#* and Bard1**A MEFs (right). Cytoplasmic and nuclear
fractions were immunoblotted for Brca1, Ctip, Bard1, and tubulin. In all clones, Brca1, Bard1,
and Ctip are properly localized in the nuclear fraction and absent from the cytoplasmic fraction.
B) Immunoprecipitation of whole cell lysates from isogenic clones of Bard1**, Bard15F* and
Bard157SF MEFs (left panel) and Bard1**, Bard1*** and Bard1*#k4 MEFs (right panel) with
either the Bard1-specific antiserum (IP: Bard1) or the corresponding pre-immune serum (IP:
pre). Immunoblotting was performed with either a Brca1- or Ctip-specific monoclonal antibody.
The input represents 12.5% of the amount of cell lysate used for immunoprecipitation.

C) Bard1/Mre11 co-immunoprecipitation analysis. Bard1**, Bard157SF, and Bard1**4 MEFs
were irradiated with 10 Gy and harvested 1-hour post irradiation. Chromatin extracts were
immunoprecipitated with either the Bard1-specific polyclonal rabbit antiserum (IP: Bard1) or the
corresponding pre-immune serum (IP: pre), fractionated by PAGE, and immunoblotted with the



Mre11-specific monoclonal antibody. The inputs for the Bard1 and Mre11 immunoblots represent
0.33% and 1.2%, respectively, of the amount of chromatin extract used for immunoprecipitation.
D) Bard1/HP1y co-immunoprecipitation analysis. Isogenic clones of Bard1** and Bard1SFSF
MEFs (left panels) and Bard1** and Bard 1A MEFs (right panels) were irradiated with 10 Gy
to induce the Bard1/HP1y interaction (Wu et al., 2015b) and harvested 1-hour post irradiation.
Chromatin extracts were immunoprecipitated with either the HP1y-specific monoclonal antibody
(IP: HP1y) or the non-specific M2 anti-Flag monoclonal antibody (IP: M2), fractionated by PAGE,
and immunoblotted with either the Bard1-specific polyclonal antiserum or the HP1y-specific
monoclonal antibody. The inputs for the Bard1 and HP1y immunoblots represent 6.3% and 16%,
respectively, of the amount of chromatin extract used for immunoprecipitation.

Figure S6, related to Figure 1. Bard1¥A%A cells are hypersensitive to DNA damaging
agents and display genotoxin-induced chromosomal instability.

A) Colony survival analysis of MMC-treated isogenic Bard1** and Bard1*~%4 MEFs, along with
isogenic Brca1** and Brca1S7SF MEFs. Survival is quantified as the percentage of colonies on
MMC-treated relative to untreated plates. Each experimental condition was plated in triplicate,
and the error bars represent standard error of the mean.

B) Colony survival analysis of olaparib-treated isogenic Bard1** and Bard1**4 MEFs, along
with isogenic Brca1** and Brca15SF MEFs.

C) Nuclear fractions of Bard1**, Bard1?%%2¥* and Bard1°-** MEFs were immunoblotted for
Brca1, Bard1, PCNA, and histone H4.

D) Alkaline comet assay (as described in Figure 6) to assess HU-induced DNA damage in
Bard1**, Bard1@%52¥* Bard1¢e%* Bard1SF*, and Bard1#* MEFs. The mean tail moment is
denoted by a horizontal red line and the standard error of the mean is indicated by error bars.
Statistical analyses were conducted using one-way ANOVA (**** p<0.0001).

Figure S7, related to Figure 7. Model for tumorigenesis in a BRCA1 mutation carrier. All
mammary epithelial cells (blue) of a BRCA1 mutation carrier (Brca1™*) are defective for SFP
but competent for HDR. As a result of replication stress, Brca1™¥* mammary epithelial cells
experience some genome instability. In time, rare mutation(s) would arise that permit the viability
of HDR-defective cells (such as loss of p53 or p16), allowing subsequent loss of the wild type
BRCA1 allele and the emergence of rare Brca1™- variants (red) that are defective for both HDR
and SFP. As such, these cells and their progeny would then experience more extensive genomic
instability at levels sufficient to drive malignant progression.
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Figure S2
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Figure S3
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Figure S6
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