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Supplementary Table 1. Primers used in digital droplet PCR (ddPCR) and real-time qRT-PCR.

Primer

Sequense

qRT-PCR, BRCA2 exon 11, forward
qRT-PCR, BRCA2 exon 11, reverse
qRT-PCR, ACTB, forward
qRT-PCR, ACTB, reverse

ddPCR, BRCA2 ¢cDNA, forward
ddPCR, BRCA2 cDNA, reverse
ddPCR, BRCA2 cDNA, probe
ddPCR, BRCAZ2 intron forward
ddPCR, BRCAZ2? intron reverse
ddPCR, BRCA? intron, probe

5'-AGCCAGTGGTAAAATCGTTTGTG-3'
5'-CCTCTGAATCATCCAATGCCTCGTA-3'
5'-AGAGCTACGAGCTGCCTGAC-3'
5'-AGCACTGTGTTGGCGTACAG-3'
5'-CCACCCACCCTTAG-3'
5'-CATGAGGAAATACAGTTTCA-3'
5'-FAM-ACTGTGCTCATAGTCAGAAATG-BHQ1-3'
5'-GTGTGATACATGCTTTGAA-3'
5'-TGCCCATTACCTATATTCC-3'
5'-HEX-TTCATGGCTATAGGGAGTGCA-3’




Supplementary Table 2. Primers and the amplified barcode sequence used for deep sequencing in the MANO-B method.

Primer Sequense

MANO-B 501 AATGATACGGCGACCACCGAGATCTACACTATAGCCTTCGCAGTGCATGTGCCTGAGTAAG
MANO-B 502 AATGATACGGCGACCACCGAGATCTACACATAGAGGCTCGCAGTGCATGTGCCTGAGTAAG
MANO-B 503 AATGATACGGCGACCACCGAGATCTACACCCTATCCTTCGCAGTGCATGTGCCTGAGTAAG
MANO-B 504 AATGATACGGCGACCACCGAGATCTACACGGCTCTGATCGCAGTGCATGTGCCTGAGTAAG
MANO-B 505 AATGATACGGCGACCACCGAGATCTACACAGGCGAAGTCGCAGTGCATGTGCCTGAGTAAG
MANO-B 506 AATGATACGGCGACCACCGAGATCTACACTAATCTTATCGCAGTGCATGTGCCTGAGTAAG
MANO-B 507 AATGATACGGCGACCACCGAGATCTACACCAGGACGTTCGCAGTGCATGTGCCTGAGTAAG
MANO-B 508 AATGATACGGCGACCACCGAGATCTACACGTACTGACTCGCAGTGCATGTGCCTGAGTAAG
MANO-B 701 CAAGCAGAAGACGGCATACGAGATCGAGTAATCTCGTTTAGTGAACCGTCAGATCG
MANO-B 702 CAAGCAGAAGACGGCATACGAGATTCTCCGGACTCGTTTAGTGAACCGTCAGATCG
MANO-B 703 CAAGCAGAAGACGGCATACGAGATAATGAGCGCTCGTTTAGTGAACCGTCAGATCG
MANO-B 704 CAAGCAGAAGACGGCATACGAGATGGAATCTCCTCGTTTAGTGAACCGTCAGATCG
MANO-B 705 CAAGCAGAAGACGGCATACGAGATTTCTGAATCTCGTTTAGTGAACCGTCAGATCG
MANO-B 706 CAAGCAGAAGACGGCATACGAGATACGAATTCCTCGTTTAGTGAACCGTCAGATCG
MANO-B 707 CAAGCAGAAGACGGCATACGAGATAGCTTCAGCTCGTTTAGTGAACCGTCAGATCG
MANO-B 708 CAAGCAGAAGACGGCATACGAGATGCGCATTACTCGTTTAGTGAACCGTCAGATCG
MANO-B 709 CAAGCAGAAGACGGCATACGAGATCATAGCCGCTCGTTTAGTGAACCGTCAGATCG
MANO-B 710 CAAGCAGAAGACGGCATACGAGATTTCGCGGACTCGTTTAGTGAACCGTCAGATCG
MANO-B 711 CAAGCAGAAGACGGCATACGAGATGCGCGAGACTCGTTTAGTGAACCGTCAGATCG
MANO-B 712 CAAGCAGAAGACGGCATACGAGATCTATCGCTCTCGTTTAGTGAACCGTCAGATCG
MANO-B _index-1 CAGGCGATCTGACGGTTCACTAAACGAG

MANO-B_index-2

MANO-B_read-1
MANO-B_read-2

Amplified sequence

AATGATACGGCGACCACCGAGATCTACAC
CGATTCGCTTGCAGTGTTACACCTGAGTC
CATCCACGCTGTTTTGACCTCCATAGAAG

CTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGATT
CTAGTTCCTAGGTTCCAGTCAGGAGAGGTANNNNNNNNNNTCAGCAGGTAGGACTCAGGTGTAACA
CTGCAAGCGAATCGATGAAGAGTCGCTTACTCAGGCACATGCACTGCGA

Index primers and custom read primers.

N stands for A, T, G, or C.
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Supplementary Figure 1: Establishment of DLD1 BRCA2 (-/-) cells expressing BRCA2 variants. a, The
induced BRCAZ2 cDNA copy number of each variant was assessed by digital droplet PCR. Results from a single
experimental batch was shown. b, Real-time RT-PCR analysis of BRCA2 mRNA expression in DLD1 parental
cells and DLD1 BRCAZ2 (-/-) cells. The BRCA2 expression levels were normalized to those of ACTB and to
those in DLD1 parental cells. Experiments were performed in technical triplicate. Data are shown as the
average of biological triplicates. No significant difference between variants was observed (two-sided Kruskal-
Wallis rank sum test, p = 0.37). Error bars, SD (n = 3). ¢, Immunoblot analysis of DLD1 BRCA2 (-/-) cells
stably expressing he FLAG-tagged BRCAZ variants. Cell lysates prepared from each cell were immunoblotted
with antibodies against FLAG or vinculin. The protein expression levels of the 19 BRCA2 variants were
generally equal to that of the wild-type BRCA2. The samples derive from the same experiment and that
gels/blots were processed in parallel. Data is representative of two biological replicates.
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Supplementary Figure 2: Sensitivities of cells harboring BRCAZ2 variants to PARP inhibitors and CBDCA. DLD1

parental cells, DLD1 BRCAZ2 (-/-) cells harboring cDNA for one of 20 BRCAZ variants or empty vector, or untransduced
DLD1 BRCAZ2 (-/-) cells were treated with the indicated concentrations of drugs for 144 hours. Data is representative of
two biological replicates. a, Cell viability was measured using PrestoBlue cell viability reagent. The sensitivity to the drugs
was in concordance with the IARC classification. IARC class 1/2 (benign), blue; unclassified (VUS), black; class 4/5
(pathogenic), red. b, Relative viability of cells harboring BRCAZ2 variants relative to those harboring the wild-type BRCA2
with the indicated concentrations of drugs. The IARC classification of each variant is indicated by the color and shape of
the lines and plots. Data are presented as mean values.
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Supplementary Figure 3: Relative viability ranking of the 107 BRCAZ2 variants and the empty vector
at the highest drug concentration, as calculated by the MANO-B method. The relative viability
rankings of each variant for niraparib, rucaparib, and CBDCA are plotted against that for olaparib.
Functionally normal variants showing a high relative viability are located in the lower left area,
whereas abnormal variants are located in the upper right area. Three components are shown: normal
(a rank of 1-82), intermediate (83—-87), and abnormal (88-108). P2329L, P2639L, D2913H, and
S$3291C, thought to be intermediate variants, are represented by large circles.
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Supplementary Figure 4: Histograms of variant distribution in a batch of the MANO-B method. a, The distribution of

each variant ratio at day 0 is shown. b, The fold change of each variant from day 0 to day 12 with DMSO treatment is
shown. SD, standard deviation.
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Supplementary Figure 5: ROC curves for the data obtained from 37 known benign and 22 known pathogenic
BRCAZ2 variants and the empty vector. All established benign (IARC class 1/2) and pathogenic (IARC class 4/5)
variants were extracted from the 244 variants. Potential hypomorphic variants, R2784Q, R2842H, and G2908V,
were classified as pathogenic at the indicated threshold, and all other variants were correctly classified.
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Supplementary Figure 6: Model estimation for the data obtained from 244 BRCAZ2 variants and the empty vector.
a, Expectation—maximization algorithm to determine the appropriate model for the data. According to the Bayesian
information criterion (BIC), a 2-component Gaussian mixture model was the appropriate model. b, The estimated
2-component Gaussian mixture distribution density curve (red line) fit the distribution of the observed log-
normalized relative viability data. The left component corresponds to deleterious variants, whereas the right
component corresponds to neutral variants.
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Supplementary Figure 7: Estimated function and classification for the training set comprising known benign and
pathogenic BRCAZ2 variants defined by the IARC classification. The barplots show the functional variant-specific
effect n. The classification of each variant is indicated by the color and shape of the lines and plots, as shown in
the legend. The n, values of the wild-type and the D2723H variant are anchored to log4¢(1.0) and log4,(0.003),
respectively. The dotted lines indicate the center of the functionally normal and abnormal distributions. N = 3 cells
were examined over 2 or 3 independent experimental batches. Plots indicate mean values. Open error bars, 95%

Cls.
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Supplementary Figure 8: Estimated function and classification for all the established benign and pathogenic

specific effect

n. The classification of each variant is indicated by the color and shape of the lines and plots, as shown in the
legend. The n, values of the wild-type and the D2723H variant are anchored to log4o(1.0) and log4,(0.003),
respectively. The dotted lines indicate the center of the functionally normal and abnormal distributions. N

BRCAZ2 variants defined by the ACMG guidelines criteria. The barplots show the functional variant

3 cells
were examined over 2 or 3 independent experimental batches. Plots indicate mean values. Open error bars, 95%

Cls.
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Supplementary Figure 9: Barplots of functional variant effects and functional diagnosis of 244 BRCAZ2 variants
analyzed with Align-GVGD-based prior probability. The barplots show the functional variant-specific effect n.
Bayesian inference was performed with prior probability values according to the Align-GVGD algorithm. The
classification of each variant is indicated by the color and shape of the lines and plots, as shown in the legend.
The n, values of the wild-type and the D2723H variant are anchored to log,y(1.0) and log4,(0.003), respectively.
The dotted lines indicate the median value of the normal and abnormal distributions. N = 3 cells were examined
over 2 or 3 independent experimental batches. Plots indicate mean values. Open error bars, 95% Cls. WT, wild-
type; NS, nonsense variants.
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Supplementary Figure 10: Posterior predictive checks of the model parameters. a, Posterior predictive density

curves of the log-normalized relative viability values for the 244 variants fit to the histogram of observed data. b,
Normal QQ plots of the expected standardized residuals of the log-normalized relative viability.
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Supplementary Figure 11: Homology-directed repair assay of 24 BRCAZ2 variants. a, The MANO-B
classifications exhibited good correlation with the results of the HDR assay. BRCAZ2 variant expression
vectors and an |-Scel expression vector were cotransfected into DLD1 BRCAZ2 (-/-) cells harboring the
DRGFP sequence, and GFP-positive cells were counted by FACS 4 days after transfection. The GFP-
positive fraction was normalized and rescaled relative to a 1:5 ratio of D2723H:wild-type. All variants
were analyzed in biological duplicate and technical triplicate. The colors of the bar graphs indicate the
MANO-B classification of each variant. The heights of the bar graphs indicate the GFP-positive fractions

(HDR assay). Red lines show the functional effects of each variant (n,). b, Gating for GFP-positive cells.



