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Current strategies for understanding 
the effect of coding variation
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How to scale functional assays to the 
variant interpretation problem?
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• What is a multiplexed functional assay?

• Example of multiplexed functional assays for 
BRCA1

• Benefits and limitations for variant 
interpretation

Outline
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Multiplexed functional assays test 
thousands of variants simultaneously



We make a library of all 
possible variants

Variant 1
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Variant N

Gasperini, Starita, and Shendure (2016) Nature Protocols.



Variant 1

Variant 2

Variant 3

Variant N

Gasperini, Starita, and Shendure (2016) Nature Protocols.

We make a library of all possible 
variants in a single pool
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The variants are introduced into cells

Gasperini, Starita, and Shendure (2016) Nature Protocols.



The variants are subjected to a 
functional assay

Functional 
Assay



Examples of 
multiplexed functional assays
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DNA sequencing is used to identify 
and count the variants

Functional 
Assay



Survival

Variant counts: Before After

DNA sequencing is used to identify 
and count the variants



Functional scores are calculated 
for all variants
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Functional scores are calculated 
for all variants
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• What is a multiplexed functional assay?

• Example of multiplexed functional assays for 
BRCA1

• Benefits and limitations for variant 
interpretation

Outline



All missense variants
in BRCA1

N = 2,084
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There are a lot of VUS in BRCA1
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Efficiently mutate a single genomic site

Homology-directed 
repair (HDR)

specific allele

Non-homologous end 
joining (NHEJ)

deletion or insertion

KO

Cas9:gRNA complex cuts 
genomic DNA:

Jinek (2012) Science
Cong et al. (2013) Science
Mali et al. (2013) Science

CRISPR for rapid, scalable, and efficient genome editing



Engineer a precise variant Efficiently mutate a single genomic site

Homology-directed 
repair (HDR)

specific allele

Non-homologous end 
joining (NHEJ)
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Cas9:gRNA complex cuts 
genomic DNA:

Jinek (2012) Science
Cong et al. (2013) Science
Mali et al. (2013) Science

CRISPR for rapid, scalable, and efficient genome editing



7 days after transfection:

Target: HPRT1 (control) BRCA1 exon 17

ATG STOP

BRCA1

BRCA1 is essential in haploid cells



ATG STOP

BRCA1

BRCA1 is essential in haploid cells
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Saturation genome editing of BRCA1



Saturation genome editing of BRCA1
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Saturation genome editing of BRCA1



Survival in haploid cells

Library
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Assay



Library

DNAPlasmid library
DNA

RNA

Sequence and count variants from 
DNA and RNA
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Saturation genome editing of 13 exons of 
BRCA1 encoding the RING and BRCT

~4000 possible SNVs



Functional scores for 3958 SNVs
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Nonsense codons are bad
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Functional scores separate known 
pathogenic mutations from benign variants
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Functional scores separate 90% VUS into 
functional categories 
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Functional scores separate known 
pathogenic mutations from benign variants
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Functional scores separate known 
pathogenic mutations from benign variants
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SNVs across 13 exons with mechanistic 
information of functional effects
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SNVs across 13 exons with mechanistic 
information of functional effects
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SNVs across 13 exons with functional 
categories plus mechanistic information
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Figure 4 | Sequence-function maps for 13 BRCA1 exons. The 3,893 SNVs scored with SGE are each represented by a box corresponding to 
coding sequence position (NCBI transcript ID: NM_007294.3) and nucleotide identity. Boxes are filled corresponding to functional class, and 
outlined corresponding to the SNV’s mutational consequence. Red lines within boxes mark SNVs depleted in RNA; one line indicates an RNA 
score between -2 and -3 (log2 scale) and two lines indicate a score below -3. RNA measurements were determined only for exonic SNVs, excluding 
exon 18. Reference nucleotides are indicated by dark gray letters; blank boxes indicate missing data. 
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Figure 4 | Sequence-function maps for 13 BRCA1 exons. The 3,893 SNVs scored with SGE are each represented by a box corresponding to 
coding sequence position (NCBI transcript ID: NM_007294.3) and nucleotide identity. Boxes are filled corresponding to functional class, and 
outlined corresponding to the SNV’s mutational consequence. Red lines within boxes mark SNVs depleted in RNA; one line indicates an RNA 
score between -2 and -3 (log2 scale) and two lines indicate a score below -3. RNA measurements were determined only for exonic SNVs, excluding 
exon 18. Reference nucleotides are indicated by dark gray letters; blank boxes indicate missing data. 
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Benefits of multiplexed functional assays

Data for variant is in the same place

Continuous, quantitative scores
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Limitations of multiplexed functional assays

Lack of missense controls

Matreyek et al. Nature Genetics 2018

Differences in predictive value of assays
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Functional assays to the rescue? 
Starita et al. AJHG 2017


