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Synthetic lethal (SL) occurs when the perturbation of both genes yields to the loss of viability 
while the perturbation of either gene alone is viable. SL screens have emerged as a powerful 
tool to identify new vulnerabilities to improve cancer treatment, such as the case of PARP 
inhibitors in treating breast cancer patients with BRCA mutations1. By introducing functional 
knock-out (KO) on two genes simultaneously, combinatorial or dual CRISPR screening is useful 
in systematically exploring and validating gene-gene interactions, especially SL interaction. 
Here, we present a comprehensive pipeline, covering gene/gRNA selection, paired-gRNA library 
construction, screening in vitro, sequencing and data analysis, to screen the genetic interactions 
on cancer cell lines at scale. The whole process provides a framework for identifying synthetic 
lethal gene pairs and nominate combinational cancer drug targets. 

We generated the paired-gRNA libraries of 62,500 dual-gRNA combinations for targeting 1,225 
gene pairs. Then we performed high-throughput pooled screens on prostate cancer cell line 
22RV1 to identify gene pairs that inhibited cancer cell growth when they were disrupted 
simultaneously. We’ve successfully sequenced and quantified the paired-gRNA construct in 
initial- and end-time point samples. The diversity of the large dual-gRNA library was maintained 
throughout library generation, delivery, and screening, as more than 99% of the expected 
double-sgRNAs were detected in plasmid, T0 and Tend samples. Additionally, the high mapping 
rate (above 90%) and correlation between biological replicates (above 0.95) further 
demonstrated the success of library construction and large scale screening.  We optimized the 
gene interaction scoring methods from Horlbeck, Han and others2,3, and  identified few 
potential SL gene pairs on 22RV1 cell line, such as MAP2K1+PIK3CA, HSP90AA1+UPF2, 
IGFBP5+NRAS, etc. The validation of the growth-inhibiting effects of specific gene combinations 
is in progress. 
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