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We set out to map the genetic interactions (GIs or epistasis) between SACS, the gene that encodes 

SACSIN, and the entire human genome in a relevant neurodegenerative disease cellular model, namely 
differentiated SH-SY5Y neuronal cells. First, we chose a pooled library configuration in order to generate 
cells with the entire genome knocked out, such that each cell has only one gene knockout. Using the 

library format ensures the best control over variables since cells with individual knockout genes grow in 
the same dish under the same conditions with the only variable being the gene that is depleted. 

Additionally, the library format minimizes the resources needed. Secondly, based on the recently 
published literature, we chose CRISPR-Cas9 technology since it is more efficient and has higher 
selectivity and less off-target effects than RNAi. Moreover, the GeCKO genome-wide library of sgRNAs 

targeting the entire human genome is publically available. 

The overall study design is to generate SACS-depleted undifferentiated SH-SY5Y cells, expand the cells 

to a sufficient number, differentiate these cells using retinoic acid and BDNF, and finally infecting these 

cells with lentiviral particles that carry the GeCKO library. We generated successfully the background 
SACS gene knockout (KO) using CRISPR-Cas9 technique.  

Based on the aforementioned information, the lentiviral vectors used to generate the SACS knockout was 

carrying the antibiotic resistance marker other than puromycin, which is the antibiotic marker present in 
the GeCKO library. Therefore, the puromycin resistance gene in the publically available CRISPR vector, 
lentiCRISPR v2 (Addgene# 52961), was replaced by a blasticidin resistance marker. Briefly, a fragment 

of DNA that encodes blasticidin resistance and a portion of P2A peptide from lentiCas9-blast (Addgene# 
52962) was restriction-digested using BamHI and SacII. The same enzymes were used to digest 

lentiCRISPR v2 (Addgene# 52961) and the 13.63 Kb fragment was gel purified and ligated to the P2A-
Blasticidin-encoding fragment. The new plasmid was tentatively named lentiCRISPR v2-Blast and was 

sequence-verified using 4 independent primers.  

The new plasmid was BsmBI-digested and 2 phosphorylated and annealed oligos encoding SACS-

targeting sgRNA or non-targeting control sgRNA were ligated and sequence-verified (named lentiCRISPR 
v2-BSD-SACS and –control, respectively). These plasmids were used to generate lentiviral vectors which 

were used to infect passage 1 (P1) SH-SY5Y neuronal cells followed by blasticidin selection at 7 µg/ml for 
a week. The engineered cells were verified for SACSIN depletion compared to control using: 1) western 

blotting, 2) genomic sequencing using primers flanking the region where sgRNA binds and cleaves the 
SACS gene followed by quantification of sequence decomposition using the online bioinformatic tool 

TIDE, and 3) finally using a surveyor assay. It is essential to unambiguously verify SACSIN depletion 
since genome-wide GI studies are resource intensive.  

Following verification of SACSIN depletion, we expanded the cells to a number high enough to allow for 
statistically meaningful coverage of the genome-wide CRISPR library of sgRNAs and the 1000 non-

targeting controls. Expanded SH-SY5Y cells was differentiated and the cells were exposed to freshly-
prepared all trans retinoic acid at 10 µM for 5 days with daily change of medium. Cells were then exposed 

to BDNF and 10 ng/ml for 7 days, with media change every other day. After differentiation, we used the 
publically available resources generated by Zhang’s group, namely the genome wide CRISPR library, 
GeCKO, which includes 6 sgRNAs/gene and 1000 non-targeting controls. This library is encoded in a 

plasmid backbone that also contains the puromycin-resistance gene in order to select for cells 
successfully infected with the lentiviral vector. Additionally, the vector encoding this library is relatively 

small, ensuring high lentiviral titer and relatively easy infection, thus ensuring comprehensive coverage of 
the entire library and high enough representation.  



SACS-KO and control SH-SY5Y differentiated neuronal cells infected with the library were fed regularly 

with BDNF-containing media for 2 weeks. We are now preparing the samples for deep sequencing, where 

a fragment of the genome will be amplified using 2 sets of nested primers.  

Deep sequencing will be performed in the upcoming weeks independently in duplicate by multiplexing, to 
achieve a sequencing coverage of roughly 100 million (i.e. 122K sgRNAs in library x ~800 

representations) 150-bp reads per experiment to interrogate sgRNAs in SH-SY5Y differentiated neuronal 
cells. The transfection and deep-sequencing procedure is being performed for each SACS gene KO, so 

that the double and single-KO phenotypes can be compared for scoring GIs based on their linear 
relationship. By quantitatively assessing the number of sgRNAs in double KOs, we can determine GI 
scores based on the deviation between the observed fitness defect of the double sgRNAs and the null 

expectation derived using the fitness of the two corresponding single KO sgRNAs. The double KOs will 
be then clustered based on the similarities of their GI profiles to group them into pathways. We should be 

obtaining the results by end of this month for downstream bioinformatics analysis.  

In parallel, we have performed large-scale proteomics screens on SACSIN in the differentiated SH-SY5Y 
neuronal cells to understand its putative interacting partners, with an attempt to overlay the protein-

protein interaction with the epistatic dataset that we are currently generating to understand how the 
proteins interacting with SACSIN function in the redundancy or buffering pathways. Nonetheless, our 
SACSIN proteomics screen gave us leads on several interesting candidates (with high spectral counts 

and probability scores), which are likely to constitute a mechanism that explains the main molecular 
pathogenesis of ARSACS. These interacting proteins fall into three categories: (1) Chaperones that 

promote proper folding including mitochondrial cristae junctions and homeostasis; (2) signaling molecules 
important for cytoskeletal organization in neurons and neuronal trafficking and; (3) proteins important for 
mitochondrial transport of an ion that are important for iron function in the iron-sulfur complexes of 

electron transport chain. We have developed several hypothetical models based on these observations, 
which we will be following-up subsequently for detailed mechanistic studies.  

 

 


