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Project Goals: RNA guided technologies such as CRISPR/Cas9 are a revolutionary tool for 
crop engineering and synthetic biology. To take advantage of this technology, scientists use 
online guide RNA design aid software; generally designed based on human and mouse 
genomes. Differences in genomic architecture between these genomes and the complex, 
paleopolyploid genomes of bioenergy and bioproduct crops are impacting the utility of the 
technology. Our goal is to develop a unified software platform to direct edits to specific 
genes or groups of genes using the CRISPR system. Experimental validation is key to 
improving both guide RNAs and crop traits, but polymerase chain reaction (PCR) 
validation can be challenging in complex intergenic regions or genes with multiple copies. 
The software will design guide RNAs genome-wide, evaluate them based on experimental 
data including plant genomes, and provide the optimal guides along with unique primers 
for PCR validation.  

Recent advances in genome editing technology such as the CRISPR/Cas9 system have changed 
the pace and face of functional genomics research. This RNA guided technology is a 
groundbreaking innovation and an excellent tool for plant biotechnology due to its efficiency, 
accuracy, and ease of use (1, 2). The key components can often be assembled in a single plasmid, 
facilitating a quick turnaround time in the experimental procedure. Currently, the default pipeline 
includes the scanning of the target gene sequences for protospacer adjacent motif (PAM) sites, 
where the Cas9 enzyme cuts in the DNA, designing and validating the target specificity of the 
guide RNA, introducing the gRNA and the Cas9 in to the plant and then validating the mutations 
with PCR and sequencing. Currently, these design steps are mostly done manually by bench 
scientists, using various software products to help design the gRNA and the PCR primers. This 
process is labor intensive and can introduce inconsistency in experimental efficiency. We have 
designed and are building a suite of software that will maximize success probability by 
controlling all the parameters of CRISPR/CAS9 genome editing construct design and validation, 
from target selection to accurate validation and interpretation of edits. Our approach consists of 
firstly pre-computing all potential target PAM sites in the genome, designing a guide RNA for 
each site, and storing them in a data frame, where we can easily update each entry to add 
information. We then evaluate each gRNA for their on-site and off-site activities utilizing a 
machine-learning approach that combines support vector machine (SVM) with L1 logistic 
regression. The currently accepted standard methods utilize human and mouse genomes for the 



 

 

training and evaluation steps (3-5), whereas we have also introduced data from the rice genome 
(6) to improve the predictive power of the model in energy crops such as Sorghum bicolor. The 
scored gRNAs are then associated with the genomic features present in their genomic positions, 
allowing for easy selection by the user. Our tool also provides PCR primers for validation with 
uniqueness in the genome, confirmed by Burrows-Wheeler alignment. Our highly parallelized 
software leverages the power of high-performance computing to provide the user with a wide 
array of options to choose for each target, allowing them to proceed to the next stages of genome 
editing experiments with increased confidence of success. 
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