
INTRODUCTION

1.CRISPR Effectiveness: CRISPR/ Cas9 with pLZDonorGuide successfully knocked out the  
la cZ gene, a s shown by white  colonies on Pla te  D.

2 .Repa ir Activa tion: HDR repa ir was effective  with a rabinose (Pla te  D) but not without it 
(Pla te  B), demonstra ting tha t repa ir mechanisms a re  crucia l for CRISPR/ Cas9 gene 
editing.

3.Single-Guide RNA: The single-guide RNA effectively directed Cas9 to la cZ, causing a  DSB 
and gene knockout.  When HDR repa ir mechanisms were  active , the  cell survived.

4 .Arabinose Role: Arabinose is essentia l for a ctiva ting repa ir pa thways and achieving 
successful gene editing with CRISPR/ Cas9, without it the  cell would undergo apoptosis 
due to the  DSB.
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Figure  4 : Gel e lectrophoresis results under UV light 
with knocked la cZ gene highlighted.

The two-pa rt technologica l system, known a s CRISPR Cas9, uses a  Cas-
a ssocia ted protein (Cas9) and a  single  guide ribonucleic a cid (sgRNA), a lso known a s 
a  CRISPR RNA (crRNA) molecule , to make an intentiona l molecula r cut of the DNA 
strand thereby activa ting the  cell’s na tura l repa ir system, e ither by homology directed 
repa ir (HDR) or non-homologous end joining (NHEJ).  Once the  CRISPR Cas complex 
(Cas9 enzyme and sgRNA) loca tes and cleaves the  ta rget sequence, the desirable  
genetic code is supplanted in place  of the “knocked-out” gene.  Genomic editing 
technologies like the  CRISPR/ Cas system rely on exploiting the na tura l defense 
mechanisms of bacteria l and a rchaea l cell physiology.  Subsequently, the  rise  of new 
bioinforma tics and AI-a ssisted omics applica tions have uncovered a rea s for resea rch 
on the use  of newly discovered Cas prote ins and other programmable  RNA insertion 
sequences (IS) like seekRNA tha t a ttempts to maximize guide RNA programmability 
and minimize off-ta rget results.  Gene modifica tion technologies may lead to 
improved human/ plant hea lth and genetic wellness.

ABSTRACT
A shrinking globa l brea dba sket threa tens future  genera tions with the hunger pa ins of potentia l sta rva tion a nd ma lnutrition. Genetic engineers a nd molecula r biologists a re  using a  revolutiona ry genetic technology to ma nipula te  a nd edit 
the genomes of va rious species of the pla nta e a nd a nima lia  kingdoms fostering gene expression of more fa vora ble  a nd susta ina ble  tra its. Clustered regula rly interspa ced short pa lindromic repea ts (CRISPR) DNA sequences were 
discovered in a rcha ea  a nd ba cteria  in 2002  during explora tory bioinforma tic a na lyses. Genes discovered in close proximity to these CRISPR sequences were na med a s CRISPR a ssocia ted genes (“Ca s” genes).  The CRISPR Ca s system is 
a  genome editing technology tha t a llows for the insertion of beneficia l genes of one species to a nother while  “knocking out” or minimizing less desira ble  tra its.  The resea rch conducted this summer sought to identify the processes a nd 
methodology involved in gene editing of a  common gene under study a s well a s exploring new developments in gene editing technologies.
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Figure  1: Dia gra m a nd CRISPR system components courtesy of Bio-Ra d La bora tories, Inc.

RESULTS

Figure  2:  Pla te  A, grown without a rabinose and conta ining the donor pla smid (pLZDonor), shows 
blue colonies due to the hydrolysis of X-ga l by β-ga l, indica ting no double-strand breaks or repa ir 
necessity. Pla te  B lacked a rabinose and conta ined the pLZDonorGuide pla smid with a  single-guide 
RNA for Cas9 to make double-stranded DNA cuts. Without a rabinose, cells could not use their 
repa ir mechanism, resulting in no colonies.

Figure  3:  Pla te  C, grown with a ra binose and conta ining the pLZDonor pla smid, showed blue  
colonies due  to β-ga l production from X-ga l hydrolysis, indica ting no double-stranded breaks 
and no need for repa ir. Unlike Pla te  A, Pla te  C ha d an a ra binose-inducible  promoter for 
potentia l repa ir of double-stranded breaks. Pla te  D, conta ining the pLZDonorGuide  pla smid 
and grown with a ra binose, showed white  colonies due  to successful knockout of the la cZ gene  
by the single-guide RNA and repa ir of DNA breaks fa cilita ted by a ra binose. The a bsence of 
blue pigment confirms the knockout.
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Figure 6:  A Comprehensive Overview of Leading Bioinformatics Databases

Figure 5: Chart of alternate CRISPR-associated (Cas) protein systems, highlighting their most prominent features.
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