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Abstract
*HQHWLF� HQJLQHHULQJ� LQYROYHV� GLႇHUHQW� WHFKQLTXHV� WR� LQWHQWLRQDOO\� PRGLI\� JHQHWLF� PDWHULDO� �SULPDULO\� '1$�� LQ�

order to alter, restore, or boost shape or function. Established in the late 20th century, recombinant DNA technologies 
LQFOXGH�UHFRPELQDWLRQ�RI�GLႇHUHQW�VWUDQGV�RI�'1$��XVXDOO\�XVLQJ�EDFWHULD��VXFK�DV�(VFKHULFKLD�FROL���EDFWHULRSKDJHV�
�VXFK�DV�Ȝ�SKDJH��RU�E\�ZD\�RI�VLPSOH�PLFURLQMHFWLRQ�� ,Q� UHFHQW�\HDUV��PRGHUQ� WHFKQLTXHV� WR�GHVLJQ�DQG�FUHDWH�
-literally to engineer- new life forms, typically referred to as synthetic biology, have supplemented these conventional 
methods [1].

$� ÀH[LEOH� DQG� HႈFLHQW� JHQH� WKHUDS\� WHFKQLTXH� LV� SUHFLVLRQ� JHQRPH� HGLWLQJ�� 7KH� DUHD� KDV� EHHQ� VXEMHFW�
to continuous developments since the introduction of CRISPR/Cas systems for genome editing [2]. This new 
ELRWHFKQRORJ\�WHFKQLTXH�LQFOXGHV�WKH�GHYHORSPHQW�RI�D�VLWH�VSHFL¿F�GRXEOH�VWUDQG�EUHDN��'6%��DFFRPSDQLHG�E\�WZR�
key forms of repair mechanisms: non-homologous end-joining and homology directed-repair [3].

,Q�WKH�FXUUHQW�ZRUN��ZH�EURNH�GRZQ�DQG�XQGHUVWRRG�WKH�PDLQ�FRPSRQHQWV�RI�WKH�SULPH�HGLWLQJ�WHFKQLTXH��$Q�
DXWRPDWHG�DSSURDFK�LV�UHTXLUHG�IRU�DGYDQFLQJ�RXU�XQGHUVWDQGLQJ�RI�WKH�HYROXWLRQ�DQG�GLYHUVLW\�RI�SULPH�HGLWLQJ�DQG�
IRU�¿QGLQJ�QHZ�FDQGLGDWHV�IRU�JHQRPH�HQJLQHHULQJ��:H�XVHG�'XFKHQQH�0XVFXODU�'\VWURSK\��'0'��DV�D�FDVH�VWXG\�
IRU�WKLV�SURSRVHG�DSSURDFK��0RUH�VSHFL¿FDOO\��ZH�DSSOLHG�PDFKLQH�OHDUQLQJ�DOJRULWKPV�RYHU�SULPH�HGLWLQJ�GDWD�IRU�WKH�
JHQHWLF�GLVHDVH�RI�'0'��:H�GHVLJQHG�PXOWLSOH�SULPH�HGLWLQJ�JXLGH�51$V��SHJ51$V��IRU�WKH�SRWHQWLDO�FRUUHFWLRQ�RI�
WKH�PXWDWHG�H[RQ����RI�'0'�JHQH�>���@�
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