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in addition, crispr-cas systems have also been used to program the transcriptional machinery. this is
accomplished by using a cas9 nickase, which enables the cas9 protein to bind the dna, but does not

make a dsb. this allows the recruitment of transcriptional activators or repressors to the targeted
locus, leading to activation or repression of transcription. thus, cas9 nickase has been used to

introduce nucleotide substitutions at the targeted locus, thus creating a missense mutation [ 48, 49
]. this technology has been used to disrupt the transcriptional activators that stimulate the

transcription of the s genes in arabidopsis [ 48, 50 ], in wheat to activate the s gene [ 51 ], and in
rice to activate the s gene [ 52 ]. in addition, the crispr-cas9 system has also been used to program
the transcriptional machinery. this is accomplished by using a cas9 nickase, which enables the cas9

protein to bind the dna, but does not make a dsb. this allows the recruitment of transcriptional
activators or repressors to the targeted locus, leading to activation or repression of transcription.
thus, cas9 nickase has been used to introduce nucleotide substitutions at the targeted locus, thus

creating a missense mutation [ 48, 49 ]. this technology has been used to disrupt the transcriptional
activators that stimulate the transcription of the s genes in arabidopsis [ 48, 50 ], in wheat to

activate the s gene [ 51 ], and in rice to activate the s gene [ 52 ]. in addition, the crispr-cas systems
have also been used to program the transcriptional machinery. this is accomplished by using a cas9

nickase, which enables the cas9 protein to bind the dna, but does not make a dsb. this allows the
recruitment of transcriptional activators or repressors to the targeted locus, leading to activation or

repression of transcription. thus, cas9 nickase has been used to introduce nucleotide substitutions at
the targeted locus, thus creating a missense mutation [ 48, 49 ]. this technology has been used to
disrupt the transcriptional activators that stimulate the transcription of the s genes in arabidopsis [

48, 50 ], in wheat to activate the s gene [ 51 ], and in rice to activate the s gene [ 52 ].
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in addition, crispr-cas systems have also been used to program
the transcriptional machinery. this is accomplished by using a

cas9 nickase, which enables the cas9 protein to bind the dna, but
does not make a dsb. this allows the recruitment of transcriptional

activators or repressors to the targeted locus, leading to
activation or repression of transcription. thus, cas9 nickase has
been used to introduce nucleotide substitutions at the targeted

locus, thus creating a missense mutation [ 48, 49 ]. this
technology has been used to disrupt the transcriptional activators
that stimulate the transcription of the s genes in arabidopsis [ 48,
50 ], in wheat to activate the s gene [ 51 ], and in rice to activate

the s gene [ 52 ]. in addition, the crispr-cas9 system has also been
used to program the transcriptional machinery. this is

accomplished by using a cas9 nickase, which enables the cas9
protein to bind the dna, but does not make a dsb. this allows the

recruitment of transcriptional activators or repressors to the
targeted locus, leading to activation or repression of transcription.

thus, cas9 nickase has been used to introduce nucleotide
substitutions at the targeted locus, thus creating a missense

mutation [ 48, 49 ]. this technology has been used to disrupt the
transcriptional activators that stimulate the transcription of the s
genes in arabidopsis [ 48, 50 ], in wheat to activate the s gene [

51 ], and in rice to activate the s gene [ 52 ]. in addition, the crispr-
cas systems have also been used to program the transcriptional
machinery. this is accomplished by using a cas9 nickase, which
enables the cas9 protein to bind the dna, but does not make a
dsb. this allows the recruitment of transcriptional activators or

repressors to the targeted locus, leading to activation or
repression of transcription. thus, cas9 nickase has been used to

introduce nucleotide substitutions at the targeted locus, thus
creating a missense mutation [ 48, 49 ]. this technology has been

used to disrupt the transcriptional activators that stimulate the
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transcription of the s genes in arabidopsis [ 48, 50 ], in wheat to
activate the s gene [ 51 ], and in rice to activate the s gene [ 52 ].
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