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Cas nuclease

PAM

gRNA (20 bp)

śŽ。「Ń

NHEJ

Insertion Deletion

A B

16 - 24 h, 20℃
Pick sur-5 positiveF1

F2

Microinjection Cas9
gRNA
sur-5p::GFP

s[L =<�PCRal kB�I PCRal

4.>ioR

5; %;< 60'<dJBg

 /�;A&

jkZ

kBa�CcTL

Heteroduplex

C

÷�����"�#!"��%6�aloĮĈġŁĐŖÊC�������21��202/2-286��1(��2.1.1-DqōŉSW��~sv�
ÈğbàýĽľ
C�D�%6 �~£sA�];�%6�LÊÙSo!� ĬŕC���DbóŒ	��(3bĨ©bĬŕqæZzu�"��
C-"��DqÝĿĤaĢ）So];�%6��~£sA�L-"��ańĢRp;!� Ĭŕb
�(3óŒqĥŀÛāđ
So<ĥŀÛāđLÂOo]ĮĈġŁĐŖÊC����DalY[āđ���ŁĐLŖÊRpoL;ObçaüT
oĆ）;ÉČalY[¬ěã��~sv�qÕI<
C�D�%6�;İę¬ěãb-"��;685������!C�u~¤u¥�u~��¥b�AyA¬ěãDq�u~¤u
¥�u~��¥alY[ĂĕaĢ）SoC!�D<
（Ñ;685�� 326.7.9)b��Ðčqď％S[ŌqáfTWÑ
a;��Ðčb~��q¶ìS;!�"alY[¬ěãíļb���đĻqĉĴS;�¡s~¡¢s��~¢ĜÀ¯
ĠqŉH[ĺªqËîSo<��Ðč\��¤ĺªL¹ĩRpWm;Ub��ÐčLárX��Ðčqøįď％S[;
���b¹Ő\ģmpo��ĺªqæZÐčq¸ģSo<
C�D� �C�)7)52(83/):� 2(./.79��66%9;��¤ĥŀÛ«ĠĞĶ。Dc
:���(3bĺªqËîSoĽľ
\Go<ĺªqËîSoWia!�"qŉH[;Ĕ°ĳĶaĺªĳ¨LŋolI^���đĻqĉĴSo<ĉĴS
W���đĻa��E;	ĶbĪïŎqÕH;ĥŀÛqµ％RTo<UOIm
�ĶIO[	�Ef\±Ğq²P;
���đĻqiYNn]s�A¡¥}RTo<OIS[�����q¾fĥŀÛ���L\Mo];
F�¡s~
¡¢s��~¢ĜÀ¯ĠqSWÞa�����ĳĶLőčòĸ]^n;�����q¾f^HĥŀÛ���]
ĭeo]�¡s~¡¢s��~¢Ĥb«ĠĊĞLēN^ob\;ĺªLËî\Mo<

P0

Screen str-45 locus via HMA
→ str-45/+

Screen str-45 locus via HMA
→ str-45/str-45

���



GPCR gene

Cas nuclease

PAM

gRNA (20 bp)

HR

STOP codon

A B

Microinjection
P0

Cas9(pPD162) plasmid (50 ng/μl)
dpy-10 gRNA plasmid (25 ng/μl)
dpy-10 oligonucleotide (cn64 gf) (5 μM)
str-45 gRNA plasmid (25 ng/μl)
target oligonucleotide (5μM)

F1

Pick left roller,
Screen str-45 locus
via PCR-RFLP

Pick F2,screen for
homozygous str-45 (mut)

Left 
Roller

F2
dpy-10(cn64/+)
str-45(mut/+)

Dumpy left 
Rol

dpy-10(o/o)
dpy-10(cn64/cn64)
dpy-10(cn64/o)

dpy-10(o/+)

DNA)�$"5(

Left 
Roller

Dumpy

÷�
���"�#!"��%6�]Ĉġ？»J ��"����202/2-286�"))20(.1%7.21�qōŉSW��~sv�Èğbàý
C�D÷��]ĭe[x¡��~£x��q）poĚLª^o<�%6�~£sA�]-"��alY[ĥŀÛā

đLÂOo];Ĉġ？»JalY[Ģ）SWx¡��~£x��bĬŕLāđĳ¨aĆ）Rpo<ŀÌÃ\c;
¬ěãb〜Ĕa#$ !��¥qĆ）SoO]\;¬ěã��~sv�qÕI<
��D�%6�;İę¬ěã675���b-"��;675���¬ěãĤa#$ !��¥];ĺªËîŉbúÏÖĄĬŕq）

poWib���(3bx¡��~£x��;)2��"#!"�AyA\Go(39����-"��])1
�ĺªq¾rXx¡
��~£x��q�u~¤u¥�u~��¥alY[ĂĕaĢ）SoC!�D<	
E\
（¼å­Ñ;(39�
���)1
��b��¤ĺªbıÎÇ\Go�)*7�52//)5b��Ðčqď％S[;ŌqáfTo<Ōq¹ĩS[Im��
Ðčb~��q¶ìS[!�"�"��!qÕH;675�����¤ĺªčq¸ģSo<��Ðč\�)*7�52//)5bıÎÇq
èR^HÐčq�įď％S[ŌqáfTo< ��Ðčb~��q¶ìS[!�"�"��!qÕH;���\ģmpo�
�ĺªčq¸ģS;�u�x{�ľqŉHW����A~x¥�alY[ĺªq¹ĩSo<
���Ĉġ？»qōŉSW�"�#!"��%6�alo��~sv�ÈğbàýbÆčę^êľ]UbÔŐ<

Æčę^µ。êľb·℃]f]i
<ßœ>

� ���]Ubâŉľ?Úő¬ěºÌÃð§ÍñÄlnĶŅS[ĖHWpDD162qCas9]S[âŉ<
gRNAcĹb� ���\Gopls99 PU6-lin-11gRNACU6�¤�A�A]lin-17gRNA;gRNA scaffoldbĬŕ
q¾fDq�A��~�A]S[àý<gRNAĬŕc;gRNAb3’ ŁĐĬŕLGG\Gohbq：d;5’ ŁĐa
cGqĲ³SW<İę¬ěãbłęĳ¨aSTOP��¥qĆ）SoWia;Ĕ°aSTOP��¥];ĺªËîŉ
búÏÖĄĬŕq¾rX70 bpbx¡��~£x��qŉHW<�u~¤u¥�u~��¥b�AyA]S[;
dpy-10b¿ī¸ģÇ\GoĚĺªcn64qCRISPR/Cas9alY[Ģ）SWCco-CRSPRD<dpy-10(cn64)b�
�¤ĺªcLeft rollerbıÎÇqèS<

<ćà>
ŗŃ30B40įbP0a�u~¤u¥�u~��¥S;Left rollerbıÎÇqèS100~150įbF1Ðčqď％<
Ř PCR]úÏÖĄqŉH[İę¬ěãĤb��¤ĺªq¹ĩSo<
ř F2ùĎ¦×\Left rollerbıÎÇqèR^H��ĺªÐčqď％So<
Ś�u�x{�ľqŉHWDNA�A~x¥�alY[ĺªq¹ĩSo<
ś F1Ðčq200~300į¦óµ。S[Cŗq2¶ÕY[hDĺªčL¸ģRp^HôÙ;hI®ZbgRNAq
àýS;1Zbç]ġňb�AyAqâŉS[2ZbgRNAqŉH[ÉéqÂORTo<

<ÔŐ>
12Ðb¬ěãb��~sv�qäg;9ÐaZH[łęėnbĺªqÂORToO]aûÓSW<Æčę

^øĒCF2/F1D]S[c;ķÅ6%;ÜØL21%;ÜーL1%\GYW<RmaóÁ\ģmp^IYW3Ðb¬
ěãa½S[2ZbgRNAqâŉS[ÉéĺªqÂOSWÊ´;2Ða½S[cûÓS;ĺªŐcUpVp16%;
5%\GYW<

C

cn64: =FADEG;
(23℃9B<)

���

#1(-$1#)-
(70 bp)



str$45(WT)++++++++++++…CCA+CTG+ATT+GCT+GGT+GCC+GCG+TTT+GGA"GGA+CCC+CTC…�
�
str$45(muta3on)++…CCA+CTG+ATT+GCT+GGT+GCC+GCG+TTT+GGC#TAG#CAG+GAC+CCC+TC…�

gRNA�

str$45_ver5+

STOP+
PAM"
Nhe�#site+
3’+GG+

Scalable+and+Versa3le+Genome+Edi3ng+Using+Linear+DNAs+with+Microhomology+to+Cas9+Sites+in+Caenorhabdi3s+elegans.+
+Gene3cs,+Vol.+198,+1347–1356+December+2014�

inser3on�
�	
�

str$45(WT)++++++++++++…CCA+CTG+ATT+GCT+GGT+GCC+GCG+TTT+GGA"GGA+CCC+CTC…�
�
str$45(muta3on)++…CCA+CTG+ATT+GCT+GGT+GCC+GCG+TTT+GGC#TAG#CAG+GAC+CCC+TC…�

gRNA�

str$45_ver5+

STOP+
PAM"
Nhe�#site+
3’+GG+

Scalable+and+Versa3le+Genome+Edi3ng+Using+Linear+DNAs+with+Microhomology+to+Cas9+Sites+in+Caenorhabdi3s+elegans.+
+Gene3cs,+Vol.+198,+1347–1356+December+2014�

inser3on�
�	
�

ºOligonucleotide-based (str-45)�¥�x>

gRNA

Cas nuclease PAM

gRNA

�
��������©¸ZTK(���Z�HI���  ���"2�PUXkic[]h}¤O��
(���O����O��#0@��9�����8M;XN���  �Oy·@�@XCN@®�FYII

S��"1#/4' ".'��(5(1���(.(3,$2���	
��6«¢©¸Z­�GI7231�
�u£�MR�
a
bhs§P;X�����©¸O(���Z�HL6�)( �O����e\hN !� disZ�¨
GU=N�SI7HO�u6hosgf^lic}¤O����³
�	��9�()3�1/--(18
AV
�}¤O­t�Z¦XCN@MCI7�<¡WO­tZ�HI���

�231�
��$)1��
N|�~�­tZzCGI���
��231�
��$)1��@¦VYI7

KHR45 str-45(chr3) (243 bp deletion)

KHR44 str-45(chr2) (STOP, NheⅠ site)
TGATTGCTGGTGCCGCGTTTGGctagcAGGACCCC (+5 bp)

9�¶GI­t�: F1��150��AV16}¤

…AGACCGTTTG----------(-243 bp) ---------GAGGAC…
TGBR

…AGACC----------(-243 bp) -----------GTTTGGAGGAC

str-45 (Wild-type)

str-45 (Mutation)

���

#1(-$1#)-
(70 bp)



str$92''''…CTCTCCCCCTTCCACACTATCTCTCTCTTCT……….'''………..GAAGTTAGGCGGCGAGAGAGTGAGAGGGGAGGGG…�
gRNA'2�

str$92'

Scalable'and'Versa:le'Genome'Edi:ng'Using'Linear'DNAs'with'Microhomology'to'Cas9'Sites'in'Caenorhabdi:s'elegans.'
'Gene:cs,'Vol.'198,'1347–1356'December'2014�

CV� CV� CV� CV�

�450'bp�

gRNA'1�

400 600 800 1000 1200 1400 1600 1800 2000 2200

5th_exon1st_exon 2nd_exon 4th_exon3rd_exon

sgRNA 1sgRNA 2

str-92_GGNGG

PAM'
3’'GG'

ª�¥² ¹�ºDual sgRNA-directed (str-92)

gRNA 1 gRNA 2

Cas
nuclease

Cas
nucleasegRNA

gRNA

KHR61 str-92(chr4) (527 bp deletion + 3 bp insertion)

KHR62 str-92(chr6) (562 bp deletion + 89 bp insertion)

F1 200��AV17}¤

KHR63 str-92(chr6) (626 bp deletion + 96 bp insertion)

�
������² P��©¸ZTK(���Z�HI���  ���"2�PUXkic[]h}¤O��
231���MR6\shrsPGA(���O����O��#0@��M;X©¸9������8@��G

OAHIOM6�KO(���Z�<6��6
achsZyT�CO~�ZKBX¯°Z�S
I7HO�u6hosgf^lic}¤O�� �		��9�()3�1/--(18AV
�}¤O­t�
@¦VYI7
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