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£ F%iE (Genome editing) HAFITE KA FFE > T UL E T R HF R

2R FE N B I'F % AFEHERE AFGERTHE > B0 7 gt iz
Pl A W BT (TN FEw A g o 29 Clustered

regularly interspaced short palindromic repeats (CRISPR)/CRISPR associated protein 9

(Cas9) { LI %4 B - sp#>t & 4 FlhiBsk v » CRISPR/Cas) i3+ ¥ %

l“b

ExrF B o BARTI EA BB RS R 7 7 4% o CRISPR/Cas9 f
& FléhiEenr it > { i&8- #H 8 E I 4e CRISPRI ~ CRISPR display ~ CRISPR
screen % & * » CRISPR/Cas9 i B % # 'L F o
Pichia pastoris % % * cnR& hAFIL Ry o P.pastoris £ RE K F-d L
FEEAL A 24 A25RE wd 2 H FJRE 2 (homologous recombination,
HR) #rif "Ll eh® — A 7] > & £ x 55 RNA +# (RNAI) #4]
pastoris # if k siik B2 - o @ A & A P, pastoris £ = CRISPR/Cas9 i stimik
A TF S ¥ BRAA Tl F CRISPR/Cas9 i v H itk k€ s o
PRm otk su4 R single guide RNA (sgRNA) p /g g7 *h 3Rl B 42 A7) > i (3%
PEG AR > gt Popastoris * { & * CRISPR/Cas9 k siivg scf z /F -
AFT Y A0 P.pastoris B H p A U6 A FlegadF o 3ot frd T+ 4
3. CRISPR/Cas9 i stz sgRNA o #5482 hdv FAFIBER P 2+
* {2 o o CRISPR/Cas9 i st P.pastoris ® ¢z * » #-i¢ CRISPR/Cas9 #7k
FLHE % T RAEATF > AR { ¥4 CRISPR/Cas9 ik seze ¥ g% > b4e
L gEF S B4 o i@ Popastoris & 3 { F ot T 5 oo

Mars K F%iE - CRISPR ~ U6 fxé &
m
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Abstract

Genome editing technique was fast developing recently. It allowed researchers to

edit genes through point mutation, insertion, deletion or replacement. The principle of

genome editing was so simple that it could be applied in generally all species. It

accelerated not only the development of science, but also the product related to people’s

life. Among the genome editing techniques, clustered regularly interspaced short

palindromic repeats (CRISPR)/CRISPR associated protein 9 (Cas9) was the most

popular one. CRISPR/Cas9 was easy to design and was efficient in editing. Many

publish researches were accumulated since it developed five years ago. Moreover, there

were many techniques related to CRISPR developed like CRISPRi, CRISPR display,

CRISPR screen, and so on.

Pichia pastoris was widely used to express exogenous proteins. It had many

advantages like strictly controlled and large-scale expression. However, while

performing homologous recombination, the target sequence was restricted to the

restriction enzymes used. Also, there was no RNA interference (RNAI) system in P.

pastoris. Therefore, there was still room for improvement for P. pastoris as protein

expression platform.
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Researchers had established CRISPR/Cas9 system, edited endogenous genes and

sent template into P. pastoris to prove that CRISPR/Cas9 could increase the HR

efficiency. However, the sequence and structure of the single guide RNA (sgRNA) in

the system should be calculated additionally. The design of CRISPR/Cas9 system in P.

pastoris could be simplified for application.

This thesis aimed to find the endogenous U6 promoter from P. pastoris and use U6

promoter to express SgRNA. The concept was proved by the point mutation of genes of

interest. The establishment of the system could make the application of CRISPR/Cas9

in P. pastoris easier. It not only could improve the efficiency of transformation, but also

could perform other techniques related to CRISPR/Cas9 like the combination with

transcription factors.

Key words : genome editing, CRISPR, U6 promoter
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(1) Zinc finger nuclease (ZFN) = A Fl¥miEme A3 FE X » A KPR ILT A
WA Y g2 DNA 5 £2 39 F Zinc finger protein (ZFP) - 1996 & - #2
T AR E# Fokl % 30 fer ZFP &0, 2y v a2 B sl &
DNA R E A A FlimiEL & > pL4f £ 5 7 5 ZFN o ZFN #4335 7% -
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Fwvigr > 3 ZFP #E A e 4 BT A A Btk AZFN &K
g Ao

(2) Transcription activator-like effector (TALE) & % 3% 35 7 Xanthomonas oryzae
B SN ES TS k0 T~ B E R A FE e 2009 £
TALE 2 DNA & & chfg s g M ¥ 41% &2 ZFN #p ke chpn & 3 B o)
Transcription activator-like effector nuclease (TALEN) - TALE i * -] ¥ = 3-v
Feng @ kye- B DNA Bo o izt [ H A5 B & pye- Bd s > @ o)
HARFALAERNE LAY 12 2 13 BIAMBAEI| IR > T ¥ FRT RO RAE
Ao EABET g 20 2 30 B 0 R REEM > B - 44 i ZFN
X r]vg;#;tg[S] o

(3) Clustered regularly Interspaced short palindromic repeats (CRISPR)/CRISPR-
associated protein 9 (Cas9) &= 4 ¥ Hat B 4o B > w2t - ffF Y &
it e d 2 H L - Mykin DNA B 7 {%ﬁr} RNA E 7] > fp#>t ZFN v
TALEN %3+ [ 8 ~ B oG fel L 1 90 F eh& 8 BT 2 L 4 fpgan

05 1@ CRISPR p 2013 B 4o By ke & SR AL FlihiEa m1 2o

3. &

DNA 2} & i sr At » 24w § 3 3 A1 & hB A0 4] PR E R
(Homologous recombination, HR) % 2L /& % 4 % & (Non-homologous end joining,
NHEJ)BloHR 2448412 45 DNA: & DNA 3 At & 3 4 chik 2 5 71
NHEJ P& & DNA X JF S ¢ g e 748 ~ 46~ ~ %“‘J",%ié%i%éﬁ@ﬁ v F]pt

NHEJ #2 % i & sg s e 72 207
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= ~ Clustered regularly Interspaced short palindromic repeats
(CRISPR)/CRISPR- associated protein 9 (Cas9)
1. CRISPR f ¢

CRISPR &% tinfFj~ v mFF 1 ¥ # e LwmE® k$Hipd (LF
M) AT~ m2 X LR ks T A EAHE- Bl fpd AT 2 BRSO
§Hopa P ERE IR~ f e A F]Y 9 CRISPR locus - iz # CRISPR locus 7 7
FIAA AL AEFO/RAATNYER > S HSN LG 7 PpS Y B CRISPR
RNA (crRNA) « % 7+ £ =& » &> 4 e crRNA @ § & — (2031 8 Cas9 F-d
Bormd A5 Epd RAEFLE LS &2 L8 2%% cCRISPR &3 kmiF* §
% ek 00 3 2 g% e chE_ Streptococcus pyogenes ¢ £ type Il CRISPRIEY

RSN T RE T TR

2. CRISPR &=

FHHE RFIR G AR A7 R R EARE - BFRLA 75 RNA
TE ik AR pHEE 7 i o CRISPR & SR 3 4T A 5 shidBenind iy » 2 8 £ 2 3
v B Cas9 % 3l Hr o RNA» iz RNA ",!rt 1wt ) e orRNA & — M35k
7> B % & trans-activating CRISPR RNA (tracrRNA) §Te* Cas9 3-v F e & 7

oy A B#aiE RNA & - 42 § 5 single guide RNA (sgRNA) » & 7

l—=

CRISPR i tg 2 iv* v Z & /3 Cas9 Fv B 112 sgRNA & B3R4 » K3+

Lo @alls 5 4o Blo o
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3. CRISPR #+1

4 Streptococcus pyogenes type Il CRISPR % ] » sgRNA £ Cas9 ¢ )= 4 &
$ » # % ribonucleoprotein (RNP) » ¥ d sgRNA :#- Cas9 = 3|zt # 7 K F2 4% 2
TR B - SRR B S Bak AR I A NGG o B B G S
protospacer adjacent motif (PAM) > &_F 5 i e g 3w B eni> % o B 5| 3 45 4% 3 >
BRERAEFEEN A AR R XTI PAM AL 5 = Bk A A 4 B

@2 AT AE 31]‘%’—8;@%%‘][12] 0

4. CRISPR &+ &2 B

73 A R g & Clostridium pasteurianum &tk z 3 type | CRISPR k3t (7 I
type 2 B3 & - fyg RNA 2 89 4ph 3d Fenfh s ~ 5417 k) S
=7 e~ type I CRISPR ik st % sk SpfEp 2 $2JLF] > o P 2 57 A% o
Ja# 5 CRISPR i sei® (F%iE » » ¥ 2 ¥ *H4E » CRISPR k%> #4735 L B i
7 Rk el S wmEE Yy - MM R4 53 CRISPR ki siz 4 4 fuf
Fyget o 23 2016 & R 4e7 e B CRISPR %iB1 £ 2 4p B B * &+ 3R
M g i gmB ER 2 FFA R TY #F B CRISPR k57 12 f2b 12
AR EE AR b R A FIR T enR 4% 2t e e P @ % CRISPR Jk sdhii g
oA Aff g TR AL AR A tcid (it A% 0 poa DuPont
Monsanto % ficits o 7 ¢ hig F4p BAT 3 U0 2 a0ef fLdgde e 0 p jE_ 2013
EREE L B E SN SR e A # 7 CRISPR i suit (7 4 Fl iR
561, CRISPR & 3t ef 54465 4o fm e chiffs * 4o 15 % § <A 4 > Dr. Rudolf
Jaenisch *+ 2016 # # 1 - » “Anyidiotcandoit” %2;% 3 CRISPR i %t

BEFIAFIRE ) Ry b f2A  (http://www.sciencemag.org/news/2016/11/any-
5

doi:10.6342/NTU201702301



idiot-can-do-it-genome-editor-crispr-could-put-mutant-mice-everyones-reach) - & =
Fabp|F A R fEe 28R 135 RRE R A BAsR

CRISPR s s 3 Sdlcnns it 3 & (171, 2. 7 CRISPR £ FléhiBH jierr §

CRISPR # 5 = {4 % chik Flshifi1 & » 7 4 § { 4% E CRISPR #
BRE* - Cas9 F-v FEfTiger o R H AR A S FIRET A N i A
He - A= %74 > & 5 Nickase > P|Z & 2 % Nickase ¥ sgRNA eyg
G- B F R B ek - i (IS off-target 0 A o185 2 7 44 Cas9
RO H N R IR R A& AR AN 0 L5 dCas9 s 2 sgRNA 2
RNP & ¢ & - 122 & DNA 1+ > B &4 v F 3 0 R A Flenfd 45 > @ 5L Flen
FREEM S P EMAFARGD EHE CRISPRI - 7 5 - ik it {5
et RNA T3 kg { besnfiamit » #3073 5 & RNA F 4 ksl
4 Pichia pastoris » CRISPRi e 3§ 3 It Ate Ay # B 5 5 & dCas9 i w %
Pl AR RGES > BT - ] s BAE A TR R AT AR Y k-
ji ke dCas9 F-v Fisd:t KRAB #ri|+ & VP16 RugF » if ¥ & 2 g
UEfk Flend it o g R BE D I E - AT Y LR R PR S B AT
I-FEACFRBEAIRRFEX AP w4 (v AR F
dCas9 & w 4=+ 7 L fs DNA methyltransferase enzymes (DNMT) » B = 5 & A 12
KT ARMFT LT UERPFTATEET A E o vy S H S e
FAHEET Ak Y e P S A A FREREE  F R A TR E R
BIF 2 E AR TR R Y > 2 H8FFy e p =% agpr P i3k g
© 4 12 CRISPR i il T imb i (7 pihi2 ch X MR F £

(https://clinicaltrials.gov/ct2/show/NCT02793856) - # k # < B~* Streptococcus
6
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pyogenes ® 1 type IICRISPR kit 29 2 {7 % F CRISPR k3t &

B Renid r Lplx & - 00, CRISPR tjieng B v g #-g48 5 ~

5. CRISPR 2 ! %

% # CRISPR = i~ 4% » 4 & ffit chje L off-target v it 7§ &
9 20 Wik AT AT k% - P R G e g s e e
Rippeni=® 2% 9 1 offtarget /E® § 3 4 > e j 3% 5 e 4 f 54 e

off-target e RE2420 o ¥ ob AL F G dE { G BPF R E R DRI A AEPT @

{8 CRISPR v & (7} # fogg -
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= ~ Pichia pastoris
1 M4 356 FAR 55

VA s e R ARG BN Y - a & %5}% #3228, 7 4 g A7 Bk
B RIS bt B RATE AR A 2 FE BIRFD T Aot 1
Pl 2P Eimkd 259 FEFRE-AEL A S AMT BRI X FZR* D4
A a G ARl A BY L=
(1) o Escherichiacoli # 339 &

E.coli &5 % iy FLM L 4 Eirfhe  Jpivd &2 jphism

TE 5 AHBE KA Ecoli 2 RPEAS > i9 FHEFLEBA B P2

14-
[

P 59772 oo bldede FREAT &2 A4 R E.coli &7 5 2 1l 1;.] -
Bt LR U AR P F A S p g o B ke g

(2) mefseapd e £ R F-v F (02 Chinese Hamster Ovary (CHO) cell 3 &)
72 CHOcell %330 T B i 4 L it F 7 i FE 40
Mended Fra A agY By Y BB R A ApFEL s d3 4
B E A

(3) mpE* AR F
fEt RS T A FNBRG-IRERFERIBE S AN FE SIS
Foo T2 G A RRTT S 3 A8 S PR A BT
v oa* g 0 2 35 A Generally regarded as safe (GRAS) » & * # B A -

s

AFg AR EER Y gy FAR P 2 R agde i i
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2. Pichia pastoris

P.pastoris & & R i/ ™ %t dd T2 AR F - 0 Btef T R o P
pastoris 4t chik ik i ¥ 1% PR L RR o il Ao s H B
BB i B~ 4 EB. ¢ Alcohol oxidase (AOX) £_7 fig % 2% — ¥ cop
%45 AOXL 2 AOX2> #¢ ~ 11 AOXL 33> 2REHEH AOX2 et 2
B3] o % o mg %vir— gRPE > AOXL 2L E ¥ 27 % p mRNA 1 5% p.
pastoris b 3 & VRIS Tl e oh Ak Fen TR B R Ap gt chded T A 0 AP

gt ¥ - F % p5* ] Saccharomyces cerevisiae o P. pastoris § i cpg gk 1 B

# P.pastoris F—v HAIRT SR 5 4 E7H o

3. fath 3 EH
% % P.pastoris 2 AR iRho B EHFF IUHF A H LI P ng

- HP o f e ¢ Rt ha B Bt 5 > AOXL gifs 3 12 GAP fafs

F oo I 5 FRE I RS T - B AR o

(1) AOX1 fedo3F :d it v AOXL 3d F i M " B AR LILEA G B D
Fed o Hpeh 3 i w6 Ry FAERE L A2 S B HRRY Tox Al
AjhiE 2 g f B4R Bz R 3y FAMET L - AR -AOXL
fade F 0¥ - BAFEF P.opastoris 1 H s & A KIRIE LR (blhod )
P AOXL Fov Feni g ¢ < g B 3 AOXL et 5 85 3 fads ™
PERFIAR A T A F MG REURPE  AOXL ko + € #ri| T A FIL R

- FiiE AOXL ka3 & 5 - B ¢ pa dpepads 3 9.
(2) GAP jfx#»+ : GAP jfad + et #5f3 fv % ¢ & & p¥ % glyceraldehyde-3-

phosphate dehydrogenase (GAP) A ] 3Bl tpsss AOX1 fad 3 d ? g o
9
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A E A A FIA I GAP kb ¢ E AT A TIAR ) A FARUR

Gk A RE LB A0, g o

AOX1 fc#»+ 2 GAP jcd+ L i¢ * P.pastoris 2 2 & kv FRe i@
s Bk 0 R R EF P RER ARE PR L S o P pastoris
(P53 pepad 3 E8 > FFPTART L RE R gl

P.pastoris ¥ 5 2T 55 3% 5 R8> ARmdh o AR AL 1 A FiEF
PoFE S A @y, ¥ ek Popastoris & 2442 RNA F STk S - %

MopEAFAIRE ., Bapsts TR T2 Ao
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= ~ RNA F & v g g 5

AFGHSAPHELEE DAL L EH BRI PEEE LB and & > d
DNA # 4+ RNA> £ d RNA s 36 > LA F 4?2l (central
dogma) - il A FE s~ £ HEG p £t p EA T DNA A5t
P AR T A TS DNA BF o BT A RY § RER T kB
F o PEATHCIED Y s AR T EIR A AT AR F R RN ot

Fede 33 ¥ B 7 R S F S gy SR 0 RNA R e B

*i'n-

L
r.T’

;lm

FRERAATIES c P2 5 RNA REPFL & 4 52470 A% E RNA R &
A5 |, RNA B £7% Il 2 RNA B &ps NP0, gl By RNA R &Fe
IV 2 RNA % zpr V24, 8¢ x 1y RNA B 255 Il 2 RNA R 2 1l 5

FREF BT F AP B+ AAL G 3 gt e

1.RNA X &px Il

RNA B £7% 1l g9 k2 mMRNA §i2— #3330 7 - 42 RNA R
Lpr Il 2 @arT 5 4% 5 > - B RNA B E&fs Il 2 fadid ¥4 d 5 BE&T
F R Ao EETE L RNA Repr Il @ F ¢ @&y BRps )~
\\\\\ s i B B B - BB A AR R R T 2 ¢ AR ko A B
Hw#irs kot 338 pgg RNA B 25 1l sz gad 3 4> P. pastoris ¢ ¥

* i AOXL feds+ 2 GAP fads 3 4 2 0 ag o

2.RNA E &p= 1l
RNA Z &% Il chx iy B% 3t # 4 small RNA - tRNA » H #4713 i

RNA &7 Il > -d RNA F &p% Il #42 RNA i@ % % functional RNA >
11
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FA g HEES TG o7 i RNA BEFF || afsrabtsing - | &0
F o RNA % &7 Il 42 RNA ¢ 2R HEn@dLt 54055 5§55 RNA
2 fpalies PP M 4oy L2 U fxf 5 T2 RNA R & NI Feat pads

F 5% 53 7 % Thymidine (T) d& & B 7] %7 3 b #4515

3. U6 fxi+
B4 ped RNA R eps Il #4050 RNA # s pre-mRNA > e g
REATIESE YRR [ OB TR M ROV AT S MFT

PEALE S =S MRNA > @ U6 if §t iy €&k Flz - M. U 7]t

o]

PREORIETEEE FIHEIE*FEH CFA? Iy o
U6 A F1E 5 A 4p 2l .

U6 £ Fligdris T 5 272 RNA> B3 RNA R 255 Il #hi 52— o
Tk functional RNA 2 #3 p F&8 > &% L2 * RNA RE&pe Il gy
53 5 U6 feds 3+ 2 tRNA (et 5 oF7 1 Bgor U6 fads & fads 2L Tl & ehig R i
tRNA fxd»+ { B % k4 :E RNA PFF{ st 18 R JRE 5 44 f2engd i T
2 A Bl ir kBB LA drehfi * At clustered regularly interspaced short
palindromic repeats (CRISPR)/CRISPR- associated protein 9 (Cas9) *® ¥ # ' & * U6
Fc#s+ % 4 3R single guide RNA (sgRNA)ST o 22 7 » p b 2 4 S dicdefE2. U6 fad
F R 42 RNA R EFF I sz feds+ i RNA B EFF Il stz fad &

L g 4p i B 2 FER|EE Sl @ 18 UG Ko 330 A e AR eh iAE 0 AR
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T~ EPBEP D

P.pastoris # 3T 272 § A B REFHRFE2F A2 50 FLE dom A

¢
TERRY FAR LHARZBI R ARFEE ARS BRI D A

T o

;L"* ’

F_‘-
el

F2 O EHPERET S o

iT# % CRISPR H#eif 255 B » skt Hopwsl e f|F % 5 ¢ - 2% 2016

$ %t P.pastoris &7 4 &% 7 i 2 CRISPR % %0

* % ¢ 4% RNA B &7 Il 27 sgRNA # & sgRNA S5 2 3> 4 uldc +

hammerhead (HH) % hepatitis delta virus (HDV) ribozyme 71| > }* = B

5 )

SBEBHEER AR o 2 5B 22 F sk CRISPR i £

ribozyme it B3~ = Bl %"r%’;%‘ﬁ@*?#ﬁ,ﬁf& » 74— £ CRISPR

% 4E 2
gk v UG gods & gcds sgRNA £ IR if ¢

R hfPH 2T > Popastoris z

U6 s 3 £ 21 © 4 4 chB 7 5140 Bl

i 5 ¥ - £¥ ¥ pg* F > Saccharomyces cerevisiae 2. U6 gds 3 A 7M1,

(Rt P.pastoris 2. U6 gz 3 - F 1yt 4

"

o
ol

I B~ 1) P, pastoris p 4 2
U6 fz#+ o

e BEE_P.pastoris £ F) ¢ B3] U6 fadsF 2. B 7] R A S R

* & CRISPR i stz = o A k%3 functional RNA ApRf 2773 % & - ¢ W

MR dcds 3 o B pFES HF CRISPR A3 { SRR et o
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ISR EHERWPE

#3 # & 2 P.pastoris U6 fxd# +

ki
Eo)

1.
2. # P.pastoris 2= U6 fx#+ * 12 & 3 CRISPR % %eh sgRNA

3. R P EA TR EEF CRISPR i bz i 2
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Framework

Pichia pastoris KM71

pGAPZA-EGFP

pU6-sgRNA

Fluorescence decreasing

pPIC3.5K-Cas9-pU6-sgRNA

Analysis

5-FOA resistance

/

DNA

RNA

Protein

Sequencing

Reverse transcription

Fluorescence microscopy

SRS TR 2

Figure 1. Framework of the thesis

Cell viability

Western blotting

Flow cytometry
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FoR e

- = ;ﬁﬁ;ygi{..f&
1. Escherichia coli

Escherichia coli EPI300 (E. coli, Epicentre) - * ** fT#82& 4§ ~ %13 o 14 Luria-
Bertani (LB) 3 % &3> 37°C 1 % -
2. Pichia pastoris

Pichia pastoris KM71 (P. pastoris, Invitrogen) » & i & § 2tk > * 3t 45 U6
FedsF+ ~ 2 LB R A ¥ (EGFP,sgRNAand Cas9) % ipl:& CRISPR i ke¥ {740 12

YPD 1 % £ 30°C £ % o

SR k2 S L InE-

AET TR LR AR R AN E T BRI A - > THE S ENA S o

16
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Table 1. Composition of medium

X

A

* i

-~

Escherichia coli

LB

1% tryptone, 0.5% yeast extract,
1% NaCl

2% E.coli

33 pg/mL Zeocin

LB w/ Ampicillin 1% tryptone, 0.5% yeast extract, | 32 % & Ampicillin
1% NaCl, 100 pg/mL Ampicillin | #2122 E. coli

LB w/ Kanamycin 1% tryptone, 0.5% yeast extract, | 32 % £ Kanamycin
1% NaCl, 50 pg/mL Kanamycin | w+2 E. coli

LSLB w/ Zeocin 1% casein digested peptone, | 3% & & Zeocin $o
0.5% yeast extract, 0.5% NaCl, |}~z E. coli

Pichia pastoris

YPD

2% peptone, 1% yeast extract,
2% dextrose

¥ % P. pastoris

(NH4)2SO04, 4*105% biotin, 2%

YPDZ 2% peptone, 1% yeast extract, | 32 % & Zeocin #w
2% dextrose, 100 pg/mL Zeocin | 122 P. pastoris

YPDSZ 2% peptone, 1% yeast extract, | &% T &4 2) 4k
2% dextrose, 1 M sorbitol, 1.5%
agar, 100 pg/mL Zeocin

YPDG 2% peptone, 1% yeast extract, | 32 % £ G418 o
2% dextrose, 250 pg/mL G418 | }+2_ P. pastoris

YPDZG 2% peptone, 1% yeast extract, | 32 % £  Zeocin,
2% dextrose, 100 pg/mL Zeocin, | G418 f |+ 2 P.
250 pg/mL G418 pastoris

MD 0.34% yeast nitrogen base, 1% | & i histidine =
(NH4)2S04, 4*10°% biotin, 2% | % # Kaw 4 2 P.
dextrose, 1.5% agar pastoris

MDH 0.34% yeast nitrogen base, 1% | & i histidine =

% 4 avw A 2. P.

pastoris

17
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dextrose, 4*107% histidine,
1.5% agar

mBMGY

1% yeast extract, 1% (NH4)2SO4,
1% glycerol, 100mM potassium
phosphate pH6.0, 4*10-°% biotin

B & g1

mBMMY

1% yeast extract, 1% (NH4)2SOa,
100mM potassium phosphate
pH6.0, 4*10°% biotin, 1%

methanol

EX 2 SN
i

5-FOA

0.34% vyeast nitrogen base, 1%
(NH4)2S04, 4*10°% biotin, 2%
dextrose, 750 mg/L 5-FOA, 50
mg/L uracil, 1.5% agar

¥ & ura3 £ 73R
%2 AR

18
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22 oRABAUE 2

Table 2. Preparation of medium

oy 8 Wiz

Escherichia coli

LB e FEEE - AR ORFRR Y cFFRE S plate
Al4e ~ 1.5% agar *> k¥ & &

LB w/ Ampicillin e r FEE R - kP o @RS e~ Ampicillin #
* oo FheE & plate Bl4c »~ 1.5% agar ¥tk ¢ R R

LB w/ Kanamycin boor BB & - kP 0 R RS 4~ Kanamycin i@
* o F R & plate Pl4c ~ 1.5% agar *t-k ¢ R R

LSLB w/ Zeocin feor BB &Y - R P o R FS e~ Zeocin @& F o

F R R = plate B|4c » 1.5% agar »*-k ¢ j& "ﬁ

Pichia pastoris

YPD e B FEE- Sokd > Vel 10 BkA dextrose
Bk W EE AR o £k & plate B4~ 1.5%
agar /K¢ 2 f

YPDZ e R EEAY - kY o Ve y 10 BEAR dextrose

Bk 0 R e 4~ Zeocin RArig * o FEeE & plate
Al4e » 1.5% agar -k ¢ =& B
YPDSZ e B ER- SokY > Vel 10 B kA dextrose

~.

%% o s 4~ Zeocin RArié ¥
" bem R ER- kY > TR E 10 B3EAR dextrose
Bt R Efs s~ G418 iRqci * gk + plate B

4o~ 1.5% agar -k ¢ R R

YPDZG e B FEE- Sok? > Vel 10 BkAR dextrose
7% 0 RS 4~ Zeocin, G418 RArig * o FALE
plate B4 » 1.5% agar **-K ¢ = 7

MD v~ 15% agar *t - =-k¢® o YR E 10 BEAR
dextrose ;3% > i A 2T 022 pm ¥ g Ui R 2

yeast nitrogen base, (NH4)2S0Os, biotin 72 fcig *
MDH v~ 15% agar *t - =-k¢® oo YR E 10 BEAR
dextrose 3% » i F i &2 0.22 pm i Vi 2

19
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yeast nitrogen base, (NH4)2SOs4, biotin, histidine & f- i@

H*

mBMGY 4 w|pe ¥ yeast extract, (NH4)2SOa, glycerol, potassium
phosphate pH6.0 *t— =t -k @ » & Fis &5 0.22 pm iF
TR B 2. 4%10°% biotin R i ¥

mBMMY s e ¥ yeast extract, (NH4)2SO4, potassium phosphate
PHB.0 **— -k ¥ » & FHiE 25 022 pm Eip"wiEim
2. 4*10°% biotin ;R fc it * > ¥ kP % D i 2

methanol

5-FOA v~ 15% agar - K-k > ¥ERE 10 BEAR
dextrose 3% > @ Fis &5 0.22 pm i Vi 2
yeast nitrogen base, (NH4)2SOs, biotin, 5-FOA (& **
DMSO), uracil & feig *

20
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s FHEH
1. pGAPZA-EGFP # L7 &Y

51+ % EGFP-F 2 EGFP-R (% =) i {7 polymerase chain reaction (PCR) -
KR H®FHAG T2+ EGFP ¥ g > ¥4} EcoRI 2 Apal *» i o 12
EcoRI % Apal (NEB) *I1#|as# > PCR % f2 pGAPZA (Invitrogen) # %48
{6 > A H 1 T4 ligase (Yeastern Biotech) 4% & o = & 42 pGAPZA-EGFP 4

]

2. pPIC3.5K-Cas9-Ub fx#++ -sgRNA 2 IR F 18

(1) 3513 % Cas9-F 2 Cas9-R (% =) 27 PCR > &ptp ¢ =z RNAI Core
(http://rnai.genmed.sinica.edu.tw/searchDatabase) 2. C6-8-67 7% 48 *x ~ Cas9
BB N2z C=%Ys 47 BU 5 b nucleus locating signal (NLS, %
») x4+ BamHI 2 EcoRI *ri= -2 BamHI %2 EcoRI(NEB) *3+|fs# *»
PCR # & 2 pPICZ3.5K (Invitrogen) # I #{s » #-a 12 T4 ligase
(Yeastern Biotech) %4 -

2 % RNA central o * 2 P. pastoris
(http://rnacentral.org/rna/URS000069005A/4922) U6 & F1 5 7| » 2 fE* F U6
frds 3 B 513 4 UF 2 U-R(% =) i1 PCR»j_P.pastoris KM71
genomic DNA =z = U6 A F 5 23l+% D-F 2 D-R(£2z2) 247
PCR » j&_P. pastoris KM71 genomic DNA -t~ U6 L F] T 35 £ 5 il 3
S-F 2 S-R(% =) :£{7 PCR-j&ptp ¢ #Fx RNAIiCore 2. C6-8-67 H 4%
~ scaffold % £ > PCR A 4= sgRNA - #-= 5 g2 overlapPCR i > T &

& #h4c + Xbal % Stul *»i=>12 Xbal 2 Stul (NEB) *T4|fs#* PCR ¥ &
21
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2 bakdh g (1) S+ 2 2R 45 ¢ 1 T4ligase (Yeastern Biotech)

# e o =242 pPIC3.5K-Cas9-Ub fr#: =+ -sgRNA 4ol = -

22
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%= “PCR #i% 2 513 %

Table 3. Primer pairs used in PCR

L i B 7 (57 t03)

EGFP-F | GAATTCATGGTGAGCAAGGGCGA

EGFP-R | GGGCCCTTACTTGTACAGCTCGT

Cas9-F | TACAATGGATCCATGAAGATTCCAATTAAGGACAAGAAGTAC

AGCATCGGCCTGGACATC

Cas9-R AACTAAGAATTCTTAAACTTTTCTTTTCTTCTTTGGGTCGCCTC
CCAGCTGAGACAGGTCGAT

U-F ATCATTTCTAGAAACATGCTCATATGAGTCGTTTGTA

U-R *sgRNA TTGAGCTTTTCGAGAAAGTTG

S-F *sgRNA GTTTAAGAGCTAT

S-R AAGAAAAATAAACTGCAAAAAAAGCACCGACTCG

D-F CGAGTCGGTGCTTTTTTTGCAGTTTATTTTTCTT

D-R AACTAAAGGCCTAGAAAAGGAGCAATGGACCCA

Gene GATCACGACTGGTTCTGCATCGCTAAAAAAGCACCGACTCGGT

specific GCCAC

primer
METqF CGTTCTCGCAACTCTTTCGAA
METgR | CAATGGCATCAGTTATGACGGAAG
GAPqF GCCGTCGCTGGCAATAATAG
GAPgR | AAACCAAAATTGGGAAAGGTGTT
5> AOX | GACTGGTTCCAATTGACAAGC

HIS CATCTAGATGCTCACCGCAATGCTG

CasF TACAATGGATCCATGAAGATTCCAATTAAGGACAAGAAGTAC
AGCATCGGCCTGGACATC

ScaR AAGAAAAATAAACTGCAAAAAAAGCACCGACTCG

*sgRNA - #-30 s 4 &

23
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Zw ~ A8 7 & * 2. nucleus locating signal & 71

Table 4. Sequence of nucleus locating signal used in this study

- - C-SV40 large T antigen | N-Mata2
A m A7 (N 3331 C) | PKKKRKV KIPIK
DNA B3] (5 & 3) CCAAAGAAGAAAA | AAGATTCCAATTAAG
GAAAAGTT
24
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pGAPZA - EGFP
3547 bp

Apal

T promoter
AOX] terminatol =

Bl= ~ pGAPZA-EGFP # ;i %8

BleoR : Zeocin Fuf+ & F] ~ Ori @ 47 #4242k o

Figure 2. pGAPZA-EGFP expression plasmid

BleoR: anti-Zeocin gene, Ori: origin of replication.

25
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pPIC3.5K - CRISPR
11303 bp

Xbal

= ~ pPIC3.5K-Cas9-U6 kx# + -sgRNA # I 18
AmpR : Ampicillin #f+ 2 7] ~ KanR : Kanamycin $ui & %] ~ Ori @ 47 #4242 85 ~
N-NLS : Cas9 3-v ?ff N =32 NLS - C-NLS : Cas9 v ?‘f C #2 NLS-5

AOX ~ HIS ~ CasF ~ ScaR : PCR #rzn sk Fl3E » 2. 313 =% o

Figure 3. pPIC3.5K-Cas9-U6 promoter-sgRNA expression plasmid

26
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AmpR: anti-Ampicillin gene, KanR: anti-kanamycin gene, Ori: origin of replication, N-

NLS: NLS at the N’ of Cas9, C-NLS: NLS at the C’ of Cas9, 5> AOX, HIS, CasF, ScaR:

primers for PCR comfirmation of gene insertion.

27
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= ~ Pichia pastoris &3
1 Fredl 4

Mtk 2 B R A 0 E.coli EPI300 # 75 o grie ¥ B g dd &
2. LB % A% 7 97F T2 E.coli »t 37°C ~250rpm # 4% 20 ] pF > 1
HiYield Plasmid Kit (ARROWTEC) # 3~ {748 - % 12 GAP ja#s+ 5 3 » P &R 12
BspHI(NEB) # 2% * ; £ AOX1 gcd» 3 5 3& ~ B #7121 Pmel (NEB) # +

/2/
]’9!%4"0

2. Pichia pastoris % ix fm#e ) %
#- P.pastoris ¥ - Fix# > 7 3mLYPD & A2 &g > 30°C ~ 250
rom & 20 /) P o Bk~ 7 100mLYPD 32 & Az 500 mL 4a3]Hg i
ODeoo & 0.15> * 30°C ~250rpm 3% 6 | FFi¢ ODeoo :EF| 1 F|] 2 2. AF o 3%
4°C 12 3000g 4 5 A4is 4 b 0 4o 50mL % ASLE e (10 mM
Tris-HCI @ #* %0 4c » pH7.5 10 MM DTT & 333t -20°C # * % 4c ~, 100 mM
CH3COOLi-2H20, 600 mM sorbitol, 3fefs ¥ >+ 4°C & * ) w3 {63 30°C # %
30 ~db o pt s Ak B 4°C & (7 o 2 15009 Hee 10 & 4B 0 4 2mL
1M sorbitol % 3 =t » & 2 100 uL 1M sorbitol ® /% F%8 > 4 3% 80 pL/1.5

mL eppendorf {& & >tk F & * o

3. Pichia pastoris # ##&
l%'&i” ’}fro‘fﬁ IOML "E’E‘l‘lq: \]’Jp?/ ‘ff'lgf)})‘ 2 mm ﬁ_‘*@_?’a#,\fﬁj 5 &
4 > 12 15kV ~25uF ~200Q 5§ #{s > 4c ~ 1mL 1Msorbitol *+ 30°C #

1B 1 L Algh#h# 250 uL FiR#23 % 4520 YPDSZ plate o
28
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4, A K6 E
A& 23 3 ARBHELD

(1) #-pFds 7 #peae - »r 10 pL QE buffer (Epicenter) @ #4- 5 ) » ¥yt iR g
65°C ~30 445 :95°C~15 A 4pLiF (s » B~ 2ul i % colonyPCR 2 4 7%
PR FFE N e

(2) #FiE4E» 7 SMLYPD 2% A2 ¢ '8 % 24 -] PF{s 4 B~ genomic DNA
27 PCR & 47 o

(3) ##A)tkE Zeocin ~ G418 £ 4l > R #-£ % ;2 YPDSZ plate 2 2 mL

ddHoO #- k™ » #-15 % 4 10° F* YPDZG plate £ 7% -

29
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I ~sgRNA %3 2 U6 ka3 4% sgRNA

3 4zt CHOPCHOP (https://chopchop.rc.fas.harvard.edu) éi%lz\ EGFP~Ura3 #
FIR 7] > FiEH AL Pichiapastoris k33 sgRNA > ¥ by B &0 e 4 4 2 K
LR (U6 fxds 3+ d G Bsigsr-sgRNA 7 5 17-20 Bk A £ &~ 1A 78
Z4 NGG 2 PAM A7) 1412 82%3 sgRNAE-3(£7) & AFLEHR 2
i sgRNA = 3 NCBI P L3
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSear
ch&LINK_LOC=blasthome) #f Pichia pastoris (taxid:4922) > & Flit ¥ » & g
A ¢ 3 off-target chst g to 0 #- SQRNA B 73k 3+305l 3 & & ¥ v UG fad+
# I SgRNA - A 77 7 #7% F|2. sgRNA 7|** % 7 12 NautiaZ Blood/Bacteria RNA
mini kit (NAUTIAGENE) 4 P~ 25k RNA » 4% sgRNA 2+ gene specific
primer (¢ =) I 12 ARROW-Script Reverse Transcriptase I1l (ARROWTEC) :i& {7 &
Bl o YK+ 0k g cDNA A4 & fitwie 7 PCR - 12 100V, 33 4 45 2%
agarose A8 T A A 47 0 FEiRIE P SORNA &g & « AF T s TR 2 7))
th G3CU % 5 # * E-3sgRNA + -

B>t SGRNA 6k B #h e § 3% 5 A B b U % 2 30k TP Y R
FaEle AR B S S cnpe bR 0 R BT 2 e sk (http://erispr.mit.edu)
https://benchling.com/careers ~ http://bioinfogp.cnb.csic.es/tools/breakingcas/ > % B i =k

2R EFRESEF AR BEEE G BEFRTT S LA RNESE 2T

30
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#1 ~ 23R * 2 sgRNA

Table 5. sgRNA used in this study

t Bl

E-1 GCTGAAGCACTGCACGCCGT
E-2 GAAGGGCATCGACTTCAAGG
E-3 GTGACCACCCTGACCTA

uU-1 GTCAAGCATCAATATCAAGG
u-2 GCTCATGGTGTCATTGGTAG

E:pP#% EGFP B#~U: pH 5 Ura3 &7 -

E: targets on EGFP sequence, U: targets on Ura3 sequence.

31
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+ ~ EGFP ## [ $rmin

FRE - HEEN AT MET2 5 23 A% 02 A%t KARBR
v 5 EGFP 2 GAP fx#+ % B % %] > 4 Primer Expressv3.0.1 #-%f MET2
% GAP fate 3 # F% 343513 METQF ~ METQR ~ GAPQF 2 GAPQR (% =)~ 14
NautiaZ Bacteria/Fungi DNA Extraction Mini Kit (NUATIAGENE) i B~7 4 $x 2 #&
A5%k genomic DNA » % PR 1 T 5 09 0 #% P &4 712 1Q2SYBR Green Fast
gPCR system (Bio-Genesis) :& {7 real-time PCR > PCR & &pe= 5 5 uL genomic
DNA ~ g & 513 & 1uL (4 uM) ~ 10 uL 1Q2 SYBR Green Fast qPCR system ~ 4 -k T
20uL-PCR #%3 ix & 5 195°C3 A 4hfs:&f7 40 Pk« 95°C5 /4% 65°C30 #)°
BTE A FReE L B E R Ct BB LA AT LY Mo B Ct B
A3t 156 3 25 2 B K o 4RI A T 8 S B D o - 1R AT (GAP

) 54 AT (MET2) v @515 AFRHEE o AR HEL - o

\“4«

A1 T8 R T A bR g B DT

q_

32
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= ~Cas9 v FiR
1. %40

B tk4x3) 7 3mLYPD 2% A2 3 F o 30°C-250rpm B & 24 /] pF
6 ®pFiR4EF 7 100 mL mBMGY 32 % 2 500 mL 48255% > ¢ ¥ ODeoo =
0.15> r4 30°C ~250rpm 3 & 24 /| pFfs > 12 30009 e~ 5 ~4&icE M0 &
12 20mLmBMMY w3 ARE (S 0 igw 250 mL 48A5HE 0 PR 4t ~ 1% R

SARAEIUFRE 2 PR & 1% 7

2. BLE
13000 g #e 5 A 4ic B iR S 0 MR EE B (50 MM NaHzPO4 pHT7.4,
1 mM PMSF, ImM EDTA, 5% glycerol) % — = Fa8 i 12 % &8 4 2L 5% e v 73

JB;]"*Q,J‘}‘;‘] E % «Pf#“lﬂ)@ﬁ‘]*ﬁ @‘:’\"}”%wﬁ"&?é v FiR 84~ PMSF > 3%

4°C 12 120009 #r 15 A4 b s T A ALE S A g

3. B R4 T 4 (SDS-PAGE)

YR R T R I R 0 X T0% P RS Faco Rk A 4 B
oo R AEERRR 3 99°C F 10 A 4815 B0 4°C & % o MpIgfe i K4
fspe T A 6% SDS M G ARA MR AEE » Ty ¢ 20w 100% B AR T
ed o FRFSEE 5%SDS P fARl BRI g LR IR 4
B TSR * o B P X E = T A4 (Mini-PROTEAN 3-cell, BIO-RAD) »
AR R 4o~ Tris-glycine SDS §a %} % e 1 &% > T AT P 4 4o~ Tris-glycine

SDS Mg 2 ARINTRB R o B FHAZr S faffp e > A 70V 55

33
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BREARES - ER 2 BEES 120V B3I 0 TR AE R A %Y

fgimak » 00 CBR %4d 28 d > S 8224795 o
(1) Coomassie Brilliant R- 250 (CBR) % ¢ /% :

B EE~ CBR 24 % 30 #4802 6 ¥ P2~ CBR ¢ & 30 ~ 45>
BaEsd s B IRt o g RER PR o
(2) & > & 22 (Western blotting) :

B oz g 5 A4 ¥ bz 045 uym PVDF # &
(PerkinElmer) *+ 100% ¥ f# 10 ~ 48> > e S ? d T &I f Rk B3l /5
WA ~PVDF B LS IR e T B & P B T2 o B B AT

v BN (BIO-RAD) ¥ %de r fER K p 3k A B 0B - S

-

AT - kg o RSB KRB ER TRERER L TR 400
MA e 2 | pF o g Erx & 2 PVDF %5&2 % gelatin-NET 2827 1 /] B>
r PBST % fejk jf % = =x {8 %@ v 1 gelatin-NET #f# 20000 % 2 anti-
CRISPR-Cas9 antibody [EPR18991] ab189380 (abcam) % /F 2 @F it* 1 | p& > iU
PBST i ik jj-ie = = {2 je »t 11 gelatin-NET 7% 100000 # 2 goat anti-
rabbit 1gG Horseradish peroxidase (HRP) conjugate 8 2 i** 1 -] p& > 12 PBST
¥ Wk ez =0 is 4o » X Western Lighting ECL (PerkinElmer) » & 12 pe 9% % ¥

(BioSpectrum 810 imaging system, UVP) i p] ~ 4a & -

SDS-PAGE #Ap R 2 5% = & 73t 4 = o

34
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> ~ERp ’T’F fipt=") 48 3 & (SDS-PAGE) #p i 2 5% = &

Table 6. Composition of reagents related to SDS-PAGE assay

|d
S

E

™ A

SDS-PAGE "4 7 i

200 mM Tris-HCI pH6.8, 8% SDS, 0.4%
bromophenol blue, 20% glycerol, 400 mM 2-

Mercaptoethanol

T 6% SDS B 4 fies 4

375 mM Tris-HCI pH8.8, 6% acrylamide, 0.1%

SDS, 0.1% APS, 8*10% TEMED, 53% ddH-0

5% SDS F([ f fie & - 48

125 mM Tris-HCI pH6.8, 5% acrylamide, 0.1%

SDS, 0.1% APS, 1*10°% TEMED, 70% ddH-0

Tris-glycine SDS §& *} i b=/%

25 mM Tris-Base pH8.3, 250 mM glycine,

0.01% SDS

CBR % ¢ ;2

CBR % ¢ %

0.5 g coomassie Brilliant R- 250, 50%
methanol, 9% acetic acid, 41% dH->O

CBR % d %

10% acetic acid, 20% methanol, 70% dH,O

Western blotting

R

25 mM Tris-Base pH8.3, 192 Mm glycine, 10%

methanol

Gelatin-NET (1L)

6.05 g Tris pH8.0, 2.5 g gelatin, 0.5 mL Tween-

20, 8.75 g NaCl
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PBS ¥ %

4.3 mM NaHPOg4, 1.47 mM KH2PO4 pH7.4,

137 mM NaCl, 2.7 mM KClI

PBST % i

PBS % % 4 ~ 0.2% Tween-20
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#- poly-lysine % F 4 5 5% 20 A 4isvnd ~ bz #3458 Cas9 £ 3
RSz FRmaA S 10 248 0 3L Fik o P8I 6 3L dEe(T o 2 PBS ¥
g i o de » P EEiE T 10 A 4815 PBS iR ik = 0o 4o~ 7 yticase
2 sorbitol 3 @ >t 30°C f¥* 30 4 4his 4 PBST ¥ ik ;5 = = - gelatin-
NET &% 1 ] prisrr PBST & g jie= = > 1202 gelatin-NET 4+ 2000 #
2_ anti-CRISPR-Cas9 antibody [EPR18991] ab189380 (abcam) i® * 1 -] p¥{& 1u
PBST it ;i = =0 » 144 gelatin-NET ﬁ%—% 2000 & 2 anti-rabbit Alexa Fluor
594 conjugated antibody A21207 (ThermoFisher) i®* 1 -] pris 2 PBST 3 ik i
= = > 12 DAPl 24 (5pg/mLinPBS i fim) i£* 15 A 451512 PBS % fimn
gorz o BWirglt Y mt gl Y F L 10uLPBS ek 0 F EITE2Z FR P

Mg Tk At o Ik e B R McsL (Leica TCS SP5, Leica) BL% ~ B4R -
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A~ sk TR
1. s mie R

Wb Cas9 2 3 A LRI 3mLYPD A ARE Y o
ODewo 5 015 3% 2 = 5 Firdc o A8 > 2 PBS ¥t w3 F#l - ¥ %
FR #f8 1 ODeoo 7 0.04 (P.pastoris &k & 5 2*10°) = w5t mve &k (BD
FACSCanto Il, BD) 4 %] B 95 4 $k % #2544 d F kg ¥ kng i X #o

Flics Y iRl T @I ARE KRR R DA G

2. ¥ K HE

B s 3mLYPD 2 K F Y o ppF ODeo 3 0150 3% 2 < 1
Bt e o B AR 1 PBS e v M X MER AL ODeo f 5 1
%10 WL Fief Gqist v 1 0 F 0 E sk (5 ¥ kB Hcs (Eclipse E600, Nikon)
BT IR Ap S (Olympus C-7070, Olympus) 4p /& > =% 11 & 5 & &g dcss. (Leica TCS

SP5, Leica) #.% ~ PRAp o

38

doi:10.6342/NTU201702301



- ~ U6 ka3 B NER

\\\Xr

% RNA central = # 2 P. pastoris U6 spliceosomal RNA #& 7|
(http://rnacentral.org/rma/URS000069005A/4922) » +* ¥+ 3] NCBI + P.pastoris > £
15 71 (https://www.ncbi.nlm.nih.gov/nuccore/NC_012963) i~ % 3 » /L U6 £ 7]
5 =t 300 B DNA # # % (base pair, bp) & 7]iT 5 U6 kcd3F » A U6 4
5] 3 s 400 % DNA &€& A7 > A %0 B 88D A TR 5

SQRNA g o T .

5
aacatgctcatatgagtcgtttgtaacttctttaggctagagatagatttattctcaaacatctgtagattaatcgaaggggttggta
cttatcagtggtacattgatgtggtgtcagattttatgcaaccaaccaagaaagaactcttgattctgggaataagtttactttgagt
aagatttggtagcggcctactaacggcaacaaaactagccgttccatttggtaatgaattgatgtttcccgeccccaaaaaatag
tcccaatcagtatatatacaactttctcgaaaagctcaagtgaccaccctgacctagtttaagagctatgctggaaacagcatag
caagtttaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgcttttttigcagtttattttictttcacagtact
gaataaccgtcaactacacagagacgtatcgcttggccacctegtttctcttcaacagtgataattcagtacttgttgtectttettg
ctgggcagtatcaggttcgaggcttgtgttgtaaacaaatttcaattgttgcattcttagtatcttacttatctactacttcaaaaccag
atttttattcagtactacgattaaactgaacccaaaaggctaaattggtactgaaagtgtcgcattccgacagtatcctetgcetttcg
atagcgtactaaaatacggtctccaagtcttcttaaaatcatctataatcaaatatcatggccatcatcacattccagcacgatcct
gggtccattgctccttttct

3

Boe id e i UG fad 3 ~ 24 384 5 sgRNA~ F & 304 5 T % DNA #4r
€& 575 o1 overlap PCR #-= & PCR * KA #&H L (Be) 427 25

(http://multalin.toulouse.inra.fr/multalin/, BT ) > FEzL 7|8 ot e Fap 2 #5 o
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M U S D SD USD

bp
3000 —

1500 —

1000 —
800 —

500 —
400 —
300 —
2000 —

10—

Bz ~ U6 kxd+ ~sgRNA -~ U6 A F]7 25 F]# % overlap PCR &% % %

M : 100 bp ladder marker ~ U : U6 fz# <+ (300 bp) ~ S : sgRNA (109 bp) ~ D : U6
78 F]T AL F R B (400 bp) o

Figure 4. Gel electrophoresis results of U6 promoter, sgRNA and downstream of U6 gene
overlap PCR

M: 100 bp ladder marker, U: U6 promoter (300 bp), S: sgRNA (109 bp), D:

downstream of U6 gene (400 bp).
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1 10 20 30 40 50 60 70 80 90 100 110 120 130

1 1

U6-sgRHA  ARCATGCTCATATGAGTCGTTTGTAACTTCTTTAGGCTAGAGATAGATTTATTCTCARACATCTGTAGATTARTCGAAGGGGT TGGTACTTATCAGTGGTACATTGATGTGGTGTCAGATTTTATGCARC
sequencing ARCATGCTCATATGAGTCGTTTGTARCTTCTTTAGGCTAGAGATAGATTTATTCTCARACATCTGTAGATTAATCGARGGGGTTGGTACTTATCAGTGGTACATTGATGTGGTGTCAGATTTTATGCARC
Consensus ARCATGCTCATATGAGTCGTTTGTARCTTCTTTAGGCTAGAGATAGATTTATTCTCARACATCTGTAGAT TAATCGAAGGGGTTGGTACTTATCAGTGGTACATTGATGTGGTGTCAGATTTTATGCARC

131 140 150 160 170 180 190 200 210 220 230 240 250 260

1 1

U6-sgRNA CAACCARGARRGAACTCTTGATTCTGGGARTARGTTTACTTTGAGTARGAT TTGGTAGCGGCCTACTARCGGCARCARARCTAGCCGTTCCATTTGGTARTGAATTGATGTTTCCCGCCCCCARARARTA
sequencing CAACCARGARRGAACTCTTGATTCTGGGARTARGTTTACTTTGAGTARGATTTGGTAGCGGCCTACTARCGGCARCARARCTAGCCGTTCCATTTGGTARTGARTTGATGTTTCCCGCCCCCARARARTA
Consensus CARCCARGARAGAACTCTTGATTCTGGGARTARGTTTACTTTGAGTARGATTTGGTAGCGGCCTACTARCGGCARCAAAACTAGCCGTTCCATTTGGTARTGAATTGATGTTTCCCGCCCCCARARARTA

261 270 280 290 300 310 320 330 340 350 360 370 380 390

1 1

U6-sgRNA  GTCCCARTCAGTATATATACARCTTTCTCGARAAGCTCAAGTGACCACCCTGACCTAGT TTARGAGCTATGCTGGARACAGCATAGCARGTTTARATARGGCTAGTCCGTTATCAACTTGARAARGTGGC
sequencing GTCCCARTCAGTATATATACAACTTTCTCGARAARGCTCARGTGACCACCCTGACCTAGTTTARGAGCTATGCTGGARACAGCATAGCARGTTTARATAAGGCTAGTCCGTTATCAACTTGARAAAGTGGL
Consensus GTCCCARTCAGTATATATACAACTTTCTCGARAAGCTCARGTGACCACCCTGACCTAGTTTAAGAGCTATGCTGGARACAGCATAGCARGTTTARATAAGGCTAGTCCGTTATCAACTTGARAAAGTGGC

391 400 410 420 430 440 450 460 470 480 490 500 510 520

| 1

U6-sgRNA  ACCGAGTCGGTGCTTTTTTTGCAGTTTATTTTTCTTTCACAGTACTGARTARCCGTCAACTACACAGAGACGTATCGCTTGGCCACCTCGTTTCTCTTCARCAGTGATAATTCAGTACTTGTTGTCCTTT
sequencing ACCGAGTCGGTGCTTTTTTTGCAGTTTATTTTTICTTTCACAGTACTGARTARCCGTCAACTACACAGAGACGTATCGCTTGGCCACCTCGTTTCTCTTCARCAGTGATAATTCAGTACTTGTTGTCCTTT
Consensus ACCGAGTCGGTGCTTTTTTTGCAGTTTATTTTTCTTTCACAGTACTGAATARCCGTCAACTACACAGAGACGTATCGCTTGGCCACCTCGTTTCTCTTCAACAGTGATAATTCAGTACTTGTTGTCCTTT

521 530 540 550 560 570 580 590 600 610 620 630 640 650

| |

U6-sgRNA CTTGCTGGGCAGTATCAGGTTCGAGGCTTGTGTTGTARACARATTTCARTTGTTGCATTCTTAGTATCTTACTTATCTACTACTTCARRACCAGATTTTTATTCAGTACTACGATTARRCTGARCCCARA
sequencing CTTGCTGGGCAGTATCAGGT TCGAGGCTTGTGTTGTARACAARTTTCAATTGTTGCATTCTTAGTATCTTACTTATCTACTACTTCARARACCAGATTTTTATTCAGTACTACGATTAARCTGAACCCARA
Consensus CTTGCTGGGCAGTATCAGGTTCGAGGCTTGTGTTGTARRCARATTTCARTTGTTGCATTCTTAGTATCTTACTTATCTACTACTTCARRACCAGATTTTTATTCAGTACTACGATTAARCTGARCCCARA

651 660 670 680 690 700 710 720 730 740 750 760 770 780

| |

U6-sgRNA AGGCTARATTGGTACTGARAGTGTCGCATTCCGACAGTATCCTCTGCTTTCGATAGCGTACTARRRTACGGTCTCCARGTCTTCTTARRATCATCTATARTCARATATCATGGCCATCATCACATTCCAG
sequencing AGGCTARATTGGTACTGRARGTGTCGCATTCCGACAGTATCCTCTGCTTTCGATAGCGTACTARARTACGGTCTCCARGTCTTCTTARRATCATCTATARTCARATATCATGGCCATCATCACATTCCAG
Consensus AGGCTARATTGGTACTGARAGTGTCGCATTCCGACAGTATCCTCTGCTTTCGATAGCGTACTARARTACGGTCTCCARGTCTTCTTARRATCATCTATARTCARATATCATGGCCATCATCACATTCCAG

781 790 800 809

I 1

U6-sgRNA CACGATCCTGGGTCCATTGCTCCTTTTCT
sequencing CACGATCCTGGGTCCATTGCTCCTTTTCT
Consensus CACGATCCTGGGTCCATTGCTCCTTTTCT

BT ~UB fcds = & F14 laese
U6-sgRNA : Ff #1242 it 1 U6 ficds+ fads SQRNA #45F 71 »

sequencing @ T_A B % o

Figure 5. Confirmation of the sequence of isolated U6 promoter
U6-sgRNA: expected sequence on plasmid that using U6 promoter to drive sgRNA

transcription, sequencing: result of sequencing.
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= ~ Pichia pastoris #&354k &% 2 rE3R

AR P & R G E AR (S > #P~ genomic DNA # it {7 PCR» i&- %
FEwe B A FHE ~ A5 (Bl ) »t et msuenf& A4k G - i ~ pGAPZA-EGFP
Bz g5k % NEAREF AT D Blr-a T OAANTA dE 2tk 2 EGFP < )
PEOT aEARY 5 Ao A B E 3 EGFP A %] % » pPIC3.5K-Cas9-U6
Fads 3 -sgRNA Fra2 #754k » 3 3 2% CRISPR 4t i# » pPIC3.5K itz
AR (T3 F R dle ¥~ pPIC3.5K-Cas9 iz A4k > (T3 7 € 230
Cas9 Hv Fzirdle 2T W= > 1313w 15A0X F v tHIS 73 Cas9
B0 FARATFIRFIZEr SR HA VBB 2L G Cas9 AFE Rl §
I 5055bp 4 ) R B EFEP ARG PR 954bp ¥ g 0431 8 % CasFe
F w 1ScaR iE- Hrrant U6 fads+ £ 3R sgRNA z_4p M AL Flendd » » B % &7

R X FF U6 i+ fad sgRNA & 45-4p B A FI46 ~ A ¢ 41 3R 5397

bp 4] B E > FEREEEF PCR> o Bl= 7 L= 24 A FI R 4oif 8 o
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kb

0.75

bl23456789lOllI2Ml2345678910I112

W+ PCR FEGLP 4k B8 » 17 1

a. F23% genomic DNA 2 34 B~ ~ sx3t EGFP (720 bp) 2 Fl4& » #2354k
M : 1 kb ladder marker ~ W : ¥¥ 4 tx genomic DNA # B ~Wp @ 2% 4 $x

genomic DNA % f#ics=<$+ EGFP & PCR ~ 15 i » pGAPZA-EGFP F %82 #2)
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tx genomic DNA B~ ~ 15p : 1 #& 354k genomic DNA = #x ¥ EGFP &

PCR -

b. F&zn Cas9 ~ sgRNA 4 F)46 » 354k - L B¢ 5 PCR 2%

M : 1 Kkb ladder marker ~ 1-10 : i¥ »~ pPIC3.5K-Cas9-U6 kz#-+ -sgRNA & 2
A4k ~ 110 i » pPIC35K Fraz 254k ~ 12 1 i¥ » pPIC3.5K-Cas9 # 482 #7)

e

Figure 6. Confirmation of genes insertion by PCR

a. Confirmation of genomic DNA extraction and EGFP (720 bp) insertion.

M: 1 kb ladder marker, W: wild type genomic DNA extraction, Wp: wild type genomic

DNA PCR for EGFP, 15: transformant with pGAPZA-EGFP insertion genomic DNA

extraction, 15p : transformant genomic DNA PCR for EGFP

b. Confirmation of Cas9 and transcription of SgRNA gene insertion. Figure was the

results of PCR on agarose

M: 1 kb ladder marker, 1-10: transformants of pPIC3.5K-Cas9-U6 promoter-sgRNA

plasmid insertion, 11: transformant of pPIC3.5K plasmid insertion, 12 : transformant of

pP1C3.5K-Cas9 plasmid insertion.
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= ~ U6 fads 3 ers i iR
# B~ 254k RNA > % gene specific primer & {7 F #4515 » 11 F &2
CDNA Z # 5 fix » 44 4F sgRNA 27 PCR» B {7 T AL $7(s » ¥ ,u—g,—

Jf’

=

)

4 % SORNA 44 7] (12 U6 gt + fed> sgRNA #4F) 2 #7547 11 4 7|
100 bp (% %+ 1 5 109 bp) fuf M A EHF (=) togt A w55 8- FiEs
G3CU #7jskit (Frpin > % U6 fas 3 fad L4 st ar » 2 7 0% kfgsr

sgRNA -
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M WT G G3 G3C  G3CU-1 G3Cu-2 N

bp

200
100

Bl- ~PCR sEzu#& ;38 SQRNA # R

M : 100 bp ladder marker ~ WT : 25 4 tx ~ G : i¥ » pGAPZA-EGFP # t#2 #& 7
th ~ G3: i# » pGAPZA-EGFP ~ pPIC3.5K F iz #=54k ~ G3C : ¥ »
PGAPZA-EGFP - pPIC3.5K-Cas9 # %82 #7574k ~ G3CU-1,2 : i¥ » pGAPZA-
EGFP - pPIC3.5K-Cas9-U6 fxts+ -sgRNA Fra82 #254k ~ N @ 10-kiF 5§ 354
Figure 7. confirmation of sgRNA expression

M: 100 bp ladder marker, WT: Wild type, G: Transformant of pPGAPZA-EGFP plasmid

insertion, G3: Transformant of pGAPZA-EGFP and pPIC3.5K plasmids insertion, G3C:

Transformant of pPGAPZA-EGFP and pPIC3.5K-Cas9 plasmids insertion, G3CU-1,2:
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Transformants of pPGAPZA-EGFP and pPIC3.5K-Cas9-U6 promoter-sgRNA plasmids

insertion, N: water as template of PCR for negative control.
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r ~ EGFP # b $urin
P. pastoris ¥ 4 k¢ > MET2 % GAP jx#+ A FlengE [ fie'd 5 1o it

MET2 5 %4 A F v kAR BREY F o3~ €4 HH S0 Bz GAP

*
»
=
ju_rr

AR R E S U e S e A L AR LT AR o

A

BRI oK Ct ER BRI EHL B FXFHREF - LA LR

Jir

X AN E S F R BT AR genomic DNA e B~ (B2 ) o 7 5

GAP fcf> 3 A Flz 2B #3550 MET2 A% % 0.66:0.12 &> > o » FH 4

b

21 g

=
5

HREERRIBF A E ARG LMLE R R R B0

-nv\«

kR Bt 2 BRI E L 1o TG - >0 GAP fads 3 frde EGFP 2 A
T~ #2535 genomic DNA ¢ o gt 2 % 3 [ 18 F 40 (7 % KPR E 2B A 70
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I ~Cas9 v 4R

et 1% U A 3 X 2 WA RkELEF > 17 6% SDS-PAGE (11 12 pL #
S-Ea 7)o v 8 marker 0 F G & IR Cas9 F-v B2 #Aj3% (G3C ~ G3CU ~ U-1 -~ U-
2~E-1~E-2)» pl ¢+ 130kDa 2 180 kDa 3 P A is4 (Bl ~)> 2 # 4 Cas9
F-0 FEpg <] 160kDa> F 22 &3 Cas9 Fv FAF2 T4 552 €5 (G-
G3-G3U) > Bl # €7 s 4 o it~ % 17 anti-CRISPR-Cas9 antibody [EPR18991]
ab189380 (abcam) & {7 Western blotting (*2 10 uL 4% %8 %%) > F $** 160 kDa =
| R POREE > FEIR EF /Y 5 Cas9 Fv B (ML) e

Fobo JI* LB A EERFAE Cas9 v FAIR 3 X162 G3CU #25k
wmiz h Cas9 Fev A M2 Aizd §Fko @It DAPI Miwie i & 4 ¥
ko UEpEE Y RBEMABRE o 27 %% DAPl ¢ R 4 EI Pk
MR odd Plipm FRwoed B9 AP P Cas9 2MEF ¥ §:&r ¥

(#-+) -
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M WT G G3 G3C G3CU G3U U-1 U2 E-1 E-=2

kDa
180

Cas9
160

130

B~ #3554 % 3 X 6%SDS-PAGE CBR #.¢ &%

M : Protein ladder #26616 (Thermo Scientific) ~ WT : ¥ 4 tx ~ G : i » pGAPZA-
EGFP F#82 #454k ~ G3 : i » pGAPZA-EGFP - pPIC3.5K F 1 2 #& )4k -
G3C : i » pGAPZA-EGFP - pPIC3.5K-Cas9 482 #;+k ~ G3CU : ¥ »
PGAPZA-EGFP - pPIC3.5K-Cas9-U6 ks 3 -sgRNA 482 #254k ~ G3U @ i »
PGAPZA-EGFP - pPIC3.5K-U6 fx#>+-sgRNA & 482 #254k ~ U-1 -~ U-2 - E-1 ~

E-2: F G3CU:> & sgRNA 72 (%£I1)-

Figure 8. Transformants after 3 days induction on 6% SDS-PAGE after CBR staining

M: Protein ladder #26616 (Thermo Scientific), WT: Wild type, G: Transformant of

pPGAPZA-EGFP plasmid insertion, G3: Transformant of pPGAPZA-EGFP and pPIC3.5K

plasmids insertion, G3C: Transformant of pGAPZA-EGFP and pPIC3.5K-Cas9

plasmids insertion, G3CU: Transformants of pPGAPZA-EGFP and pPIC3.5K-Cas9-U6

promoter-sgRNA plasmids insertion, G3U: Transformants of pPGAPZA-EGFP and
50
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pPIC3.5K-U6 promoter-sgRNA plasmids insertion, U-1, U-2, E-1, E-2: Same as G3CU,

but different sgRNA (Table 5).
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M WTr G G3 G3C G3CU G3U U-1 U2 E-1 E-=2

kDa Cas9 -
180 —160
130

B4 -~ #&A53K3% % 3 = 6% SDS-PAGE Western blotting 4 ¢ % %

" Fikl ab189380 (abcam) & - {233 Cas9 F-v H 5% % o M : Protein ladder
#26616 (Thermo Scientific) ~ WT @ 7 2 & ~ G : ¥ » pGAPZA-EGFP % %82 # )
tk ~ G3: ¥ » pGAPZA-EGFP ~ pPIC3.5K F 482 #&2j4k ~ G3C : i% »
PGAPZA-EGFP - pPIC3.5K-Cas9 % %82 #7/4k ~ G3CU : i¥ » pGAPZA-EGFP -
PPIC3.5K-Cas9-U6 fxd-+-sgRNA & 482 #2)tk ~ G3U : i¥ » pGAPZA-EGFP -
PPIC3.5K-U6 fx#>+ -sgRNA F 8z #A)tk ~U-1~U-2~E-1-E-2: F G3CU >

# sgRNA 2 F (% 1)-

Figure 9. Transformants after 3 days induction on 6% SDS-PAGE after Western blotting

Using ab189380 (abcam) to detect Cas9 protein. M: Protein ladder #26616 (Thermo

Scientific), WT: Wild type, G: Transformant of pPGAPZA-EGFP plasmid insertion, G3:

Transformant of pPGAPZA-EGFP and pPIC3.5K plasmids insertion, G3C: Transformant

of pGAPZA-EGFP and pPIC3.5K-Cas9 plasmids insertion. G3CU: Transformants of
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pPGAPZA-EGFP and pPIC3.5K-Cas9-U6 promoter-sgRNA plasmids insertion, G3U:

Transformants of pPGAPZA-EGFP and pPIC3.5K-U6 promoter-sgRNA plasmids

insertion, U-1, U-2, E-1, E-2: Same as G3CU, but different SgRNA (Table 5).
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10 pm

B+ ~G3CU #2jzkA ¥ 3 = Cas9 F-v Fiexid |

(@) UV filter » 5 DAPI % m*s 1% - (b) greenfilter » 5 Cas9 Fv Fa A% ¢ (c) ¥H > HFdph » P& -

Figure 9. Detection of the nucleus entry of Cas9 of transformant G3CU after 3 days induction

(a) UV filter, to see nuclei dyed by DAPI. (b) green filter, to see Cas9 dyed by immunofluorescence. (c) overlap. The white arrows pointed out the

cell which Cas9 nucleus entry was obvious.
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~ 3 sk R
1. Ve ik

BRI Ew A PBS Bt it e kA4 (B - )0 @R wild
type 7 §F NG FRZ AR gF NI FRZHE KR G Pk PL L

% d 3

“L':-

KFREZ®RE o ¥ hRE e gl s F R @A o ¥ g 3] wild
type = Pl BRI ZE AL A EFNH LG A PL R ML EH
MFRG3CU #EA kA4 A BHEET-H Y - BEITEN PL RV - HE
PL % & =i > 3 FFE"HN4pF > P CRISPR/Cas9 i e F ey 5
50% - G3 % 7 B A4y 412 ~G3C~G3U % ¥ 737 — & CRISPR/Cas9 & stz 47+
oV kg SR 272 23 CRISPR/Cas9 B 5 »# fc G #A53%k ; U-
1-U-2E-1-E-2 % 7 7 =% CRISPR/Cas9 )i sir& sgRNA 7 2 #& 33k (%1 )
HAo#w4e G #23kl > a2t 4 7% sgRNA ¥ % ¢ % EGFP & {7 %ifkm §2 584

;IC‘A o

Mer A ER D RGP Y PR FR Y RE S 400 1k R SRR
E4p 8 (OLYMPUS C-7070) % 2 fiiedk (BlL =) ¥ UV filter =+
g 3| 2380 Popastoris » @ bluefilter &% 4 3§ 22 EGFP %4 ¥ k2 P,
pastoris > ¢ A % » CRISPR/Cas9 s %z #3,4k G 2 ¥ » = & CRISPR/Cas9 %
Ho 354k G3CU i > 7 5 41 245 et AR R & G3CU 7k
LR R RER PRI RS YRR b - Ta P HEDFY ¢
Ak Ra G3CU #AIRT BRI 5 B3 ¢4 kenFt > £ <87 CRISPR %

5w (FlL=)e
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BlLt- @B E 3 1 s 2 T8N ee R RESE
X phiEGFP § %5 & vy phifmeedic ~PL: 2474k G 2 B % TA N L2 PR FEMER 10° Bz - (@) Hpl wildtype
P.pastoris = &% « (b) #i#l G WAtk % «(C) Wirl G3 WAk % < (d) # k) G3C M4k % « () Wirl GICU #Ajthe
% o (f) Bipl G3U #Ayth2 % o (0) @il U-1 #2542 % o (h) R U-2 #2542 %% o (i) #Rl E-1 #A4k2 B% - () ©
Bl E-2 HAthe B o

Figure 11. Results of flow cytometry of transformants after 3 days induction and 2 days subculture

x-axis : Fluorescence intensity, y-axis : Number of cells, P1 : Cells with EGFP, reference of the result of transformant G. Each figure showed 10*
cells. (a) wild type P. pastoris. (b) transformant G. (c) transformant G3. (d) transformant G3C. (e) transformant G3CU. (f) transformant G3U. ()

transformant U-1. (h) transformant U-2. (i) transformant E-1. (j) transformant E-2.
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10 um 10 um

C . d

10 um

Bl ~#EUkFHE 3 X s8R 2 XY REREVRES
FEEL G #EAGKREAART (@) 3 UVilter 227 (b) > Blue filter 2.+

T L G3CU A4 HkFART (C) > UVilter 2= (d) *t Bluefilter 2 = » & ¢

T

BB T At e 41t () ¥

Ve N F R e PR A

s

Ty
ﬁ"/ o

Figure 12. Results of fluorescence microscopy of transformants after 3 days induction

and 2 days subculture

Up : Transformant G under same vision (a) under UV filter, (b) under blue filter
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Down : Transformant G3CU under same vision (c) under UV filter (d) under blue filter,

red circles marked the region for investigation that in contrast to (c), there were fewer

cells than total cells.
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Btz @ RFE 3 2 B2 R 2 TR P LY REREERESE
AT % F Ry ® o (@G #A54k - (b) G3CU #)tk > = Bla? ¢ 17 22 #A54k -
Figure 13. Results of confocal fluorescence microscopy of transformants after 3 days induction and 2 days subculture

Figures were the results of the overlap of the same vision under bright field and blur filter. (a) Transformant G, (b) Transformant G3CU, Red

circles indicated that there were some transformants without EGFP showed.
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Supplementary figure 1. The mechanism of CRISPR in prokaryotic cell

Stage 1: When the virus attacked the bacteria by DNA insertion, there were chances that
the survived bacteria would digest small fragments of vurus DNA and insert the
fragments into its own genome, which called CRISPR locus that contained many virus

naturally of nurturally.
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Stage 2: The transcribed RNA contained different virus fragments which called

CRISPR RNA (crRNA) would guide Cas9 protein.

Stage 3: When the virus attacked again, the crRNA would guide Cas9 protein to digest

the virus DNA into piece accordingly so that the virus could not affect the bacteria. The

bacteria were immuned by CRISPR/Cas9 system.
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Cas9 programmed by crRNA:tracrRNA duplex
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Supplementary figure 2. Combination of crRNA and tracrRNA to be sgRNA

The combination of crRNA and tracrRNA in upper figure was so-called sgRNA (chimera

in figure below).
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