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T H W X E AR HK E/Cas9 & & 'H A % (clustered regularly interspaced short palindromic repeats/Cas9;
CRISPR/Cas9) &t F R ez KA MGHB M > FABMAR D RA R EFTARANTEZH LT
Ao HILAITRAAEFEA BB BETERH TR AAEREEIARALHH R KOREEINFSE - AA
AT IR B S B RS 09 SR HASRAE o B ok 0 ABTREN AN (Cucumis melo L) 152 EZHA - ¥R
RAFMEYRERRZH TS LB A ELTIE2% - B # A #KNAEZEFARE B F 4E (eukaryotic
translation initiation factors 4E; Cm-elF4E) Vg 42 a9 KA - A ER RA T EYH R A A & - BTNk
Z ARG HETE - BRET > BORATNEYMEARAKREIANTR AR 2 AL R % E RNA (guide
RNA; gRNA) 2 3k [ 4 #3588 » 38 4+ % Cm-elF4E 35 A 4 # [& 3% 47 polymerase chain reaction (PCR) #%3§ &
BREE R > P TRk By AR MBHEERZ 135bp A E AN HERR - MREANE— B E RNA i
ATRRAGHEITEAZ P EREBMBRIEZ BRI » TR TA EAAZFAETERAHBE M - T MR
VERTHEAN  WHARE - RARTESZIHARAETWEYRERRBAAL BT ThESWHES
RNA #H# R AR AR ZHEHAR  FIELEGESHAREATRSARALFEOERAHM  ERTHES
BRI EFEZIER -

BRS¢ JRAEERG © NG - B RNA - BTEZEEREL0N T 4E -

CRISPR/Cas9 F %52 RNA (guide RNA;
gRNA S fHE —Z 2 RNA >single guide RNA;
sgRNA) K Cas9 & H'EFT4HRL - CRISPR 73]
B 5H Ishino er al. (1987) 1F A5 th 25
(Ishino er al. 1987) » EIE{E FH I K i A AILE
AT 10 SR 2B BHEE - H AT A1 CRISPR £ [

[l

BY

MR R B B IR RIS - Y
FIEEYB IR Z AT KB EET > BRERL
AR - FTREAE ~ PR R Bl BT R H ATE N
W92 07 19 e ERAE o (0] SCE AR 51 36 £/ Cas9
EH'E 24 (clustered regularly interspaced short

palindromic repeats/Cas9; CRISPR/Cas9) £ [A
AR A T F AR R AE AR
EAThEE - HARB DU YRl 2 116 5 &
ffH > ER\EFSIEAIIASHETE - B
R N5 5 8 R Rk R R FE AR SRR BT
Frit e R P R E S — -

JREAE A B AR B R RS 2 A HERE
& 1& CRISPR 751 K Cas & H AN » 77 Al #E 5k
crRNA FiBE%) (preCRISPR RNA) - trans-acti-
vating RNA (tracrRNA) [ E#H:2 (translation) H
Cas 'S - 347 crRNA &7 8 tracrRNA &
Cas EHE K BB INEEN crRNA-tracrRNA-
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IS A T B A 5 A 207

Cas HEHE  EWEREAZMBENA - gt
HI%7E crRNA BEEEE #S DNA » i 5[ &5k
fE Cas IZBL G 1E I B G DNA B3 » [ 2 5|
P i By T R LIRAZ2EY) crRNA K tractRNA
THEE1RGEIER > Jinek er al. (2012) #3271 F
252 (linker loop) i crRNA K7 tracrRNA ##4%
TE— e A gRNA » 3 58 B H I 5E B crRNA-
tractrRNA #H[E] » 7[R I & {k CRISPR/Cas9 £t
R4 T 5 - 1 B 1E 7] #] A CRISPR/Cas9 %
SAEEZAEY) FRAIZEAE 2013 FFHER 3 {EE
£ B 5 E (Cong et al. 2013; Jinek
et al. 2013; Mali et al. 2013) °

WATHRME | > gRNA R 7 AM HIEFR
PGSR BB R A N R RS A R
BE (off-target) 125 - B EFH LB R &R
Z o0 o BT I E e B A B — gRNA #E
TTER YRR 1] 15 R [E L Ze S aE R > B4 ¢
lim BL 4 A (insertion) ~ 28 (deletion) ~ BH
(replacement) T # & (combined) &I 5 [ 4
TP R I — g A S A AR (
Pa (a7 ~ S R E N A S EE R 65.9 ~ 51.0
J2 40.9%) » 10 {3 fig S B A R > K
FBRBR A (100 DL R ds ARGl k) R R B AR
(Feng et al. 2014; Yang et al. 2017; Zhang et
al. 2020) o BE—fig 7 4 A B K & i R A% Ik
HE T FE FL 3 (premature termination/stop
codon) THEFEZESE (frameshift mutation) #E[f]
(e EL B i o S e S AR SR AR BUE R RK
BE O E A IEE R M ZFE RS (knock
out) R - ZAIM » B — gRNA Z A NGRHIIA
—EMRE DL 3 AU B A s R B
FEA B FRFH IS (missense codon) BY[EFEZE
% (synonymous mutation) - [R5 A5 A BE FE
A B — g A 8 SR B R Y B I T RERY 2R
B E  HUA T AR A BN 4 4R e K B -
BATHRTERARAEREREEEEY » FK
BRI R BN I e A4 B AR - TR
o~ AT R8BSR - 5 B L — R R 4R
B 2GRV R A & R A RO R A
REHGRIE 2245 - [H4h > BIREE M EPE AL
4RI 90 » HRBEAE T, o T, AU B 228 HY [E]

B 72858 (homogeneous mutation) @ 25 EL4K1H

B s e EEg A ARG BRI RE
HIRE & BN 4R R 8 TE % - DUETT R R TIREAVIT
FT o I FH i A R 0 T 1 R B T 2 A P
TR R R - (2R R A ROt TR
6] gRNA 7 ELREGREEaTAL - H iR @ i 4
BEEALAS  WEEHR AR B RE
KER) (Lin et al. 2018; Meng et al. 2020; Wu
et al. 2020) - Z [t » A5EEHEH E— S N [H
P 2 {HAN[E] gRNA ARG AL 135 gkt
&hade > Wi R R —H 4 E #E (single protoplast)
4 B #2£ i 2 =, PCR (nested polymerase chain
reaction) 73 fT R ZEREF(H TSR - AT RO R
BREAL A A B R GRS R

Mk E

AEEM R

Kt bp 2 HEHER (Cucurbitaceae) 2 HH I
(Cucumis melo) 1E R4t » 5tBminfeE £ IRAN-H o
TEVIZ RSB B E T REN SR -2 35T H
B o fE TR 1-2 d T SRR ZE T -
BRELY 12 wkig - fHRAE R 2T 2-3 il -
BRI ERE R RS 4 -
[REBRB D

HNEER LLTT R UIE4Y 0.5-1.0 mm 451K
BEANEIE 2B Z5K (20 mM MES + 0.4
M mannitol + 20 mM KCI + 1% cellulase R10
+ 0.25% macerozyme R10 + 10 mM CaCl, +
0.1% BSA) 5 12 25T ~ /KEEZ% 40 rpm > 7
JEE 12-16 h - &8 27 F 2 FERGASH# 100 H44
BB e LA 100x g By 3 min - KR B
ERE U wash solution (WS) 4% (&%
(4.405 g L' MS + 0.4 M D-mannitol + 0.1 M gly-
cine + 0.51 mM MES) & 2 % - A floating
solution (FS) A% (4.405 g L' MS + 0.6 M sucrose
+ 0.1 M glycine + 0.51 mM MES) 958 &1% >
LL65x g s 10 min » Z18WHUR FE 2 778
FHEELE - I AW EEETRZ 0.5 M sorbitol 77
ARG 0 L 100x g B0 3 min » KRR
% REHTHY 0.5 M sorbitol % » DAMMERET
2% (0650030, Marienfeld, Lauda-Konigshofen,
Germany) #RFAEREE -
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[REBEREE T iEE
SRR AERBEER BB R 2-5 x
uLWlﬁi SR R 0.4 mL FAEE

%/@/Qéﬁi & 2 DNA (1 pg pL") f1 0.3 mL
polyethylene glycol (PEG) /A% (40% PEG 6,000 +
0.25 M glucose + 0.1 M glycine + 0.1 M CaCl,
« 2H,0) 9 EPRE - INEJRE 15 min 1% > 4%
g 53 mL mWS &K (2 mM MES + 154 mM
NaCl + 125 mM CaCl, + 5 mM KCI + 5 mM
glucose) HHENRAE » B 100x g B0y 1 min -
LB BB R - IIARTH mWS SR 50R G
EHT%E 24 well 55 » 4838 24-48 h {51
TTHTE SR EEA -

ERRITHERMEBE

G th 88 Ot KL A 3 B #8 pCAMBIA-Ubi-
ZsGFP g sl B P B YR flo 4 oy T B E
Bn = prgfit - BiR4REE#E#E fs FIFl CRISPR-
direct (https://crispr.dbels.jp) 48 5 5F 15 Cm-
elF4E R F%] (MELO3C002698.2) » i fi¢ i
BT E R 5 dual gRNA (+) 195-217 (5°-
TTCGATGAAAGCTACATCGG-3’) fz dual gRNA
(-)_341-363 (5-TAGTGCATCAGCCTCAC-
CCT-3") « DALt #EEE5 [+ F1_Bsal + tRNA
(5°-taGGTCTCAGGCAACAAAGCAC-
CAGTG-3") » R1_tRNA + gRNA1 (5’-taG-
GTCTCAGCTTTCATCGAATGCACCAG-
CCGGG-3’) ~ F2_gRNA1 + scaffold (5°-
taGGTCTCCAAGCTACATCGGGTTTTA-
GAGCTAGAA-3") ,R2_ Bsal + gRNA2 + tRNA
(5’-taGGTCTCCAAACTAGTGCATCAGCCT-
CACCCTTGCACCAGCCGGG-3) » HF|H
& B 2 pre-tRNA [ %1 (5°-AACAAAGCAC-
CAGTGGTCTAGTGGTGGAATAGTACCCT-
GCCACGGTACAGACCCGGGTTCGATTC-
CCGGCTGGTGCA-3") mfsEf it » LL98C 2.5
min > 98°C 10s ~55C 20 s ~72°C 15 s {FFE 30K »
72°C 7 min > &R P1 K P2 B - P1 K2 P2 2 PCR
FEYIFEH QIAquick Gel Extraction Kit (28706,
Qiagen, Hilden, Germany) #E{7T A 8i4li{k » 4l
1EFTiS: R EERIFFH Golden Gate Assembly (E1601,
NEB, Ipswich, MA, USA) 455 % pRGEB32

B70% 3

(#63142, Addgene, Watertown, MA, USA) e
(Xie et al. 2015) » i T [ W 7 1 58 e 571 4 22

% > @144 % B 5 pRGEB32 [Cm-eIF4E] [dual
gRNA] -

KRB CERRIR DT

MO R A4S RS I E A
pCAMBIA-Ubi-ZsGFP & fhs ol KL IR 22 T & 5
ZRAEE  UHE24h 1% - [RAEBERER
LA 100 #G 77 % 80 1 min > BER EIER - TIA
Hriy 50 uL mWSEIRE S » HL20 pL EHh -
W DLIE L8 L B %S (Axioskop 2 plus, Zeiss,
Oberkochen, Germany) 22 % {iti B 4% (45 O
BERFHIF -

BE-REBREDHNEER
’7_3\71‘)?

Y fmEEAE R

— R AR HE oy Bl R B R R iR &5 SR 0 A 7
%7@% Lin et al. (2018) &3 7 TN LG -
o A S T M B A H B 48 hi% 0 A
HRET e B E R - A mWS R R
FEE 1 cell pL™' o B 1 pL F%7% 7 JH 4B s
Aﬁz (Li%ﬂifﬁﬁﬁmu/ﬁ/ﬁtp = ﬁ 1 {lﬁiﬁﬁmzﬁi
) SO A2 PCRIAR P #E1THF PCR > 55—
K BEENE K FES [T+ B Cm-eIF4E (Chr.12) E1_F2
(5°-TGTACCACAAAAGGCCGACT-3’) k. Cm-
elF4E (Chr.12) E1 R2 (5’-ACATTCAAGAC-
CCACGACAAGA-3’) 5]F » E_X5|F F Cm-
eIF4E (Chr.12) E1 F1 (5’-CTCTCCATTCCA-
CAAAGCAC-3") & Cm-elF4E (Chr.12) E1 RI
(5’-GCCCTCACATTCATAATCCC-3’) 5| T »
M X PCR {6 {4 2L 98°C ~ 2 min > 98°C ~ 10's >
55C~30s>72C~ 1 min /¥ 302K » 72°C ~ 10
min #ETT H AR 7 B fERg - PCR EYILL 6% BN
S Bn e 528 (polyacrylamide gel) fF 0.5 tris-
borate-edta (TBE) &% 100 V ~ 70 min {4 T
HETIBRSE K - K&K % > & ethidium bro-
mide (BtBr) ¢ » FHEEF ultraviolet (UV) &

Fo B HG A 2 S AL 15 -

[REEREERTE DNA ZHURERRIEE
Y lpaxiil
R ARG E MR EACE 48 h B 1R - D
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100x g &0 2 min > EFR EERE - FIHEY
N4 ZEE &L (FAPGKO001, Favorgen, Ping-
Tung, Taiwan) ZEEUEEPR4 DNA - ZEEL Y K
40 DNA » F| ] Cm-eIF4E (Chr.12) E1 _FI fl
Cm-elF4E (Chr.12) E1 R15[F K Ex Taq & &
i Z &40 (RRO0IA, TaKaRa, Shiga, Japan)
fEN HER R Befg 0 DL 1.5% agarose B )7 734 -
BESEIKrHE BIER BTy - DUBRR R E
2H (28706, Qiagen, Hilden, Germany) #:{7 PCR
HIEEY 4L > 36 DL TA ZETEE 4 (45-0030,
Invitrogen, Waltham, MA, USA) #4li{ PCR
FEYIEETE A TOPO #(#5 - I #EITIZIGE 7 %
EFAIELE M7 (multiple sequence alignment)
SR -
HET DM

A5E 2 sl B (5 &€ SAS Enterprise
Guide 7.1 EHE4ET 77 AT RS HE 1T BT 7
(analysis of variance) » {75 g ¥ [ 75 B &
PSR (P < 0.05) » FIIFI /N3 72 F P00
B# (least significant difference test; LSD) #E{T
% PR R 2 S {E 2 LR

TR
REBBRREREICRNE DNA S 2
FRE RS EREIENERTE

R R R A B R R R 24 (B 1)
#E1T CRISPR/Cas9 A [N 4R R 45 RV A » R
'ERSEIE R R B s e 4 R - TR REE
FENT > BEAI 2 FAERBER - TTH
T Z EIEHR IR RGN R TREEDU RS
BERmEEGER - Frll o Rt hE R4 gk
BRI R ERGESUR - AEBHA AR =
FeHI TSR Z B35 (Zoanthus sp.) &k,
¥ 2 5L R & S pCAMBIA-Ubi-ZsGFP ([& 2A)
AETTETE RS - RS EE AT [F] R R B (E A
Fl gRNA = pRGEB32 [Cm-eIF4E] [dual gRNA]
#hg (8 2B) DAUEETT IR B NGRS AL -

A A g RS - PEG 8IE R 22 IR
AEREE2-5 x 10° (MR - Al 2 EESCER
(Huang et al. 2013; Burris et al. 2016) » F&f
fli B X EE TS R EREERBREREZ

FEE fAEHFEENGA LR ZIREER
B KM EBEGREE RS BERE
VTR 2 R AR BB TR 0.2 g MR
B (B 3A) > R4 48 R EHE E 5 or DU 5
HERAT R 2 3 E - FIEHREREERRE
FET » PEG EESCRIEE I A 2 ##8 DNA &
BT B R 5% B E 20% 0 W LUK
f120-30 pg ##8 & B A 2 RESCE (B
3B) ; FII A BT L B SR I 22 [ AR RS SN
Y EHER 2 IEFARE > BB K IE
FIH (B 4) - 81 > BRI & HEE DNA & &
EEE 40 pg > BIE AR KK > BURE S
DNA & EH A EREEA M E  itE
B IR 45 B 5T A B B R DL 2025 g fE By o AAk
TRES SRR -
ERFEAMERE gRNA ZREBEEE
¥ Cm-elF4E ERREE GRS
AWFE 2 gRNA BEHE Ly i % CRISPRdirect
WS Cm-elF4E ELRFF51] (MELO3C002698.2)
AT - BEEZ BT YIS AL Cm-elF4E
FRE —(JSMNETEEE (exon 1) » F—{E HEE
Felfir i e afr B R 15-37 (EigAH [&
protospacer adjacent motif (PAM) J£ %] 2 IF
f% (plus/sense strand) » 28 (BRI 725 161-183
{8 i = ¥ (& PAM 7 51]) 2 & i (minus/an-
tisense strand) - 75 I [5] I 2 A [ {18 R[] fi B
Z gRNA T H AR 751 135 bp Gtk o Ryt
R 53 7 [E] S 2 AR {8 R[5 gRNA #E R 2 Je
B LR o $1¥ Cm-elF4E BRI — (850
F1& By 2 i 4H 5|+ Cm-elF4E (Chr.12) E1_
F2/Cm-elF4E (Chr.12) E1 _R2 J Cm-elF4E
(Chr.12) E1 F1/Cm-cIF4E (Chr.12) E1 R1 >
@3 R By 2 PCR EY) 47 B FHEA O J& 15 732 bp
Je 564 bp 17 AR R ELE 2 135
bp G2 > RIIEE Z4H 5] 7985 2 PCR EY# o]
B225 429 bp FRHT (B SA) - RyhfEsd A 5B TH
WG FAREG ZEEFE.:EREERE
DNA %H{/% > bl Cm-eIF4E (Chr.12) E1 F1 &
Cm-cIF4E (Chr.12) E1 R12|T-#Eh HfEH &
G BES A % > B 2 (EfRT 5 i
JE 2 BER R 7S E R H AR SR o DU E S
TR EAER B o A Z2E 1 {ERT (& 5B) -
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{ Protoplast isolation ]

Leaves were cut into
0.5-1.0 mm strips and
digested with enzyme

solution a

B70% H3

Incubation for 12-16
hat25°C

3 min, 100x g

Protoplasts

<€

Count the number of
protoplasts by hemocytometer

[ PEG transformation ]

0.4 ml protoplast solution  |ncubate at RT for 7-20
(2-5 x 10° protoplasts ML) min and wash once with
+ mWS5 solution -

10-40 ug DNA ﬁ

+
0.3 mL PEG solution

Transfer the upper interface
to clear tube and resuspend
with 0.5 M Sorbitol solution

e

Wash 2 times with WS
solution

10 min, 65x g
Transfer the protoplast
solution onto the top

of FS solution

Resuspend pellets gently
with fresh mW5 solution

Incubate at 25°C for 24 h

1 min, 100x g

1. FAERGEMERREE R -
Fig. 1.
ylene glycol.

BEAN - Ryt — 20 R B BE — 5 A R A e ] e 2
AWEAE gRNA > w# HARE NG Bt
KFGHEER RN - BhE—FAEER Y
B 7505 ke Bt 5 #E 1T 85X PCR o3 Afr -
SARBUR 20 (R AEEREATD - 11 EEARE
W EIEHARA B > HA{E | A PCR EY)
fir s 429 bp AT (18 5C) > DALHEMG AR A
AR T 204 AT JE 1S 135 bp i BLdf2R4T 9.1% -
B — AL GIREERENGEGR
i [El 5B o 7 [ 4L AG 4T PCR g Bl 564
bp k2 429 bp (LB 2 2 {E{RTT > 73 5l 4E 8 B 4
[ElU ~ &i4b ke TA BEIEHR - EITRBRER - €
i SRR 564 bp (LB 2 fRT - FEHEHREE 8 (H

Flowchart illustrating steps of transient transfection in melon protoplasts. WS: wash buffer; PEG: polyeth-

A o 1 EREAEIRE | (ERERREA 429
bp i & 7 % - BEPRPREE 21 (A4 > BEE
B 135 HERBA IR S > HERR Z (T E S Al
Mefr BFREREE 32 B35 166 (#1%EH#k (18 5D) -

S

EVHEZEELEN T F EQEERE
HEZAYEARNA (mRNA) #EEHERETE -
HIE LB A HE eIF4E ~ elF4G - eIF4A (DEAD-
box RNA helicase) ~ PARP [poly (A)-binding
protein] 1 elF3 ZEH'E (Jackson et al. 2010) °
FEHEYTUREERT - SHHREEREEAS
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HERE R ETRENGIRNES Z PR EE
H) > R R 5 RUMEEE 2 (loss-of-susceptibility)
Hot eIF4E I elF4G FER¥ 7275 3% RNA #8132

(A) ‘\3 é(Q
T
Y E— 7
1 kb
(B) RIS R
09 O‘b NLS Oqu’
¥ DE )
/// ~~~~~~~~~~~ 1kb
’ | gRNA 1| |gRNA 2‘ b
tRNA | i tRNA | d
. omEER eommm

2. JERAE MR S EEE RS R
EE - (A) & L R TR A pPCAMBIA-Ubi-
ZsGFP ; (B) Cm-elF4E FN4rtH#E#S pRGEB32 [Cm-
elF4E] [dual gRNA]

Fig. 2. Schematic diagram of the transient expression
vectors in this study. (A) Zoanthus sp. green fluorescent
protein (ZsGFP) expression vector: pPCAMBIA-Ubi-Zs-
GFP; (B) genomic editing vector for Cm-elF4E gene:
pRGEB32 [Cm-elF4E] [dual gRNA]. Ubi_P: maize
ubiquitin promoter; OsU3_P: Oryza sativa U3 snoRNA
promoter; NLS: nuclear localization sequence; OsUbi
P: Oryza sativa ubiquitin promoter.

o1 3
@ EgL
: Ve ® AS e
~
O o »% o g AP 2
° 3 =~
o s )
? ¢ ‘oo g
-3 . of
he‘ L] -y 5\; <
@ e B o -
& aife g E
.«%ﬁu % \)} w.‘we &
% (S ¢ cﬁ“ *a ‘ 8 o
- e ) 0" ®

FRAEE R FTENRAER T M2 RE L E
ZHiE T EJRAVE S (Truniger & Aranda 2009;
Wang & Krishnaswamy 2012) - £ 5 A&7 oF >

0.05 0.1 0.15 0.2
Leaf fresh weight (g)

30.0
>
%)
& 250 | b
S
£ 200
[
c_ b,c
28150 ac
£
£ 100 }
g a
g 5.0
(=

0.0

10 20 30 40
DNA amount (pg)

3. JFUEERG oy B R R B R
(A) AEIFER fefE ] B AH SRR (n=4) 1 (B)
AR FI#AE DNA S EHEESR 28 (n=4) -

Fig. 3. Melon protoplast isolation and transient trans-
fection efficiency. (A) Protoplast yields isolated from
different leaf fresh weights; (B) effect of DNA concen-
tration on transient transfection efficiency.

4. FIFERSCE B R A E R a1 2 SNBPRE Bt EH ERIEBIY - (A) BIRE © (B) BIHE

coin 7 BE(Ok:coin 7

Fig. 4. Morphology and green fluorescent images of protoplast transient transfection. (A) Bright field image; (B)
bright field with fluorescent image; and (C) fluorescent image.
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(A) 732bp
— 564 bp «—
F2 p L 1 R2
—_ <
F1 R1
gRlA(+)_1

GRNA()_2

(B)

564 bp>
429 bp>

(C)

564 bp>
429bp>

(D) Target 1 Target 2

gRNA PAM PAM gRNA

170

Cm-elF4E
#1HT

#8
#D1-#D21

135 bp

5. FEHEARERT gRNA » BERFFERHELAFYIR B o (A) Cm-elF4E S£—{8MET- - gRNA K5[F5%
ST EREE - (B) HARE gRNA ISR E R Bt 2 4558 ¢ L RRIBIE AR B i#iE 2 355 DNA TR
S AR R R T M R 2 SR AR B RS RS RN 0 P AR AR Ry J MRS 22 RS pRGEB32 Z [ A E
ARG RIR - (O) R ERGIEETR - MIFT 4= PCR il B[R A EHS PCR | BR4EIE © P ARRMAEEE
JFAEERS  dRt 120 RRLOEGE MR 2 B — FUAEERGAE R - (D) HEER B hRe 4t - TA #JH
FEFP% AL B P FILLE s -

Fig. 5. 135 bp fragment deletion on the Cm-elF4E gene by introducing the dual gRNA vector into protoplasts. (A)
Schematic diagram of designed dual gRNA and primers on Cm-elF4E exon 1; (B) target fragment were amplified
from wild type leaves (L), transfected (T) and non-transfected (P) protoplasts by using polymerase chain reaction

(PCR) assay; (C) DNA from several single protoplasts was amplified by using nested PCR after transfection. P,
non-transfected protoplasts; and (D) alignment of sequences of mutated alleles identified from cloned PCR fragments.
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elF4E FE[NBEZE5 (point mutation) i E 4R TS 7
51 (coding sequence) % H A LB FAEH
BINRE T » EEIURERENERCIE L EE
Vb ag B > B0 - B/ Fhn - BE - WY
JEH I (Ruffel ef al. 2002; Nicaise et al. 2003;
Gao et al. 2004; Ruffel et al. 2005; Nieto et
al. 2006) 5 FEH AN & A KK 45 58 R0 0 1
HE I Ks eIF4E B¢ [F] DAY eIF (iso) 4E 4R T
bR AIIEARZEBEYIINRERRAT » S
PUREBERE S B0 - P RE T~ EH N R e
(Chandrasekaran et al. 2016; Pyott et al. 2016;
Gomez et al. 2019) - Z It » FI| I A 45 65 17
il elF4E BRRDIRE - EHEYITUR BT K
JE FH 2t A -

A BATHEYERGER N - FZAH
FREEE T 2 RS E R B CRISPR/Cas9 f71] »
DA AR B B A (R T 8 A ME Y 4liff A s
BITIER - B HR i 77 A TR ek SAE PR
H1% 0 TR ITERGRENEY - FriREE
A3 mo » RANTIRERR FAELL L - HWIRNATHARE
i NG E AR ENNE - A EE
BoahaER - FHlE S BmSE P isfEF A~
TR ZIFEAE Y - EFRERE B AR
7 A R R 4 M SUR R R BE R BT A > DAFH%E H
#7515 gRNA 5% Bl &l -

KB HEINER Koo LR 2
Bl TR 2 RS 38 DL PEG HEE 5 5 A &k
EtERNEARFEERE - DUETEESEER
Tl elF4E BRI o gi AHZEa R AE
G 7 B B ORIy ~ PR BRI R R IR A
FHERE > BER R E R ERER KT
JE# (Gajdova et al. 2007; Huang et al. 2013;
Burris et al. 2016) 5 2N 5 AR B Ba 45 i g B 6
T & 1.0 g FriEEEH ELYFER 1.7 x 10°
(& R A E A A ([ 3A) - BREFEATE 2R
AEREATE0.2 ¢ HririER - FIH PEG #
VA G INI0A E & 2 5ME DNA - ¥ FAEEE
HEG R AR ERE AR BERETRLUR
f120-30 pg &G & A AR E L RIAE > (H
EONIIRE M = T A P 2 A ([
3B) fEMIRHE - B KRB EEFHYINE
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Using Transient Expression and Transfection System of
Melon Protoplasts for Rapid Evaluation of
Genome Editing

Shuen-Chi You"’, Yi-Wen Wang’, Ssu-Yu Lin', Ching-Yi Huang’, and Da-Gin Lin*’

Abstract

You, S. C., Y. W. Wang, S. Y. Lin, C. Y. Huang, and D. G. Lin. 2021. Using transient
expression and transfection system of melon protoplasts for rapid evaluation of genome
editing. J. Taiwan Agric. Res. 70(3):206-216.

The clustered regularly interspaced short palindromic repeats/Cas9 (CRISPR/Cas9) system is
the most popular strategy for genomic editing technology in recent years, and has been a powerful
tool for gene function verification and precision plant breeding. To replace the current time-consuming
Agrobacterium-mediated method, this study aims to establish a rapid transient expression platform for
the preliminary evaluation of genomic editing system. First of all, leaf protoplasts of Cucumis melo
L. were used to establish the transient gene expression system, and the best transformation efficiency
reached approximately 20%. Simultaneously, the melon eukaryotic translation initiation factors 4E
(elF4E) was used as a target gene to evaluate the genome editing efficiency in the transient expression
system. Our results have demonstrated that the dual guide RNA (gRNA) CRISPR/Cas9 system could
be introduced to mediate deletion of the genomic DNA fragment (135 bp) on the first exon of Cm-
elF4FE in the transient expression system. Besides, this deletion could be rapidly detected by using
the nested polymerase chain reaction (PCR) and PCR. These methods can significantly reduce the re-
quired staffing, time and costly processes in contrast to TA cloning and sequencing analysis for detect-
ing the point mutation induced by using single gRNA CRISPR/Cas9 system. Furthermore, the system
established in this study provides a foundation for further progress of the precise new-generation crop
breeding platform.

Key words: Protoplast, Genomic editing, Dual gRNA, Cm-elF4E.
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