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I CRISPR/Cas9 HEiRiaibx OsNramp$5
BRI R ICER 2K A hho

WAL HER ATENM L L AR FRI K R ETEL A
C PR IPHOR VR BRFET A 610066 2 U114 A I R056 K AR PSS (P L R B B 53 4 618000)

FE . KRR P ERIAMME R, RAGERBOKHE 5 2L B OsNramp5 89 9 ek 5 T H A k4 £/ R PR E .
AT Bk ) B 48K AR B 09 KASHTAY R, AFF 5 A) A CRISPR/Cas9 A B 4 4 3 R 3L = A 22 A4 T 3Bk B 2 1 1k 491
(R491) P a9 48R M #5352 L B OsNramp5, %43 T $F# R R L % 7 X e %8sk, JFif b h 30 5 8 K LA LB Ry o9 e 4
S REMA(KOIAKO2) o 47T 3 L3P A MG 2 574 B P dUb i K 69454 % , 2 R BT, M TE A A R491, 31
Rtk A KOLAKO2 M K T #4548 BF T, BAKL 00% £ 45, REKRAST LR LI, A4 A R4, KOl R Lk £
HREMIRET BE 27 ALKO2 R EHAIHD L ERPTEETRFBAK, Bt A A CRISPR/Cas9 5 B % 4 4% K 3k
43BN A2 K OsNramp5 =7 Heik A 5] 48484 R 69 KAG TR R, A BE 40 ) 69 7R i A hnik 358 T f£48 75 2 R APHLGG 2 A K
o S AP IR T F a9 F R

K8 : /K4S ;4% ; OsNramp5 ; CRISPR/Cas9; 7 #F

Generating Low Cadmium Accumulation New Rice Germplasms
by Editing OsNramp5 using CRISPR/Cas9 Technology

HU Binhua', PU Zhigang',HE Zhiyuan', WANG Ping',BAI Yulu',LI Gengmi®,ZHANG Tao’,
JIANG Kaifeng’, YANG Li*
('Biotechnology and Nuclear Technology Research Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610066

’Rice and Sorghum Research Institute, Sichuan Academy of Agricultural Sciences(Deyang Branch of Sichuan Academy of
Agricultural Sciences) , Deyang 618000)

Abstract: The problem of excessive cadmium in rice grains seriously threatens human health. Disrupting the
function of the cadmium transport gene OsNramp$5 in rice can effectively reduce cadmium accumulation in rice.
To rapidly create new rice germplasm with low cadmium accumulation, this study used CRISPR/Cas9 gene
editing technology to knock out the cadmium transport gene OsNramp5 in the high-quality disease-resistant
restorer line Chuanhui491 (R491) of three-line hybrid rice. Various edited plants with different mutations were
obtained, and two homozygous mutant lines (KO1 and KO2) with single-target mutations without transgenic
elements were selected. Compared with wild-type R491, the cadmium content of brown rice in knockout lines
KOI and KO2 were significantly reduced by about 90% when planted in cadmium-polluted soil fields. Agronomic
trait investigation revealed no significant difference between the KO1 plants and wild-type R491, whereas the
plant height, seed setting rate, and 1000-grain weight of KO2 mutant lines were significantly reduced.
Therefore, knocking out the cadmium transporter gene OsNramp5 by CRISPR/Cas9 gene editing technology can
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quickly create new rice germplasm with low cadmium accumulation. The new germplasm created in this study

provides novel genetic resources for accelerating the breeding of safe rice varieties that can be planted in the

cadmium-polluted field.

Key words: rice; cadmium ; OsNramp5 ; CRISPR/Cas9 ; breeding

JKAE 2 FE 22 10 TR, 29 60% 9 T LA
AR EE, MR -FEAEESEEMNESE T
LKA — T2 o) & MV EY  feh (R
15 G R AR HH H R R KRS 23 R BORE K Th R 1 A AR
TR A ROK RO AL 235 R R
B by 18V e S T A AR W]
B2 E MR L 4. BRI, E4m TS Y 3 A 7
H 2T AR, X KA 7 Ml 9 Ji R B AR
R ARERENE S, @ E SR LT
B2 AR5 e T R AR B H AR | BARBETE
—EFRE T G AE AR R A ) (L ) 8 AR
ERAR R A KT st 2 A DR R K e ) A e 7 .
LA RN =

KA R R A B 3 A DG BE IR 1) e 4 R e, oy
TR AR SR KA MR 388 1% ek BRI it o 1 7 28
THLRHARS AR, B R K R TR AR R I
i AH R FE R =24 OsNramp5'*  OsNramp 1" |
OsHMA2'""?'  OsHMA3"*'™ [ LCD" 1 OsLCTI"
HHp, OsNramp5 9585 B SR PTG E REAT &R 1,
SRR RN AE B MUK FEAR A HE A A N 1 32 25
s, P KRR 1) b bR s, i S R i o
RE 2R AT D ik 2 R AT K A 2R ORI 1 %
i, FFRL AR I R AR B 135 909%™, OsNrampl
02 G i K AR BUPE AR OC B g A i A g S [, 32 %
TEK AR AN rh 3k, 2 SRR TEK R Th AT R B3
BER, PR 12 AR DR 2 025 D K R AR R 0 i R
PRI A, AT o AR A e b 350 RO P4 H i R e ) 7%
s, H L 4 RS T R 52 i /N T OsNramp5™
OsHMA?2 J2& 4wt ¥ 45 J& ATP By 2L, 32 270K A
HRFRF A , Ho g i 1% 28 1 AL 7E A BT I |, R4
BEFNER MK RE AR 32 B AR IR N, ZE/K R P il 36
ik OsHMA2 W] BEARFR K il — 2 i & i)
OsHMA3 W& 4 i 7 43 J& ATP il 55 hl b1 i 3L 1A
FEAEMFRRIE , G 19 HE 1 L 78 AR F0 7
b VAR AR AR A AR O Th R I 5 i R IR
FE S 5 D SR AR K R 25T FF PR TR AR 2R T R B
IZIE R RE B = 4 AR B ZE 1 i ie % S B 7E K
T ZEFF AR P A B R i AR SR LCD %
Ho ) 2 L S T A B AN A A% N, AR AR A

APk, BRI L R AT LA 2 A K R kR
43%~55% MR S OsLCTI AT R i A ik
GRS IR RN BH B s B 1, o T % 0
P Dy R il 2R AT AR i B i B A 50% 2247 (HOR
FEMRE AR ) A AR 2R

OsNramp5 J& 9t R ARPUEAH OC B W20 M 85 1
PISEN, FL R R R W U 32 i SR TR ) T e
Qe n] B E RO R R i, R, AR5 R
CRISPR/Cas9 KR Ji 4 H AR AE = R AR E R )1
1% 491 (R491) FH R OsNramp5 FEH , BlEEhEIH T £
AR A8 Ty KA A RL, IF A i 28 LR A4~
AN B Bt B TR I3 14 5 78 R 2R A v B T AR H AR
L 0 FOREOK i o i IR A R AR AR
A5 0] R AR IR SR K R ol 5 Rk i) o st
Bl B DL S 23 Ra i i s i 5%
1 MRS
1.1 RKIEHR

WAL AL SZRBA RN 491 (R491) 20U )14l
B2 Be A W H ARG H ARG T 5 1 = R 458K
L RPURIKE R, HA R E LA 1, 455
R R LT AL I RS0 T, 5% 5L b A
TR 2, R491 Filg i 5 A rp Jo e SE DR B A3 (R A AR
T 2023 AEFAEAE P )1 48 LML Bl B i g0 HeH , $i i
PLIX BT, B R S I 3 A~/ IX, B/ N X
44T, BEAT 108K, #RTTHE 16 cmx25 em, & 7K IR
(Egi
1.2 EB{IA %31 R CRISPR/Cas9 H ik i i

I FH A B A ol R 2 0 S Be - AT & 1Y
CRISPR/Cas9 i A 5t , 7£ CRISPR-GE M3 (http://
skl. scau. edu. cn/targetdesign/) ¢ 17 #0847 25 1% 11, 7
OsNramp5 FER 65 11 F112 48 g F B2 MRk
%) sgRNA # 77 /5 SG1 F1 SG2, 43 % i} OsU6a #il
OsU6b JA 3 F3K ), 5197 A L3k 1. HAKS i Ma
I 7 5, A Golden Gate % 45 6 OsU6a FlI
OsU6b Ji3 8 740 51l 5 P4~ sgRNA F IR HE UEF T H Bk 5
i 3 #150 PCR 2 )i 7 OsU6a-SG1 F1 OsU6b-SG2 |
AN L Bsa T BRGIPEBEUIAL &L, A A AR E F
51{¥) Bsa 1 BV 15,8 OsU6a-SG1 1 OsU6b-SG2 H
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B T HE0  Bsa 1 NV FAIZL (A B 242 pY LCRISPR/
Cas9-Pubi-H % It — & e BE iR FL L IA 200 pL 1
EP &, W 45144 : 37°C 5 min, 20°C 5 min, 54>
i 20 5 B 10 L 3% 3K R A KA IR 2 &
DHSo, PRI 5 B B2 TR , A4 S 47 1 22 3k A it

®1 BTAHARBISIHFS

k4 %% ik /& PYLCRISPR/Cas9-P,,,-H/OsU6a-SG1/
OsU6b-SG2 Jiz A % b 5t B} A= Wy B #4328 w1
SP-L1 FI SP-R 5[4 (& 1) #EA7 13 4 2 , b )57 1
T 228 A Ji B PYLCRISPR/Cas9P,,.-H-OsNramp5

(& 1B AARAT A EHA105 FH Tt Ab 5550

Table 1 Primer sequence for this study
519 IEmFHI(57-3") KA (57-3") iz
Primer Forward sequence (5'-3") Reverse sequence (5'-3") Application
SG1 gccgTGCAGGGTTTCTTGGACATC aaacGATGTCCAAGAAACCCTGCA PR A
SG2 gttgAGAGCAAACGGCAGCTCGA 2aacTCGAGCTGCCGTTTGCTCT
SP-L1 GCGGTGTCATCTATGTTACTAG CRISPR/Cas 9 #& {47
SP-R CGACATAGATGCAATAACTTCG
KO-D1 TGACCGTTCGTCTTATGC AAGCGATGATGATGAGGC GRARNL ST 53 A
KO-D2 TGCACATGCCCAAACAGT CAGGGTGAAGGACCAGCT
Hpt TACACAGGCCATCGGTCCAGA TAGGAGGGCGTGGATATGTC FEFLD LRI
Cas9 CACCATCTACCACCTGAGAA CGAAGTTGCTCTTGAAGTTG
FFANH /NG FE : Bsa 1 RR B D17 5,
The lowercase letters in the sequence: Bsa I restriction enzyme site
A B CTCG SCl GTTG 62 TCAG
GAGC MCAAC AGTC
OsNramp5-SG1
TGCAGGGTTTCTTGGACATCAGG NLS NIS™ Bsal Bul  RB
LOC 0s07g15370 i a0 B +—i
SP-L1 SP-R
<) PYLCRISPR/Cas9 P,,-H-OsNRAMPS

OsNramp5-SG2
GAGAGCAAACGGCAGCTCGAAGG

LB Kan®

pBR322
/A aadA 7

pVSI1 replicon

A: OsNramp5 R 2546 S8 5 SG1 I SG2 FRTERLE 5 ARGHASIX SR TR & 723 5 H T OHE R EOHE SRR RO KGR RIZhR
IR RS TR 5 QAR BR AL F 51 F PAM ¥4 (AGG) 5B :2 /1M A gRNA ik &3 H:7E pY LCRISPR/Cas9 F 4RI A IRIA s
NLS: BE M55, Hpt: W& R T LARIC , Kan® . -RIVEEZRGUIE, LB HIRB 43 5 UK 2230 AL 1L A, ori(pBR322) : pBR322 BULHL A
IS B AR 53, pVST replicon: R SR pVST 952 i T
A: OsNramp5 gene structure and two targets SG1 and SG2 location; Non-coding regions, exons, and introns are represented by white boxes, black

boxes, and black lines, respectively; The target site sequences are shown in black uppercase letters and the protospacer adjacent motif (PAM )

sequences (AGG) are indicated in red and are underlined; B: Two target gRNA expression cassettes ligated on pYLCRISPR/Cas9 to form an

expression vector; NLS: Nuclear localization signal, HPT: Hygromycin selection marker, Kan®: Kanamycin resistance, LB and RB are the left
and right borders of the binary vector, respectively, Ori (pBR322) : Origin of replication from the BR322 binary vector, pVS1 replicon: The
replicon from the Pseudomonas plasmid pVS1

1 OsNramp5 gRNA BB R BRI RIEEHETEE

Fig.1

1.3 KigmfEEd

Vo R 1) 22 ik DA ok 2 A o 2o R B A
1 B AL SR AL A T ARSI S 22 R491, F 5
A R W v B R LRk, Rl A R RS
Hpt A5 ISR A5 BH 5% AL A AR o
14 HEFAMERETASENS THEERK

S HERR G IE

K CTAB AR EL T fK RGN i DNA, A 5%
2 Hpt £5 55| P06 6 2 A R E AT PCR 47 B AG0
FI AL OsNramp5 #8545, 1 BRI 5[4 KO-D1 F#E

Schematic diagram of OsNramp5 gRNA target sites and knock-out expression vector

S 2 K5 ) KO-D2 Xt Br A T 4G PR A AR kA T 5
HEM Y, PCR P-4 2% A0 5T R A W G0 43 vl 1F
FEI 5,38 30 3 40 BT AT 5 AR A 0 0 P i v
BRAB AR I A8 I 2 . X4l 98788 1 T, A AR R 2R A T
PR, 76 T, AR E2 B AR T 5 DNA, FI B R 519
Hpt FRES 5 |9 Cas9 Al 5 3L R4, Bkt A &
SE DR R A 1) ok 40 R AR R A T I SRS o RS T
JH PCR #4 % 24 20 pL: DNA 1 pL, iE & [ 5] 4 %&
1uL (10 pmol/L) , PCR mix 10 pL,ddH,0 7uL; 2
B2 H:95 °C 5 min; 95 C 30's,50~65 °C 305,72 C
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455,30 ™MEFF; 72 °C 5 min, PCR ¥ 1% B3
PR MEGE RS vk A . TS I L3R 1,
15 E2ERSENNE

REK DL R A3 b 1 T 4 JE 4 B 0 R FH 4
JaE PRI B 45 B T T L (R BR R ICP-MS) 1T o
A TR A i BRAR 22 40 1) 3 AN FE L, 38 9 AR S
Kt fE 3k 100 B i ), FREE AR 5 45 0.2~0.3 g OFf
1122 0.0001 g) T HCi I M i b, A 5 mL A R 2o
R, T B, ¥ BRAOBE I M AR R AR 2D BRI A 7
iR BHEIGH , 0% 3T PR HES, DRk
RPN TG R A RCCE TR R R -, T 100 Cn
30 min, EZRFL S50 mL, IR 4] &, Rl aHiees 7
I FTIF ICP-MS HLEF T 1 h, K 0 i 4 i A )
TN 2 PV U3 ) T N P T B 5 8 AR B A
o, SR FR LA 2 AR N A s R T
FE & R i, OV XA A il e 245
1.6 REMHRKNE

FE 7K 2 DN A B A 0 o ok 28 A8 AR g e
A R K BRI B SR kK R TE AN
TR AF B A MR For bk AR A S
R(3 m) AR (300 mm) I & ; Fdobr 45 245 52 %

OsNRAMP5-SG1

R LTS AN TR SRR DU N AR SRS A IR
] [ 22 R 43 BT (Mini 1600) #4775 #4347
APEARTEAE 10 A FRR , IR - R 9605 3 M A 1A
B A R 2 ] (4 25 5 S

2 HER59H

2.1 BEKRT,ARRTEREN

FAEAFIY OsNramp 5 bR 7653 4& PYLCRISPR/
Cas9P,,.-H-OsNramp5 i i £ AT B A 3 1 15t L e fk
P ARSI B S 22 R491 A5 2H 41, Ak s Hhgk
13240k T,FALET . 4335 FI/R1 FIF2/R2 Y
640 WA HE AT 5 1 DNA R B, B4 PCR I > 4%
X AT & B, 36 23 Rk R R A2 287 i 28 AR
B 95.8% AR HE A 1 L IA T/ICHiALL AR
B Bl R B A8 s AR MR A 2 R I AITHA
DL TR B P Bl g i 2848 (1] 2) 5 e, /> 4
SRR 1K 83.3% F175.0% , B s 1 FHIHE
2 [l B 4 B R 66.7% 0 E— 25 U X4 BT i s
RAS G BB IERR T 5, Kk B LR 28 7 N 38
OsNramp5 9 t% 1) 24 FL TR 05 J A o A8 i 2k &
Hitig.

WT ATGTATGTGCAGGGTTTCTTGGACATCAGGATGAGGAAGTGGCTTCGGAACCTG

KO1 ATGTATGTGCAGGGTTTCTTGGACATCAGGATGAGGAAGTGGCTTCGGAACCTG

KO2 ATGTATGTGCAGGGTTTCTTGG

KO3 ATGTATGTGCAGGGTTTCTTGGA ------------

AACCTG -26bp

------- TGAGGAAGTGGCTTCGGAACCTG —8bp

KO4 ATGTATGTGCAGGGTTTCTTGGATCATCAGGATGAGGAAGTGGCTTCGGAACCTG  +1 bp
KOS5 ATGTATGTGCAGGGTTTCTTGGACCATCAGGATGAGGAAGTGGCTTCGGAACCTG  +1 bp

OsNRAMP5-SG2

WT GCAGATGATACTGTCCTTCGAGCTGCCGTTTGCTCTC

KO1 GCAGATGATACTGTCCTTCGAAGCTGCCGTTTGCTCTC +1 bp
KO2 GCAGATGATACTGTCCTTCGAGCTGCCGTTTGCTCTC

KO3 GCAGATGATACTGTCCTTCGATGCTGCCGTTTGCTCTC +1 bp
KO4 GCAGATGATACTGTCCTTCG------------ CCGTTTGCTCTC -5 bp
KOS5 GCAGATGATACTGTCCTTCGAAGCTGCCGTTTGCTCTC +1bp

T RILRSTRIBAL T 5 21T BRI~ 73 B FR AR AR 17 B AIZERY 5 +HRI- 2R AL 1 AR

Underlined indicates the target site sequence; The red letters and --- indicate the location and type of base insertions and

deletions, respectively; + and — indicate insertions and deletions of bases
B2 OsNramp5 SREEHERRER S N FF 45 3

Fig.2 Partial sequencing results of OsNramp5 genome editing T, plants

22 BBRRTEB/APELERIENE

J T B OsNramp5 5 DR R J5 5 7K R ks v
B BRI AR T, AN 45 5, A A 2
Cas9 bric % T FCERAR A T i DR R 4 1 3 22 )
758, DT, AR AR Hh 36 1 AN 13 2 L TR B 43 1) 7
AN B 5 2l 5 A BR AR (KO AITKO2) , Hirf KOl
RATRRAES 1278 F EIiA T 14 AL, KO2

RASMRRTES 1185 BB T 26 bp. KOL Al
KO2 ZE A5 b 7 5 B A 78 [] B b AR 7 75 e 1 U6
(33858 558 0.86 mg/kg, pH 1 5.8) o KA i
Je VAR B A R R o 2 A8 R -, R K B Ky
JE R, A R R, S EFAE R R4 A L 7E
BTG Y 5P KO R KO2 WS 2875 Bk ZhE K rh 4
AT 0.038 mg/kg, B P A= Bk K 1 0.37 mg/kg
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HIsR S R EL , AN R B 28 AR bR BB K b e o B
FRRAR (R 2 90% ) (1 3)

0.5
0.4
‘@ 8 —
<=
o =
Ez o3p
18 =
foge
¥ 3 02+
+ 5
% o
0.1
*%k kk
KO2

R491 KOl
**0E0.01 K E2E R, FIE

**. Significant different at 0.01, the same as below
B3 HFERMRTEEHRERPESELR
Fig.3 Comparison of cadmium content in brown rice of
WT and KO mutants

23 RBRTEERMREERAE

R T HRIE OsNramp5 FERIAS [RIHEA 55 5848 I I
AL Z MR B T, AC LB P R s 55 58 A
AN I FE DR R A ) 5 FR U R A8 bR 22 KO1 FTKO2
HEA TR R , S HET T R SR A 45
RN, 552 R R R A RA9T A HL, KOT A8 b

R MR IC B 2% 25 7 (Bl 4 FiEk 2) ; KO2 A8k
R IR AR A B b Ry 25 S 3R TR 2 AR AL
Ah A OB R RO b KRR T8 S 48 bR TG
BEZEF(KI4FEK2)

———— g

————————

A~C ;53 55 Ry B A BIB9S AR 25 (R R =
20 cm) K (FRR=5 em) FRIR (R R=1 cm) HLE&

A-C : Comparison of plant morphology (Bar=20 cm), panicle length
(Bar=5 cm), and grain shape (Bar=1 cm) at maturity between wild-
type R491 and the two knockout mutant lines, respectively
B4 OsNrampSmilf RTEEKRTE
Fig. 4 The phenotypes of OsNramp5 knockout plants

F®2 BFEBIRAI N OsNramps B REGHEEZRZHK LR
Table 2 Comparison of the major agronomic traits of wild-type R491 and the two knockout lines

AR

. K (em) kAL ZESL (%) il (mm)  RiFE (mm) FHRE (g)
[/ i (em) Number of ) ) ) ) ) )
R . . Panicle Grain number Seed setting Grain Grain 1000-grain
Line Plant height effective . . .
. length per panicle rate length width weight
panicles
R491 123.9+1.8 10.80+1.50 24.60+2.10 162.53+£16.62 93.46+2.55 8.65+0.12 2.71+£0.02 23.154+0.35
KO1 122.842.2 11.68+1.32 24.30+2.30 172.45+9.64 92.57+2.95 8.78+0.16 2.70+0.03 22.86+0.46
KO2 114.242.7%* 11.32+1.70 24.70+1.80 164.45+13.09 91.17+1.85* 8.73+0.18 2.68+0.02 21.92+0.43%*

*: 1E0.05 K 1225
*: Significant difference at 0.05 level

2.4 R BREE R R BRI R 43 #

H T KO1 1 KO2 MRtk &R A 2R 25 R 4%
K, R T HINKO2 AR R AR 2otk 22 57 2 15 e
5 | e At I PR 58 A8 T 50, A 6 0 A58 1 43 AT Y
vl offTarget (scau.edu.cn) X} SG1 Fl1 SG2 ! s5i 4 7
JI RGN T AAr . TS SR 7R SG1HE S AT 134
A7 55T REAFAE AT, (H B SR RE /N T 0.09, Hirh 78
LOC 0s01g55090 Fil LOC_Os08g04890 K& [H I #)
CDS X AT REAEAE LA (R E 4737124 0.018 F10.05 (%
3)o 1M SG2 A 17 A7 5 AT BEAFAE LA, A7 8 1>

AT g it 3 5 f9 CDS X, JHe A 5t S0 M 6 e 5 11 2
LOC _0s07g15460 3L H (JFLHE4 4 0.336) , AR FEH
JE AR AL RAE T 0.036 (F£3) ., KL, T SG2#
SR R A B I LOC. Os07g15460 J R V5 78 i
HLIX 4350 7E KO1 A1 KO2 mf bRk &R W b4 7 790 e
XTo AT I 25 R A0, 5 B AR RUAR L, KO FTKO2
FEAR A I TERAE IR IE R LOC_ 0s507g15460 )75 3%
B RAWRA (FS), B KO1 FIKO2 Bk £ 1R
CPRR 25 52 AN A AR 3
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&3 OsNramp5 BRI RREE = BB EERL R 5347
Table 3 Analysis of off-target effects of two knockout targets of the OsNramp5 gene

Jetafk AL E (bp) 52l 7RISR S X sk LA
Chr. Position Sequence Off-score Gene Region Target
Chr.8 21712827 TGCGGGGTTTTTTGGAAATC GGG 0.090 intergenic SG1
Chr.1 20295468 TGCAGTGTTTTTTCGACATC AGG 0.088 intergenic SG1
Chr.3 21926989 TTCTTGATTTCTTGGATATC AGG 0.057 intergenic SG1
Chr.8 123595 TGCAGGTTTTTTTGCACATC AGG 0.048 intergenic SG1
Chr.6 20600047 TGGAGGGTATTTTGGACATT AGG 0.043 intergenic SG1
Chr4 10846726 TGCATGGTTCCTTGGAAATA AGG 0.037 intergenic SG1
Chr.8 12800927 TGCAGTGTTTCGTGGGAATC AGG 0.030 LOC 0s08g21474 intron SG1
Chr.1 31673901 TGCAGTGTGTATTGGACATG TGG 0.018 LOC _0s01g55090 CDS SG1
Chr.11 10265343 TGCTGCGGTTCTTGGACTTC ACG 0.017 LOC Osl1gl8194 intron SG1
Chr.1 36738645 CGGCGGGTTTCTTGGACATG AGG 0.009 intergenic SG1
Chr.11 25174511 TGTAGCATTTCTTGGGGATC AGG 0.005 intergenic SG1
Chr.8 2495740 TGAAGGGATTGGTGGAGATC AGG 0.005 LOC_0s08g04890 CDS SG1
Chr.1 10819788 TGAAGGATTTGTTGGACACC AGA 0.004 LOC _0s01g19160 CDS SG1
Chr.7 8969915 CAGAGCAAATGGTAGCTCAA AGG 0.336 LOC _0s07g15460 CDS SG2
Chr.2 24043045 TCTGGCAAACGGCAGCTAGA AGG 0.132 intergenic SG2
Chr.10 4190123 TATAACAAACCGCAGCTCTA AGG 0.124 intergenic SG2
Chr.10 4146706 TATAACAAACCGCAGCTCTAAGG 0.124 intergenic SG2
Chr.10 1300848 GATGGCAAACGGCGGCACGA CGG 0.078 intergenic SG2
Chr.4 22530927 GAGAGCAAACACCAACCGGA AGG 0.047 LOC _0s04g37880 five_prime_UTR SG2
Chr.2 24687566 TCGAGCAATCGCCATCTCGA AGG 0.036 LOC 0s502g40720 CDS SG2
Chr.11 13466068 GACATCAAACCGCAGCCCGA AGG 0.035 LOC Os11g23790 intron SG2
Chr.2 28987684 GAGAGCAACCGGTAGGACAA AGG 0.023 intergenic SG2
Chr.3 22268854 GCAAGCAAACGGAAGCTGGG AGG 0.023 LOC _0s03g40084 CDS SG2
Chr.2 1659286 GAGAGCGAACGGCAGCTCAA ATG 0.020 LOC_0s02g03900 CDS SG2
Chr.1 17456548 TAGAGCAAACGGCAGCACAA ATG 0.015 LOC 0s01g31870 CDS SG2
Chr.10 21302778 GAGAGCAAATAGAAGCTAGA AGA 0.014 LOC _0s10g39800 intron SG2
Chr.6 26672551 GAGTGCAAACGGCAAGGCGA AGG 0.011 intergenic SG2
Chr.9 22513894 GAGATCAATAGGCAGCTCGA AGA 0.011 LOC _0509¢39200 CDS SG2
Chr.3 30763181 GAGAACAAAGGGAAGCTCGT AGT 0.001 LOC _0s03g53650 CDS SG2
Chr.3 6959271 GAGAGCAAAGGGCGCGGCGA AGG 0.001 LOC 0s03g12910 CDS SG2

LU R LTS 22 S O ; S (07 B 0K PAM T

Red letters: Indicate the bases that differ from the target sequence; Green letters: Indicates the PAM sequence
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LOC 0s07g15460

rATE CT T T 6 A
WT

CAGAGCAAATGGTAGCTCAA AGG
—— —— -

G C-1T6 T G]JAT C ¢ € 1

190 200
T o7l G ¢

y iVt
210 220
T T € C« (

190
G G

Kol [\ mryywy
4 “‘ “ /\‘ ‘-‘LM“ )
200
( ( T

210 220

210/\ ‘ “ J\ :

ko2 NN /\
A U A Uiy \ Y
200

730

E5 ERsiErk LOC 05071546038 ZE B ER A B B 45 47
Fig.5 Sequencing analysis of LOC_0s07g15460 potential off-target locations in the two knockout plants
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