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Molecular Mechanisms and Breeding Practices of Accumulation
and Tolerance to Cadmium and Arsenic in Rice
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Abstract: In recent years, cadmium and arsenic contamination in China's farmland has became increasingly
serious, resulting in the occurrence of excessive cadmium and arsenic in grains. Rice is the main food for about
half of the world's population. Cadmium and arsenic in the soil will accumulate in the human body through the
enrichment of the food chain after being absorbed by rice, thereby harming human health. Therefore, reducing
the accumulation of cadmium and arsenic in rice has became an urgent and important issue to ensure grain quality
security and promote the development of rice industry. To study the accumulation mechanism of cadmium and
arsenic in rice and to cultivate rice varieties with low accumulation of cadmium and arsenic is the most
economical way to solve the excessive cadmium and arsenic in grains, which is of great significance to realize
the safe production of rice in contaminated farmland. In this review, we summarize the morphology and
bioavailability of cadmium and arsenic in farmland, the molecular mechanism of cadmium and arsenic uptake
and transport in rice, and the main mechanism of rice tolerance to cadmium and arsenic. We also review the
progress in breeding of rice cultivars with low cadmium and arsenic level in grains, and prospected the future
development direction. The purpose of this paper is providing some references for reducing cadmium and arsenic
content in rice grains.
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O ¥ iR 24 %

HT0 1R 69 5 Gk e e ) B it F
e 25N S8 N R T sh g K 317, 34 (Cd,
cadmium) il (As, arsenic) {54, 2014 4F3% 5]
KA A E 85 YRR A AR ) o, A 4
HE Cd. As 15 e 1 19 k1 0 AR 500 B R 7.0%
2.7%" . A E4KFE B2 KA 194 e T
113 053 - HERE Sy A6 & B, Cd L As AR 53 31
33.6%.6.19%" . I TARZ 75 Yk AT R ] T /K e
A7 FEORK Cd As Bt AR AN A LA . X
[ B 7 ER A3 Cd VG g A H R FE Rl R o L A
56%~87% 19 FE 4% Cd £ & 1 15 5K BR 5 b 14 {8
(200 wg/kg) ™o ARG R X BRE A B FK As 5
TR 303 /g, MR T Tl DX B I AR R A
K As B B ik 500~7500 wg/kg, G % R
(I ICHL As FREEFRIE(200 pg/kg) .

IKFE (Oryza sativa L.) JE 4Bk —2 N F
B, AR A Cd AT As 1 FZORIE™ . #E 3 E
1 B W) I 9% 510 & (ATSDR, agency for toxic
substances and disease registry) 2019 4£ /3 11 (94 &
YHES h, CAF As 43 A HER 56 7 AL FIES 1A
UNZSIS E YN O R=g I =8 N IS = A Y=
TR WA IR R T As il g2 ik 8 piE S
BT E N EIL, FRREK Cd | As AR )
XS KFE e A A 77 ORBERR B e 4 B B R
ST B IEHET Cd L AsAIRFR F KRR Rl ff P ix
— [ U AR 5 o AWESE FEEEEAR 7K
M iz PR B i 32 Cd . As 53 F L, DL &
Cd . As fIFR BK R s Pl B & 0 F i, X0 R R 1 &
JEJT I T L L

1 TERCATMASHEERXREY

B

CATEHIEFLUITCHIS 2 AR, As IASTH],
B3 M-S B TS As, MG FE As. As L
e 20 5 A 35 (MMA, monomethylarsonic
acid) . _HI B (DMA, dimethylarsinic acid) fl— H %t
fii(TMA, trimethylarsenic acid).

+ R AL IR A (BEh) & 52 148+ Cd
As WA B . KRS TE S I AR KN 75 2K B[]
THEBRE , T AE 4 B U0 R s A i S HE A Y PR
g 2 22 o L A PR R s K FNHEAK o WK, BT
AW B I AR, T 24 B BRAIC, B R R A
I AR, Ca S a4 5 T8 AN 1) i AL 5%
UOVE , INTTREAR T Cd B E A R o SR AE I

JEUIRAS B LIS R As 1k () E AL ie
JEVE 7, K As BECE) P s A, A iR
[As(V) J[BAHA 5k =i [ As(IID) ], i 3846}
As(IID) (W BAE 1155 T As(V) , 8145 As(IID) 25 5
OYATAE IR NI T As PR K Z50F T 1Y
AR RO R HE K 2 AR IR JFOIR
BANERS, FEAM LA, Cd AW
RCPERE T As B AE DA ROE R e . a6 o uE
B, A B A T AR KRS FE B A5 T AR K K
B L1 Cd H/ R As'e7,

R AR (pH) 2520 Cd ., As AE WA #k ik
BB, KA Btk M pH TR 2 h
P, 3R (20 U 2R I R s 188, i
PEXF CA FRIM R, B A T Cd B RebE . g
FMH , pH(4.7~6.7) % F & 1AL, L3 rp ] i1
Cd & &3 1 0.35~0.37 5", 5 Cd#fi/, +-3EpH Tt
el As(V) I AE YA 2R, X2 i 44 pH
T i A Bl () OH B T B i 1 22 |, IF S R AR
(3 As(V) B FEAFATE 20) 36 4 -3 550RE
2 1AT VR A7 i, AT 000 o) - S R0 Xof i A 114 1R
B, 389007 As IAERIA R0 . #E -3 pH<8 B, As
(D) =22 LAAEAR 25 1 o 1 G R ) JTE U7 A
XM pH X As () F9 A= W0 A 80 52 i R R fl s
DL EWFSE 20, L6 A FH s K A HE K i A v, Cd AN
As WA P 3 S IR B AR AL R, 37T B A
KH Cd As Tk BE 5 670RH 56 0 S 2 R, 7
Cd As Z A T5 9k 1, [ REAOK REATRL) Cd Fl
As TR A A 7= FNERBE ST — K HE o

2 KFEFFRIFRE CAF0 As 95 FHLE

IKFEXT CA A As (WL 32 71 oy Bic ik A 90
AR EE AN IE . H A v BRI E
ZAS 5 EN Cd As B RIE N
2.1 JKFBIREIT Cd FA As BRI

MR Cd B TR D T HE MR R CdFR R
i, H AT E & Pl OSNRAMP5,OsNRAMP1 ,OsIRT1
OsIRT2,0sCd1,0sZIP5 Fl OsZIP9 L5k 12 1A 2 5K A
X Cd BRI, OsNRAMPSAE K F SRBEAHCE
W 41 itg 75 11 (NRAMP, natural resistance-associated
macrophage protein) X 1 — 5t , (v T /KAFAR TSP K
JEFNIN Rz )22 o R s 1T (JE1 1A, A /K AR I ik
Cd. %# (Mn, manganese) /) 3= 5 % iz 25 11, mif BR
OsNRAMPS 3.3 FEARAR 2% Cd . Mn WL ICRE 7, A
B FIRAER A9 Cd Mn & FRE . 2R
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1M, Mn J& A5 ¥ & 75 W 8™ 8 35 00 &, i bR
OsNRAMPS 1,34 fin 7K F5 76 /% Mn K H H s ™ i K
52 1 ik OsNRAMPS FEHEARAR TR Cd . Mn )
W s (H TR T Cd ZEARH AR RS 7] 2 By, ol
34 b &8 A9 Cd BUER W A . OsNRAMP1 5
OsNRAMPS [ LI REARRIEATUAR , @Bk OsNRAMPI
H KRR M B AAFRL Y Cd M & i B 21K
T W AR5 & BR OsNRAMPS A Hb , B Bk
OsNRAMPI %+ Cd . Mn WIS SE A BE /)N T[] BN R 5%
X AN HE R 2 8 Cd M 1SR IE R R 78
Wbl IR IR R Geh , #: (Fe, iron) %1z {4 OsIRT1
F1 OSIRT2 {7 i Cd 19 N i % i 16 1, OsIRTI F
OsIRT2TEf#k Fe 2540 T 1235 _EA , T2 K At
Cd AW, OsCdl #EIE S 2 5K R & X% Cd
B (1A, BB OsCdl g/ 1T AR T Cd %
WA Kz, 38 Cd AR 3R, [a) Bf -t 8 Js /K A 5 Min, 5|
2 SRR B B s R 1 (ZIP, zine
regulated transporter, iron regulated transporter-like
protein) 1 [ OsZIP5 Fl OsZIP9 .2 5 # & W
Cd (kWi 24 HA CdVBE (Zn, zine) (N 55
B (K 1A) , oszipSoszip9 MR 2R AR AN Cd . Zn
(W BE ) i K A B 5 SR, BB OsZIPS 5%
OsZIP9 342> S EkFRL Zn 5 B AP i B B RRAK >
TKFEXTAFIEZS As WML [R], As (TID) j2&

OsNRAMP1
OsNRAMPS
OsHMA2
OsHMA3
OsZ1P5
0sZIP7

0sZIP9

AITEER L

OsABCCY

@ O0sABCG36
0OsCdl
OsIRTI

< CALl

[ -] CALI1-Cd

[+] Cd Cadmium

B

T MK 261 T As I EZIEAS . R (Si, silicon) W
R S As (IID FEAK AR Y 222 20, A
fif % 32 % A Lsil fl Lsi2 /5 Si A1 As (1) 9 W
B Lsil (OsNIP2; 1) @ F 7K 3 38 25 1 Z i )
AR £ 26 INTEZE 11 (NIP, nodulin 26-like intrinsic
protein) MV ZEJ7% , g r TR N [ )2 A0 Rz )2 i o
S it (& 1B) , A AR 2 2 A Si Al As (D)
117 Lsi2 5 v F [l — 20 S5 A i) i g s (J&1 1B) L 171 5%
AR 20 L PN A S As (T 81 H AT 5 1] 2 HE 28 5 4h
A AR HE Si A As (ITD A )iz i = AR, 5 Lsil
FEE | Lsi2 X FFRE As FLER [ 52 i Bk, I FH Ak 2
75 78 5% N- H 35 -N- 37 fiff JE Ik (MNU, N-Methyl-N-
nitrosourea ) Fl y 5 £& 43 51175 A2 4b #f Taichung-65 F
Koshihikari, H 4R 75 9~ 1 50 AN 7] A0 ek 2 1A 5 A8 AR
Isi2, FoAF L As R FE 43 50 [ 22 4 B T A6 UK A i
63% F151%"" o SR, mBR Lsi2 1 50 25 FEAR K A5
XF Si W CRn SRR, T 5 1R, NIP KR
OsNIP3; 2 1.2 5K AFMIAR XT As (TID) (A 0z i, {H
Xof Hh 18 As AR R oA FRY ., H R 2+
BOMFK P WL —F AL ASTERS . BWFsTHiaE,
Lsil 0] 455 LA R A /0 (1) — B A N Sk A K
FEMR 2 | 5 M A RUR AR AR LU, 7578 Ab BRARAS Y Isi 1 X
MMA F1 DMA W RE 71 53 51| B A 80% F11 50%, 1T
Lsi2 A% 5 AR o fz it

@— Lsil
—@—> Lsi2
—@—> OsPIx
—@— OsABCCT
(] As(II) Arsenite
o As(V) Arsenate
o DMAMMA
Dimethylarsinic acid /
Monomethylarsonic acid
Ep FH
Epidermis
Ex ShERE
Exodermis
Co EF
Cortex
En  HER
Endodermis
Pe kR
Pericycle
XPC A Sl 20
Xylem parenchyma cell
XV REERSE
Xylem vessel

A TRFEES Cd MR ISORIEE iz s B K FEARTR As FMRISORIFL i o LG8 MBRTE R A5 AR Z TR N B S RA I 1 Jo2 (it i -5 10 Al
A': Uptake and transport of Cd in rice roots; B: Uptake and transport of As in rice roots. The red highlights and yellow highlights represent

the distal and proximal sides of the exodermis and endodermis, respectively
BE1 KEBRES Cd. As BIRBEEIE
Fig.1 Uptake and transport of Cd and As in rice roots
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Ay,
=

PR i 248

As(V) FEAFAHEF TG TWRFE. |TF
As(V) 5 lREh (Pi, phosphate) HLA ALY fk 245
¥, IR R AR i A T As(V) R, H
ifEL & B8 OsPT1,0sPT4 1 OsPT8 Xf As (V) 1 Pi 4
WS35 STERE (B 1B) o 1 3k OsPTT i 35 3
TR FEXT Pi AT As (V) B, fiLBR OsPT4 fifigk
FEXE As (V) I IR g /0 R[] 35 52 1 ospe8
FASAXT As(V) IR ISCRE JT FEAIK 33%~57%"7
2.2 CdFAAs H/KFER R @it LA MEEIE

T HE Y Cd KRR RIS , K43 Cd 8
A AR A AR, 4 Cd AR B 48T
i B A F R0 25 05 A 04 3l 07 38 ) B
OsHMA3 ,OsABCC9 Y45 o7 T HL 240 i v v JE , 3 ok
4 Cd X AL ZE AR AR TR, 1 T 81 A S e
Bl Cd B (B 1A) . ARG IX AL 9 Cd
i 1 %% iz & OsHMA2, OsZIP7, OsLCT2, CALI,
CAL2 4\ iz b F#B4r 4. OsHMA2 J& Zn,
Cd¥ialh, B IR ARK B B ZE AL TG AR5 1
JRIE (A, S A BT E , oshma2 F8 75K i 25 %
Ik Zn .Cd H AR 2 My b33 1 iz 140 OsZIPT
J&Zn CA¥EIE1K, OsZIP7 Rl G T30 Zn .Cd MAR &
] My b3 0 i pd /b (B 1A) o OsLCT2 5 i T
P I , 2 635 OsLCT2 RT 4] Cd 2 4% 31 A o
Hh AT BB K RIS B 110 Cd 2 S 8 AR B
MZEREA CALL A R T S CA & A&, WK 8h

Upper node/Panicle

Cd WA J5 3508 785 3 4T U 114 200 I 43 38 A o
(FE1A) , T 32 Cd py AR 2R 3z i 31 b B350
CAL1 € A M SF B R B CAR R A
M Ff kL Cd i, B 258 1 CAL2 5 CALL
(A TRL A A 669% , Ho g i Jk R 3 B e AR ik, HL#%
SRR AN Y Cd JHpif 35 258 CAL2 BT T /K F
kR ZEMF Y Cd B

ARS8 S e e KRB R As F i 1) 6
R, As(ID SR ARFTH W H As i F 2 A7 7E
., Tang %k I OsABCC7 1EMHA: B A S
FEREAN M b s 20k, B e T R (B 1B) , X
As (111 5 ¥ 91 %54 K (PCs, phytochelatins ) &2 5 ¥
DL As(IID) 548 0k H IR A 0 5o AhHERE P, vl i
PR R As(TID) [y 3R 152 .

2.3 i EERCAFA As BISEFN S EL

2L M B CA A As I ECRIAR AL, MR AR P
() Cd F1 As iz 3| &R 5, KER 419 Cd F1 As
FERFEZE T Ab K A= 9™ K44 R (EVBs, enlarged
vascular bundles) [ 4> B 4t & % (DVBs, diffuse
vascular bundles) 555 .

H A, 2 %8¢ 5% 12 25 1 OsLCT1.0sHMA2
OsZIP7, OsCCX2 £ 5 Z£ 7 i Cd 1) % 35 1 4y
Jpleost447) SR 2 1 OsLCT1 32 578 K A AR B AE
KH KRR 7 A2 bk (1 2) , L RNATBE R
AR TR Cd ¥ JE 5 B A 78 TG B 25 84, i)

—  Xylem flow Ph  FIEZE
Phloem
——  Phloem flow Xy AW
Xylem
i BS  HEEH
—®— OsLCTI Bundle sheath
AB SN
—@—> OsHMA2 Apoplastic barrier
cC  fEHRAp
—@—> OsZIP7 Companion cell
EVB 4 RHEFTH
—@— 0sCCX2 Enlarged vascular bundle
DVB FHHETT
—@—> Lsi2 Ditfuse vascular bundle
PPC ¥ B a4 A
—@—> 0sABCCI Phloem parenchyma cell
. PCB JlBEANER
(+] Cd Cadmium Parenchyma cell bridge
XTC AL A1 AR

[+] Asl(II1) Arsenite
Leaf

Kylem transfer cell

I F
Root/Lower node  FR/F 2257

Upper node/Panicle _E#i25T9/[FHEESF

LTS R TE AR R A0 R T2 i
Yellow highlights represent the distal side of bundle sheath cell
2 KFBETH Cd AsHIFEIE
Fig.2 Transfer of Cd and As in rice nodes
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FE A R ) Cd 7K 42 3 B AR A — 2 X R B
OsLCT1 Z 5 #1572 ¥ Cd iy iz i ' . OsHMA2
FOsZIPT AU S5 Zn .Cd FHR B Hb - HBIHEZ ,
Z 52575 W Zn A1 Cd 1940 BE (& 2) 5 OsHMA2 11
Tos17 i AGEZEH_FFRZE5 FFFRLAY Zn . Cd & i 8K
A Y b KA, PR OsZIP 7t i) Cd \ Zn i) B35
25T FIORE K Y A2 e o BE/BH T R ) B B IR
OsCCX2 fENLF U, 32 ZEAE 2515 (AT S X d 2
ik (F2), 51508 Cd R B 21 AR T S8
OsCCX2 578 T3 CAFE TP 2L 17 b iy B8, AR
() Cd B e B A RURRAR 24— 177

A 5% AsTEK b 3038 S Fn A e i i o g
H 17 i 18 ) 7% 32 1K £ A Lsi2, OsABCC1 Al
OsPTR7“*", Lsi2 B T TEMR RRIRIP WAL TR R
ik (E12) , LI RB G 53748 SR RN 1) As (111)
ST MRER Y As (1D FH S5 5 20, R
Lsi2 2 525751 As(IID 2Bt . OsABCCI1 E 1
FZETT ) B R AT B A A A R (&1 2) L 57 50K As
(IID-PCs B A Wb s et b, WA 208> 1 As
(IID) A FFRLAY %381, Tang 28 5% & B OsPTR7
S5 MK IR EE (R 1) .

3 JKFEME Cd.As BME RIS FHLE

IR Cd A As IR FAE R KRS T i 52
Cd Fi1 As AL, FEALFEIME SR G 2%
A R 5

Jo R4 32 B 11 OsABCG36 1l Cd AHE H AR 41
i, DA G KRR CA TR 3ZPES" . Zhao %25
FEHH, Lsil AMUEA As(D NIRRT, 24 380
W As(V)B, Lsi DR As(ID A MEH AR RN, X
R Lsi 12X ia iR, HAMRICRAME As (T XL
EIRE. MK As(V) IIMIEE e 208 As(V)
WE N As (1) , T As (I B8 32 A Sk 44
Hh, BRTAEK R KIS 53X — As i i R 18 i
fitify OSHAC1;1.0sHAC1 ;2 i1 OsHAC4 >

TP A OE A RTR (Glu) EBEETR (Cys)
A AR (Gly) A s S s/ N2k,
AN L DR A E R, 1T 2 B PC A R il
(PCS, phytochelatin synthase enzyme) fi ft JIC ¥ 4%
e H K (GSH, glutathione ) 3 A1 A% ' Cd ., As 7]
L5 PCs A4 i, PCs-Cd  PCs-As & 4517, W ifif [
ik Cd F1 As I B FE R« S S &9 (145 Cys.
GSH H1 PCs) [ A 0] 22 42 @ i 85 40 6 F 2L 0,
WFFE R, flBE OsPCS2 25 MK R Cd Al As(111)

M8 BB PEDSST . OsCADTI 9878 M T iRk
e is B VRN PR #h i s AR LI 2R, DN I iR
b AR R A ORI AR 2R R S AL A A
{1 T 2200 25 19 A W2 4, B2 = /K A X Cd (1 Tid 52
P, [a] s B AT 2RI, osastol ] 28755 (A 1f
2 150 KR AT T ATV s P R A, 38858 T /K R X
As 1T 244

VI B B WK R T 32 Cd L As IO TR E WL+ 43 &
B I8 OsHMA3 B350/ Cd AR b 3R
5%, 1X 5 OsHMA3 #4 Cd F 25 S AR 5B v i 3
AE—3' B OsABCCY (415 5738 1A Ly B A= 70 %)
Cd B AFURK , 48 T AR R A B A Cd B
OsABCCI1 i i As (111)-PCs %12 E R & , 5
Lok REH As R B R, @BR OsABCC1 3 BUKAG
XT As T 52 PE R R

4 Cd. AsRFRB/XKFEMMES

4.1 CAdRBRBKERMHUES

OsNRAMPS J& H #il & B X /K R Ui Cd o ik
R EEA, P ZN AT CARB BT
Ao PRAEIE AR FNEE K S48 KA1 osnramp5 X Cd 1
R ST A4 R R B8 AR o0, xof [ P K e R A 7
ZH 5 8 I 977 6 ) OsNRAMP I F11 OsNRAMPS
[F) Fof S 2 11 3 2T 3A RIS 21 4A, 48 Cd V5 Y K H 4
A, KPR Cd & R4 51 10 F1 30 pg/kg ™ dE AL
PRAL AR A BRI CdARFR KA BT i Al SE B
FE R AHT A E A . Ishikawa 25 F] FH Kk 251
ARG S AP RO, A5 34 osnramps RAR Ff
b Cd B R R B X RE A 3% LR . Cao 55 H
EMS $AFHIFE S AP 93-11 15 52 1) OsSNRAMPS 587%
T led 1, HoFPRL CA 5 BEFEAIR 96% L F HASFE i KA
(AR o LS5 OS] g A L 1 0 e AR A 175728
MARE 18 e 2] OSNRAMPS #4597 A , 878K
22 i 1A 31 CAIRAR SRR, HERL L i 2 s Ai 2 &
W15 s Y S e 5 R R, JOFP kL Cd i
T30 we/kg. FIFH CRISPR/Cas9 % A [ i #iic a9
RIS T RATE G FIRERL 638S H1f) OsNRAMPS
FEA, I e 4 R A5 BE L A2 & 75 5 14 osnramp5
FEE B Cd 5 gs % & B, JoRE K Cd & KT
50 pe/kg, Hym i DK AR Z MR B A R C i 2
2% 5ol H F CRISPR/Cas9 4 iR 4 |5 R Kl 46 .
WERG S5 A d  HFEB HINZHET PR 35 A8 A5
1ET5 511 OsNRAMPS 3135 BEAS [R R FE (R 0k 77
NIRRT, B OsNRAMPS X KR AR SRR (152
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Table 1 Encoding genes of Cd and As transporters in rice
FEH AR A5 FE IR 240 e A7 ke E =BT
Gene name Gene ID Main expression organ Subcellular localization Function References
OsNRAMPI ~ LOC_Os07g15460 &b s o sy iy JfE 2 5B Cd . Mn BRI [25]
HRANAE LA K PR i
OsNRAMP5 ~ LOC_0s07g15370 R &2 i Z 5 Cd  Mn 1k [23]
OsIRTI LOC 0s03g46470  MFRAIFR L SR FEir S5 Z: SRR Cd  Fe MW I [26]
PN R J2 1) 2 J2 A R
OsIRT2 LOC 0s03g46454  #f iy 2 SRR Cd  Fe 1 [27]
0sCdl LOC_0s03g02380  ARFBIA L Z SMY )2 2 iy % 548 Cd \Mn AR [28]
THPREAN | P4 i
OsZIP5 LOC_0s05g39560  KEBATAIL (Ut 25, JoT 2 5K Zn . Cd YW [29]
R B RS )
OsZIP9 LOC 0s05g39540  #.25 §ivt JofE 2 5HRER Zn .Cd Bk [29]
OsHMA?2 LOC Os06g48720 A3 JEIFZE | FHR2Ey i %5 7Zn . Cd MARFR 1] 3t 35019 [40]
3z B 3R 4T
OsHMA3 LOC_0s07g12900  AL#p TR 1 BEK Cd BE B e [38]
OsZIP7 LOC_0s05g10940  ARHEFIZE 4R R Py 2 5j Zn .Cd MHEHR ] L 381 [41]
HEREAN B3z S R4
OsCALI LOC_0s02g41904/ AR ZE35 -4 HHAERE (SR T) Z: 5 Cd R I 4t b &R FE 12 [43]
OsCAL2 LOC Os04g44130  #ik i BE Z: 5 Cd R I3t L &R 5% s [44]
OsCCX2 LOC 0s03g45370  ZEAY A B IX JHE Z 51 R Cd e [47]
OsLCTI LOC 0s06g38120 &7 I j iy 2 5t 0 Cd 4 [46]
OsLCT?2 GenBank acces- AR N ) 25 Cd AR ) LAY EE 2 [42]
sion number :
MW757982
OsABCC9 LOC Os04g13210 R TR B 5 Cd bR B FEAR S [39]
OsABCG36 ~ LOC_Os01g42380  ARFB Jo Z 5 Cd M [51]
Lsil LOC 0s02g51110 MM S22 JoE I Z 5 As (D ISR AMEE - [30-31,
RIS DMA MMA B i 34]
Lsi2 LOC_0s03g01700  ARFBHIZ S )2 22T SR Z: 55 As(IID (I ARFRI L 1 [30, 48]
Hh b B4 L
OsNIP3 ;2 LOC_0s08g05590  filliid BnA= AR kL Jo 2 SRR As (I AW [33]
OsPTR7 LOC Os01g04950 i bR AR i Z 54 ) DMA 4 [50]
OsABCCI LOC_0s04g52900  # Z&%7 I} TS 5544 As(I)-PCs B 85 76 WD [49]
OsABCC7 LOC 0s04g49900  ARFRH4E JoT %5 As(11)-PC, J¢ As(II)-GS, [45]
MARE 13535 iz
OsPT1 LOC 0s03g05620 A4 i |3 JofE Z 5 As(V) 1 [35]
OsPT4 LOC Os04g10750  #3 Jik iy 2 58 As(V) IR [36]
OsPT8 LOC_Os10g30790 34 ful4R J 2 5 As(V) i [37]

Wi ANTR] , AT RESR T AR A0 AR, B S AR R A%

21 AA TE 7 5 Y o PR O Ab i A ) DNA R Bt

AR, 38 i osnramps # 3 Mn FLE & AR, I
Ab R % PR OsNRAMPS AR XHIT
Mn Fl RIS B 520k o DA B sE s, 76 R
OsNRAMPS 5875 35 & CA IR oK Fef dib Rl , 75 38
1 ZAF 2 K RS A HOE AR A S X
SRR B B ORI RAL CA B A B 1Y
AN HETC AR 22, £ RPUE %

(Tons) , JF & tH Tons 4> FAric , H:AH Bl Tons ARic 7
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