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Effect of VIT1/VIT2 overexpression on Fe and Cd
accumulation in rice endosperm

HE Yiqi, LIU Dong, SHI Yujiao, GUO Bao, ZHOU Lin, LUO Jinsong*,
ZHANG Zhenhua®

College of Resources and Environment, Hunan Agricultural University, Changsha 410128, Hunan, China

Abstract: Iron (Fe) deficiency and excess cadmium (Cd) in rice grain are important problems to
be solved in agricultural production. Previous studies have shown that OsVIT1 and OsVIT2 are
vacuolar iron transporters. In this study, wild-type ZH11 was selected as the background
material and OsVITI and OsVIT2 were overexpressed in endosperm by using endosperm
specific promoter G/b-1. Field experiments were conducted to study the effect of OsVITI and
OsVIT2 overexpression on Fe and Cd accumulation in different parts of rice. The results showed
that OsVITI overexpression in endosperm significantly reduced Fe content in grain by about
50%, while significantly increased zinc (Zn) and copper (Cu) contents in straw and Cu content
in grain. OsVIT2 overexpression in endosperm significantly decreased Fe and Cd contents in
grain by about 50%, and significantly increased Fe content in straw by 45%—120%.
Overexpression of OsVITI and OsVIT2 in endosperm did not affect the agronomic traits of rice.
In conclusion, OsVITI and OsVIT2 overexpression in endosperm reduced Fe accumulation in
rice grain, which did not achieve the expected effect. OsVIT2 overexpression in endosperm also
decreased Cd accumulation in grain and increased Fe accumulation in straw, which provided
reference for iron biofortification and cadmium reduction in rice.

Keywords: rice; vacuolar area isolation; OsVIT1; OsVIT2; accumulation of iron and cadmium
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BIKE ZIKEREILT R VITI/VIT2 X Fe 1 Cd FREMNEIN

R E R RSB R RT . KL S
b HEER MR 2 ng/g MBS, Hitk, /KAGE
BRI EE B Y, BT B
AT DAAT R0 G I KRS Hh e 4

T LAk b e R py ke, Ea)mis
Je @ e, PEE, 7E 2011 AR EELA R
2 000 J7 hm® #Ft i F(Cd) . 1 (As) B4 (Pb) 5 &
S@iEye, wARETEYE 1200 77 1, Cd E—Fp
AHESEIUR, BAMGREK . SER.
Gy iR FIMER A S50 R, DTN PRI 2 4 ) ol
KBy, Friiad S PsE o s AR, KAE
NREFRMEEEY M EEZ - KK Cd
SEFREETE R 0.2 mg/kg (GB2762—2017)!,
TER R AL | R T AEASE N EIZE
B8 X4 B R 0.4 meg/kg!™, o HETE
22 PR R H T 4 B S Y A7 7E Y AR I B
ARBEEHL X, ROK R & i s, A28 50 Hh
X, JORPAFRE =ik 1-2 mg/kg!' . B,
18 UYL AR K T8 B iR D A R
R

IRFLR KRN F IS, A5 IR YR
MIZ5H), TURT S EMIER, TEMRE S NN
Fp o] & R ek R, B IREL )
LRy RE T8RS, MELM B & AR T HA 4 2L,
& 1 - v e B ) — A kR 3 1o ZE R L
TSk R B 1T R IB B 1 (ferritin) & A
Sk s A1 i AR R U Qu MUK FE R F
W ER TR FAREIN GIb-1 Wy BT T —AN A
SF, ZA s FHE NI B- 4 bR R 2L
(B-glucuronidase, GUS) 3= ELAE R FL H 0 AL 3
ik, FFHISAEET 1.3kb (9 Glub-1 JE3hF 10 4%
LI b WF9E R, 1€ GIb-1 ]38 FH1 1.3 kb GluBI
Ja S F RIS T KK SoyferHI GEAA RS InFh -+
B S e AR R S I IRE
Serritin /)32 35 AN RE {5 J DR KRB K 4k At
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O G e 3 SN €2 /oy YA RT3 (1 AR ¢
GIb-1 JE B FRRSI T, FERRFLANIE T Rk
OsYSL2 W] L3438 Fe(IN)-NA [] IR 3L 240 Jifd i 5% 5
BXXF TR Y Fe B RARF 2, (006 4%
HEKIAT Fe A Wamib A — & XU, Al figss
SHEAFESEWRE . maBRP,

TR TR RS 1) — b AL R R T A
A, EIRRM YL AR — R ORI . R
¥z 75 H (vacuolar iron transporter, VIT)J&—#}
TRE R WOIRAR B T B R K, BB IT Il Ak
a1 AtVITI TEW R IT L B Th IRl v e B
Tk, EMTWIEE, IS S5 E4EE R
) Fe* ML &, osvIiTI 1 OsVIT2 J&
AtVITI WKRERIIESEIN, 0 T, of
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Rk & i O T eI i rp A R S i, A
OsVITI Fl OsVIT2 25 TR . FedeB Z A ny 8k
Bin, TEMERET, OsVITI1 Ml OsVIT2 AREkE iz
Cd>™, VIT [FHE I # R REF 26 24 R,
X%/ % OsVIT1 Fl OsVIT2 A G FH TAEY )
Fe/Zn A9tk .

T, AWM AL R R GIb-1
Jash ¥, WE T IRFLERIK OsVITI Fl OsVIT2
FBT I SR UK AR 2R, XEIRFLE Rk OsVITI
M OsVIT2 KFFHAFEFRALE) Fe F1 Cd & it i
AR, B 10 A B B A K R R L ok
F3K OsVITI 1 OsVIT2 %f Fe Al Cd BB A RZ M
Sk K R AR 1) A i Ak FIUR P L B A A %

1 MHET*

1.1 iR A E K&

HE 3k B S B RS S A 2B 117 (Oryza
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MFIKIE Zh T GIb-1, 4Kl pPCAMBIA1300%™

B<: cjb@im.ac.cn

715




716

ISSN 1000-3061 CN 11-1998/Q =4 T #2%44t  Chin J Biotech

P T3 6 080 i 4 ) B T S 3 S s b 47, R H
W ET S AE N 032 pgleg, WE S AEE,
FEHES , /N R AR g 15 m?, SR FH FH Ja) 1F 5 it A
iR & 391.3 kg/hm?, E AL (K,0) 120 kg/hm?,
1 BERR A [Ca(HaPOy),] 90 kg/hm?, HAEMEJE AR
— WS, AARIEAE 5 HE 60%, rEEAR S
25%, AR & 15%, BEARSLE R 7:3,
1.2 BmEENEEEL

K ZH11 () cDNA J#itl, i OsVITI-F
F1 OsVITI-R 54¥)(F 1) PCR, &l OsVIT1 Hil
OsVIT2 1 4 i% 25 11 51 ) ¥ W9 J¥ 1] (coding
sequence, CDS) 4, >k ZH11 BYZEK 41 DNA
kit , F PGLBI-F #1 PGLBI-R B1¥1(% 1)
e MFLRE R IB S B Glb-1, il [ I E
TR EA p1300 43 4 WG 3 ik 3 Ak
p1300-GLB1-OsVITI #l p1300-GLB1-OsVIT2,
I 28T RDUE I A P H ARG R 2 w43 501 5% Ak
ZH11 31% To AABHIYERT . i A KIS, B
MR ECEE N 4 DNA, HMER B HRN
HYG-F 1 HYG-R 51#)(5% 1) PCR, 1%ZiflEHE

*1 AKHRAS

LKA I H Y 257ty , T B BE R 2 o OsVITT
OsVIT2 JEFEA /KRR, % 2 i BRI AR
BRBS AR 2000 FH rp 4k 2l 2k K LUk T AR+,
A A2 alifb 5132 T, AU T )5 2656 .
1.3 SCATRYEE = PCR (quantitative real-
time polymerase chain reaction, qRT-PCR)
WOKRE I BORPRLEEAT, TS TR A .
FHl TRIzol i (Ambion)$& BURE 4 i) i RNAR,
BRI BT FERTER A TS 1 mL
TRIzol #1200 pL &ff, EAJGZEIRF#HE 5 min
JEES O WRE R 300 uL, A SRR R
FE, RAEFE S min JFE.0, H 75%FEE
YU )G i T4 3-5 min, A 40 pL ddH,0
% f# ofd F HiScript 11 1st Strand cDNA Synthesis
Kit (Vazyme)& il cDNA itz ., ffi [l SYBR
Premix Ex-Tag (TaKaRa)if #|#1 ABI Stepone
7 000 #E7 75 it PCRoARNS AR 2 404 PY,
i OsActin JEPRERARELIN S . qRT-PCR it
HBIYIRH Primer 6.0 T, 51975 I
%1

Table 1  Primers used in this study

Primer name Primer sequence (5'—3") Purpose

OsVIT1-F CTGTCTTTGAACTCGGATCCATGGCGGCGGCGACGGACGG Transgenic plant
OsVIT1-R TCGGAGGAGGCCATACTAGTTCTAGTTTGCACGGCCTTGG

OsVIT2-F CTGTCTTTGAACTCGGATCCATGGTGAAGGAGTTCGTGCA Transgenic plant
OsVIT2-R TCGGAGGAGGCCATACTAGTTCTAGTTTGCACGGCCTTGG

PGLBI-F CGACGGCCAGTGCCAAGCTTGGCCAACATTTCATGTGTAA Transgenic plant
PGLBI1-R GACTGACCACCCGGGGATCCGAGTTCAAAGACAGACCAAG

HYG-F ACCGCAAGGAATCGGTCAAT Transgenic plants screening
HYG-R ATTTGTGTACGCCCGACAGT

OsActin-Q-F TCCATCTTGGCATCTCTCAG qRT-PCR for OsActinl
OsActin-Q-R GTACCCGCATCAGGCATCTG

RT-OsVIT1-Q-F
RT-OsVIT1-Q-R
RT-OsVIT2-Q-F
RT-OsVIT2-Q-R

CCTACATGTTTGTGCCGACG
CCGATAACAGCGGTCTGGAA

TCCTCAAGCTTGGCTCGACTTCAT
ATGGCGTTCTGTGCTGTGGAGATA

qRT-PCR for OsVIT1

qRT-PCR for OsVIT2
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BIKE ZIKEREILT R VITI/VIT2 X Fe 1 Cd FREMNEIN

14 KIEPEREEFRENNZE

FEAPRARBEHLEL 5 BRAKFT, WK FdEnt
AL B FIBR RN AN TA ZEFFAE 80 °CHEA H
TH: 24-48 h JEHEA TR MR, IR RS FTAE A
Fi 742 80 °CHEAE h T4 2448 h J5, MW
0.02-0.10 g TEHAFEFFFFIFFH 1 mL ¥R
PIHAE, HEBT/KESRZ 10 mL, 7B 10 55,
it FH H B3RS & 45 25 1A BT 15 (inductively coupled
plasma-mass spectrometry, ICP-MS)Jll z& #4 4}
(1 4 )& i Pk B,
1.5 REMKRNZE

BRI AR R BEPLIC 5 RRBDEL, W3R BT
ARV L FRIRARE, AR B, B
SRR . KR R OIR K R S S
B, FREZE . IR R4S IE 105 °CR T,
65 °CHET 2RI J5 PR . IO AR I E .
1.6 BBELES S

K1 SPSS 18.0 H £ H1 DPS k{15481
AT BRIy 2504, LSD iE#E T I EPEA
B, P<0.05 JZE5RE; P>0.05 NIA BEE
5. JH GraphPad Prism 8 ZX{:il /EAETE & .

2 HZRE5OM

2.1 HEEMBEEMRESH
JK R RFORL HY VR IR FLA R, A TOBIE S

Aﬁ 207 [ ZHI1
2 * VITI-1
% b, % Bz VIT1-2
E 1.0+ Né
: 2

0.0
Endosperm Leaf

1 FEZERIX OsVITI F1 OsVIT2 FIERERILE
Overexpression of OsVITI (A) and OsVIT2 (B) genes in endosperm. The * on the square bar

Figure 1

OsVIT1 FI OsVIT2 X§AFR b i 4 J@ A 24
ARG IR AL R S RIR GIb-1 R sh TUksh
OsVITI Fl OsVIT2 FRikthydt T #4k , ¥4k ZH11
B3] T I8 OsVITI 1 OsVIT2 WIFE IR FR .
TEATBEW, BUKRELMA T, X %
PUrk SR Y PCR %7, ik 1 4 & BHPEAE A% o
A3 SN E TR AR T RO FL A S R R S
RT-qPCR 7M1 W, MLTF ZH11, OsVITI 7&
R s R E RN T 8-15 £, fEMRFLH
HIZ A BEWIN T 110-157 58 1A); OsVIT2
SEPARIAA AR, 7EM A AR AL, 7EMREL
HZFe AR B E TR 1.9-2.5 f%5(& 1B), 45
R, OsVITI W3Rk i AE % 3 DR R i IR L
FI Rl i, OsVIT2 (A3 55 i 7E 55 3 R R AR 1)
LT
2.2 KFEREF.ERIE OsVIT1/OsVIT2 B3
PEIRATHRL Fe 22

H T WG IRFLIE F3E OsVITI il OsVIT2 2
BTN Fe &, BRRERRIE &5
il Cd 15 gL FHh B 2 . i ICP-MS £
DT S I M A R A B AR R 1 K R AT R
FFEFFY Fe WRPEE. Z5KH, SEPARIMLE,
OsVITI FEFEFTHP Fe WRIEETCHI B 225, MEFPRL
i Fe W B FRAK(E 2); OsVIT2 TERSFTH Fe M
JERETHE, MACKRH Fe W% B35 T FE(E 2).

B 0.006 * [ ZH11

=i
' B VIT2-1
()
£ 0.004 | Il VIT2-2
()
(S *
N
2 0.002¢
=
(]
a7
0.000

Endosperm Leaf

indicates a significant difference between treatments at the 5% level (P<0.05), n=3.
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Figure 2 Iron content in rice straw and grain of
OsVIT1/OsVIT2 endosperm specific materials at
mature stage. The * on the square bar indicates a

significant difference between treatments at the 5%
level (P<0.05), n=5.

% OsVITI BRI bR R M5k R D Fe WL BT
K24 50%, 5% OsVIT2 3[R ¥k 2 2 1 K Ag s
FFHh Fe #JE 45%—120%, i B & FEACF-K b Fe
W2 50%.
2.3 KIEREFLIEFRIE OsVITI/0sVIT2 3t Cd
FREBF 00

KT WG SRIRFL OsVITI/OsVIT2 Wik
SRR Cd W™ AR SR, ASBF I E T A
ZH11,0sVITI I OsVIT2 X REFFRLFFEFF) Cd
WS, Lt ICP-MS il & B, 5 ZH11 i1,
ARKAE Cd 5 YR -, OsVITI FEFSFF AT
Rirp Cd W B2 JCH] @ 22 5 (18] 3); OsVIT2 TEF5FT
HCd WL 255, kR Cd W% 1%
%45 50% (& 3). FHIMFLILFIR OsVIT2 230
b Cd kR is , T AR RL Cd /9 2R
2.4 KFEPEIALRIE OsVITHOsVIT2 3 H
ftt PR = F BRI 22 M

il ICP-MS Wi TIRFLLEIE OsVITI/
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Figure 3 Cd content in rice straw and grain of
OsVIT1/OsVIT2  overexpressed endosperm at
mature stage. The * on the square bar indicates a

significant difference between treatments at the 5%
level (P<0.05), n=5.
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OsVITI 1Y Cu ¥ & 8 3 T+ 100%-150% (X1 4B),
Zn, K. Ca, Mg WEHSICHI B 225 ; OsVIT2
EFREFF AR PR H B Zn, Cu, K, Ca,
Mg % 11 2% 5 (&l 4A—4E), X Legk Bkl IR
FLib Ik OsVITI $25 TREFF Y Zn MR, $2
BT REAFRRERL TR A Cu W, T RFLIE R A
OsVIT2 5% Wi 7K A 75 FF 5 0 1) HE A 4 ) 5
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Figure 4 The straw and grain metal concentration of endosperm overexpressed OsVIT1/OsVIT2 material at
mature stage. Zn (A), Cu (B), K (C), Ca (D), and Mg (E) concentration of plants in the mature stage. The *
on the square bar indicates a significant difference between treatments at the 5% level (P<0.05), n=5.
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Figure 5 The endosperm overexpressed the agronomic traits of OSVITI and OSVIT2 at maturity. Height (A),
panicle number (B), yield (C), and dry weight (D) of plants in the mature stage. The * on the square bar
indicates a significant difference between treatments at the 5% level (P<0.05), n=5.
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FEHHA CMRIYGE R, X Cd iz .
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P, {24 OsVITI 1 OsVIT2 (578 R M1 AE K
1E% Cd WGP fEH T, KFEEMFFH cd™ il
BT EAER VIT RiRTe s Y Sk
FATE—ERNZES, W AVITI ¥%i2 Fe* fil
Mn?* SRR AtVITI 5 AR 235%F Mn 72 4= 5200
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S, HIRRIET 0ok e .

WFLid Rk OsVITI F1 OsVIT2 J5 Xt i
¥R Ho A 42 JE T R W2 AR /N . Zhang
SE2URSE T OsVITI FI OsVIT2 V8715 J5 R (9 21
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