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Effects of anoxic and aerobic cultivation conditions on cadmium
accumulation and OsHMA?2 expression in rice

YANG Yaoshuai, MEI Xiugqin, LI Qusheng, WEI Jia, ZHOU Xuefang, CHEN Kehan, ZHOU Ting
(School of Environment, Jinan University/Key Laboratory of Environmental Exposure and Health of Guangzhou
City/Guangdong Provincial Research Center of Environmental Pollution Control and Remediation Material,
Guangzhou 510632, China)

Abstract: [Objective] To study the effects of anoxic and aerobic cultivation conditions on cadmium (Cd) uptake and
transfer and OsHMA?2 expression in rice shoots, and provide a theoretical basis for reducing the uptake and
accumulation of heavy metals in rice. [Method] Using rice cultivar ‘Wufengyou 2168’, pot experiments were
performed hydroponically under anoxic(nutrient solution with agar) and aerobic(oxygenized nutrient solution) conditions.
Cd uptake and accumulation, and OsHMA2 expression levels in rice shoots were analyzed at three Cd levels(0, 0.6, 1.2 mg-L™).

[Result] Rice growth was not significantly inhibited by Cd under anoxic condition, but was significantly inhibited
under aerobic condition with the dry weight of roots and above ground parts significantly decreased. At the Cd

concentration of 0.6 and 1.2 mg-L™', Cd accumulations in roots and above ground parts of rice under anoxic condition
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were lower than those under aerobic condition. Under both anoxic and aerobic conditions, Cd accumulation in roots

increased with Cd concentration. For above ground parts of rice, Cd accumulation was not significantly different between 0.6 and

1.2 mg-L™" Cd levels under anoxic condition, but increased with Cd concentration under aerobic condition. Compared

with the control (0 mg-L™' Cd), OsHMA?2 expression level increased at the Cd concentration of 0.6 mg-L™' but

decreased at 1.2 mg-L' in shoots under both anoxic and aerobic condition, and OsHMA?2 expression level in rice was

higher under anoxic condition than those aerobic condition at each Cd level. [ Conclusion] Anoxic culture can inhibit

Cd uptake and accumulation in rice, and OsHMA?2 expression decreases when Cd accumulation reaches a certain

value.

Key words: rice; anoxic codition; aerobic condition; Cd; OsHMA?2; transfer coefficient
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Tab.1 Growth status of rice plant under different cadmium treatments

1 H IR R
ACD/(mg L") Ijp/mm m-(fR)/mg m-(Hh_E#)/mg Ijp/mm m-(f)/mg m-(Hh_E#)/mg
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Fig.1 Cd and Zn concentrations in roots and above ground parts of rice under different cultivation conditions and Cd
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different cultivation conditions and Cd levels

3 WiR54R

ZREEJE Cd G, MIEKEE &2 3
SO, RINREARIE /N I R B0, AT 7L 5 R
K, IKFELEE TR TR AR ES S Cd KB [R] b B, A)
T M EER R AR KR B 2 B A, R
ORRANHL R E R, B Cd KRR AR KK
B BRI F 28 A o REEURN T S R
FAE T S E T /K RE AR 0 i 5 e AR G, b
S AR 2R )35 J7 . SRR, @Ak R T
RAMEK, KFERTAMK HER L, R
FETH ARG K, BEAAEYIA Cd W%, 30 1E G E .
AR B K RE L K B R B A R AR
AT B 8 S G DA B At R A R AE 2 R
ok, FEEVA RN, KFER B HNSER R
1) J B TS 4, AR 2R ) B 1) Fe it 4 ol S A Bl 2k
B 7E AR (0 R T, T A R 2 T 1004k I 2 2 i AR oS
HERAR, EmRE Cd(1.2 mg L )b HE %
PER, B R AR BT 1 KRG 16 & A b 2 X
AT T 10.46%, 1M S 77 70 S FiAE /K f 52
F| Cd FHIHIERECR, FFET 57.65%.

TEAR R AL ER 2644 T, [R]— 7K & A [F) 48 B %)
&)@ Cd RSN RARAEAE BRI 22 72 AR5
R, B Cd AbFRMR 3N, AR &S Cd it B &
4K, (H M B Cd 1) RAUA B — e B 5 A RE
i Cd Kb BV B 3G I B OK, X TR 5K FE A &
X} E 4 JE B P AR FE LA G o Sasaki S5O L
R, AE Cd il T, K FEAR IR HE R OsHMA3 i &

KiK, W4y Cds Zn 5 & T8 BT ERE, S
FRHER Cd A1 Zn SRALEIE N, H L35 Cd A Zn 1 RAFE
ST B - B K ZEPHA N CDF S 2 - AtMRP3.
AtPDRS %5y 4 J& fift 55 52 1, Aetd 55 &) B 2 Bl
He Ak oh, T Is/D B 4 BT I B . AT
H10.6 mg-L ' Cd A [{155is ZEII KT 1.2 mg-L
Cd AbHE, X FWHLEE Cd R E MR, K KE
Cd il [ 5 78 ML 35 B 7K R 10 At 25 4 i g b 1
Cd [h B3z . B A PN\ KRS il R 5
Cd B EEANFPBRZGM—ENEKRE
B BAEEMB AR, 72 =K E Cd(0.5~2.0 mg-kg™)
AEFRZEAE R, K REAE PR I R s iR Cd & &
B hnAs b, A A e R LR S R R IXR I, K
Fext Cd M¥#5iz RAAE—E I Cd W E e T2 il
LR B B8, T AR R R R R T B — 25
B

OsHMA?2 /K FER A _EEBiz % Zn A1 Cd 1)
— AN IE R A, AW S R M R K RERT Zn
MR =TI Cd ik, Bl—E &1 Cd XK
FEWRI Zn A FHIAE T, 15— Se g 7 0055 S
Bl KB Cd 5 Zn fAAESEGHER o ARBFTURIAEARIF
Cd WAL FEE FR AR /K TG £+, OsHMA2 %
IR B EARIR BE A 3T 1Y 0, 17 A re R B A B BT 400 9k
BT XA FE 1.2 mg L' Cd b H A #RiE R
BRI R R 2 — o /KA 1384 ) Cd BRI EE
KB, K& OsHMA2 Fik, \iZ5 T ¥ Cd MR
Her Ay E i, T4 B 1) CA R AIA R —
SE S, ZKORE AT B 38 A 1 5 A S R D ) o 21
SUAE Z R FIFE 8450, 8O @ WA
KA, BAR T Cd Al Zn [A) s E 5 iz 68 77,
AW TR I, IKFERIRAE S FE Cd Ab3E T, OsHMA2
IZRIA 2D, WL T Cd #4518 REFF. H
i Cd BRI A Zn 1) BFE T RIS .
KRN BRIE XA T, KFEZEF OsHMA2 1)
RIKEAFAEZE 50, 8 IR W AR B KA 22
OsHMA2 (W335 8 25 T8 FR I SR B 10, [FRS
Cd B ER/DI KRR OsHMA2 32k, 24 Cd &
FAEIA B —E (H I 22 P8 OsHMA2 3RI5 .

SE R

[1] COLMER T D. Aerenchyma and an inducible barrier
to radial oxygen loss facilitate root aeration in up-
land, paddy and deep-water rice (Oryza sativa L.)[J].
Ann Bot-London, 2003, 91(2): 301-309.

[2] SATARUG S, BAKER J R, URBENJAPOL S, et al.
A global perspective on cadmium pollution and tox-

http://xuebao.scau.edu.cn



5 ]

P, 5 AR 78 SEUREE X /KR8 Cd AR Je OsHMA2 FEIR 3k (500 29

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

icity in non-occupationally exposed population[J].
Toxicol Lett, 2003, 137(1): 65-83.

EWREE, E30OK, Bk, & EE&EECHEBEMIEN
B8 8 15 S R AL [T]. 2R 254k, 2015, 35(23):
7921-7929.

UENO D, YAMAIJI N, KONO I, et al. Gene limiting
cadmium accumulation in rice[J]. Proc Natl Acad Sci,
2010, 107(38): 16500-16505.

CHENG F M, ZHAO N C, XU H M, et al. Cadmium
and lead contamination in japonica rice grains and its
variation among the different locations in southeast
China[J]. Sci Total Environ, 2006, 395(1/2/3): 156-
166.

R, Bk, X3Cs, . e LIE-HEY- AR R
g i B R RS R T [T]. AR ER, 2003, 23
(10): 2133-2143.

IREMONGER S F, KELLY D L. The responses of
four Irish wetland tree species to raised soil water
levels[J]. New Phytol, 1988, 109(4): 491-497.
SOMENE, KM, BB A, 55 TS Y F K 4 B K
W SRR B4R 4 B T K AR LB D). AR5 244, 2007,
27(9): 3930-3939.

WG, FEUL, RIRAE, . BAESRIGRNKRER
AR R HAE TR [T]. YL AR, 2007, 35(5):
220-226.

AR, WITE . FEAONTS R IR TR A R AL B A
[7]. BT RE2E 23], 1995, 15(2): 142-147.

REDDY C N, PATRICK W H. Effect of redox poten-
tial and pH on the uptake of cadmium and lead by rice
plants[J]. J Environ Qual, 1977, 6(3): 259-262.
SATOH-NAGASAWA N, MORI M, NAKAZAWA
N, et al. Mutations in rice (Oryza sativa) heavy metal
ATPase 2 (OsHMA?2) restrict the translocation of zinc
and cadmium[J]. Plant Cell Physiol, 2012, 53(1):
213-224.

TAKAHASHI R, ISHIMARUY, SHIMO H, et al. The
OsHMAZ2 transporter is involved in root-to-shoot trans-
location of Zn and Cd in rice[J]. Plant Cell Environ,
2012, 35(11): 1948-1957.

YAMAGUCHI N, ISHIKAWA S, ABE T, et al. Role
of the node in controlling traffic of cadmium, zinc,
and manganese in rice[J]. J Exp Bot, 2012, 63(7):
2729-2737.

XEEZ, R, HER, % BEE IR &0 N
TEIRRELHT T AR RELE [T]. BRI FHE, 2010, 38
(4): 1755-1758.

RO R T T KRR AR A (R A 7] 38 Hh R (Cd)
FEBME (EC_x) X IR [T]. o B Ak R 272, 2014,
47(17): 3434-3443.

DAS P, SAMANTARAY S, ROUT G R. Studies on

cadmium toxicity in plants: A review[J]. Environ Pol-

http://xuebao.scau.edu.cn

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

lut, 1997, 665(1): 29-36.

KRB, BREs, BACRE, S5 KRR 5 1m0t A
BRI, R E R R, 2014, 47(18): 3633-3640.
FIEIR, TLOLBE, HI58. KO BN Rk RS
ALK K= R R[], S EKFER, 2013, 27
(2): 209-212.

PR, X8, FRAS B NIRRT B KRR A K S R
FA R Rz [T]. A E TR 5 IRk, 1997(2): 111 -
116.

COLMER T D, COX M C, VOESENEK L A. Root
aeration in rice (Oryza sativa): Evaluation of oxygen,
carbon dioxide, and ethylene as possible regulators of
root acclimatizations[J]. New Phytol, 2006, 170(4):
767-778.

ARMSTRONG W. Oxygen diffusion from the roots
of some britishbogplants[J]. Nature, 1964, 204: 801-
802.

ZHANG X K, ZHANG F S, MAO D R. Effect of iron
plaque outside roots on nutrient uptake by rice (Oryza
sativa L.): Zinc uptake by Fe-deficient rice[J]. Plant
Soil, 1998, 202(1): 33-39.

B, R, FUHAHE, . R IRAE B K RE AR R Bk
[T 1 B FE %o KRR USRI 8632 Cd I FE MR [T]. A0k 3E
RS, 2013, 32(3): 432-437.

XA, s, wRE, . RGN [F KRS & ofh
Xt Cd [ BRBURFERT FU[0]. RO IREIRL S 224), 2011,
30(2): 220-227.

SASAKI A, YAMAIJI N, MA J F, et al. Overexpres-
sion of OsHMA3 enhances Cd tolerance and expres-
sion of Zn transporter genes in rice[J]. J Exp Bot,
2014, 65(20): 6013-6021.

Bk, ToMR, shoRyt, & My L E &R bk
I TEREFR[)]. A BLZAR, 2014, 22(3): 528-534.
Jl 4z, R, KAE, &N RS AL R K FE R R
B AR R IR R R A (D). P E
KFERLEE, 2016, 30(4): 380-388.

KUKIER U, CHANEY R L. Growing rice grain with
contronlled cadmium concentrations[J]. J Plant Nutr,
2002, 25(8): 1793-1820.

SEARHE, NI, WA, JRASAKAERS Cd Bl Sk
KR R LA A M BE B[], FREERL Y, 2006,
27(8): 1647-1653.

MOULIS J M. Cellular mechanisms of cadmium tox-
icity related to the homeostasis of essential metals[J].
Biometals, 2010, 23(5): 877-896.

XIREEA, ARGV, KUk, 55 =M E SRR AR 4
JER B 1 PR 0 1 e [T AR IR B R 22 541, 2015,
34(2): 227-232.

[(REHE E K]



