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Metal Accumulation and Expressions of Root Two Key Transporter Genes, HMA4 and IRT1, of High/Low
Cd-Accumulating Amaranth Cultivars

CHEN Yan-fang'?, LI Qu-sheng'¥, HE Bao—yan'%, MEI Xiu—qin'?, LEI Yong—kang'?, XU Zhi—-min'?, ZHOU Li-zhen'?

(1.School of Environment, Jinan University, Guangzhou 510632, China; 2.Key Laboratory of Water/Soil Toxic Pollutants Control and Bioreme—

diation, Department of Education of Guangdong Province, Guangzhou 510632, China)

Abstract: Metal accumulation in plants may be controlled by their transporter gene expressions. Here a pot experiment was conducted to in—
vestigate the differences of metal uptake by edible amaranth cultivars in relation to the expressions of two key transporter genes, HMA4 and
IRTI, in roots using garden soil polluted with heavy metals. The expressions of genes IRT1 and HMA4 in root were determined by semi-
quantitative PCR method. Cultivars Baiguxiaoyuanye and Zhengtaixiaoyuanye accumulated (0.116+0.007 )mg-kg™ and (0.146+0.002 )mg -

kg™'(fresh weight ) Cd in shoot, but Taiwanbai and Hongliuye contained (0.210£0.005 )mg- kg™ and (0.349+0.026 )mg kg™ (fresh weight)

Cd in shoot, respectively. Therefore, the later two are high—Cd accumulating cultivars. Cadmium accumulation in root protoplasts was posi—
tively correlated with Fe and Ph(P<0.01). Concentrations of Cd, Fe and Pb in and the expressions of gene IRT1 in root protoplasts of high—Cd
accumulating cultivar Hongliuye were significantly higher than those in low—Cd accumulating cultivar Baiguxiaoyuanye. This implied that
higher expression of gene IRT1 in root might contribute to Fe uptake by root, as well as Cd and Pb uptake. Cadmium accumulation in shoot
was significantly positively correlated with Zn and Fe(P<0.05) and extremely significantly with Pb, Ca and Mn(P<0.01). Concentrations of
Cd, Ca, Fe, Mn and Pb in shoot of high—Cd accumulating cultivar Hongliuye and its expression of gene HMA4 were significantly higher than
those in low—Cd accumulating cultivar Baiguxiaoyuanye. This suggests that the higher expression of gene HMA4 in root may facilitate Cd
and other metals transport from roots to shoots.

Keywords: edible amaranth; Cd accumulation; IRT1; HMA4; cultivar difference
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N FREAWTY 3, R il 55 Tl A R
R ANE A2 55 B Rl FREL T K HEE , 5
HAEESEL NS ER . HETFRESZ Cd,
Pb Cr Z5 8 42 J& 15 4L YA L IR AR 2 2.0x10° hm?, (5 #F
HOTRIRRIL 20% , FAEA ™ i AR5 5 R [ 1000 J7 11
T ESRES Y- AR BRI
“ R IRAR - AR (I g R, Cd B
SRIVAEDRENE , N 5T 24 )8 & HA AN, 78
AWy i B o] e B Z IS R PO LS
RS RS AL A A AR FRA A AR, T
SN IE AR FRACS, R, SR B A E AR & R
TRV P P L 0 ot o B S 326 338 5 1 T A i =5 o A, %
i e - 4 G [ RS it 4 ) A E R S

WFSE R AR 6 WSO T IR T % ) e 4
PEo AFPRT DA 4 JR W i ], A AR 055 43
JEALBEZ BRI, i Cd PhH A% 42 i i S5 1
LSRR 1A 0%, U HMA (ZIP ABC %, P1b—ATPase
BT &R E N, K ATP 4R1548
WIS A, HER T REFZIZ Zn Cu SFHEY)
Wil aE, [FiEess iz Cd . Ph S HE 48, i P1b-
ATPase X #%FR K 8 4 J& %z ATP Jiff (Heavy Metal
Transporting ATPase ) , Bl HMA=®, $lFg 5+ P A7A1E 8 4>
HMA, Hr HMA1-4 2B a8k, ©5 Cu,
Cd . Ph SFBHES T 1% 124 5 s HMA4 78 Z R i Al
RAA IR, HAEE G 8 MW s B 43 A1 J5 Tk
FICHAER . W50 A, AtHMA4 F2 27 AR 250l 4
EHRHAL PRI, FF2 5 Zn T Cd FE M I Y
KBz, Z1IP 1 Z 55 0 4 8 WS 8
A KM FERI R IT A R KA RUK A S )
WA K. IRTIZZARH EEA Fe 244, HVIRTI
SELLT AN, I HAeiz4 Cd.Zn Fl Fe, IAh,
HVIRT1 7ERAZ RYARTR AR WSO 12 Mn 1E
FAWL, SRS AEKAE Fe Sl = AFREE i, /5 R 36 i
WML Z —  TRT1 BB R4 k1 R KA #s
AWIRT1 S0 R T PULIA, 1 Fe = J Fe id 1)
TEOLT , Fe M ISCRE AR B SE I, ZEARARHH
Prrb OsIRT1 HLRAR 2 e Jm B R s A, B 4%
ZHIRFEX Fe BRI,

H R 5 LB G AN TS A | Sl B S
Yyrh 4 JEAHOCHE i B VBRI I Rk i S A SR G
JEFFIEIC R BT IE W A0 A BIFTE e Y e # IX )2
R A ) 555 32 5 A 08 3% (Amaranthus mangostanus 1.) ,

BRI B30 45 42 R Wi AUV , 93 41 IF

JBE 5 43 o e 1 4 1 SR IR Rk i S AR G G2 R R
PERIWFFE , R 0 R R AL . XS PP R 7
R 5 Yt b AR R XU S SR ST G SR
WAHLBA S

1 #REFE

1.1 RIewrat

). )TN R L0 U6 2% (Amaranth
mangostanus L.) fFl, F1E/NEIHH 32 (BG) L IE 2R
/N TE SR (ZT) & T 3% (TB) L £1 M) T 32
(HLY ). W1 B ) M BE SR o Seh S FhF4t &
T o AR ASAI 5% 235 SR A 1% 1 4 WO Rk 22 S B R 1Y
PNl HLY K& BG #Ht14 @ iz &m0t

A s M T RBIX G G s b A o FFRARAE T pH
9 6.38, BHES ¥ 24 it 2 20.86 cmol -kg™', & Cd \Pb,
Zn Ca .Fe Mn F#45307)0 2.28 mg-keg™ . 22.65 mg kg™ |
316.5 mg-kg™.39.2 g-kg™ 314 g-kg™ [621.5 mg-kg™,
AR R 35.4 g-kg! RN RO 94.03 mg-
kg, MU S R 128.87 mg-kg .
1.2 &Z#ike

WRIGH 4 ARSI 3 N EE, A e+
3 kg, JE¥E IR A AR AR 5 B AR T 2014 4 5
ATRIZE 8 A Fajidktr ARk KRB 65 d, #1HIZ
PRI TR AL ER, FhAs Tl g b I )i A TR
AL, At NE K (o R A 245, CRAIE H AR D6 IE K 578 /2 K
a3 PR AR ) E AR SE ORISR 2 11
HE A 350
1.3 HmatiE
1.3.1 FEPFE SH AL EE K 4 T 5 il e

PS5 R B (@ ) R L0 L W2 L O3 1A
o BT em KARREERE , AR R VR 5 B T-70 C
UKFE TP ORAE T T R 437 5 Ml B30 23 AEL ) A 45 25 0
i, 60 CHET R IE 5 T8 & B IE R rilE

FREX 2 g S R EERE B 50 FI i 3 N EE . H 30 mL
) 10 mmol - L™ (NH,),EDTA ¥ = I8 A D4
M2 L S5 A MA 4 T8 1) 28 (NH, ), EDTA 5 H U AR
FMT REEG, RS SR AR, A 10 mL ¥
B , O T % AL (CEM corporation, MARSS ) 1 i
T 264 25 min THRZE 120 CLRFFEE 2 min, 5 min
FHEZE 160 *CTEIE. 3 min, )5 7 min FHEZE 180 °CIH
5 ming JH RO IR IR AR IS RIS 2
% 50mL £ H .

Mo AT R R R AR R SR, DO SR
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AR ) AA=TO00)ISE Cd Ph ) 5k, S H E! c

B4 %5 3 F (R LT E X (] PE 28 7], OPTIMA =00 b

2000DV)ll%E Ca.Mn . Zn Fe it RAIYIbRERE 3 ioh— )

i (GSV-1 [ bR F B ) A 7T sl oosl

1.3.2 HAR HAYFEH I oH—¢ o m o
24 RNA $2 5t B8 TRIZOL(HE 20 ) it 3 H2 it S

M7 . BEIR LKA I RNA 92 8e vk, (Y216
Bio—Rad( Universal Hood T1)#ENE B 54 . ¢DNA Jz 5%
SEFCIR HiFi-MMLV ¢DNA 55854 il 7 & (BN
)RR 3. 22 & PCR 514 MG IE52 IRTI
JEH (NCBI GenBank:GU363501.2) # 1t/ IRTIF
(GGCATTGCTGCTGGAATTA ) #1 IRTIR ( TTTCCGC-
CAAGGATTATGAG ) . iR #EHIFF I+ . I 2% . Noccaea
caerulescens 25 2 A HMA4 JER &K )F4], i3
It 8] ¥ HMA4F ( GTTGTGTTAGTCAGTGCTTG ) Fil
HMA4R(GTGTCAAGATAATCAGCACT), Fika|¥y
hy 5'~3" 8 H Oligo7 PFA . 51 ¥ i il A T AR TR
A BRI A

P 7 PCR SR A LA T Taq PCR Master
Mix o SN S5 AR PR UL A5 DR 2 - LA B—actin LA
Ve RS IR, RN PCR R 3 WK, BERS LK S
PEE 1 56X H A
1.4 AL

B b FES% ] Microsoft Excel 2010 F1 IBM SPSS
Statistics 21 34 B[\ 25 S 4 B>k LR R LSD
Ror 50 5 26 40 B, AH A 73 AT SR T Pearson , SUIIAS 35 .

YRR NG PR R R AN R ] 25 57 i 2 (P<0.05)
Different lowercase letters indicate significant difference( P<0.05)

between different cultivars
1 Jisiet EFRS Cd &8

Figure 1 Cadmium content in aboveground biomass of amaranth

A O ) KSR Fak B AT o

FH 1l 1, X EL R A 2R o i 4 e o i
HLY i i 384319 Cd . Pb.Zn Fe Mn #1 Ca 4
5T BG S, FW] HLY 5P MR R54515 48 1)
AEJIHL BG i Fhak . )8 Z [ A BAE I R 24,
PR WA TT TC R IR, AR 075 TG R L[R2 ALY
TR, SRS —ITR BRI AL 5 —Fh TR
o 262 R 4 A ERFR L 18R A4 8 A e b . i
SEHh FB4 Cd 5 Pb Ca Sz Mn (R IAC S 0% (35 TEAH
%, 5 Zn Fl Fe NI 2 2% IEAHSE ;Ph 5 Cd Ca Mn
S IEAR G

R2 WM LMY EESERXAR(n=12,=0.580, TE)

Table 2 Correlation coefficients between metals in roots of

amaranth(n=12,r=0.580. The same below )

Cd Ca Fe Pb Mn
FERR N5 4 TR B 3 R il e = T - Ca 0.747%%
Fe 0.669%  0.667*
2 ERE5SMH Ph 0.894%  0936%*  0.583*
21 B AR R S Mo 0.749%%  0.990%F  0.672%  0.921%F
Zn 0.660% 0330  -0.043%  0598% 0330

E 1N 4 AR S F3 sy Cd & &, T LR
HHLY #b F350 00 Cd & B, 1 BG SRl 38
Sy, I YERE HLY #1 BG ¥ 7 (54 )@k

T e G351 FORTE 0.05 F0.01 KF B2k . Rl
Note:* and ** indicate significance at 0.05 and 0.01 levels, respec—

tively. The same below.

R AR EAIERERE

Table 1 Metal content in shoots of amaranth

AP Cultivar Cd/mg-kg™ Ph/mg-kg™ Zn/mg-kg! Fe/mg-kg™ Mn/mg-kg™ Calg-kg™
BG 0.116+0.007b 0.116+0.005b 13.7+0.4b 43.3+0.2b 1.46+0.00b 1.88+0.04b
HLY 0.349+0.026a 0.251+0.004a 22.3+1.1a 48.7+1.5a 1.86+0.00a 2.29+0.06a

TE AR/ NE FREFR SRR R — 45 )8 B 22 R 35 (P<0.05), R Tl

Note: Different lowercase letters within the same metal indicate significant difference(P<0.05) between different varieties. The same below.
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(NH,).EDTA 5 W $1& B 2 AR 40 e ot S 1) 4
J& AR N AR A RN R . F 2 AR
SEAE TR 1 T 20 IS5 4 i W i e i 1o A
BMEFT . NS 3 AT HLY b FhAR 413 I A 5 1R 1
Cd.Pb Mg .Fe Mn Ca % 4 )8 ) & 8 % & T BG, H
Pb St 25 R MR, R HLY MR R4
JBIIRESTLL BG . 32 4 1 4 SRR R 5 A iRk 4
JE WSRO A BT, TSR R A A A 4 R
Cd 5 Mn (T B EIEAE, 5 Fe Pb MK 2
W2 E A ; Fe Mn 5 Ph pd Wz e do 52 BUH (2 2% 1E A
X, XEUITELTE 4B Fe Ca ZE0R Il i [R]BF, Hofth
W4z JE Cd Pb Bl AR &
2.3 TR ZR HMA4 EEE IRT1 EERRIEZEXTEE

2 AR R RNA $RECH KA, B 4o
52 HLY fh AR R RNA(Z2) & BG i 2 RNA
(A7), P SRR 3 2598 2501 28 18s S 5s 35T,
FEHHRI Y RNA S28&: 4T

IRT1 25 P2 MAE M 2 %F 3 Fe (W, 1M
IRT1 JEH R w520 IRT1 2 1A . B 3 B,
HLY ShFPAY IRT1 BRI A0 KT BG anfl, %R W
HLY /i R IRT1 LRk KT BG fhfl, %
3 1 HLY MR A A Fe ISR R T BG dhfil, 3
B IRT1 (R (4 i 2838 W] BB AT I D SAR R X Fe
AW, 5 IR B AT RE AR HE TR R At E 4 S
(Cd.Pb.Ca Mn %5 )AL .

B 4 B, WEhF HMA4 IR 4505 52 B A7 e 2
S5 HLY Sh RS2 R T BG bRl , FREH HLY AR 40
HMA4 JE N 3RIE KT BG dnfl . T HMA4 7EAH )
MR TR 2R 48 P s E R 45 A1
H HLY i E#84r Cd.Ca F 2 & )8 S & &
FBG S, FeHH HMA4 JE DR ()55 8 22 38 AT RE A A1)
T 2R a1 38545 o

3 e

WG i b Cd Mg, B Y
Zn Ca Pb S BARNIE AN 2), KW RS Cd & R
FR i oo HAt 5 e ) SRARBE 18 Cd AR SRR A Aot o

R4 NERRMEREERGEEESENHEXRY
Table 4 Correlation coefficients between metals in

root protoplast of amaranth

Cd Ca Fe Pb Mn
Ca 0.218
Fe 0.733 % 0.588%*
Pb 0.804%** 0.419 0.977%*
Mn 0.637* 0.805%*  0.933%%  (.845%*
Zn -0.159 0.773* -0.026 -0.208 0.301

HLY

2 HRZEZR RNA 2B EKER

Figure 2 Electrophoretogram of RNA in amaranth roots

IRT1

HLY BG
3 BERF IRTI EERIE
Figure 3 Expression of IRT1 in amaranth roots
i
\ i |

HMA4

———— B-actin

HLY BG
4 BEFMRFE HMA4 EERX

Figure 4 Expression of HMA4 in amaranth roots

R3 ERRRAUELERGEEREESE

Table 3 Content of metals in root protoplast of amaranth

SRR Cultivar Cd/mg-kg™ Ph/mg kg™ Zn/mg- kg™ Fe/mg-ke™ Mn/mg-kg™ Calg-kg™
BG 0.048 1+£0.001 8b  0.057 0+£0.001 Ob 15.6+0.14h 57.8+3.4b 1.18+0.00b 0.898+0.000b
HLY 0.086 4+0.004 5a 0.251£0.011a 14.0+0.68a 244+18a 3.18+0.02a 1.12+0.04a
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ULk, Bl R AR TR Cd & iR BN, Fe
Pb Mn ()5 St 34 i, RS2 Cd = R AT AR
F0 g At 4 R BRI RE 1 FLAIR R AR, 2B
AR, DS SRR () 42 T SRR 22 S 1 R i
EAAR K. SEEIEEAKENRE R, BEBIERK
FREE 522 4 a8 i 3a B P ) i, DA IT S I A 40 % 4
JEBIRI, PRI, A SCIE IRT1 5 HMA4 B4~ 4 )
AR A MR R IR R, IR S R A TR I 3
FUHKER,

IRT1 B FLE A2 —, FEIER AR LA
Rk, HI RE SR A Ath 4 8 MRS NG iz &
R AN, AT HLY MR A A Fe 75 i
T BG, [AES IRT1 JER ik & HLY W3¢ T BG
D, DA R X Fe (M S MR Y IRT1 SRk it
IEAH . IEAh, DS R A FTiR Cd \Pb 55 Fe 1)
WA i 2 IEAR G (3R 4) o X —BIZ T BB 5 0% IRTI
B, WL, IR IRT 5828 AR AN TG M
-SRI Fe, LA PH 271 SRAHAZ 2 T 52,
124 IRT1 SEH R0, B S 8OLA IRT 2 1
HA, {2 Fh 4 JE o T I . Korshunova 28 HiER 24
IRT1 7EE R h 085 , BBk AERL 2 Mn, 1 H.
Cd .Fe il Zn B HEIH] Mn f9%%i2 , UL Cd % 48 g
% A IRT1 ZE Al IE . R, 588 IRT1 A REFFIE
FEX] Fe 25X & —MFHEE T, B IR R Fe I
() RISt R I T ot — s 4 J@ AR . TRT1 LR 7
Cd /3 REUR AN HLY g4 s 26k, ek THLY MR &
X} Fe .Cd } Pb [

HMA4 e Z i EY h 354 BB, HAEAR R R E R
Ko IEEIF ) AtHMA4 {57 F 40 i S5, 5 2 R 7E AR
Y R, fF AtHMA4 AT, Cd Fl Zn DA
HR A 328 1) 25 1) BE A0 A T 3G 0 % AtHM44 543 36
NTFPOLLfli o, AR P L0AG I B AMARY Zn i P2,
ARSI 25 LI HLY b E3540 19 Zn F1 Cd e BG
=, HOHLY 1) HMA4 JER R R R F BG, X rlRES
Ti3E HMA4 G G, AW kM, Zn/Cd & A Y8
TSR R K A Jm DR TR 2 2 i B st
Bz A A A7), For TeHMA4 i 31 MAR G128 5 4
J& BT R AR A TR EEAE AT,
BHEN, A€ Zn A1 Cd DIRAR R F5128 5 280 (1 3
t,  HMA4 SEPE 2+ 2 /EH . HMA4 KR
BHEH AR N IIRE SRR R A R i Bk R
R R X a4 e e 2, AR B PR 240 B A= 3t 1 1
PV HLE o ASEEG Y, BR T Cd B AE M S Fh A

WEZEFINPh MR —FW B, AR,
HMA4 {1718 £~ 4 & 45 #4358 ( Metal binding domain,
MBD), B 85 & 4 J8 45 & nyfE s>, Hr,
AtHMA4 H C i BE 12 Zn F1 Cd 1Y m OB )
A C oAl LA 10 4> Zn 4551, HMA4 SER &
B 1453z Zn Ab, 189 J Cd Pb Co %5438 . K i
TcHMA4 JE[R % ik rp, HIER SRR W R0 Cd
FIPb 25 % i 68 01 40 Bl T 70% 1 50% , 3]
HMA4 B THEYIXF Cd 5 P (A8 & e, 283
e, i HMA4 5532 Zn F1 Cd (A RIEAE R T —30
53 Pbe XAHFE Cd = 2R AD HLY Hi E#84 Pb
FHERT Cd LR BC HREZ—,

4 g

AATESE AN, LI DTSR RS> Cd i
SA i i w13 g O v M T S = 0 N 1 o e S
S FB4y Cd 5 Ph Ca Mn A9 WIS A i 25 1E A1
K, 5 Zn Fe MW I 25 EAH G o [RI B, ZEA00 - T =5
HE R HMA4 23k 5 T FUE /N B i 3 o 0025 Hh
TR Cd 55 Fe Pb WM IR I R 2 IEAR DG . 21t
TR R JEAE AR Cd & s T E /N E R TS
1M LI TESEHR 22 IRT1 FEN ki s T 1 E /)
[5R] -3h Bh2 «
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