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Relationship between expression levels of critical genes and Pb uptake and translocation by tomato exposed to
Fe-deficiency, Ca—deficiency, and salinity stress

YE Han-jie, WANG Li-li, YU Dan—ping, LI Qu-sheng", XU Zhi—min, ZHOU Chu, LIN Xin, LU Yao, ZHOU Ting

(School of Environment, Jinan University, Guangzhou 510632, China)

Abstract: A hydroponic experiment was conducted to investigate the characteristics of lead (Ph) accumulation in tomato ( Lycopersicon escul-
entum Mill) exposed to Fe—deficiency, Ca—deficiency, and salinity stress. The genes HMA3 and CNGC1 were located by homology compari-
son, and their gene expression levels in roots were determined. These results were used to discuss the effect of these two gene expressions on
Pb accumulation. The results showed that: (1) Compared with control groups, the Ca—deficiency treatment significantly increased Pb up-
take by roots, but inhibited root—to—shoot Pb translocation. The Fe—deficiency treatment significantly increased the amount of Pb transloca-
tion from roots to shoots but did not significantly influence root Pb uptake. The salinity treatment significantly enhanced the uptake and
transportation of Ph.(2) A very significant positive correlation between Pb uptake by per unit root mass and activity level of CNGC1 cation
channel was observed in the three treatments, indicating that CNGC1 cation channel played an important role in Pb uptake. Furthermore,
there was a negative correlation between the expression of HMA3 and Pb translocation from roots to shoots, implying that high expression of
HMAS3 restricted Pb transport to the shoots. Hence, Fe—deficiency, Ca—deficiency, and salinity stress have different effects on Pb accumula-
tion in tomato, and expression levels of HMA3 and CNGC1 control the distribution of Pb in tomato.
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Phie— R A ERE 2o MM ESR TR,
AL 22 1 Ph Ja AL 235 SRR sl ™", e
Sl il B A T N L TR A X S -
4 V5 YR Y R B TR [ - 4 4 ) Ph 5 YL
BA 43 TR, AN 2 R o Yl A il A 1
RS SRR A YA IR S S L. ATHE
P E s n LAy T R L 1 T s a0 R
& & RS R DG 1 20T A 8 rb At R 28 %A
P e SRR EE 4 R T K0T BB R TR E AR . AFSR
i 5315 Y R BT Zn Fe SR Hk =1
L B Ca T W37 B 00 ] 23 R Wi A A 6 4 I
B, AE R M I, 328 TAE R SRR T3t H 4
J& Cd WRIFGE , T [RIAE X A 7™ i 22 4 1t B 7™ 2 R 119
4@ Ph B A

Ph WA NIESL TR, FEE T LT &R
JCE WYz fin 8 (1 UE AR R AR 2 5 i i s
1L AR AR A O R ez st ZEE, S R
Fia i B 1 P R IR R YERF A R 2 AT AL 43 s
JCZ -y ] Bt 532 1 25 0 ) o 4 i A W WA A2 i
TT o ARFHIEAFEE 1 K B S50 4 W7 B ik i s B
IRT1 ik Fe/Zn A5 T 0 R I8 3G 0 1 IR - T 52
X EE 4 R R AR IR SLAE Cd ihE R
23 AR 0 42 ) e 32 B 1 NrampS 18 28 358 28 9 /0 i
Cd Wz, H ATy 1R 5T S I8 SRR
BRI KBS T AR 2 E R R Ay B IR S 5 Ph
Wk iz AH G B A2 i 25 1A AtHMA3!™ NtLCT1"  OsH-
MA9'" | AtPDRI12', AtCNGC1"™ il NtCBP4™, J th
AtHMA3 2 7 76 9 B |, B Ph X s W3
NtLCT1.AtCNGC1 I NtCBP4 & i 7E B i |, %35 Pb>
2 401 55 P ; OsHMA9 . AtPDR 12 58 {37 76 J i |, 4
Ph>HEH AP, IR B S S AR5 BR R T BB 5 A2 By
B 56T R X U B 1 10 35 D 7R R TR PR T A i 3l
55 Pb IR i SRR R EAT 4 o B IR IE A
TE NCBI % #ifi %& 5 J% [ Lycopersicon esculentum (taxid :
4081)] H #F 47 [A] U5 % H X, X 3K 3 AtCNGCT
NtCBP4 {y [R5 N CNGCI UL Bz AtHMA3 f [) 5 5t
HMA3 . BFFEIX P LR i 2635 5 P Ml R AR 06
FXHE 7R AN [ PRS2 R Ph i 43 F L
AHEE X,

25 b, a2k 23 B AS [) 38 T XA W i 22 R Ph
FIFEIR S CNGCT R HMA3 JE R A 16 & IR R 2
HEAI5F Ph 43 F W i SRR , 48 7 N [ il F 8% 5%
FEAXF Ph (A W SR FRHLAR , X AH R R 58 R AR ™ i &

e HAREEE S NI, AR PrHa s T % Ph
MRS s LR S (A 0 B AR

E45 N 1k, R DA B E 258 AR N A I
(G ALY, R A AT X 4, itk — 2
A7 LB SR A AT E

1 MR5FE

1.1 X5

Ve BV B e Lo AR EA T S, A T T
M. FVP T ) A RS E A

Hoagland & 72 M % 5 A 4.0 mmol - L™ Ca(NOs),+
4H,0,2.0 mmol - L. MgSO,-7H,0, 5 mmol - L' KNO;, 1
mmol - ' NH,NO;, 1.0 mmol - "' KH,PO,, 0.132 mmol -
L™ MnSO, - 4H,0, 0.1 mmol - "' H;BOs, 0.03 mmol - !
ZnS0,+7H,0,0.1 pmol - L' CuSO,+5H,0,0.1 pmol - L™
CoClL, 1.0 pmol - L™ Na,Mo00O,+2H,0,5.0 wmol - L™ KI FI
0.1 mmol-L™" EDTA - FeNa"",
1.2 X%t

K U v 22 TR I 1 VD B W TE T R RS s T
BHIE b, B3R - 28 30% XUAE/K 2 18 10 min 11 # )5
MoKk, JF M T E R 4 ST
TR AE SERHHE H 52 30% B9 Hoagland B F29 ;3 J8 5 %%
B S 5T T i 4 e e T oK G Zh 429 d 19 100%
B AR R AR E IR b g 3 d B 1 U
TR, W UK X &) 00 3 i AE RO 46 e AT AR 3, 4L 3
AERR Gk Ca: 2 E SR B Ca( 428 TR PG Ca
JLER ) +Pb; 6k Fe: 25 FR MG Fe (28 FRM D AN
Fe JUZ ) +Pb; IlEE . 2B IR M +NaCl+Ph; 2K : RE SR
W+Ph. b R X B2, s 3 2 R SR 4, Ph LA
Ph(NOL), BITEAIMA , Ph R EE 1 #4 0.5 pumol - L7, £
GrHBE D 0.3% AL . BB 3N E R, B3 d
B YR SRR R T AR PR WO
1.3 HEmabE RNE R *E

WK AR i T 25 B8 7KV JF B T4 25
I FUAR S 0 T, G o KR 4 1 ff Ao 228 Y S0 R O B
F-80 CUKAALR-AF , ARFBZE 10 mmol - L EDTA - Na, 2
TR A YR S min, FEE A 3 UK, LA 2 4 I RE r 1 fff
Pb SE g Jm TR , 2R AR 730 A5 B i il E 7
60 CHEA Ut T fH BT i . Kt TSR AT
RS M AR S, FREL0.1~0.3 ¢ Tl i , A 10
mL 5 2% 20 il B2 2F 47 T3 I % (CEM corporation,
MARSS) , 2 #yE AT g 5, T 00 € Pb . Ca Na 5%
BIBICERE T i . TR E TS R R OGS
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X ([ PE 23], OPTIMA2000DV ) & .

i A NRAiso Plus Trizol 7 (5 A= ¥ 2\ ] ) #L B
FE P AR ZS JE RNA 38 2 %8 i L TR 36 RNA 1) 58 98
M, & gDNA Erase A PR R IE R4, PrimeSecript
RT reagent Kit ¢cDNA Jz % 5% ik A & (AW 28wl )
A cDNA 55— 2555 , 7 L) Actin 1 N S 3L, LI
Y04 PR AL AR A BE 4l 2 S A 9 O %E i PCR
% (BioRad , CFX96) lll 5& CNGCI Fll HMA3 3 [H ()
FH X 2GR KV o IR 38 # Al CNGCI (NCBI Gen-
Bank: LOC101244669 ) Jt [l . HMA3 (NCBI GenBank :
XP_010323360) & [H 1 Actin (NCBI GenBank:
LOC101262163) JE K 7 51111, 3F i b2k TAEY)
TRA A AR, R PAGE 4iifk 5 X .

1.4 HiEIE

FIH SPSS 19.0 FRA X ECHE A 745 M 7 22 3 A LA
I 22 o b, 0 2 P 22 5 0 AT ik FH Duncan 48
Tk,

S T PEA AL ER P IR RE T A Ph M I 5502 R
B /IN 430 FH RS Jo AR Ph 4 IR I AN A 2 R 4K
RN

BN HEAR Ph i R IO (g g7) ="V X B AR A
Ph AR (g ) AP 3 RERRAR T i ()

Wiz 2B =F Rk 30 Ph & & (mg- kg™ ) /A AR
THEPb & i (mg-kg™)

CNGCIIEMEAFE=CNGC T HINF IR T ARTR Ca it

2 HEREHR
2.1 BRCa/Fe RE MBI EM PP EEREWEN
A

B CalFe K3k 43 18 X HE ) A 9k 1) 52 i) = 22
FEZEMH A (R 1), SXTAMEL, 55 FHT
24.8% .10.7% .22.7%; i} Ca Rb PR S AR TR AE My FFE T
21.9% , HoA AL PRI To W P 25 55 . A AL BT AE Y
XT Ph & 4 S U [A] A AL A, Horb ik Ca b 3R, 5 4

HEZH A H A, B Ph T S N T 60.6% , 1fii 251 Ph
TRET 26.6%; ik Fe AbFE T, 5 %) BEZH AH L3¢, AR
PbICE N T 22.8%, 1250 Hf Ph 3G TN T 50% ; £ 53
i3 AR Ph G S IR T B 24 5 (HZEN P
TSN AN T 203.1%

2.2 R CalFe REEAME T BB REIR P &
R i 2 R 3 E R ERI RN

W 1 (a) AT UL, Bl Ca Ko Eh A3l T, A4 BRI
AR Ph WIS BE 1 5] HR ZH 344 I 2 AR i, LB
AR Ph I IR A AN T 46.9% F131.0%. T it
Fe JiB T AH P B BT AR Ph AT e T B, 0
Kk H] B E K.

H 1 (b) AT, Ph 32 285 AR AE AR, F At xf Pb
IFEIZRE T FLAAG , NIRRT HA 38 R E0AE 1.29%~
7.86% 2 7], Horh Bk Ca &b FAE M) 11 Ph #5128 2 BUR /DN,
XTI F B T 52.5%; it Fe JeEh A0 i ™ P11
P51z ZBURE K, 050 T 109.4% F1190.1%.
2.3 fRCa/Fe REDIMEX E M E S ETERIHIT

FH 22 2 AT, Bl Ca 2514 T AR R Ca 1 F RN HE ]
I TC . E PR 22 R, T ZE BB 43 Ca B 5 ) 2 25 I T X
HEZH , ZEmtrp Ca B iS00 BB YL T T 54.26% . 1841
JpE T AP AR Ca & it PR T 39.0%, B (K F X
R, Z5 P3R5 o me ) S5 0 BRAL o B k22 57 4k
SYIET RPN Na' & f 00t R4 2 38 3, Hodp
HRFEHE N T 148.5% , 250 H B Jin T 29 20 1% .

2.4 BRCa/Fe RESBME FTHRBRBERNRIER
1]

FH & 2 AT, AN [R] JBipaE S50 25 | A ) AR B A O
FEH 2SRRIk, Hirp CNGCT FEH 1 26 1k AR s b
PR B B4 8 2 E VR T O150%, #  hia R
CNGCI ik g B A P B (AR E 3 Pk 2 5 iR
5 HMA3 H PR ) 3 38 12 78 G405 4 FR T %) BR 40 1 %
A 70% , T AE B SR o JBE R IR REZH T
T 65% F150%

x1 AEMETHEYPPEEREYE

Table 1 Enrichment and biomass of plant Pb under different treatments

AL Treatments 25 Ph ' & /mg kg

HEF Ph & 4E H/mg - kg™

BERRARES 5T /g FRRRZENM T g bR

W 0.64+0.04a 22.51+1.14b 0.32+0.02b 2.42+0.11c
S 0.47£0.11a 36.17+1.97¢ 0.25+0.02a 1.82+0.09a
ik 0.96+0.16b 17.38+0.56a 0.32+0.03b 2.16+0.15b
fnk 1.94+2.95¢ 24.61+1.91b 0.31+0.01b 1.87+0.04a

E  ANRNG SFRRAC R A A 4 3R] 22 57 6.3 (P<0.05) , T IR

Note : Different lowercase letters indicate significant difference between different treatments (P<0.05), The same below.
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Figure 1 Pb uptake by per unit root mass(a) and Pb translocation factor(b) in tomato under different treatments
R2 BMEMMRBEETENEE (mg-kg' FRE)
Table 2 Content of mineral elements in shoot and roots of tomato(mg-kg' DW)
Lbym HEF Root 2501} Shoot
Treatments Ca Ca Na
a1 1 649.93+69.57b 1 338.46+78.66a 6 765.47+255.45b 1631.91+£16.88a
S 1541.89+57.03b 1 669.26+205.63b 3094.49+159.74a 1728.18+300.24a
ik 1 820.81+86.03¢ 1 837.97+£116.56b 6 927.44+356.01b 1599.50+91.7a
PIIEN 1 006.25+34.2a 3326.23+146.41¢ 6 958.39+232.10b 34 328.28+1 126.88b

e e
Bk Ca b
it Fe ':'_‘ a
IEN _
S %
___—+—b
{if Ca n-|—c c
kel e meNGer
gk ‘EI-' a CJHMA3
i
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FLPR AR ik it

B2 REALE THEWIRE CNGCI T HMAZ KT Rk 2
Figure 2 Relative expression of CNGCI and HMA3 in plant roots

under different treatments

2.5 ©f Ca/Fe R EL 43 BB T & fin Pb R UL %I 5 K
ERERENERES T

F % 3 ], AN [R) A BT 7 80 AR 5 LA 5 o Ph
Wi 5 CNGCT 16 PR K1 52 B B 2 1EAH 56 (P<
0.01) ; & ih Pb #4535 ZE0E HMA3 By 3235 i 5 B0 &
FAHAFE(P<0.01),CNGCI 15K 5 HMA3 By ik
PR 3 IE A E (P<0.01) .

3 g

FEL AR 208 5 S5 /AR A 9 o e A8 I e A
FABE A RBES TR, ARSI Bl

R3 FEIALE T E B X IEFRAE X
Table 3 Correlation analysis of tomato related indexes under

different treatments

B R Ph  CNGCI  HMA3 iz

b Mgl MO Rkl RN

R Ph W i 1 0.735%%  0.606*  -0.116

CNGCITEVEKF- 1 0.842%%  —0.598*
HMA3 ik 1 -0.820%*
Feim 25 1

TE 73 0.05 A B BEFEA D, "3 0.01 KF B
ERPSY
Note: "*" represents significant correlation on 0.05 level. "**" repre-

sents significant correlation on 0.01 level.

il (T AR i A% A7 2 N A0 12 20 I 1 iy L EG e
P e B o (75 A 32 sl IR R LA g s o AR 4 45 i
N T e B S S AR IR AR S T
WIH iz R N AR = oy =X, H AR
A PTWESE Ph i E & L G 2Rk S Ph Ik
Ha iR WA TN E R B3 P W AR, A S
SR gE IR AR A B X

CNGC & F1l 3, E M AE A i i b, o6
A o—BEiE %5 55 X T CNBD 25 4 3 20 i, R JHL 3 3 1
“I17 32 B IR IR (IE ) F Ca 8 08 5 (A
) %8 Tl A 2 N IZATIR Ca 2 45 IR %
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PR FNES I8 R A R RS2, i H b Ca R R 2 35 E2EW
WEAEH . B RE , A0 H o = A Ca MR EE U0
Ca 2 I+ 5 AT IR 35 4 CNGC 2 -3 iE ) CNBD
SEA 5 AT Tzl T 14T, NIRRTk
04 JE B B s e 1. IR G A CNGCI
B P 1 MK R R CNGC B 118 18 78 MR 41
iz 4w B T Re IR/, BHETMIE CNGC K
AR R AT BV R BT 20 AN F R 5L, H g
ZRC AR B S TEPUR ALK AR X Ca™ i
N HATE &R & B E A F 2 E S T R IEE
FEAMEAS, Hh AICNGCT & TS E 5
Pb  Ni JC % M IOR DG, A Ui , 38 o [ 5Pk L
AT T FA P AICNGCT W R IR FEE R CNGCT, FF 43 B
T Bl Ca/Fe S R4y Wi T A P AR 38 P W R T 5 4%
PIMES CNGC1 B Tl B WG MK R B R BN,
ANTR) 30 b BN A AR B Ph SRR J1 5 CNGC1 %
P 7KSF- B W) B 3 IE A 26 (P<0.01) , 4 CNGC1 B 1
TH B TSP AL S T AE XS P RS . {H CNGC
B 1A IS ALY I Ph ME— 32 %5 25 11, Sunkar
A W F 3l ok T-DNA IR AR, 38 T
AtCNGC 1 R FAERE , 45 5 B8 AtCNGC 1R IAERE R UL
Ph 0 R 8 3% T [, (HT R B N 8 3 50% . 1k
EH NN, Gk Ca/Fe S EL /0 pIA T, CNGC1 B ¥ 18
TEFE M Ph WIS FR e 5 F A .

HMA XK Py—ATPase, 43 J& iz ATP i, J& T
BHIE AP E TR, MR A AR il
D A R = RV S 8 /B s e g = e R P £ 4 S
K ATP SRASRE 1, Oy 5 Wi 38 FH 8 T PR AL R ik,
B A EA Y P AL R E mEEERY. R
WSO 3% DO 30 Vi 22 i9F 47 42 J& (Fe, Cu Ni, Cd Fil
Pb) , PEG6000 Fll NaHCO; 55 Jipi A B AT 155 5 175 5 DU
VEFH AcHMAL 5% 53 /K B {H 2 IR AT NaCl i
16 PO R AcHMAT B 235 % B . 761
F3k RGP i) 3235 AcHMAT BE 5 50 5 55 i % 1) 24 g
XA Fe 88 FROBLIE . AcHMAT [R) o %o 2 g 1o B
S B0 X6 B T SRR AR 28 S R Y R ) B
SR, Hp AHMA3 g %82 tH 2 5 Ph X [Rad 72,
AUARI H , Fe LR HMASTESE Ca 50 S 9B S 5
FIk W T P X B TR AR T, AT REAR T Pb
Al b2 5 i Fe S ER 4y B R HMA3 TEAR TR G 2=
TR Z BN, BEAR T HLER A AT Ph i X PR RE 7 , (A1

Hb 35 T Ph Ml F S IE (M RE ST MR U T AR L 1
HPh ) BA, RIS & B AR 40 W 30 45 Bl Fe 40 P
in e 1R, X AT RESE B T4 i b Ph (R AL 14 3G o
SENEE R e IR A 1 3 G T B R (TEM)
KL Ph ik A SRR ARG , 2 IER S TE LR
FEAE LRI, FAAIK T Ph 7 P 5 AT S R, BELAS
T P AR B AL FE . TR i A 2E R A A
PRI U [ AL AR AR b & FOR S 19 Ph 3 i
BB B E AR BCS SUR T ERRR IR IS, & T
Pb B ) 34.7%~41.4% , Ho2k 3 0 SEAL AR 7 T 2 14
I Ph R . AR Z 5L I a ), K Y CL
A B R 41 A N 5 Ph JE B [PhCLY Al 3T 45 S 4% A
P AT Ph AEARFRAN B N IR RS 1, 5 21 P
A LAZ 5K i i) e 2k A2, AT F Ph A b | 5%
15 .
4 Zig

(1) 83 Ca JHp 381 5575 57 5 350 Ph 7EAR BB Y B, Gk
Fe Jii8 42 JF Ph 1 #1348 SR80, k40 ok 2 25 1 5
T PhEARRIHA P& i

(2) ik Ca S 3843 W38 5k 25 38 9 1 AR X Ph 1) W i
fiE 7, B Fe e U B T 58 35 A4 800

(3)HMA3 & T2 W m R 5 F 3 2 Ph iz AR
i L O SN YN TIT A o 11 S R S 2 =
CNGC1 -3l 18 4 i 2 38 i 2 (2 0F Ph B AR R it
T, H CNGC1 B75 32 20 i PN %) Ca R BE B R 425
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