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Sequences of primers used in this study

5| %)% FR Primer name

51 F 4 (5'-3") Primer sequences (5'-3")

adhl-{ GCGAGCTCATCCTTTTGTTGTTTCCGGGTGTAC
adhl-r TGCTCTAGAGCTTGGAGTTGATTGTATGCTTGG
M13-r ACATGCATGCCAGGAAACAGCTATGACCATG
MET-r GGCTGCAGGAATTCGATATCAAG

Pmtp3-{ CTTTTGGTGGTATATACCTTG

Pmtp3-r GCTCTAGACTGCAATATATTAATGAAAATGATT
MTP3-qf GATCACATTCACCATCACGCAC

MTP3-qr CTGCTCCTCCGATCATTACTCC

MtEF-{ ACTGGTGGTTTTGAAGCTGGT

MtEF-r TGGTGGACCTCTCAATCATGT

MTP3-{ GCTCTAGAATGGATGCGCACAGCTCT

MTP3-r CGGAATTCGGAAACTAGCGCTCTATCTGAATAGT

1.3 #BHikW

X BE A B R AT KB AU ZF L 24 2)) v AR A
K& 2 em BF#EAT R R, AR BMYD TML T
121 CKW 3 h, W FMELL 3+ 1 KBRS R
i B3 4% 500 g F A PAAS T AR L TR Ak B 4 4
A 50 g Rhizophagus irregulari ¥R, A Fp A
TR LT Y 2 X BRI A 50 g K S Y 4 Fib
Ao FRE T 22 COHEME N AT LK 16 h, R
K58 h, A2 BH 3dEE 1R 1/2 W Hoagland
BIRW 2 FE2 A& A 1 mmol/L ZnCl, [ Ho-
agland H F£ .2 mmol/L MnCl, #J Hoagland & 33
WA FeSO, W) Hoagland & 3% # . 300 pmol/L
CoCl, 9 Hoagland ¥ 3% # .0.065 mmol/L. KH, PO,
i) Hoagland ¥ 5% W % #5& 22 1 A 18 bk 517 4k 22, 45
3B 1 UK. 55 28 RUWCHE, A W AR il 1 WA T LR
JE TR —80 CUkAa AT . I A 3 I, il
AP E 4 AW E A BRIk A KPR
USRI
14 EZEHEES DNA F1 RNA 2 UL K cDNA
B

FAE ) 5 DNA 42 G50 & CR AR L Plant
DNA mini kit) & BUE# E 1§ DNA, Al Trizol (K
HRA ] , TRNzol & RNA $2 Ui 7)) £ B 22 5 1
ACRNALH 1% IR kA I RNA Y 58 84, T
Kl 2 L (Thermo NANO Drop 2000) £l RNA
IV RE . 2% Thermo /A F) 1 B skl R G #:4E F
AT B 5%, B S — 5% cDNA, T —20 C K48
TRAT .

1.5 MtMTP3 EE =&

% NCBI GenBank H 3t A MTR_8g024240
B RNA JF5 #3519 MTP3-f (&8 Xba | HY)
PEAE)FI MTP3-r(% 4 EcoR 1 B VI &5 9738 Me-
MTP3 W FF b 3 HE . W FE ¥ Ol - 95 °C 10 AR
5 min;95 C A8 15 s,54 CiB k 15 s,72 °C i fif
40 s,32 MER ;72 ‘CHEAF 10 min, FEIR 2 16 °C 7
7. ¥ PCR P=#)iE# 5 T # ik (pMD19T, TaKa-
Ra) F 7,
1.6 EHEHTE MIMTP3 EE KX

BT MeMTP 3 4 B By R 5 P51 ) (Mtp3g-F/
R MM Sz K454 M E2 3£ (E2 ubiquitin-conju-
gating enzyme, UBC2) i 5| ¥ (MtUBC2-F/R) , %}
MMTP 3 HePR 23516 B0 AT R, 9% 0% & ¢
¥l & FastStart Universal SYBR Green Master
(ROX) , R RiAKRZ K 10 pL itk hy 1 pL, 1E 16 Fl
] | 4 BEHRR R 30 pmol /L, OB FE ABI ViiA7
PCR X _E3E4T 25 495 “C AP 10 min; 95 °C
PR 15 5,54 Tk 25 5,72 CHEAH 25 5,40 N
. SNSRI i it e i AT ar b, T 2000 ik
MtMTP3 (tHx Rk &, H SPSS 20 %t 45 R 17
Gt Hr. 2% Marone 551 1) 7 kb A7k 2 &
G3HT
1.7 BEBEELE

P T B RE 2 g ERb S5 5% A BRL pYul2
(D B 2B 71 MeMTP 3 5 K T 7505
PEAE B 42 %) pYul2 b, 15 %) Fk pYul2/Mt-
MTP3, &% Yeast Protocols W #) J5 % #4 4 % &
Byd741 B9 R A KR Azrclcotl(zrel =+ Ural scotl +:
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HIS) 7 ¥ pYul2 Fl pYul2/MtMTP3 § A B +k
KA T, 1547 Azrclcotl/pYul2 ., Azrclcotl/Mt-
MTP3 BB B H T MIMTP3 DI RERIE .

BEEE Byd741 FIR A5 KR Azrcleotl & A 5B 4
ZALTR Y SD WA K5 7 Bk v i 1B 3%, Wi B T B 20
J I FHTE T K U 2 WOm BB LRl Do, i 1.0, 8

JEHEAT 10 AR R R . B 2 pL B A BN & Zn-
SO, M5 5 mmol/L ZnSO, By [E & SD 85374 I, B
F30°CHEFHPAEK 3 dIFME, XTI E g
Azrclcotl/pYul2 Fl Azrclcot1/MtMTP3 i 3 47
IF) B 10 45T S S0 A I MEMTP3 X Zn W %558 8 7
FH 2 B SDHs 7 6 s /b PR W IE | 2H 28 TR 1 5% & IR 25

Sphl
P el

ADHI1
promoter

2 wori

promoter
GADT7

7.9 kb ADH1
terminator/7 Hind Tl

lPCR

AmpR p

ori

Sacl —

{Hindl]l

Hind I

& 1
Fig.1

3 LG R
2 HR545%H

ERHETE MIMTP3ERMNEMEREST

FHHLEE Y AMTP 1 3 198 A 57 51 4 NCBI
GenBank #47 Blastp LX), K I E P A2
HHFEFEER SN E A MIMTPL GERE 7515
MTR_2g036390) ™ F1 XP_013444540 (X [H JF 51 5
A MTR _ 8g02424), & H XP _ 013444540 5
MtMTP1—% 1A 77.89% . IF H MU 7F AIMTP3
HEAE O R BT, % HoAir 4 S MtMTP3, MiMTP3
LD FF Rk PR HEA 1 155 NI F A, g i 385 A4

2.1

mpR

B BT BE B AMNBTAL pYul2 BRI

Construction of yeast functional complementation plasmid pYul2

ADHI1
terminator

pYul2
6.5 kb

LEU2

LEU2
promoter

SR . B MtMTP3 8 (5T 5 580 I KR 5
MY R R MTP #E47 e (B 2) . & BEMtMTP3
5 AtMTP1 f—%tt N 58.11%, 5 AtMTP3 i1y —
HMHN 53.59% . 5 OsMTPL i — 2~ 56.06% .
R 450 o0 Bk B MeMTP3 28 115 H: Al A] U5
MTP & 1 — L #A 6 A PRSF 1 85 45 44 1, 76 26
DU RIS B B LS A I )R — A S AR 2R
X, XADZA R A2 I AR 07 LD Re vl g &
JER ] VLT v B ik B A % o LR R R B R L
PRI 12 4~ MTP B 516 MIMTP3 K& HAbY)
Fl b i TR R 9 MEGA 6.0 F2 JF LAAB 32 %
(Neighbor-Joining, NJ) #4 & i fb #4 (&l 3), &5 4 &8
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/R MtMTP3 J& T CDF K842k, @it Prot-
Comp 9.0 (softberryhttp://www. softberry. com/

berry. phtml? topic = protcomppl&group =

rograms&.subgroup= proloc) il ] MtMTP3 7] fig
FE AN AE A P W S L 3 R H A © 4 i 3B i ) CDF
TG S RA RSl DA MeMTP3 HLAT ¥ 4
s B M YRR T R DI RE .
22 EFEEHE MIMTP3 B RIZHHE

R MeMTP 3 e R AE & 41 20 (1) %G8 1
B 43 4 BUAE A TE B Bk BE (0.5 mmol/L) 45 1
TR PEFE O AL ZE R B AR AL Y
RNA, 2% 3¢ Jq 4796 € & 43 Br. € &t PCR 45
FRANE 4 TR . MeMTP 3 6 AR 3 35 K F e o i

OsMTP] - EESTAEN

MIMTP3 -
AIMTP1
NeMTP1 ¢
MIMTP1 *
AhMTP] *
OsMTP1 *

MIMTP3 :
AtMTPL = ce
NeMTP1 : &
MIMTP1 =
AhRMTPI :
OsMTP1 :

MtMTP3 :
AtMTP1 -
NeMTP1 -
MIMTP1 :
AhMTPI :
OsMTP1 -

MtMTP3 :
AMTP1 -
NeMTPT ¢
MIMTP1 :
AhMTP] ¢
OsMTP1 *

EEm T HAALS ok, EE Y b R E R e, i
F IR AR MR Y I Fr v, B 3R R
23 AEEL£BELEN MIMTP3 EER LB ENE

FH € & PCR KA [A] & 4 J@ 4 3 MiMTP3
FERR SRR B0 L 45 A& 5 B e N 35 A = e
BEF (1 mmol/L ZnCL) A8k (0 mmol/L FeSO,)
%) Hoagland #5352 Wk B, MeMTP 3 14 3% 3k 55 2 Jiti fin
1E# Hoagland # % WY 3 A5 . 1M 78 i I &5 Wk 2
& (2 mmol/L MnClL) J5 ., MitMTP3 £iki#E T
5.5 % . {BAE W B 45 (0.3 mmol/L Co) b HLF,
MtMTP 3 FRik it A B T B, it i iF % Hoagland
BRI A L 22 ROPAR B3 . UL, m R EE R VAR
BRER AL FRESREAE HE MM TP 3 3L R () 3k,

K H ClustalW 2.1 50 847 Lo Xt . 4 A AR & 3 88 ) GENEDOC #E47 %5 0, 28O BOAE . AR L AR LB F S
PEIREE I (T -V, AP B R A S0 N 28 EH &8 ZEA MIMTP1 (ACR54454) . MtMTP3 (XP _
013444540) UM I+ 4 R/ 52 2 F AIMTP1(QIZT63) K i 8 W 3¢ 4 Ji if 32 75 1 NeMTP1(AAK69428) | B H-Jt 4 Ji fif
ZE I ARMTP1 (CAY39366) . /K 18 4 J& Mt % & 11 OsMTP1 (ANH61875), F B [d]. Sequences were aligned using

ClustW 2.1,identical and similar amino acids were shaded by GENEDOC. The spanning membrane domains were indicated

as lines under the sequences ( I -VI). The accession numbers of aligned MTPs are: Medicago truncatula MtMTP1

(ACR54454) , MtMTP3 (XP _013444540) , Arabidopsis thaliana AtMTP1 (Q9ZT63), Noccaea caerulescens NcMTP1

(AAKG69428) s Arabidopsis halleri AhRMTP1(CAY39366) ,Oryza sativa OsMTP1 (ANH61875).The same as below.
B2 WA MvTP SEBFIIREREFEZEBNZF X

Fig.2 Multiple alignment of predicted MtMTP3 protein with its homologous protein sequence
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51 OsMTP1 -/
52 NcMTP1
69 AtMTP3
MtMTP3
43§)s
MtMTPI
NcMTPI
Zn-CDF
100 )J7L_LAtMTPI
100 96-AhMTPI
AtMTP2
51 AtMTP4
40 [—AKMTPIZ
52 AtMTP5
AtMTP6 ] Fe/Zn-CDF
AtMTP7
AtMTPS
T00| AtMTPI11 Mn-CDF
53| AtMTP9
lﬂﬂ[ AtMTP10
0.2
B3 EZEEHEMMIPI ZEARFIIMEMYFHEN MTP FIHN RS #L D
Fig.3 Phylogenetic analysis of MtMTP3 with MTP sequences from other species
80 7
a [
70F or a
T ]
- 60r £ 5t
8 'z b
% 50f 1@8 4r b
W5 4ot zo o
Ze E£E
-z s 9
<=z 30F 5
< A ¢
& ook 1+ c
0
10F CK Zn —Fe Mn Co
b
4 S — AbF Treatment
E LI % /U A Ui E
Young Mature  Old Root  Stem B H Zn Mn Al Co 43 B 2 5 A w0 e B A 1o ik B8 4 R o vk
leaves leaves leaves

ZH 21 Tissues

REL IR R, AR EAFENE FRRERESBE
(P<<0.05), F® 6. Error bars indicated standard error, the
different lowercase letters up the column show P <C0.05 level.

The same as below.
4 MMTP3 EARBAELARHENRER
Fig.4 The relative expression of MtMTP 3

in different tissues

24 EMEREEN MMTP3 EEXREHNZN

BT MeMTP 3 3 L g e 51, & 3L iy
Sk &G 2 A B UL S S 0 HE S0 o
P1BS™, 7R 1% 3 A B 2 35 0T 66 32 2 8 09 98 4%,
RT-PCR ¥ # (0.065 mmol/L) il IE F W ik i
(0.5 mmol/L) &b B I M/MTP 3 PR 4 3% 3k 1% 1
(6 A) 25 J R TEAR VR FE W 55 A ., MeMTP 3 3£

FE4E Y Hoagland & 2 AL B, — Fe R % Bt % Hoagland # 3% W At
B, CK 1% 3£ Hoagland # 34 ¥. Zn,Mn and Co indicated the
treatments with Hoagland solution containing high concentration
zinc, manganese and cobalt; — Fe indicated the treatment with
iron free Hoagland solution; CK indicated the treatment with Ho-
agland solution.
5 MIMTP3 EREARERELAETHANKEE
Fig.5 The relative expression of MtMTP 3
in roots under different metal treatments

kR UL X R K Z B P1BS TRy 4K
iR B RE S X SE N R R 3k .

H T P1BS JC/7E B AR 5 5 3 38 B D A 4% rh 4l
A EE AR G, 2 AR B AR EL B RhAi-
zophagus irregulari J& XK (0.065 mmol/L) Fl
TE WA BE 0.5 mmol/L) & F By MtMTP 3 %3k

WHEAT TR (P 6) 5 25 2R I /s R vk 52 Wl E % 4%
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AR S5, EHEE MY CDF RIEE iz ik MIMTP3 #9565 fk ik

5 1A 45 20 57

PRI AR A2 Y o B MR XA R A B T ARG T AR L
G MtMTP3 35 52 A%,

SR FH i fiE PCR S 958 22 5 78 AN £z P DA T AR
HH (NM root) R AR H J (AM root) LA I
AR B AR BB AU BE (AM/Zn root) 3[R &b R
MitMTP 3 HERFRIBKF-E 7TA) 851 B/RMIMTP 3
16 NM R b 3Rak i femy » 0 2 AM AR AT AM/ Zn i)

TEH A »

A
—Myc/LP —Myc/NP +Myc/LP  +Myc/NP

MtUBC2

MtMTP3

AP JE f RT-PCR K M:MTP 3 8 AS [\) ¥ B2 B FN B8 AR 4 3 Ab 38R 1) 3% 5K

19 40 f5 A 21 A%, 2 W42 R ARG AR BT BB A 10
FEAIE MeMTP 3 JE R 3% 35, BRI 6 3 Wk B AR A T
MtMTP3 B KA Rk W W] e 52 209l . i ge it et
AR AL BN By 2 2B 15 B0 (8 7B) , & BLAE 2 Fi b
PR TR YR F AR YL B2 M ORI, (B 4 4b 31
Je AEXT AR @ gt KA A FR B A AN 4
AR B U BH I A B RE 6% BH 410 i A T A

1201 B [z AM/LP
_ [_JAM/NP
S 100f pp
2 |
& £ 8of
%3
.2 60f * .
K s L
3 40f
%E ‘5 ok
g 20t
0
F M a A

W H Items

1580, W22 W MUBC2; — Mye 8K il AR 2T

B+ Myc R AR ELH L LP S B, NP 9 1E 5 B, F B B 76 AR IE 6 DAL B R B ARILAE K- F HERBR .M N R a H

X AR A AT AR R, x FIR P<0.05, * x F)x P<0.01,

THEIHE, A:Semi-quantitative RT-PCR analysis the expression of

MtMTP3 in the arbuscular mycorrhizal under low and normal Pconditions, MtUBC?2 is reference gene; — Myec indicated the uncolonized

roots, +Myec indicated the roots colonized with Rhizophagus irregularis; LLP and NP indicated the plant grew under low and normal

phosphate condition; B:Estimation of mycorrhizal colonization level under low and normal Pconditions; F indicated the frequency of

mycorrhiza in the root system,M indicated the intensity of the mycorrhizal colonization in the root system,a indicated the arbuscule a-

bundance in mycorrhizal parts of root fragments, A indicated the arbuscule abundance in the root system;

* % show P<C0.01 level,the same as below.

* show P<C0.05 level,

6 FEMBMETHLET MIMTP3 EERPHNREBTRURERLEKE

Fig.6 Estimation of mycorrhizal colonization and the expression of MIMTP3 in

the arbuscular mycorrhizal under low and normal Pconditions
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Q
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0 = | s |
JER AR W RN TAR
NMroots AMroots AM/Zn roots
AAEIEW BRI B BT M:MTP 3 ZE R AR P A XS %3k &5 B

iy 22 5 8 K P<<0.001,

1201
5 B
« 5 100 o
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2 sof CIAM/Zn
S eof
# E
= S 40
|. -
= g 20}
-4
0= .
Wi H Items
EIEHEMES A TEMRILAEKE, » «» x BRGEWHELH

A': The relative expression of M¢MTP 3 in the arbuscular mycorrhizal under normal and high Zn conditions;

B:Estimation of mycorrhizal colonization grown under normal and high Zn conditions; * * * show P<C0.001.

7T EEEHMSELETERLEKEUR MIMTP3 EABER FRMEXNRILE

Fig.7

Estimation of mycorrhizal colonization and the relative expression of MtMTP 3

in the arbuscular mycorrhizal under normal and high Zn conditions

MtMTP3 5% 15 T §E B9 38 iF
TEERE H Zrel Fi Cotl &7 23k o i |,

25
¥

ok
He

AEA Zn Ml Co B AWM T, REF zrcl
Al cor 1 2xHEEREXT Zn SRS . B TAEY MTP 4F
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s K R Ga Zn BIAE Y)W T, DR I ) S R B
AR Azrclcot1(zrel 2+ Ural scotl ++ HIS)H T
T By e BANSE B . P A RUEE BF By4741 1E FH M
Xt BRI B B 58 AR BR Azrclcorl X &F Y R
([ 8A) 45 3R B AEA N ZnSO, 19 SD K 77 4k |,
FEABBR Azrelcor] FIMFAERIT BR Byd741 K AR,
Ifi £ %A 5 mmol/L ZnSO, Ay SD 15 F¢ 3 L, B /= 1
WEEE Byd741 AR AZFEM 1] Azrclcot ] RAFRA
KWz 26, ¥ 2 84K pYul2 M opYul2/
MtMTP3 iR A Azrclcor]l AR R, 8 o A5

(N 9 0 o +
2 CK
ey @ 0 o % ¢ .

By4741

5 mmol/L

Azrcleot ZnSO,

SEHOR AT M MMTP3 2 iz TRk, 45 % &l 8B
fr s S EAN ZnSO, /) SD £ 375 I, & 25 8 Bk Y
A Azreleotl/pYul2 FIH A pYul2/MtMTP3
R B R AR MR Azrelcot 1/ MiMTP 3 K 3HH 3,10
£ A 5 mmol/L ZnSO, f SD K 37 I,
Azrclceot1/MitMTP3 FITEATN ZnSO, H) SD 5 3%
B B AR BART 1 Azrclcotl/pYul2 A K B i 52
o, U B TE B EE p 38 MeMTPS BE 5 14 o i
BESEAE B Azrclcot] X8I BT HE . MEIMTP3 B A7
P ZIRE .

Azrclcotl/

pYul2 CK

Azrclcotl

B  MMTP3

Azrelcotl/ BFSEES

pYul2 5mmol/L

Azrcleotl . BN 7nSO
® L] . 4

MMTP3 Ny

A TERE AR Azrcleot] Xt Zn WHUBYE , Axrclcor ] FEERE Byd741 19 =rcl Fl cor 1 FE KRS 28 B Mk , By4 741 S BF A RO RS, B 7E
BERESEAE MR Azrclcorl W31k MtMTPS Xt 8% 19 S M. Azrclcorl/pYul2 J& 5 A 25 8 K pYul2 19 B £F %€ 28 #% Azrclcotl,
Azrcleot1/MtMTP3 25 A& A MtMTP3 J5i ki i) % £F 28 28 Bk Azrclcotl, A: Zinc sensitivity of the yeast zrclcot1 double mutant

strain Azrclcot1 compared with wild type strain By4741; B: Zinc resistance of the yeast mutant Azrclcotl expressing MtMTP3,

Azrclcotl/pYul?2 indicated the yeast strain Azrclcotl transformed with pYul2, Azrclcot1l/MtMTP3 indicated the yeast strain

Azrclcot] transformed with pYul2/MtMTP3.
& 8

BERFZR TR Azrclcot] AR EBERIH Azrclcot]l RIE MIMTP3 XF Zn B8 B 1%

Fig.8 Zinc sensitivity of the yeast mutant Azrc1lcotl and the yeast mutant Azrc1cotl expressing MtMTP 3

3 i #

PR AE h ) MtMTP3 8 B A A CDF
FEPE R I AR R AR K PE R N 3 FC 3. 6 4>/
ST 1Y) 55 M 5 A8 o DA K A 1 B A A a4 R0 5 2 (R R
HAMR M 22 X, #4450 B/R MIMTP3 4 F
CDF F GG i R 3 3, At #E D MtMTP3 & —
A~ CDF RIGHHE 818

MTPs B iz Zn 454 8 B 1 20000 i 8
. BIEgIF T ALMTP 3 3R B Ef AR 3B %5k
B BB AR B AT 1) B e 3 B IR v e B e L
WL iE . A RKIR T BR MIMTP3 £ 1E
R AR TR 76 = W E R AL B, MeMTP 3 TE 4R
ek B BT R MOMTPS nl B8 HA LR o7
AtMTP3 A 5] (4 T B8 , 3 1 K o 5 1 Zn §% 42 3R
PRI b, BEAIR Zn ) LA 5502 DT 4R = R
XfZn WHPE, M7EREZE R PR R,z EA
MtMTP1 7E#£2E H A5 iAW A KR35 B HAE M
Pk e e I FL e R B B RE I A A AR v R ]
KrBXE MIMTP3 M . Ik, MtMTP1 Al

MtMTP3 7E Zn W ¥% iz FA# A7 b Al RE 40 671 5 AN [6] 7Y
Uiee. MWK Zn AL BRI, MeMTPL 3 276 H ot
TR B Zn D8 BRI S E L T MM TP3 7245 4
R B [ 5E Zn, ok 20 1) b 14 s

CDF ZGEHEEIRBR T 5538 Zn LIS B B A
Han A E B M. R T MiMTP3
Fib Tk, BARPTRE 2 T H A0 T A W i TR
WCBE L I MeMTP 3 363K T8 . {H AL A5 BF 58 4IE 5
W) B A B 2 i MTP B[R #3807, 78 Bk
2T MY BE A8 FE R Sk i B R Zn Cd 4
J& B L B R R R R B G R IRT1 Rk T+
Ob, Hofh¥% iz Zn Cd %5 4 & 552 (R 2k Wi % 7+
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Identification and expression analyses of MtMTP3,
a zinc transporter of CDF family in Medicago truncatula

ZHAO Shengbo ZHAO Bin LIN Hui

LI Youguo

State Key Laboratory of Agricultural Microbiology/College of Life Sciences & Technology
Huazhong Agricultural University sWuhan 430070,China

Abstract Zinc is an essential micronutrient for plant growth and development. The deficiency and
excess of Zn is harmful to plants.In plants,CDF (cation diffusion facilitator proteins) also known as met-
al tolerance proteins (metal tolerance protein, MTP) can transport Zn to vacuole, thus regulate the ab-
sorption and translocation of Zn in plants.In current work,a zinc transporter of CDF family MtMTP3
was identified in model plant Medicago truncatula.The results of bioinformatics analyses showed that
MtMTP3 encoded 385 amino acids. The results of phylogenetic analysis and sequence alignment showed
that MtMTP3 is belonged to zinc transporter of CDF family. Expressing of MiMTP3 in yeast increased
the resistance of yeast to zinc. The results of expression analysis showed that MiMTP3 was mainly ex-
pressed in root. When growing at high concentration of zinc, manganese or iron deficiency condition, the
expression of MtMTP3 were increased in root,indicating that MtMTP3 may function as metal trans-
porter in root. The results of semiquantitative RT-PCR showed that the expression of MiMTP3 were
significantly increased under low P condition.The expression of MtMTP 3 were decreased when it was in-
oculated AMF,even in high Zn condition.It is indicated that mycorrhiza may decrease the expression of
MtMTP3 via enhancing the absorption of phosphate.

Keywords Medicago truncatula; cation diffusion facilitator proteins; metal tolerance protein;
zinc; arbuscular mycorrhiza fungi
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