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Differential Tolerance to Manganese-deficiency Stress in Rice and Wheat at Seedling Stage
XIA Yue'?, SHEN Renfang'?, MA Jianfeng®, CHE Jing"*"
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Institute of Plant Science and
Resources, Okayama University, Kurashiki ~ 710-0046, Japan)

Abstract: To explore the difference in response to Mn deficiency between rice and wheat, the growth, element concentration and
distribution in different parts of rice and wheat grown in hydroponic culture under Mn-deficiency and -sufficient conditions were
compared. Furthermore, the expression level of Mn-related transporter genes in the roots between two species were compared.
The results showed that compared with plants with sufficient Mn supply at seedling stage, Mn deficiency for 21 days resulted in
serious growth inhibition in rice, but not in wheat. Under Mn-deficient condition, the translocation rate of Mn from root to shoot
in wheat increased by 16.4% compared with sufficient Mn supply. In contrast, the translocation rate of Mn from root to shoot in
rice decreased by 7.5%. Expression analysis showed that the absolute expression level of 7aNRAMP?2 in wheat roots was 3.8-5.1
times higher than that of OsNRAMP? in rice. These results indicate that wheat is more tolerant to Mn deficiency stress than rice
through efficient root-to-shoot translocation, which may be associated with higher expression of NRAMP?2 in wheat.

Key words: Rice; Wheat; Mn deficiency stress; Absolute quantification; NRAMP2
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Bz g, ik E R ERYE 4 pH AR, HHERRE
L WJERIPESR A T AE A R 7 R
AN PR R S S L S — VR i S AR A Rt A B
SUE AN - &3[R SR ks
KA, Bl S ERAERE , KR AR AL X Sk RS, inl
T KRB AR R o TEBAE SO , BT
A= AR LA R 5 R S R T R
A AR 7 2 DR B 1T A8 A AR B, b 1A 4 25 B
WG, CEGVER, 2 SEAEYRT ST E R
{EREAR

R IE AR K DGR 20 ~ 40 mg/kg, 44
P o AR ANE R, S AR, SR EYE
KEBAR, ™ 1K it PO ol Gl s it
JCETEAR A 20 , NI MR E ) ) = A - 38 AL
IaEHM, MR, YA SR 500 mg/kg B
SR Y A SRR S, At
b TR R ALE R e R AL AR, b e K
FUE RN THEH EZAE L iz 5 B 20 i i s
) R WAL B ds T TG 45 R 34 o B 53 v 6 ) A
o K FE T B B AN B 5% is BRI OsNRMAPS  Fil
OsMTP9 M F4& TIOR3z , 343 50l R o7 7 B
HR X A0 K 2 RN e 2, BR300 AS ) A A
OsNRMAPS i Fi i, 1 OsMTPY 7£ [R]— 2 ffd () i1
St OSNRMAPS 3 Z A A1 iz J2 41 I 5
i OsMTPY 11 SOKFAE AP 7 J2 4 iz 4 3] Al
OsNRAMP3 J& /K Fi {4 P 3 1 2155 A 1 it A8 A i) —
MEEIEEMN . WA EERN, OsNRAMP3 Ik
Wbt e i B4l RS R RE ] AR 2 R
OsMTP8.1 1 OsMTP8.2 AJ LKt i 5t (1) 4 s 15 7 AR 3
WA, AR KR X AR R CT), HYMTPS. 1
I HVMTP8.2 25 K32 iR 75 i R SRR 2B 2, K
T BV A A i, T S A A Y SR A A 1Y)
HEH, DUORZERRE RS, HYNRAMPS F2i7E
KRAZMRIRRIS, REFET, mRIZ R G K
B AR Y B R HYIRTI 7646 MR N 2 2
ERP AN SRR T EZEEN, A
hvirt]-RNAi PR FR ARG R A, ZEA0RR VR FE A,
A VE I 55 2% AINRAMP3 1] DUTE B 4514 T
W RARS Y, PEm ARG A R ANE B A KB,
ZmNRAMP2 7EIREEMME T BIVEFFI AINRAMP3 28
oL, 2B A TS TR 4 Y 76 v AR R ke
N T 8 1 1 38 ) R s 22

IKFEFI/ N SR TR B AR B, L™= AL,
JGF Hb AR A A A R R LA R . H

AT, AR I R 2E O AN RE . L, R
T BEBORRE (b Bh o H A ) FI/NEE (PP R Fielder)
IR RL, BIESEKAEA/ N RS SR T 22 5, F
X BRAR AU ATLBE AT I M o BT FE R KRR /N2 iy
Xof - S B 30 AT R S, A ) O B R TR A
PEY R e Bt EE IR, Sy SCBI TR R R ™ | B5R
PR R

1 MRS

1.1 KIBRNELEFFE

BEOKFEARE AP HAHE , /N ARG A A
Fielder, ARXERIBOKES I X IEF 4. Ho%E, FoK
FEA/NZE R R T oK, 7000'E T 30, 25 °C g
HiESR 2d. RIE, HORFR/NEROKREYE R
FEEFEM L, FMECET 0.5 mmol/L CaCL B+, &
BT SR . KRS E TAEKEG0C 16h
FEHE/25 °C 8 h RS, I 70%, YEHREEE 50 000 lux)
Rige, NEETEMOHEYEEFRFE (22 'C 16 h R/
18 'C 8 h 2B, M 65%, JEIREREE 30 000 lux)}EF: .
W 5 dJE, WOrHHak, JHRoKRM/NEE TE
FW PSR, IR 14 d iF, XFRAE 4 SR B
(-Mn, 0 pmol/L)FIfIN4H (+Mn, 0.5 pmol/L)ib B, 4b B
21 d ekt

B IR WP A KA JC R (mmol/L) : MgSO47H,0
(0.5), KNOs (0.05), CaNOs-4H,0O (0.72)F1 KH,PO,
0.5), VAKt#dEICE (umol/L): Fe(Il)-EDTA (100),
MnCl,-4H,0 (0.5), CuSO,5H,0 (0.2), ZnSO47H,0
(0.4), H3BO; (3)F1(NH,)¢Mo0,0,4-4H,0 (1),
1.2 KBEAUNZEETT E R EBISHRNE

B 14 d B, ZRiEHR 3 WUKFERUNESE, ib
AT THURE . B2, FKREHRESAE 4 CHY 0.5 mmol/L
CaCl, W IR0 15 min, DA/ /K R MR 508 14 FH 25 1
e, SRIG, KD A AR L SER RS R i T
HURE 3357, B K SR AT A K R AN /N2 S84 45 BRI 72
A3 IEAT AR AUINAG AL B AbEE 21 d 5 EFTEURE,
IR R, BRI 3 A, MR . LR
1o B A BT R B ik B Y SPAD B, AR A ST
SR B L OASEIE AR, DR R SR AR PR
AR

HURE S B RE S BT 70 C BLAR ML Z i & L AR5
IR TIH A, R ICP-MS(PerkinElmer NexION
1000) 5 £ FF S A5G . 86, 8. B E.

PARRAR F 2 (mg/plant)=Hi Ak S 4 2 B (mg/kg)x
FE T 51 & (kg/plant)
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i P AR [ b R B 2R (%o)=(H b A AN R A
(mg))/(FEL R 5l B 3R i (mg)) < 100

AR AL 73 BE (%0)=(#5 AL AR 4R (mg) )/ (R
B A 2 (mg))*x 100

% B9 43 B (mg/plant)=t 46 AL B 5 4 TR &
(mg/plant)—ff 4 A0 HH Fij & A 2 & (mg/plant)

i P 0TI 238 (%) =(A% F sz A A 3L 5 4 AR R i
(mg)—#5 B il b PRI AR 3R 4t (mg) )/ (i Ak B T
SR R (mg))x 100
1.3 RNA {RERF15E — 4 cDNA BIA

BUHTIE 14 d B 7KORE /DN 22 M0 R 35 3 40
i, BEAAEEL 3 ADNE L WURE SE U S RIRE AR
AT AR, SRS P HC RNA . RNA £ U R
F TRIZOL 71, RNA 42 BU 45 3R J5 , R F HiScript
II Q RT SuperMix for qPCR (+gDNA wiper) [z #% 5%
A & (Vazyme, 585 R323-01)iF 17 R 55 . 5%
S 7= BVRE B 9 cDNA T 5 S2 0 4 0 2 i
.

BOKAEFN/INZE FEHHY A RNA AR AR a1 7
Si—#E cDNA AU, ##88 PrimeScript'™ st
Strand cDNA Synthesis 25 —&F& i & 5 (Takara, 75
6110A)AE, 3211y cDNA 1T 5 H i B
1.4 BMEBEFIIREKETE

FF KRS B AL, BRgnE
HBE. B, @ RAP-DB (https://rapdb.dna.affrc.go.
jp/tools/search/) (1 & A 48 R T. H £ & K & 1Y

#F1
Table 1

OsNRAMP3, OsNRAMP2, OsMTPS8.1, OsMTPS.2 ,

OsMTP9 T F . DL B RE B ILER 1. 315
DL b 3 R 4 K 7 4 R AR /N 22 8080 JE (http://
wheatomics.sdau.edu.cn/blast/blast.html) AT L X, 15
L FEFAENEZ P EEFS), Bl TaNRAMP3

TuNRAMP?2 ., TaMTPS.1, TaMTPS.2, TaMTP9 %5/\3
T, LA BUE S —5E cDNA itk, #1T
DL EB R B sekE R NAR R TR 1 uL,
2 x Phanta® Max Master Mix 10 uL, ¢cDNA 2 uL,

ddH,0 6 uL. /K& H B R Boebes [ ea ik 1, 7
22 H R BOa ks 155 W3R 2. 38 B R BHEE e i
VKA 7 B K, #K )5 FI ] FastPure Gel DNA
Extraction Mini Kit (Vazyme, $55 DC301-1)#E1T5EME
PRI, R SO R R pYES2 #idkrf, SR
JE ARG R ST S K RS AR TAY T
TR AR AT BR A BIHEA 70 o I 45 2 5 rifs B 0 7 B
WA JE R A R MR £ FastPure® Plasmid Mini

Kit (Vazyme, %5 DC201-1)#2BUTTRL
1.5 #RERZLIHIE

W IR BURLLL 10 f5 ROV BERS BE A TRRE, HRIR
FREZE 1077, SRR 500 A R ARSI IR | R R vk
JE) 1710, 1/10%, 1/10°, 1/10%, 1/10° F1 1/10° AYHs
BEARERE S, B SEAE SR AR, HFAT IR LT 28
2 i PCR UM o SER 2 632 i PCR 45 LR 2744
Bio DABURLYE DUBURTEUE A Ak b, LATNAR Y Ct
M A bR AR e i 2K

KFEER R ERTER5Y

Primers for target fragment amplification in rice

HERATE SRS nAGEIL /2l

AnEIEYl 2]

OsNRAMP3 0s06g0676000
OsNRAMP?2 0s03g0208500
OsMTP8.1 0s03g0226400
OsMTP8.2 0s02g0775100

OsMTP9 0Os01g0130000

attaagcttggtaccgagctc ATGAGCGGCCCAATGCAA
cttggtaccgagctc ATGGCGTCGCGCGACCT
attaagcttggtaccgagctc ATGGAGGCGAAGGGGGAG
attaagcttggtaccgagctc ATGGACGGCGACGACCGG
attaagcttggtaccgagctc ATGGGGAGCCGAGGACGA

tacatgatgcggecctctagaCTAATCGAGATCAGAAGCAGTTCG
atgcggecctctagaTCATGTGCTCTTTGTCATTGCTGAG
tacatgatgcggeectctagaTCATGGTTGGCTGCTAGGCA
tacatgatgcggecctctagaTCAAGGCTCAGTAGAGGGCAA
tacatgatgcggccctctagaTCAGACCTCGGCCTTGTGC

xR2

NEBMRERYIEASIY

Table 2 Primers for target fragment amplification in wheat

N4 P EmG YT AL L2l

TaNRAMP3 attaagcttggtaccgagctc ATGAGTGGCCCGAGGCAA tacatgatgcggccctctagaGTGCGGCATCACCATAGCA

TaNRAMP?2 attaagcttggtaccgagctc ATGGCGTCCCGCGACCTC tacatgatgeggcectctagaTCATGAGCTCTTTGAGACTGATGAG
TaMTPS.1 attaagcttggtaccgagctc ATGGAGGCGAACGGGCGC tacatgatgcggccctctagaTCAAGGCTGGCTGCTAGGAA
TaMTPS.2 attaagettggtaccgagctc ATGGAGGGCGACGACCGG tacatgatgcggcecectctagaTCAGGGCTCGGTCGCCGG
TaMTP9 attaagcttggtaccgagctc ATGGGGAAGGAGGCGGCG tacatgatgcggecctctagaTCAGACGTCGGCCTTGTGC

1.6 SERTLEE PCR ¥ 1
SCHF 96 )G 5 1 PCR 2K H Applied Biosystems™

A =

QuantStudio™ 3 (Thermo Fisher, 125 A665)3ZH}
W E R PCR ST, 5 pL AP E LT K
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4y : ChamQ Universal SYBR qPCR Master
Mix(Vazyme, %5 Q711-02)2.5 pL, FR5I¥%&
0.1 pL, #ikx 2 L, ddH,0 0.3 pL. 28565 & PCR
Sl 3. G E R PCR 1YW & 95 CTHl
EPE 30 s; 95°C 10s, 60 C 30 s, 40 MG

95°C 155, 60 C 60s, 95 °C 15s. ZrBILLKREHI/N

Z cDNA Ff 5 itk , #4700 9% E & PCR J
N o HR AR v £k ] DA EOK RS RN E RS E
1) 355 DXL A0 95 D13
FI 5L LA 4% DUEY (copies/ng RNA ) =
6.02x10% (copies / mol) x £ < [ (g / mL)
AL x 660(g / mol) x RNA (ng/mL)

#F3 LRRHXEE PCRIIY

Table 3  Primers for real-time quantitative PCR

S A PR ERG Y5 IrnEiE727)
NRAMP3 TGCGACATTCCTGAAGTAATTGG GCTATCAGAAATTCCAGTTTACGG
NRAMP?2 GAGGAGTACCCGCCCTG GAGGATCTTGATGGCAATCGC
MTPS.1 ATGCGCGGGGAGTTCGTG GAGCGGGAGAAGTCGACGT
MTPS.2 CTTCGAGGAGGTGGAGGC CTCGCTCTGCTTCTGCTCCT
MTP9 GTCGGAGCCATACTGATCGC GATCTCCTCGTGGTGGTTC

1.7 HIELESSH

BAER M SPSS 16.0 BAF#ATGE 534, R M
SFEAR RIS AT A TR bR 25 R W . A Excel
B2,

2 HEREHSW

2.1 KBFU/NEEAEBNBE T EE R

Sk WA KR /N2 X R T 3 1 1 2 5, A
5T LB T B (~Mn) A4 (+Mn) b BE R KRG RN
PR . G5 LI, S5nE AL AR L, SR b 3
HZK FE 4 AR TG 25 A T (B 1A FIEL 1B), Hb &
FERRET 9.2%(E 10). HEEE-E A (ol ot 28
FEr )R SPAD fH PR, i Ab B LR Ak 3 I
FEAR T 19.9%(1& 1D) #HE— 24 7K A 53 LA [R5 57 08
BRI, SR AL BRI A B B /U i) L
JERALBREENE TA) . /INEFEBVRRTFE 21 d )5,
R () 2R 5 I A B A (B 3 22 (1] 1E) 53 Al
AH—B S, /AN RARAS | b L35 B RN ol e 4 e
FE R (BB 7S A ) SPAD {7 SRR A1 A 24 ] 38
HEEZLS(E 1B, B 1C ME 1D), DL F455REH
K32 B 00 PR S MV, T/ INAZ A2 B 14 5 T A
XN

AR TR KA AN 2 A AL AR ) FOC R
ST AT, HR A IS A B AT S KRR/ NZE B A
B, BN oy OKRE N SR R i AR I i
ANFZ R R RIS = Ry o TR KR R A R
FEEZS F I, /INZE M5 I B RN R i) R i (OK
RS -L R MRS N\ it NZE SRS e RS L
My, SEHREB, BT IR MK RARTS . o A
FA A= Py ik 8 I T AR B 5 K R, P i AR

HREIET 44%(& 2A), XFFREAMMR, SRR TR
KRG AR R b1 38 7y A 4 e 1 S I 3% 3R 14 UK
Fa, S BIAR T 16.7% F1 20.7%(F 2A). /NERKH
P AR R Z B EAER FSE R (B 2B). 4, il
BRARAETS , KRR L i B AR TN ER AL B, T/ INAZ AR
56 LU S IR AL BRI A 22 5 (8] 2C). ik 2L 45 313k
R RZ I TOKRER AR, X/ NE AR AR,
JINZZ Xof S P T b A AR B 5
22 BRI KBF/NERRTBAMETENZI

S IVER AL PEAR LY, AR T G A B K R R/ N2
AR B 34 W 3 T RE(E] 3A FIIE] 3B), BiR AL P
T, KREMR . B Bt R A e
S INER AL FRERAR T 48.5%.89.5% .78.8%.94.3% il
84.6% (K1 3A). /NAZMR . BEFET . et et Aig
W S BT B S5 1F T AR 2 BIREAR T 94.9%
84.4%. 79.1%. 92.1% Fi 75%(& 3B), i, H4f
T, AKAERUINZZ Bt e 5 i 40 5.6 mg/kg
(K 3A)F1 8.2 mg/kg(1d 3B). 1Ml Hisd IH K A7 1)
SPAD fHFFR(E 1D), FBA/INEE I A i) il 7 b /K e
H

X KRG RN/ INZE FE Ve R 25 A 450 2k 4
FEES BT 00T, SRR, SN, K
FEAE SIS Z 1 ™ 453 0 2k B T I 3 22 (K 30,
TAAERS it R b i i B 2 R (K] 3D),
B AR KR ) AR AT T kg, L rh e v
BNt ol BE SN T 48.3%)( 3E). iifE/NE T,
ENAR AL BEAR L, SRAE A B 0 45300 R S R e B
Z 5 RS RS T RSN (E 3F), AR SR
AT A i PR (A 3G), R RS &
TR, AR BB T 3 25 5 (] 3H).
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Fig.l1 Differences of response to Mn deficiency stress between rice and wheat
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Fig. 2 Effects of Mn deficiency on biomass and root-to-shoot ratios of rice and wheat

H-Mn 0O+Mn

_ 250
1200F ®) )
% 1000r x 200
B) S *
g 800F E 150}
= s00t I *
3= 4001 u= *
e * * 'HQ(
< 200t < 0 *
SN I
0 | - 1 1 1 M | 0
M BSR el Sgrng G LI = VI L S 11 R
R FAREFRAL
800 (O
o) o
< 600f <
g £
- B
EH 400 F &
§ 200f 2
0
IS S VI AL S 1 R U M RS &k el gl
FARFBAL RIBRFAL
500 (E) ) 2000~ (F)
D 400 S 1600
B )
£ 300 £ 1200
b Eﬂ:_!
<:‘ 200 % 800
< 100 < 400
0 0
R i V2511 RS 11 R S M EERTT &l el
R REFRAL FERRFAL
e 2
on on
£ * )
i) i
0 z &
0
GILIS S VA {1 R el S Tl G L~ S I 1L G ALV T
FRHRAL RIBRFAL

B3 SREXMKBEANEREIBLE. %, AFFSERNME

Fig. 3 Effects of Mn deficiency on concentrations of Mn, Fe, Cu and Zn in different parts of rice and wheat
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R AR T bt 308 ) 5 R AE W i T S R
R, 5K, SRS, B b B K F
FUNE R R i 3 BN T 86.6% FI 84.3%(1A]
4A). NERAEIMERISRIEER XM T, NE R
SR ORI BRI 4A). BS5IN4RA AT,
SRR A B/ IN A7 R T AR 1) b b 35 4 e 48 22 4y

SBEINAIFREAR T 16.4% 1 7.5%(18 4B). ¢ I B4R,
LKREAH G, /N2 DR 2 (R DR Th i 32 2 b [
o RIS A3 AT AN TR A4 ) A0 T A B, (A s 38 Jn T
S ] K FEAR A A 0L, DD T EERAT L A RRr
R B R (B 4C) 5 1T SRR RS T8 ) /N 22 AR RN
AR EC BN T R AR T AT A B (] 4D).
FABEGERT, N PAR TPz s s, F2 R
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Fig. 4 Effects of Mn deficiency on Mn uptake, transport and distribution in rice and wheat
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Fig. 5 Redistribution ratios of Mn in rice and wheat
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24 FHHIEEFREXKBINERPHRIEZIEEZESR
o N ST e e g e PCR 455 R, iz L
NRAMP3, MTPS8.2 Fl MTP9 1r7KFEHE v i % D1 i i

(Kl 6D)., /NEMH TuNRAMP2 Hy¥5 U 502 K A5
OsNRAMP2 () 3.8 1% ~ 5.1 f5(/&l 6E), FHH NRAMP3 .
MTPS8.2 Fl MTP9 /KRR i Rk it LN g, 1T
/NZE T TaNRAMP?2 ) 3Rk i LK OsNRAMP2
=

[©

9+
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Fig. 6 Expression levels of Mn transporters in rice and wheat roots
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