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BRI A KL TR UE FF i R PR,
T A 33E At 200 A [ R RSO ) 3 Jo A7 (HTL B L)
BAABAWIERI,. 8RR SR R A (LT R FR
BUIE VR 0 ) B 45 X i FE ) F0 R AR} B A 4
TNk B A (DA R TR LER I ) 3 22
RARHEY . %R 5 K 2NishizawaHF 78 & B, HLEEI
¥ /K FE(Oryza sativa)th G E it HLEE I 5 2R U2k
(Ishimaru et al., 2006), RI/KFEfH 2458200478k
IR, 24518 5 & R BUAR 5256 % ) R AR ARAIE 52
(Cheng et al., 2007).

TEIKZ B BRERAE I, HLER YRR B0 36 B 25 75
SRR (1) H-ATPase KE#RiL, BILIRER
FIEIAEE, T HE AR PR R A XM (2) BRIE R
FRO (ferric reductase oxidase)}t X #ik Fif, fi#fk
MR B (1 =4 Bk (Fe (1) 3& Ji s — 47 2k (Fe(ll)); (3)
Fe(ll)f)#%i24KIRT (iron-regulated transporter)zix
A, K FROIE R I Fe (1) ia AR S i (52 &
224, 2007). iz FE ) 0B 3 Xl FRO (Robinson et
al., 1999)F1IRT (Eide et al., 1996)5F T201H:490
FEAAE RN T (Arabidopsis thaliana)t 7i 155, 2
JE R4k RIE T EATAE 2 R ) T i [E] R 5 R (Con-
nolly et al., 2003; Ishimaru et al., 2007).

ST AR, KRS 8 6 4k 300 i Bl 3 1 5

Wk H 3H: 2018-08-28; #:52 H iH: 2019-01-11

i, HHENZKAE AT g B B2l i OsIRT 1442 e Fe(ll)
BR8N, KRG OsIRT15 OsIRT27 FE R ik
(Ishimaru et al., 2006), {HHAK KILFROIE JiF FH: [
siFe(l)ik 5 B iS E G o, AT RE 2 KREAL T /KL TR
RA, AME TR JFEBEAE R, 15 Fe(I1) B O& 12 B
KRB A 7 1

IKFE ) o — TR S 7 OB & 07 30, R IR
A MRS =g A Y —
Yk APS (phytosiderophore), 43 il #HR br 1-1%
Wik, 2 J55Fe(lll)4s &4 HiFe(Il)-PSE & 44 (Ne-
gishi et al., 2002). [, HEP3 B 405 i b1 —
Fh % Ik #5146 0PT (oligo-peptide transporter) 5 i i,
2YS (Yellow Stripe)¥:iz{£(Curie et al., 2001)A] %
R AR 2 R 41 B i I Fe(1N)-PSE & 1k % ik 5 12 5|
TR A . OsYSLASZ KA W kit 12 Fe(lll)-PS
() 3= B4 24 (Inoue et al., 2009; Lee et al., 2009),
H2Hgd s LIRIE.

B NKFER R G, B8 AN E a0 i%
E N A s . BREE RN i — R LR
G RE AT, EE 5B (citrate) (Tiffin,
1966; Brown and Chaney, 1971). J& /% (NA)
(Hell and Stephan, 2003; Takahashi et al., 2003)#!
ZIRZ (MAs) (Aoyama et al., 2009; Kakei et al.,
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2009)%5 45 A o TEARTFSH, Fe(Il)-Fr iR & 3 E iz
. FRD3JE TMATEZ MK G1, 560 T4 i
(Green and Rogers, 2004), 3 Z)HE 2R AR A1)
FrG IR e iz 2 4 B AT . /KA A 641 FRD 3 7] 5
FA, m kR OsFRDLT 4 5 3UM Jr 2k 4% (Yokosho et
al., 2009). ] 3 8k 12 & 1k 3 EZENA, NAAY
REfir SFe(I)4 A, AL A Fe(lll) (von Wirén et
al., 1999). 7EWIEHH, Fe-NARYSLE AT 12
(Haydon and Cobbett, 2007; Curie et al., 2009). 7K
FEMYSLFR AR M LW, A L8k 0 [R) f fE b1 3
FHh R FIE(AOsYSL6. OsYSL14F10sYSL16).
OsYSL2/0sYSL155% sk N i 1%, OsYSL2#4iz
Fe-NA, 1 OsYSL15 #%¢ iz Fe-PS (Inoue et al.,
2009).

iy BB B M T S 5 A 1 2 8 AR A R 4
F W U A1) FH % 2% (Forde, 2002; Enomoto et al.,
2007). jeb-H AR - et 40 Bl R B A5 S AL 1k id i, il
R BN FRROUB AT, 27 A FRAE 5 it A
JoT ER AL B b, BRI OR B AR AR S IR T
W R R B R, T X FE AR 2R A KB AT
W, AR IR A B WS AR A S T (Vert
et al., 2003; BEKPHZE, 2014).

Vert55(2003) 7 Ul ra I+ 52 H 1 2745 kIR WS Ar
R (R R FNN AR . R ERI A R |30
PG SR, 75 T B EAR R B IOfOr DG
BRI R IA, MAE IR RGO T, M L fE S1%
FH TR 5 2 AH B A A5 Y A R I R 2 T
T, M b E e A RIS S A i 2 3 R S, A
AR ZR N BR IR AL, T SRR IS b b R U AN P A4 T
H AT WL, b F B R B A5 5 R AR A Sl ki) [ AT B
WHEEH (Vert et al.,, 2003; Enomoto et al., 2007;
Garcia et al., 2013). ) 7 # 2& EHHh B AL R
HEEE AL, AT DML E R E KK EHKE
ISWSZ RSy S IR VR 7/ 1) 4 M WY e Kt
Koo @R AVEEY. EER. U HItH
LR —EE55 0¥, WiBER. REGIE S A/HARNA
% (Lucas et al., 2001, 2013), XY S 5 L R
SEICIR AT N7 | JAS

ERE AR FERANAFRRE FEAR
ZRF AT R e &, BT RCorE - E R
W5t ). TMT (Tandem Mass Tags):& H i € & &

WRIR A KRR S SRR ) B2 W R A B -0 i 195

F AL B B AR SME AR iR L — o SRR
10 R LR AR ARIC 2 Ik B R L2 [, 225 WAl —
N s TG N s (VR N CIE e S g =|
JREARR & o ZHARPRIC R =, AR RO A bR
S A BT BRI TR A RRAS . A Fe i i EDTAIE SR A
[7] 4 JEE Bk A0 B P K RS ) B Bt i, SR TMT HAR 73
Br VIR R AR E R, YIP RS S
KEEESHIINED, BEKBRERSEE KIS
AR MERS %

1 #E5ERZE

1.1 ##8

S T-20164F 75 i AV K22 W = N EAT, 3K
SLE S AR E KRS (Oryza sativa L)
i P HE6°5 (Yangdao 6). 15 7=K F E Br/K FE 72
B B E— B 7 10 mg-L™" NaH,PO42H,0. 40
mg-L™" K;SO,. 40 mg-L™" CaCl,. 40 mg-L™" MgSO,:
7H,0 . 0.5 mgL"' MnCl,4H,0 . 0.05 mg-L™
(NH4)e'M070242H,0 . 0.2 mg-L™" H;BO;. 0.01
mg-L™" ZnSO,7H,0. 0.01 mg-L™" CuSO,5H,0f!
5.8 mg-L™" FeCly, FINH,NO5iH 5 35 i b 4 ik
£

IKFEH) T B 7R 38 g BEAT SRk Ab B . 152 B OE it
BRANGREAC I (R R R A INER), B3RFEH1IKE S
W, KA1 mol-L™" HCIE A ipHZ5.040.2
ANKEFE EE L 3R o Bk AL HH 3K S USCHE Ak P AL PR AN X6} R
TR R ) R 07

12 F&

1.2.1  HIEERiRRE

43 ) BRI K Ak 3 AR HE 7K A8 %)) 7 500K A A1 AN A
2. §ERAET20 mmolL™" EDTA W &
Gith S, UABR Zr4u B bE o, S8 e g 4e i 4h e
[ 5 B 7, Y)HAE%T #4415 mL 20 mmol-L™
EDTAE R I/NGER o, IR AR 10N . SRIF /KA
SR AR M, F—T0°CLRA74H

122 ZEAHEmEK

X 7K B IR R R AT R R A7 A AR R
AT E He . SR )5 1% FIBCA (bicinchoninic acid) &
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196 AR 54(2) 2019

A&, U BECHIBSA (Bovine Serum Al-
bumin) bk 8 FVER, W EEREFE AKX 2.0 1,54 1.0,
0.75. 0.5. 0.25. 0.125. 0.025%10 ug-uL™". H#7&
EURFIIRE SRR REAS IR A 2, SR VAR B2 43 A 170.125—
1.5 pg-pL~" 1), FIT5E &Rl i fReagent AFIB
TR A (A:B=50:1, BLAHBILIEC), BEOGMRAE. 4 HH
AN TR s JEE R BS AR 18 B 11 VA Y S S TR s R 3 4
(I REIRE S BOINN 96 FLAR 1, 4110 uL, BAFE
mm24L, F 200 uL Reagent ARIBHITE &,
BERIRA], 37°C T ELI &30 8h. A5 I 2 =,
562 nmik KA FRTIIBOGEE . T AR E i BRE
PHAL B IR 2 & E 1S SeME, 13 BUbRE o JRE
i AR IE AR o DA v 5 A LB X6 AR 2 Sl A 4 i 2%
FRNFRE 25 (00 B 2 S TE SRR IRE it (1 B IR
HUE (45 MRE 33 178%—17% SDS-PAGEH FE ki
HLPK . WRZEIRHLE 80 V, HLuk4043 4l 4 Bk
9120V, HIK12050%80 . SR )E AT % D iR i R-250
Yetr, €02 SN .

1.2.3 TMTiRiE2ZEH

B E100 pg#E FRER, IMANLWKTE N4 mol-L™ iR
% . 0.1% SDS (sodium dodecyl sulfate) fil 45
mmol-.L™" TEAB (triethylammonium bicarbonate),
FAILC-MS%Z B4l /K#ME %100 L B T ok E. A5
uL 200 mmolL™" TCEP (Tris (2-carboxyethyl)
phosphine), T-55°CIHIR & & k%, 4044700
B RNAVINEE o NS5 R JE S RP I T IR B 3225°C,
A5 pL 375 mmol-L ' Z W%, T-25°C& /@i
TR RY, [Eh700%:, #EE R M30545h . B4
W JE 660 uL P Eid(-20°CHi#), —20°C FitiEid
. 4°C. 10 000 xg B0 154045t 2 P0H, MA0.8
mL 90% P il (—20° C Tl ¥4 ) i e i 5 ek T e - 4°C
10 000 xg&g 0104380, B2, =i %A NI
AT H100 pL 100 mmol-L™" TEABYA BT IE & 1,
MMAN2.5 uL 1 g-L 7'k, T-37°CHEK ¥R By )it
Ao 41 uLZSEINZE0.8 mg TMT10F5icik+, R
TR 78 AR . K i G DIRE T = IR F 10 000
xgBLO3 8P E I LT, IMA41 b TMT10451c 77,
T25°C& B EIR R Y, & Eh700%, [RRBi2/)
o RGNS pL 5% 2, T25°C4 @it iRk
%, BEOERT00%, 15538, DL IERRC RN . TR

AR IR T C18 (il i 7 2% .

124 C18B&EHHERAIR

Ji il C18 (1 1% L2 AV (2% 2.1, 98%7K, pH10)F1B
i(90% .15, 10%7K, pH10). FHAR T-#7C18 ik H:
254350, ARG IEAT 2 IR & LA A s SO R 4t
AEGEHRES RIF . BEHMTMTER G SR i T ]
TWRARHI T, IMANABE R, 18 FH5% MSZZ /K ifpH
%10, Z=IET10 000 xgEs.0550%h, B FiEdEFe.
W B2 2—15 73 BRI HA TR DA 22 2463 53 Bl 1) 43 SR 20 57,
Fi1.5 mL eppendorf& L& [ 8 E H . R
5 £l P15 B TR VACRE (U T AR R AT XOWSORE & 9, S0
F 204N W T R ALK 2 28y, R JE KA AR S R
FIRAET

1.2.5 FRiEHEXEERN

i ) 0K €233 AT (99.9% 7K, 0.1% FF iR FIB ¥4 (99.9%
2, 0.1% HR)« 3 AIHL > 5 Bk FFE SN _EFF
ZZH(95.9% 7K, 4%, 0.1%H IR) /i, =
#3510 000 xgi 0558, BUZ)E1 pgdk (i) it
T 390056 F A (NCS 35007 20 2 4 AIQ Exac-
tive i1 A )BEATFE LA I o 3R 3% 424 1 5 FEl m/z 350~
1600; —ZJFi% 5 #E% H70 000 (200 m/zit);, — %
JF 73 382 935 000 (200 m/zAb); kAT E
THEETOP 20(WEEES 1, RAIHCD (Higher-energy
Collision Dissociation)#¥ 347 — 2% it 1% /7 71l &
raw (JF ST ) Az BT VG 0 iR 46 Kt

1.2.6 FREBERESHH

MNCBI (National Center for Biotechnology Infor-
mation)%#E T % H A% 7K 75 (Oryza sativa Japon-
ica Group)#E A% (RefSeq) H T it /0t . #442 mk
1) J5 T A S5 46 %4, i Proteome Discoverer K {4
(FTFRPD AT )1 Lk i ds e A i i Sequest & i3 17
HPETHE . Ik R R YT, 2 RVF2 N e )
{7 5, € Cyshill 2, e AL AN TMTAZ 1 A [ e A2 1 &
G BE I A B A AR BE R A o ] BB S 4L
BT E LT IRZE NS ppm, B E LT RE
50.02 Da. MK T1% FDR (false discovery rate)
AT FE R AE B 2 KA D B B B E 1 e R g
SRy, kPR R 2 KA T AN [RIRE S R 2R B BT AR
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5 AT

127 HRNZE

FRENO0.5 gt 2041 F HivA it ek, IS mLTiA
[1150% o 1 B (viv), VKIBWTFEE 2 5)%, T4°C Rz
FE12/NF, 4°CF8 000 xg.Lr1043 4k, sk Fisl
IHTFACRAT, FRBEF A2 mLFA K180% il F
BE, T4°CTFHEH12/MET, B0 JEWEE LiEw, N2
mL 100% A3 FH i S 5220k, & IF 4 R .
7 LiEWH inN0.15 g PVPP (polyvinylpolypyrroli-
done), 4°C NiAEIR60%%h, [HPVPP7E /WK b 1
KA YR, F L0, B LiERZEE Sep-Pak
C18H:RRZ4, F A1 mL 40% i B 2B 5 e It
WP T Y R TR B 5 4R, IXAEAL 5 13
FHEM3 mL 100% il H B A, 120.22 pmA il
FR TR M 13 v O i (S AT I S

1.3 BIESH

SR S5 RSN SIS T 31H - HiStata 12.08
HEAT BR A BN GE i H 4047 . SR FH OriginPro 9.0% 14 4
P

2 ZR5iTe

2.1 BREKXIBIBERITAE B B RN

IKFERE MR BRER AL FE3R J5, K FHEDTAL 500 /K 75
B R AR B B, B R4S gL SR
TMT H52 AT i Bk Rl T [ 7R 4B AR B0 B B T R 2R
RIBFERAT o0, LEwF5 65240 E [, Homr
EEE A E NS 4764 . UEREH1.2650 LA
P-value<0.05 i 56 1, ShBRAINS IR K R AR AR EL
HEE 206 E R EH, HrhbaNEHFE B,
152N R B2 7 R O R R EAT GO
haesr 2, K1 EZRE O sk, #R15
AN R R RE VLD B GOXLHRE b, ThAE A0

Z R EEA] 7y N3 R, 161K (K
1). Hrh, 25445114 (biological process). 41 i
H 4> (cellular component). 43+ )& (molecular func-
tion) A1 & %11 1) € (unknown function) [¥) & 1 7 51l /5
6.3%-+ 80.6%. 5.8%%17.3%. FEANfIZH /7 HHREH
iR, o b 2 R 5 41 i g8 (organelle) . 4l (cell)

RIS KRR S SRER ) B R A B 0 i 197

4 L X 35k (cell part) D e AH 5% 1 & 1 (B &35 53
Ao

FATHIHT AT R, KRR AR Bk e B 57 F)
bR AT AR K B {5 5 3% (Chen et al., 2018a),
MK B 5 IE @ i ER R, Bk, A
VBRI Z R KRB EAS SRR KIEZE
S H 0 R R BT 2 5 A i 1R 3 AT KEG G %
YT, 27422 57 B 0 B R SR DR RGP 40 5 (1) FE
HANMEAZ S5HMEE SRS, 3NS5, 104
255508, 1S58 EREW, 61M25
HERACH, 3412 SmMRNAREE IR 4 g2 .

22 BRHEHKBITREREOSSEERBER
o

221 HERFESHSMEXKH
AR A e 8 A DR 3 ) 932K Aux/IAAs. GH3s
(Gretchen Hagen 3)#1SAURs (Small Auxin Up
RNAs). H%) 3 2l GH3 IR N AE K R 3h&°F
fiir, GH3HE R 5 te Py 24 55 18 25 U) 4 ¢ (Hagen
et al., 1988; Bao and Li, 2002), HGH3%:EK K%k
TN AEKRACPRR I . AR, Sk &
TAKFEY) R 2 54 KRG 5T 6k LR T
& & 1% B (indole-3-acetic acid-amido synthetase
GH3.6)F A FF T (K2), WMk R B+ ik
KESRMWIK. KR FEEDBAL (T )R AR,
RIGHIZERRAABEHEDEREE . BT, ¥
B A KRS B, SR B T s
MAEKERD . A5, S 5AEREYE RN EER
4 F B (tryptophan synthase alpha chain)tt i3
ik, EKENARFEOARS S, LKA N AR
ISR KRG A TGS

| A BB (B IRER(PPs) ™ 5 vl W B IR 1L
Se WAL T AR N G S5 AL 8 A RERREG
H4EPP1. PP2A. PP2BAIPP2C, PP2Cs 2 ¥ %
KR R I 5 % (Kerk et al., 2002). £ =25 454
H, PP2CZ 5 Z 05 5 Fi/E, WHEABA. FRE
B PL A KR B %5 (Tougane et al., 2010). ABAE S
9812 X BEAPP2CsHMISNRK2FIFI X ik E A2 5.
ABAZ B mn, H2 ke 5PYR/PYLEK K& H
ghty, WA PP2CSHE (MM &1, i LG
PE; MHRIHE, SNRK2ZE & A BTG PEAS UGS, A
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Biological process
60

Cellular component

Molecular function

53

Number of genes

1 KFEH) R AR i 7 RIA B GO g /) 3K

Figure 1
tabase

BOHEABALS 5i%412(Soon et al., 2012). AwWF7tH, Bt
BEM TR RSP SERERESHESNED
1 W& ¥ (protein phosphatase 2C 30)#% ik =& T i
(K2), ZUAW P ABARI S BT RN £, Hikishy
5 o ABATE AR ) THI I e 5 R 50 S5 g I 2 il W 2 1
T, SHYEZESEpa M EEREZ . FFE,
TEAE ) T I SR 2R a8 B, 3L P9 YR ABA S & B 1T BB
1,

TR N KR 1 B2 00 S5 55 3 o ANt
F, BEREAE R S 5G5S EANPR3
FIEFE R (E2), RHSERBE TR N 1
MRS . FE, AR KSR REE R K FE 6k
B B R FEAE L, H B AT TRMIRS 5 Yk
ke BB TUAR D, MARTE st .

Vi ¥ SR E ALY/ EX S GRSV INPaEI SIS ]

53 53

Percent of genes (%)

Functional classification of the differentially expressed proteins of rice phloem sap via the Gene Ontology (GO) da-

SR EEAEN . AW, Bk N KRG
B 3t v b % 7% B & R 4% 0 & [ (gibberellin-regu-
lated protein 5)F%iAFE Lifl, BRABRAIGES S
BRI AR e 30 TR R

K238, SLELAM T, BMEMNEARE
FRERAE Tk FRATHE— 2D e T Bk fE AR AR
MIA SR & (E3), 45 R, Bk )5 Hh L 3ERIAA
HEMIN(ESA), RAKIAAL =R/ (K3B); ABAS
B EI I B AR (EI3A), ERA TN, HYS
XA b 22 AN 235 (B3B), GASTEHL L3 S5 R
VE Y N E(EIBA, B).

222 WBARH

BRACH R A i N B A A AR, SR
FIREE Bt B VIR . AWPFirh, SRBkAC TG 7K AR
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T BT KRG R R 2 R IA B AKEGGIl % 98
Table 1

RIS KRR S SRER ) B2 R R A B 0 i 199

Differentially expressed proteins in phloem exudates of rice under iron deficiency in KEGG pathway

Gene ID Protein name Unique peptides  FC (-Fe/+Fe) P value
Plant hormone signal transduction

4332374 Probable protein phosphatase 2C 30 1 0.81 0.01
4333666 Regulatory protein NPR3 isoform X2 1 1.45 0.01
4337780 Probable indole-3-acetic acid-amido synthetase GH3.6 1 0.83 0.03
4340712 Gibberellin-regulated protein 5 1 1.22 0.00
Carbon metabolism

9268154 Malate synthase 12 0.77 0.03
4349723 Phosphoglycerate mutase-like protein 4 2 0.75 0.01
4345814 Alpha-amylase isozyme 3D 14 0.72 0.00
Stress and defense

4332474 L-ascorbate peroxidase 1, cytosolic 10 0.64 0.00
4336627 Probable phospholipid hydroperoxide glutathione peroxidase 2 0.75 0.00
4330235 Probable phospholipid hydroperoxide glutathione peroxidase 2 0.82 0.00
4349585 Cationic peroxidase 1 2 0.52 0.00
4347962 Peroxidase A2 isoform X2 8 0.80 0.00
4337232 Peroxidase 4 2 0.68 0.02
4332928 Peroxidase 2 1 0.58 0.00
4332175 Peroxidase A2 2 0.76 0.01
4344277 Peroxidase 2-like 5 0.82 0.00
4328425 4-hydroxyphenylpyruvate dioxygenase 5 0.82 0.02
Biosynthesis of amino acids

4342571 Tryptophan synthase alpha chain 1 0.79 0.05
Ribosome

4325555 508 ribosomal protein L13, chloroplastic 2 1.26 0.00
4324671 40S ribosomal protein S24-1 1 1.21 0.04
4334651 50S ribosomal protein L18, chloroplastic 2 1.21 0.04
3131445 Ribosomal protein S7 (plastid) 2 1.21 0.00
4342697 40S ribosomal protein S15a-1 1 1.28 0.02
3131440 Ribosomal protein S18 (plastid) 1 0.74 0.01
mRNA surveillance pathway

4347878 Polyadenylation and cleavage factor homolog 4 2 0.77 0.01
RNA transport

4329091 Eukaryotic translation initiation factor 1A 3 0.79 0.01
4345498 ABC transporter A family member 7 1 1.40 0.00

IR AT 8 M3 S 5kl i 2 R KRB E
F, 4l R R AU AN P R R A 5 SRR 5 Tl
(malate synthase). Z: 5 WE i AU 508 A6 1 B R H
71 % 4% 37 il (phosphoglycerate mutase-like protein
4), LL K Z 5 5E k #RE RS AR 1Y o- VE K 89 (alpha-
amylase isozyme 3D), X3NMEAMRIEEFEL T
VA (E4A), 2B BRAR I TE KRG SRk i 8L 1o i v b 8 22
WEEER .

VR EMWMEES S LRERIGH, KR H

JiE W R A 70 il A2 P 2 IBE CoARE — 20 & BSE SR IR
BRI ZBER . BRI S SR &K, SERIR &
BRIk A2 R IR WS R R AR I IR A5 5 i T B, Xt
REWE I & BOAT e A — e IR A o BERR H iR AR
i R BE I AL R v (R DG B, AL S-BEIR H I R A
2-WR IR H M ROAH B e, S oK & WI%s . Bk
AR TS YE R AR R T E VIR . a-TE kB ALK
VAT I R BE I, ATREVEA KRN, HARIA %
A AT RERE AN VA R
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/ AUX/IAA

Cell enlargement
Tryptophan — >O—JAUXT —{TRT F-H [AUXIAAH— ARF }—>O—>[GH3 | Plamgrgwth
metabolism

Auxin I \ SAUR
—_ Ubiquitin mediated
proteolysis
- I = DNA stomatal closure
Carotenoid — >0 >PYR/PYLH [PP2C [SnRK2l—>{ABF |——>O—>Seed dormancy
biosynthesis Abscisic acid

DNA
Phenylalanine —>0— 41 — O Disease resistance
etabolism Salicylic acid

B2 Sk KRR AR E SRR s
AOFREAER LR, MORREAFE TE. SRR EERIEN, BRI PIA AR §kdoR a1 H(ERRN), %
L AIRAMAE (5 o

Figure 2 Schematic representation of plant hormone signal transduction in phloem of rice under iron deficiency

Red represents an increase of protein expression abundance, and yellow represents a decrease. The solid lines indicate direct action
and the dotted lines indicate omission process. The arrows mean a positive effect and the short vertical lines mean inhibited effect.

a
A 160 . B 30
120 b

25 |
S 80 3
= £t
D 40 | o
(@) (o))
£ < b
. - a = 15 |
g g
e
(72} c
£ =
E 6 I~ 2 10 -
Q o
- a
5 3 a
o 3 F 5 | a

E
0 0
IAA ABA GA; IAA ABA GA;
Wre [-Fe

B3 SR EI3R E K FE I L (A)FIR R (B)#M R & 241
ANF/NG FEER R (—Fe) Xt Hi (+Fe) < 1) 22 57 B35

Figure 3 The hormone content in rice shoots (A) and roots (B) after three days of iron deficiency treatment
Different lowercase letters indicate significant differences between iron deficiency (—Fe) and the control (+Fe).

223 HESHIEXKS JREAS . AT, SRERSRATTS, KPR 2E
TEYIEE Z B AT, AN REIE R R A BCH AR 1A B H I S ALY E§ (phospholipid
W, WA B K& H B, AR THEYIEEK hydroperoxide glutathione peroxidase)fl3ik I 2
KH . ASA-GSHIEIF(PUIK MLER-2 Bt H AR IE3R ) N & i E ALY (L-ascorbate peroxidase 1, cytosolic)i)
BRSNS BRI E B, 4RFARARERLIE  FIEERE(E4B), XEERIEJE RS b H K(GSH) Mt
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Figure 4 Metabolic pathways of carbon (A) and glutathione (B) related proteins in phloem exudates of rice under iron deficiency
Yellow represents a decrease of protein expression abundance. The solid lines indicate direct action and the dotted lines indicate

omission process. The arrows mean a positive effect.

HIMERR . BT AL BRI E A 7y, Sk a &
B O H IR I S A A Bl R R 1 R S AR A P G R A
FETH,

BEAh, SRERSEAET, KRS B AR i A AL M A

%7K [ (cationic peroxidase 1. peroxidase A2 isoform

X2. peroxidase 2. peroxidase 4. peroxidase A2/
peroxidase 2-like)FRikF T i A BT 1%
AR R B ERE TR DL T8 b5 (Agarwala et al.,
1961). AEHEZ55(1998)IN A, RAR AT HHEMIM T
ANYIBEE TS S R R EMK, Hith EEPODIE
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PE S BRE IR R0 A AH SRR 9 (1 & 985, 2011).
JF AR B A4 AR R EA )& B A% 1) S B 0 3R H 4-
P 8 O 5 TN R R 0L AN 41 (4-hydrroxyphenylpyruvate
dioxygenase, HPPD)f#t, H I {E#AE ~(Daucus
carota). #LF§ I+ K3 (Hordeum vulgare)Z )+
%52 tHHPPD3E [H (Falka et al., 2003). 7t %, 7F
007G I7 rpoid 2k hppd 5 RS A 5~ Fn i o (A2 F
& EMhN(Yoseph et al., 2002). F AR S 56 &1
FH IR O OB B H A% 38 o« SRR FERE AR B0 R vt
TR, A-F% 5 25K U A R 0D S B & 1 E S N, K
FEA4EA RER S EMED, 6E RGN . 771
IR, SRR EKFEEE LG EEEE T
(Chen et al., 2018b), 7] G 2 B G ) BAEE
RS, A FBUCAEMETE.

224 BHEEMBEXKHE

ATP 45 & & 20 I A (ATP-binding cassette trans-
porter, ABC)/2& LAATP/K R 1 1) g & N R YR EAT 32
B I EAR E A 5 . ABCAT (ABC transporter A
family member 7);&ABCH% iz 5 [ I [ 5 i ik 17t
HFHATP 7K fi 1) 5 5 75 248 B T o J162 R0 40 i P 40 a8
B EEF)is i — & 5 K ¥ (Dean et al., 2001;
Vasiliou et al., 2009; Tanaka et al., 2010). AHF 5%
i, ABCA7E HRIEFE B, RPLE TS
o OF BRER AL 3K S5 R WS 1o AH DG JE IR ) R T 7K
FREATIE, KIS 5iE R @ a3 K OsIRT1)LF
AHEF, M2 58 5% 0sYSL5. OsNASTAI
OsNAS2E:[H K ik p% 2 15 5 (KI5A), Hi E#EkE%iz
AH I FE K (OsYSL2F1 OSNAS 1) [ R ik th i 5 # 5 5
(KI5B), Rk ZIGn. WA, Z25HARNR G K
HAZ BB AR AT I AH O 8] B 30k =R FE R AR AR (R 1),
R BBk 22 52 KRR AE MR mRNAR 8 5% K Bl PRI R,
(AR50 Ry it — S IR IR IE

2.3 iFig

KRB R — B RMEYE RN T, H2HK
PH B R U FEANTE 2 o A AR S50 2 B AL
KBS AT CERER, B IR
ST, A TNNO; LR, 5 — 343 1E ik
A, KIEHE AR R P AINRT2. 1% 5 K1 Fi
(Mol et al., 1994), FEWIHYE FRIIKIE iz %

MAFAER) o ABME S AN REAT 4%, LAJZ 5 b0
FET AR HATIEANE 2 o BT AFRA T8 T 40 AR 2 Bk it
EARSEIIOAUE TOKFESRER S, KRR M T R 0AE
1E, HHZE 59 S LT ae oG, sk &1
T, KFEHE b A AE S R I I ) R A i B
AR, BB 5 BRSO C bR SRR, AT
TR T (Chen et al., 2018a).

L B 35 v (4 T B 8 b B3R 5 AR R 2 )
WS K 1) B LR . A SO I K R R S A
PR 2 R A 2 5 R R BT 0, 42
T 2 A B R KRR S K R B AR S 2 T
ARETE, BARAEKER. WERR. RER. B A0
Ik E A%, TEIuEs R e s A e S Rk
FEENLSR 2 E R .

231 HBREAKBREKESESHAT Y
2311 &k#&E

KR (AAVE N IRERE D) A K EEHE, MY
AN EIEE EEEM . MKREmIGEE b an, E
MR R MK, B Z, DI 258 p 2k IRk,
T4 _F 3 A A U s AR AICRE I | S 0 BRI 7 R, X
W TR EAK RS, I IE ek 2
SHAEKRSREI G, HE SR I BRSO 3 A
(FRO2)#*i4 i (Hindt and Guerinot, 2012). Itt4k,
A R S 2 5 KRR SRR B, AR K F i B P
OsARF12Z 5K gk k15 5% 3 (Qi et al., 2012);
HMIR A 3 A B 2 b R KRR R A 0 R 2 e
DRI () 295, 1T 4/ Tt FH A= 2% 401 750 T 2 76 A s R 28
Mi(Liu et al., 2015), AWFFERI, BRELALI 5 1Y F
A KR B 2 AR R AN R (BI3), AT g
FRZR G K TR AR AR K R I 18 2 20, B A 38
B: i NS e P R N 1R 7 FE N LINA 7S

2.3.1.2 REiERg

Jit 74 T (ABA) TEAEL 40 1 3 1 97 w3 ¥ B B Ay €8 F
RY, BEET, ABAZEKRBEEED G K, HIMNE
ABAFEAS S SR S5 A T KRG B T AR 2R (Majer-
us etal., 2009). Ith4h, FEMFTFH, ABAR @R i
BRMAR AR 17 Hh b 3532 T3 R s Bk . B
PERI NG 25 SR I I RABAIAR R, 4K
ABA 2R bk im) bRz, AT Jskz ity 25 e
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Figure 5 The relative expression levels of Os/IRT1, OsYSL15, OsNAS1 and OsNAS2 in root (A) and the relative expression
levels of OsYSL2 and OsNAS1 in shoot (B) after three days of iron deficiency treatment
The column diagram represents the relative gene expression level ratio of iron deficiency induced to the control.

R(Leietal., 2014). ARWFFEFRMY, BRI KFER
FZABARIFLR (KI3), 1#IR A 5ABALE 57 FAHK
(AR (ARIBIKT R A AR — 25 SR 7 AR
AR R B A 57 53 23 B2 AR RLX 77 43 i 1Y)
—FhEEE, JLHXN T SBAREF TR, WA, B .
BATHEMEN R, ik, IR R ST
Hy bR BRERET, PR R R B AT
By RO R KRR B B R —E B X, T
ABATE/KFEH & B W kL 18 AR R NI AT

2313 FEER

TR P2 IR R, AMUS 5T
BB (Jiang et al., 2007), T H.7E Gk &7
WEEEMO. G, BEREMN, SARERRK
LRI R AT INE AR R R AL S, S5k v
(3L R | %5 (Matsuoka et al., 2014). fE/KFEH,
Ji 87 2RI I #5 Os YSL2[ ik Pl gk i Hh |84 s
AFASBLEFE . Bk 2 SBUKREMR G AR RS =
FE VBRI, AN IR i 7 5 2 H ) gk 1) b IS
(Wang et al., 2017). A#Bt5E R, ShEKFEEAI ES
MR ABER SR TR, SaTARER 8. FH
i, KFEFR ARG R RENEAREFEERESR
1k, RUFRERE S TRES 5 KRG RS A2

232 EREEAKBREKESESHTEL

a-JE R e B FIRAmY3D 225 5Tk 7 iRt e . Sk
SEAETR, KRR B AR R B o3 i B R
T, REISRERI TR o> ERE ST R B, TR AR A
WEHIRR. SERREMEES S LR, ATEE
V4 1 P9 T TR SR A 73 A A BRI L B Sl AL — 2B &
SRR . BRIARR AN CERR . b, BRIAR W A TR
ARG AR o 39 SRR A B IR R R TR R SRR
ANTRIARR S5 T B, [RII, X6 FREOBRE F) 5 P PT fE AT
—E M . BRATATIIRT TR, SREOKAE R
) B AT PR D, bR R AR
R, W HERE IR R IS RS N B, HH A
RO RN TR SR, Hi, BEE AT RELE
KBRS AE 5 I P K R R PR 6T Sk Bk Wi ¥ (Chen et
al., 2018b). AHFTTH, SRR N ARREH F1 R HEAR
K, REMHEDCEIER, HSHRE& BRI EAE
FEHBLT M, R WIRERE AR A2 50 32 24 .

2.3.3 AHRKEAKEREKKEEFESHREN
B R IR R 52 2 2 R A AR A W a5
0L R TF 48 e oA S0 2 A Ak () AR 2R ek i 1. 52 2140
i, B AL TR 35 1 M _E 5 12 ek 55 (Shanmugam
etal., 2015), RAFMED 4B H KL B (GR, 18
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ARG B A TR B R iR Y 2 o O ) F) 0k RN
PEAD 24 gkt — 25 1% 5 (Bashir et al., 2007). NO
VB VR WU VR Bk il 7 1) DR B 5 2, B
B AR D H K B FE R, PR T HNOT 4 Gl Bk
M) 7 5 SRR AR A 2 D H BRI R s K, IX R
A BH IETE BBk o ) S R, A AT
PAZERENO A e PR T (R gk H AR B, B v it
HAER . AFRY], S5 S 55 0 H RS —
S SSRGS PR AR AN, B R A ORI AT BE A Dy T A
IKFE BRI B K PR B AE 5 . B B H ARFINO P [F] 1
PEAUL B T BRI B, (H 2 A RS PR AR KR I R
R S22 DA R A 75 2 R 45 7K R Rk e L 1 K PR B A4S
T IR ] AR R A D 1 SR ER A I

234 HEEAEAKEREKESESH Y
ABC#: iz 62 5 2 P A AT R, E 2R
HATP/K i RE B 512 &8 S S, LS
SR iE S BRI 5T R B 2 SR A B AR . BT
W R, ABCH IR is KB TIE T &
JBET K. BAKGEY . ZEFIRE(Vasiliou et al.,
2009). KR ABCHK 1116/ LRI TER 5 5 77 (45
B ANk ) = 0 B BT 2K (Nguyen et al.,
2014). FATHTIIRTFER I, SRERKASH A AR & o,
5 G EAN H R AR (IATP & B Al — IR TR
PE¥R)A B L (Chen et al., 2015). X 54 I+ AT
¥ (Beta vulgaris) &gk ab #E 5 () 41 221 78 45 R — 2,
BBk 1 S ATP 7 2 5 IR AR & 19 5 4% (Lopez-
Millan et al., 2000; Thimm et al., 2001); [FIFELE T i
(Lycopersicon esculentum)fR 1, HATP& B E 6t
PR FRiEFEFEZE EEL et al., 2008). 7E 3K
(Cucumis sativus), SRELS 1% SEAFITRKILEY)
o3 fifk A= SUNADPH . ATP I B 5 P4 i 1% 45 Bt &t 47 i
(Espen et al., 2000). =4 1) RE &Y 5K 1 R 2R SO
TATIRE % i i 2 M) FH SR 3% DR & 7T e T ik 2> 1) e
BYI . AT, SRERKFE) T ) ABCAT
FEFEE LW, TR B T8 K FEATP & & 1
I, AABCATEE A 1 78 70 K RE B #2is IR 4,
KIPHBE TSR, ST, EARMIASEE
AR AL PRk I8/, RT R TE J B AR R P9 i A TR R
Be R4 7 HOE 5 AR BARI D RE . SRR, ZKAEHE b3
L R Ak ie A G I R N R 2 B RRA, ik

—IPIIE 7 R kA IE F O BCRE g . I, B
AHFFLAREA, LR IT H ABCH; iz f4 ] LU i #5 4R
R E ORI B N (Dong et al., 2017), 1f
ABCHe iz AR £ SR-ER KRS FEL bR 1K) Th E 1L A frp ik — o
HR.
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Effect of Iron Deficiency on the Protein Profile of Rice
(Oryza sativa) Phloem Sap

Lin Chen, Yan Lin, Pengfei Chen, Shaohua Wang, Yanfeng Ding*
College of Agronomy, Nanjing Agricultural University, Nanjing 210095, China

Abstract In order to identify long-distance signals under iron (Fe) deficiency in rice (Oryza sativa), TMT label technique
was used to study the protein profile of phloem sap under different iron concentrations. A total of 206 differentially ex-
pressed proteins were identified: 54 were upregulated and 152 were downregulated. Most of these proteins are involved
in hormone signal transduction, carbon metabolism, glutathione metabolism and mRNA transport. In addition, we mea-
sured the physiological indicators according to the differentially expressed proteins. It was found that phytohormones,
sucrose, glutathione and transporters were significantly changed under iron deficiency. To further study the function of
these proteins can help to reveal the long distance signaling pathway of rice in response to Fe deficiency.
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