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Fig. 1 2-DE anther protein maps of the male-sterile line (S)-1376A and its maintainer (A)-1376B
(a, ¢) Uninucleate anther stage and binucleate anther stage of (S)-1376A. (b, d) Uninucleate anther stage and binucleate anther stage of (A)-1376B. The

arrows show spots analyzed by MALDI-TOF/MS.
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Fig. 2 Histograms showing the volume changes of 28 differentially displayed spots from 2-DE
The T-ticks on the top of each bar indicate the standard error. l: Uninucleate stage of (S)-1376A; A: Uninucleate stage of (A)-1376B; [: Binucleate

stage of (S)-1376A; [: Binucleate stage of (A)-1376B.
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Fig. 3 Enlargements of some differentially expressed protein spots in Fig.1
(a, ¢) Uninucleate anther stage and binucleate anther stage of (S)-1376A. (b, d). Uninucleate anther stage and binucleate anther stage of (A)-1376B.

23 ERRIAZEAM MALDI-TOF-MS 2 & 3
RENE

¥ 28 A2 5 RAK I E A U 2-DE IR E 1)
AT ER B A e R A A T
fift, WEME IS I IKIR A P4 MALDI-TOF-MS 4347,
YR TR &R o, N H Mascot A 1
NCBInr 24 e h 8 2 5 8 i, 28 AN A i Al
WA 12 AN RS 20T BHPEZE IRGR 1), 1o T oAb

16 UK RS E A B XA R X 12 ANBH 45
SR A ) B I FVICRH B R R A5 W ey 205
. USECIREL 20 ARy AT 56 b, B T4
HAPAEEE R, 2RO E2, AR ESE
=, PURMRIS AN, Boe PR & A
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Table 1 Differentially-expressed proteins identified by PMF query

. Theoretical Experimental Sequence .
Spot No.  Accession No. Score Protein name
M/pl M/pl coverage(%)
2i|5381389 17.2/6.14 17.9/6.79 43% 82 Ubiqutin-protein ligase E2
2i|40363759 19.6/5.63 19.8/5.59 91% 144 Putative glycine-rich protein
13 2i|118497858 64.65/8.09 64.1/5.79 33% 80 Long chain fatty acid CoA ligase
14 2i|50726501 16.99/10.87 16.4/5.13 48% 78 Hypothetical protein
15 2i|15808779 27.96/5.10 29.3/4.80 49% 125 Ascorbate peroxidase
16 2i|147834873 55.8/6.69 56.2/6.74 17% 71 Hypothetical protein
17 2i|56783763 23.26/5.82 23.9/5.90 35% 77 Putative cysteine proteinase inhibitor
18 2i|118483707 22.78/5.12 22.5/5.21 49% 69 Unkown
20 2i|11990897 19.73/8.8 21.4/6.52 55% 114 Ribulose-1, 5-bisphosphatecarboxylase / oxygenase
small subunit
24 gi|131394 27.4/8.84 29.5/5.51 72% 177 23 ku subunit of oxygen evolving system of
photosystem Il
25 gi|132107 13.2/5.84 15.1/5.72 57% 78 Ribulose bisphosphate carboxylase small chain
clone 512 (rubico small subunit)
26 2i[11990893 19.73/9.06 20.5/6.11 54% 82 Ribulose-1, 5-bisphosphatecarboxylase / oxygenase

small subunit
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Probability based mowse score

The matched peptides for spot 5 are shown in bold red font as follows:

1 MANSNLPKRI IKETQRLLSE PAPGISASPS EDNMRDFNVM ILGPAQSPYE
51 GGVFKLELFL PEEYPMAPPK VRFLTKIYHP NIDKLGRICL DILKDKWSPA
101 LQIRTVLLSI QALLSAPNPD DPLSENIAKH WKSNEAEAVE TAKEWTRLYA

151 TGA

Fig. 4 MALDI-TOF-MS analysis of spot 5
(a) Peptide mass fingerprinting of protein spot 5. (b) Mowse score and Database query result of spot 5. Protein score is —10 Lg P, where P is the

probability that the observed match is a random event. Protein scores greater than 81 are significant (P < 0.05).
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2 NIREAR AN B, AR T RE (S)- 1376A 1
PEANE AR,
3.2 ERFTEEEHIIREEDN
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(1) AT A% A A N HAT e P e M 1 e Ay EE 2 11
EA R, iz R — RS 5
RV, AR ZIEALEE(EL). 2 Z4 AR (E2) A2
FHEASATEE3), IR0 M PN 557 Ay i R
— U R BRI IR 1R, RS SR 2
ABEVE AU I AR, A M R R . Al T
REME S Y257 I BA s
PEFH, X R4 5 10 AR BEThRE LA -+ 2
B HRERR, 2 F - B AR IR XA
WERE KA K E J7 B A A s e,
A FAEAE MR AT B2 25 8 A 455 B2 11
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filf B2 [RE Rk, Hlliz % - A MA@ L,
{F 20 IE A S B, A TR, MR E %
BH, ASEAERAE. ALK =4 E50F H
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RO, AR, ZE - EOEAIEE A

EZ 3 - AR S DN Z VAT R

Spot 8 #% %5 5 A H 24 IR & 4 & [ i (putative
glycine-rich protein), 4 1 H & 1R & % & 1 i
(glycine- rich protein, GRP)/&—R&5i i, %
& & HERN s EEL PP AR EA T, ek
R MR — A E A R, HRIA R
HHLR 1, JE2 K E Y B 2 M55 R 3 1 1
. ARG, 75 GRP JEA & S5 E 2 41 2R
FEFRILI, ORI T A AN B R B A
Y. Mariani S5 US7EHH FE A 25 (1) 900 R J2 40 B b I
T—MEREBEMEZ T TA29, HH TR
Yt AT 4 1 e A 33 000 11 & & H &R 1 &
FU, B8 3 S A% L IR B ] Barnase AHIE )
Rk A LR TA29-Barnase HE47 #5400 5 A0 =5,
AT DA B K. P RIEFEERH R
B, TA29 J&—A> B AT = Hs I 2R S ) ia 30
ERE R RAR BT R SRR S A0 M, R e R I )
SRy BEA IR > R A /N AT 22 53 RN . RR
AR AEXILL cDNA-AFLP BRI 5%} 4 Fift HAT AN 7]
TECE IS BRI ) H W R AN B AR R 5 4% 15 S5t — 3
AT B M RREAT 04T, FRA e RAEW s & A
FRET . BRSNS X N A5 562 K T 4 AN
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HFAEAE RPRIE, MmaERFE R oA, HEN
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ZR N, R A A (HO,) 2 — Mg P
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PR -OH), RN 1) HO, F1 O, S5 1
AR ISR, s mgiurh i &, sl
JLJE TR, Mittler SRR B 5 08 240 R Ak
SET(PCD) 1S40 R IR A0 o ST oA if g it 8 4k 4
s Ve TR, P I ARATTIA 40 LV B HLO, BEJ) T
BT 32 H,0, MALRIE R T PCD i f2. Jiang 55>
AR 0 JE U 4 ST REE AN 2 — Tl B b Ak
DRI A 5 RS (1) P AEURR 05 3 Ao B0 L P R
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A S 3 a1 IS T G A SUN S IUB VR S
Li G KRB L R EA B R A S04 R
W, FEAek R E R, /N BRI 52 i R A
Pfes, ol T 4001 PCD, &4 FEALH
WE. AT, JAHEN, BTSRRI A
ARG PR RIS FANYIBEEA T R RIE =W
B N, A AN BE A IS BR AR N 1) H,O,s 3
fiff H,O, 3G PER AL i RER R, Sl T
MMM T, IR T2 T IS,

Spot17 B % 5 R e 1 1 It 2 R 25 11 i 4100 1)
5l (putative cysteine proteinase inhibitor), ¥ I %1%
HEAM L REZEME AR, SHEDH R
AT AT oG 20, W 2 S OHRGE, A K S o
PEANE R NICMSIA 1, R iR e Al fe2
T MR AT S R, RS K S ST AS
BRAMITIE R HEMKREER. EZMUEHEEY,
Te 274 I A IR R P A AT 5 AN B A ke,
Te A LR P GRS 40 I AR P AT e /M IR E
() S5 R 2 — 24290, e Jol I i 1 I ) ) 2 e D
PR E I B (AR DR, BB 1 e 2R A 1 Wl v P
P25 GBI AT 1, nT LGRS 40 i e 52
AN IE PR A5 BRSSP A K A0, SRR
LR EZER M BARR. AUFCIEN, PR
AR AN ) AT AR Zobn & b i i g T X1
(AIF) PR, Solomon 5PV IR, 1 38 ik Y U 1
IO B R Tl ) 70 AT e 57 TS 4 1)~ IO 2 R
B E W VEYE,  HH R RE A T E S A W fik A )
g0 Mo % T2 . Zhang 5P HF 5T R L, A KoK
S-Mol 7R Al A&, I IR A 1 WA ) 77 2 4
MR AT I A 7, AERTE R iR
ik, AT REHRI GRS 2 40 BuRE P AR T kR ST
IOt 2 R i 1 i A R A DR R R b ) s PR T
TEANE Rk, HEN W] BE T ezl B & 1 g
FIFRIEAT RIE, AR B 557 AR
PEEEL, BEEIERE AT ERE, S8
A R GIORS 2 40 1 T R e SR R TR AR, R
/MR .

1, 5- IR A% MR AT / AU /N e P
512 (ribulose bisphosphate carboxylase small chain
clone 512), 7 Rubisco /N W % 1 — 4~ v B,
Rubisco /&6 1EHIADGRER K GRS, =5 O
TR & AU Aot [l e ik A, b R AR AT
K, HAEAE R IRIS B R N, &Y
e AR AT e 5 AR 2 K B R B AR,

ZRRIBEAA 16, 18 € N BUEEA,
AIRE S HEMEAE A G, HILThReA s TEk—0 1
WEGE, M 13, 14, 24, 26 TS SR L 551
P 2 U 5 FEL S 2 AR, R L AR A — 2D At
. BT 28N ERREE AP HIHAL 17 A
R ATRE T I A R AN 58 38 S e T VR SR IR
PR BEAE R AT RO S5, P gh 4 R I0C 1 3
I FESE AT — P e, A IRR/ANE T A
RUEME AR B LR 5 2 4 2.
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Differential Proteomic Analysis of Anther Proteins Between
Cytoplasmic-Nuclear Male Sterility Line and
Its Maintainer in Wheat(Triticum aestivum L.)"

CHEN Rui-Hong, YE Jing-Xiu, ZHANG Gai-Sheng™, WANG Jun-Sheng,
NIU Na, MA Shou-Cai, ZHAO Ji-Xin, ZHU Jian-Chu

(Key Laboratory of Crop Heterosis of Shaanxi Province, Northwest A& F University, Wheat Breeding Engineering Research Center,
Ministry of Education, Yangling 712100, China)

Abstract Cytoplasmic male sterility (CMS) is the maternally inherited inability to produce functional pollen in a
range of crop plants and has been widely used for the production of hybrid seed in plant breeding .To better under-
stand the molecular mechanism on protein level and find the crucial proteins which related to fertillity, total anther
proteins extracted from uninucleate and binucleate stage of (S)-1376A and (A)-1376B were separated by two-
dimensional electrophoresis, the coomassie brilliant blue stained protein spots were analyzed using PDQuest
software, among 610 reproducibly protein spots could be visualized on each 2D-gel within M 9.0~ 100.0 ku and
pl 4 ~7. A total of 28 differentially expressed proteins were identified by matrix-assisted laser desorption
ionization time of flight mass spectrometry (MALDI-TOF-MS), 5 of them were identified following NCBInr
database queries, which are ubiqutin-protein ligase E2, putative glycine-rich protein, ascorbate peroxidase, putative
cysteine proteinase inhibitor, ribulose bisphosphate carboxylase small chain clone 512. These proteins were
involved in the process of energy metabolism, programmed cell death (PCD), regulating flower development.These

results provide a clue for elucidating the mechanism of CMS.

Key words wheat, cytoplasmic male sterility, 2-dimensional electrophoresis, differential proteomics,
MALDI-TOF-MS
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