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Abstract

Thermo-sensitive genic male sterility (TGMS) facilitates hybrid production. Hybrid rice has 15 to 20
percent yield advantage over the best inbred varieties. In this study, a proteomic approach was used to
investigate proteins involved in TGMS using 3 TGMS rice lines. The three TGMS rice lines have different
genetic backgrounds, and are controlled by different fgms genes. Total young panicle proteins under sterile
(high temperature) and fertile (low temperature) conditions were extracted and separated using GeLC-MS/MS.
A total of 803 proteins were detected. Using at least 30 % difference in levels of expression at fertile and sterile
conditions, 11 and 18 proteins were concordantly shown in all the three TGMS lines to be down-regulated and
up-regulated, respectively. These proteins are involved in several biological processes such as defense/stress
responses, lipid metabolism, transcription, carbohydrate metabolism, degradation and signal transduction. The
information obtained from this study could be useful in rice breeding programs for hybrid production and for

resistant lines to overcome temperature changes in the future.
Key words: proteomics, TGMS, GeLC-MS/MS, hybrid rice, Oryza sativa
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niuveuradauRufinagluriainsuanvesy
& Y o Ay y = g &2
159 Fagoandeanuwa ldoinmsaneluasedin
IS o ' =
Tuaanzifluniunydt MYB  Iimsuaaseen
Y Y
anad Mnveyamariyliifiuii MyB  e19azil

@ 1 @

AN A1AYABNITH

9

AUINTIIYVOINLDDUTAY
= dy cs' dy U
vourludsufeas lu@eg
WD domain #30 WD repeat 518011219
Y A A Yy o ' P
MTNNNEIVOINUATELIUNTAN 9 JHiwaa 15U

signal transduction, cytoskeleton assembly, vesicular
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Y ! | 4 & & o <
maan 2 nguTsAuniimsuaaieaniudy (up-regulated) 1ud11 TGMS W3 aeius luannzily

@ =i s o [~ o
wifulSsumevsuaniig lidlumiu

Accession No.

Peptide sequence

Description gene

gi|22655764 | AAVPSGASTGVYEALELR | Enolase, putative, expressed

gi|115442127 | APDLSNVISK Nascent polypeptide-associated complex subunit alpha-like
protein 3, putative, expressed

gi|158512874 | EDKPAPPPEGR OsAPx1 - Cytosolic Ascorbate Peroxidase encoding gene 1-8,
expressed

gi|46390459 |TAQEEIFGPVQSILK Aldehyde dehydrogenase, putative, expressed

gi|20805198 | MKQLVHIK Disease resistance protein RPS2, putative

gi|108707931 | VGAVDGEPR Stress responsive protein, putative, expressed

2i|115467420 | RRSWVSPQQAMDR Hydrolase, NUDIX family, domain containing protein,
expressed

gi|115465163 |IGVQIKNALK T-complex protein, putative, expressed

gi|47848463 |QPQVMATASVK Histone-lysine N-methyltransferase, H3 lysine-4 specific ATX1,
putative, expressed

gi|115475161 | ARLTGELSR Bromodomain containing protein, expressed

gi|5803249 |MATTVTR Early nodulin 93 ENODB93 protein, putative, expressed

gi|125524617 | MKTGIVGR ABC transporter family protein, putative, expressed

gi|38344277 |LRMVT Nucleolar complex protein, putative, expressed

gi[222640474 |HFPAASLGSGR OsFBX290 - F-box domain containing protein, expressed

gi|19881593 |YTCRLAVGGEAR Hypothetical protein

21218196693 | APMESQEMVRVAASAK | Transposon protein, putative, unclassified

gi|50252474 | VARMPPR Expressed protein

gi|125542202 |LPLKLHRR Hypothetical protein

trafficking, cell cycle control, apoptosis, ribosomal
RNA biogenesis,
transcription regulation [25] HaziTIeUMIANY

U Arabidopsis WU WD domain 1 uauiddey

chromatin modification

TumsnIUANHAUINITIZEZAIN 9 VBINYDE1
ag $UWIE 1FY NITIITYVDIABN N1IAIUANUD
NIZUIUNTT anthocyanin biosynthesis MIWAIU

@

k4 1
azoousy mMswaulassaduilogevesasn
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v A @ & .
NTLUIUNITAIINUFAAAVWUT (gametogenesis)
HATATZUIUNMTAS IANAL (embryogenesis) [26]

v £
NMIANEIATIHNUI WD domain UP1TiLaag

Vv
20NaAad 11BPADNBDUVDINII TGMS 143 a1
Y 4 I @ Y < 1 =\
g ludansiluniundadldiviuiiersszl
AWNYIVOINTNTZVIUMTHAIUIAZODIUTYDY

A = @ o F ] = @ [

MIaiuaaduiug vt nsuaeInunuly
Arabidopsis

o 9 A A 9 [ .
SNF2 NMHUUINNYIVDINDY chromatin
remodeling 9105189UMSILAAIODNVDIBU TUEIU
@19 9 Y91 NUNIMIuaaIeenluddly (leaf
blade) ARSTAST (leaf sheath) 510 (root) Adu (stem)
¥oA0n (inflorescence 139 panicle) E‘Y‘Uliiuqj (anther)
a3 (pistill) NAUABN 111 (lemma) NAVABN

<3 [ 1 o
180 (palea) $a'la (ovary) ANNE (embryo) 1pula
11153 (endosperm) Ta8TiNIIAAIDBAVBITUNN
1 A

ngalurenen [27] HoN9INTTUTIIBIUI SNF2 T
ANVAAYNIINUNTEUIUNITHAUI (develop-
ment) UASNIEUIUNT differentiation 1NIIYIU

1 3|
v04 Farrona uagAMe 51891471 SNF2 11U
homolog Aueu 4BRM  u Arabidropsis Fah
WINNAIUANNITOBNABNUBINBLAZ MINALIVDI
8@ uay Arabidropsis N ailinsuanieenvedty
ABRM 3¢ 1 dnyaizveanen Arabidropsis Y
v
PUIANAUADNUAZYUIAVDANTTAINAAAL TIUN

o 1A a 2 o Y a <

oy lunsgauTa 3 ldnmsanveundaanas

Y 1 dy Yy < ' 1 a
[28] MntoyatnarHuaasldmulidleed

U

v o Y

't”]’ﬂlléhﬂillﬂ‘ﬂﬂﬁﬁi"lﬂﬁa‘ﬁﬂﬂ\ui% ﬁ@ﬂﬂgﬂﬁﬁ’ﬂwﬁ

o

~ 9 =2 u’./l qy 1 =}
ﬂhlﬂiﬂﬂﬂTiﬁﬂHWﬂiQuWU’ﬂ SNF2 UNTLLEAg oon

4

¥
anadlurononoUUBITII TGMS 1143 agiusg

a

Tuannzduniiu Taomofdnuiniinuesldsau

o ' Y A
U5 AUIUAIVNTOUUIMUHINNNTLUIUMITNI
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¥ (biological processes) 1aun carbohydrate
metabolism, defense/stress responses, degradation,
translation 4Q

lipid metabolism, replication,

transcription

4
=1

dmsunguued llsaunuaasoaniniy

91 o o A g o
Tudni TeMs 1193 mewug Tuanrgidluniiv

2 = @ [~ % o

wiswievivanag lufuviy $1uau 18
Tdsau ednwimdinvesTusauluszdudn

1A A = a 9 1% |
nuNBumaIievIziaNungIveaiuamly
niuvounasaIgIudy 151 enolase 1013

' 4 4

uaaseeninIulugonond1n TGMS W3 e

v & I o o y 44 9 o
wug luannmziluniu Tasiimihimertesiy
N3ZUIUMST glycolysis [29] tazlisrearumsinyl
Y99 Wen ttazame [30] ladnu1insizi llsdTe

I~ @ 4
iWudaenug

a

a o 1Y
Ind ludu15 909917 Honglian

cytoplasmic male sterility (CMS) Wul15AU enolase

= A 2 ] . &
In1suaasoomnuIuludin Honglian %4

4 9

Y v
aeandoinunamsany1luasaing1d TGMS

Y A= = A -3
3 @10WUE UN15UTAIDNVDITY enolase INNTU
A g o " w 3
Tuaazmidunduwisuny Tae enolase 1111
o . = ' aa
rou landlunszaums glycolysis a9z1391[ATen
{ &
wasuudas 2-phosphoglycerate 1w phosphoenol
A ¢ A A Yo a
pyruvate (PEP) aziiloou loiyiiaii lasuniei
Tumunzay sz lminannudenengudouly
o ~ = o o (=}
myadrandsnunlyInaounss i ldiwad iy

szansnin 1aes18a1uU09 Wen WU AN

@

v
AalnAved  PDH  complex 91998 @NANY

4
@

4
NITUIUNIT aerobic glycolysis Gluazammg MU

2

mosnymanuszaugeluduazeousg o1z 19
' 9 '
ethanolic fermentation HNNINVUINBFINSVAT
1 ' Fd
WA ATP Faa0ANADINUMIHAAIDBNINUTY (up-

regulation) voaou 1 enolase
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aldehyde dehydrogenase (ALDH) W1
nsz1em 1113 Tupvesity Taekmiiiferdu
MINIANATIZVOINFAONTAOVAUDIADANIZ
w3ea [31] Taeludl 1996 l@nwudu ALDH (R2)
Wuadeusnludinlnalasdusivuanis
éﬁmiwﬁ mitochondrial class-2 ALDH [32] Gﬁﬁ“lcj’
FIOFUATUNTZUIUMTNAUIVOUNATAIG 1Dy
p1vvzlauswlumsmsiavesdusgy  [33,
341 9INTWIUMTUAAI0ONVOI aldehyde dehydro-
genase MU naaldifiuininedanudify
Tumswanmswiydulavesaonludi d
AoAndoIRUMIANEINT IR aldehyde  dehydro-
genase Smsuaaseeniiuiulurensnsouves
11 TGMS 1 3 neviug Tuanziimiiy

H3

histone-lysine ~ N-methyltransferase,

Fa 9
lysine-4 specific ATX1 NAMIANBIATIHND T
v 4
Mm3uaaseaniuILlureAN00UVDII1I TGMS
o o & & o - o
93 aeiug luaanziuniu Tasimsivua
@ o =2 . ~
MIFUATIEH 115AU  Trithorax 1 (ATX-1) N
= ] o . . =
INYIVVINVNISUVIUNIT signal transduction T1lsau
Trithorax 1 NWUl11LRIMT (Drosophila) Fm¥in
AIVANMINAUIVOLNAINTD TAIAILANNITHAA
pondulungy  homeotic #1M35U1U drabidopsis
= <] a A
T1l5@u Trithorax 1 (ATX-1) HluTlisaunatugu
F P
MINAUIDIYILVDIADNNINUA VLUAAIDONAILLA
A v ' Y A & o
MISHAITBoADN LAentinNves ATX-1 11ua
activator ‘U’t‘NﬂijiJ?Ju homeotic “lﬁ'fjmsmauaum
£ A o . o v
FUNUOUNY Trithorax 1 Tuda [35] 1ndoya
S18UMTANY AL AITUAAIDD AN UL ]
ANUAAYNEINUNTAIVANMINAUIVDIAL D0
3 1 A 1Y I
sy lumendsuamsisuas waensuiauiuaon

9
auyysel laowumsuaaseanvesduiiluazeousy
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9
naludhuas Arabidopsis
9 g . . d
113U ABC transporter family protein 1u
J = A~ 1 S d o o’dy
nquTdsauntvmalngnolugad dadidesgn
v A o Y AA g
A28UN LAZWY ABC transporter NIHTNNYIUD
numsvudanasuarsna Tuanassning
9 E
wuysuau luuazauuen 1 iana luiiu
<
Inaugdanilsd anosses uag glutathione
. Y =2 a v A
conjugates [36] ttaz 1atis1saumsAnyune IR LTy
<
NtWBC1 Gl‘L!fﬂfq[‘]J (Nicotiana  tabacum) Wuduly
AGNUBY ABC transporter UMsuaaspenmniz 1y
@ @ <] 1A dyc! Ao o
advzduiug uaaslimuduiiionumiddey
A o o ~ o
TunszuIUMsAURUFVOINY [37] 39U51891U
M3ANEITU ATP-Binding Cassette Transport G26
%39 ABCG26 199¢1unquued ABC transporter
& ' Ao & o o Y
Fanvoglu drabidropsis NIWTudmIUMIAIN
Fa
pollen exine LALWAUIAZDDAUIY TINNI ABCG26
Farimrndudeaunds sporopollenin  precursors
4 1 dy d‘ d’ a
lafadruveaiione tapetum A8l locule 1ieLAn
NTEUIUNIT polymerization Tumsiauimsaiis
A1ITAd Y09 microspore [38] 1INTINUMIANN
MIUTAI0ONUDI ABC  transporter NWIUNULTA
g 1 | 4 o
THwuaniiezlidiuneddesiunisaiugunis
Wauvesrensndeaeandesnunanisanyllu

F Y
ATIUNWUI ABC transporter UN1TLUTAIDDN
A 2 ' ] A o
LWiJﬂluslu(’]f@ﬂﬂﬂSUﬂﬁ"UTJ TGMS m‘]JumJu
Taaednumtnvealysaulusedvdu
AUTOULIUHTNINNINTZUIUMINIFIINN
(biological processes) TAuA nszUIUMS  carbo-
hydrate metabolism ATEUIUNIT protein folding
NTEVIUNIT defense/stress responses NITUIUNIT

signal transduction NIEUVIUNIT transcription LA

v v
ASZUIUNIT transport 1NN ANYIATIHNY T
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v o o ¢ 3 o
17 TGMS W93 aewug Tuaaziluniuv
~ o ' & R ( g
wiswfeunvanae liuniu ¥1¥duans
£ 1]
nanseonvedlUsAumartionnvlidiumnedves
Aunalnamugumnifuniu Tasluaannilu
L% =) ! Cic! Q. dgl A
iy Tsaulunquiimsuanseoniuyunso
o Y A g . A
anad 019y negative  regulators Y170
positive regulators mud1ey lunszuiumsaia
£ ya o/ ' I
azoousy Falalsenuaiuayuiillsau

" A4y o v sA o @
HATUNYIVBDINUNTEUIUNTIAINIUY AT UNUTD

MINAIVOIBITY MIA319Az00UTY AN
Y ' (X I FUB =3 ' q’l
adravenaen uanervaziiluldnTys@umani
NevefuNInoUaueInensasunlaives
AL o I 9 =} = 1 A Y]
gl uudealinisAnyine lave1vgudu
E 1 v
MIuaaenvossuman lundoutazmigu Tae

nl5Seuienludng TeMs fudlng

4. a31
awv 3 dy Y= = v 1
nuaTeasel lddns s lusensnsou
Frnerdestumsiluniiuvesdg Toms Tu
I~ @ L~ @ Y a
aanziluniuvay luduniudrematia GeLc-
MS/MS Minaaadldd1n TGMS $1wu 3 ae

4
(V4 1

o o o
WUD Lmazawwumzﬁﬁugmmawuﬁﬂssmgaz

v Y
gnAUAUAIBBY gms Neraiu nuTilsAunaua
803 Tisau uazildsAuninmsiansesntyluy

v
Aamaferiuludng TGMS 13 3 aeiug $1uu

Q

29 Tus@u Fawvaulumsianieonuuy down-
regulate 9142 11 1U5AU azmMsuaaoonUY
up-regulate 314U 18 TUsAU dusousnu
vy 444 9 o »
RUINNNEITOIAUNTZVIUNITNIIFININ
(biological  processes) 18 ) NTLUIUNIT Y

defense/stress responses, lipid metabolism, trans-
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cription, carbohydrate metabolism, degradation LA
. . = g Ay Ay v
signal transductlonmﬂﬂﬁﬁﬂymﬁu‘lﬁ)y‘mﬂﬂ
pvazanso 1 1dse TeminedulSuilga
Wuguazih ldndadngananuuuasiniauay
YfudgaRuidnldiaiiununiudenis

nasunasvesguigiildae T lueuina
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