{ @ 3 .
msuaaseanvesduas 1Usauninertesiuna lnmsnuanuauludin Oryza satival.

Taamsdnsiziars cDNA-AFLP uazTwsi loiind

ol e r;ﬁ

VN

X fs,

- - ‘f

;r‘.:.
{ P el
A

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂqﬂi

mmuwuﬁmﬂumuwuwmmiﬂmmwaﬂﬁmﬂi 13ﬂﬂ1ﬁ1ﬁ¢l’iﬂJﬁ1UﬂA"V]

R ANIUURMINAY

msdnm 2552

Svdndvesgmasnsaiumiinede



EXPRESSION OF GENES AND PROTEINS INVOLVING SALT-TERANCE
MECHANISMS IN RICEOryza sativa.. ANALYZED BY cDNA-AFLP AND
PROTEOMICS

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂ’]ﬂi

A Thesis Submitted in artlal Fulfillment of thederements
for the Degree of Ma r of Science Praogam in&ibhology u

QW'] BINIT) 3 EhEAETA z@ﬂﬁnﬂ t)

Copyright of Chulalongkorn University



Thesis Title Expression of genes and proteins involving salt-tolerance

mechanisms in rice Oryza sativa L. analyzed by cDNA-

AFLP and proteomics
By issRatta ee Wichajarn
Field of Study oteck 1 y
Thesis Advisor : ut Chulalaksananukul, Ph.D.

Thesis Co-Advisor

alongkorn University in Partial

S—
l ,L u,‘\..‘-s

Fulfillment

s = AW\ \ Dea lof the Faculty of Science

........ !. Chairman
Boon-long, Ph.D.)

e A IR SRR AR LR { ViSO[‘

il kul, Ph.D.)
mﬂ —‘l
: bﬂnuk@ T?.‘?‘.\.‘.".‘ ............... LJ!S Co-Advisor
ruk Roytrakul, Ph.D {
ﬂusz. .............. ﬂﬂ'lﬂ‘a'
{Sirawut Klml:’xga, Ph.D.)

(Tha:athorn Teerakathiti, Ph.D.)



wmaTAuU1E S¥eel : nsuraseenvestuuas TilsausiAedestunalantmunudnlu
412 Onza sativa L. 1eums3ins1evi&28 cDNA-AFLP nazInsfileiind (EXPRESSION OF
GENES AND PROTEINS INVOLVING SALT TOLERANCE MECHANISMS IN RICE Orjza
sativa L. ANALYZED BY ¢cDNA- AFLP AND PROTEOMICS) o.fif nurinsniinusudn - 1a.

a3.217@ ymdnueyga, o ivTnuineiinutioy : as.dntind sesmszga, 157 wih

nmABUEuSIABAIIIAT IR : mgdaunlaimanonmuazFrinoefiy Taonz
auAuduilviovilefidfgdem ’ : nanvesdraniooas Tagitiumiuedduaenis
ATUAUDIATILATOASINAT TN wnlnanafnardeaiunruaioasina
1 Tnm‘hnuﬁnm;ﬂuyuuh - T RPCSC nuqnw‘u (Homjan) uazdImowuflunudy

(Pathumthani 1) Taaldinmiin RN : : WP&E%%M?H complementary DNA-Amplified
’ - g - - w A

fragment length pot VI3U ML aiulu Pokkali uag IR29 Fuiludna

moRuinudy aazi “ 1 8u'l8un protein kinase domain

containing protein (AZ 90 4 pin <V termi Y region (Lpin), ATP synthase subunit C
{(ATPsube) A0Z cytoc ‘ CYF Nivho thica thetical protein,,, hypothetical
protein, WOz hypotheticel puglein . M M3AS WAL SAUNISTAIBBNYBITY £ pin, ATPsubc Naz CYPLS0 410

3% quantitative rel-timey § semiquantitatie F R TAGDMy pothetical protein,,. (HPT,,) ity

ckali l\ IR29 #107% one-dimensional eel
PR - - - -
pAinfhnlnauaziidunaeziiTumifoudu
sy wazduTusAauiinaumhiidu
»
1 YowRUY Pokkali mauy IR29 waz
- o Y Y E \‘ I [
neameRufawdidy iedan ANy AT el 18y 13 Uszion su nazuunsanay
i n3andt nrzounmdunnzum nullesduand
uazTUsAuvuds ludu Tnaldiden profease (CIRINULY TUsRuTiforeidunszuunawmagnielurad
- o v . :
uazlinaunalesnnaniodismenluds de 1Riiinonm 0231101100N# 3078 semi-quantitative RT PCR
Ses 'ﬁm' n" 9 Aliuanddudulume
Ruf Pokkai riif¥fina s lunmzfigeanuidy dwmiy
Tusdu cTp, MuaAlus
Wuf Pokkali Tin13

itjqaannn
A (P<0.05)

Quzmulnnve -t
M

janfaeth 18 Funnudy fruludme

r ' 1 ’ - - -
] qen'rn’f'ljr lu'li’!un'nmﬁundnuumhnqma
i |
]

. o - o N
PCR UerA331 M3HUAAI08NYE Ll Lpin 1u1uwu‘u'11munui IR29 a1 6 ¥ Tusknm

"y Ve 3
ulnsunnuify

43N 124 ¥11ua001

05)

m‘mmunmmuuﬁ‘mq;mmnn (P <0, 0 Tnun‘l:uﬂnmon'\lomuaanmﬂu1uummunuq Pokkali Tunanfaniu

agannludni

"lu‘l

‘I'N'I-lll‘l-l CYP450 Tuluvesdn 1R29 fzzAuNsL manrm 6 I'ﬂlﬂ n1m1n“'[umnwm'lﬁ:um‘lmnunuun

q RARSOFWHWTINY TR #

TUTIV.......... malulad$anm........... muummui?n 1"1 vh Yy "'\ WAV ”",A;

YIS ROY Y2552, awilode o AT inotivuiv N e

meiiede o AT nurimeriinud i “?/f T



## 5072438523 : MAJOR BIOTECHNOLOGY
KEYWORDS : SALT TOLERANCE / RICE / cDNA-AFLP / RT-PCR / PROTEOMICS

RATTANAWADEE WICHAJARN: EXPRESSION OF GENES AND
PROTEINS INVOLVING SALT-TOLERANCE MECHANISMS IN RICE
Oryza sativa L. ANALYZED BY c¢cDNA-AFLP AND PROTEOMICS. THESIS
ADVISOR: ASSOC. PROF. WARAWUT CHULALAKSANANUKUL, Ph.D,
THESIS CO-ADVISOR: SITTIRUK ROYTRAKUL, Ph.D, 157 pp.

ith a number of physiological and

entall sire
%!f stgimportant stresses severely limiting

ryza, s usgeeducing its crop productivity. The
5 res ; ﬁeq complicated. In this study,
molecular markers & B salt stress - a were identified. Differential

expression profiles o ! li-tolerant ( -susceptible (Pathumthani 1)
varieties under a time tress fireatme i
(RAP)-PCR. Sub! ently -tolera >ok kal

Plants respond to en¥iton
biochemical changes. High-saliflityhi
growth and development of

d by RNA arbitrary-primed
ible (1R29) varietjes were

used for compleme amnli fragment” oth pol; orphism (cDNA-AFLP)
analysis. Sever. i ereniia ®ss10n, tratiscrints, weresebserved. One transcripts
from RAP-PCR and f \ f e pned and sequenced. A RAP-
PCR fragment sj iy ma g, domain_coniaining protein while three
cDNA-AFLP ventsfSi 'y similar i \ a/ conserve region (Lpin), ATP
synthase subunii C @7, : chrome P 450 monk -\_"n wase (CYP450), hypothetical
proteinyy thetica f oiein; ands hypothetical protein,;;,
respectively. DEEsSi e ke \fha ‘f. and thar of hypothetical
protein;z; (HTP7,) (f ' n salt i l\ catment in both Pokkali and [R29
varieties were exaffi ; itative " réal-time BCR®and Semi-quantitative RT-PCR,
respectively. Hypé ic e MWere used for internalstandard.

Proteomic ) asional gelkelectiophoresis and LC-MS/MS of
proteins in leaves o i 9 were carried out. otall of 206 differential expressed
proteins significantly ma =viously depo seque \ in the NCBI database. Of these,

d proteins significantly similar to

hypothetical proteins. In tota were found in Pokkali, IR29 or both

varieties, respectively. These protemns—could: ategorized to 13 functional categories
including those, for examp ‘ , idation reduction, RNA processing,
structural proigin, photosyi cue 2 ansport and binding proteins etc.

Cysteine proteaje
encoding this-protein.was.further.examined.by.semiqua e RT.P¢

Semisquan si_ﬁ\.Jével of hypothetical

proteing;; was nu'tlsigm : F> 0.09). In contrast, that of this
gene in Pokkaii' as significantly up-regulated” ai to 12 hpﬂf’ < 0.05). CTPyy was
significantly doWfi-regulated at 3 1o 24 hpt in IR29 but that in Pokkdli was significantly higher
than control at 6 angZ t (P <0.05).
ip -tarminal
ithat%at 24 hpt (P

' itdtive oreal-ti P indicate dsthaj ‘ i i
1 nily pro i al Lwas s :
.03). sgion jIEvel th najin Pokkali
tha hpt (P < 0.05). ATP synthase subumi C family protein in |leaves of IR29 at 3 hpt

ere signi tly lower
nificantly greater than that of t&e control (P < 0.05) but its expression in Pokkali was
comparable during the stress treatmenti(P > 0.05). Cytochrgfiffgp450 monooxygenase @ss

[ Py,
rithanit 1( ﬂ). j
’sla de

¢ssion of z transcript

S5

.......................... Advisor’s Signature

Co-Advisor’s Signature itk Bugtrald



Vi

ACKNOWLEDGEMENTS

I would like to express my deepest sense of giitio my advisor Associate
Professor Dr. Warawut Chulalaksananukul and mydsasar, Dr. Sittiruk Roytrakul

and Dr. Sirawut Klinbunga

suggestion and suppo

My gratit@ @oﬁeﬁm Preeda Boon-long

and Dr. Tharath

. , feey one in the Proteomic
laboratory, G€no 1Etitute, Plant M Ole tu‘: Laboratory - Starch
\ jge d additimanYthanks are also expressed to
K‘ gs their help and friendly

Fi

members NY-Tamiy -1or-their tove —unaerstanaimgc—enCcae ragement extended

0 my parents and

throughoutayist

i

AUEANENINEINS
IR TUNNINY 1Y




CONTENTS

ABSTRACT (THAI) .. vovovov ,
ABSTRACT (ENGLISH) \‘" ey
ACKNOWLEDEM&\\ LA
CONTENTS...... "y

LIST OF TABLES........
LIST OF FIGURES . ./ /0s . 4 .t e LT T T T

LIST OF ABBR (780 BN ey o SRR

. . ' . -l'r o . .
1.2.3 Diversitysofisait-to g8 Hmel criteria for salt

stfessdolerance -

1.2.4 Sallnl stress a
2

i
‘JBBR A arbitra d-polyi erase@action (RAP-

PCR) .. et ottt et e

AUEIRERINE TS

3.5 Rapid ampllflcatlon of cDNA ends- polymera:tlaln
reaction (RA"IE’CR) ........................

vii

14

[

5

ARTRER mNWJQﬂ&IW EJ

and semiquantitative ..

1.3.7 ReAI-IME PCR ..ot e e e e e e e e e e e e



1.4. ProteomicC teChNIQUE.......c.uiviieieie e e

1.4.1 Two-dimensi el electrophoresi®@y-.................

alplarvsss

" F

_ NA
2.3 Measufingifotal R Cl
, .'W :

and gletr@p Sty S Y.

A € -‘il-@;

2.4 DNase fitreatma@mits £ ¥, U, . W
2.5 RNA-aArbitré ,s;r med (F R aRalysis

2518ynt j,.-j"““' dCONA......o e
2. B e

AU 23 @!ﬂw

2.6.7 Preampllflcatlon

2.7.2 Preparation of denaturing polyacrylangdeelectro-

(o 0] (1] E T

2. Fo
‘R}.Z Second strandreDNARaMDIiTication tﬂlﬁajistance PCR...
2. 6 Agarose gel electrophoresis..........coooeviiiiiiiiiiie e

viii

Page

21
22
24
25

27
29

30
30
31



2.7.3 Gel electrophoresis.........coceviie i

,,,,,,

Detection’ dffreco slone DY IR .o
W wh

e Isalatign/and di

2.8 Rébid @mplifightion.of.(
(R
8.1 PFeparatio 3 the

i thessl and 3YRAGE téliep!..................
2. 8 2P rﬂb rr -_ d primaiking.........
2.8% R Epgﬂéy o W N

2.9 IdentifiCatighof. prote 1" tokerce mechanism

ry method

R6-PAGE)......

2.10 Examination of effpression levels omere}?genes by Se

q W’] ANMIRIIMANAAS' g

2.10.2 Optimization of semiquantitative RTH conditions......

2.10.2.1 Optimization of primer congefibn..................

2.10.2.2 Optimization of MgCI2 concetion..................

2.7.4 Silver staining. B e

7. 12ONA séafencing. A A . )

A ANNY

using proteamies: e ——
P

Page

40
41
42
42
43
43
43
44
44
45

45
45
45
46

48
48
48
49
49
50
50
50
51



Page
2.11 Examination of expression levels of interastienes by

quantitative real-ti CR o, 53
frudtion of thedsad curve............. 53
............................... 54
CHAPTER | 56
CHAPTER | 129
CHAPTER 138
REFERENCE 140
APPENDI 150
APPENDRE A 151
APPENDIX 156
BIOGRAPHY, 157

‘‘‘‘‘‘

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU



Xi

LIST OF TABLES

Page
Table 1.1 Rice : Harvested r@dyction andd yo¢ major countries,
2005-2007. 1
Table 2.1 ed for screenifiggene
CR analysis......... 34
Table 2.2 1 for 36
Table 2.3 Priget ' \ o, fOMEBBLP in this thesis..
Table 2.4 Pri _ i ‘\2 . nthests RACE-PCR... "
Table 2.5 G f (GSPs) 8Nt st GBR usesbiation of the ful
: o '_ M ativa ... 46
Table 2.6 i f’f‘ _ e 8ne homologues using 5
\( 4 aad : . YU 47
Table 2.7 F an N © M Aok ORBene homologues using 3
...... 7 A T | PP 47
Table 2.8 iplification:-conditi 8 RACE-PCS& various gene
homologues ff-—’ j‘;g“": oo 48
Table 2.9 .Gene he 2, primer se g.cxpag@dieation size of
“hesidentified by RAP-| b oheomics Ofyza
ty e 55
Table 3.1 ' mple SEP-PCR fragments
......................................................................... 63
Table,3.2 Am results from ®éteening cDNA-AFLP pram
AUBETHEARS -
1[IV 151 1)t iy S oo IR oy G St i R

Table33 Examples of cancﬁate differential expressed c

qRIRNT TUANAINLIS Ei

against previously deposited sequences in the a@sgab............



Xii

Page

Table 3.5 Differentially expressed and characterized protdins leaves of

Pokkaliand IR29...... 5 4l oo, 92
Table 3.6 Optimized M imer, trations and the number of PCR

C
cycles f i ﬂ of candidaterral-stress
] &P analysigoef and the

interng 7 -:;..- the cal p 109
Atlme- quist_arfalysis |ofy tegsalt sstreesponse genes

Table 3.7

(B85 A5 i Say dstei [RP9-and Pokkali using

semigifantigatiye RJ-PEEE... W W, . . TR 121

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ



Xiii

LIST OF FIGURES

Page
Figure 1.1
igu .
Figure 1.2 .
Figure 1.3
12
Figure 1.4 13
Figure 1.5 14
Figure 1.6
\ N 16
Figure 1.7 i ol ‘:x\ ' it 17
Figure 1.8  Oygfrall gong pt -x‘i | pOUe. N 19
Figure 1.9  An ovgrall on cept-of ‘he Res 2P CR, procedure............ 21
Figure 1.10 An éveralf concgpgRfthe -PAr edure.........ccovvvmennn. 24
Figure 1.11 Workflg¥v o ‘-F_';‘E-': MS-b | ptgh proteomics pt....... oe
Figure 2.1  The Char _; 0 ‘i: Bvere excisedrdaupto the
}10 e 1€ 01 protein standare markers.............. 51
Figure 3. 1 e-stained mgje showlilegquality

q[-l_ : e Cohtranes 1 and 5)
M anes 3and 7) a C h2<l4 and 8) hour
pos‘ftament (hpt) of Ho (lanes 1-5) and @wathani 1

gﬂ UEI?’JMEM ﬁnﬂ El’l Rl

strand cDNA (usm ollgod;R as the synthesmng primer) of

4) Pa ' e %
products generate from the first stranc ghgodT. 4 as

the synthesizing primer) of Homjan (lanes 1-4, pame and B)

3 (lanes 2 and b), ©

and Pathumthani 1 (lanes 5-8, panel A and B) vaset.......... 57



Xiv

Page

Figure 3.4 A 2.0% ethidium bromide-stained agarose gel shoA@P-PCR
products generated ithe first strand cDNA (gshgodT. 4 as

jan (lanes 1-4, pare and B)
/ A and B) ste............ 58

Figure 34 12 (lanesdaid'8 tysinGatfmeeohyodUBC 138 (panel A)

............................ 58
‘ S
Figure 3.5 : | lide! 5 edagaiose gel shoRA®-PCR

5 ......................... 58
v os 0¢c! shorAF-PCR
* n N NA (ohgodT:a as

‘-,\1 %-4) ®athumthani 1

Figure 3.6

7 BRLER ... 59
Figure 3.7 ; idiumbromide ped agarose gel sholRA@-PCR
product .i:"‘.‘f d from | strand cDNA r{gsbligodTia

as the synth :l mjan (lanes 1na¢) Bathumthani

(Ian

Figure 3.8k -2.0% ethidium-bromide-stained- ﬁ‘%homn@ PCR
t Ar gohgodT:a as
=

t‘I1|HsyntheS| 0 primer) of Homjan (Ianes'ulél) &athumthani 1
(Ian 5-8) Varieties . ..ot

B Lt o ol

the synthesizing primer) of Homjan (Ianes 1-4) Badhumthani 1
(lanes 5-8) varletle‘ ...................

q W’i RINR zm%wm

varieties

59



XV

Page

Figure 3.11 A 4.5% denaturing polyacrylamide gel showing RAPRPC
patterns of Hom; , 2, 3 and 4) and Pathamn 1 (lanes

. 61
gel showing RAPRPC
athumthaniabeg 5-8)

Figure 3.12

61
Figure 3.13 . i glyaclarmdes.gel showing RAPRPC
g - | lql'l -.‘ “--.\_\‘ g

showing RAPRPC

Figure 3.14 _
Wilinthaniabeg 5-8)

: 8 gel shgwthe re-
_ figBc1/UBGUSEA370 and oligodT/
(anes 1 ¢ an n), oligodUBC268_320
101" 490 (lane 1 panel B),
BC222_380 and oligod'k/

Figure 3.15

(lanes 7
oligod T/l a_,_, 2 5
BG2 (lanes 2= panchEimam. ... /.. ... 64

Figure 3.1 j) ’’’’’ Ium-bromide-s! fained_ac S colony
'L P, I la 1-6, panel A),

et
0 (lanes 1-6, panel EUiOIIQQGUUBCZZZ

d“ 0dT.A/UB
380‘Oanes 1-6, panel C).and oli QQI[JBCZZZ 350 (lanes 7-12,

FUE- "1%1%@%&1'4@@{@

oligodT,a/UBC222__ 380 (384 bp, B) ampllfled from cDNA O)‘

sativa .

ARARING ﬂ&&iﬁﬂﬂ%ﬁﬂ@ﬂ EJ

Pokkali (lanes 5-8) varieties .



XVi
Page

Figure 3.19 A 109 ethidium bromide-stained agarose gel showihg

synthesized second strand cDNA from leaves ottmrol(lanes

ang :F d 6), 6 (lanes 3 anthd@)12 (lanes 4
(e 'Wokkaﬁ (labed) varieties..... 66

Figure 3.20 )€is showing predicgiion

............................. 67
Figure 3.21 ng the iéiogtion
:"a‘___r:. M.c-2 (lanes 1-4,
ant B-6/Mic-3 23’584 p . VR
; flo ,.6 @ : \ 68
Figure 3.22 A 18% dfasé gelelegfop AdWing thelesiamplified
4 A X .
del ) Rrsall™sizes bé tamplified
’ +C :\.l\ |B) 68
Figure 3.23 A 1.59

gctropfpresis  showing sekectiv

amplifiCatior (panel A), E-1/M(panel B),

E-1/ M-5 ,°' ﬁg‘_j";# 1..:.’{-'“; panel D) of cohigooup (lanes

b 3 d)1a (lanes 4
m__“. kali (lanes)5
t I L

agie I;'; ...................... 69
Figure 3.24 M 1.5% agarose Qg€ eectrophores@ showing sekectiv
amwfiigtion products of E-wl (panel A), E-2/M(panel B),

AU INENI YIRS

8) hpt of IR29 (lanes 1-4) and Pokkali (lanes 5-8)

RIS NR NN
q products o -1/M-7 (panel A) of the control (&1 and 5) and

3 (lanes 2 and 6), 6 (lanes 3 and 7) and 12 (ldrexsd 8) hpt of
IR29 (lanes 1-4) and Pokkali (lanes 5-8)



XVii
Page

Figure 3.27 A 1.5% agarose gel electrophoresis showing selkectiv
amplification produgts BR-1/Mic-2 (panel A), Ea-2/M.c-1
(panel B), En:SiMW%2 | ) nd F-5/M.c-10 (panel D) of
I(lanes _' sZan6G)a,ne53and7)
. es 1-4) Rokkali (lanes

Figure 3.28 . jol, acrylamide owing CDNAA
) N Jsing cDN# the
" haprteé 3 and 7) and
. Sb) antd BbKlnes 5-8)
..... . _7 . AN l"».' e T3
' \ showing cDNAILR
Aud & 2/M-5 (lane -96)
1 ontiol%(lanes 1, 5,a8d 13), 3
(lan€s 246, 10 ¢ o f=~"’§' es 3,041 T anci8)12 (lanes 4, 8,
12 and#6) r‘:rqf’ R29 (le , and 9-12) ankkBio (lanes 5-

Figure 3.29

Figure 3.30__A 4.0-96 denatuifing po gel showing cDRALP
i 7 (lane -16)
1} afd 13) and 3

fl;ﬂj‘ . S, [, 11 a@ﬂa)ﬂ (lanes 4, 8,
and 16) hpt of IR29 (Ianes 1-4 and 9-17) anckBioklanes 5-

arieti s - iz i L.
ﬂ i IﬂS% Ei cr n?s ﬂsho ifig fcDNALA
roducts of (lane 1-8) and E-1/M-4 (lan ' ifi

using cDNA of the @ontrol (lanes 1, aand 13jlaBes 2, 6

q W’] ASATEIMMINS t

Y22 L =T 1=

75




xviii

Page

Figure 3.32 A 4.5% denaturing polyacrylamide gel showing AFL#ducts of
d, E-5/M-8 (lane 9 -16) amplifiesing

f 9 and 13) and&hés 2, 6, 10
2 12 (lanB8s X2 and 16) hpt

okkali (labésand 13-

.................... 77
Figure 3.33 ingy dolyacty .‘:“:'-‘\o showing cDNA&P
B/M-6 (lane -36)

{ , 5a8d 13) and 3

7, Whanchi8)12 (lanes 4, 8,

e nckBloklanes 5-8

..... N e 78
Figure 3.34 AM 5% de atur _ ”-..k el"Showing cDNALL
produts iy 'ﬂ' ; 3Wandk E-1/M-5 (lane -96)
amplifiedfusingdeDNA -of tr anes 1, 5a8d 13) and 3
(lanes 2, 6, fx‘f‘ 4), 6 B, 7,11 anchi8)12 (lanes 4, 8,
12 and 16) ' . and 9-12) anckRloklanes 5-8

Figure 3. 3& A —4.0% denaturing —polyacrylamide—gel—s ‘ ng CDNAAR
ofcale Metc-1 (lane 9 -16)
e o

plified usiNg“eB g ontrol (Iane,ll'j 5a8d 13) and 3
(Ian 2, 6, 10 and 14), 6 (lanes 3, 7, 11 ancha8)12 (lanes 4, 8,

AU WY TS

Flgqu 36 A 4.5% denaturing polyacrylamide gel showing AFL®dqucts of
E-4/M-9 (lane 1- Sﬁmd E+5/ M+c-1QEllane 9 -16) amplifiedliof

RIAINIAANANEARY

(lanes 1-4 and 9-12) and Pokkali (lanes 5-8 and@)3+arieties. ...




XiX

Page

Figure 3.37 A 1.5% ethidium bromide-stained agarose gel showthg
reamplified products, generated from cDNA-AFLP fragts; E-
1/M-5_820 (lam®, "4 " pe E-1/M-6_980 (lanel, gdaB), E-
i /'-1600,460andeane12
- Gﬁe 2 and 3, panel E) ¢

290" a_ T -“ . 83
Figure 3.38 A ' gel showintpny
L ents; E-BMB20
Yigihe, 1-5, ¢lcd), E-5/M-
\ ( ahe panel C) and

83

Figure 3.39 21 58¢ (534 bp) amplified
%\ R’

d¥€equence of a forward

and ungferli ;5{ it ... N............oo.....cooei 84

Figure 3.40 Nucleotide “‘:_ LM-5 633 (633 bp) arauliffrom

seguence of a forward primer

. (E-5/M-5_633-F) and those complem revgmsmer (E-
LY iadd o
Figure 3.41 @j BATS (478 bp) aepliffrom
A of O. sativa The location and seque of a forward primer

(E-M?S-F) and those c@lementary to a revgmrsmer (E-

AutInmingang. -

cDNA of O. sativa ?e location and sequence of a forward primer

QRIASNTIRIINE T Y



XX

Page

Figure 3.43 Nucleotide sequence of E-4/M-9 364 (364 bp) angdiffrom
cDNA of O. sativa The location and sequence of a forward primer
(E-4/M-9_364- | cgmplementary to a revpraner (E-
4/M-9_36 I face and unded............. 85

i (365 bp) angdliffrom

Th&ocatren-en&*nce of a forward primer

Figure 3.44

Figure 3.45 =-5/M-8: : 51 w(461 bp) angdififrom

............................ 85

Figure 3.46 bp) amgdififrom

Figure 3.47 ' | ce -of 1 264 (264 bp) anediffrom
I 2 - AXLICE R 86

Figure 3.48 0-5/M+@-108270 (270 bp)pldred
from c GOy ' ............................. 86

Figure 3.49 : , g 7;:. &' expression patterns @BIRanes
, =1 o 90

o 3.5@ Q{é}j’ﬁntified form

Figure 3.51 @ ﬂteﬁn{entified form
ves of Pokkali and IR 29.. . . S

Figure 3.52 A ‘ﬁ ethidium bromidgtained agarose gel showing

il uﬂ@ﬂ}ﬂmﬁﬂﬁm?ﬁm

Figuré®3.53 A 1.5-1.8 % ethlitum bromide stalned agarose geﬂ

AAIANAIE UETINBIAY

C), E-5/M-5_633F/R (215 bp; panel D), E-5/M-8_461-F/R (240
bp; panel E E-5/ M-5_478-F/R (171 bp, panel F) and internal
control (215 bp, panel G) ......cvviiiiiiiii 110

.. 01



XXI

Page

Figure 3.54 A 1.5% ethidium bromide stained agarose gel showing
amplification results .TP-F/R (panel A) and SUF/R (panel

ORMO es 1) and Pokk#ings 2)......... 111
Figure 3.55 The pri an 1, B), 3(lane 1, C) and
-nested ‘gan &roduct @otein kinase
T L _—i .......................... 112
Figure 3.56 i i - G nd 3' RACRP@®B) of
‘ ' . Na.................... 112
Figure 3.57 | ; | 5 3equencesotéin kinase
Jpre 1 ............................ 113
Figure 3.58 ¢ ' rimer.concentrati n centration (B) and
AN .................... 115
Figure 3.59 [ bf pri ; ; \trati \ - oncentration (B) and
(C)'di:2 (pterfal control).................. 116
Figure 3.60 8% gethidi ﬁf’ta‘? ,.‘an_.! agarose gel showihg
expression .';;,rm 5/M-5 ané§ 1-8; A - E) and internal
control (Ianes : (feaves of IR29 (lanes 1:@-14, A
- E) anesPt Ska 117

Flgure36k stograms showing the time-course | poeskevels of
t T ali (B) and both

idup B e P D0 000 00000 00 o o e ;I, ....................... 118
Figure 3.62 1.8% ethidium bromide-stained aga e gel showthg

p@ﬁ level OE-5/M-5_4 Ianes 1-8; A - E and internal
u ﬂ&i?lﬂﬁ ....... ’1 .............
Fig : s'Sh =codrs Is of

CPT 0 in leaves ofgthe IR29 (A) and l&kkah (B) and bgtb

ARIANTQ W TELEL) a.lfl

(0101 (=1 12 T

Figure 3.65 The standard curve &TP synthase subunit C family protein....... 123



XXii

Page
Figure 3.66 The standard curve @fitochrome p450 monooxygenase............ 124
Figure 3.67 The standard curve, | CONrOl ..o 124
Figure 3.68 Hi Bl Jive pression levels opiri N-
‘ n in leaoéshe IR29 (A)
"Okkall(b » P P U P PP TP PP EPPRPPPPPRTERRP 125
Figure 3.69 Hi shewing relative=expession levels ofPA3ynthase
' eNeSBihe IR29 @)d Pokkali (B)
-' ......................... 126
Figure 3.70 eval§ cytochrome
YENR29 (A) aokk®i (B)
. VT 128

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ



XXiii
LIST OF ABBREVIATIONS

bp base pair

°C degree celci ’ 4 .

DEPC di WM///%'
DTT , Jthreitol g /
dATP
dCTP
dGTP
dTTP
DNA
HCI

IPTG

M

WEINBNIWEINS

MgCl ‘mgnesium chloride @&
mﬂ

QRIANTA NN INYAE

oD optical density



XXV

PCR polymerase chain reaction
pl isoelectric point

RNA ribonucleic acid

RNase A ribo \‘ //

rpm er m|n

aﬁ

RT
SDS

Tris

F

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU



CHAPTER |

INTRODUCTION

1.1 Background |nformat|

the world rice the one of most country

which leader gjg C@ ial cropy E l@lever, most rice cultivars
r ) N L) 1"'". N 3 . .

have been rep : g RRRRE Bygrow in wide range of

environmen igated, “rai lahd M@at prone. Nevertheless, the
d i * ‘\.

i Agksalinity of soil, drought,

excess of water, § ficiencies, sail t nnfavorable temperatures. It

has been repogi€d thit afound S%of livizedlis ‘affected by salinity (Akashi

et al., 2006). Maqge “has' be edictedithat irgingp salinization in
f \

agricultural fields™ wil Aandsavailalt \ g ation by 30% within the

next 25 years, and g 50 "-f-xv the y ) (Ve ag,2003).

Table 1.1 Rice : Harvested-are; @ of major countries, 2005-

2007 ™

% - ﬂme.) ¥id per rai (Kgs)
Country

4 ;}\‘2507 2005 2006 2007

World Total 9fﬂ883 . 4,49@,413 654 659 667
| 1
China 978 184,154 182,688 182,059 184,1384 98541000 1,000 1,015

India 272‘7&272 606 275,000 ]wQO 139,137 B41,1 505 510 513
750
FUEIMENINETG - -
Viet gn 45,808 45,778 45,656 35,791 35,827  35,567/81 779
Myanmar 43,800 50,875 ‘1 250 25,364 32,61079 5 636
ammmmwmmm ﬁﬂ
Brazil 24,474 18,568 18,133 13,193 11,527 11,080 9 53 621 611
Japan 10,663 10,550 10,488 11,342 10,695 10,970641,01,014 1,046
Others 15,8171 161,1745 158,736 87,588 89,648 88,91554 554 560

Source : Food and Agriculture Organization of thetéd Nation
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Soil salinity is a soil containing some water stéubalt. Excess salt in soil
interferes with several physiological and biocheahjrocesses, resulting in problems
such as osmotic stress, ion imbalance, ion toxiciyd oxidative stress; these
conditions ultimately interact with several cellulaomponents, including DNA,

protein, lipids and pigment in u., 2001201e protection of crops against
salinity-induced damage s, th allehge for the near future. Plants
can employ numerot tratesgles to cope with adverse

ef genes. Therefore, the

conditions by altefl
identification of gene esponses is a fundamental
step in understandip@®thgsmeleclla ' s responses and developing
transgenic ptafts with

Gene*txpreg€ionfprdfiliig has e a ~n tb investigate how an
organism resp@hds gto Endironm. hanges! xi‘“u; transcriptional
changes are succ#ssf laptatior -', ¥ (@ K'x hile’ in other instances the
plant ultimatelydfails #0 g lapt ‘ Wdlis labeled as sensitive to

2
that condition. Expi€ssi@n g ,.;,;.ﬂ.,_. ant and sensitive responses.

F
Rice has'12* GSemes-wi nuchy@maller genastenated at 420
Mbp. The assembled secqience ors of wholengenGene predictions on the
' nensoB2a000 to 50,000 genes. Of
dtbgrley proteins are found
[T

)

assembled sequence st

these, 98':He '

(Goff et al. ‘L

|
Large- ﬁ le genomtesa guencing projeets identified numerous

genes for wh|c 0 biological function is known.réee-wide expression analysis is
r

Y AL NI o b iy
q mmn SNAIng Ay

for global, quantitative gene expression analysie original cONA-AFLP method

(Bachemet al., 1998) can be improved and adapted to permit gsassa robust and
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reproducible tool for quantitative transcript phofy. Therefore, the method can be
used to perform genome-wide expression studies.

Proteomic technique is a powerful and widely usesthod for analysis of

protein mapping and expression of interesting esgee proteins in various cells and
o ad

tissues of organisms. Prot S protridebasic information on protein
expression profiles an of interesting proteins
The first r& prote analysis is that the

genome is stati of.edChsdiomil is dynamic, altering in

-

response to the.i , te Bsgieception of intracellular and
extracellular sign : 3. , ‘-"r‘_':r'i a prediction of the

proteome sir > produgts, i‘.l S\Caree i&d as the proteome, since

‘ "l‘ I‘-.,_.

it is not known w#ich g v‘ yjoment in time, and many

of the proteim8 whi B[ atie glly altered, by one or

more of approxiggatel i f an * et al., 2003).

AUEANENINEINS
IR TUNNINY 1Y



1.2 General introduction
1.2.1 Taxonomy of rice

Rice is a member of the ilfoaceae tribe Oryzeae The genuOryza

contains approximately 22§ ' ek ¢ 20vafe species and twd). sativa
_' , The two culidhtice varieties,
O.satival. and Stevdsare: [ wldcses are often tetraploid.

O.sativaL. is more_ec laberrima Steud, which is

NNOryza glaberrima

l

Indica J aﬁmica

-

= -
The Owja sativalL. is divided by distinct ecotyd!;j into 3 varieti@sdica,

japonica, and Jaf . Among ecotype VWI% Jimldica rice is cultivated in wide

TUE. TNENINYINT o

exh its con5|derably drought tolerance and rescdato insect pests and diseases.

QRIS

. Most of the indica subspe are grown In Indian, Sou
China, South America and Thailand. Javanica sulspesre primarily grown in

Indonesia, Malaysia and Philippines, located inrtbe terraces of the Philippines and
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the mountainous regions of Madagascar. Howevesettsibspecies are gradually
disappeared due to the rapid spread of the moaelinai subspecies which are high

yield cooking quality and high adaptability to fietondition. (Christou., 1994).

A. seed grain '\\\M /Zm@e

wn

a

+— Crdnary roofs

V)

= et

Figure 1.2.MMhology of the rice grain (a) vegetative p@}z{nd reproductive
parts of rice (c) @ﬁaet al.,2002)

ALEd NYNINYINT

A saline soil is defined 4 having a hlgh ditnaof soluble s hlgh

q RIRLNIN I N8

USDA Salinity Laboratory defines a saline soil @avihg an EG of 4 dS/m or more.
EC: is the electrical conductivity of the ‘saturatedspe extract’, that is, of the
solution extracted from a soil sample after beinxed with sufficient water to
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produce a saturated paste. However, many cropaffeced by soil with an EQess

than 4dS/m. The moisture content of a drained &bofield capacity may be much
lower than the water content of its saturated pd&stether, under dryland agriculture,
the soil water content might drop to half of fiedpacity during the life of the crop.

The actual salinity of a rain-fe

iel .?se duild an EGof 4 dS/m could be 8-12

ops
9& the teria for salt stress

1.2.3 Diver
tolerance

In general Herant traits which are
divided into 4 type es '@ hat are sensitive to elevated

root zone salj un "high ~,; jef ions in their growing

when expose to salinity

level higher aNnt species means the
species that tol ' . 7 il ‘salitiy 80 MM and are capable of
accumulating “Telati igh que tUeSRof ANafd Gl in their tissues before the

reduction in gro . Thir Iy obifigate hdigesgare the species that tolerate

moderate salinity le .,-_i;._;.'...'_;..’." y, fai@llve halophytes are the species
that show glycophyte tra s, but the hal HE abelism occurs when exposured to
eGembryanthemum crystallinhm
?tabollsm (CAM)
.l} 2000; Sairam and

moderate salinity. Forfiexammp j

automaticél&

photosynt 1 NS¢

il
Tyagi., 200 :-'

ann0 NaCl. Rice
p@sur@d at 40 Mm

Na(‘lOrcutt and Nilsen., 2000) However, rice seomide range of salt tolerance

ng
prd t

ability. Among rice cultivars, thallevel of saliécanggmwas divided into sal@ggsistant

q RARINIUNMIINBIRY

“Pokkali” is a well known salt tolerant donor inaskical breeding and is

commonly grown in coastal area of Kerala, Indids la traditional, tall, photoperiod
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sensitive rice cultivar that is susceptible to logdgand has low tillering capacity with
long, broad, dark, and droopy leaves. Moreover|eéhges senescence occurs quickly
after flowering. The grain has pericarp and poookoog quality (Kawasaket al.,
2001; Gregorioet al., 2002) showed that Pokkali continued growing atow |

photosynthetic rate after 7 daysg resmtgbiomass approximately doubled. It

was known that Pokkali ngaltetik 3 | cgnterthenshoot during a 6-week stress

Eﬁﬁu sensitive IR29 showed a
- ,gants wilted irreversibly after

slightly slower respOiSe=to=the shagk tre
e — -

vacuoles. Thus, ity el 8algbi@%avoid the ion toxicity and

prevent the inc

7 DNiC ‘trem;@iﬁnts. Both glycophytic
and halophytic plants €3 esamairgalts in the cytoplasm. They
either restrigt the eXCess: in the ve mentaljze the ions in different
tissues to-facilitate their metabolic functionsefigar and F ., 1996; Zhu., 2002).
Leave organé | ,= a(and Cl) mostly

| ]
accumulates ﬂ higher Conee SROOTS iharo ] N& is transported to

shoots by the rap!dly moving along with transpuatstream of the xylem (Tester and

UEANANINGNS. ..

coualoccur resulting of the bw@ up of high Neoncentrations in the leaf apoplast

RVATATEW ik Jiabak 3]

optimum turgor and water uptake. So it requirediraatease in osmotic, either by
uptake of soil solutes or by synthesis of compatibblutes. Various compatible

osmolytes such as proline, glycinebetaine, andgh®lgreatly reduced stress damage
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to plant cells. An increased production of osmayieas a general phenomenon in all
plants in response to salt stress in order to edlwe osmotic potential of the cytosol
for facilitating water uptake. Many compatible odytes had additional functions
such as protecting proteins from misfolding ané\aditing the toxic effect of reactive
sy(SmirndfCaimber., 1989).

Under salt stresSgwa : / % entialaritp became more negative
value, whereas t .....’:"rc.,. increa .____yg salinity (Hernandeet al.,
f: . Leaf water potential and

1995: Melonieﬂpmer randat=ar—o0
osmotic DOIG;?W‘( ‘the.osmaiiematof the root zone and the
D OSIti TR, o -,

oxygen species generated by

mode of stres n tial compared with the
total water pot le&d Jrgor | maintenanceple ts under progressive or
prolonged ( : |c damage from excessive

sodium ions, ot M, Nat nhlbltory effect on the

sodium and p iwm | odliuim - giegi had a strong inhibitory
effect on root potagsi KeWlia Arabidopsis KUP1 (Kim

d Both hagd low affinity K
transport, was inhi ag-f’m' 9 onCandns of NaCl (Fu and Luan.,
1998). It was a general pHERGH Aenen-that.salt testicaused a decrease in cellular
K* content, which_migk e ‘ @dg growth and vigour under
salt stress. Salinity enhanced *N&&*, and Cl contents the ratio of Ka*
decreasedki 4 ﬁjklé and CI content
induced pro@h bc 1 #dodvity of proline
dehydrogena® (PDH; a catabolic enzyme of prokme) the total Cd and water-

solub Cé*,cont‘nﬂese results suggedted that in the matgaeUlva fasciata a

ellu S I +[roli umulatioa an

infibj activity {L

ARAFITIFEIR sy

compartmentalization, and controlling long distantransport to aerial parts.
Moreover, salt stress affected all the plant majoycesses such as morphology,
physiology and biochemistry. Firstly, morphologiimptoms were indications of
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the injurious effects of salt stress. Salinity ntiglirectly or indirectly inhibit cell
division and enlargement of growing point. Chlorideluced elongation of the
palisade cells, which leaded leaves becoming santubalt stress also resulted in a
considerable decrease on the fresh and dry weighteaves, stems, and roots

set, and yielda@
1995; Abdull al.

respiration, and \tion, @ ulata Solutes as well as various

ider number (Luttset al.,
salt conditions stbw

ion in photosynthesis,

defense an | ' Ia ‘feglilatelbe atmotecular level including

_ N,
gene expressi 1] S ) Velpbed Shannon., 1988).

biomass pro ' 3, phetossisthand, therefore,

few hours or within #or iEAii S pS#hd this response was important
as a complete cessatio_n ?.:':;‘- {lafite long-term effect happened after
several days of expestirestc ; o carbon assimilation due to
the salt a smulation in dey seloping leay ses. Theictdn o tosynthetic activity

depended’b 4

. et

ionic composltﬂin.
1

High salt ‘)Entration in soil and Wr creatiggh losmotic potential, which

re hd aliaila. talp et | @&fised osmotic
stress, rsily ipagti d togynt tra a glirinkage of

intemllular space due to efflux of water througfter channels in the plasma

rape (Allakbuerdiget 1993). SeeOf i tiglLin i a
q inactivated both photosynthetic and respiratoryctebm transport (Allakhverdieet

al., 1999). High salt (NaCl) uptake competed with tiptake of other nutrient ions,
especially K leading to potassium deficiency (Ball., 198). Undach conditions of
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high salinity and K deficiency, a reduction in quantum yield of oxygmmlution due
to malfunctioning of photosystem Il occurred (Ball988). Finally, under saline

conditions, alteration in biochemical processeskapd by the change of the pattern

of gene expression, and both qualitative and qtaivie protein synthesis adjustment.

Wy

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ
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1.3 Molecular genetic approaches used in this thesi

1.3.1 Polymerase Chain Reaction (PCR)

The introduction of the p
approach for mo

lecular
replicating DNA wit
method for ann vit ion f sp

rase cham reactiB€R) has opened a new

is iseahttique for enzymatically
asE colior yeast. PCR is a

guences by the sli@mneous

rimer extension O ntar stran v:.lnlmm 99 oligonucleotide primers,
p | C S =270 g p
usually 18-27 nucleoti i length. Fhe“taro geLDBEquence can be synthesized

from a low a

The R reagtiogpfcgmponen ) Bmpkateair of primers for

the target sequegfCe, #N FPs 0Rp Tappropriate buffer and

heat-stable BNA pplynge e amplification reaction

L’

usually consistgffof ghref 18 ¢ "\ ibtstranded DNA at high

temperature, anneg@fing ' oW, prir _ ' 0 'i'n.l‘ bmolecules at the optimal
temperature, ang® exgensio 11’&:,7 afinealed pfifigrsthe heat-stable DNA

*

polymerase The cygle f, ‘epeated | 40 tinE@gu(e 1.3). The amplification

ﬂ‘LlEJ’JV]ElVI?WEI']ﬂ‘i
ammn'smum'mmaﬂ
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o

Figure 1. 3General illustration of the polymerase chain neac(PCR) for amplifying

D“ﬁ‘uﬂ:ammwmm

Polymorphlsm at the DNR level can be sifilied byesalvmethodsihdlt the

RIRANIUHAIINSIRE.

a piece of DNA. There are two general methodségusncing of DNA segments: the
“‘chemical cleavage” procedure (Maxam and Gilbed977) and the “chain
termination” procedure (Sanget al., 1977). Nevertheless, the latter method is more
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popular because chemical cleavage procedure ragtnieesuse of several hazardous
substances.

DNA sequencing provides high resolution and faatilitg interpretation. DNA

fragments generated from PCR, can be directly semaemr alternatively, those

fragments can be cloned aneh Se . This eliesindie need to establish a
genome library and seasghMmg ofa ' 2 library. However, sequencing

of a large number i od is extremely tedious and

Chap
-:Iﬂ-TF d_-|T=' uT'\-\.-F TR
5 SOCTR

&—nTE
[ —til
[

Flgure 1.4 Automated DMsequencmg

ammnmum'mmaﬂ
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DNA sequences can be detected using a fluoresdeasms system following
labeling of a sequencing primer or incorporatedientades with a fluorescence dye.

At present, automated DNA sequencing is commongdu$his greatly allows wider

application of DNA sequencing. analysis for popwatigenetic and systematic

-po )ﬂain reacion (RAP-PCR)
e

RNA arbitr%mad‘ MPCRQRA | - sh and Meldnd, 1990) is a

is technique is generally

studies.

1.3.3RNAar

simple version o t
comparable 2 and cDNA synthesized
xbglive 1.5). It is believed that

the first strand cDMA g¥nihebize I from & rande By allow better possibility to

from total RNA

5 mRMNA

Nirst-strand cl™NA

same or g .
100 - 25 mSel mer ,J': ;
artial wficaling ff .

'\-‘l.—_. | 35 Sl NA Stnthesis: 36-42°C
GCTGCT - -
I AT

l:,:m!n‘
{ second-strand cDDNA

AGCACT
[I[I-I-‘JIIIIH I
-q— _—

prlml.r
|=11PI!|'| annealing

A8} ofcm HNTHHAN G

arbitrary primer anneals and tes present within the mRNA. (2)
Synthesis of the second strand CWA primed by &mes another, 10 — 25 ba bltrary

q Wﬂﬁﬁﬁﬁ UURTINYTAL

that are flanked at their @and 3 ends by sequences completely matching the sequehtiee
arbitrary primers. (3) These DNA fragments servetersplates for PCR amplification.
(http://pubs.nrc-cnre.gce.calispmb/ispmb19/R00-06f).p
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PCR is carried out using combination of two diffgrearbitrary primers.
Differentially expressed transcripts are detectdtkrasize-fractionated through
denaturing polyacrylamide gels by silver stainifgagments from DD-PCR and/or
RAP-PCR should be characterized by cloning and esegjng. Primers can be

designed and tested for the exgrn

1.34 Complem% - )ﬁra ment length mlymorphism
(CDNA-AFLP) % _ / :

A ———— i .
The cDNA-AF# N emel ditional @iféntial display

levelsterfasting fragments.

techniques. It is ot/ métho : i\] Asynthesis from total or

th :;'z“\,‘: strand cDNA was
\ PCR cDNA synthesis
Bhend of the mMRNA, as well
A RjOrdicleotide. The second
) fdsulting cDNA was then

as sequence
strand cDNA was

manipulated usmg a Jpica _,._E-;.r._;’ desCrediously.

By increasing the fency of R amplificat{(adding more additional

nucleotidesJo thegpfimers); the sehs sis cgp, be increased. In this
way, genes with-a-low expression-level can-alsalgiected. The fragments that are

amplified aeg __' tated on high-resolution
gels. The dlffﬁr nces I Batias can | e observed and provide a
prellmlnary measure of the relative differencesthe levels of gene expression.
a e[l tere ed sitivity and
VLT LI aE

etmnnatlon of subtle differences in transcripéibactivity. Therefore, CONA-AFLP

can generate a global overview @f gene expressidgminvestigated conditigipgt

ammnsmumwmaﬂ
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Poly A+ RMA

Shumemunorunununononunes polyl, 3

5 G _—

SMART Il AR COS prirner
aligonuclectide

First-strand &
syrithasis by RTE

Simgle
step
g
Aby LD PCRE
S —
Figure 1.6 A flow chart illStrating-c j f nesis using a 3MT™ PCR cDNA
Synthesis kitThe SMARI 4iA 5‘7 Sligont MART CDS Primkm, and 5'

PCR Priméh ii
(http://WW\&.

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂi
QW’]Mﬂ?ﬂJﬂJW]’JVIFJ’]ﬂEJ
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1.3.6 Rapid amplification of cDNA ends-polymerase hain reaction (RACE-
PCR)

RACE-PCR is the common approach used for isolatibthe full length of
characterized cDNA. Using ($Switching MechamisAt 5 end of RNA

Transcriptase (RT) ad in dC) to the 3end of the first-
strand cDNA. This=aetiui Qé&lvmﬁligonucleotides whose
terminal stretch of dG. _wnd serve as an extended
template for revers A Hﬂ ¢ bpy of original mRNA is
synthesized : \ ig. 1.7)

| iplat®gvitching
Al extension by AT

e

i 1.7 Overview_of the SMAR A cDNA A 7 cati it. A. Mec 0
ﬁT nthesis. Rirst’ d h [ usiflg  oli p .
ter Yeverse transcripta S end "ofmR&A®template it add e C

residues. The SMART II A Oligonucleotide annelghe tail of the cDNA and serves as an
extended template for PowerScriptRT. B. Relatigosial gene-specific primers 1o the cDNA
template. This diagram shows a generalized firanst cDNA template.
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The first strand cDNA of 5and 3 RACE is synthesized using a modified
oligo (dT) primers and serve as the template folCRAPCR reactions. Gene specific
primers (GSPs) are designed from interested gen&5&'foRACE PCR (antisense
primer) and 3RACE PCR (sense primer) and used with the univenmsaer (UPM)

that recognize the SMART sex

ACE produ@scharacterized. Finally, the
full length cDNA is const

1.35 Rev se (fansc |n reacdn (RT-PCR) and
d

RT-PCRis ion (PCR)-PCR but the
first strand cDN ed te template in the
amplification 5 examination of gene
expression of k S-in-the targat ‘1 for RT-PCR can

A" RNA using oligo
duct is then subjected to the

second strand’syntfiesigfusing;ge i fih fe “-‘:lﬂx everse primers.

1 L1
RT-PCR ¢an Yo i, ho

pediers from the original species

olog egtefésting genes by using
degenerate primers

and the first strand cD ~of the int i@ spede used as the template. The

amplified prduct. equencing
& L)

Si’ , jlere the target genes
and the inter:?ﬂ co se:ﬁrately or simultaneously

amplified usi l the same template. The internakroorst

factor, EF-1o or dymldehyde 3- PhosphWDehydrogenase G3PPBldsed under

Al anHanIngIng

tranajnbed with the same efﬂmeecy as the prodltlmlterestlng transcript.

ammnsmumwmaﬂ

ags-actin; elongation
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Total RNA & AAARRAAAR, :;

Reverse transcriplase 1 Oligo d(T) primer

s ARAAABAAD 3
- oy TITTITTTITIT 5°

cDMNA-BENA duplex - : [YTYYTTIV I -
= e TITTIr T 6

First strand cDNA 3 - TTPTTTTITT &

specific primer pair

AABAAAAARR 3
TYTTTTTTITT B

syﬂsﬁﬁﬁﬂﬂﬂmeﬂﬂ e

Second strand cDNA synthesis primed by the2b8base specific primer

% sRaslinsieTay
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1.3.7 Real-time PCR

Real-time polymerase chain reaction, also -callegntitative real time
polymerase chain reactiof@-PCR/qPCR) okinetic polymerase chain reactipois a

laboratory technique based on the PCR, which igl tseamplify and simultaneously

guantify a targeted DNA moleculé. Ie bo#tedtion and quantification (as

absolute number of coRIeSN s Whermahzed to DNA input or

Two common ’W escent dyes that intercalate
with double-st , ‘\ DNA oligonucleotide

probes that argg ptary DNA.

maaction is composed
of the first step ig” at-the' Bag h ation, the unbound dye
_ ; e, after annealing of the
primer, a few dy. o S glre ast step, extension: during
elongation, more “bin ed DNA. Fluorescence
measurement atj /ECR cycle is performed to
monitor the increasi :-;:-:_;-,-a--s-f fied D&g. 1.9).

Real-time PCR |n e laborator e appliedumerous applications. It is

0.

common usg for both diagnostic ant s Diggnostic real-time PCR

is appliedk o rapidly- detec esence of ganeslveds IV infection diseases,

cancer an& ~~ al%ime PCR is mainly use
|

to provide hlq Iy sensitn 0 uremef]HFne transcription. The

technology is col?monly used in determlnlng expamsdevels of a particular gene

°“¢ﬁi ’JVIEI?]?WEI’]ﬂ‘E
ammﬂmumqwmaﬂ
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qll 4.1 Two-dimensional gel electrophoresis (2 DE)

RGN NIINIINYINY

tissues, or other biological samples. This techmigaparate proteins in two steps,
according to two independent properties: the fiistension is isoelectric focusing

(IEF), which separates proteins according to thsgielectric points (pl); the second-
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dimension is SDS-polyacrylamide gel electrophoréSIBS-PAGE), which separates
proteins according to their molecular weights (MW).this way, complex mixtures
consisted of thousands of different proteins careBelved and the relative amount of
each protein can be determined.

jugands of polypeptchn be analyzed in a
single run. The proteil € gure from the resultant spots. The
spots can be qua ctrometry, depending on
their resolution. yoer THES: Aftibodies and tested for post-
translational ' : ‘ 3E is: alsO~useds ity differential expression of
proteins betwes - : : ] nique include a large
amount of samp ' ] ‘L‘"-n,,_n aller dynamic range than
some other ds. {tis als Ior Tgh throughput analysis.
Certain protei i 7 ;.| . ing those that are in low
abundance,” acidj i€, b 7 ob \ iy

i
advancements Echnolagys .

y ery small. Through
-" "\.

entists féychigh, able to separate low

§ W
abundance proteing witll Mo .’:ff. / 0. n
7 l E’ 2l

1.4.2 SDS- RAGE —
Vb o '

SDS-PAGE elect
,.f

proteins. ~- basi

g determine tbkcular weights of
e Wheh placed in an electric

fleld SO rgat -I;T;r:;-‘.;‘{::ll-u-nl-ni—n—.ﬁiii-.;-iiiiu-iiu‘,—f-:‘.’, |Ve|y Charged, polar

sulfate he%d ~ane i udetergent, binding to
=1 | ]

hydrophobic ﬁz lons of pro o0 witlmt;a'rc'ﬂajI SDS will denature the

protein (cause |t unfold) and can uniformly cpatdteins with a negative charge in

LIl TV ( ata0 Sl

effe‘l/e variable is the molecular weight, or mom;rectly the Stoke's radius, of the
protein.

AAIaNT AR NLIAY.

electric current. The gel is made by a free radoesdhlyzed polymerization between

acrylamide and bisacrylamide. The resulting gel biass- links and a 3D lattice
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structure with pores between the acrylamide linkagberough which protein
molecules can pass.

Proteins are placed on a stacking gel to be coratedt and then migrate into

a resolving gel where they are sgpgrated. Therdyifarce for the movement of these

1/

ncy toé negatively charged SDS
. itipe end of the electric field.

ratkin standards of known

differ in sensi pins equally. The most

frequently use (vidhi n limit of about Jug of a
protein). AltefRati lassie B i \and Nigrosine are also
used. Silver staj i sens o t 0@ ﬁ\:: staining for about 10 - 20
fold. Silver stainin - an - stoichioms -I"lul g of silver ions to proteins.
After reduction, § pidxes! become Vis HI88keck to brownish bands.
Unfortunately, silverg8tains=are: o n: sas\@gbroteins are hardly stained by
silver ions. Therefore, qu_ i bEeis not proportionally indicated from
intensity of the proteinsg "f Fluores Mas been recently developed as an
alternatlvi i
Purple™ ,L .
However, the:fUuo

Blue and silv

SyproRuby™, deep
ially available.

"-‘T'onventional Coomassie
staining and requires a specifiodgmume@tion for visualization of

electrophoresed‘rws

ﬂ’LlEJ'J’ﬂElVI?WEI’]ﬂ‘i
qmmmmummmaﬂ
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>
¥ & %  SDS-coated proteins

RO
T

l FPlace mixture of proteins on gel,
;%apply electric field

E&-

Cross-linked
polyacrylamide
gel

Direction of migration

i' DS-PAGE procedure
mallel/255/...ques.htm

1.4.3 Liquid chromatography-n metry (LC M5-MS)

complex m ture e-¥dnner. The bottom- -up
. | —
proteomics LE-MS approaCtT torprotee generalpiviés protease digestion and

denaturation (us‘,\ally trypsin as a protease, uceaenature tertiary structure and

AN INENIWEIAT

k| et al., 2005). LC-MS/MS is most commonly used for proteoimalysis of

complex samples where peptldt,‘masses may ovefl@pveith a high- -resoluti@@fmass

RIAND AT RE!

provided that the sample was first separated dBRB-PAGE gel or HPLC-SCX
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Protain Peptide
miKiure mmure 10 or MOLC separation of paptide mixture
1

= "‘w»v‘io =

Digestion &ﬁ. 107 By {repeated)
' p 2nd Dimension

15t Dimension

,‘__-_. gated)
M35 and MS/MS
data acquisition

MS
«(repeated)

o, S gllected MS/MS spactra
; ation énah.ls?s

ietlicted spectra from
Byomiegdetabase sequences

'u\ 1

Figure 1.11 WOrkflQi © fﬁu.‘ﬂi "_ ,\a‘-ui.‘. prféteomics syt N is the

sample fraction. . J§ | \ J . I \
. e gl

1.4.4 Quantit&tived ,,{-’E-* L Pr@teomics

Mass spectro pr quantégproteomic profiling of

complex , es. Quantit Jm ortant to provide
fundamene | N kinetics/dynamics of
the cellular pkdte WA the concentrations of
proteins in mrticular compartments (Ishihanea al.j‘]ﬂiOOS). Generally, the
guantification st‘t s can be divided i twﬂegorles 1) quantification using

ﬁumnmm*mﬁ:;:;;

|cat|on using spectral coantlng or specteeﬂture analysis (Bantschezﬁ al,

QWﬁMﬂ’iﬂJﬂJ‘lﬂ'\’mmﬂﬂ
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1.4.4.1 Stable isotope labeling

One commonly used approach in bottom-up proteoneicgploys stable
isotope labeling {C vs.*C“N vs»N,/H vs:H), allowing comparison of peptides
between samples. Stable isotope ,l beled peptrdeshamically identical to their
native counterparts and_tfe efore ]si ilar \webia during chromatographic

/J‘ gtldbeantroduced into amino acids
ch —____gbfalternatlvely by spiking of
w table isotopic labeling has

ac ’ iti e a od. It has several

synthetic pe

been prove

limitations. As o | ery expensive, and some
labeling proce ' , sample prep= g f S econd, labeling methods
make acq . more: Com \ due (OPesence of additional
isotopic pea ' s ith\g | igyMPboents of similar masses,
complicating pe i d1qu; i wolally, chemical labeling

approaches ) sideueac A BEtiogs of serine and threonine
residues with iTRAQ fedde ac xPeGientiucts (Bantschefét al,
2007). AL

1.4.4.2 Labe

Lab_ _free_quanititation Strategie isitgrahtives to stable isotope
labeling apRrGae @ expensive sample
preparatloL D\/€ les, including tissues
and ability to[m antlfy and=ec ¢ anspl€h !T are two fundamentally

different strategies for label-free quantificatiaghe first one measure and compare

ectro en proteln
P IE L IR
et aqlzoo ) and the second one counts and compare®tadenumber of MS/MS
spectra of any peptide for a gl\‘n protein (Washiggal, 2001; Rappsilbéetial,

19 AN INUSNTINAIRY

changes in abundance, whereas spectral featureaagbpprovides better estimates of
simaller changes (Olat al, 2005; Zybailovet al, 2005). In addition, label-free
methods provide higher dynamic range of quantificathan stable isotope labeling
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strategies, since the complexity of a sample sigamtly increases by adding of
labeled internal standards (Bantsclegfél, 2007).

1.5 Research studies for identification of genes dnproteins involving salt

tolerance mechanisms in various

egtial gene expressianreésponse to

salt stress in foxtail Stelnia italicAY g cCDNA-AFLP. The expression

profile was comj ween Q saltmmd susceptible variety
(Lepakshi) of M oth _ont Wd P0) and after 1 h (L1

and Pl) of salt a fiegyments (TDFs) showed

Jayaramaret al,

\ | led on the basis of their
either compl \ t \. i ' and 4 on differential
| it : e tw . varieties. Only 27 non

/ \\" (uSSto salt tolerant variety
i v { . gtabolism, cellular transport,

cell signaling; tra I e y ] ‘ 8ing, 'seed development and
hatie Df sevehoDUWlEne such genes showed a
significant increase gl di ,,-- 'a\" t variety after 1 h of salt stress

in comparison to salt-sensivevariety ¢ MmedRT-PCR.

! b been investigated in salt
tolerant WCes - Croarta Ravale et al., 2001).
Hybridizatien Po anging in transcripts
from 15 minﬁ. 1 week™afte s 728\1'—' from libraries of salt

stressed roots showed that 150 mM NacCl reduceobp esis to one-tenth of the

pre; e tra Cri in Pokkali
ﬁsac u o%vg tr ss A The initial
|ﬁﬂ1ces between control and stressed pIanthrmj for hours but became less

pronounced as the plants adap‘d over time. Teegm@ation of an adaptiv@pfocess

q WIRSITILY AATANHIEH

transcription and death. The up-regulated functmvserved with Pokkali at different
time points during stress adaptation changed awez. tincreased protein synthesis
and protein turnover were observed at early timatppfollowed by the induction of
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known stress responsive transcripts within hous tae induction of transcripts for
defense-related functions later. After 1 week, nlagure of up-regulated transcripts;

e.g. aquaporins indicated recovery.

Vaidyanatharet al., (2003) inyestigated the immediate responses (eazgm

and non-enzymatic) to saligit _ xidativeess in two rice @. sativg

cultivars, salt-sensitive RS ' fdtelerant Pokkali (PK). Seedlings
of both cultivars ecte ‘ mM) for 42 h. Under NaCl
stress, the salt-t?&h eV PR shoﬁed h%ﬁj&% scavenging enzyme,
catalase (CA : lave §{» i-an ascorbate (ASC) and
glutathione (G th -\\;\'\ iijlo aroxide dismutase (SOD)

\\“*

peroxidatio o | ess. The high levels of

embrane damage (lipid

catalase activi [ icient S \ Y 2, "n‘ h is produced more by
non-enzymatic th ' @ (. Fhese d o::\. ed that the concerted action

of both enzymgtti SCavenggnarhineries is vital to

ea-sati= géd differentially exgged genes
) orgroner (ACP)-based differentially
display RTPCR -,_;;vf?ﬂ.# .r:' @ total bfup-regulated genes were
identified @ por sg_ﬁ_‘? up-regulated DEGs
in response & ‘ jnaly5|s The possible

il
aents : ntes'.t of their putative role in
| ,
stress. Thus, the identificatficsome no I enes — such as SnRK1-

roles of thes

response to
type protein km@%? kDa, class |, srw heaickhprotein; and RNase S-like

AuEINENINGINT

stra

qRIRSN2 Rl NN

SDS-PAGE and two-dimensional PAGE (2DE). In SDS-EA®vo protein bands
(22 and 31 kDa) whose expression was speciiicallyeiased under salt stress were
identified. Enhanced expression of these protemdbavas consistently observed in
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plants grown under saline conditions. In 2DE, astehirteen different proteins were
induced and ten different proteins were decreageshlt. Western blot analysis of the
31 kDa of rice seedlings of three cultivars: saletant pokkali, moderately tolerant
Leuang Anan, and salt-sensitive KDML 105, showeffierBnt expression patterns.

The protein was strongly induc galjnity inflslaeaths of treated tolerant pokkali

and Leuang Anan, compalet : . Irtresty its level in the KDML 105

cultiva remained un¢adBes’ th & ¥ ddoer, rice cv. Leaung Anan
showed higher explesson=ef: roteir ali. These results suggest
e — .

that the 31 kDa

susceptible €€ i ponse salinity4st S5 USDNMAFLP and proteomic

techniques.

ﬂLlEJ’JVIEJVITNEﬂﬂ‘i
QW’]Mﬂ’iﬂJﬂJW]'JVImﬂEJ



CHAPTER II

MATERIALS AND METHODS

obtained from i e Research Institute,
' ooperative, Thailand).
sy bitrarily primed (RAP)

Department

' ) soak 1 ) h 0% Gier (5.25% sodium
hypochlorite) and Ween 2 or / 0 w@ for 20 min and rinsed
ilizee

%
ere germinated on the sugar

three time by st isti " ¢
free MS agar mediug ( ashige an gk 196® Pfareeks under the laboratory
conditions: 25 + ZC air-té "7' ature, 6 % relative humidity (Ripd 60 + 10
pumol m?s* photon fi -_. PE : otoperiod. The seedlings were
asepticall dia (photoautotrophic
@a %nge into the glass
o oV ;d the hole with a gas-
permeable nﬂoporous polypropylene film (028 pore ﬂ Nihon Millipore Ltd.,
Japan) was adjtftﬂ) 2.324nd maintair@gdffor 1 week before 513 mM NaCl was

ﬂﬁfmmfﬂﬁ nean

For RAP-PCR and CD(A AFLP, plant ﬂerlals were calitr &8,

IR29 were prepared as described above (no subed)tumd leaves of each plant
were collected at O (control) 3, 6, 12 and 24 ht pestment (hpt).

vessels thr
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For RACE-PCR, leaves of geminated Pokkali (withsalt-stress treatment)
were collected and subjected to total RNA extractio

2.2 Total RNA extraction

e blades of eachnplusing TriPurg

) Ayxprately 100 mg of leaves

ground to the fine powder. The
tube containing 500l of
glaswimefAdditional five

: utes. Phase separation
' \\ utes at 4. The upper
Bl \\ -\o A was precipitated by an
18] " e sa be was mixeatdbghly by
- otal RNA was recovered by
pm ' at AThe supernatant was removed.
The RNA pellet was A.ﬁ;vq; 75_-,.:_‘_5‘,_ Yaethl and centrifuged at 12,000
rpm for nj : ! fgﬁg 10 minutgsroom

— ..r
temperatu@.

}:-treated water for

immediatelyﬁd. t uﬁer absolute ethanol in a
1 ' il

-80° C freezeffor long storage. .

e.ﬂ?uﬁl”ﬂ MEMIWYTNT -

The concentration of extgicted total RNA i mmstlmated by m rlng

IR IR INIRE.

RNA solution. The ratio between Q§OD-go provides an estimate on the purity of

extracted total RNA. The ratio of approximately lh@icates the good quality of the
extracted RNA. An OB} of 1.0 corresponds to a concentration ofug@ml of RNA
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(Sambrooket al, 1989), therefore total RNA concentration israstied inug/ml by

the following equation;

[RNA] = ODy60 x Dilution factors x 40

as checked Bf dgarose gel (SeaKem
(89 nikis-HCI, 8.91 mM boric
g lepthoresis, the gel was stained

ined in tap water for 18-

Ae&n micrograms of
%, USA). Total RNA was
g of total RNA) and
appropriate nu ‘ '“ he fi )lhé ol he reaction mixture was
incubated at 37C S, ndio e incubationi@er an equal
volume of phenafchl < ,‘.,_'_'.» g ol ( ‘&' iWas added and mixed for 10
minutes. The solu /as: eentr ~. 2,080 rfam 10 minutes at room
temperature. The upper ag phas cs tramsfereenew microcentrifuge tube.
arafdon:isoamyl alcohol (24:1).
fidagh tibg. One-tenth volume

This extraction proce et bt

The aque'g
o W

of 3MD mdwas precipitated by
an addition (;@Wo a tbarmand mixed thoroughly.
The mixture Wds incubated at <80 for 30 minutes and céntrifuged at 12,000 rpm for
10 minutes at 4(‘1ﬂsupernatant was refdVed. The RNA pelIethed with 1

@m ARBNEINBA T

issolved in DEPC- treat@ water for im |atelged Alternatlvb the

qRIRINIU IMTINETAY

Notably, total RNA used for RAP-PCR and cDNA-AFLRadlyses did not
treat with DNase I. In contrast, total RNA for RTR, semi-quantitative RT-PCR
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and quantitative real-time PCR was initially treht@ith DNase | before reverse-

transcribed.

2.5 RNA-arbitrarily primed (RAP) PCR analysis

2.5.1 Synthesis of the fing djcDNA

/ gZof total RNA extracted from

leaves (see abovelisin e Transcription Systent Ki

(Promega, USA). oté of oligo-dT(16)-overhang

with A and aW e H2ON A \\ ge of 5ul. The reaction was
incubated at Z@#C fo j ' im K:\‘n,,;:l.o lge for at least 5 minutes.

3aC ided to final concentragion

The first strand CBI

Then 5x reactio ffer

of 1x, 2.25 mM, A ) uni SRC IIy 1 ul of ImProm-1I™
reverse trans Jded.a S oW g. The reaction mixture
was incubated atg5° 5 N \ 2 ‘c, Bminutes. The reaction was
terminated by j ' , S toii the reverse transcriptase

strafdedh NB  was examined by
ppho 2 is (1.0% agarose gel). The first

stranded cDNA was*diluted ;,, 500 at 28 °C until required.

2.5.2 RNA arbiia .,--E-"'.;,;s

On hﬂ-lllll.’lll_.l::ll—_-::m;m 1SE * aemplate for PCR
amplificatiohid.c A¥fs-HCI, pH &825°C,
50 mM KClI aH 0.1% Trito N0, " Mg£I100 ,.Meach of dATP, dCTP,

dGTP and dTTP 1 unit of Dynazyme™ DNA PolymerasStNNZYMES, USA), 1

Cly Ofy t synthesis)
AN IRV W
at QuC for 3 min, follow by 40 cycles of denatioma at 94 °C for 30 s, annealing at
36° C for 60 s, and extension at‘z °C for 90 s. Thélxtension was carrid@edut for

RARINFIUANIINE AR R

amplification products were further analyzed byyaatylamide gel electrophoresis.
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Table 2.1 Sequences of arbitrary primers used for screeningeoe expression

marker inOryza sativausing RAP-PCR analysis

Primer Sequences

UBC 122 GTAGACGAGC
UBC 138 " / GCTTCCCCTT
UBC 1 /// TAGCCGTGGC
U ¥ACGACGTAGG

GGGCAGC

_ WCTCCCC
N

2.6 Identification ofge g: J’J. ed In Blerae mechanisms using cDNA-

e= dﬁ
_&J treant group was

A (1 flnal concentration), 1

=
combined Wlti]ﬂul of
ul SMART I Ollgonucleotlde (15uM final concentration) (Table 2.2) and

R T T

Str Buffer, 20mM dithothreitol (DTT), 10 mM o&eh dNTP were added to the

flnal concentration of 1x, 2m|\’and %&vd:mally 05ul

TR AR

was incubated on ice to terminate the reverse drgotase activity and 2u of

reverse-transcribed product were subjected to ¢ésersl strand cDNA synthesis by

PCR.

amplified fragment Iength o[t | DNA-AFLP)

2.6@i
TW&
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2.6.2 Second strand cDNA amplification by long disince PCR

The reaction components containing 10x AdvantageCR Buffer, 10 mM
each dNTP, 5" PCR Primer Il A (Table 2.2) and 5@ BRdvantage 2 polymerase
Mix (Clontech, USA) was combingd tq the final contration of 1x, 0.2 mM, 0.6M
' | f DER&ed water was added to make

2 ' 0]
the final volume up 1o, 5 ~khen, %and cDNA were added. The

@followed by 3 cycles of 9&

for 15 seconds; __,,Or, con _ minutes. The resulting product
was electropW

S
%
L
"

appropriate v ' E ffer (6.9 mM\ 1S5 @gnM boric acid and 2.5

1‘". "
mM EDTA, pH ‘h'«. gepoivwave oven to complete

\

.;"v-.,q odt rmixed with an

solubilization, | to App ':»t ely2GC efdle Pured into the gel mold. A
: o s / N
comb was insertegf’ Th& g€l Wasie nf:_, ‘p idify @ 28ded, the comb was carefully

1,‘{'."J'$‘15

removed. The agaro in a'eRaobtining an enough amount

gel s v
of 1x TBE buffer coveringlthe‘get fof

atélyp cm. Appropriate volumes of

PCR products were ﬁ'&;f-?? polunfehe 10x loading dye (0.25%
bromophenql blue 5% Ficoll in O t ell. A 100 bp DNA

Iadder Wa ‘;II.;L‘lll;“r;IIIlﬁlll_-li‘iiﬁiiﬁii;‘_iﬁ-'i;;ili |||||| PSS

volts until™B ' C elge-Half of the gel. The
ot =

electrophoreslﬁ gel was Starmed with"a diuvmide sﬂlﬁtion (0.39.ml-1) for 5

- 15 minutes ad(iestained in running tap wateeneove unbound ethidium bromide

FUBINEEIWEIRT
QRN TUNM NI

yas carried out at 100
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Table 2.2 Nucleotide sequences of primers used for cDNA®gis

) Length
Primer Sequence
(bp)
3'SMART™CDS 5" AAG CAG TGG TAT CAA CGC AGAGTACT 3’ 26
Primer Il A
SMART II™ A c AGA GTACGC GGG 3 30
Oligonucleotide
5" PCR Primer Il A

TGG T GA G3 23

“'.

Aplifarativas transferred to a
1.5 ml microcenttj hésfandthe TE buffer geddgd to final volume of 100,
An equal vol equilib o] Whvas added and gently

mixed for 2 min J ) .-A Walscentrifuged'@Q00 rpm for 10 minutes at

room temper 7 aqueot adkimadkto a new microcentrifue
tube. One-tenth #ol | t8, 8PP Was added. DNA was
precipitated by an e o pliselute ethanol and mixed
thoroughly. The mit D for 40 minutes and centrifuged at
12,000 rpm for 10 minu ﬁ;‘ atant was removed. The cDNA pellet
was washesjwith 70% ethanol ¢ g2 009~+pm for 10 minutes at
4° C. Eth ed_and cDNACwas dried at #gemperature for 5-10
minutes. T1 _J_ﬁ_ (ifeM10 mM Tris-HCI and

0.1 mM EDTAi;I bH 8.0). The DNA'SOItoN Was kept—ﬁ@oﬁuntilfurther used.

2.6. 5Res‘cﬂenzyme digestion Madaptor ligation

AUE N INEINAG-.....

unltal)f EcdRl and 5 units oﬂ\/ls in a 40 ul reaction mixture containing 1x NE

q Ww.ﬁfm;ﬁ%ﬁwm aY.

C for 4-5 hours. TheEcoRl and Msd adaptors (Table 2.3) were ligated to
restricted cDNA in a 3Qul reaction volume composing of 2@ of the restricted

product, 1X OPA buffer, 0.26M of EcaRl and 2.5uM of Msd adaptors, 1 mM of
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ATP and 3 Weiss units of T4 DNA ligase. The reattiwas incubated at’°@ for

The preamplification r
containing 10 mM Tri fl 0.1%iton X-100, 200uM of

each dNTP, 1.5 m 'ng of /M AGTACCAATTC-3) and M
(5-GATGAGTC ) prﬂers %CTGAGTACCAATTCA-

3) M.c (5-GATE GA “ nlts of DyNazymeTMII
DNA Polymerg \! ””‘*\

approximately 16 hours.
2.6.6 Preamplification

s ,carried out irRmpul reaction volume

igation product. PCR was

performed by dep ali ing afGdor 1 minute and

tion volume containing
10 mM Tris-HCI; g : mM 1, 0] 1\ D0 200uM of each dNTP,
1.5 mM MgC}, 30 ngjé of & cor of k& ‘ M., primers or k3 and M
: 7_ 7 D T DNRolymerase (Finnzymes,
USA) and 1ul of the plf &; ;y‘-Tr'TuT'n PCR was perfodrie a PTC-200
Peltier Th consisting ' ¢ BAC fer 30 seconds (or 45
seconds), ‘anfealing.at 5o 45 seconds(or.60.seconds) jd extensiog’ax for

st

with IoweringE& the annealifig perattre for°a.qor .ljfn;‘) in every cycle. The
amplification cowstlng of € for 30 seconds 56 (or 53°C) for 45 seconds (or 60

The selective ampllflcatlcit AFLP products re glgehoresed thr g 1.5-

A WARNT SHUNINLIAY

polyacrylamide gel electrophoresis.

90 second? ‘ a touchdown phase
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Table 2.3Primers and primer sequences used for cDNA-AFLIRisthesis

Primer Sequences

Adaptor sequences
EcoRI adaptor . '-CTC GTA GAC TGC GTA CC-3

Msel adaptor 3 T GAG TCC TGA G-3

: GA GTA A-3
"&IA.CCA ATT CA-3
GA GTA AC-3

uﬂqwaw%%ﬂnni
QRINNTAUNEINGIAY

E+a-5 E+ACC
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Primer Sequences

Selective amplification primefsont.)
E+A-6 E+ACG
Eea-7 ; " .! GC
S N
Mic-2 %\ M

' = D VheACa

M-+c-3 —
M-+c-4
M+c-5
M+c-6
M+c-7
M+c-8
M+c-9
M+c-10

2.7 Denaturing Polygrylg amide Gel Ele
2.7.1 Preparatio r’-’:_ | S Plat

2. @n195% commercial
grade ethamgli € Was8 then repeated twice.
Afterwards, tlw Iong glass*e geIth Df fré Hly prepared Bind silane
(20 pl of Bind S|Iane Amersham Biosciences, 98®f 95% ethanol and 10l of 5%
gl e tes ing solution
b T
tImE“/VIth 95% ethanol The short glass plate weastéd as described above with the
exception that the binding ﬁutlon was repjg@sed thg Repel silafigf (2%

Rl Mihiirly NTNHIRY

assembled glass plates were sealed with the ptapic
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2.7.2 Preparation of denaturing polyacrylamide geglectrophoresis

Denaturing polyacrylamide gels are used for thexssjn of single-stranded
AFLP and RAP-PCR fragments. Four to six percentdgeaturing polyacrylamide
gels were prepared by combining 40 ml of the aonydie solution (19:1 acrylamide:

bisacrylamide with 7 M ureal er) wit40 ul of freshly prepared 10 %

ammonium persulpha DTt crylamide solution was gently
swirled and degassedsd 0r 90 (hi . &sandwich was hold at a 45
degree angle onm”_‘ _ nodeisn was then gently injected
- i he filled plate sandwich
-tooth comb was then
WAiter that, the polymerized
gel was covered ket tissue, pay 3 at room temperature for 4
hours (or over omr e Zait x réqlired, the spring clips and

the sealing tape remo\ : J._‘Ira ('-.;‘._ was rinsed with 1x TBE.

\

The gel sandgiich va placed | Vvertigal sequgnapparatus with the
short glass plate inward.! {..r# sregtulamped with the integral gel

clamps along the S|des appardtus.upper and lower buffer
chambersxﬁre ' ] ). \Wa inserted into the gel
until the tée usttouched the surface of the figtee-mic s of the loading dye
(98 % for de Ol=Die and 0.25 % xylene

cyanol) was @J

microlitres of the‘a glflcatlon products W&ﬁ mixerith 3 ul of the loading buffer

AU SNENIRETNT .

|mately 2 hours (xylene cyanol move out frﬂrra gel for approxmately 10

Q'W'] ANNTUNRINYINY

ded into eaChrWwel™FRe"ge WasrpreatjﬁWfor 30 minutes. Six



41

2.7.4 Silver staining

The gel plates were carefully separated using stiplavedge. The long glass

plate with the gel was placed in a plastic traytaonng 2 liters of the fix/stop

shaking (10 forwage*&nhde*0Hack ] agitatio Bnphediately placed in the tray
containing 1.5 litreg#OT g elopingid 1T h|s step is crucial and the
time taken to g2k the gef i ate nd “?K-‘- ed developing solution

should be no long€Er the :.-5 k) |tated until the first bands

are visible (uSUally. : inutes ERNY /a8 t sferred to another tray
containing 1.5 li ' \ E PDands from every lane were
observed (usyally 2 | C \&i\ solution was directly added
to the developing#€ol 1d o InUed shakimgs @ilnutes. The stained gel was

soaked in deionizeg ! te aldie gel was dried at room

temperature.

using a ster:j ra 3fdFminutes each at room
temperature with 20Ql of sterile deionized water. Twenty microlitres whter was
then added and"nﬁa\ted overnight at 3gE@. Reéiogtion of the target fragment

AN HN TN AN T

prodUCt were used. The ampllflwmon condltlonseﬂmposed of 5 cyclev94°

A WARNNI U AV NG

performed at 72°C for 7 minutes. The reamplifiedduct was electrophoretically

analyzed through a 1.0 - 1.8 % agarose gel eldubresis.
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2.7.6 Elution of cDNA fragment from agarose gels

The reamplified product was fractionated through agarose gel in

duplication.One was run side-by-side with a 100 bp DNA marleerd the other was

loaded into the distal well of}} 1€ fter eleghoresis, lanes representing the
DNA standard and its_pre _' ere cotl stained with ethidium
‘ he DNA markensdathe EtBr

stained reamplifie ’h"" n of the non-stained target
DNA fragment. tied with a sterile razor
blade. DNA was stra GFX PCR DNA and
Gel Band Purificat e protocol recommended by
the manufa 00-300 mg into a
microcentrifuge JApproXi - ; 500 A\ .*tﬁ ffer type 3 was added to

d at 60°C for 10 - 15

2l the gel was completely

the sample

minutes with brj

dissolved, themi ' ._ ;,‘;.‘ | t0 the G Blin column placed on a 2 ml

collection tube a s { ]J 2 at room temperature. The
! \ sffeb type 1 was added. The

GFX MicroSpin column was- centrifu 12,000 rfon 1 minute at room

temperature. The flow-iieD '::..#7

room tem@t :

the washi

30 ul of the E

ﬂubated at room temperature for 2 teib:ﬂz centrifuged at 13,000

rpm for 2 mlnutefl'mluted sample was Wed(aﬁc until further required.

AUBINENINEING

The ligation reaction waggset up in the total aduof 5 pl contalnlngv .75

q RYRIIIUSINIINGIRY

and 10 % PEG 8000) and 3 Weiss units of T4 DNAskgal'he ligation mixture was
gently mixed by pipetting and incubated at 4°C aigrt.

enco was further centrifuged at
0 femove trace amount of
= .

j)centnfuge tube and

t B f the membrane. The

column was
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2.7.8 Preparation of competent cells

A single colony oft. coliJM109 was innoculated in 10 ml of LB broth (1%
Bacto tryptone, 0.5% Bacto yeast extract and 0.58€INwith vigorous shaking at

37°C overnight. The starting culture, was inoculateth 50 ml of LB broth and
continued culture at 37°C_with/igar akinghte ODygo of 0.5 - 0.8. The cells
were chilled on ice fors<RE SRMES r strifdcat 3,000 g for 10 minutes at
4°C. The pellets were f&Suspended in S0-miofile-01gCl-CaClb solution (80
=Cat) arﬁ centriOged=ae®above. The supernatant was
: e

discarded and ‘ d; w: 0.1 M CaGland divided

Bsedddiately or stored at —

N

)rOg U6t t0BYe0li host cells

LY L
AN
eer Sipmutevo microlitres of the

ligation mixtu \l.,‘\ ‘ =T.', ng. The mixtures were

incubated on ice, tes efgactioniias then placed in a 42°C water
bath for 45 seconds ube \@s tmmediately snapped on ice
for 2 — 3 minutes. @ne wigf olitre of S Hiumt (B#cto tryptone, 0.5% Bacto

yeast extract, 10 mM NaGlk=Z-5-miV K pM MgCl0 mM MgSQ and 20 mM

glucose) wag adg p@Enincybated with shaking at
37°C for urs. At the end of the incubatiomige-the eulilired cell suspension
was centrifagled"e a’ I he pellet was gently
resuspended@ 100 of SOC and*spread ona LB agar@}te containbgdml of

ampicillin, 25pgl?l of IPTG and 2Qug/ml of X-gal. The plate was left until the cell

ANHINENINEIAT
ARBIMINIINEIAY

Colony PCR was performed in a 2b reaction volume containing 10 mM

Tris-HCI, pH 8.8, 50 mM KCI, 0.1% Triton X-100, 2QfM each of dATP, dCTP,
dGTP and dTTP, 1.5 mM Mggl 0.2 uM of pUC1 (B-TCCGGCTCGTATGT-



44

TGTGTGGA-3) and pUC2 (5 GTGGTGCAAGGCGATTAAGTTGG-3 primers

and 0.5 unit of DyNAzymeTM Il DNA Polymerase. A mubinant colony was
picked up by the micropipette tip and mixed welltive amplification reaction. The
PCR profiles was predenatured at 94°C for 3 mindt#l®wed by 30 cycles of 94°C

Sanl.of bBth (1% tryptone,
0.5% yeast extra .00 Na ‘ ‘;ﬁ'“l-«.. of ampicillin and incubated at
L : 1 . was transferred into a
1.5-ml microce 1€ A rid-centtifloed & r"-q ru‘ or 1 min. The cell pellet
was collected*and ahded withl 20@f the S er type 7. The mixture
was vortexed a ) [ _f-_‘*‘ of SIS, bufie %‘-. pe 8 and mixed gently by
inverting the tube 40 tigfes ; 18 iSBuffer type 9 was added and

a8 centrifuged at 13,000 rpm

for 15 minutes. They8upg * .. it was, ferqenls )ew microcentrifuge tube and
to the illustra plasmid mini T l of: | ifuggtdl 3,000 rpm for 30 seconds. The
flow-through was disear # Jur ashedduling 400ul of the Wash
buffer typ@ nd centrifuged af ._--- flow-through was
dlscarded.LT . dnute to remove the

residual Wasliij uffer. ﬁ; microcentrifuge tube
L I

and 40ul of the elution buffer was added to elute the d plasmid DNA. The

colu %n was Ieftgtan temperature for Fhedinutes eentrifuged at 13,000 rpm for

UEINBNINEIND

The insert size of each re ombinant plasmid washexad by digestion of the

QRGN s naa

of recombinant plasmid and 2 - 3 uiito Rl and incubated at 37°C for 3 hours

before elctrophoretically analyzed by agarose ptaphoresis.



45

2.7.12 DNA sequencing

The recombinant plasmid was unidirectional sequena¢h the M13 reverse

or M13 forward primers on an automated DNA sequebgesending the plasmid to

//Kgﬁngﬁ cDNA of functionally

important gene homolog .':'-».','. sativi d Amplification of cDNA

t|on AC

Macrogen (Korea).

2.8 Isolation and

Ends-Polymerase

1.5 pgof total RBE-PCR (Table 2.4). The

component were. Ad\, hag.r'-.f_ ¥ briefly % 8eltion was incubated at 70°C
for 2 minutes and snap- co .A_’é' ce | linUtE® reaction tube was centrifuged

| u1'®f 20 mM DTT, 1 pl of dNTP
Reversanberiptase were added. The
jefl ﬁe collect the contents

briefly. After that, 2/1lof § , Sirst-stran

Mix (10 mM each) and ﬂu?-w i 5
reaction w mi

at the boftem of the tube. The reaction tube washateo 42 °C for 1.5 h in a
d;__ A 125 pof TE buffer

ana munplﬁwas kept at -20 °C until

thermocyc - ;1_‘ :
and heated at/#2 °C for

needed.

ﬂﬂﬁ%%ﬁl"ﬁﬁﬁﬂﬁkﬂi

Gene -specific primers (GSPs) were designed fronentide sequences of

QAR TR
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2.8.3 RACE-PCR

The master mix sufficient for '5and/or 3 RACE-PCR and the control
reactions was prepared (Tables 2.6 and 2.7). Fdr 28 ul amplification reaction,
14.0 ul sterile deionized kD, Advantag® 2 PCR buffer, 0.5l of 10

f
uM dNTP mix and 0.9l /% merase mix were combined. The
reaction was carried ibed )ﬂ

The primaiyﬁg_,a@mCE ?CR p# electrophoretically analyzed
through 0.8-1.0% ag  the disCreglE@gpiebands were not obtained from

the primary
Tables 2.5 an

PCR was perform bof the diluted, PER product as a templatings

IQruusthgsthe recipes illustrated in

hwvaSeldiluted. The secondary

L

Table 2.4Primer [ N S thasig RACE-PCR
_ A
Zl\\.\n Sequence
1 ' It AN
SMART 11 A Oligon# ARGCAG Y CAACGCAGAGTACGC
3 RACE CDS Primer A 354 < h GGTATCAACGCAGAGTAC(T)o N4
o R, C,GorT; N=A,G orC)
e e ¥
5 RACE CDS Primer _ g/ b B N=A, C, G orT; Ni= A,G or C)
10X Univer@r' \CTCACTATAGGGCAA
W) ’J,:éCTATAGGG Cc-3

;Iﬂ:’rime

Nested Universgq

b

gugIngningny—

specific primer , Sequence Tm (°C)

— Qs

QIRINTUHRITAHI Y

5'Nested R: 5" CCACATCATACTCACCGACTTCGACC 3' 66.7

GG TFAA CGC AGA GT -3
U
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Table 2.6 Compositions for amplification of the Bnd of gene homologues usingRACE-
PCR

Component 5" RACE-PCR UPM only GSP1 only
(Control) (Control)
15u 1.5l

5’ RACE-Ready cDNA

template

UPM (10x) \\\ |
GSP1 (10 uM) é .

GSP2 (10 uM)

H.0 50u
Master Mix 17.5ul
Final volume 25ul

Table 2.7Com sit_i ologues usingRACE-

PCR

o

Compofient 4 GSP1 only
| (Control)

5 RACE—Ready CDNA 1.5l
template
UPM (10x) 5.0l -
GSP1 (10 uM 1.0pl
GSP2 (10 A , .
H.0O - 50u
Master Mix i!|'| | 17.5ul
Final volume 25 25 25ul

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Table 2.8 The amplification conditions for RACE-PCR of var®ogene homologues

of Oryza sativa

Gene homologue Amplification condition

Protein kinase

5 RACE-PCR . §C for 30 s and 70 °CZonin
r30s, 68 °C for 30 s and CZSr 2 min
oy30 s, 66 °C for 30 s and°@2for 2
Siph at 72 °C for 7 min
3’ RACE-PCR nd 70 °CZanin

°C for 30 s and €XSr 2 min
6 °C for 30 s and°@2for 2
°C for 7 min

30%66. °C for 30 s, 72f6€2 min
\ or 7 min

5and 3 semi-ne
RACE-PCR

N

2.9 ldentificati .invol salt 1

"'.

flge mechanism using

proteomics

_ i

2.9.1 Proteingexty -,w )
e il il

. 4 e
Five leaves frgih eachitiwon

and 12 h post treatment{lptyby the s

iet werkected at O (control) 3, 6

fpproximately 200 mg of the leave

N

tissue was placed in a_smeftarcont . iguidagen and ground to the fine

powder. Thg tiss i mTicrocentrifuge tube

COnta'n'n .! HO0ul- ot 02% SDS solutionanga mixed D\ [ ) teX The pm\/as

. WA ; _

incubated ‘&3 PO fomdiButes at 2C.
=1 | ]

The supernatEH )t was transferredto"a new crdﬁﬂgﬁrt%. The extracted protein

was kept at -XT ‘;ntil used.

AutnEnInRLanG

he amount of extracted total protein was meashyelddowry—Peterson protein

termination _method (Petersoh, 1983). The a 75 (O S
%r&qnt rot@int cbrcentrati asfic I: av %Je,
plotted between Ofp on the Y-axis and series of BSA concentratiquggril) on the

X-axis.
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2.9.3 SDS-polyacrylamide gel electrophoresis (SD®BE)

Proteins were size-fractionated on SDS-PAGE miib gel (8 x 9 x 0.1 cm,

Hoefer miniVE, Amersham Biosciences, UK). The polydamide gel was prepared

according to the standard m ibed by Lde(@®i70). The separating gel
used for the fractiong f _' \&dl / ins frgmtant cells contained 12%
o :

acrylamide. Twenty “wiig pfactiolas precipitated with two
_'-q.__‘ . .
volume of cold acetopeTHE=mixtyge wa jagubated at -2C for 1 hour

before centrifuM ( q for 30-nIMeeEatone was removed and pellet
T \ P
|

was dried for 10- . ellet was,resugee with 15 pl of 5x SDS-

PAGE gel loadin ; riSARCH T H '““w;f ycerol, 4% SDS, 0.2M
DTT, 0.02% | 8.7 TOMIAOptima, Japan) for 10
min before loadi y2. ). \'t_\‘if‘--.“- was conducted at a
N, Wy, i
constant vol & =.‘\K pR@kesed polypeptides, low

molecular weigh#projei ard. (£ i"‘. "“ UK) was used.
Electrophore rmed-in-S ect ‘:,'~ bgiter (25mM Tris-HCI pH
8.3, 192mM glyci 5) il the inGdwathed the bottom of the gel.

as fixedhe fixing solution (50%

methanol - 0 _ ml fixing solution)

glution (35% ethanol)

twice for 5 d te ‘thiosulfate for 2 minutes.
After Washirm water twice for 5 minutes eacte gel Wé’ﬂtained with 0.2% silver
nitrate for 20 mi'ua The gel was shak‘jn teeetbping solution (60% NaGO
w .049 A\ 0 I 0 spots ewer
vi%zﬁﬁfﬂeﬂiﬂﬁﬁ“rﬂqﬂﬂﬁ stopping

solut¥dn (14.6% w/v sodium E?’A 1GH12N2Na,Og) for 20 minutes. Theeﬁl was

acid at 4°C.
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2.9.5 Mass spectrometry analysis
2.9.5.1 In-gel digestion

After the gel bands were

cised according to tldeoular mass range of
protein standard markers (£ ‘1- l. ) jaxf each group were transferred to
' - re subjected to in-gel digestion
using an in-house-mgl ' N radory, Genome Institute,
National Centerw_" : bgy (BIOTEC), National
Science and TecChno D -‘_ Ageney.( iland. The gel plugs
were dehydraie® with#00% a¢gtoni ‘I" . :\"‘ 10 mM DTT in 10mM
ammonium bicg e miete N “igna alkylated at room
temperature for 1 j ' larkin A t‘ n M iodoacetamide (IAA) in
10 mM ammg arbor atior \ Sicces were dehydrated

twice with 100% A4 for 5 minutes. l - of proteins, 10 pl of

trypsin solutiog in<ir i_;' mammonium bicarbonate) was
added to the gel ), atiot ) ature for 20 minutes, and
then 20 pl of 30 wasiadden ki e g immersed throughout digestion.

N
The gels were inc rs O

digestion products, 30 ﬁ,,d.sw 0o fornaid (FA) was addenhto the

gels, and then the ke for

overnight. To extract peptide

O minutes in a shaker.

Peptides ‘€ 7 cted-were—coflected—and pooled-tegeathr ew tube. The pool
extracted o ,*‘ a L&-‘J&{D for further mass
o

spectrometric|ahalysis. 'LIIJI

2.95.2 H‘Tm LC-MS analysis @

FUEINNTNEINT o

coupled to ESI-lon Trap MS (HCT Ultra PTM Disery System (Bruker

ﬁzrmarﬁwm eﬁ%aﬁi}loura % 1}% in a nagm ﬁ!ﬁi

(solvent A: 0 1% formic acid in water; solvent BO% 0.1% formic ac

acetonitrile) was run in 40 min.
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Figure 2.1 Thg#@el hd e maeaublss range of

protein standard gifa 3y le. and M is protein marker.

2.9.5.3 Broteiglq ntlta

For prote] glfiantitaie ,| gder MS > erentiAhalaysis software
(DeCyderMS, GE He#llthgarer=Johans 2O06GgM horselet al, 2007) was used.

. and the Reed module was used for
idaaard quantitation based on the
ygded MS/MS data from
? sgot software (Matrix
Q\S}EBI database for protein

taxoyo“yza sativy enzyme
(trypsin); vanat‘éﬂodlflcatlons (carbwlomethma at cysteine residues,

mmwﬁmmmmm

charge state (1+, 2+ an +) and max mislsegtages (3). Analyzed proteins

wzfmﬁ'sw WA Y

Acquired LC-MS raw datecwere conw

automated peptide detectiqr

peptide |<£}

DeCyder
7§
H' atabase

Science, Lo
identification

interrogation was;
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2.10 Examination of expression levels of interestingenes by Semi-quantitative
RT-PCR

2.10.1 Total RNA extraction and first strand cDNA gnthesis

The seeding of Pokkali  2 ere treated witB ;M NaCl. Leaves
were collected at 0 (coy '€ ! )ﬁwent (hpt), immediately frozen in
] —"’»-,- sed. M

vas extracted from leavéds=(3-

4 for each group).and TIRFOF totalgRNA was reverse-transdrie

2.10.2.0¢fmi i-q ditions

Initial akget 'geres 0 € Qdainternal control
ce 3GC T -3and R:5> TGA

AGATAA C GC £3 mergl: ."-. M a 251 reaction volume
following the ' : ive [RiT<P! ditionsrd@enaturing at 94°C for 3
°C for 30 secondf. inal : S\ Bs ca
control and target . Theres ced™ Tris-HCI pH 8.8 at 25°C, 50
mM KCl and 0.1 % Triton-X=t00—2-mMPVgs! 100 mM each of dATP, dCTP,

B 5 ¥ P _ _
dGTP and dTTP, 0.g2M= f:"’r?nfm Bld diluted first strand cDNA and

1 unit of @ poly

the cycle nun{H) rs used for am

plat%/ 2°C for 7 minutes) for the

{:1',' concentrations and
were fertbptim@d.

10.2.1 &)ﬂation of primer corf@eftration

AULINGNINEINT.....

.2, 0.25 and 048M) was gxamined using the standard PCR conditidhs.

AT e Y

PCR conditions.
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2.10.2.2 Optimization of MgC} concentration

The optimal MgCJ concentration of each primer pair (0, 0.5, 1.6,dnd 2.0

mM) was further examined using the standard PCRlidons with the optimized

primer concentration. The con 1‘; : f Mg@lat gave the highest yields and
specificity for each PCR pe . 1.“. ' %}

e T Hwﬁ siahemized conditions of

carrieghout
each gene. The ' 1 produc -\' ""i and internal control were
' andtqgraphed by a gel

plified target genes and that

electrophoretical

documentation ma g_;r_,, ad). The ity ofé

of internal control was qu ----- ed-from=tAE photagn of the gel using the Quantity

One program (BioRad ] ggie was normalized by that of

4, time of IR29 and

Pokkali Wtkr 4 _&J/ariance (ANOVA)

followed by ﬁ‘iDun .rﬁ?ﬁnt comparisons were
(| i
considered n thke value was < 0.05.

H 211300 (1) (D 112014

2 11.1 Primers and consigffiction of the stan d cue

RN #IINHIRY

P450 monooxygenasadLipin, N-terminal conserved regiaif able 2.9) were applied for

internal cORtAo

guantitative real-time PCR analysis. For constarctof the standard curve of each
gene, the PCR product of the target geneiatetnal control(hypothetical protein)
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was amplified, electrophoresed through agaroseagdl eluted out. The gel-eluted
product was cloned into pGEM-Teasy vector and faansed intoE. coli IM109.

Plasmid DNA were extracted and used as the temfadat®nstruction of the standard
curve. Templates of each gene homologues and aiteamtrol were ten fold-diluted
covering 16-1¢ copys. Real-t F-PCR was carried out (see belosing a

Lightcycle 480 (Roche).

| ﬂ{asimuluplicate.
ive-rea imTCZ

script anternal control

t -
(hypothetical protei Ve Wfiee. in reaction volume (i

“,
N

‘Reachdii he specifiimer pairs

were used at a fj a=-oft0 1154 0% @3qMdor ATP synthase subunit C
i N
family proteins 7 ONOOKYgelased'k ipif, N-t8lminal conserved region

respectively. Thgfthe i r or/que i \” x =i ' was 95°C for 10
minutes follo / r"" enaturat ) . or 15 seconds, annealing at
53°C, 55°C or 56 ' s and extensia ostdor 20 seconds. Continually,
cycles for the melti urve-analysis "W e -\! 95°C for 15 seconds, 65°C for

1 minute and at 9 g 4fC30 seconds. Real-time RT-

PCR assay was carried‘out .96 :w pd sachple was run in duplicate.

Relative =~ ffere ef: tatistically tested by

0 ¢ < 0.05).
il s .

} i
AU INENINGINS
ARIANTAUINIINEIAY

one way ANG
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Table 2.9 Gene homologue, primer sequences and the expauoiplification size of genes
identified by RAP-PCR, cDNA-AFLP and proteomics@fativa in this study

) Size
Gene Primer sequence
(bp)
RAP-PCR ‘
' TAC TCACCG AC 3 178

Protein kinaselomain ¢
protein §\

cDNA-AFLP P—
ATP synthase subupi
proteirf '

AG ATG AAC 3 213

AAGTG GGAGCC 3 215
W8GG TGA ATC GTC 3' 204
AA CCA CCT AC 3' 206

ACG CTTGGC TG 3 171
GAC GAT GAG TCCTGAG 3’

GC TGG TAGAGGTTCC 3 240
5 TAT GTG 3

Proteomi

Cysteine GTTCA3Z 201
m AG Tc:@wﬂAc GAAG 3
Sucrose transporter 4 F:5 TGG CTT TGT GGACCT ATTACT G 3 192
-3 R: 5 ccR@ G cTC AGT GGT ATC TCC 3
| 280 by g ' a. R ANE KA
; ; . I N - -

ARIANTUUMINYAE



CHAPTER Il

RESULTS

3.1 Identification of genes inwolking |sgltfolgrane mechanisms in rice analyzed
by RAP-PCR \\ //
_'-ﬁ.__‘!_ - / .
3.1.1 Total E&,' e

Total RM
time intervals_efOre

smear high and egligr

——

Patthanil at different
liscrete bands along with
\.u‘-..: ratio of ORsy/ODygg Of

the extracte 021 8\ fikstimtr @BNA Was reverse-transcribed

-'I'!
Aghhe synthesizing primer.

\
1”%& Anklicating the acceptable

Fifteen primet cor ened acrosdfitht strand cDNA of

IR29 and Pokkali varitie J,:""“‘" prothugvere analyzed by agarose gel

electropho_ﬁls. that did not ation-products and those

1500
LI

AUY 9

Figu”S.lA 1.0% ethidium bromide-stained agarose gel showlegquality of total RNA

extracted from leaves of the contrGI' lanes 1 andrfl es 2 and 6), 6 (Iany and 7)
q nes'6-8) varieties. Lfan ind 1Y and*100*bp BN er, rls ivenp
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Kh M1 2 3 4 5 6 7 8

5-8) varieties o G ), 6 (lanes 3 and 7) and 12
(lanes 4 and 8) hp

: urther analyzed by
denaturing pol i ' L S Ctr esis (Fes -3.4). The amplification

products ge & ; i BE-3.9) were further analyzed

first'strand'c Si nthesi zr) of Homjan

(Iane 1-4, panels A and B) and eathumthaml (Iﬁnﬁ anel A and B) varlet s of the

q mamﬁm ﬂﬁ?ﬂ BTG

is a 100 bp ladder and the negative control (witlk@NA template), respectively.
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1560
1000

500

Figure 3.4 A 4@"0% J€thidi " omnide ,H-. -.. Se gel showRwP-PCR

products generatgll frg IgodT.» as the synthesizing

primer) of HgMjan ffa -4, pane iadhumthanil (lanes 5-8, panels
A and B) varietiegfof e th‘r\o (’;b: a3l 8 (flahes 2 and 6), 6 (lanes 3 and
7) and 12 (lafies 4¥angd 8) 1’,-; : \w\is'z 138 (panel A) and

oligodT.»/UBC 228 (pdhel’ B), tanes,

control (without cDNAftempla 1_- espe

--r,
"'f"

00 bp ladde the negative

,,_," .

A

%

e
ot r—

500 M =

| —

-l Nl 1IN R 11181

of Homjan (lanes 1- 4) and Pathumthanilg$ab-8) varieties of the control

lanes 1 and 5) and 3 Ianes nd 6) 6 (lan nd 12 (Ianes 4 ane’ 8) hpt
q ngtm / is a
ntrol out'cDNA te p re p C ey
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Figure 3.6 A 2.0% ethidi m, | : arose gel showR#gP-PCR products
irsi ; 'Iés the synthesizing primer) of
Homjan (lanes 1-4) andsRath -!m—, anil Iane the control (lanes 1 and 5) and 3
(lanes 2 and 6)?1——‘ an aneand 8) hpt using primers
O|IgOdT+A/UBC1Xa ig 0. tagative control (without

cDNA template

ecti

i 0 e
Figure 3.7 A 2.0@ h_‘ / \ eI showR#AP-PCR products
generated from the fir stra-m Y g oligagasithe synthesizing primer) of

Homjan (lanes 1-4) an@fPath hamthanil (fa B¢ tiesi0f the control (lanes 1 and 5) and 3
(lanes 2 and 6), 6 (Ia ‘ 2 (laneand 8) hpt using primers
oligodT.»/UBC222. Lane 325:: = adder and #gative control (without

cDNA tem),
& _

AUSANTAS NS e

gen@led from the first strand cDNA (using oligod®s the synthesizing primer) of
Homjan (lanes 1-4) and Pathumth‘ﬂ (lanes 5-8pties ghthe control (lanes 1 arﬂ and 3

AIRNNIUWARLINLIRY

cDNA template), respectively.
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Figure 3.9 A 2.0% ethidi M, DI o arose gel showR#gP-PCR products
generated from the fir N/ Ts the synthesizing primer) of
Homjan (lanes 1-4) aaeP he control (lanes 1 and 5) and 3
(lanes 2 and - : nd 8) hpt using primers
oligodT,»/UBC457*an kkwtwe control (without

Ut TNENINEIN T
A ST T Y

arrowhead indicates a candidate RAP-PCR fragmeefemntially expressed in the
Pathumthanil variety. Lanes M is 100 bp DNA ladder.
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bp M 1 23 4 35 67 8 bp M 1 2 3 4 5 6 7 8

1000 = @ EE e & |

600

-"’f"}-‘ "ﬁ'f

/ ,é: 4.5% denaturing

| showing RAP-PCR
patterns of of ;ﬁmjan (lanes 1-4) and

4) and Path anil (lanes 5, 6, 7 and PathumthantL

8) varieties of tl‘ mrol (lanes 1 and ” control (lanes 1 and 5) and 3 (lanes

mmmﬂmﬂmﬂm o

pnmﬂs oligodTA/UBC158. Lane‘M is ollgodT+ /UBC222. An arrswhead

RTHN IOl AT NED

between rice varieties. Lane M is 100
bp DNA ladder.

lanes 5-8) varieties of
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p M 1 2 3 4 5 6 7 8 M bp ™M 1 2 3 4 5 6 7 & M

1000

’ ﬁ 4.5% denaturing

[ = le"gé! showing RAP-PCR

G i

;r' i g of ;ﬁmjan (lanes 1-4) and

| - — i .

Pathumthani Ianes 5-8) varieties of PathumthanfiXlanes 5-8) varieties of
@he control (lanes 1 and 5) and 3 (lanes

nt ol (la e ) (lanes
B NN
(Ian ) hpt Usi anes ing primers

primer
ollgodT+A/UBC268 An arrO\ﬁead ollgodT+ /UBC457. An arriwhead

qmia NI NG

Figure

polyacrylamai
patterns of

between rice varieties. Lane M is 100 between rice varieties. Lane M is 100

bp DNA ladder. bp DNA ladder.
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Several RAP-PCR fragments exhibited differentialixpressed profiles
between two rice varieties during different timeemvals of salt stress (0, 3, 6, 12 and
24 hour post treatment, hpt). In addition, 24 RAPRPbands showed differential
expression between Homjan and Rathumthanil and ayRAP-PCR bands were
only foundin Homjan varie %

t“ f/ pectively. Of thefeair fragments were

3.1.3 Cloning.ai r1Sﬁfragn&nts

cloned and sequenced

were reamplifi ' iNé mers \ eamplified products of
oligodT.A/UBC10#* Al Spe Pifieatiomds. This candidate
RAP-PCR markeggvagfngt jurtier: : 1‘-\_':: dther hand, the discrete

expected ba W3 n. . an 'uﬁ 'I-.,\ 'odT+A/UBC457_37O,
oligodT.A/UBCA45 ¢ 36 \ 1*\ oligodia/UBC222 510,
oligodT:a/UBC222_380 J& lige ‘,;i-. _ %2 350 Wy each original primer

combination. Th:a 2 g" 1 S et ] 18d YadiSeqderPositive recombinant

clones were idertifiecliby co

Table 3.1Ex@m Ci Rﬁ%{ﬂ@gments of rice

************* FRAP-PCR fragment

gfential expression

HI

oligodT.»/UBC
oligodT,.,/UBC

o awﬂwiwﬂi

o] gqiT+A/

= - 950, 850, 750, 68@80

20,
§35o
) 250

oligodT,,/UBC457 - . HOOO 720, 460, 44C&m60




64

B M N 1 * N 3 pp M N 1 2 3 4 N

Figure 3.15A 1.59%etH

: _ 1.?5 -t e gel shoviire reamplified
products of o Al anol ., 0gkh/UBCAS7 360 (lanes 1 and 2

panel A), olig; 37 a8\3.pant WRGTUBC101 490 (lane 1
panel 222 ' and
oligodT:a/U e2-44] \B)\'@neSiM arft*Naat€0 bp ladder and

the negative ¢

1500 F

1000
o l.*‘f:r::‘f»m
- . '4.- ,:

AUHINHRINEDS: -

(lanes 1-6, panel B), oliggd/UBC222 _ 380 anes 1-6, pan )and

q RISSATUMNING TR
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Nucleotide sequences of the recombinant clones wsubgected to similarity
search using Blalst and BlasX. The oligodT.a/UBC457_370 significantly matched
Zinc knuckle of O. sativa (6e-12) whereas the oligodyUBC222_380 was
significantly similar tgprotein kinasedomain containing proteirof O. sativa(le-40)

\\W////

CGACGCCCT GAAGA / TTCGT CCTGATTCCCAGCCG
TTGCCTGTGGTGT TeEs 7 X

CCECTEETEETCCTGITGITGGTGITTCC

TOGTCAGCGT CGTCagke GRECTCAGGIREAAOCT AAGT TAAGGT AAAT
AAGTCCTTTGTTTATGL AFGATIEARRETT GT CACCGT GAGTACCAGOGC
TATGTCCT GEGACEBETACHEAGAT OF0R 3\ ’?gv SGAAT TCGOGCCGTTTTTCCT
ACGACACGCTEEA : ACGEGOGTACOABAT 1 COGEGT GTGAGA

B

CCTCACCERCS i 4 e TACCECBGAGGT GGT GRCGGCGCT
GGAGTACGTCOACATGE ETACCGHGACGT CAAGCBBEAGAACGT GCTOGTCC
GOGCCGACGGCCACE g- TECRICAAGT GCOGACCOGACGEOG

CCGACGCCGGCGCACGT S [ CC AGTCTTCCTCCTC
CTCCTCCTCGT@ETG - CGTGCTTCCAGCTCT
TCCCAGGACGCGGEECET CG AAGAAGCCGT CGAGCGGEC
- 'i.

GGCGECGECAAT |

Figure 3.17 Nucleofile J ! 457 370 (365 bp, A) and
oligodT.:A/UBC222 380( 7 # Trom cDNA dD. sativa The location
and sequence of _,a;a_;! ard eUBC222-380-F) and those

complem{;} @) are illustrated in

ﬂumﬂﬂmwmm
ammnmumwmaﬂ
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3.2 lIdentification of genes involving in salt toleance mechanisms in rice by
cDNA-AFLP analysis

3.2.1 RNA extraction

Total RNA was ex es; of IR29 and Kadikat different time
intervals during the Stress. : i along with smear high and low
molecular Weight RNA.were-a Be Tatio of ORed/OD-g Of the

by BD Powers (Elontech). The resultingdyocts

ranged betw intica :\*\:‘ ality of the synthesized
first stand cD i 3). The se ~\‘~_\:‘|- By \vas synthesized for 3

1500
1000

s

Figure 3.18 A 1. 0% ethidit =t
T

Med agarose gel showi quality of
total RNA extracted -leaves of IR: abll Pokkali (lanes 5-8) varieties
of the cort_a NG ( _éhd 7) and 12 (lanes 4

and 8) hptb_ . qﬁer, respectively.

q W’Eﬁﬁﬂ“’ﬁ ARy

6 (lanes 3 and 7) and 12 (lanes 4 and 8) hpt &9 IfRanes 1-4) and Pokkali (Ianes 5-
8) varieties. Lane M is thieHind IIl DNA marker.
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3.2.2 cDNA-AFLP

The preamplification using E and M primers genetatee major products
between 400 - 800 bp in size (Figure 3.20 A). Intcast, preamplification with &

jar ip ct at 800 bp ireqigigure 3.20 B). This
indicated successful restigHOR! o ’%/ DNA to be used as the template
for CDNA-AFLP I‘ & ,
N _ -—--ar
The preaﬁﬁrﬁ_" @nd eatgd to selective
amplification w ers tontaiNing ™epthree selective nucleotides. The

aLosesgel electrophoresis.

and M.c primers yielded the

amplification

A

Figure 3.201.0% aggFose.€ 2l electro sha@ling preacgtiidn products of E
and M primers (A) and E "-i'-r=-m CE (B) ot ttontrol (lanes 1 and 5) and 3
(lanes 2 and 6), 6 (lans ﬁ{?:é-.; _ $148) hpt of IR29 and (lanes 1-4)
and Pokkali_(leu : r
& it

(W)

— i
1 |
I | - | ]; |
A totan 120 primer combinations were screem€db{@ 3.2). Seventy-six
and twenty-seve‘ g@mbinations showed fiafampliboagiroducts (Figure 3.21) and

FUHHTRENINYIR T~
RS SY

q naturing polyacrylamide gel electrophoresis (Feg 1283
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Figure 3.211.5% agardse.gel sle P #_the &oapion products of E-1/M-7

(lanes 1-4, panel /M.c-3 (lanes 5-8, panel B).

Lanes M and N - DNA Iadd r-a hegliegaontrol (without the cDNA

template), respectiv _ \

A '-.
3

- »

1\

N)Q%\

100
00,

bp

A

1500

—
1000 F

-
A \ .
Figure 3.221.5% agalfose 3_:‘-."-.'» pho g es'mgiplified fragment from E-
4/M-5 (panel A) orgmalli§izes of ;‘-.u plified puots (& 308 bp) from -2/ M.c-5 (panel

B). Lanes M and N ag# a A 2 and @@ative control (without the cDNA

template), respectively.

A

™ = & 7 8

(]

qRIRNTII HNAANTIRY

control group (lanes 1 and 5) and 3 (lanes 2 an@ @gpnes 3 and 7) and 12 (lanes 4 and 8)
hpt of IR29 (lanes 1-4) and Pokkali (lanes 5-8)etss. Lanes M and N are a 100 bp DNA

ladder and the negative control (without the cDNAplate), respectively.
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A B

M 1 2 3 4 5 6 7 H] N
bp = —

1000 %=
—_——— —

—\///)
Posugh =

1 2 3 4 5 6 7 8§
. ||I' lIII . IIII ‘III ‘il' lII' Iii'
wol—8 ' .

Bl =

B e — o —

Figure 3.24-T5% _afarg electropi 5.5 g selectmplification
VI-1 Pan€l IM-5,(pane ABi(panel C) and E-4/ M-9
' ), 6 (lanes 3 and 7) and 12

(lanes 4 and @Fhpt 2lgle- o . &) e varieties. Lanes M and

products of
(panel D) of the tra)f
N are a 100 bp JNA - theh 2 GO f”‘n,: the cDNA template),
respectively.

1500
1000 TS

C

bp

1500
1000

500
1 " - - sk - = »
rl - L} - L} L]

Figtm 3.25 1.5% agarose gel electrophorésié showing selectinlification

oducts of E-5/M-5 (panel A ,!—3/M-1 panel [E)@/I-8 anel C) and el M-8
VRIS HE TR,
q dl es 4 and 8) Npt 97lahes 1-4) i (lanes 5-38) varietlesS. Lahes

M and N are a 100 bp DNA ladder and the negativatrob (without the cDNA
template), respectively.
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Figure 3.26 1.5% ¢ : Gﬁ ﬁowing seleciiglification

products of E-1/M- 1€ “darkeand,5) and 3 (lanes 2 and 6), 6

Figure 3. - seleciiglification

products of B , 1 (panel EU‘EA 5/M.c-2 (panel C)
and Ea- 5/M+c-1%.(panel D) of the control@les 1 and 5) an@laBes 2 and 6), 6

vmm VRPN T o e

NA template), respectlvely

ammmmumqwmaﬂ



71

Table 3.2 Amplification results from cDNA-AFLP primer comlations screened

using the cDNA template from leaves of IR29 andKdikvarieties

Primer Result Primer Result
E-1/ M-1* ++ E-4/ M-1 +
E-1/ M-2 - \‘h’y/ E-4/ M-2 +
E-1/ M-3 ' ! -4/ M-3 -
E-1/ M-4* *\ ‘ ////é"“ :
E-1/ M-5* é 3 TR -
TRV e +
4 +
AN .
++
+
+
+
E-2/ M-5* ++
E-2/ M-6 +
E-2/ M-7 E et ‘ -
E-2/ M-8 = -5/ M-8* ++
E-2/ M-9 i :

E-3/ M-
E-3/ M-4

—-
- E-6/ M-3 ‘jﬂ'

-

E-3/ M-8

fUEInenineIng

=0/ N QS




Table 3.2(cont.)
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Primer

Result

Primer

Result

E+A-1/ M+C-1 -
E+A-1/ M+C-2*

E+A-1/ M+C-3
E+A-1/ M+C-4
E+A-1/ M+C-5
E+A-1/ M+C-fmmm—t

E+A-1/ M+W

E+A-1/ M+C-8

E+A-2/ M+C-7 |
E+A-2/ M+C-8
E+A-2/ M+C-9
E+A-2/ N+
E+A- '—
E+A-3F ’!‘ 7
et
E+A-3/ MH -3
E+A-3/ M
+A-3/ M+C

g—A-B/ M+C-8 -

E+A-4/ M+C-1 -
E+A-4/ M+C-2 -

+A-4/ M+C-3 -

ﬁ;,ﬁiﬁ |

|
A-6/ M+C-ﬂ. -
E+A-6/ M+C

&6/ M+C5

+

ﬁjﬂ') ﬂElVIiM']ﬂ‘i

E+A-6/ M+C-8 :
g +A-3/ M+C-9 +A:6/ V€ g - u
- ' L] L L] L} Ly | q L]
Q 1 E+A-3 j] ] WE+A-B/ M - -EN
he dmplifiGatioll plodlictsidhatiete Uither azds byl defaturifig lpclselectrophdiesis Bs=no
q amplification products, + = positive amplificatiggroduct but sizes were less than 300 bp or single

band and ++ = positive amplification products &iitig appropriate size range but the latter showed

more intense amplification products
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bp M 12 34567 8

A

: ' .-
i Vs |
% 1 J 7 £
, i ' <
[ ! -
]
¥

*-lq.__-_

'

-
; i

.
.
-

i
=W p

— ja
Figure 3.28 M.O% denaturing polyacrylamide gel sh@iing cDNALP products
of E-5/M-5 (Iang‘l‘-&amplified using cD%of therdrol (lanes 1 and 5 ) and 3

LONIRIERR [8]hihk 2 E 4l R

fragﬂlant differentially expressed (down regulatibejween rice varieties. Lane M is

QRARIATAIAMIINeNaY
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bp M 12 34567 8 910 1112 13141516

400

cDNALP products
of E-2/M-1 (

?E 1-8 u@g cDNA of the control
(lanes 1, 5, *4nd 13), and 3 (lanes 2, 6, 10 dpd6l(laneS 3, 7, 11 and 15) and 12

anes 4, 8. 12 g@) hpt of IR29 (lane$¥4. an®) and Pokkali (lanes 5-8 and

(I
di tial ressed (down regulation) Detwe leties. Lane M is a 100 bp

DNA ladder. d

RINNTUUNINYIAY
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bp M 12345678 910111213141516 M  hp
-~ Yl e
:l—-. e er “ .
—
N
\ - 500

|
Figure 3.30 A” .0 % denatu mide gel sh@ng A@NFLP products
of E-1/M-6 (Iane‘i ‘ and E-1/M-7 (lane ) difigd using cDNA of the control

B SVE { it a DRy

13- varieties.. An arrowhead indicates a cartidid®NA-AFLP fragment found in
Pokkali variety. Lane M is a 00 bp DNA ladddbh

Qﬁﬁm L INea Y
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hp I 1234567 8 9101112 13141516 ™ hp

100 (e = 1000

-

W &
& o
Ed

Figure 3.31A 4. °o denaturing polyacrylamide gel showing cDIALP products

of eyl he control

T IIT 0T iy T el
(Iang4 8, 12 and 16) hpt of IR29 (lanes 1-4@&1@) and Pokkali (lanes 5-8 and 13-
16) varieties. An arrowheac‘ indicates a o@fidida@NA-AFLP erent

q R TRARTINEIRE
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bp M 12345678 910111213141516

1000 —

S00

Figure 3.32 A 4?% denaturing polyacryla§|?e gel showmg AHR@ducts of Ea-

HOUTNEn ﬂ%ﬁﬁﬁlﬁ?ﬁ?

(Ianﬂ4 8, 12 and 16) hpt of IR29 and (lanesahd 9-12) and Pokkali (lanes 5-8
and 13-16). An arrowhead |nd| tes a candidate GIMFAP fraémjent dlﬁeMaIIy

q KA RN WAL
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M 1 234 5678 ®111213141516
bp g i b : IRAR

|

Figure 3.33 A 4‘0/&natur|ng polyacryldipitle gel showing cDNRLP products

(.m;ttmﬂmmtﬂmm:;

(Ian 4, 8, 12 and 16) hpt of IR‘Q (lanes 1- 4%1@) and Pokkali (lanes ajﬂd 13-

qWIe AR IV TAY
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bp 12345678 9111213141516 Mbp

500 = 500

00— 8 ' ' — 300

Figure 3.34 Aﬂ 5% el shI aing cDNALP products
of E-3/M-1 (Iane 1- 8) and E-1/M-5 (lane 9 -16) difiged using cDNA of the control

. 1 15) and 12
ﬁ zlful dﬁ ﬁ{%g fia 5-8 and 13-
arieties.  An arrowhead indicates a candidaeNA-AFLP  fragment
dlfferentlally expressed betweeriffice varietienid&gsya 100 bp DNA ladderp

qmmnmum'mmaﬂ
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bp M 12345678 910111213141516 M bp

3 ry e products
H ~1Xla lified u g cDNA of
tro (Ianes 1,5, 9and and 3 (lan 0 and 14), 6 (lanes 3, 7, 11 and

15) and 12 (lanes 4, 8, 12 and ﬁ) hpt of IR2 nd 9-12) and PokW(lanes

q Wﬁ;ﬁﬂﬁ TR TINYIEH
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bp M 12345678 9 101213 14 15 16 M bp

500 500

Figure 3.36 A 4‘°ﬂenatur|ng polyacrylwie gel showing AFpPducts of E-

“’ﬁ ﬁﬂ (ZI‘WEm*ﬁ NELITYS .

16) hpt of IR29 (Ianes.,l -4 and 9- 12) andkBloklanes 5-8 and 13-16)

TN
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The expression patterns of cDNA-AFLP fragments waassified to be that
exhibiting differential expression between riceighes and that presence in one but

absence in the other variety.

As can be seen m; .3, a large number afnfients were
differentially expressed.Deh/eet ¥ ipg treatment (0, 3, 6 and 12 hour

post treatment, hpt). n.contras a Hhands were only found in the

Pokkali and IR29:GioUpSTe .j@A-AFLP fragments were

successfully rea - sawereardgnd.sequenced.

ed cDAIALP fragments

3 -,

? \\ Differential expression

""' ‘-. ), 600, 500490, 460, 340

Primer

E-1/ M-1
E-1/ M-4 .,,- 800§ 680, 610500

E-1/ M-5 - 100,910, 820, 700, 520380
E-1/ M-6 450 980, 800, 760, 640, 600

820, 800, 620, 53600, 450,300

500, 44
: . 680, 610, 500360, 330

A unSnERS

M+c-2 - ; O 640

ammﬂmummmaﬂ

E+a-5/ M+c-10 -

, 420, 350

E+a-

Fragment that were cloned and sequenced were beliifé and ** = fragments that were

used for semiquantitative RT-PCR and real-time R@&ysis, respectively. - = not found.
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3.2.3 Cloning and characterization of cDNA-AFLP frgments

Fragment showing differential expression patteresenreamplified with the

original primer combinations for each fragment (F&g 3.37). These fragments were

cloned and sequenced. Positi inant cloregs wlentified by colony PCR
(Figure 3.38) \
1 2 N

A

bp

&
o

Al : \\

Figure 3.37 1.5% etlidiu I;UQ nide *" ined ‘agarose g el shovliiegreamplified products

generated from cDRA-AFLP f%ﬁ i\ -5_8 gapanel A), E-1/M-6_980 (lane

1, panel B), E-1/M-7,800 (lape=2 | /V6QB 460 and 390 (lanes 1 2 and 3,
panel D), E-5/M-8_460, 40 ::.;.;,; nd- glIit) EA-5/M.c-2_490 (lane 1, panel F).
Lanes M and N is a 100 irﬁf;:f nd igspectively.

bp . 6 3 0 I
v Ul O "',

15000
1000

300

78910NubpM12345

] fenTaiumIngIay

1-5, panel B), E-5/M-8_400 (lanes 6-10, panel BL/H-7_500 (lanes 1-8, panel C) and E-
3/M-1_600 (lanes 1-5, panel D). Lanes M and N at@@bp ladder and the negative control,
respectively.
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Similarity search was carried out using BMsind Blask. Nucleotides of
fourteen fragments did not match any known sequeitdehe GenBank and were

regarded as unknown transcripts. Only seven fraggnmsignificantly matched.

sativagenes and three sequence tched other plant @regees. 3.39 — 348 and
Table 3.4). ]//

CACGAATTCAAGATCT( CCTCCTGACTCAAATCCATTCTAT
GCTGGATTTGGAAATAGA CAAGGLT GGGATTCCTATGGGCAAAATT

TTTATTATAAAT CCCAREEETCAGT: C RGATACAAAATCATACACATCCCTC

CATGCTCTTGTCAATGEGARSTT oS A RGLGAGCAGGAGGACTACAATACTTGG
AATTACT GGAGAATELCGI TA@ ; , .ﬁ_fe‘.-e‘ AGTGCATGCTATGCTGTAC
AAGGTCTCTGGCACGCABFAGER e MATGOETTREA TERIEAACAAAAGCACCCT GAGACCA
ATCGCTGGTTGGRBTCAT GREGATGETO \\:&%; ABBEEGACACT GTACATAGGATC
ATAATAGAAAAACT TAGAACCH A G wea\ AAG ‘:\ G

Figure 3.39N#€leotidg’seg 534, 5 u plified from cDNA @.

sativa The locatioh ag@ = 8 VE “k n M+c2 534-F) and those
R)%are strated in boldface and
underlined.

GGTAGCCAAATGECTCG] A, NG 3 FGAAT GGAT TAACGAGATTCCCACTGTCCCT
GICTACTATCCAGCGA > / Al CAGCGGGGAAAGAAGACCCTG
TTGAGCTTGACTCTAG 3] G [GA 5 GATAAGT GGGAGCCCTCGGEEC
GCAAGTGAAATACCACTAG GI T/ CC 'li GAGT CGGAAGCGGEEECCTEECCCe
‘_, T CEEH AAGACATTGT CAGGTGGGGAGTTT
GGCTGGGEECGEECACATCT( AA/ A \ ET AAGAT GAGCTCAACGAGAACAGAAATC
TTGTGTGGAACAAAAGGGT C.T-f;.---m:i =AT TTCCAGTACGAATACGAACCGT GAAAGCG

TGGECCTATCGATCCT TTAGACCT UL '1 & ACGT GTCAGAAAAGT TACCACAGGGGTAA
CTGCCTTGT GGCAGCCAAGCETIE -'I- ACGT - TCGATGTCGCCTCTTCCTATC

ATTGTGAA
(Y A [
Figure 3. 4@ G iItu’&miiffrom cDNA of O.

jﬂ(ﬂS 633-F) and those

trated in boldface and

sativa The quq tion
complementary=to a reverse primer (E-5/M-5_633-R¢
underlined. fn Qs

TGT CT GAAAAAAAAAAGAAATCCCT TGGAGGAAACCT GIATCCCCT CGAATCACATGGT GATAAT
AGCATCCACTTGGTACT TAAAAGATTTACAGGATGATGT TGT TATT
CGATGCCACATGGATTCCT GGAGCT TT GICT GAAAAATAT“T ATGECTTTCCTTGT T

QWTANITIRE ] i}

sativa The location and sequence of a forward primer5/(#-5 478-F) and those

compiementary to a reverse primer (E-5/M-5_478-iRg¢ diustrated in boidface and

underlined.
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GAGGTGCACAGGTGCTGTTCTTCATAGCT GCTATTGGT CAACT TGCATTCTTCACTGACATACATCAAT
TTCCCAATCCTAAGT TCAATAACAAAAGAAT GT CTTCTCAGAACCATAAACT CTTCCCCGCCAGCTTGC
ATCTGGAAACTAT GT GGT GCT CGGGAT GAACCGAT CTCTAGAGCACT TTTGT GAAGCCCACGT TCCCAC
TCTTCTTTCCCCCACCAACAACTAGT AGGT TGGGGEECCTCGGTATCTCTATTTGCAAAGAGAGATATCT
ACACCAAGAAATAT GT GATCGGAAAACGAAT GAAAT CAGAAAGGCCAT CATTGGGGECAAACAAT GCAAT
AGCTTCGGT GAGAGCAAAGCCCAAAAT GGCATAACCAAATAGT TGT TTAGCCAATGAGGGATTTCGCGC
CACGGAATGAATCAAAGAACT GAAAACGT TTCCAATACCGACAGCAGCT CCCGCTAAAGCAATTGTAGC
AGCTCCGGCACCTA

underlined.

GGEGCGAACA ‘ Ae%-.ﬁ; T.CCOABAGOCGACAT CGAGGTGOCAA

ACCTTCCCGTCGATGI GG EARGRTCA ec;q% ATCC AGAGTAACTTTTATCCGTTGA
GCGACGGCCCTTCRAeT CeGal :_fj? G TTP@EICT CTGCT CGACGRGTGAGT
CTTGCAGTCAACETCOC ﬁ I IACOAA TEIBEGT CT GGOCCGAGGAAAGCT TTG
CACGCCTCCGTTACGIT T TGECARGEG ATAC GAGACTGTCCCTTGGCC

CGCGGGTCTGAGAPRAGGS ey

Figure 3.43 NuclgBtidegSeq C anmggiffrom cDNA of O.
sativa The lé€ationffand’ e of : efdE-9_364-F) and those

complementary llustrated in boldface and

underlined.

CACAACACCACCTCCH AGACGGT ACH CTTGITCCATATACTTCCCCG
CAGAACGGCAAGGCEGAAC . ( g ACCCTCCTCCTACAAGCC
TCCATGCCACCCTCCTAT "AG ( ACCTCCTGAACCGTCGACCCTCG
TCCTCGGTAAACAACT CAA cn’;-l ﬁif@, ﬂ‘;' \GATTCCCGATTATTCCATGITACGA
GTGTTTGGGTGI TTATGCCAT CEEATATTCACATH ATGGGAGCCAGGAACAAATAATGCGEGEGTTC
ATATAATTCATTCACACACA :

ﬁrﬁ 'l-.i"'

Figure 3.44'Nucleg gp) afmaliffrom cDNA of O.

Satlva Th I r-u-u-;uum:mmn \ 365 F) and those

complemertas. te & ted in boldface and
=

underlined. H : ! |

TGCTTCACAATGAT AGGAAGAGCCGACAT CGAAGGAT CGAAAAGCAA ATGAACGCTTGCECTG

CCACAAGCCAGTTA GIGGTAACTTTTCTGA AGCTTCAAACT CCGAAGGT CTAAAGGA

TCCAT, GGCCA

TCAGAATCAAACGAC—LI TTTACCCTTTT

CAGGACT
d ACTIRTGATTTCT
i TGAGA

CTAQCGGTATCTGATCGTCTTCGAGCCCCCAACTTTCGTTCTTGA

Figure 3.45 Nucleotlde sequence (f E-5/M-8_461 ( anqmj iffrom cDNM
ry o afre ll—

underlined.
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GGCATTACGCTGGATTTAGAAGAGATTTTTACTCAGGACT CATCATGT CTGCGTACCAATTCAACCAAC
TTTGGCACATGCTAGAAGATGCTCTTGCTTTCGCATAGAGT TACT CAGGACT CATCGTGACTGCGTACC
AATTCGGCT TCACAAT GATAGGAAGAGCCGACAT CGAAGGAT CAAAAAGCAACGT CGCTATGAACGCT T
GGCTGCCACAAGCCAGT TATCCCTGTGGTAACTTTTCTGACACCT CTAGCTTCAAACTCCGAAGGTCTA
AAGGAT CGATAGGCCACGCTTTCACGGT TCGTATTCGTACT GGAAATCAGAATCAAACGAGCTTTTACC
CTTTTGITCCACACGAGATTTCTGT TCTCGT TGAGCT CATCTTAGGACACCTGCGI TATCTTCATGACT
GCGTACCAATTCGGGAGCCAGACAAT TGCATCTGCATCAAT TGT GCCCAGGT CTGCCGGECGCATCAGAC
ACGGGGTTGATGGTAGIT

complementary to sk ' [ dlustrated in boldface and
underlined. = :

GGCTTCACAAT JGACATC CGGA \AAA ecu EETCCCTACGAACCCTTGECTG
CCACAAGCCAGT TATCCGH GA AAACT CCGAAGGT CTAAAGGA
TCGATAGGCCACGET : " AC CAAACGAGCTTTTACCCTTTT

GTTCCACACGAGATTTCHE 5 / T TAGGACAC RCTGTTATCTT

Figure 3.47
sativa

ACCAAGTGTTGS AGEK Gl GO CIET CTAGL COGT CGTGAGACAGGTT
AGTTTTACCCTACT GAJIX SOOGOGATAC AN GO AGCACGAGAGGAACCGTTGATTCAC
ACAATTGGTCATCGRECT T EREAGIECCCOGAA GO ACTE] GT GCTGGATTATGACTGAA

galiffrom cDNA of O.

Figure 3.48Nucleotiffe sguénce gt EXASBN \ 70070 bppldiad from cDNA of
O. sativa

ﬂ’LlEJ'J’ﬂElVI?WEI’]ﬂ‘i
qmmmmummmaﬂ
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Table 3.4 Similarity comparisons of transcrlp = dentiiea-by clﬁA A@ously deposited sequences in the database
N
Fragment - Accession no. E-value
E+A-2/ M+C- lipin, N-terminalyg® ; DP000010 7e-53
1 534 , D,
E-5/M-5 633 cytochrome p45QgfionQ@Xxygeng:s yzasativa, *, \ BE040811 le-31
E-5/M-5_478 Hypotheticalgfoteinlf Onfizalfativad(callea hypotnetically, NP_001064844 4e-19
proteinz; . o AW
E-1/M-7_497 ATP synthase sulUnitg fahi c;_;x--'v" yzalsatia % W ABA99282 7e-63
E-4/M-9 364 Hypothetical4ToteigfO| satl alle etigal AAMO8574 9e-13
proteinzoa) | f:%:_ \ LY
E-5/M-8 365 Hypothetical prot€in QFyza sativa-{callec fypothetica CAE05417 3e-52
protelnlga) iy ;‘:' \
E-5/M-8 461 Hypothetical prote Dry. ,,5_;.;;"" icalgl EEC70730 le-09
protein,sg) e
E-2/M-1 501 Hypothetical protein /Zea, ys(called hy Elical proteiny;) ACR36970 3e-33
E-1/M-5 264 Unknown protein/ZeaMays=24=+* = ACR36970 3e-30
E+A-5/M+C- Hypoth@l : XP_002467304 2e-10
10 270
HI dl

a«mmmmummmw

/8
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3.3. Identification of genes involving salt tolerane mechanisms in rice analyzed

by proteomics

Effects of salt stress on protein expression in #ageties rice (Pokkali and

IR29) were determined  usi protgomic techniquessetha on two basic
' ! )%// S-PAGE ymislwas initially used
ein’ patt jﬁ LC-MS/MS used for protein

methodologies: SDS-PAG

identification and_gquagification. @

time interva | stress (31 pt) treatment. Twenty
= "‘~._{/. -PAGE, and the gels
\ he™gel bands were excised

according to th { SS ¢ \régeteigistandard markers and the

a v
T

: ep ides of each molecular
mass range sa injestedl _:_j S/M

responsav/proteins

The raw datg ] VIS/MS W zed using DELWIS Differential
Analysis @/ 7# were submitted to
database k ! n)lst the NCBI database

of O. sativafo@'otel
il

From a tciaﬂdentified protein ba&cﬁ, rice e#igs before the stress (0 hpt)

tr ' I the ¢ | (re | ' tighty expressed
pr@teins fwerel identified Fodt 1 teifis ighfih logy to known

protﬂls existed in the NCBI database. Of these,243and 46 proteins were found

lyin Iﬁ@li orﬁQ nd Ejth.g;r up, L eﬁ(ﬁ:ﬂ. | o
q Wﬁl cﬁn k oﬁp ' ﬂiﬁdy eré ﬂz’e]aadiﬂo
q the biological functions of their homologues usitihg Gene Ontology Categorizer

(GoCat software). Eighty-nine and seventy diffeiaiyt expressed proteins identified
in Pokkali and IR29 were involved in 13 categori@sSigures 3.50, 3.51 and Table
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3.5) including energy metabolism (3.37% and 4.29%),utatl metabolism (13.48%
and 10.00%), biosynthetic process (5.62% and 12)86&#nsferase activity (1.12%
and 2.86%), oxidation reduction (2.25% and 5.71R8)JA processing (10.11% and
5.71%), hormone-related (1.12% and 1.43%), stratfunotein (10.11% and 10.11%)

vatl, for example, NaH"
antiporter, M and Photosystem I

protein. In adgi# e also identified. They

olved in transport and

binding protein ( i roteas Ved in protein destination

pknown proteingre abundantly

[ th Pokkali and IR29
g’ne unknown proteins

. '7 " J 7
In addition to .':E'f?'uu;; Al

expressec&& %

varieties (‘L'

ﬁre ta@alt exposure times. For
example, the \ ypothetical protein Osl_06083 (gi|21829018&presented clear

differential expr‘saprofiles than any pgpgeassit was down-regulated at 3 to 24

r;@;ﬁmm;ﬂmfwmm
qmaqmniwﬁwmﬁ’ﬂ

having high
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kDa M 1 2 3

4
66 — « 8
45 o | ¥

20.1

14.4

Figure 3.49A12 5% SDSFRAGES 10V . patterndk@Pl (lanes 1 - 5)
' il 6), 3 (lanes 2 and 7), 6

and Pokkali (lag€ ¢
Y& hp. Lanes M is the protein

(lanes 3 and 8),1

marker.

ﬂLlEJ'JVIEJVITNEI’]ﬂﬁ
QW’]Mﬂ’a’ﬂJﬁJ‘W]'JVIFJ’]ﬂEJ
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hormone-related

signal transduction
) cell rescue and 1199
13.48% defence . i i
12.36% ransport and binding

oxidation reduction proteins

0 22.47%
A — - . s s . . .
) 3 > 2 F ionic homeostasis
AW —
ok

structural protein 2.25%
10.11%

energy metabolism
3.37%

RNA processing
10.11%

pAOtosynt - A ) . ar metabolism

\\\

e and
ence

Figure 3.50Q
leaves of Pokkalj

foteins identified form

_ b : — [ hormone-related
photosynthesis .« A ‘ 1.43%

2.86% S et . . transport and binding
{ “\‘1.—“ proteins
structural ;
) : 17.14%
10.00% et 52
A ik 2 ionic homeostasis
RNA processHnrg 2.86%

5.71% l"
L

energy metabolism
4.29%

oxidation reduction

571%
cellular metabolism

ﬂuﬂﬁﬁ“ﬂmwmn‘s
AT UNVIRY IR

q |
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Table 3.5 Differentially expressed and characterized proteins fron Ieav of Pe '"F‘
Intensity ratio
Aceession Protein identity Pokkali IR29
6 12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt hpt
Energy metabolism
gi|73918017 hexokinase 8 Glycolysis 094 090 09 1 096 098 096 0.93
0i|968996 glyceraldehyde-3-phosphate Glycolysis 095 092 094 1 098 094 1.03 0.91
dehydrogenase
0i|108708096  ATPase family protein ATP symthesis 1.42 152 127 118 1 - 1.05 115 -
Cellular metabolism
0i|42407620 1-phosphatidylinositol-3- cellular prgi€in metabolic ] 092 092 085 082 1 085 089 094 0.87
phosphate 5-kinase process
gi|108708237 Phosphatidylir)ositol-4- cellular protei “}ﬁiﬁb’" SPH 1 09 095 092 094 1 098 094 103 091
phosphate 5-kinase process - .
gi|57900311 endo-1,3-beta-glucanase carbohydrate metabol y 1 095 0.90 - 089 - - - - -
process e T
0i|108708120  terpene synthase metapolic p ° "K.EIEDEL 1‘.&\ 1.08 105 - - - - - -
!
gi|52353391 flavonol glucosyltransferase netabolic pro C A\, - _) 095 093 092 - - - - -
0i|19386796 alpha-glucosidase 1 ) "‘J _ - - 1 - 130 112 119
9 sg. ‘-I.!
== |
0i|108862134  arabinoxylan L-ara H1 se metal - I.‘f - - - 1 110 1.10 - -
arabinofuranohydrolase proc D :
isoenzyme
0i|7630193 adenylate kinase purine nu‘cﬁ K. EAMDKG - 0.76 0.77 072 - - - - -
C
0i|39653556 dihydroxyacetone kinasﬂ bHtabol w H/W w H l ﬂ 0.81 - - - - - -
protein

- = Protein was not detected

QW’]MﬂiﬂJN‘Vl']’WIEI’]ﬂEJ
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Table 3.5 Differentially expressed and characterized protein ‘ am Iea#es of Rg 'E li.and IR

29 (cont.)

Intensity ratio

Aceession  Protein identity Pokkali IR29

6 12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt hpt

Cellular metabolism

0i|51091050 metalloendopeptidase proteolysi 0.81 0.90 0.87 - - - - -
gi|47497892 ulpl protease-like proteo - 087 071 - - - - -
0i|52076119  cysteine protease* Catabolic gFoce - 09 08 079 1 091 - 088 095
0i|41053066  alkaline/neutral invertase catalytic activi RS/ - - - - 1 - 082 083 0.76
0i|108863983  saccharopine dehydrogenase Amino-acid, gradition | | GGTGR. 0.88 092 093 084 - 1 095 - 1.00
0i|46404433  glutathione S-transferase metabolic process R VIE - 1.09 105 1.08 - - - - -
Biosynthetic process I 3
gi|2072725 Fd-glutamate synthase Amino-acid biosyntheSIS==KalV AEAC - - - - - - 1 - 101 095
precursor 3 __ T @'
gi[51090528  Phosphomannomutase mannose biosynthetie", #-r-': NVGYRNY : - 087 09 1 1.02 101 110 1.00
process 4
!
0i|49387682 trehalose-phosphatase B trehalose biosynthetil ; (Gl KHP -7 - 110 - 1 104 103 101 102
pre
0i[77551736 glycosyltransferase biosy i 081 090 087 1 08 - - -
110 |
gi|56784184  protoporphyrinogen oxidase  chloroghyll biosynthetic ~ R.RNLGAEVFER.L 14 I 094 - 094 093 - - - - -
process
gi|115471705 adenylate kinase family purine rlbo‘;cme M.ASRGGGAIW - - - - - 1 110 - 107 -
protein ( elig pre
0i|169759 ADP-glucose ‘ ¢ : i ; ; - - 1 110 122 114 1.09
pyrophosphorylase ‘ QCeSS ‘ ‘ ‘
- = Protein was not detected “ * = protein was selected for Quantitative RT PCR

ARIANTAUNNIINYIAY
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Table 3.5 Differentially expressed and characterlze pro e|n om Iea#es of Re Emrrmr R29 (cont.)

Protein identity

Biosynthetic process
gi|108862789

gi[31415898

tryptophany|-tRNA synthetase

3-beta hydroxysteroid
dehydrogenase

gi|19387272  chloroplastic glutamine

0i|47497880  molybdenum cofactor

biosynthesis protein A
Transferase activity

0i[51535072
gi[50725254
0i[29569153

Oxidation reduction
0i|38426301

beta-amyrin synthase
beta-1,3-galactosyltransferase

alanine aminotransferase

cytosolic 6-phosphogluconate
dehydrogenase

ribulose bisphosphate

0i|27311240 Squalene monooxygenase

gi|34393370
dehydrogenase/reductase
gi|21426123 i

- = Protein was not detected

ARIANTAUNNIINYIAY

\\“’/// )
l-l-..__“-
Intensity ratio
Pokkali IR29
Function 6 3 6 12 24
hpt hpt hpt hpt hpt
Protein biSynthe® " RKLGA | \ - 105 1.08 106 1.03
steroid biosynfeti <. IHQLTPS | - - 084 084 -
process - - ,
glutaminé®iosy, i RARPAA SR 19092 0.89 - - - -
process ) V
cofactor bioghthet - MMMPL - - 107 117 1.08 0.97
process |
/ 4
N A [ S . )
transferase activity e RLEKVAEG : 1 097 092 - - - -
transferase act|V|ty DDDAI - - - 0.75 0.80 082 0.78
LRI T
Amjﬂrans FG - 1.07 117 108 0.97
-
idath - 0.96 - 0.95 -
oxidati;ﬂjeduct : 0.75 080 082 0.78
| ,
oxidation reduction R.TMPNR.S + Oxidation - 115 1.29 - -
0.89 094 097 1.03
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Table 3.5 Differentially expressed and characterized proteins.ive Ieaszes of R E"‘Jl':‘l___:'r__: 29 (cont.)

Intensity ratio

Aceession  Protein identity Function Pokkali IR29

6 12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt hpt

ionic homeostasis

0i|21321024  chloride channel lon transpo 126 113 115 1 096 0.89 0.96 -

0i|51535165 potassium channel lon transport 0.92 0.91 - - - - - -

tetramerisation

0i|57863835 Na+/H+ antiporter cellular potasSium - - - - 1 - 092 086 0.9

homeostasis

RNA processing [,

0i|62733579 Myb-like DNA-binding regulation of transcrigtfon 092 0.81 0.90 0.87 - - - - -
domain

0i|54290881 zinc finger regulation of transefiption 1 107 - 1.03 1.03 - - - - -

0i|62733549 Reverse transcriptase transcription factor : 1 09 - 08 - 1 109 - 096 0.98

0i[115483692  transposase regulation of transcrip L K.REAMPNTR : 124 118 118 - - - - -

0i|24431594 DNA cytosine gene s@n 0.91 0.80 0.86 - - - - -
methyltransferase Zmet3 —

0i|62733549  DNA-directed RNA gene si& 1.08 109 104 - - 1 108 1.05
polymerase || 4 i

i|52075837 nucleotidyltransferase RNA proc g - '—l"' - - - - 1 1.10 1.12 - 1.07

0i|29150367 RNA binding RNA proc g il M - 1.08 1.15 - 1 09 - 09 0091
ribonucleoprotein

0i|108706011 Bromodomain containing  Nucleotide- blr‘n R. TDRFGDYSGP 0.83 0.84 0.81 0.87 - - - - -
protein

0i|37718782 U3 small nucleolar N pr C - - - - -
ribonucleoprotein

- = Protein was not detected

Qmmmmumfmmaﬂ
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Table 3.5 Differentially expressed proteins from Ieaves of.Pg K ali and R29 conL,)

Aceession

Protein identity

Signal transduction

0il47497193
gi[77553920

gi[40218073
gi[20804657

gi[51535863
gi[30017485
gi[108862067

gi[78707680

gi[77552550

gi[55296243

gi[77551931

wall-associated
serine/threonine kinase

Leucine Rich Repeat
protein

transducin
casein Kinase |

C2 domain-containing
protein-like protein
initiation factor 2 alpha
kinase

RNA recognition motif
family protein

protein Kinase domain

PAS domain containing
protein

wall-associated kinase 4

Jacalin-like lectin domai

- = Protein was not detected

qmmnmium’mmﬁ’ ]

\\"/// ’
| Intensity ratio
6 12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt hpt
protein amip@®acid R VYL & N - 089 094 - 0.88 0.75 0.86 0.93
phosphoryTlation | \ '
small GTPase pgjédiatg 1.06 1.02 - 1 0.96 - 0.99 0.95
signal transduétion
Signal transductio 1.06 108 109 104 - - 1.02 1.03
protein amino agi@ 096 093 090 093 - - 1.00 1.03
phosphorylation
Signal transduction, 1 105 - - - - - 1 101 102
Signal transduction 1 09 - 094 093 - - - - -
Signal @du i L - - - - - - - -
protein g :f 092 093 - - - - o .
phosph =
|
signal transhi tion 1 M.QS 094 092 090 - - - - -
protein amino ?d K NVLGRGGHGTw.G - - - - - 1 092 - - 0.88
osphorylatio :
)L TIL - 1 091 08 - 091
U .
o
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Table 3.5 Differentially expressed proteins from Ieaveso Bokkali and" R29 con]
yew i — —
\ T . -
'“-?"“\\ Intensity ratio
Aceession Protein identity Functie N Pokkali IR29
6 12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt hpt
Signal transduction ) :
gi[77549163  F-box domain containing protein ubigg@ftinatj : AN N 083 079 076 1 - 090 09 0096
protein : p '
0i|7243646 serine/threonine protein cell differentigtion (NARLTWR'E Rh0. 092 089 093 1 1.00 - 1.02 0.99
kinase -~ .
gi|52075918 receptor-like protein PRK1  protein amino aci \R.GGEGE y 1 . 092 085 082 1 085 089 094 087
phosphorylatio gL ‘
Photosynthesis A
0i|11466764 photosystem Il protein D1 photosynthesis 1.19 1.23 1.19 - 1 097 096 104 0.90
[’
0i|18855008 chloroplast chaperonin photosynthesis 1.18 - 1 090 088 095 0.99
Structural proteins
gi|50540679 microtubule-associated multj ular 091 08 1 096 - - 1.05
protein orgal
develOpiD
0i|47847642 myosin-like protein actiny '. - 094 1 095 - 1.01 1.05
movemedts
0i|45680447 histone H2A nucleosom assembly 1 - 0.88 - 1 1.09 - 0.96 0.98
Oxidation (M) \
0i|108862877  pentatricopeptide Structural pro ms KDSVSWNSIIGGFAM 1 087 - - - - - - - -
HGHGDK.A
”WWM’ﬂuﬂ?ﬂﬂﬂ§WH1ﬂi

Qmmmmumfmmaﬂ
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Table 3.5 Differentially expressed proteins from leave

Aceession

Protein identity

Structural proteins

9i[108864642
gi[108708319
gi[50540679
gil47847642
gi|45680447

0i|108862877

kinesin motor protein

proline-rich family
protein,
microtubule-associated
protein

myosin-like protein

histone H2A

pentatricopeptide

Transport and binding proteins

gi[29367367
gi[77553190

gi[52550761
gi[29467454

gi[22795260
gi[62733121

calmodulin-related

Zinc knuckle family
protein
phosphate transporter 1

sucrose transporter®

nodulin-like protein

signal recognition
particle protein

- = Protein was not detected

qmmn'miuwﬁwmﬁ’ ]

\\“’/// )
SO -.'I ali and?RZg con]
"y, . .
Intensity ratio
Functior Pokkali IR29
6 12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt hpt

microtubule-b@Sed 0.86 0.83 - - - - - -
movemen ‘ ,
Structural proteig REAELLC ’ -. - - - 1 0.91 - - -
multicellulap@Tganis 092 091 086 1 096 - - 1.05
development
actin filament-haséd - 0.88 - 094 1 0.95 - 1.01 1.05
movement
nucleosome assemlil 0.95 - 0.88 - 1 1.09 - 0.96 0.98

t\nh’ qﬁ
Structural proteins “K.DSVSW - - - - - - -
calciuni T8 bin  RAAGTGGAF . 08 109 1.04 - - 1 108 1.05
nucleicaacid binding—— MASNMSWSKE 110 04 101 109 1 - 0.83 081 081
phosphatetransp o:&* 091 099 08 1 - 099 098 -

ot |

sucrose trdﬁ orter GGGG 0.77 0.72 1 112 103 125 0.97

L+ OX|dat|0n (M)
plasma membr?e K.YSLNSWVVAK.R 1 - 091 0.82 0.87 - - 1 1.01 1.06
SRP-dependen 096 1 1.02 101 1.10 1.00
ql *'= proteln was selectefor Quantitative RT PCR

86
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Table 3.5 Differentially expressed proteins from leaves of Pg n ali ande29 conL)
b
\ \ Intensity ratio
=
Aceession Protein identity Function \“" POkka“ IR29
3 12 24 0 3 6 12 24
~ - hpt hpt hpt hpt hpt hpt hpt hpt
Transport and binding proteins
0i|38175486  erythrocyte binding protein  binding protei 0.95 - - 095 101 095 094
gi|11034589  ABC transporter Transpor: 1.09 107 104 - 0.96 0.97 0.95
gi|218204 GTP binding protein binding protein 111 1.05 - - - - - -
gi|77553880  Cytochrome P450 electron carti - 1.03 - - - - - -
0i|18250696  potasium transporter potasium transpog , 0.85 0.88 - - - - - -
0i|20042982  calcium-transporting calcium ion trag8port R.A/ u - - - - 1 093 096 0.89 085
ATPase i
gi|77552805  Ammonium Transporter Transport k AGGVQVLK ; - - - - 1 109 122 113 1.08
0i|46576038  far-red impaired response  zinc ion binding ' 0.97 0.92 091 - - - - - -
protein
gi|50582733  endoplasmic reticulum electron transpor 0.76 0.77 0.72 - - - - -
oxidoreductin (%
0i|52076586 ionotropic glutamate lon trapsport——————— RNMEVA/HVNPD, AGMR.1 4 E _) - - - - 1 - 1.01 0.95
receptor ‘
0i|10716600  peptide transport protein peptid p ]&- 124 118 118 - - - - -
—
0i|18071340  TGF beta receptor ATP-bindi“ ‘ R.LD 1 M 0.88 - 094 1 095 - 1.01 1.05
0i|29893633  peroxisomal Ca-dependent  transmembrane - MDSGAAAAAAR R+ 1 118 1.16 125 - - - - - -
solute carrier protein transport " 25 Oxidation (M)
0i|108705863  Armadillo/beta-catenin- indi in ! L 1 - - - - -
like repeat family protein
- = Protein was not detected ‘

ARIANTAUNNIINYIAY
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Table 3.5 Differentially expressed proteins from leave

Aceession

Protein identity

Transport and binding proteins

0i[14488297

gi[51535072
gi[20162451

salt-inducible protein

beta-amyrin synthase

sulphate transporter

Cell rescue, Defence

gi[2384758
gil40714670

gi[15217337
gi[33087081
gi[54290333

gi[18071411
gi[13122418

gi[52075804
gi[45735835

gi[55296378

GDP dissociation inhibitor
protein
heat shock protein

gag-pol precursor
heat stress protein

NBS-LRR disease
resistance protein
membrane-associated
protein

glycine-rich protein

zinc-induced protein

bactericidal permeability-
increasing protein
resistance protein

- = Protein was not detected

\\“’/// N
S.Q .'I I and?RZg con
J — - -
Intensity ratio
Function Pokkali IR29
6 12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt hpt
intracellular pFotein 091 091 089 - - - - -
transport
Transport 0.92 0.91 - - - - - -
sulphate trangport 092 0.91 - - - - - -
cell tip growth: - - - 1 1.02 - - -
response to stress r 0.95 - 0.88 - 1 1.09 - 0.96 0.98
DNA integration 1.07 - 1.03 1.03 - - - - -
response to stress 0.88 086 086 082 1 - 091 092 -
defense.response 0.93,..0.76 0.77 072 1 112 103 125 0.97
evasion virusof host— RAGROVGEWR G 1094 98 097 0.92 - - 1 1.04 1.03
immurig regp *
response<{6-apse 0;_3. 084 081 087 - - - - -
acid stimuﬂ i
response t0 sfress R.SRLAMYSALR.C 092 091 - - - - - -
defense respor? R.GGREPTAAER.A 1 - 094 097 - - 1 099 1.00
u 095 - - - - -

EhE
qmmnmuwﬁwmﬁ’ ]
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Bok] m
of Po I,|and R29

Table 3.5 Differentially expressed proteins from Ieae

Intensity ratio
Pokkali IR29
6 12 24 0 3 6 12 24

hpt hpt hpt hpt hpt hpt hpt hpt

Aceession Protein identity Functio

Cell rescue, Defence

gi|4097102 globulin-like protein nutrient resegWoir , | - 0.88 0.71 - - - - -
activity 4 / '

0i|27804768 sedoheptulose-1,7- defense respongg’to - - - 1 1.06 1.09 1.04
bisphosphatase precursor bacterium
gi|55700887 peroxidase 10 precurcer defense respOnse 0.90 - 0.89 - - - - -
Hormone related b
gi|51535165  auxin-independent growth  Hormone related 116 112 1.07 1 - 1.09 1.04 093
promoter '
- = Protein was not detected
HI | il
[3XN
o
[ =Y

ﬂW’]Mﬂ’iﬂJﬁJW\’MMﬂH
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om Iea#es of '-'E 'ﬂir R29 (cont.)

.._....__

Table 3.5 Differentially expressed and characterized protein ‘

" m‘:ﬂh Intensity ratio
::\ -— Pokkall IR29

N, " 3 12 24 0 3 6 12 24

Aceession Protein identity , hpt hpt hpt hpt hpt hpt hpt hpt

Unknow function FEE T, \

gi[77554591  hypothetical protein unknowgTunciion §f RIGLSGGTALGAN 090 - 089 - - - - -
LOC_0s12g17200 AALPAAR

0i|56785129 hypothetical protein unknown finctig R ,‘?rﬁ.' R.4 \ 116 112 107 1 - 1.09 1.04 0.93

0i|125525503  hypothetical protein Osl_01505  unknown funcgion K.NL VIEMGK.I ' 07 092 091 - - 1 - 104 .

Oxi ation (
unknown fufictior "":"fz \PA 95 090 .- 089 - - - - -
i

0i|218191159  hypothetical protein Osl_08052  unknown func 9“‘ )AL . 0.92 089 093 1 1.00 - 1.02 0.99
0i|218199039  hypothetical protein Osl_24781  unknown funetion NDGSA "." ‘ ‘ - - - - 1 - 102 106
e = i -

0i|125546498  hypothetical protein Osl_14381

0i|218184372  hypothetical protein Osl_33203  unknown function R -—'"""*' bAR. 117 1.04 - - - - -

.a;"'
0i|52077144 hypothetical protein ‘ known '&' 1.02 - 1 096 - 0.99 0.95
0i|125524714  hypothetical protein Osl_00694  ur 094 . - - - - -
0i|218201917  hypothetical protein Osl 30860 L\ oV 8 0.81 0.87 - - - - -
—
gi|108862762  hypothetical protein unk jﬂrn function ' : 1 P ‘ 1.03 103 - - - - -
LOC_0s12g34419
0i|222631747  hypothetical protein OsJ 18703 unknowwunctlon R.ERGDVVGGGGR.E 1 110 1.06 - 1 09 - 099 095

gi|50725097 hypothetical protein

- = Protein was not detected

q_ﬂ s 086 - 1 - 1.02 1.04

ARIANTAUNNIINYIAY

c0T



Table 3.5 Differentially expressed and characterized protein

Aceession

Protein identity

Unknow function

0i[115456459

gi|115458502
0i|115472971
0i|115489380
0i|115489378
0i|115452639
gi[115474715
gi[115481730
0i[115486013
0i[115470313

gi[115454055
gi[218187575

gi[34394082
gi[115477399

gi[115445505

hypothetical protein

hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein

hypothetical protein
hypothetical protein
Osl_00539

hypothetical protein
hypothetical protein

hypothetical protein

- = Protein was not detected

\\ ,/// :
mlea#es of '-'E 'FTir R29 (cont.)
Intensity ratio
Pokkall IR29
12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt hpt
unknown fungtifon R. - - - 1 092 0.81 090 0.87
unknown functio - 1.02 1.00 1 091 095 0.97 0.94
unknown funcgion PIVT AR 1.07 106 110 1 104 114 111 1.05
unknown function R -}'gu J 1.07 106 1.10 1 104 114 111 1.05
unknown functig RN/ SSTPDAAA n““ - 1101 101 1 094 098 097 092
unknown function = SPPPSDMAED R 1 - 102 103 1 - - 093 086
unknown functlon'r K. ?AJMDVD v 1 - 1.02 1.03 1 - - 0.93 0.86
unknown function R.VGGLEQGEYOQICN . 1 0.94 - 0.97 1 0.88 0.92 093 0.84
unknown function  R.G( #‘-'t giciele 1 108 117 112 114 1 083 093 093 0.82
unknow:ﬁmc' . MAAAAN 09209 - 094 - - - - -
unknd .: llmm_--.ld NICCDIDELCTTAAVILD A 1T N0 -. j 1.03 0.91 1 0.96 0.95 0.92 0.94
unknowailing JW088 - 094 1 095 - 101 105
== . od
unknown fiigtion  R.MDLEEGN Oxidation 1 QM 098 097 092 - - 1 101 101
(M)
unknown funct? -MMPHSGVVDAAAK.G + - - - 1 0.83 084 0.81 0.87
&Eexidation (M)
] 0.95 1 1.10 1.06 1.02

RIAE)

ARIANTAUNNIINYIAY
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Table 3.5 Differentially expressed and characterized protein

Aceession

Protein identity

unknown function

gi|125603973
gi[222613068
gi[222641083

0i[222616376
gi|125606578

gi|125606644
gi[218193996
gi[62732708

gi125538960
gi[125575295

gi[56784673
gi[125531689

0i[34393980
gi|125577348

hypothetical protein
0OsJ_27895
hypothetical protein
0sJ_32013
hypothetical protein
0sJ_28433
hypothetical protein

hypothetical protein
0sJ_30281
hypothetical protein
0sJ_30351
hypothetical protein
Osl_14098
hypothetical protein
LOC_0s11923860
hypothetical protein

hypothetical protein
0OsJ_32051
hypothetical protein

hypothetical protein
Osl_33299
hypothetical protein

hypothetical protein
OsJ_34099

- = Protein was not detected

ARIANTAUNNIINYIAY

\\ ,/// N
mlea#esof 'FTir R29 (cont.)
Intensity ratio
IR29
12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt
unknown fuyg€tion EGSGVALR,C - 08 - - - - -
unknown functi - 0.94 1 0.95 - 1.01 1.05
unknown f@Actio 098 0.97 0.92 - - 1.00 1.01 1.01
unknown fung: i - 094 0.93 - - - - -
unknown fun€tion 1.14 111 1.05 1 - 1.07 1.06 1.09
)
unknown functiof 092 091 091 0.89 1 - - 1.03 1.04
unknown function 092 0.90 - - - - -
094 - - - - - -
unk 090 087 1 - - 101 102
unkn WA fune 1.09 1.04 - - 1 108 1.05
b
unknowrlfunction  R.CC 1 10fll - 103 103 - ; ; ; ;
unknown function R.GGGGGATAAPGPR.G 1 - 0.94 0.92 0.90 - - - - -
- - 1 1.08 1.05
1 095 1.01 095 0.94

v0T



Table 3.5 Differentially expressed and characterized protein

Aceession

Protein identity

unknown function

gi[125553200
gi[218191703
gi[218190181

0i[48475129

0i[13486904
gi[41052701

gi[222635077

0i[222624526

gi[41393231
gi[218189891

gi[218199855
gi[115467954

gi[222619020
gi[218190937

hypothetical protein
Osl_20864
hypothetical protein
Osl_09195
hypothetical protein
Osl_06083
hypothetical protein

hypothetical protein
hypothetical protein

hypothetical protein
0sJ_20350
hypothetical protein

hypothetical protein

hypothetical protein
Osl_05511
hypothetical protein
Osl_26516
hypothetical protein

hypothetical protein

hypothetical protein
Osl_07592

- = Protein was not detected

\\ ,/// N
mlea#esof 'FTir R29 (cont.)
Intensity ratio
IR29
12 24 0 3 6 12 24
hpt hpt hpt hpt hpt hpt hpt
unknown fungtion - - 1 095 1.01 095 0.94
unknown functiog - - 1 - 098 1.01 0.99
unknown fungéion 0.76 0.78 0.76 1 1.04 - 1.17 1.18
unknown functip - - - 1 1.09 096 1.08 0.93
unknown function L - - - 1 1.08 1.07 1.06 0.97
unknown function |, . . . . . 1 099 1.02 098
unknown function 1.15 - 1 0.96 - 0.96 0.91
unknown function - 0.79 1 096 0.98 0.97 0.90
1.03 - - - - - -
T 116 111 - - - - -
unknown fl'r" ion 108f - 116 111 - - - - .
I (M) dl
unknown fufiction - MATFPSSMSLR.N + 1 - 091 0.97 - 1 092 091 0091 0.97
( Oxidation (M)
known functi nn 1.14 1 105 100 109 0.96
‘ . 1113 120 - 111

ARIANTAUNNIINYIAY

G0T
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Table 3.5 Differentially expressed and characterized protein ‘

Aceession

Protein identity

unknown function

gi[222642019
gi[218195941
gi[218190213

gi[22773240
gi|125556054

0i[49328177
gi[218186099
gi[15528633
gi[222635730

0il41052656
0i[125590188

gi[218187716

gi[125552754

hypothetical protein
0sJ_30202
hypothetical protein
Osl_18132
hypothetical protein
Osl_06154
Hypothetical protein

hypothetical protein
Osl_23695
hypothetical protein

hypothetical protein
Osl_36815
hypothetical protein

hypothetical protein
0sJ_21653
hypothetical protein

hypothetical protein
0OsJ_14585
hypothetical protein
Osl_00841
hypothetical protein
Osl_20377

- = Protein was not detected

unknown functi
unknownfunction
unknown fungffon

unknown functio
P
unknown functi@

unknown function Y/

unknown function

unknoyﬂncti 0

1 ,.l.
unknowrmTuRGtio
unknown f@ion

«own funetion

ARIANTAUNNIINYIAY

unkno ! fnction...... R EAGR T AT ACIE A

unknown funct'wl R.EAGRTATAQR.A

\\\W// 106
om Iea‘ges of B 'E"“ 29 (cont.)
o Intensity ratio
IR29
12 24 3 6 12 24
hpt hpt hpt hpt hpt hpt
- - 1 - 090 098
- - - 097 - 103 0.99
; : - - 100 105 -
; - - .00 - 101 -
- 095 - 114 113 1.09 1.04
0.76 077 0.72 112 1.03 125 097
1 - 097 0.94 1.02 107 109 1.03
0.92 0.94 098 094 103 091
- 094 099 096 098 1.03
0.97 - 104 099 095
""" 0.90 0.96 0.96 098 096 0.93
Q) 1 09 09 094 001 111 1.07 101 1.10
i 1.20 0.89 094 097 1.03

90T
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Table 3.5 Differentially expressed and characterlze proteins.#em Iea#es of Ra 'E 'FTir R29 (cont.)
Intensity ratio
pkkali IR29
12 24 0 3 6 12 24
Aceession Protein identity hpt hpt hpt hpt hpt hpt hpt
unknown function
0i|218197392 hypothetical protein unknown fungtion KASS SPT 111 112 1 - 112 117 104
gi|222631309  hypothetical protein unknown f@fictio Ibn-‘ﬁ .94 0.94 0.95 1 - 1.02 104 102
OsJ_18254 Qkida E
gi|222639834 hypothetical protein unknown funcgién R.G IVG 4 VR & 095 092 094 1 098 094 103 0091
0i|57899086 hypothetical protein unknown function & R. . 0.87 098 0.91 1 091 101 104 1.02
0i|125555540 hypothetical protein unknown functig 093 0093 0.82 1 1.09 117 112 114
0i|218190262 hypothetical protein unknown function 098 0.94 - 1 - 1.07 1.06 1.03
Osl_06262 ] 7o
0i|218191902 hypothetical protein unknown function ¥ R.R ft LG\ 114 116 0.99 - 1 093 095 095 0.9
Osl_09617 QM
gi|125551887 hypothetical protein unknown function :‘# J.' - - - - 1 - - 1.08 1.03
0i|125556256 hypothetical protein unknown, function ' - - - - - - -
Osl_23884 i h t '
0i|218187850 hypothetical protein unknowi function——RNANDGISLAQTAEGA——1——0.91 -0 0.80 0.86 - - - - -
Osl_01097 | \J
0i|54291774 hypothetical protein unknown=futctio 02 5990 - 0.94 - - - - -
== . od
0i|218185801 hypothetical protein unknown fik{l)lion R.ANAVPMVR.H 1 O.B&M - - - - - - - -
Osl_36227 Oxidation (M)
0i|115452015 Hypothetical protein unknown funcwh R.RPARMP.- 0.9 092 0.88 - - - - -
0i|125558601 hypothetical protein .18 - - - - -
Osl_26280
0i|22711556 Hypothetical protein II i 1 09 088 095 0.99

- = Protein was not detected

QW’]MﬂiﬂJﬂJ‘Wﬂﬂmﬂﬂ
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Table 3.5 Differentially expressed and characterized proteins.ive Ieaves of Ra ""L_'l':‘l__E_: 29 (cont.)

Intensity ratio
pkkali IR29
12 24 0 3 6 12 24

Aceession Protein identity hpt hpt hpt hpt hpt hpt hpt
unknown function ‘ = ) \ \
0i|218187627 hypothetical protein unknown fungtion K . RPPASSPVDRRAS \ % 92%. 0. - 0.94 - - - - -
Osl_00653 : PEDP r— ‘. :
046576031 hypothetical protein unknown functig ( (ﬁ? i‘ . L% 106 109 107 101 1 096 102 103 -
0i|125555711 hypothetical protein unknown fungtion R.Q Ar"t”-"v'* ; ] 9@ 086 0.80 0.77 - - - - -
Osl_23348 A ’“:?é' ,
0i|20219037 hypothetical protein unknown functiopl ' EWADADDG! 1.04 112 1.04 - - - - -
4 _I.J
0i|14091856 hypothetical protein unknown function R.GHHKG "ﬁ_, - - - 1 111 118 116 1.10
i lll" iﬁ’r
0i|218190596 hypothetical protein unknown function R. '.F{'.':.* PR : - - - - 1 111 118 116 1.10
0i|50508823 hypothetical protein unknown function - - - - 1 115 118 124 -

0i|218198196 hypothetical protein - - 1 115 118 124 -

unkno@n

gi|46805635 hypothetical protein - - 1 087 086 0.85 -

- = Protein was not detected [|| 'll
L]

ﬂUEl’JﬂEWﬁWEI']ﬂﬁ
QW’]MﬂﬁﬂJﬁJW\')ﬂU’]ﬂB
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3.4 End point RT-PCR

OligodT:a/UBC222_433-F/R(protein kinase domain containing protgin

primers were designed from the nucleotide sequeaote@sRAP-PCR fragment. The

Figure 3.52A 16% efhidifim m,l er’ faineC ro“'-,‘o-."‘- el shgwle amplification
results of oligodT, Zﬂ 133-F/R using the '\'{ strand cDNA temelaif
untreated IR29 (Bnes ) angk " 4" S(anes 2 \\--‘ and N are a 100 bp DNA

ladder and the negaii?e g ay;.,.e.;.M‘ teal@), respectively.

For candidate Sé ﬂi;?"; s isolateddyYA-AFLP, six primer
pairs wer :Es ONa gie ‘@ E-4/M-9_364-F/IR
and E-5/ '4-"""""“""' he-amplifsaprodici (Figures 3.53C and

!

3.53E). = T—,
| |

E- 5/M ~ 478-F/R for amplification ohypothetlca roteify; generated low

yield jof the a ion products (Fi wSSBE d dlfflcult to be used for
ﬁ im ﬂ e%r oft is transcript

dunmsat tress tre ment was anayzed singrgean |at|ve anayS|s

Wel%’liﬁiﬁ%!

and Cytochrome P450 monooxygenagielded the intense amplified products. The

expression of these transcripts are suitable tar@dyzed by quantitative real-time
PCR analysis (Figures 3.53 A, B and D).
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D
F
Figure 3.53 A ‘-n agarose dewing the
amplification #@Sultgfof | 7- “‘“ a-2l Mic-1_534-F/R
f
(204 bp; panel B %% !"'_! 2 5/M 5 633-F/R (215 bp;
panel D), E-5/N-8_461-F/R (24 “"’» D "”% pVAP8-F/R (171 bp, panel F)

\
p) agaimstirsg8trand cDNA of IR29 (lanes

pandElBE and G) and Pokkali (lanes 2

and the internal cghtral(217 n‘ bane
1 of panel A, B andt and JAAi T"?"'é'
of panel A, B and C and :.'Ef_-.tr-- d 4

L ;,J»'f'! H . .
100 bp DNA ladder and-#hen _}1\@ hoDNA template), respectively

FrogfﬂlI - s i ‘a

ieins-ineludingi€y e protease (CTP) and

el D5 Bnd G). Lanes M and N are a

L A
sucrose tra Sporte d tg"Salt stress and showed

. 11 |
clearly dlfferelll ial expression dufing the saltesy tre%ent were selected for

guantitative anahs il Nevertheless, low a fmalylelds were observed from RT-

AUEININING I

prlnm pairs did not generate the ampllflcatlonqnm:t (Figure 3.54 B).

ammnsmumwmaﬂ
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Figure 3.54A 1. 50 d-
results of CTP- FLR —; A een the cDNA template of
the untreated IR29 _‘H' ey

ladder and t t

ACE.

Initially, RCRAgbrotein kinase domain

containing profei afe ‘.__.‘,‘.' rodL 8s 3.56 A andubpejuently, 5

nested RACE-P( 3, Mieriedaut using the diluted
primary RACE-PCR fBroductiic te teffiflatc. F8 seested 3' RACE-PCR, the
amplification produ )@f erated” BE sarapegspecific primer combined

with Nested Universal@PH v (NUF aested RCE-PCR, product was

..u-*"'
generatedk h g £
: =
deilnowed the smear

ad
pattern (Figu@&SS ' ammg@ly 1500 bp in size was
obtained from semi-nested 3' RACE-PCR (Figure ®%5This fragment was cloned

and eﬁc d. %ﬁ ﬁu nces CE—Iﬁ g]trﬁ % were then
ﬂ F'EeS 6 w‘

The assembled sequen prbteln kinase domain containing protewas

QRN AT ey st

significantly similar toprotein kinase domain containing protewsfi O. sativaL (E-
value = 2e-135 (Figure 3.57).
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oF), primary ‘Jlane 1, C) and semi-

pre@ucts in ki domain containing protein

prodiicts thaf Were@dand.sequenced. Lanes M are 100

NN

te Ai‘x{. AGOET CACCGCCGCTTCTCOGA
. 3’ RACE- PCR

4‘:-.'.#_,{"'/

GTCCGCCGTCAGGT GGTCaTH t‘ A \@GT CCACATGGTGGACATCGT
GETCE O G n_\ AGACATACTCACCGACTTCGA
CCTCTCGCTCAAG GCCGACEH 0 ) T CEGACCCCATCGCCCTCGC

CGGCGGCCAGICTTCE
GTGCTTCCAGCT CCEA
GAGCGGECGGECEERGECAA

e w GCATCGTCTCCGCCGTGIC
GCGGCCGCAAGAAGCCGTC

Bt
;

. ‘

B.

GGACATCGTGTACCGTGA AACK G ACGGCCACATCATGCTCAC
CGACTTCGACCTCTCGCTCAAGTGE GCCGGCGCACGT CATCTCGGACCCCAT
6---—--—--5 FCGT CGTGCATCATCCCGTCCTGCATCGTCCC
CGCCGTGTOGTGCTTCCAGCT GGACGC BACCGCCGECCAECCAECT GGCGCGECCGCAA

GAAGCCGT CGAGCGGCGEEREE o ""‘r fnm‘r e ] CCGGTGGGECTGGAGCTGAAGT T

w

CGTGGECGGAGH oce] GA ECACCTCGCGCCGGAGAT
CGT CTCOGAECAREEECACCECACCTCORT CEACTEET CEACCETOREEET S J CGT CTTCGAGCTGCT

CGCTGACATGI’CATACGACGACGA G
GGAGTACTACTA GACAGGCTATCCCAAT GGAGGAAGCT GCCAT GGAT GAACGT GCAAAGCTAG
GGAGGAAGCOGCCA (nGCGCACGTGGTG(ZZBGAMXBGACGGCGGCGAACOGAACTGGOATGGC

GCATGTAACCCCGCAAAATTCCTATGAACTTTGAAACATGI TCCTCAGT GGTGAGTTGTATTT
AT TCTTTTTACTAGTAAGATTTGT Tﬁ! TCCGGT CTACCGCT GACAGGCCGTAAAACT GCATATAA
GCAATAAAATAATAATAATTTGT GGAT CTTAAAAATATTCIREEAGTCT ACAACAGAT

Talel TP

q kinase domain containing proteiof O. sativalL. A gene-specific primer was used for 3'
RACE-PCR of this gene.



113

CACCGAGT TCTGCCCCGGCGGCGACCT CCACGT CCTCCGCCAGCGCCAGCCTCACCGCCG 60
T EFCPGGDTULUHVYVYLI RO OQRGO OQPHTR R 156
CTTCTCCGAGT CCGCCGTCAGGT TTTAT GCGGCGGAGGT GGTGGCGGCGCTGGAGTACGT 120
F SESAVRTEYA AATEVVAALE Y V176
CCACATGGTGGACAT CGTGTACCGT GACCT GAAGCCGGAGAACGT GCTCGTCCGCGCCGA 180
H MV DI VYRUDTULIKZPTENVTLVRA DI19%
CGGCCACATCATGCTCACCGACTTO : 240
216
300
236
360
256
420
276
O 480
.u,,*-.‘u\ = 296
GGACGCCGEETG ‘e' FCG Cf G "“;;'E‘s CeC n{ Ce 540
E P V E L il \t‘*&;&‘a; Baail L A P E 316
GATCGTCT CCGGCGABGGERACEH Gl CH c.= Q.-J'I uoe‘ L\GECGGTGTTCGT 600
o V F V 336
JGACGATGACCCTGGC 660

" ‘hﬁ “h
P \-.,k BN T L A 356
du--- X Acu euu n u CGCCGCCAA 720

| V s @ ) i
CTTCGAGCTGCTCTAQEEOGIGASES

FELL

GAACAT CGT GCCECGCEaG

N I V A R % A A A K 376
GGACCTCGTCACGTGE T Cg ue ‘u- CGC e e\ eu u“eo ACCGTCGG 780
DLV T - “1\ A T V G 39
CGCCGCGGTGATCAAGOEBGECA BEBCGCTCCTCCGCTG 840
A AV I KIR B L L R C416

CGCCACGCCTCOGT ARGTT( DRI CAGBGIECCCACBBCCACCGCOGCGAACGE 900

: 'A"\ T A A N A 436
GCCECGGCACACCCGTGEA 960
—C P G T P V E 456
BEI GCCATGGATGAACGT GCAA 1020

Y Y * o A ARSI N S 458
AGCTAGGCGAGGAAGCE GCCGGECGCACGT ( BCGACEECGGCGAA 1080
CCGAACT GECANK il BGCQGGGGTGC 1140
GIGT c....-e..ﬂ'----'A"""""'-"'-'--'-----""-""""‘ﬁ'—‘-h —vl‘ GGI 1200
CACTTGCCT® . STAT QT CCATAG 1260
TGCTATACTAGTA]J; G@A AACCCC 1320
GCAAAATTCCT. 'T|‘ CTTTG SAGTTGT. AT ATGAATTCT 1380

TTTTACTAGT TTGITCTTCCGGT CTACCGCTGACAGECCGT GCATATAA 1440
GCAATAAAATAATAATAATTTGTGGATAAAACT TAAAAATATTCTTCAGT CTACAACAGA 1500
TAAACTGT AAAAAA‘AﬂAAAAAAAAAAAAAAA 1535

AULINUNINYING.....

klnag domain containing proteof O. sativaL. The stop codon and 3' RACE PCR

QIASHAIITInenas
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3.6 Examination of expression levels of salt-streggesponse transcripts by semi-
guantitative RT-PCR

Total RNA was extracted from leaves of IR29 and Kadikvarieties collected
- 4 for each group of the control and 0, 315,

from different time intervalsN =

E— i

3.610ptiw tierr O semi

Expre plification size = 201

bp) and ahypo A-AFLP fragment; the

h

amplification size antitative RT-PCR. This
technique re \ ding concentrations of
MgCl,, and primeg€ a f ] f'— PE cle thetical proteigyo (from

[ WB\R'Sd TGA AGATAA CGC
ad¥as the internal control. The
preliminary RT- n'ngatemperature of 53°C as

described previousH.

3.62 Optimizg G 5T

.,ymmm"—-v"ﬂ weZ0700, 0.15, 0.20, 0.25
and 0.30uV __ﬂ_ S !i',, MgEncentration of
each transcriﬁ]ﬁ3 Lower concentratio ay resulndxmﬂi;lpntitative amplification

whereas higher ee E entrations of primer a lealz@ge amount of unused primers

AUEIN WT SHEINT.
q W’mﬁﬁﬁmdﬂmﬂ ENGE

RT-PCR of each gene was further carried out withindped primer
concentration and other fixed components as for tilpgcal RT-PCR with the
exception that MgGlconcentrations was varied (0, 1.0, 1.5, 2.0, 2& &0 mM).
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The concentration of Mgglkhat gave the highest yield and specificity focle@CR
product was chosen (Figures 3.58 B-3.59 B and Table

3.64 Optimization of the cycle numbers

The number of ampllfl
reflecting the expressioq' X&z
plateau amplificatio %@nscripts initially present at
different level may: ] ‘ mproducts.

In this e( R o€ elédrmsing the conditions

cles was importantdese the PCR product

gremhtitatively before reaching a

that MgC} ane 25,ap8 30 cycles for
control and 28, 4of the, targerpdmegfumber of cycles that gave

the highest yield roditet 8f '&atWapBecached a plateau phase of

el |||

Figure 3. 580pt|meat|on of primer concentratign (A), MgGloncentration (B) and number

of Cho IR2%dsa

FUEINERSNEART
Ianeq,&lo 0.15 pM, Ianes4&11 0.2 uM, I&n& 11 = 0.25 uM and lane 6 & 12 =
0.3 uM primer concentration. (B) l‘nes 1&6=0 m 2 &7 = 0.5mM, Ian

ARIAIIEN, URIINYIQY.

100 bp DNA ladder and the negative control, respelist
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bp M 12 3 4 567 8 91011 12

Figure 3.59 Optimizatio i i 6 (A \ 0 centration (B) and number
of cycles (C) afftypotheti tei (the al 'c 31; ‘f‘ ps 1-6, A; 1-5, B and3l

and 5, C = IR29. , K6 %Rokkali. (A). Lanes 1 &7 =0
UM, lanes 2 & 8% 0.1 ! 810 =0. = 0.2 uM, lane 5 & 11 =
0.25 uM and IaneF GI& ( B} ¢ . ; anes 1 & 6 = 0 mM, lanes 2
&7 = 0.5mM, lanes 3 &8 = 1,0 mi; and lanes 5 & 10 = 2.0 mM
MgCl, concentration. | ) :“;.-Ef';lf 2=23 an&4 = 25 cycles and lanes 5 & 6 =
28 cycles. Lanes M and N ar& a=t00-bg

Table 3.6 :Ept AgC} and ois:and the number of

amplificatigh Rep=REH=edhdidate thermal-stress

gdddrthe negative control, respectively.

response g

hes re .-u:- the internal control
_bj)tei)m M

AU INERTREE =

Hypothetlcal proteigy; ‘71 0.15

amanﬁmmmmqmm 8

(hypothetical )
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3.7 Semi-quantitative RT-PCR analysis
3.71Hypothetical proteini;; (E-5/M-5_478)

The expression patterns yiyppthetical proteify; in leaves of IR29 and
LA 1 24 ardimy semi-quantitative RT-PCR
f thi of IR29 was not significantly
Oﬁ) 0641, 0.7082 + 0.0415 and

0.7092 + 0.0219) durin It stre ss(

The expressi® es of Pokkali at O hpt

Bubpt (0.7420 = 0.0348 <
0.05). Its ex i ' Cteased atblan W80 +.0.0322 and 0.8453
+0.0278, respe .05) afie- dsetl toxthSbasal level at 2400pd10 +

-

When _ ( jes werelanalyzegetioer, the expression
level of this transgiipt j 5 -1’ t; \ \ igher than that of Pokkali
at 0 hpt (0.7487 £ 0. and 0450,a€t5ely). After the NaCl stress,
the expression lev | of F@;}s g edl stgnificantly higher than that of

IR29 at 12 hpt (0.8453 +,0:02%8 COMPE Q. 70820415) (Figure 3.61 C).
. LGB T ) (Fig )

14 15{16 17 N

g e —

— — — — —

- G S S —

q mmmm& AV R

hypothetical proteify; (lanes 1-8; A-E) and the internal cont(@nes 10-17; A-E) in leaves of
IR29 (lanes 1-4, 10-14, A-E) and Pokkali (lanes 34817, A-E) at the normal condition (O hr, A)
and after salt treatment for 3 (B), 6 (C), 12 (&4 (E) hours. Lanes M and N are a 100 bp
DNA ladder and the negative control (without DNAnigate), respectively.
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>

Relative expression levels

01R29
pokkali

C

Relativ

ﬂﬂﬂ?ﬂﬂﬂ‘ﬁﬂ”ﬂ’m‘i

Flgure 3.61 Histograms showing tﬁ time-course rel emwslevels oﬂ1yp ical

qRIEN NI ANTING TN

simultaneously (C). The same letters indicate rignifscant differences between relative

expression levels of different groups of samples.
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3.72Cyteine protease (CTPy;)

The expression patterns ©ff P, in leaves of IR29 and Pokkali at O (control),

3, 6, 12 and 24 hpt were represented by Figure 3162 expression level of IR29 was

significantly down-regulated at 3 9 09 +(4, P < 0.05), returned to the
basal level at 6 hpt (1.114D, 0.0 down -regulated at 12 and 24 hpt
). 0 0.7830"#

05) (Figure. 3.63 A).

those of IR29.
P < 0.05) ands
at 24 hpt (0.73 ; RIgU

.0 K sforereturned to the normal level

) ‘\

When d IcCE=varieti - \ e;éutmer the expression

S Lgh. reased at 6 (0.9146 + 0.0527,

levels of CT gritlgher than that of
Pokkali at 0, 3 .02 \ pent for 12 and 24. hipe

expression levels \ ot S|gn|f|cant owing to large

standard errors

—— e —— —

AULR IWRITNS

Flgure 3.62A 1.8% ethidium bronve -stained agaros el shovtmgexpressmrvel of

ARG ATV

hr, A) and after salt treatment for 3 (B), 6 (C3, (D) and 24 (E) hours. Lanes M and N are a
100 bp DNA ladder and the negative control (withDMA template), respectively.
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0 IR29
pokkali

ﬂUEJ’JVIEJVIﬁWEﬂﬂ‘i

3 63 Histograms showing the time-course relative exgogslevels ofCP T,y

in leaves of the IR29 (A) andgokkall at 0,8882 and 24 hpt. Thé&diative
q ﬁ’iﬂﬁﬂ‘mﬁm% MR
ul sl The s lefte dicat nif

relative expression levels of different groupsamgles.
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A

@alt é@ss rWE 5/M-5_478171, and CTP,0:) in leaves of IR29 and

Table 3.7 A time-course semi-quantitative RT-P

Pokkali varieties

Transcript Sample

AN
. Ill F @\ 12 hpt 24 hpt

Hypothetical proteing;;  1R29 0.7488"+ QJ0256° 0.7082 +0.0416*  0.7093 + 0.0219°

Pokkali 066424 0,50 $0.762080,0843" No.c1by - 0 0.8453+0,0278°  0.7010+0.0326%
CTP201 IR29 ‘ ‘ 0.9381 +0.0845"  0.7839 + 0.0497°

Pokkali 0.8724 +0.0821°  0.7338 +0.0443°
*The same superscripts between different time interval data are .fﬂ%; D > : 5).

I e v ¥

ﬂﬂEl’JVlEWIﬁWMﬂﬁ
ﬂW’]ﬁ\‘iﬂ’iﬂJNWﬂ’mEﬂﬂﬁl

T¢T
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3.8 Quantitative real-time PCR analysis ofipin N-terminal conserved region family
protein, cytochrome p450 monooxygenase and ATP synthase subunit C family protein in
leaves of IR29 and Pokkali

3.8.1Internal control HT

The standard cuVeRoRiiie ! 5,7 was constructed with the
amplication efficieney&al 9349 = 1. @8.64). The expression levels of

HTP,y7 in all specimens. wete uant ed anek nbrm#he expression levels of

the target genes’in diffgre

E 3
2
e
= 22
gzl
20
ii g
17 o e
167 -H-\--h""\-\.
15 oy
2 A 7

,ﬁ; (error = 0.0157,
=
.399 * log(X) + 38.67)

opi}ij of as the template.

using 10- f0|df|ju“

3.8. 2L|p|n‘J\| -terminal conserved reglon family protein (E+A-2/ M+C-15)

HHANYRINHINT

Results from quantitative real- tlve PCR revealeat Ee relative expresswuvel in

q W’iﬁﬁﬂ QDI ] GFE) bBN-kid

treatment groups. The expression leveliwh was up-regulated from 6 hpt to at 24
hpt (Figure 3.68A).
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Likewise, the relative expression levels liin in Pokkali seem to be
increased at 12 hpt and clearly significantly iased at 24 hpt?(< 0.05) (Figure
3.68B).

When data from both rice,varieties were analyzegettoer, the relative

Eror 0.0183
Efficency: 1,852
Slope; 3442
intermet: 3543
Limk: 10,820
s te
S
7 r 8
Figure 3.65The stagidarg uga-._ D ‘ ' al conServesl region family protdierror =
0.0193, amplification efficiencydlc= ';' d equatlion; Y = -3.443 * log(X) + 36.48)
using 10-fold dilution 8 pla _irr.r \ betv coptes oflipin, N-terminal conserved

region family proteiras the t o -,--—-_--_--

‘-"";,.-,g

-%r
3.8.0AF
=
=

The st‘mjdard cum sabtinit C fa'n;ﬁ/ proteiras constructed
with the amplflcatlon efficiency of 86.69% (lpg= 2.062, Figure 3.68). The

ﬂﬂﬁfﬂﬁﬁ e

In contrast, the expressm&level of this geneohldall was comparable during

QR TANIIMEBAINE ) Agl

levels of ATP synthase subunit C family proteim leaves of IR29 was significantly
greater than that in Pokkali at 3 hpt< 0.05) (Figure 3.69 C).

.? __
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Emor. 0.00854

Eficency 2082 f ¥

Slope: -3.183 2 py

Yintercept: 3508 I W

Link: QU000 24 -L"\-\.,__\_

Figure 3.66
0.0085, ampli

family protderror =
. Y = -3.183 * log(X) +

Emor 00214
Efficency 2022

- i
Figure 3.67TiH ‘ standard cufVe aytochrome p450 mor@(ygena(mror = 0.0214,
amplification eff?ency log = 2.022 and t|on Y = -3.270 * log(X) + 38.47)

AU 3 WEWI YT
R AINTNUNIINYINY
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0.12
0.1 +

0.08 1
ab

0.06 -

F o

0.04

Relative expression levels

OIR29
pokkali

q RTINSy

The relative expression levels of this transcriptbbth rice varieties were also analyzed
simultaneously (C). The same letters indicate rggnificant difference between relative
expression levels of different groups of samples.
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0.014 -

ab
0.012 {

Relative expression levels

O IR29
Pokkali

s

AT NN

expression levels of this transcript in both ricgieties were also analyzed simultaneously

(C). The same letters indicate non- significantedénce between relative expression levels of
different groups of samples.
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3.8.3Cytochrome p450 monooxygenase (E-5/M-5,15)

The standard curve afitochrome p450 monooxygenagas constructed with the
amplification efficiency of 95.06% (legg= 2.022; Figure 3.67). Results from
quantitative real-time PCR analysis, revealed thatexpression level of this gene in

Janf at 24 (P < 0.05) (Figure 3.70 A). In

Pokkali, expression levelal Al ' % higher than that of the control (P
< 0.05) (Figure 3.7QgB).-Ceénsidering exﬁtween IR29 and Pokkali, the
expression Ie@ , 2 fs gnificantly greater than that
in Pokkali (P <05 (Fj 700

e

- -

AU INENINGINg
RIAINTUNRIINYIAY
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18 - ab ab

——

Relative expression levels

OIR29
Pokkali

ﬂUEJ’JVIEWI?WEﬂﬂ‘i

Flgu 3.70 Histograms shom@ relative expre ion leved$ cytochro

A RIBNT HURIANTING

analyzed simultaneously (C). The same letters atdicon- significant difference
between relative expression levels of different up of samples.



CHAPTER IV

DISCUSSION

M!/ﬂ& aves ofO. sativa
@t growth and productivity.

|n cells is disturbed. To

Identification of genes

\

one € \\ emnogbrtant subjects in plant

science as salt streg€ degpe ';;:._f vorlc rialflroduction. Salinity (salt stress)

causes a significant loss of T { [(daation of novel genes, determination
F £

of their expressiog andihdheir functions in stress

adaptatior{L'. essential to improve stress tolerandee.

Wl L

Severgkie |fi,ca}xinmolecular markers
I

linked to salt!

differences in a vlﬁerant mutant (M- ZOWZQWD linked loci, RG711 and RGA4,

ﬂuﬂ TNEVMIWNTT T

|ng et al., 1998). In addlt n, several sattucible genes have been isolated

q RSy Ta D

Kawasakiet al, (2001) used microarrays (1728 cDNAs from libranésalt-

| -
he presence of allelic

tress in rice. en et al. (199%port

stressed roots) for identification of genes respoini@ initial salt stress in Pokkali and

IR29 rice varieties. Salt stress at 150 mM NaCuoed photosynthesis to one tenth of
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the pre-stress value within minutes. Changes inresgon of transcripts were
observed from 15 min to 1 week after salt stressgihing 15 min after the
treatment, Pokkali showed up-regulation of tramdsri Approximately 10% of the
transcripts in Pokkali were significantly up-regeld or down-regulated within 1 hr of
gen cordral stressed plants continued for
nisealdayer time. The interpretation
/w( flalysis of salinity-sensitive rice
@kaﬁ was delayed and later

e up-regulated functions

ss adaptation changed over
. «u ¢ observed at early time
oy

K
;‘.—**.\:~ @transcripts within hours,

0s Iater. After 1 week, the

\ \

sated recovery from salt

re used dentify candidate
differentially expfess tran ints bel ! \ nt{Pokkali) and salt-sensitive
(IR29) rice varietiegfur] "-i-a"-ir XPOS 51 3RIICI. Additionally, proteomic
techniques were also appl -*-:P!.:'='f::.‘ Of frde@esponded to salt stress in these

varieties. The expiess pavere further examined using

semi-quantitative and quantitati /e real-time PCR. ~ ~
b
Isolation of traﬁ ¢ e using RAP-PCR
Ll| M
, RNA fingerprinting using arbitrarily pii'ed PCR (RAP-PCR)

quaqlative simultaneous comparison of |ﬁerdiytiaxpressed transcnpts in a large

number of RNA samples.

N NN NIIAY

expression in response to salt stress between Hoxg@t tolerant variety) and
Pathumthani 1 (salt-sensitive varietygrotein kinase domain containing protein

which is involved in phosphorylation of an aminaddacesidue in a protein was
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identified. RACE-PCR was applied for further chaeaized of the cDNA sequences
of protein kinase domain containing proteiNevertheless, only the complete 3" end

of this transcript was obtained.

Although RAP-PCR is [
differentially expressed gengs iw

apid and convenient method identifying
|

7 rgteg a leighl of false positives and is biased
; w herefore differential expression
' confirméﬁhaﬂﬂe RT-PCR or real-time
PCR. P

However, i ' eiekinase domain containing

protein contained pific RTRP@roducts. Further

optimization ifi QuSH didsin@li@inate the non-specific
products. Accor {Sion— 8isNoRitEngeript was not carried out
further.
Isolation and lerigation 4 g , dédofselt stress using cDNA-
AFLP

Results fromgRAR PCR-ANe Si&boyicdedionly onedidate genes during
salt stress response in o;:se-: vari Hangad Pathumthani 1). To provide

¥ . .
al gd genes in rice, those local salt-

| pnd IR29 varieties.
i o |
j widely expression

. . . T -r'
wider applications of th ,-i‘i!'.‘:»'é?a:m}:ﬁ

tolerant and
These vai i

analysis bet\/jn peﬂely. In addition, cDNA-
AFLP was u y for identification of candidate diéfietial ‘display transcripts during
the salt stress trﬁtmjt of Pokkali and IR@Otiase

AL INENINIRT. -

nurf“r of primer combinations (with the selecti@sds) could be used in cDNA-
AFLP whereas the primer usﬁ for synthesizid@inst fstrand cDNA @ali an

differentially expressed transcripts than RAP-P@GRaddition, much lower amount

of the template is required for the cDNA-approach.
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The disadvantage of cDNA-AFLP is that samples shdag collected with
caution because contamination of nucleic acidsh(i@mA and RNA) from other

organisms may interfere the results by generatihdjtianal false positive of the

desired fragments.

function, 28 g
deficit were o e Northern blot analysis
reached a maxi ithi , erdefic They were, for example,

aquaporin ( ' roten (O%yJehesdCED]) and a negative

Apalysis to identify diffatil
lef@ft (Prasad) and susceptible
variety (Lepakshi) ofdihe foxiat=mitiets ) at the normal and salt stress
‘ ( gdriscripts were further validated by
guantitative real-time e‘y 27 mcdifferentially expressed cDNAs

that are nj@; e t

involved i

different groups of genes

— .
jallng, transcriptional

regulation, etcs
I
significant iana

in comparison t@%ensmve variety as wyzyequantltatlve real-time PCR.

AUBINHATHENRT -

atlons ylelded positive amplification prodicOn the basis of preliminary

nide such genes showed a

se of differential expressiortaterant var‘lg}y after 1 hr of salt stress

screenlng several fragments dkhibited up- and g®golated expressionfjpéiterns

IR INSMARAINLIES

rice genes in the database. They wkp@a, N-terminal conserved region family

protein, ATP synthase subunit C family protein, cytochrod&Pmonooxygenase
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hypothetical proteifgs, hypothetical proteiry;, hypothetical protexnn; and
hypothetical proteigyo.

Plants appear to have two lipin-related genes.nLjpioteins in nearly all

terminal lipin (C-L

organisms, sug

structural domai ' e c \ I K :“w,‘ﬂ alytic core ancbRtaining

‘-7'- \ el stalk and a peri

Ke e 2] peripheral stalk.
‘; k"ﬁ? D Eﬁ"‘-.
bl \ 0 N

is coupled via a rotary

"

Zhanget al. 6) i ﬂi_. ondfidl ATP synthase small subunit 6
gene RMtATP§ exr es 'T{:"; Its nd osmotic efraeg). sativa
Among genes for F1FO-AJRaSe-0f it me genes feeind to be up-regulated by
environmenfal ste and others' w #& suggest that the RMtATP6
protein acts 45 a subuinit of ATP syntha -:_:,u.. to stress from

)

several sals#.L 2
. =

h'|. |
The C#Jthrome P450 family (CYP) is a large aRgedie group of enzymes.
The function of rﬁ)ﬁYP enzymes is to gatglyzeatkidation of organic substances.

it nanIntIng o

P458‘monooxygenases partic"eate in myriad bioch&mathways, including

RIRNTHURA NI
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Isolation of salt stress response proteins using pteomic analysis

Proteomics is a powerful tool for separating commeotein mixtures, and has

been employed to analyze protein changes in regpmnenvironmental changes of

o\ g( B.ijce protémasiced by salt stress
: Mtk dismutase was a common

§ =

various plant species.

Abbasi and
using proteomic apgi

ose bisphosphate aldolases,

photosystem gen evolving enhancer
protein 2 we d ot in roots. This result
indicated that et INYiSpeeghions of rice, showed a

N o
. i W1 )
coordinated respopfe S \ x

\‘H-o‘\x; decurate and reproducible

AT b ¥ \ . :
method for prot ling gffthéseifects'c t &lkes$lin the rice leaf lamina and

_ 1 \
.- n'/o 50 \
sl

to increase during tk OWing treatm G ‘*‘ |

%

L . . .

dikgBisCo activase and ferritin
5

Ll

M)d the expression continued

K@ -responsive protein®.gativa (cv.

Yan et al., (200 R
Nipponbarejs Thi k-old seedli d.15Q-mM NaCl for 24, 48
and 72 hTetalproteins-of rootswere extracted-and-sepdayetvo-dimensional gel
electrophofe : prodeCibly atetd including
34 that WereL:iI. p-regulatednd™ 20" tHat=were down-re!q_lﬁated. Mass spectrometry

analysis and da?base searching revealed idetflifgpots representing 10 different

pr Thr Wetasdeqtifi s i olase i_ ur of them
w ra\ Eron' S S :wgls r@ovgl including
UDI"Iucose pyrophosphorylase, cytochrome)xidase subunit 6b-1, glutamine

synthetase root isozyme, putﬂve nascent poly§iezssociated complvalpha

response in rice roots apart from their main fuoni
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There have been several reports about systematiegonic analysis of rice
proteins under abiotic stresses. Typically, twoehisional gel electrophoresis (2-DE)
and mass spectrometry were used for identificagioth characterization of examined
protein spots. However, the disadvantages of 2-& faund including a large
amount of sample handling, limite reducibiligyyd a smaller dynamic range than

some other separation ods, It 1S als aateanfor high throughput analysis.
Certain proteins are ._‘_a‘; b 0. % Iudlng those that are in low
abundance levels, dCigfe '~* hyjoph gr very small in size.

Here, M
used for separai#®n o I

LC-MS/MS. Wit IS#SI

phieréSDS-PAGE) was

oteins were analyzed by

A arge s all proteins could be

. e analyzed by DeCyder
ggignificantly matched to plant
proteins in th ne 3re Ch iB@@Ntly*similar to proteins with
known functions, 4 , 7' 2 u Pipkkali, 24 proteins were
observed in IR29 ‘ ve

functionally classified a€€el

@heties. These proteins were

gActiond their homologues. Of the

identified proteins, cyst -.* ifferential expression in leaves of

Pokkali w@e antjfa )ve RT PCR.

—
plt plays multi-
faceted roles h rtuallyl and d lopment, in plants such
as in the growth_and development, in senescencepasgtammed cell death, in
t n il 0on.o dition, they
ﬁvﬁ HW W@ ﬁ:ﬁ ﬁtlc stresses

rlqrows a and Zagdaka., 2004)

RIRIAT ITINY Ty

Time-course expression analysis of salt stresselgenes in Pokkali and
IR29 may provide the progression of regulated fimmst such that different categories

of transcripts show regulation at different timdnte. A difference between the two
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varieties existed with respect to the onset ofithigal response may respond to salt
stress differently between rice varieties. Alsderthe salt stress period, transcript
that are up-regulated or down-regulated began twverge on the pre-stress level
more rapidly in Pokkali than in IR29 may reveal tleeover of salt-tolerance rice

3,6and 12 h _‘ : : hpt in PokkalP(> 0.05).
The expressio i | t functional contribution

of this gene in kkali may be different.

: d Pokkali were similar
as the expressi regulat % T ; b -—..ﬂ_‘: er and at 6 and 12 hpt in

1 k) b
the latter. A i i ‘may [ tatrlet d as the biomarker for

2fyed region family proteim

leaves of IR29 Was sd fromB hpt a ot (R > 0.05). In contrast, this
f : : , ‘

transcript in Pokkall frMl2 and 24 hptA(> 0.05). The

expression profiles oIipl e inal eaved region family proteime related

with the re_cS/er 0
ny
Th%

| Jy protéinleaves of
IR29 was up e basal level at 6 hpt (
< 0.05). In cedFast this transcript in Pokkaliswaomparﬂ

Like hypothetlca‘bmm, the expression @igfiles &TP synthase subunit C family

Autmtindngang

The expression level afﬂgchrome p450 nd@Rpoxygenasas up-r ated

RTINS

pre-stress level at 24 hpt in Pokkdh ¥ 0.05). Therefore, the expression profiles of

y expresseR ¢ 0.05).

cytochrome p450 monooxygenaseealed salt stress expression profiles in a-time

dependent manner.
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In this study, candidate differentially expresseeng&s and proteins are
identified. Semi-quantitative RT PCR and quantfatireal-time PCR further
confirmed the sensitive response of various genesesponse to salt stress. The
ability to detect the early signs of serious sakss is crucial for cultivation of rice.

Results from the present

hpwed the respasfsecytochrome p450
' gregion family proteiATP synthase

_ eigg'to salt stress. The expression
ioinelt f itoring effects of salt stress

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂi
QW’]Mﬂ?ﬂJﬂJW]’JVIFJ’]ﬂEJ



CHAPTER V

CONCLUSIONS

ifferentiadbypressed transcripts in Homjan

1. RAP-PCR was used for i
7 rggmenhiSaantly matchedprotein
kinase domain conta¥ai iof O iously deposited in the NCBI
_—— e

were screened! € Showi TeReifieB®expression in IR29 and
A:AE L ments  significantly

similar to lipin, N- i arved region — I PeieiRTP synthase subunit C

\ L T
family protei Me=R4E \' XYQ SlgsdJO. sativa Other four

k| N

fragments  signifig 1ig w broteing, ¢ \ iva (called hypothetical
proteinge hyp ic8ll pgoteiryy 1::"5% ical pgte n amg hypothetical proteigyo,

rf’f "
—

3. Proteomic analy: roteins Bf RlIkand IR29 was carried out. In
total, 206 differential exp e ;..'...;i ralgbladt proteins in the NCBI database
and 113 proteins ma f?"i te omsti Of these, 43, 24 and 46

» ctively. There were
sfress such as cysteine

protease, ATEese idaﬁ?, salt inducible protein,
heat shock pretein and hypothetical proteins. Tlpmeetein1 a may provide valuable
insight for studyi‘gﬂtein responses to s@lisétia rice leaves.

LU INBUT WAL G o

4.
proﬂlnm (from cDNA-AFLP) was not significantly differenhileaves of IR29K >
0.05) but that of this gene in Poﬁali was sigafity: Peregulated at 3 to 1”1{
%
n

AR ST TR I N AR

and 12 hptR < 0.05).

proteins \{; ; Pol
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5. Quantitative real-time PCR indicated that theregsion oflipin N-terminal

conserved region family protein IR29 at 6 hpt was significantly lower than tlat
24 hpt P < 0.05) but that in Pokkali at 0 and 3 hpt wegngicantly lower than that
at 24 hpt P < 0.05).ATP synthase subunit C family prot@mnleaves of IR29 at 3 hpt

was significantly greater thant e conffel< 0.05) but its expression in
Pokkali was comparableg N . ’%eaﬂﬂém 0.05). Cytochrome p450
abunaar )oef hpt than ti2at bpt in IR29 P
@niﬁcamly higher than that
of the control PW %
6. Gene exp%

7 enabpin, N-terminal
conserved regi a l inA

e, Sub it C family proteamd

hypothetical® i ; ed o) iess. Therefore, thgression
levels of these \ay ol S bioil ing effects of salt stress
in rice. o | A

7. Further, chract zation and-functione _ \na e genes that are identified in
this study can lea#! toj 5, comprehensive Ul m g of stress tolerance to salt
in rice. ' = \‘

AUEANENINEINS
IR TUNNINY 1Y
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Appendix A

Table. A1 Raw materials and relative expression level dataypbthetical protein
from leaves of IR29 and pokkalsing semi-quantitative RT-PCR.

Densities of band Ratio of
Sample group Hypothetical Genelinternal  average STD
protein ontrol
IR29 (t=0) \ j755557
A o7eos. 0.748793  0.025488
: Laogg1.o —Ueiog
IR29 (t=3) O

0.785882 0.073719

IR29 (t=6)
8L 0775120  0.064113

IR29 (t=12) 3
©-NW0.708214  0.041558

IR29 (t=24)
0709289  0.021912
Pokkali (t=0) :
: 0.664271
90400.66 ———fd146E 0.639014
77578 7977 1A23988 9.625947

Pokkali (t;% 9 iy, Sl c
y fo7420 00343

k ~—95225.63 1250615 O - d

Pokkali (t=5)

0.6642 0.0451

;I.-. 9 O 9 3|—ﬂ
M91118.9 ' 596.3 0.795129| 06104 00322
88531.27 104446.1 0.847626
Pokkali (t=12) . 105134.5 o 825579
g 10286 836948 0.0278
| 08lo
Pokigli (=22) ° - 615. 71
82318.98 069.1 o 663493 0.7010 0.0326
72071.73 0411 Q/

qmmmmumwm t
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Table. A2 Raw materials and relative expression level datystein proteaséfom
leaves of IR29 and pokkalsing semi-quantitative RT-PCR.

Densities of band Ratio of

Sample group Cystein Internal Genelinternal  average STD
protease control control

IR29 (t=0) 104677.1 1.097558
92695.71 ] 0.914571 0.987556  0.096947
121294.% 50539

IR29 (t=3) 982 \ ﬁ%?
9&1097343 2 0.92095 0.101415
1138853 133269 ——eaﬂ

IR29 (t=6) W ~
031 1.11407 0.099909
. 2

IR29 (t=12)

0.938149  0.084508

IR29 (t=24) -
0.783993  0.049783

Pokkali (t=0)
0.73371  0.107915

Pokkali (t=3) ~ 109113.2" ——£3335¢ ™ 0.818188
89554 f;ir 61 ).716085 0.742362  0.06669

Pokkali (t@ dﬁ
\514639 0.052779

W)

Pokkali (t=12) J94o : : 883'T‘
95895.60  103584.6 0.9257724.l0.872495  0.082198
342 88 93006.06 o 77783
Pokkali (t=24) 105066.7 @& 0.78692
Ui ns -
i . 00411 :

ammﬂmumqwmaﬂ
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Table. A3 Raw materials and relative expression level datdipafi-N terminal
conserve regioifrom leaves of IR29 and pokkalsing quantitative real-time PCR.

Mean concentration Ratio of
Sample group . .. . Internal Genelinternal  average STD
lipin protein control control

IR29 (t=0) 2159.97891 0.014208711

:0155258810.0230476 0.0141840

IR29 (t=3)
0.0141840
IR29 (t=6)
0.0097918  0.0050609

IR29 (t=12)
.0337972 0.0309199

IR29 (t=24) 1 ¢
‘\' 088370880 0681655 00327253

0.048312751

0.018424p33

0.02898526510.0260478 0.0076516

20 ).033746717

Pokkali (t=3) 19717 618 §.013978948

Pokkali (t=0)

77419 0.0123914

Pokkali (t=‘E

Lil 631.3653 : 04459911@) 0537549  0.0092007
4526 710811 81429.2731 0.05559070

Pokk1;| (t=12) 2 $os@e143  103115.3748@0 024199267

WEH B WE 3

(t 24) 8042.320628 93393.38494  0.086112315
8322.762266 9d#51.99472 0.083686228) 0783603  0.0#iad04
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Table. A4 Raw materials and relative expression level datATd? synthase subunit

C from leaves of IR29 and pokkalsing quantitative real-time PCR.

Mean concentration Ratio of
Sample group “ATP synthase Internal Genelinternal  average STD
subunit C control
IR29 (t=0) 650.165624, _ $027  0.005025881
: 278. g 0.0079305180.0072676 0.0019947
9017 : $9°008846608
IR29 (t=3) 3585028 . AA =@010399395
17636550.0114235 0.0009034
7464
IR29 (t=6)
8800090.0085199 0.0033645
‘h 008828089
- i L ‘m
IR29 (t=12) ; 06 J A 103115 :«HL - 042597
L *;* 887130.0090495 0.0005421
: , 0009220248
il .Y
IR29 (t=24) . 71544 "”\"
' ";" 88350.0080214  0.0009459
0.008076148
Pokkali (t=0) 04005714955
296, O056671350.0058835  0.0003343
151. 8889 2] 422! 0.006268688
Pokkali (t=3)  298. 157 "' 0.005997026
Q ' 601 M 7$220.0054024  0.0006888
Pokkali (t=8)7 S/
U346 AC -05ﬂ2940.0065308 0.0017757
889.5117362  103844.2307  0.008565827
Pokkali (t=12) gcgsmas 103115. 37 8y 0.009606683
0.0016945

fUER ﬂmwmm

358.5962151 f1342 80895 0,0069843510.0059341 voogogg
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Table. A5 Raw materials and relative expression level dataybéchrome P450
monooxygenasieom leaves of IR29 and pokkalsing quantitative real-time PCR.

Mean concentration Ratio of

Sample group Cytochrome P450 Internal Genelinternal  average
Mmonooxygenase control control

STD

IR29 (t=0) 1605721. 651 o 7.9316  10.56271214
7 11.2059832
¢ 0.39232550910-00°035
« . 125912062
IR29 (t=3) 07364 _ 86507277
5 1 273328312 227191
. ! 3 089168964
IR29 (t=6) et ' " ‘ N, 1282699879
) 82846983389 2886588
v , N0.556@79337
IR29 (t=12) - =1091158 745\, 1466507536
- ’ 91260571 2.961050
. N 31801" 1402681525
IR29 (t=24) Boof 712 Whi 228873 467% A1 745131885
3 18.4370993615.399394
30976438
10.961029744
8.4472619379 4438928
2,266 — 29z » 9.923386998
Pokkali (t=3 5239869308 497 255061973
@ 08, 0711.764322

Pokkali (t=0)

. 10-1;?7920911.784123
1082721 501 103844.2307  10.42640014
Pokkill (t=12) 28407 742 18388 M84b1  14.82030967

Wl Ve EIN B 3

| (t=24) 1030083.086 93393.38494 11.029508

0.86822083

4.33045219

3.67790537

2.32771653

2.00861013

0.86331291

1.0790353

2.57707131

2.04857406

444261.9423 @ 5134280895 #58,65675157710.07837 el 25439579
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Appendix B

Restriction mapping of pGEM® T-easy Vector

Xmn'| 2009
Scal 1890 y 7 171
' s 1 start
P — ‘1 Ori D = Apa 14
= . - — Aatll 20
— - Sphl 26
- tZ 1 31
— e Ncol 37
AT A BstZ| | 43
. ¢l 43
) I 49
Py EcoR1 | 52
| €4
EcoR | 70
ot | 77
Z\ 77
i . 88
/ Sa 90
- - r Ndel 97
§ I . ’ acl 109
f - seX | 118
J & it 127
f | 141
J ; T spe
f
P 7
5...TGTAA TACG 1 GCATG CTCCC GGCCG CCATG
3. T A C GA CCGGC GGTAC

BstZ | Nco |

C@T GCAGG TCGAC
GGA CGTCC AGCTG
| —

QRIAN TN INAE



157

BIOGRAPHY

Miss. Rattanawadee Wichajarn was born on April@79lin Prachuap Khiri
Khan. She graduated with the degree of Bachel@cténce from the Department of
Science (Biotechnology), Sil

niversity in020 She has enrolled a Master

degree program at th

2000. é
— =y’ |

Publications relaté
1. Wichajarn, Khamnamtong, B and
olving salt tolerance

AFLP. The 31 Annual

Chulalaksanar

Meeting an rpétiopll £onferénce af the\Theii &, for Biotechnology, 24 - 25
september 20 nfSifikit National Copventiai,Bangkok, Thailand (poster

AUINENINYINS
ARIAINTUNRINYINY



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Chapter I Introduction
	1.1 Background information
	1.2 General introduction
	1.3 Molecular genetic approaches used in this thesis
	1.4 Proteomic technique approaches used in this thesis
	1.5 Research studies for identification of genes and proteins involving salt tolerance mechanisms in various plants
	1.6 Objectives of this thesis

	Chapter II Materials and Methods
	2.1. Experimental plants
	2.2 Total RNA extraction
	2.3 Measuring total RNA concentration using spectrophotometry and eletrophoresis
	2.4 DNase I treatment
	2.5 RNA-arbitrarily primed (RAP) PCR analysis
	2.6 Identification of gene involved in salt tolerance mechanisms using cDNAamplifiedfragment length polymorphism (cDNA-AFLP)
	2.7 Denaturing Polyacrylamide Gel Electrophoresis
	2.8 Isolation and characterization of the full length cDNA of functionally important gene homologues of O. sativa using Rapid Amplification of cDNAEnds-Polymerase Chain Reaction (RACE-PCR)
	2.9 Identification of proteins involving salt tolerance mechanism using proteomics
	2.10 Examination of expression levels of interesting genes by Semi-quantitative RT-PCR
	2.11 Examination of expression levels of interesting genes by quantitative realtime PCR

	Chapter III Results
	3.1 Identification of genes involving salt tolerance mechanisms in rice analyzed by RAP-PCR
	3.2 Identification of genes involving in salt tolerance mechanisms in rice by cDNA-AFLP analysis
	3.3. Identification of genes involving salt tolerance mechanisms in rice analyzed by proteomics
	3.4 End point RT-PCR
	3.5 Isolation and characterization of the full length cDNA of stress response gene homologues of O. sativa
	3.6 Examination of expression levels of salt-stress response transcripts by semiquantitative RT-PCR
	3.7 Semi-quantitative RT-PCR analysis
	3.8 Quantitative real-time PCR analysis of lipin N-terminal conserved region family protein, cytochrome p450 monooxygenase and ATP synthase subunit C family protein in leaves of IR29 and Pokkali

	Chapter IV Discussion
	Chapter V Conclusions
	References
	Appendices
	Vita

