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Abstract 
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Project Title: Identification of genes regulated by calmodulin protein in response to 

environmental stress of rice Oryza sativa L. 

Investigator: Teerapong Buaboocha, Ph.D. 

Supaart Sirikantaramas, Ph.D. 

Nuchanat Wuttipraditkul, Ph.D. 

Department of Biochemistry, Faculty of Science 

Chulalongkorn University 

Email Address: T eera pong. B@Chula.ac.th 

Project Period: 1 I?lfnl'llJ 2555 - 30 n\JtmJ'U 2556• 

Environmental stresses such as salinity, drought, heat, or pathogen greatly affect 

agricultural productivity. Researchers have long been attempting to improve plant tolerance to 

these adverse conditions. To be successful, knowledge of the mechanisms involved in 

environmental stress responses of plants in the molecular level is needed. To tolerate stress in 

plants, Ca
2
+ signals have been implicated in transducing the initial signals from various 

environmental changes to elicit appropriate responses. Here, we aimed to identify genes that are 

regulated by OsCaM1, which is a primary Ca
2
+ sensor calmodulin from Oryza sativa L. 'KDML 105'. 

First, five candidate genes that co-expressed with OsCam1-1 (LOC_Os03g20370) were selected. 

Their expression levels were examined in the three transgenic rice lines overexpressing OsCam1-1 

by real-time RT-PCR. Compared with the wild-type and the transgenic control rice line, which was 

transformed with the vector alone, expression of two genes (LOC_ Os03g16690 and 

LOC_Os 11 g38800) was slightly altered in the overexpressing lines. We further used cDNA

Amplified Fragment Length Polymorphism (cDNA-AFLP) to generate transcriptomic profiles of the 

Wild-type rice and the transgenic rice overexpressing OsCom 1-1 and identified differentially 

expressed genes. We found 100 transcript-derived fragments (TDFs) differentially expressed in the 

transgenic rice compared to that in the wild type. So far, 10 up-regulated genes and 24 down

regulated genes were identified from these TDFs. The identification of genes corresponding to 

these TDFs will enable us to characterize the mechanisms of OsCam1-1 in vivo and how these 

modulated genes might involve in the environmental stress response. 

Keywords: calmodulin; OsCam 1-1; rice; cDNA-AFLP 
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tl-rtJtli'1fll1lJ~l'UVl1'U~ tJ fl11~ LL 1~Gi'tJlJ~l11L'VIlJ1::~lJL~B~l£JCl~ fn1lJ L~£J'VI1 £J1'UL:a'lf11i~~ (>IB ~l'1~BL~B'I, 
I .r . I ,..s d I II .. II '" II~ II 4 1 .... ."

LL(;Jfld1lJrW1tJ1lJ'U"il ~ u i::~U fll1lJ '11Li"ilB £J1'1 LL VI "ili'1"il~(>IB'IB1f'l£J fll1lJ1'V1 L~"il1fl f11if'l mn 'Ui~~tJClfl 
" 

LM£JlntJnCllflf11i(>1BU~'UtJ'I'UB'IYl'll~Bfl11::~'1 fl~11 f11iPlfl'l~n1'Ui~~tJhJLClfl""il~,h£J'Vh111Lfi~fl11lJLoVl1v, 

flClln fl1il1lBtJ~'UtJ'I'UB'IYl'll LLCl~u11tl~fll'S~\JlJ'U1~1£J~'U5~i1fll1lJVI'UVl1'U~Bfl11~LLl~Gi'BlJ~l'1" l~m.h'li1 
'" I 

tl'S~~Vl6fl1~1'UtJ'U1fl(>l 

fl'U1Vltlii'UoV11 L u'U B1'V11TVI~fl i1lJ~'1oV11 fJ'ILU'U~'Url1~'1BtJ flB'U~U~'U1 'UB'Itl'S~ LVlf'llJ1LU'UL1Cl1'U1'U 

I I d ."1 OJ II ..I d • 1..1 • I I d ~ I 1
tJ£J1'1(>1BL'UB'I u"il"ilU'Ufl11~LLl~ClBlJVllJf11'SL umJ'ULLuCl'lBm'l'S1~L'S1LLCl~,)'ULL i'1lJ1fl'U'U ~'1C.JClm~VltJ 'UVl1'1, , 

d V I l.I ~ I q ~I COlI v d QJ ~ QJ Q Id Q I 
lJfllllJm'UVll'Ul1l tJfl11~LLl~ClBlJVI LlJL'VIlJ1~?llJ "il'lL u'Ufl1iLmmJ~'SBlJVI"il~'StJlJBfltJfl1iL uCl£J'ULL uCl'l bLCl~ 

fn1lJLL tl'i'l.hTU'U B'Ifl11~ LL1 ~ Gi'tJlJLbCl~~ fl1 ~fl:iJ B 1 fll P1~ rh ~'1 Ln~~'U 
" 

nClIn fl1') (>l tJU ~'U tJ'I'U tJ'IYl'lll'ltJ fl11 ~ LL1 ~ Gi'tJlJi1fld1lJoB'tJ~B'ULU'U fl1 ') (>l tJU~'U tJ'I~ tJ fl1iLtJ~ £J'ULL tlCl'l'VtJ'I 

m~tJd'Ufl1'il'll'1l fl1 tJ1'U'UtJw/JCl~vi1~-rUC.JClm ~Vlu:ij1'Ul'UlJ1n 1~m~lJ"il1fl n1'a-rUaaqJqJ1W (signal 

perception) "il1fl~'1LLd~Gi'tJlJ LLGi'1Lt.l~£J'ULLtlCl'l~qjqj1rubVlci1t1'U111LU'U~qjqj1rufl1£J 1 'UL"1lCl~ 1~ £Ji1~1~'1~1'U 
«qjqj1ru,h~tJ~~tJ'I (second messenger) b'll'U bbflm~£JlJ bn~~'U "il1flt1'ULil~n1'aa'l~h'UaqJqJlw.nlfJl'U 

L6lIml (signal transduction) It.lfldtJFllJfl1'Svl1'11'U'UB'Iltl'i~'U'Vhn'ULurn:;~L~£JmllJi1 effector Vl1Blt.l 

fldtJFllJn1'aLLa~{jtJtJfl"lJtJ{j~hJ~~f1'11t.li~'UL'VI~ld L~B(>lBtJ?I'UtJ'I1'Ui~~U b"1lCl~1'l tJfl11~ bbl~iKBlJ~l'1l ~ bU'U 

«flmnruL~lJ~'UB~l'1L'VIlJ1~~lJ ~'I~ltJ~1'11'U')tl~ 1 
u u " 

Signal--~) Receptors 

t 
Second messenger 


Signal transduction ' . / t 

/ Phosphorylation cascades 

t 
Transcription factors 

Transcriptional regulation t . 
Stress-responsIVe gene~ Responses 

I 
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'oi)lflflTlPifl't:f1 gene expression profile 1'U,)~E.J~bL'lfl'lJeJ'l-Ul1(;11V~'Uq'Vl'Ub~lJLtJ~tJ'ULVitJ'Un'U(;11tJ 

~u5bj'VlUb~lJ (Kawasaki et al., 200 1) 'rl'Uil1'U.fll1~mllJL~lJYl'll~'l(;1eJ'l'llij~iifl1,)VleJ'U(;1UeJ'lvllEJ')tJbL'U'U, " 
fl1')bb(;1~'l eJ eJ fl'lJeJ'l~'U~ f11Kl EJ fI ~'l n'Ubb~blm~Lil~ fl1 ') bL(;1~'lveJ flbLVl fl~I'l n'U1~V1'1..1(;11 EJ~utfvlhJ'VlU L~lJ'oi) ~ii, 

mllJci l-&'l'lJeJ'l fll,)Vl eJ'U(;1'U e:J'l (:.J ~ fl1,)'Vl~~eJ'ldit,xL~'UCi'lmllJ~l~ru'lJ eJ'l m~'Ul'U fl1')-r'U~bL~~G'1'lc·h'U.. " 
~'l!'l!lru~'lbbl~~eJlJ b 'liUfll1lJ b~lJ bb~~eJ1'oi)bU'Utillfhvr'U~':hYl'llJ'U1 'oi)~iifll1lJ(;11lJl')t11ufl1,)'VlUL~lJlvllJ1fl 

,Je:JEJbVlEJ'll~ eJ~l'll')Mil.'1..1 m')tJ~'UtJ,)'lmllJ(;11lJ1')t11'Um'l'VlUL~lJl~v1-&'15'Vll'l:al1'VlEJ1,)~vl'UllJL~fl~, L'li'U, 

fl1')(;1~l'lYl'll'Vl,)lU~b'oi)ijfl iim')l-&,~'U~(;1~l'lltJ')~'U effector 'li'lvil'l.",Jl~~l'l 'l ~L~EJlie:J'ln'Ufl1,)(»e:J'U(;1ue:J'l 

~e:Jmlm~lJ LL"~tilLilG'1Yh~(;1'Uh bb~fl1,)L~lJm')vil'll'U'lJe:J'l effector ~b~EJlieJ'lbVlV'ltill1Vltil1'vr~'l'oi)~hJ 
" 

AeJEJG'1'l(:.J~lu')~V\'U~~')l'VltJ1'lJe:J'l~'Il tTu~eJ ~'Il'Vl,)l'U~L'oi)ijne:Jl'oi)iitJ~lJ1ru effector 'Ilij~Jul b~lJ~'U ,)llJ~'l 

iimllJ~1lJ1')t11'Um~'Ul'Um')~ effector db~Vlie:J'l b~lJlJ1n~u LL~~'Ilvl'lflcil1Rl1n'oi)~l11bb"~'lmllJ"llJ1,)fI 
~ "" 1'" .J ~ ... ~ .,j • I " V:'l v v1~EJ,)llJ1'Ufl1WrUfI11lJLfllJ'VI'lmb~~'l 'U,)~~'U'Vl(»1lJ1 n ~'l'UULlJeJ u')~neJ'Un'U'lJe:Jr.1'lbn(»'lJl'l(»U'oi)lfl gene 

expression profile ~'lm'oi)LU'UltJl~~f11')tJ-r'UtJ1'lmllJ" llJl'.ifllu fl1,)'Vl'Um')LtJ~EJUbbtJ"'l'lJeJ'l.fll1~ 

bb1~ 1KeJlJ'oi)~tJ') ~~'UfI11lJ~1L~ 'oi)lJ 1n~'U()lL UUfl1 'H~lJ1..h~ ~'Vl5il1'rlfl1')vil'l1'U'lJ eJ'l eJ'l AtJ')~n eJ'U1'1..1 

m~'U1Un 1 J-r'Ui LL"~ G'1'lch'U~ty tylru~'l LL1~~e:JlJ ,)llJ~'l fl ~In fI1'U fjlJfl1J Lb~ ~'l eJ eJ n'lJ eJ'l ~U (tra nscri ptiona l 

regulation) 'li'lm~'Ul'Um,)L'VIcild'oi)~G'1'l(:.J"Ci'lltJ')~'U effector 'IllU1UlJ1nlU'lJru~b~EJlnU v\'lJu f111lJi 

fl11lJ b ilh~U]lUb~EJ1 n'U')~'U'UmJ-r'U~'l~'l!'l!lru1'U,)~vl'U~l'll ~'lbb~J~vl'U'lJe:J'l signal perception bb~~ 
signaL transduction 'oi)'UCi'lJ~vl'U transcriptionaL reguLation 'oi):::iJG'11'UVl11,xmJtJ-r'UtJ1'lfll1lJ"llJ1Jt1 

'lJeJ'lVi'lll'Ufl1,)'VlUfl1JbtJ~ EJ'UbbtJ~'l'iJeJ'lil11~LLl~1KeJlJlvlmJl'lt1nViPl'Vll'l bb~~iltJ J~~'Vl5.fll'rllJl n~'U 
" 

~"1l1meJeJeJu'UeJ'lbbl"lm.;zjVlJ (Ca2+) 1Ufl1')rilEJ'Vl eJV1~'l!'l!lrufl1JbtJ~EJ'UbbtJ~'l"1leJ'lil11~bb1V1~vlJ~1'l 'l 

'IllU1UlJl n ~'l!'l!lrubbfl~ b~EJlJd'oi) ~1tJtJ-r'UbtJ~vum~'Ul'UmJ~l'l 'l 'lJeJ'l b'lm~1,x(» e:J'U~'UeJ'l~e:J.fll1~1Ke:JlJ 
bV!cilt1Ue:J~l'lbVllJl~l;'\lJ~tytylruLbfl~b~EJlJbn~~Ulvlb~e:JmllJbilJiu"1leJ'l Ca2+ .fllEJ1'1..1 cytosoL 'lJeJ'lb'll~~ 

.0:..% I ~ I " 2+ 2+0 I 

b'rllJ'lJUeJEJ1'lJl~bJl'oi)lnfl1,)'Vll'l1'U,)llJnU,)~Vll1'l Ca -ATPase bb~~ Ca -channel (Knight, 2000; 

Sanders et al, 1999) fl1,)b~lJ"1le:J'l Ca 
2
+ 'oi)~bn~~'UbVlEJ'lilml1 (transient) lV1tJmJbtJ~tJUbbtJ~'lfl11lJ 

b ilJiu'UeJ'l Ca 2+ d'oi)~iimllJVlm nmnm~'l1Ubb~'lJe:J'l'U~b1ru~bnV1il1tJ1'Ub'll~~ bb~~J~ E.!~b1"lbb~~')tJLb'U'U'lJeJ'l 
" 

fl11b~lJ b'liu m~L~lJ(;1'l~m~e:J'l VI~m~lJ~U"'lbumj''lVll~ bUU~U (McAinsh et al, 2009) V\'lt1'Ub'll"~~'lii 
" 

n"In1'UbbtJflbLtJ:::~rurulru Ca2+ ~bb(»n~l'lnUbb"~1tJm'Ul"IlJm~'U1Ufl11mtJlub'll~~~'oi)~(»eJ'U~ueJ'l~eJ~'l.... , 
t.J cl 0 V cv 2+ .0:. v , 

m~(»'U'Vl'oi)lb'rll~n'U~rurulru Ca L1lJV1UeJEJ1'lbVllJ1~"lJ, .... 
lufl11~'l~'1l'1l1rulV1EJc.il'U Ca2+ ~:::iJfl11~'U~ty'1l1rufl11b~lJfrnlJ b ilJiu'lJeJ'l Ca 2+ mE.!1'Ub'll"~~ 

b~tJnll Ca2+ -modulated proteins lV1t1 Ca2+-modulated protein G'11'U1Vl11iiJ'U~b1ru~'Ubbflm~tJlJ~ 

tJ1~neJ'UvlltJllJVi~'1lij~ heLix-loop-helix ~b~E.!nil EF-hand (Kretsinger & Nockolds, 1973) vl'lLL"V1'l 

l'U~tJv: 21V1mL~"~ loop 'li'l,)llJCi'lG'11UtJ~ltJ'Ue:J'l helix bbyj'l~~eJ'lll1ligand b~~~lbbvnl\1~"1lJ11f1~'Un'U 

Ca2+ vl'm~tJ~l'lbb'U'U pentagonaL bipyramid lV1tJ ligand ~eJ~mtJl'U'U~b1rud~nnlV1'UV11~b1EJnil 
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.,..,. ~ eI ') . ,9'" ...... 2+ .r 0 I 1v
+X*+ Y*+Z*-Y*-X**-Z (* LLVl'UL'j'ilVld(;1VlLLVl'Hltl~ ligand t11'Vl'j'Ufl1'j'l'U1l'U Ca 'U (;11lJ(;nLL'VlWI ~'Illl 

carboxylate oxygen '11m'jsa~l~(J)lLL'VlU~~ 1 (+X), 3 (+ Y) LL~~ 5 (+Z) 'Vl~~l'i'lLL'VlU~lvi''Illl carbonyl 

oxygen 'I11lL'jsa~1~l'i'lLL'VlU~~ 7(-y) LL~~(;1tl~l'i'lLL'VlU~ll'l"i\llll carboxylate oxygen 1'UL'jsa~1~l'i'rILL'VlU~~ 

12(-Z) ;~~1'U1'Vlqj~~LU'U glutamate ~~m1lJtl~~Il~~~ ~1'U ligand ~L~~'I~hW'U"i\llll carboxylate 

'U'Ul"lioU1~'lJtl~L'jsa~l~l'i'lLL'VlU~ 9 (-X) 'Vl~tl'l11l1lJL~Il~'lJtl~Jl• 

a. b. 

Lehninger Principles of biochemistry, 
4~ ed. New Yorl<: W.H. Freeman and 

• lei ( ) 1 vel....., 2+ cI ~ 1. I col .... .... col

~uVl 2 EF-hand a LL~~~ bm~(;1'jl~ helix-loop-helix V1'1UIl'U Ca Vl'Vl'U b'U Lu'j~'U'j'U(;1~~lruLLf1m'ilfJlJ 

~l'Ul'UlJ11l (b) Ligands ~~L~(i)l'i'lLL'VlU-:J~-:ij'Ut1U Ca2+ I'lltJ~'I.l11-:JLL'U'U pentagonal bipyramid 

L'I.l'j~'U~~ EF-hand :WmllJ'Vlmll'VlmfJ~'1~.:jLf1'j.:j(;1{l-:J tl'lrith~llv'U 1l1'j-:ij'Ut1'U Ca2+ LL~~fl1'jLn~
" 

Un~lJ~'Ui5t1'UL'I.l'j~'UL\h'VllJ1tJ (target protein) LU'j~'ULmhd:w 3 ll~lJ~~lr1~ 11'lLLtl calmodulin (CaM) 
2+

(Zielinski, 1998), Ca - dependent protein kinases (CDPKs) (Harmon et al, 2000) LL~~ 

calcineurin-B-like (CBL) protein (Luan et al, 2002) CaM LU'UL'I.l'j~'U~:Wfl1'jpjfl~1lJ11l~~~1'ULU'j~'U~-:J 

~llJmilJ B~1'11'j nmlJfl1'jpj1l~11l~11l'j~~'UllJL~Il~1 'U'j1 fJ~~ LBfJ(i)E1'1:Wmh.JtlfJlJ11l L~B:w~ruru1rufl1'jL~lJ 
.. .. 'U ... '" 

mllJLoUlJoU'U'lJtl'l Ca 
2 

+ Ln~~'UinfJ1'UL"lf~~ CaM vl1'11'Ul(i)fJLoU1-:ij'Ut1'U Ca
2 

+ Ln(i)fl1'jLtJ~fJ'ULLtJ"-:Jlm-:J'jtl vll 
" 

1~~llJ1'jmoUl~Ut1'U1U'j~ULU1'VllJ1 fJ'lJtJ(i)~l'1 '1 LUUfl1'j~.:j~l'U~~~lruLUU~l~U~B1tl ;.:jLL~Il~l-:J'Illl 
.d ~I ~ ~ d 1Vv cv Q..I 2+ 1.1 1v

CDPK VlLu'UVl~ sensor LL"~ effector flmlJB mU~~~lru binding IlU Ca 'I~m~~'U 'Vl kinase 

activity 'lJB'I CDPK vl1-:J1U1'Ufl1':l~'1~~~lruLU'U~l~UL~mJ.:ruL'I.l~m.Jm~u1'Ufl1':lI11fJ1 'UL'Il",,1~liltl'U~'UtJ'I 

~tl~rurulru L'Ii'U .fl11~mllJL~lJ .fl11~LLiI'Il~tJ~1'1L'VllJ1~~lJ~tJltl i.'11'Vl.:rU CBL ;'1LtJ'UllcilJ calcium 
u u , 

sensor 'lJtJ(i)1'Vl:J~rl'U'VlU.fl1fJ'Vl~'11'U Arabidopsis vll'11'UflklfJfl~'1t1U CaM ~tJ"i\l~vi'1'11'Ul~fJfl1':l-:ijUt1'U 

Ltl'j~ULUl'Vl:lJ1fJL~mUUfl1':l~-:J~qjqjlru 1~ fJf11~11Ul';U~ L tJ'Uvll ~'1~l'U~~qjlru~~lr1qJ~l'Vl.:r'U stress 'VlmfJ 

'lJU~L'1i'UL~fJlt1'U 

CaM LtJ'Uhb~u'lJ'U1V1L~fl (148 L':lsa~l~) ~U':l~fltJ'Ul'llfJ EF-hand ~tJ'IfiL~mJvitJt1'U~ltJ a-helix ~ 
" 

L~tJlll1 central helix vll1~ffifl':l'l~tlflillfJ~lJLU" (Chattopadhyaya et al., 1992) l(i)tJ1V1LlJUVl1'11'l1'U N-

terminal LL"~ C -terminal ;-:J'I.l'j~fltJU~lfJ EF-hand ~l'U"~'Vl~'1fi~llJ1'jfl-:ijUt1'U Ca2+ 1'U~Il'\'Jru~ 
" 

cooperative llJL,,~a CaM ~:iJ1fl':l-:J~'I.lLtl~fJ'ULLtl"-:J1tlL~B-:ijun'U Ca2+ "~LoUl~'Un'U1tl':l~'ULU1'VllJltJ1V1tJ 
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e:l1i'r£J~'U~TU'U111 l~fl~vfi'huJ'u~ hydrophobic IIllnl~llJ'U~-:J~a-:J.f)l£J1'Ulm~fl~ U~ldruvr'U~dildl~~ln 
m~m~ffi'U methionine ll~~ phenyLaLanine ~m~~1£Jmhn£J1'U primary structure '/ffi-:J CaM (O'NeiL

" 
.., '" 2+.. JI.. tl <V ...I '" & DeGrado, 1990) llla EF-hand IIlU Ca U';jl1ru~'UCJ1 hydrophobic 1~naunu centraL helix VllJ 

mllJ8~~~'U~-:J~~"li1£J1~ CaM ln~tlniKll~'Ul5nU1tl1~'Ulth~lJ1(Jl~~mn~m(J"lliJ~ ltl1~h.Jl{h~1l1(J'lJil':)
• " ':.J 

.. ...I "'" 1."1 '" '" .... oJ...I I ... 1. I I

~"llVl~~n 'Uu~~U'Ull~'Ul'V1'V1ll1'ln1'll-:Jn'U u L"ll'U metabolic enzyme, kinases ll~~ phoshatase, 

transport protein, cytoskeLetaL protein ll~~ transcription factor ~-:J~1avl-:Jl'U1tl~ 3 aVl-:JhtimlJ 
" 

cJ.:)hHhl(J-:Jl'Un11A'U'V'lultl1~'Ul{h~lJ1(J'lJa-:J CaM l'U-rrl1l~(J 

" 
OIweale~m ' 

',~ ~.,g.: 

~O~MdCBLs 

? 

YN\J1. T b. tty..,... .11~ ~'\t- 1"R' ·SOS or. 

~: X 'lO;"lf! ~/f'r.. SfA ;1 ~ 

~"lJij~nl'}ru~V1l~~-:Jll~n~1-:J:Ulni1~lll~~~~~m':)~~"llll~~~(1tJ~~:u~:iTItl1~'U CaM ~m(J"lliJ\il <S.:)ij 

11£J':)1'Un11A'U'V'l'U1'U~"ll~m£J~U;~ l"li'U 11''Uj;J~-:J (Solanum tuberosum) (Takezawa et aL, 1995) 5-J 
lVl~il':) (Glycine Max) (Lee et aL, 1995) V1~li1£J (Petunia hybrida) (Rodriguez-Concepcion et aL, 

1999) (J1~U (Nicotiana tabacum) (Yamakawa et al, 2001) ll~~tt1 (Pisum sativum) (Duval et aL.,
\J 

2002) :Ulnn11~uA'tHil'U-rrillJ~'lJv-:J~hJlJ.ul1'V'l'\J':hijncilJv'U~~1-:J1'LI1~'U CaM lL~~ 1'LI1~'tJfl~1(J CaM 'VI~a 
~ \J • 

vfL~EJn11 CaM-like (CMU n11 37 ~'U (Boonburapong & Buaboocha, 2007) IIllnn111Lml~~ 

rnllJ"'lJ~'U5'V11'l11\>lJ'tJln11~'\J11(11lJ11tlo;ij~ncilJ1'LI1~uL~cildLU'tJ 6 ncilJ ~'l1'L1~ 4 ncilJLL1mUULtl1~'U 
, , \J .. 

CaM vfijrn1lJa'U-rn~~'l ~1'ULtl1~'Ul'U5n 5 ncilJLU'tJhh~'tJ CML <S'lij'lJ'Ul\il~m~ 145 {)'l 250 l1:a~h~ ij
• \J • 
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lwlu CaM ~,m~ 30% (l-l 85% hh~'U OsCaM LL"~ OsCML LnBU~-l~1Jlilv-lhj~fn~Pin~lt.1til~LL"~ 

n"1nnT'ivhn'U LL~fI1lil'huTil~~mllJG11fi'ru1'Un1'wi1t.1til~LU'U1tld~'U"-l~rurulruLLFI"LogEJlJ~-lL U'Ul'l'"Jn"l-l 
" " " 

~G11fi'qj1'U n1'~(J1BUG1'UB-l ~BFldllJ LFI~EJlilvl n~-l LLd Iil~BlJ'!JB-l~'1I 

.-------'-"'-  . LOC_Os12g12730 

~--I LOC_0s0~g,39380 
L...  ____ . LOC_0s04g4J540 

r-'---,--...,.--- LOC_OsOO5g24780 

.--~-....;. LOC_0s03g21380 

1....----'-,......:.1 LOC_Os07g48340 

L-__ LOC_OsOBg04890 

.----  LOC_OsOlg721000 
.---~ 

'------'-  LOC_~05g31620 

I , 

I ,III :: 

I .. ' I " '. 
~ , 

I - I II' 

I III 

I I 11.1, 

I I III 

I I I, I I 

11 . 111 .. 

, OsC,ML21 

,OsCMt27 ' 

OsGML24 

OsCML32 

OsCMLtO 

OsCMLt5 

OsCMl16 

: OsCMl18 - ' 

6b 

6c 
,..,.---,-,----..,;-- LOC_0s01g04330 

1....---'--"-...,,..;---.- LOC_Os05g13580 

.---~---"';-...,.----..,..- LOC_0s02g50060 

1....-----'"'---.......;;;.---- LOCj)s96g4764Q 
I i j'1f - '", ~:: ' .1. 6d

I j'. 'if 

L ___......;,..-j LOC_Osllg01390 I 
LOC_Os12g01400 II 

6e 

OsCMl19I I II"
. 
L-,-,,.....---- LOC_0s01g72540 OsCM123I I II 


,------- LOC_OsOlg72530 OsCML31I I II 

. OsCML25I 'II 
Os~Ml26I II 


'atl~ 4 Neighbor-joining tree '!JB'lhh~'U OsCaM ml~ OsCML lliltJ1i~B TIGR gene identifier 
'U 

number LL"~Vll'lJ11'U'!JdlLLM1'ln1"iLLl1'lhh~t!lu'U 6 ncilJ'illn 1-6 '\"I~BlJnULLl;J'U.nl'\"1LL?lIil'l ORF, 


'UB-lhJ"i~'ULL~{;1~'!JiJlil lliltJ"i~'\Jlli'lLL~th~''\J Ca2+ J1dtJnciB'lVi'\J~(Yh
, 
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(1\lLL~11L';ilY1';ilULLl:l"';dl;;1qjqjlruLLFl~L~tJlJLL~~ Ca2+ICaM i1'V1Ul~~lAqj1'Utll';iciltJYleJ~~qjqjlru 

Fl1llJ LFl~tJ~~l n~'l LL 1~'"BlJ L~B tll';iI'1BU?l'UB\lB til\l L'VIlJ 1~?llJ LLviB\lr1lh~ nBU'1J B'lL"/l~~~Vh'VIU1~-rU~l'lvi e:J 

~ln Ca2+ICaM 8\l1liYl';ilULLtl.u~ nB'U'VIul'dL';il'V~u':h~'U OsCam1-1 i1';i~~Utll';iLL?l~'lBBm~lJ~'ULdB'U'T1 

hl-rUFl1llJLFl~CJ~~lnFl1llJL~lJ fl1llJLLl:l\l m~~tll';iLn~Ul~LL~~ (Phean-o-pas et al, 2005) LL~~LdB?l~l\l 

-Ul1Y1';il'U~L~ljfl~i1';i~~Utll';iLL?l~'lBBfl'1JB\l~'U OsCam1-1 Li1'UUfl~ ~Ull-Ul1Y1';il'U~L~ljflmvi'i1LL'U11UlJ 

Y1'UYI1'Uvi B.fl11~Fl1l1J LFl~CJ~ ~1 n Fl1llJ L~lJ?l\lflll-U1TtJn~ 1~ CJ~Ull-nl1Y1';il'U ~L~ljn ~i1 tll';iLL?l~\l B B n'1JB'I ~'U 
'OJ 

d d 11 0.1 cv ~ q ~ d.q . . 

"/l\lLfltJ1'1JB\lnUm~U1'Utll';i?l'lLfl';il~'VI ABA ?lB'ICJ'U~\l'1J'U flB CJ'U 9-Cls epoxycarotenold deoxygenase 

(NCED) LL~~~'U ABA aldehyde oxidase (MO) LL~~~\l~·m1~ ABA 1'U~'llYl';il'U~L~ljn~i1';i~~U?l'l~'ULdB
" 

LU~CJULViCJunuV;'llun~ ;Uln~~tll';iYlI'1~B\lL'VI~li1il~L~'U"'hhb~'U OsCaM 1 tll~~ijUYlU1Y1~lrlru.,1'Un~1n 

1U';i~'U~~B\lvil'1l'U L~ tn-uB'I n'U'VI~Bi1tl~;;1lJ~'U5n'U~~~B'I~ mL?l~'1B Bn 1 'U~1\l';i~ CJ~L1~1 L~En n'U 

.fl1CJ1~.fl11~'VI~\l 1 L'li'U L~ Enn'UnUtll';iLL?l~\lBBfl'1JB'I ~'U ~'1,1'Utll';iPimn'VIU1~'1lB'I ~'U~'1?ll1J1';it;lVh1vi1~CJ 

fl1';ilLml~~fl1';iLL?l~\lBBn~1lJ (~ene coexpression analysis) l~tJB1P1tJ~l'U';;BlJ~ DNA microarray 

'VIln~'U~tl\l1lJ1vi'~ m~'Y'VI'Ul~ LLvii1fl1';iLL?l~'1 eJeJn~llJnu~'U5'U1 ~vil'V1Ul~'VI~'1 1 ~'1,1'Un'U,1'UflB1;u;u~vh 
'VIU1~'Um~u1'Ufl1';i~L~En';;eJ'I n'U1vi' l~mV1FlljFli1tl';i~?lUfl1llJ~lL1;U1'Ufl1Ttll1J1';i~U'VIU1~'1JeJ\l ~'U1'U, 

Arabidopsis ~L~tn-neJ'InUtll';i~'1Lml~~?ll';in~lJyJml1'UeJEJ~LL~~5'U 1 amnnlJltJ (Yonekura

Sakakibara et al, 2008; Horan et al, 2008) LdeJhJ'Ul'U1J1i1\il'U-neJ1J~fl1';iLL?lVl\leJeJn'1JB'In'U~1lJ'1JeJ\l-Ul1
... 'OJ 

1vi'f:ln?l~1\l~'U (Lee et al, 2009) tll':ilLml~~fl1';iLL?l~\lBeJn~llJ1vi'f:lm.I11J11m'Utll';if1'U~U transcription
'OJ 'OJ 

factor ~Fl1UfllJfl1';i~~1\lLLU\l1 'U-Ul1 (Fu & Xue, 2010) ~\l,1'Ulm\lfl1';ii1~eJ\ltll';i111LV1Flljfli1lJ1Pifl'l!tl'V1Ul~, 

'1JeJ'I~'Uvil'1 '1 ~i1 fl1';iLL~I'1'1BBn~llJ'VI1eJi1uB«lJ~'Ul5flU CaM 1 ~l~EJ1-UB'I flU fl1';iI'1Bu~'UmviBFl1llJLFl~CJI'1 

;Ulfl~'1 LL1I'1l:leJlJ 
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15~hLij\Jn1~~hi'£J (Materials and Method) 

1. rn1A~l~tlfl candidate genes ~":il:::'thulPimn~tlhJ 

1.1 	 liti'U OsCaml-1 (LOC _ Os03g20370) LiJu bait lYlmnv'U~'U 1 ~ijn11ll?l~'ltltlfl~llJl~tJH 

~l\J-Dm.mn11lL?I~'l tltl fl~llJ'lJ tl'l-Dl1 
... " 
(http://www.ricearray.or\;/coexpression!coexpression.shtml)vhnT.iA~l~tlnV.U~e)tJlun~lJ" 	 , 
.J... .J....... "" "" . . .J 
 col 

'V1lJfll1lJlnm'lJtl'lflUfll1:::LmtJ~'VI1tl transcription factor 'V1?11lJ11t:lfl1'UfllJn11LL?I~'ltltlfl'lJtl'ltJ'U 

~'U 	1 ~ijfh correlation coefficient lJlnfl11 0.7 ~'ltJ'l'Utlfl11V'UL'VI~l'dijfilG1lJ'\.b:::~'V1~fl11 

Ll?l~'l tl tl n~llJ fi tlU-Dl'l?l.:J 
" 

1.2 	 ml":il?ltl'U1:::vrUfl11LL?I~.:Jtltlfl'lJtl.:J candidate genes 1'U-Dl1'V111'U~l":iliJn~ij1:::tK'U fl11Ll?l~.:Jtltln 

'lJtl'lv'U OsCam1-1 Ln'UUn&l 

1.2.1 	 fllTtl tlflLL'U'U1'V'j1LlJtl~ 

~'l-DtllJ~ci'lvr'UL'U?I'lJtl.:JV'U~1~":illfl-Dtl 1.1 ..jl'Ul'U,xlV'U":illfl~l'U-DtllJ~ Rice Genome
" 	 .. " 

Annotation Project (http://rice.plantbiolosy.msu.edu/) (Ouyang et al, 2007) ll~::: 

-DmJc;'1~lvl'UL'U?I~ln-Dl1 supspecies indica ~ijtltJl'U~l'U-DtllJ~ Gen Bank 
'\J 	 \J aIJI '\J 

(http://www.ncbi.nlm.nih.gov/) lJl1 m 'Un11tltlflLl'U'U 1 'V'j1llJtl~~ltJ1U1LLfl1lJ Primer 3 

(http:Ufrodo.wi.mit.edu/) (Rozen & Skalethky, 2000) ~1'V1-r'Ulm'Un111Lfl11:::"';fl11 

LL?I~'ltltlfl'lJtl'l ~'UvY'lVh~ltJ15 real-time RT-PCR 1vi1tl~lnUlf1illtl1'V1~1~1 LlJtl~~ij-fftllJ~tK'l
" 

Locus Sequence Annealing 

temp (OC) 

Product 

size (bp) 

LOC_ Os03g16690 Forward: GCGAGCTGGAAGTGTATGAA 59 126 

Reverse: TACTGTACTGCCACGGGTTG 

LOC _ Os02g55430 Forward: GGTGTCTTGGTTGGGAAAAA 59 165 

Reverse: TGAACTCACGCTCACCAAAC 

LOC_Osllg38800 Forward: CTTCGAGCTGCTGGATTTCT 59 168 

Reverse: GTCTGGAGCGATGGTGAACT 

LOC_ OsOlg64650 Forward: GCAGGCAAAGAAAACAAACC 59 139 

Reverse: TTACTTTGGCACGATTCACG 

LOC_ Os05g04520 Forward: CCTCCTAAAGCTGTCGCAAA 60 153 

Reverse: TTATGACCCGGCATTTTCTC 

I 

http:http:Ufrodo.wi.mit.edu
http:http://www.ncbi.nlm.nih.gov
http:http://rice.plantbiolosy.msu.edu
http://www.ricearray.or\;/coexpression!coexpression.shtml)vhnT.iA~l~tlnV.U~e)tJlun~lJ
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LYl1~LlJ~VI-rr1')'lJ11V1e:Jf)lJ~~ 105 (Khao Dok Ma Li 105; KDMLlOS) wild type LL"~ 

-rr11Vld1'U~L~iinm~r'U£hJ OsCaml-l mtJl~n1)m'Uf)lJ'IJ~~hh1lJLVle:J1 3SSCaMV, 

~~v!lJVI 3 ~rltJ~'U6 (Ll, L2 LL"~ L7) LL,,~-rr11Vld1'U~L~iif)m'Uf)lJvtt~rUn1dVld1'U~yJ~1lJ, , 

~1m1nLVl~1 pCAMBIA1301 LtJ~1~1'U1'U 1 ~ltJ~'U~ lV1tJ1K1~LlJ~Vll'U sodium 

hypochlorite 2% ~~~lJf1'U tween 20 L~mrmJ th1tJLYl1~~'U~e:J1tJ 7 1'U 81tJtJ"n,,~1'U
, 'J 

~ld"~m tJ61Vl rJ1V!ld m'U f)lJ~~(;)U'IJ ~~~ld"~m tJ 61Vl e:J1 V!ldLVI m~lJJ11~~ld"~mtJmJ1'U
4J. " \J 

d~(;)UL~tJ1ti''Ut1UVlrJ'UL~lJ~'Un1dVlVlmNVln1'U ~rX'Uti'un1dLtJ~tJ'U~ld"~"ltJ1mjVln 6'] 3 1'U , , 1 


d .., q <V. 1 ~ v .. ~ I • 1.01 

LlJrJ'lJ11lJe:J1tJ,m'U 3 ~ uVl1V! ~v!Jl11~m1lJLf)dtJVI~1 n m1lJLf)lJ ~VltJn1dLu"tJ'U~ldfl~mtJ61Vl, 

mV!ldtJn~ LnUl'l1mh~1'U~1f)~'U-rr11~L1fl1 0, 2 LLft~ 4 -B'11u~ Vlln1dVlV!flrJ~~~VllJl'I 4 ~1 

lV!tJ11~LL~'Un1dVll'lflrJ~LL'U'U Randomized Block Design 
IV ~ d V d.o::f c::o:

1.2.3 f)1d?lf)V!mdLrJ'ULmLfl~f)1d~)l~"lll'lLrJ'UL~ 

uV!l'U-rrl11til'UlVlwil'ULVI fl11 ,x"~L~tJl'I ~ln,r'UL~lJ TRI REAGENT® (Molecular 

Research Center, USA) LLft~f)flrJhyJ~1lJ L~lJ isopropanol L~~Vln\>1~f)rJ'Um1LBtlL~ 1Kl~ 
I( d v t' ~ 1 

Vl~f)rJ'Um)L~'ULrJmtJ ethanol 75% LL~~~~mtJrJldLrJ'ULrJ 'U DEPC-treated water '\111 

m1lJL-rrlJ-if'U LL"~ m1~?lrJU f) ttl Jll'l"l'IJ ~~m1dJ 'ULrJLV! tJ 1 VI f)1)Vll'I n~'ULL~~~m llJ tJ11 f) ~'U 260 
, 'J 

LL~~ 280 'U11'ULlJ\>1d lLfl~f)1)LLtJm111LatlL~~1tJrJ:::f)1hm""'BL~n1\>1)1yJ~68~ 'J1f),r'Unl~l'I~ 

LB'ULB ~1m~tll"lll1 DNase I (Fermentas, USA) LLft:::~'lLm1~i.1"ii~LB'ULB?l1mLdf) lV!CJf)1)vll 

tJiJn~tJ1 reverse transcription (RT) ~1tJ reverse transcriptase LVlCJ1.v iScript™ cDNA 

Synthesis Kit (Bio-Rad, USA) 

1.2.4 f)1)Vll real-time RT-PCR 
o d , v ® 

Vl1 real-time RT-PCR (Lf))~~~'U Bio-Rad CFX96 system, USA) mtJ EvaGreen 

Super Mix (Bio-Rad, USA) 1'UtJiJn~tJ1tJ~lJ1\>1) 10 \Jl LVltJH cDNA 1 \Jl dJ'U template 

LL(;l~1.v forward primer LL(;l~ reverse primer (;)'lVl1)1~~ 1 1l'1CJHQttlVliJil denaturation 

dod ~ <V 1 d d 0 1v .. 
VI 95 c annealing Vle:JttlVllJV!'lLL~VI'l 'Umd1'lVl 1 LLfl~ extension VI 72 C LLfl~ 'IltJ'U 

, 'U 

elongation factor l-alpha (EFl (J) (AKI0S030) L'U'U internal control vi1f)1)Vll'IflrJ'l 

,nlJ.g1LLfl~lLm1~i.1~"~1tJ Pfaffl method (Pfaffi, 200 1) ll'1CJr\'1'U1ruVl1~VI~1'U)~(;)'Un1) 

lL~V!~BBn'IJrJ~~'U~ln~lJf)l) 

ratio = (E ) 6.C (control-sample)
target T tar~et 

(E
Ref

) 6.C
T 

Ref (control-sample) 
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~ vel del ......
2. n1~i'lfl~1'V11.J1V1'll eJ'l tl1.JVlflVl L~ eJ m.n* 

2.1 	 ~uf'i'1.J]l1.J.veJld~ RiceFOX (http://ricefox.psc.rikenJp/) (Sakurai et al, 2011) L~m'n 


Arabidopsis ~:Wn1~LLI."l(J1'lBafl'llB'l~1.J1111'l'1 ""iJlfl.vl11(J1tl1-ff fuLL-Length cDNA ~~1.JhLL~~ 


~lLU1.Jn1~i'l~m~€J'thU11-ff~fl~1I11eJ1 tl 


2.2 	 n1~~n~1"fl~ru~Vll'ln1tllJl1f1'llB'l,b1.J1111'l '1 'llB'l Arabidopsis LLtl~~1.Jqm~1J.vl'l~1.JLVitlunu~'U 

I."lltJ~'U~tln~ (wide-type) LL~~n1~~fl~1n1~L""iJ~tyL~ul~Jl1tl1~fll1~bfl1tl(J1L~mVitlunu~1.J~lEJ 

~1.J5tln~• 
2.3 	 fl1~~n~11tl~1~~L1Jmbul~VI'1(J1tJ1-ffLfI~a'liJB liquid chromatography LL~~ gas 

chromatography-mass spectrometry 11.J~11.J1111'l '1 'llB'l.vl1L'1i1.J 1u ~€Jn LL~~~ln dJ1.J~1.J 

L~tl1m~.vtlld~.vf'l primary metabolite Lb~~ secondary metabolite n1~')~'-JL1J~luBlm1~:W 

n1~btl~tJ1.Jbbtl~'lltl11.J~1.J!il~bbtl,)~1.J6m~1J I."ll1J1~t1t!l1Jlb~€J1Jbtl'lL·ihnu.vB1J~lnn1~~'lbml~~'lla..:J. ~ 

I .." eI v.." d elv .. 1v
I."llWm '1 LV-lBWil~VllV11.J1V1'llfJ..:JtJ1.JVI~eJ'ln1')l"fn~1 ~ 

* LLt:J1.J~tl-rUbb~1m1J)1(J'll1.Jml1Jnl1V1,j'1 6 b~B1.J 


11.JtJ~ 1 flru~m:ij(Jlvi'tl-rUbLt:J1.Jn1~~lLU1.Jbm'lfl1~.v€J 2 mh'lhn~llJL~B~uf'i'U:l'il1.J.v€JlJ~ 

~ 	 ~... 

d 	 v I dCli d d c::
VlL ~l~fJ'lfl1~ LL~Y-lU Arabidopsis Vl1Jfl1,)Lbl."l~'lBfJn'lJfJ,m1.J LOC Os 11 g38800 '1l'lbU1.J co

expressed gene Bn'VI~'l EJ1.J~L,)1Y-lUl1:w~~!ilU nl'ml."l(J1'1 e:Je:J mtl~tl1.JU tl~'ll tl11.J.vl1V1~11.J~L""iJ 

un~:W')~!ilUfl1,)Lbl."l(J1'1fJe:Jn'lle:J'lEJ1.J OsCom1-1 Lfl'Utln&i ~l:ijtJrs'llvi'i'l~e:J Arabidopsis 

!il'ln~TJ""iJln RiceFOX b~e:Jt!l1J1Pin'l!nl11e:Jltl mh'lhn~l1Jfl1~btJ~tl1.JbLtJ~'I~~'lLn~lvi''lle:J'I~1.J 

LOC Os11g38800 b~1.JllJoff(J1L""iJ1.J,rn ""iJ1nfl1'J~""iJl~ru1€J~l'l~e:JUflfJU'lla'lflru~m:ij(Jrs'l:W- ~ 

mllJ b~1.Jl1m')f1~b~e:Jn cand idate genes b~lJb&i1Jvi'1tl16~-UVlb""iJ1.Jnl1fl1,)1-ff.vfJ1J~ fl1~ 
~ 

bb"(J1..:JfJfJn~1lJ'lle:J..:J.v11 b~fJ1~~1.J1""iJl1""iJ~lvi'EJ1.J~:W'VI,j'1~~fl1UfllJvi'1tlEJ1.J OsCom1-1 fJ~l..:J, . 	 , 
bbVf""iJ~ \l ~l:ijtlrs'lL~e:J mVI flU flVi""iJ~" llJ 1 'J m ~U,~1.JVi:W fl1~ LLI."l (J1'1 e:J e:J nbL~ n1111..:1 n1.J~ ~Vll1\l.u11 

~ 

wildtype tlU.u11V1~1'U~L""iJUn~:Wfl1~bLI."l(J1'1t)fJmn1.Jtln&i'llfJ..:I~1.J 05Com 1-11vlfJ~l..:1-U(J1L""iJ1.J 
I 	 ,'''' v 

-U1.JAmVlflUfi cDNA-AFLP '1i..:J:W-il1.J~€J1.J!il..:Jii 

1. fl1~tJ~n-W'/1Lbr;'l~fl1~I."l n(J1 mRNA 
~ 

1.1 	 tJ~n.vl1 wild type Lb~~.u11V1'Jl1.J~L'~Un~:W'J~!ilUfl1'JbL~(J1'1e:J€Jfl'/JfJ'lEJ1.J 05Com1-1 bn1.JtJfl&i~':J(J 

161vbmlY-lufll."l11.JI."l1~~~mtJ61(?JmVl1,) Yoshida (Yoshida et al, 1976) dJ1.Jb1m 1411.J fllEJ1~, 

'1i1\lbb"..:J 16/8 '/11J. fJruVlfl:IJ 25°C m1lJb.u1JLL"'I 6,000 lux Lb"~m11J~1.J 80% Lnu1uLLr;'l~'Jln, 	 " 

I I 


http:tl~tl1.JU
http://ricefox.psc.rikenJp
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1.2 	 u~Ltrm~vluv'~l)'nn (100 g) 1~"~Latl~lu liquid nitrogen LL~~G1n~ mRNA ~1t1 Magnetic 

mRNA Isolation Kit (New England Biolabx) IJlllJ15n1';i~LL'U~l.hl~t1~~~1Jl 

2. n1';iIJl';jl~G1vU';i~lii'unl'HLG1~'1v8n'lJV\I~h.J OsCaml-l ~1t115 semiquantitative RT-PCR 

2.1 	 r;1''1Lml~'" first-strand cDNA ~1t1 iScript™ cDNA Synthesis Kit (Bio-Rad) IJlllJ15n1';i~LL'U~'I11 

1~t1~~~\Jl 
" 

o 'i 	 d1.d 	 1"2.2 	 'VI1 PCR 'ULm8'1 thermal cycler b~EJ '1! forward LL"~ reverse primer LU'U OsCaml-l-F: 5' 

CACCATGGCGGACCAGCTCACC -3' LL~~ OsCam 1-1-R: 5' -TCACTTGGCCATCATGACCTTG-3' 

\JlllJ"'lIii'U LL,,~1-ff.n11~1ii''1,1 initial denaturation ~ 94°C LU'UL1m 3 'U1Vi \JlllJ~1EJ';jvU'lJv'l PCR 

~1'U1'U 26 ';jvu~'lh~m)U~1t1vru'VI.nij 94°C 30 1'U1Vi 58°C 30 1'U1Vi LL~~ 72°C 45 1'U1Vi LL(;1~, " 
final extension ~ 72°C LU'UL1m 5 'U1Vi G'11V1-rU8'U fFl a ;'11.nLu'U internal controll-ff 

forward LL(;1~ reverse primer LU'U EF10-F: 5' -AGATCAACGAGCCC AAGAG-3' LL(;1~ EFIO-R: 

5' -GCAAAACGACCAAGAGGAG-3' m:W"'llii'u LL~~l-ffm1~1ii''1,1 initial denaturation ~ 94°C 

LU'UL1m 3 'LI1Vi IJlllJ~1EJ';jvtJ'lJv'l PCR ~1'U1'U 28 ';jvtJ~'lh~n8U~1t18ruVlJlij 94°C 30 1'U1Vi , 	 " 
.er..d.er..Q 	 d ~1 d

60°C 30 1'Ul'V1 LL~~ 72°C 45 1'Ul'Y1 LL(;1~ final extension 'VI 72°C Lu'UL1m 5 'U1'V1 
q .::J 	 Cl.I tJ QdI 

3. nl'~Vl1EJ'U'VILLG1~'1v8mL\Jlnm'ln'UmEJ1D cDNA-AFLP 

3.1 	 r;1''1Lml~'" first strand cDNA ~ln mRNA 500 ng l~tJH RevertAid H Minus Reverse 

Transcriptase (Thermo SCientific) ~lmr'Ur;1''1Lm1~viLu'U double-stranded cDNA 1~tl1.n 

NEBNext® (l'Jew England Biolabs) mlJ16nl';i~LL'U:;'I111V1EJ~~~\Jl 

3.2 	 v'h cDNA-AFLP 1~EJtl-rtJL~mrvEJ~ln15'lJ8.:J Bachem et al (1998) L~:W~ln'l11 double

stranded cDNA U~lJ1ru 500 ng lJ1~mJ~1t1 fcoRI LL(;1:; Msel (New England Biolabs) U~:W1ru 
~ d I 

10 U ~ln'U\JL'1!8lJ\Jl8 adaptor (Eco-F: 5'-CfCGTAGACTGCGTACC-3', Eco-R: 5' 

AATTGGTACGCAGTCTAC-3', Mse-F: 5'-GACGATGAGTCCfGAG-3', Mse-R: 5' 

TACTCAGGACfCAT-3') 1~EJ1i T4 DNA ligase (New England Biolabs) LL"~L~lJ'I.J~lJ1ru~1EJ 
'i 1~ ~d 0.... .... .¥

PCR 	b~EJ 'lJb'Vi';iLlJm'VI~lL'Vn:::ntJ adaptor ~'1'U Eco: 5'-GACTGCGTACCAATTC-3', LL(;1::: Mse: 

5' -GATGAGTCCTGAGTAA-3' ~lmr'Uvh1~ PCR product .ffi~L~8~1'1 50 L'VhL~llHLU'Uvi''ULLtJtJ 

l'Unl';iv'h selective amplification 1~t11i selective primer combination (PC) 'lJ8'1 Eco-NN: 

5'-GACfGCGTACCAATTCNN-3', and Mse-NN: 5'-GATGAGTCCTGAGTAANN-3' LLEJn AFLP 

product .ffi~~1E.J 4.5% denaturing polyacrylamide gel electrophoresis (PAGE) LL(;1~n1';j 

ifv:W~1E.Ji5 silver staining (Bassam et al, 1991) 

3.3 	 ~~LLt:1tJ DNA ~G1'Uh~ln rehydrated gel LW~L~:utJ~lJlru~1E.Jl'Vi';jLlJEl~~-tll'U~'U\Jlv'U selective 

amplification ~lmr'U111 PCR product .ffi~tJ1fl~'ULi1 pJET1.2Iblunt cloning vector 

(Thermo Scientific) LL(;1:::Vl1"'1Iii'tJLtJG1~ Macrogen Inc., Korea 1~t11i vector-specific primer 

'111 "'1lii'uLUG1.ffivn'\.J~tJA'U1'U'i1'U-ifv:W(;1 GenBank ~1EJ1U';iLLmlJ BLAST.. " 

I 

http:er..d.er


11 


mln1'l'VIVl~v~LL~::vlhJ'l1fl~~n1'l'V\Vl~v.:l 

1. n1'l~VlL~vn candidate genes ~~::'ll11J1f1m~1~eJl'IJ 
d d 'IV q

1.1 	 n1'l'VI1CJ'UV1LL?lVl~BBn'l11JmJ!TU OsCom 1-1 

"Illfln1'l'VI1~'U~ijn1'lLL?lVl~€I€lfl1J1Jnu~'U OsCom 1-1 (LOC Os03g20370) t~ltIli~1'UoUB1J~- ~ ~ 

fl1'lLL?lVl'lBBfl111J'lJ€I'IoU11 (http://www.ricearray.org/corexpression/coexpression. shtml) 

(Cao et al, 2012) V'lU~'U~1'Ul'U1J1fl~ijfh correlation coefficient 1J1flfl11 0.7 ~'1~1'l1~~ 
.,;." 	 • .% "''''' 'i - ... .,j.1 .,jl"'~12 '1l~ tJ'UL'VI~1'U"Il~~flflVlL~ €lfl ~VltJ'W"Il1'lrulvlfl'lJ€llJ~€I'U 'l u'l~ flBU LVi€l 'l1L u'U candidate genes 

~l'W~\Jn1'lV1Vl~€I'l1'U~'U~€l1'IJ 

d q dod I QJ .q 

(1)1,)1.:1'V\ 2 tJ'UV11Jfl1'lLLM1'l88n'l11J (co-express) flUtJ'U OsCom 1-1 

1---Gene 10 PCC '----- '--RGAP Ver 6 Annotation 


tLoC_OS03g1 6690 I0.8161 oxysterol-binding protein, putative, ex~~= :
> 

l___~~~ _~:~~~_~___L~:_!_~?_~_t _~_~~~~!:_~~_?_~~~!<:~£~.C?.~ i~_~~:'~ ..p.~tati ... .. . 

I LOC Os11g38800 I0.7844 1 zinc finger family protein, putative, ex ...... 
t-	 ---+-----J-------.--- - --- ...---------.--------- 
. LOC Os05g04520 : 0.7795 I protein kinase, putative, expressed 

.... . . _ ...L ... . .... L .• _... ...... .". . 	 • 


LOC Os01g64650 j 0.7754 1 VAMP-like protein YKT62, p~tative, expre.. ... . 

LOC Os07g48780 I 0.7742 I OsCam1-2 - Calmodulin, expressed 
~. 	 ._ __. __ ". ___. _ .1. _. .1. . •. _ ._~_. ,._______ __

L~oc p s06g49460 IO. 7 6~~J R~r1 pr~!eIn~£~_t~~ i~e'_express:.~_.___ ____ .__ _ 

~~~~~E~~J_0_:?_682 _I un:=~arac:_~iz_~~~~s=~iCh .~_o~~~ __c?_n_!~_ini. ~: .. ._______ _ 

i
I 

LOC Os03g07530 i, 0.7638 ; OsFBK12 - F-box domain and kelch repeat ...... 
r' -- --. 	 _._-_. - -----; . - - 1 

l LOC Os02g48980 I 0.~56~ GPI-anchored pro!~_i~~_tative, expre: se...... ._______ 
I 	 I J! LOC Os03g13380 f 0.7564 1 transmembrane 9 superfamily member, puta ..... . 

I LOC Os01g17190 ! 0.7513 1 OsCam3 - Calmodulin, expressed __ 

I LOC Os11g24560 , 0.7512 11 protein transport protein, putative, exp ..... . 
~- ..--.---•. ---.---.-----------.'-.----. _._--_._ ._._-.--- _ .---- - .- - . . -.- ---.... ----- ..._..---_.._._-_. - ._-- -
i LOC Os07g31370 I0.7478 i ras-related protein, putative, expressed 
L. ___ ____ + __• ____---'-_______"- _________________ ___ • ______ _______• ____________~ + 	 ~.A .___+~ 	 _.~ 

i LOC Os02~46962 ! 0.7471 ! VHS and GAT domain containing protein, e.... .. 
, _______ .___.•_ .___ ____ • _ __.... _ .___._. ___ J.__ . _ . _ ~ .... __________._ __ _________ .•____ ._ _______ ._ __ __ ___ ._._•..•_._.•________ •____ . 

I LOC O?05g41480 i 0.7450 j domain of unknown function, OUF250 domai...... 

t. _~?C~SO_~~~: _~9J 0.7445 1 ORM!, p~t~tive , expresse? ___n 
J 	 I Ii LOC Os06g49430 ! 0.7443 j CGMC_M~PKCMGC_ 2.11 - ~GMC includes COA, .. .... 

i Loc- o;04g53620 !0.7435 1 ubiq~itin f~~ily protein, putative, expr. ..... 

LOC Os03g50290 J 0:7430 T--14-3-3 pro~~i~ , --P~~~ti:;,--~~~~~-ssed--- -- - - 

[- La c OS05g~~~-70 [ 0.7401 I ~~-d~~~~~~ , -putative, expressed 
, 	 I II LOC Os05g44050 I 0.73~~J ras-related protein, putative, expressed 

I I 


http://www.ricearray.org/corexpression/coexpression
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I Gene 10 -- I PCC-J..-.------------ RGAP Ve; -6 An~;~~~ion -.----.-- 
1--_________ ... ____ ..__ ____________' ___ . _____ .._~___...~_____ ,. ____. _._.__~ 

I LOC Os02gQ41QO !0.7391 I peptidase, Tl family, putative, expresse.... .. ___ 

I LOC OsQlg72Q8Q I0.7363 \ calmodulin-like protein 1, putative, exp... .. . 

I LOC OsQ8g3337Q I 0.7359 14-3-3 protein, putative, expressed 

l' LOC OsQ9g328QQ !0.7346 I peptidase, Tl famiLy, putative, expresse...... --,' _~~_.....__....~____~__.._~~_..l...______....___~_..____...___~__~ ...-______________,.....___~_ ..__.__...._________________________ _~_..; 

I LOC_Os08g37444 I 0.7312 signal recognition particle receptor, pu....._. ____: 

l.._~es_?:e?_~?~.~~J~!.~.?-~.- __...~.~.~.~~:.~~_~~~£.~.~~~~~.:..~~~a~~~~~..=~~r.::~~_~.. __ ._._._..._......._._..... 

, i I

! LOCps.02g46510 J0.7287 Lad~pto~__~o~~~ex=-= _~ediurl1 s~bu_~~tfa~il~ .. .... 

I LOC OsQ5g35710 I0.7281 l coiLed-coil domain-containing protein 47... ... 
1.______.._--_........ --_..•_---_ ...---_.... _.__.._____ ~ _.......... ..._.~ ..______ ._~. ._....'.______.•_•....... __"____.,_..•_....... ."..,.____.. .. __ • , •• _ _ ___ ••• ___ ___ ._" .••••. _ •• ••••_ ••
"W _. ._ •••.••••••• ,,_, __ _ 

I LOC OsQ3g1375Q I0.7276 1 erwinia induced protein 2, putative, exp.. .. ..
1.._ .._.-- .._..... "_,_,,,,_ _..._.._ ...._ ........._.._.....__.....___.__._.._..____......... __.... .... .___ ... __ _... ._..._ 


I LOC OsQ4~56646 I0.7275 1 MEE34, putative, expressed ____• 

I LOC Os02g54160 !0.7263 1 AP2 domain containing protein, expressed
1- ,--- - 1- ~-----. -------------- -- . --' -- ~ 
. LOC Os02~48720 I0.7258 I mitochondrial carrier protein, putative,.. .. .. 

. _ __ _ ----l.__________ ______ .. ______ .___ ______.__ 

LOC Os06g05880 i 0.7244 ! profilin domain containing protein, expr.. .. ..----l---+ .---------..---- 
LOC_OsQ2g3742Q 10.7241 i ras-related protein, putative, expressed 

,
! LOC Os08g18110 I

; 

0.7239 alpha-soluble NSF attachment protein, pu_ .. ... 
f---- --+ -----. _. - -- 
I LOC Os02g48290 IO. 722~ioredoxin reductase 2, putative, exp~=~.:.:.~..____._ 

I LOC Os06g44374 I 0.7217 I protein transport protein SEC61 subunit .... .. 
f-'" ....... --- -- .--..-....... - -. ..- ·---t..·--·-·-·--..·..·t..-----....-------·....----···-·-......··......--·..--..--..---...--.....--...-..-.- .-...-.-...... .. -....... "-'-' 

LOC Os05g48240 I 0.7214 I dynamin family protein, putative, expres...... 
-... -- -~, '. . ----; -...._- , ----- .__._- -- .• -- - ."--,-,--,~-, ~ 

i LOC OsOls:32660 [ 0.7195 ! STE_MEK_ste7_MAP2K.2 - STE kinases inclu.. .... 
. ' .. . . . ~- ~ 

: .. LOC 5?s~3g23950...J 0.7~85 J adapitin protein, putative, expressed 

l LOC_~~_~5s:3~~?O J ??1~~ t . r~s~ related p~.?te~n, putat~ve, expressed 

i LOC Os04g0283Q r 0.7173 ] expressed protein
1- -- - - --- -------1- ___ A, ---.- _ ..-.-,-.. -- ----- _..-._. - - 

! LOC OslQg31950 !0.7154 1 3-ketoacyL-CoA thiolase, peroxisomal pre...... 

"--LQCQ;07;46670-ro~7148 1-eart~-res~onse to deh;d-;~-~i~~·-l~ -~~~~~i.-~.~ . -- . 
•______. __. __.... ____......J____...__j_._._ .._._. _.______. __ ... _.___. _.• __ .__ _ .... ____ 

! L.OC OsQ2g48610 I 0.7147..G..itochondrial import inner mem.brane tran...:.....:.:..__. 

! LOC Os02g56560 ! 0.7146 I CKl CaseinKinase 1.6 - CKl includes the ... .. .r--- I I . - --.______.__________.._ 

: LOC OsO~g40920 I 0.7143 / expressed protein ______ 

i LOC Os07g38970 I0.7141 ! succinyl-CoA ligase subunit alpha-2, miL... . 
• _. __ ••_ ......... _ •• •.. ~~ • • • _. ___._,",- ________ • __w_ .J...._____ ,_ ._ ••____ • _ _____ • _~._.__ .¥.______ w ______ v" , . _ _ .... __ . • _ •••___--.___ ••••••_. -• • _ ••••••• _ •••. ~__ " _ •• 


LOC Os03g40270 ! 
j 

0.7137 I
i 

alpha-l,4-glucan-protein synthase, putat.. .. .. ._ _ _ ____ I ......J.._______ ._____.._______._______._ - __ .___, 

'. LOC OsOls:43410 10.7135 1 CAMK_CAMKJike.9 - CAMK includes calcium.. .. .. 
-~. - -- - --- - - . - -- ------ --- -------- - --. .. -~----... ~ 

:_,=-O~~~§~~6_~~1 0.7135 j !:ET~i?~_se,. Tl_family, .pu_tative, expr=-:s-=~:.:...: . 

LOC Os09s:33986 !O ._!_13~J peptidase, Tl family, putative, expresse.... .. 

I 



_ ________________________________________________________ _ 
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ubiquitin-conjugating enzyme, putative, ..... .! LOC OsQ1~6Q410 i 0.7127 
L.=: 

I 
LOC_OsQ~~08280 i 0.7091 peptidase, T1 family, putative, expresse .... . . 

I 
LOC_OsQ2~55440 I 0.7090 transmembrane 9 superfamily member, puta ... .. . 

I LQC QsQ5~Q4850 I0.7078 RNA recognition motif containing protein ......l_________________________..L_________ ______. 

l_ LOC QsQ4~58880 I0.7070 I exo70 .:~o~st complex subunit, putative,.... .. _ 

I LQC Os12~Q767Q I 0.7067 l transmembrane 9 superfamily member, puta... ... 
~¥¥.¥_¥¥••-.¥-.--.-.---_-----.-.-----+-..-.----.-.-----. _._,,__.. .. ,., .. ..,,_._..... _M.... .__.__.____.__. _ . ..____________.__..:~__ ______ __ __________________ __________ 

I LOC OsQ1~48280 I 0.7066 j ubiquitin-conjugating enzyme, putative, ...... 
i _ ..._____ ..______..__...~____._,__ ._. ____.1..__ . ___ • ____.... _~~.......__. __ ,_.•. __w_ ," ....... __....-..__••_ ••____ _ • _____••.....__..... ____._••• _____ •••• _•• _ _ • _" 

: 
I 

I ~QC OsQ7~39280 I 0.7063 1 transporter-related, putative, expressed 

-:VlflflT~?l~\.:Jbfl~B~lCJnTm?l\il~BBn~llJ (coexpression network) 'lm~tj'U OsCam l-11Jlt.Jrl 

~~)tJ~ 51\ilmb?l\il~bU'Ubuvn~v'U~iir11 correlation coefficient ?l~?l\il 5 eJ'U~'\Jll)n~~1Jl-r'\J
~ v , 

I 
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D~p;r. to ",.p~""T~n c0ej(pr"B.S~d ~jfl,r.e~ ;.:: : 

~Ipcttnger family p{9~e,l" 

~t1~ 5 bfl~tJ'Ihvnl'~bb?lVl-ltJtJn~'nJ (coexpression network) 'VtJ-l~h..l OsComl-l 



d... ... cI... I ...... cI~ I 

\fIl~l.:j'VI 3 "lJa:W~"lJa..:!tJ'U'VI:wnl'nL~VI..:!aam1:wnUtJ1J OsCam1-1 'VlJ.Jfll correlation coefficient ~..:l~(?l 5 
'J 'J • 

'V ... 

a'UVlULL'Jn 

Locus Putative Function CDS 

lensth 

Protein 

lensth 

LOC_ Os03S16690 oxysterol-bindins protein, putative, expressed 1,392 463 

LOC_ Os02S55430 alSinate resulatory protein AlSP, putative, expressed 657 218 

LOC_Os 11 S38800 zinc finser family protein, putative, expressed 837 278 

LOC_OsO1 S64650 VAMP-like protein YKT62, putative, expressed 651 216 

LOC_ Os05g04520 protein kinase, putative, expressed 1,086 361 

.., 1 lI' ~ ~..J.c:::,I IV 

1.2 n1'J(9)'J1'l?laU':i~VlUn1'JLL?lVl..:!aan"lJa..:! candidate senes 'U"lJl1Vl':il'U'Wil'UnVlm~VlUn1':iLL"'VI..:!aan 

"lJa..:!~'U OsComl-l Ln'Uun&i 

Vl~..:!'<illn?lnVltl11LB'ULB'<illn.ul1Vl':il'U~L'<il-un~ih·~~tJm'J LL?lVl..:laBn"lJa..:! ~'U 05Cam1-1 Lil'Uun&i 

.ul1 wild-type LL~~.ul1Vl'Jl'U~L'<il-Unmu~:wtl1~ 3 ~uVl1~~1~1uml:WL!'l~c!Vl'<illnfl1l:WL~lJ (150 mM 

NaCl) LtJ'ULdftl 2 LLft~ 4 .a-1L:w..:! LL",~111lJ111l'J1'<il",au'J~~Un1'JLL~VI..:laan"lJa..:l candidate genes ~..:!~l 
... ~... L 1 ~ .. .., 1'"' .., •I cld
VldCJ16 real-time RT-PCR VIC! "lib~'JL:We:l':iVl..:!l1ll'Jl..:!Vl 1 VI~·mn1':iVlVlfta..:!VI..:!':i uVl 6 

\I 
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(A) lOC_Os03g16690 

~ § . Colltrollh 
'Vi 
Vl 
<l.i 
' 
Q. -x <l.i 
OJ 6) 

2 • Control 411 

<l.i 
> .... 
c:: 0 • Salt 411 
0cr: L1 L2 L7 1301 WT 

(B) LOC_Os02g55430 

c 
0 
VI 
VI 5 ~ 
Q. x <l.i 
a.; > 

<l.i 
,l) 

> 
~ 

c:: 0 

0

cr: L1 L2 L7 1301 WT 

(C) 

• Controllho 
';j'i 

VI 


Control4h2 2 
~(j 

Q ~ 
 • Salt 2h 
Q
> 
.~ 0 ....·,---··-r·---L···;·..·_--....--_ ...·_,--_ ., • Salt 4h 
o 
cr: L1 L2 L7 1301 WT 

----_.._-----_.._--_...._----- 
LOC_OsOlg64650 

4 

(0) 

~ iii (ontrollh> o
'JJ
> c • Control4h.;:; 0 2 
~ ':r;
CJ Vl . Salt 2hcr: l:' 

Q. 
x 

0<;I • S;llt 4h 

L1 L2 L7 1301 'NT 

.Control2h 

Control4h 

III Salt 4h 

(E) 

lOC_Os05g04520 

4 


c . Controllh0 
VI 

VI 


~ • Control4h
2Q. 

X 0 
<;I > • Salt 2h 
<lJ 2
> 
~ • Salt4h
I'J 0 
0 
cr: L1 L2 L7 1301 WT 

ijn1';jLLM1~t)'e:Jn~"nJn'U~'U OsCom 1

11u-[T)'lJ1J~BmJ~~VJ';jl'U~L~Un~ 

LL4'1~,mBnfj'U OsCom 1-1 Lfl'Uun&l 

4'1llJ4'1l(Ji'U6 (L1, L2 LL~~ L7) -[lTV1, 

'" 
whu'U (1301) LL~~-[ll'lJllVltlnlJd~ 

wild type (WT) vhv1-r'UmllJLf1~(J~ 

:UlnmllJL~:W (150 mM NaG) LU'U 

L1~1 2 LL'l~ 4 il1lJ~ 
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1.3 nl'm~VI'lBBn'1JB'l~'U OsCam1-11'UhJLLn~'nn'1JB'l-U11'YlJ1'Ur;1L~iim:; 

~1nmJ(;)J1~~B'UmJLL~VI'lBBn'llB'l~'U OsCam1-11'U1'ULLn~1'UJ1n'1JB'l-U1TV1J1'Ur;1L~un~t11111 

Pint;11-U'l1'Lfj~tJmVltJ16 semiquantitative RT-PCR L~Bt11 PCR product ~L~lJtr1lJ1rulV1tJB1l'1tJ 

1~JLlJB~~)~"i1'U16vhLii'Um)1~tJ1I1LLtJnvi'1tJ16 agarose geL electrophoresis lvi'e.mm)'YlVl~B'l~'l 

~tJ~ 7 ~'l~U':h-U11'Yl)1'Ur;1L~iindii'Yl)1'Ur;1fl~tJ'IlB'lV'U OsCam 1-1 ~'ln':h1 'U-U11 wild-type B~l'llJ1n 
LtJ'Um)~'UEJ'U".hv'U OsCam1-1 ~'Yl)1'U~vlB~lJL-u"lltJ1'U-U11'Yl)1'U~L~iinmtJ11'i'm) fl1'UfllJ'Il B'lltJ)L1I, 

LWT LT RWT RT 

OsCaml-l 

EFlo. 

n'U-Ul1 wild-type (LWT bL~~ RWT) lV1tJ1off~'U EF1 a btJ'U internal control 

VI~'l~ln double-stranded cDNA ~t11lJ1L~BlJ~Bn'U adaptor ~1m1'Ub~lJ'1l~lJ1ru~'l16m) 

-Ul'l\9l'U L~Bt11 PCR product ffivi'lJ1Lbtln1'ULdew')'U vi'1tJ 1% agarose gel electrophoresis ~'Ul1 

lvi'CJ~n1)'YlVl~B'l~'l~tl~ 8 ~'lLb~VI'l transcript profile 'IlB'l-U11~1vi'~ln PC ~1'l1 ~1'U1'U 12 bL'U'U 

lV1tJ transcript-derived fragments (TDFs) ffivi'~1'U1V1qjn)~~ltJB~)~VI'h-l 100-1,000 ~L'U~ (~tl~ 

8A) b~mLtJn PCR product 'U'U denaturing PAGE ~'l1-Hml11~:::L~tJVI~'lnl1 ~llJ1)mLtJn TDF vvn 

~lnn'UL~mtl~tJ'U bVi tJ'U)~~'Un1)bL~VI'lBvflj:::Vll1'l.[11'Yl)1'U~b~iinn'U-ul1 wild-type lvi' ~'lvi'1v~1'l~ 

lvi'~lnl~'H1IB~"\il'U1'U 5 bL'U'Ulvi'Lbrl Eco-GT/Mse-CC, Eco-GNMse-CA, Eco-ANMse-CA, Eco

Gc/Mse-CA bb~~ Eco-CNMse-CA ()tl~ 8B) ~lnm)1off PC vY'lVllJVI 33 bL'U'U L)I~'U TDF ~1'U1'U 
" 

100 ~'U~ih~~'Un1)Lbi.'fVl'lBvn~Lb(;)n~I'ln'U lV1tJ TDF ~1'U1'U 45 ~'ULLi.'fVl'lvvm~lJ~'U (231'U1'U Lb~~ 
221'U11n) LL~~"\il'U1'U 49 ~'ULLi.'fVl'lvvn~Vln'l (241u1'U LL~~ 251'U)ln) 'UBn~lni1EJ'l'W'U TDF 2 ~u~ 
LLi.'fVl'lvvm~lJ~'U~'l1'U1'UbL~~1'U)ln 3 ~'U~bbi.'fVl'lvvn{;1V1~'l~'l1'U1'ULL~~1'U)ln LL~~Bn 1 ~'U~ 

LL~VI'lvBn~Vln'll '1..11'ULLvlL~lJ~'Ul'U)ln 

I 
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(A) PCI PC2 PC] PC4 PCS PC6 
Marker (kb) 1.111' II Inl I III 1.\\- ' II kill I<T 1.\\1 I.T 1(\\1 RT lilT l or In'. I R I 1\\1 LI' {(WI 1<1 1\\'1 I I R\\ r IU 

I ~ .. ... 
o~ .. .... 

• !j ..M fOIl0.5 .- "t "'" a.. °If .. e <lit t9~• -.. • , • • i~ '!if- ~ "~ 0'; " 0.1 '*' 
.~ 

'" PC7 pcs PC9 PCIO PCII PCl2 
1.111 LI 1(111 It r L II I 1.1 1\, \\1 1<1 1.111 Ll JZ\\ T 1( 1 1.11 I l.1 1(11 I I( I' 1.\\ I 1. 1 1(111 IU III1 L I ;Z\\ I In 

,. 
I .- .. 

0.5 ".. •••I .. iii!! Q .. .. • • • Iii "" 0.1 

Eco-GT Eco-GA Eco-AA Eco-CA(B) 
Mse-CC Mse-CA Mse-CA Mse-CA 

Marker (bp) 
726 

713 

553 


500 

427 

417 

413 


311 

249 

'JU~ 8 (A) 'JUbbU'U'Uv'l cDNA-AFLP transcript U1.1b":IJ~v~n1hmbi:1V1'1nci:JJ TDF ~:51b'W1~":IJ1nn1'H~:JJU~:JJ1ru 
~ ~ , 

~lCJ PC ~1'11 (B) amplification product ~blCJn~1CJ Denaturin~ PAGE ":IJ1n PC :511.111.1 5 bb'U'U~ 

bb(Pln~1'1tl'ULtJ~CJUbViCJu'J~vd1'1 PDF ":IJ1n-lJ11V1'J11.1;;1b":IJ1Jmb~~-lJ11 Wild-type (LWf: lU-lJ11 Wildp

type; L T: 1U-lJ11Vl'J l1.1;;1b":IJ1J n; RWf: 'J1n-lJ11 Wildp-type; RT: 'J1n-lJl1V1'Jl1.1;;1b":IJUn) ncitl'lL~1.1Viu 

LLi:1~'1 TDF U1'1~1.1~lh~!1i'Ufl1'JLLi:1~'1tltlm~:JJ~1.1 bb(;l:::ncieJ'IL~1.1tJ'J~Lb6'1~'1 TDF U1'1~1.1~lh~!1i''Un1'J 

I 
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"" .,J"" .,J tl 1 II ~ ...1.5 nl'~';i~'lJv'UVllJnl'mMl'l€J€Jmtlrlv'ULL rl'l 'U'lJl1V1';il'Ur;'fL~'Un, 

V1rr'l~lnll'lrl'U PCR product ~L~lJU~lJlrul~~lni'U TDF m~L'lJl~ pJET1.2/bLunt cloning 

vector LLrl~V11~1~'lJL'lJr;'f~ Macrogen Inc., Korea l~wloff vector-specific primer LL~lUl"l~'\JL'lJr;'f 

mmtlt1'IJfl'U 1 'U~l'U'lJ€JlJrl GenBank ~lVlu'lLLn';ilJ BLAST L';ilr;'fllJl';im~'IJ"l1ijVl'lJ€J'lv'U~~m';i
~ ~ , 

LLr;'fVl'l€J€Jf1Ltl~V'ULLUrl'l1'U'lJl1V1';il'U~LliJijn~1'U1'U 34 ~'U m'll'l~ 4 LLr;'f~'ltJi'lvtil'l'lJ€J'l~'U~';i~'IJ'1fijVll~, 

<l 1 .,'tit! (If1a ~1~U~ ~\1'a n1~LLafl~t!t!n annotation 

1 lRU2 up-regulated in root LOC_Os04g49194.1 naringenin 2-oxoglutarate 3-dioxygenase, 

putative, expressed 

2 2LUl up-regulated in leaf LOC_ Os12g07740.1 eukaryotic translation initiation factor 2 

subunit gamma, putative, expressed 

3 2LU2 up-regulated in leaf LOC_Osllg05130 PHD-finger family protein, 


expressed 


4 
 2LDl down-regulated in leaf Os03g0197700 zinc finger, C2H2-type domain 

containing protein 

5 4LRDl down-regulated in leaf LOC_Os07g33300.1 none 

and root 

6 16RDl down-regulated in CT832277.1 (c-DNA 


root 
 clone NCBI) 

7 18LD1 down-regulated in leaf LOC_ Os03g05390.1 citrate transporter protein, putative, 

expressed 

8 18LD2 down-regulated in leaf AB126351.1 vacuolar proton pyrophosphatase 

(complete CDS NCBI) 

9 trehalose-6-phosphate synthase 3 

root 

down-regulated in HM050426.118RD1 

(complete CDS NCBI) 


10 
 ATP synthase F1, delta subunit 

root 

LOC_ Os03g52660.1 down-regulated in 18RD3 

family protein, putative, expressed 
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eJ.fh.J'i1V~l;ln1'i'VI~av.:j (Discussion) 
.0::10 ~.r::::I.J..q r QJ a ' " 

~lnfl1'llLfI)l~'V!'V!ltJ'U'VllJfl1C.iLLl:\~~eJeJfl)llJn'Uuu OsCom1-1 (LOC Os03g20370) ~lmi1'U'UvlJ"fl1'l - ~ ~ 

LLl:\~-1vvfl~llJ'UeN'ii11 (http://www.ricearray.org/corexpression/coexpression. shtmL) 'V'I'UV'U~l'Ul'Umfl 

~iJfh correLation coefficient mflfl11 O. 7 ~-l1~rl~L~anv'U~iJfh correLation coefficient l:\-ll:\~ 5 er'U~'U" , 
LL'lfl1~LLri LOC_ Os03g16690 oxysteroL-binding protein, putative, expressed; LOC_Os02gSS430 

aLginate reguLatory protein ALgP, putative, expressed; LOC_Os11g38800 zinc finger family 

protein, putative, expressed; LOC_Os01g646S0 VAMP-like protein YKT62, putative, expressed; 

LL"~ LOC_ OsOSg04520 protein kinase, putative, expressed lJ1(?l'l1~l:\eJ'U'l~~'Ufl1'lLLl:\~,leJeJfll~tJ16 real

time RT-PCR 1'Uoif11'Vl'l1'U~L"i1fl~iJ'l~~'Ufl1'lLLG'I~\leJvfl'Uv-lV'U OsCom1-1 Lil'U\Jfl~ 'V'I'Ul1V'U 

LOC_Os01 g646S0 (~t1~ 60) LL"~ LOC_ OsOSg04520 (~\J~ 6E) ih~~'Ufl1'lLLl:\~-lveJflhk~lJ~'UL~a1~1'U 

fll1lJLfl~tJ~"lflfll1lJL~lJ (150 mM NaCl) LLm~1JJLLl:\~-1fll1lJLL(?lfltJil~'l~'V!11-1oifl1'Vl'l1'U~L"Ufl~LLG'I~"vvfl£j'U 

OsCom1-1 Ln'U\Jfl~n'Uoifl1'Vl'l1'U~L~i1nf11'UfllJLLm~oifT) wild-type 'Uru~~U'U LOC_ Os02g55430 (~\J~ 68) 

1~e.J" fll'j'Vl~ "B~~ijA1L~ tJ\l LU'UlJ 1(?l'l\i1'Ul:\~1'111m:\JG'l1m'lrlUv n Ci-l fll'l L\J ~ tJ'U LLtI "\l'V!~ €I fll1lJ LL(?l n tJi l\l'UB"'l~~U 
.... " 

fll'jLLG'I~,leJeJ nl~m.h-l-a'~ L"'U 

~l'v1~\Jti'U LOC_ Os03g 16690 (~tI~ 6A) 'V'I'U11oif11'Vl'l1'U~L"i1nfllUfllJLL,,~-iiT) wild-type iJ'l~~'Ufl1'j 
~ ~ I I d 1Vv .c::t c: d ~ 1 d "Q ,

LLG'I~"eJeJm'V'llJ'lJ'Uu'l~lJlruG'leJ-lLmLlJeJ mUf111lJLfl'ltJ~~lnfl11lJLfllJ'VlL1m 2 LL"~ 4 'll1 IN '!HlJ~'VI'Ull'V1'j1'UG'I 

L~Ufl~LLG'I~\leleJ nv'U 05Com1-1 Ln'U\Jfl~'V'IU11 fll'l L~lJ'l~~Ufl1'lLL~~-1eJeJn'UeJ-1v'U1'Ui111~~1~1Ufll1lJLfl~tJ~ 

"lnfll1lJL~lJ~L1"1 2 .a-l1lJ'leltJ1'U'l~~'U~~lnl1 'Uru~~fl1'lL~lJ'j~~Ufl1'jLLG'I~-1eJBn~Ll"l 4 .a-l1lJ-1:ULL'tJ1hrlJ~ 
" 

G'I-1fl11 'v1~eJ'V'I~5 neJci1-1'V!t1-1 n~eJfll'l LLl:\~-1eJeJ n'UeJ\lv'U LOC Os03g 16690 1'Uoif11'Vl'l1'U~L"Ufl~LLG'I~"eJeJflV'U 
\J " 

OsCom 1-1 Ln'Utlfl~L~B1~1'Uf111lJLfl~E.I~"1 nfl11lJL~lJiJ'l~~Ufll'lLL~~'1eJBm~lJ~'Uilnl1 LLtJiL~mlm~l'U1t1 

q QJ d c::: ~ I 11 ~ ~ ..,. 

"~lJ'j~ ~'U fl1'j LLG'I ~~B B fl'Vl L'V'IlJG'I-1'U'UlJ1 n fll1'U 11'Vl'jl'Ul:\L ,,'Un fl1'U fllJ LL" ~'U11 WILd-typev , 

~1'v11'tJV'U LOC_Os 11 g38800 (~\J~ 6C) 'V'IU11-iill'Vl'jl'U~L"i1flf11'UfllJLL,,~-iil1 wild-type ih~~'tJfl1'l 

LLG'I~\lBeJm~lJ~'UtI'j~lJlruG'lB\lLvi1L~a1~1u fl11lJLfl~ tJ~"lflfl11lJLAlJ~L1m 2 -8'11lJ\l 'lJru~~-iill'Vl'jl'U~L~un~ 

LLl:\~"aeJflv'U OsCom 1-1 Ln'U\Jfl~LLl:\~'1LL'U1ltllJfll'lL~lJ~'U'lJa-1'l~~Ufl1'lLLG'I~"BeJfl'lJa-lv'U~~lnl1-ii11'Vl'jl'U~ 

L"Uflf11'tJfllJLL,,~-iil1 wiLd-type L~eJ~"l'lrul'!h~L1m-#\l'v1lJ~~~ L i1'Ul11 'Uoif11'Vl'j1'U~L"un~LL~~-1Banv'U, 

OsCom1-1 Ln'Utln~L~eJ1~1'Ufll1lJLfl~tJ~"lnf111mAlJiJfl1'jLLG'I~-1eJBfl'lJeJ-1V'U LOC_Os 11g38800 a~1'U'l~~U 
.J I 1.1 d d f' .c:a. V oCt v d c.: .% dJ,.J 

'VIfleJ'U'lJ1\lfl-1'V1 'lJru~WU11'Vl'l1'UG'lL~'Unfl1'tJ fllJ LL" ~'lJ11 wiLd-type lJ'l~~'Ufll'lLLG'I~"eJeJ n'VlL'V'IlJ'lJ'U'VlL1m 2 

-8'1hNmh\l-a'VlL"'U 

"lne.J"fll'j'VlVl"eJ..:J-ii11~'Um~tJ~..:JG'I'Uhv'U LOC Os03g16690 LL"~ LOC Os 11 g38800 ~iJ'j~~'Urn'jv - 

LLM)-leJamtl~tJ'ULL\J"-11\J1'Uoif11~iJ'l~~'Ufll'jLLl:\~-1eJeJn'lJeJ\lv'U OsCom 1-1 Lil'U'tJn~ U'U LOC_Os03g16690 

~ '" "1 "" "" , d"" """'1 ....., l' ()dLth"!V'U61'j1~ U'l(?l'U'VlL'ltJflll oxysteroL -binding protein 'VIlJG'llJ'U(?l 'Ufll'l"'Ufl'Ul:\l'l 'Un~lJl:\L(?lma" sterol 

http://www.ricearray.org/corexpression/coexpression
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;S'Iih"oU1~~lrlqj1'Um':i1;"1~l'1 (;Jtiwl1m~ m':il.'1'1 Lfl ':il:a,i'tmTIlJ'U'Vnn 1;"1 L~t1':irJ tI ~ LL;;I~ m)-rm-nrJ'Il'i'tb~nrJum~~ 

fldllJ(llJ\l)ru'IJrJ'IL~rJ~lJL'lI;;I~ 'lJru~~u'U LOC_Os 11 g38800 LtJ'U~'U(I~l'1 zinc finger family protein ;S'IVl1 

v cJ ~I . d ~I ..::J I 1 J d I ~ V q v d 0 Q.I d.d " IV 

VI'U1V1L u'U transcn ption factor 'il'lL u'UV1'Ul1;"1'U 'ildlt1'UL Vlm'UL 'U'lJld'il~lJVI'U1V11;"11f1qjV1Lmn'IJrJ'Inum) 

(;IrJU1;"1'UrJ'I(1)rJ mllJLfl1t1Vl 'ill fl mllJLfllJ~m I'it1l.'1'Y'Y 1 ru LLfI;;I L'litllJrJ~1'11 ':i 

rJeil'1bl1mlJ L~rJ~Uf1'U]l'UoUrJ~" RiceFOX 1'U'Uru~df1'1hiViU':hn Arabidopsis ~nm':iLL1;"1Vl'lrJrJn'IJrJ'Iu'U 
LOC_Os03g16690 ~L':il~rJ'Im) LL~ViU Arabidopsis ~nm':iLL(lVl'lrJrJn'UrJ'Iu'U LOC_Osllg38800 ;S'ILU'U 

"" ,J "".d I "" ... 01"/. I 1- fI ... ,~.,/"" ...co-expressed gene anVl'U'ItIlJV1L )lViUdllJ':i:::Vl'l1 fl1)LL1;"1Vl'larJm u"t1'ULL u;;l'l 1J ~'U'lJldV1)l'U1;"1L'il'UnV1lJ)~VlUm':i 

LL1;"1Vl'lrJrJn'IJrJ'Iu'U 05Cam 1-1 Ln'UtJn&l 0~t1~'Ilvli'l.arJ Arabidopsis ~'Imhd'illn RiceFOX L~ml1lJ1Pim~n 
~altJ rJcil'1bl1{;11lJfl1':iLtJ~t1'ULLtJ"'I~~'ILn{;11vl'IJrJ'I~'U LOC_Os 11 g38800 Li1'UhJiVlL'il'Uun 'illnm)Yi'ill':irul 

I l.Ict. QJ C$ d ~ I IV I QJ.r:::!II. ~ Q, IJ' c::r..d .J cv 
rJEJ1'1)rJUflrJU'UrJ'Iflru~m'ilEJ'il'llJfldllJLVI'U':illJn'Udlf1d)flVlL"rJn candidate genes LVilJL{;1lJVl1tJ15'Vl'tlVlL'il'U

" 
n-hfl1)1ioUrJlJ"fl1':iLL1;"1Vl'lrJrJ n<JdlJ'Ua'loUl1LVlm rJcil'1L~m L~rJ1~li''Uh11'il:::1vlEJ'U~nVloUl~~fldUfllJvll t1~'U

\J , 

I V Q. ~QJ d.dil Q. oJ oIClII dd I QJ I II 

OsCam 1-1 rJEn'lLL'Vl'il':i'l (;Jd'iltl'il~ L"amV1f1'UflWil:::1;"11lJl':im~U£J'UV1lJm)LLMI'IarJmL{;1n{;11'1n'U)~Vl11~'lJ11
\J , 

wildt-ype nUoUTJ'Vl)l'U~L'ilUfl~nfl1)LL1;"1Vl'lrJeJmn'UtJn&l'IJeJ'I~'U OsCam 1-11vleJ~1'1iVlL'il'U ,j''U~mV1f1ufl 

cDNA-AFLP 

'illn(;J(l'IJeJ'Ifl1)lLfI)l:::l--1vllm'VlflUfi cDNA-AFLP ~Ull(11lJ1':im~lJtJ~lJ1ru TDF ~LL{;1n~l'1n'UltJlvl~lt1 

PC LLUU~l'1'1 (~tJ~ 8) LL1;"1Vl'l1~L~'Ullm':ilLfI)l~Vl1'U):::~u..r'l genome 1;"11lJl)f.wh11ii\~eJH PC ~LL(;In~l~n'U 

Vim EJ 'l LLUU :Vl n(;J " m)'VlVlfl eJ'I~U~'l1 LL UU'lJeJ'I'Vl)l'U~fI~tJ~ LL{;1n~1'1n'U)~Vlll'11ULL":::)ln'UeJ'IoUl1'Vl)1'U~L'ilUn 

LL1;"1Vl'l1~L~'Ull TDF ~1'Ud'UlJln.QrlnmUfllJLL{;1n~1'1n'U1'UeJlt1d:::~'1n~11LVltl'illnm':i1i PC ..r'lVllJ{;1 33 LLuulvi' 
\J , 

TDF ~l'Ul'U..r'lVllJVl 100 ~'U LLfl:::L~m<h TDF LVI~1.QlJ1Lflfl'ULLfl:::VlliA'1~ULU1;"11;"11lJl':im~u~'U1~vr'lVllJVl 34 U'U, 

~'I~leJcil'1LL(lVl'll'Um':il'1~ 4 ~'IJ'U~dtl~l'Ul'U PC 33 LLUuvhi'<\lln~l'Ul'U PC vr'lVllJVl~LtJ'U1tJ1vi' 256 LLUU 

~'IeJ1'iln~ll1~11~1'Ul'U~'Uvilvl-rU(;J(ln1:::'VlU'illn~'U 05Cam1-1 t11'<\1~nLtJ'U~11.J1'UlJ1n :Vln11t1'11'UrleJ'UVioUl.Q 

~Ull~'U OsCam 1-1 n?ld'UL~t11oUeJ~nUn(l1nm)(;IeJU(I'UeJ'I~amllJLfI~£JVlvihin:Si(;lVl"1t1'tlUVl1vi'LLrl mllJ~eJ'U 

m)LnVlulVl LL(;J(I m llJLfI~t1Vl eJeJ1;"1LlJ ~ n LLfl~m llJ Lfl~ £J Vl:V 1nmllJLAlJ '<\11 n (;J (I fl1)V1Vl" eJ'Il1LL(lVl'l1~Li1'UllU'U 

OsCam 1-1 t1ToiJ:::1;"1~l'1LtJ)~'UfUl.'1'Y'YlruLLflm'li£JlJvinVioUlvi~lrlqj1'Unl''j{;1 rJU1;"1'UeJ~vlrJmllJ LfI~tlVl'<\ll n 

~,:jLL1Vl~rJlJ1 'UoUll 
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