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Analysis of receptor like kinase (RLK) gene to stress in rice
(Oryza sativa L.) using real-time PCR

Min Hee Kang, Il Wook Kim, Sang Hoon Han, Choong Hyo Yun', and Byoung Su Yoon'
Department of Life Science, Kyonggi University, Suwon 443-760, Korea
'National Institute of Agricultural Biotechnology, Suwon 441-707, Korea

ABSTRACT In plant, Receptor-like kinases (RLKs) are protein family, though its function is not yet understood,
consisted of a predicted signal sequence, single transmembrane region, and cytoplasmic kinase domain.
RLKs are involved in hormonal response pathways, cell differentiation, plant growth and development,
self-incompatibility, and symbiont and pathogen recognition. In this study, expression levels of RLG1, RLG5,
RLG6, RLG#6, RLG8, RLG10, RLG17, RLG18 and RLG20 were analyzed by Real-time PCR, when rice (Oryzae
sativa) was treated abiotic stress. The expression levels of all RLGs were compared each other by analyzed
value of threshold cycles (Cr). Consequently, RLGs were suppressed by NaCl as salinity stress, and expression
of each RLK genes were showed difference treated salicylic acid and wound, respectively. However, All RLGs
were induced under low temperature condition. Therefore, our results indicate protection-function of RLK
genes to be an early response of rice against cold weather.
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g3t §42 2802 wo|Qlo] (drabidopsis) 6007 ©]4H<)]
53 7= 7102 4#A 9lom (Shiu and Bleecker 2003),
22 7)ol thel obA o] deA A ¢ka Utk

AA7IA] B A& FollA RLKs7h SIFT, 429
A4 RLKs 9] thefst 8ol H s Jc} (Becraft
2002; Dievert and Clark 2003). 4]5-2] RLK= transmenbrane

B2 YISl e AT A5
2258 AE | kinase F9& Folo] 4155 FEF
4 (Ohtake et al. 2000) A1 59} Ao AZ Ao F3}
oag

4129 RLKst= 4| 719] TR O2 HRe, 3 A 188
Brassicaof| A} AR HEZ 9] S-E=rQlg E§sH= S-locus
receptor kinases (SRKs)®} S-locus glycoproteins (SLGS)O]E]‘
SRK¢} SLG= Femeol HaLn A7t A9 &
HETF (Nasrallah and Nasrallah 1993; Takasaki et al. 2000).

TR 152 EESHAE 9] THQle g ERr= CrRLK]
3} Wakl 0|, Catharanthus roseusol| A ¥HA%H CrRLKI-S ThE
RLKsS} ¥|sto] A 913} ure] F7k0] obd ALE Uil
QW) ol j2oll AMEICkT Qe Sk Wakl & rabidopss
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Aelo] Frgrt

Al HA leucine-rich repeat (LRR) T2 1 Al
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oI o] Qlok

2 AtollA RLK O] WEE BA3E7] 9fal] AME-H Real-
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stel, ALATLOR POR 42e] WIBHE HRAIORS Fo) 5%
St 4 Qle A o2 (Withelm and Pingoud 2003), theF
s A Aot (Baczynska et al, 2004; Ratti et al. 2004), &4
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(Klein 2002),

TEhA] & Aofde F8

2hz Foll shkel Holl st

of 2 Aol FEE = ABHA F 2R AEY A
&5 (temperature), 3}5}2 AE A0 SiEEE ¢ (salts)
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stress= A BT A 0l stressBE= AR 9F L0 &
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Table 1 Quantitative detection primer sets of RLG clones with control gene
Gene Name Sequence mer Tm(C) GC% Product(bp) Source
RLG1Q-F AATCATCGCCATACAACATC 20 53 40
RLG1 227 AF237567
RLG1QR CATACCATCCAAAGGAGTCA 20 55 45
RLG5Q-F CCCACAAGTATTGGAAAACA 20 53 40
RLG5 180 AF238477
RLG5Q-R CGGAGAGTAGCACACCTTTA 20 57 50
RLG6QF GGATTTTGCTCTGAAGGAAC 20 55 45
RLG6 221 NM001048371
RLG6QR ATGTTGTGAGGCTTGATGTC 20 55 45
RLG#6Q-F  GACAGATTGGAGGTGAAAGAGT 22 58 45
RLG#6 216 AP008207
RLG#6QR AACCTTGCTGGTGATAGAGC 20 57 50
RLG8Q-F AGAGGCACAATGGGTTACAT 20 55 45
RLGS 171 NM001048353
RLG8QR CCACTCTGGAACAAAAACCT 20 55 45
RLG10Q-F TTGTTCCAAGGAGATAACGA 20 53 40
RLG10 209 AF238471
RLG10QR TCAGGACATCAGCATAGCTT 20 55 45
RLG17Q-F AGTGCGGTGTTCAATCCTA 19 55 47
RLG17 218 AF238475
RLG17Q-R AATGATGTGGTGTGACTTGG 20 55 45
RLG18Q-F GATATACGGTTCCCCTTCAG 20 57 50
RLG18 229 AF248493
RLG18QR CGGCAGTTGATACATTTGTT 20 53 40
RLG20Q-F TGTGCTCTATCTCTCCCTGA 20 57 50
RLG20 173 NMO001048359
RLG20Q-R AGACAGTTCCAAATCCACCT 20 55 45
Actin RAc1 F CATGCTATCCCTCGTCTCGACCT 23 63 56 ,
i Kim et al. 2007
(Oryza savita) RAc1 R CGCACTTCATGATGGAGTTGTAT 23 58 43

Quantitative realtime PCR

A2 3 25 mM SA (Salicylic acid)} 100 mM NaCl
(Sodium chloride)2 A 23}t

Total RNAQ| £&

7]
A3l A 87F EHA GEF AA ALE Foirte gt
2agEl 8 Wk B 248 9 248 338
1.5 mL tubeo}} B3 RNeasy Plant Mini kit (QIAGEN, USA)E
AR} total RNAS 223190} AP AxAle] HAS
I8 w2, &4 Ea)gh total RNA AJE-= spectrophotometer
(Eppendorf, Germany) 0} 4510} 4% & F RT-PCRO] A}

B3k

First-Strand cDNA £

& B2 A1EA 2 total RNAE AME-51o] cDNAE &
Aek7] 9fa) QRAERSS stk L 2 uge) total
RNAE oligo dT (100 pmole)&} Ao] & 2 65C ofjA] 108-7F
7}&tod, BER iceof| A3t 3 10xReaction buffer, 100 mM
DTT, dNTP (ZF 2.5 mM), 200unit MMLV SAAF &4
(Bioneer, korea), 10 unit RNase (Invitrogen, USA)E 0]-8-6+q
20 uL9] 2% Fu 38TolA 308 F ¥AA first-
strand cDNAE SHAJsE9ic) vR2o] E8% ¢DNA mixs
RNaseH (Fermantas, USA)E 42|38t 3 H}E quantitative real-
time PCRO| ARg-8LoITh A4S o] 83 AFL BE HZAL
o] A& Witk
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Quantitative real-time PCR & primer2| X%

2 Aol B4 o] =& W9 receptor like
kinase FAAS-E (RLGs; RLG1, RLGS, RLG6, RLGHS,
RLGS, RLGI10, RLG17, RLGI18, RLG20) A3 AF+E E3|
+AR G7IM o] EEHA e, T A7INEE ez
Real-Time PCRO|| AR primer (Q-primer)2] €7] 4 E&
Aottt G714 Qo] A4 H Q-primerS internet-based primer
A& =2 780] Primer3 v0.22 o]83to] AHZrslgod,
NCBI2| BLAST search& £3|| primer G7|A¥9 AL

A5st9.0m, primer A2 FAE E3F F5 (Bionics, korea)

o ofa) ALt (Table 1).
Quantitative real-time PCR

HA table 12 AHE Q-primer®] 22 annealing 2=&
ol 7] 9J3) Exicycler Quantitative Thermal Block (Bioneer,
Korea) 2| gradient 7|52 ©]-83}9] gradient PCR-E 4343} ct.
A} =3 pBX-RLG plasmid DNA 1 ng, Z} RLG-F/R Q-primer
10 pmole©]] 2x GreenStar PCR premix (Genetbio, Korea) S 7
7tete] 2% 20 pL WHE-GH-E ANESIGITE of7| A AR
annealing 2=+ GHAIAA ¥HSO0 2 FAE (DNAE F
o2 £33} Quantitative real-time PCRoJ| 2R =gk A
AEA HESOH 20 L % 1 pL9} 10 pmole®] Z RLG-F/R
Q-primer2 2 20 uL ¥RSHO 2 Flod, 94°C 2 1087 A3

E 433t 5, 94T 2027t 32|, Z} annealing 29| A]
202, 12°C oA 2027t Z3+0] THAL 35 cycle $2851H.L
o, 8§22 (Melting point analysis)-2 50-94C L7+
Z74ste] Tmgks 243

Er R

Receptor like kinase genes (RLGs)Q |%AL 24 2
ASLYeR A

Receptor like kinase genes (RLGs)®) A& Fof 9414 7¢
o] 545 E]lotaat shgith. F44F £44& $13H molecular

cloning2- 3} Z%xi] ORFE ZHdl= & -]X}E- ﬂio}@‘_

7to ajolg gelstai.

1] 9] receptor like kinase (RLK)Q] ofn|i=il A B4 7
ol A kinase =M Q102 A== oF 390 O}Uli*\} 717
] 610 o} At A7) 7HA] H| A B QAL HY O
AT B9 d&o] dAEE N-terminal =H1E
HE I Ao wle % Ao gelw o (Fig. 1),
o] iz RLKY 724 tfofst A S Q7] & AL 4
5= N-terminal =1 Q19] ofv| il MEFS thf e B

= 2ol sl
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Jo] 2ol HYou, FFHOR 3749 IFo] FA
gkoldt 4= 919ty RLG6, RLG18, RLG20, RLG8©] &t
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(Fig. 2).
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7|2 Receptor like kinase genes (RLGs)2l
quantitative real-time PCR

428 7 7lmo) et 53 A} Halol) ol el
Hohal B o5 A3} (Jinn et al. 2000)0] &) A3ke] oF 14
A7E AN BE YR o (leal), 7] (stem), e
(root)] A FEO 2 FLESI o H, RNA 55 kitE AM-3}
of B9 7} 7|¢ol|lq F=H total RNAZ 7]3o] w2
receptor like kinase gene (RLGs)2] 2@ xjo|= #hel 34T},
quantitative real-time PCR (QRT-PCR)¢|| AFR-%]7] {3 A&t
H Q-primer52] annealing 2= ZA3}7| ¢35t gradient
PCRO] F£H o2 A% SIcth Q-primer?) annealing ==
RLG1, RLGS, RLG87} 55°C o], RLG6, RLG#6, RLG17,
RLG18, RLG20+= 57C 2 AAHich
T= 7o # QRT-PCRS Z=8aHdtt

Receptor like kinase gene 1 (RLG1)-& Z &3 RLGsS] &
71 A YERt BrE-2 9la} #a]of v ws}o] threshold cycle
(Cr) Zro] 2l 2.0 cycleol| 4] 0.83 cycle7tA] S7}sh= Ao

A% annealing &
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-'-'w---x---wu'-|~-»|---‘r-»--|‘~-|H~-|---‘|--<-s----n«-*-|v-'r~|~~|v«~|----a-*--|--‘-\----s~--1~~s‘-~|~-~|~wrﬂu|-'~|~~!~~-|
10 20 30 40 50 ? 109 110 120 130 140
RLGE - -MDLPKLLETVLILSLLN---YESSS EIRFEFRLSTQ- - -PESCGAFSMHLSCSGQ- - - ~DITLUHP VLGP CKVTE ISYSYATMN VIR VDS SERCPLOKLHS ~
RLG1S - ~MISLREF! LFST- MNP, LKSCSSQRCSKHGPDIRI‘EFKLST)I‘-—DPSCGPEGHQI.SCSGH— DTILDHP VLGSCKVIAIYYRYRVINAILLVESSSRCPLQKLAS -
RLGZO - *HGTILRTAFLLSVLSHGSYIMSSSWDDQDFFKKCPFSRCSKHGPEIRFPHKLQSSN'T?SSCGSSHM(LICSGQ- DPILHHPFLGPCKVTAIBYKKAVMKIIPFGGSS SPOCLLHKFHS -
RLGE - “MHRFLVTALLFSLLH-- - 'FRECEP DIKFEFRL] CSEQ— DTLLLHHVLGLSKVIGIDYIYGVINIVRL. LOKIX:
RLGI MVIPGPFFRRS - TRALQVF S VLCVLRFVVPDE - - DIEWPLIHG IPACPPFTCG - KLSKVASFFHRRG — -~ --YECGVASYELTCTDDKA- -TIQIDNGTYF¥TG IDY SDSTFWVVDANI SDSR-] !UNC!LPPWRRIPYYYDD\?SSDD
e +RVIYVLCVLGVLVPDA GR- PFTCG-HL, P -
RLGSH HMATPG- AYAHA- VQRLATG I LEVVVSLVLOH- - VEGR -~ - - ~HHKCE SFSCG-HLKGVS AFFRRARD- -~ P PGCG SKSYELVCSOTNA- ~ TILIDNATYKVKE INYDYRRFWVVDANIAGS —-rchPQm———nLLqux' -
RLG10 REST .u.QALTALsm‘nH EEARQTRQCRPF SWG -HLXNVSPEFRRHGD - - -PPDCOYKSHELVCSDTRA- “TIRIUNATYYVIRI TN WSLEVYYDT RRQ Q! RTSHM
RLG#G MARGSTI ASTH NITRRCSETVRP AAVE VGGSMRL VL vmunqursvgpppmsm ------------
Clustal Cons 3 . : o* .o
I N I I R I I I T N I I N IR R R LN LN IR TR RN RN PR R RN TR RN TR FRR TN FRRN TR RN N N
140 159 160 170 180 190 2060 210 220 230 240 250 260 210 280
RLGE ~KNQSTSVY-KPQGPQSQGATL¥VCSRDPIFANQ -¥PIVGPISCLG - - -NURQFWYLADPYTYMS VLPLDCTVISKG ~ IPMP¥SYDKKGRIN - - -RDTSBFKETANRVINDGETVFMWY SSHITSIC
RLG18 ~THVSTAVX-EPQ~-XKDGATI¥6CSKDSIATHO- =~DCIVGPRSCLNLS SHESQLWYLVEPRTYMSALPPDCTVVAKG- IFIPYNY QYLDISHLKEKANKVINFGETAFTWHLNKITHAC
RLG20 - ~THLSAGYNDQNQLYLTEPGRIVRCSKEFTTSRASMIDGYNTVI ADKVVRLIPCLR - -DTTSHESYLVSTRLYLYALPLDCMVYSK6NIPTPHRYTAG— -~~~ ~ =~~~ LTFKQMAERI INSAEITLDLILGSIPYNC
RLGS8 - -ANYSTSVYKQYG---FQYASLYSCSEEFIWDST~ -DSIFGPISCLS - - -NASQSLYLVAPYRFVSILPLYCKVVSTE - IMTPYTSHQGRKDYH-ASASTEFRES AKRITTFSE ITFTWSAPHITDVC
RLGL YHIQVELDP, FVNCSKE [HHN~- TSSSTVYVLISRLS - - ~-CYIENLEPSCG - YLAMTRLDGMGR -~ ¥AP AVD S LS YEDVVRFMRRCFRVGFPFRHKRHE -RSF
RLG17 ~LQAKSHHITELAPP¥GVTWASFUYNCSQEIRNSS TSREFVYVFTGQQS ~ -~ A¥ IQNLEPSCG - YLATTPLGG SKLUSTS ALQWYSYQDVVKIMMIGFAVRFPFIVSG - ~WNF
RIGS ~RKVSGHRIEIELAZGAYNHAYFVRCSREVEDN~ SHYSFIYVLLESDSDNPGYIESLERSCG-YLAMITIG DWSTTVPREASYEDVKKFHMRGGFTVRFPVNYGA--GNI
RLG1O TSHSEVYVLTGSESE-TVYVESLEPSCG-YLGMIPLD- -~ DRGAS INASLSYADVLXYMRKGFAIGISSSSGTYHFDF
RLG#E -ITSQCPSELKAP GGCHS ACHVPKODKYCCTGTTGTKTCEPTTFS LEFYRMCPDAYSYSLDDS SSTTFTCRPSSTHYQL IFCPPTDLTSSSPY
Clustal Cons LA . :
R I I I I I I N I I I I N I O N I I I I N R R RN LR RN TR RN IR RN I
' 290 300 310 326 330 340 350 360 370 380 390 400 410
RIGE CQRCEYEGRFCGFSSQSGQRICRRHGER: - ~¥TLVARTSSVATFP¥ILSLVVATAFYISLKSRYNKE IHLKVEMFLKTYGTSKPMRYTFSDVKKITRRFK
RLG1B .CQGCEWNGHHCGFSSQRGQLFCQ)(QDF‘VYSCSHKSCFWE‘SE‘CFKKQILMTLLILHEQT“E‘IYFYTATSSMTI.mLmVG‘ITIYI.SLKTRYNEEIHI.KVEHE‘IJ(TYGTSKPTRYSFSEV'K](ITRM‘R
RLG20 CTRC AFSSQRNQTF( - ~VKVIARTS-VAAFVAVS LVVATVLYLSLRQRYNEEVHLKVEMFLRTYGLSKPTRYTFSQVKKITRRFK
RLGS ‘CIDCERQQRLCGFS SQRRTAFCKPHGSKSP —~ === ===~m -~ mee s === - - KV IVAYS VP TI¥¥LTLVVAS ALY LSLRTKHDDE IQLKVEMFLKTYGTSKPTRYTF SEVKRITRRFK
RLGL FKDCIMESIPKSTG IGKLSDWF SLSVTENFMDCATAKIPSPYNILLG -~ --IILIALMFWIMLAPPCRYLLAPLYVLIFLAQKYLKRMITIDAVEKFLRMOQMIGPTRYAYTDI TAITGHER
RLG1? FXECLALSTRIAN--IAIIDFY- ~FRSCFLLGDRSHENLIYTYM - -VVDTALLI LKWIAVLCRFVLAPLAVF IFLAHKYWRNKITIDAVEKFLOQMQLTLGPTRYAYTDLTAITGHFG
RLGS INECIMDSISLSR~ - —--LLLTPVRCMYYAVLCREVLVPLAILTFLAHKYWKTRIAIDAVEKFLOMQQVLSPTRYRY TDLTAVISHER.
RLG1D ZFRACLAES Vv - v m -—— ~BPLLAPLVYLTFLSHKYWKARITIDAVEKFLRMQEMLSPMRYGYTDIIAITSHFR,
RLG#G VPPPAPIAIGPSGLDS SSKRGGR- ‘LVA’I‘IWSVIGSTSVLTIIIASIIIIKRRIRRHQE“QEEEQEE‘BELPLQ&HPRRFTFQQLQERTDQFR.
Clustal Cans H B DL B * ok
R I I I I I I N N N I I N I T N I N I I O N I T
4110 420 430 440 430 460 470 480 490 500 510 320 5
RLGG ITRRFKRKLGHGGFGSVYKGELPHG - VP VAVKMLEN - SLGEGEEPINEVAT IGRT HHANI VRLLGFCSEGTRRALI YEFMPRESLEKY IF SHG6 SHISREFLVPKKHLDI ALGTARGME YLHQGCRQRILHFDIKPHN ILL
RLG18 ITRRFRERTGHGGCYSHVYKGELPHG - VP YAVKMLEN - SRGDCQEFINEVATI SR THHANYLRLLGFCSEGTRRTL I YEFMP DS TEXY IFSQGPHVSREFLVP DKHLD I SLE  ARGME Y LHQGCHORILHFDTKEQWILL
RLGZQ ITRRFKEEVGQGGEGTY LLNG- VP EN-P ITEVATIGRIHNANI IKLLGPCSEGTRRALIYEFMPHESLEKY IFLHDHHTPQELL SPHKMIDT ALG IARGME YLHQGCHQRIIMFDIKPHNILY,
RLGE ITRRFKHKLETGGEGSVY! KG-VP EX IHEVATIGRIHHVNVVRLLGFCSEGTRHALIYEFMPHNSLEKY IFSRDYISSQEVLVPDRMLKIALCIAQGIEYLHQGCSQRILNFDIKPHRILL
RLGL ITGHFREKLEQGGYGSVYKGVLLEPGDLRVAIKI LHGY SHCHGEEFR I SEVATIGRTHHVEVVRLVGFCSEEMRRALVYEYMPRGSLDKHIF SSERRFSH- - - -~ DKLHE I ALG TARG INYLRQGCDMQILHFDIKPHSILL
RLIG1T ITCHPGEXLGQGHYSSVYKG - VLPG Y VRVAVKVLER - ANCHGEEFISEVSTIGRTHHVE YWRLVGFCESEELRRALVYEYMPEGSLDKY IFSSKRSFSH- ~DEINEIALGIARGTHYLHQGCDPMQILHFDIKPHEILL
RLGS VISHF YKGV. TYDGEEFISEVS! 1xmuummwm.vercszm_mlvmmqesxmkyu‘sszusr‘sw— ~DXLYETAIGIARG THYLHQGCDMQTLHFDIKPHNTLL
RYLG1G ITSHFRDRLGQGSYGTVYKGVLLPGNT ISEVSTIGRI RY.VYEYMPRGSLDKYIFSSDKSFSE- - - --DELNEIALGIARGINYLHQGCDLOTEHFDIKPHNILL

RLG#E RTDQFRDKLGQGGPGSWI.GOIGGE——R\?EWP.LDQ SGQGMREMEVQTIGSIHHIHLVPJ.XGPCAERSQRLLVYEMKGSLDPWLYHQQGSPAP ALDWWIRYKIITQVAXGLS YLHEECHMMRI RHLDVKEQUTLL
Clustal Cons * 1% ,:1i% %, 1% #; # : A R ENI D 01 L IRy READ K A Ak mk ARRN

R A L R L L I N I I N L I TR N L T TR N R SR S N R D TR T N RN PR P PR SRR PR

540 550 560 570 586 590 600 610 £20 8§30 640 850 660 70

RLGE IKPHEILLDYSFEPKISDFGLAKLCARDGS IVILTAARGTMGY I APELY SRSFGAT SYKSDVY SFGHLVLEMVS6RRNTBP TVEN -QREFYFPEWI Y¥ERVINGQE - - - LYLEMETTQGEXETVRQEAT VALWCIQWHP
RLGI8 IKPQNILLDYSFREKISDFGLAKLCARDGSIVILTAARGTMGY IAPELY SERFGVIS¥KSDVY SFGMLVLEMVSGRRNLDEGIDH - QHEVIFLEWI YEKVFTGQH - - ~LLISTEMTQDEKYKVRKLAIVALWC IQWHP
REGZO IKPHNILLDYRFSFRISDFGLAKLCPRDGS IVIMIKARGTIMGY IAPELY SREFGEI SYKSDVY SFGHLVLEMVSSRRSWDP SIKN -QHEVYFPEWIYEKVITEQE - ~ ~FVLSREMTEEEXQMVRQLALVALWC IQWHP
RLGE IKPHRILLDHSFEPKISDPGLAKLCARDOSIVILTAARGTMGY I APELY SERFGAVSYESDVFP SFGMLVLEMLSSKRNSDES INS -QHEVF VPEWIYETI VS AQE - - - SEFAKDMTQEEKEKLRKLAT VALWCHQWI P
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Figure 1. Alignment of amino acid sequence of receptor like kianses (RLKs) coded by receptor like kinase genes (RLG1, RLGS,
RLG6, RLG#6, RLGE, RLGIG, RLG17, RLGIS, RLG20) from Orizae sativa L..
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Figure 2. Phylogenetic analysis using Neighbour-Joining method showed a close relationship between the receptor like kinases
(RLKs} secured by this study. Panel A shows a phylogenetic tree of RLKs using full amino acid sequence. Panel B shows the
other phylogenetic tree of RLKs using a part of amino acid sequence.
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Figure 3. Variation of Threshold cycle (Cr) of receptor like
kinase genes (RLGs) in deferent organs (leaf, stalk and root) of
rice. These are numerical evaluates that results of Cp of
Receptor like kinase genes in deferent organs from rice.
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Figure 4. Variation of threshold cycle (Cr) of receptor like
kinase genes from rice grown in low temperature condition.
These are numerical evaluates that results of Cr of RLG from
control rice (grown in 25~28'C) minus Cr of RLG from rice
(grown in 4C after 4hour and 24hour)
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Figure 5. Variation of threshold cycle (Cr) of receptor like
kinase genes from rice treated salinity stress. These are
numerical evaluates that results of Cr of RLG from control
rice (none treated NaCl) minus Cr of RLG from rice (treated
NaCl after 4hour and 24hour)
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Figure 6. Variation of threshold cycle (Cr) of Receptor like
kinase genes (RLGs) from rice treated Salicylic acid. These are
numerical evaluates that results of Cr of RLG from control
rice (none treated Salicylic acid) minus Cr of RLG from rice
(treated Salicylic acid after 4hour and 24hour).
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Figure 7. Variation of threshold cycle (Cr) of Receptor like
kinase genes from rice by artificial wounds. These are
numerical evaluates that results of Cr of RLG from control
rice (none treated artificial wounds) minus Cr of RLG from
rice (treated artificial wounds after 4hour and 24hour)

it

wo[x) giSkouk 242 ol wto] 7
Ehsdeh. 4709 RLGSS: A2 Aol
7t Fol= dzaa 22 2o WEs 2
A o2 710] B4 4 ot Bolq Askz
v, ghep olo] B2 27HHel AEL S
AR

A15-2] Receptor like kinase (RLK) THAZE-L- signal sequence,

rlr _F?{
> <o
oo

x8.
£ £

=T

oA B o
or R

o 2 >

_‘2
ot
w40
lo 2

tu

single transmembrane region, cytoplasmic kinase =912
FA = 2lom, RLK genes (RLGs)> 322 HH3 A2,
AE B, A2 ARy} et 27t B8 T3 AT
A3} 93 Hof Gtk 7Hs A o] H A7
zzazr_ 9ou, F8 A% skl Mol RLKo
= 3 Al o)t}
Rkse] 243 Hf’ﬂ

°ﬂ/\1 =lst
OH ﬂiﬂ RLGs (RLGI, RLGS, RLGS,
RLG#6, RLGS, RLG10, RLGI7, RLG18, RLG20)2] ¥+3 ¥
3= real-time PCRE ARESto] EA5}9 oW threshold
cycle (Cr) 29 HIZE F3f 2HE W3S H|wstglch
RLGs9] ¥ ¥oh= 19 7|3E UHro] EjIEHy o, 4]
=29 A % Yol BFE Fe 78 2EGHS (AR,
B, TE A, ARl Qg 3 ERIge g 1 7
ol tigt RS BAsHch

1 9] receptor like kinase (RLK)&} ofu|ieAl A|E B4 2
oA R LHQlo e AHEE HAE AT FEoA

3@ wu o

A3] e oAAS HYon (Fig 1), SAR B4 T8
I3 3| A= phylogenetic treed| A= 3709) 1F0 2
Helsle 4ok 2l (Fig. 2), B9 749 Ao) elo] 7}
sajeirh olele ZnolAl zhzke) RLG7H Ags] chorar
AZE A & ALz o FHGlen, o|F Fa TA A
g ol & Zto]E Hol= ¥ {3 RLKsof djsf 2 2
219] 7152 BAS] R A7t Aol AtE o
of & A& WE|gict

Real-time PCR -& 2-8%
PEIRE
teoges B
%7], Fig. 3). “?;L}
RLK -7} dd s} f—-ﬁé‘g %’:‘% ARg-sto] sk

AZAZ} RPN e AE 2



Real-time PCRE O[&%F &
e o|e, 59 F075e) STt %S 4443
1 H3 Eh geta] A AR A et A
= AEAE sty g a7t Ede] =L ATk
A7) o aEEA
27 ora i 519

£ Aol A= Hol EAJ3hE RLK £
of thstof omdt EAHYU EXE A

th 2EHARE S8 AEHAQ AL
3l5hA AEE A0 SjEE o (salts, NaCl) 12|31 A
2} HYo) of2 AEd A FoiE $2E A2 (slicylic

2.9
o=
a

(low temperature),

acid, SA), <193 AHA (artificial wound)E A1A43tg o0,
real-ime PCRS AH-3t0] 7t ©717}e] wHel g 24slo] 2
32 s

A9l #7ollA RLGSE Al&IF ZE FAAPE 4417834
24470 M 0] Wgtoll= Apol7h AT, AlZte] AEe

& Wdo] F71I3Itt (Fig. 4). o] ATE A4 Hel g
“4:% FA5E7] 18 RLGs7F FHEE "ok AMdE 24l
1900, RLGs7H 2P E Bl= A& gt A34<e

[¢]
AX

|
=

ox

Ol

A
Jo-

=

2 4= 90& Aol AH T Tl 2 Fofl gt ke
aClE AHTozH elstglen, 220 o2} RLGs
F Ardo] Zangl oy 4417k Fo Hlaste] 24417 &
ol ol Aol W] SEEE A BAYstA (Fig.
5). A2l 4] RLGsRo] F71% AL 2= Ade A
7Fs/d Bol Fou, gofl dsjAe Bz E3ol
She A2 Kol o= RLGs7t ol disia A&4E
e %% “%t Aoz H“ =t
He-& Uehlle S22l A%
%Z—.C’J FA l EH HHL % RLGS°ﬂ R e
AEF Ao thaf HA 447 & 2 RLGsY
O‘% 24A7F o SA] i Has
7 AL} (Fig. 6) A

= =
o AqAEE A Hole A uit

5
N

Hl flo

3 A3} RLGsF oA 5 gk E}F/]’ E's
gao] tigh gkg-o] th2A YEglen, of
QA8 whg-sl= Aol B2t s L}'
EP‘H‘:}“ ——]UV?_H:P a2tk
B4 A AEF
o Aol ohgt A3
3l 5ol digt AFE 2=
st AR 2A £ Ae] it f&5HA AHE 4 3
Ao 2 ArsHT.

EdA0| ME

2| Receptor like kinase (RLK) REXtQ] Udd 5t Z4 - 289

Al AL

A H22EH S| ST EARY IS 20080101-
080-005-001-03-00 11} A7 et (IAH S 2007-084) 12]31
(F) AEFE9 299 ZAEGE vyt

¥ 2

A9 Receptor like kinase (RLK) THlZAEL. 7 7]50]
ZF oA QA AT, signal sequence, single transmembrane
region, cytoplasmic kinase =102 LAJE o] Qith RLK
gene (RLGs)= 2R k8 A2 AE 249, &9 A4z
ureh A7h B4R e g W AT A Ho
Aok EaEgick 2 dFoie #9 RLGs & RLGI,
RLGS5, RLG6, RLG#6, RLG8, RLG10, RLG17, RLGIS,
RLG209] AEG A0 WhE W HILE real-time PCRE A}
L3}o] Bajslo] Bxla EAS 319181 t) Threshold cycle
(Cr) =29 WiglE Fal Wl WolE vwasto] Aypaor,
NaClojl tisfiAs WF Zhadh= 74eRS 2218t9.0H, Salicylic
acid®} A4 ol g8 z+ RLGso| wat 28 sishy) o2
A Yelgtet o]of Hlmate] A2 BE RLGs HEHo]
Z7rstoct wheha] 2 Ao Al Wallel gt wol A4t
A ZhaE |9 RLKO|A EolE BA EAE o gfte s
WAl 1A Ex0] e B = Aok
7FsAE HoFith

5 2~ ol
2 g 9l8

eI2Es

Baczynska A, Svenstrup HF, Fedder J, Birkelund S (2004)
Development of real-time PCR for detection of Mycoplasma
hominis. BMC Microbiol 35: 385-392

Becraft PW (2002) Receptor kinase signaling in plant
development. Annu Rev Cell Dev Biol 18: 163-192

Boyer JS (1982) Plant productivity and environment. Science
218: 443-448

Castells E, Casacuberta JM (2007) Signalling through
kinase-defective domains; the prevalence of atypical
receptor-like kinase in plants. J Expt Bot 58: 3503-3511

Diedhiou CJ, Popova OV, Dietz KJ, Golidack D (2008) The
SNF1-type serine-threonine protein kinase SAPK4 regulates
stress responsive gene expression in rice BMC Plant Biol
8: 1-28

Endre G, Kereszt A, Kevei Z, Mihacea S, Kalo P, Kiss GB




290 - Journal of Plant Biotechnology

(2002) A receptor kinase gene regulating symbiotic
nodule development. Nature 417: 962-966

Gomez-Gomez L, Boller T (2000) FLS2: An LRR receptor-like
kinase involved in the perception of bacterial elicitor
flagellin in Arabidopsis. Mol Cell 5: 1003-1011

Han SH, Lee DW, Kim EH, Lee MK, Park YD, Kim SH,
Yoon BS (2007) Selection of tobacco plans expressing
chinese cabbage myrosinase gene and quantification of
myrosinase gene expression level using quantitative
real-time PCR method. Kor J Jort Sci Technol 25: 29-36

Hu H, You J, Fang Y, Zhu X, Qi Z, Xiong L (2008)
Characterization of transcription factor gene SNAC2
conferring cold and salt tolerance in rice Plant Mol Biol
27: 169-181

Jinn TL, Stone JM, Walker JC (2000) HAESA, an Arabidopsis
leucine-rich repeat receptor kinase, control floral organ
abscission. Genes&Dev. 14: 108-117

Klein D (2002) Quantification using real-time PCR to food
and agricultural systems: A review. Food Biotech 8:
257-260

Kreps JA, Wu Y, Chang HS, Zhu T, Wang Z, Harper JF
(2002) Transcriptome changes for Arabidopsis in response
to salt, osmotic and cold stress. Plant Physiol 130:
2129-2141

Lee DB, Yang OS, Han SH, Lim YK, Yoon BS (2004) Rapid
detection of Panibacillus larvae larvae caused american
foulbrood using real-time PCR. Kor J Apiculture 19:
97-108

Li J, Chory J (1997) A putative leucine-rich repeat receptor
kinase involved in brassinosteroid signal transduction.
Cell 90: 929-938

Loake G, Grant M. (2007) Salicylic acid in plant defence-
the players and protagonists. . Curr Opin Plant Biol 10:
466-472

Matsubayashi Y, Ogawa M, Morita A, Sakagami Y (2002)
An LRR receptor kinase involved in perception of a
peptide plant hormone, phytosulfokine. Science 296:
1470-1472

Morris ER, Walker JC (2003) Receptor-like protein kinases:
the keys to response. Current opinion in plant biology 6:
339-342

Nasrallah JB, Nasrallah ME (1993) Pollen|mdash]Stigma
Signaling in the Sporophytic Self-Incompatibility Response.
Plant Cell 5: 1325-1335

Nishimura R, Hayashi M, Wu GJ, Kouchi H, Imaizumi-
Anraku H, Murakami Y, Kawasaki S, Akao S, Ohmori M,
Nagasawa M, Harada K, Kawaguchi M (2002) HARI1
mediates systemic regulation of symbiotic organ development.
Nature 420: 426-429

Ohtake Y, Takahashi T, Komeda Y (2000) Salicylic acid
induces the expression of a number of receptor-like
kinase genes in Arabidopsis thaliana. Plant Cell Physiol

41: 1038-1044

Pardigol A, Guillet S, Popping B (2003) A simple procedure
for quantification of genetically modified organism using
hybrid amplicon standards. Eur Food Res Techno 216:
412-420

Ratti C, Budge G, Ward L, Clover G, Autonell C, Henry C
(2004) Detection and real-time quantitation of Soil-borne
cereal mosaic virus (SBCMV) and Polymyza graminis in
winter wheat usin real-time PCR (TagMan). J Virol
Mehthods 122: 95-103

Ronning SB, Vaitilingom M, Berdal KG, Holstjensen A
(2003) Event specific real-time quantitative PCR for
genetically modified Bt11 maize (Zea mays). Eur Food
Res Technol 216: 347-354

Shiu SH, Bleecker AB (2001) Receptor-like kinases from
Arabidopsis form a monophyletic gene family related to
animal receptor kinases. Proc Natl Acad Sci 98: 10763-
10768

Shiu SH, Bleecker AB (2003) Expansion of the receptor-like
kinase/Pelle gene family and receptor-like proteins in
Arabidopsis. Plant Physiol 132: 530-543

Song WY, Wang GL, Chen LL, Kim HS, Pi LY, Holsten T,
Gadner J, Wang B, Zhai WX, Zhu LH, Fauquet C,
Ronald PC (1995) A receptor kinase-like protein encoded
by the rice disease resistance gene Xa2l. Science 270:
1804-1806

Stracke S, Kistner C, Yoshida S, Mulder L, Sato S, Kaneko
T, Tabata S, Sandal N, Stougaard J, Szczyglowski K,
Parniske M (2002) A plant receptor-like kinase required
for both bacterial and fungal symbiosis. Nature 417: 959
-962

Takasaki T, Hatakeyama K, Suzuki G, Watanabe M, Isogai
A, Hinata K (2000) The S receptor kinase determines
self-incompatibility in Brassica stigma. Nature 403:
913-916

Torii KU, Mitsukawa N, Oosumi T, Matsuura Y, Yokoyama
R, Whittier RF, Komeda Y (1996) The Arabidopsis ERECTA
gene encodes a putative receptor protein kinase with
extracellular leucine-rich repeats. Plant Cell 8; 735-746

van der Geer P, Hunter T, Lindberg RA (1994) Receptor
protein-tyrosine kinases and their signal transduction
pathways. Annu Rev Cell Biol 10: 251-337

Walker TJ, Zhang R (1990) Relationship of a putative
receptor protein kinase from maize to the S-locus
glycoproteins of Brassica. Nature 345: 743-746

Wang S, Levin RE (2006) Rapid quantification of Vibrio
vulnificus in clams (Protochaca staminea)using real-time
PCR. Food Microbiol 23: 757-761

Wilhelm J, Pingoud A (2003) Real-time polymerase chain
reaction. Chem bio Chem 4: 1120-1128

(44207 20083 99 179, ez} 20084 109 1)



