EEESEHSE (). Taiwan Agric. Res.) 56(4):261-280 (2007)

SR BR B E 2 KA R B FIAEM, (EST)
By tb 8 5

253 RIS E i’ REE BHE

B E

FFFIE ~ EAFE - BRBCE - U - EFEH - 2007 - SZAEBVN RS KIEER TSR
% (EST) AULLEIIAT » HEELSERT ST 56:261-280 -

FEVRHEE (Magnaporthe grisea (Hebert) Barr) Fii5 [ » ZEiEFZE /KRS (Oryza
sativa L) EEMHFEEIERSE - LIHFEYER (expressed sequence tag, EST) /&
cDNA 3l Fr B » RS EST MIENCELRIREIENE. « BERET/AKTE R A SR s
HEAL ~ INFIZE B IR ER 2 N FRITIRE R R R RN ZE SR - A S e NCBIL Y
dbEST ZORHE AR FESLTE ~ RERRESAL 2 B IR Z AN A S kg EST &
At 2 14 {li cDNA FKE » S-S EE NS BIHETT EST RYDhRERERE - /MR EMET
G FE AR RE 53 BT A JEE 43 B g A [ R R [ i o R R R BRI G 722 B e e SR B BE R
DhResehl - AEREUR - WAEMZIAAYREIRSE - A - MIAERNIPRESEA: - KAl
TERFUS R I EAHRH D RER R KRR & » SR RIS FIRERS AR R e A AR
R B GAR R - HERBUH R RE BN D RE & SRR B DA F iy - HKES
el H IR  SZ A2 ERRA S /KAE EST PHlERRE A T NI hif S A AR AL
%+ BB P B — S [ FS LA AR AL R B AT AR « G e T - AIHR L T
IRRETEEHE L SR 2275 -

FREEEE : /MR - TRV - KBTI - DIREREMR I ~ SENRBUEARET - RES
AT~ BSHESAT -

][l

Al

[ HE FHE R HR Y R BT 5 450 (expressed sequence tag, EST) » ] HIAREEGIAN [FIAH AR BN
eI (Adams et al. 1991; Rudd 2003; Wei et al. 2005a, b) - EST 2/ ke 4 B2 G e ke
HREE N 2 AR TR IR E RNA (messenger RNA, mRNA) &R f#gRNE (reverse transcriptase) AR
F 1 DNA (complementary DNA, ¢DNA) % » HIH 5" Uit T/E PSRy » i R
200-500 bp (Adams et al. 1991) - EST #ERL-UE cDNA [ Fr B4 > (HE Pl HARBRIOEEE - B s
PR ELIH A D RE R KA B2 — B ARG AR - 1T EST Z3A7 Al4R (BRI - Bk ag i Bk
PRI = S SEATT - B IS &R AR LD RE PR R RAHAR I T 2 2K (Adams et al. 1991,

1. (T B e B T ook a5 26 2301 5% - B2 HIR 1 96 4F 11 H 29 H -
2. AFrfEPpaTse & ~ SFEEE - PR B BRI G - B SrhiE BIES -
3. ROTEGRIECR A YA ATE L - 5 Gk B -

4. SBHEE » BTEYYE ¢ iying@wufeng.tari.gov.tw 5 {EHEE : (04)23390528 -
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1992; Polymeropoulos 1993; Bonaldo ef al. 1996; Rounsley et al. 1996; Ewing et al. 1999; Jongeneel
2000; Kantety ef al. 2002; Rudd 2003; Wei et al. 2005a, b) - fi52% " B KA R EFETE | (IRGSP)
72002 4 12 HEHiZKFS (Oryza sativa L) ERFEFPEEISEHK (Feng et al. 2002; Sasaki et al.
2002; Tyagi et al. 2004; IRGSP 2005) » #[/KFGIREILRIAHIIHICHERE RS KA KiEFE A (Wei er al.
2005a) « HEKFEZ s E BT E . EST HEfTIREFERE (functional annotation) » JRFE B
IRFE AR ~ WL 1.2 TSR ST -

Fepg (HTRFAE) > HHELE (Magnaporthe grisea (Hebert) Barr) it [#2 » J2 528K AL 7 i ik
BT ERE AT (Liu ef al. 1981; Liang 2005) - HUEHFZEERE R > 1975 2 1990 FRAFEEL
TR R ERAA R B IR A A ST — T B (Baker er al. 1997) - FEZEN H /KRR
BRI B8 AR R B SRR (B ~ 38 - 355 - 8 - 1) B e - Wi
BB RR AR =R — R FR VIR SE I P e (s ik (N RS - WIEREGH
B ERRRGEETY - BRIRHRBE & B 2t HhiAR et SR BN = B R,
3t - TERVA RLE S ERY SRR A M R RN B2 TR T B A HRTAEE R ERrIbIG
AR 33 » 2 BRI B B EIH U ARIR EE ER# 4 - IR FEER fL R B A S 1
W7Et EA T EENESE (Liang 2005) o HFTEINSMEER G ICATRRRIPUR BTN ZE B - 2
SRR BRI SR EFERA T (HE /K AER SR 20N R U R R R B 5L » SZ S HERAA TR
FHEARR © B4 Rauyaree et al. (2001) DIFEEVEEFIELY 48 /NEFAY/KFAEEAHAR EST » SR
(clustering) J#2¢5 (assembly) 2 % #ifb g B LA A 2 8P (redundancy) 1% T 7 AR IR 5 751
(contig B, consensus sequence) * FSHHE L LEEET T IIREREAR S 5338 A5 SRS AN AFRBUYEE 2
JE BRI E R (21%) - HAHE20EAH - EAE G - MRS AR e AR - (Hily
H 19% R AERE S M LIREREA] - Jantasuriyarat er al. (2005) FIFIHURE ~ 053 DU K2 .2 AN A2
TR ZKFEEE F AR EST A B BVR I 6 f 24 /INRFRIIEEIKZhAE SR PR » 7Zi# EOG (Eukaryotic
Orthologous Group) MEfTIREFEMR KA » FEH LA A 42% A HEMIH L ohREREA - 1 HLPEE - B
EELEREH] ~ AIRIGERIER] - A 2SR DRER R R R S Era i - DURPUR R 225 -

HEY) s [ R A FH AR o — e B o [ B R A AL 380031 ~ BRGR (S ~ R T RS
5 — RN A B AAL S » TEARIZKFAS AR AN FIRERRERAT A [FI3E B IR GG BV < L RIER
B RIAETINYE » /56 EST BAMIENE ST » DUBHERIZRELS = AL B - AT
HEIA T /KA 2 A BA BRHZ B /K RAR T S S HERG SR BIRERGIRI » 8 2007 4 7 A 31 H il » B8kAE
NCBI [ dbEST ZRHEE RN /KR EST 41805 U220 1,270,889 ek » HFR/KFESZ B S a5 T
FE EST hLLZ IR TS 2 Py &R RS » aiE 84,705 {5k o (R - ASHASEE dbEST &k}
JEE I SZ AR EMR R 5 /K EST &0k} - Bl F Rk 53 B E AN Rl SR A RIS AL ~
NEIZE BRI KA > 3 14 i cDNA FLRIE - B TEERIDIRERVRERE ~ DA ENGET - AR
A FHEERE /AT (clustering analysis) J¢¥f /347 (correspondence analysis) & 28 B AT H il
(multivariate analysis) » DAERES ZKFEANF] A AN [RIREAANL ~ AN 38 15 I A e 20 2 AN R DTRE
FERHY R A= R
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MRIE T E

SRR

AFHFEREEY NCBI .2 dbEST ZA e Az AE B I AT AE 42 .2 84,705 f5oKFA EST J741) > {2
PRI B UTHET > 43 JBHA 14 (] cDNA JEKEE - AHfF5245 1L BF-1 ~ BI-2 » BI-1 ~ BM-2 ~ BM-1
AF ~ BQ ~ BU ~ CBir36 + CBbare ~ BF-2 ~ CD ~ CX }7 DN 7 14 {E{t3skc g1 » Al FaEHERAH
[ FASTA #5022 5k 22 » HARRHERAECHIANEE 123528 EST S3AIE H AR A s (R Sy AR A ) »
ANFIRERSES O R AR [F) 3 B IR AR AR » o IR 48-1,733 bp 2 - $EALAIRH A S
KE ~ € ~ R FIE SRR -
EST RUREEES

FHA AR [FIRISE R AT R B mRNA SRN[A] - SEGEIRFFI R 20 SL R 2 wose i ok B s A
2% EST 751 » R AER A A SRS EST 741 - ARITEHIA EST 7412 REREUR & 2 sk

7% 1. NCBI . dbEST 2P sz fRA i RIaA 5L KFE EST HUBEAGEES (% 2007/7/31 1)
Table 1. Information summary of rice ESTs induced by Magnaporthe grisea from NCBI-dbEST database (update

time: July 31, 2007)

File EST Entry Length Developmental ~ Country
Genbank Acc. name no. creatry (bp) Variety” Tissue stage
BF889457-BF889486 BF-1 14 2001/5/1 173-577 Drew (japonica) leaf 16-day-old USA
seedling

BI118615-B1118864 BI-2 250 2001/6/26  152-1175  Yuanfeengzao leaf 3 week seedling  USA
(indica)

BI807369-BI811654, BI-1 6437 2001/10/2  146-860 Oryza sativa leaf mature stage China

BI811655-BI813841 2001/11/1

BMO037978-BM039065  BM-2 1088  2001/11/6 60-1086  O. sativa leaf mature stage China

BM418528-BM422311  BM-1 3784 2002/1/28  169-1045  O. sativa leaf mature stage China

AF521978-AF522023  AF 46 2002/7/30 60-600 Bianyiyuexiangzhan leaf seedling five China
(indica) leaf stage

BQ905903-BQ909262  BQ 3360 2002/8/19 58-800 O. sativa leaf mature stage China

BU666934-BU667367 BU 434 2002/9/30 48-788 O. sativa leaf mature stage China

CB617709-CB635999  CBir36 18241 2003/4/8 159-979 IR36 (japonica) leaf 3 week seedling USA

CB636000-CB686047  CBbare 49403  2003/4/8-9  152-973 Nipponbare leaf 3 week seedling USA
(japonica)

BF145163-BF145216, BF-2 111 2003/12/30 115-798 Minghui 63 14 different China

BF108309-BF108365 (indica) tissues

CD347671-CD347779  CD 109 2004/3/5 62-815 Oryza minuta 101144 leaf Vegetative Korea
(wild) stage

CX727819-CX728959 CX 1141 2005/1/21  152-686 Nipponbare (japonica)  leaf 3 week seedling  USA
IR 36 (japonica)

DN475717-DN475431 DN 287  2005/3/9 143-1733  O. s ativa 13 different Indica
(indica cultivar-grop) tissues

Total 84705 48-1733

% O. sativa: variety name wasn’t described by submitter.
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ZEY) mRNA » KIIE LR EST &7 fE A SRV E G MEMEEUE R L7y BOTRESH 2
EST (R [F—(Ei#skEY) - RIAEHETT EST /T2 > BMER P IIRaE - E RN e AR A
BAWIE kA EST RyEBM: » MR R - HEBEENFY - ST miryE ik
FEIRES EST DhRERVERA ~ BUEEE VIR S FIEL R ZE R A IR E ) - AT
RERTAREZAETT (Adams et al. 1995) < AL H AR F A Rl —(E RN 2 BA B /1Y EST i
EE—AUEE (cluster) » MGERTEF RIS - a0t a7 —(EFE L ERMERI T Y &R (Kohchi
et al. 1995; Bonaldo ef al. 1996) ; A& FEwdes » BRI —HFAR 2751 - A&LHBIY] (clip) 5' Al
3" i o AR B Wk T B T R AR AN I A B A - FHKER B 50 RO B/ MR R 7 91 A e e Y
Gy o EST FEMFREEHIEE S PG SRR PRI Gy # B AR I MR BT
H—FpHl] - AWt7Esi ] CAP3 Frdlia e (Huang & Madan 1999) » B2 FAER A5 5 < JKFE EST
FPa1l > S3RIPASrBARIA] cDNA BLRBEAGES TREE S # & » NP DURS I B — 531 » TR
FERDRELLH AT -
EST E—RF3I2INEERVELRR ~ DEARKIZEHRET

Chiu et al. (2007) DIzt iRaaihS.s /KiG EST ERHBAMEL - b 7 —F5c%E1) EST Uik
SN FTTRHETT EST DIRERREMR - B S R ARG T (1) E SR EL¥ TIGR Gene Index (TGI)
ZRHE (http://compbio.dfeiharvard.edu/tgi) - DUEFTIIREREME 5 (2) #EEH = FOH AL RAHANE
GO (http://www.geneontology.org/) F3HEHE G - FIHETTIIRER MR K34 5 (3) FIARH GO 43
FEACHEEAS ARSI FE 2 MIPS (Munich Information Center for Protein Sequences; http://mips.gsf.de/)
SRR E S - DUETTOIREREAR A (4) et B IRe O E et ) H 3 EEE . -
TGI FEEEREER BRI MEZ R H ¥ NCBI .2 GenBank EREHEIELRIF] EST Bug iz yifd 41 - th
FEHL GenBank RN [H¥1EY EST MEHEHIEEIRFYI » WomERE ~ a5t i B—ay -
BA S G BRI 20741 (tentative consensus sequence, TC) » [l TC ] F A2 HEHEHIELR 2
DIREFERE - GO I SR Abitig R B (A PEH P a2 fI R » FARZA YL B VB T
i GO HYRE AP AMIEEST-IHEE (molecular function) ~ ZE¥JF2F (biological process) ~ #flfif
[#%43 (cellular component) =& fg AR P EEE A & AAHES TR BE 0B Rt (GO 2006) - MIPS
DFERMPITIEE > SEHE $ (MIPS_FunCat; http://mips.gsf.de/proj/funcatDB/search_main_frame.html)
FH 22 {5 ZEohREREREFTAH R - W ARE AN R A R TR 7308 - BT RN
FEYETTINRES R 2 AR EE (Andreas ef al. 2004; Mewes et al. 2006) - (K] » AHFF52 14 Chiu
et al. (2007) FT.2 EST DIRESM TR P it RS2 R0 BRIah 5 /KA EST Bl—fr a5 B A
Jii FASTA 8= %< » Ju kLS TGI Hi Rice (O. sative) 2 TC Eof (#=ilEb¥.2 E (HNEER 10) -
RS SR R R E B/ TC DETTIhRE M - FHRE GO 2 ={lElj@ k45348 5. MIPS_FunCat
Z 22 (E FEYRERE H 8% - FLLEBIASIR - T RS RE R EIIMET 38T « R
TGS EST ERHREIFFE A (3 84,705 2) » fJfi2) EST DhREFEMATTRAY AT SR » AHHSE
[RIIRFFI ] Perl 36 5 HEESRR S P (ERARAN. 7 HEMEIHTRHE (Lu et al. 2006) » DURSHAERE 5T
[ EST RE2RYLIRE T LA -
MRS BT RIDE TER B RERR R BRET

R ZIEEVR A KEE EST ERRS S EZi cDNA FEEHE (&AL ~ AN [RFERED
£ ~ NEFEBERHAZ KR EST &) » BEEGT DIResn BB KR M2 BfR - AR5 8 2
EST DJReX T RATH cDNA FLKER AR PIBAHEAR A » S AR STy 45802: (complete
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linkage) #7758 » LASE] cDNA B EhiRE (dendrogram) o SRR /3T /& —Fl— s T
RERRIBAHA M BT S » B RAR LB A R — R > B FI 2o R — SR I A R S = 5
BN AN EI SRR IR E S B R K= 5§ SRR AT R PR SR S R R » Hrp ek 2 A
e B B Py SRR R A BE A - SRR A0i% (farthest neighbor) » DU s EHS SR BT AH
P - e ANAZERGES - BUPREIS R R (BOGERE ) » IS 2 RIPROR BEIEE - &
EYER TR (Leps & Smilauer 1999)

B AT E TR E T > DIFSE] cDNA FEREEEHDIREHIE —HEZS RN ERRER - BE
SINTE Benzéeri jA 1973 HERTEEH » NIREAH G Y7 (reciprocal averaging; Hill 1973) » FRT
il B T HE Je ZAEFRASIIA T IR ERAR » & — T B A R8 . (28 ) 1Y
AR o BOEB O R ME B A T e (Beh 2004) - GLFEELRIGH ST b2 £5 TN
F (Gupta & Ghosh 2001; Tekaia et al. 2002; Tan et al. 2004) o S FE4HTEA SR TR LR B > R
B BS IR IERRGR > PR E AR R RS AR e g R e — Rkt
o= > BITTR 2646 2 S A A — EUEAE 22 ] DA —{i 5153l (ordination diagram) 2 -
DT A R B AN i B R - R B A A Rl — ikl (FRESEEAEE - biplot) FH
PRI S HH A A — 4 A A BRI ER (Leps & Smilauer 1999; Oksanen 2004) < AH 5245
I ES TS cDNA LRI 2153flE - Rl A SL R R R A AR s SRR » AR
TEEEE AT 2 AR R BRSSPI - s B BERT A BB S R T RE 2 A —HF 5 [FIREE A%
cDNA Kl B D RERE R IAE Rl — Rl A S DAFERRH cDNA BRI S B DR e W
Z TR A RRGR - 5D RERE A B R B IR B A B (R % U H B LA B R (R » P e B
HEZ AT AR A AR - 2 DhREdE ) -

AT SRR /3 BT AT 2 (H ] STATISTICA #EEHkHS (Statsoft Inc. 2002) » £ Window
VRERME N BN BT -

w R

EST HVRREHES

fHIH NCBI 2 dbEST Z R} 2 fa2 N BRI /KA EST a2t 84,705 f68 » 43 B~ 14 i
cDNA BELfRIE - 53 AR CAP3 Fpal iR s TRRE G » S ERE IR 14-14,281 {5
H—FpFl (F£2) - EEKNEN EST PGBk - 75 R RS » £8 CAP3 77
w ORI PR i Fr 26 BRI S ISR 2 - 41 CBir36 BLRd NG 18,241 {6k EST f41 »
P H 2 BRI RTE 61% (BIFTZE AR E— AR5 LIRS 39% ) » (il CBbare BL[AJEEIY EST &k}
T 5 EEE > HAD 2 L eI EE T1% (BE—TRoIRTSEERIR 29%) -
EST E—R3I2IDEERYEERE ~ DR RIREHET

B2 IEER A S /KA EST R G H—7y1] » #5HIEE TC s s i
SCEITOIRERT A » FREASEIER] GO DIREERM » Wt GO 43R DIRERE R R 2 T A
SO A EE » RERANEE 3 o KRBT B AN AR ~ ANEREPRERAL A [FIZE B IR 2 2R R A
ZIKKG EST » HFRBAYLIRE S HE GO MG X bz RIFZRAK » BEAGRE LU EYIRE T
(biological process) TREE T (34.2-43.1%) » FHREHMRHRE (cellular component) TFE (29.3-36.8%) »
Mo TIhEE (molecular function) FHEEFEERIRIHEA (25.0-32.2%) °
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HEMAH GO 43 ¥AHEEL MIPS 435 H SRS A ERR - £5E21(E MIPS DhRE/SBRM T 7%
cDNA X2 A I PIREREAI TS EST % s LRI - 7RAZR 4 < fRIRIEEE cDNA FLERIEETY K
JshiAE (3R 1) RIS (indica rice) ~ f#fE (japonica rice) JBFA:AA (wild rice) ZRELEG ]
5t (@ 1) A MIEZ 2R RS /KIE EST » #EA G (metabolism) ~ GE&F (energy) ~ #l
JfLEH s DNA 26 (cell cycle and DNA processing) ~ £ FIE{EER#ESE (B8 ERIHTE - EE6H
{Hi Bt A= mysEHf - protein fate / folding, modification, destination) ~ ffiZE =R REZEE (cell
growth / morphogenesis) ~ ZXAINEE(7 (subcellular localization) ~ 2 [/E %54 (protein binding) ~ (&
{EAEVER (transport facilitation) FIfEEADIRERFRHZ A 1E (unclassified proteins) Z£LfJHE - FRIEED)
RERTE EEVESL » SRS DL E L2 DR EE IR ZR3R f i =y - (HLDABF A= Rapm A B
(27.5%) =ARIRE (21.8%) FIRERG (18.9%) - BRIt - Br AR (7.3%) ~ fllud RAIEEHE A
(2.5%) Ffdig{EErER (10.0%) < DhRERYENE » e RifE (4% 5.9 ~ 0.1 ~ 5.7%) FIRERS (%%
6.1 ~0.2~3.6%) < #AIM » BYAEFARYRER: (3.0%) ~ FE IEGERIEEE (0.5%) MEMERG (1.5%) &
DhREM RN ZRER & - AMERARIRS (4% 7.0~ 7.2~ 5.7%) FOIREFS (%% 4.1~ 7.1~ 3.6%) ° THEEH
'EIGERERATRE BRI = B i R BHEE - 594% » RIFAIRE S DhRE < BRI AR S = A - 1T
FEFAH B G (protein synthesis) DhREZ FRIATLE (4.1%) BEEHARIFE (1.1%) o &b itE
DIReRFE . I EATSEE P 36.7-45.5% » FIRIHFAEA RATIRE L FA - SUER AR KA
PEahE e AR VB DIRE R - B 1 AR ERAKFGSAE EST » RIS AL I AZ R
AR ES A+ {EE A ZE il AR B AN A L 2 D RE R IR B R FHEA B DL oA 52 - i
DUk e B AR AN A AR ELER » B R RIS -

3 2. ZIABVH TR KA EST FeyRE CAP3 JREE K FE 1S R
Table 2. Clustering and assembly results with CAP3 software in rice ESTs induced by Magnaporthe grisea

EST Contig Singleton ~ Unique®  Unique”
cDNA EST length Contig length Singleton  Singleton length sequence sequence
library no. (bp) no. (bp) no. (%) (bp) no. %
BF-1 14 173-577 0 0 14 100 173-577 14 100
AF 46 60-600 2 253-337 40 87 60-600 42 91
CD 109 62-815 13 248-570 69 63 104-815 82 75
BF-2 111 115-798 1 671 109 98 115-798 110 99
BI-2 250 152-1175 38 285-1052 166 66 152-1175 204 82
BU 434 48-820 32 176-827 333 77 48-794 365 84
BM-2 1088 60-1086 122 234-1083 707 65 60-821 829 76
BQ 3360 58-958 457 25-1088 1707 51 73-958 2164 64
BM-1 3784 132-1070 530 316-1023 1798 48 144-1070 2328 62
BI-1 6437 146-860 994 241-1085 2642 41 146-860 3636 56
CBir36 18241 159-979 2873 208-4479 4257 23 166-952 7130 39
CBbare 49403 152-973 6987 167-4379 7294 15 152-952 14281 29
DN 287 143-1733 9 297-1411 180 63 143-1733 189 66
CX 1141 152-686 148 242-925 643 56 152-686 791 69
Total 84705 12206 19959 32165

“ Unique sequences = contigs and singletons.
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7 3. {£ GO LIREIBAM [ 2 R 5. /KA EST RILIRER A AAT

Table 3. Statistics of functional classification for rice ESTs induced by Magnaporthe grisea, based on GO functional

category
GO functional category

Molecular function Biological process Cellular component
cDNA library EST no. % EST no. % EST no. %
BF-1 11 28.9 13 342 14 36.8
AF 17 31.5 19 352 18 333
BF-2 77 27.1 108 38.0 99 349
BI-1 1884 30.5 2386 38.6 1904 30.8
BI-2 174 30.9 213 37.8 177 314
BM-1 1345 29.8 1754 38.8 1420 314
BM-2 492 28.5 671 38.8 566 32.7
BQ 1168 30.0 1484 38.1 1246 32.0
BU 128 27.6 185 39.9 151 325
CBbare 9021 322 10681 38.1 8334 29.7
CBir36 4761 31.9 5801 38.8 4372 29.3
CD 29 27.9 38 36.5 37 35.6
CX 554 27.4 744 36.8 722 35.7
DN 40 25.0 69 43.1 51 31.9

TR Z TR B E2 /KA EST » FARERES cDNA LKA ST AR RN (£ 1) Wsy
e EAEE T (AF FEKIE ) ~ 4rBEHASER (411 BF-1 ~ BI-2 ~ CBir36 ~ CBbare ~ CD Jz CX FE[K[EH »
TR 16 K~ 3EEBRAERIEER) - iFEEEIIZER (A0 BI-1 » BM-1 » BM-2 » BQ } BU
FENEE) DU ANFIFRAzAHA (401 BF-2 k2 DN [N » HEEHRHIRAD » LUgmid H A ThRe RN 2
WFERL > KHARANE 2 R - FEREUR » BEE IR KBS R AT AR 2BV R RS
FERIRE L FHRH DI RERV BN R sy (BRI E (LR BN FSR B PR A 5 4
EREE R R S e A TR RE R T RE L B R (BRI E R shre < BN R Al I A Rtk
WRZER - 1 L A B EEE R Re L BN IR R IR ERRIIZE Fr o 3 - AREY
W E e Al > A TR KRS EST IR HREAUCHIIGE (3.4%) Bl EITRER L)
AE (10.7%) > T HABLIREZ IR E RN ERAK -

TR SR ERET KInE TERER SRR R < BRET

HEMEHET MIPS THRESDMMERML S ATHER > 0 BILASEREAT A HE AT 14 (i cDNA HEfK(EE
e ARAET AU R - ARIRFTSAVRHIRGE (18 3-A) DIBCETEE (Buclidean distances) #7922.4 21
BERLREEN RIS 3 ATiTE (18 3-B) ZAREHERATE - RERFF 14 {li cDNA FREERILARE M
AR (T~ TONITD ) © 2R0f0 - #83RES T 7 cDNA JLNH .2 /ATt Ees - LU LR cDNA X
DRIEEA] i Z2 520 - e s e EST &8} - S8R n]REZ HIfY AF B2 BF-1 BN 2 B — 78I ileeE
Do %42 Je 1440 (R 2) YRGB 7RIS AT L HEMERE - SORIISSEMT A AF B2 BF-1 38—
EE N R bR TR > BT /AT -
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7% 4. 1£ MIPS DHREZD MR N 2BV BRAE L /KA EST HYZhBeXEAIMtaE
Table 4. Statistics of functional classification for rice ESTs induced by Magnaporthe grisea, based on MIPS

functional category

MIPS functional category”

c¢DNA library 1 2 3 4 5 6 8 10 11 13 14 25 30 40 63 65 67 99
— ESTno. —
AF 30 2 0 0 1 0 0 0O 0 0 o0 0 10
BF-1 0 0 0 o0 1 2 0 3 0 o0 4
BF-2 6 17 5 o0 7 37 7 4 16 0 O0 1 9 91 30 O 46
BI-1 253 210 60 19 106 269 97 67 77 14 36 16 79 805 269 0 156 903
BI-2 39 34 19 1 8 12 5 16 7 1 9 3 6 106 32 0 13 101
BM-1 204 168 S8 20 67 179 63 43 51 13 18 13 61 610 185 0 126 686
BM-2 88 82 18 2 29 73 29 16 24 5 11 7 29 241 8 0 47 226
BQ 161 138 50 12 87 184 74 53 58 12 22 8 60 635 190 0 105 553
BU 34 27 17 1 13 26 16 3 17 0 12 3 193 29 0 7 74
CBbare 1221 780 567 135 400 1447 678 393 306 144 139 65 565 4267 1688 11 822 5623
CBir36 705 445 345 63 222 902 356 235 187 61 81 30 282 2272 1058 3 474 2622
CD 6 2 4 0 0 1 0 0 O 0 2 0 0 20 2 0 3 22
CX 74 109 20 8 56 95 49 24 24 2 4 3 48 416 83 0 47 269
DN 1 5 1 0 1 32 0 1 o0 O o0 1 13 5 0 5 19
J— % -
AF 54 00 50 00 00 125 0.0 0.0 00 0.0 0.0 00 25 261 50 00 6.1 375
BF-1 00 00 00 00 71 48 00 7.1 24 24 00 7.1 00 238 95 00 0.0 357
BF-2 45 94 29 00 13 92 18 02 12 00 0.0 0.8 26 219 37 0.0 47 357
BI-1 90 59 09 08 20 84 16 12 1.1 02 03 07 15 171 65 00 54 374
BI-2 112 67 18 02 25 35 15 33 29 10 02 02 02 175 58 0.0 44 372
BM-1 102 59 1.1 09 16 7.5 20 1.1 09 05 02 05 1.7 176 57 00 63 36.2
BM-2 116 87 13 02 21 74 27 10 15 05 03 05 23 184 6.7 0.0 48 30.0
BQ 93 57 10 07 24 67 23 14 10 04 02 04 18 196 54 00 57 360
BU 143127 05 01 12 7.6 03 13 15 00 04 02 02 164 45 00 1.5 372
CBbare 84 38 12 07 18 76 15 13 08 03 03 04 15 151 7.0 0.1 53 429
CBir36 91 37 15 06 21 96 16 12 09 03 03 04 16 152 84 00 57 378
CD 73 3.0 24 00 00 05 00 0.0 00 00 25 0.0 0.0 275 1.5 0.0 10.0 455
CX 70 91 1.1 09 55 65 2.1 07 09 01 01 03 21 21.6 49 00 35 333
DN 24 119 24 00 05 34 32 00 05 00 00 0.0 1.6 219 81 0.0 7.6 364

* Functional category @ 1- metabolism, 2- energy, 3- cell cycle and DNA processing, 4- transcription, 5- protein
synthesis, 6- protein fate (folding, modification, destination), 8- cellular transport and transport mechanisms, 10-
cellular communication / signal transduction mechanism, 11- cell rescue, defense and virulence, 13- ionic
homeostasis, 14- cell growth / morphogenesis, 25- development (systemic), 30- control of cellular organization, 40-
subcellular localization, 63- protein binding, 65- storage protein, 67- transport facilitation, 99- unclassified proteins.
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Fig. 1. Comparison of rice EST induced by Magnaporthe grisea among different rice varieties, based on MIPS
functional category system.
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Fig. 2. Comparison of rice EST induced by Magnaporthe grisea among different rice tissues and developmental
stages, based on MIPS functional category system.
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Fig. 3. Grouping results of gene expression of 14 rice cDNA libraries induced by Magnaporthe grisea. (A)
Dendrogram of clustering analysis using complete linkage, (B) Ordination diagram of correspondence analysis.
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Fig. 4. Grouping results of gene expression of 12 rice ¢cDNA libraries induced by Magnaporthe grisea. (A)
Dendrogram of clustering analysis using complete linkage, (B) Ordination diagram of correspondence analysis.
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[ (storage protein) Z DIFEBLE T BF cDNA LK BRET - (HEAHABRT R 2 cDNA LK R
fRigE - RIEHERGES T #f cDNA EAlJfH .2 EST AlRE T EL2 2 B K EATILE 3 E T EIEE - M
R HAMRTREY) cDNA FEAJEARHEEAZSE 5 7128 IR cDNA E[AEH .2 EST nJRe L 222 EIRE
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TIRE » TERFAHARTEE 5 B I cDNA FEA|# 2 EST AIlATRE T 20 2RI AB I R4 &
S TEREE AR EDNRE » MR HARTEE - CH LI AE R RE A4 & DIRERIS B R K - 4
i i EST DL MIPS DHRESTFHAM T 2 DURERUAIFTAGELA A 89ME (£ 5) > AR 1 B2
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Fig. 5. A biplot showing the interrelationships between 12 rice cDNA libraries and their functional classifications
using correspondence analysis based on MIPS functional category system. (cDNA library:BI-1, BM-1, BQ, BI-2,
CBir36, CBbare, BM-2, BU, DN, BF-2, CX, CD; Functional category:1- metabolism, 2- energy, 3- cell cycle and
DNA processing, 4- transcription, 5- protein synthesis, 6- protein fate / folding, modification, destination, 8- cellular
transport and transport mechanisms, 10- cellular communication / signal transduction mechanism, 11- cell rescue,
defense and virulence, 13- ionic homeostasis, 14- cell growth / morphogenesis, 25- development (systemic), 30-
control of cellular organization, 40- subcellular localization, 63- protein binding, 65- storage protein, 67- transport
facilitation, 99- unclassified proteins)
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5. ZIABVRETEE. KA EST S EE(E MIPS LIRE/ A TS Dhae R e T
Table 5. Statistics of functional classification for rice EST induced by Magnaporthe grisea under each individual

group, based on MIPS functional category system

Representation (%)

Functional category Group 1 Group II Group II
MIPS_ Definition ( BI-1, BM-1, BQ, BI-2, (DN,BF-2, (CD)
funcat ID. CBir36, CBbare, BM-2, BU ) CX)

1 Metabolism 10.4 7.29 7.29
2 Energy 6.63 10.14 2.95
3 Cell cycle and DNA processing 1.16 2.14 2.36
4 Transcription 0.54 0.00 0.00
5 Protein synthesis 1.96 2.45 0.00
6 Protein fate / folding, modification, destination 6.41 6.41 0.45
8 Cellular transport and transport mechanisms 1.68 2.38 0.00
10 Cellular communication / signal transduction mechanism 1.48 0.30 0.00
11 Cell rescue, defense and virulence 1.33 0.88 0.00
13 Tonic homeostasis 0.40 0.03 0.00
14 Cell growth / morphogenesis 0.27 0.05 2.50
25 Development (Systemic) 0.42 0.37 0.00
30 Control of cellular organization 1.36 2.11 0.00
40 Subcellular localization 17.11 21.81 27.53
63 Protein binding 6.25 5.58 1.45
65 Storage protein 0.02 0.00 0.00
67 Transport facilitation 4.89 5.29 10.00
99 Unclassified proteins 36.83 35.15 45.45

A W

PO R G 2 FTAZEAE TN » SRR T REPIPIRFURED » TR
BN RRE) 1 EYIISPIRDT ST - 1 EAAS R KR RN A S iR
S SR SRS R IR — LRI R - (LR TR TSR EST Frol 2
DO TR R R IR MU » B0t PR B AR AL 949 EST 751
TESPRIRT] AAAE I (8 4-A, B [ 5 R 5) » SBR PR LR A I
PRI  EMASERERIRA S AU A A5 - R » AR B BALAEDL EST FRSMITRPRIE
FTPRELRIRIRZ HETEI - MRS B A REAL -

TSRS TEREL - 45 KR AR (A AN (e 2 M KB B 2 3

(% 4~ 1) SERFBAIEN A IR SRR Ry
HES BT T Al (USSR - AIRRARBE RO RIS ) - £ATIEP
T TS » ISR KA TR (Donnes & Hoglund 2004; Zhang et al.
2007) - AFFSCHETT B ERGTET L WA BST » IAFRIIAE AR R 2 S Rt



FEB BRA 5 L 7K FE EST 275

SRR (Bl 1) BLBA T Cho er al. 2004) 2 R55 » MusELATBHARIGTE B AEFAR
BAERINC TEF R EA E IR e )T - HRB DI e A B DR R - 55
4t > Shim et al. (2004) W ZEHAEBRAFAEEVA 2 TG N B AR DIRE 2 FE R Ze 3 i s i
HARH TR A L S A IR R I B I AN Al B A e d5 R R/ KA IR R T 5
THEFFTREIREAS T > B ATP SHGRTEC Bg R R RN i SR Ak b T RE
EIEKRACH (Umeda ef al. 1994) - Song & Shi (2006) ZH7essEigH » SN YIES (peroxidase,
POD) AN B ZA P IE S M ETE B - B aEN AR - oo B Eeb BRI &
# 0 B POD [ EN 2R AR 5 feted iR B i 1) A A F A A A A S I 5 [
ZfEAE AR SET - PUPEILTERY POD JE B R g E s TR > U SR B AR 1R Y
HEJIAH S St S i e S o 1T FR A TG R B A2 BV R R AR - TP A Ran A DiRE 2 R
FEH R R SRR - R L AT HEEY A= Fe B QR AR A RE TR RS Ta R - By AR Rt
TEENH RIRE T AT RERL S A RIS A « BP A RS2 A BV R = e 1 R BLH I B (e Y 1R I o LR S
= CE 1) FATReE R /AR R SOEERE - PR R NIRRT S2m BR AR
A EREREARAEDY) - DL [FEAEFERY A DT - IR BT i i A AR IR R
LR (Halterman & Martin 1997) - [ Bt A AP RESE A AHRH RO BRI R P A FE B & il =

(1) > FoREF AT ETURRE RIS S S A T - fiifd R - 50 2 B8 KR RREOE
1t URHR A S RE ST DI P ERIEE ST © Cho et al. (2004) F5H BT ARV AFEELN 2 Ak
ESFapnRBIIIRE R DIRE < FER & BRI A T AR GRS - R AT e SR 28 8 ( fE
1) JKFEZFABR RS % - BARE SAHRBARYRE R 2R S DRSS » IR B AR FaRREK - 53
Gb » B AR IA BN R R AR B E R e < BER R & - B RSETE ([ 1) -
LB » ARSI A A B SR R M A SRR R H U /3B
WoE -

ZFABRREA S KA EST AR [FIRERRERAT S A R SE i BRI R 2 5 - F B M R RE =
R#Tae (I 2) @ FENFEAERMER T - KFEEE R AR Z A BYR R E R InE =R 2 DR
HIBERIZRI S AR B S IHRAR R B e e A RBUTRE R IR B & - $20EHE
RIZKFEZE T FEE R - AR B R AYRE JTfd - R HATABVR A B - 55
G AT B SE Fr S FAENH R AR 0 & B SR SR G E 2 FERA DIRER LR 2R
TS A RARHINZER B » (EHRRSIEIEE R 1Y EST BRMERE Y AF EEAJE » SR EES
46 {5 EST J&51 (5% 1) » WA MAESe AE R - (s RKE L EST ERHINARIGRENER - HAl
CLE ST dbEST NSZFAEVH RS2 /KA EST » AR L8O ZEFAHAR - T U B A LA AN R A%
# A4 BF-2 fil DN il cDNA HHE# - HEZRIH A S RN FfEBIE S —IE (£ 1) KNILesA
EST &R MTHERACE @ 2 HreEiB S AR S E AR (BER) A IHERE » ME DI
TR S KT [ SRR AL ] i BRI R B (A 72 22 -

ER

AT A ST e B R 2 B fli B 82  (NSC92-2313-B-055-006, NSC93-2313-B-055-
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Comparative Analysis of Expressed Sequence Tag (EST)
in Rice Induced by Magnaporthe grisea'

Hsiu-Ying Lu**, Yi-Chia Chiu’, Cheng-Tao Chen?,
Meng-Li Wei* and Chun-Tang Lu?
Abstract

Lu, H. Y, Y. C. Chiu, C. T. Chen, M. L. Wei, and C. T. Lu. 2007. Comparative analysis of expressed
sequence tag (EST) in rice induced by Magnaporthe grisea. J. Taiwan Agric. Res. 56:261-280.

Rice blast is caused by fungus pathogen Magnaporthe grisea, which is a major destructive disease in
rice production worldwide. Expressed sequence tag (EST) is the fragment of cDNA sequence. Direct
study of EST is therefore helpful to obtain the gene expression information. In order to investigate the
differences of gene expression patterns of rice among varieties, tissues and developmental stages after
rice-blast infection, we made a comparative analysis of rice ESTs induced by M. grisea from 14 cDNA
libraries in NCBI-dbEST database. For each individual library, EST functional annotation, classification
and representation statistics were performed. Clustering analysis and correspondence analysis were also
used to detect the differences in gene expression patterns among libraries and identify the functional
categories involved. Results showed that wild rice infected by M. grisea exhibited more transcripts
involved in metabolism, cell growth / morphogenesis, subcellular localization and transport facilitation
compared to indica rice and japonica rice. The representation of genes associated with metabolism and
energy functions in infected rice leaf at mature stage was highest, followed by tillering stage, seedling
stage. When rice ESTs induced by M. grisea were mixtures of sequences with different rice varieties
and tissues, it appeared diversity of gene expression from those of rice ESTs from single source. These
findings will facilitate understanding of the resistance mechanisms against rice blast.

Key words: Rice, Rice blast, Expressed sequence tag, Functional annotation and classification,

Statistics of gene representation, Clustering analysis, Correspondence analysis.
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