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

 (EST)  
1

2,4 3 2 2 2

2007
 (EST) 56:261-280

 (Magnaporthe grisea (Hebert) Barr)  (Oryza 
sativa L.)  (expressed sequence tag, EST) 
cDNA EST

NCBI
dbEST EST

14 cDNA EST

EST

 (expressed sequence tag, EST)
 (Adams et al. 1991; Rudd 2003; Wei et al. 2005a, b) EST

RNA (messenger RNA, mRNA)  (reverse transcriptase) 
DNA (complementary DNA, cDNA) 5' 

200-500 bp (Adams et al. 1991) EST cDNA
EST

 (Adams et al. 1991, 

1. 2301 96 11 29
2.
3.
4. iying@wufeng.tari.gov.tw (04)23390528
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1992; Polymeropoulos 1993; Bonaldo et al. 1996; Rounsley et al. 1996; Ewing et al. 1999; Jongeneel 
2000; Kantety et al. 2002; Rudd 2003; Wei et al. 2005a, b)  (IRGSP) 

2002 12  (Oryza sativa L.)  (Feng et al. 2002; Sasaki et al. 
2002; Tyagi et al. 2004; IRGSP 2005)  (Wei et al. 
2005a) EST  (functional annotation)

 (Magnaporthe grisea (Hebert) Barr) 
 (Liu et al. 1981; Liang 2005) 1975 1990

 (Baker et al. 1997)

 (Liang 2005)

Rauyaree et al. (2001) 48 EST
(clustering)  (assembly)  (redundancy) 
(contig consensus sequence)

 (21%)
19% Jantasuriyarat et al. (2005) 

EST 6 24 EOG (Eukaryotic 
Orthologous Group) 42%

EST
2007 7 31

NCBI dbEST EST 1,270,889
EST 84,705 dbEST

EST
14 cDNA

 (clustering analysis)  (correspondence analysis) 
(multivariate analysis)
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NCBI dbEST 84,705 EST
14 cDNA BF-1 BI-2 BI-1 BM-2 BM-1

AF BQ BU CBir36 CBbare BF-2 CD CX DN 14
FASTA 1 EST

48-1,733 bp

EST
mRNA

EST EST EST

1. NCBI dbEST EST 2007/7/31

Table 1. Information summary of rice ESTs induced by Magnaporthe grisea from NCBI-dbEST database (update 

time: July 31, 2007) 

Genbank Acc. 
File

name
EST

no. 
Entry 

creatry 
Length 
(bp) Varietyz Tissue 

Developmental 
stage

Country

BF889457-BF889486 BF-1 14 2001/5/1 173-577 Drew (japonica) leaf 16-day-old 
seedling

USA

BI118615-BI118864 BI-2 250 2001/6/26 152-1175 Yuanfeengzao 
(indica) 

leaf 3 week seedling USA 

BI807369-BI811654, 
BI811655-BI813841 

BI-1 6437 2001/10/2 
2001/11/1

146-860 Oryza sativa leaf mature stage China 

BM037978-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 

(indica) 
leaf seedling five 

leaf stage 
China

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 

(japonica) 
leaf 3 week seedling USA 

BF145163-BF145216, 
BF108309-BF108365 

BF-2 111 2003/12/30 115-798 Minghui 63  
(indica) 

14 different 

tissues 

 China 

CD347671-CD347779 CD 109 2004/3/5 62-815 Oryza minuta 101144 

(wild) 

leaf Vegetative 
stage

Korea

CX727819-CX728959 CX 1141 2005/1/21 152-686 Nipponbare (japonica)

IR 36 (japonica) 

leaf 3 week seedling USA 

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

13 different 

tissues 

 Indica 

Total  84705  48-1733     
z O. sativa: variety name wasn’t described by submitter. 
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mRNA EST
EST EST

EST
EST

 (Adams et al. 1995) EST
 (cluster)  (Kohchi 

et al. 1995; Bonaldo et al. 1996)  (clip) 5' 
3' 

EST
CAP3  (Huang & Madan 1999) EST

cDNA

EST
Chiu et al. (2007) EST EST

EST (1) TIGR Gene Index (TGI) 
 (http://compbio.dfci.harvard.edu/tgi) (2) 

GO (http://www.geneontology.org/) (3) GO
MIPS (Munich Information Center for Protein Sequences; http://mips.gsf.de/) 

(4) 
TGI NCBI GenBank EST

GenBank EST
 (tentative consensus sequence, TC) TC

GO
GO  (molecular function)  (biological process)

 (cellular component)  (GO 2006) MIPS
 (MIPS_FunCat; http://mips.gsf.de/proj/funcatDB/search_main_frame.html) 

22
 (Andreas et al. 2004; Mewes et al. 2006) Chiu 

et al. (2007) EST EST
FASTA TGI Rice (O. sative) TC E 10

E TC GO MIPS_FunCat
22

EST 84,705 EST
Perl  (Lu et al. 2006)

EST

EST cDNA
EST

EST cDNA  (complete 
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linkage) cDNA  (dendrogram)

 (farthest neighbor)

 (Lepš & Šmilauer 1999)
cDNA

Benzécri 1973  (reciprocal averaging; Hill 1973)

 (Beh 2004)
 (Gupta & Ghosh 2001; Tekaia et al. 2002; Tan et al. 2004)

 (ordination diagram) 
biplot

 (Lepš & Šmilauer 1999; Oksanen 2004)
cDNA

cDNA cDNA

STATISTICA  (Statsoft Inc. 2002) Window

EST
NCBI dbEST EST 84,705 14

cDNA CAP3 14-14,281
2 EST CAP3

CBir36 18,241 EST
61% 39% CBbare EST

5 71% 29%

EST
EST TC

GO GO
3

EST GO
(biological process)  (34.2-43.1%)  (cellular component)  (29.3-36.8%)

 (molecular function)  (25.0-32.2%)
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GO MIPS MIPS
cDNA EST 4 cDNA

1  (indica rice)  (japonica rice)  (wild rice) 
1 EST  (metabolism)  (energy)

DNA  (cell cycle and DNA processing)
protein fate / folding, modification, destination  (cell 

growth / morphogenesis)  (subcellular localization)  (protein binding)
 (transport facilitation)  (unclassified proteins) 

(27.5%)  (21.8%)  (18.9%)  (7.3%)
(2.5%)  (10.0%) 5.9 0.1 5.7%
6.1 0.2 3.6%  (3.0%)  (0.5%)  (1.5%) 

7.0 7.2 5.7% 4.1 7.1 3.6%

 (protein synthesis)  (4.1%)  (1.1%)
36.7-45.5%

1 EST

2. EST CAP3

Table 2. Clustering and assembly results with CAP3 software in rice ESTs induced by Magnaporthe grisea

cDNA  
library 

EST  
no.

EST  
length
(bp)

Contig 
no.

Contig
length
(bp)

Singleton
no.

Singleton
(%)

Singleton
length
(bp)

Uniquez

sequence
no.

Uniquez

sequence
%

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    
z Unique sequences = contigs and singletons. 
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3. GO EST

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  34.2 14  36.8  
AF 17  31.5 19  35.2 18  33.3  
BF-2 77  27.1 108  38.0 99  34.9  
BI-1 1884  30.5 2386  38.6 1904  30.8  
BI-2 174  30.9 213  37.8 177  31.4  
BM-1 1345  29.8 1754  38.8 1420  31.4  
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  32.5  
CBbare 9021  32.2 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  

EST cDNA 1
AF BF-1 BI-2 CBir36 CBbare CD CX

16 3 BI-1 BM-1 BM-2 BQ BU
BF-2 DN

2

EST  (3.4%) 
 (10.7%)

MIPS 14 cDNA
3-A  (Euclidean distances) 22.4

3-B 14 cDNA
cDNA cDNA

EST AF BF-1
42 14 2 AF BF-1
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4. MIPS EST

Table 4. Statistics of functional classification for rice ESTs induced by Magnaporthe grisea, based on MIPS 

functional category 

MIPS functional categoryz

cDNA library 1 2 3 4 5 6 8 10 11 13 14 25 30 40 63 65 67 99 

 EST no. 

AF 3 0 2 0 0 1 0 0 0 0 0 0 2 9 2 0 3 10 
BF-1 0 0 0 0 1 2 0 3 1 1 0 1 0 6 2 0 0 4 
BF-2 6 17 5 0 7 37 7 4 16 0 0 1 9 91 30 0 7 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 58 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 82 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 1 93 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 0 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 3 2 0 1 0 0 0 1 13 5 0 5 19 

 % 

AF 5.4 0.0 5.0 0.0 0.0 12.5 0.0 0.0 0.0 0.0 0.0 0.0 2.5 26.1 5.0 0.0 6.1 37.5 
BF-1 0.0 0.0 0.0 0.0 7.1 4.8 0.0 7.1 2.4 2.4 0.0 7.1 0.0 23.8 9.5 0.0 0.0 35.7 
BF-2 4.5 9.4 2.9 0.0 1.3 9.2 1.8 0.2 1.2 0.0 0.0 0.8 2.6 21.9 3.7 0.0 4.7 35.7 
BI-1 9.0 5.9 0.9 0.8 2.0 8.4 1.6 1.2 1.1 0.2 0.3 0.7 1.5 17.1 6.5 0.0 5.4 37.4 
BI-2 11.2 6.7 1.8 0.2 2.5 3.5 1.5 3.3 2.9 1.0 0.2 0.2 0.2 17.5 5.8 0.0 4.4 37.2 
BM-1 10.2 5.9 1.1 0.9 1.6 7.5 2.0 1.1 0.9 0.5 0.2 0.5 1.7 17.6 5.7 0.0 6.3 36.2 
BM-2 11.6 8.7 1.3 0.2 2.1 7.4 2.7 1.0 1.5 0.5 0.3 0.5 2.3 18.4 6.7 0.0 4.8 30.0 
BQ 9.3 5.7 1.0 0.7 2.4 6.7 2.3 1.4 1.0 0.4 0.2 0.4 1.8 19.6 5.4 0.0 5.7 36.0 
BU 14.3 12.7 0.5 0.1 1.2 7.6 0.3 1.3 1.5 0.0 0.4 0.2 0.2 16.4 4.5 0.0 1.5 37.2 
CBbare 8.4 3.8 1.2 0.7 1.8 7.6 1.5 1.3 0.8 0.3 0.3 0.4 1.5 15.1 7.0 0.1 5.3 42.9 
CBir36 9.1 3.7 1.5 0.6 2.1 9.6 1.6 1.2 0.9 0.3 0.3 0.4 1.6 15.2 8.4 0.0 5.7 37.8 
CD 7.3 3.0 2.4 0.0 0.0 0.5 0.0 0.0 0.0 0.0 2.5 0.0 0.0 27.5 1.5 0.0 10.0 45.5 
CX 7.0 9.1 1.1 0.9 5.5 6.5 2.1 0.7 0.9 0.1 0.1 0.3 2.1 21.6 4.9 0.0 3.5 33.3 
DN 2.4 11.9 2.4 0.0 0.5 3.4 3.2 0.0 0.5 0.0 0.0 0.0 1.6 21.9 8.1 0.0 7.6 36.4 
z 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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Variety
Indica rice Japonica rice Wild rice Unknown 
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  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/morphogensis
25 development (systemic)
30 control of cellular organization
40 subcellular localization
63 protein binding
65 storage protein
67 transport facilitation
99 unclassified proteins

1. MIPS EST
Fig. 1. Comparison of rice EST induced by Magnaporthe grisea among different rice varieties, based on MIPS 
functional category system. 
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Tissue - developmental stage
Leaf -seedling Leaf-tillering Leaf-mature Different tissues
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  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/morphogensis
25 development (systemic)
30 control of cellular organization
40 subcellular localization
63 protein binding
65 storage protein
67 transport facilitation
99 unclassified proteins

stage         stage          stage 

2. MIPS EST
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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3. 14 cDNA (A)
(B)
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. 

AF BF-1 EST 12 cDNA
4-A 16.1 4-B

12 cDNA 3 BI-1, BM-1, BQ, BI-2, 
CBir36, CBbare, BM-2, BU cDNA BI-1, BM-1, BM-2, BQ BU

; DN, BF-2, CX cDNA
CD cDNA
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4. 12 cDNA (A)
(B)
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. 

12 cDNA EST 5

(cellular communication / signal transduction mechanism)  (ionic homeostasis) 
 (storage protein) cDNA cDNA

cDNA EST 3
cDNA cDNA EST

 (control of cellular organization) 
cDNA EST

EST MIPS 5
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5. 12 cDNA MIPS cDNA 
BI-1, BM-1, BQ, BI-2, CBir36, CBbare, BM-2, BU, DN, BF-2, CX, CD 1- , 2- , 3-

DNA , 4- , 5- , 6- / , , , 8- , 10-
, 11- , 13- , 14- / , 25-

, 30- , 40- , 63- , 65- , 67- , 99-

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) 

EST 0.02% 0%
 (1.48%)  (0-0.30%)

 (0.40%)  (0-0.03%) EST  (10.14%) 
 (2.95-6.63%)  (2.38%)  (0-1.68%)

 (2.11%)  (0-1.36%)  (CD) 
 (2.50%)  (0.05-0.27%)  (10.00%) 

 (4.89-5.29%)



 56  4 274

5. EST MIPS

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  Group   Group 
MIPS_
funcat ID. 

Definition ( BI-1, BM-1, BQ, BI-2,
CBir36, CBbare, BM-2, BU )

(DN, BF-2, 
CX)

 (CD) 

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 Ionic 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

EST
EST

4-A, B 5 5
EST

4 1

 (Dönnes & Höglund 2004; Zhang et al.
2007) EST
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1 Cho et al. (2004) 

Shim et al. (2004) 

ATP
 (Umeda et al. 1994) Song & Shi (2006)  (peroxidase, 

POD)
POD

POD

1

 (Halterman & Martin 1997)
1

Cho et al. (2004) 

1
1

EST
2

EST AF
46 EST 1 EST

dbEST EST
BF-2 DN cDNA 1

EST

 (NSC92-2313-B-055-006, NSC93-2313-B-055- 
002)
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Comparative Analysis of Expressed Sequence Tag (EST) 
in Rice Induced by Magnaporthe grisea1

Hsiu-Ying Lu2,4, Yi-Chia Chiu3, Cheng-Tao Chen2,
Meng-Li Wei2 and Chun-Tang Lu2

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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