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Abstract Seed germination is the important stage to ex-
press many genes for regulation of energy metabolism,
starch degradation and cell division from seed dormancy
state. For the functional analysis of seed germination mech-
anisms, we were analyzed the rice cDNA clones (Oryza
sativa cultivar Ilpum) obtained from seed imbibition during
48 hours. Total number of 18,101 Expressed Sequence Tags
(ESTs) were clustered using SeqMan program. Among them,
8,836 clones were identified as unique clones. We identified
the chitinase gene specifically expressed in seed germination
and amylase gene involved to starch degradation from the
full length cDNA analysis, and several genes were registered
to NCBI GeneBank. To analyzed the commonly expressed
genes between inmature seed and germinated seed, 25,668
inmature ESTs and 18,101 germinated ESTs were clustered
using SeqMan program and identified 2,514 clones as com-
monly expressed unigene. Among them, alpha-glubulin and
alcohol dehydrogenase I were supposed to LEA genes only
expressed in the immature and germinated seed stages.
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For the clustering of orthologous group genes, we further
analyzed the 8,836 EST clones from germinating seeds using
NCBI clusters of orthologous groups database. Among the
clones, 5,076 clones were categorized into information storage
and processing, cellular processes and signaling, metabolism
and poorly characterized genes, proportioning 783 (14.29%),
1,484 (27%)), 1,363 (24.8%) and 1,869 (34%) clones to the
previous four categories, respectively.
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UERY T 9tk ¥ 9Ax AWE3 DBRL RAP-DB
(http://rapdb.dna.affrc.go.jp/)2} TIGR Pseudomolecules version6
2 7|8t 2 L= v S A4 K DB (http:/rice.plantbiology.
msu.edu/)7} 370 = 3L @1t} (Ouyang et al. 2007).
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thaliana, Saccharomyces cerevisiae, Schizosaccharomyces pombe,
Encephalitozoon cuniculis 729 SHANARE ©]-&35}o
110,6557] FAAg 2= EE 59,8387 2] Thi A& A%
54,8527l KOGs (Eukaryotic cluster of orthologous group)=
715S E55F4 T (Tatusov et al. 2003). KOGY| 7| 5E%
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processes and signaling, metabolism, Poorly characterized)U]
of 15719 7ls¥z2 &&Fstal dem o]2g COGs %
KOGs &+ Z¥}= NCBI9| DBo|| =53}0] F7lstaLl 9l
t} (http://www.ncbi.nlm.nih.gov/COGY/).
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3lo] oAl singleton FARFY} T o]AtY SHAE
cluster®l contig & 3sto] oA =& unigene = 2
Attt (Kikuchi et al. 2003, Yoon et al. 2009).

OISR U NISER BSUHRTA 24

T

Zu dol2A 9o} u|sEAjo]| ZTEO R UD

AAEA S ¢5lo] SeqgMan T2 1 %
A~

gl
QL
Ir
T
=

°1’°r
o
@ r
g

Jo e
2

-

n) s Ak} HropE Aol Fadd FHA A 7#7#
o] njsFARet WorF ALl unigenes FRT ol A HobE
Aot m&EA; A | HAAE Zo] assemblysto] @ofzl
unigene @] J4E A 95t ol 45 TELE SHA}

S22 A AHASFE T (Yoon et al. 2009).

BIOKEX} B QEXICHE 7 HEA]

oA WRAAATR AnAe FdEY
Sl A F A B AE (http://www.niab.go kr) o] A X
= ebblast 9 NCBI®] BLAST (http:/www.ncbi.nlm.nih.gov)
= °o|&sto] A4 AAE skt
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(RAP DB, http:/rapdb.dna.affrc.go.jp)@} 1] v]A| 7o) &t
H Al Py 2 A E fo]EH| o] (RGAP DB, http:/rice.
plantbiology.msu.edu)©] TIGR Pseudomolecule ver. 6 g HE
o|-g5tltt. Z2te) oA WA FHAAES] AMAU
A A4S BLASTN &4 53 dojxl ddFH4 ¢
714 g9 %/\Wol 99% o= Uetl= dMA W A
< Wdsto] 2+ FAAY GAAY A= Ve AT
NCBI KOG DB 7|8t REAt J|sEF

drolE 2} 2 HE 92 unigene=0] o3t 7] 555+ NCBI
AN of71dH AlE 5 770 8 AEE S AR
E] =% KOG (Eukaryotic Clusters of Orthologous Groups) DB
©] KOG DBE 7|ute 2 slo] 435}tk HA, BLASTX
3l KOG DB W A& %, unigene 4|4 Z}7}of| thisf
< AV S 7H = T S A o
ZA 0= e-value7} 1.0e-20 o]5}e]l AETHS F&3}
Ago] ofd Aol & S5 4’@} }‘i’il’% =5
27 dojz KOG DBY| thi#Hz & .
HF O 2 unigene A E9 7] -Er%% ﬂ

2
o
o

A&E8] HobEAt cDNA FAAZFA L 21t 20 X
10° pfu/ml®] phagemidS ATk WolEAF Fd AR} 4
YetH 7] 12% opbe= A7 gsoz Sldt 4%
0.5 -3.0 kbo] AFdeHS x3stal Sle A= YebR
th 2 Aol Al cDNA g 915to] AHE-EH poly(A) RNA
2 9 oligo(dT) primer®} reverse transcriptase & A5 0]
L35k HhH o 2 = 3 kb oA} Zo]E 717 ¢cDNA §HAd o) of
ol Aok FF aedd AR 2EE A
5}o] A= CAP trapper & o] 835t 4744 ¢cDNA 23}
A|ZFo] Q Ft&]o] Rt} (Carnini P, 1996, Kikuchi S, 2003).

g A7 Q24 fIste] "elazo] 96 well HEl X
Y A|2"S AFE351e] 150 ul TB v R A 5 - 8 ug9]
Z2tAUE DNAS €& & slon Foluch gt
DNA%FS @2 & glglth 22he] Wols 4 w27
FEY A71ME ZH2 96well PCR plateS o] &5k Zf
well 200 ng®] DNA, 5 pmol2] SK primer, 2 ul®] Bigdye
terminater sequence reaction, 1 ul®] 5 X buffer& 42 & ¢
7] A EA g x]7] T ABI3100Z}F ABI3730 7] A%
BA71E olgstel @14 DE AT WobE A o
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BNNARRE 7P SR} B A7 ARE] AA
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TES 812% UEkTh WolEA) 18,1017 FRo

g dojxl HA A7 E dol= 11,403,648 bplom
b2 WALAA 1) FE] HF Aol 630 bp B
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w4 AEE T6%L 1) 28 B G7IAE Zo] 550bp
(Yoon et al. 2009) Bt} =& S YEMY L Q) (3 ).
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File Edit Sequence Contig

Project Met Search Help

T Project Statistics o == = KCG1-232-10tal(070827)-090830.5qd [ | =] £2
Contig 3030 646 646 1 w0 = Name Length Sex= o
Contig 9031 412 412 1 (1,0) = = =
Contig 9032 &31 631 1 (1,0) ol 0
Contig 9033 521 521 1 (1,0) 2 -1
Contig 9034 700 700 1 (1,0 4 °
Contig 9035 971 971 1 (1,0 18 0
Contig 3036 639 639 1 (1,0) 14 a
Contig 9037 £91 §91 1 (1,0) 15 0
Contig 9038 €63 663 1 (1,0 11 0
Contig 9039 767 767 1 (1,0 26 0
Contig 9040 357 357 1 (1,0 15 0
Contig 9041 803 803 1 (1,0) 21 )
Contig 9042 458 458 1 (1,0 16 o
Contig 9043 S0 ELE] 1 (1,0) 17 2
Contig 9044 584 584 1 (1,0) 18 o
Contig 9045 £09 609 1 (1,0) u .
Contig 9046 732 732 1 (1,0 P -
totals 8836 6473481 11403648 18101 tig 1152 2335 N 0
tig 1483 2326 33 0
BEEE e P € 0
18 0
7 0 -
3 CG001A01SK. 2bl(42>677) Contig 3005 -
Contig No. Total Number of 01A03SK.abl (62>495) Contig 1151 T}
8,836 Sequence Sequences AD4SK.abl (60>742) Contig 3952
001A05SK.abl1(73>625) Contig 683
Length(bp) 18,101 001A06SK.ab1(75>617) Contig 45
11,403,648 01R07SK.abl(64>776) Contig 4098
A0ESK.abl(75>773) Contig 4684
001A03SK.ab1 (60>815) Contig 50
001A10SK.ab1(59>762) Contig &
001A115K.abl1(72>730) Contig 138
XCGO01A12SK. abl (35>743) Contig 6783 -

Fig. 1 Identification of unigenes using SeqMan program. To estimate the level of redundancy, the Ilpumbyeo germinating seed ESTs
were clustered with each other using the SeqManll program (DNASTAR), which considers two sequences being originated from the
same transcript when they have 95% nucleotide identity over a minimum of 100 bp. Poor quality sequence (<100 bp) and vector

sequence were eliminated

Table 1 Summary of assembly and clustering of cDNA clones
from germinating seed of rice cv. Illpumbyeo

Groups Records
Number of initial clones 22,272
Number of sequenced clones 18,101
Total sequence length (bp) 11,403,648
Average length (bp) 630
Singletons 6,101
Clustering 2,735
A total Unigene 8,836

t} (Umezawa et al. 2008). o] &t &a] obA WF v nj&
SO A5 5070 o] Fe 225 7HA contig= 327 % &
o 2% 3709 contig= 10007 ©]4+9] glutelin A2
T3 = ol ATk (Yoon et al. 2009) ol9} 7o A =
Zpdbol Al7| o= XY o] BB e} dutA el AL
U e ol E}okopﬂ OITOV]‘_ Ao w Azt
oA Ao 2 glutelin 5 EX Tl 3HA
2L drg o] wol et nj&ERtets o2 4
|22 A

O

]
T
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F29} o}
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Number of scaffolds
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Fig. 2 Cluster distribution of cDNA clones from germinating
seed of rice.

Al : 11-20, A2 : 21-30, A3 : 31-40, A4 : 41-50, A5 : 51-60,
A6 : 61-70, A7 : 71-80, A8 : 81-90, A9 : 91-100, AlO :
101-150

A total of 18,101 EST clones were clustered using SeqMan
program. Among 8,836 clones were identified as unique clones

ol 2} W 8 H A} 18,1017] 5 43,7447 9] 2 -8-A =}
£ SeqMan 2213 O F cluster 42 Y3t 734 13,989
o] wnigene S AL}, WolE A9} v] 4 FA A FEA
om waAsts fAE LA nl4EA
7,6947l unigene (Yoon et al. 2009)™} Hro}2£2}9] 88367
unigene-S &3t 16,5307f o A u]<sEA}-wolER} unigene
13989715 A A7 A7} 25417019 &5 &3 unigene
QST (17 3). ol A9} v 4 EAo] FEOR W
Sh= 2,5417)] unigene Fof|= LEA SHRE ] u}O]
o glom AEx2E RT-PCR ¥ microarray & &
Bofol s AT LBA 474 4 9E A3
t} (data not shown). Yang (2007) 52 Thull 2l 2|
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Table 2 The list of abundantly expressed genes from germinating seed of rice cv. Illpumbyeo
Clone No. Gene name Length (aa) Ac?eesrsli?lnl;o. Geggcif){cus
KCG225E10 glyceraldehyde-3-phosphate dehydrogenase 337 GQ848032 LOC_0s02g38920
KCG045D08 chitinase 323 EF122477 LOC 0Os06g51260
KCG218A11 fructose-bisphosphate aldolase 358 GQB848028 LOC 0s01g67860
KCG091G09 metallothionein-like protein 84 GQ848030 LOC_0s05g02070
KCG217D06 cystein endopeptidase 371 EF122485 LOC_0s01g67980
KCG185F05 glyceraldehyde-3-phosphate dehydrogenase 337 GQ848031 LOC_0s08g03290
KCG108F03 alpha-amylase 434 EU267974 LOC _0s02g52700
KCG210HO05 glycine rich RNA binding protein 162 GQ848033 LOC_0s03g46770
KCG231E03 alcohol dehydrogenase 1 379 GQ848036 LOC Os11g10480
KCG222G09 enolase 446 GQ848037 LOC 0s10g08550
KCG167A07 polyubiguitin 457 GQ848048 LOC_0s02g06640
KCG165C11 alpha-amylase isozyme 3D 436 EU268002 LOC 0s08g36910
KCGI113HO01 ATP/ADP translocator 382 GQ848044 LOC_0s02g48720
KCG228D08 manganese-superoxide dismutase 231 GQ848046 LOC_0s05g25850
KCGO098E06 alpha-1,4-glucan protein synthase 364 GQ848047 LOC_0s03g40270
KCGO093H06 40S ribosomal protein S4 265 GQ848059 LOC 0s02g01560
KCGO076H06 Triosephosphate isomerase 253 GQ848048 LOC_0s01g05490
KCG211C01 L-ascorbate peroxodase 1 250 GQ848050 LOC _0s03g17690
KCG145E07 glutathione S-trausferase I 215 GQ848051 LOC_0Os01g55830
KCGO096F02 NADP-specific isocitrate dehydrogenase 412 GQB848053 LOC 0Os01g46610
KCG091C01 beta 1,3-glucanase 334 GQ848054 LOC _0Os01g71670
KCG208A07 glycine-rich protein 120 GQ848055 LOC_0s02g37490
KCG201A04 alpha-tubulin 451 GQB848057 LOC Os11gl14220
KCGO01E07 82kDa HSP 699 GQ848041 LOC _0s08g39140
KCG214B01 glutathione S-transferase 239 GQ848061 LOC_0s10g38495

ste] WolgaolAl 18 T AWEHE B4 shglo

o AR 28 W A SAREY wdel FoE

ARt a So] ZAaES B shgch E3F Xiao (2007) 25,643

o wrop Aol A A RAL Pato] 174749 oA} (7.699

A wsE Py

FA Wohz T A, HSA L T2,
U]}\-"‘:'xl 6‘]—/%] lﬂljl }1\_];<0} %94 —5‘-7‘%?:3_]- jq_;g]_%
tc}h (Bewley et al. 1985).

offt o
B Z oo
e

grolgate] Wt FHAREY THEALS 24
st7] §Jate] -4 WolE AL WEF -} cluster 24 F
sto] do]A contig Foll A 207 oAl SERER FAH
HHAFAAEY Y A7 EE ZAst o 2570
o] fdA-E GenBankol 553ttt (& 2). o]& Ao}
W S ARS ] o MA Y 9% AAE RAP DB} TIGR

Pseudomolecule ver. 6 DB o] 5] BLASTN £4]-& &3] &-A}F

Total : 43,744 clones
(unigene : 13,989)

Fig. 3 The patterns of differentially expressed genes detected by
immature seed and germinating seed in rice.

We were sequenced 43,744 clones and selected 13,989 unique
clones, also we were clustered genes with immature seed and
germinating seed genes using SeqMan program

4] = A FHE BEste] 4
7A€ %"Qiﬂ ks l"g AR ATE Ao 710l 7}

e A= GjAtol| Tofdh= glyceralde-
hyde-3-phosphate dehydrogenase SHAARLE o] SAHAE=
TIGR DB L ¥ daA|Yo] 650] ZAjsls Aow
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Table 3 Functional classification of unigenes by the KOG database

Total Sequence Number: 18,101(8,836)
The Number of Sequence, Matched against KOGs DB: 5076

INFORMATION STORAGE AND PROCESSING 783(14.2%)

RNA processing and modification 114
Transcription 147

Replication, recombination and repair 55
Chromatin structure and dynamics 60

WA

Translation, ribosomal structure and biogenesis 407

CELLULAR PROCESSES AND SIGNALING 1,484(27%)

Nuclear structure 14

Defense mechanisms 39

Signal transduction mechanisms 327

Cell wall/membrane/envelope biogenesis 67
Cell motility 3

Cytoskeleton 78

Extracellular structures 9

Cell cycle control, cell division, chromosome partitioning

Intracellular trafficking, secretion, and vesicular transport
Posttranslational modification, protein turnover, chaperones 660

69

218

TABOLISM 1,363(24.8%)
Energy production and conversion 299
Carbohydrate transport and metabolism 287
Amino acid transport and metabolism 238
Nucleotide transport and metabolism 52
Coenzyme transport and metabolism 47
Lipid transport and metabolism 193
Inorganic ion transport and metabolism 80

O’U_‘I’UWQOE CCENZZTHIKU

Secondary metabolites biosynthesis, transport and catabolism 169

POORLY CHARACTERIZED 1,869(34%)
R General function prediction only 533
S Function unknown 1,336

The 8,836 unigenes of germinating seed were classified into functional groups by the KOG database. Data sets were obtained from

public databases as NCBI KOGs

Huwof glon & At Ay, Wopal7]of 3% 1A
(KCG225E10 : GQ848032, KCGI185F05 : GQ848031, KCG106H12
: EU267971)9] Wkl o] wo] Lelytth. Mangneschi 5 (2009)
o QLAY FH o FAolA o] HHE fAE
9] oFARS B ASE AT} 3% 9] glyceraldehyde-3-phosphate
dehydrogenase §717-9] W@ WP} hekion o] &
WA 252 B 152 WA BRASHE Ao wus
3 Qlth
HAE B G492l alpha-amylase S %] F S Hol= 9
ZA8HH Yu 5 (1998)& 2robA]7]of 359 A=t
L AoR I oy B AL 15
(KCG108F03 : EU267974)0] Tro] HF& 3} ¢t} ohull 2 B3|
AAF chinase (KCG045D08 : EF122477)2} cystein endopeptidase
(KCG217D06 : EF122485)%- 9] W& = Wo] Yelg=d A
ool gafjo] ol & Aom Yz
E3] v|sFAe} HopFAto| 352 WHsH= LEA
FARES FAY A, A AL & ot Fofl A
Sl=t| glyceraldehyde-3-phosphate dehydrogenase (KCG225E10
: GQ848032), alcohol dehydrogenase 1 (KCG231E03 : GQ848036),
manganese-superoxide dismutase (KCG228D08 : GQ848046) &

o] U4 FASL WolEAe| A FERAL 317 Ut &
St Eo]y o2 wholgAto A uk WE §- A AE 2= Chitinase
(EF122477), NADP-specific isocitrate dehydrogenase (GQ84053),
glycine-rich protein (GQ848055), glutathione S-transferase
(G 848061)%-°] ATt 1 9] enolase (KCG222G09 : EF122486),
fructose-bisphosphate aldolase (KCG218A11 : GQ848028) %
AAEo| o] WSt

£ A7 Foto] dojnl wolEAuA YuEL
oFEAY AYAT L HYFAAY ATl 7ol 4
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