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Analysis of 176 Expressed Sequence Tags Generated from 
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As a part of the project to identify novel genes from the hot pepper (Capsicum annuum L. cv. 
Happy Dry), we have constructed several cDNA libraries and 176 randomly selected cDNA 
clones were partially sequenced. This expressed sequence tag (EST) analysis identified 95 
clones (54.0%) that had a significant homology to a known protein sequence in the NCBI da- 
tabase. Of these clones, eighteen ~)f them are related to genes not frum the plant kingdom, in- 
dicating that 10.2% of the ESTs were newly identified in plants. Functional categorization of 
these clones revealed that the genes involved in metabolic pathways such as glycolysis and 
photosynthesis are most abundant, and genes in translational apparatus ranked next in 
abundance. Expression patterns of four ESTs ~ere examined by RNA bh)t analysis. The 
CANI4 clone, which has a 58% identity to the pt)tato patatin protein over a 117 amino acid 
overlap, was highly expressed in anther tissue but not in fruit tissues. The CFR2 clone, which 
is 88% identical to apospory-associated protein, showed relatively higher expression levels in 
seedlings and roots compared to other tissues. The transcript of the CFRII clone, which 
shows a homology to y-thionin, was abundant in every organ that was examined except roots. 
The CFR 29 clone which is 92% identical to the putative osmoprotectant from tomato root 
showed a root-preferential expression pattern. 
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Expressed Sequence Tag (EST) analysis has been 
known as an efficient way for gathering the 
information concerning the genome of an organism. 
ESTs are short sequences of a few hundred base 
pairs in length, which are derived by partial, single 
pass sequencing of randomly selected cDNA clones. 
As a part of the human genome project, Adams et al. 
(1991) advocated that sequencing of random cDNA 
clones is an efficient method in terms of both speed 
and cost. The database of EST (dbEST) has been a 
rapidly growing division of GenBank. However, ran- 
dom sequencing of cDNA clones has rcvealed that 
in many cases redundancy of clones could nol be 
avoided. To reduce this problem, subtractive libraries 
or eDNA chips have been replaced instead of simple 
sequencing. 

Currently more than 32,000 ESTs from Ara- 
bidopsis thaliana and 18,000 ESTs from rice have 
been deposited in databases. About 40% of the Ara- 
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I,idopsis ESTs have homology to known genes in 
the database. If there exist 20,000 genes in Ara- 
t)idopsis, the number indicates that more than 60% 
t~f the genes has already been identified (Somerville 
and Somerville, 1997). The ESTs can be further 
used fc~r comprehensive inlcgration of expressed 
genes and for physical mapping to the genome 
(Rounslcy et al., 1996). Also, it has been shown that 
I 'ST analysis may be a useful tool for analyzing the 
splicing patterns of previously characterized cDNAs, 
as a significant number of intron sequences in 
dbEST was tbund (Wolfsberg and Landsman, 1997). 

H~)I peppers are used as fresh vegetables and pro- 
cessed fl)ods such as pastes and hot sauce in Korea. 
ltot peppers have a great amount of carotenoids, 

itamins, and anaino acids, some of which are quan- 
titatively characterized by several groups (Kim et al., 
1997; ('ollins et al., 1995). The plants are con- 
sidered as t~ne of the most important vegetablc 
plants in Korea, where the annual market value of 
hot pepper-related industry is over 2 billion US dol- 
lar. Pepper seeds have bectmle important exporting 
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materials of Korean seed companies after the open- 
pollinated varieties have been replaced by FI hybrid 
seeds (Park, 1992). The genome of the red pepper 
was investigated by analysis of reassociation kinetics. 
It was shown that the red pepper genome has a I C 
DNA content of 1.25• 10 '~ bp (An et at., 1996). Cur- 
rently, a molecular linkage map of the hot pepper is 
being constructed by several groups in Korea (Kim 
et al., 1997). Several groups of scientists are cur- 
rently involved in study of pepper plants. 

In this study, we have constructed cDNA libraries 
from four different organs of the hot pepper and par- 
tially sequenced 176 cDNA clones, among which 
54% showed homology with GenBank database 
sequences. Based on the identification of the 
putative functions of the eDNA clones, analysis of 
gene expression pattcrns for some clones was per- 
formed. 

M A T E R I A L S  A N D  M E T H O D S  

Plant Samples and Bacterial Strains 

Field-grown hot pepper plants (Capsicum annuum 
L. cv. Happy Dry) at the flowering stage were har- 
vested during the 1995 and 1996 seasons. Total 
floral buds and anthers at the final bud stagc prec- 
eding anthesis were collected and stored in liquid 
nitrogen until used. The young fruits, length shorter 
than 2 cm, were used as fruit samples. For RNA 
blot analysis, hot pepper plants werc grown to the 
flowering stage under greenhouse conditions. 

E. colt strains MC1000 [araD139, (araABC-h,u) 
7679], galU, galK, (lac)X74, thi-, rpsL(St()l and XL- 
I Blue MRF [(F'::Tnl0 proAB, lacl'~ZzlMl5) d(mcrA) 
183, d(mcrCB-hsdSMR-mrr) fecal, endAl, gyrA96 
(Nat~), thi-l, hsdR17 (rk'mk+), supE44, relA1, loci 
were used as hosts for molecular cloning. The fl 
helper phage, R408, was used for in vivo excision of 
the pBlucscript plasmid vector from the ~, ZapIl 
phage (Stratagene). 

Construction of cDNA Libraries and Analysis of 
ESTs 

Total RNA isolation and cDNA libnlry construc- 
tion was performed as described (Kim et al., 1996). 
For EST analysis, about 40 to 50 cDNA clones 
from each library for leaf, floral bud, anther and 
fruit were randomly selected and their 5' ends werc 
sequenced. Template DNAs were prepared by the 
alkaline lysis method using the Wizard SV column 

(Promega). Dideoxynucleotide chain termination 
sequencing (Sangcr et al., 1977) was conducted 
using Sequenase Version 2.0 or The thermosequenase 
cycle DNA scqucncing kit (Amersham). Computer 
softwarcs, DNAsis and PROsis (Hitachi), were used 
for sequencc analysis. GcnBank, EMBL and 
SwissProt databases were searched for sequence 
homology using a BLAST algorithm program 
(Altschul et al., 199{I). 

RNA Analysis and Preparation of Labeled 
Probes 

Ten lag of total RNA were resolved on a 1.2% for- 
maldehyde agarose gel, blotted onto a nylon mem- 
branc, and hybridized with a radioactively labeled 
probe (Sambrook et al., 1989). RNA hybridization 
was performed for 16 to 24 hr at 42"C. The mem- 
brane was washed in 2•  0.1% SDS at room 
temperature. If necessary, the membrane was further 
washed in 0.1 •  I).I~ SDS, at 65"C and ex- 
poscd to a Kodak XAR-5 film or phosphoimage 
plate (Fuji BAS 1501k Japan). DNA fragments for 
hybridization were purified bv electroelution and 
radioactively lahelcd using [Cz-'~2P] dCTP (3(}{}0 ci/ 
mmole) (Dupont) by the random priming method 
(Feinverg and Vogelstein, 1983). Unincorporated 
nucleotides werc removed by G-50 Sephadex column 
chromat~graphy. 

R E S U L T S  A N D  D I S C U S S I O N  

The Hot Pepper cDNA Library Construction and 
Generation of ESTs 

The strategy for EST analysis was the same as 
that used fi)r human brain ESTs (Adams et al., 
1991). This inw~lves partial sequencing of cDNA 
clones by only single-pass sequencing and homo- 
Iogy-searching by either in nucleic acid databases or 
in protein databases after translation of EST into pep- 
fide sequences. 

cDNA libraries from leaves (CLF), floral buds 
ICFB), anthers (CAN), and fruit tissues (CFR) were 
generated. Oligo (dT) was used as a primer for the 
synthesis of the first-strand eDNA, and then double- 
stranded eDNA was ]igated into a ~. ZAPII or UNI- 
ZAP XR vector (Stratagenc). As shown in Table l, 
lhe initial plaque fl~rming unit (,pfu) of each library 
was between 4.2x l0 s (fruit) to 3.5x 10" (leaf). Ins- 
ertion efficiency analyzed either by white/blue selec- 
Tion or by restriction analysis was more than 8(1%. 
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Table 1. Hot pepper cDNA libraries and EST charact- 
erization 

Floral 
cDNA library Leaf bud Anther Fruit 

Original plaque 
forming unit 

Average insert size 
Insertional efficiency 
Number cff ESTs 
Database match (%) 

Plant 
Solanaceae 
Brassicaceae 

Other kingdom 

3.5• ~'6.5• ~6.9"z10 ~4.2> 105 

o.6 kb 1.C) kb 1.0 kb 1.2 kb 
96% 95% 8O% 80% 
42 57 38 39 
24 34 19 18 

(57.1) (59.6) (511.(1) (46.2) 
23 311 11 14 
I 1 9 6 Ill 

1 13 4 4 
1 4 8 4 

Each library was converted en ma.s:~e to pBluescript 
plasmids and the clones containing cDNA inserts 
longer than 0.4 kb were selected after agarose gel 
electrophoresis. The average insert sizes for each of 
the four different libraries are shown in Table 1. 

Characterization of  the Pepper ESTs by Database 
Search 

We have generated 176 ESTs from the hot pepper 
libraries. The ESTs are composed of 42 ESTs from 
the leaf library, 57 from thc floral bud library, 38 
from the anther library, and 39 from the fruit library 
(Table 1). Most of the clones from eDNA libraries 
contained cDNA inscrts longer than (1.4 kb, and 
these inserts were subjected to the single pass 
sequencing. The size distribution of the inserts was 
0.3 kb to 2.2 kb, with a mean of 11.9 kb and with 46 
clones being larger than 1.() kb. Eighteen ESTs 
(CAN1 to CAN18) of the anther cDNA library were 
sequenced from both ends using Sequenase Ver. 2.[1 
(Amersham), and the remaining 158 ESTs were 
sequenced by a cycle sequencing method using Ther- 
mosequenase (Amersham). The average sccluenced 
length of the ESTs was 310 nucleotides for the con- 
ventional sequencing and 328 nucleotides for the 
cycle sequencing. 

Of the 176 ESTs generated, 95 (53.9%) sequence 
tags carried eDNA with significant amino acid 
sequence similarities to previously identified genes 
registered in protein databases. The rather high per- 
centagc of database matches may be due to the lcss 
stringent cut off score (greatcr than BLASTX score 
of 8(1 or 41)% identity) and the increasing 
information of known genes in the database. Also, it 
has been known that DNA sequencing from the 5' 

end of cDNA is significantly more informative 
(Shen et al., 1994). Wc uscd a less stringent cut-off 
score to get more clones that may have a conserved 
domain, motif, or a common protein structure. It 
was previously reported that the percentage of sig- 
nificant matches to known genes was 32% for Ara- 
I~idopsis (H6fte et al.. 1993) and 48% for Bra.s:~ica 
(Lim et al., 1996). When the criteria of the 
BLASTX score greater than 80 was applied, the 
number c)f thc high similarity EST clones was reduc- 
ed to 64 (36.4%). All the scquences wcre 
automatically translated in the six open reading 
frames and were comparcd with the protein 
sequence database in Genbank using the subroutine 
BLASTX of Gapped Basic Local Alignment Search 
T o o l  (Gapped BLAST). If no significant homology 
was fimnd, thc sequences were compared at thc 
nucleotide level using BLASTN. In this way, we 
tlmnd that two EST clones (CLFIf) and CFR17) had 
similarity with ribosomal RNA genes. BLASTN 
analysis was flmnd to be useffd in detecting addi- 
tional high similarities cwerlcmked by the BLASTX, 
as BLASTN subroutine searches thc database, 
dbESTs, and random sequence data of cDNA entries 
at the nucleotide level. Gapped BLAST is the 2.0 
version of BLAST 1.4 and includes significant per- 
fi~rmance enhancements: the addition of 'gapping" 
routines, position-specific-iterated BLAST as well as 
extensive changes to the text report, and the tbrmat 
of the databases. The "gapping" routine allows the 
introctuction of deletions and insertions into align- 
ments. With the gapped alignment tool, homologucs 
do not ])ave to be broken into several segments. 
Also, the scoring of gapped results tends to be more 
biologically meaningful (Altschul et al., 1997). 

Listed in Table 2 are thc ESTs of (.'. anmtum that 
show significant similarity to the sequence in the 
databascs. Among these, 18 ESTs (1(I.2%) showed 
sequence homology with ram-plant genes. Con- 
sidering the possibility of finding new gcnes in 
plants by EST analysis, these 18 non-plant matched 
chines may be valuablc for further examination. Wc 
observed that 77 ESTs encoded proteins previously 
identificd in other planl spccics, and only 3 ESTs 
matchcd registered genes from the Capsicum species. 
Among the other plant genc-homologues, 34 ESTs 
(44.1%) shared sequence homology with gcnes from 
family Solanaceae,  22 ES'Ts (28.6%) with Bras- 
sicaceae,  and 4 ESTs (5.2%) with Poaceae (Table 
11. Of the 176 ESTs, 79 sequence tags (44.9%) did 
nt~t show homology with any sequences in the 
databases and thus may represent prcviously uni- 
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Table 2. Hot pepper ESTs putatively identified by the database search 

Clone Putative identification Organisms LC' % Id h Acc. No." DB 't 

Metabolism 
CFB36 ADP-Ribosylation factor I 
CLF19 ATP synthase gamma chain 
CFB55 Biotin carboxyl carrier protein 
CLFl l  Biotin carboxylase precursor 
CFR1 Carboxypeptidase 1 
CLF5 Chl. a-b binding protein type I precursor 
CLF2 Chl. a-b binding protein LHC I, 

type Ill precursor 
CAN2 Chlorophyll magnesium chelatase 
CAN24 Cyt. C oxidase chain I 
CFB14 Cyt. P450 hydroxylase 
CLF38 Glyceraldehyde-3-phosphate dehydrogenase 
CFB12 Decarboxylase homolog 
CFR6 Glycosyl transferase 
CFB40 Inorganic pyrophosphatase 
CFB34 Isopropylmalate dehydrogenase 
CLF9 Methyltransferase 
CAN22 Phosphoglycerate dehydrogenase 
CLF1 Photosystem I subunit I1 precursor 
CLF8 Photosystem I subunit 
CLF30 Photosystem II 5kD protein 
CFB2 Polyphenol oxidase B precousor 
CAN29 Polyphenol oxidase B precursor 
CFB3 Polyphonol oxidase precursor 
CFB39 Protein phosphatase type I 
CLF36 RuBP carboxylase/oxygenase 
CLF20 Pyruvate dehydrogenase El subunit B 
CFB52 Ribonucleotide reductase 1 
CFR35 Serine carboxylase 
CAN9 Serine carboxypeptidase precursor 
CFB29* Glutathione S-transferase 
CFR39* Membrane transporter 
CAN25* NADPH quinone oxidoreductase 
CAN28* Peroxisome biosynthesis protein PAS1 
CLF41* Sorbitol dehydrogenase 
CFR13* Udp N-acetylglucosamine O-acyltransferase 
Stress / Resistance 
CFR4 
CFR32 
CLF17 
CLF15 
CLF35 
CFB18 
CAN33 
CFB7 
CFB33 
CLF7 
CLF3 
CAN38 
C LF 16 
CFR29 
CLF21 
CFR 19 
CFRI 1 
CFR3 

L-ascorbate peroxidase 
Clp-like energy-dependent protease 
Endochitinase precursor 
Endochitinase precursor 
Endochitinase 
Heatshock cognate protein 
Heatshock cognate protein 80 
Heatshock protein 83 
Heatshock protein 
Pectinesterase 
Prohibitin 
Proteinase inhibitor II 
Putative HR-like lesion inducing protein 
Putative osmoprotectant 
SA induced mRNA protein product 
Gamma-Thionin 
Gamma-Thionin 
Gamma-Thionin 

Arabidopsis thaliana 66 79 P36397 SP 
lpomoea batatas 86 92 P263611 SP 
Glycine max 85 47 U40666 GB 
Glycine max I 1(1 91 AF(107100 GB 
Hordeum vulgare 83 73 1314177B PRF 
Lycopersicon esculentum 77 86 SC)6329 PIR 
Lycopersi~'on esculentum 47 93 S04125 PIR 

Glycine max 37 95 JC4312 PIR 
Lycopersicon esculentum 104 81 $65346 PIR 
Zea may.~ 77 42 X81829 EMBL 
Nicotiana tabacum 11)5 72 Z72488 EMBL 
Arabidopsis thaliana 46 8CI Z97341 EMBL 
Arabidopsis thaliana 52 58 AFt)(I 1308 GB 
Nicotiana tahacum 39 7t~ $54173 PIR 
Brassica napus 63 68 P291(12 SP 
Prunus armeniaca 71 6 t) U82011 GB 
Arahidop~'is thaliana 81 73 AB(10328() DDBJ 
Cucumis sativus 130 68 P32869 SP 
Nicotiana ,s;vlw, stris 137 73 Q41228 SP 
Gossypium .hirsutam 11)5 51 P31336 SP 
Solanum tuberosum 79 87 Q(16355 SP 
Lycopersicon esculentum 34 88 Q(183114 SP 
Lycopersicon esctdentum 64 75 $2297(} PIR 
Nicotianu tabacum 7(1 96 Z93770 EMBL 
Lycopersicon esculentum 1(19 81 X05983 EMBL 
Pisum sativam 126 91 P52904 SP 
Arabidopsis thaliana 68 90 Y117746  EMBL 
Arabidopsis thalfima 129 72 ACC)02332 GB 
Arahidopsis thaliana 1(13 79 AC002332 GB 
Homo sapiens" 42 511 U80819 G B 
Bacillus subtilis 93 45 Z99107 EM BL 
Homo sapiens 1(11 56 AF0111309 GB 
Homo sapiens t)6 52 P46463 SP 
Homo s,piens 113 50 Q(1()796 SP 
Escherichia coil 129 34 Pl11440 SP 

Capsicum annuum 11)9 94 X81376 EMBL 
Solanum lycopesicum 119 81 L38581 GB 
Pisum sativum 77 53 P369(17 SP 
Solanmn tuberosum 44 57 P524115 SP 
Castane, sativa 6(1 63 U48687 GB 
Solanum commersonii 94 94 AF0(12667 GB 
Lycoper~icon esculentum 1 ()7 96 P36181 SP 
Arabidopsis thahana 63 87 P27323 SP 
Arabidopsis thaliana 64 86 1908431B PRF 
Lycopersicon esculentum 63 78 Z94058 EMBL 
Nicotiana tabacum 133 87 U69154 GB 
Arabidopsis thaliana 48 79 $3(1578 PIR 
Nicotiana tabacum 63 57 U66271 GB 
Lycopetwicon esculenmm 80 92 Z46654 EMBL 
Nicotianu tabacum 9(1 41 M971 t)4 GB 
Nicotiana tabacum 49 39 P32026 SP 
Nicotiana tabacum 84 37 P32(126 SP 
Nicotiana tabacum 35 40 P32026 SP 
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Table 2. Continued 

Clone Putative identification Organisms LC" q/~ ld ~' Ace. No/  DB 't 

CAN17* Apoptosis inhibotor IAP Drosophila mehmogasn,r 53 47 Q2431)6 SP 
Transcription / Translation 
CFB56 26S proteasome subunit 83 $6 U54560 GB 
CFB6 4()S ribosomal protein S15 79 t~2 Q08112 SP 
CFBI0 5(IS ribosomal protein LII  68 ~1 P31164 SP 
CLF42 50S ribosomal prolcin LA.0 11)5 40 P27684 SP 
CFR9 60S ribosomal protein L27A 82 87 Z17767 EMBL 
CFB23 60S ribosomal protein L39 51 04 P51425 SP 
CFBI5 60S ribosomal protein 37A 64 ~3 P432[)9 SP 
CFB4 60S ribosomal protein 1,23 69 '75 007760 SP 
CFR31 60S ribosomal protein L31 1211 t.~t) P46290 SP 
CFB21 Chloroplast mRNA-binding protein CSP41 75 40 U49442 GB 
CLF34 Plastid RNA polyrnerase o subunit I()1 06 ABC)[148211 DDBJ 
CFB31 Transcription factor 54 fi9 X97907 EMBL 
CFB24 Threonyl-tRNA synthase 87 ,'72 AF0117270 GB 
CFB48* 40S ribosomal protein $7 58 43 P5f1894 SP 
CAN23* Polypyrimidine tract binding protein 48 40 P17225 SP 
CFR37* Ribosomal prc~tein L7 84 48 P324~5 SP 
CFB43* Transcription factor FKI-'I-4 56 54 Q64733 SP 
CFR21* Transcription factt~r BAFI 97 44 P33293 SP 
Signal transduction 
CFR30 Calmodulin 95 97 U834112 GB 
CAN21 GTP-binding protein 44 75 D89824 DDBJ 
CFB 19 Protein kinase 49 76 $29851 PIR 
Cytoskeletal / Structural 

Arahidopsis thaliana 
Arabidopsis thaliana 
Spinacia oleracca 
Spinacia oleracea 
Arahidopsis thaliana 
Zett tHllvx 
Braswca rapa 
Nicotiana tabacum 
Nicotianu glutinosa 
Spinacia oleracea 
Arabidopsis thaliana 
Viola faha 
Arabidopsis thaliana 
Fugu rubripes 
Mils Hill ~;clthts 
Sacchar, mtyces cerevisiae 
Mus  ttllt~cuhtx 
Khtyverooo'ce,~ marxianus 

Cap.s'icum almuum 
Arabidopsis thaliana 
Glycine max 

CFB5 Actin depolyrnerizing factor 1 Arabidops& thaliana 59 61 U48938 GB 
CFBI6 Cell wall prc~tein Lycoper.~icon esculennmt 61 54 X77373 EMBL 
CLF4 Cell wall prr Lycoper~icon ~;s'culentum 83 56 X77373 EMBI, 
CFR38 Kinesin-like protein A Arabidol~sis thaliana 48 83 Q0797(I SP 
CFB13* Su(var)3-9 protein Drosophila melanogaster 42 45 P45975 SP 
Others 
CLFI() 18S rRNA gene Hydrangea macrophyllu 321 bp 94 U42781 GB 
CFRI7 25S rRNA gone Sohmum llthero.~'ttm 311 bp 97 X66471 EMBL 
CFB53 AP2 domain containing protein Arahidopsis thaliana 92 76 AF()1)3(198 GB 
CFR2 Apospory-associated protein Pennisenmt ciliate 52 88 U 13149 GB 
CLF39 Basic 7S globulin Glychu, max fi9 46 D161117 DDBJ 
CFB32 (;ell wall plasma membrane linker protein Brassica napus 65 64 X94~)76 EMB 
CFR14 GASTI protein precursor Lycope,'Wcon ~:~culentum 55 9~ P27057 SP 
CFB46 High mobility group-Y related protein A Glycine may 71 3,',l Q()f)423 SP 
CFR20 Histone H1 Nicotiam, tahacum 79 57 $535()2 PIR 
CFBI7 Histone H2B Capsicum attnuum 93 91) AF03bI386 GB 
CAN19 Histone H4 Lycoper,wcon esculentum 1(13 98 P35057 SP 
CFB47 Histone H4 Lycopersicon esculentum 75 97 P35057 SP 
CLF6 Nodulin Glycine max 73 63 O(12121 SP 
CAN 14 Patatin Solantott tuberosttm 117 58 Z27221 EMBL 
CANI5 Pollen specific protein NTP 3113 precursor Nicotiam~ tahacum 151 6~ P29162 SP 
CAN13* Putative RNA directed RNA polymerasc Pepper miM mottle virus 215 94 M81413 GB 
CAN18* Putative RNA directed RNA polymerase Pepper miht mottle virus 1(17 88, M81413 GB 
CAN5* Putative RNA directed RNA polymerase Pepper mild mottle virus 175 83 M81413 GB 
CAN7* Putative RNA directed RNA polymerase Pepper miM mottle virtts 212 91 M81413 GB 
CFB30* 26S proteasome-associated padl homolog Mus mtt.sr:'uhts 61 811 Y13071 EMBL 

*Indicates non-plant matched EST clones. ;'L(": Length Compared indicates the number of amino acid residues between a 
query sequence and its matched protein sequence. "% ID: percentage identity at the peptide level. 'Accession No: accession 
number of the matched sequences. '~DB: Database. I)atabase abbreviatitms: SP, SwissProt" PIR, Protein Identification 
Resource Data Bank: GB. GcnBank. 
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dentified plant genes. Alternatively, sequencing of 
the 5' or 3' untranslated region (UTR) may not find 
homologous genes in database. To overcome this 
possibility, it may be necessary to run the sequenc- 
ing gel long enough for targeting the inside of the 
open reading frame. An estimate of the number of 
full-length or putative start codon-containing clones 
can be made using the genes that has previously 
been known from other organisms, although we did 
not directly compare the lengths of individual inserts 
with those of the corresponding mRNA. It was 
expected that the following 23 ESTs have the full- 
length open reading frame or the expected first ATG 
codon based on the sequence alignment: CFB5, 
CFBI5, CFB23, CFB33, CFB36, CFB48, CLF3, 
CLF4, CLF6, CLF8, CLFI5, CLF16, CLFI7, CI.F 
21, CLF30, CLF35, CLF42, CFR7, CFR9, CFR29, 
CFR31, CAN9, and CAN 19. 

The putative 95 genes identified by homok~gy 
search can be classified by their expected functic~ns 
as shown in Fig. 1. Genes involved in mctabolic 
pathways such as glycolysis and photosynthesis 
were most abundant, and genes in translational 
apparatus ranked next in abundance. Various 
ribosomal protein genes were especially abundant in 
floral buds and fruits, suggesting that cells in floral 
buds and young fruits are metabolically active. This 
observation is consistent with observations pre- 
viously made in Arabidopsis  (H6fte et al., 1993), 
rice (Uchimiya et al., 1992; Sasaki et al., 1994), and 
Brassica (Lira et al., 1996). Eleven resistance- or 
stress-related genes were identified. These sequences 
include proteases, endochitinases, heat-shock pro- 
teins, thionin, proteinase inhibitor, pectinesterase, 
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Fig. 1. Functional categorization of the putatively iden- 
tified ESTs. 
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Fig. 2. Redundancy of the hol pepper EST sequences. 
The numbers on the bars indicate the number of the EST 
chines in each redundancy class. The EST clones with a 
nucleotide sequence identity of t~()% or more on a 51) 
nucleotide stretch were considered as redundant clones. 

prohibitin, and osmoprotectant. These results may 
indicate that the plant system expresses many resis- 
tance- or stress-related genes to cope with the in- 
tensive and various environmental slimuli. We found 
four redundant EST clones that encode putative 
RNA directed RNA polymerase of the pepper mild 
m~ttle virus (PMMV). It will be necessary to define 
the source of the mRNA to determine whether the 
anther tissue was contaminated by the virus. The 
CFR30 clone was very similar to the previously 
identified calmodulin eDNA, C C M I  from C'. annuum 
(Kim et at., 1096). Comparison of CFR30 with the 
C~'MI clone indicates that ('FR30 is a member of 
calmodulin gene family in the hot pepper. The pu- 
tative function of some ESTs identified by homology 
searches will bc filrther evaluated by several methods, 
including full-sequencing of the clones, in viow assay 
of protein product, and heterologous expression. 

Expression Analysis of EST Clones 

To further characterize thc EST clones, the ex- 
pression pattern of the four clones was examined by 
RNA blot analysis (Fig. 3). The CAN14 clone, 
which has 58% identity to the potato patatin protein, 
over a 117 amino acid overlap, was highly ex- 
pressed in anther tissues but not in fruit tissues. The 
mRNA was also present in floral buds. These results 
agree with the previous result that a tobacco patatin 
gene was highly expressed in petals and anthers 
(Drews et al., 1092). The CFR2 clone, which has 
88% identity to the apospory-associated protein from 
buffelgrass (Pennisemm ciliare), shows relatively 
higher expression levels in seedlings and roots than 
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Fig. 3. Northern blot analysis of four ESTs. Ten lag of 
total RNAs extracted from seedlings (SD), leaves (I,F), 
roots (RT), floral buds (FB), anthers (AN), and fruits (FR) 
were separated on an agarose-formamide gel. Radiola- 
beled probes of each clone were hybridized to the RNA 
blot and exposed to the phosphoimage plate. Exposure 
times varied for each gel blot. A, CANI4 (putative 
patatin); B, CFR2 (putative apospory-associated protein); 
C, CFRll (putative y-thionin); D, CFR29 (putative 
osmoprotectant). E, photograph of EtBr stained rRNA bands. 

in other tissues. Whether the CFR2 protein is indeed 
involved in apomixis remains to be elucidated. A pu- 
tative y-thionin (CFRll )  mRNA was abundantly 
present in all the tissues examined except in roots. 
Thionins have been identified from various tissues 
of different plant species (Florack and Stiekcma, 
1994). The h~ vitro toxicity of thionin to plant patho- 
gen has been focused for improving the plant 
defense system. The CFR29 clone, which is 92% 
identical to Lemmi9, a putative osmoprotcctant in- 
duced in tomato roots by nematode attack (Eycken 
et al., 1996). RNA blot analysis with this clone 
showed highly root-preferential expression pattern 
and barely detected in fruit tissues. This expression 
pattern of CFR29 is interesting since the clone was 
obtained from the fruit library. 

Redundancy of the EST Clones and Conclusion 

To examine the redundancy of the ESTs, the 

sequences of the 176 EST clones were compared to 
one another. EST clones with greater than 90% iden- 
tity over a 50 nucleotide stretch were considered as 
redundant clones (Kwak et aL, 1996). It was shown 
that 158 ESTs (89.8%) were non-redundant. The 
relatively low percentage of redundancy in this 
study may be due to the coverage of several different 
tissues. If a specific tissue or organ was analyzed, the 
level of redundancy would have been higher. 

The putative homologues of cell wall proteins 
from the tomato, histone H4, polyphenol oxidase, 
and endoehitinase precursor were represented two 
times, and y-thionin three times. It was interesting 
that although the putative thionin homologues were 
found to be redundant, two of the ESTs (CFRI I and 
( 'FRI9) were failed to have significant homology to 
thionin. This indicates that either the database search 
algorithm has to be improved or the uniform ap- 
plication of the category may not be sufficient. The 
most redundant clones (CAN5, CAN7, CANL5, and 
(~AN18) appeared 4 times and showed homology to 
the putative RNA directed RNA polymerase of 
PMMV. It should be noted that the clones were 
obtained exclusively in the anther library. 

We could not find amino acid sequence sim- 
ilarities for 81 ESTs (46.1%) to previously re- 
gistered proteins in database. Functional character- 
izations of the ESTs will require both biochemical 
and genetic studies, including full sequencing of the 
ESTs, analysis of expression pattern using the RNA 
blot analysis, and expression of the sense or an- 
tisense transcript. 

The generation and sequence analysis of C. an- 

n u u m  ESTs have the goal of producing a resource 
with significantly enriched information concerning 
genes that are expressed in a localized fashion. Ran- 
dom nucleotide sequencing of eDNA libraries pro- 
vided us with an opportunity Io isolate various novel 
genes. EST sequences can be utilized as STSs 
(sequence-tagged sites), valuable resources for genet- 
ic mapping. STSs are genetic markers with nu- 
cleotide sequences of 200 to 50fl bp which are 
unique in the genome of an organism (OIson et al., 

1989). ESTs can also be new resources for iden- 
tifying candidate genes on RFLP maps for breeding 
pepper plants. Moreover, mapped ESTs offer an 
opportunity to reveal new aspects of regulatory 
mechanisms in plant gene expression (Park et al., 
1993, Umeda et al., 1994). Wc are currently iden- 
tifying the functions of some reproductive organ 
ESTs by hz vitro and #~ vivo analysis. The results ob- 
tained by the analysis will contribute for deepening 
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the knowledge of the organ development in peppcr 
plants. 

The EST sequence data reported will appear in 
GenBank under the accession numbers of A A  
840628-AA840811 and AA842818-AA842826. All 
the clones and libraries described here arc available 
upon request to S.-R. Kim (E-mail: sungkim(a.:ccs. 
sogang.ac.kr). 
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