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DrouEht is a major environmental factor that limits plant srawth and productivity. After ~ n  8 a d)NA library from 
progressiveiy drousht-slressed hat pepper plants ( ~  annumn), we differentially Kreened it to isolate d)NA clones 
whose ezpreuiom were ~ . i n d u c i b l e .  We named lhese dories CADS/-1, 5, 7, 11, and/2. I~IA blot analyses revealed 
that all lranscripts of lhese 8enes were induced s lnm~ of dighliy during ~ drought stress. Their deduced 
amino-acld sequences showed high homok)~  with such proteins as thioredoxin m, glyclne-Hch protein, nonspecific lipid 
lransfer protein, ~ n g  enhancer protein 3, and auxin-repressed protein. In ~ plant species, those proteins 
are induced by pathogms and water of salt stres6es, and are predicted to be involved in drought tolerance. The data sug- 
gest that these five CADS/8ene produds have possible l ~ b i v e  roles a~linst drousht stress in hot pepper. 
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Plants are constantly exposed to abiotic stresses, such 
as drought, high salini~, and low temperatures. Among 
these, drought is a major limiting factor for growth and 
crop production worldwide (Boyer, 1982) because it 
can elicit various biochemical and physiological reac- 
tions. However, depending on the efficiency of their 
response, some plant species can withstand periods of 
drought by inducing the expression of certain genes 
(Ingram and Bartels, 1996; Shinozaki and Yamaguchi- 
Shinozaki, 1996; Bray, 1997). Their products include 
osmolyte biosynthetic enzymes, a class of late embryo- 
genesis abundant (LEA) proteins, chaperones, detoxifi- 
cation enzymes, and water-channel proteins. Many 
regulatory genes that code for transcription factors, pro- 
tein kinases, and phospholiL~ases are also induced by 
drought stress, and play adaptive or protective roles 
(Hirayama et al., 1995; Jonak et al., 1996; Frank et al., 
2000; Romeis et al., 2001 ). 

Some drought-induced genes have been ectopically 
expressed in plants to examine their in-vivo functions, 
the results of which may eventually lead to the engi- 
neering of drought-tolerant plants (McKersie et al., 1996; 
Kasuga et al., 1999; Yamaguchi-Shinozaki and Shinozaki, 
2001; Kang et al., 2002). The objective of our current 
study was to analyze the dehydration-stress response 
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in hot pepper (Capsicum annuum), a major crop in 
Korea. To do so, we used differential screening and RNA 
blot analyses to characterize five induced cDNA clones 
from progressively water-stressed plants with regard to 
their expression patterns and tentative functions under 
droughty conditions. 

MATERIALS AND METHODS 

Plant Material 

Seeds of hot pepper (C annuum cv. Bu Gang) were 
purchased from the Heung-Nong Seed Co., Korea. 
Twenty seeds were germinated in 3-L pots containing 
vermiculite. Plants were raised in a growth chamber 
(16-h photoperiod; 25~ 60% humidity; and 200 IIEI 
m2.s, from white fluorescent lamps). The control plants 
were irrigated daily. For our stress treatments, 10-d-old 
plants were subjected to progressive drought by with- 
holding water for up to 20 d. 

Water.Potential Measurements 

Both irrigated and drought-stressed plants were sam- 
pled daily. Their water potentials were determined from 
0.5-cm 2 leaf discs, using a C-52 thermocouple cham- 
ber connected to a HR 33T Dew point microvoltme- 
ter (Wescor, USA). 
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Total RNA was isolated according to the method of 
Sambrook et al. (1989). Briefl~ whole plants were frozen 
in liquid nitrogen after water potential was measured, 
then the tissues were ground in an electric mixer in five 
volumes of extraction buffer (50% guanidine thiocy- 
anate, 0.5% N-lauroyl sarcosine, 0.1% [3-mercaptoet- 
hanoi, and 25 mM EDTA; pH 7.5). The samples were 
centrifuged at 6000g for 10 rain at 40(::, then the upper 
phase was collected and layered on a cushion of 5.7 
M CsCI and 0.05 M EDTA in 11- x 60-mm centrifuge 
tubes (Beckman, USA). After re-centrifugation in a 
SW60 rotor (40,000 rpm, 12 h, 20~ the pellets were 
re-suspended in 10 mM Tris.HCI (pH 7.5) with 0.1% 
SDS. The suspensions were then extracted twice with 
a 4:1 chloroform:l-bul~nol mixture. RNA was collected 
by ethanol precipitation, and poly(A)+ RNA was purified 
via the Poly(A) Tract mRNA Isolation System (Promega, 
USA). 

Cxmslmclkm and Differential Screenin 8 of a Drousht 
Stressed-Hot Pepper cDNA Library 

A unidirectional EcoRI/Xhol cDNA library was con- 
structed in a Uni-kZAP XR vector (Stratagene, USA) 
using poly(A)+ RNA from whole plants that had not 
been watered for 14 to 20 d. The cDNA and vector 
recombinants were treated with Gigapacklll gold pack- 
aging extracts (Stratagene, USA), according to the man- 
ufacturer's directions. Phage plaques were analyzed by 
differential screening with 32p-labeled single-stranded 
cDNA probes, which were synthesized from poly(A) + 
RNA isolated by reverse transcriptase from irrigated or 
drought-stressed plants using the random primer-label- 
ing method. Plaque blotting and hybridization were 
performed using nylon membranes, following the sup- 
pliers instructions (Stratagene, USA). The phage plaques 
that hybridized preferentially to the cDNA probe from 
drought-stressed plants were then selected and con- 
versed to pBluescript SK(-) by in vivo excision, using 
the ExAssist helper phage (M1 3; Stratagene). 

RNA Blot Analysis 

RNA samples of 15 pg were fractionated on a 1.2% 
agarose formaldehyde gel. The quality and equal load- 
ing of RNA in each lane were verified by ethidium- 
bromide staining. Fractioned RNAs were blotted onto 
Hybond-N (Amersham, UK), using the capillary pro- 
cedure of Sambrook et al. (1989). The transferred RNAs 
were cross-linked to the membranes by UV radiation. 

Probe DNA was prepared by PCR amplification of 
the cDNA insert, using T7 and SK. PCR was carried 
out for 30 cycles (94~ 30 s; 52~ 30 s; 72~ 2 rain) 
followed by 5 rain at 72~ all in a DNA thermal cycler 
(Perkin-Elmer, USA). The amplified cDNA inserts were 
32p-labeled by random priming with a Prime-a-Gene 
Labeling System (Promega), and hybridization was car- 
ried out at 68~ for 12 to 16 h. Afterward, the mem- 
brane was washed once in 1 x SSPE and 0.1% (w/v) 
SDS at room temperature for 10 rain, then twice in 
0.5 x SSPE and 0.1% (w/v) SDS at 68~ for 15 min. 
This washed membrane was exposed to X-ray film (Fuji, 
Japan) at -75~ for 12 to 48 h, using two intensifying 
screens (DuPont, USA). 

Nucleotide Sequencing and Analysis 

Nucleotide sequences of the double-stranded cDNA 
inserts in pBluescript SK(-) were determined by the 
dideoxy chain-termination method and an automated 
sequencer (ABI 3100 Genetic Analyzer, USA). We 
translated the amino-acid sequences and aligned the 
nucleotide- and amino-acid sequences with DNAS- 
TAR-MegAlign (Genetics Computer Group, USA) and 
ClustalW (1.81) (http://biowb.sdsc.edu/CGI/BW.cgi). 
All sequences were compared with the databases at 
the US NCBI, using the BLAST network services. 

RESULTS AND DISCUSSION 

Leaf water potential in progressively drought-stressed 
plants began to decrease 5 d after the last watering 
(Fig. I). The leaves started to wilt at - I  .5 MPa; when 
water potential was <-2.0 MPa, the plants were con- 
sidered severely stresr~-~ and most did not recover after 
re-watering. Total RNA for our cDNA library construc- 
tion and blot analysis was isolated from plants whose 
leaf water potential was between - I  .1 and -2.0 MPa 
(Fig. 2). Following the differential screening, we selected 
five putative cDNA clones for further analysis because 
their expression had been strongly induced by dehy- 
dration stress. These clones were named CaDSi - Cap- 
sicum a_nnuum drought stress_induced. 

To determine the effects of progressive drought on 
mRNA accumulation for each CaDSi, we performed 
blot analyses on total RNA extracted from plants 
showing water potentials of-0.8, -1.3, -1.5, -1.7, or 
-2.0 MPa. Although transcript levels of all five clones 
increased in progressively drought-stressed tissues, the 
time course and degree of induction differed among 
the clones. For example, CaDSi-1 and CaDSi-ll tran- 
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Figure 2. Changes in water potential in dehydration-stressed 
hot pepper plants. Leaf water potential was determined 
three times and averaged during the progressive drought 
period. 

Figure 1. Young hot pepper ptants during progressive 
drought stress. Irrigation was withheld from 10-d-old seed- 
lings for 16 to 30 d. Control and stressed plants were sam- 
pled daily for determination of water potential and RNA 
extraction. A, irrigated plants; B, plants without water for 15 
d; C, plants without water for 20 d. 

scripts were present at basal levels to - I  .5 MPa, then 
accumulated to high levels at - I  .7 MPa followed by a 
decrease at -2.0 MPa. In contrast, mRNA levels from 
CaDSi-5 and CaDSi-12 were strongly detected under 
normal conditions, and were further increased after 
dehydration stress. Finally, the transcript of CaDSi-7 
was barely detected until plants attained a water 
potential o f -1.5 MPa, and the level then increased at 
-2.0 MPa (Fig. 3). 

Nucleotide sequences were determined in both 
directions of the cDNA insert. For each clone, amino- 
acid sequences were deduced from the longest open 
reading frame (ORF), and sequence homology was 
searched in the database using the BLAST program 
(translated query-protein database). CaDSi-I was 620 bp 
long, with an ORF of 258 nucleotides that encoded 
86 amino acids. This clone presented 40 to 70% iden- 

Figure 3. RNA blot analyses of five CaDSi clones under progres- 
sive drought stress. Each lane was loaded with 1,5 p.g of total 
RNA extracted from hot pepper plants at five dehydration 
stages. RNAs were fractionated on a formaldehyde-agarose gel, 
blotted onto a membrane, and probed with each cDNA insert. 
Ethidium-bromide staining of RNA showed equal amounts oi 
loading on each lane. CaDSi-I, putative thioredoxin m; CaDSi- 
5, putative glycine-rich protein; CaDSi-7, putative nonspecific 
lipid transfer protein; C_aDSi-71, putative oxygen evolvin[~ 
enhancer 3; CaDSi-12, putative auxin-repressed protein. 
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A) 
I ct tot t gaat t t cat gccact t ggtgtg~ccct  B:cagat got t cat r..~Ot aat tgat ~ /  1 

L V E F H A T W C G P C Q M V H R V I D 20 60 
6I gagat tgcagct gaol at t cagggag~t t~aatgct  atgtactcgat gcggataaaOaa 

E I A A E Y S O R L K C Y V L O A O K E 40 120 
121 t ca~agt t OCt gagaact algal at ca~ggctgt t cctgtggt oat act gt t caaoaat 

S K V A E N Y D I K A V P V V I L F K N 60 180 
t81 ggagagaaat t t gagt ct gt cat t ggaac~t ~lcccaaggagt tct  at g t ~ c t  gccat t 

G E K F E S V ] O T M P K E F Y V A A I 60 240 
24t gaaaggct t ct agct act t l lgatgt got t at gagaacgt cat glgt tat cat at caagt t c 

E R L L A T * 86 
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301 aat~lgcaaatgtgat tactctctact tccat t taaaaat tctct  tcacccct t ~gt gc 
36I ct tgtaatat t  ctatgt  t c t c t t t t  tgcatct tct  t t t t ccatgaatcatcagt tct  I t  t 
4,?.I t cctcaaaat tgacagctctccgt aaaagcacat t cctr tc t  t t ct t cacaat gaaat 360 
481 t t gtataaggt c lot  gaact tgtgaat agt gact gcat t ~gt at g~t aaggat t tct  tgt  420 
54I t tcctaacgtgt t t t t tot tg t tg t  tact agtgact tcct tgatatatct tgagaazg~a 4B0 
60I aaaaaaaaaazaaaaaa 
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A. th~liana 
~. saliva 

Ca~Si-1 
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~. saliva 
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61 
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CaDSi -5 
d. saliva 
P. c i l ia te  

CADS/-5 
~. sal iva 
P. ciliata 

CaOSi-5 
O. saliva 
P. e l l /a le  

CaDSi-5 
saliva 

P. c i l ia te  
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O. saliva 
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CaDSi-7 
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D) 
1 

22 
82 

142 

t t cogcacgaggaaacaacacaca t tct  tacat at caaat t acaaaaagaaaaat ccat t 
atggct t caatgcat t oct acaaagaagaaggcaaagagt tcgat tact at aact at got 202 
M A S a H C Y K E E G K E F D Y Y N Y O 20 
aaccaaaaaccaacl act tact cgaactctgaat at gaaaaat ct tact atgagaaagag 262 
N O K P T T Y S N S E Y E K S Y Y E K E 40 
agt t oct acoaaaccaagcct ggaat oat g g ~ t  ac~cgct Ige, cat gOcca t caacat 322 
S C Y E T K P G u M G Y G A S H G H O H 60 
ggtagcaacccatot gggcct at gatgggccat ggaaagt tg~c ta t  got acgg~ccat 382 
G S N P C G P M M G H g K L G Y G T Q H BO 
aacact cat got t cgggct a l l o t  t t gggr cacggt t cgggct argot t cg 442 
N T H G S O Y G L G H N T H G S G Y O S 100 
g~ccacaacagt acct act ct cat gaatatgg laat caccacat gcacazagcc t ggg t cc 5 ~  
G H N S T Y S H E Y G N H H N H K P G S 120 
aatgggctgggct tgggt t t g~ccaaggaacgogcacacc t t tgggccatot t at gggc 502 
N G L G L G L G 0 G T G T P L G H V u G 140 
t t t ggaaagacacatgggggaca tggt ggctatggaat gggct ct tcgggt t gcaclact 822 
F G K T H G G H G G Y Q M Q S S G C T T 1~  
t acaagaaacaacaccgtaggaggaaogcca t ggOt OOt t acggt agcggcagt gac t gc 682 
Y K K  Q H R R R K ^ M  G O Y ( ~ S O S O  C 180 
agcgacagcag t gat gacgagcgt tact Oct lula t tact acagggt t tcatgtgtagc~g 742 
S 0 S S 0 O E R H C * tgo 
cct ~gct t at gagaagoaagagatagaat tat at t t cccagt act at a~gggaatat t t a 
tgacaat aaaat aagaagcaaat cagct at ggcgaact at tgat tactgaaot taat tat B02 
gaaacct taggatgtOt gtgt c tgt  gt tggt gt at t ae..at at ararat at gccaatat t a 862 
atgtaactgct tat t accct t ggcaataaaact acgt t t t tcgtgt t asaaaaaagaaaa 
aaaaa  
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A. thMimna 
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--SGISP- 

Figure 4. Continued. 

cat t tgct tccat ct agct aagt aaccccaaca t '~cat t aegcaaacacacact tgaca 
at gaac, aaagcat caaaact tot Oct tot  t ac~gtgct agt Oct Oct Oct t ct t gctgag 
M N K A S K L V L V T V L V L L L L A E 20 
gcgcacgt ct cat ct Octgcaacatot aocccagct gaoct gcgt cct tocctaOgagct 
A H V S S A A T C S P A E L R P C L G A 40 
at cagat cat cat caocac~gactaaact ctgctgcagcaagat caagcaacaaaagtct 
I R S S S A P T K L C C S K I K O O K S  60 
tgcct t tot caatacctca~gaa t ccagct ct aaagcar, t atgtcaactct cccgctgcc 
C L C 0 Y L K N P A L K O Y V N S P A A 80 
aagaaagtcgcte-~cact t gtggcgt gccat accccagatgctalBaacactact gcaat 
K K V A R T C G V P Y P R C * 94 
at cgcgagact t oat cat aagt agt aat at a t t t ca t gagaacctat cagcat gact ct c 
tat t t t a l c t  act t t ctcot aat t t taot actct ct Ot ct acaccagt t t tatngctagg 
tot tc tactat  t tacataaataaaot act aagtat Itaaaaaaaaaaaaaaaaaa 
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KLCC~ I KQQ(SCL COYL.Ki~PALKOWNSPA~ k'VARTCGVPYPRC 
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ASCC:~I/RE~PCMCOYAROPNLKO"P/OSPt~K KVIk~CKVi~PSC 

ot agc, c t ccacagg t co t gag 
agatggcacatgct a t ggct tct  atgggtgot ctaat tggt tot tcacaaactgt ct tog 
z t  gocacatgct at ggct tc tatggotggtctaat  toot tc t  t cacaaactgt ct tggat 
M A H k M A S M G G L l G S S Q T V L  O 20 
gOtllgcctccaoat cagtggct cacgct t gagcactgt cagcaccagcagaa t tgcct tg 
G S L Q I S g S R L S T V S T $ R I A L 40 
tc t  agaccagctggact cagtg tcagagcccaacaagggt ct at t gacgccgaaactagc 
S R P A Q L S V R A Q O G S V D A E T S 80 
cgtagagc~t  tatcggtct  t g l t gc t  gctggcct tgctgoaacct t tgct aaa~agct 
R R A V I G L V A A G L A G T F A K A A BO 
t t t OCt gaagctaaaccaat caaga t t ggaggccct CClCct ccct ccggt goat tgcct 
F A E A K P I K I G G P P P P S G G L p 100 
got act t tgaactcagatgagocaa~gat t t tagt t t gccat t gaagaat aggt t t t ac 
G T L N S 0 E P R 0 F S L P L K N R F Y 120 
a t t caacca t t gact ccagct gaggcagt ccaaagagt t aa~gat t canccaaggaga t t 
I 0 P L T P A E A V Q R V K O S X K E [ 140 
Ot t got gt caaggat t t cat cgacaaaaaggcct ggcct tat  gt t cagaat iklcct t cgt 
Y G V K D F I D K K A W P Y V Q N D L R 160 
ctcagagcagaa tacct tcgcta, t gacct t aaoact gtcat ct ct grit aagccaaaggac 
L R A E Y L R Y O L K T V I S X K P K 0 180 
cagugggaaaactccaggacct gact goaaagct ct t taagaccat t agtgatnt ggac 
O K G K L O D L T G K L F K T I S D X O 200 
cat gcagcaaagaccaagaacagcact gaagcagagat Ot act atgctgct accgt at nt 
H A A K T K N S T E A E M Y Y A A T V X 220 
acct taaatgatgt t t t gge~aacct tggct aga~zgct t t c tg tac ta tg t  t at tact t 
T L N O V L A N L G * 232 
CCtgt aagt t aacaaatacf:t gt tgr~.tccaat t gtgaagaat gat t  t tgggagaatot t 
t aaaat  t c t g t aaaaaaaaazaaaaaaaa 
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LPGT[~SLAL-i~FY I QPLSPTE/~ l !iW~gF I 
LPGTENS~TLPYTKORFYLQPLPPTE~ASEI LNV~QFI 

~ R A E Y L R Y D L K T V  I SXKPKD(~6KL OOLTI~LFKT IS 
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DRKAIIIPSLOflOLRLRASYL RYOL KT V I SAKPKDI~LQE LTSK LFSS I D 
, : t * * *  : . ,=*** t**  * * t * * * : * * * *  , Q , : : ,  w : : * *  t , t .  : , .  

DXOHAAKTKNSTE AENYYAATVX TLNOVL~ L O 
N L DY/~L%R(SSPDkc'KYYSETVSSLM'NLAK LG 
NLOt~/~ I KSPTEAEKWGQWSN I NEVLAXLG 
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�9 Figure 4. Nucleotide and deduced amino-acid sequences_ 
of CaDSi-1 (A), CaDSi-3 (B), CaDSi-7 (C), CaDSi-11 (D), and 
CaDSi-72 (E); and alignments of the predicted sequences 
with those from the database. Putative l~anslation start codon 
is shown in bold face; putative translation stop codon, indi- 
cated by an asterisk. Asterisks are also used to identify fully 
conserved residues among the different sequences, and 
chemically similar residues are denoted by one or two dot~ 
that present conse~adon at the weak or strong level, respective~ 
A. Deduced sequence of CaDSi-? is aligned with thioredoxin 
rn proteins ofArab/dops/s (NCBI accession number AAF15950) 
and rice (O. sat/va; NCBI accession number CAA06736). B. 
Deduced sequence of C_.aDSi-5 is aligned with glycine-rich 
proteins of rice (NCBI accession number CAA38315) and 
buffalograss {P. ciliare; NCBI accession number AAK15500). 
C. Deduced sequence of CaDSi-7 is aligned with nonspeciflc 
transfer proteins ors. odorus (NCBI ao~ession number AAA33933), 
Arabidopsis (NCBI accession number AAK64007), and bar- 
ley (H. vulgate, NCBI accession number AAB47967). Eight 
Cys and four Pro residues at the highly conserved positions 
in plant nsLTPs are indicated in bold face. D. Deduced 
sequence of CaDSi-11 is aligned with o ~  evoMng enhancer 
3 proteins ofArabidopsis (NCBI accession number Q41932) 
and spinach (NCBI accession number CAA29056). E. Deduced 
sequence of CaDSi-12 is aligned with auxin-repressed pro- 
teins of apricot (P. armeniaca; NCBI accession number 
AAB8B876) and Brassica oleracea (NCBI accession number 
AAL67436). 

tity with chloroplast m-type thioredoxin from Arabi- 
dopsis thaliana and rice (Oryza sativa). Comparison of 
the amino-acid sequence with reported sequences 
indicated that CaDSi-1 is a partial cDNA clone lacking 
the 5' region (Fig. 4A). CaDSi-5 was 904 bp long, with 
an ORF of 570 nucleotides. Its deduced amino-acid 

sequence displayed 35 to 40% identity with 8tycine-rich 
proteins or dehydrins from Pennisetum ciliare and rice 
(Fig. 4B). CaDSi-7 (534 bp, ORF encoding 94 amino 
acids) showed 60% identity with a nonspecific lipid 
transfer protein (nsLTP) from .Senecio odorus and barley 
(Hordeum vulgare) (Fig. 4C). CaDSi-1 ? (B09 bp, ORF of 
230 amino adds) shared 55% amino-acid identity with 
OEE 3, the oxygen-evolving enhancer protein 3 from 
spinach (Fig. 4D). Finally, CaDSi-12 was 751 bp long, 
with an ORF of 133 amino acids and 51% identity with 
an auxin-repressed protein from Prunus armeniaca 
(Fig. 4E). 

Possible roles in drought tolerance can be suggested 
for the gene products of these five CaDSi clones, based 
on reports for their homologs. For example, thioredox- 
ins, which show significant identity with CaDSi-7, are 
ubiquitous, small proteins (100 to 120 amino-acid 
residues) with a highly conserved and reactive adve-site 
sequence (Trp-Cys-Gly-Pro-Cys) that catalyzes thio- 
disulphide oxido-reduction. Three main types of 
thioredoxins have been identified in plants. Thioredoxin 
h is located in the cytosol, while thioredoxins m and f 
(TRXrn, TRXI) are chloroplastic. TRXm is highly similar 
to prokaryotic thioredoxins, and may possibly act as 
an anti-oxidant in the chloroplast (Broin et al., 2000; 
Issakidis-Bourguet et al., 2001). Because drought elic- 
its substantial changes in the chloroplastic redox state, 
leading to oxidative stress (Issakidis-Bourguet et al., 
2001), we suggest that the induction of CaDSi-7 by 
drought demonstrates that this clone participates in the 
chloroplast response to oxidative stress in hot peppers. 

CaDSi-5 had high levels of Gly (21%), His (10%), 
and Tyr (10%), and was highly hydrophilic. Its pre- 
dicted amino-acid sequence is not typical of any known 
class of glycine-rich proteins. This clone showed 39% 
identity with the glycine-rich protein from rice and 
37% identity with the dehydrin RAB18-1ike protein from 
A. tha/iana. However, the absence of glycine-rich repeats, 
cell-wall sorting-signal peptides, and conserved motifs 
su~ests that CaDSi-5 is part of a subfamily of RAB 
dehydrins or a noble glycine-rich protein. Because of its 
extreme hydrophilic characteristics, we propose that 
the CaDSi-5 protein likely is involved in protecting 
cellular constituents during drought stress, a role that 
was previously proposed for LEA proteins and dehy- 
drins (Close, 1996). 

The predicted CaDSi-7 pro~in displayed high sequence 
homology with the nsLTPs from S. odorus and barley. 
Because these are mainly epidermal cell-wall pro- 
teins, it has been proposed that they are involved in 
the biosynthesis of epicuticular wax or cutides (Sterk et 
al., 1991; Segura et al., 1993; Lemieux, 1996). Based 
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on these reports, therefore, we suggest that expression 
of CaDSi-7 was induced in our pepper plants as an 
adaptive response to drought stress, thereby reducing 
water loss by increasing cuticle thickness. 

The predicted amino-acid sequence of CaDSi-11 
showed 50 to 53% identity with OEE3 from A. thaliana 
and spinach. The OEE3 protein is a component of the 
oxygen evolving enhancer complex (OEQ of photo- 
system II (Mayfield et al., 1989). Treatment with NaCI 
can increase the mRNA level of OEE3 in mangrove, a 
result that suggests that this protein may play a role in 
maintaining PSll activity under salt stress (Sugihara et 
al., 2000). Likewise, the increase in CaDfi-11 tran- 
script in our study indicates that this may be one mech- 
anism for sustaining the activity and stability of PSll in 
drought-~essed hot pepper plants. 

An auxin-repressed protein has been isolated from 
auxin-deprived strawberry receptacles in research 
showing that the mRNA level of that protein was lower 
during normal fruit development (Poovaiah and Reddy, 
1990). Although homologs of an auxin-repressed protein 
have been isolated from other plant species, little is 
known about its physiological function. The high level 
of CaDSi-12 mRNA during our drought study suggests 
that CaDSi-I 2, a putative auxin-repressed protein, may 
be involved in the drought response in hot peppers. 

The ability of plants to tolerate drought is probably 
determined by multiple biochemical pathways that 
facilitate water retention while protecting proteins and 
cellular structures. All five cDNA clones isolated in our 
study showed stress-induced transcripts, and each shared 
a high level of homology with genes that code the 
proteins implicated in drought tolerance in other species. 
Identifying five such clones demonstrates that multiple 
pathways for dehydration-stress responses exist in C. 
annuum. Therefore, this discovery is a good starting 
point toward resoMng those presumably complicated 
pathways in that species. 
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