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ABSTRACT: A c¢DNA encoding desiccation-related protein was isolated from a flower bud ¢DNA li-
brary of Chinese cabbage (C-DH) and its nucleotide sequence was characterized. It contains 679 bp nu-
cleotides with 501 bp open reading frame. The amino acid sequence of the putative protein showed the
highest amino acid sequence homology (79 % identity) to dehydrin protein in Gossypium hirsutum. Also,
the C-DH shares 48~52% amino acid sequence identity with the other typical dehydrin proteins in plant
cells. When the amino acid sequence of their proteins were aligned, several peptide motifs were well con-
served, of which function has to be solved. Particularly the C-DH contains 15 additional amino acids at
its N-terminus. Genomic Southern blot analysis using the coding region of C-DH showed that the C-DH
consists of a single copy gene in Chinese cabbage genome. The C-DH mRNA, whose transcript size is 0.7
kb, was expressed with a tissue-specific manner. It was highly expressed in seed, flower buds and low
expression was detected in root, stem or leaf tissues of Chinese cabbage. And the transcript level of C-
DH was significantly induced by the treatment of plant hormone, abscisic acid and water-deficit con-
ditions.

Key words : dehydrin gene in Chinese cabbage, expression of the dehydrin ¢cDNA, flower cDNA library,

southern blot analysis, Lea proteins.

When the water available to a plant falls below a crit-
ical level, the plant begins to experience water-stress
and exhibit several physiological and biochemical changes.
Numerous changes in gene expression that take place in
plants to compensate for a water-deficit or to tolerate
and recover from dehydration have been documented
(15, 22). The amount of mRNAs induced upon drought
conditions increase dramatically during late seed de-
velopment when embryos begin to desiccate and re-
main at high levels in dry seeds. At this period, the lev-
el of abscisic acid (ABA) reaches a maximum (16).
The most prevalent mRNA species in dry seeds are en-
coded by a group of genes designated as late embryo-
genesis-abundant (Lea) genes, because desiccation stress
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is a normal aspect of seed formation (9). Mostly, the
predicted polypeptides of dehydrins share similarity
with those of Lea proteins and contain structural ele-
ments in common with other proteins which are in-
duced by desiccation and ABA. The dehydrin mRNAs
are detected at low levels in leaves or roots of non-
stressed plants and in young immature seed tissues.
However, when the plant hormone, ABA is applied to
immature embryos, the dehydrin mRNAs can be induc-
ed to high levels (23). Thus, there may be a functional
linkage between desiccation stress, ABA, and dehydrin
proteins (26). To promote cellular tolerance of dehy-
dration (3), ABA appears to modulate the response of
plants to water-stress (21). This defense is augmented
by the increases in the concentrations of various water-
absorbing materials including proline, sugars, and or-
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ganic acids (27). Even though the action mode of the
ABA hormone remains unclear, a model has been pro-
posed involving calcium as a second messenger mo-
dulating ABA-induced responses (24). In this model,
the stimulus induces the activation of a protein kinase
C resulting in the phosphorylation of discrete sets of
proteins. Subsequently, many phosphorylated proteins
transduce the foreign signals into the cellular effector
molecules and activate self-defense systems in plant
cells. Even though several Lea and desiccation-related
genes have been isolated from plants, the physiological
function of these gene-products in drought conditions
remains unclear. To better understand the potential link
between environmental water-stress and the function of
these genes, it is necessary to isolate much more desic-
cation-related genes and characterize their properties.

Towards this end, the present work describes the
cloning of a cDNA, which is critically induced by ABA
or drought conditions from a flower bud cDNA library
of Chinese cabbage.

MATERIALS AND METHODS

Materials. Chinese cabbage (Brassica campestris L.
ssp. pekinensis) was grown in a growth chamber under
various growth conditions. Different tissues of Chinese
cabbage were dissected and used for the preparation of
genomic DNA, RNA and a cDNA library.

Cloning of a dehydrin gene. To isolate tissue-spec-
ifically regulated new genes from Chinese cabbage
flower buds, we prepared a phagemid-based flower
buds cDNA library and carried out random sequencing
of flower bud-specific cDNA clones (18). It led to iden-
tification of a partial cDNA clone Expressed Sequence
Tag (EST)-F0392, which encodes a dehydrin-like pro-
tein in Chinese cabbage. To get a full length cDNA
clone, the EST-F0392 clone was labeled with [0-*°P]
ATP to a specific activity of ~5X10° cpm/pug by the
random-primer labeling method (8) and used as a screen-
ing probe. Hybridization was performed in the solution
containing 5SXSSC, 5XDenhart's reagent, 0.1% SDS
and 50 pg/ml yeast total RNA at 55°C for 1 day with
the probe at a concentration of 5X 10° cpm/ml. The filt-
ers were washed three times in 2X SSC, 0.1% SDS at
55°C, each for 15 min. And subsequent washings were
done at 55°C with 1xSSC, 0.1% SDS twice, each for
15 min. After washing the filters, they were dried and
autoradiographed for appropriate time at -70°C. From
the positive clones, the longest EcoRI/Xhol-digested

cDNA insert was sequenced by dideoxy sequencing
methods using the Taq dye primer on an automated
DNA sequencer (Applied Biosystems Model 373A). Se-
quence analyses were performed by the public data-
base using Blastx program provided by NCBI e-mail
server (1, 7, 25).

Southern and Northern blot analysis. Genomic
DNA was prepared from Chinese cabbage leaves as
described by Dellaporta et al (6) and further purified
by a cesium chloride/ethidium bromide density gradient
ultracentrifugation (4). Ten pg of purified DNA was
digested with appropriate restriction enzymes, size frac-
tionated on a 0.8% agarose gel, and transferred onto a
Hybond-N+ membranes (Amersham). Hybridization was
carried out in the buffer of 6X SSPE, 5X Denhardt's
reagent, 1% SDS, 100 pg/ml denatured calf thymus
DNA, 5% 10° cpm/ml probe at 65°C. The probes used
were the full cDNA coding region of the clone labeled
with [0-”P] ATP by the random primer labeling method.
The hybridized blots were finally washed in 0.1 X SSC,
0.1% SDS at 65°C. After washing the filters, they were
dried and autoradiographed for 10 h at -70°C. For
northern blot analysis, various tissues of seven-day old
Chinese cabbage seedlings were divided into sections
as described previously (17). Total RNA was extracted
from these sections by guanidium thiocyanate/phenol/
chloroform extraction method and further purified by
ultracentrifugation. Twenty pg of total RNAs were
separated on 2% formaldehyde agarose gels and transf-
erred onto Gene Screen Plus membranes (New Eng-
land Nuclear). Hybridization conditions were analogous
to those used for Southern blots except for hybridiza-
tion temperature of 60°C and final washes in 0.5% SSC,
0.1% SDS at 55°C.

RESULTS AND DISCUSSION

Isolation of the C-DH gene and comparison of the
deduced amino acid sequence with other dehydrin
proteins. A partial cDNA clone (EST-F0392) closely
matched with drought-induced cDNA of Lea gene in
Gossypium hirsutum was obtained from ESTs of Chinese
cabbage flower buds cDNA library. The Gossypium hir-
sutum Lea gene shows a typical characteristics of dehy-
dration-resistant property and acts as a desiccation pro-
tectant (10). To obtain the full length of this cDNA,
Chinese cabbage cDNA library was screened with the
*P-labeled EST-F0392 clone as a probe. After screen-
ing about 5 10° colonies, 5 candidate clones could be
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obtained. From the positive clones, we isolated a cDNA
having the longest cDNA insert and directly sequenced.
The amino acid sequence comparison of the clone with
the entries in the EMBL and Swiss-Prot sequence da-
tabase revealed that it belongs to a dehydrin protein
group, thus it was named C-DH, representing for Chinese
cabbage dehydrin gene. The C-DH gene encodes mRNA
of 679 bp cDNA insert with 501 bp open reading frame,
thus it would encode 167 amino acids. The gene contains
32 bp of 5'-untranslated region and 146 bp 3'-untrans-
lated sequence as shown in Fig. 1.

Fig. 2 shows a comparison of the amino acid se-
quence of C-DH with other typical dehydrin proteins
cloned to date. The putative translation product of C-
DH showed 79% sequence identity with the drought-in-
duced Lea protein of Gossypium hirsutum (10). And it
also shows high amino acid sequence similarity to de-
hydrin proteins of Arabidopsis (accession #; Y12776),
soybean (20) and Cruterostigma plantagineum (19).
The Cruterostigma plantagineum is a desiccation-resis-
tant African resurrection plant (12). The amino acid se-
quences of all dehydrin proteins contained several high-
ly conserved peptide domains. When we introduced
gaps to maximize the fit of amino acid sequences, the
peptide of KAK (amino acid residues positioned from
22 to 24 in C-DH), DVD (43-45), NPY (64-66),

PDPGSL (93-98), DIDY (129-132) and KLP (158-160)
were perfectly conserved, suggesting that these regions
may have important roles in the protection against
water-deficit stress. The peculiar characteristic of C-DH
clone is that it contains 15 additional amino acids at its
N-terminus compared with other dehydration proteins,
of which role is remained to be solved. The high se-
quence similarity of C-DH with the dehydrin-related
Lea proteins, which are mostly expressed at Lea period
of the plants, suggests that the C-DH may have an im-
portant role at the stage of late embryogenesis of Chinese
cabbage and at the water-deficit condition as a drought-
resistant protective protein.

Southern blot analysis. To see the copy number
of C-DH gene in Chinese cabbage genome, Southern
blot analysis was carried out by using the full length
c¢DNA insert of C-DH as a probe. When genomic DNA
digested with EcoRI, BamHI or Hindlll restriction en-
zymes that do not cleave within the coding sequence
was hybridized under the stringent washing conditions,
only one band in each restriction fragment hybridized
to the probe of C-DH (Fig. 3). Considering the result
of Southern analysis, the C-DH gene consists of a sin-
gle gene family in Chinese cabbage genome.

Transcript levels of C-DH gene in different tissues.

To identify possible physiological function of C-DH
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Fig. 1. Nucleotide sequence and deduced amino acid sequence of the Chinese cabbage C-DH cDNA. The nucleotides are numb-
ered starting with the first nucleotide of the insert. The amino acid numbering starts with the first methionine residue.
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C-DH MAETEQKEVEEKGSLISGLLDKAKGF SAEKLANIPTPEATVDDVDEFKGV 49
GH-DH MSQ-—--———v-—— - LLEKAKDEVVDKVANIKKPEASVSDVDLKHV 34
A-DH MAS-—-—-—-——-=——————~ LLDKAKDFVADKLTAIPKPEGSVTDVDLKDV 34
S-DH MSQ--——--=-————————— LLDKARKNYVAEKVTNMPKPEASVTDVDFKRV 34
CP-DH MAQ----————~—————— LMNKAKNEVAEKVANVEKPKASVEDVDLKDV 34
*o *oo***oo oo*oaao -*noa*o***-* *
C-DH ARQGVDYHAKVSVKNPYPQAIPICQQSYILKSDTRMISVLARLPDPGSL 98
GH-DH SRECVEYGAKVSVSNPYSHSIPICEISYNFRSAGRGIAS-GTIPDPGSL 82
A-DH NRDSVEYLAKVSVINPYSHSIPICEISFTFHSAGREIGK~GKIPDPGSL 82
S-DH SRDSVEYLAKVSVSNPYSTPIPICEIKYSLKSAGKEIAS-GTIPDPGSL 82
CP-DH GRHGITYLTRICVENPYSASIPVGEIKYTLKSAGRVIVS-GNIPDPGSL 81
KL LUK L Uk kKRR kxR ok LRKK KKK
C-DH IERVDGSWTVPVKVPYSIAVSLMKDMCLDWDIDYQLDIGLTIDIPIVGD 146
GH-DH KASDTTMLDVPVKVPYNILVSLVKDIGADWDIDYELELGLTIDLPIVGN 130
A-DH KAKDMTALDIPVVVPYSILEFNLARDVGVDWDIDYELQIGLTIDLPVVGE 130
S-DH KASDTTMLDVPVKVPHSILLSLAKDIGADWDIDYQLDLGLVIDLPVIGN 130
CP-DH KGNDKTMLEPAIKVPHSALVSLIKDIGADMDIDYVLELGLVVDLPVIGN 129
.. *Kk KLk Kk kkkk k| kK Kk kK
C-DH ITIPVSTQGEDKLPSLRDFF- 167 (100%)
GH-DH FTIPLSQKGEIKLPTLSDIF- 151(78.8%)
A-DH FTIPISSKGEIKLPTEFKDEFE - 151 (52.3%)
S-DH FTIPLSQKGEIKLPTLSDMFA 152 (51.9%)
CP-DH FTIPLSHKGEMKLPGLSDIF- 151 (48.4%)

* ok k% Kkxk *

Fig. 2. Comparison of the deduced amino acid sequences of C-DH with other typical dehydrin proteins. The deduced amino
acid sequence of dehydrin proteins in Chinese cabbage (C-DH, this paper), Gossypium hirsutum (GH-DH, 10), A. thaliana (A-
DH, accession #; Y12776), Soybean (S-DH, 20) and Cruterostigma plantagineum (CP-DH, 19) are aligned for comparison. As-
terisks denote positions perfectly conserved and dot ( « ) mark well conserved positions. The alignment was computed with the
CLUSTAL program of the PCGENE software package (Genofit SA, Geneva, Switzerland/IntelliGenetics Inc. Mountain View,

CA). Gaps are introduced for maximizing the fit.

gene, we have measured its RNA expression levels in
different tissues using northern blot analysis. It was per-
formed by using total RNA isolated from various tis-
sues of Chinese cabbage such as seed, leaf, root, stem
and flower buds. Total RNA isolated from different tis-
sues were hybridized with full-length cDNA of C-DH
as a probe. Fig. 4 shows that the single gene hybridiz-
ed to a transcript of approximately 0.7 kb. The tran-
script level of C-DH gene was expressed with a tissue-
specific manner, specifically high in seeds, flower buds
and low expression was detected in root, stem, and leaf
tissues (Fig. 4, panel A). This result strongly suggests
that the product of C-DH gene may exert its function
at seeds and flower organs. In the majority of higher
plants, tolerance to protoplastic dehydration is strictly
restricted to the seed. During embryogenesis the de-
veloping embryo acquires desiccation tolerance, but the
onset of germination interrupts the state of tolerance.

And both the seed and emerging seedling rapidly lose
the ability to survive desiccation. Thus, if dehydrin pro-
teins, or a set of them, are part of a water stress re-
sponse system, the system is a normal part of the seed
development program, but on-call in tissues at other
times or tissues in the life cycle of plants. Furthermore,
to analyze the effects of external signals on the ex-
pression of C-DH gene, we treated several stimuli and
analyzed the transcript levels of C-DH. The transcript
levels of C-DH in leaves were significantly induced by
the treatment of plant hormone, ABA (50 uM) or dehy-
dration (Fig. 4, panel B) compared to well-watered con-
trol plant. Since the PEG is not readily taken up by
cells and reduces the external free water concentration
without altering the ionic composition of the cell, we
treated 5% PEG to Chinese cabbage seedlings to mim-
ic the drought condition. Even though the effects of
PEG and salt (0.2 M-NaCl) were not so severe as desic-
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Fig. 3. Genomic Southern blot analysis of the C-DH gene.
Genomic DNA was isolated from mature leaves of Chinese
cabbage. 10 g of purified genomic DNA was digested either
with BamHI (B), EcoRI (E) or Hindlll (H), size fractionated
on a 0.8% agarose gel and transferred to a Hybond N+ nylon
membrane. The filter was hybridized with the *’P-labeled C-
DH coding region probe. Numbers indicate the sizes of stan-
dard DNA in kilobases (kb).

cation, they slightly increased the mRNA level of C-
DH gene. As reported previously (11, 28), there should
be a functional linkage between desiccation stress and
ABA, and the ABA plays a critical role on the desic-
cation conditions as a signal transducing molecule (26).

Like other plant hormones, ABA has multiple roles
during the life cycle of a plant (5). Recently, genes
have been isolated from cereal embryos which are re-
sponsive to ABA and expressed in water-stressed leaf
tissues (14). This result showed that the increased ABA
level could coordinate the activation of genes related to
desiccation tolerance at the transcriptional and/or trans-
lational level to cope with the water-deficit stress (28).
Exposure of many plants to water-limiting conditions
results in the synthesis of new mRNAs. Therefore, sev-
eral water-deficit stress induced mRNAs were iden-
tified in excised tomato leaves, pea shoot (13) and in
Zea mays seedlings (2) and so on. These transcripts are
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Fig. 4. Northern blot analysis of the C-DH expression. Twen-
ty ug of total RNA from various tissues of Chinese cabbage
were separated on a 2% formaldehyde/agarose gel and transf-
erred to a Hybond N+ nylon membrane. The blot was hy-
bridized with the **P-labeled coding sequence of C-DH.
Panel A; The transcript level of the C-DH gene in various tis-
sues of Chinese cabbage. Panel B; Accumulation of the C-
DH mRNAs in 7 day-old Chinese cabbage seedlings fol-
lowing addition of 50 UM abscisic acid (ABA), 0.2 M NaCl
(Salt), 5% polyethylene glycol (PEG), air-drying (Dehy), and
well-watered (Contol) whole plants for 12 hr at 25°C. Drying
was accomplished by removing plants from growth media
and air-drying on a laboratory bench. After these treatments,
leaves were deteched, mRNAs isolated and their transcript
levels analyzed.

synthesized as a response to drying but it has not been
demonstrated that they are directly involved in the
mechanism of desiccation tolerance (21). Using the C-

DH clone, these questions and the physiological role of

the dehydrin gene in plants have to be investigated in
the future.

2 o

v 3=e] Z2 28] cDNA library2%E] 712 71
A EE w212 (C-DH)E #8)sl o] 4d#ke] &
g EAskgdrh o] AR 679 bpe A7IMEE
Ao 501709 wAE d3e A4S Al
Uz olddch o] FARRYE {53 ofulAbe] 7]
AL Gossypium hirsutuml A BH =& FE-F-Fol of
g A4S el dehydrin AR} 7H8 frARE
A (79%) vehliglen, w3 o2 AlE9 dehyd-
rin SAAEIAE 48~52% A E2] olvl At HE FAMI
L By} o]E FAALY] oAt HES vlwa] ®ot



KOREAN 1JI. PLANT PATHOL. Vol. 14, No. 3, 1998

, ©]% dehydrin +AR= o171 75+ 0] =
A -2 o12{ /19| conserved HEFe] = domainsE 7HA] 2
ausiet. 53], C-DHE o} f-3#ke} vlaej4] N-ter-
minusel| 15709] o}uieAbe] ©f o] EAsldc}. F-A1A}
2] Southern #4443, C-DH 3 A= 85 geno-
me°ll 4] single copy gene2 2 FAIEo] 9188 o 4 gl
oot 222 0.7 kb9 transcript sizes Z-= C-DH -
A z1e] ¥H patternd AR A3 o] HAARs 2AE

o]l WS S dotrl C-DH F3xH= £}
s BgelolA] 53 g TS Bylow, i &)
2] FolAe #dA =) e o 5 ek 28]
C-DHS] mRNA+: A% i_.l?l abscisic acid®] A
o} FEFSAN A8 A A W] St
oo

A=t
ACKNOWLEDGEMENT

NH

Rl oNE W

i,

This research was supported by SPECIAL FUND for
UNIVERSITY RESEARCH INSTITUTE, Korea Rese-
arch Foundation (1994).

NOTE

The nucleotide sequence data will appear in the EMBL,
GenBank, DDBJ, and NCBI nucleotide sequence database
under the accession number of AF060884.
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