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Abstract

Somatic embryogenesis in Daucus carota can be induced by the treatment of shoot apices with
various kinds of stress chemicals (Tachikawa et al., 1998). Using this system, we previously revealed
the presence of a phosphoprotein (ECPP44) of which the phosphorylation was specific to embryogenic
cells (EC), stress - treated shoot apices and somatic embryos, but not in non- embryogenic cells (NC).
We then obtained a 141 bp fragment of ECPP44 ¢cDNA by RT- PCR with some primers based on the
partial amino acid sequence. In this research, the fragment was used as a probe to screen the CDNA
library which was compiled from somatic embryos. A full- length ¢cDNA (925 bp) corresponding to
ECPP44 was isolated and sequenced. The putative amino acid sequence revealed that ECPP44 contained
poly - serine consensus and nuclear targeting signal of Group Il LEA genes. Phylogenetic analysis of the
amino acid sequence encoded by ECPP44 showed that ECPP44 is a distant homology of the dehydrin
family in carrot. ECPP44 is a single copy gene as evidenced by Southern blot analysis under high
stringency. Northern blot analysis revealed that ECPP44 mRNA accumulates in EC, stress- treated and
non- treated shoot apices, and somatic embryos, but not in NC. We discuss here the accumulation
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and/or phosphorylation of ECPP44 as it relates to the acquisition of embryogenic competence.
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Introduction

The discovery of somatic embryo formation in
carrot by Steward et al. (1958) and Reinert (1959)
has led to model studies of the regulatory and
morphogenetic events in zygotic embryogenesis. By
using the somatic embryogenesis system, genes
expressed during the different stages of embryo-
genesis have been isolated for a large number of
plant species [Dure 111 1993; Baker et al., 1988;
Zimmerman 1993). Although the regulation of
expression and function of most of those genes
remain to be clarified, many of them have been
grouped into classes known as late - embryogenesis
abundant (LEA). LEA protein expressions and their
proposed biochemical properties have led to the
suggestion that they play a role as protectants
during seed dessication (Ingram ef al., 1996). On the

other hand, we previously reported that carrot
somatic embryogenesis could be induced by cultur-
ing shoot apices on the medium containing various
kinds of stress compounds (Kamada ef al., 1981,
Tachikawa ef al., 1998) without auxin treatment. In
this system, several proteins were identified as
embryogenic cell proteins (ECPs) and the corre-
sponding genes were isolated.

Little is known about proteins that are involved in
the cellular signal transduction pathway via protein
phosphorylation during induction of embryogenic
competence. It has been reported that several genes
involved in protein phosphorylation in relation to
bacterial sporulation (Najafi ef al., 1997), mating of
yeast cells (Ballard et al., 1991) and the develop-
ment of vertebrate embryos (Louis et al, 1988),
have been isolated and characterized at the molec-
ular level. We previously reported a phosphoprotein
that was first identified by in vivo labeling of poly-
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peptide with “P-phosphorus that is expressed in
embryogenic competent cells and tissues (Tan et al.,
2000). In this report, we isolated the cDNA encod-
ing ECPP44 and studied the expression pattern of
ECPP44 in various tissues and cells in relation to
the acquisition of embryogenic competence.

Materials and Methods

Plant material and cell culture

Daucus carota L. cv. US-Harumakigosun was
used as the plant material. The induction of embryo-
genic cells (EC) and the formation of somatic
embryos were according to the method described
carlier (Tachikawa ef al.,, 1998). The basal medium
used in this experiment was Murashige and Skoog’s
medium (1962) with or without 2,4-D (1mg/). For
the establishment of non-embryogenic cells (NC),
small cell clumps of less than 1 mm in diameter
from embryogenic cell suspension were collected
and subcultured at two - week intervals as described
by Satoh et al. (1986). NC that has lost the ability to
form somatic embryos and were used as a negative
control of embryogenic event (Satoh et al., 1986).

Somatic embryos were produced by transfer of
embryogenic cells (37 to 63 xm in diameter) to 2,4 -
D-free MS medium as described earlier (Satoh et
al., 1986). Torpedo- shaped somatic embryos were
harvested, immediately frozen in liquid nitrogen and
stored at - 80 °C until use.

Induction of somatic embryogenesis by stress com-
pounds

Shoot apices (ca. 1 cm in length) were excised
from surface-sterilized seedlings as described by
Tachikawa et al. (1998) They were cultured for two
or four weeks on semi solidified-agar (0.8%) MS
medium with stress compounds to which no phyto-
hormones were added, and then they were trans-
ferred onto phytohormone-free MS medium
without addition of stress compounds. The effective
chemicals and duration of treatment for somatic
embryogenesis induction were as follows: 0.7 M
sucrose for four weeks (Kamada er al., 1993); 0.3 M
NaCl for four weeks (Kiyosue er af., 1989); 0.6 mM
CdCl, for four weeks (Kiyosue ef al., 1990); 104 M
ABA for two weeks (Kamada er al., 1981); and 1
mg/l 2,4- D for four weeks. Cells and stress- treated
shoot apices were harvested at the indicated times,
and immediately frozen in liquid nitrogen and
stored at -80 °C until use.

Isolation of RNA and construction of cDNA library
from carrot somatic embryos
Total RNA was isolated from a mix population of

16-day-old somatic embryos consisting of
globular, heart-shaped and  torpedo - shaped
embryos by the phenol/SDS method (Ausubel et al.,
1987). Poly (A)" RNA was purified by oligo (dT)
cellulose column chromatography (Pharmacia,
Piscataway, NJ, U.S.A.) was used to construct the
cDNA library according to cDNA Synthesis System
Plus  protocols (Amersham, Buckinghamshire,
U.K.). After the addition of EcoR1/Nofl adaptors
(Pharmacia), cDNAs were size- fractionated on a
Size-sep 400 spun column (Pharmacia). cDNAs
were inserted into the EcoRlI site of the 2 gt10 vector
and packaged in Agtl0 according to the cDNA
Cloning System protocols (Amersham) (Shiota ez
al., 1998).

cDNA library screening and subcloning

pECPP-S+A cDNA fragment was obtained by
PCR amplification of the ¢cDNA library using two
degenerate primers, ECPP-S (5°-GAYTGY-
AARGTIGTIGARGARGARG-3’) and ECPP-A
(5’-TTYTTYTTYTTYTTYTCICCICC-3’) which
were designed based on the partial amino acid
sequences of ECPP44 (Tan et al., 2000). Approxi-
mately 1.2 x 10° phages were plated on solid LB
medium, transferred to nylon membrane filter
(Biodyne B; Nihon Pall Ltd., Tokyo, Japan)
followed by the alkalization and neutralization
procedures described by suppliers (Amersham).
They were screened by hybridization with a
[« -%P]-labeled ¢DNA fragment from pECPP-
S+A as a probe. The probe was a 141 bp fragment
which contained a stretch of poly - serine cluster and
lysine-rich motif conserved in dehydrin family
(Tan et al., 2000). Hybridization was performed at
65 °C according to the instructions from Amersham.
The filters were washed twice with 2 x SSC for 15
min at room temperature and 2 x SSC with 0.1%
SDS for 15 min at 65 °C. Hybridization was
visualized by bio-imaging analyzer with an imag-
ing plate (BAS 2000; Fuji Photo Film Ce., Tokyo,
Japan). Plaques giving a signal with the cDNA
probe were picked up and checked with PCR
amplification using Agtl0 forward and reverse
primers. The PCR products were separated on 1.5%
agarose gel, blotted, and hybridized again with the
radio-labeled cDNA fragment of pECPP-S+A.
Several clones showing positive signals were puri-
fied and subcloned into TA-cloning vector (Invi-
trogen, U.S.A).

Sequencing of cDNA clones

For sequencing of the ¢DNA clones, double-
strand plasmid DNAs were isolated and sequenced
by the Dye Primer Cycle Sequencing method



according to the protocol of the Dye Primer Cycle
Sequencing Kit (Applied Biosystems, U.S.A), or by
the ABI PRISM Dye Terminator Cycle Sequencing
method according to the protocol of the Dye
Terminator Cycle Sequencing Ready Reaction Kit
(Perkin Elmer, U.S.A).

Isolation of genomic DNA and Southern blot
analysis

Genomic DNA was extracted from leaves of
greenhouse-grown adult carrot plants using the

Nucleon Phytopure DNA Extraction Kit (Nucleon

biosciences, Amersham LIFE SCIENCE, England)
according to the manufacturer’s instruction.
Genomic DNA (20 pg) was digested with Hindlll,
EcoRI and Xbal, separated on 1% agarose gel, and
transferred to nylon membrane filter (Biodyne B)
after the alkalization and neutralization steps. The
DNA on the filter was allowed to hybridize with a
774 bp fragment of ECPP44 ¢DNA which was
labeled by random priming with [a -*P]-dCTP
using a BcaBEST Labeling Kit (Takara, Japan). The
filter was pre-incubated in pre-hybridization buffer
(6 x SSC, 5 x Denhardt’s solution, 0.1% SDS and
100 ¢ g/ml denatured Herring sperm DNA) at 55 °C
for 16 h. Following hybridization, the filter was
washed with washing buffer (2 x SSPE, 0.15 M
NaCl, 0.01 M sodium phosphate and 1mM
Na,EDTA, pH 7.4) twice for 5 min at room
temperature, and then twice for 15 min with 2 x
SSPE and 0.1% SDS at 65 °C (low-stringency
conditions). After exposure to an imaging plate for
an appropriate time, the same filter was washed
twice for 15 min with 0.1 x SSPE and 0.1% SDS at
65 °C (high-stringency conditions). For visualization
of bands on the filter, we used a bio-imaging plate
(BAS 5000, Fuji Photo Film Co., Ltd., Tokyo,
Japan).

RNA extraction and Northern blot analysis

Total RNA was isolated from embryogenic cells
(EC), non-embryogenic cells (NC), somatic embry-
os and shoot apices with or without stress chemical
treatments using RNeasy Plant Mini kit (QIAGEN,
Germany). A total RNA (20 gg) per lane was
fractionated by electrophoresis on a formaldehyde-
agarose gel (1.2%), and the bands of RNA were
transferred to nylon membrane filter (Biodyne B).
The cDNA fragment containing 5’-coding region
(246 bp) of ECPP44 was labeled by random priming
with [ @ -**P]dCTP using a BcaBEST Labeling Kit
(Takara, Japan). Pre-hybridization of RNA blots
were done at 42 °C for 3 h in hybridization buffer
containing 50% formamide, 5 » SSPE, 5 % Denhardt’s
solution, 0.1% SDS and 100 « g/m! denature Herring
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sperm DNA, and then hybridized with the same
hybridization buffer at 42 °C for 16 h with 107 cpm
labeted DNA probe. The membrane was washed 3
times with 2 x SSC and 0.1% SDS for 10 min at
room temperature and then with 0.1 > SSC and
0.1% SDS for 12 min at 42 °C. Signals were visu-
alized by BAS 5000 bio-imaging plate for 2 days.
To provide an internal control, the same filter was
rehybridized with *P-labeled PntRNA ¢DNA frag-
ment which encodes 16S rRNA of Pharbitis nil.

Results

Isolation and sequence analysis of ¢DNA clone
encoding ECPP44

A total of 1.3 x 10° phages were screened at the
Ist screening and from which 14 positive clones
were obtained. Seven positive cDNA clones were
selected at the 2nd screening and sequenced. Only 1
clone {clone 43) contained the full -length cDNA of
ECPP44 (925 bp) (Fig. 1) that encoded three partial
amino acid sequences {Regions I, Il and IIT) iden-
tical to those which were previously determined in
ECPP44 protein (Tan ef al., 2000). Protein database
search using NCBI BLAST algorithm revealed that
the full-length cDNA of ECPP44 (Fig. 1) is homol-
ogous with dehydrin genes. The ECPP44 cDNA
contains an open reading frame of 774 bp flanked
by 5°- and 3°- untranslated sequences of 89 bp and
62 bp, respectively. The predicted 258 amino acids
has a calculated molecular mass of 288 kDa.
Computational analysis of the primary sequence of
the protein revealed a poly -serine cluster (residues
110-121) and three lysine-rich domains (residues
127-142, 167-180 and 211-224) (Fig. 1 and 2).
These are the structural features of a dehydrin
family. The lysine-rich repeats are similar to the
nuclear localization signal sequence (NLS) found in
yeast mating type factor ¢2 that functions in nuclear
transport (Hall et al., 1984; Thomas et al., 1997).

The amino acid sequence of ECPP44 was com-
pared to carrot ECP40 (Kiyosue et al, 1993),
DcDhnl [unpublish data] and Arabidopsis ERD14
(Kiyosue et al., 1994) which are known as Group Il
LEA proteins, and we found that ECPP44 exhibits
50%, 20%, 23% homology to ERD14, ECP40 and
DcDhn1, respectively (Fig. 2). ECPP44 protein had
characteristically two different types of repeated
amino acid sequences which have already been
described above: A stretch of serine-rich repeat
(RSGSSSSSSSSDEE) near the middle part of the
polypeptide, and the lysine-rich  repeats,
(GGEKKKKKEKKGLKEK, KKGFMEKIKEKLPG,
KKGILEKIKEKIPG). These repeats are also
present in the amino acid sequences of Zea mays
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GCGGCCGCTCTCTGCAACATATACACATCTTGATCATATTTCGTTACAAGTAATTATTTA 60
CATCTAATTCATTTTTTTTATATTCGATAATGGCTTCAGATGATTCAGTTCCCCAACACA 120
M A S DDSVYVYPQHS

GCOTTGAAAARACCACCGAGTACGAGAGTAGCGATCGTGGTTTGTTTGATTTCATGAAGA 182
vVEKTTEYESSDRGLTFDFMEKK

AAGAGGAGAAAGATGAAACTAAAGT GATCGCCACTGAGTTTGAGGAGAAGGTCCAGGTCT 240
EEKDETHKVY IATTEFETET KT VYQVS

CGGAACCCGAGCTCAAGTACGAGGATTGTAAGGT GGTCGA GGAAGAAGAAGAAAAGGLGG 300
EPEPKYEDCKV VY EETETETETHKAA

(I}
CTAAACCTAGCTTGCT COAGAAGCTTCATCGATCCGGCAGCAGCAGCAGCTCTAGTTCGA 360
K P5LLEZKLHRSGSSSSSSSS
o~ ]

GTGATGAGGAAGTGGAAGAGGGAGGTGAGAAAAA GAAGAAGAAGGAAAAGAAGGGTTTGA 420
D EEV EEGGEZEKIKTIKI KT KTEZKI KT GLEK

(II)
AAGAAAAGAT CGAGGAGAAGATCCATCACAAGGAGGAGGACACGTCAGTACCTGTGGAAG 480
EKTIEEKTHHEKTETETDTSVPVEYV

TGGTGACAGAGCCTGAAAAGAAGAAGGGCTTTATGGAGAAGATCAAGGAGAAGCTGCCAG 540
v TEPEKIKIEKSGFMETZKTIZKTETIEKTLTPG

GLGOTGGGAAGAAGGTGGA GGAGGAGACGGTGGCTCCTCCGUCACCTCCGGLGGLTGCTC 608
G GKKVY EEETVAPPPPUPAAATP

IIT
CGGTTGATTGTGCGGTGGAAGGTGACCCTGCTAAGAAGGéAATKCTTGAGAAGATCAAGG 660
VDCAVEGDPAKTIKTE GTITLTETEKTITKE

AGAAGATTCCAGGGTATCATCCCAAGACAAGCACT GAGGAAGAGAAGAAAGATAATGATT 720
K IPGYHPIKTSTETETETZ KT KTDNTDC

GTGCTTCAGUCAAGTTGATTATACGATGCTTGGATCGTATGTTTGATTATTATTATTATG 780
AS AKLTITIRCLIDRMFDYYYYA-]

CTTCTTTTTCTTGTGGTGTTGGTTTGATATTATGCTTTGATCCTTTGCTTTGGGGTCCTT 840
S FSCG6VY G&LILCFDPLLWGEPL

TGATTAGCTTTGGGACCAGTGGATGAGTACTTGTTTGTCAAAAAAAAAAAAAARAAAAAA 900
I S FGT S G *

AAAAAAAAAAAAAARAAGCGGCCGC 925

Fig.1 Nucleic acid and deduced amino acid
sequences of the carrot ECPP44 (DDBIJ
accession number ABO10898). The initiation
codon is underlined. The asterisk indicates the
stop codon. Regions I, I and III (double
underlined) indicate three partial amino acid
sequences which were determined by peptide
mapping analysis of ECPP44 protein.

(DHN3), Hordeum vulgare (DHNI1S8), Triticum
aestivum (WCOR410), Oryza sativa (rab21),
Solanum tuberosum (cl7), Arabidopsis thaliana
(ERD14) and Pisum sativum (dhn-cog).

Southern blot analysis of the ECPP44 gene

In order to evaluate the copy number of ECPP44
in the carrot genome, Southern blot analysis was
performed using %P-labeled ECPP44 cDNA con-
taining one restriction site for HindIIl to probe
identical blots of restriction enzyme digested carrot
genomic DNA. The result showed that ECPP44 is a
single copy gene (Fig. 3). Fig. 3 shows the full-
length ECPP44 c¢cDNA probe also hybridized with
some extra bands under a low-stringency condi-
tions, suggesting the presence of additional genes
related to ECPP44 in the carrot genome.

Expression analysis of ECPP44 mRNA

ECPP44 gene expression was examined in re-
sponse to trcatment with various stress chemicals.
The accumulation of the FCPP44 mRNA were
detected in shoot apices treated with stress
chemicals (1 mg/l 2.4-D, 0.7 M sucrose, 0.3 M
NaCl, 0.6 mM CdCl, and 107" M ABA), EC, and
somatic embryos (Fig. 4). However, no ECPP44
mRNA was detected in non-embryogenic cells. On
the other hand, the levels of the ECPP44 transcript
did not show any significant difference between
stress-treated and non-treated shoot apices.

Dicussion

In our previous study, we showed that ECPP44
protein is exclusively phosphorylated in EC and
somatic embryos, but not in NC (cells that had lost
the ability to form somatic embryos), by two-di-
mensional gel electrophoresis of in vive “P-
labeled polypeptide (Tan et al., 2000). In this study,
we succeeded in isolating the full-length cDNA
clone encoding the ECPP44 protein. ECPP44 was
specifically phosphorylated during induction and
formation of somatic embryogenesis. ECPP44
protcin shows similarity to the dehydrin family
associated with the late-embryogenesis abundant
(LEA) protein belonging to Group II (Fig. 1). The
comparison of ECPP44 gene with Group II LEA
genes allowed us to highlight the serine cluster and
lysine-rich sequences (Fig. 5), which share
identical amino acids among dehydrin gene family
from several mono- and di- cotyledonous plants
{Kiyosue et al., 1994; Kirch et al., 1997; Close et
al., 1989; Kiyosue et al., 1992),

To find out more about the possible involvement
of ECPP44 in somatic embryogenesis, its expression
was analyzed in response to various stress com-
pounds in culture of carrot shoot apices. ECPP44
transcript was detected in EC and somatic embryos,
but not in NC (Fig. 4). Similarly, the accumulation
of ECPP44 mRNA was detected not only in all
stress-treated shoot apices but also in non-treated
shoot apices. We previously reported that the
ECPP44 protein was detected in the control culture
(non-treated shoot apices), but no phosphorylated
spot was detected (Tan ez al., 2000). Thus, phospho-
rylation of ECPP44 protein is thought to be in-
volved in the acquisition of embryogenic
competence.

Southern blot analysis under low stringency con-
dition suggested that the ECPP44 gene belongs to a
small gene family since one to three hybridized
bands were also detected (Fig. 3). It was also shown
that ECPP44 shares considerable sequence homo-
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e Y T ' e e A-Bdo--svronsMeExTEES- - - oo - - s---f] 2
Debhnl 1 —---asY[dec -6 YaadkHHG EY——-v rofroeveneolTl------------- 38
ECP4@ 1 ADLRDEK|ANPIQLTDG- -JH----- - JpvoUiToEYGNPV-HIjjovATTGATTGHHY 48
ECPP-44 73 Recmmmmmmmm e —mmmmeoo ¢ 24
DcDhnl 39 --Gfd-------- 7 [ M- Tocemmemne - 47
ECP4g 49 HeveolgasHaeves|TdLcovacAALAGATARAATIHGGSHGETGTHGVGPTGYGAAHGGTY 108
ECPP-44 - S T LF----DFMKKEEKDE-- 36
DeDhnl 48 ATf--------- 1 i P 56
ECP4® 109 T HGLGTGTGTTIqQTHGMGPTGIGGTHIGMGSTCTIGGAHGGTGYLGQTHG-MGPTGTGAAN 167
ECPP-44 37 TKVI------ ATE--FEEKVQV~----- BereBkvepckvveeecekaafdesif]-BeiirRy 82
DeDhnl 57 --e----ce - Y 60-A--R------ Ry 7@
ECP4B 168 ceaneesetassyataeaiaTdroToda- fFa----- sacsusHadeldkTacdoLtirg 22e
ECPP-44 83 [65555955SDEEVHE-[A--[derk Kk EKGLMEQT EEK THHKEEDTSYPVEVYTEPEKKK 139
Debhnl 71 [6S5559----- S|EDD MG GRRK - - - ~fqvidMgald- - - - - = - - - oo - 95
ECP40 221 ssssq----- EDD GG GRRK- - - - -ldFTTq- == - -mmm oo 243
—— T ——
ECPP-44 140 GFMEKTKEKLPGQ- - GKQvEBE]-[ArPPPP-------- AANPVDCAVHG-DPA] E 187
DeDhnl 9% o ----- rqompd-[d-H- EQ ----- oFTRpv-MGdsyalTaT- -gdorlder -kcHiMl 138
ECP40 4 - T KER U6 G qxls- KA T ATl T8 anPlcGa- -AVAY - - -[BHHEHEKKSMLY 291
= G
ECPP-44 188 [KIKQEIPdVH- 197
DcDhnl 139 IKIKDKLPGG 149
ECP4D 292 |kIKDKLPG- 301

T

Fig.2 Comparison of the deduced amino acid sequence of the ECPP44 with the amino acid
sequences of ECP40 and DcDhnl. Open boxes represent amino acids identical to each
other. The black lines represents the serine cluster followed by a putative phosphorylation
site for a protein kinase ck2 recognition (amino acid residues DEE in position 92- 94), The
black box (I, II and III) represents three of basic lysine - rich motifs.

Fig.3 Genomic Southern blot analysis of ECPP44.
Genomic DNA was digested with Xbal (X),
EcoR1 (E) and HindIll (H), and probed with
ECPP44 full-length cDNA (774 bp). The
hybridization was done under high (high) or low
(low) stringency condition. The sizes of DNA
markers are in kbp.

1 2 3 45 6 7 .8 9

ECPP44 —» |

Fig. 4 Northern blot analysis of ECPP44. Total RNA
was isolated from various tissues [lane 1: torpedo
-shaped somatic embryos induced in MS
medium, 2: NC cultured in MS medium with 2,4
-D, 3: EC cultured in MS medium with 2,4-D,
4: shoot apices cultured in MS medium without
any stress chemicals, 5: shoot apices cultured in
MS medium with 2,4-D, 6: shoot apices
cultured in MS medium with 0.3 M NaCl, 7:
shoot apices cultured in MS medium with 0.7 M
sucrose, 8: shoot apices cultured in MS medium
with 0.6 mM CdCl;, 9: shoot apices cultured in
MS medium with 10 M ABA] and hybridized
with ECPP44 cDNA 5’ - coding region (246 bp)
as a probe. Each lane contains 20 g g of total
RNA.

logy with some of the repeats in ECP40 (Kiyosue et
al., 1993) and DcDhnl [unpublish data] in carrot
(Fig. 2). In Fig. 6, we present a phylogenetic tree
based on the amino acid substitutions of various
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Daucus carota
(ECPP44)

Daucus carota N
(ECP40)

Zea mays
(DHN3)

Hordeum vulgare
(DHN1B)

Triticum aestivum
(WCOR410)

Oryza sativa
(rah21)

Solanum tuberosum
(Cold s.prot.)

Arabidopsis thaliana
(ERD14)

Pisum sativam
(dhn~-coq)

60 aa

Lysine-rich consensus: _

Fig. 5 Comparison of the putative structure of carrot ECPP44, carrot ECP40, maize DHN3,
barley DHN18, wheat WCOR410, rice RAB21, potato C17, Arabidopsis ERD14 and pea
DHN-COG. ECPP44 ORF contains fifteen of the lysine-rich repeats characteristic of
Group IT LEA proteins and a poly - serine cluster at the N - terminal region.

=% Arabidopsis thaliana (ERD10) (41.70 %)

0.5916

o.aeo1 Triticum aestivum (WCOR410) (41.70 %)

0.2545

0.1343

Daucus carota (ECPP44) (100.00 %)

0.1289

sass|Solanum tuberosum (C17) (57.75 %)

0.7836 0.1924

Arabidopsis thaliana (ERD14) (50.24 %)

0,1514

o.1921 | PISUM sativum (dhn-cog) (45.38 %)

0.2538

Daucus carota (DcDHN1) (23.50 %)

0.1396

—.zs5s Lycopersicon esculentum (TAS14) (24.37 %)

0.5272

0.1406

oa0ss|  £€8Mays (DHN3) (27.41 %)

—

o1 Oryza sativa (rab21) (26.26 %)

¢.1853

—.zar Hordeum vulgare (DHN18) (16.44 %)

0.3533

v.ssos Daucus carota (ECP-40) (20.39 %)

Fig. 6 A phylogenetic tree showing the evolutionary distance between ECPP44 and other
related plant proteins. The tree was constructed by the UPGMA method using GENETYX
-~MAC software. The ECPP44 shows homology to dhn-cog (Z14145; 45.38%) from
Pisum sativum, C17 (U69633; 57.75%) from Solanum tuberosum, ERD10 (D17714;
41.70%) and ERD14 (D17715; 50.24%) from Arabidopsis thaliana, WCOR410 (1.29152;
40.00%) trom Triticum aestivum, DHNI18 (X15287; 16.44%) from Hordeum vulgare,
DHN3 (X15290; 27.41%) from Zea mays, rab21 (Y00842; 26.26%) from Oryza sativa,
Dhn1 (23.50%) and ECP40 (X61914; 20.39%) from Daucus carota, and TAS14 (X51904;
24.37%) from Lycopersicon esculentum.



dehydrin proteins. ECPP44 (carrot), C17 (potato),
ERD14 (Arabidopsis) and Dhn (pea) (Robertson et
al., 1992) are in the same subfamily. Although there
are sequence similarities, ECPP44 are most likely to
play a significant role in embryogenesis other than
functions in response to dehydration and low
temperature  stress. Thus, ECPP44 could be
catagorized to a new type of dehydrin in carrot.

The expression of LEA genes (Dure III er al,
1981) has been reported to be induced by cold,
osmotic, drought, and salt stresses, and ABA in the
vegetative tissues (Ingram et al, 1996; Finch-
Savage et al., 1994; Close et al., 1993; Dure I et
al., 1989; Kasuga et al., 1999) of both mono- and
di- cotyledonous plant species during the late em-
bryogenesis, when the seeds start to dehydrate
(Ingram et al., 1996; Finch-Savage et al., 1994;
Lynn et al., 1995; Espelund et al., 1992). Most of
these LEA proteins are quite hydrophilic and are
believed to play a role in directly protecting plant
cells from these stresses (Dure 111 1993; Close et al.,
1993; Tachikawa et al., 1998). It has been suggested
that dehydrin proteins prevent cellular damage
during desiccation and have also been implicated in
the acquisition of desiccation tolerance in seeds
(Finch-Savage et al., 1994; Bradford et al., 1992;
Han ef al., 1997; Blackman et al., 1992). Unlike the
other LEA proteins, ECPP44 contains putative
nuclear targeting signal (NLS). Thus, it is possible
that ECPP44 has a different physiological role apart
from the widely known dehydration tolerance.

To further expound on the role ECPP44 plays, we
are making a specific antibody against ECPP44
protein and will analyze the relationship between
phosphorylation of ECPP44 and acquisition of
embryogenic competence. We are currently trans-
forming carrot with ECPP44 cDNA for overex-
pression and/or antisense repression. These studies
should provide more information about the role and
function of ECPP44 in relation to somatic
embryogenesis.
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