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Abstract

We found P-19.5 protein that preferentially accumulated in cell clusters and globular embryos at the early stage of carrot somatic embryoge-
nesis. P-19.5 protein was isolated from 9-day-old cell clusters with SDS-PAGE, and then determined the amino acid sequences of a N-terminal
peptide and some internal peptides. Using each primer for these peptides, the full-length sequence of cDNA encoding P-19.5 protein was
determined by analyzing-RACE and 5RACE products. We regard P-19.5 protein as an allergen-like protein because the P-19.5 protein
sequence predicted from cDNA was homologous to celery major allergen (75%), carrot major allergen (7@mpHglla brachycarpa
pathogenesis-related protein (71%), and parsley pathogenesis-related protein (63%). We found concomitantly two separ&telaNas (

P-19.5 HcDNAs) during analyzing?-19.5cDNA: P-16cDNA was cloned and isolated from P-16 protein that was recognized against P-19.5
protein antiserum, anB-19.5 HcDNA that had homology (80.5% amino acid identity) with19.5cDNA was detected during analyzing
P-19.5cDNA. Northern blotting revealed thBt19.5andP-19.5 Htranscripts were highly expressed at early stages of cell cluster and globular
embryos, whereaB-16transcript was invariably expressed at all stages from cell clusters to plantlets.

© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction higher accumulation in embryogenic culture medium than
in non-embryogenic culture mediufd]. In addition, Lin
In a previous papefl], we reported on characteriza- et al.[13] isolated and characterized two genes encoding
tion of no. 43 cDNA clone whose transcripts accumulated PR proteins among many genes that were expressed dur-
preferentially in cell clusters, stable intermediate multicel- ing carrot embryogenesis. Thus, PR proteins may have an
lular structures between somatic cells and embryos. Thisimportant and essential involvement in the embryo-forming
no. 43 cDNA clone shared a high degree of homology mechanism, though their biochemical function in somatic
with thaumatin-like protein. Thaumatin-like protein was embryogenesis is not yet known.
referred to as PR-like proteins that accumulate in response In the present paper, using our somatic embryo-forming
to stress, such as wounding, infection by a virus or fungus system, we identify a protein (called P-19.5 protein), which
and under osmotic stred2—4]. In somatic embryogen- is preferentially accumulated during the early stage of cell
esis of Cichorium three PR proteins3¢1,3-glucanase, clusters and globular embryos, and demonstrate that a cDNA
chitinase, and osmotin-like protein) were found to show a clone encoding this P-19.5 protein shares a high degree of
allergen protein that induces human allergy and is also re-
garded as a PR-like protein. Concomitantly, we find two
. ) . separate cDNAsH-16andP-19.5 HcDNAS) that their tran-
Abbreviations:2,4-D, 2,4-dichlorophenoxyacetic acid
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2. Materials and methods P-19.5 for Western blotting, respectively. SDS-PAGE was
performed with 15% (w/v) polyacrylamide gel using the
2.1. Preparation of cell clusters, globular embryos, buffer system of Laemmlj8]. Proteins were visualized by

heart-shaped, torpedo-shaped embryos, and regenerated staining with Coomassie brilliant blue G-250.
plantlets

2.3. N-terminus and internal peptide sequences of P-19.5

Regenerated plantlets were prepared as described in grotein

previous papef6]. In brief, surface-sterilized carrot seeds
(Daucus carotal. cv Benishingosun) were germinated Isolation of P-19.5 protein was carried out as follows.
on solidified basal Murashige—-Skoog (M$)] medium. The protein solution partially purified by fractionation
Hypocotyl explants from seedlings were cultured in liquid with ammonium sulfate as described above was applied to
MS medium with 1 mg/L of 2,4-D for 48 h, and then cul- SDS-PAGE. After electrophoresis, both edges of the gel
tured in 2,4-D-free medium. After 3 weeks, cell clusters that were excised, and then stained with Coomassie brilliant
had formed were transferred to the fresh basal MS mediumblue. The non-stained position corresponding to P-19.5 was
without 2,4-D. These cell clusters regenerated plants within excised, and P-19.5 protein was extracted from the excised
2 weeks of transfer to the fresh medium. The procedure for gel in 70% formic acid.
somatic embryogenesis from regenerated plantlets was the The isolated P-19.5 protein was pyridylethylated by
same as that described previougly. Regenerated plantlets  4-vinylpyridine, and then subjected to in situ proteolytic
were cultured in MS medium containing 2,4-D for 24 h, digestion with lysyl endopeptidase in 0.5M Tris—HCI (pH
and then transferred to 2,4-D-free medium. Subsequently7.5) containing 10mM EDTA at 37C for 24h. The re-
somatic cells began to be released from whole regeneratedeased peptides were recovered from the supernatant and
plantlets at 2—3 days, and then to divide to form cell clusters separated by reverse-phase HPLC. Purified peptide frac-
at 3—4 days. Cell clusters (called 5-day cell cluster) were tions were dotted on glass fiber membranes and subjected to
prepared by sieving the heterogeneous cell population fromautomated Edman degradation on a sequencer. N-terminus
plantlets at 5 days with nylon screens of 117 and.Ai sequence was identified as GVQKHEQEIT and four internal
pore size. Similarly, 9-day cell cluster was prepared from peptide sequences were identified as NVEIK, HITLPEGG-
plantlets cultured for 9 days with nylon screens of 297 and PVTTMTL, IENNHLSVVPN, and AVEAYLIAN, respec-
117pm pore size. The cell clusters prepared from plantlets tively.
at 12 days with nylon screens of 297 and.84 pore size Isolation of P-16 protein and determination of its internal
were transferred to the fresh MS medium, and then contin- peptide sequence were carried out by the same procedure as
ued to culture. After culture for 3—4 days, globular embryos P-19.5 protein.
were prepared by trapping the cell population with nylon
screens of 20Qm pore size. Subsequently, heart-shaped 2.4. Antibody production and Western blotting
embryos were prepared from the cell population at 5-6
days and torpedo-shaped embryos, at 7-8 days. Finally, In order to produce antibody of P-19.5 protein for West-

regenerated plantlets were prepared at 14 days. ern blotting, P-19.5 protein that was partially purified by
salting-out with ammonium sulfate, as described above
2.2. Extracts of proteins and SDS-PAGE was furthermore purified with DEAE-cellulose column

chromatography, and then 2D-PAGE. The protein solu-
Plant material at each stage from cell clusters to regener-tion which were obtained by salting-out was dialyzed
ated plantlets via embryos was homogenized in a Polytronagainst 10 mM phosphate buffer (pH 7.4) that contained
homogenizer (Kinematica) for 2min in two volumes of 5mM 2-mercaptoethanol and 5mM Mg%Cand then ap-
10mM phosphate buffer (pH 7.4) that contained 5mM plied to DEAE-cellulose column (3cnx 28 cm) that was
2-mercaptoethanol and 5mM Mg@OThe homogenate pre-equilibrated with same buffer (data not shown). The
was centrifuged at 12,000rpm for 30min af@, and proteins were eluted by a linear gradient of 0—0.3 M NacCl.
proteins in the supernatant fraction were precipitated by Fractions containing P-19.5 were detected by SDS-PAGE
addition of solid ammonium sulfate to 80% saturation. and pooled. Pooled solution was dialyzed against deionized
Precipitated proteins were collected by centrifugation at water, and then lyophilized. In addition, P-19.5 protein was
12,000 rpm for 20min at 4C and dissolved in a small  purified by 2D-PAGE. 2D-PAGE was performed according
volume of 10 mM phosphate buffer (pH 7.4) that contained to the O’Farrell's method9]. In the first dimension, IEF
5mM 2-mercaptoethanol and 5 mM Mg®OrThe resultant extended from a mixture of pH 5-8 and pH 3.5-10, and
solution was dialyzed against the same buffer and applied 12.5% polyacrylamide-SDS gel slab was used in the second
to SDS-PAGE for analyzing the protein patterns during dimension. Gels were stained with Coomassie brilliant blue.
embryogenesis. In addition, the proteins fractionated by P-19.5 protein was excised from the positions of P-19.5
salting-out were purified to analyze N-terminus and internal on the gels, emulsified with Freund’s incomplete adjuvant
peptide sequences of P-19.5, and to produce antibody ofby Polytron homogenizer, and then injected to female New



T. Sano et al./Plant Science 167 (2004) 1211-1217 1213

Zealand White rabbits. Rabbits received injections 12 weeks 3. Results

after the initiation injection, and blood was drawn 2 weeks

after the injection. 3.1. Changes in protein pattern during somatic

For Western blotting, proteins were electrophoretically embryogenesis

transferred from SDS gel to PVDF membrane in 25mM

Tris, 192mM glycine, 20% methanol, and 0.02% SDS. To find the proteins that were specifically and preferen-

The membrane was soaked for 30min in TBS-TS (0.15M tially accumulated at the early stage of carrot somatic em-

NacCl, 0.5% Triton X-100, 2mM EDTA, 0.2% SDS, 2mM bryogenesis, protein patterns of samples of each stage dur-

Tris—HCI, pH 7.4) containing 2% skim milk to block ing embryogenesis were detected on SDS-polyacrylamide

non-specific binding sites at°€ overnight. P-19.5 protein  gel (Fig. 1A). A protein (called P-19.5 protein) with a

antiserum (50 mL; 1:500 dilution) was then added and incu- molecular mass of 19.5 kDa was found to be preferentially

bated for 60 min with gentle shaking. Following three more present in significant amount at the early stage of 5- and

washes with TBS-TS, the proteins were visualized using 9-day cell clusters, and globular embryos, but drastically de-

peroxidase. creased in heart-shaped embryos and was hardly detected in
torpedo-shaped embryos and regenerated plantlets. Western

2.5. Cloning, DNA sequencing, and sequence analysis blotting revealed that the P-19.5 protein was preferentially
accumulated at the early stage of cell clusters and globular

Amplification, in a GeneAmp PCR system 2400 embryos Fig. 1B). However, in adqlition to P-19.5 pro-

(Perkin-Elmer), involved 35 cycles at 9€ for 30s, at tein, fit least two bands corresp(_)ndlng to 1&_3.6 kDa (P-18.6

55°C for 1 min, and at 72C for 1 min. The last cycle was ~ Protéin) and 16kDa (P-16 protein), respectively were rec-

followed by a 7min extension at 7. The products of ognized agalngt the P-19.5 antiserum. Thgs,. thfese P—18_.6

PCR were separated on a 1.0% low-melting-point agaroseand P—'16 proteins seem to have structqral similarity as _antl-

gel and stained with ethidium bromide. Then, bands of 98N With P-19.5 protein. P-18.6 protein was substantially

DNA fragments were cut from the gel, dissolved in TE similar to th_e P-19.5 p_roteln with respe_ct to the changeable

buffer, and cDNA were purified with phenol—chloroform. Pattern during somatic embryogenesis, whereas the P-16

The extracted DNA fragments were cloned into the protein was |nvar_|ably present at aI.I stages, as different

EccRV site of the Bluescript I SK+ plasmid vector ~ Tom P-19.5 protein and P-18.6 protein.

(Stratagene, La Jolla, CA). The cloned DNA fragments ) . i

were sequenced with Dye Terminator Cycle Sequenc- 3.2. Cloning and sequence of P-19.5 protein-encoding

ing FS Ready Reaction kit (Applied Biosystems) and an CDNA

ABI PRISM 377 DNA Sequencer (Applied Biosystems). . o

Computer-assisted searches for deduced amino acid se- ollowing homogenization of 9-day cell clusters, and

quences were carried out with the BLASTP sequencesthe” fractionation with ammonium sulfate precipitation,
program[10]. the P-19.5 protein was separated by SDS-PAGE, and then

transferred to a PVDF membrane for N-terminal amino
] o , acid sequencing. N-terminus sequence of a protein band
2.6. Rapid amplification of'%and 3 ends of cDNA (5 corresponding to P-19.5 protein on the membrane was iden-
and 3-RACE) tified as GVQKHEQEIT sequence by Edman degradation
and was used to design a degenerate oligonucleotide for
use in cloning. In addition, in order to ensure the design
of a degenerate oligonucleotide for cloning and full-length
sequence of this cDNA, we determined the amino acid se-
guences of internal peptides of the P-19.5 protein using a
2.7. Isolation of RNA and Northern blotting lysyl endopeptidase.
Antisense primers were designed according to the four
Total RNA was isolated from 5- and 9-day cell clusters, peptide sequences obtained, and used for PCR in combina-
globular embryos, heart-shaped and torpedo-shaped emtion with a sense primer deduced from the N-terminal protein
bryos, and regenerated plantlets using TRIzol reagent (Life sequence. Th&-19.5full-length cDNA sequence was de-
Technologies) as described by the manufacture’s publishedtermined using SRACE and 3-RACE methods. The cDNA
protocol for use with whole tissues. sequence oP-19.5has a total length of 767 bases, exclud-
Total RNA (5.9 per lane) were separated in electrophore- ing the poly (A)" tail, and predicts an open reading frame
sis in a formaldehyde gel containing 1.0% (w/v) agarose and of 154 amino acids (DDBJ accession no. AB082377). The
transferred onto a Hybond Nylon membrane (Amersham) by ATG initiation codon started at nt 87 and the TAA termina-
standard methods. RNA was fixed by heating for 30 min at tion codon started at nt 549. This cDNA sequence contained
120°C and was hybridized with digoxigenin-labeled probes a continuous open reading frame comprising all five pep-
as described by the manufacturer (Boehringer Mannheim). tide sequences obtained directly from the P-19.5 protein. All

The 8- and 3-RACE were achieved with &%ull RACE
Core Setand & 3-ull RACE Core Set (Takara Shuzo, Kyoto,
Japan) according to the manufacture’s instructions.
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Fig. 1. Soluble proteins in somatic embryos of carrot at different stages of development. (A) Coomassie blue-stained SDS-PAGE gel. Protins extract
from materials at each stage from cell clusters to regenerated plantlets were fractionated with ammonium sulfate, and then separated by SPIS-PAGE. Ea
lane was loaded with 25L of total protein extract. 5D, 5-day-old cell clusters; 9D, 9-day-old cell clusters; GE, globular embryos; HE, heart-shaped
embryos; TE, torpedo-shaped embryos; and PL, regenerated plantlets. (B) Immune blot with antibodies against P-19.5. Proteins separatediby SDS-PAC
were transferred to a PVDF membrane, and then analyzed with anti-P-19.5 antibody.

amino acids just adjacent to the N-terminuses of the four four internal peptides were obtained from this isolated
peptides that released by degradation with lysyl endopepti- protein by the digestion with lysyl endopeptidase. Only
dase were lysine. Thus, the perfect identity of the five differ- the primer designed according to one peptide sequence
ent peptide sequences independently obtained from P-19.§AAPGAYK) could be cloned among five peptides. The
protein indicates thaP-19.5 cDNA clone doubtlessly en-  oligonucleotide sequence of this primer was also located in
codes the P-19.5 protein expressed preferentially at the earlythe P-16 full-length cDNA sequence (DDBJ accession no.
stage. AB127961). Agarose gel electrophoresis of products with
The molecular mass of predicted protein encoded by 3-RACE revealed two bands. This fact indicates that one
P-19.5was 16.6 kDa, which was less than 19.5kDa esti- product had a sequence hydrolyzable with b¥td and
mated by SDS-PAGE. This difference was assumed from EcoRl and the other lacked such a sequence. INR¥9.5
the result that P-19.5 protein appeared to be a glycopro-full-length cDNA clone, no sequence recognizable with
tein because the predicted protein sequence contained &wo restriction enzymes was present. Thus, we anticipated
sugar-binding motif (Asn-X-Ser or Thr), and P-19.5 protein that another band that was hydrolyzed with two enzymes
was actually recognized with concanavallin A lectin (data might be a cDNA clone encoding the P-16 protein. The

not shown). P-16 cDNA encoded 154 amino acids and 70.1% amino
We found a separate cDNA that had highly homology with acid identity to the P-19.5 protein.
P-19.5cDNA clone during analyzing®-19.5 cDNA with Fig. 2A shows that there is homology in the open read-

5-RACE and 3-RACE methods. This full-length cDNA se-  ing flame among the complete allergen protein sequences
guence had a total length of 730 bases, including the poly including P-19.5, P-19.5 H, and P-16 proteins. BLART]
(A)™ tail, predicted an open reading flame of 154 amino database searches indicated that the amino acid sequence de-
acids (DDBJ accession no. AB127960). This amino acid se- duced from the nucleotide sequencePe19.5¢cDNA clone
guence was 80.5% homology with thatf®19.5cDNA. We shows a high degree of homology to celery major allergen
named this cDNAP-19.5 homologcDNA (P-19.5 H. We Api g 1 protein (75%), carrot major allergen Da 1 group
anticipate that thi$?-19.5 HcDNA may probably encode (70-72%), and the major birctBétula alba L) pollen al-
P-18.6 protein because expression pattern of P-18.6 proteinergen Bet v 1 (45%), which was a representative allergen.
by Western blottingKig. 1) was highly agreed with that of  Thus, we regard the P-19.5 protein as an allergen-like pro-
the transcript 0f-19.5 HcDNA, as described later. tein. Furthermore, the cDNA sequence of this protein shared
On the other hand, isolation and cloning of P-16 pro- 71 and 63% identities with PR proteinimpinella brachy-
tein that was present at all stages during somatic embryo-carpaandPetroselium crispuprespectively.
genesis was also carried out with the similar procedure It has already been found that carrot contains some al-
to that of P-19.5 protein. P-16 protein was isolated by lergens, that is, the ac 1 group is contained in the ma-
SDS-electrophoresis from 9-day cell clusters, and then ture root and the green leavgd], CR 16 in roof{12], and
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Api g1 (A®) 60 D...1...... | VNEALF...V...... L. .S. WL.T...IC. 119 PRP 2 (Po)
PRP 1 (Pb) 60 D.......SI.. AV.. EALKY.STV.G....LD...S..T..Q...T.....I...... 119 =
PRP A (Po) 61 DAS. FK.. KOKV. Al L ATF.YS.. I......L...S.N..FTA.......C.V.S.1. 120 90 Cas s 1(Cs)
RNase 1 (P) 60 .ASQFN..KQ. I Al _DAL.YT..1.G....LDI. . S.V..FTI..TP.. . Iv.(M 119 - 62 PRP 1 (Fs) Fagaceae
Api g2 (A®) 61 .ATEY...KOKV.VI.. AGLAYT.TT.G....VDVL. SVV.EFV...T-..civ.[lI 119 s _
PRP 2 (Po) 61 .VSQF. WKQ. | EI. AEALKYS. . I.E..L.L. I..S.TSKFT. .. T-...cIv. [l 119 Betv 1A (Bv)  — Betulaceae
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P-16 120 F.DA..A...1..... 154 81 PRP 10b (Md)
Apig 1 (A®) 120 ................. NoA L 154 —
PRP 1 (Pb) 120 ... G........F.D....A...1.H.. 154 L PRP10(VVW — Vitaceae
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RNase | (Pg) 120 YN.I.. 154 RAP (To) — Asteraceae
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Fig. 2. Amino acid sequence comparison of the proteins predicted from P-19.5, P-19.5 H, and P-16 protein cDNA clones with various related proteins.
(A) The amino acid sequences of three proteins are compared with those of the related proteins of delefy (8vissProt accession no. P49372),
Pimpinella brachycarpaPRP 1 (SwissProt accession no. AF080596), parsley PRP A (SwissProt accession no. P19417), ginseng RNase 1 (SwissProt
accession no. P80889), celery iAp 2 (SwissProt accession no. P92918), parsley PRP 2 (SwissProt accession no. P27538), grape PRP 10 (GenBank
accession no. AJ291704), apricot Pru ar 1 (SwissProt accession no. 050001), apdlé ¥&enBank accession no. Z72426), apple PRP 10b (GenBank
accession no. AY026908), Japanese chestnst<Ca (GenBank accession no. AJ417550), European beech FsPR 1 (GenBank accession no. AJ130889),
Birch Bet v 1A (SwissProt accession no. P15494), and dandelion root allergen protein (SwissProt accession no. 0O49065). Dots in each protein indicate
the amino acid residues identical to those in P-19.5 protein. Hyphens denote the absence of the corresponding amino acid residues. Sugafsbinding mot
appear as white in a black box. (B) Phylogenetic tree built from the amino acid sequences of allergen-like and PR-like proteins, including &#19.5 prot
This tree was constructed by the neighbor-joining method Saitou t33.The numbers on each branch are bootstrap values (%) for the neighbor-joining

tree. Abbreviations:Ag, Apium graveolensDc, Daucus carota Pb, Pimpinella brachycarpaPc, Petroselinum crispumPg, Panax ginsengBv, Betula

verrucosa Cs, Castanea sativaFs, Fagus sylvaticaPa, Prunus armeniacaMd, Malus x domesticaVv, Vitis viniferg and To, Taraxacum officinale

Gea 20 in somatic embry@$3], respectively. The oligonu-  each stage during embryogenesis. Nearly full-length P-19.5
cleotide sequence &f-16 cDNA were completely identical ~ c¢DNA without the % non-coding region was used to obtain
with that of CR 16cDNAs besides loss of one nucleotide the random-primed probes. Simultaneously, the accumula-
of 3'-noncoding region and amino acid sequence predictedtion of P-19.5 homologand P-16 transcripts was examined
from theP-16 cDNA clone was more than 96% amino acid by the same method ¢f-19.5
identity with that of Dau ¢ 1 group. These findings suggest  As shown inFig. 3, theP-19.5transcript was observed to
that P-16 protein is probably identical with the allergens (CR be highly expressed in the cell clusters at the early and late
16 and Dau c¢ 1 group) that have already found in carrot. A stage, and in globular embryos. Subsequently, the expression
phylogenetic tree based on predicted amino acid sequencesf P-19.5gene was drastically decreased in heart-shaped em-
revealed that P-19.5 and P-19.5 H allergens were slightly bryos and detected very slightly in torpedo-shaped embryos
different from other allergens including P-16 and CR 16 be- and plantlets. This expression pattern offh&9.5transcript
cause they are member of the different brarfeig.(2B). during somatic embryogenesis was in fair agreement with
NCBI Conserved Domain Search indicated that though that of P-19.5 protein assayed by Western blottirig ( 1).
P-19.5cDNA had hardly homologous nucleotide sequence P-19.5 Hgene was highly expressed in the cell clusters and
to allergen of rice and\rabidopsis pollen allergen Bet vl  subsequently, was drastically decreased in globular embryos,
functional motif exists in both P-19.5 and allergens of rice though hardly detected in heart- and torpedo-shaped em-

andArabidopsis bryos. The expression patterni®$19.5 Hgene was agreed
with that of P-18.6 protein by Western blotting. Compared

3.3. Analysis of P-19.5 gene expression by Northern to P-19.5gene,P-19.5 Hgene was expressed in cell clus-

blotting ters at an earlier stage during somatic embryogenesi$

gene was, however, invariably expressed at all stages from
Northern blotting assay was used to assess the accumueell clusters to plantlets. Furthermore, this expression pat-
lation of P-19.5 transcripts in cell clusters and embryos at tern highly agreed with that of P-16 protein.
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Fig. 3. Northern blotting analysis &f-19.5 P-19.5 H andP-16 gene expressions at six stages of embryogenesis. Total RNAs were isolated from 5-day-old
cell clusters (5D), 9-day-old cell clusters (9D), globular embryos (GE), heart-shaped embryos (HE), torpedo-shaped embryos (TE), and regeneratec
plantlets (PL), and each RNA was loaded atgbper lane.

4. Discussion far been found to not only play a role in the defense system
against pathogen infectigi4—17] but also to have func-

In the present study, we characterized a cDNA clone en- tions related in an organ- and tissue-specific manner during
coding P-19.5 protein as an allergen-like protein that is pref- development programs such as the germination, senescence,
erentially accumulated at the earliest stage of cell clustersand flowering of healthy plantf2,4,18] Simultaneously,
and globular embryos during carrot somatic embryogenesis,those PR-like proteins may be involved in sequence events
and we simultaneously examinBdl6¢cDNA and a separate  in somatic embryogenesis as part of the development func-
cDNA (P-19.5 H different from P-19.5and P-16 cDNAs tions of healthy plants. Although to date there has been no
that was inadvertently found when analyzing the full-length actual evidence for the involvement of PR-like proteins in
cDNA sequence oP-19.5 Although allergen proteins have  somatic embryogenesis, there are an increasing number of
been identified in various fruits and vegetables such as ap-reports on PR-like proteins that suggest such an involve-
ple, celery, cherry, carrot, and potato, little is known about ment, including the P-19.5 protein presented in this study.
the fundamental function of allergens in plants. However, Thus, Lin et al[13] reported that, in the development from
they have been assumed to play some role based on theiglobular embryos to regenerated plantlets during carrot
similarity to known proteins. embryogenesis, there are two PR-like proteins, Gea 20 ex-

The major birch pollen allergen, Bet v 1, has been shown pressed in plantlets and seedlings, and Gea 31 expressed
to be homologous to PR proteins in a number of plants. at stages from globular embryos to plantlets. We reported
Moreover, the protein encoded -19.5 cDNA shared previously that in our somatic embryo-forming system, the
45% identity with Bet v 1, and 71 and 63% identities with transcript of no. 43 protein, a thaumatin-like protein with a
PR proteins fromPimpinella brachycarpandPetroselinum high homology to PR protein, was preferentially expressed
crispum suggesting that P-19.5 protein as well as other at the earliest stage of cell clusters formed by the divi-
allergen proteins can be considered PR-like proteins. Simi- sion of somatic cell§1]. P-19.5 proteins as well as no.
larly, P-19.5 H and P-16 proteins as well as P-19.5 protein 43 (thaumatin-like protein) seem to be associated with the
can be regarded as PR-like proteins. PR proteins have sdnduction and initiation of embryogenic cell clusters from
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carrot somatic cells, since the transcripts of their genes were
preferentially expressed at the earliest stage. P-16 protein
found concomitantly with P-19.5 protein was present at all
stages during somatic embryogenesis. Similarly, Gea 20
and Gea 31 found by Lin et gl13] were preferentially ac-
cumulated in plantlets and seedling at stages from globular
embryo to plantlet, respectively. Thus, in carrot embryoge-
nesis, it is of interest to note that there may be some kinds
of PR-like proteins having specific functions for sequential
events from the early stage when somatic cells divide to
form cell clusters to the late stage of plantlfts

Helleboid et al.[5] reported that the direct somatic em-
bryogenesis process in Cichorium is accompanied by an
increase in the amounts of PR proteins, osmotin-like pro-
tein, chitinase, an@-1,3-glucanase. It is noteworthy that
PR-like proteins such as thaumatin, allergen, osmotin, and
hydrolytic enzymes such as chitinase gd,3-glucanse
share a characteristic common to somatic embryogenic cul-
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