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Heilmeier, Schulze & Whale 1986; Cyr, Bewley & Dunbroff
1990). In many roots carbohydrates are the primary source
of reserve energy (Ho 1988; MacIsaac & Bewley 1995),
although nitrogen-containing compounds are also a critical
currency of storage metabolism (Suzuki & Kohno 1987; Cyr
& Bewley 1989, 1990a,b; Hendershot & Volenec 1993).

The root of the perennial weed Taxaracum officinale L.,
the dandelion, contains a predominant 18 kDa protein
throughout the year, which undergoes small fluctuations in
amount, declining somewhat during the summer months
and increasing in the autumn (Cyr & Bewley 1990b).
Similar-sized polypeptides have been reported in the tubers
of Jerusalem artichoke (Helianthus tuberosus) (Mussigman
& Ledoigt 1989), and an 18 kDa protein is mobilized during
sprouting. This latter protein from Jerusalem artichoke is
antigenically related to the 18 kDa protein in dandelion
roots; both species are members of the Compositae. Several
low-molecular-mass proteins (15–32 kDa) are present in
alfalfa (Medicago sativa) taproots (but not a similar 18 kDa
protein); these accumulate during the autumn and early
winter, and rapidly decline when spring growth commences
(Hendershot & Volenec 1993; Cunningham & Volenec
1996). In white clover (Trifolium repens) 18 kDa proteins
occur in the stolons, and two 15 kDa proteins in the roots
are mobilized during early regrowth of defoliated plants
(Corre et al. 1996). These observations have led to the sug-
gestion that the predominant proteins in the roots and
other subterranean tissues are vegetative storage proteins
(VSPs), and are a temporary source of nitrogen, present in
discrete storage vacuoles, which is mobilized and utilized
when required for growth. The synthesis and degradation
of VSPs in bark (Wetzel, Demmers & Greenwood 1989)
and herbaceous perennials has been well-studied and
aspects of their regulation are known (Staswick 1994).
Many are seasonally regulated, and respond to changes in
temperature and photoperiod (Clausen & Apel 1991;
Coleman et al. 1991, 1992; Langheinrich & Tischner 1991).

The predominant 18 kDa protein in the dandelion roots
is a small soluble polypeptide lacking structural complex-
ity, and has been suggested to be a VSP (Cyr & Bewley
1990b). Little information is available on the protein itself.
In this study we report on the purification and characteris-

ABSTRACT

The root of the persistent weed, dandelion (Taraxacum
officinale Weber), contains a predominant 18 kDa protein
which undergoes small seasonal fluctuations in amount,
increasing in the late autumn months, and declining in the
spring. This protein has been purified and found to consist
of two major isoforms of pI 5·56 and pI 5·49. A full-length
cDNA has been obtained, coding for the pI 5·56 isoform,
and the 156-amino-acid sequence deduced. The protein
shows homologies in amino acid composition to several
allergen and intracellular pathogenesis-related proteins.
The deduced protein does not contain a signal peptide nor
any known organelle-targeting sequences, and thus is likely
to be cytosolic. Expression of the 18 kDa protein gene is
exclusive to the roots and stem tissues; transcripts accumu-
late during the late autumn months, and decline in the early
spring. Changes in the amount of protein in the root are
much less. The mRNA for the 18 kDa protein is not present
in the dry seed, but appears in the roots within 16–18 h from
the start of imbibition, and is expressed constitutively there-
after. Although it is the predominant protein in dandelion
roots, its properties are different from those commonly
associated with vegetative storage proteins.
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INTRODUCTION

Perennial plants in temperate regions exhibit seasonal pat-
terns of growth and development. Herbaceous perennial
weeds undergo extensive growth during the spring and
summer months, and then undergo extensive physiological
changes in preparation for overwintering. The aerial parts
of the plant senesce during the autumn months and there is
a mobilization of nutrients to the persistent subterranean
structures, which accumulate low-molecular-weight- and
polymeric reserves (Woods, Harris & Caldwell 1957;
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tics of the 18 kDa protein, the isolation of its cDNA clone,
and on the seasonal expression of its gene. A role for the
18 kDa protein as a VSP is questioned, however.

MATERIALS AND METHODS

Plant material

Dandelion (Taraxacum officinale Weber) roots were col-
lected monthly on the campus of the University of Guelph
from May 1993 and May 1995. The roots were copiously
washed with tap water and distilled water, cut into small
lengths (0·5 cm), frozen in liquid nitrogen and stored at
–70 °C until use. For protein purification, which was con-
ducted in the Department of Plant Science, University of
Adelaide, roots were collected from the Adelaide Hills
during the winter months of June and July 1996 and washed
and frozen as above.

Isoform determination

Lyophilized dandelion roots (0·5 g) collected in December
were ground to a fine powder and extracted with 10 mL
0·1 m sodium phosphate buffer pH 6·8, with 10 mm cysteine
and 3 mm phenylmethylsulphonyl fluoride (PMSF). Protein
was precipitated by adding 4 vol. cold acetone and incu-
bating overnight at - 20 °C. The pellet was air dried and 
dissolved in 9·5 m urea, 2% Nonident P-40, 0·8% each of
Bio-Rad (Hercules, CA) ampholines pH 5–7, pH 6–8 and
pH 3–10, and 5% b-mercaptoethanol. Two-dimensional
electrophoresis [isoelectric focussing (IEF) followed by
sodium dodecyl sulphate (SDS)–polyacrylamide gel elec-
trophoresis (PAGE)] was according to O’Farrell (1975)
before silver staining.

Protein purification

The protocol used was based on that of Hrmova & Fincher
(1993).The optimal extraction buffer for the 18 kDa protein
was determined to be 0·1 m Tris-HCl pH 7, 10 mm EDTA,
6 mm b-mercaptoethanol, 10 mm Na azide and 3 mm PMSF.
Frozen stored roots (250 g) were extraced in 1 L chilled
buffer using an homogenizer, stirred for 3 h at 4 °C,
centrifuged at 10 000 g for 30 min, and filtered through 
Miracloth (Fisher, Nepean, ON) to remove fine debris.

The 18 kDa protein was precipitated by 60–80% ammo-
nium sulphate (Scopes 1994) at 4 °C, and, following cen-
trifugation at 10 000 g for 10 min, the pellet was dissolved
in 100 mL DE52 column buffer (20 mm Tris-HCl pH 7, 6 mm
b-mercaptoethanol). The dissolved protein was dialysed at
4 °C in 8 L DE52 column buffer plus 10 mm sodium azide
overnight at 4 °C, being changed at least four times at 4 h
intervals. The protein was then concentrated to a final
volume of 40 mL in a 50 mL Amicon cell (Microcon,
Amicon, Oakville, ON) using a 3 kDa cut-off membrane.

The concentrated protein solution was loaded onto an
anion exchange DE52 column (Whatman, Fisher, Nepean,
ON) and eluted with column buffer as a wash through.
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When the UV absorption baseline of the eluate was stable,
a linear gradient of NaCl (100 mL, 0 to 1 m NaCl in column
buffer) was applied and 2 mL fractions taken. The fractions
containing the 18 kDa protein were determined using SDS-
PAGE and Coomassie Brilliant R-250 Blue staining (Fig. 2).
These fractions (6–15) were pooled and dialysed against
column buffer as for the DE52 column. Detection of the
fractions enriched in 18 kDa protein (28–38, Fig. 2) was
again by stained SDS-PAGE gels.

Fractions 28–38 were pooled and dialysed against chro-
matofocusing starting buffer (25 mm imidazole-HCl pH 7·4)
and loaded onto a chromatofocusing column (pH 7–5,
Polybuffer exchanger PBE94, Pharmacia, Baie d’Urfé,
Quebec). After washing with starting buffer to establish a
steady UV baseline the column was eluted with 1 : 6 diluted
Polybuffer 74, pH 5 and two isoforms of the 18 kDa protein
(Fig. 2) were detected on stained SDS-PAGE gels. Poly-
buffer was removed by repeating the BioGel P-60 (Bio-
Rad) gel filtration.

The two purified 18 kDa isoforms were sequenced in the
Department of Plant Science, University of Adelaide using
a Hewlett-Packard (Camas, WA) G1005A protein se-
quencer and the HP 3·0 sequencing routine which is based
on Edman degradation chemistry.

Rapid Amplification of CDNA ends-
polymerase chain reaction

A BLAST search in Gen-Bank indicated that the 40-
amino-acid sequence of the pI 5·56 isoform shared approx.
44–55% amino acid identity with Bet v1 from birch pollen
and Mal d1 from apple leaves (Breiteneder et al. 1989;
Vanek-Krebitz, Hoffmann-Sommergruber & Breiteneder
1995). A common motif (FKAF [V]) to the three proteins
was used to make degenerate primers for Rapid Amplifi-
cation of CDNA ends (RACE)-polymerase chain reaction
(PCR).

Poly A+ RNA was prepared according to the extraction
method of Pramanik et al. (1993) and oligo d(T)-cellulose
affinity chromatography (Sambrook, Fritsch & Maniatis
1989) from 5 g frozen root powder collected in December
1994. Reverse transcription of the poly A+ RNA was
achieved using the RiBoClone cDNA synthesis systems
AMV RT kit (Promega, Madison, WI). The 3¢-and 5¢-end
RACE PCR was conducted according to Frohman (1990)
and Harvey & Darlison (1991), respectively, with minor
modifications.The degenerate primer producing the highest
amounts and most specific products was used for large-scale
RACE-PCR amplification. The PCR products were iso-
lated using 1% agarose gels according to Davis, Dibner &
Battey (1986).

The RACE-PCR products were ligated into pGEM-T
Easy vector and transformation of Escherichia coli XL-1
blue was conducted using standard protocols (Promega).
Selected colonies containing the RACE-PCR products
were amplified, the inserts digested from prepared plasmids
and sequencing conducted with forward and backward M13
primers using an automatic DNA-sequencer. Forward and
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backward sequence data from four clones of 3¢-end RACE-
PCR products and five clones of 5¢-end RACE-PCR prod-
ucts were compared to each other using Align Plus and
Gene Runner (Gen-Bank, Bethesda, MD, USA), and cor-
rected sequences were overlapped using Align Plus to
obtain the full length cDNA sequence for the 18 kDa
protein. Characteristics of the protein were determined by
PC/Gene (Gen-Bank) and Gene Runner after the latter
was used to deduce the amino acid sequence.

Genomic DNA extraction and PCR

Genomic DNA was extracted from 5 g frozen dandelion
leaves according to Ausubel et al. (1994). Five pairs of
primers corresponding to specific regions of the cDNA
were designed and standard PCR protocols, purification of
the PCR products and their sequencing carried out.

Northern blot analysis

Total RNA extraction was according to Jepson et al. (1991)
using 2 g frozen roots, and 10 mg total RNA was added to
each lane of a denaturing agarose gel for separation before
blotting onto a nitrocellulose membrane (Gene Screen,
DuPont, NEN, Boston, MA) and probing with a 600 bp
cDNA obtained by 3¢-end RACE-PCR randomly labelled
with [a32P] dATP or [a32P] dATP plus [a32P] CTP. The
membranes were washed in 2 ¥ SSC (saline sodium citrate)
+ 0·1% SDS at room temperature for 5 min, 65 °C for
30 min and 0·1 ¥ SSC and 0·1% SDS at 65 °C for 30 min
before exposure to X-OMAT X-ray film (Kodak,
Rochester, NY).
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RESULTS

18 kDa protein purification

It has been shown previously (Cyr & Bewley 1990b) using
one-dimensional SDS-PAGE that an 18-kDa protein is pre-
dominantly present in dandelion roots throughout the year,
but in increased amounts from October to March. This
protein runs as a single band in the presence or absence of
reducing agents (b-mercaptoethanol or cysteine) (unpub-
lished results) and hence is a monomeric protein. Two-
dimensional electrophoresis shows there are two major
18 kDa proteins (Fig. 1) with pI values around 5·5–6. Two
other proteins (19 kDa and 16 kDa) are also present in the
roots, but are less predominant, and their pI values are
higher and lower, respectively, than those of the 18 kDa
protein.

Purification of the protein by chromatofocusing chro-
matography following ammonium sulphate precipitation,
anion exchange DE52 column purification and gel filtration
(Bio-Gel P-60) chromatography (Fig. 2B,C) yielded two
peaks of 18 kDa protein with pI values of 5·56 and 5·49
(Fig. 2A). The peak fractions for each pI value were pooled
separately and purified to near homogeneity on a second
Bio-Gel P-60 gel filtration column.

A 40-amino-acid sequence at the N-terminal end of the
pI 5·56 polypeptide was obtained, but the N-terminal end
of the pI 5·49 polypeptide was blocked and could not be
sequenced. A BLAST search in Gen Bank indicated that
the 40-amino-acid sequence shared an approximately
44–55% amino acid identity with allergens Bet v1 from
birch pollen and Mal d 1 from apple leaves (Breiteneder
et al. 1989; Vanek-Krebitz et al. 1995), respectively, and
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Figure 1. Two dimensional
electrophoresis (IEF and SDS-PAGE) of
dandelion root proteins. Total protein 
was extracted from roots collected in
December in Guelph. Eighty micrograms
of protein were loaded and after
electrophoresis the gel was silver-stained.
The arrows indicate the two major 18 kDa
polypeptides.



several intracellular pathogenesis related (IPR) proteins
(e.g. disease response resistance protein from Pisum
sativum; PVPR2 from Phaseolus vulgaris; STH-21 from
Solanum tuberosum) (Fig. 3). However, even under mild
stringency conditions there was no hybridization signal
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obtained between mRNA extracts from dandelion root and
cDNAs for either Bet v 1 or Mal d1.

A monoclonal antibody raised against purified recombi-
nant Bet v 1 did not recognize the dandelion root 18 kDa
proteins on western blots, whereas a polyclonal antibody
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Figure 2. (A) Absorption at 280 nm of
the eluate from a chromatofocusing
chromatography column, showing the two
isoforms of the 18 kDa protein. SDS-PAGE
separation and Coomassie Brilliant Blue R-
250 staining of the major fractions, 6–15
and 27–38, respectively, of the eluents from
(B) an anion-exchange DE52 column and
(C) a gel filtration BioGel P-60 column,
showing the presence of the 18 kDa
protein.

Figure 3. Comparison of the amino acid
sequence of the 18 kDa dandelion root
protein with other proteins with similar
sequences. PR1–3 is the pathogenesis-
related protein from parsley; pAPRI35,
PRUA1, Mal d 1 and Bet v1 are allergen
proteins from apricot fruit, and cherry,
apple and birch pollen. Amino acids which
are the same or related are shaded and
common motifs are underlined in bold.



detected the two pI isoforms of the protein, but weakly (not
shown).

The 18 kDa protein clone and properties

The 3¢ and 5¢ RACE-PCR products were obtained using
degenerate primers based on the 40-amino-acid sequence,
and cloned into pGEM-T Easy vector (Promega).A 744 bp
full-length cDNA sequence was obtained and the 156
amino acid sequence deduced (Gen Bank accession AF
036931) (Fig. 4). The N-terminal 40 amino acids were 
identical to those obtained by sequencing the purified
protein.

Three amino acids are absent from the protein, Arg 
(R), Gln (Q) and Trp (W) (Table 1). The most abundant
amino acids are Ser (S), Lys (K) and Ile (I), and charge
density data obtained using Gene Runner show there 
are more negatively charged amino acids than posi-
tively changed ones (Fig. 5c). Gene Runner also indicates
that the 18 kDa protein has a pI 5·6 (Fig. 5b), which is 
close to the pI 5·56 determined by chromatofocusing
(Fig. 2). The predicted molecular mass of the protein is
16·911 kDa.

There are two potential N-glycosylation sites at residues
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76 and 130, five protein kinase C phosphorylation sites at
36, 39, 51, 65, 142, and three casein kinase II phosphoryla-
tion sites at 56, 83 and 152.

The 18 kDa protein does not contain a signal peptide, as
confirmed by the PC/Gene program which shows that no
part of the protein exhibits the minimum hydrophobic
value of a signal peptide (Fig. 5a). The PC/Gene program
also indicates there is no eukaryotic secretory signal
sequence, nor any known organelle-targeting sequences in
the protein; the logical conclusion is that the 18 kDa protein
is cytosolic. Light microscope sections of overwintering
dandelion root have not revealed any protein-storing vac-
uoles (Butler 1996).

As expected from the homologies with the N-terminal
40-amino-acid sequence, the holoprotein shows high
homologies with a group of allergen and IPR proteins
(Fig. 3). The order of proteins demonstrating homology,
from high to low, are: PR proteins PR1–3 and PR1–1 from
parsley (64% similarity, 44% identity), pAPRI35 allergen
proteins from apricot fruits (62% similarity, 42% identity),
PRVA1 allergen protein from cherry (61%, 42%), Mal d 1
apple allergen protein (61%, 41%), Cor 1 apple allergen
protein (59%, 42%), hornbeam allergen protein Car b 1
(63%, 39%), celery allergen protein API G1 (64%, 40%),
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Figure 4. Comparison of the nucleotide
sequences of genomic DNA-PCR products (1-
PCR and 2-PCR) with the full-length 18 kDa
protein cDNA sequence. Nucleotides different
from those in the cDNA-sequence are in bold
and asterisked, as are differences between 1-
PCR and 2-PCR. Codons for different amino
acids from those deduced from the cDNA
sequence are underlined. Arrowheads show
the start and stop sites of an intron. – indicates
no matches between the sequences.



pathogen-induced allergen proteins from birch pollen Bet
v 1-Sc 3 (59%, 41%) and Bet v 1 (61%, 38%).

Amino acid sequence alignments with five homologous
proteins (Fig. 3) shows there are three blocks of amino acids
in common; two are short (FKAF and DGGS) and one is
long (EGDGGVGTIK). Sequence GXGGXG within the
long common block is common to all proteins in this aller-
gen and IPR group (Hoffmann-Sommergruber et al. 1997),
and it seems the dandelion root 18 kDa protein is a member
of this family.

A comparison of 18 kDa protein genomic 
and cDNA sequences

Two sequences were obtained from genomic DNA PCR
products of 450 (1-PCR) and 400 bp (2-PCR) which corre-
sponded to 18 kDa protein cDNA sequence obtained using
3¢ and 5¢-end RACE amplification.The genomic DNA PCR
products do not encode identical proteins, the sizes of their
introns are different, and there are slight differences in the
nucleotides within the intron and coding regions (Fig. 4).
The introns and coding regions share 80·7 and 88% homol-
ogy, respectively, at the nucleotide level, and an 85·7% iden-
tity in their deduced amino acid (105 residues) sequence.

The intron in the 450 bp product is 149 bp long, and in the
400 bp, 83 bp long (Fig. 4). Both introns are inserted in the
same position, at amino acid 59 between nucleotide 1 and 2
(starting at nucleotide 232), which is the case for other aller-
gen and PR proteins (Hoffman-Sommergruber et al. 1997)
and are relatively AT rich (72·48% in 1-PCR and 79·52% in
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2-PCR). A high AT content in the intron is characteristic 
of plant genes (Goodall & Filipowicz 1989), and the two
exon–intron junctions are in accordance with the consensus
plant splice (GT-AG) rule (Wolfe 1993). Moreover, all
known genomic DNAs encoding allergen and IPR proteins
contain only one intron, from 81 to 153 bp in length.

The sequence of the coding region of the 1-PCR product
is identical to that of the cDNA obtained using 3¢-and 5¢-
end RACE PCR amplifications, and therefore it is a partial
gene sequence encoding the pI 5·56 18 kDa protein iso-
form. It is likely that the 2-PCR encodes the other isoform.

Southern blots using the cDNA encoding the 18 kDa
protein showed three major hybridization bands with
genomic DNA digested with EcoRI, Hind III and NcoI
when the membranes were washed with 0·5 ¥ SSC at 65 °C
(Fig. 6A). This suggests there is a minimum of three gene
copies encoding the 18 kDa protein. There were also some
fainter hybridization bands, but analysis by Gene Runner
of restriction sites indicated there are none present in the
full-length cDNA and genomic DNA PCR products for 
the three restriction enzymes used. Hence the bands are
probably a consequence of non-specific binding. Washing
the membrane with 0·1 ¥ SSC at 65 °C after hybridization
resulted in only one band being present following each
digest (Fig. 6B). Since there are two isoforms of the 18 kDa
protein, with about 88% homology at the nucleotide level,
it seems that the less strongly hybridized band between the
probe and the gene encoding the pI 5·49 isoform was
washed away under high stringency conditions. This is 
suggestive of the pI 5·56 isoform being encoded by one
gene copy, and the other encoded by two.
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Table 1. Amino acid composition of the 18 kDa protein

Amino acid Number of residues Percentage by number

Ala (A) 10 6·41
Arg (R) 0 0
Asn (N) 4 2·56
Asp (D) 10 6·41
Cys (C) 2 1·28
Glu (E) 11 7·05
Gln (Q) 0 0
Gly (G) 12 7·69
His (H) 5 3·21
Ile (I) 15 9·62
Leu (L) 7 4·49
Lys (K) 16 10·26
Met (M) 3 1·92
Phe (F) 10 6·41
Pro (P) 6 3·85
Ser (S) 18 11·54
Thr (T) 12 7·69
Trp (W) 0 0
Tyr (Y) 5 3·21
Val (V) 10 6·41
acidic amino acids 26/156 16·67
basic amino acids 23/156 14·74
non-polar 73/156 46·89
polar 83/156 53·2

Figure 5. Properties of the 18 kDa protein showing its (a)
hydropathy profile; (b) pI value; and (c) charge density.



Expression of the 18 kDa protein gene in 
the root and stem

The mRNA for the 18 kDa protein undergoes seasonal
changes in the dandelion root, with the least amount being
present in May, a substantial increase occurring in Septem-
ber to November, and then a decline as spring approaches
(Fig. 7). The seasonal fluctuations in the mRNA are much
greater than those of the protein (Cyr & Bewley 1990a;
Butler 1996; Xu et al. 2000). The expression of the gene
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encoding the 18 kDa protein is specific to the roots and the
stem (Fig. 8) the latter being a partially subterranean non-
elongated tissue bearing the leaves of the rosette. Likewise,
as expected, the 18 kDa protein is present only in the root
and stem (Fig. 9); a low molecular mass protein is detectable
in dry seeds, but this is 16–17 kDa in size and is probably
not the same protein. There is no mRNA present in the dry
seed for the 18 kDa protein (Figs 8 and 10).

The mRNA for the 18 kDa protein was present in
seedlings from the first day, germination being completed
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Figure 6. Southern blot of dandelion genomic DNA probed
with the product of 3¢-end RACE-PCR yielding part of the
18 kDa protein cDNA. (A) Membrane washed with 0·5 ¥ SSC 
at 65C; (B) membrane washed with 0·1 ¥ SSC at 65 °C.

Figure 7. Seasonal regulation of expression of the gene
encoding the 18 kDa protein. Top: Ethidium-bromide-stained
RNA gel to show equal loading of RNA (10 mg per lane).
Bottom: Northern blot of RNA probed with radiolabelled cDNA
encoding the pI 5·56 isoform of the 18 kDa protein.

Figure 8. Spatial expression of the gene encoding the 18 kDa
protein. Top and Bottom lanes as Fig. 7.

Figure 9. The presence of the 18 kDa protein in different parts
of a dandelion plant. Equal amounts (40 mg) of protein were
added per lane and following separation by SDS-PAGE they
were stained with Coomassie Brilliant Blue R-250.



within 16–18 h from the start of imbibition. It was not
present in 5-day-old leaf tissue (Fig. 10), nor in the older
leaves (Fig. 8), but clearly in stem and root tissue after 5 d
of growth. Thus the expression of the gene encoding the
18 kDa protein begins very early after germination in two
specific regions of the dandelion plant and is expressed sea-
sonally thereafter. SDS-PAGE analysis of extracted pro-
teins shows a stainable 18 kDa band in 5- and 15-day-old
stems and roots, but not in 5-day-old leaves or the 1-day-
germinated seed (not shown). Either the amount of protein
in the latter is too low for detection, or there is a lag period
between transcription of the 18 kDa protein gene and
translation of its mRNA.

DISCUSSION

The root of the perennial weed, dandelion contains a
prominent 18 kDa protein, which increases a little with the
approach of winter and declines during the spring (Cyr &
Bewley 1990b; Xu 1998; Xu et al. 2000). The 18 kDa protein
is composed of two major isoforms of pI 5·56 and 5·49
which were obtained after purification, and the N-terminal
amino acid sequence of the pI 5·56 form obtained. Degen-
erate primers derived from this sequence were used for 3¢-
and 5¢-end PCR RACE amplification and a 744-bp full-
length cDNA and the deduced 156 amino acid sequence
obtained for the pI 5·56 (pI 5·6 according to Gene Runner).
The protein shows high homologies with several allergen
and IPR proteins. A partial genomic sequence was
obtained, as was part of the sequence of the other isoform,
which is different by at least 11 amino acids.

Expression of the gene encoding the 18 kDa protein is
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tissue specific, occurring only in the root and short stem.
Expression occurs early following germination and the
18 kDa protein message appears to be constitutively
expressed thereafter.

Dandelion, as a persistent perennial weed, inevitably
encounters freezing stress while overwintering in its habitat
in Guelph. The expression of the gene encoding the promi-
nent 18 kDa protein is seasonally changeable, although fluc-
tuations in the amount of protein do not reflect changes in
the amount of message. During spring and summer the
amount of specific mRNA is very low. Indeed, it is lower in
March than in January, even though there is about the same
amount of protein present (Cyr & Bewley 1990b). This
might be due to a slow degradation of protein in the spring.
During autumn and winter the protein increases only
slightly between August and November, yet there is a large
increase in its mRNA.

The role that the 18 kDa protein plays in the root is not
known. Possibly it is a low-temperature-responsive (LTR)
gene product with a role in cold protection, although its
lack in variation in amount on a seasonal basis suggests oth-
erwise. Unlike most LTR proteins, the 18 kDa protein does
not show strong characteristics of dehydration-tolerance-
related (DTR) proteins such as high hydrophobicity, with
repeat motifs of serine, or lysine-rich repeats (Neven et al.
1993), but it is rich in these amino acids (11·54 and 10·26%,
respectively). However, the LTR protein in alfalfa (pSM
2075) does not have serine clusters or lysine repeats either
(Luo et al. 1991). The 18 kDa protein exhibits above 55%
hydrophobicity and like many DTR proteins it lacks
tryphophan. It also is likely to be a cytosolic protein in
common with LTR proteins since it lacks a signal peptide
and known organelle targeting motifs. It has been suggested
(Houde et al. 1995) that the cryoprotective effect of the
graminaceous WCS120 protein family is due to its abun-
dance during cold acclimation. Given the enormous envi-
ronmental range over which the dandelion grows, and the
fact that in its elevated and northern-most climes exposure
to cold temperatures could occur in any month of the year,
the predominance of the protein even in summer might be
part of its natural adaptation.

The 18 kDa protein also shares up to 44% homology with
a group of allergen and IPR proteins, and it contains a motif
common to all members of this group (Somssich et al. 1988).
There are reports that some proteins which increase during
cold acclimation also have similarities to PR proteins, e.g. in
winter rye (Hon et al. 1995), and a positive correlation
between cold acclimation and fungal resistance has been
demonstrated in several freezing-tolerant grasses (Tronsmo
1984;Tronsmo et al. 1993) and osmotin in potato (Zhu, Chen
& Li 1993). Decreasing the temperature of dandelion plants
from 20 °C to 5 °C under controlled nitrogen conditions in
a growth chamber did not result in a change in the amount
of 18 kDa protein (Xu et al. 2000).Although we have no evi-
dence that the 18 kDa protein plays either a role in freezing
or cold-stress tolerance, or as a PR protein, its similarities
with proteins involved in these processes are interesting.

A role for the 18 kDa protein as a vegetative storage
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Figure 10. Expression of the gene encoding the 18 kDa protein
during seedling establishment. Seed: dry seed. 1seed: 1-day-
germinated seedling. 5leaf, 5root and 5stem: respective 5-day-old
seedling parts. 15 and 30 root: 15- and 30-day-old roots. Top and
Bottom as Fig. 7.



protein (VSP) seems even less likely. The synthesis and
degradation of VSPs in bark, roots and tubers coincides
strongly with seasonal changes (Coleman et al. 1991;
Langheinrich & Tischner 1991; Staswick, Huang & Rhee
1991; Van Cleve & Apel 1993; Wetzel et al. 1989). In dan-
delion roots there is no major mobilization of the 18 kDa
protein coincident with the rapid spring growth of the 
dandelion plant which would be expected to occur if the
protein served as an important source of nitrogen. More-
over, the amount of protein remains high during the
summer, when the mRNA available for replacement syn-
thesis is low (i.e. high protein turnover in summer is
unlikely), and when the most extensive growth and flower-
ing takes place. Maintaining dandelion plants under green-
house conditions for 9 weeks while feeding with 1, 5 or
25 mm NH4NO3 did not increase the amount of root storage
protein (Butler 1996), indicating that its synthesis is not in
response to nitrogen availability. This is unlike the situation
in poplar, in which both the vegetative bark storage protein
and its message increase substantially in response to as little
as 2·5 mm NH4NO3 (Coleman, Bañados & Chen 1994).
Taken together with the observation that the dandelion
18 kDa protein does not have the appropriate signals for
deposition within the common VSP subcellular site, protein
bodies, a role for this root protein as a VSP seems unlikely.
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