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Abstract: The xylem is the main pathway for the transport of water and molecules from roots to shoots.
To date, it has been reported that secreted oligopeptides mediate root-to-shoot signaling, and some
long-distance mobile oligopeptides have been detected in xylem exudates. However, the conservation
of a number of oligopeptides and the overall features of peptide fragments contained in xylem
exudates are poorly understood. Here, we conducted a comprehensive analysis of small proteins and
peptides in tomato (Solanum lycopersicum) xylem exudates and characterized the identified peptide
fragments. We found that putative secreted proteins were enriched in xylem exudates compared
with all proteins in the tomato protein database. We identified seven oligopeptides that showed
common features of bioactive oligopeptides, including homologs of CLV3/ESR-related (CLE), C-
TERMINALLY ENCODED PEPTIDE (CEP), and CASPARIAN STRIP INTEGRITY FACTOR (CIF)
peptides. Furthermore, five of the identified oligopeptides were homologs of the soybean xylem
exudate-associated oligopeptides that we previously reported. Our results suggest that oligopeptides
in xylem exudates are conserved across plant species and provide insights into not only root-to-shoot
signaling but also the maintenance of the xylem conduit.

Keywords: xylem; long-distance; tomato (Solanum lycopersicum); peptide; CLV3/ESR-related (CLE);
C-TERMINALLY ENCODED PEPTIDE (CEP); CASPARIAN STRIP INTEGRITY FACTOR (CIF)

1. Introduction

The xylem is the main pathway for the transport of water and micronutrients from
roots to shoots. In addition, for more than three decades, a variety of proteins have
been identified from xylem exudates in different plant species [1–9]. The vast majority of
proteome analyses of xylem exudates have been performed using conventional gel-based
purification techniques and have focused on relatively large proteins. To date, some protein
families have been commonly found among different plants, such as peroxidases and
lipid transfer proteins (LTPs). Some peroxidases are involved in cell wall lignification and
defense responses against vascular pathogens [10,11]. On the other hand, one of the LTPs,
Defective in induced resistance 1, is suggested to mediate systemic acquired resistance
via the phloem through the interaction with glycerol-3-phosphate [12,13]. Although the
exact functions of each xylem-associated protein have not been clarified, considering those
findings and their conservation in xylem exudates across plant species, these proteins might
play fundamental roles in plants.

In plants, it is well known that secreted oligopeptides, which are generally less than 20
amino acids long, play important roles during the life cycle [14]. Recently, it was reported
that secreted oligopeptides mediate root-to-shoot signaling, and some long-distance signal-
ing peptides have been detected in xylem exudates [15,16]. In Lotus japonicus, CLE-Root
Signal 2 functions in the long-distance regulation of nodule formation [15,17]. In Arabidop-
sis, CEPs mediate root-to-shoot nitrogen deficiency signaling [16], and CLE25 is involved
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in the systemic drought response [18]. Considering that various internal or external factors
affect plant growth and development at the whole-plant level, there are likely additional
signaling molecules that are translocated from roots to shoots. We previously developed
a gel-free purification system based on a combination of o-chlorophenol extraction and
high-performance liquid chromatography (HPLC) fractionation [8]. This method is appro-
priate for the identification of peptide fragments, and seven xylem-associated peptides
(XAPs) were identified in soybean (Glycine max) xylem exudates. Although these XAPs
include CLE and CEP family oligopeptides, the conservation of other possible functional
oligopeptides in xylem exudates across plants and the overall features of the identified
peptide fragments have been poorly explored.

It is easy to collect xylem exudates from tomato, and a protein database is available
for this plant. Furthermore, tomato belongs to the Solanaceae family in the asterid group
and is evolutionarily distant from soybean and Arabidopsis, which belong to the rosid
group. In this study, by taking advantage of these features, we conducted a comprehensive
analysis of small proteins and peptide fragments in tomato xylem exudates using the gel-
free purification technique. We first investigated the overall features of peptide fragments
in the xylem exudates. Second, we searched for putative functional oligopeptides and
analyzed their conservation based on the findings in soybean and Arabidopsis.

2. Materials and Methods
2.1. Biological Materials and Xylem Exudates Harvesting

To collect xylem sap, S. lycopersicum cv. Ponderosa was grown in an open glasshouse
with a temperature of approximately 28 ◦C during the day and 15 ◦C at night under natural
sunlight conditions. The first internodes from the hypocotyls of the plants were cut off at
45 days after germination (DAG), and the exudates were left to drip for 20 min. Then, the
cut surface on the root side was washed with distilled water and wiped with paper. The
rootstock was attached to a silicon tube, and the gap between the stem and tube was sealed
with clay. The xylem exudates were sampled from the stems by root pressure exudation for
5 h after cutting. The exudates were sampled at approximately 30 min intervals from 14
tomato plants. For each sampling, exudates were collected into 15 mL centrifuge tubes on
ice and immediately stored at −30 ◦C.

2.2. Protein and Peptide Purification Using a Gel-Free System

The exudates were concentrated to approximately one-tenth of their original volume.
The concentrated exudates were partially purified via o-chlorophenol extraction and acetone
precipitation as described in Ohyama et al. (2009) [19]. The sample was loaded onto a
Superdex Peptide 10/300 GL gel filtration column (10 mm × 300 mm; GE Healthcare,
Chicago, IL, USA) and eluted with 100 mM ammonium acetate at a flow rate of 0.5 mL/min.
Ten fractions were collected from 16 to 36 min. Each small-protein-containing fraction (16 to
24 min) was digested with trypsin, the peptide fragment-containing fractions (24 to 36 min)
were lyophilized, and each pellet was dissolved in water. Then, each fraction was loaded
onto an Asahipak GS-320 column (7.5 mm × 300 mm; Shodex, Tokyo, Japan) and eluted
with 25 mM ammonium acetate at a flow rate of 0.5 mL/min. Ten fractions were collected
from 12 to 32 min. Then, the fractions were lyophilized.

2.3. Data-Dependent MS/MS Analysis

Nano-LC–MS analysis was performed using an EASY-nLC 1000 (Thermo Fisher Sci-
entific, Waltham, MA, USA) connected to an Orbitrap Elite mass spectrometer (Thermo
Fisher Scientific). Small-protein-containing and peptide fragment-containing fractions were
loaded onto a trapping column (75 µm i.d. × 20 mm, Acclaim PepMap 100 C18 LC; Thermo
Fisher Scientific). Peptides were subsequently eluted from the trapping column and sepa-
rated on a nanocapillary column (75 µm i.d. × 125 mm, NTCC-360; Nikkyo Technos, Tokyo,
Japan) with a 30-min 5–35% acetonitrile (containing 0.1% formic acid) gradient, followed
by a 2 min 35–80% gradient, with a final 8 min isocratic step at 80% acetonitrile and a flow
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rate of 300 nl/min. The nano-HPLC eluate was introduced into a mass spectrometer via an
electrospray ionization (ESI) interface at a spray voltage of 2.0 kV. The mass spectrometer
was operated in positive ion mode with a capillary temperature of 360 ◦C. Mass spectra
were obtained by scanning from m/z 200 to m/z 2000. Nano-LC–MS/MS analysis was
performed by selecting the indicated molecular ion as the precursor ion at 30% normalized
collision energy using the higher energy collision dissociation mode.

The acquired MS/MS spectra were analyzed with MASCOT version 2.8.0.1 using the
tomato protein database (ITAG4.0) downloaded from https://phytozome-next.jgi.doe.gov/
info/Slycopersicum_ITAG4_0 (accessed on 22 March 2022) [20]. The search was performed
using a precursor ion mass tolerance of 10 ppm and a fragment ion mass tolerance of 0.1 Da.
For the identification of small proteins, database searches were limited to fully tryptic
peptides with two missed cleavages allowed, and carbamidomethyl cysteine; hydroxylated
proline; and sulfated tyrosine, serine, and threonine were set as variable modifications
(FDR ≤ 0.01). The parent proteins to which more than two unique peptide fragments were
matched are listed in Table S1. For the peptidomics analysis, no enzyme was specified,
and hydroxylated proline; and sulfated tyrosine, serine, and threonine were set as variable
modifications (FDR ≤ 0.01). Datasets of MS/MS spectra have been deposited in the Japan
Proteome Standards Repository/Database (jPOST; https://repository.jpostdb.org (accessed
on 22 March 2022)) under accession number JPST001538.

2.4. Exploration of the Tomato CLE-like Sequence

The tomato genome sequences (ITAG4.0) were scanned for putative CLE homologs
by TBLASTN search on the Phytozome v13 platform using the amino acid sequence of
Arabidopsis and known tomato CLE precursor polypeptides as queries [21–24]. The
TBLASTN search was repeated using newly identified putative CLE sequences as queries
until no additional candidates were identified.

2.5. Quantitative PCR Analyses

Total RNA was extracted from the shoot apices, leaves, third internodes, first intern-
odes, and roots of plants at 18 DAG using an ISOGENII (Nippon Gene, Tokyo, Japan),
and cDNA was synthesized using ReverTra Ace (Toyobo, Osaka, Japan) following the
manufacturer’s protocol. qPCR analysis was performed using Thunderbird Next SYBR
qPCR Mix (Toyobo), and the PCR cycling conditions were as follows: a denaturation step
at 95 ◦C for 10 min followed by 45 cycles of 95 ◦C for 15 s and 60 ◦C for 1 min. qPCR was
performed using the CFX Connect Real-Time PCR system (BioRad, Hercules, CA, USA).
The SlELF1B-like gene (Solyc01g098000.3.1) was used as a reference gene.

2.6. Statistical Analyses

Statistical analyses were performed with R (http://www.R-project.org/ (accessed on
22 March 2022)) and RStudio software (http://www.rstudio.com/ (accessed on 22 March 2022)).
Statistical differences in the mRNA levels of genes among organs or tissues were evaluated by
one-way ANOVA followed by Tukey’s test.

3. Results
3.1. Characterization of Small Protein- or Peptide Fragment-Containing Fractions of Tomato
Xylem Exudates

We collected 120 mL of xylem exudate from the cut surface of the first internodes
from the tomato plant hypocotyls at 45 DAG for five hours. The exudates were purified
using the gel-free method that we developed previously [8]. Using gel filtration chro-
matography, we separated small-protein-containing fractions (small-protein fractions) and
oligopeptide-containing fractions (peptide fractions). The small-protein fractions were
treated with trypsin, and the peptide fractions were further purified with multimode chro-
matography. Then, data-dependent MS/MS (ddMS/MS) followed by a MASCOT search
was performed using the tomato protein database (ITAG4.0) [20]. In the small-protein

https://phytozome-next.jgi.doe.gov/info/Slycopersicum_ITAG4_0
https://phytozome-next.jgi.doe.gov/info/Slycopersicum_ITAG4_0
https://repository.jpostdb.org
http://www.R-project.org/
http://www.rstudio.com/
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fractions, trypsin-digested peptide fragments were assigned to 50 proteins (or peptides)
(FDR ≤ 0.01) (Table S1). Some of these proteins were annotated as LTPs or peroxidases,
which have been commonly identified in xylem exudates from other plants. A high pro-
portion of the proteins had molecular weights (MWs) of 10,000 to 20,000 (Figure 1), as
determined by gel filtration chromatography. On the other hand, in the peptide fractions,
peptide fragments were assigned to 729 proteins (or peptides) (FDR ≤ 0.01) (Table S2). The
MWs of the parent proteins varied (Figure 1), suggesting that fragmented proteins—but
not full-length proteins—were present in the fractions.
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Figure 1. Frequency distribution of the molecular weights of the parent proteins.

To characterize the assigned proteins, we searched for putative secretion signals
using SignalP 3.0 (https://services.healthtech.dtu.dk/service.php?SignalP-3.0 (accessed
on 22 March 2022)) [25]. As a result, 66.0% and 39.4% of the parent proteins were predicted
to be secreted proteins in the small-protein and peptide fractions, respectively (Table 1).
In contrast, 16.3% of the proteins in the tomato database (ITAG4.0) were predicted to
be secreted proteins. These results indicate that secreted proteins were enriched in the
xylem exudates.

Table 1. Number and ratio of putative secreted proteins.

Secreted Proteins Nonsecreted Proteins

Small-protein fractions 33 (66.0%) 17 (34.0%)
Peptide fractions 287 (39.4%) 442 (60.6%)

Tomato protein database (ITAG 4.0) 5563 (16.3%) 28,511 (83.7%)

We further conducted gene ontology (GO) enrichment analysis of the parent proteins
(peptides) using Shiny GO v0.75 (http://bioinformatics.sdstate.edu/go/ (accessed on
22 March 2022)) (FDR ≤ 0.01) [26], and the GO terms were divided into biological processes,
cellular components, and molecular functions. In the small-protein fractions, GO-enriched
terms were related to defense against biotic stresses and metabolism of reactive oxygen
species (Figure S1). In contrast, in the peptide fractions, the enriched GO categories included
carbohydrate metabolism and proteolysis (Figure S2).

https://services.healthtech.dtu.dk/service.php?SignalP-3.0
http://bioinformatics.sdstate.edu/go/
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3.2. Identification of Tomato Xylem Exudate-Associated Oligopeptides

It has been reported that bioactive oligopeptides mediate cell-to-cell or organ-to-organ
signaling during plant life [27–30] and that such functional oligopeptides have several
features in precursor proteins (peptides) as follows [14]: (1) amino acid sequences of func-
tional peptide-encoding regions are well conserved across plant species; (2) precursor
proteins (peptides) possess secretion signals; and (3) the precursor proteins (peptides)
are usually less than 200 amino acids in length. Based on these molecular features, we
searched for possible functional oligopeptides in tomato xylem exudates. As a result, we
found six endogenous oligopeptides (Table 2, Figure S3). These peptides were conserved
in soybean, Arabidopsis, poplar (Populus trichocarpa), and rice (Oryza sativa) (Figure S4).
Solyc03g098750.3.1 and Solyc06g052020.2.1 are homologs of GmXAP1 and GmXAP5, re-
spectively, which were previously identified in soybean xylem exudates [8]. In addition,
Solyc01g109895.1.1 (SlCIF1) is a homolog of GmXAP3 and Arabidopsis CIF peptides [31,32].
Solyc02g090600.2.1 (SlCEP1) is a CEP, although the obtained amino acid sequence did not
completely correspond to the CEP domain. Solyc07g150120.1.1 and Solyc03g115950.3.1 are
homologous peptides, but their homologs have not been detected in xylem exudates of
other plants.

Table 2. Oligopeptides identified in tomato xylem exudates.

Accession Number in
ITAG4.0 MW of Precursor Protein Amino Acid Sequence Note

Solyc03g098750.3.1 11,668 DyAGTGANNHHDPKPpGSQW † Homolog of GmXAP1
Solyc07g150120.1.1 9252 DyPSSGANNRHTpSHP † —

Solyc01g109895.1.1 (SlCIF1) 13,357 DyGRYDPTpALSKPPFKLIPN † Homolog of GmXAP3
Solyc03g115950.3.1 10,409 DyPGSGANNRHTp † —
Solyc06g052020.2.1 8649 DYDNAGpNTKHD Homolog of GmXAP5

Solyc02g090600.2.1 (SlCEP1) 18,882 YApKQTGNSpGIGHSS Homolog of GmXAP6
(SlCLE20) 8402 RVSpGGp*DPHHH Homolog of GmXAP4

† The identified amino acid sequence varied, so a representative sequence is shown. Modifications: p (hydroxyla-
tion), p* (hydroxylation and arabinosylation), y (sulfation).

Meanwhile, we could not identify CLE peptides in the tomato xylem exudates. Some of
these peptides are known to function in root-to-shoot signaling [15,18], and a CLE peptide
was identified in soybean xylem exudates [8]. Although 15 CLEs are included in the
tomato protein database [24], considering that there are 32 CLE genes in Arabidopsis [23],
more CLE genes are likely present in the tomato genome. To further search for CLE-like
sequences, we performed TBLASTN searches against the tomato genome database on the
Phytozome v13 platform using full-length Arabidopsis and known tomato CLE precursor
proteins as queries [21,22]. We found 22 CLE-like sequences, and those putative amino
acid sequences are shown in Table S3. Then, we added these amino acid sequences to the
protein database and reanalyzed them with MASCOT software. As a result, we identified
the mature SlCLE20 peptide from tomato xylem exudates (Table 2). SlCLE20 showed high
homology to GmXAP4/GmCLE32 and Arabidopsis CLE2 peptides (Figure S4). In those
peptides, the seventh hydroxyproline was modified with three residues of arabinose [8,19],
and we confirmed that the seventh hydroxyproline in SlCLE20 was also arabinosylated
(Figure S3).

3.3. Expression Analysis of the Oligopeptide-Encoding Genes

We further explored the mRNA level of the seven oligopeptide-encoding genes in
apices, leaves, and first (mature) and third (young) internodes of the hypocotyls and roots
of tomato plants (19 DAG) (Figure 2). Interestingly, the expression of Solyc01g109895.1.1
(SlCIF1), Solyc02g090600.2.1 (SlCEP1), and SlCLE20 was detected exclusively in roots. The
mRNA levels of Solyc03g098750.3.1 and Solyc03g115950.3.1 were significantly higher in
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roots. In contrast, the mRNA levels of Solyc07g150120.1 and Solyc06g0520202.1 were higher
in the first and third internodes.
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Figure 2. Relative expression of oligopeptide-encoding genes in various tissues.

The relative mRNA levels in each organ or tissue are based on those in the roots. Dots
represent individual measurements. Statistical differences were evaluated by one-way
ANOVA followed by Tukey’s test. Difference of alphabet letters indicates statistically
significant difference (p < 0.05). Each result is the mean ± SE of measurements obtained
from two individual samples in three independent experiments. The gene-specific primers
used for qPCR are listed in Table S4.

4. Discussion

In this study, we conducted a comprehensive analysis of small proteins and peptides in
tomato xylem exudates using gel-free methods. As a result, 50 and 729 proteins (or peptides)
were assigned in the small-protein and peptide fractions, respectively. In the small-protein
fractions, the MWs of more than half of the parent proteins were ≤30,000 (Figure 1). This
suggests that the small proteins were full-length proteins, although the secretion signal
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was likely truncated, and were fractionated by gel filtration chromatography. As reported
in other plants [1,3–7], LTPs and peroxidases were identified in tomato xylem exudates.
GO analysis showed that these fractions were enriched with terms related to defense
against biotic stresses and metabolism of reactive oxygen species (Figure S1). Reactive
oxygen species are toxic compounds that can affect pathogens, and some peroxidases
are suggested to be involved in cell wall modification [33]. The xylem is a target of most
vascular pathogens [34], so it seems that plants express defense proteins against unexpected
pathogen invasions.

On the other hand, in the peptide-containing fractions, the obtained peptide fragments
were assigned to proteins of various sizes (Figure 1). These fractions were not treated with
trypsin, so the parent proteins were likely already fragmented before sampling. Many
of the parent proteins were annotated as proteins that function as full-length proteins,
such as receptor-like protein kinases and subtilases. These results suggest that the peptide
fragments derived from those proteins may drift in xylem exudates as degradation products
of proteins rather than as signaling molecules.

Among the assigned proteins, 66.0% and 39.4% were predicted to be secreted proteins
in the small-protein and peptide fractions, respectively (Table 1). Considering that only
16.3% of the proteins in the tomato database were predicted to be secreted proteins, secreted
proteins were highly enriched in xylem exudates. Considering that the xylem conduit
consists of empty dead cells and is a kind of apoplast, it seems that our result at least partly
reflects the protein composition of the xylem sap.

However, the remaining parent proteins were not predicted to be secreted proteins.
Although some of them might actually be secreted proteins, considering that some pro-
teins were annotated as intracellular proteins, such as actins and ribosomal proteins, those
proteins might have been derived from dead or injured cells in roots or cut stems. Mean-
while, in animals, extracellular vesicles (EVs) are secreted from cells and mediate not only
local communication but also long-distance communication through blood vessels [35].
EVs contain proteins and nucleic acids that are usually localized to subcellular regions or
cell membranes. Furthermore, in plants, EV-like structures have been observed in xylem
and phloem vessels [36]. Therefore, there is a possibility that some of the nonsecreted
proteins might have been derived from EVs. To test this hypothesis, purification of EVs
and proteome analysis should be conducted.

Recently, it has been revealed that small, secreted peptides mediate cell-to-cell and
organ-to-organ communications in plants [27–30]. Despite their biological importance,
peptide-encoding short open reading frames (ORFs) are often excluded from protein
databases to avoid a high rate of false-positive ORF predictions because short putative
ORFs can be expected to be present in long noncoding sequences [37]. To date, 15 CLE
genes have been reported in tomato [24], and we newly identified 22 CLE-like sequences
in the tomato genome (Table S3). By adding the amino acid sequences of these putative
CLE precursor proteins to the reference protein database, we identified the mature SlCLE20
peptide in xylem exudates. We found that the SlCLE20 gene was mainly expressed in
roots (Figure 2), although the expression of other CLE-like sequences remains unexplored.
Hanada et al. (2007) developed a computational method to find possible short ORFs [38],
and some of the identified short ORFs led to visible phenotypes when they were overex-
pressed [39]. Improvement of the protein database is important for more comprehensive
identification of possible functional peptides, and such a data mining method may con-
tribute to related analysis.

We identified seven endogenous oligopeptides in tomato xylem exudates (Table 2).
Interestingly, five of them were homologs of soybean xylem exudate-associated peptides [8].
Tomato is a member of the asterid group and is evolutionarily distant from soybean and
Arabidopsis, which belong to the rosid group. Our results suggest that oligopeptides are
conserved in xylem exudates across plant species and that they play general roles rather
than have species-specific functions. However, we must note that Solyc07g150120.1.1 and
Solyc06g052020.2.1 were highly expressed in the first and third internodes (Figure 2). This
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suggests that these oligopeptides were derived from the cut surface of internodes, although
we cannot eliminate the possibility that they were translocated from the lower part of the
stem to upper organs or tissues in shoots.

In contrast, the mRNA levels of the other five endogenous peptide-encoding genes
were higher in roots (Figure 2). In particular, Solyc01g109895.1.1 (SlCIF1), Solyc02g090600.2.1
(SlCEP1), and SlCLE20 were exclusively expressed in roots, so it appears that these oligopep-
tides were derived from roots. Among the CLE peptides, the SlCLE20 peptide showed high
homology with GmXAP4/GmCLE32 and Arabidopsis CLE1 to 7. It has been reported that
the CLE1 to 7 genes respond to various stimuli, such as nitrogen, salt, low temperature, and
sulfate [40–42]. On the other hand, some CEPs are known to respond to nitrogen deficiency
and function in root-to-shoot signaling [16]. In addition, CEP genes respond to various
abiotic stress conditions [43]. Therefore, SlCLE20 and Solyc02g0906002.1 (SlCEP1) could be
involved in the systemic response to external or internal stimuli.

CIF1 and CIF2 are expressed in the root stele and are required for Casparian strip for-
mation in roots [31,32]. A functional model was proposed: when these peptides diffuse into
the endodermal region, they are recognized by GASSHO1(GSO1)/SCHENGEN3 and GSO2
receptor-like kinases and induce Casparian strip formation. Furthermore, it is mentioned
that CIF peptides function not only in the de novo formation of the Casparian strip, but also
in its maintenance. In our ddMS/MS analysis, many SlCIF1 (Solyc01g109895.1.1) peptides
were detected. This suggests that xylem exudates contain many CIF peptides, and it seems
that CIF peptides are continually supplied to the xylem stream to survey breakage of the
Casparian strip. To clarify the biological roles of these tomato xylem exudate-associated
oligopeptides, detailed analyses should be conducted, and the Micro-Tom model system
would be helpful for the analyses. Tomato is an important crop plant, and findings on
long-distance mobile peptides might contribute to the improvement of its yield at the
whole-plant level.

5. Conclusions

In this study, we identified various small proteins and peptide fragments in tomato
xylem exudates and found that putative secreted proteins (peptides) were enriched in
the exudates. In the peptide fraction, although a large portion of the peptides was likely
derived from protein degradation, we found seven endogenous oligopeptides that showed
common features of functional oligopeptides. These five oligopeptides were homologs of
soybean xylem exudate-associated oligopeptides, suggesting that oligopeptides in xylem
exudates are conserved across plant species. Considering the characteristics of the identified
oligopeptides, our results suggest that they function in not only root-to-shoot signaling,
but also the maintenance of plant apoplastic structures.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/life12040592/s1. Table S1. List of proteins whose peptide fragments
were identified in the small-protein-containing fractions; Table S2. List of the proteins whose peptide
fragments were identified in peptide-containing fractions; Table S3. Newly predicted tomato CLE-
like sequences; Table S4. List of PCR primers; Figure S1. GO analysis of the parent proteins in
small-protein fractions; Figure S2. GO analysis of the parent proteins in peptide fractions; Figure S3.
MS/MS spectra of the seven tomato xylem exudate-associated oligopeptides; Figure S4. Amino acid
sequence alignment of the precursor polypeptides of tomato xylem exudate-associated peptides and
their homologs in various plants.
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