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Transcriptomic profiling reveals the complex
interaction between a bipartite begomovirus
and a cucurbitaceous host plant
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Abstract

Background Begomoviruses are major constraint in the production of many crops. Upon infection, begomoviruses
may substantially modulate plant biological processes. While how monopartite begomoviruses interact with their
plant hosts has been investigated extensively, bipartite begomoviruses-plant interactions are understudied. Moreover,
as one of the major groups of hosts, cucurbitaceous plants have been seldom examined in the interaction with
begomoviruses.

Results We profiled the zucchini transcriptomic changes induced by a bipartite begomovirus squash leaf curl
China virus (SLCCNV). We identified 2275 differentially-expressed genes (DEGs), of which 1310 were upregulated and
965 were downregulated. KEGG enrichment analysis of the DEGs revealed that many pathways related to primary
and secondary metabolisms were enriched. gRT-PCR verified the transcriptional changes of twelve selected DEGs
induced by SLCCNV infection. Close examination revealed that the expression levels of all the DEGs of the pathway
Photosynthesis were downregulated upon SLCCNV infection. Most DEGs in the pathway Plant-pathogen interaction
were upregulated, including some positive regulators of plant defenses. Moreover, the majority of DEGs in the MAPK
signaling pathway-plant were upregulated.

Conclusion Our findings indicates that SLCCNV actively interact with its cucurbitaceous plant host by suppressing
the conversion of light energy to chemical energy and inducing immune responses. Our study not only provides new
insights into the interactions between begomoviruses and host plants, but also adds to our knowledge on virus-plant
interactions in general.
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Background

Plant viral pathogens are the major constraints in agricul-
ture [1]. As a group of obligate parasites, viruses actively
interact with their plant hosts during infection. On
the one hand, viruses may significantly modulate plant
physiology so as to create microenvironment conducive
to virus replication [2]. On the other hand, plant hosts
may deploy a repertoire of defenses responses to restrict
excessive virus multiplication and secure their own sur-
vival [3]. Together, these intimate interactions dramati-
cally alter plant physiology [3]. Understanding these
molecular interactions is instrumental in dissecting viral
pathogenesis within plant hosts and will in turn promote
the control of viral diseases [4].

Begomoviruses (family Geminiviridae) are a group of
DNA viruses that infect many economically important
crops [5]. Under natural conditions, begomoviruses are
transmitted by Bemisia tabaci sensu lato, a species com-
plex consisting of more than 40 cryptic species [6, 7].
Begomoviruses can be monopartite or bipartite depend-
ing on the number of genomic molecules [8]. While the
genomes of bipartite begomoviruses consist of two DNA
molecules designated as DNA-A and DNA-B, monopar-
tite begomoviruses have only one genomic molecule
resembling the DNA-A component of bipartite begomo-
viruses [8—11]. In the last decades, the economic signifi-
cance of begomoviruses in crop production has sparked
extensive investigations on the interactions between
begomoviruses and their plant hosts [10, 11]. These stud-
ies mostly focused on the functional characterization of
viral and plant proteins and overall plant responses such
as transcriptomic changes induced by begomoviruses [9—
22]. It should be noted, however, most studies on plant
transcriptional reprograming induced by begomoviruses
works on monopartite begomoviruses such as tomato
yellow leaf curl virus and chilli leaf curl virus [12-22].
More importantly, only a limited number of plants have
been examined such as tomato, pepper, Arabidopsis
thaliana, Nicotiana benthamiana and cassava. How the
other groups of hosts such as plants in the family Cucur-
bitaceae respond to begomovirus infection remains
enigmatic.

Initially identified on pumpkin plants, squash leaf curl
China virus (SLCCNYV) was later found to infect a vari-
ety of cucurbitaceous crops including melon and zuc-
chini, leading to considerable economic losses [23, 24].
Recently, new hosts of SLCCNV such as tomato were
identified [25]. In China, SLCCNV has been found in
many provinces including Guangxi, Hainan and Shan-
dong [24-26]. This virus has also been identified in many
South and Southeast Asian countries such as Pakistan,
India, Malaysia and Philippines [23, 27, 28]. SLCCNYV has
emerged as one of the key factors that threaten the pro-
duction of many cucurbitaceous crops in many regions
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in Asia [23, 24, 29]. While the economic significance
of SLCCNV has been widely recognized, its biology is
understudied especially in interaction with cucurbita-
ceous plants. Advances in the understanding of molec-
ular SLCCNV-cucurbitaceous plant interactions will
provide important reference for improving plant defenses
against this emerging pathogen.

Given the current state of knowledge of and the ongo-
ing challenges posed by SLCCNYV, there is an urgent
need to elucidate the molecular interactions between
SLCCNYV and its cucurbitaceous hosts. In this study, we
profiled the transcriptome of zucchini plants in response
to SLCCNV infection. By examining the genes whose
expressions were affected, we uncovered the intricate
interplays between SLCCNV and its cucurbitaceous
plant hosts. Our findings contribute to a better under-
standing of begomovirus-cucurbitaceous plant interac-
tions and virus-plant interactions in general.

Methods

Plant and virus

Cucurbita pepo cv. Faguodongkui was used. Plants were
cultivated in an insect-proof greenhouse under natural
lighting and maintained at 25+3 °C. Agro-inoculation
was conducted when zucchini plants reached one or two
true-leaf stage. For virus, SLCCNV isolate Guangxi2017
was used. The GenBank accession codes for DNA-A and
DNA-B were MG525551 and MG525552, respectively.
Agroinoculation was conducted as described before [26].
Agrobacteria containing the infectious clones of DNA-A
and DNA-B were cultured separately until OD600
reached 2.0. Agrobacteria were centrifuged and resus-
pended in equal volume (20 mL) of resuspension buffer
(10 mM MgCl,, 10 mM MES and 200 pM acetosyrin-
gone). Equal volume (20 mL) of agrobacteria solutions
containing infectious clones of DNA-A and DNA-B were
mixed. Next, 1 mL syringe was utilized to inoculate the
agrobacteria mixture into both the true leaves and cotyle-
dons of zucchini plants. Four weeks post agroinoculation,
plants were sampled for transcriptomic analysis after
visual inspection of virus infection symptoms (Fig. 1) and
PCR detection of SLCCNV DNA-A. DNA was extracted
from the first fully-expanded leaves using Plant Genomic
DNA Kit (Tiangen, China) and subjected to PCR with
primers listed in Table S1.

RNA extraction, library preparation and sequencing

The top fully-expanded leaves were harvested and leaves
from two plants were mixed as one sample. Four samples
were analyzed for both pBINPLUS and SLCCNV treat-
ments. Total RNA was extracted using TRIzol (Ambion,
USA) as per the manual. RNA quality and quantity were
determined using Nanodrop2000 and Agilent5300. RNA
samples that have a concentration>30 ng/uL, RQN>6.5,
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pBINPLUS

SLCCNV

Fig. 1 Symptoms induced by SLCCNV in zucchini plants. Zucchini plants
were inoculated with pBINPLUS (empty vector) or SLCCNV DNA-A+DNA-
B. Symptoms of SLCCNV infection in zucchini plants showed dwarf,
downward leaf curl and mosaic in young leaves and mosaic in old leaves.
Pictures were taken at four weeks post inoculation

and an OD260/280 ratio between 1.8 and 2.2 were used
for following analysis. mRNA isolation was conducted
with Oligo dT magnetic beads. The isolated mRNA was
randomly fragmented into pieces of around 300 bp using
a fragmentation buffer. First-strand cDNA was synthe-
sized using random primers, followed by second-strand
synthesis to create double-stranded ¢cDNA. Blunt ends
were created in the cDNA ends and a base was added to
the 3’ end, and then adapters for sequencing were added.
Adapter-ligated cDNAs were purified and amplified using
PCR. The obtained library was quantified with Qubit 4.0
and sequenced on the NovaSeq X Plus platform.

Quality control and mapping of reads

Adapter sequences, low-quality reads, sequences with
a high rate of ‘N’ bases (uncertain base information)
and short sequences in the raw sequencing data were
removed by filtering the original sequencing data using
the software fastp with its default parameters. The steps
were as follows: (1) remove adapter sequences from the
reads and eliminate reads that lack an insert fragment
due to adapter self-ligation or other reasons; (2) Trim
low-quality bases (<20 ) at the 3’ end of the sequences.
If there are still bases with a quality value less than 10
in the sequence, discard the entire sequence; other-
wise, retain it; (3) Remove reads with an ‘N’ content rate
exceeding 10%; (4) Discard sequences shorter than 20 bp
after adapter removal and quality trimming. After qual-
ity control, data quality including the distribution of base
error rates and base content was re-assessed. Clean reads
were aligned with the reference genome of C. pepo (MU-
CU-16, http://cucurbitgenomics.org/v2/organism/4) to
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obtain mapped reads for subsequent transcript assem-
bly and expression level analysis. Alignment details such
as gene coverage, distribution of reads across different
regions of the reference genome and distribution across
various chromosomes were assessed.

Identification of differentially-expressed genes (DEGs)
Gene expression levels were quantitatively analyzed so as
to identify differentially-expressed genes (DEGs) between
treatments. The read counts of each gene were obtained
using the results of comparison to the C. pepo genome
(MU-CU-16, http://cucurbitgenomics.org/v2/organ-
ism/4). Read counts were converted to FPKM, and then
the standardized gene expression levels were obtained.
To identify genes that were differentially expressed
between treatments, the software DESeq2 was used and
the default criteria for identifying DEGs were: a False
Discovery Rate (FDR) less than 0.05 and an absolute log2
Fold Change (|log2FC|) greater than or equal to 1. A gene
was considered a DEG when it met both criteria.

Functional annotation and enrichment of DEGs

KEGG is a knowledge base for systematic analysis of
gene function, linkage genomic information and func-
tional information. Functional annotation of DEGs was
conducted using KEGG database (http://www.genome.
jp/kegg/) Version 2022.10. KEGG functional enrich-
ment analysis of DEGs was conducted to identify over-
represented biological processes, molecular functions,
and cellular components, as well as to uncover significant
pathways involved. The KEGG pathway enrichment anal-
ysis was performed using R-script to identify pathways.
The analysis was based on the Fisher’s exact test, with a
threshold of adjusted P<0.05 to denote statistical signifi-
cance for enriched KEGG terms.

Quantitative reverse transcription PCR (qRT-PCR)

Total RNAs were extracted from samples using TRIzol,
and reverse-transcribed using Evo M-MLV RT Kit with
gDNA Clean for qPCR (Accurate Biology, China). Quan-
titative PCR (qPCR) analysis was performed using SYBR
Green Premix Pro Taq HS qPCR Kit (Accurate Biology,
China) and CFX96 Real Time PCR Detection System
(Bio-Rad, USA). Primers are listed in Table S1. 5-tubulin
(tubulin beta chain, Cp4.1L.G00g13540) was used as a ref-
erence gene because it was stably expressed in samples
from the two treatments (Table S3). Each sample was set
up with two technical replicates. The procedure was as
follows: initial denaturation at 95 °C (30 s), followed by
40 cycles of denaturation at 95 °C (5 s), annealing and
extension at 60 °C (34 s), with a melting curve included to
assess primer specificity. Real time data were calculated
using 2-AAC a5 normalized to zucchini -tubulin and
pBINPLUS control.
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Results

Symptom of SLCCNV infection in zucchini plants

At four weeks post inoculation, PCR was performed to
examine the presence of SLCCNV genomic DNA in
pBINPLUS-inoculated and SLCCNV-inoculated zuc-
chini plants. SLCCNV DNA-A can be readily ampli-
fied in SLCCNV DNA-A+DNA-B-inoculated zucchini
plants, but not in pBINPLUS-inoculated plants (Fig.
S1). As for symptoms, the leaves of SLCCNV-infected
plants were much smaller than that of control. SLCCNV
induced downward leaf curl and mosaic in young leaves
and mosaic in old leaves. Additionally, old zucchini leaves
became dark green and their thickness increased upon
SLCCNYV infection (Fig. 1).

Transcriptomic analysis and genome mapping

Eight samples were subjected to transcriptome sequenc-
ing, with four samples for both pBINPLUS and SLCCNV
treatments. For each sample, we obtained 42,320,894—
52,936,382 raw reads and 6,390,454,994-7,993,393,682
raw bases. After data filtering, 42,027,984-52,532,140
clean reads and 6,304,709,668-7,829,817,814 clean bases
were obtained for each of the samples. The base error
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rates were below 0.013%. Q20 and Q30 values were over
98% and 96%, respectively. The GC content was 46.11—
47.55% (Table S2). Out of the 55,620 transcripts detected,
almost half (26110, 46.9%) were over 1800 bp, and 4177
transcripts were between 1601 and 1800 bp, 4233 tran-
scripts were between 1401 and 1600 bp, 4250 transcripts
were between 1201 and 1400 bp, 4062 transcripts were
between 1001 and 1200 bp (Fig. S2). It is thus clear that
the quantity and quality of the RNA-Seq data were suf-
ficient for subsequent analysis. Clean data were mapped
to the reference genome. The rates of successful mapping
were 96.39-97.32%. The majority of clean reads (90.99—
91.88%) were singly mapped to the genome (Table S3).

Identification and functional annotation of DEGs

Gene expression analysis revealed that when compared to
pBINPLUS, SLCCNV infection upregulated the expres-
sion levels of 1310 genes and downregulated that of 965
genes in zucchini plants (Fig. 2). These DEGs were func-
tionally annotated using KEGG database. In total, 751
DEGs were annotated and further sorted into 18 unique
pathway groups. These pathways spanned across five
major pathway categories, namely Metabolism, Genetic
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Fig. 2 Volcano plot of DEG analysis between pBINPLUS and SLCCNV treatments. Each point in the plot corresponds to a specific gene. Blue points (right
side) indicate significantly upregulated genes, yellow points (left side) represent significantly downregulated genes, and gray points (middle) signify
genes with no significant differences. The closer a point is to the edges and the top of the plot, the more pronounced its expression difference
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Information Processing, Environmental Information
Processing, Cellular Processes, and Organismal Systems.
A notable predominance was observed within the path-
way group Metabolism, with the pathways Carbohydrate
metabolism, Energy metabolism, and Amino acid metab-
olism containing the highest number of DEGs (Fig. S3).
Conversely, the pathway groups Cellular Processes and
Organismal Systems were relatively less represented, with
only a handful of DEGs identified within these categories.

Functional enrichment of DEGs

To examine the biological processes regulated by DEGs,
an enrichment analysis was conducted using the KEGG
database. DEGs were found to regulate various pathways,
and the top 20 most significantly enriched pathways were
identified (Table S5, Fig. 3). Of these pathways, Photosyn-
thesis stood out as the most significantly enriched, and
two related pathways Photosynthesis-antenna proteins
and Carbon fixation in photosynthetic organisms were
similarly enriched. Notably, many primary and secondary
metabolism pathways were enriched, including Glyoxyl-
ate and dicarboxylate metabolism, Porphyrin metabo-
lism, Nitrogen metabolism, among others. Two pathways
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that were of particular relevance to plant-virus interac-
tion were identified, namely Plant-pathogen interaction
and MAPK signaling pathway-plant. Three pathways
were subjected to further analysis, namely Photosyn-
thesis, Plant-pathogen interaction and MAPK signaling
pathway-plant.

gRT-PCR verification of the expression of DEGs

Prior to further analysis of enriched pathways, we con-
ducted qRT-PCR to verify the expression of DEGs. We
selected twelve DEGs with four from each of the three
pathways Photosynthesis, Plant-pathogen interaction
and MAPK signaling pathway-plant. The changes in the
expression levels of these DEGs were most pronounced
in the three pathways. Transcriptomic analysis revealed
that the expression of all the four DEGs from the pathway
Photosynthesis (Cp4.1LG04g03330, Cp4.1LG19g12170,
Cp4.1L.G01g20490 and Cp4.1L.G13g04750) were down-
regulated by SLCCNV (SLCCNV vs. pBINPLUS fold
change<1). Similarly, in qRT-PCR their expression was
downregulated (SLCCNYV vs. pBINPLUS fold change<1),
verifying RNA-seq data (Fig. 4A-D). Additionally, the
changes in the expression of DEGs in the pathways
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Fig.4 gRT-PCR validation of the fold change (SLCCNV vs. pBINPLUS) of DEGs. (A-D) DEGs in the pathway Photosynthesis; (E-H) DEGs in the pathway Plant-
pathogen interaction; (I-L) DEGs in the pathway MAPK signaling pathway-plant. The number of replicates was 4 for RNA-seq, 5-6 for gRT-PCR

Plant-pathogen interaction and MAPK signaling path-
way-plant induced by SLLCNV were consistent in RNA-
seq and qRT-PCR data (Fig. 4E-L). These findings suggest
that DEGs obtained in our transcriptomic analysis were
reliable and can be used for further analysis.

Photosynthesis

Photosynthesis was the most significantly enriched
pathway, with a rich factor and an adjusted P value
of 0.4 and 2.52E-16, respectively (Table S5). Notably,
the expression of all the 38 DEGs in this pathway were
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downregulated (Table S6). The expression level of these
DEGs in SLCCNV-infected plants were 21.6-48.4% of
that in control plants. For example, the expression of
two genes encoding photosystem II 22 kDa protein (PsbS
homology) was downregulated by 67.3% and 78.4%,
respectively. The expression of photosystem I reaction
center subunit N (PsaN homology) and Cytochrome b6-f
complex iron-sulfur subunit (PetC homology) was down-
regulated by 67.1% and 66.6%, respectively. Summary of
the DEGs in the pathway Photosynthesis revealed that all
the components of photosynthesis complex were affected
by SLCCNYV infection (Fig. 5). Specifically, the expression
levels of the homologs of PsbO, PsbP, PsbQ, PsbR, PsbS,
PsbW, and Psb27 in photosystem II were downregulated.
For photosystem I, the expression levels of the homologs
of PsaD, PsaE, PsaF, PsaG, PsaH, Psal, PsaN and PsaO
were downregulated. The expression levels of PetC (cyto-
chrome b6/f complex) homolog, and PetE, PetF and PetH
that were involved in photosynthethic electron trans-
port were downregulated. Also downregulated were the
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expression levels of the genes encoding F-type ATPase
gamma, delta and b.

Plant-pathogen interaction

Plant-pathogen interaction was the top fifth significantly
enriched pathway, with a rich factor and an adjusted P
value of 0.15 and 0.00035, respectively (Table S5). The
expression levels of the majority of the 42 DEGs in this
pathway were upregulated (Table S7). The expression
levels of the 36 upregulated DEGs in SLCCNV-infected
plants were 2.05-4360.84 folds of that in control plants.
For the six downregulated DEGs, their expression levels
in plants were reduced by 51.3-74.5% upon SLCCNV
infection. Summary of the DEGs in the pathway Plant-
pathogen interaction revealed that many plant defense
machineries were affected by SLCCNV infection (Fig. 6).
Specifically, the expression levels of the homologs of
CDPK, Rboh and CNGCs that regulated pathogen-
associated molecular pattern (PAMP)-triggered immu-
nity increased upon SLCCNV infection. Similarly, the
expression levels of the homologs of MPK4, WRKY25/33,
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ly-identified transcripts, while green fill-ins indicate newly-found transcripts
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MPK3/6 and PRI regulating defense-related gene induc-
tion were upregulated. In addition, the expression of
the homologs of Ptil, RIN4 and HSP90 that regulated
hypersensitive responses and EDS1 that regulated pro-
grammed cell death was induced by SLCCNV.

MAPK signaling pathway-plant

MAPK signaling pathway-plant was the top eighteenth
significantly enriched pathway, with a rich factor and an
adjusted P value of 0.12 and 0.063, respectively (Table
S5). Of the 30 DEGs in this pathway, the expression lev-
els of 24 and six DEGs were upregulated and downregu-
lated, respectively (Table S8). The expression levels of the
24 upregulated DEGs in SLCCNV-infected plants were
2.028-4360.84 folds of that in control plants. For the six
downregulated DEGs, their expression levels in plants
were reduced by 52.9-79.3% upon SLCCNYV infection.
Summary of the DEGs in this pathway revealed that
many plant defenses were modulated by SLCCNV infec-
tion (Fig. 7). For example, the expression levels of the
homologs of MPK4 and WRKY33 regulating camalexin
synthesis increased upon SLCCNV infection. Similarly,
the expression levels of the homologs of MPK3/6 and
PRI that regulated late defense response for pathogen
were upregulated. The expression of the homologs of
MKK9, MPK3/6, EIN3/EIL, ERFI and CHiB that were
involved in defense response were induced by SLCCNV.

Discussion

Begomovirus-plant interactions have been extensively
studied in the past decades, yet how bipartite begomo-
viruses interact with cucurbitaceous host plants remain
unknown. To address this knowledge gap, we first phe-
notypically characterized SLCCNYV infection in zucchini
plants (Fig. 1) and then profiled zucchini transcriptomic
changes induced by SLCCNV. Quality control analy-
sis revealed that the quantity and quality of RNA-seq
data were sufficient for further analysis (Fig. S1, Table
S2-S3). Gene expression analysis identified more than
2000 DEGs, which were subjected to KEGG enrichment
analysis (Figs. 2 and 3, Table S4-S5). qRT-PCR verified
the expression of DEGs in three selected KEGG path-
ways (Fig. 4). Finally, we focused on three KEGG pathway
that were of particular relevance to virus-plant interac-
tion, including Photosynthesis, Plant-pathogen interac-
tion and MAPK signaling pathway-plant (Figs. 5, 6 and 7,
Table S6-S8).

Previously, studies on SLCCNV focus on its detection
and sequence analysis in field-collected samples [23-25,
27-29], or its interaction with whitefly vectors [26]. How
SLCCNV interact with its cucurbitaceous host plants
remain hitherto uncharacterized. Here we used tran-
scriptomic analysis to profile zucchini gene transcrip-
tional changes induced by SLCCNV. Transcriptome

Page 9 of 12

sequencing offers a powerful tool for exploring com-
plex biotic interactions and has been used extensively in
begomovirus-plant interactions [12-22]. By clarifying
the gene expression profiles in virus-infected and con-
trol plants, transcriptomic analysis can provide unprec-
edented insights into the complex molecular dialogue
between plants and viruses. These molecular dialogues
are crucial for understanding the interaction between
plant hosts and viruses, a group of notorious pathogens
[30, 31]. In this study, for the first time, we profiled the
transcriptomic changes induced by SLCCNV in zucchini
plants, and unraveled many important factors potentially
involved in SLCCNV-zucchini interactions.

Photosynthesis is arguably the most important biologi-
cal processes on earth that directly or indirectly provide
energy to almost all forms of life [32]. The photosynthetic
apparatus in plants includes photosystem II, photosystem
I, cytochrome b6/f complex, photosynthethic electron
transport pathways and ATPase [32]. Photosynthesis is
often targeted by plant viruses, leading the development
of symptoms such as mosaic [2]. In this study, we found
all major photosynthetic components were disrupted by
SLCCNV. This disruption may be largely responsible for
the development of SLCCNV-induced symptoms, for
example leaf mosaic due to reduced chloroplast activity
and dwarf due to reduced energy assimilation. The dis-
ruption of photosynthesis pathway has also been uncov-
ered in other plant-begomovirus pathosystems including
cassava-African cassava mosaic virus, chilli and chilli
leaf curl virus, among others [16, 33], suggesting the
conserved targeting of plant photosynthesis pathway
by begomoviruses. Additionally, a recent report unrav-
eled the contribution of photosynthesis-related genes
including PsaC from photosystem I and ATP-synthase
a-subunit (ATPsyn-a) to plant antiviral defenses [34].
The disruption of photosynthetic apparatus found in
our study may also be associated with the interference of
plant defense machinery by SLCCNV.

Upon invasion of pathogens, plant mounts a rep-
ertoire of defense machineries to sustain their own
survival. The perception of PAMPs by plants triggers
PAMP-triggered immunity; as countermeasures, patho-
gens suppress PAMP-triggered immunity by deploy-
ing effectors, which are often recognized by plants and
induce effector-triggered immunity [35]. In this study, we
found that the expression levels of many genes in several
PAMP-triggered immunity pathways were upregulated
upon SLCCNYV infection. Similarly, the expression of a
handful of genes in effector-triggered immunity in zuc-
chini plants was induced by SLCCNV. Mitogen-activated
protein kinase (MAPK) cascade is a central signaling
pathway that connect pathogen perception with down-
stream immune responses [35, 36]. MAPK is involved in
the regulation of various phytohormone pathways and
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plant responses to abiotic stresses [36]. Here we found
that the expression levels of many components of MAPK
cascade were upregulated upon SLCCNV infection. Spe-
cifically, the expression levels of many MAPK compo-
nents involved in the regulation of pathogen infection
and attack, phytohormone pathways including ethylene,
jasmonic acid and abscisic acid, and plant responses to
ozone and wounding were upregulated. For example, the
expression of MKK9 and MPK3/6 regulating ethylene
signaling pathways and MPK6 regulating jasmonic acid
signaling pathway was induced by SLCCNV. The upregu-
lation of genes regulating two layers of plant immunity
and MAPK signaling pathway suggests the activation of
plant immune machineries upon SLCCNYV infection.

Conclusions

To sum up, here we have profiled the changes in gene
expression in a cucurbitaceous host plant upon the infec-
tion of a bipartite begomovirus. SLCCNV modulated the
expression of over 2000 genes, indicating dramatic modi-
fication of zucchini biology. More specifically, SLCCNV
suppressed the expression of many genes involved in zuc-
chini photosynthesis, likely contributing to the develop-
ment of virus infection symptom. The expression of many
genes regulating plant defenses was induced by SLCCNYV,
suggesting the activation of plant immune system. Our
findings reveal the intimate interaction between a cucur-
bitaceous host and a bipartite begomovirus that will be
instrumental in advancing our understanding of plant-
begomovirus interaction and plant-virus interaction in
general.
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