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Gene Expression Analysis For Lychee Under The Influence Of
Peronophythora Litchii

Eric Zhuang

SUMMARY

Lychee (Litchi chinensis Sonn.) is a delicious and nutritious fruit that can be infected by a
plant pathogen called Peronophythora litchii. In this study, our main hypothesis is that Lychee
with or without the inoculation of P. Litchii should exhibit a set of differentially expressed genes
that can be further analyzed.

Although a whole genome sequence was recently completed, research on the functionality
of individual genes under the stress of P. Litchii is scarce. In this work, we acquired a genome-
wide transcriptomic data for two cultivars of Litchi with and without P. Litchii treatments from the
NCBI Gene Expression Omnibus (GEO) database. We then used Deseq? library to identify and
analyze differentially expressed genes. In addition, we studied the top 18 differentially
expressed genes by locating them on the chromosome, describing their gene structure and
finding out a number of conserved motifs. Furthermore, we investigated the promoter area of
those genes (2000 bp upstream) and identified 7 cis-regulatory elements such as ABRE, ARE,
MeJA, TCA that are related to disease response and defense. This will aid in developing new

lychee cultivars that can better resist the infection of P. Litchii.

INTRODUCTION

Lychee (Litchi Chinensis Sonn.), also known as the alligator strawberry, is a delicious and
nutritious tropical fruit native to South China, Malaysia and northern Vietnam (1). It has been
widely cultivated in more than 20 countries worldwide. However, many diseases can affect the
production of this fruit. It is known that the most destructive disease called Litchi downy blight is
caused by Peronophythora litchi (P.Litchi), which leads to water brown spots (2)(3).

A recent effort of investigating the nature history of Lychee domestication produced the
whole genome wide sequencing for one of the cultivars (4)(5). However, most of the lychee
genes related to the response to P.Litchii infection are still not well understood. Hailun Liu et. al.

studied a group of LcCDPK genes and show they can express differently when exposed to
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P.Litchii infection (6). Another study done by Peng Li, et. al. showed that a RXLR effector called
PIAvh202 is the main contributor to the virulence of P.Litchii (7).

J. Sun et. el. did a study on Lychee’s response mechanism when infected by P. Litchii for
two Lychee cultivars. They showed how the two cultivars respond differently during the early
stage of infection, and arrived at the conclusion that quickly recognition and early responses to
pathogen is key to achieve better resistance to P. Litchii infection (8).

In this work, we aim to identify biomarkers that differentiate expressed genes for Lychee with
or without the inoculation of P. Litchii. Furthermore, we analyze the functionality of those genes
in several different ways. The outcome of this work might lead to the finding of more disease
resistant cultivars for Lychee.

A summary of contributions from our study:

1. We conducted differential gene expression analysis for two Lychee cultivars and

identified top differentially expressed genes with regard to P.Litchii inoculation.

2. We found that a lot more genes are highly expressed for the Yurong cultivar.

3. We analyzed top differentially expressed genes, found out their gene structure and

location on the Lychee chromosome.

4. We identified a number of conserved motifs out of those top genes.

Lastly, we examined cis-acting regulatory elements in the promoter area of the top
differentially expressed genes (2000 bp upstream) and identified 7 elements that are

related to disease and stress responses.

RESULTS

In order to study how Lychee responds to the Influence of Peronophythora Litchii in terms of
gene expression, it took several steps to identify top differentially expressed genes and study
their characteristics. During the first step, we run Deseg2 (9) to process dataset GSE201243
from NCBI's Gene Expression Omnibus (10). The dataset contains expression counts for 34K
genes with comparison between those treated with P.Litchii and those that are not. There are
two cultivars under study: 'Guiwei' and 'Yurong'. With each experiment repeated three times.
The output of the Deseq2 analysis is a data frame with each row being a gene and columns are
adjusted Pvalue, Pvalue and Log of Folding Change.

-log(Pvalue) and Log2 of fold changes are used to drawn as a volcano graph as shown in
Figure 1. The cutoff of the adjusted Pvalue is set to 0.05, so genes that are expressed
significantly differently are on the upper side of the graph, either marked as blue for

downregulated genes or red for upregulated genes. The top figure is for ‘Guiwei' and the bottom
2
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figure is for 'Yurong'. Based on the Pvalue threshold, we found 15 upregulated genes and 2
downregulated genes for ‘Guiwei’ and 39 upregulated genes and 78 downregulated genes for
‘Yurong'. Most genes with high folding change are in the middle of that log range though. The
236 upregulated genes sit on the top of the figure while the 14 downregulated ones sit at the
bottom. Most genes with significant folding changes are upregulated genes.
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68 Figure 1. Volcano plot indicating top differentially expressed genes for GSE28674. Top:
69 Guiwei, Bottom: Yurong, Red = upregulated, blue = downregulated.
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We picked 18 genes with high folding changes from the two cultivars for further study. Next,
we compared the 18 genes in terms of folding changes across the two cultivars. Figure 2 shows
a heatmap comparing those genes. The clustering shows that they can be categorized into
three types: high logFC for both cultivars, high logFC for Guiwei only and relatively low logFC

for both cultivars.
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Figure 2. Heatmap comparing top differentially expressed genes for Guiwei and Yurong.
Color indicates different Log2FC values.
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Figure 3. Location of the top differentially expressed genes on the chromosome.
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Next, we show the position of the top differentially expressed genes on the chromosomes. It
can be seen from Figure 3 that the 18 genes spread across 10 chromosomes (out of a total of
15 chromosomes for Lychee). Most of the chromosomes get at most 1 gene, but there are 5

genes on chromosome 15 and 3 on chromosome 5.
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Figure 4. Gene structure of top differentially expressed genes.

Since most genes of Lychee are not well understood, we intend to further analyze their
internal structure. On Figure 4, we illustrate the structure of the selected genes. The yellow
segments are exons and the sold lines are introns. The number of exons varies greatly across
different genes. For example, LITCHI025738 contains 10 exons, whereas LITCHIO07102 only
contains 2 exons. Another interesting gene is LITCHIO01510, it is the longest among the 18
genes, but most part of the gene are introns. On the other hand, LITCH025738, LITCH012388
and LITCH028401 contain many small exons.

To further investigate the structure of these genes, we did an analysis on conserved motifs.
As shown in Figure 5, we were able to identify 20 motifs. Their distribution is also shown on the

figure. Most genes contain only a small number of motifs, except for LITCHIO09301,
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LITCHIO002793 and LITCHIO01510. Among all the motifs, Motif2, Motif5 and Motif7 are part of
the Thaumatin family.
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Figure 5. Distribution of conserved motifs on top differentially expressed genes.

Cis-acting regulatory elements encode the genomic functionality that leads to the proper
spatiotemporal patterning of expressed genes necessary for appropriate responses to the
environment (11).

Functionalities such as abscisic acid response, elicitor-mediated activation, MeJA responses
and salicylic acid responsiveness are essentially for plant development and stress response.
For the top differentially expressed genes identified earlier, we performed an analysis to search
for Cis-acting regulatory elements in their promoter area. Many Cis-acting regulatory elements
were found. In Figure 6, we looked at elements that might be related to Lychee’s response to
P.Litchii. A total of seven cis-acting regulatory elements were investigated: TCA-element, ABRE,
ARE, MeJA, TC-rich repeats, AT-rich sequence and MBS. On the figure, we can see that those
elements spread across most of the genes except for LITCHI 002793, which is a relatively short
gene. Further on Figure 7, we tabularize the number of occurrences of each cis-acting

regulatory element on each top gene.
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Figure 7. Types and numbers of cis-acting regulatory elements in promoters of top
differentially expressed genes.



125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

It is noteworthy that ABRE occurs frequently for LITCHI025738 and LITCHI019519; ARE
occurs frequently for LITCHI011394 and LITCHIO01552; MeJA occurs a lot for LITHI017995,
LITCHIO28104 and LITCHIO01510. For the rest cis-acting regulatory elements (AT-rich
sequence, MBS, TCA-element and TC-rich repeats), they only show up sporadically on the top
differentially expressed genes.

DISCUSSION

Figure 1 shows that there are a lot of more differentially expressed genes for Yurong, which
indicates that this cultivar responds quite differently from Guiwei. Hailun et. el. also found out
that several CDPK family genes were highly expressed after inoculation with P.Litchii and noted
that Yurong is a cultivar with high resistance to P.Litchii (6). This study provides more insights
into how Yurong responds differently to Lychee downy blight. A much larger number of
differentially expressed genes can indicate more complicated response mechanism for the
Yurong cultivar.

Figure 3 and Figure 4 show the structure and location of top differentially expressed genes.
Furthermore, we list their functionalities in Table 1. Proteins are categorized into “stress
response”, calcium binding, enzyme and other.

LITCHIO28104 is determined to be a Jacalin like Lectin, which is potentially an antiviral
protein (12). In the meantime, LITCHI011394 is considered part of a pathogen-related family.
Next, we have LITCHI012388, which belongs to the heat-shock protein 70 (HSP70) family,
some of which are only expressed under stress conditions (13). Furthermore, both
LITCHIO01552 and LITCHIO25738 are stress-related. They are cyclase-like plant proteins,
which are involved in responses to abiotic stress (14).

Both LITCHIO09301 and LITCHIO02793 are Osmotin/Thaumatin like proteins. Thaumatin is
an extremely sweet-tasting protein found in berries from Thaumatococcus daniellii, a tropical
flowering plant (15). If attacked by viroids, a single-stranded unencapsulated RNA molecule,
Thaumatin gets induced. Other the other hand, Osmotin is part of the PR-5 protein family whose
members are homologous to Thaumatin. Osmotin and other PR-5 proteins were known to have
antifungal activity against a broad range of fungi, including several plant pathogens (16).

The next two are: LITCHI017995, a Metalloendoproteinase, that is zinc-dependent, calcium-
activated protease; and LITCHI019519, which involved in EF-hand Calcium binding. Both genes
could be part of a pathway related to calcium binding.

We also observe two enzymes among the top differently expressed genes. LITCHI002550,

belongs to the cytochrome P450 family. It is involved in many biosynthetic pathways and
8
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catalyzes a range of reactions. LITCHI019299, LITCHIO17676 are S-adenosylmethionine
related. It is a key regulatory enzyme in the biosynthesis of polyamines.

For the remaining ones, LITCHIO07102 is a plant specific phytosulfokine precursor proteins.
Phytosulfokines (PSK) belongs to the group of plant peptide growth factors, while
LITCHIO19183 and LITCHI018043 are plant lipid transfer proteins.

Note that, not all top expressed genes are well-understood. For example, LITCHIO01510
and LITCHIO01512 are not characterized, pending future study.

Protein Functionality Category
LITCHI028104 Jacalin-like lectin stress response
LITCHIO11394 pathogen-related protein family stress response
LITCHIO12388 Heat shock protein stress response
LITCHIO01552, LITCHI0O25738  cyclase-like protein stress response
LITCHIO09301, LITCHI0O02793  Osmotin, Thaumatin like stress response
LITCHIO19519 EF-hand Calcium binding calcium binding
LITCHIO17995 Metalloendoproteinase calcium binding
LITCHIO02550 cytochrome P450 enzyme
LITCHI019299, LITCHIO17676  S-adenosylmethionine related enzyme
LITCHIO07102 phytosulfokines other
LITCHI019183, LITCHI018043 plant lipid transfer protein other

Table 1. Functionality of top differentially expressed genes.

For the motifs show in Figure 5, Thaumatin family Motifs are also present. This family of
genes are known as pathogenesis-related group 5 (PR5). Such proteins are involved in
systemically acquired resistance and stress response. Many Thaumatin-like proteins
accumulate in plant when responding to infection by a pathogen and performing antifungal
activity (17).

Figure 6 and Figure 7 show the seven cis-acting regulatory elements related to plant’s
disease fighting. To better understand the functionality of such elements, we list their
functionalities in Table 2.

First, ABRE element are ABA-responsive elements involved in abscisic acid responsiveness
(18)(19). Abscisic acid (ABA) plays a crucial role in plant’s reaction to environmental stress
during vegetative growth. ABA-mediated responses induce expression of a large number of
genes, which is mediated by ABREs (20). In this study, we are mostly seeing ABRES in the form
of ACGTG.
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ARE and MBS are two other cis-regulatory elements. Both respond to environmental
changes under various conditions, although they are not directly linked to Lychee downy blight
pathogen. We are seeing AREs in the form of AAACCA sequence and MBS in the form of
CAACTG sequence.

In the meantime, AT-rich sequence TAAAATACT were found in a few top differentially
expressed genes. They are elements for maximal elicitor-mediated activation. Elicitors are
compounds that can activate chemical defense in plants (21).

Methyl Jasmonate (MeJA) is a type of signaling molecule that helps plant development and
stress response. It can activate plant defense mechanism for a wide range of pathogens. For
example, Y. Zhang et. el. found out that MeJA-responsive proteins played a critical role in
Maize’s response to pests and insects (22). For several top differentially expressed genes in
this study, we observed high concentration of MeJA cis-regulatory elements in their promoter
area, typically in the form of CGTCA or TGACG.

TCA-elements are involved in salicylic acid responsiveness. Note that hypersensitive
reaction is known to be away to prevent pathogen spreading by programmed cell death.
Hypersensitive reaction cab triggers systemic acquired resistance (SAR) by salicylic acid
mediated defense and provide broad-spectrum immunity to infection [from the early response
paper]

TC-rich repeats are known to participate in plant defense and stress responsiveness (23). In
this study, we are seeing TC-rich repeats in the form of GTTTTCTTAC.

cis-regulatory element functionality

ABRE cis-acting element involved in the abscisic acid responsiveness
ARE cis-acting regulatory element essential for the anaerobic induction
AT-rich sequence element for maximal elicitor-mediated activation

MBS MYB binding site involved in drought-inducibility

MeJA cis-acting regulatory element involved in the MeJA-responsiveness
TCA-element cis-acting element involved in salicylic acid responsiveness
TC-rich repeats cis-acting element involved in defense and stress responsiveness

Table 2. Functionality of identified cis-regulatory elements in the promoters of top
differentially expressed genes.

Note that, the cis-acting regulatory elements found in this study are commonly observed to
expressed as a mechanism for stress responses. For example, Y. Qian et. el. discovered a
similar set of cis-regulatory elements in maize (24).

In conclusion, we found many differentially expressed genes due to P.Litchii inoculation. We

then analyzed those genes, and found that many of them are related to stress responses. In

10
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addition, we identified Thaumatin family Motifs out of those top genes, which is pathogenesis-
related. Lastly, we examined cis-acting regulatory elements in the promoter area of the top
differentially expressed genes (2000 bp upstream) and identified 7 elements that are related to
disease and stress responses.

MATERIALS AND METHODS

Gene expression data for Litchi Chinensis is scarce. We searched the NCBI Gene
Expression Omnibus (GEO) and found two sources of data: whole genome sequence from (5
and genome-wide transcriptomic data was obtained by high throughput sequencing for two
cultivars 'Guiwei' and 'Yurong' either inoculated with P.Litchii or not. This is from dataset
GSE201243 (10). The treated leaves were collected at 24 hpi.

Index of the reference genome was built using Bowtie v2.2.3 and paired-end clean reads
were aligned to the reference genome using TopHat v2.0.12. HTSeq was used to count reads
numbers mapped to each gene. And then FPKM of each gene was calculated based on the
length of the gene and reads count mapped to this gene.

Next, differential expression analysis of two conditions/groups was performed using the
DESeq2 R package and produce a list of differentially expressed genes. With a Pvalue
threshold of 0.05, there are 15 upregulated genes and 2 downregulated genes for Guiwei and
39 upregulated genes and 78 downregulated genes for Yurong. We then take the top 18 in
terms of folding change out of the two lists for further investigation.

TBtools (25) were used to draw the heatmap, extract gene coordinates from GFF3 file and
show their position on the chromosomes and their gene structure. In order to identify conserved
motifs, we first convert nucleotide sequences to protein sequences using TBtools. The resulting
fasta file is then fed to the MEME Motif-based sequence analysis tool (26), which produces an
XML file that can be visualized using TBtools.

To classify protein and motifs, we used PFAM (27) by passing in a list of motifs and top
differentially expressed genes as a fasta file.

In order to analyze Cis-acting regulatory elements, we used TBtools to extract 2000 bp
before each selected gene. This sequence is then input into PlantCare (28) to identify cis-acting
regulatory elements. The next step is to take the tab files from PlantCare, which is a fasta
format file with all identified cis-acting regulatory elements, filter out irrelevant elements and and
feed the rest into TBtools to draw the location of those elements. Lastly, relevant elements are
counted for each top differentially expressed gene and we used R’s dplyr and ggplot2 library to

draw the graph with color gradient.
11
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