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Abstract: Over the recent years, a wide-ranging application of transcriptome analysis has been
implemented in deciphering host-pathogen interaction in plants to understand the fundamental process
in plant disease incidence. The emerging sequencing technology enables researchers to perform dual
RNA-seq, which is an application process to capture the gene expression changes in both host and
pathogen simultaneously. In parallel to the advancement of cutting edge sequencing technology, the data
analysis is vital to understand the generated data from biological sight. In this study, we implement a
computational pipeline of dual RNA-seq data analysis to explore the potential underlying in the dual RNA-
seq data in identifying the candidates of genes that might contribute in plant host-pathogen interaction.
The pipeline is composed of a series of bioinformatics approaches which delineated into five phases. The
pipeline starts with data pre-processing that involves RNA-seq data quality assessment and filtration to
obtain high quality data for consequence steps. It is next followed by transcriptome analysis whereby the
transcripts are separated between host and pathogen, mapped and assembled, and followed by
differential expression profiling. In the third phase, the assembled transcripts are functionally annotated
and encoded proteins are predicted. The predicted proteins are then entitled to a sub-pipeline of
secretome identification to predict the secreted protein candidates in the pathogen. In the final phase,
the data analysis pipeline is finalised by homology-based analysis that is partaking to spot the candidates
of genes that possibly involved in host-pathogen interaction. Through execution of this sequence-based
data analysis pipeline, we anticipate the prospective influence of structure-level data analysis in the study
of host-pathogen interaction in plant.
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INTRODUCTION

The interaction of host-pathogen is complex due to the fact that obtaining a comprehensive
understanding of the interactions is very challenging. For instance, to understand a disease caused by
pathogen in a plant, a thorough knowledge is required to identify the expressed genes in different
conditions and their expression might imitate to how they respond during an infection. It is common to
apply RNA sequencing (RNA-seq) application onto a single species to observe the gene expression in a
single species of interest (Westermann, Gorski, & Vogel, 2012). However, in host-pathogen interaction
study, a more sophisticated approach is required because two interacting organisms are being studied at
the same time. Therefore, the independent transcriptome approach might not sufficient to illustrate a
clear indication of expression in both organisms at the same time. Fortunately, the next generation
sequencing technology is now enable researchers to perform dual RNA-seq, which is a refined approach
of RNA-seq that allow the capture of both transcriptomes in two interacting species without physically
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separating cells or RNA (Westermann et al., 2012; Wolf et al., 2017). Thus, the associated gene expression
changes in both host and pathogen are now can be profiled simultaneously during the invasion of plant
pathogen into the host. The revolutionised application of dual RNA-seq is applied to map the
transcriptional networks that mediate host-pathogen interactions. The advanced approach of dual RNA-
seq also reflects to the need of more comprehensive data analysis to turn out the raw data into beneficial
information. In silico analyses are essential in the data analysis to distinguish the species-specific
transcripts, as well as in exploring the profile of genes expression in both species. In this study, a pipeline
to analyse the resultant data from dual RNA-seq data in plant host-pathogen study is demonstrated, as
opposed to independent analysis step taken in most research. This pipeline describes a series of
transcriptome data mining to sequence analysis of potential candidate of genes that might relevant in
host-pathogen interaction.

METHODS

Raw data pre-processing

The RNA-seq raw data generated by sequencing machine is evaluated prior to other analyses using
FASTQC program (Andrews, 2010). In this phase, reads that are not meet the quality criteria are removed
from the dataset using customised PERL scripts. This includes reads with base quality less than Qpnred 20
and less than 50 bp in length. Besides, vector and adaptor sequences are filtered out to avoid foreign
reads from the dataset. Reads that remain in the dataset are called high quality reads and subjected to
further analysis.

Transcriptome analysis

Reads from the host and pathogen are distinguished using BLASTN program (Altschul, Gish, Miller, Myers,
& Lipman, 1990) against available database of both organisms. After separation, the reads are assembled
using one of two available approaches: reference or de novo assembly. When reference genome is
available, reference assembly is performed by mapping reads to the genome using STAR mapping tool
(Dobin et al., 2013) and assembly via Cufflinks tool (Trapnell et al., 2010a). Otherwise, in the absent of
reference genome, a de novo assembly is done by Trinity tool (Grabherr et al., 2011). In each case of host
and pathogen, the assembled transcripts are joined using Cuffmerge program (Trapnell et al., 2010b) to
produce a reference annotation. This reference annotation is applied in the expression profiling analysis
using differential expression analysis tools such as Cuffdiff (Trapnell et al., 2013) and edgeR (Robinson et
al., 2010).

Annotation: genome and transcriptome

The assembled transcripts of both datasets are annotated using a combination of programs. Genes
encoded by the transcripts are predicted using CodingQuarry (Testa et al., 2015). Predicted genes are
annotated via a series of functional annotation analysis in BLAST2GO program (Conesa et al., 2005). On
another note, transcripts are annotated using TRAPID (Van Bel et al., 2013), an online tool for de novo
assembled transcripts data.

Secretome mining

The presence of signal peptide sequences are predicted using SignalP 4.1 server (Nielsen, 2017) and
sigcleave program in EMBOSS package (Rice et al., 2000) reports on signal cleavage sites in a protein
sequence. Transmembrane helices region in proteins are screened using TMHMM server (Krogh et al.,
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2001). The subcellular location of eukaryotic protein is predicted using TargetP 1.1 server (Emanuelsson
et al, 2000).

Homology-based analysis

Target of known genes of interest are retrieved using UniProtKB/Swiss-Prot database (Consortium, 2017).
The genes are searched against predicted proteins of host/pathogen that are pre-formatted into a BLAST
database. With the cut-off E-value of minimum 1e™ and at least 30% identity level, a match that covers at
least 50% of the query sequence is considered significant and subjected for further analysis.

RESULTS AND DISCUSSION

The data analysis pipeline is delineated into five phases approach: raw data pre-processing, transcriptome
analysis, genome or transcriptome annotation, secretome mining and homology-based analysis (Figure
1). The pipeline is powered by open source tools and public databases that well-known as data repository
for biological data analysis.

Dual RNA-seq contains a mixed of transcriptomes from both species (plant and pathogen). Prior to
sequencing, one should emphasize on the sequencing depth that is required to ensure a whole
representation can covers the most of the transcriptome in both species (Westermann et al., 2012). The
sequenced raw reads are pre-processed in the first step to eliminate bad quality reads and foreign
sequences. This is important to ensure that the consequence analysis will only consist of high quality reads
to avoid noise or false positive in the analysis (Kukurba & Montgomery, 2015; Mazzoni & Kadarmideen,
2016).

The high quality reads that passed quality assessment contains the mixture of reads from both host and
pathogen. The transcripts are segregated using mapping approach via homology search. At this point,
available databases of both organisms are utilised to support in the separation process. This may involve
genome and transcriptome databases which can be obtained from public databases or in-house research
data. Remarkably, a limitation of reference database that been used might lead to high number of
unmapped reads. However, this limitation could be replenished by performing a de novo assembly of
those unmapped reads to identify the origin of the reads, either from host or pathogen.

Otherwise, mapping and assembly process is performed using reference-based approach when there is
reference genome available (Dobin et al., 2013; Trapnell et al., 2010). Based on the assembled data, genes
that expressed in different samples will be determined via differential expression using tools, such as
Cuffdiff (Trapnell et al., 2013) and edgeR (Robinson et al., 2010). Up-regulated and down-regulated genes
in the plant and pathogen will be obtained with corresponding expression level (in FPKM value and fold
change), that is useful in spotting genes that are expected to be over- or under-expressed during certain
conditions in respective organisms.

In this pipeline, the gene candidates are annotated using a series of annotation process in BLAST2GO
(Conesa et al., 2005). The annotation acts as early indicator of the genes function which might describe in
the gene ontology (GO) terms. For instance, genes that involve in host-pathogen interaction may
associated to GO terms of G0:00044419 (involved in defense response), G0:0043657 (cellular
component: host cell) and GO:0009405 (pathogenesis)
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Figure 1. Pipeline for analysis of dual RNA-seq data in plant host and pathogen study. The pipeline is
described into five phases (orange boxes), input/output files are shown in grey-coloured box.
Implemented tools are listed in the dotted-border boxes.

CONCLUSIONS

Conclusions should include (1) the principles and generalisations inferred from the results, (2) any
exceptions to, or problems with these principles and generalisations, (3) theoretical and/or practical
implications of the work, and (5) conclusions drawn and recommendations.
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