Transcriptome analysis using RNA-seq
Life may be possible without DNA, but without RNA molecules, it is definitely not. They perform life-essential functions like carrying
the genetic information out of the nucleus (mRNA), translating the information encoded into amino acid information (tRNA) and
making the complex structure that synthesizes the proteins encoded by mRNA (rRNA). Understanding the types and abundance of
RNA molecules present in each cell or a cell type under specific conditions is the goal of RNA research. The advent of next-generation
sequencing technologies has enabled massive and deep studies on RNA. The information contained in the genome (DNA) is
transcribed into RNA molecules by a process called transcription. The transcribed regions of the genome encode different types of
RNA molecules, like mRNA, tRNA, rRNA, miRNA, lincRNA, snoRNA and others. The full complement of transcribed RNA products
constitutes the transcriptome. The use of high throughput sequencing enables the study of transcriptomes and is termed as RNA-Seq.
RNA-Seq typically has been mainly employed to selectively study messenger RNA (mRNA), although other RNA types have also been
studied. The mRNA, a single-stranded RNA derived by transcription of gene coding segments of the genome, is translated by the
protein synthesis machinery in the cells to produce proteins. Proteins ultimately drive almost all the biological processes within a cell.
RNA-Seq provides a comprehensive and quantitative survey of the cellular transcriptome. It allows the identification of novel
transcripts, splicing isoforms, and gene-fusion transcripts. The deep sequencing technology can identify sparsely expressed
transcripts with low background noise. Apart from profiling, RNA-Seq data also provides quantitative and differential gene expression
information.
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Applications
RNA-seq has multiple applications in agriculture, animal husbandry, and health. For research that involves monitoring the cellular
response to stimuli, treatment or environment change, understanding the differential gene expression patterns can provide
insights into their physiological responses. Profiling the various RNA molecules provides insights into factors defining specific
phenotypes for e.g. the color of tomato, medicinal properties of herbs, secondary metabolites in prokaryotes, a bioactive
compound in a marine organism etc.

RNA-Seq at AgriGenome
RNA-Seq data collection at AgriGenome involves the
following
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1. Illumina Paired-end libraries
●

RNA Quality Control – High-quality RNA quantified and qualified using
Qubit Fluorometer and Agilent Tapestation.

●

Library generation – Stranded, non-stranded, ribosomal RNA-depleted,
mRNA enriched, etc

●

Sequencing of Libraries – HiSeq 4000 and HiSeq X platforms to generate
read lengths of 2x100 bp or 2x150 bp

●

Libraries are produced by generating cDNA from RNA and then adding
adapters to the cDNAs. Fig.1 provides details of RNA-Seq library
construction, and sequencing.
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2. PacBio Iso-Seq
●

Full-length cDNA preparation from RNA and fractionation into
small and large transcripts

●

Library preparation using PacBio protocols

●

Sequencing on PacBio sequel platform to obtain full-length
circular consensus sequence (CCS) reads

Mapping to Genome

Fig. 1: RNA-Seq workflow at AgriGenome

Bioinformatics analysis at AgriGenome
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The major application of RNA-Seq and Iso-Seq are
●

Novel transcripts discovery

●

Transcript abundance and gene expression profiles

●

Coding regions in a genome

●

Splice junctions, splice variants and splicing patterns

●

Comparison of transcript abundance between samples

●

Fusion transcripts

Data quality check

Read mapping to reference
or de novo assembly

Types of analysis - Reference-based or de novo ?

Differential expression
analysis

The most suitable method can be chosen from the large
number of available methods based on the required analysis.
Typically, RNA-Seq reads of an organism can be mapped back
to, and expression estimates calculated based on, its
reference genome. For organisms that do not have a reference
genome, the reads can be assembled de novo. The reads are
mapped back to this draft assembly for estimating expression
levels. Expression estimates are normalized for gene length
and read abundance, so it can be compared across datasets.
AgriGenome has developed custom pipelines that can carry
out accurate assembly and analysis of the RNAseq data
generated. The general scheme of analysis can be seen in
Figure.2
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