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RNA-Seq in plant organelles: why, how and new statistical
approach

Benoît Castandet (IPS2 - Université Paris-Diderot)

Development of RNA-Seq strategies to study the chloroplast transcriptome

Organelles are descendants of ancient, free-living bacteria, and during the course of evolution,
most of the endosymbiont genetic content has been lost. Expression of the remaining genes now
depends on a complex interplay of nuclear and organelle-encoded proteins. As many as three RNA
polymerases and six sigma factors create the primary transcriptome, which is further processed by an
array of ribonucleases, RNA-binding proteins, and RNA splicing and editing factors, ultimately pro-
ducing mature transfer RNAs, ribosomal RNAs, and messenger RNAs (tRNAs,rRNAs, and mRNAs,
respectively). As a consequence, deciphering the roles of these various factors in post-transcriptional
maturation in vivo is tedious and labor intensive, with the extensive use of traditional molecular
biology tools like RNA blots. This has long impaired any global understanding of the organellar
RNA maturation processes. These limitations have been largely overcome by the wide adoption
of high-throughput cDNA sequencing (RNA-Seq) for the last ten years. In particular, combining
the power of RNA-Seq to the precision of in-depth molecular analysis proved to be an invaluable
methodology to study RNA editing, splicing and to decipher the role of chloroplast ribonucleases.

Arnaud Liehrmann (IPS2 - Université d’Évry)

Automatic differential analysis of transcription variants in the chloroplast with change-
point detection analysis

Several RNA-Seq based strategies have recently been developed to decipher the chloroplast gene
expression complexity. Most of the tools developed, however, only count the abundance of sequenc-
ing reads along annotated patterns (typically genes) and therefore neglect non-coding regions and
regulatory events within genes that are pervasive in the chloroplast transcriptome. In the context of
differential expression analysis, these events result in local changes in the log-ratio of coverage along
the genome between compared conditions. Our method, DiffSegR, allows systematic identification
of differential maturation events without relying on pre-existing annotations in a two-step design:
(1) Summary of the transcriptionnal landscape. We propose to identify these local changes, also
called changepoints, in the log-ratio of RNA-Seq signals using a fast multiple changepoints detection
algorithm that optimizes a penalized likelihood criteria [4]. These changepoints define the limits of
intervals within which overlapping reads are then summarized. The first step ends by building a
count matrix. (2) Differential expression analysis. Each Interval, through its associated row in the
count matrix, is statistically assessed for quantitative changes in expression levels between compared



conditions using the negative binomial model of edgeR [5] or DESeq2 [3]. We illustrate our method
on two RNA-Seq datasets that were previously used in combination with traditional molecular biol-
ogy techniques to decipher the role of the chloroplast ribonucleases PNPase [1] and MiniIII [2]. On
these two sets of maturation events, DiffSegR returns results close to the expert annotation of the
chloroplast RNA-Seq signals performed by biologists, while reducing the analysis time from several
hours to a few minutes.
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