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1) Introduction

3) Materials and Methods

4) Results

Plant endogenous small RNAs (sRNAs) are ~20-24nt RNA molecules, classified
based on their biogenesis and functions (Fig. 1). SRNAs are key regulators of
plant development and environmental responses.
SRNAs have been sequenced in many plant species producing a large amount
of available data. Excluding Arabidopsis, there is a problem of data integration:
published works have processed their sequencing data differently, resulting in
multiple existing small RNA annotations for each species. This makes it difficult
to use and compare the existing data in new studies.

• We selected 41 plant species with a valuable economic market, a sequenced
genome and available high-quality Illumina sRNA-seq data (Fig. 3). Spinach,
carrot and cacao were newly sequenced because no public sRNA-seq data
was available. All sRNA-seq libraries were processed and analyzed
consistently with the same methods described below.

A database was created where for each species the following data were stored:
• annotation of reference sRNA loci
• annotation of MIRNA loci from miRBase 21 and published works, annotation
of TAS3 loci from the literature, converted to the genome assembly used here
• annotation of genes and repeats, retrieved from the same genome’s source
• alignment (and coverage) of all individual samples
• alignment (and coverage) derived from merging all individual alignments for a
species, called here reference alignment.
The reference alignment was used to analyzed the reference set of sRNA loci for
characteristics like predominant RNA size (Fig. 5), major RNA sequence,
strandedness, complexity.

# species annotated: 41
# species newly sequenced: 3
# libraries analyzed: 1,158
# reads processed: 19,267,510,077
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Fig. 1 Classes of plant endogenous small RNAs grouped based on their biogenesis and function. Note that
not all classes of existing sRNAs are reported here, for example t-RNA derived sRNAs are not shown.

2) Objective
The goal of our work is to integrate the large number of sRNA-seq libraries
previously deposited in GEO/SRA to create a single comprehensive annotation
of sRNA loci for every plant species considered (Fig. 2).
INPUT:
sRNA-seq libraries
PROCESS: trim 3’ adapter,
remove reads with 5’ adapter,
remove low quality reads

Fig. 2 Summary of the workflow
followed to generate a reference
sRNA annotation for each species,
starting from raw sequencing data.

ALIGN reads to genome
POST-ALIGNMENT filters
IDENTIFY sRNA loci in
each individual library
SELECT commonly
expressed sRNA intervals
between samples

OUTPUT: single, robust
reference sRNA loci
annotation
OUTPUT: JBrowse
display of sRNAs and
annotations
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Fig. 3 Phylogenetic tree of the 41 plant species
for which we created a reference sRNA loci
annotation. The tree is based on the NCBI
taxonomy (generated with phyloT website).

• Processing of sRNA-seq libraries: 3’ adapter trimming, removal of reads
containing the 5’ adapter (cutadapt); removal of low quality reads (FASTXToolkit); manual inspection of library quality, overrepresented reads and RNA
size distribution (FastQC).
• Alignment of reads to the genomes (ShortStack 3.8.1, default parameters, in
detail: 1 mismatch allowed, 50 multi-mappings allowed, multi-mapped reads
placement guided by uniquely mapping reads).
• Post-alignment filters: selection of libraries with at least 2M mapped reads and
with a broad RNA size distribution (not restricted to the interval 20-24nt).
• De novo identification of sRNA loci independently in each library (ShortStack
3.8.1, default parameters except: minimum coverage of 2 Reads Per Million,
RPM) (Fig. 4).
• Annotation of the reference set of sRNA loci in each species: first the sRNA loci
annotations from all samples of the same species are intersected to find
overlaps (multiIntersectBed). Then, only genomic intervals with at least 3
overlaps (= expressing sRNAs in at least 3 samples) are selected and merged
if closer than 25nt. Finally, intervals longer than 15nt and more abundant than
0.5 RPM in all samples are selected and annotated as reference sRNA loci
(Fig. 4).
chr3:10,200-10,390
Fig. 4 Example of the pipeline used to
define the reference sRNA loci. S1-5
are 5 different samples sequenced for
a determined species. The black
blocks indicate the sRNA loci
identified independently in each of the
samples. The red block indicates the
genomic region passing the filters for
sRNA loci annotation: two regions on
the left delimited by grey dashed lines
express sRNA in at least 3 samples,
are both longer than 15nt and are
merged into a single locus because
closer than 25nt. The region on the
right does not pass the filters because
shorter than 15nt.
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Plant endogenous small
RNAs (sRNAs) are ~20-24nt
RNA molecules, classified
based on their biogenesis
and functions (Fig. 1). Small
RNAs ar1) Introduction
e involved in the
regulation of many
essential processes related
to plant development and
environmental responses.

Percentage on total sRNA loci
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Fig. 5 Percentage of sRNA loci with predominant size of
20-24nt or outside the range 20-24nt, as calculated on the
reference alignment. A reference sRNA locus passing the
ShortStack criteria for MIRNA annotation in at least three
libraries independently is annotated as MIRNA locus.

All data are publicly available at plantsmallrnagenes.psu.edu/, a JBrowse
browser where the user can:
select and download alignments based on
select and download sRNA, MIRNA,
genotype, ecotype, developmental stage,
TAS3 loci, genes and repeats
tissue and growth condition

navigate alignments and annotations
colored by RNA size
retrieve detailed
information
about individual
sRNA loci

5) Conclusion

S1 loci
Our database and genome browser allow a fast an easy access to the large
amount of sRNA sequencing information existing in the literature. It can benefit
further genome-wide studies about sRNAs conservation between species, by
providing ready-to-use and directly comparable sRNA annotations.
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