Identification of Cassava MicroRNAs under Abiotic Stress
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Introduction

MicroRNAs (miRNAs) are small non-coding endogenous RNA molecules that regulate gene
expression in plants and animals. MiRNAs play a key role in multiple biological processes
including stem cell differentiation, organ development, signaling, and response to biotic and
abiotic stresses. Cassava (Manihot esculenta Crantz), one of the most important crops in
tropical regions of the world, is tolerant to drought and other adverse conditions, making it a
desirable model for understanding post-transcriptional control in plants in the light of climate
change. Most miRNAs discovered in cassava were predicted using bioinformatics alone or
through sequencing of plants challenged by biotic stress. Here, we use deep-sequencing and a
combination of bioinformatics methods to identify potential cassava miRNAs expressed in
different tissues subject to heat and drought conditions. We predict 881 cassava miRNAs and
1136 possible gene targets. To validate our approach, we verified the condition-specific
expression of 5 cassava small RNAs using real time PCR. We also found a significantly lower
expression of the predicted target genes under drought stress compared to other cassava
genes. Finally, gene ontology enrichment analysis allowed us to identify several interesting
miRNAs that may play a role in stress-induced post-transcriptional regulation in cassava and

other plants.
Results and Discussion

Deep sequencing of cassava miRNAs:

We obtained over 14 million lllumina reads with a expected read length distribution for miRNA
sequencing (Figure 2). 60 conserved sequences obtained at the end of the analysis pipeline
were joined in 26 families (Figure 3) based on the names already established for corresponding

miRNAs in other species.
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Figure 3. Distribution of 60 conserved cassava miRNAS grouped
in 26 different families. Names correspond to homologous small
RNAS in other plant species.

Figure 2: Frequency distribution of cassava small RNAS
between 15 to 30 nt. Reads with 20 to 25 nts (black box)
in length were selected for further analysis

Target gene identification and functional analyses:

Targets of conserved miRNAs showed a significant enrichment of transcription factors (Figure
4A)
* MiR156 targeted genes in the squamosa promoter-binding family

MiR159 targeted a MYB-like regulatory protein

MiR160 which was previously associated to drought stress [2] and which we found to target
several auxin response factors (AFR10, AFR16, AFR17). AFR10 and AFR16 were shown to
increase their expression in the roots of drought treated Sorghum bicolor, suggesting a
common mechanism in cassava given our observation of lower miR160 expression under
those conditions.

Targets of non-conserved miRNAs were mainly enriched in protein modification enzymes
involving multiple kinases and phosphatases (Figure 4B).

Protein phosphatase homologous to an abscisic acid (ABA) induced gene in A. thaliana
(HAI3). ABA plays important roles in abiotic stress signaling [3].

Gibberellin oxidase which is differentially regulated under stress conditions in Zoysia japonica

A I Conserved miRNA targets B I Non-conserved miRNA targets
[ Al genes I Al genes:
response to hormone stimulus apoptosis
apoptosis cell death
copper ion binding
B pyrophosphatase aciviy
5 regulation of transcription protein kinase actiity
k] reguiation o
S RNA biosynthetic pocess srotin modiicaton
£ nirogen compound metaboli process
© ATP binding ATP bincing
o DNA binding ribonucieotido binding
o nucleotide binding nucleotide binding
nuclei acid binding g
metabolic process
g bicing
0w 4 &

0 20 4 6 80
Percent of genes

Percent of genes

Figure 4. GO enrichment analysis of predicted miRNA targets. (A) Significantly overrepresented GO terms for conserved miRNAs identified in this
study. (B) Significantly overrepresented GO terms for possible cassava-specific mRNAs. Cyan and gray bars indicate the fraction of miRNA targets
and cassava genes annotated with a corresponding GO term, respectively. See supplementary tables 5 and 6 for the fulllist of significant terms.
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|Deep sequencing of smallRNAs |

Manihot esculenta Crantz var. TAI16

Two months-old In-Vitro plants:
Plants were subject to either no
treatment, or heat and drought-like
conditions (3 Biological Replicates)

Adult plants grown in the field for 9
months: Roots and leaves collected
under normal conditions (3 Biological

Replicates)

;| | size-selected library (93-100 nt) representing adapter-ligated
{ small RNAs was constructed and sequenced by synthesis
using the lllumina Genome Analyzer (University of lowa).

Total RNA isolation for each sample
and then were combined in equal
concentrations into a single RNA pool || &

|Processing and Analysis of the cassava smallRNA sequences |

| 1.Quality trimming and adaptor removal using Cutadapt. |

[ 2. Removal of tRNAS, snRNAS, snoRNAS and rRNA |
T

[a shorter than 20t and longer than 25 were also discarded |

[ Reads were collapsed in unique | IEETY | plant mature miRNASs from miRBase |

[ 5. Conserved cassava-specific miRNAs | |[ 5. Candidate cassava-specific miRNAs |

| 6. Aligning the reads to the cassava reference genome using Bowtie |
T

[ 7. Retrieve the precursor sequences (Windows size 250 nt) |
T

rDee ‘ 8. Prediction of the pre-miRNA secondary structures and folding energies using RNAfold ‘
T

8. Removing redundant predicted microRNAs and fitering
predicted ones by plant criteria [1].
12

9. Prediction of Target genes using psRNAtarget and
i analysis i in the AgriGO toolkit

|Va|idation by gRT-PCR of cassava miRNAs related to stress response |
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Figure 1: A. Plant materials and treatments, B. Total RNA Isolation and Sequencing, C. Workflow of the Bioinformatics analysis and D.
Validation off conserved microRNAs by real time PCR (qRT-PCR)

5 conserved candidate miRNAs previously associated in stress response were select for the real time PCR (Using
TagMan MicroRNA Assays. ath-miR156a, ath-miR159a, ath-miR160a, ath-miR397a and ath-miR408

Table 1: Summary of the results of the identification of cassava microRNA and their target genes.

Procedure Number of sequences
Total od reads 14,565,645
1. Adaptor and quality trimming 9,570,232 Total Reads
2.Removal of rRNA, tRNA, SnRNA, snoRNAs 598,120 Collapsed Reads
2920905 Total Reads
3. 20-25nt filtering 391,453 Collapsed Reads
1,553,668 Total Reads
4. Blast against plant mature miRNAs from miRBase Conserved Non-Conserved
5. Total collapsed Reads 981 390,472
6. Aligned to the genome 146 (14.88%) | 151,390 (38.77%)
7. Number of 338 441,567
8. Validated By MirDeep-P / clusters 114 /64 12247 / 8325
8. Precursors Validated by Meyers 2008 Filter / Unique Reads 106 /60 1103 /821
9. Target Genes 134 1002

Validation of cassava miRNAs related to stress response using qRT-PCR

To validate our bioinformatics analysis, we selected 5 conserved candidate miRNAs with A.
thaliana homologs previously associated in stress response [5] (ath-miR156a, ath-miR159a,
ath-miR160a, ath-miR397a, and ath-miR408). We identified precursors for each miRNA in the
cassava reference genome (Figure 5). Using qRT-PCR approach to study the expression
patterns of these 5 miRNAs, in agreement with previous studies [5], we found that stress-
associated miRNAs can display significantly lower expression under heat and drought.

Figure 5. Secondary structure of
the precursors of validated
miRNAs: miR156a (A, B, C, D, E,
F), miR159a (G, H), miR160a (I,
. K, L), miR397a (M) and
miR408 (N, O). The mIRNA
sequences are highlighted in red.
The minimal free energy for
predicted secondary  structures
ranged from -37.60 to -92.8 keal/
mol, which falls within the range
found for other plants (-85 to
-180.8 kcal/mol; average -65.05
keal/mol)
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Conclusions

« Our analysis pipeline allowed to identify cassava miRNAs associated with abiotic stress and their targets

genes.
+ We identified over 800 potential microRNAs that represent a significant contribution to the improvement of

the genomic resources for cassava
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