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Molecular mechanism of poplar miRNAs involved in ectomycorrhiza formation
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The research demonstrates that Populus miRNAs and their target sequences are essential to
ectomycorrhizal symbiosis, which plays key roles in forest ecosystems and carbon cycle. The results
may supply some new insights about how to manage and protect forests.

We used the miRNA sequencin? to identify 51 differentially expressed miRNAs
and corresponding 2043 targets in the roots of Populus tomentosa colonized by Cenococcum geophilum.
Then we predicted the target sequences of 51 miRNAs with psRNATarget. The prediction of miRNAs-seq
and psRNATarget were further confirmed by degradome sequencing and RT-gPCR analysis. GO and KEGG
enrichment analysis indicated that the target genes of some differentially expressed miRNAs regulate
the ECM symbiosis through the pathways of phenylpropanoid biosynthesis, isoquinoline alkalold
biosynthesis, and apoplast, etc. This work indicates that Populus miRNAs and their target genes are
an important part of the regulatory network leading to ECM symbiosis development.
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2. BIEOHRY

In this study, we will use Populus tomentosa as the representative host plants and Cenococcum geophilum
as the representative ECM fungi to research the molecular mechanism of ectomycorrhiza (ECM) formation.
(1) We will clarify which Populus miRNAs are associated ECM formation. (2) We will attempt to make
sure which genes are the targets of Populus miRNAs involved in the ECM formation. (3) We will find out
the expression patterns of Populus miRNAs and their targets in ECM formation. (4) Hence, we will select
several miRNAs and their target genes to research their functions in ECM formation. (5) Finally, we hope

to establish the regulatory network of miRNA-mediated mRNA cleavage targets in ECM formation.

3. WMEDFHE
(1) Inoculation with Cenococcum geophilum

After one month of culture, six independent wild-type P. fomentosa seedlings (~12 cm) were used for
inoculation experiments. The isolates of C. geophilum pre-cultured in agar modified MMN medium with
a sterile cellophane membrane for 30 days. The agar block (~ 4 cm?) containing C. geophilum mycelium
was inoculated around the roots of P. fomentosa seedlings in the experimental group, while the empty
agar block was inoculated in the control group.

(2) Construction of miRNA libraries and deep sequencing

5 ug high quality RNA for each sample was sent to the Biomarker Technologies Corporation for library
construction and deep sequencing.The raw data was obtained after sequencing on the Illumina NovaSeq
6000 platform, and then adapter and low-quality data in raw data were removed to obtain the clean data.
Clean reads were mapped to remove rRNA, tRNA, snRNA, snoRNA, and repeated sequences. And then
the rest reads which containing miRNAs were mapped to the reference genome Populus_trichocarpa.v3.0
with Bowtie (Langmead et al., 2009, Genome Biol), and reads with positions were called mapped reads.

Known miRNAs were identified by comparing mapped reads with mature miRNA in miRBase (v22)
database. And the remaining reads were analyzed by miRDeep2 (Friedlander et al., 2012, Nucleic Acids
Res) to predict novel miRNAs based on specific species. Differentially expressed miRNAs were detected
by DESeq2 (Love et al., 2014, Genome Biol).

(3) Predictions and functional annotation of target genes of MiRNAs

Putative targets of miRNAs were predicted using miRNA sequencing. The target genes of miRNAs were
predicted and aligned based on sequences of known miRNAs, novel miRNAs, and genomic sequences of
P._trichocarpa by TargetFinder and psRNATarget.

Sequences of all targets were BLAST against NR, Swiss-Prot, GO, COG, KEGG, KOG, and
Pfam database to obtain their annotations basing on homology alignment. Hence, the target genes were
annotated to GO terms and KEGG pathways.

(4) Construction of degradome libraries and deep sequencing

An aliquot of the RNA sample for miRNA sequencing was used for generating degradome libraries.
Poly(A) RNA was isolated from total RNA and purfied using the Oligotex mRNA Kit (Qiagen, Hilden,
German). 1 ug of poly(A) RNA for each sample were sent to LC-Bio Technologies (Hangzhou, China) for
the degradome library construction, quality accessment, and deep sequencing.

After sequencing the degradome library, target transcripts of miRNAs were predicted using the

CleaveLand program. Needle program in the EMBOSS package was used to extract all sequences which



matching to the sequences of mature miRNAs. Arrays was scored according to the plant miRNA-target
interaction criteria (Allen et al., 2005, Cell). The fraction can't exceed the set threshold, and the 10th
nucleotide at the 5' end of the degradome sequence paired with miRNA was preserved.
(5) RT-qPCR analysis

An aliquot of the RNA sample for miRNA sequencing and degradome sequencing was used for RT-qPCR
analysis. The first Strand cDNA Synthesis SuperMix was used to synthesize the first-strand cDNA for
reverse-transcription PCR. The RT-qPCR assay was performed in accordance with a previously published
protocol (Li et al., 2018, Front Plant Sci). The transcript levels of target genes of miR164/319/396/397/398
were determined using gene-specific primer pairs. The relative expression levels of mature miRNAs were
assayed via the highly sensitive stem-loop RT-qPCR method. The U6 snRNA was used for data
normalization of miR164/319/396/397/398 expression.

4. WFIERR

(1) Atotal of 432 Populus miRNAs were identified after miRNA sequencing, of which 276 were known
miRNAs and 156 were novel miRNAs. Meanwhile, 51 Populus miRNAs were significantly induced after
inoculation with C. geophilum, including 13 novel miRNAs. Expression pattern analysis showed that 25
miRNAs were significantly up-regulated, while 26 miRNAs were down-regulated in ECM roots.

(2) Compared with other differentially expressed miRNAs (DE-miRNAs), the changes of Populus
miR164/319/396/397/398 and novel miR44 were more obvious. Therefore, we analyzed their expression
with the stem-loop RT-qPCR method. The expression of miR164/319/397/398 was significantly up-
regulated after inoculation of C. geophilum on the roots of P. tomentosa, whereas the expression of
396/novel miR44 was down-regulated. The results were consistent with miRNA-seq analysis.

(3) Bioinformatics prediction and degradome analysis indicated that 6,672 genes were the target genes
of 432 Populus miRNAs, of which 2,043 genes were the predicted target genes of DE-miRNAs. To further
confirm the results of degradome-seq, RT-qPCR assay was introduced to check the expression of predicted
target genes of DE-miRNAs. The expression of targets of miR164/319/397/398 was significantly down-
regulated, whereas the expression of target genes of miR396/novel miR44 was significantly up-regulated.
The expression patterns of target genes had the opposite trends with their corresponding DE-miRNAs.

(4) KEGG enrichment analysis showed some targets were mainly enriched in the processes of
isoquinoline alkaloid biosynthesis, phenylpropanoid biosynthesis, SNARE interactions in vesicular
transport, and arginine and proline metabolism, etc. For phenylpropanoid biosynthesis, the lignin enzyme
genes PAL and 4CL, cytochrome P450 family members, UDP-glucose 6-dehydrogenases (UGD), and
peroxidases (PODs) were significantly enriched, which are responded to the known
miR393/394/398/1444/6457 and novel miR44/48/80. For isoquinoline alkaloid biosynthesis, many
polyphenol oxidases (PPOs) and novel miR 1444 were the main factors that regulating ECM formation.

(5) We also used GO enrichment analysis to analyze DE-miRNAs and their target genes. For cell
component aspect, the targets mainly participated in the processed of aopolast, plasmodesma, chloroplast
thylakoid membrane, and NLS complex, etc. Meanwhile, more than 30 laccases (LACs) were enriched in
the aopolast, and they were the targets of miR396/397/397/408 and novel miR44/48/80. A series of RLK
proteins were enriched in the process of plasmodesma, of which were the targets of miR162/398/482 and
novel miR44/58/80. All LACs were up-regulated after inoculation of C. geophilum, while all RLK proteins

in plasmodesma were down-regulated. For molecular function, LACs and their corresponding miRNAs



(miR396/397/397/408 and novel miR80) were enriched in the coppering ion binding, ferroxidase activity,
and hydroquinone oxygen oxidoreductase activity. PPOs and novel miR /444 were enriched in the processes
of catechol oxidase activity. For biological process, the LACs were enriched in iron ion transport, lignin
catabolic process, and iron ion homeostasis, while the PPOs were enriched in the pigment biosynthetic

process.
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