
Identification of microRNA targets responsive to
V. nonalfalfae infection of hop (Humulus lupulus L.)

• miRNAs are involved in the defence mechanisms of hop plants against V. nonalfalfae

• The miRNA target transcripts are associated with DNA binding, acetyl-CoA carboxylase activity
and serine-type endopeptidase activity and are involved in various biological processes, e.g. auxin-
activated signaling pathway, transsulfuration, protein retention in ER lumen, mRNA 3'-end
processing, root growth, branching and vascular tissue development

• In the future we will perform identification and differential expression analysis of miRNAs and
their targets from hop samples collected at 3 dpi to determine temporal miRNA expression patterns
in the early stages of Verticillium wilt pathogenesis

• HIGS/VIGS/SIGS methods may potentially help in preventing V. nonalfalfae infection
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MicroRNAs are 20 to 24 nucleotides long non-coding RNAs that regulate gene expression at
the post-transcriptional level and thus regulate various biological processes and ensure a fine-
tuned regulation of genes involved in defense mechanisms during stress response and
defense against pathogens. To date, little is known about the miRNAs of hops and their role
in response to Verticillium nonalfalfae infection which threatens European hop production. In
our study, we characterized miRNAs in the susceptible and the resistant hop cultivars, which
is tolerant to Verticillium wilt and identified
differentially expressed (DE) miRNAs
and their targets upon inoculation of
hop plants with V. nonalfalfae.
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V. nonalfalfae-induced stress causes expression of miR393c-d and mir160a which target TIR1-AFB2
auxin receptors and auxin response factors, respectively, resulting in stabilization of Aux/IAA
repressors and downregulation of the auxin signalling pathway
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1) miR-PREFeR pipeline identification of 56 known and 43 novel miRNAs

2) DESeq2 we found five known and two novel DE miRNAs in the susceptible cultivar (A) and six known DE miRNAs in the resistant cultivar (B).

3) miRNAs may contribute to the successful defense of the resistant cultivar. In the resistant cultivar, we observed increased expression of hlu-
miR160a, which is involved in modulation of signalling pathways and auxin-mediated hormone signalling, and hlu-miR319c, which is involved in
root growth and development.

Potential miRNAs to be induced or targets to be 
downregulated in the susceptible hop cultivar to study 
their effect on hops resistance to V. nonalfalafe infection

III

miR319c-f may have a role in modulation of processes of root growth, branching and vascular
tissue development in the resistant hop cultivar during infection with V. nonalfalfae

II Target prediction and validation of miRNA cleavage sites in ARF and Tb1 (RLM-RACE)

Future directions

• Degradome sequencing – global identification of
transcripts cleaved by action of miRNAs during
V. nonalfalfae infection

• Establishing the transient transformation method (pds) 
miRNA-based virus-induced gene silencing (MR VIGS) –
functional characterization of miRNAs

• Virus-induced gene silencing (VIGS) – functional
characterization of miRNA targets potentially involved in
V. noanlfalafe resistance in hops.

• Long term goal: to establish host-induced (HIGS) or spray-
induced (SIGS) gene silencing procedures to enhance
resistance/tolerance of susceptible hops plants to V.
nonalfalfe infection.
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