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Role of miRNA in the promotion of barley growth by
Piriformospora indica

ZHANG Yanze®, YUAN Zhi’, WEI Lubaihe, LI Liang"

College of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China

Abstract: [Background] The endophytic fungus Piriformospora indica colonizes plants and
significantly promotes plant growth and development. miRNAs have been demonstrated to play
a regulatory role in plant growth and development. [Objective] To reveal the response of
miRNA to P. indica colonization and its regulatory role in the growth and development of
barley. [Methods] After extraction of total barley RNA, high-throughput sequencing was
performed, followed by sequence alignment and data mining. Then, qPCR was conducted to
determine the levels of miRNA and target gene expression. High performance liquid
chromatography was employed to measure the levels of growth hormones in barley. [Results]
P. indica significantly promoted the growth of barley. The whole transcriptome sequencing
results showed that the barley infected by P. indica for three days had 11 miRNAs up-regulated
and 7 miRNAs down-regulated compared with the blank control group; the barley infected by
P. indica for seven days had 11 miRNAs up-regulated and 13 miRNAs down-regulated
compared with the blank control group; the barley infected by P. indica for seven days had
3 miRNAs up-regulated and 6 miRNAs down-regulated compared with the barley infected by
P. indica for three days. The GO functional annotation and KEGG pathway enrichment analysis
showed that predicted target genes of these differentially expressed miRNAs were mainly
involved in transcription, cell division, auxin signal perception and transduction,
photosynthesis, and response to hormone stimulus. These pathways were associated with barley
growth, which suggested that miRNAs responded positively to the colonization of P. indica. In
addition, the metabolites of the regulatory pathways involving the differentially expressed
miRNAs changed. [Conclusion] This study explored the regulatory role of miRNA in barley
growth and development, providing a new research direction for deciphering the growth
promotion mechanism of P. indica colonization.

Keywords: miRNA; transcriptome sequencing; Piriformospora indica; barley; regulatory
mechanism
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Figure 1 Barley growth after colonization by Piriformospora indica. A: Infection for 3 days, scale bar=30 pm.
B: Infection for 7 days, scale bar=30 pm. Fluorescence microscopy showing WGA-AF488 stained cell wall

of P. indica (Aex 494 nm, Aem 515 nm). C: Infection for 3 days vs. Mock, scale bar=5 ¢cm. D: Infection for 7 days
VS. Mock, scale bar=5 cm. E: Barley root length statistics. F: Barley root number statistics. **: P<0.01.
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Figure 2 Differential miRNA volcano plots between different groups. A: Infection for 3 days vs. Mock. B:

Infection for 7 days vs. Mock. C: Infection for 7 days vs. infection for 3 days.
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Figure 3 Venn diagrams showing the sample-exclusive or communal presence of unique putative endogenous
miRNAs. A: Putative endogenous miRNAs in 7 dai-mock Vvs. 3 dai-mock. B: miRNAs in 3 dai-mock vs. 7 dai-3 dai.

C: miRNAs in 7 dai-mock vs. 7 dai-3 dai. D: miRNAs in 3 dai-mock vs. 7 dai-3 dai vs. 7 dai-mock.
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C 275 Enriched GO terms (Hv_3DAI vs. Hv_7DAI)
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Figure 4 GO functional enrichment of miRNAs target genes. A: 3 dai vs. Mock group. B: 7 dai vs. Mock

group. C: 7 dai vs. 3 dai group. BP stands for biological process; CC stands for cellular component; MF
stands for molecular function.
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Figure 5 Differential miRNA target gene functional KEGG enrichment map in the respective groups. A:
3 dai vs. Mock group. B: 7 dai vs. Mock group. C: 7 dai vs. 7 dai group.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3922 e E A IE R Microbiol. China
%1 miRNA FBEF I
Table I miRNA target gene functions
miRNA Target_gene P-value GO term acc. and function description log, (fold change)
7dai  hvu-miR6214 HORVU7Hr1G036130 3.094 8x10° GO: 0005179 0.788 87
VS. hormone activity
3dai hvu-miR6180 HORVUI1Hr1G037250 4.847 410> GO: 0005179 —-1.654 00
hormone activity
hvu-miR6180 HORVU3Hr1G068970 4.847 4x10*> GO: 0005184 -1.654 00
neuropeptide hormone activity
hvu-miR6189 HORVUS5Hr1G067480 3.070 0x10”  GO: 0051301 0.948 30
cell division
hvu-miR6189 HORVU4Hr1G036120 3.070 010"  GO: 0009725 0.948 30
response to hormone
hvu-miR6189 HORVU3Hr1G089580 3.070 010"  GO: 0035257 0.948 30
nuclear hormone receptor binding
hvu-miR6189 HORVUIHr1G095410 3.070 0x10” GO: 0015979 0.948 30
photosynthesis
hvu-miR6214 HORVU2Hr1G021110 1.313 6x10*> GO: 0051301 -1.413 20
cell division
3dai hvu-miR6214 HORVU5Hr1G070630 1.313 6x10° GO: 0019684 -1.413 20
Vs. photosynthesis, light reaction
mock hvu-miR444b  HORVUS5Hr1G092310 5.220 0x10°  GO: 0051301 —2.594 60
cell division
hvu-miR444b HORVUS5Hr1G069040 5.220 0x10° GO: 0047746 —2.594 60
chlorophyllase activity
hvu-miR444b ENSRNA049488557  5.220 0x10° GO: 0007059 —2.594 60
chromosome segregation
hvu-miR444b HORVU3Hr1G061700 5.220 0x10° GO: 0005184 —2.594 60
neuropeptide hormone activity
hvu-miR444b HORVU7Hr1G048310 5.220 0x10° GO: 0005179 —2.594 60
hormone activity
hvu-miR444b HORVU2Hr1G090100 5.220 0x10° GO: 0015979 —2.594 60
photosynthesis
hvu-miR6190  HORVU7Hr1G040960 4.693 0x10*> GO: 0005179 4.597 80
hormone activity
hvu-miR6190 HORVU7Hr1G068230 4.693 0x10> GO: 0005179 4.597 80
hormone activity
hvu-miR6190 HORVU2Hr1G057700 4.693 0x10>  GO: 0042548 4.597 80
regulation of photosynthesis, light reaction
7dai  hvu-miR6214 HORVU3Hr1G021610 4.099 4x10°  GO: 0051301 -3.977 30
VS. cell division
mock hvu-miR6214 HORVU3Hr1G078090 4.099 4x10°  GO: 0005179 -3.977 30
hormone activity
hvu-miR6214 HORVUS5Hr1G070630 4.099 4x10°  GO: 0005179 -3.977 30
hormone activity
hvu-miR6214 HORVU7Hr1G036130 4.099 4x10°  GO: 0005179 -3.977 30
hormone activity
hvu-miR397a HORVU4Hr1G036120 1.813 1x10> GO: 0009733 —5.244 40

response to auxin
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Figure 6 Plant hormone signal transduction analyzed by KEEG pathway. Red color stands for the
upregulated mRNA in the hormone signal transduction pathway; Green color stands for the down-regulated
mRNA in the hormone signal transduction pathway.
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Figure 7 Content of the various hormones detected at different times of colonization by Piriformospora
indica. A: Content of IAA levels of 3, 7, 14 dai vs. mock. B: Content of GA3 levels. C: Content of ABA

levels. D: Content of SA levels. *: P<0.05; **: P<0.01.
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