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Analysis of the function of miRNA on the resisitance to white-rot disease

in Vitis davidii based on microRNA sequencing

ZHANG Ying,FAN Xiucai,JIANG Jianfu, LI Min, LIU Chonghuai’
(Zhengzhou Fruit Research Institute, CAAS, Zhengzhou, 450009 Henan, China)

Abstract: [Objective] Grape white- rot [Coniella diplodiwlla (speg.) Petrak & Sydow] is one of the
most destructive diseases in grape. The traditional fungicide control not only could increases the produc-
tion cost, but also would affect the environment. Therefor, it is necessary to use the resistance genes of
wild grape in China and improve the resistance of new varieties. An wild grape strain 0943 (Vitis davi-
dii) was found to be resistant to the grape white rot in our previous study. It has been known that mi-
croRNAs (MiRNAs) play important role in plant disease resistance. This study intended to explore the
miRNA mechanism of expression regulation in V. davidii after infection by pathogenic bacteria. [Meth-
ods]For providing plant tissues for SRNA sequencing analysis, 2-year-old plant of Vitis davidii and Vitis
vinifera ‘Manicure Finger’ were grown in a greenhouse at 28 C with a 16 h photoperiod. These plants
were inoculated with C. diplodiella by fixing four mycelium gelose discs (diameter of 2 mm) on each
leaf with small pins and covering the leaf. Leaf samples were collected at 0, 12 and 36 hours post inocu-
lation (hpi). 3 pg of total RNA for each sample was taken to create a small RNA library. Gene Ontolo-
gy's study of the distribution of candidate target genes in Gene Ontology would elucidate how the sam-
ple differences in experiments were reflected in gene function. KEGG analysis, and significant enrich-

ment through pathway were used to identify the most important biochemical and signal transduction
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pathways for candidate target genes involved. KEGG enrichment analysis was made using KOBAS.
[ResultsJWe sequenced three small RNA libraries from Vitis davidii. In this study, we obtained 3.282 G
data, each library data was over 0.5 G. 106 miRNA mature bodies were obtained through sequencing, of
which 91 were able to match the miRNA precursor, and the types of miRNA that could match were
6 567. After statistics, the miRNA number of V. davidii was more thanthat of the ‘Manicure Finger’ at
0 hpi, but the induced expression of miRNA was lower than the ‘Manicure Finger’. The number of
miRNA species increased at 12 hpi and 36 hpi points in both V. davidii and ‘Manicure Finger’, and the
miRNA species of V. davidii increased from 862 to 1 300 and 1 115, while ‘Manicure Finger’ miRNA
species increased from 828 to 1 384 and 1 078. In the differential expression analysis of miRNAs, the
miRNAs with significantly different expressions at 12 hpi and 36 hpi were used as references for the
thorny grape at the 0 hpi treatment point, and their target genes were analyzed by KEGG enrichment.
The analysis showed that miRNAs played a role in 11 life pathways through 847 target genes, of which
the target genes involved in the protein processing in endoplasmic reticulum pathway were the most,
and the target genes involved in the Pantothenate and CoA biosynthesis pathway were the least, account-
ing for 23. Through the prediction of miRNA target genes, the basal metabolic pathways with sugar me-
tabolism as the core were analyzed. The results showed that in spiny grapes, all basal metabolic path-
ways including the Citrate cycle and the oxidative phosphorylation of the NADH energy synthesis path-
way, were in a down regulation mode; CoA-mediated energy release Coumaroyl-CoA pathway was in
an up regulation mode. In this study, the differences between V. davidii and ‘Manicure Finger’ were an-
alyzed. The different expression of 150 was obtained. And 44 miRNA was different between V. davidii
and ‘Manicure Finger’. At the same time, 5 miRNA were specifically expressed in V. davidii, but were
not expressed in ‘Manicure Finger’. Target gene prediction showed that the target gene included
WRKY, SPL, EFR and other transcription factors related to disease resistance, and also included LRR
disease- resistant genes. [Conclusion] In this study, 5 specific expressions of candidate miRNA,
mirl72a, miR172b, miR845a, novel 81 and miR159a in V. davidii were screened, which could be used
for the study of resistance to grape white rot in V. davidii.
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Table 1 List of data quality (mean)
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GC & &

gifluple E@jﬁs Bases/ Error Q20% 47 Q30 GC
G rate/% Percentage/% content/%

MF1 13491979 0.675 0.01  99.01 96.42 52.38
MF2 13544859 0.677 0.01 9895 96.09 51.77
MF3 10939616 0.547 0.01  99.06 96.66 51.77
Vdl 12091958 0.605 0.01 99.27 97.30 52.35
Vd2 14243221 0.712 0.01  99.05 96.39 52.33
Vd3 14817029 0.741 0.01 9899 96.36 51.29
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Table 2 Statistical of known miRNA for each sample

Fh2 Type Aril Total MF1 MF2 MF3 vdl vd2 vd3
miRNA i #44% Mapped mature 106 81 99 93 82 88 89
miRNA AT /& Mapped hairpin 91 81 85 84 72 80 84
miRNA #1125 Mapped uniq miRNA 6567 828 1384 1078 862 1300 1115
miRNA [f]~% Mapped total miRNA 1173 945 191 075 347171 231201 103 578 164 755 136 165

7 : (1DMapped A : X BT miRNA Behfl . 55 2 Z1A A REA SIL LR B miRNA VAN B0 58 3 3158 nt2 51000 R ke
1 3 n e F1 miRNA AR $ . (2)Mapped 144 : HExt B9 miRNA §i4k. 55 2 ZI9FT A IRE A @ 3R ILAD 1 (1 miRNA BiA 350 3
I n+2 H1 BAREA 1 2] n VLA B miRNA BTAA . (3) miRNA IR Bt B sRNA (RS, 55 2 SN FTA RIREA S JL DL 3
O miRNA B {8 #] miRNA (RS 58 3 2028 n+2 ZU2p 500 FEAR 1 3] n ILRCE] 1 miRNA A7) mRNA #9F13E. (4) miRNA #9412
Ett E R sSRNA (NS, 25 2 FIA BT MFEAS S LT AL B CL 40 miRNA B R sSRNA BN 45 3 B05 n+2 5040 AN FEAS 1 B n PLECE)
L miRNA H {4 1) miRNA 4.

Note: (1) Mapped mature: The miRNA mature body on the match. 2nd List of all samples in total matching the number of miRNA mature bodies;
The number of miRNA mature bodies with samples 1 to n on the 3rd to n+2 columns, respectively. (2) Mapped hairpin: The miRNA precursor on the
match. 2nd List of all samples in total matching the number of miRNA precursors. The number of miRNA precursors on the matching of samples 1 to
n for the 3rd to n+2 columns, respectively. (3) Mapped uniq miRNA: The type of SRNA on the match. The 2nd column lists all samples that match
the type of miRNA known to the miRNA precursor in total. The 3rd to n+2 columns are samples 1 to n that match the types of mRNA known as the
miRNA precursor. (4) Mapped total miRNA: The number of SRNA on the match. 2nd List of the total number of Srna that all samples match to

known miRNA precursors. The 3rd to N+2 lists the number of miRNA that match samples 1 to N to known miRNA precursors.
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Table 3 Candidate target genes KEGG significant enrichment

v il 5 S A TR IE D PA W iE P
Term 1d Sample number Background number ~ P-value Corrected P-value
Endocytosis vvi04144 10 71 1.193 1e-03 8.109 8e-02
Protein processing in endoplasmic reticulum vvi04141 22 186 1.732 5¢-03 8.109 8e-02
Nucleotide excision repair vvi03420 10 52 2.061 8e-03 8.109 8e-02
Ubiquitin mediated proteolysis vvi04120 10 106 2.773 5e-03 8.181 8e-02
Spliceosome vvi03040 10 146 3.146 7e-02 6.112 6e-01

Basal transcription factors vvi03022 5 41 3.561 4e-02 6.112 6e-01

RNA transport vvi03013 12 135 4.056 6e-02 6.112 6e-01

RNA degradation vvi03018 8 87 4.144 1e-02 6.112 6e-01
Pantothenate and CoA biosynthesis vvi00770 3 23 8.233 0e-02 1.000 0e+00

71l Total 90 847
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Fig. 1 Based metabolic pathway gene expression changes after pathogen induced in V. davidii
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Fig. 2 Based metabolic pathway gene expression changes after pathogen induced in V. vinifera ‘Manicure Finger’
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Fig. 3 Expression of miRNA target gene in biotic stress pathway after infection of V. davidii by pathogenic bacteria
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Fig. 5 The heatmap of miRNA expression in resistant and susceptible accession
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Table 4 Candidate miRNA induced by white rot disease
log,FC
sRNA
MF2 vs MF1 MEF3 vs MF1 Vd2 vs Vd1 Vd3 vs Vdl Vdl vs MF1 Vd2 vs MF2 Vd3 vs MF3
novel 40 -6.065 2 -3.1702 -5.820 4 =5.7677 -0.716 34 NA NA
miR828a 3.614 4 6.405 5 -5.8204 -0.964 5 5.3694 -4.065 1 -1.948 1
novel 81 NA NA -4.2550 -4.1827 3.9050 NA NA
miR172a NA NA -4.5305 -1.205 4 3.584 5 NA 5.309 1
miR172b NA NA -4.4359 -1.2054 3.684 5 NA 5.3091
miR845a NA NA -4.2355 -4.1827 3.4845 NA NA
novel 75 -1.7727 -0.7372 3.409 5 53881 -7.8227 -3.090 9 -1.832 6
novel 25 -1.063 8 -0.5307 34195 6.610 5 -8.2013 -4.178 3 -1.1952
miR169a 0.549 2 -4.290 2 3.409 5 5.388 1 -4.500 8 -2.090 9 53091
miR169d -0.450 8 0.572 3 3.408 5 5.803 2 =7.201 3 -3.7913 -2.1057
miR156h -1.450 8 NA 34595 3.8032 -3.500 8 0.909 12 3.724 1
miR169d -0.450 8 0.5723 34795 5.8032 -7.2013 -3.7913 -2.1057
miR3635-3p 1.2122 2.1518 3.469 5 NA -5.0858 -3.3388 =7.2937
miR319e 2.704 8 1.099 3 3.784 6 34130 0.283 7 1.364 1 2.860 4
novel 97 1.085 3 0.414 8 4.409 5 NA -5.8227 -2.948 9 -6.293 7
miR399g 2.0935 1.736 7 4.458 5 NA -5.0858 -3.2202 -6.878 7
novel 47 0.356 6 0.414 8 5.409 8 3.803 2 -4.500 8 0.101 77 -1.2477
novel_47 0.356 6 0.414 8 54495 3.8032 -4.500 8 0.101 77 -1.2477
novel 61 2.390 5 1.6372 5.7315 6.973 1 -5.0858 -2.1952 0.1149
novel 71 -0.2932 -0.1157 5.994 5 NA -7.2013 -1.363 9 =7.1417
miR156e 2.008 7 0.414 8 5.994 5 5.803 2 -3.500 8 0.034 653 1.7523
miR159a NA NA 6.216 9 4.803 2 NA 6.196 6 4.724 1
W FC FRZRMHGNA RRERFES.
Note: FC indicates fold change; NA indicates no signal.
8 r Vd2 vs Vdl RNAseq 125
6 o | Vd3 vs VA1RNAseq L N 1 20
A— Vd2 vs Vd1qPCR 1 15
4 |
o —l— Vd3 vs Vd1gPCR 110 F
uTL 2 L =)
.ion — 5 g
g
0 0 =
nov mlR- mlR! miR miR159a 1
2L
41 -10
4 B T
-6 L 4 -20

6 LiEEES5S miRNA R FF4 RIGE
Fig. 6 The result of gPCR compare with miRNAseq

(SQUMOSA PROMOTER BINDING PROTEIN
LIKE) % [ 2 i 55 22 (1) 3% s [H 1, £ © A WF 5
miR159a1EH T4/ 715 2 P 00 & & it &
A A TN, S24E T miR 159a 78 )3 A T R T
FEAR A E Z . miR172a. miR172b.miR845a K &
# T M miRNA, T 8 £ 208878 2° LA b R I
LZMEMTPTAESSABEKEMRERHRIE,

miR 172> #E 5L K tf 5 WRKY % K, 5 A 578 H 4
7, miR845 it Py [F]/E FH T Myb J& [RI/E FH T pg %
FFBIER R E

BT miRNA I FEEIE R (145 ., 7] DL A o)
HETEZ B AR R G, FER 52 20 7 52m, 5
& T A AR R AR RE 05 S RIS AT, SRR T I
PR R AL RN . T A AE RN S A



5523 gk A5 BT microRNA W 43 51 miRNA 7E I &5 4t 141 165 (1 7 151
x5 EERTN
Table 5 microRNA target prediction
miRNA HEEL X Target gene HIEL [KIJF % Target gene annotation
miR172a VIT_00s0516g00030 Dehydrogenase/reductase SDR family member 4
miR172a.miR172b VIT 01s0127g00070 WRKY trancripter like
VIT_04s0008g06610 3-hydroxyisobutyryl-coa hydrolase-like protein 2
VIT_06s0004g03590 Ethylene-responsive transcription factor
VIT _07s0005g01910 Methyltransferase 1-associated protein
VIT_07s0031g00220 Floral homeotic protein APETALA
miR172b VIT _08s0056g01420 Polyribonucleotide nucleotidyltransferase
miR845a VIT _13s0067g02620 SAC3 family protein
VIT 1350158200340 Glycerol-3-phosphate dehydrogenase [NAD(P)+]
VIT 155002101560 Leucine carboxyl methyltransferase
VIT 1550046202620 Beta-amylase 2, chloroplastic-like
VIT 1550048201430 Cycloartenol-C-24-methyltransferase 1-like isoform 2
VIT_16s0098g00540 Golgin candidate 5-like isoform 1
VIT_17s0000g00600 N-alpha-acetyltransferase 40-like
VIT 1750000207090 UDP-glycosyltransferase 83A1-like
VIT_18s0001g05990 UDP-glycosyltransferase 85A1
VIT_18s0001g10980 Patatin group A-3
VIT 18s0001g11820 Protein DA
VIT 18s0001g12210 Cytochrome P450 734A1
miR159a VIT _00s0226g00070 Protein SHORT-ROOT
VIT_01s0010g03210 LRR receptor-like serine/threonine-protein kinase GSO2-like
VIT_03s0017g00940 Cytochrome b6-f complex iron-sulfur subunit, chloroplastic-like
VIT 035003801150 Auxin-induced protein 10A5
VIT_04s0043g00760 Probable UDP-N-acetylglucosamine--peptide N-acetylglucosaminyltransferase SEC
VIT_04s0079g00480 Homeobox-leucine zipper protein ROCS8
VIT_06s0080g00800 Vesicle-associated membrane protein 714
VIT_07s0104g01230 Auxin response factor 23-like
VIT_10s0003g02020 Probable LRR receptor-like serine/threonine-protein kinase
VIT _11s0016g05010 Metallothiol transferase fosb
VIT 1450006200680 Squamosa promoter-binding-like protein 6-like(SPL6)
VIT_14s0128g00520 Esterase
VIT _15s0021g02040 Transcription factor MYB48
novel 81 No No

miRNA 7% & [ HUm R th 2 O 5 308 HEMZ. (4
13k miRNA 2 5 7 3041 % 5t 1 1559 1) G e S 7, W)
TENJR S MM S % .
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