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Function and mechanism study of Vm-milR21 in the infection
of apple tree Valsa canker pathogen
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Abstract: Apple Valsa canker caused by Valsa mali is a destructive disease of apple trees.
MicroRNA-like RNAs (milRNAs) play an important role in fungal growth and development,
pathogenicity, and stress responses. Our previous study had demonstrated that the expression of
Vm-milR21 was significantly down-regulated in the infection, suggesting Vm-milR21 might be
involved in the pathogenicity of V. mali. [Objective] To reveal the role of Vm-milR21. [Methods]
The strains with overexpression and silencing of Vm-milR21 precursor were constructed, and the
phenotypic characteristics were compared between different transformants and the wild type.
Furthermore, the targeting relationship between Vm-milR21 and Vm-03494 was verified by
Quantitative real time polymerase chain reaction (QRT-PCR) and co-transformation. On this basis,
the mutant with the knockout of Vm-03494 was constructed and the phenotype of the mutant was
characterized. [Results] Compared with the wild type, the transformant overexpressing Vm-milR21
precursor presented slow mycelial growth and weakened pathogenicity, while the silencing of
Vm-milR21 did not cause significant changes. Vm-milR21 inhibited the expression of V'm-03494 in
a sequence-specific manner. Compare with the wild type, the mutant without V'm-03494 presented
slow mycelial growth and diminished pathogenicity. [Conclusion] Vm-milR21 plays a role in the
infection of V. mali by regulating the expression of Vm-03494. The results enrich the
understanding of the functions of fungal milRNAs and provide a new theoretical basis for
comprehensively deciphering the pathogenesis of V. mali.

Keywords: apple Valsa canker; milRNA; overexpression; gene knockout
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Table 1 Primers used in this study

Primers Sequences (5'—3")

Primer usage

Vm-milR210E-F  GTAGGAACCCAATCTTCAAATAGATTTTTGGGCGACTGAAGAA
Vm-milR210E-R  TGAATGTTGAGTGGAATGATTAAAGAGGAGCGACCGAAGGGAG
GTAGGAACCCAATCTTCAAATTCGTAGGAACCCAATCTTCAAATA
TGAATGTTGAGTGGAATGATGCCTGAATGTTGAGTGGAATGATGC

R21-STTM-F
R21-STTM-R
Vm-03494-1F ACTCTGATTGTCTTCTGCTTGTGTC
Vm-03494-2R

GGTCTC
Vm-03494-3F

CAAA
Vm-03494-4R CAACAGCAATACTACGGACACA
Vm-03494-5F AAGAGGAGGTCAACATGAACGG
Vm-03494-6R GGGGAAAGGATAGGTGAGGAAA
Vm-03494-7F AATAGAAGGCAAACAAATCGG
Vm-03494-8R CCACGGCAAGGTAACAGGCAG
Vm-03494-CF TACTGGGACCGCTACTGTTGC
Vm-03494-CR TGGGTTTCCTGGTTCTGGATA
G852-F TCGGCTATGACTGGGCACAACA
G850-R GAGCGGCGATACCGTAAAGCAC
G855-R TGTTGGGTTTGAGCTAGGTGGGGTGA
G856-F GAATGGTCAAATCAAACTGCTAGATAT

Tar-Vm03494-F
Tar-Vm03494-R
DT-Vm03494-1R  GCGATTCTTGAGGGAGGTTTG
DT-Vm03494-2F CAAACCTCCCTCAAGAATCGC

qrt-milR21-F CGCGTAGTCCTTCCTCCAGC
qrt-milRNA-TY AGTGCAGGGTCCGAGGTATT
qrt-Vm03494-F  GCGTGCTTGCTAGTCTTCCT
qrt-Fm03494-R~ CTGCTCTTGTCCACCTGCTT

Amplification of
Vm-milR21 precursor
Amplification of
Vm-milR21 silencing vector
Amplification of Vm-03494

CAGATACGGCAGAGAAATCGCAACCTCCTAGTGTAGTGATCTCCAG upstream homologous arm

GTTTAGATTCCAAGTGTCTACTGCTGGCGAACAACCGACTTCAACA Amplification of V'm-03494

downstream homologous
arm
Detection of Vm-03494

Detection of Vm-03494
replacement

Amplification of Vm-03494
knockout vector

Detection of NEO gene

Detection of NEO

replacement

CATTTCATTTGGAGAGGACCATGTTGATGGTGTATTTTAAGGCCATAG Amplification of Vm-03494
GTTGTGTTGAGAATTCTCGATCCGTTCCAAGACGAACGAACACTG  CDS

Construction of Vm-03494
point mutation fragment
Real-time amplification of
Vm-milR21

Real-time amplification of
Vm-03494

HREEMA, S Wang 2 11815 ok , Wit
Vm-milR21 [} STTM (short tandem target mimic)
FPA, ZHEAE TAEY TRE(E) IOy A BR A\l &
B, JE¥s R BtS pDL2 #ik A BOAMRE, g
Vm-milR21 JTEREL 1A
1.5 Vm-milR21 i3 Rk BRI LRSI &
MEE

i 5 & — I (polyethylene glycol, PEG)/}
A D A S A A Al R e e ik K TR B B AL
Z V. mali JFAE RSP, SRR B
PDA (potato dextrose agar)F-H X % AL kit 470

. il CTAB (cetyltrimethylammonium bromide)
ARBU ALtk DNA, 4T PCR Kl
1.6 Vm-milR21 3 RIEKFRITRHE
M E

FEIUET A2 UM [R) 3 AL BR A9 milRNAs, Jf:
PEAT 92 50 R it B8 5 W 5% SV (quantitative
real time polymerase chain reaction, qRT-PCR)
Bl o B5E V. mali #% M sRNA VmU6 1R 11 2
B, R 278y R0, KA
W22 Vm-milR21 FIK R BOER 1, T RE
FTCEREE AR Vim-milR21 PARRT Feik B
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5359738 milRNAs Fi 47 51 F1 bR I R 2
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m) X3, B - 4% {0, ¢ ' 25 M (green fluorescent
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B8 ) X3 R B -GFP 1 Rk 44
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BAFAT GFP DGR Ge it R HUR[R] b
ROMR I & 1, i#ad Western blotting {856 46
W GFP KB KF-, [ Image) BFSETT
HEENILKEE . i GraphPad Prism 5 X4
AT AT AL B, IR Student’s t-test 7 ik
125 B E .

855R
«—

- w0

1.10  Vm-03494 {R<F£5 4955 T

i P 2 [ [ 22 A BOR A B 0 (National
Center for Biotechnology Information, NCBI)
(https://www.ncbi.nlm.nih.gov/) ## 2 F+ 3K H

Vm-03494 HEH ¥4, i Conserved domains
(http://www.ncbi.nlm.nih.gov/structure/cdd/wrpsb/
cgi) X ik PR ) £ S 5 A4 R AT T 40

111 $BAREEEPREE &

B R B AR S [P (9 1), {8 ] Double-
joint PCREZ A AL R e & 2, g Atk
WZE V. mali AR, S G418 B =R
f PDA i 521k 1. $RBUF L5 DNA,
JF 4T PCR AN . %54k DNA A& H 2k
B (Vm-03494-5F/Vm-03494-6R), &4 Hi
FEPR A B (G850F/G852R) H.yi 1tk H- BO ks ¥ for &
(Vm-03494-7F/G855R . G856F/Vm-03494-8R)
IEBRIS NI AT Ry i B R SR AR A
112 EFERERNE

BT B AR 4 Fh 2 g it PDA 5570k
b, 25 cCEEREFE 48 hE, DR VA BARIHT
Mo BAEHER 6 P, I EE 3 k. il
H] GraphPad Prism 5 X &t 4t Ab B, IF
K H Student’s s-test J kb7 25 5 0 VA o
113 BmAiEm

SR EPIR T, wHCGER
R AR TR, EIRERE 1 d s,

856F
—>

—

850F 8&52R

1 BREEBBREEETREE
Figure 1
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Diagram of strategy of generation target gene knockout constructs.
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Figure 2

Identify the efficiency of Vm-milR21 precursor overexpression (A) and silencing transformants

(B). Data are x*s. Data significant differences were analyzed by Student’s z-test. **: P<(.01; ****;

P<0.000 1.
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Table 2 Phenotypic data of overexpression transformants

Strain Colony diameter (cm) Lesion length (cm) Lesion size (cm?)
WT 7.70+0.08a 2.62+0.07a 0.66+0.10a
Vm-milR210E-1 6.77+0.18b 0.98+0.10b 0.35+0.06b
Vm-milR210E-2 6.27+0.17b 0.75+0.08b 0.14+0.05b

Different letters in the same line are significant compare with wild-type stain (P<0.05).

A WT Vm-milR210E-1 Vm-milR210E-2 B i Fokk ok
5 ’élo | ook ok
Q
T 8 g
8 —— —
2 of
o]
S 4+
>
f=)
S 2t
o
@}
LR \ 0
C WT Vm-milR210E-1 Vim-milR210E-2 { Kod o
&
W W
D 3 ) | ********
ré\ ———
s
£ 2f
on
5
.S 1+ —_—
2 —
—
0 S AN W)
« \Q@' \QQ)'
&\\‘Zg’ &N
v v
E WT Vm-milR210E-1 Vm-milR210E2  F 10, e
’é\ 0.8 [ okwx
E 03}
= ol T
on
5
E 0.4r I
B 02
. ]
0.0
< A a2
N SO
R
W W

3 Vm-milR21 BT R LRRE

Figure 3 Phenotype of Vm-milR21 precursor overexpression transformants. A, B: Vegetative growth rate
detection and data statistics of Vm-milR21 precursor overexpression transformants. C, D: Pathogenicity
detection and data statistics of Fm-milR21 precursor overexpression transformants on twigs. E, F:
Pathogenicity detection and data statistics of Vm-milR21 precursor overexpression transformants on leaves.
Data are x x5 . Data significant differences were analyzed by Student’s ¢-test. ****: P<(.000 1.
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Table 3 Phenotypic data of silencing transformants

Strain Colony diameter (cm) Lesion length (cm) Lesion size (cm?)
WT 6.99+0.13a 3.32+0.21a 1.55+0.21a
Vm-milR21S-6 7.37+£0.07b 3.23+0.35b 1.35+0.44b
Vm-milR218S-11 7.38+0.05b 3.21+0.48b 1.61+0.37b

Different letters in the same line are significant compare with wild-type stain (P<0.05).

>
w

WT Vm-milR21S-6 Vm-milR21S-11 kil

> e

oo}
1
*
*

[o)}
T

(3]
T

Colony diameter (cm)
N
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QX‘ \%,b %’\\
2 A\
v“\\\g ,(0\\@
v YW
D ns
4 - [ ns |
E i 1 1
=
B
52r
5
21t
Q
—
0 S o \
N N o)
g '\\@ \\‘23’\
i s
F
25T ns
o 20r I—‘| = |
S T 1
o 1.5
N
c 10f
.2
g ost
0.0 < 6 \
N ‘23,\%’ \5’\
A“\\ 6\\\?3’
v yo

4 Vm-milR21 BTATUREE (LR RE

Figure 4 Phenotype of Vm-milR21 precursor silencing transformants. A, B: Vegetative growth rate
detection and data statistics of Vm-milR21 precursor silencing transformants. C, D: Pathogenicity detection
and data statistics of Vm-milR21 precursor silencing transformants on twigs. E, F: Pathogenicity detection
and data statistics of Vm-milR21 precursor silencing transformants on leaves. Data are x+ts. Data
significant differences were analyzed by Student’s #-test. **: P<0.01; ns: No significant difference.
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Vm-milR21 — + -
Vm-03494 + + _
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C Vm-milR21
Vm-03494
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(el
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5 SEARELE Vm-03494 RIXER
Figure 5  Detection of target gene Vm-03494
expression level. Data are xxs . Data significant

differences were analyzed by Student’s r-test. *:
P<0.1; ***: P<0.001.
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Figure 6 Validation of the regulatory relationship between Vm-milR21 and Vm-03494. A, B: Fluorescence
expression and fluorescence intensity statistics of GFP of different treatments. Bar=50 pm. ¥m-03494-m: The
mutant of Vm-03494. + or — indicates transient expression of the corresponding protein is or isn’t expressed
in N. benthamiana. Blots were stained with Coomassie brilliant blue (CBB) to verify equal loading. C, D:
GFP expression and gray level statistics of different treatments. Data are X s . Data significant differences
were analyzed by Student’s ¢-test. ****: P<0.000 1; ns: No significant difference.
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Figure 7 Detection of Vm-03494 knockout mutants. M: DNA marker; Lane 1, 5: Vm-03494 target band;
Lane 2, 6: G418 resistant fragment; Lane 3, 7: Knockout carrier upstream homologous arm; Lane 4, §:

Knockout carrier downstream homologous arm.

x4 RMRREHRRBKES I
Table 4 Phenotypic data of knockout mutants

Strain Colony Lesion length Lesion size
diameter (cm) (cm) (cm?)

WT 6.52+0.12a  3.27+0.17a  1.46+0.15a

AVm-03494-2  4.83+0.13b  2.92+0.16b  0.79+0.21b

AVm-03494-5 4.93£0.13b  2.95+0.19b  0.83+0.20b

Different letters in the same line are significant compare
with wild-type stain (P<0.05).
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Figure 8 Phenotype of Vm-03494 knockout mutants. A, B: Vegetative growth rate detection and data
statistics of Vm-03494 knockout mutants. C, D: Pathogenicity detection and data statistics of Vm-03494
knockout mutants on twigs. E, F: Pathogenicity detection and data statistics of V'm-03494 knockout mutants
on leaves. Data are X xs. Data significant differences were analyzed by Student’s z-test. *: P<0.1; **:

P<0.01; ***: P<0.001; ****: P<0.000 1.
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