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Involvement of salicylic acid signalling in the positive regulation of Valsa

canker resistance via the Malus baccata MbCCR4
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Cunwu’

(Department of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu, China)

Abstract: [Objective] Valsa canker, caused by necrotrophic fungi in Valsa species, is a destructive dis-
ease attacking apple and pear trees in China and even in East Asia. It is difficult to control the disease
through traditional practices due to the extension of mycelium into the xylem. For a long time, resis-
tance breeding has been a widely approved approach but is largely limited by delayed progress. At pres-
ent, it is urgent to identify key genes regulating resistance and related molecular mechanisms. Plants
have evolved innate immune systems, including horizontal and vertical resistance. Plant cell membrane-
localized pattern recognition receptors (PRRs), responsible for recognizing the signals from pathogens
and initiating downstream immune responses, are crucial for plant resistance against the infection of var-
ious pathogens. Receptor-like kinases (RLKs) are one of the most important PRRs and play vital roles
in plant immunity. CRINKLY4 (CR4), a subfamily of RLK, has been confirmed as a key regulator for

plant resistance. Shanjingzi (Malus baccata) is widely used as the rootstock of apples in China due to
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its strong tolerance against both biotic and abiotic stresses. In the current investigation, we identified a
CR4 member, MbCCR4, which positively regulates Valsa canker resistance. We further analyzed poten-
tial signals involved in MbCCR4-regulated immune response. [Methods] The domain composition and
cis-elements in the promoter region of MbCCR4 were detected by using the online software SMART
and Plant CARE, respectively. The phylogenetic relationships between MHCCR4 and the homologous
gene in other plant species were analyzed using multiple sequence alignment and phylogenetic tree con-
struction. In order to identify potential roles in Valsa canker resistance, the expression patterns of MbC-
CR4 were assayed while the Shanjingzi suspension cells responded to Valsa canker signals. The CDS of
MbCCR4 was cloned into the expression vector pFGC5941. By using the Freeze-thaw method, the re-
combined plasmids were transformed into Agrobacterium tumefaciens GV3101. To analyze the roles of
MbCCR4 in improving Valsa canker resistance, the A. tumefaciens carrying empty vector and recom-
bined plasmids were transiently expressed in fruits of Yanfu-3 (Malus % domestica) and Huangguan (Py-
rus bretschneideri) and overexpressed into suspension cells of Duli-G-03 (P. betulifolia). The resistance
was evaluated by the test of fruits and suspension cells challenged to both pathogens (Valsa mali or V.
pyri) and V. mali or V. pyri metabolisms (VmM or VpM). The immunity-related genes, including the
genes involved in the signals of pattern-triggered immunity (PTI), reactive oxygen species (ROS), sali-
cylic acid (SA) and jasmonic acid (JA), were detected in wild type and over-expressed cells during
VpM exposure. [Results] Sequence BLAST assays revealed that the target gene was homologous with
CCR4 (AT5G47850.1) in Arabidopsis and was then named MbhCCR4. Based on the phylogenetic tree of
30 homologous genes from 17 plant species, MbCCR4 showed the highest homologousity with
MDO08G1217500 in Apple. MbCCR4 is a typical member of the CR4 family, which contains an N-termi-
nal signal peptide, a regulator of chromosome condensation 1 (RCC1) domain and a C-terminal kinase
domain. Cis-acting regulatory elements (cis-elements) prediction exhibited that MbCCR4 possessed the
cis-elements respond to multiple signals such as methyl jasmonate (MeJA), abscisic acid (ABA), and
stresses. During Dongbei Shanjingzi (M. baccata) suspension cells responding to signals from Vm, the
expression of MbCCR4 was robustly induced at 1 h. Transient expression showed that up-regulation of
MbCCR4 significantly enhanced the Valsa canker resistance of both apple and pear fruits compared to
the control (empty vector). Expressional assays exhibited that the target gene was successfully ex-
pressed in both apple and pear fruits. Furthermore, MbCCR4 was successfully over-expressed in Duli-
GO03 suspension cells. For the three overexpression cell lines MbCCR4-OE1, MbCCR4-OE2 and MbC-
CR4-OE6, the expression of MbCCR4 increased to 11.1, 6.8 and 5.8 folds of that in wild type cells. Con-
sistent with transient expression, over-expression of MbCCR4 significantly promoted the tolerance of
suspension cells against both Vp and VpM. Compared to the wild type, over-expression of MbCCR4 sig-
nificantly inhibited the growth ratio of Vp mycelium on suspension cells. At 1 h, 3 h and 6 h of V'pM
(20%) exposure, the over-expressed cells displayed higher viability than that of wild type cells. We fur-
ther detected the expression of marker genes that related to multiple immune signals in wild type and
over-expressed cell lines that responded to VpM signals. The results displayed that the expression of
marker genes associated with multiple signals, such as PTI, ROS, SA and JA, was obviously induced in
overexpressed cells. Among these, the expression of SA related gene pathogenesis related protein 1
(PR1) and 4 (PR4) were robustly up-regulated at all time points, indicating the involvement of SA sig-
nals in MbCCR4 induced immunity. [Conclusion] The above results indicated that MbCCR4 was a key
gene that contributed to the Valsa canker resistance of both apples and pears. Moreover, SA was in-

volved in MbCCR4 mediated immune responses. These investigations supplied a valuable gene for fur-
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ther resistant breeding and a theoretical basis for carrying out comprehensive measures to effectively

control the occurrence of Valsa canker in apples and pears.

Key words: Valsa; Receptor-like kinases; Valsa canker resistance; Salicylic acid; Immune responses
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Table 1 Information of gene and primers using for qRT-PCR assay

IR 475 ERm3I#(5-3) R 131915 3)
Gene name Forward primer (5'-3") Reverse primer (5'-3")

qRT-MbCCR4 TCAGTAGACACGAGTACGGATTTTC AGCACTCACTGCTTTGTAAACATTC
Actin TTCAGATACTGTTGTGGAGCCTTAC AGTAACTCCAGACATTGTTGCAGAG
PR4 GGTGAGAATTGTTGATCAGTGCAG GTAGTTGACAATAAGGTGGCCTTG
PRI AATCTTGTTCATTTTGGTGGGCC AACAACCTGAGTATAATGCCCACAC
LOXI GCTTATGTGGCTGTAAATGACTCTG GAGGATGCAGAAGTTTGTAAATTGG
CHN50 CTCAAACCTCTCATGAGACTACTGG GTAGGTAAGTTGGATGGGTCCTCTG
WRKY22 CATATCCAAGGGGATATTACAGATG GTGACTATAAAAATATTCGGGTCGG
OX11 CAACTTGGAAAACTCCGAGAAGTC TTGTCAGTATCCGATAAAACGTCTC

17 EMEEFESR

M FAEVFARAE B 0 (National Center
for Biotechnology Information, NCBI; https://www.nc-
bi.nlm.nih.gov/) 481 Fg 7+ 5 [K] 2 £ 4% % (Arabidopsis
information resource, TAIR; http://www.arabidopsis.
org) M AR & (Genome Database for Rosaceae,
GDR; https://www.rosaceae.org/) T %% it 75 & K 4115
& f#FH Mafft v7.505" % 17 ANP0FH (113 4 CR4L 5K
R R TR A K A AT 2 A e . SR
Fast Tree!" i RALIRVE I RS R B, FIFHITT 1
(1000 X bootstrap B FBEIEE . RANKE
B ) 7 454 FARE A A Interactive Tree of Life
(iTOL, http://itol.embl.de/> - F| i SMART C(http://
smart.embl.de/) 4T 25 3B T " {5 H] TBtools 42
HX MbCCR4 3[Rl L7 2000 bp J3 51 , {8 F 76 2k T A
PlantCARE (http://bioinformatics.psb.ugent.be/webt-
ools/plantcare/html/) Fil il F 5 2~ X 35k i )it XA

TCHF
1.8 ZEitoth

¥ F Microsoft Excel (2016) #4843 47 Hu 48 i 4]
SHEH SR t-test HEAT 22 S 0 S MEARL I (> p<<0.05;
** p<<0.01),
2 R0
2.1 MbCCR4 2 CRAL I RFERKF

4 MbCCR4 1) 1 7 514 52 Z2 40 B 77 JE D5 25 9
i, R BLH 5 CCR4 (AT5G47850.1) [A] 5 , #oks He iy
%N MbCCR4, 33—l ik 7 51 LU 31452 5L R 7
17 R 30 AN FIREE R, HME T RAKE
B, B H: 5 3 B e MDO08G 1217500 11 [ 35 1 5% i
(BEI1-A) . S5t Hr R 8, MbCCR4 & 11 /£ N ¥y
EH1IME SR, 1A RCCL_2 45 FyIa, 1 /> i [X A
1™ C i (%) 5 g 45 A4 38, Oy 2R 1) CRAL 5K Ik B 7%
(E1-B) o A F o7 4 4 & 30, MbCCR4 I



1750 BN =2 a1
A B &5k FE X it 2 TR VAt &5 A 45

Signal peptide Transmembrane region  Tyrosine kinase domain

Chr8.g55966.m1
_I:Ema3448-vl.l-pbr
* MABA022547
MD08G1217500

MABA021003
Chrl5.200366.m1
rmal6470-v1.1-pbr
[ PARGO8886m01 . ) . . - " . "
Prupe.1G556500.1 0 100 200 300 400 500 600 700
ReHm v2.0_ Chr7g0223691 St H A 2 71| e B A .
’—|_l:Rch7v2,07Chr7g0226681 ZIERRIT S Amino acid length/aa
FvH4 5g31410.t1 C I RN . 2
L Ro05 G27235 . ]
——SolycT12020230.1.1 MABAO22547-F = i o | —
L —— PGSC0003DMP400024562
i Al
S 3

Ma05_p01240.1
’_|_|:Malllyl7900.l
[ | Ma07 p24960.1

XP_017700565.2
0s08t0109800-01

| | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
MbCCR4 [ Eiif Fr 3K 1
Upstream sequence length of MbCCR4 gene/bp

- O,-site

——0s04t0439600-01
——0s1110222000-01

'_:M303J)l8300.1
Ma08 p29810.1
L XP 026662031.1

= B |
ARE TGACG-motif TGA-element

AT5G47850.1(CCR4)

[ Poui013G103300.Lp
Potri.019G078300.1.p

L VIT 21850041g01290.1

CAT-box T G-box CGTCA-motif  ABRE

_ [ ]
M 5_0x G-Box MBS A-box

AT s B GRS SR AT s C. AR F G 10«

A. Evolutionary analysis; B. Conserved domain analysis; C. Cis-acting element prediction.

1 MbCCR4 EXSHEMFINARGREN
Fig. 1 Basic parameters and sequence phylogenetic tree of MbCCR4
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