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Function of mitogen-activated protein kinase encoding genes bmp1
and bmp3 in Botrytis cinerea
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Pathology Laboratory, Hebei Agricultural University, Baoding, Hebei 071000, China

Abstract: [Background] Mitogen-activated protein kinase (MAPK) signaling pathway of plant pathogenic
fungi is involved in sexual reproduction, cell wall integrity, mycelial infection, pathogenicity, stress
response and other processes. The MAPK signaling pathway is involved in the growth, development,
pathogenicity and stress response in Botrytis cinerea. However, the function of MAPK signaling pathway
gene has not been fully elucidated in B. cinerea. [Objective] The objective of this study is to analyze the
function of B. cinerea MAPK encoding genes bmpl and bmp3 in growth, development, pathogenicity and
response to oxidative stress, and to lay a foundation for clarifying the molecular mechanism of the MAPK
signaling pathway in growth, development and pathogenicity in B. cinerea. [Methods] RNAi mutants of
bmpl and bmp3 genes were successfully constructed using RNAi technology. Compared with the
wild-type strain BC22 (WT), phenotype, pathogenicity, and sensitivity to oxidative stress of bmpl and
bmp3 genes RNAi mutants were analyzed. [Results] The colony morphology and mycelia morphology of
bmpl and bmp3 gene RNAi mutants showed no obvious difference with WT. The bmpl gene RNAi
mutants grew slowly and produce fewer conidial. The growth rate of bmp3 gene RNAi mutants showed no
obvious difference with WT. The bmp3 gene RNAi mutants did not produce conidia. RNAi mutants of
bmpl and bmp3 genes showed no pathogenicity and penetrating ability. RNAi mutants of bmpl gene were
significantly less inhibited than those of WT in the media containing H,0,, while the degree of inhibition
was significantly higher in the media containing menadione than that of WT. RNAi mutants of bmp3 gene
were significantly inhibited in H,O, and menadione media than that of WT. [Conclusion] The bmp! gene
positively regulated growth, conidial formation, pathogenicity and penetrability, and was involved in the
regulation of the response to oxidative stress in B. cinerea. The bmp3 gene positively regulates conidial
formation, pathogenicity, penetrability, and response to oxidative stress in B. cinerea.

Keywords: Botrytis cinerea, bmpl, bmp3, Growth and development, Pathogenicity, Oxidative stress
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Table 1 Primers used in this study

HER A4 R GIE B4 1% 751 PR
Genes name Primers name Primers sequence (5'—3") Product size (bp)

bmpl bmpl-F AGCTCGTGCGCCTAATCCCGCCTCG 279
bmpl-R ACTCATAGTTTCTTGGCTTCTGGATGT

bmp3 bmp3-F ATGGCAGACCTGCAAGGAAGAAAGGTC 272
bmp3-R ATATCCATATCATAAAGGCAGGTAA

Kan Kan-F TGTAAAACGACGGCCAG 620
Kan-R TTACGCCCCGCCCTGCCACTCAT

Tubulin Tubulin-F TCTGGCGAGCACGGTCTTGACGGTT 141
Tubulin-R CTGGCTCCAAATCGACGAGGACGGCA

M13 M13-F TGTAAAACGACGGCCAG 316
M13-R CCAGGAAACAGCTATGACC
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FIF LCA ik kst i b ki 2 itk
fifii%. FIF PCR il Real-time PCR £ AT #R15 1
BALFU TP . DAL DNA B,
FIFH RNAL ZARE kan JEFRRS5 913817 PCR 4
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28 T,
1.5 RNAi REKBIFREL S
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22T HIINER
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T EETIK, I BERRFEIE R, R
PRI TR IARTE, 4 BOMal g LR 22K, 7%
HAY A TR, IR B SEH45 Bk 43
AT,
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FEPI ) RNAT SR T 3 (D=8 mm) 73 5 FN 51 3

BRSERY R, PEATEUR I ME . B R B R
SEET 20 °C SRIBANIR, R RMEE T AL L)
KRG, EE 3K,
1.7 RNAi REFRMFEREDNE

P KA R AR BC22 EARFN bmpl . bmp3
SR RNAT SRABR TR 3 1) 2 S He i S il A B
UK BIRRESR b, 76 20 °C S5 MRS SR, W
Tl T WA TR 2 B B AT T O
1.8 RNAi SRIT AR (L g B9 BN E

P KA R AR BC22 EARFN bmpl . bmp3
FEA Y RNAT SRR 70 73R T4% 10 mmol/L
H,0, Fl 250 pmol/L H Z5FiAY PDA #5775 I, Mg
25 TR R AT S AL 38 A BURPEAE O, IR IR T
T
2 GREM
2.1 bmpl FA bmp3 EF RNAi HIRRIME KK
HEREEEK

FIH Gateway HOR B INAKAG bmpl F1 bmp3 Fk
) RNAi #; /& pKIGWIWG2-bmpl Fi
pK7GWIWG2-bmp3 (K 1A). ¥ bmpl F1 bmp3 %
() RNAI 285 B AL AHT IS AGL-1, By PCR
R85 T B 1B C), KU bmpl
bmp3 HE DK ) RNAL AR I ARFF I AGL-1
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Figure 1 Construction and Agrobacterium transformation of bmpl and bmp3 genes RNAi vectors

W A: bmpl Fl bmp3 FEHRAY RNAI KK
FFIE A PCR %52, M: DNA marker.

B: pK7IGWIWG2-bmpl 5EALRATHY PCR %55 C: pKIGWIWG2-bmp3 FAb AR

Note: A: RNAi vector of bmpl and bmp3 gene; B: PCR identification of Agrobacterium transformed pK7GWIWG2-bmpl; C: PCR
identification of Agrobacterium transformed pK7GW1WG2-bmp3. M: DNA marker.
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bmp3 JEE) RNAi K pKIGWIWG2-bmpl Fi
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= 0.4} S04t

= 0.2f ”I"‘ 2l

c
0.0 0.0 — L — g
BC22 1bmp11 ibmpl- 2 ibmpl-3 BC22 ibmp3-1 ibmp3-2  ibmp3-3

Strains Strains
2 bmpl #1 bmp3 EE RNAI FH U FHIEE
Figure 2 Identification of bmpl and bmp3 genes RNAi transformants
e A: bmpl FEH RNAQ #ETH) PCR %5%F; M: Marker; WT: FFPAT BC22; 1. #fbT ibmpl-1; 2: #{bT ibmpl-2; 3: #
{67 ibmpl-3. B: bmp3 KK RNAi $4L 70 PCR %5 ; M: Marker; WT: $4:5 BC22; 1. $4bT ibmp3-1; 2. $44LT ibmp3-2;
3: $AbT ibmp3-3. C: bmpl FEH RNAi AL bmpl JEF B0, D: bmp3 JEH RNAI 46T bmp3 JLFH KT,
Note: A: PCR identification of bmpl gene RNAI transformants; M: Marker; WT: Wild type BC22; 1: Transformant ibmp1-1; 2: Transformant
ibmp1-2; 3: Transformant ibmpl-3. B: PCR identification of bmp3 gene RNAI transformants; M: Marker; WT: Wild-type BC22; 1:
Transformant ibmp3-1; 2: Transformant ibmp3-2; 3: Transformant ibmp3-3. C: Expression analysis of bmp! gene in RNAI transformants. D:
Expression analysis of bmp3 gene in RNAI transformants.
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— t(d) B B Y
D F Strains
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S . =50
Colony front 2 12.0 ~-BC22  -ibmp3-1 ES 40
2 10.0 ibmp3-2 =% ibmp3-3 s
S 30 % 3.0
/ < 220
Colony reverse S 6.0 2 1'0
S 40 g - b b b
= © 0.0 "
p g 2.0 C:{'» ’b'\ o\ %;x,
Mycellum 50_um 50_pm 5%m g 0.0 Q’ ®‘¢\Q ‘&Q @’QQQ
t(d) Strains

B 3 bmpl #0 bmp3 EFE RNAI REKRHREL S

Figure 3 Phenotype analysis of bmpl and bmp3 genes RNAi mutants

TE: A: bmpl JEP RNAD 2B IR E IR 2B 5 B: bmpl FEH RNAT BRI AR A C: bmpl FEPH RNAL 2B AR 4 4k 5
D: bmp3 JE[H RNAi RAFRIRTE R 2IEA; B: bmp3 JEH RNAI SR A KR Fo bmp3 HEH RNAT 2AEPRIG =1 5.
Note: A: Colony and mycelial morphology of bmp! gene RNAi mutants; B: Growth rate of bmpl gene RNAi mutants; C: Conidiation of
bmpl gene RNAi mutants; D: Colony and mycelial morphology of bmp3 gene RNAi mutants; E: Growth rate of bmp3 gene RNAi mutants;
F: Conidiation of bmp3 gene RNAi mutants.

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



MR KA 22 20 AL USRS SE N bmp 1 R bmp3 1) RE 249

s’ ,‘
J. ibmpl-3
1-

ibmp

El 4 bmpl (A)FA bmp3 (B)EE RNAI RETRRIBR 71N E

Figure 4 Pathogenicity analysis of bmpl (A) and bmp3 (B) genes RNAi mutants

2.5 RNAi RTKRBIFIERENNE

I FHBE RS ACA I T A2 B BC22 M bmpl . bmp3
FLPH RNAQ 7R IRINZEBRE ), 45 S)KRBL, B
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bmpl F1 bmp3 FEH RNAi AR GE BB EE
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([
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PR BC22 M1 bmpl . bmp3 FLRH) RNAI
RASRG RN E S A HyO, FIH ZEHR Y PDA K557
Fe b, K bmpl . bmp3 FER RNAT RAREST E AL
e BB . ZER(E 6) R BL, R 3d A, BFE
Y BC22 fl bmpl . bmp3 FEH RNAL &K TE S A
H,O, FIF ZER Y PDA 5550k 1432 3 0] @A

El 5 bmpl (A)F1 bmp3 (B)E[E RNAi RET{RRIFiERE

ME

Figure 5 Penetrability analysis of bmpl (A) and bmp3 (B) genes RNAi mutants
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Figure 6 Sensitivity of bmpl and bmp3 genes RNAi mutants to H,O, and menadione

H: AL C: RNAi MR E L S0 R BRI BUSENE ; B, D: #0500

Note: A, C: Sensitivity of RNAi mutants to H,O, and menadione; B, D: Determination of inhibition rate.
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