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Pathogenic function analysis of pectin lyase gene Bdpll of Botryosphaeria dothidea
in apple tree  HONG Kun-qgi' ,ZHAO Ying®, YIN Xin-ming', Xi Hui-jun®,LIU Chuang®, WEN Cai-yi*" ,
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Zhengzhou 450002, China)

Abstract: Apple ring rot caused by Botryosphaeria dothidea is one of the devastating diseases in China, which
has become a major threat to apple production. In preliminary experiments, we found the expression of pectin
lyase gene (Bdpll) was obviously up-regulated in diseased tissues than that in fungal mycelia. Therefore, the
Bdpll was considered as a virulence gene involved in the pathogenic processes. In order to analyze its pathogenic
function, the knockout vector of Bdpll was constructed by the split-marker method and the transformants were
obtained through PEG-mediated protoplast transformation. One mutant, ABdpll-3, was confirmed with four
pairs of primers. Compared with the wild-type strain, the ABdpll-3 morphology had no significant differences
on PDA medium, whereas the colony diameter on pectin medium was much smaller than the wild-type one. The
extracellular pectinase activity of the ABdpli-3 isolate was lower than the wild type. Nevertheless, pathogenicity
of the ABdpli-3 isolate on excised one-year-old ‘Fuji’ apple twigs had no significant differences with the wild-
type strain.Relative expression levels of several other pectin lyase (PL) family genes in the ABdpll-3 and wild-

type strains were detected by qRT-PCR. The results showed that the expression of three other PL family genes
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were up-regulated (over three folds than the wild-type strain). These data indicated that the Bdpll had no obvi-

ously effects on fungal growth and pathogenicity, but it had significant acceleration to degrade pectin. In the

ABdpll-3 strain, other PL family genes might compensate the functions of Bdpll by up-regulated expression.
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36% ~45% , FiT, Cho %" % SAE A% F1 T ( Alrer-
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B/ NHHZEE K A 20 min, 3235 H DU )2 20156 350 0%
SRIGTEUER RN 20 g #i%iWE, 15 ¢ Bl , iR
fitls  HZEKERZE 1L, A5 T 0.103 MPa K TH
25 min, (2) CMC #5375, Bl 7 ik . 3 PR BOR
LT 48 £ 4 15 g, NH,NO, 1 g, MgSO, - 7H,0
0.5 g,KH,PO, 1 g, Bk 1 g HHIET 1 L 2
ok 433 T 0.103 MPa, 121°C , KB 25 min,
(3) R HEF Ak WOl 7 s R e 2 g, NaNO, 1 g,
K,HPO, 1 g,MgS0, 0.5 g,FeSO, 0.01 g, &5k 15
g, IR 0.06 g, MK EAE 1 L,0.103 MPa KT#
25 min,

1.2 FHik

121 mERAGHELET R CTAB L HL
PGLW-1-5 43 B ¥k i DNA , I LA i, 519
X} ITS1/1TS4, EF1-728F/EF1-986R , HisF3/HisR #ll
HspF3/HspR 435114 1 9 Jirt TR 1) A% W 4 B S ]
X (rDNA-ITS) , EF-la( #EK T ) , His(HEH)
Fl Hsp (AR FOEE 1) B Br, 3 3%k M
25.0 pLEYR R, HA 55 10xTag buffer 2.5 pl, 10
mmol-L" Mgcl,2.0 wL,10 mmol-L" ¥ dNTP 0.25
wL, i Tag B (5 U-pl™)0.25 wL,10 pmol -
L'#51414% 1.0 pL,DNA #i#z 1.0 wL( = 20 ng) ,
HAR W H 5> FH L H ddH, O #b /&, rDNA-ITS
X Bt PCR 4 3SR h . 94°C Wil 48 M 4 min;94C
AP 30 s,51°CiE K 30 s,72C ZE{H# 40 s, 3L 35 PME
R )5 72°C FAE 10 min, &5 T 4°C IR 7%,
EF-la Hsp F1 His &K B 0938 O EE 73 51 8
55T .62CH1 60T, HAx B 5 1DNA-ITS ¥ 1 2
FEARIF] 3738 77 4 22 Bt B Je A ) T 3 4 S 1
s I, 25 AR T A ) AR B WS U
AL G T, B Se #EAT Blastn Ho X, SR 0 90 LA
tDNA-ITS Fl EF-lo 18 i 06 & FE PR AT 4 A
DR B vy J3 Ay R 5 35 TR e 97 i 4k Rl 41 LA
Guignardiap philoprina 1 Dichomera versiformis K
ShEE (2 2), I PAUP4. 0bl0 4k 1 #4 # MP
(Maximum Parsimony) & 4t & & #, #f & % R
s,

1.2.2 ABEsr#EARGME Ll PGLW-1-5 435
PRI DNA A4, 4351 FH 514 Bdpl-1F/2R  Bdpl-
SF/4R ¥ 34 8 H W 3L iy I Ui A B, DLJSORE
PCB1003 itk , il 45 % H 514 HYG/F HYG/

R Y788 hph 185 R IE ) 2K A B,
FIIH split-marker PCR 77 {4 £ H 3 PR i o 28044k
SR 5 W ¥4 4T 1) 4R AR % #2 8] pMD 19-T Vector
(TaKaRa) I, AL KA FTF B DHSo, FHINA &5
B (50 wg-mL™) 1Y LB [ AR K5 37 3 0 % PH A v
B, B CSORE, I DL SR R A5 AR, FH51 9 %+ Bdpl-
1F .HY/R il YG/F Bdpl-4R #i47 PCR ¥ 1 K&
WA H M B VI IR E ) B
1.2.3 PEG /89 R A ik d4L 5 & T Ak eg 1o
JE A ARl 5 7515 % Chen S5 7352 WS A T
ol AR A AR FE AR RS 1074 - mL
T RBR AR (5~10 pg) 5 200 wL By J5AE BT iR T
50 mL B0 IR G S) EIRFHE 20 min, fITA
1 mL [ 40% PTC, iR A5 T F e 20
min, ARG IMA S H AT HER (50 pg-mL™") 1)
TB3 5353 FEIREE N 25°C , %38 K 90 rpm (R K
PRI, K F B R R AR A E RN,
3 500 rpm, &.0> 6 min, 7+ 3, B A K2 1 mL
M 55 W F 52 AR R Y R A AR R0 AR A &
55C A MEZ (100 pg-mL™") FE EHEHZ (50
pg-mL™") /¥ bottom K P-4, 25°C 1 &
}55% 10 h, 7F bottom |78 T —)2 Top HiFrktk, 4k
iR 2~3 d, KL BREU TN A
WIHER (100 pg-mL™") (¥ PDA R SR RLAREE0fT % , 15
HeAb R 2Z)E , $2H DNA #17 PCR %3k,

F CTAB 77k 2 U fbF DNA, JF LU
K 43 91 51 9 % PL-F/H855R . H856F/PL-R |
Bdpl-in-F/Bdpl-in-R 1 H850/H852 #f 17 PCR #"
1 5|4 PL-F/H855R 5 H856F/PL-R 43 | #6: il 3
W E RS & A VR E 4 ; 519 Bdpl-in-F/Bd-
pl-in-R Al H A J PR 75 4 R 5%  H850/H852 K
W hph B AR, A7 B IK R H By 5L
AAEAE  hph FEH S b R A T IR A )
AT LA R BRI AT
1.2.4 RT-PCR 33 % TR K B Bdpll % %k ik
K Trizol 45 B 58 A8 44 55 WF A= AU (%) RNA, Fi] H
B sl & (e E M HR A IRA R & BUE
—4% cDNA, ] Bdpll & H 1) 2t 1551 35 114 52 1
519, H B-tubulin ( iE 7] 5] ¥): TGTTCCGTCG-
CAAGGCTTTCTT, X [ 5| #). TCGTTCATGTTG-
GACTCAGCCT) fE A NS S, 50 E Bdpll &
FEG AR R R R,
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Table 1 The sequences of primers used in this study
Primers Sequences(5'-3") Function
ITS1 TCCGTAGGTGAACCTGCG
Amplify rDNA-ITS fragment
ITS4 TCCTCCGCTTATTGATAT
HisF3 CAAGCAGACTGCCCGTAAG
Amplify His fragment
HisR GGCGAGCTGGATGTCCTT
HspF3 CACAAGGTACGACTCCATTG .
Amplify Hsp fragment
HspR ACAGTGGCGGTRGTGGTACCGT
EF1-728F CATCGAGAAGTTCGAGAAGG .
Amplify EF-1a fragment
EF1-986R  TACTTGAAGGAACCCTTACC
PL-F TTTCAAGCAGCCCTCACCGCGTCCG Detecting whether the homologous recombination
H855R GCTGATCTGACCAGTTGC happened between the upstream fragment with sph
YG/F GATGTAGGAGGGCGTGGATATGTCCT
Amplify the fusion fragment
HY/R GTATTGACCGATTCCTTGCGGTCCGAA
HYG/F GGCTTGGCTGGAGCTAGTGGAGGTCAA
Amplify hph gene
HYG/R AACCCGCGGTCGGCATCTACTCTATTC
H852 AACTCACCGCGACGTCTGTC .
Detecting hph gne
H850 TTGTCCGTCAGGACATTGTT
H856F GTCGATGCGACGCAATCGT Detecting whether the homologous recombination
PL-R GGATGTTGTGGGTTTGATGTGCC happened between the downsteam fragment with iiph
Bdpl -1F GCTCACCACCACTGGCCAACTAGG
Bdpl-2R TTGACCTCCACTAGCTCCAGCCAAGCCCGAA Amplify the upstream fragment
P -AGAGTGGCTTTGGCCGTGG
Bdbl.3F GAATAGAGTAGATGCCGACCGCGGGTTCCG
P -AACACTAGCATCAGCACGGG Amplify the downstream fragment
Bdpl- 4R GTGAAGTGCTGGGGTCGGAGTGGC
Bdpl-in-F ATGGTGAACATGGCTGCTGTCTG .
. Detecting Bdpll gene
Bdpl-in-R GTTCTACTGTCTATGCGTTCAGG
Bdpl RtF CGTTATCATTCAGAACATCCA
Bdpll expression detection in qPCR
Bdpl RtR CCTTGTCGTAGCCAGTAA

1.2.5 HmAEN  B% Zang FHITE HEL
FHLAH 5] 1 —4F AR LR SRR A% F F DR K Pk T
W RECR 30 om K A/INBE, RERR 8 om FHFEA& K
(30 w) Bk 5, THHEAZN 5 mm AFTFLER,
TEHF A BB Mk PGLW-1-5 5 28 48 (K 1 76 30 4 T HL
B GE, SR H TR R KA B 22— T G T A Sk 2 A
Ak, F455 11 4 % /0 i TG B B RR AR K RN R
— [ SRR [ 5 | 1 PR Y 1) IO G A3 o
DR ICHEK TR, 2 d J5 BRI
B E DM S AR IR AR 3 A E A, R
w3 IR,

1.2.6 R EARG RISk B AL A bR
PGLW-1-5 FI 5 AR TR bR 2 A TSR i Fil PDA P-4l

fy R e fE 25C 4 MBI E B3R, 3 d 5 AR TR
JEARIFNE RIS AR, AWk 3 N EE W E
K3,

1.2.7 JeshBEEem s RA 3,5- T iHEK R
(DNS) Fbfa i, 43l 6 5 25 1A R BT A 20 B Ak (6
FR) B4 LD SR I T TG T A AR A B R 3 A
B W EL 3K,

1.2.8 gRT-PCR 447 Rz 2 i B K 3% N A K B
MEAE MG EFAE BRI BR PGLW-I-5 I8 A8 K53
RN T —AF AR P B R R B SRR b R — ]
J& , HICE R U] A LR L 3 em AR ) 4
21 K Trizol 33 H RNA | ) 5% 5% )5, LI PGLW-
-5 Yo HL 5 A 05 0 BAR AR o oxt IR B-tubulin R
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KNS AT SIS0 E B PCR, il 58 745 14
SHYEAEIG, PL K% N H A I B0 2815 0L
PCR 2 W& % . 2xUltra SYBR Mixture (CWBIO) 5
pL B cDNA 1 pL 519145 0.5 pL ddH,0 #h 7S
210 pL, HM0P 3 AEE ,PCR )7 K. 95T
10 min, #R)5 40 PMEFRAY 95C A8 10 5,56C iR
k30 s,72°C FEAH 30 s, EfE T 2R 95C 15 5,60C
1 min,95C 15 s,60C 15 s, PL ZZJ% Py HoAh I A
(R ek Fim At 274 2O IR,

2 HR5HH
2.1 REREMMEEE

o J5E TR 14 A2 B AR e st 8] B X (rDNA-ITS)
EF-la, His Fl Hsp 5[5 7 Bt 28 PCR 9314 43 5l 4R A5
530,280,550 , 1 430 bp i) DNA F B, i i Blastn
Fext, & B H 5 NCBI HEL & %) B. dothidea TIFF
(") tDNA-ITS \EF-1a, His A1 Hsp 751 i) — B 1y
KB T 9% ~100% , ¥ 7€ 73 85 #k PGLW-I-5
H%E %5 R I 1 ( Botryosphaeria dothidea) , rTDNA-
ITS Hl EFlo 5 SV EHR AR H) MP RETLF W
FNESFRWI (B 1- A) T A WARTE L) Guignardiap
philoprina MG IR R 58 & B W L RS 8
REYGIEL, KA 55— 43K (Clade 1) f44% Diplodia
mutila D. seriata F Lasiodiplodia theobromae 3 1~
i, HT B SCRER 4100 100,98 #1100, 55 47
Bi(Clade II') £ & PIAMES3 4% (Clade A FiI Clade
B), Clade A 43#{ 1 B. fusispora .B. fabicerciana .
B. corticis B. kuwatsukai 1 B. dothidea 14> Fh2
AL, BB PGLW-1-5 50k [ T3EH By
Tz @AY 1) B. dothidea MR J— 14 Ak
i 5 Botryosphaeria HAit 2 & 5@ TANE Y
OIS, RITIZ T AR R 2K )2 B. dothidea, Clade
B 43Kt N. parvum F1 N. ribis WA Fh2H i, 26 01
X Z ) BAT AR 3R 5 C &, i rDNA-
ITS \EFlo His Fl Hsp 55 7 51 805 S48 1 7 MP
ARG LT W5 B rDNA-ITS fl EF1a %) MP £
4R BN RS, ) Bk PGLW-I-5 [A]
FES HA P FOR VR B. dothidea % 7E 7] — 143
sz, 15 HABSE o R AN E] 1) R X — 45 SRR
PRGBS RI TP SATH AR Ay % e A (18 1-B) o
I, 45 & Blastn FbXF (9 45 51, 5 & 00 52 40 B bk
PGLW-1-5 [ # 2& iy #ij % JE& It 8 ( Botryosphaeria

dothidea) .
2.2 EBREFHEHEE

1 PGLW-I-5 (3£ K 21 DNA 1E M, 51
Y%} Bdpl-1F/Bdpl-2R Fil Bdpl-3F/Bdpl-4R #~ 34
Bdpll FER 1 A BOFR R e A B, HR /Ny 5k
1185 bp 11 114 bp, [FIRF, L PCB1003 ki Ak
#i, A HYG/F 1 HYG/R ¥ 34 hph 094K ILA
HAK/N A1 379 bp ([ 2-A) , g VA bR A BE
R 2RI AR, 435 L) Bdpl-1F+HY/R
1 YG/F+Bdpl-4R N 5|9y, F| FH split-marker PCR
g R R A, U B S R A Bl R
41847 bp, T BLSMIE R Bail A K/NA 1
918 bp( &l 2-B) ,,

2.3 RTEMEAIEIE

Wil PEG 3 AL e Ak L 315 3 e fk
Tt 4 X5 T PCR #0159 3 — 4> BH PR
T ABdpll-3, FEHFEH 4 %A Kl 2 Bdpll
FEDR (HHIA] LUK R] hph B EOTFEAE . TRIAEZ
A 3] T 1 310 bp A1 1 327 bp B A B
(B 3-A) ,UEB Bdpll SR K Pl BECO4&YS
WEE R R BER ARG AP IEW] Bdpll B2 2
JRIIBE R BE . RT-PCR 45 5 & 7 78 B A2 7Y 43 2 #k
PGLW-I-5 FIZZ5A A Bdpll-3 W, B-tubulin FEH ()
TR WA W25 1 Bdpll LR e RAS R %
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Fig. 1 The most parsimonious phylogenetic trees of tested isolate and related species
A :The maximum parsimony tree with bootstrap value using 1 000 replicates generated in PAUP 4.0b10 using combined rDNA-
ITS and EFla sequences. The Guignardiap philoprina isolate CBS447 was used as outgroup; B; The maximum parsimony tree
with bootstrap value using 1 000 replicates generated in PAUP 4.0b10 using combined rtDNA-ITS, EFla, His and Hsp sequences.

The tree was rooted with Dichomera versiformis isolate PD295.
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A bpp M 1 2 3 B pp

M 1 2
2000
1 000
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Fig. 2 Knockout vector construction

A :Using PCR to amplify the Bdpll gene (1. The upstream fragment; 2: The downstream fragment; 3. Hygromycin gene; M:
DNA marker DL2000) ; B: Construction of Bdpll deletion cassette ( 1: The upstream fragment with iph; 2:The downstream
fragment with Aph; M:DNA marker DL 2000 ).

A B
WT ABdpll-3
500—
bp M 1 2 3 4 5 6 7 8
250—
Bdpll
100— P
500—
250— B-tubulin

100—

Fig. 3 PCR detection of the deletion mutants
A Identification of Bdpll knock out mutant ( ABdpl1-3)by PCR with four pairs of primers (1 and 5: Detect the upstream with
hph; 2 and 6. Detect the downstream with hph; 3 and 7. Detect the gene Aph; 4 and 8. Detect the gene Bdpll; M: DNA marker
DL 2000) ;B: RT-PCR to detect Bdpll expression (1: The wild type strain PGLW-I-5; 2. The mutant ABdpll-3; M; DNA

marker DL 2000) .
j a

WT  ABdpll-3

a
] |
T

WT  ABdpll-3
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[=)]
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Conlony size/mm
N
S oS
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=)
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)
S
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Fig. 4 Cultural characteristics of the wild type(WT) and mutant isolate( A Bdpl/I-3)
on PDA (A) and pectin medium (B)

The different lowercase indicated significant difference (P<0.05).
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Fig. 5

K51 20.33 il 32.26 mm, 8 3 55 i Hr &
I, ABdpl1-3 G5 HY A RIGE R 7 A R BE R/
T 255 (1= -0.93,P=0.380 6 > 0.05) , ABdpll-3
FRAMAR R B ST R (K 6-B)

REMK PL REAEMERRRIE

VA B-tubulin FEK R PNZ:, X} A Bdpll-3 52 i
HE PRI N oAt B PR 3Rk s i A T i 98 A B, 7E A B-
dpll-3 {293 EdfErh R KRN A 3
NFEH ( AppleLW-1-5A13869 , AppleLW-1-5A09414
H1 AppleLW-1-5A13858) B} i I A &3k, Hi ik i
M TR AR AR R A 3 A LA B (B 7)), iXsk
B UL, Bdpll FERIB R 551 1506 N HAl
FEAY) L IRZRIE I 2L 1 8 3Rk i) B R A — o
FE LR AN T T Bdpll R 6k 5 B0 1 1Y
TR,

2.7

Pectinase activity/U

S = N W A NN I 0

WT  ABdpli-3

Using DNS method to detect extracellular pectinase activity

A ;D-galacturonic acid standard curve; B: Pectinase activity of PGLW-I-5 and ABdpll-3. The different lowercase indicated

significant difference ( P<0.05).
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Canker symptoms caused by the wild type and mutant isolate on excised

one-year-old apple twigs(A)and their average lengths(B)
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Relative expression levels of other PL family genes during the A Bdp/I-3 infection
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