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B OE: WRNEIRAEIESMAERNLNIZRE, PEH NN~ EME/R, B2EH KB Didymella bryoniae 57 &
FHRALEFTEE, XTZAARARDGHLEARLRE., AARAGEFTHEEL B Srm 484 RH (ph) 6
pBIG2RHPH2 1 4 A H AR, ARE RATE C58C1 4 A4 1bAK, L8R E A A E #97% 8 %+ DB, AR AN,
HINEAE R G RARIAA R A KN EAR R E 0 £ T BFRRA A 1x10°438F /mL, RAFHE AR ODgo 4 0.15,
3T AN 48 h, HFIE AR P R 200 pg/mL LEET A B, 3 ARARA 100 ng/mL #E £ B. 200 pg/mL kK
J54h. 200 pg/mL B FF F & A7 200 pg/mL WA, X1 AN FHBHEA S AT TAF A A5 DAL QFALT, FAPIR
3 AN4E46F # 4T PCR #= RT-PCR #M Z I, A R4 EE B 4 PDA BARL PR L4 TS5 5 KB, hph £B4A
#6458 T A £ Ae4E 3, Southern blotting #) % I, T-DNA #E R L NIEN I ANEATF L ERA. AR EZOHRNE
AR E QAR R L AR A AR B RAF L5 R R E 6 AR AR E IR L,
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Transformation of Didymella bryoniae mediated by
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Abstract: Gummy stem blight, a plant disease caused by Didymella bryoniae, is one of the major diseases in melon. The disease
can seriously reduce melon yield and quality. However, little information is available on the genetics and functional genomics of the
fungal pathogen. In this study, we developed an Agrobacterium-mediated transformation system for D. bryoniae by using a universal
pathogenic isolate DB11 and the Agrobacterium tumefaciens strain C58C1 carriing plasmid pBIG2ZRHPH?2 harboring the hygromycin
B phosphotransferase gene (/ph). Total 45 transformants could be obtained per 1x10° spores when 1x10° spores per milliliter of
D. bryoniae spore suspension were cocultivated with Agrobacterium cells at ODgy=0.15 for 48 h in the presence of induction
medium (pH 5.2) containing acetosyringone at 200 pg/mL and selection medium contained 100 pg/mL of hygromycin B and
200 pg/mL of cefotaxime sodium, ampicillin and tetracycline, respectively. The transformants were stable when grown on PDA
medium without hygromycin B for five times and were verified by PCR amplification with the Aph primers and by Southern blot
analysis with the sph probe. The transformation system will be useful for further studies of functional genes in D. bryoniae.
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TR TR B Z A TR, TR S A 2
AR AR 7= 1 B 3, ™ B R 0 A TCES 7 42 A
T, FERNA A 2= RO S ] A, R Y AE iR
A 45T, A E RTINS A, AR B A K s
F, BRRELHFARE, BRBREMKE K
PR ST e, A T R B s v T T TS 28 A
RIREEN , TEE B RRBG, MRRAE T 0]
ik 309%~40% , BERUTE T, ST E AR ER
PERERE, RAEN . P9, #UN. B NFIE
PR XA A R R R . RS &
M i T AY AT P AR T 9 TR R R /D BR e T
Mycosphaerella melonis (Passerini) Chiu et Walker, JG
2 Ascochyta cucumis Fautr. et Roum J& 1 & JA
FRRmMES . BT RESRE T ER K, ¥4E51)
KG—, BICE A Didymella bryoniae, Ascochyta
cucumis. A. citrullina. A. melonis. A. cucumeris .
Phyllosticta citrullina . P. orbicularia . Sphaerella
S.  melonis .

citrullina Didymella melonis .

Didymospaeria melonis %551, {HJ& 53T JLAE 1Y SCHik
1] D. bryoniael 1 EZ W Z . FH LA HEST
AT . R IR SRR L BT
A, BARF AT T WIR G . RS R BT
A R f TR AL, e T RHR . 7 H PR
Rl 20°C~25°C, WHEM 3~5d, MBI 4~5d J5,
(L YLD RE S NP 3 ) S o o A 4 N [T 3 SR
6~8 m"*o R AR RIGTR P25 S W . — St B e
JRIBHURRZ )5 R R R ©  A
JE A SR BRI N A2 T 5 T 4
HRPERAREE IR . AL PO RR IR IR 2550 T
B LA T A3 FARic i 43 R4S T i g
SEA LI b 5575 2 EARWFFER WARGE o Sr — T ]
LR LR AR R TCER A R A MR RO ST
FRT DI BE I DR LA L I - S Al o B B A A 0075 T o
e 58 1) LT 38t A% B AR D7 3k O SR DA o A e
b, XAITIEBRI 5T, BORIRT o ORI R A
IR AR EE AR LA, kAR
KU el R A BT e bk 2R
JE R IX RO B AE L E A T, AORA Y,

— & 10° A~ FREF= A2 300~500 NFE4EFY, 10° 4
BFREF 4 53 AT 100 A T RE S A 156
AEEAL U PR A B AR T AR R SRR R T 11
R SR FE SR, 89%~98% ik ik F A #44r S e
S T-DNA SRS DUR AR LR g s, i
T-DNA i A7 & 1Y 5507 51 AR 45 By b TAIL-PCR
P AR B0 R Ak A ) R A TR
Bo kAR KBIREM A, W HERS
T-DNA 532 LR LB, X A 0F o8 5 A i 2 fE
FEDRAL T RTRE, RTINS AR P I TR 1 B
AR T5 Tk BRAE AR P B AR 5 B T R B

TG A 9 DA 3 A% 5 A AR R I B ST R A 4 K
-1 B 9 D P SO AL AT RE ,  RE A R e 1k
RGN VIR ARG R NI, RS A H Y
MOR ) TREB, WG & T RE BB T A sl B,
i PR S AT s . R, BHR AL IRL
R T HbL S M 5 L TR ) R Bk R A 2 F 5 1 T R TR
Ao ARG UA—FIAATH CS8C1 S H#57 i Fg Z Ptk
(I FURL pBIG2RHPH2 415, DLSREUR I H M D.
bryoniae DB11 i K Bakk, 77 Az Hit I & Al o 1Y)
T-DNA i Atk ¥, BTE@E—FhfRis, i, &
R I A6 TR I S AR 2R i I & s T
RESE R A MRS 3T T R4 (Y 2t
1 FRAe g i
1.1 it EK

FHRE MR D. bryoniae DB11, WL 4\ B
F B VARV BT = RAT

M R AT B A tumefaceins T ¥R C58C1::
pBIG2RHPH2 Hi H A5 #5 )i 37, K% Kubo #4520,
TE YEB B 973 (% 25 pg/mL Bi&EXR) FAK 48 h
#H.
1.2 EHEE

YEB Hifedk: 4WIRE 5g/L, MR 1g/L,
EEWE 5 /L, EEME 5 g/L, MgSO,7H,0 4 g/L, i
fI§ 15 g/L, pH7.4, 121°CK# 15 min £ H .

LR EM AR5 (PDA): L DR E
200 g, fin 1L /K& 20 min, 3§, FEHRIER,
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IMAZHE 20 g, BlE 15g, EAR 1L, 121CTK
W 15 min %

MM K53k . #H &M 5 g/L, FeSO4 7H,0
2.5 mg/L, CaCl, 10 mg/L, KCI1 0.15 g/L., MgS0O,4 7H,0
0.3 g/L, NH,CI1 1 g/L, NaH,PO, 1 g/L, K,HPO, 3 g/L.

IM B 3555 10 mL MM, 50% Hil 0.1 mL,
1 mol/L J5 i M2 W BE i f2 .  (MES) (not pH’d)
0.4 mL, FivEukBEm S mET &, 209% % b
0.1 mL,
1.3 HMNAERFRESEBRFRIZHNH &

TSR B 0 A 0 14 7 A AR AR S 46 2 L,
Hi & 0L, i 0.019% it iR Ik 5 5~7 N E
AR T KR miracoth i € B F /6T
% 50 mL fE.LAF . 5000 r/min .0 10 min, 3
FiE. 10 mL KE K ddH,0 FFr& /1, RF
5000 r/min #5.0> 10 min, 3% F¥f, 1 mL ddH,0 &%
rAEfl S, AT RS MR AR EE . T ddH,0
P T E 1x10° 4~ F/mL.
14 MERMHAERFEMRTEF N E
V4.1 FHEIGEA o] Z 7 7 3 B X & R
T T 87 % A 22 4 (R 9705

BCil SR B WEEAREE (0. 25, 50, 100,
150, 200 F1 250 ug/mL) (¥ PDA K534, ¥ b
W 1.3 v ] A B R WA B 1 000 %, B 10 pL
5 TR IR - B PR R AR B B A1 A A, B
FRIAEY 50 A3 EfF, 28°CHFR 4 d MWV
G o FTFL A5 IBCIR] 45 T i A LA 1Y) TR B i 30 °F
M, 28°CHE SR 7 d WLESTR & A K 00 o ARk 3
HE 3.
1.4.2  SLAENT Y, 2 F 8 F PR3 TE IM 7 7R
HEXPLFF A 9]

fit )5 200 pg/mL 2% 75 8 R +200 pg/mL Sk{
WENIG£H+200 pg/mL PR R A ILEEFRIG S (M)
Me, B 10 uL C58C1::pBIG2RHPH2 B ik 141 51 ¥ A1 )
FRS-A b, REE IR BRI S , 28 C 3l & 45 57
4 d MBS E RGO, A bR R py L 57 5%
FrHk (IM+AS+IAE 15 g/L) AP A% = A AT AT
M, BN FRER 3K,
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1.5 #Hi 5wk
V5.1 FEIEIHAC T I IR 19 s

A. tumefaceins Wk C58C1:pBIG2RHPH2 A
C58C1 fE YEB B3V (7 25 pg/mL #Hra 2 al
# 0 pg/mL FER) LiRfife, 30°C R,
PR S B BE R T 10 mL MM IR B 5356 (3
25 pg/mL B & R 0 png/mL B & %), 28C.
200 r/min #5577 1~2 d, MREEIRW, /)5 H IM ik
RiFRI (RINBETHRIER AS, WL 1) Fikk 10 4,
200 r/min }55% 4~6 h, M7E ODgo, % ODgoy 2
B (R 1),

F1 FRFHGTHNER-FERNEUEER

Table 1 Ratio of transformant of D. bryoniae conidia in the
different conditions
ODgy of  Co-culture {3 . Transformant Significant
Agrobacterium  time (h) Sphcspration number  difference®
(ng/mL)
100 0 e
24 200 6 e
300 9 cd
100 5 e
0.12 48 200 9 cd
300 15 be
100 4 e
36 200 5 e
300 10 c
100 8 d
24 200 12 c
300 10 c
100 15 be
0.15 48 200 45 a
300 50 a
100 18 b
36 200 50 a
300 52 a
100 3 e
24 200 4 e
300 5 e
100 8 d
0.18 48 200 10 c
300 13 b
100 3 e
36 200 9 cd
300 10 c

*: difterent letters mean significant difference (P<0.05).
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1.5.2  HLFFRAIGF %

IR 1.3 PR 6 TR TR (100 pL/g),
Hrp 54540 A 100 pL C58C1:: pBIG2RHPH2 ik ,
56 M 100 pL C58C1 Rk » Jore iy 3 b 53 3k
(IM+AS+3HE 15 g/L) L PoilmRer 4 L g (L
£ 0.45 um, E % 45 mm) (Whatman, Hillsboro, OR
ONEIEEY, K6 AN B A N TR A R i3 SR AR
TUEME I, B OBEE, 22°C~25CH R E BRI
] (£ D, A FE S LS E MM B3R (F
100 pg/mL ¥ % K +200 pg/mL 3k 1 WE Ji5 4 +
200 pg/mL AN HFRRBUE 15 g/L) ik b, 25C
ARZLdEFE 2 d, PR AL PR BT PDA P
M(E 100 pg/mL WM& XK B) I, 25CREREFE 4 d, 4%
FHEEAMT RS 7 d (12 h BB S +12 h 24P BRI HZ 4
AR A, AR E T I EOKRIRE S, R
i A3 PDA S (% 100 pg/mL %% B) L,
25°CH; 3% 48 h, PRHUH & B B F 14 75 A 81 PDA
AR (100 pg/mL & R) I, 25°CAREESE 7d,
TRAEHERA, .

1.5.3 WL FFH ISR

O3 TARFT B ODgoo (0.12, 0.15, 0.18),
B ST VER ] (24 h. 48 h, 36 h). AS k¥
(100, 200 300 pg/mL) A [E4ALET7 T X ARFTF HFE
RO EmaSS , Geit 100 pL Hif LS Al 7 43
A FRIF R AT AR BT E . B ER
6 K, HCOFHIME . KH SAS (9.1) A Duncan ¥ = [
KT EMILLE T2 E LK, P<0.05 KF L5
BT 5 A 3 0] 2 A 3303 1 ol 3 1 22 5
1.6 ¥ TFHFIEETE

FMAE hph PR AL T 3L R AL b st L R
P, BENLEEI 3 A& A TR % AL T e Al 2R i 25
% B Y PDA }iFR3k DL 5 AR, SRIGHEMT
PDA WRIEFRIE (% 100 pg/mL 1% % B) H1,25C
TR 4d, &H.

3 4R BRI TS At s TR B K 24H DNA Fil RNA,
il % cDNA, LI DNA E{# cDNA J#iti, 514 Up
primer: 5'-GCATGAAAAAGCCTGAACTCACCGC-3',
Down primer: 5'-CGCTATTTCTTTGCCCTCGGACG
AG-3", YE4T hph JE[H ) PCR Fil RT-PCR 448 , #5701
hph BYHE A AL S PCR 2P U1 F 2 95°C 5 min; 95°C

60s, 60°C 60s, 72°C 60s, 30 ¥ ; 72°C 5 min,

P55 L PIRR 2R 9L [ 41 DNA HE4T EcoR T B
YIG , ST B BR MUK o BT o DAdh s S RS A g AN
K57 & (Roche A Fl &) Fric hph B9 PCR 7=
) MER4EF, Southern blotting /il T-DNA (14 A $5
L

2 BRI

2.1 A RIS FF B AR AT E BRI E
211 FHEIEAN TR F B A SEXT A1 T
B I T B R R 2224 (< 952

0~25 pg/mL {18 2 B XN &G 1 19 4345 1
T RFEABLGMHAVERN, 50 ng/mL W% R B Xf il
T &AM A, (A2 BRI RE N &
100 pg/mL W8 % B &1 B2 2R Geli &
(B 1A). 504 M ML, HLHMER B Hng
J&, 25 pg/mL WA R B s 221 44 . BT LA
AHE AL S0 SRR 100 pg/mL #IEE 2 B 0k B0 M4
k¥ (K 1B).

50 BN

1 HAEHFEESATRKREHSE B H PDA F
WMEMSEBMFHEL (A) MELEK B) FR
Fig. 1
Didymella bryoniae on PDA media with different concentrations
of hygromycin B (0, 25, 50, 100, 150, 200, 250 pg/mL).

Conidia germination (A) and hyphae growth (B) of

Journals.im.ac.cn
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2.1.2 LAHEENTH, R AR AR AR
TFTRIE XS LFF R I INHITEHT

C58C1::pBIG2RHPH2 78 A FALflHii A4 K LA K&
200 pg/mL ZNFEER 200 pg/mL Sk AIUEGHY
+200 pg/mL PURRER YIIEFRIEG IR ([F] IM+AS+3
g 15 g/L) FARAREAE K . R T 04T 1 A S
AR AR I, IEIE IR SRh o 1 204 L5~ F C58C1:
pBIG2RHPH2 I}, $5FRFENEAN 200 pg/mL 2 w75
K +200 pg/mL Sk fIBE N5 E4+200 pg/mL PUIFE .
2.2 HALFMGMMILAS

X AR B TF WO B R REFRET LA AS U
JEHEATIRAL, SR E Y RATHEEBTEIR A ODgoo
Jy0.15. H:¥EFEIFE] 48 h (K 36 h). AS WK
200 pmol/L (5 300 wmol/L) i &H TN & Ak 14 43 A 0
F I RCR I, 1x10° Al F H g =4k 45~52 4>
AT, A M2 A BEEES (R 1D, A3
ARG R R, AR B B B0 AR AT
MR ALRCR I K, Wi RAK (ODeoo 4 0.12),
AR BAL, BRI HEILS —E W &G
(ODgoo 1 0.15), MEEFEHIK (ODgop M 0.18), ek
HOR RS TR, 3 U] G R 73R
TR AR AR o FEARFFIE ODgoo  0.15 B,
BE & L SR R A RE S, Ao I e, TRl
LR IR ], AS VRS TH i, AR RBOR A A P Y
K, (EEILREFRAYRTE] 48 h F1 36 h LIS AS AYHE
J& 200 umol/L 5% 300 umol/L W44k R KB4 &
P2 X ST AT EE R, ST
B TAERE AT AS, FRATTERE 4 EH T A
O3 LT B PRI FE 1x108 N9 F-/mL B, A 2 SR
SR A B LA R Ry AT BRI ODeoo
H0.15, JEREFREFEI R 48 h i BB R I PN
200 pmol/L AS,
2.3 B FIEERE RGN
2.3.1  hph ZEATE AR E R HIFE1E 7 e R
HIRIFE R

WA R LI 3 DAL T 1Y hph FEDRUERAT 4734
45, X R W] T-DNA B4 A B EH TSR 1 ) G
@k b, R hph JEHAEE IR SEKOF i
etk (B 2), St AmRiE Y& rtsrre

Journals.im.ac.cn

bp M 1 2 3 4 5 6 7 8

2000
1000

58
250
100

E 2 PCR #1 RT-PCR HIEEZMK 5 RAEH K EHH
EHEUTFHHEER B MREBBER (hph) WIREY
Fig. 2 Verificaton by PCR and RT-PCR for hygromycin B
phosphotransferase gene (hph) in three transformant of D.
bryoniae after 5 times of subculture. M: DNA marker; 1, 3, 5:
PCR products of the transformants; 2, 4, 6: RT-PCR products of
the transformants; 7, 8: the PCR and RT-PCR products of the
wild type, respectively.

X SR AT TSR T A T ) RE L DR AT 5 1)
BT HREM TR,
2.3.2  T-DNA LU i AF6 1L FHIILF 5
Southern blotting fiff 7345 5 & I A4 AL T8 2
H—4 28 447, UL T-DNA #B LA DL 2046 A
SR EE TR R ER () 3), XHAT AR
S5 AR 3 13 I AR T A A TS A TR
3 HE A ST TR Y S AR AR I DL KGR AT A2 TR Y
R AT ST 2 AT Y

kb WT 1 2 3

2.5—
A

20—

1.5— _

1.0—

05—

3 Southern blotting 38 iE ZE & 44X 5 X I EH K E+h TR
BEHUTHHEER B BMREBIBER (hph) MIZES
Fig. 3  Verificaton by Southern blotting for hygromycin B
phosphotransferase gene (iph) in three transformant of D.
bryoniae after 5 times of subculture. WT: wild type of D.
bryoniae; 1, 2, 3: the transformants.

3 itk
ST AR, 2 FF AL IUH AT 4

AR 1) AT A UL SE A A0, AR 1
TR, IR, X T R A AR
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JRI; 2) ARAT e AL RGEFALR r, WFFERIIAK
FFRIA S5 107 A 200K FL T 40— g™ A= 300~
7200 MY, HHABEEFLTTIE R 100~1 000
F5 3) PRAEMRAR IR 7 0 B P8 DL A AR IA
PR 2 L N A 0 BEARXT 25 5 5 4) 1%k AL %
e fase, ARATE A UL Mo Ui 2 4, ik
R EAT AL 3 A 70T A B AR S A BT LA 3
AT BRI AL T, b T BRI T 22 2 B P i A
(AL T ANERE MMERE 2 . 528 HoAt LT 1Y e AL D
YIS AR X TG Ak 55 T 14 Ak 2% PR kAT T
R, L AL 2R, 1107 034 f T BT
B 45 DZEATIERAL T, XA AT B AL A B Y
AR UIOT A O AR G, R S I A g
14 35 1% 2% L) e Dy g BE DR A F 9 B2 4t R A iy il o )
FHZEACAAR R FATAT LA LTS JLAS I T % T &5 A
TR PEATRITSE . —, TR A T-DNA
TRARALE . G AR, MWIRERE R IIE
A AR LA R B0 P A D7 T 18 H AR SR A AA
o R A T A SRR I o 2 =, MR S
DR B TR e A RH TN AR BT, 7 2 4l ARG Y
AR, e BRI v [ T RE A S 1) L A T Y S A
5=, WIS T A BE DY D RE SR AIE . R H Fp 2k
MER 57 51 se b 2 T-DNA ZoA7 05 N, SR IS AT
R A stnT LS B H bR 5 DA LA TR] 95 E 21 10 07 5 Bse
APARSE R AL IR N I TIRE . B, o T
R, I A — 5 e R D I SR BOR 7 £k
SEARBRR, LSO T, TEFTRHEY)
SR B B 6 R R A AR

Bigt: f2 k4% 5| Bt Shaobin Zhong 1§+ (Department
of Plant Pathology, North Dakota State University,
USA) % S50 75 i b 48 5 Ao 3t 32 L9 146
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