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TR BB B T, DT 6 B ST T 5
MR R 52 EHAERN S FHUR A Z 5, ARE
WAL E M INREIEI . 1 AR B v AL
MGFF AKX AT 5 A 2R B A BB R

XFFSEME SN OGER T e A
R, LR A B . R AR K AR R 5E,
HA= 7 43 T B S 2y Rl 35k PR 8 AR 5 30T 41 R A AT 1
%, (BEA XSS TR AL iy iE . B
Al AE 2012 4E, Horner NR %55 1 PEG-CaCl,
ATy 0 S I A R AR TS R A, 3R
57 /RS R T T R SR A
Tl A BB, ARG, FAbReRIt . i HALe
A EAFIE R, H29 T HER) 2R,
AR A 5 00 35 R e Ak i e S 2 d ) 1z
FTFHEYY, AR B N FH T 2200k TR ) st A%
A N % NN B L B £ AP
FER A B A 7 X 2 AR MR R R 50 . e
F R Z 548 UL T-DNA SR AFEIL T L fb R g
AT RUEBL R, WAL E A TR
PR A DNA JfAZRAE | FERARIC . JE P i 5 Thi
AIRIESE o E I R TR AR AT R A S 0 %o S T g
B AT AL R AL S B RGE , AR UGl R
FERA S0 7 IR TR I B G ALY, R
RACHFAIR R, ST AR AN SE0E I 55
VEFIBIS R AR R AR5 25 SR

1 AR

11 #K

111 BERRKEAA . FEHEE 7 (Pythium oligandrum
Drechsler) CBS 530.74 TE AR H faf 254 Y1 B Fh
{558 H.0> (Centraalbureau voor Schimmelcultures,

Utrecht, The Netherlands); /&% ACCC 83762
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AR PR AR S22 R A o MU AR A EHAL05
AGL-1. LBA4404 BINARSZR S (RAF . 5 Hysm Y
Zx{05¢ 65 1 (Enhanced green fluorescent protein,
egfp) %t A 19 L & % i85 /K pCAMBIA3301-
gpdA-EGFP H AL = F
1.1.2 AR KAXES: Basta( WA T), RIER
(Sigma), Fl4#F-(Sigma), K EK (Sigma), BF
T 55 2 (Sigma), £t T 7 i (Sigma) , i 2 1 ik
(OXOID), W £F 2 B (OXOID),  HL ¥k B fig Hit
(BIOWEST) , Tris-HCI (Amresco) , EDTA-Na,
(Amresco), SDS (Amresco), CTAB (Amresco), Taq
fiti(TaKaRa), Dntp (TaKaRa), 5|# g4 T4
B, AR X A [ A At

PCR{¥(Bio-Rad), 15 7746 (—1H) , & K (B ) ,
2.0 ML (Eppendorf), B2 2 11 & 2 (Eppendorf),
JKF-HL Uk A (Bio-Rad) , k77 A OGEEI R R 5
(Bio-Rad) , f#| & 7% Ot W i % (ZEISS AXIO
Observer.Al, Carl Zeiss, Germany), 8%
Zeiss AxioCam MRc5 #f#L.
113 IR IMFBSERdt. DR
K PDB, I pH{E K 5.0, mHEKE, FRNA
THIEBR A 2 T &I (AS), fff AS Lk 430
0. 100, 200, 300, 400 #1500 pmol/L.
12 #5% egfp A HER X BRI E

DL T AAT B AR YRS AL e A R sl T
bar L[ (Bialophos resistance, bar) I RUCFE ik
ik pCAMBIA3301 JEEAAEEL, INAKH %
3-WEIR M L A B gpdA RS 3+
PgpdA, DU 620 & AL trpC A2 Ik
¥ TupC ALKILES, FHREOREMAK LR GUS
VEPER IO SE R e i egfp JEHARIC, M H B
k3 k pCAMBIA3301-gpdA-EGFP (10977 bp)
(Kl 1),
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CaMV 35S promoter EGFP

M13 fwd
TrpC Terminator .

gpdA promoter / /
Mi3rev 7 |
CaMV 35S promoter (enhanced)

CaMV poly (A) signal =~
LB T-DNA repeat

pCAMBIA3301-gpdA-EGFP

~6xHis
/"~ NOS terminator
/.~ _~RB T-DNA repeat

B rVvSiswA
10977 bp Yy

pVSl1 oriV
bom

1. pCAMBIA3301-gpdA-EGFP EE RiAF A E

Figure 1.

1.3 T X G e 3 P U I

B 6 d O SEMERT & a4, T FLAR IR 14
B LR (0.5 cm?), 454 %A 0.50. 100,
200, 300 F1 500 mg/L Basta () PDA “FEg ke, T
25°C A 9d, MESTH ML KARDL .
L4 RIFENSNEERERLR RS
141 BEEBERTFERBES: TILHRIGEE
i B TR A S 3R L R #5:(0.5 cm?) 3R /E PDA “EAi I,
F 26 °C 557 5-7d, FFHEFEFRE IM whie-Fak,
W VB SRR 0T o TR, A R R
1.0x10%-1.0x10% AN /mL ZEH: 8 T 7 T B PR
142 RIFFEFEAEBES&: 20N EEEB
SER AR EHAL05. AGL-1. LBA4404 AT T4
TR MRPUE AR PR e, BT S mL 5
AT ZR (50 mo/L F4EF Rif+50 mg/L RAB%E:
Z Kan) LB ks34, 28 °C. 200 r/min #&3%

Plasmid map of pCAMBIA3301-gpdA-EGFP.

Bi9% 20 h WEHL IR TR 2 mL $EF0F 20 mL fiks
73 (LB W 1K 8% 7% 2 +50 mg/L Rif+50 mg/L
Kan+0., 100, 200, 300, 400, 500 umol/L AS)H
P TIRYLHTHIRG 7%, 28 °C. 240 r/min YR 15 i 4
Y ODggo & 1.5-2.5; 4 °C. 5000 r/min &.{> 10 min,
WERA, 1 IM i g B SR A, T
AT TR T ODgoo A 0.15-0.90, 7 45 Xt B i %
AR T A TR YA

143 RATEXTEMEEENERBILHEL. R
Fto oAk BiAR 2 W SR EHAL05, AGL-1,
LBAA404 AT T2 =2 e TR -5 ) 46 0 1) B S 4
TR, —E LBR A, ok, F 23-28 °C.
60 r/min 5557 1-96 h,

PG ESE . ILREIR IR 0 IR G R I A BT
FAHRFFRBEARIET, T 26 °C. 120 r/min X} SE A
o5 B PR AR A T — B (Rl A Wk A2 15 9%

VPR IR o AWK BE R 0 T e T R
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5000 r/min 5.0 10 min A&, T PDB HE&L,
WA I Ptk e R 1Y PDA SE-# (PDA+200 mg/L
Basta+200 mg/L k7 &K), T 26 °C ¥isF, btk
PEPE R i e BRI A e LT

oAb 7ot SR IR . PRI PRl
KN EEE SRR, AT
PEVERE-Hi, T 26 °C K57, 5 B 22 A= A Bl it - e
NI G BRI 22 3 Rh T IO £ ) PDA P-4l 3k
A A ARG SR LI I HAS E 1
15 EREERELT PCR B, LK K
Southern blot 434

W SEHE I YU TR AR 2l AL AR, $RIBUHLEL N
ZH DNA, il PCR #2546 i 126 H i) 5L PR 48 A Y
oAb 7tk . A HZOE BB A I L 1L 7 T 22 v
egfp FEDIFIRNTE AL BEMLHRIBCR I hy BH A 9 T Ak
FRIOE 20 DNA F Nde | #figd], LA egfp 3£ 4
BRI 8% 4T Southern blot 43#7. FRic . 2%
A& KA B 5 s AR A B 2 B 7R & (DIG High
Prime DNA Labeling and Detection Starter KitII ,
Roche) &t 7 kA7
16 BHEatr

FIHGE 43 Wk i DPS F1 SPSS A Hidt47
ZES nE T

2 HERMQM

2.1 FEEEEX Basta B E S HBMRAR

N T PUETE G S M R LR, X
A RVSEME IS T HEAT T Basta HitEi I o X [ vk BE
Basta HUEREFE AR A K 9 d iSRS R i 5 A
KGOS R, SEMERSTEXT Basta Hith B UK,
>4 Basta ¢ & > 100 mo/L B H A KRl i 22,

actamicro@im.ac.cn

Basta ¢l 200 mg/L o EEAERT 25 B A e A K
(8 2). Hek$E 200 mg/L Basta 1k B E S S HE T 25
AL TR R BT
2.2 TRIRIARAT TR T R B T YRR B X S S it
TR AR

Ve A pCAMBIA3301-gpdA-EGFP EL
FIA# AN EHAL05, LBA4404, AGL-1 —=Fh
AT TR BRI AR 53 0 SEHE S A TR e e fb . 25 2R
# W], EHAL05 TPk LR ey, HakE
AGL-1 #itk, LBA4404 {2 YL SEMEIE 515 B0 F:
T o NIRRT IS B R YR B A 2 5,
Hor EHAL05 TR bR 1 e 4= e e B °h ODigo=0.6,
BEMLBREL 100 UM EE A 97 ML T
AGL-1 PR A= Y ik B2 2 ODgoo=0.3, KLk
By 100 MitEE A 78 MR LT ; LBA4404
PR ARTEFR AR YL ODgoo=0.3 Y, PEHRAY 40 4>
UMV o A 9 ML T (8] 3). A SCHh R 2t
FRLE IR ] EHAL05 (ODaggo=0.6)4% FF B B A o)
LM TR T R R AR R AL e Al oAt 2
ol R Y AT T R X S e I A st A e A e AL 2R S
Z AR AR A TFE)
2.3 BT EENEERER NN

53 BITEAAT B B VT8 75 B BERN AR AT 1 5 5%
e B ILRE TR BOR IS [RIR BE (1) AS, R BLTEXT
SEME S BT Y LA, WIS SR AS
A LA PR T AR RO 24 AS ¥ EEAE 300 umol/L
PRS2, il 300 umol/L B S A
FIFHALTF I 3RAT . FETURE TR B BE AL R TR B B
AR AS A BESE MRS B 0S4k, T AS 1
LRE SRR B RO R — 2k, R AR R
BB AS, 5 TG B ARAS SR e A T
(% 4.
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50 mg/L

200 mg/L

300 mg/L

100 mg/L

500 mg/L

B 2. HiffEEXS Basta fritikih
Figure 2. P. oligandrum on PDA media with different concentrations of Basta.

1AGL-1
___IEHA105
N [ BA4404
b5}
O
£
=
=
g
£
£
=
CDecd
Dd E
DdEe " by pg
0.80 0.90

3. KMHEEKREBERERRENFIERSEER
A A

Figure 3. The effects of the strains and ODggo Of A.
tumefacien on transformation of P. oligandrum.
Different capital and small letters indicate the
significant difference at 0.01 and 0.05 levels.

24 BITENFHRAFEEREZMER

SR FARAT T Al T 12 o) S e JE8 R R A 7 i (R 3t
fEReALiy, 23] T ZMINRAEN, MRy E

AT IR | AT S E R AR YT R
TR IR IR W SRS R TN [ B LA P
RIS BOEARFR . DHFER B, TR 75
FRIFRASE /N T 1x10° A/mL B Gk B 3R 75

gz 0 umol/L g 200 pumol/L (M 400 pmol/L
1001 100 umol/LL 3300 umol/k fEEE 500 pmol/L

801
60}
40}

20} =

Transformants number

Pre-cultivation -
¢ (AS)/(pmol/L)

B 4. ZET EHEX R SBEZLAFMm

Figure 4. The effects of adding acetosyringone
concentration during pre-cultivation and co-cultivation
on transformation of P. oligandrum. Different capital
and small letters indicate the significant difference at
0.01 and 0.05 levels.

http://journals.im.ac.cn/actamicrocn



1588

Peiya Wang et al. | Acta Microbiologica Sinica, 2017, 57(10)

AL T WEA T 1.0x10°-1.0x10° 4N/mL i, A]
DA BIAR G p e AR, HWRBETE 1.0x107 4~/mL
I G AR Rl s WS 1.0x107 AN/mL %%
AR AR (P 5-A) o HORE SR 75 6 ¥ I Y
WREE I Z 1.0x10%-1.0x10" A~/mL T84 4k ] 445
LETiDL (e

AT TR TR R T S A R A — B
BRRAIA TR Y, M & HFIfE 1-10 © 1 BAf3k
PR A S, 3 il /N0.5 ¢ 1.0)ak L i
1R (100 © 1)BFERICIL RIS etk (] 5-B). AT
PR DALV 5 S S A R RR S, BT AN
JETF WA G IR 77 78 23 °C LB SR A 153
Wb T MEIS FURFF IR A K Y 28 °C JLIEFRAT,

1R T HAT 345 7E 25 °C 1 26 °C el
i, RRRSARAFHL AL Ak, REALPRE 100 itk
VRIS E) 97 1 86 ML T, IR R
TR R AR LR SRR (18] 5-C), 7 25-26 °C 3t
BRFRET, SR I A A Ak B LR SR ] Y 4 K
TIEE N, AR T T R 5 5 T I - B v 3
[F) 15 75 0 (] 7E 48-96 h B, FT LASRARAR 4T 1 5% A 3L
R, IR 72 h WAL R IR B IEE (18] 5-D). —3%
IREFRA VT pH (B2 b4 A B 55
Wi, pH {E% 5.0 B, RIFMELTRZ; pHEKX
T 5.3 B, FEHEE BRGNS TR pH ()]
7.0 B2/ Ak (] 5-E).

ARFT DA PR VAR5 T S A R PR R AL [R] 5

(A)  JResistance colonies (B) [JResistance colonies (C)  CJResistance colonies
B Transformants Aa - B Transformants -l ransformantAsxa
- ' 100
100 Bb 100t Ad _ Aa  Aa Ab
80r 80+
80t .
j — (5} L
g g 2 40t
Z 40 Z 40} ~
Cc L Be
20 . 20} 20
CDd
Bb Cd 3Cd
Dd o & Bb 0 ,
0.5 1 10 100 1000 0.5:1 1:1 51 10:1 100:1 23 24 25 26 28
Spores concentration A. tumefaciens: P. oligandrum Co-cultivation temperature/°C
(<x10° CFU/mL) . )
(D) Resi loni (E) (F) 1 Resistance colonies
esistance colonies A . aci . B Transformants
100 | mm Transformants a8 100 —22 E ¥;.;1lit]%1}%(1:a?1c{;onlus 100+ Aa Aa
80F 80H 80t
— b — —
260 20604 260r
= 40 540 S ol []Bb
Z VT Z ™M Z
20+ 20 . 20+
\ Cc
o LCe_Ce Cc 0 Cd_ Cd 0
1 5 24 48 72 96 50 53 58 70 75 0 24 48
Co-cultivation time/h pH Reviving cultivation time/h
5, RFENSHNBERSZMER

Figure 5. The factors on transformation Pythium oligandrum mediated by Agrobacterium tumefaciens. The effects
of spores concentration (A), the proportion between the A. tumefacien and spores suspension (B), co-cultivation

temperature (C), co-cultivation time (D), pH value
oligandrum. Different capital and small letters indicate

actamicro@im.ac.cn

(E) and reviving cultivation (F) on transformation of P.
the significant difference at 0.01 and 0.05 levels.
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72 hJE, BHES R INABUE R R R A,
WA G I 110 S T I 2 Ak S PR 3 W A s 3 0 HLYE
Waok I HR AR B, ANE DT RS e g
B J5 1) SR e JOT B A T BT R R BR T AR AR (4 e Ak
B, MKE G SRR BOAT DR ST A2 i W (R U Je
V18 T P 8 TR R R B2 A R0 I 35 I AR AR, K
SRR 24 h RaT g 2R = AL CR (] 5-F),
25 SERRERELT TR SFOCER
XSRS BT T IL 4] DNA #E17 egfp
JE[H (750 bp) il bar £[X (500 bp)) PCR ¥4, 145
2 H Y IEE ZH (K] 6). o T HEBRFL AL TR IR AL
FRRT -2 EUR FEPER 3, B T-DNA XIS
vir JEREIRIN, Ak FIRcA 1B vir L %
HE, i pCAMBIA3301-gpdA-EGFP JFok: F A HT

(A) bp

CK+ CK- 1 2 3 4

2000
1000
750
500

250
(B) bp

2000

1000
750
500

250

# EHAL05 Fil AGL-1 TR R ATy 351551 vir 5
2% (B 7), ULBHARAS G AL I F IR TS Y

TE PCR A Ay B A SEAE IS 25 5% Ak - R BE L
PRHL 5 BRIEPE 5 EP A RS IR BRI SE R 41 DNA 43
BIF Nde | EF7 5B, T-DNA X8k Py TG B
S FE BN S r kR T egfip A9 Southern blot
SIRTRIRIN 2558 egfp JEIR L4k & 2 SEMER
B SRR, 1T ELARE LAEAE DL ) e G (K] 8).

Vs TEE S B R e AT DA A B A A T R
THOLRMEE GFP U8t A #4798 BB W
g2, A BT 22k M SE SR s, iy
A= AU 22 A e I A OB (K 9). KBNS
JIT A5 B e S B e Ak 7T DLIE W R B gk 6 6 |
M, egfp JEHC G AHER A,

750 bp

500 bp

6. BIEFEMMENLT PCRIGMER

Figure 6.

PCR analysis of P. oligandrum transformants. A: PCR analysis of egfp gene. B: PCR analysis of bar

gene. CK+: pCAMBIA3301-gpdA-EGFP; CK-: Wild type; lane 1-10: Transformants; lane 11: H,0.

7 8

CKl CK2 H,0 WT

& 7. EERFSHIEEELT vir £E PCR 45 R

Figure 7.

PCR analysis of vir gene. CK1: EHA105; CK2: AGL-1; WT: Wild type; lane 1-8: transformants.
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23130
10000 bp
9416 9500 bp
7500 bp
6557 7000 bp
4361
2322

E 8. HIEFELLTF Southern blot 4347
Figure 8. Southern blot analysis of P. oligandrum transformants. T1-T5: transformants of P. oligandrum; WT:
Wild type of P. oligandrum.

B9 FABERMIENRBEER T L EREL(400x)
Figure 9. Observations of transformants of P. oligandrum using fluorescent microscope (400x). A: The mycelia
of transformants under bright field image. B: The mycelia of transformants under the fluorescence microscopy. C:

The mycelia of wild type under bright field image. D: The mycelia of wild type under the fluorescence microscopy.
Scale bar=500 pm.

3 Wit AL R ATEZ LS KT n] LLEE AL SS B Y 4
M, i Wz TR, Xtk T
SHAFEA T EAR L, RSB SRR BRI AT IR R G R

actamicro@im.ac.cn
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RFFHEA TR LB B A 10° N FaE kAT
Bk 2400 MEEALTFU, L H A BURE B AR T
AR IR Z s 77 A I T AR 43R B8 DL oG
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AT A T 1 35 A% 7 Ak O 76 2 D 2200k FUTR
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GRS R Z BIAR Z IR A5E M, Q0 ET TR R
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B RIFRERRREE . g R iR pH
(B, SEE IR IR LG TR ) 4 . KREAFE R
RAFH AGL-1 B RRIG vir 2 74858, X B 104
Yy, AR Y e iE ODgoo 7 0.3-0.8 Z ],
17 452 G Ji A e 35 5% 5 LT #5 R I 4 1 A i
BigE, R R PUHE R s Ers e, 15500
FAL T80 RARK (R, ARBFIT k8 T % H
i) 3 B A R MR (EHAL05. AGL-1. LBA4404)
Oy PR Y SIS R, RBLEAR AGL-1 FREZ vir
BEJIARBR A BRI IR , AT X B I O 5 T 1) A e e

ERCRANIN EHAL05 B kK, X S5 i i 85 ok Uit
LBA4404 B bk 1) Y BOR AR TEABFSE A
IR X 3 AT TR TR AR A % Ak A PR AR A
o PRSI AR AT VAT BRI BT 1) 472 G W B A oy 22
o YEJ] PDB. 1/2MS AR LA K HoAth, 2 Ff Sk o
B S R SR T g, R PDB 1 N iA S
B ARG e 4, SRR I 5 TR
HERZHOCER P IRE B AL IL G TR0 pH (ER T4
F 5.3 B EE AL AR AT (& 1), AT A B0 I I A
FEALET pH {H7E 5.0 B4 AR B 2 & T pH EE
531, pHEKRT 5.8 i JCik bt . AS A1l
T MR TR e Ak, TEFE IR Be LB 57
B B # it BLUR N AS SRR HESERE S R I Ak, T
AS TESLRE TR B S M AOR I 2 302
LRI BEARENIN AS, b I I iR 15 51k
T 24 AS W AE 300 pmol/L i35 B AL T &
%, it 300 umol/L B AR F AL F I3RS, &
WEETY AS FR T 16 40 M5 1 23 R AR e 1k 1 3
Ko TN, ARG RRGR N T PR B IR B,
H W2 b B R AT AR G N R & 4 Pk R
B FR B Be R s e, @At LB R, A&
Y52 15 3% 0 L 15 % I 1Y) S i JOF 83 A T B ik
VEPE IR B AL T4/, TR A B 25 B BT L
B2 AR Y S P B I R T A A KT
TG IR

FH M AL R G mT ) 12 T A Hi X A= B EL B
TEMEIT B R T AL A5, N AR, U
Ve A ME R TR AR . A BT s A: B D e i
DR 3% Ho Ay F IR LB R ARG, & o
R AR 7 AR T AR R 4%

=1

D=
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Transformation of enhanced green fluorescent protein gene in
Pythium oligandrum mediated by Agrobacterium tumefaciens

Peiya Wang'?, Qun Zheng'?, Yinan Peng"?, Xiaofang Gong"?, Zhiye Wang"?,
Hui Yang"*

! Institute of Biology, Gansu Academy of Sciences, Lanzhou 730030, Gansu Province, China
Key Laboratory of Microbial Resources Exploition and Application of Gansu Province, Lanzhou 730030, Gansu Province,
China

Abstract: [Objective] Pythium oligandrum is an environmental friendly mycoparasitic biocontrol fungus that can
antagonize several plant pathogens and promote plant growth. We constructed Agrobacterium
tumefaciens-mediated transformation of P. oligandrum. [Methods] Three A. tumefaciens strains: EH105, AGL-1
and LBA4404 were compared to find out the strain which showed the best genetic transformation efficiency within
P. oligandrum. The factors of transformation system were screened and optimized to establish the genetic
transformation system within P. oligandrum mediated by Agrobacterium tumefaciens. [Results] EHAL105 strain
showed the best genetic transform efficiency within P. oligandrum among three tested strains, followed by AGL-1
strain, and LBA4404 strain performed poorly. Then, the optimized genetic transformation system was as follows:
A. tumefaciens EHA105 (ODgoe=0.6) suspension was mixed with P. oligandrum (10°~10" spores per milliliter)
suspension in a proportion of 1-10 : 1, then incubated in dark conditions for 72 h between 25 and 26 °C in the
presence of induction medium (pH 5.0) containing acetosyringone at 300 umol/L. Afterwards, antibiotic was added
in to eliminate A. tumefaciens before 24 hours reviving cultivation. In the end, the transformants were selected by
medium containing 200 mg/L of Basta and 250 mg/L of cefotaxime sodium on PDA. In this work, egfp was
successfully transformed into P. oligandrum with the efficiency of 130 transformants per 10° spores. [Conclusion]
We developed an Agrobacterium tumefaciens-mediated genetic transformation system for P. oligandrum for the
first time to provide powerful tool for the study of P. oligandrum molecular breeding and biological control
mechanisms.

Keywords: Pythium oligandrum, biocontrol fungus, Agrobacterium tumefaciens, genetic transformation, enhanced
green fluorescent protein gene
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