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FRRXAEAFCHRARAEE L THIHE
B

FEED AWNEC ZWM BED 5 gx#T #4270
(L. el K Wb B Y A PSR P2 A LR idk R 071000)
(2. HMA LRI A BRI T AR KFF 130033)

i B (FRVEFRERAZRRAERB RN ERATRERTELA, L PHRICH B AL
#RT ZROZRFHE, W ARICH = A FELARFIM RS R T, [A4] =
KREB RO RRULRALR, ROBRIORA LT EZRRZ—, ZRERAIZET EFHE RO
# & FENMR. [ %] vA pCAMBIAL1300 i 42 4 F 2R, #IHE & PCR &7 kA EF &
K A% G 69 ik pCAMBIAL300-CFP-Kan, i it RAF BN 4R, ¥FERALZa
Yl R BB R ok Te AR AP, [4R] 43 PCR AR R AIMIE, HZHRMAFT 314
FER AL ARADHRIHE . [44)] FERBLERRET, BAXRERME T ASHRILE R
REABMB QO RIALBFW T, ZERAR—F AR AR RIRA LT I PR ANIELT
T Ak,

X FEREEZE, & PCR, AL%Hkie, 3%

Construction of CFP-labeled Fusarium graminearum transfor mants

XU Miao-Miao' SU Qian-Fu? LI Li-Na'® QU Qing® JIA Jiad®
CAO Zhi-Yan" DONG Jin-Gao"

(1. Key Laboratory of Hebei Province for Molecular Plant-Microbe Interaction, Hebei Agricultural University,
Baoding, Hebei 071000, China)
(2. Institute of Plant Protection, Jilin Academy of Agricultural Sciences, Changchun, Jilin 130033, China)

Abstract: [Background] In recent years, maize stalk rot occurs widely and seriously in most
corn-growing areas in China. Fusarium stalk rot not only causes an important economic loss of corn,
but also is a serious threat to human and animal health because of the toxins produced by Fusarium
species. [Objective] Among the complicated pathogenic fungi of corn stalk rot, Fusarium
graminearum is one of the major pathogens. The infection mechanism of F. graminearum still
remains an urgent research topic. [Methods] The plasmid pCAMBIA1300 was taken as the
backbone, and the plasmid pCAMBIA1300-CFP-Kan, expressing the cyan fluorescent protein, was
constructed using the overlapping PCR. Then the CFP gene was transformed to the genome of F.

Foundation item: ChinaAgriculture Research System (CARS-02)

*Corresponding authors: E-mail: CAO Zhi-Yan: caoyan208@126.com; DONG Jin-Gao: dongjingao@126.com
Received: April 10, 2018; Accepted: June 01, 2018; Published online (www.cnki.net): July 17, 2018
EEWH: FEEZIUR(EAR) I H AR FR (CARS-02)

*EIE1EE: E-mail: HEH: caoyan208@126.com; #4:%: dongjingao@126.com
gt BEA: 2018-04-10; %3 HEA: 2018-06-01; M4 % HHA(www.cnki.net): 2018-07-17



2192 A 2 A

Microbiol. China

graminearum by Agrobacterium-mediated genetic transformation technology. [Results] After PCR
identification and fluorescence microscopy, 31 strains labeled with CFP were acquired. [Conclusion]
The pathogenicity test results suggested that F. graminearum successfully colonized in corn tissue
under laser confocal observation. These results lay a solid foundation for study of the colonization of

Fusarium species.

Keywords: Cyan fluorescent protein, Overlapping PCR, Fusarium graminearum, Infection

FOKZEBEE, NFRNFKZEILBN, HiREE
AZEFFHLFS, DA B0 2K 2 A5 A A 4 R SR e £
e, WOTVE, ISR . KRR
BRI T E e, MEEZFRIEEE SR 7
A, T T A S DR b X 25 S S S AR R, =
SO [ b, DXCAS [ 449 [10) 25 T 0 11495 Jirt 26 Bt AN A
WY, BT, CAI5R FK 2 1 S SR
AL RS (Fusarium graminearum) . L5847 i
f(F. verticillioides), RHIHEAL(F. oxysporum)as.,
Ho R Y EA RS SR, IF
ARG TRFERT B A g Z P X
Bl 6 L JCA R0 i, F2 A PR T i P 2
AR, NFHARRETE TOKRZEIBIRY . AT
L PESCERIRIA , NP EAR IO AR AT UL B0
TE2F ERN IR Y E Y, W Santiago %50
TSI AR BRI, WEEEOR T 7E F oK
AR, 58 R BIEFRD 1d J5 2 e ik
MR 2 d B 2ZUTEREAR, AT TR
Ik ; 76 3 d BRSBTS 3 T 22 1R AMRER K2
LA BR . Haile 2L 76 MEE GFP fr
O A4 K 775 761 (Botrytis cinerea) 75 4 45 JF 16 1 (1) 42
Peid R, BRE TN E IS AL, ST R S
A [ s 1) 2 3 500 TR PE A s A AP B2 4k,
R TS E SRE A EAE R R R R,
i CRP IO EhRICH A AT 3 AR 1 (Rhizobium
leguminosarum) i) s 4+45 7 fik

22 IR R RS B AR D BOR RE S TE 2
AN AR I R A K AL R, X
AR F ARl PR A W 2 50 B 5 s R 2
I 42 Z A E A FIAR S 5 118 SR M
(Green fluorescent protein, GFP)T.J 1z i T £ #

WA . FLA . AL AR A, B
L > 22 FlvkE ) S50 L R LEAEL P AR S A P o 0L
ST AT A Heim 25 FL7E 1994 4R k%
SelR T GFP Rk HLE ™, F 1995 4R it
BRI 587 (SBET) H AR ARAT T 9 i E ADefae ok
KIEIRY GFP %2R (R (GFP-S65T) , J-il— 4k 45 T
% €62 % 1 (Blue fluorescent protein, BFP), {4,
¢ 6 111 (Cyan fluorescent protein, CFP) I {8,5¢ 5t
(Y elow fluorescent protein, YFP)!2, (585
AR HASHE CFP 7E1E E4IMIRIASS , X404
BRAETIUG, RV ICTRY, fem e
W8 0 s -2t m 7 (0

N TSNS S I A B AR B
FEEA SR L AL R G AT, Bundock
A YK ATMT AR R TR T BERE 1, 1t
RNz N, IR BN T I R 2 AR AR Y
M RE R A =t h . HEr, 2RAEH
i H A it 2% (Asnergillus japonicus)™ | i % it &
(Aspergillus awamori)*® | % i (Penicillium)™? |
B¢ JE T (Colletotrichum gloeosporioides)! 8 1%tk
B (Verticillium dahliae) ™45 1) ATMT (&6 fh R
TR 2R E

PIUE, KT IR BRI O,
R KRS TR R A LR B = TR T it
AU AT IRAS T A Sk 06 (1 (GFP) R4
96 H (RFP) AR C Y2 49 (F. proliferatum)
FHBLEC L (F. verticillioides). 7EILIERI [, A
FAUMLL ATMT HORME T @F R AR i
o1, A7 3 559 IR B) A BRI LA SO [R] At 1R
YT FE bR P s AL BT SR A —Fh B |
JEREIRPE R HOAR , A I B E 27 RN 1 AR
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WFFEZEE T 3
1 MRS HE
11 X ERSEM. BEbRRRRN

X E oK B73, LAY AE S ok
AL E R

HEIR T Mk AR 4 4 (Fusarium: graminearum)
TR A BT B A ) OR3P I 5 I 95 11 1
AR AT AGL-1 K LAY AE R S 00+
P B4 S LI

Bk, pBSK-CFP-Kan, &4 5 9 bR 1
B, ATy AN B, mmdeaim a5
TR R S /AT iUkl pCAMBIA1300,
TAH RIS E R, ST EA T
WAL AL, RSl KA 5 AE Y B R EE L
FEHE
12 HiEFRE

PDA 15355 (g/L): H445 200.0, #i%ikE 20.0,
LR # 13.0,

CMC #5535 (g/L): NH,NO31.0, KH,PO,1.0,
MgSO,7H,O 0.5, MEEERH 1.0, ¥R ELAHIRET 4k
i 15.0,

LB WA SR (g/L): BREE AR 10.0, BebkE
B 5.0, NaCl 10.0. #15 pH 7.0, ARSI
BilE#; 1509/l

Y EB A FR S (/L) - JEME 5.0, REE T 5.0,
AR ERE 5.0, BERHEEY) 1.0, MgSO47H,0
0.5, 4 pH 7.2-7.4, BEAIEFEEINBUAEH 150 g/L.

IM #5555 10.0 mL K-buffer, 20.0 mL
M-N, 1.0 mL 1% CaCl,-2H,0 (i ffA&FH 1), 10.0 mL
0.01% FeSO, (Jii i {AF! ), 5.0 mL Spore Elements,
2.5 mL 20% NH,NO; (it {AF ), 10.0 mL 50% 1
i, 40.0 mL 1 mol/L MES (pH 5.3), 5.0 mL 2 mol/L
%8, 2.0 mL 100 mmol/L Z Mt T #&M(AS), fn
ddH,0898.7mL & 1L,

IM JLREFR AR FIE IM 5 S5 5600 15.0 g/l
Bk, Hrb 2 mol/L #ZHEh 2.5 mL/L,

K-buffer (g/L): K.HPO,200.0, KH,PO,145.0,
P35 pH 7.0; M-N (g/L): MgS0,-7H,0 30.0, NaCl
15.0; Spore Elements: 100.0 mg/L ZnSO4-7H,0,
100.0 mg/L CuSQ4-5H,0, 100.0 mg/L H3BOs,
100.0 mg/L MnSO4H,0, 100.0 mg/L NasM00O,4-2H,0,
13 FERFIFNIE

RS R A KA. RIS R . &
FHER., OWTEW, A& TAY TR RO
AHBRAF]; LATaq DNA AT . dNTPs, FRfilHER
VIt Smal, 549 TRE(RiE) AR w]; DL2000.
DL10000 DNA marker, I iHERq PR A BR
A3 #1553 B, Roche 24 w) ; FHIRZF4E R B, Whatman
o R P . RE R A IR
ToKCEE, BiBEN . BERRR A58 F4r#r4l, BBI
A frRb A R A

I RZERK R, T B A R A A
EasyCycler PCRX, HREIMHHNERMMNAH]; A
B RAGANL, I FRAIBHE A BRA R FReE b
BFRAR, TBOIMAGE) s e R 2Ot R
Bi. WOCHRERMEE, BAREHA A, SRR
BLOAL, BRI REE AR A A F]

14 HETBRARATMT L IRRME

FET HETA S = v O Ot Hid i
TR ATMT 540 SR A , A58 1 5o BiAT
JFiki pBSK-CFP-Kan 1 pCAMBIA1300-eGFP-Kan
AT ERGE B E & PCR A J %, LA pBSK-CFP-Kan
AR Y4 CFPEEA , L pCAMBIA1300-eGFP-Kan
SRS A B trpC A Z FE A (A7 51, N CFP
ZbF3] Smal BEVINLSAIFS), PCR 334 it IS |
YW 1, PCRZMAIAR (25 uL): itk DNA 1uL,
5[4 10 umol/L £ 0.5 uL, 10xTaq buffer (Mg®* Plus)
25 pL, dNTP Mixture (2.5 mmol/L) 2 uL, TaKaRa
Taq (5 U/ul) 0.5 ul, ddH,0 18 pl . [z i §54F: 95 °C
5min; 94°C30s, 55°C30s, 72°C1-2min,
35 MEFR; 72 °C 10 min, PCR P24 1%5i 154
B LUK S TR, SR I . 2 )5 Smal HED]
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&1 PCR3|#
Tablel Primersused for PCR
5149 J¥3 KA
Primers Sequence (5'—3') Size (bp)
TrpC-F  CCCGGGACCTCAAAGGAGGAGGGG 449
GGTCCCC
TrpC-R  GGTGGCGAGCTCGGTACCTAAGTTC
TTCTCCTTTACTCAT
ATGAGTAAAGGAGAAGAACTTAGGT 726
ACCGAGCTCGCCAC
GGTCAAGCATGCAGGCCTCTCTAGG
ATCTACCTTTGTATA
Z-F TATACAAAGGTAGATCCTAGAGAGG 1431
CCTGCATGCTTGACC
Z-R CCCGGGCGGGTTTTCGAGTCGTTTTT
GTCAC

CFP-F

CFPR

JFiki pPCAMBIA1300-eGFP-Kan, [EI T 41 S5
P IERAR B 00 Befet 1%, P AR RS 2
b, BRSBTS A1 A TE A 100 pg/mL
FIREEZEPUMEM LB Pl R FRdn, PRBCh i
37°C. 220 r/min #ik 7 ¥55% 4 h, FEHEAT WA,
FRIRBHPE B W Bk pCAMBIA1300-CFP-Kan, [A#:
F Sma | 4T EFDI SR E .
15 RHENTSHIREFEL

(1) B 200 pL ARAFBE AGL-1 Sz &40, Jm
A 10 uL 40 JFoki pPCAMBIA1300-CFP-Kan Ji5 ki
P4k, RGN 600 pL YEB MiIAR; 353, 28 °C.,
220 r/min fEIEARZ R F7 6 ho ZJFHL 50 L H R4
AT 100 pg/mL RABHEEZE M1 100 pg/mL &F
HEZN YEB e |, 28 °C 1537 3 d J5 PEHLS
GORE, MEAT PRSI o B PH 1 T R ) TR A T
b, RJE 2R E DR, A IM 5355 57 5L
JE B W ODgoo N 0.15-0.20 75 45, FENN AL He JiF
80 pg/mbL Y ZPE T 7 R (AS)RE R AT 4T T
KiF%, FETE A ODeoo (A0 0.8-1.0 BFHLHY, DL45H%
A e

(2) KRB GRMEER T CMC IR F2 3
25 °C. 180 rimin {575 7 d, % 10°mL A7
TR

(3) HEFH LW T FII(AS)HE A 40 png/mL 1

EREFE IM AR Al — 2 AR LT 4 R B, #4100 pL
RAGRAAM T EIFWYS 100 ub RIFE 7Y
(ODgoo 7 0.8-1O)IEAHA], AT IM P b
25 °C MM H: 9% 5-10 d. B & A K TR RS R T 4t
R 2 PDA SRS EL(EY 0.2 mol/L Sk7RbE
Jl550F 100 pg/mL ##ER) b, T 25 °C IR %
4-6 d JG PRIV K I TRTE , ARS R BB A g
REESR, ELGHT 5%, KRR I RBUIER AL
Fikfratif.
1.6 RAHE CFPE{LFRILTE
161 %{LFH) PCR IGiE

K AFIIN R R L 1R T PDA 53
JE |, 25°C BREIE R 7 d, SRIGHER R 22,
FL 5 RS bt ik = R Ak B (CTAB) J7 A S U
AT R AL T R 2 DNARY | %540 7 CFP L
(A5 TIES: BRTORLAG 5 | D EA T 1, 1%l e
JRE LRSI B R B o
1.6.2 FLFHIR A BHIEIE

BUE:KAE PDA $5353L BT 2Z, FEHERNSSS
Rl A5 A KRG w8, RREEE R 3 d
G, Bl s, TEES T Bl CREK, R
M5 3588, AR ALY, 7B
e TSI ST .
17 RERMBAEFEAZIHHEEMNE

PEH S 4y 48 O 5% A H 1Y 28 R H 9 60
FATBRAS T AR IRA T b, B I
CMC }i5i3kr 25°C, 180 r/imin 4Rk % 1535 7d, it
TEVER SR T B MR E R 10%mL, fEE
KZETRES AT S 2 mL AT ETRI, BERCE K
NS FAR A FE RS A A% DA AL FL K T 20 A5 e 4%
WO TEMIG 4dBURE, ZJRKZEFEN
UL BEIE, D) R ) D) EGE 25441
i3/ 2 ) 15 Y O 115 6 8 G
SRR A, R G 3 A ol T RO
AR U T UL R A% i A0 A 25 A 40 o Bl
T
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2 ZR 50
2.1 E|HFE¥ pCAMBIA1300-CFP-Kan #{kH)
RS

FIH 3 %514 trpC-F/IR. CFP-F/IR fll Z-FIR, 4}
AR FHOYOEE A Z FPH H B B
(B 1-3). #&J5, FIHES PCR K 343 A
BEEb & 1K A B (8 4), PCR =412 1.0%01 35
EVEEERC AN 25 S o, FRASI B A B/ Tl
W—3, IFBE A8 T CRP B IFAHE . BEYIH:
WEZE R (I 5A) B~ , HIR BEK/MER, RITER
H RS SRR L, F a0 hril i Bk gk ik
F s (K 5B).
22 BUFHHTFERE

LA 20 Foki pCAMBIA1300-CFP-Kan, K
4R A T FR DNA R LT DNA JRfsidi, F
519 CFP-FICFP-R 17 PCR ¥ 314, #ill & &&A
HEVOICHRE B, BB LIRSS R B, FH
PEXT RE TR B2 1) B 4%t , 1R AR B AR e
WEIHRAH, KL FResy 15415 726 bp
T S5 (] 6). FH Utk pI2b i pCAMBIA1300-
CFP-Kan # /Ay CFP L ATMT B4k,
Ty A 55 A T G AR ) SRR 2 e
23 HUFHIRKEE

¥ PCR % M FHM: AL T 27 79 B AROUE
22, BEETERE PDA KigRdk A K LTy

1 BE3F trpC EREH PCR 4R

Figurel Detection of PCR amplification of promoter trpC
7: M. DL2000 DNA marker; 1-5: Fffh.

Note: M: DL2000 DNA marker; 1-5: Samples.

bp

726

B2 RAEHEE CFPH) PCR 4R
Figure2 Detection of PCR amplification of CFP
FE: M: DL2000 DNA marker; 1-5: 4.

Note: M: DL2000 DNA marker; 1-5: Samples.

bp M 1 2 3 4 bp

2 000—]

1 000—
750—
500—

250—
100—

3 ZF3IREBIPCR 4R

Figure3 Detection of PCR amplification of Z sequence
##: M: DL2000 DNA marker; 1-4: ¥,

Note: M: DL2000 DNA marker; 1-4: Samples.

— 1431

bp M 1 2 3 4  bp

——b L N

0
0
0
b
0
7
5
2
1

O SO D
OO SOOOOoOoD

4 ZEPCR%ZR

Figure4 Detection of overlapping PCR

7:: M: DL5000 DNA marker; 1-4: Ffdh.

Note: M: DL5000 DNA marker; 1-4: Samples.

ATURIPR AR 22, T2 6 e N WS 5%
TR W55, kS A A T 22 A 7%
o, WU 22 BRI 22 . SR UK,
PCR %7€ g BHYE B b 7 B 22 A o i (90
A (K 7), IEM R C BUREIARIC.
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bp B LB T-DNA repeat
pCAMBIA1300-CFP-Kan
2 606 10 843 bp

RB T-DNA repeat
B 5 =FHHRAAIBESIIIE(A)FELE R EE(B)
Figure5 Theenzyme digestion pattern (A) and DNA map of recombinant vector (B)
7E: M: DL10000 DNA marker; 1. EAFOREEYI; 2. Fokittié,
Note: M: DL10000 DNA marker; 1: Recombinant plasmid digest product; 2: Plasmid control.
bp M 1 23 456 7 8 9 10 11 12 13 14 15 16 17 bp

2000

1 000
750
500

250
100

El 6 CFPirCEELTHI PCREE
Figure6 PCR identification of CFP transformants

: M: DL2000 DNA marker; 1: FHPEXSHE; 2. BHVEXTRE; 3-17. #fb+
Note: M: DL2000 DNA marker; 1: Positive control; 2: Negative control; 3—17: Transformants.

726

B 7 ARARAS BN TR LRI
Figure7 Fluorescent detection of Fusarium graminearum transfor mants
H: A-D: FALFIBHMOES; E-H: ST moO0Mes; | BAERI BH0NER; 3 BRAERI IO IR,

Note: A-D: Microscopic observation of transformants; E—H: Fluorescence observation of transformants; |: Microscopic observation of wild

type; J: Fluorescence observation of wild type.

24 RAROEIKREZMHERE RARE(E 8A . B)o EHGERERALIN L A2 1 ZH 21

¥ CFP ARiC A9 SIAL AR B FORZETMEEN. WD A, B0 R A MBI EER I K
BRI, HRMSRALA AL BN I T B Rk, 2R, ARRUREL, AL T R LA 2L AE KR
AR OLHSVERIASE, MM CREK AL BIE] AN AR e S, PO IR N
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Inoculated )

B8 RAMMASEBRNAEUTFIEMEREZAMAIANER

Figure8 Fluorescent observation of Fusarium graminearum transformants growing in corn stem tissues
T A ZEEHEA ARG B: ZEMREEMTITEAK; C: MR R 71 RHONES; D 2HER RS
MIENEMEE ;s E: EEEM RNV IESR,; F SEERTCRUK I BAONEE; G: ZEHHEFIC R KIS

H: ZEEEFICE K B S .

Note: A: Stem inoculated Fusarium graminearum transformants; B: Stem inoculated with sterile water; C: Microscopic observation of
stem inoculated Fusarium graminearum transformants; D: Fluorescence observation of stem inoculated Fusarium graminearum
transformants; E: Merge field of observation of stem inoculated Fusarium graminearum transformants; F: Microscopic observation of
stem inoculated with sterile water; G: Fluorescence observation of stem inoculated with sterile water; H: Merge field of observation of

stem inocul ated with sterile water.

T OWAETHN &, BFhIJCRKpx oA B
ME(El 8C. H). FIRZEFIER], F a5 GhRicny
RAHRALTH O N7 FOKZETR AU i, R
VLI CFP AR i W% Ak + 30k 1 e 52 252, 1 H.
RGP B R T TR 22 1E R ZEF R YR
3 W54

A F 2 YL 5 R A9 B OKZE e 45 & oKk A ™
IR T B, — R S B0 20%, ™
AT 50%-60%72  AEIRTE KA KT R
SN AT DL A 2R, 2R AR A s, ]
TR, FEARE 2 BIR, EEEE M FOK ™ A i
HET, HFshus RS s 2575, i20m
W oA R B IR i o

DM E MR IR PR IR A R st . &
FE LA AR AT R Y HLEI B T Ok 2, GFP A1l
DsRed 4% ¥z W FH T2OEmic s, Rt
A SCHRARGE CFP FEAH TR ha] AR LB 2 9O 5

S, Vi i e 1 (Magnaporthe
grisea) 1T T SR ARl ARG 1R 7E = bt
IKFEFN G BoKRETh R et 72, R PR G R 22
St R BRI R YLET I 2B AR Y R 22 e FE |
Mrosk 21241 445 DsRed 1%k VA% 1k 7 4R 20 7
(Mycorrhizal fungi), BE: T ARICRPRTERLY) 2SI
WA EREN . Vu S TR SR L5
HH AR GFPFI DsRed fril T %5 B (Penicillium),
PSRN E TR TEAE E Ry R, R
GFP Lt DsRed B3 F T % W IR Jead BEigs . &
KA R AL R 4, R 2Rt T
MR AR UL, AR R Y R LA AR o
AN [ At TR [ A AE PR R E B 4 06 &, H
MANIERE . AW FIE S PCR A9y I s Ui 2
THEOIOEEN CRP kA, 2kt T
TR0 3 A 35 D) A 5 R R 1T A A AN, T L
X JEUAT SR AT 3 il 22 BOUAE , MR B R AR
o WIS ST AN TR T I 8,
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BRUE T Bl A B RS B R RCR 5 A RN R
IRRIOR— 8, RIRSE i = A e O e A
H ) CFP SLRFE 45 Z RN , R A HiA)E T 5
A=W, B ok 45T ) CFP LR A B LA
20 FP I BhIEA Y, ATMT HARSE: B RiAFSE AR
(i A R T ik o FESLSERE [, AL
S 5 B T G2 R ATMT B A A R 120
¥ CFP LR &R RSP F A, #idsdt
K, 3RA5 T CFP MR IE, ASCHIGREE RN
HE— TR T FR AR AT PRALIG TR AE FOK 2L 1= Y
SE T AL B T IR SR, R A AT Rk £ AR £
PREAR Gl A v 1 B G RAFST SR A A
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