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% 38 &

T 3 H PR A R R AT (AL twme faciens) B
Pk EHAL05 FIXUTC 8 AA pTFCM ¥ iy 2 Al R
e QAT ER/ES PR ISR TSP Cra N

PUERMHN : RIBER KMER BT &
Bl CAS I I T Gibeo 24 ], 2N 75 % R FI 47 F L 6
HARWAT Ameresco A H, W H R BWA T
Roche & K #F & (Escherichia coli) DH5a 2%
ZA AN A pMDI18-T I B il o4 P Y g . T4 %
PG TaKaRa 2 AL,

MM JERfi 15 57 26 IM 5 5 15 37 6 Hl Co-IM 4
B S IR 2 SOk [9 D BC 15 LB #5337
PDA ¥i 55 2 BSCHR[ 15 1BCH] .

A IT (Arabidopsis thaliana ) E7FSK Col-0 H
TEORYEN E RS 4 F R .

12 HEHREBE T-DNABARTEERE

B BE Ch-1 #F0 T PDA P4 .25 CHi %
7 d 5 TC W KR -l b o AR AR T L R AR
UEAS B S AR A TR TR MBS O 10° A4/ mL T
Ak, PRIBURFE R B AR EHALOS HUEH V& H2 R0 T
50 pg/mL FARE XM LB ¥k %% 15 9% (28 °C . 220

1
Table 1

r/min)16 h,3 T 50 mL MM B35 3 IE %5 2 d
% ODgy =0.3, 1 IM 3535 e Fi B 4k 2245 5% 2 ho
P S AR A Y 43 AR A B U TR A
180 r/min #8152 h, B 200 pL & 16 T Al A Bk 35 4%
Co-IM “Fil |, 8T 25 CHiF33~4 d 5K KA 4
THOTE VR Y B 38 AR B % 500 pg/mL Sk #1821 50
pg/mL R B PDA Ve b, i E T 25 C &4k
B 3~4 d E VA ROk FRvs K i,

13 BUFHEEREEMPCREE

HALF7E PDA A L2 gk 3% 3 R =
E R 2R B30 pg/mL) () PDA K5 3#%E |, 25 ‘C It
iR 5 d JE MEIL SR AR AE KGO .

HALF R CTAB 200 DNA, DL & DNA
AR hph-F A hph-R S8 51 47 98 17 80 85 R b 3%
R Ber) PCR § 38 (3% 1), DAy 4 30 0 95 46 57 4R
I Ak Ch-1 ALK 20 DNA R B P XF ], pTFCM
AR BRPE XS B, SO AR R OBR R 20 pL, RN AR
.58 14,94 °C 5 min; % 2 4,94 °C 1 min,56 C
45 5,72 °C 1 min,35 NMEFH 5 3 26,72 °C 10 min,
TE 120 B WE R B b F DK DU ™ 3 7= 4 R

K51 ¥ R F 5l

Primers and their sequences used in the work

5% Primer %% Sequence

ik Description

hph-F 5'- CAGCGTCTCCGACCTGAT-3' hph 5B hph specific primer
hph-R 5'- TCTGCGGGCGATTTGT-3' hph BB hph specific primer
hph-sp 5'-AGCGTCTCCGACCTGATG-3' hph ¥RE 519 hph probe primer
hph-ap 5 - TTCTGCGGGCGATTTGTG-3' hph A hph probe primer
Inverse-PCR 72l
Pttrpe 5' -ATGTCCTCGTTCCTGTCTGCTAATA-3' nverse PER ZefI514)
Left primer for inverse-PCR
Inverse-PCR Z: fill 55
LB 1 5'-AGGGTTCCTATAGGGTTTCGCTCATG-3' nverse PCR @S5I
Outer primer for inverse-PCR in left side
Inverse-PCR 72 il 4
LB3 5 GAATTAATTCGGCGTTAATTCAGT 3’ fnverse PCR 22 5197
Inner primer for inverse-PCR in left side
Inverse-PCR i il 5] 4
RBGUS02 5 TGCTCTAGCATTCGCCATTCAGG-3' | nverse fls1Y .
Right primer for inverse-PCR
. Inverse-PCR %1l
RB-1 5 GATTGAATCCTGTTGCCGGTCTTG3 Inverse PCR ATUSM5IH)
Outer primer for inverse-PCR in right side
Inverse-PCR 7 fll
RB-3 5'-GCGCAAACTAGGATAAATTATC-3' fverse LR

Inner primer for inverse-PCR in right side

14 HUFHEEESUE

D)LY Az TR BRAE Sy X R K B A6 TR AR S T
B2 5 mm #2543 PDA EHrb e, BT 25 C
KR8 .7 d 5 WL TR 75 T8 28 01 DU & TR 95 AR (T
X kA K REEES S W WL T . B
HMALTFEAE 3K,

1.5 FHUFHBFENE

5% Ak Y AR B TR AR 55 & PDA P AR I 8
7T d R RK BRI R R 5 A
At W R T RO, W E R
10°4~/mL. FHALF AT 16 R B Al 56 L s 42 4 J
KN FL R ST R o B e B AR R 10 pL
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il B PE WO B R b R 2 25 C B
PRI IS IR B R M LW IEN ., B rEL
3.
16 BHUFHELIENE

XoF B 6 2] 4 B0 Bl b 1 B b E— A0 LR F 4
IR Y EEMIE B B, R 4 d J5 . fEnt A BT E
e 410,25 em®, HOBE/GE D5/ UK B R (R B LE
6+ 3 DB G 2 J5 H & BB K, B
Bk B AR A 90% (2 h),70% (12 h),
50% (2 h)\30% (2 h) By LB ZE 1 Kb (2 hy s H
B IERK YO Y 12 h 5, 758 8 ) 7 BB
TG A FAER G B A M R AR R 22 R
P22 T8 I DL
1.7 T-DNA NI =0 2 /7 51 &Y 5 BE L /7 #0434

£ Sambrook ZEU 1 85 . % Southern 4%
LR AL T 1) T-DNA i A5 0%, H CTAB %
PECHE 4 DNA, B 1 A VT Sac 1 BV, H
VKRG 5 3 )2 e BB b, R 58 A0 28 B AS0OKE A% 1R [ 7
VI pTFECM Ji ki A AL AR . 519 hph-sp/hph-ap ¥ 3
hph FEB(FE 1) . 5% @5 DNA M 2 brid AU
WA B R A BEYLS Y DNA bric k6l & 355 . 42
2858 WG HEAT VR M R

¥ A Inverse-PCR ¥4 B %4 4k T 19 T-DNA ]
HIPH) ., A Sac | BYIH LT 1S 41 DNA, i
T4-DNA % #2 [ 1% 42 W U1 7 ¥ . PCR I 1 20 &
W E KT K CBEDLRE. TR H ddH, O ¥ fig
HF Inverse-PCR $"88 , # 4551 #0385 1 W& 3
] PCR 51¥) (5% 1); LA Pttrpe, LB-1 N5 ¥ iktT 242
f—3, PA Pttrpe. LB-3 5|17 220 — 9. U
RBGUS02.RB-1 Ny 5l ¥ i# 47 45 ) — 9, L RB-
GUS02 .RB-3 N5k ir — 4", RINFEF 4614,
94 °C 5 min; 5 2 4,94 °C 30 5,55 °C 40 5,72 C
50 s, 3k 35 NMEFFE 3 45,72 °C 10 min, 2 %9 1
J5 PG YR 1 0 BB BB A B K A S, [l
Hbr h B PCR ¥EE M HME % LBEREEY
BHEABRAFWT . 759882 )5 £ NCBIChttp: //
www.ncbi. nlm. nih. gov) £ #i /% #£ 17 Blastp [R] 1%
FoXT L I 6 € A8 R B T-DNA i A 3 5 2 fig i 47
Hm
1.8 HIBEHH

16 DPS 8t (BRA 3.0 i ] LSD g k47 )7 2%
AT LA IR Y 25 5 0 2 (@ =0.05)

2 HRESMH

21 FEWHER TODNABARTEENERRE
wFoH

Wt ATMT 354 8 A 4 Wil 2 48 19 T-DNA
A AR, LR 45 2 000 MEEAL T, BEPLPE %
12 MEER AL T 16 PDA FA BAE K R 7 d &
&1k 3 WK e & R 2O RS B AT 3R
KIEH . AL, A 58 # 57 19 28 A8 1K T-DNA ¥
N A7 3 IR 41 R E R AR & (R 1)

A TEVEFEMER IR DA KL T B: BENLPE 4% 1L T
BAEFRE M (FE 25 CHEK 5 d), AsSelective culture; B: Verifi-
cation of genetic stability (25 °C,5 d).

1 BERTIRELEEKK T-DNA BNELF

REEREMEE
Fig.1 Genetic stability of T-DNA insertion mutants

on PDA plate containing hygromycin

BEDLIEHR 8 NFeAb 1, F hph JEIN Y84 51 ¥y it
b 719 PCR %7€ . 45 R% U], 8 1> DNA # i
BIgey g i H ey v Be (8 2), B8] T-DNA & 45
oI WANEIR 2 A A = S EE G SN

1 2 3 4 5 6 7 8

bp
2000

1000
750
500

M:DL2 000 TM DNA Marker; 1: ¥4 Bk Ch-1;5 2~9 . fiti
9 MNHAL T hph FEFRY GG R 10 KM pTFCM; 11: LR
KX, M.DL2 000 TM DNA Marker; 1:Ch-1; 2-9:PCR ampli-
fication of the nine transformants; 10:PCR amplification of vector
pTFCM; 11:ddH: 0.
B2 #E&WRERET-DNABAENL T PCREE
Fig.2 PCR amplification of T-DNA insertion mutants

of Colletotrichum higginsianum
22 HZEFREBERREERRERTEHSN
LA PR Ch-1 J9 % B 04K 2 000 4564k 1 5%
F| PDA Pk B3EF%.7 d J5 WSS B V& 8 28 00 Dl 4 14
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ool K

7 4R %38 &

EEHE, Tk 2 MkA K ZI1E R A K, Bl Ch-1-
E393 A1 Ch-1-C135(& 3); S ARA L, X 2 kR
TREE AW B E /N, H22 R 8 E (P <<0.05)
(B 1),

ZEOF PRERIN

i e E 12 MR KR B W

"\

Ch-1-E393

Ch-1-B14

Ch-1-A12

Ch-1-E104

Ch-1-D102

Ch-1-C135

=
/

Ch-1-B121

Ch-1-B35

(B 3) FE AR FH KR L WL PHR 4 X
12 HREVETE A 78 28K 43 5 Ch-1-C251 ., Ch-1-
(136.Ch-1-B14,Ch-1-E104, Ch-1-B121, Ch-1-A17.
Ch-1-E375,Ch-1-A12, Ch-1-D102, Ch-1-B35, Ch-1-
C148 1 Ch-1-E107,

Ch-1-C251 Ch-1-C136

Ch-1-A17 Ch-1-E375

Ch-1-C148 Ch-1-E107

DEI

B3 HEHREMEEREREMTE PDA LEHRRHE(7 )

Fig.3

R /em
Diameter
=) ) &~

Ch-1-E393  Ch-1-Ci35

Wtk Strains
B4 FEeHREMAEKEERTME
EPDALEK7TAdWEEER
Fig.4 Colony diameters of Colletotrichum higginsianum
growth-deficient mutants on PDA plates (7 d)

23 HAEWHRNERYRRERTENHFERER
i

R 23 A 0 I 5 AU I I R DR AR
W B B 1 RREOR Bk BE 28 E A Ch-1-G090, 54
TYR BRAZAP AR FL L R AE MR Ch-1-G090 73 A 1 1 B i
WBAERIUF T 4 d )5, W 5 B AUE SO B8 Y /) 5
S AR PR A K BRI BE (L 5) . XEHEFD 4 d R
ARSI I B AT O EE R LR AR K Ch-1-G090
4 43 A 6 5 T AR I e b TR K IR R E E

Colletotrichum higginsianum mutants with abnormal colonies on PDA plates (7 d)

Ch-1-G090

22 L EVRAT LB 31k Ch-1 Al Ch-1-G090 4 F #8L g I i A
RAGAEAR (4 dpD) 5 Z2 T EANA T4 5108 Ch-1 #1 Ch-1-G090
RYALMGENEBL (4 dp) 5 Co fRFS AT, Ap fUFR M I 5
PhCEW £ R 2 ShARRIKRAERZ; #3410 pm. The up-
per left and upper right pictures indicated symptoms developed
on A. thaliana leaves (4 dpi). The lower left and lower right
pictures indicated observation of infection structures in leaves
(4 dpid). Co: Conidia; Ap: Appressoria; Ph: Primary hyphae;
Sh:Secondary hyphae. Bar=10 pm.

B 5 FeEREMBURRERTE Ch-1-G090
HBEEREETE
Fig.5 Pathogenicity and infection assays of pathogenicity-
deficient mutant Ch-1-G090 of Colletotrichum higginsianum
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T2 B 5 TR RS AN BE 7= A /D 5 ) AR T 22, TB R AN
F A% R ANEEE R A 22 (F 5. 6),

awT
100F O Ch-1-G090
QJ
E
= sof
b=
=
£ oo
(=]
=
®
o 40
= 20F
*
0 ' ' ' e
Conidial ~ Appressorial Primary  Secondary
germination  formation hyphae hyphae

{2 Ye4E4 Infection structure
OL T T A Bk G S0 42 o A 4 30 0] % 16 BB A TR Bk L 2R 4K Ch-1-
G090, U & h 5 AL T iR D W% 100 SB35 ML L (2 e WL 48 8 5
3 WS LB, Arabidopsis leaves were inoculated with conidial
suspensions of wild-type and Ch-1-G090. In each experiment, more
than 100 appressoria for each transformant were counted. The ex-

periment was repeated three times.

6 7 s HT R 2 7 B R PA SRR Ch-1-G090

EREITIH R ENEEEMTEE (4 dpi)
Fig.6
Colletotrichum higginsianum wild-type and
Ch-1-G090 on A. thaliana leaves (4 dpi)

24 BHURELFAZERTT( Ch-1-G090 K9 Southern 3%
K T-DNA NG A 2 7 51 53 4

R YR A <6 S8 3R 45 6 B0 Bk B e 1k Ch-1-
G090 [ T-DNA #fi A #5 D1 %, %F 58 48 14 ) 5 [H 21
DNA # 17 Southern #2383 iilk, DNA £ Sac | i
V1) . LL 750 bp hph FEH R BONRET FEAT 22 52 460
(E7A) . SR KB BUR BRI R A2 1 Ch-1-G090 A1
2 ZRARBCIR IR R AR T-DNA B8 DU A
([ 7B) . RH Inverse-PCR &4 #4 T-DNA fll 37
G TEE 2 Ko 4 SN 45 R AR AT M Y 4 S v %
i (70,

W55 2 5988 B bs v Be b ee mhfi, 0 Fe 9F 42 5
¥ Ch-1-G090 1y T-DNA M3 73 51 55 A 4 307 4 4 161
() 4 B DH 20 R AT FE X AR NCBT b 47 W]  Ee X
TENL T-DNA 8 AL 5 I 2 — 28 X i B8 IR 2 A
PEAT DI RE T

5T R 1 2% 327 bp MR35 A 4 7 4
il 4 B 20 AT e X, B % i Bt 5 SuperContig
CACQO02003819 | 2 278~2 289 B3 X 77 7£98.6 %
AR s AR 40 2 DR A T R R B i i B M R e A

Infection structure formations of

(Ch063_10682) % i X , Zii 5 180 > & H: iR, LA
LSRR (B 8, [FE ¥ 55 2 %% 228 bp il 37
5 5 & W o4 @ 47 Xt
CACQO02003810 i 1 570~1 571 Bfi 3 X 45 97.4 %
ALYE L % H BE S RNA Jin T2 1 FCF1(CHO063_
10671) gmfidh X, gty 108 2 HEMR . 45 2 4+
MIAWETE 8, H.H Ch-1-G0o9o 1y 2 4
T-DNA i A £ A& 3 B 50 00 % 2 b ] 2 & A
(Ch063_10682) il RNA Jin T.# 1 FCF1(CHO063 _
10671),

5  SuperContig

Sacl Sacl Probe Sacl

A J_{ LB |—|Trpc|hph|mrpc|ll—| Gus | rB |-

kb
23.1—

94—
6.4—
4.5—

0.5—

A HR TR pTFCM T hph 3R A7 8 AR E AR 1207175 B: 8
BB 28 7K Ch-1-G090 9 T-DNA 4 A # D540 15 C. R H
Inverse-PCR 3R 4%# T-DNA i A L 5 01 32 77 515 3k I, 11« In-
versePCR — 4", ¥ /=4, A: hph gene and probe from vector
pTFCM. B: T-DNA insertion copy analysis of C. higginsianum
mutant Ch-1-G090. C: Inverse-PCR was used to obtain T-DNA
flanking sequences. Lanes I and Il indicate the 1st and 2nd round
PCR products, respectively.

7T FEWREBMBFRERETMEMN T-DNA
BANERHEMNEFINEES SR
Fig.7 Southern blot analysis and identification of T-DNA
flanking sequences of Colletotrichum
higginsianum mutant Ch-1-G090

CH063_10682 CH063_10671 Hypothetical protein

rRNA-processing protein FCF 1

- >
- -

e L

- -

B8 #ecHRBHBBKMEREM Ch-1-G090 B
T-DNA N\ fiL 2 53 #7
Fig.8 T-DNA insertion sites in the pathogenicity-
deficient mutant Ch-1-G090

3 it i
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TFRUE E AN ARBERAERAR N 2 000 LT
9 T-DNA i A8 4K o, i i 3] 2 R AE K 9218
FRAFR 12 BRIATETE S 55 3 AR R DL B 1 #R B0 B
Baoe AR R . BRI 5, 0 8 310 14 S0 B B 28 A8 1A 5K
A LJE PR A S R TR G AR CR
18 S 2 3 DR U R B0 ) W T R BB U )
P GEALR A By F Ui 38 B 500 71 T RS B 1 58
AR, AR L T R L A A L B R
TG AR RN B0 71T 15 58 A8 PR 2 A 5 e R 22 A 251
Ko PR X T BUK 1A — T Ry 28 48 4 mT i it
WS 25 H Ak it — WA . AR5 7 8 19 B0 BB 58
AF{R Ch-1-G090 Sy Bt 45 it 25 35 B B A7 4 SR B, B2
W 9 B 7 A T BoF () A B A UG A, SR AR YL &
¥ % 8L Ch-1-G090 19 43 A& 0 F FE L 8 1E 5 i
K I B 2 T A 2 LA B 7 A D i) AR TR 24
FATHED Ch-1-G090 2 48 1A (v [ 2 Bt Ty B v Be i
BGREE . BEAh, T AT T Ch-1-G090 i) T-DNA
AMILF 3, Hoh—A4~ T-DNA $fi A7 5 7E RNA
JINT& A FCF1 W4k & F . w4 iE . 7 2 5
(Saccharomyces cerevisiae) P AFTE FCF | A, 47
B Fefl Fl Fef2"'™ | FE@ehErh, Feflp & Fef2p
FI¥5 A A% b, BOXE R ok U & A AT . REAIR
Feflp J& Fef2p W #E0 F3 18S rRNA &
JCIFE P, HL A0S R AR 35 1 A 1 A AH R 36k 2 . T
5 14 T-DNA #fi A7E 1 MEEE A L R AT
55 B H (Ch063_10682) By 4h i 7 J¥ 51l ¥E NCBI I
HEAT Blast WXF, K BH 5 B-1, 6-2F 7L N U1 il 1Y
mRNA JPH[F R R & . 5 1 AR B-1.6-
2 N VIl AE R (Trichoderma wviride) H#
IR B-1,6-2F FLWE N VTG RT3 M L 1 BT B A1
2L IRBH B 1 R BE 3 R G, T B-1 5 621 FLOBE Y V) il
5 ETEEUR M A OGRS A 2
3% FCF1 AMEE 2 F (Ch063_10682) #17 KL A
I - B CH-1-G090 25 U8 55 114 J5 I

s & X #
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Abstract In this study,insertional mutagenesis by Agrobacterium tumefaciens mediated transfor-
mation (ATMT) was used to build a T-DNA insertion library of Colletotrichum higginsianum contai-
ning a collection of 2 000 insertion mutants. From the library, development and pathogenicity-deficient
mutants were screened and T-DNA insertion copies and sites were analyzed. As a result, we isolated
2 growth-deficient mutants Ch-1-E393 and Ch-1-C135 with significant reduced growth on PDA medium,
12 mutants with abnormal colonies and one pathogenicity-deficient mutant Ch-1-G090. Pathogenicity as-
says showed that after inoculation of the pathogenic defective mutant Ch-1-G090 in Arabidopsis ,the in-
cidence of leaf diseases was significantly reduced. Under microscope,few primary hyphae were found in
the leaves and no secondary hyphae was observed in Ch-1-G090. Southern blot analysis indicated that the
mutant Ch-1-G090 harbored two T-DNA insertions. Border flanking sequences of T-DNAs from these
mutants were recovered by Inverse-PCR. Sequence analyses revealed that the two T-DNA insertion sites
in the mutant Ch-1-G090 were coding genes for a hypothetical protein (Ch063_10682) and an RNA pro-
cessing enzyme (CHO063_10671).

Keywords Colletotrichum higginsianum; Agrobacterium tumefaciens mediated transformation;

mutant; pathogenicity; insertion site
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