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W OE: hREEE SR HFERER ( pokkah boeng disease, PBD ) J& HEM F B/ EZ —, 76) W, HIEHEM
B (Fusarium sacchari ) J& PBD WL #W% H R . 45 PBD WINFSE A B KA 7 s, {0 H REHR AL 1 /9 20% 70 FHL BT R
SN . 5T H RESIRIE 1 B0 > TALER, AHE 58 R FACH B A 5 (193815 75 4k ( Agrobacterium tumefaciens-mediated
transformation, ATMT ) F AR HEHRAL T FFOO1 HitkiY T-DNA 4l AZSARAE . RS M5 £ B BERFEL RS H
pTHR1-AH BUCEM I RT3 Bk AGL-1 A 2544k F. sacchari /- /E i, K18 3018 MEfb1; RHALIEER 12 MELT
4T PCR Al A1 Southern 24224387, 455 MR TR # il 5228 MR X4 A2 R B SRR FE R IER, 280 P DUdE A .
KBS AR B 2RI e A B0 g, BRAS B0 BH WSS 21 o i 9 4, 3k 30 S8R 3B AT TAIL-PCR
eIt 5 H R R R N A FH e, 8 E T H P 27 SRR T-DNA 48 AN 25 . WEL B A0 AN S AERET
SR B, B AMERAALE T LI 1AL EMIIEERAE . T-DNA i A S 2 W gis X R 3 T IX, 8k
L FXAAIRRIX o 52520 A 3% R 43 0 45 o- B Z2 417 % (alpha-mannosidase ). " PEZEFEERBE R ( neutral amino acid
permease ). 2R E /R FE S KAL) 4 (oligomeric golgi complex component 4 ), 2 Ik¥%iz % 9 ( oligopeptide transporter ).
WESL A B A IS (acyl-CoA dehydrogenase ), Z. Bt Z t-CoA A il ( acetoacetyl-CoA synthetase ), kB R ( carbonic
anhydrase ). Bud 10 % 9 ( Bud 10 protein ), 283X 3 4 bimC ( kinesin-related protein bimC ). #%3§ 2 1 ASD4 ( zinc finger
protein ASD4 ) F& A Ui ¥ TFIID( transcription initiation factor TFIID ), ffi i G-box 454 & FI( cutinase G-box binding
protein ), IV UE 8 R HURMEHIHE A (acriflavine sensitivity control protein ACR-2), #2& VCP % ( nuclear VCP-like
protein ), HMEH 1 HSP30 (heat shock protein 30 ), Fi%iAM [T (thioredoxin ), 2C AU I8 E ( type 2C protein
phosphatase ). W ER /M (exoribonuclease ). fifiZE I ( selenoprotein ). DNA 4 n ( DNA polymerase eta ), 17
G F 1 (survival factor 1) FIZMENE G (aldehyde dehydrogenase ) % 22 NEHIIGEE AR 16 NRAIIGEE A, &6
SrRAR SR, WNEFTR A ASD4. fITHE G-box 5B M . HEINEZE M 2C ME OIBEIREFSE, Tl AR

R TR L A e YL TR N 0 i A B S5 A s i L TR Hh R S R BOR A DG IR R . 2 AR RV BO A DG S AR IR R, AR
TG H T 1A B0 4 F DR T 3 k.
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Abstract: Pokkah boeng disease (PBD) caused by Fusarium complex is one of the major diseases in sugarcane with
great impact on the sugarcane industry worldwide. F. sacchari is the prevalent species responsible for PBD in Guangxi.
Albeit of a long history of study on the disease, the mechanisms underlying the pathogenicity of the pathogen are still
far from clear. To tackle this challenge, we generated an insertional mutant library by transformation of the conidial
spores from F. sacchari strain FF001 via Agrobacterium tumefaciens-mediated transformation (ATMT). A total of 3018
hygromycin B-resistant transformants were obtained. Among 12 transformants randomly selected, nine out of 12 trans-
formants carried a single copy of T-DNA, as verified by PCR and Southern blot analysis. The mutants were further
screened for virulence variation on detached leaves and 30 mutants with obvious changes in virulence were obtained,
including 21 mutants with significantly attenuated and 9 mutants with enhanced virulence. The sites of insertion were
determined by thermal asymmetric interlaced PCR (TAIL-PCR) and sequence alignment to the genome sequence of F.
sacchari. The majority of the insertions were found in coding regions or promotor regions, with a few in terminator or
intergenic regions. It was observed that a few insertions were accompanied with genome fragment deletion, resulting in
more than one genes being disrupted in a single insertion. Among the 22 mutated genes with annotated functions were
those encoding alpha-mannosidase, neutral amino acid permease, oligomeric Golgi complex component 4, oligopeptide
transporter 2, acyl-CoA dehydrogenase, acetoacetyl-CoA synthetase, carbonic anhydrase, Bud 10 protein, kine-
sin-related protein bimC, zinc finger protein ASD 4, transcription initiation factor TFIID, cutinase G-box binding pro-
tein, acriflavine sensitivity control protein ACR-2, nuclear VCP-like protein, heat shock protein 30, thioredoxin, type 2C
protein phosphatase (PP2C), exoribonuclease, selenoprotein, DNA polymerase eta, survival factor 1, and aldehyde de-
hydrogenase, several of which, such as zinc finger protein ASD4 in Magnaporthe oryzae, cutinase G-box binding pro-
tein in Ustilaginoidea virens, oligopeptide transporter in Colletotrichum gloeosporioides, PP2C in Fusarium oxysporum,
have been implicated as pathogenicity genes. The availability of the diversified pathogenic mutants lay a new founda-
tion for further study on the molecular pathogenic mechanisms of F. sacchari.

Keywords: Fusarium sacchari; Agrobacterium tumefaciens-mediated; transformation; pathogenicity related genes;
flanking sequence; pokkah boeng disease
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HEEASE R ( pokkah boeng disease, PBD ) J&
HREEE Y R EwFZ—, EREFEE ™
XM &2, HABAE LT3 ARy
HREAR B AT H R0 5%~20% , A& ™ 5 (14 4F
AT 30.2%~48.5%, HEAMFEAL 2.63%~5.21%,
T R H T e RO A FOR AR A kA B
R JES 95 © B H HTAfR O HRERE ™ L s e & R A
fif Py E S —

HREMR L ( Fusarium sacchari ) 5 5 A H
oy ok, HATPERY B HRE 2R B 1 ( Gibberella
sacchari ), J&H HERI SRR IR Besh,
H RS AR R A 2 HREAT 220 (sugarcane wilt) [
g ST, T2 R R P i B R R RS L
T TREA JE 0 1 B A P, o B I TS
FEFRE, A M/INEE IR L o3 B B H T SRt
[0 761 I < S i L Sl R K2 |
HEgef U AT, B H R A A B
ST UM T AR, CA B SCERY Sk a R
B A R DI RE S . AR R E R A A

LR R A2 S i A0 Y T Sk AR
TEH RESRA I 5 H R AR 5 v 4 AR A — it
TR A 0 B P Ak R O

AT A T 0 545 Ak ( Agrobacterium tu-
mefaciens-mediated transformation, ATMT ) J& 315
BEMLIR A A AR E 2R G F Bz —, HiE bk
TEA R AT 20t BRI A REE , ansr A A1
WK T T4k, #AERE, R BA R
Rim L2 e DU A SRS, # T R
B IIBEIE R AT, fE iR R A A &
TohoAEL 49 it T 200 ik PR ) i B O ML B T 5
e B2 I I ARER Y, &SRR A
ATMT FEARFGEE T 1 H RSB 7 CNO-1 T8 BR 11
RAFRIE , IFER X AR K RS 5 AR A 1 4 AL
S HNBEAT 5307 o APREIZH T 2016—2018 4EX} )™
PUH RERS B s & ARG b AT A TR 4, I X R
SRR HE TS, AR H RESRA B2 VS H REAY
I TR A e SR T A 20T X 20 3RS A iR 3
i AR TR FFOO1 AT T 4 L R4 51 I



552 4

SR R R AL R A BOw

i AL ARG 1 S S AL FE N 7 Ao 235

(AR o AWFFERH ATMT BN H T Ik
FFO01 MYRZBIREE, i e BUR /) 22 R 1 578
TR, FFXRARZE AT E AL BT, DU SE e 2L
TG HE AR BERETE AL, O H R 10 11 1) 50
o T LB 5T 58 E Sl o

1 #MR57R*®
11w
111 BHXAA kL H A RS
FFOO1 TR A AR R 2 DA AT B 700 A 85 g R IR 1Y
HRER b BB ai b 3 R KT &
( Escherichia coli )Trans1-T1 Ji&3Z 25 Fll pEASY-T1
Clonging Kit g A bt &N & A WH AR E R A
M9 A AT & ( Agrobacterium tumefaciens ) & #k
AGL-1, # W W& X B Wil % M H W
pTHRI-AH JFTRLH A% 520048 @ AR AF . H BE sl Al
CHRRE 9 5 T RERS YR SR, T EUR
JIE
1.12 = &&X A HiAERFHEF (rifampicin,
Rif), N HHZE (ampicillin, Amp ), W%
('spectinomycin, Spe ), k% % ( cefalosporiner,
Cef ). % X B (hygromycin B, Hyg B ), Z Wt T
W (acetosyringone, AS) Fll 2-(N-Lhik) 2 FLfif
fi? [2-(N-morpholino) ethane-sulfonic acid, MES]
B A s R SRR IR A o B EBE BE I
DNA [l & B RARAE AR (dbnt) AR
o], PO N AR OER &0 H v MR A )
B B A BR 2 7] 3 DIG Wash and Block Buffer
Set {77 & # DIG High Prime DNA Labeling and
Detection Starter Kit IT i3] & B % R/ H] . 2¥Es
Taq Master Mix I { b st & X E&EYH ARG R
A, SR EHEMEAEE A (PDA) WA EHE
BD /3 #) ( Becton, Dickinson and Company ), H:Aih
RANBE s, SIRAETAY TR (-
) e A BRA /A o
1.1.3 3448 PDA: # /I BD 2 " BB A5 Rc il
LB ( luria-bertani medium ) 53¢ 3& . B H ik
10.0 g, BERFEHUY) 5.0 g, NaCl 10.0 g, FH4liK
FEZLE 1000 mL, pH 7.0~7.2 ; B Al 1% 3% £ minimal
medium, MM ): Jo/K &% 2.0 g, KH,PO, 2.05 g,
KH,PO, 1.45 g, NH,NO; 0.5 g, (NH,),S040.5 g,
MgSO,-7H,0 0.6 g, NaCl 0.3 g, CaCl, 0.01 g,
FeS040.001 g, Z-Salts ¥ ( 1000 mL Z-Salts 7%

ZnSO,4 7H,0. CuSO4-5H,0. H;BO4. MnSO, -H,0
J2 NaMoO4H,0 % 0.1 g) 5.0 mL, JH4ali/KERE
1000 mL, pH 6.7~7.0; %S K373 (induced
medium, IM ): MES 7.808 g, Jo/K#i%ikk 2.0 g,
K,HPO,4 2.05 g, KH,PO, 1.45 g, NH,NO; 0.5 g,
(NH4),S04 0. 5g, MgSO,4-7H,0 0.6 g, NaCl10.3 g,
CaCl, 0.01 g,FeSO,4 0.001 g, Z-Salts ¥ 5.0 mL,
FHAlK E 43 1000 mL, pH 5.6, FiREEFRILMA
15.0~18.0 g MBAR By, B A AR ER FREE

12 FHik

121 RERFANFOH R EL L
ZMROCHR (2309 T sk T iR e db, IR AR,
BAAA TR . ¥4 pTHRI-AH JFURL A9 4R AT B
AGL-1 HHkfE LBA 5335k (Rif. Amp F1 Spec
ZUREEYY R 50 ng/mL ) ERIZL, 28°CHiFE2d A
PRI R VR R B MM OBAR R SR 5 (Rif, Amp
il Spec ZHRBEEXI N 50 pg/mL ), 28°C AT Tk
K5 7% (200 r/min )2 d, 4500 r/min ZE & & 0> 5 min,
A 1 mL IM 372 R f B K, I 7 B 2= 1 ODgoo
0.1, A AS (ZHREEH 200 pmol/L ), 28°C,
PR3% 1% 48 h (200 r/min ); BCHIEEE K 1x10* 4
/mL (AR H R A R, 5 BB
AR RFT B RAE 12 1 LWlRG, Wi T
IM [EMA B R LR 0.45 pm fLARTMALIERE |-,
25CAAM T IIEFE 2 d; W ilrLuE B B 2 0 vk
PDA ¥ 3735 (% 400 pg/mL Cef F1 50 pg/mL Hyg
B), JEAEMCFLIEIE i — 2 0% % PDA Kigdt (&
400 pg/mL Cef #1100 ug/mL Hyg B), 25CH;:3%
2~3 d VA A VALK e b TR R 20
fifiit PDA $537%E b ( Cef 400 pg/mL, Hyg B
100 pg/mL ), 25°CE; 3% 2~3 d, FRREER S 5 —Hr
T PDA 15973 I (% Cef 400 pg/mL, Hyg B
50 pg/mL ), 25CHFE 4~5 d, £ 3 WAk nl 78
5 50 pg/mL Hyg B PDA 5373t FIE#H A K%
b+ BN e I e i i+, BT IRAE & H
122 REHYE DNA IRBRE>T%5<T M
CTAB 2 4& WY A 2 78 b 1 28 748 bk 1 55 I 41
DNA, ZRASFEAY PCR %558 . DIBFA BB R FFOO1
AR RIS 2 DNA 1R MR, fif AR R PES |
¥l AMP F/HPH-1 R (% 1) #£47 PCR 14, J )i
1A Z AR 25 uL: 2xEx Taq Master Mix 12.5 uL;
10.0 umol/L 5[4 AMP F 1.0 uL; 10.0 pmol/L 5|
¥ HPH-1 R 1.0 puL; DNA #ifz (20~50 ng/uL)
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1.0 uL, ddH,O 9.5 uL. KW &MF: 95°C Ak
5 min, 94°CZ8M: 1 min, 60°CiB X 1 min, 72°C%E
fff 1 min, 217 30 MEH, 72°CHLEM 10 min,

Southern Z438 44T : it $ HCHT AR 70 TR Ak R € AR
[ZERZH DNA (50 png ), 43 B PR B il 44 Py U1
fiti Xba 1 PEAT BT, 78 37 CEE &M T it
BV 2 SR 2 R BTSN 2 £k
TR TEIK AN 3 mol/L BERRENIAW, Fo/miRAd,

—80°C MK IR VKA 30 min, 4°C, 12 000 r/min
B0 15 min, 5 LW FIIA 500 pL 75%19 Z,
B DR DTTE 2 IR, BARBET, JIA 35 uL
ddH,0 M, B 25 pL PEATERBEAREE A i Tk O 5%
68, DAk pTHRI-AH M#AL, 514 AMP
F/HPH-1 R #4179 3458131 DNA R BB IRET,
Z R A Al 2 AR & Ul B TR ie, 2%
L. %0 DIG Wash and Block Buffer Set &5 &
VLB TUEIE S . ] LAS500 #8 R ks %%
HGA UG 5 T 2 58 45 5

x1 FARASH

Tab. 1 Primers used in this study

S B ol (5-3)

Primer name Sequences (5'-3")
AMP F CTGGATGGAGGCGGATAAAGTT
HPH-1 R CGCCCTCCTACATCGAAGCT
RSP2 TTTACCCTACAAGTTGGCGCTGACC
RSP3 TTCGGTATGTCCGCGGTATGTCAGC
RSP4 AGAGGATCCCCCTGCTGGGATTAC
M13-47 CGCCAGGGTTTTCCCAGTCACGAC
LSP3 GCTTCCTTAACTGCAAGCGCAATGG
LSP2 CCAACCTCCGAAGTGGAGCTCG
ADS GTNCGASWCANAWGTT

Note: S=C/G; W=A/T; N=A/G/T/C.

123 REAKHFBAGMNE BB WANG Y
et B i 7 A AT AR BRI BUR e . R
1A B B A= UG R 430|480 T PDA VAl I, 28°CH5
FE4~5d, FERIENSGIER 0.6 om WITE 227 F ;
PRI 4~8 AN, fdE R H REARRE (R RE 95 )
SEAJRIFIH1 52 it f, FHIEERZY 10 em,

WKKBTEZY 6 cm B (—3KIF R 2y 8 A0t Ry
B, Mg b ikor e 85— (IR R
290 1.0cem), KELRARKFEEEDO L, 2,

28C A R R SR 3~4 d, IC G BEH BLEHE] ,
SRBEELAR, RARARMREER 3 kM . &at 3 Ik
O 10 2 ARAF IR AL R M BOR AR S A8 bR 5

— YR A] i 87 FH 58 AR PR T A 98 A% Bk 1 AT 20 7
T, S R A — R0 B0 A B AR
b (ISR ST ) MIZARRR, 5 IRE RS0
o 1A T AR AR 1Y) 28 AR AR 28 ) AR 4y B R i A T
55 S WREUR TN E, 241 ASEARRN 3 AL ER
RIS BRI R I N BUK 1A I B ARk H R —
St (RIBTA BA0 o3 B R B0 ) 4 AR 55 1l 4
TR ) B N EUR AR RRARN, IR TR A AT
Fr 34 18 5 5L R RE LT

124 #BEEFELIK T-DNA #HEAALEME 5
Pl R E AR ELL (i ADS FEHLEIY
A7 14 5L (right border, RB ) )2 A2 i1 7t (left border,
LB) JFAIRE 51, S BICHk[25-26 2k I #AA
XF x84 PCR ( thermal asymmetric interlaced PCR,
TAIL-PCR ) J5 kX288 (R (%) T-DNA |3 )3 51 2
TP 1. BB—F N LS AR BR B DNA 1E it ,
& 35149 AD5 54555149 RSP4 ( RB 351 )
o M13-47 (LB ME)F5]) 5195 LIS —fR
B PCR 7=# (HkE 50 155 ) VE ARG T4 —
BRI, 51%Nh AD5 5 RSP3 & LSP3; DI%—
BN HY PCR =4 (FikE 50 15 ) VE BRI T
=R RN, 519 ADS 5 RSP2 B LSP2, TAIL
PCR Z5HJFHL 5.0 pL 5% "% F%E =% PCR M¥"
WA=, HE 1.5 Y% BiBe WEEREE R A T LUK o Fr,
HIBIE bEEE S DNA RIS &0 58 —# e 3t —
4 PCR F=9yiftfraifbmii, 5 pEASY-T1 /&%
B AL R IGATF I Transl-T1 JRZA, Bk
PR ) A B B PE M T B T F o R A
SNAP.GENE # {2 $ fr jk 45 )7 51 1 e 5 5 1 4
(RSP3 = RSP2, LSP3 B LSP2) } T-DNA ¥
RB F1 LB |3 )37 5], 35 H SR FF001 3L
A 75 (R & REE ) tLXT, 454 NCBI
( https://www.ncbi.nlm.nih.gov ) FEXFZE5H, #iE
Ji AL 55 I R R LT RE

2 ZBRERW
21 RHENSHEHRRBEENSEEEL

i ¥ i A Z DU eI pTHR1-AH FORL Y
RATH AGL-1 BEERA 3 57% A0 H e A0 7 23 A= 7
¥, 1E% Hyg B Wik PDA K3 IAKIKIEAT 3
Y (2 K Hyg B ¥y 100 pg/mL, %=
WK 50 ng/mL ), 375 3018 MaE im &1y Hyg B
BolERAL T, RIK A4 FsAT0001~FsAT3018, Fifi
MLPZHL 50 64k 73R T A% Hyg B Y PDA I,
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28 CLMF T 7 d ek i Moo 8% &
BN, KA THIAE PDA  F A K R A
WAL 5 A R Ak FF001 B R A B W X 1,

R T RIS B A A L R BB R £ 5,
FBN A KRS | A K R R A KA
(K1),

FF001 FSAT2026
B 1 EFEBEHK FFO0L 4 M REMETUHLFHEFREK

Fig. 1 Colonial morphology of wild type strain FF001 and four transformants with significant changes in phenotypes

22 HUFHFEE

Ry iff e ARAT 1) A A T T A R P A
PR S AR A#5 DA, K4 pTHR1-AH ST A #L
&yl (K 2A) #&it51% AMP F/HPH-1 R,
BEMLPEIE 12 M2 EUE DNA #47 PCR &
W, 2551 8w, R b+ F pTHR1-AH [H
PEXTREEIRED 14 1 25 1900 bp 4551k H bR &7,
8P AE BRI AR FFOO1 A3 4 AR Anf v] DL 457 (&l

FsAT2206

FsAT2242 FsAT2418

2B); [FlkEHL, LI AMP F/HPH-1R m5|4%), 1
pTHRI1-AH #4509 DNA 1E M4 #4T Southern
258, MK 4 ML e s kB A
RIT bk FFO01 YA 4228 457t &1 2C ), W] T-DNA
ABE A ATE FFOO1 BN ., 43t 12
MNEAL T 19 Southern 22384558, H 9 PNRALKRTY
T-DNA 5 585 DU A, 3 2828 R AU LA A
RWELE] 34 UL EHE DR A

< HPH-1R

A [EBIL) ﬁfs“h> oi > [)] CHE > [RB]
o

B

kb

1.50

A: PCR 5I4F1 Southern 2252 ¥4 B /R . B: 2845HkAY PCR ALK&, 5198 AMP F/HPH-1 R; 1: pTHRI-AH;
2 PPARIGERE FFOOL; 3~8: ZRAF{R; 9: XFHR (/K ). C: ZRASHRAY Southern 24387041, 1~4: AN 5. BpAAIEHk FFOO1,
M: 1 kb Plus DNA ladder,

A: Scheme of genomic DNA of F. sacchari disrupted by T-DNA integration, AMP F/ HPH-1 R primers and probe used for hybridization are
indicated. B: PCR detection of the transformants with the AMP F and HPH-1 R primers, 1: pTHR1-AH; 2: Wild-type FF001; 3—8: Independ-
ent transformants; 9: Water. C: Southern blot analysis of wild type Fs FFO01 and four transformants, 1-4: mutant; 5: Wild-type FF001.
M: 1 kb Plus DNA ladder.

B2 MABKFHHAEIHRHBREBHEEREN PCR N K Southern 3z 5347

Fig. 2 PCR detection of hph gene and southern Southern blot analysis of transformants

23 HRTRRTEMIFIE

SARAS H SRR R BOR AR G, R R
YRR L HEAT 3 RO BE , M2 T T A 3018 M
LT IEE J1 o HeAp B A BB R FFOOL 3~4d )5,
HREEM R R AR IR PR, R AE 2.0~
3.0 em Z[H] s 47 21 A2 AR BRI Ry 0% 1 T

& 3 th FsAT1336 . FsAT2953 #l FsAT3001 Ftk ),
Fefh 3~4d J5, WHERKETE 1.0~2.5 cm Z[H]; I
Ak, B 9 ARAEMRFBEOR 135 (anE 3w
FsAT0444 1 FsAT1899 itk ), #:81 3 d J5 B nl /™=
A= B R BE , R EBER AT 3.5 em; HAYHYKER
AT 0w R A A AR (1] 3 %) FsATO0126
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PRIRR ), B0 7 A R s () LR /N 5 8 A 7R B R A L
THEES (K3),
24 HRTRRTEBANCLIMERFT| 18
B EOR AR AR T-DNA i A 51
M FEH], $ZEETE 30 80K 5528 4
DNA, R TAIL-PCR (#7553 54 A s A 00
HIFHHEAT 3 8 PCR Y4 . 43l U 50 sl 5 =
¥ PCR ™ Wy AT B REO B8 i R VA TN o 485 SR i

FsAT1336

FsATO0126

RALHK

FF0011

B 3 EFAEREK FFO0L FEd a4 FHERB N

FsAT2953

AT 27 D RAMRAES R 8 =5 PCR J5 3R
P35 OB (A 4 S 45, Hoh oA 12 N RARR I 22 47 4
FHE P AN REA 1, HAR AR H g —
IMEE 75 5 3 548 kR (FSAT0007 . FsAT0017
F1 FsAT1019 ) AR A4 RLY 14 3 751 B s
Iy GEAS KRS =5 TAIL-PCR JGA A 2~3 4535 M 4%
Wo Bl 4 RER SRS A0 s — 5 RN A 1Y
PCR 4 Ity v Yk 288 Jise 1]

FsAT3001

FsAT0444 FsAT1899

1 I iy

Fig. 3 Pathogenicity of wild type strain FFO01 and partial transformants

A M 1 2 3 4 5

kb
1.50

B

A: TR PCR P25 B: 5 =% PCR 7*#); M: 1kb Plus DNA ladde; 1~5: Z7F/K,
A: Products from the secondary reactions; B: Products from the tertiary reactions; M: 1 kb Plus DNA ladder; 1-5: mutant.

B4 54 3RITHAI TAIL-PCR F=4 ) H ik g AL B
Fig. 4 Agarose gel analysis of TAIL-PCR products of five mutants

25 HBRTRRTEBAGS T-DNA 87 F
H4F =

¥ TAIL-PCR =¥yl glifb )iy, X
2 KRV ERA AT, SR Bk
T-DNA A FFIAEREATH], K15 39 &
BHHFH], Hrp RB MFE)FH] 24 4%, LB I3 ¥
G115 4% HHE T-DNA 54 5 H reE sl g 3L

LB T-DNA
FsAT0103

AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAATCGTCAATTTGTTTACACCACAATATATCC

gl 2, B Y 51 53 51 5 Ak pTHPR1-AH
) T-DNA J@3ltext, &IBLTE 24 4% RB 3751
Hr, RB AT HIERE A 20 45, fill 83.3% (K
WR ) M, 1E 15 45 LB MIEFSd, LB ih5
FEHNEREAA 5 A, b 33.3%, HARFIIW
LB i A A AN FRREE AU, o FsAT0372 %
ARk LB R TSR B, 64 bp (&1 5),
T-DNA cleavage site

F. sacchari sequences
TCCAGATTGAGATTATCGGTTCGCC

FsAT0124
FsAT1132
FsAT1780
FsAT1923
FsAT2324
FsAT0082
FsAT3001
FsAT2953
FsAT0166
FsAT1899
FsAT3008
FsAT2418
FsAT1832
FsAT0372

Fig. 5 Alignment of the left border (LB) sequences at the junction of T-DNA integration site of F. sacchari

AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCACAATATATCCTGACATGCAGGCTTCCAAAGTCTAGCCC
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCACAATATATCCTGACGACGTGTACTCCTTCTGTAGGAGC
AGTACATTAAAGACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCACAATATATCCTGTTGAAGCTGCGAGAGAACTCGCCGAA
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCACAATATATCCTGGGTACTGGCCTCCTTCTTCACCTCCT
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCACAATAAGAAGGGGGAACACCAACGCTACCGTAACCCGT
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCACAACCATTGTTGCTGTAGTTTGTTGTTGTTGTTTGTTT
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCACAAGGCAGAATACTAATACTACCCACGGAGGATATGGA
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCGCAATCACAAACAACTGAAGATGAGATCATTACTCGTCC
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACGCGCCATTCAACGGCTCCAGCTGCAAACAGAAAGCCCATCAA
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACGCGCATCCTGCCCAACACTCAGCCTCTTCAAGACGACAGTAA
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTTGGGTTGGAATCATGCCAGATGGCACCGTGTCTGTGGACAGACTTGGCAACCAT
AGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGCTTCTAGCATCCTGCTCGCCCCTCATACAGTATAGGTAAGGTAAGGTAGTAGTGG
AGTACATTAAAGACGTCCGCAATGTGTTATTAAGTTGTCTAAGAATTCCACACAACATAAACACAATGCCACCCATACGCACATCTCGCATGGTAGGTCT
AGAACATCACAAACGCAATCATCAGCTCTTACAATACCAAGACTGCAATACCAATCAACTATTATCAGCTCTAATCATACTTCCCCCATAATCTACATTC

B 5 BRRTME T-DNA BN R LB RF ISR
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26 HRTRRTEHERTERAMEMRHINGE

ML T 5 5 H SRR FFOO1 TR AR L R 4
FEFHEAT A, 454 NCBI X455, #Rig5e7s
FALXT R FE R T iR . 5 FF001 LK 41 )75
PEATHEXT 25 R 7R, FsAT2418 %875 #k RB 11 LB
W3 550 53 55 2 258 [F] contig ( contig00006 Fil
contig00011 ) L AFFNXI RN, HAx 58 A8 Ak 1 ) 38
P A% T FFOO1 3% F 4 A4 80— 351, A e
9 %% contig I ; XF[AIH 4545 RB F1 LB 3751 Y

12 D RABR PG AN S — L5007, R BAER A
& FsAT3008 H', T-DNA #fi A N B $EH A 15
FSAT1780 Fll FsAT2324 H1, T-DNA 4fi A a¥ 22~
23 bp /N BRI AL SR, AR AR, T
DNA i AT 3t e R 2 85K R BRI ks, AN
TE 2202~6129 bp Z i), BLAh, Z87EkE FsAT0213 Al
FsAT1666 1 RB 1fi A siAH[A], FsAT1899 #i
FsAT2418 RB. FsAT0166 RB F FsAT1899 LB 4
A AR — LR R R 5 (&6 ),

FsAT0589 —
FsAT3001
— (4376 bp)
500 kb
FsAT0082 —
FsAT2418 4 FsAT2324 || (3357 bp)
@bp) ] FsAT1132
- FsAT0182 | Fs N _
FsAT0213 _| ) Fatii3e2
FsAT0543— FsAT1666 FsAT1780
_ll FsAT0093 _|| (23bp) 7] FsAT2418
FSATO0345 —| 1ot 0% T FsAT1899 | FSAT1262 —
(4123 bp*) (6129bp) 4| FsAT1832 —
FsATO166 || (3963 bp)
(2202 bp)
FsAT3008
FSAT0103 — FsAT0444 — FSAT1923 D
i (3237 bp)
FsAT2953 FeAT0372 -
| FsAT0031 — I I I | (5279 bp)
Contig02 Contig04 Contig06 Contig07 Contig08 Contig09 Contigl0 Contigl1 Contigl2

5GP BT R SEFE 41 DNA Bk A BRI KU
The numbers in parentheses indicate the size of genomic DNA deletion fragments.
Bl 6 ZREHRE T-DNA BN HERRAEERA contig FMIETEE
Fig. 6 Distribution of T-DNA in the contigs of F. sacchari genome

PEARTFIY 39 S —MI3E ¥ 1], 75 NCBI L
TR IR ER, AT AL ST, 45 R W
N 19 4> T-DNA i AN S50 T AH 2 PR ) 4 i
X, 16 1~ T-DNA i A7 (7 T3 R A I 3l
FIXE, 24> T-DNA i A i FLUEFIX, 5
A 2> T-DNA i AR TR I (4 2),
HEEHRAB R A R DI RE T B A R R, 4 ALY
FER o3 Sl gt 22 A CHIDIREER AT 16 AN RF1T)
e, HrEUR 77 0 55 5 AR AR i A A R
M E AR LI 6 25, KRS 5
Bkt iz SACHAECE I (74, 45 o-HEEHE
171§ (alpha-mannosidase ), 1R ILIR B 5 i

( neutral amino acid permease ). FRH/RKIEE G
1R R 43 4( oligomeric golgi complex component 4 ).
Tk 12 8 H (oligopeptide transporter, OPT ), it
LA A BiEB (acyl-CoA dehydrogenase ), &

Mk 2 E-CoA & il ( acetoacetyl-CoA synthetase )
FZEI s H bimC ( kinesin-related protein
bimC ); IR RFET (4 1), BIGEHEE
1 ASD4 ( zinc finger protein ASD4 ), #% IR A
F TFIID ( transcription initiation factor TFIID ),
5 G-box 454G &1 (cutinase G-box binding
protein, CGBP ). WY Ig % 2 50 45 il & 1
(acriflavine sensitivity control protein ACR-2 ); &
=ENarFHE (2 4), NVL M (nuclear
VCP-like protein ) Fl## £ 1 HSP30 ( heat shock
protein 30 ); FVUZE K S5 RNA BRI
AMNITTH ( exoribonuclease ), F HZK hHZ 5 DNA
i 71& 52 1) DNA 24 n( DNA polymerase eta ),
SN ARAMPIREE R (10 ) (F 2); Ak,
FsAT0082 k2K Ji Befu & i K 4 i A7 3% [ 1 1
(‘survival factor 1, SVF1), FsAT1832 ks i B&fd
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Tab. 2 Sequence analysis of T-DNA flanking regions of F. sacchari mutants
Gt b 04 Iy i SR 45 HX 45 AL
Mutant Pathogenicity Border Gene ID Blast hit Insertion site
FsAT0031 attenuated RB EVMO0009260 Uncharacterized protein Promotor region
FsAT0082 attenuated RB EVMO0008635 Zinc finger protein ASD4 Promotor region
LB EVMO0005760 Uncharacterized protein Coding region
FsATO0093 attenuated RB EVMO0004458 Alpha-mannosidase Promotor region
FsATO0103 attenuated LB EVMO0005331 Neutral amino acid permease Coding region
FsATO0124 attenuated RB PB.4861 Transcription initiation factor TFIID Promotor region
LB Intergenic region  Intergenic region Intergenic region
FsATO0166 attenuated RB EVM0004322 Uncharacterized protein Coding region
LB EVMO0005807 Uncharacterized protein Coding region
FsATO0182 attenuated RB EVMO0002940 Uncharacterized protein Promotor region
FsAT0213 attenuated RB EVMO0013508 Oligomeric golgi complex component 4 Coding region
FsATO0345 attenuated RB EVMO0006752 Cutinase G-box binding protein Coding region
FsAT0372 attenuated RB EVMO0009246 Oligopeptide transporter Coding region
LB EVMO0014118 uncharacterized protein Promotor region
FsATO0543 attenuated RB EVMO0013351 Nuclear VCP-like protein Promotor region
FsAT0589 attenuated RB EVMO0011958 Uncharacterized protein Promotor region
FsAT1132 attenuated LB EVMO0003952 Acyl-CoA dehydrogenase Coding region
FsAT1262 attenuated RB Intergenic region  Intergenic region Intergenic region
FsAT1336 attenuated RB EVMO0001734 Acriflavine sensitivity control protein ACR-2 ~ Promotor region
FsAT1453 attenuated RB EVMO0001057 Acetoacetyl-CoA synthetase Promotor region
FsAT1666 attenuated RB EVMO0013508 Oligomeric golgi complex component 4 Coding region
FsAT1780 attenuated RB EVMO0010943 Heat shock protein 30 Coding region
LB EVMO0010943 Heat shock protein 30 Coding region
FsAT1832 attenuated RB EVMO0008431 Exoribonuclease Coding region
LB EVMO0004124 Uncharacterized protein Terminator region
FsAT2953 attenuated LB PB.4343 DNA polymerase eta Coding region
FsAT3001 attenuated RB EVMO0012262 Uncharacterized protein Promotor region
LB EVM0012371 Kinesin-related protein bimC Coding region
FsAT3008 attenuated RB EVMO0008581 Uncharacterized protein Promotor region
LB EVMO0008581 Uncharacterized protein Promotor region
FsAT0444 enhanced RB EVMO0009607 Uncharacterized protein Coding region
FsAT1899 enhanced RB EVMO0014180 Carbonic anhydrase Promotor region
LB EVMO0004322 Uncharacterized protein Coding region
FsAT1923 enhanced RB EVMO0013270 Bud10 protein Terminator region
LB EVMO0006069 Type 2C protein phosphatase Coding region
FsAT2324 enhanced RB EVMO0010029 Thioredoxin Coding region
LB EVMO0010029 Thioredoxin Coding region
FsAT2418 enhanced LB EVMO0011042 Selenoprotein domain protein Promotor region
RB EVMO0014180 Carbonic anhydrase Promotor region

N S £ B L E B ( aldehyde  dehydro-
genase , ALDH ), H Q& A #k ( FsAT0124 |
FsAT0166. FsAT0372 Fl1 FSAT3001 ) &t Bty
SRS 4 DSARMIIBEE H L . BuUE IR 8 AR

PR ) 4 AN i 35 R D) G 1) s R i T B2 T ( carbonic
anhydrase ). Bud 10 & 1 ( Bud 10 protein ), #i%&
WM (thioredoxin ), filifE[ (selenoprotein ).

2C RIFEFI#EMREE (type 2C protein phosphatase,
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PP2C ) Fil 2 AR MPIfie M . T-DNA i AFE K 1Y
iy X a5 R s e, AT DL B A A
PDIfe, s AN 5 S 3 XA L+ X
1) 5 A8 R ] g ek 5 ) H AR S PR ) 8 35 DA T
AR I ENES I

3 iTig

H T S 6L B P H R A RS B O A TR
B0, HEOR S T AL ST A IRE . ARESE L
SR EUR 1 AR FFO01 A R B kR, SR ATMT #;
ARAGE T EZ BT 3018 NSRRI S AR |
VEIRTF 30 N BOW AR F A, I XA SR A
HEATHYEN 5500, 345 — LRI RE 1Y B0 A e 5
R, A RE Sl g6 T SO L I T RE o, I B
W THLHEERAE T B . TS L

R KSR, BT esRTEE
SR A AR R, H RESE AL A A
61 15 A FF DA A 35 3% I 0 1AL i T e B 3] i
PDA BiFR3ER 5% 2 d, HARPkBURfLT, Hikz
HER B R BERAT B IE AL T Bl S SON 7E AL
JEME s —/24 Hyg B (100 pg/mL) i) PDA
e IR AL, 25 C AR R EEE 2 d BRI Al LA
AL TR, Zat 3 WK Hyg B HitEfide 55 %
FaE AL T o BEDLPE L LT 1E4T PCR AT AN
Southern 2438, Z45 WR & A HIERIL T, Ui
HH AT J T AR A5 1) S o AT o

TAIL-PCR HARZY 46 A 751 T-DNA KAl
3L 551 9 7 22027 A 9 R ] TATL-PCR
XF 30 N GEAR BRI A s TS TR, RS
24 4~ RB ZF5F1 15 4~ LB 375, 4k %
0 RB 3 750 - B 52 B A BEF A s M,
£ 15 4~ LB #EF 5%, HA 5 A T-DNA A&
RS TR, HAR B AR IR R BE A
i, WFITSE RS HAB BT ATMT §5 4k s>
L. BB EPE AR 519 S5 RIF514 ADS
MARBERERR 2SR RB A1 LB 3L E 51 gk A 7
TAIL-PCR ¥"3, YA BIFHY HRBR; AR
ffi HH ADS 5 %% 5 91 W X A 58 A8 ik i AT
TAIL-PCR ¥4, k15 24 45 RB T, W)
% 80.0%, UL ADS [RIFEE FH T4 1 H g
ZEAFAAR IR 3P 3]

I SR DR F-AE AR D I B 1 AR K R B R EU
i A b % 4 A A RO AR ( Magnaporthe
oryzae) FE5 11 ADS4 J& T GATA AU SR IHF,

ADSA KL PR 1 i T 35 5 8 U - W & J5 AN RE
KA M M B RS i B ( Ustilaginoidea
virens) i Jii il G-box i #5454 & 1 UvCGBP1 I
J&F CoHy B+, it % MAPK i&12A4H
S R A Feak M P 80w AP, EAFIN T SVFL
o 7 R % £F ( Saccharomyces cerevisiae ) H1 gk
Y oE, 5 AT I A Bel-XL fA7E—E VIR H.
b, TR R AR T AR AR BT, FE
R8I ( Fusarium graminearum) H1 SVFE1 [d]
TRIEDN FQSVFL st 2 S ECHEUR 115 e e Y,
P # T ( Sclerotinia sclerotiorum) SsSVF1 [
UK RS0 11 IR B B M AR A
fR%% iz 45 1 (amino acid transporter ), F 8% 54
PRI SE R T N5, BT AR
R AR, 7R AR R T Hi s &%
PR PO, A 2R RIS 15 W 1 3 R Bk
( Cryptococcus neoformans ) £ i i 21 8 2 4E
BT fERERR T, BB 3 AN R LR B
i MoGAP1~MoGAP3 ik [H 11 28 A8 bk e B oM 2
K BN . 8o FREES SR s E
AT HER ., MYMAE TS, FEH%E 3~6 ik
WERKMEK, AR KB, CgOPTL Al
CgOPT2 &5 RJHE ( Colletotrichum gloeo-
sporioides) Y4 K &k & Mg Rl 2w
Z R EEAACEHR R R A, o A A R
SIXTAM M ARG | AT RIS 50 A A A7 THT R

T W A — 2SRk AR ST IR i NADP”
ZAMERE, TR BT O, HEEH
TN QBRI . FERDUE R T, it RNAG
( RNA interference ) J5i&ULER 3 4> £ B8 & 13 4
fLELEA, LRI P fl i . Bl PR AN B 713
RA 8 AR AR I 38 43 B0 08055 8 AR fR A A
A7 5 DR B R 2R R PR 430 i T G S L A
HH ASD4 . f1JFifil G-BOX 45 &8 M . kL2
B AAGHET 1 MEARRRBERE, HENT 6
J& T-DNA i A T80 B RS D) RE Gk ol 3R 1k &
FEAIK. PP2C 2 — 2R E AR, BAMEER
N e, DAL XAEATE, |22 TE T304 .
Y. MEREE T, S 5REEWEARZA
A s s AR, FE R A fUE (Botrytis cine-
real ) FIRTEHRAIE H, PP2C Z A A B 2 m] S
FEOE Y R PP2C JEE AR A —
EMZES . MERELET R PTCL fm$%E HOG

= NS

( high-osmolarity glycerol ) 55 & 4%, iy H: [F] i
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S5 [R] 7 46 %65 10 1 P S 3 1 1) PR P VR T AR
TR AR FsAT1923 T-DNA (14 A1 i 1 4> PP2C
FERA R R Bk, HEUR IR, RS
7 H SR o pY Bom i R B SRR,
PREEPR e Je Lo Jidhas . oAb 2 AR BRI 4R A
7SR, ANt H ST L PR R R
FEHIE A AAZIE VCP 1 % 3L K 7e i s i B
o i A v B VR IS 0 T AE T m A R )
BB 25 11114 56 PR AT B2 H IR 4R A6 1R 1 e 5 1 3K
FAHICHER, A J5 38 2o i PR . T B Il A
1A% 24 0 % B AR 3 R Dy e E— 2 50 E 5 4
Mo AR B 20 F T G A ik I 192 Il A 5 K
18 5 R D Bk AR Mk, R DFE AT B AR
HIE RN BOR S35, 5 # RN B0 T 0855
(BT Sk ), 5 T-DNA i A S8 pR RN 45
R—2, VLA 20t 3 #MBOR e, 3K
RSO R AR MR AR R, i RERS R e 1 O
FHOCHE R Dy REAFF 58 P2 it T VI SC W] SE A58 61 K o

AHIFSEARAT B B0 A8 S 5 AR R TR O o8 Ak
REBUR S 27, AT RES A 55 R H B At |
PERh TR O AR, H R R R e At
SRR T TR, R EHSMR A T AR A
LR Y R, W TR R, BTE
B3 R 08 TR R AR G, X T 0 Dy PR 32 7
I A [ 1T 5 T i 1742 G S A8 A A,
L A A DR R TR DR, R AR AR
VAR AT, R R R, B A B TR R RN 58
AR S R IR R 25 ORI I, O AN 2 B0
AU B T S AR AR X 485 R A5 Je T 76 v L TR
T-DNA S0 Bl [ 5% 16 7 7 1 38 21 945 1 Ok
ol BHFRBNME, EREET, mELEA
MoTrx2 5% 5 N F MoAP1 H.AF 845 R i 75 2
oA A0 B 1 2 37 AR e TR TR 22 A A T
o T — AN ERE TR B-CA A Bk
Ja, HOM AT R RSO f A R R
AWFFEH) FsAT2324 5728 Kk HHAH AL — 1
B AR T S A i X, o Jisan; %
Kk FSAT1899 il FsAT2418 [ T-DNA #fi A 15,
J&FR— CA BEHME S FIFH], HEvHEM b
PIF IR B0 T 1G5 X B TR AUA B TR CA
FERAEA R A AR LRI TR 7 34002 PR A dn i
JIT iR B T2 A0 1 BE R T P 22 R YL R TR
iE— B WFEIESE . A R WF 0 SO SR ik,
PN U e e S 9 ) B B £ N 7 R

07, 3 A B S B A R ] K H /N T W B0
F1o BELSE AR 3 R AL 5 e 25 SR R, H R
TR TR Y LR 2H 24 50 Mb, Rl BE4RAS 15 000 434~
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