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WAL AR A A5 S g, R R R AT R A I8 AR B Ak 52 R (Agrobacterium
tumefaciens-mediated transformation, ATMT) RiBxERAC 5] K F CREL. LKA
Pk (acrel) H5EAERK (wide type, WT) IAEKMRIR, WIPERFT crel ZEFIXRLEARE
HAE KA A E . WFFE R I crel ZERVTER G, Acrel B WT 1 224 KA 1E,
PR G . T H crel AR B LA P RO T B TR A . BEAh,  ARARE R T
CREL 4145 A 55 11 43 Wb (%) 24H b B3 2 gk Pl R 22 B 5 (M AR U 724, crel PRI L
TG B-1,3-% ARG R AL 5k, IR S P AR AR A R VA O I AR A A A
JUR G i Bl AT SR R G il Bl R R K 0, A R PR AR AR PR AR M & S s .
RAIRTE CREL X 2 5 AR = W12 A o< 1) ABC #1255 1 Taabe2 [R5 R ML,
FR G 7M Taabe2 DR 5% )5 8)) 1 X480 X B B AR AR AN AR bR Th I R I- 0,  #5E
CRE1 5 Taabc2 gmhd K f5 2 X B S X 5. WIFf CREL i id )1 Taabc2
{2k [ L A e B = igti. 28k,  BANIA 7 CREL/EA—AN 4Rtk
(G S R, YRGS T23 AR KA 2 H = ig Al DG i 2L R B A B R 1Y
IHIER, #8FLL CREL JEbR, $2m AR %E b 40 M BE 5 g i A2 A 5 AH SC IR AR ™
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FUNCTIONAL ANALYSIS OF CARBON CATABOLITE
REPRESSOR CRE1 IN TRICHODERMA ATROVIRIDE

ABSTRACT

Trichoderma spp., a sort of rich resources of fungi that isolated from soil and plant
rhizospheres, which can antagonize plant pathogens and facilitate the growth of the plants,
has an important value of bio-control in agriculture. The latest studies have found that
CRE1, carbon catabolite repressor, regulated the cell growth and metabolic procedures,
which will be helpful for it’s antagonism to various pathogen and survival in different
habitats. This research was focused on the effect of CRE1 on bio-coontrol efficient in
T.atroviride. Firstly, the crel knock out mutant strain of T.atroviride 23 was constructed
by Agrobacterium tumefaciens-mediated transformation (ATMT) after genetic analysis on
CREZ1 coding gene. Then, it brought out the function analysis of CREL. (1)The phenptypic
assays of crel mutant and the different chatacters between mutant and wide type had been
done. According to the comparison of these strains, the crel gene is related to the growth
and sporulation of T.atroviride. When crel was silenced, the growth rate of the mutant
slows down and sporulation apparently lagged. What’s more, the response of mutant to
carbon soures and nitrogen sources was diversed to wide type. (2)It had been deeply
studied how CREL1 regulated the expression of some cell-wall degraditon enzymes and the
biosynthesis of secondary metabolites, which values in bio-control on plant pathogenic
fungi. The results of the enzyme activity assay and qRT-PCR showed that CRE1 repressed
the expression of the chitianse and B-1,3- glucanase. And meanwhile, CRE1 regulated the
expression of NRPSs and PKS, which influenced the biosynthesis of effective antibiotics
and cytotoxin essential to pathogen antagonism. (3)CRE1 was one of global
transcription factors, it did regulate the expression of a specific ATP-binding cassette
transporter Taabc2 in T.atroviride due to gRT-PCR analysis. The elaborate regulation
mechanism had been studied by several methods. The GUS activities of Taabc2 promoter
indicated CRE1 repressed Taabc2 transcription by binding to a conserved site in Taabc2
promoter, which impacted the transportion efficient of various biocontrol core factors.As a
conclusion, carbon catabolite repressor CRE1, as a key gene, regulates mycelia growth,
secondary metabolites biosynthesis and transportion, which exactly played an intricate
role in the biocontrol procedure of T.atroviride. And those findings are pretty valuable for
controlling synthesis and secretion of metabolites and improving bio-control effects of
T.atroviride.

KEY WORDS: Trichoderma atroviride, Carbon Catabolite Repression crel, Cell Wall
Dedragdation Enzymes, Secondary Metabolism, ABC Transporter Taabc2
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1.1.1 KEH

K% (Trichoderma spp.) J& T F 1 (Fungi). A1 L[]
(Deuteromycotina). Z2#144(Hyphomycetes). £zl H (Hyphomycetales). MFdif
Ak(Moniliaceae). A% J&(Trichoderma), & A MMIAETEHE, | 20T H
R ERESHE .

REFHNESZHE, ARREERARAK, BIBE. pH &N %
RS — st = -+ S & B R R 5 (Potato Dextrose Agar, PDA) 15 9E K%
W, W IR AOBER, MEREESPRAEK M %R 2 R iim
AR, B OIS R IA SR ET AL, 1B e R B R, RImEA.
AT BRI, e al,

1.1.2 RE W AP HE

FEARE B F I T, ORISR W 2 10, Ja kA2
B oSE H B B SE SURBE B RE, JR AR, RIS GO 7 & &
BARAF . JLVEER, R RBLEIRAN G, BRSO B DL, [ Fr X
TAREE LB U B SRR Y H 3R

A% T AE P A AR B A0 15 B A A . AE Tk, BLELROR 3 94K
R M B B R AL AN, F T b A A A S S A R S s AR R
B, T EGR ATRERAR R . WS SRR AR 0 A I 1 70 O T RS2 FH

ARa A R L AP A T R Bl A AEH, SRR A
OB IR AR L P AL M S A0 o B A 70T 20 e i i A [
WA B 7y, P AEOR T A B DU S RS ST R R A, (R
KB W 1L FOR, S B, B KRR AR PR AR B B 2
PUMRZ AN, WS E RS, EMSNEABEIIEA T, SEYREE S
B2/, QN2 BRI o AR TR I VR X 285 SR B 20 e /N 93
- RINERF AT RN XN 7] LS AR R 2R G 8 A &1k
SR BCRIRAE A AR S &, WO G B ML R R AL H 11 e
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(mitogen-activated protein kinase, MAPKS)ZH il (K15 5 R S N, e & 51 Rkl s
S R 1 RIS B IR o 1X B8 S PR ] DASE 1y — S8 IR AR P2 ) AR 6 AT
201 BB TR S PO S A A 6 TR ) 34T

REFRETUEAR, 5¢ 8 57 E DR 1A 5 A n] 8B k. K%
BRI AT AR 2R, AR PR ) B — SR BB PR AR RS, A L
TR Cchitinases). B-1,3-% 5K W (B-1,3-glucanases). Z& [ (proteinases).
PR (cellulases). ARZEWEME (xylanaes) 25451, TR % 5] EE M YIw 5 1)
FOB, HAMuEEEEH LT R, B-1,3-H B S 2RI, A S B W il 4 i
R S5 AR ISAE S UL 1 B 0% v 200 40 i 50 T 4 PR B S5 5 g, S Do o 2K 25 4R ek B 5
BT, BRPHEHEYREE . A, ERGARE =I5, B AT E R TS
VAR TR0 R A A R (R 6 TR DA e A5 5 3 S0 i, ndRA% B4R K. (Nonribosomal
Peptides, NRPS) ({4414 771 . Mukherjee 25 A [RRIF 9830 SEIEAZ M A4 Bk & i g
(Nonribosomal Peptide Synthetases, NRPSs) F1 5 i & i i ( Polyketide Synthases,
PKS) 1 T K RGLHU 1 & S g A o 1 22 3 o ikl

[G proteins |mmp | MAPK | | TFs |

1 Vo

!

i Gene regulation | |

: { !

- ]

Hypocrea/Trichoderma sp. i Gprl Nitrogen-sensing 6000 !
= i receptor 528% ~ Cellwall hydrolases and

I : eo° 1 secondary metabolites
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Fig 1.1 Mycoparasitism of Trichoderma spp. within the soil community
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1.2 BRI ANHI AR A I E F CREL B9 IR

I AEAE 2 MRS, A2 D0 S 1 R F R B — AR S U,
WHETRE . RBESE,  [RINE RN 8 B2 T P A AR VR AR R H .
IXFRHLEIORAE T T DAE B R PR T S T 56 5 T AR B &E B e 7T, (615 FLRe
TR AR BEAT— N BON AR 35 AR A5 3% 4 Jay M R0 e A W R FE TR s LA R A 2
WAL M%) (Carbon Catabolite Repression, CCR) B2 % & BE 4017 .

(@) xFidr¥

1.2.1 2R B A A el

WA & B m AR T S A RE R, BR 2R 2 R R UE
1B, FERATEFEFIZMBEIEANG], PSR MRS, TRz
B PR AR R RN R B R AR e ST 30 B ATHE R BCN BRI &1
HpE R, WK AMB B . ERIBAT IR, B SRS T CRP(CAMP
Receptor Protien, cCAMP Z4A ) « cAMP. JRIFERH LG UL X2 ENA( B4R bk
I 2 RARIR TTA) 554 Rk I i NN B R A L [ % 02 2245 PTS, FEBEA R
TR B AE 55 7 A0 35 7 2k ot AR B IR AR FH B PHE (& 1. 2). £
AR, AR R EEE 2 R (ENASS) Fr ENA T3 T 0
AL, 24 ENA BFERIL )G, HnT DU IRF BRI LB AC 454 TS AC i51,
A IR E R cCAMP. 40 S B2 ) cAMP B HI T cAMP-CRP &A1& 1)
AL 8, CAMP-CRP 5 AR FR0E T A R R 3 30, FF e AR R DR (14 5%
T BEFR AL ) ENACY A BE 05 AC AT TV s A 3 K (5 3 . ENAS®
(1 Bl TR A ] 207 A o T 0 T X TR R R AL R PR 5 R B8 R 4 PTS WG V5 PR A4 g
PRk T s T 2K, A T 3 0 T TR Sk (Y L B e s, AT — b PT'S B 1) HE BKs 5 2
ENASC (LB . BiBERR AL I ENACT T UL 5 AR08 e B i A T A 638 25 1
Seb L, MR, W GlpK, LacY KA %%, FHETAEOC SRR A A
FH > PR UE 20 B A S A R 80 267 0 S 0t o 7 R P Ik A i A R 1) ol 4 2 4R
S JE/KF B, A RNA S5 E AN SRS (B 1.3). 4K CCR L
il AT T A0 S A BRI R R, I R T AR TR TS IR AR M A
(I 0 DA B AT 32 v v RO BV 7 78 5% (0095 S A A 0 0 A KRR U o BB SR I
PG A7 AE, {ES [ (R 40 B SR T8 ik FMuRs 1 5 s 420k 5B CCR HL.

F3MW 294 M
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Fig 1.2 Carbon catabolite repression (CCR) in Escherichia coli
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Fig 1.3 Carbon catabolite repression (CCR) by translational repression in

Pseudomonas putida.
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1.2.2 F AR AC I

[FIFEHL, 7ERERFSE LB, WARAEE SRR B ARSI B, PR 6 %)
01 S 2 M O, o B R R AR A I S R I T A, R TE 110 4
RORIUR I T 30 T 1) 26 R 2R, AR ORI LA A B RN o 5 BT PRI e A 00
ML 2 A 2 A E R, EE PR CCR MU A i 4m i i
CAMP ZKFA S 11, T A2 E —Fl B3R DNA 254 8 A S D (1 3 5 45 07 =X
SEPLRR AN R A F 5 . AEIR 2 TR E B b, 5 &) B f LR A —
Filt CysHis, #4554 1]4% AT CreAICREL /v 5. RZIRE B, WnihE)E.
REBEFEE, XAKEFHOH . HED CCR EENLHIT R IR N2
LR S TR IR L I R ) BT T, 0 2 BT P2 il S A
PEBABG/E A S M 22 1 CCR WL &3] 7 HEAEA, H 5 ACUTHIHIE T CreA
(R R T4 Flipphi 251wt st aa iy,

R A B R0 70 A 1 0 26 A R B 2 B cre BRI 31100 TR B AN L
AR A TR IE I8 X cre PR B ik OB 90, 1R 22 AR RS I £ 4 221
- 2T 24 2 TR S Tl S5 1) G R i DR ) e R B2 Cre BR AR, 2, cre
LR i B 2 T B0 27 B0 AR 22 T G A i (R SRk 1) ) A SR B0 o0 B o 41
—FikE AT 4 F K AR T R Ak B IROK % Rt-C30, T3 crel ZERBAE T35 7
G, EHIEPEAAEINGRE TR KT, A4 B AR 2 P40 4k Rl R i L R U e
HIL—EMIFRIE KT . 2k 5 51 crel FER 5N Rt-30 Ji, % 410 UK 52 %) 27 4
B Y R B R R IA (4], IXUE SR B IROR B CREL A3 1 41 4 & g AT
1R 2 2 27 Y R DR 0 A A B R i 2 2 200, (L, 408 H RIS R
BFEFATE A AEAT AT B 2R 00 3 8 A B e P 2 cre BER, 0T R 1 P
chrysosporium )4 2% R 20 £ 8m 0 i 3,  HANEEART S 2 S ihE CreA
I RIVE R 7 41 o AR 4 I B AE 2 R R e b AR, SRR 7
SR ST ) A R 3 PR R0 A ik T, S SISk A 2 B ot A e $E T
T. versicolor H, 1M ZR HILT4E — BE I 200G cdh &[5 31 X A74E Cre
2R IR SF AL 5 75119,

LB R BRAC I 785 11 CreA/CREL fELERSFINEE &AL . LAWK
Hl, MM CreA AL MNESILGEF, N 5-SYGGRG-3' P21, 147
EIPEAEAENT, SZIG B BECOKEE cbhl. xynl JE[R B i) S #h 85 xynA ZE R E B 11X
[¥] CRE/Cre DHEVESE A0 &, RPUXSEIEPRI MBI T RIKP2, FREn, e
=[5 A.tubingensis H, BICTE XInA FE R E 27 H TN R 4 ASTFTRER CreA &

F5W (94 W



[, a 3
,/; YHELALY

"",,,‘,“W.r\" SHANGHAI JIAO TONG UNIVERSITY 7%2%*%5&1&15‘1%”%”% CREl Iﬁﬁﬁﬁ*ﬁ

AL A hr s R LRI R FTE, R B — AN R R A b s,
AWTEE N, RARAALER DR 5°-SYGGRG-3" 7 51/if, CRE1/CreA [
a7 e s BENNEEMEIEN. B2, WAMARINLKKIL CREL/CreA HH
£ 5 DNA FrBethge s &, i HAE B IROKE cbh2 ZEH Fs3h 7+ R d&—1
CRE1 55, XRMARET FIELMENER- S, Z/AMERIRE € fr # 2 0
T AN RE S A B

FL R ORACALH] ) 70 T HLBERE SRR, A 40 5] 7 CREL 5 DNA 45
G2 BB AL A% . BLIROKREE CREL 8 F R 1 X S8 P A7 — MR~ R B, o
M E IR AT T CREL 5 DNA 45 4. 2 @RIty x5 —
ANER R I 11 AR SR, FEHANR 2 AR, RN AR T 1) R AR 2 i
PR TR E ] ch i 7 A P, BAR E RTIEA TE R B P e )i
Fh s 2R Bl gm A FE K], (EHL A ik e 22 N. crassa JE (R4 . B QKR %2 Treesi ff) EST
75 A S A.nidulans 6175 5 RV % BE Saccharomyces cerevisiae B £ 4
i SV SE A E IR P 51 Y DNA P51, 78X KRS A% %L Sclerotinia sclerotiorum
Crel KW CUESE, EAKAERENERFRET Crel EEEEM TRZAH, M
BRI L R R HER, Crel SE AL IS BI40 MBI, 1X5RH Crel FIiE T2 H]
BB IR, oAb, 78K A B P BR  BLIGKR S CREL &R A BEIR LA A5
—HH AR, S KBTSk, HEARAEmEZES .. A, fEE L
WK GHZALE Crel FIBFIRALIE S5 — Bk AMP MR 2 (AR 5B (E
HIFHHEA SR AMP AR ) 2 0 Of s R AL s 58 2 D8RS, (R
CRE/Cre [ BRAHLEIATA Ry 1t — 2 58I

Cre/CRE & [ 7 1] %) % 5L R WEA-AE (R4 P 858 o AN A 0y 358 — A BE& A () A
o, ARATIRT 21 4 25 il FH > £ 4 31 i 2k PR 3R i s 2 ad i — AN SN BT
MA AN S R G 31456 - B 56, 78 B IROK%: Toreesis #4315 A.nidulans.
3 7% Gibberella fujikuroi 17 % {1 & Botrytis cinerea ¥ & 8, &% S5
m cre FRYA SR A R KT e TR0 2 BT A PR 85512035 300 LA Ayt i R0 e i ok
FRIR A2, A S 85 cre ORGSR 3 B AR, ok, fERE AL BE cre
RN B 0 HAE AR R TR R R B RS, HEAEFHSRMET, XEH
Cre/CRE B[S £ 15 3 155 v o, xof il 258 DR 110 R85 U 30K, ANANAS AE 6 26 M A7 £
R . 4 B AT EE Auniger A2 AAE A BTy A1 BB 7 A1 B 55 ()75 A ) 355 7%
Ferp,  TRARHR H Bz A1 K R A i S AL JE LR abfA R abfB A A DT RRT R A7 il [
abnA A B EL T s 10 R8s, AR B A pkin =1 10, M AR
B EL R XInA F1 XInB 12638 7K -1 creA? 30 AT KK 175 5 3] — MR E K

F6W 294 M
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T, PECYER RS AR RRE S R R AR R I KA 1S LAk G0 273,

ERET, MERESHEANFREARRREEFRIEF, creA TRARRN 4R
fiE: K xInB, xnID, faeA il aguA ik /K2 T B AE kPR, Orejas 25 A\ IE Sz 1
1125 xInB JE [R5 21 T 32 S A PG, 76 creA’ 30 SRASHR L RIA B T84
RIT BB ARAA P S8k v R 37 F DO AN TR K CreA 25 &1 s 8 2R o B 45 211
XIS 2R RN S T — AN, RIAEE— R PR IB RIS T (9P 4, Cre i&nT LUl
Aok TR 422 A FEATL A 400 o — 2 2 5k 175 5 R - 4 ) 56 A1 49 3R 8 SR T s s A R 400 ) 11 2850
B, 0 XInBME 23738 ity CreA A5 1 XU AR AL CL 2B TR S B S
TEASF I AE S ] alcA e LR Th 5 31 7 se £ i geio 21,

BEAh s B AR 0 AL A 3 S o 5 — S A 3 1 i 5 TR 3 1 55 7 =X
KSR S BAIR PRI o 24— ol 0 1) 9050 a3 26 1) S I AT e 2 S B0E S B K
S E M ROUN . CreA TTREFEH T — L8 57587 A Wl 15 M 0% 1 i 400 ml 2 —
FSA I RIEE I, M H, BB T B IRRE cbh2 FIHg i 2 xInA JE 11
AN ) RO RIF 10 225 R B 0 20 W ) A A5 R R F 4k mT BB S HE R
FSHE A, WA P TS T AR N S, NI 51 T AL
RBP4 5 S W0E . Flipphi 88 A0 78R IS 7E 58 ARE 135 77 2k i
AMIMNEI GRS, A E AR XInA ZER G RIE AR . X PP RIEKT 0N B E R
HBLAE creA? 30 ZRASKEH, KW creA I AEES S xInA JE R IA (M1
11T T A 30 S B2 38 1 Tl /K T 1) 5 4 B I 2 1 3 s s ke g T, (ELR
WRESEAATFAE X AR 2RI RN o 35 1, D2 9 A AR 8] 57 B — S A7 AE T, 2 50mM,
25T cre FABPRH xInA FEFIFRIL, TAER AR I T 405

LERARHHMHILEL S, B T2 O FI i CREL/ICreA B, IEf7/E A
— el St S SEG I T R R 75 43 B e A St B m A AL B —
SR R O BT R R IR, BTN LR Ay B B T AN creA [RIFAELE )
HABIEA creB Al creC™. CreC B & A 4 4> WDA0 EEEFH—AE S IHE
FRIM X 4K, X e by 7E HMh 2 (1 b e e B S AR A ELAEAE M2 S, B, HAfk
IHEEE AR AT FE K . CreB ZERNIZwhAS— iz LB, Bz £ILBEE
TP UL R S R T2 R IR 2 R W RE 2 F ok bric — e i
PR AR PR R o SE RGO, A F0 R B — L 1 S IR I s 4k 5 1
SER OB B M R A EERR, 7872 AWK S A 45 R AT R A A
e R R SR LR 2 M BRI, AT T BB R
R I B FH 8 - 5K 11 774 CreB ATl CreC # & B2 LE S A7 4E,

FTR £947R
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ey
2

EE AR CreC FE A3 1 Fa%E CreB HIThfig. [FE, CreB/CreC & &AL vl LA
HAEEEH T CreA, 40 CreA fffase el

1.2.3 FL R il A T 428 o 2%

AT AR B O BRI P B AR AN R R, MEHL 2 BEWI 50 R0 43 A A
SR ThRE DA R TARZ I RS, 2011 51 2014 4F L [CAR %S CREL filR
TRASRR ) A LR 2 S BE A RNA-seq BBk K %, R T NE AR
&0t CREL 1B N4 et 4R 7, 7840 M A= KRR 1 22 J7 T (1 5% 5% R 92 1
H.

W RIL, (FBIRAREH CREL ] 47.3%IE K 3k, %S 29.0%3E K #%
T, 17.29%(M AR K CREL 324 Kl & i 10, 1i H., CREL X3 1
VA2 3 52 35 77 R R IR R A B2 IR, S IR B A SRR T, BLIRKE
9129 MR, MIE T E MK, CREL R+ H 251 NMERKIE FIF, 230 4
FERIRIA T AL S 41 4k 200 sk = 8 2 FEFI A5 b, 268 ANFEFIR
& B, 85 MNEEE T, Hdd 71 IR BRI T R R
X A R R R I A SRR AR O . T R SR R R T S
I A R s A SR . Rl RIS Y, — R 554 IE AU
AN 55 B AR DG Fe® b IR, %% 128 57 1 S5 g B 32 [ 110 % 57 1 S 41
B HAdEMm RS, RAEREPE NS EREAMCHERD, H
Wik S 5 E R EH, K — R FE .

LA AT S S A CREA JEIH BUF A A1, aossA i &
¥ H & CREL/CREA (5-SYGGRG-3’) . & JH 1A= EF AREA (5-HGATAR) .
pH 4% KT PACC (5°GCCARG-3’) M NZ it (5-AGGGG-3") , fEAK
% CREL JERM FIFtHAAAE — DN EZ A EiR Z R A (B 1.4,
b, FREER T A REE D 2 AR L RS CREL ERIA.

,-1g00 o 500 o Obp
G —————H vy
ACEI L v ORF 2
pH
PacC | : I o ORK 2
Stress Response
Element : r m

1. 4 RGARBEHARUNH] F T CREL J& 3l X 4 3% R 145 A0 s T
Fig 1.4 Putative binding sites of different transcription factors in the promoter of

CREL1 in T.atroviride
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Rk, 2 CREL Lfirifzl 7 LK CREL RZ M Tk, £ w40
H N AFAE S — A DA BB R CREL A% Lo P8 KT 52 4 e AR i T 2 1Y
2 Loy FIRPENLEL . A TOIRYE A IRIEAR B AR 2 k48 (B 1.5) Mo ¥
TN (B 1.6) SB45uT:

Environment
factors such as _——— - ________
Carbon source, pH,
Stress, etc
1
v (A crel |_)

APK Pathway ) [T

-
-

1

1

1

1

1

1

1

1

1

> - !
”a \\ :
N 1

A\

PacC: pH regulator

SRE : Stress Response
Element

ACE I: fungi TF

TFs: transcription factors
CAZys: Carbohydrate-active-

Transpor B-
enzyme genes . . gluc05|
SMs: Secondary metabolites @ dase

Gal4: galactose and
melibiose metabolism
regulator

MeaB: nitrogen metabolism
regulator

XYR1: positive regulation for
some CAZys

glucan
ase

Activity

K 1.5 DL CREL A% U TR EEA B B AR U i 42 o 4%

Fig 1.5 The carbon catabolite regulatory network centered on CRE1 in T.atroviride
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Bl 1.6 BAQEHHIHI 7 CREL 7F ¥ & 4% Tl
Fig 1.6 Putative molecular regulation pathway of carbon catabolite represser CRE1
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1.3.1 W5 S

HAT, RO R 5ok (R B, HaBT R IE
PR 5 B RE R AL SR ZR B SR S iR 2%, ARG AR E . Al LAY
2o R, T 22 P A A 2 EE RS B A B T RN, H s S, B oE— 2
TR IR A 2R 2 P AT 21, SR IR TE R BN s F3 AMER X S LA
Yo, AT R B IR AL SR, B AT AR AR A A AR B B 9 R 5
B, HIEN T RAMEE. 2. ARG MR i SR i AN
B AR e A e R A AR B TR AR T . K
T 77 A B L AT St 2R B ) AT R B DU 22 R R R
fedt . I—EEFFMHECEE, Femhyirt, Bk ImiE g s
T A3 PR 5 Y R A DR S0 A TR 00 (R BIF JRR L FE J f PR B A R

L0 £94 7T



(@) ¥ FXA¥

WEREY/ SHANGHAIJIA0 TONG UNIVERSITY RERBHRBHIHIET CREL hEENHH
B RG REIE R SRR, BRI RS G, KR E AR A]
RREPERRE . R K R EMR IR .

KRB 57 BB BAR R, APV OCBE R 2. 40 Mo BE K fig B A0 042
YUY, KIERGESE: JUT BRI ARG5S, P RERmEmE, 2R K
HATAEY. BERS AP, — 2l AN R B 1E LRI At i e R 5 47t
T R LTS M (R AR . SR K B LR AR U = i i [
TR IA 32 A AERIRAE PN IR 2 FhER G s AE RN AR AR F- I . Bt ALk
A FL RO 25 B CREL 4R M 1% 2 Rl AE KAREAR SCIE IR AR M, 4 FE R 4L Aot
FIAy M2 B LG R 221 CREL #0147 3% LK (55 5%, 155 29.006E K1 5%,
17 2% ) ARG CREL T 52 AR K i . Hlitk, QA+ CREL N
WA A SR MR R AR R T, SRR B AR K= DL S AR =) 3R A8 HoA F
VIR, AT FOR & B AU I A B R4z X 2%, AN AR ) X1
CREL {EAE B AE B T RERIE 0 Ak K 2 (1, 64 Ja 45 B A R4 1l A 25 B AE B A 56
R PP & AN o3, $e R AR B W AR B R B R

132 Wi HI 5 N

AT T LIRS A S T. atroviride 23 A7 %, KA AWE B4 T #4E
FHES G BT ER R B B T23 AR IHI K+ crel @HAT RN LU, wabe, Mg
M7 B bRk, i R AT B AT AL R B A crel SRR, FF
AR R BRI =)k B oA AR S5 B A dk 1 22 5%, 9 CREL DIReRf 7%
BEE TR HARA AR

(L) FIFHAEDG B2 IR GEA T T23 Btk crel LR FHIFE L. e
T EE A G i AN D Red AT, 5 L IROR B N ZRK 82 v [R5 51 LU X 5

(2) CREL J:[K prfs ., A4 g Ik (R i R 4k 5

(3)Acrel RAGHRMIE . MELFIM & RALRANE LRI IE LA, A K
Kl FrramEzs, DMBENEELES.

(4) 53H7 crel RAS G, FRASHRS BF A BRAE AR FI FH 2 TH 1R 2 57

(5) IEHURE: B EZAR = U T BilG . S PENG . 2T 4 25 4 i B [
R AR R B IR & Bl . SRR & . 58 8 [ Taabc2 255 A% B X AT
VG SIS ORE A, e AR IS AR AR RS £ 5%, FIA QRT-PCR 16
I+ HT CREL 2 X iR FER Rk IR m,

(6) VIR FT CREL & (AXT ABC #4125 [ Taabc2 ik AL
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1.3.3 LIRS EL
crel1Z A i
PCR.
EE ) ESE l KT EEL
AR A
Ziiﬂ:%?é'ﬂ:l ATMTEELL,
( oz ek |
|
! !
| e R AR 7 | ( cRE13$: Taabe2bL 1 |
' l
| v
RESHT A B IR BAEHAE Taabc2 B 5537
| Oligo 7.0
| ! | _l
— BB+ 7 B a1 kit
2 e B [ A Bl KRB & B FEEH

NN

Ba=
o
i

qRT -PCR

{

Iy

JBENF A B AL & GUSTRIAE B

i

B, SR
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E_E REREBHRAHIFIEF crel EFEBIAFR

215|8

H AT, 8 S F B A s B 78 AR BTR N 4 T1E ML A W15 B
AREHEH, AR 7T AL P B B, 3 LA e — 2 T SR AR A B IR
AT B £ 4 5 BN - 27 4 R B RIA AT, DS AR B AT G v PR AT b 4T R e A
B ZIk . J5T CCR LEAER HARAR N 77 ThI R 4% (A 7038 1 J8 2% 1

FEFLE 1, 0T LB HEAT 431 /KT R A% 20 3 a1 2 J AR o A i Bl
TR R BAE AL (ATMT) SSBUERRIE. ATMT A2 BT bb s H
FEX T AR A 732, 2 R P [ 90 2 P i S B TR P e Bk o 7 T JBORE
[¥] T-DNA 76 430 5 9 K 3t 5 B AL st AR ootk [R5 3 20 i PRl . 4R35 R 1
FIRNESE, FIFRATHESZEE 57 HAE, ¥4 T-DNA s te ot S N2 4k
WAMIZ N, DS PSR Y iR b, R [EE A B ELAMEE R
SEEIL B0 3 B R XU i ok o AR S R PR PR IR I A Rl ok A A A ] 58 2 21 s B
NEFRI R G0 SR, ) T M 1 o 2 A 2 304268 IR i ok R AR 1) 2 7 2l

ANHIE T S O BRI 3 i 1R GROR B AR I X 7 CREL B4 741\ &
A5 M55, ARG IR PRk f Ok, I X crel BRI /¥ 51 i) PCR 473,
PR R 00 3531 23 03 A\ R R kL pC1300gh ¥ 55 K i ARic i B R g, B
JRT DA 5 DR 2H RO 0T R [R5 o SR 4 ) S 2 1 B 2 JBbE 3 N AR R AP T
MH ATMT ¥4k, S2GitEEA T, FH A PCR 1 Southern blot 45112 F146IE
crel J5 [Rl bR RALE o

2.2 LR S A

2.2.1 SEIG AR

(1> EFABAL

ARS8 P FH PR SRR 5 T B AR b oy g S TR S R B T R PR P 0
Bt K1 DHSo T RIRAEARIEA IR A7 s HEAAT B AGLL HIA LI =
TRAF o
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R 2.1 KBEFUHTH ARG Y

Table 2.1 Plasmids and Primers used in this article.

T FFAIE S/
L
. Takara A #.
pMD 18-T vector T A v Sl 7 ﬁA R
i S
pC1300gh R 5 B A DAL PR A Hy g+, Kan+ SIS ERAE
pC1300-Acrel IRERAREE crel FER bRk, Wi RwPulk ENGIN
L] 5MFEH (5°-3°)
GCCCAAGCTTTCCCACTGAGCGAAGACAA
pcrel-F1 TN NI
(Hind 11D
ATAACTGCAGTGAGCGGCGGTCAACGAAG
pcrel-R1 N NI
(Pst D
ATCGGGTACCACGACGGTGCCTCGAATG
dcrel-F2 ZN OIS
(Kpn D
ATCGGAATTCGTGGTGCGGCGATGAAGT
dcrel-R2 ZN OIS
(EcoR DD
CGGTAAGCTTGGTCTGCCGTGGATTACTC
crel-f i ZNGI
(Hind 11D
GCCGTCTAGATCGGGACGATTGATGATGT
crel-r ZN OIS
(Xba I
tDNA-F CCTCTTCGCTATTACGCC AT 5
Hph-R ACATCGCCTCGCTCCAGT AT 5T
Acrel-F CAACAAAGAATGAGCCCTGAG N
Acrel-R TGCCAAGTGCCGATAAACA NS

(2) FEFRAE. 50, AAE

it PRI Y VI & T4 & #EEE T Fermentas A & ; — % PCR H Premix Taq
T BT AR AR AR mIRE PCR A KOD-plus-Neo - T- TOYOBO
NI

Bl A REER. FIFER. BMEER. FFRITEAETH AR MES 2.
LT A& AS kK w8 2= 50mg/mL fig il 3208 T LT A ARG BRA A
DNA Marker2000 % DNA Marker5000 T4 TAEMARAF; EB HRMEHE
T Bl AR R A ] — O W24 i SRR JE R ik U B 35 0 T
= 254 4] B Ab 2alf) A ] .

W A4 DNA JRBGRG & il DNA P aifiln &, Bkl
IR BT RARAENERHCARA R KBRS TA wfEiRm &
T Takara /A #]; Southern blot #REFFR1C A 4458 7 & (Amersham Gene Imeages
Alkphos Direct Labelling and Detect System) T GE A #].
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(3)  FHSCHEWEAECH

1) YA R H] -

ANTRER TR BEER. FIEER: HECHIKL 50mg/mL KGR,
B 1g ¥ AR M 20ml 2K B ddH,0 & #fE, 1T 0.22um JEEES-2%, -20°CHRAF.

FlAadEz: B 1g ¥yoRm 20ml H R 58255 FH 0.22um JEE L I8 IF 70 3¢,
-20°C % A7 -

2) CTAB #ZH 4 5E[KIZH DNA

CTAB #£HU#: 1.4 mol/L NaCl, 2%CTAB, 0.02 mol/L EDTA, 2%p-5i%k
LI, 0.1 mol/L Tris'HCI (pH8.0) »

3) DNA B ik

SOXTAE HELIKZZM W : FREL Tris 242 g, ®EHUKEERR 57.1 mL, 0.5 mol/L
EDTA (pH 8.0) 100 mL, Z&1#/KE %% 1000 mL, i pH 8.0,

4) ATMT A FH

1 M MES: ¥ 19.25g MES % f#%1 8oml 7&K+, H 5 M KOH 5 pH
5.3, EAZE 100ml. SAJ5H 0.22 um JEAGTJERRH fE, B T-20CLRAF. XFPEh
STEPADUNE, WRFEPE, 52 C/KIBEGIEME.

10 mM CF: T %8 (Acetosyringone AS): 19.62 mg C.Fk T #BAE AL 10ml
kg, $dE 20 min J5, FH 5M ) KOH i pH 153 8.0, -20 CI#7E%H.

(4) HEFEE

1) PDA #5374k B 2009 % B2 5, 1L /K& F 30min, H =221k,
HUJENN 20g %%, H ddH,0 @48 % 1L, 200mL #6373, & k287K E
JEAEH o ARASINERAG Ry, [ERID 14g/L BEREH -

2) LB K:7#k: WL 10g FEEE MR, 59 BERFEy, S5gNaCl FH2: & T /K¥a R G 2
BERIL, mEARKEETH.

3) IM FfEREFRIE: 10mM KoHPO,, 10mM KH,PO4, 2.5mM NaCl, 2mM
MgSQ,, 0.7mM CaCl,, 9mMM FeSO4+7H,0, 4mM (NH,),SO04, 10mM % % §#, 40mM
MES(pH 5.3), 200uM AS, 0.5% Hii, 1.4%F5.

4) IM WifkE; 73 10mM K,HPO,4, 10mM KH,POy4, 2.5mM NaCl, 2mM
MgSO,, 0.7mM CaCl,, 9mM FeSO,4+7H,0, 4mM (NH,4)2S04, 5SmM i % 4%, 40mM
MES(pH 5.3), 200uM AS, 0.5% HiHi.

5) CYA 15355 NaNO; 29, KoHPO4+3H,0 1g, KCI 0.5g, MgSO4+7H,0 0.5,
FeSO,+7H,0 0.01g, H#EHE 309, 1.4%IifiEky, pH 7.4.
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(5)  HHEHMAN 73 i

AT 5T T B BAT A FE: (L) Primer 5.0 #4%, FZEH T PCR 514t
(2)DNAMAN #f, FEH TIREGE AT HIEXT; (3) Vector-NT1 44 32 2
T FRL A F F s (4)DNACIub = Z T DNA 754 KB YIAL s 74T s
(5) Oligo 7.4 FZHT PCR 5|#)ik1t4%; (6) Clustal X2 HI MEGA6 T & H
Eext 5880 (7) SWISS-MODEL, NNPP, NCBI 25 k¥ sl #H 6 78 28 84

2.2.2 SEUG TV

(1) FEABRTHH AR KGR
AR A 2 B P R B F B 5] PDA AR 28 CHIB S 2 d E, BULZ

W UFCEAR 0.5 cmDEHERIHT Y PDA A, W& PIAR)E, 5555 4-5d HE K.
[ IINZ) Bml KK, A RCEKEI G, O =2 B AR R R R
o

B 1:1 0 60% K H M, B Fi4A% HT-80C alfRfiksE, FREUK
GSHEUE TR RES, 4CHE, BENHE—R
(2) REERGKEE

W ARBEMEME PDA B2 TR (B 9em) , T 28°CRiF#4 {8 E
B3R 5 R, fEHKAM. ERKBATRFRP AR 5mL KB ddH0, H#H
(B S | il N RN A SR N /NG = B =35 R4 LORANS s L U 5417 S R4
e, SRR AT BIF . AR MERCEREREAT IH 4, B 100mLPD #5774,
% 10° AemL' T EEM 5 mL, B TIHEEEAKLL 180 remin™, 28 C kiR
3d. EHHE LAEG L, FHhIENLIMIE R 223 F R /K iR =k G, FREX 1g B2
Befh 3] 100mL KEEE;FRIE G, T 180r/min, 28°CHEIKE:FR. XTIk =
A Z R B MR, W] LAE R 35 57 25 p R0 0. 5em B UF, A ZFHRE15-8 1.
(3) KEF@EEHT

2% LB A, IIAGIEIRERPIAR, HRRKITEE, 37 CEFRAE
| EREFE 12h DL b UARRFRNLE LB Wi sE 7Rk P A M R Bt AE 3=, 37°C,
200r/min £5 7734 %

(4) WERITFHEER

FI6M £94 W
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G/ SHANGIHALJIA0 TONG UNIVERSITY RERBHRBHIHIET CREL AT
LB [ AN & EHIAE R, MR, 28°CHIERIE 2-3 KAl WL
RWHE; WAEZFENMAGESEENPESR, 200pg/ml FF4EF, 28°C,
180r/min % 24-36h.
(5) BHEARBEEFA DNA REL
R AR P R B B i 42 1) PDA TR 28 CRIE ;7% 2.d J&, BULZ R
Pf (HAE 0.5 cm) #5811 PDA AR, #5798 5d HEKH ., HLEKERTIF
. AR TIREE 1xX10°Mml, R 2mL fE3#] 4 50 mL PD #J 250 mL
=AM, PR IR 3d (28 ‘C, 180 r/min), FILH/KMFE =i, MIEHETHL)E
F-80 ‘C il 30 min, Wik TR, WA AR, B 5 3% KRR AR
A BR A B IR AL R 241 DNA $EUR 7R 6 Ul B 1538 E . $REGE RS , B 4 L DNA
HEAT B N0 F VKA
(6) WEARBEFFE PCR &R KEF
1) & F premix taq & &

5% H&/ul
2>premix taq 12.5 25
primer F 1
primer R 1
DNA 1
ddH20 9.5 22
ISR 25 50
2) KOD = {R FL A &
%) H&E/ul
10xbuffer 5
dNTP 5
Mg2+ 3
primer F 1.5
primer R 1.5
DNA
KOD plus neo
ddH,0O 32
JSEUNA 50

3) Takara m=ifREMF GXL /& H

BLTR 29471
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|5'%ax H&/ul
5X PrimeSTAR GXL Buffer 10
dNTP Mixture (2.5 mM each) 4
primerl 10-15pmol
primer2 10-15pmol
DNA template 1
PrimeSTAR GXL DNA Polymerase 1
Sterile distilled wate up to 50
I%‘\{dx /[:{ 50

4) % PCR ¥ #F5 5

94°C A 14 5min; 94°CAZYE 30s, 56/58°CiE -k 30s, 72°C ZEf# 1kb/min, &
30-35 Mg  T2°CALEAH 10min; 10°CHEAT -

5) KOD ¥ 427

94°C TiiAZ P 5min; 94°CAE4: 15s, 55/60°CiE -k 15s, 68°C ZEfH 1kb/30s, &
30-35 MIEFF; 10°CHitifT .

6) GXL ¥ 127

98°CAF M4 10s, 55/60°CiE -k 15s, 68°C ZEfH 1kb/min, J& 30-35 MfE¥; 10°C
fifi 17
(7) DNAPCR F=#f B 2tk

Fae B U B A
(8) TAFLREMER K&

HY TWLPCR P22tk 724, NN TULT #d4k 2 3ul K18 7K, A0 Sul Solution
| ¥, BT 16°CHRERACT R 30min. K =it AT KT Bz &AL, BhEL
oH A o B 0
(9) PR HEEE A R K& %A

Fr BB UIE £ -
DNA FEigY)  HE/w
DNA fragment 13
enzymel
enzyme2
10>Buffer 3
ddH,0 10
SEUN A 30
JoRL Al A4 2 -

FI8WM £94 W
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kL ARG H &/l

Plasmid 6

enzymel 2

enzyme2 2
10>Buffer 3

ddH,0 17

ISYLNA 30

LI 37°C/K¥% 25min
(10> FEEVIF=Y2if FIu

PR RAR A AL B A PR A 5 78 DNA P24 a4k a7 & i B 1 31
(11) T4 EEBMEBRGRREREF

B R
5% F&E/ul
purified DNA enzyme-digested product 145
purified plasmid enzyme-digested product 3
2X%T4 ligase buffer 2
T4 ligase 0.5
SRR 20

BRI ACHERELR.

(12) KEFERZSHRLTE

2GR & Ul ]
(13)  RERATERZS | Z TG IE

1) RS2 A7

OB LA BERTE LB AR LGk, SRJ5%%) 5 mL LB ik 7% (&
100pg/mL FIFIFEF) w1 29°C. 250 r/min #5597

@ | mL y& L B 2R T 50 ml LB 15555 (4% 100 ug/mL FIFI4ET) [H
FESAE T B 97 % OD600 1M 0.5 4 .

OB UK 30 min J&, 2% 50 ml HiA B OLE(HREEOLE).

@®4°C, 8000 g &-C» 10 min, WA,

®3 i, A 0.8 mL 20 mM [uk i CaCl2 EEYTiE, A 0.4 ml, 60%
[, AT,

©1% B 200 uL 7%, WA 2 min 5 T-70°CLRAF

2) ATk

FI9M £94 7T
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OBUE B /K DNA (— % 15uD) %] 200 pL oK SR B S, &
1, VK 30 min;

QWA HEE 2 min, 37°C/K¥E 5 min, FRHEIKHE 5 min;

@B 800 uL LB kR 775, 28°CHAE 4-6 hr;

@HL 200 uL B ERA T YEB 8¢ LB E#- P4 . (100ug/ml ~IE&E %), 28°C
BB R 2 K

OFRFPPIR BRI R S, BRBUR/NEE R % T B 7% PCR,  [AlR 4%
FERAR LB H, 5mILB, i 10ul (-~ A% = AAI4E-F, 28°C, 180r/min #% [ 36h
LA

(14) WERITENFHRBEEEL T (Agrobacterium tumefaciens-mediated
transformation, ATMT)

O T BEILACT Ti BURL B AR AT B BRI ARAE 2 F 100pg/mL F A8 F1 R 0 25
FIM LB PG 2-3d, PEEURR S 10mL LB AR 753 (4% 100pg/mL
FIAETA-EAEEZ) , 28°C, 180r/min ¥R¥%H: 7= E XY, £ 30h;

@ 5mL IM B R & o A e 5 — Z 5 4Gd e, BT
HUE HI 10mL IM $5 72 5B B LK N 1<0° ANmL, 28 % IRJE i % 6h;

@H 1mL 3E L5 AR AT B 1000r/min 250 2min J&, FHIM ks 3R 5
M —, AREVET 0.2mL IM WA FRIEF, MIE ODeo, MIEMREE, NG
I 10mL IM A B TR, K TR 5] ODgoo=0.5;

@F LA E T 29°C. 250 r/min #R3% 537 5 hr, {# ODgpo=0.6-0.8-

ORI ESAFATERIRAG, B 200 pL ik IM PR (S IN3EEA0 ,
FE 30 min ik/KM )5, 25°CHELFE 48 hr,

©¥ P IE AL B e 1 57 5 (5 300 pg/mL HIHF2E7T 5 200 ug/mL 1 5
) b, KFEAd RIFEPRETTREEAAL T8 CY 8593 (4% 300 png/mL 13k
5200 pg/mL B &) , WUEEES LME CYA PR % 5 05, HMEsE
i —G FH & 5 2R 1 ARG E .

23RS

2.3.1 TRERARFEMRACHHIAI AT CREL

I NCBI Wb & 3] 48 8 3 kR 1 H IRKRE CREL & /741 (Genebank
Accession: AAB01677), &R ClF KR IIIRGEARE &R K H 5 A7 51138 EL crel
EFEAKRRS, WIERRSKHRIRGAE cDNA &F5, SR G 8B R B &R

F20M £ 94|
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ARG B FHIIFE T CREL ThEED R

R AT ERREEARE N crel 2K 751, . H primer premire5.0 #A4F 15115
Y) crelORF-F #1 crelORF-R (P AITE L3R Do BT B 51 NS BURITRZRAR
% T23 Btk DNA NEitR, PCR ¥ 3 HIIFA, FEBHEIKGRWE 2.1 s
¥R B RS st G, &8 T 8ilk, 254 RilgA AR TRER 0 A PR 2 =1l
¥ o

bp

5000
3000
2000
1500
1000
750 —

500 —

250
100

B 2.1 IREAKRE crel ZENFFFIT
JKiE M: DNA Marker5000; ki 1: LARSEAKRSEE T23 A5 PR 4R 8 21 1)
crel ZH 741,
Fig 2. 1 sequencing of crel in T.atroviride
Lane M: DNA Marker5000; Lane 1: crel PCR product.
AR I 285 2R B HExt 73 #r, 45 BRSO B Bk AR 1 K] 1 crel 2 (K 2w Y Fr 471,

W N FrR:

1 ATGCAACGAG CTCGGTCTGC CGTGGATTTC TCCAATCTCC TTAATCCATC
51 GTCGGCAGCA CCCAGCCAGG ACCAAGGCAG CGGAGCAATG TCTACCGCTG
101 CGGTGACCGT CATCAAGCCC AATGGGCCCA TTCCAGGAGC GCAGGCCTCC
151 GAGTCTGCCA ACGAGCTCCC TCGTCCCTAC AAGTGCCCTC TCTGCGACAA
201 GGCCTTCCGC CGTCTGGAGC ACCAGACTCG ACACATCCGC ACCCACACCG
251 GCGAGAAGCC GCATGCCTGC CAGTTCCCGG GCTGCAGCAA GAAGTTCTCC
301 CGCTCCGATG AGCTGACCAG GCACTCGAGG ATACACAGCA ACCCCAACTC
351 GAGGCGAGGC AACAAGGGCC AGCAGCAGCA CCAGCAGCAC CTCCACCAGG
401 GCATGCCTCA CCCTCTGCAC GTCGACGGCA TGATGGCTCC TCCCCCTGCG
451 CCCAAGGCCA TCCGCTCAGC GCCCGCCTCG GCGCTGGTCT CGCCCAACGT
501 CTCGCCTCCT CACTCCTACT CTTCTTTCGC CGTGCCTGCA GTTTCCATGC
551 CTCACTATGG TCGTGGCACC GACATCTCCA TGCTCGCAAA CGCCGCCCAT
601 CAGATTGAGC GCGAGACTCT TTCTGGCGGT CCCTCCAACC ACAACTCAAG
651 GCACCACCCT TACTTCAGCC CTGGTATGCA GGGCCCCCGG GGCCACGGCC
701 CTTCGCTCTC GTCGTACCAC ATGGCCAGAT CTCACTTCAA CGATGATGAC
751 GATCACTACC ACGGAAGCAT GAGGCACGCC AAGAGGTCGA GACCCAACTC
801 GCCCAACTCT ACCGCTCCCT CTTCCCCCAC CTTTTCGCAC GACTCTCTGT
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S SANGHAL WO ToNG ThvIBATE REABHKMIFIET CREL EESH

851 CGCCCACTCC GGACCACACT CCCATCGCAA CTCCCGCTCA CTCACCTCGA
901 CTCCGCCCCT TTTCCGGATA TGAGCTGCCC AGCTTGAGGA ACTTGTCTCT
951 GGGCCACAAC ACCACTCCGG CGTTGGCCCC CATGGAGCCC ACTCTCGATA
1001 CTCATCAGTT CCCTCCTCAG GCGCAGGGAC TGACCTCTCG CGGCTCCGGC
1051 ATTTCACTAA CCGACATCAT CAGTCGTCCC GATGGAAGCC AGAGGAAACT
1101 GCCTGTTCCC CAGGTCCCCA AGGTTGCGGT GCAAGACCTC CTCTCTGACG
1151 GGATTTTCAC CAACAGCGGC AGGAGTTCAA CCACAGGCAG CCTTGCTGGC
1201 GGTGATCTCA TGGATCGGAT GTAG

IRGEATE crel LR gSHE 4K 1224bp, 4w 402 NMEFER, THE T,
et R % crel JE K [FIE I Sk 93%, HIRAKE crel JEIA YR IL 86%. KT
5|7 Genebank & 3%5 N KP635377.

Y5 CREL Ml Fp 45 B PR L A E IR 7 7)), ilid NCBI 7£4k BLAST T

o

1 75 150 225 30 378 407

Query seq
* C2HZ Zn Finger i
C2HZ Zn Pinger-:}
Zh binding site
Zh binding site
Specific hits
zf-I:
Superfanilies #-H202_
Zf-CIH2
Hulti=-donains COGH048

& 2.2 CRE1 E AWM

Fig 2.2 Detection of putative conserved domains of CRE1

ITREER IR ST AT RE 20 (B 2. 2D

FIFH GENSCAN TELL T A, 15 BIVRZEA iR AR U0 ¥ CREL &L
FEAIUnR
1-402:
MQRARSAVDFSNLLNPSSAAPSQDQGSGAMSTAAVTVIKPNGPIPGAQASESA
NELPRPYKCPLCDKAFRRLEHQTRHIRTHTGEKPHACQFPGCSKKFSRSDELT
RHSRIHSNPNSRRGNKGQQQHQQHLHQGMPHPLHVDGMMAPPPAPKAIRSAP
ASALVSPNVSPPHSYSSFAVPAVSMPHYGRGTDISMLANAAHQIERETLSGGPS
NHNSRHHPYFSPGMQGPRGHGPSLSSYHMARSHFNDDDDHYHGSMRHAKR
SRPNSPNSTAPSSPTFSHDSLSPTPDHTPIATPAHSPRLRPFSGYELPSLRNLSLG
HNTTPALAPMEPTLDTHQFPPQAQGLTSRGSGISLTDISRPDGSQRKLPVPQVP
KVAVQDLLSDGIFTNSGRSSTTGSLAGGDLMDRM

R T 45 SN AE F A B b 5C T B ARSI ] R AT 9, FRAT TR IR SRR 52
B AR I K7 CREL R8O~ , AR 22 HAMBE 1) 35 5 e S AN S h 3 A7 AE IR ST
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SHANGHAI JIAD TONG UNIVERSITY RERARERRACIRNGIEF CREL ThEE D
P SRR BRITAHIG B Tt RS CysoHis2 MerIRE 1, 78 M4 1
N B AETI /S C2H2 RUBAR S IR T4 (o . [ORERY, TR TR
WD T- CREL M7 T REAHT (1 2.3, [ 2.4), RILILE EIfEATIRS (3
PP, %A CREL & (RS 96%, 15301628 (1A L1 o 85%
k.

Aspergillus—kawachii
Aspergillus-niger
Aspergillus-oryzae

Aspergillus-flavus

Aspergillus-fumigatus

Aspergillus-nidulans
=

I I

Trichoderma-atroviride
Trichoderma-asperellum
Trichoderma-orientale
Trichoderma-koningii
Trichoderma-reesel

B 2.3 JR&AKE CREL E A5 HAMFEBRAH I EF BLAST 247
Fig 2. 3 Blast of CREL1 in T.atroviride and other carbon catabolite repressor in other
organisms.

Trichoderma-orientale
{ Trichoderma-koningii
—|— Trichoderma-reesei

Trichoderma-virens
—I: Trichoderma-harzianum

Trichoderma-asperellum

Trichoderma-atroviride-T23
{ Trichoderma-atroviride

Fusarium-oxysporum

—— Metarhizium-anisopliae
| Cordyceps-militaris

Neuros pora-crassa

I Aspergillus-nidulans |

Aspergillus-fumigatus
Aspergillus-kawachii
4': Aspergillus-niger |
Aspergillus-oryzae
{ Aspergillus-flavus
Rhizoctonia-solani

B 2.4 WEABHRABMHE T CREL EERRIT
Fig 2. 4 Cluster analysis of CRE1 protein in T.atroviride
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M5 RS S5 IR TE, ARSI crel B S5CKKRNFIIAA
B ERE, B AR SIS BT A SO H AR A crel. BEETU, 5 SRSLER N
crel ZERUFE 7111 .

2.3.2 crel m R Bk R g
R4E crel MIFLEE, &ils5IWy 1 crel R L FiF0MEF 5154
pcrel-F, pecrel-R f15[#) derel-F, derel-R (A VE W% 1), I UREU AR SE
KEF T23 (LR 4] DNA NIEHRGEEAT PCR R 448, k4 crel ZER M LR
MFE 75, ke R 2.5 s,

bp

2000

1000
750
500

250
100

— 843bp
~—711bp

B 2.5 TEAKRE crel XENBRF5 7
7K1E M: DNA Marker 2000; Jki& 1: crel JE R 3 F B crel-down; ikiE 2:
crel byl 3 Bt crel-up.
Fig 2. 5 crel flanking fragments cloning of T.atroviride.
Lane M: DNA Marker 2000; Lane 1: the 3’ flanking fragment of crel, crel-down;
Lane 2: the 5” flanking fragment of crel, crel-up.
¥ PCR W4t fa, HEFE T 8k, B, & BT .
Fraf RARW], ASEE e B R R 8 B i BOREE Dy T1bp, R BOKE N
843bp, KRG —3. £ crel ETUFMNEFHI 5, FIFH RSB DR
B4 B P By il 3 N R BRE pC1300gh, #4 % crel JE A FRAE , JE AR crel
B[R Rk B 34 pC1300gh-Acrel, #AA A 2.6 Frx.
AR I crel FB ERURMIER 5, Hind 111F0 Pst 1 PR P ) B
P L Fr B crel-up I T kL pC1300gh (Hifk 7 bt RIS 2= 25 KD, F] DNA
A X E A BEY) Y, SRR T4 EERGERERY™ Y, & crel-up:hyg
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HAH B AR5 K E 45k pC1300ghcrel-up SN KIGHT B 2 4%, KET I H
[P J R o

Hind 11
crel chromosomal 711 b

locus 5’ flanking

Pstt| 1224 bp Kpn| 843 bp EcoR|

crel ORF 3’ flanking

— —
crel-up-R crel-down-F

Hyg-cassette >

1655 bp

f—

crel-down-R

—_— —

T-DNA crel-up-F
T-border(R)

5’ flanking 3’ flanking T-border(L)

—
R rpoNA @
pC1300qh

%

\g_o_rl

& 2.6 crel Z:FIRBREARIE
Fig 2. 6 Construction of crel knock out vector.
KA e ORI AT R AT T8 RIRE RN LB P, 37°CEFRER.
B ORPRESH M R, FHYIE B A Be 14 perel-F Al perel-R DALV AR
WRHEAT & PCR, fiide sl N\ Ll Fr BRB) K B, PCR S5 RN 2.7 flos .
B3 B S BEREAT WA R BE TR, PR/ 1) S B 14 e e ) s
pC1300qgh::crel-up::hyg, 1EASA crel FER R BOIZAR T KL .

M 1
bp

2000 —
1000

750 —
500 —
250 —

~—— 711bp

100 —

B 2.7 crel mkREAAs_LiE T 5 RH 4 56 % PCR ik
JKiE M: DNA Marker 2000; 3ki& 1: S crel-up Fr B RH 4 7o % PCR fifiik
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Fig 2.7 The positive E.coli cloning screening for crel-up::hyg vector.
Lane M: DNA Marker 2000; Lane 1: the positive clone that successfully bringing in
the crel-up fragment.

FI5 b [R5 AL A R 0 77 v FH BRI A DT Kpn | A1 EcoR | B D15
28 T4 JERGH crel JEPR R Bt AN E crel-up Jr B 344 pC1300gh ) R 2
o BEAL AL, TR crel FE KR RAE crel-up::hyg::crel-down, #4) % 5 2H ki
pC1300gh-Acrel, #NE 2.8 Fiun. FIER WAL KIGIF R EZ A, PRIEATE
FEPCR % (B 2. 9), Wi AAE: 7= BH 14 Fo e K =P 1 crel mibR %k /4 pC1300gh-Acrel.
F BORL SR OGRS AR BOSRL, #EAT DA VIS E (& 2. 10D, [RIREAE b i A T
¥ o

Hind III (268) Pst1(986)

RB\ crej.up/,/ 3211 993)

Z~ Xba I (1000)
lh\, Ptrpe

hygORF
_~ Xho 1(2351)
pC1300qghsilent-crel

37 TP pami 1 (2610)
- Kpnl(2620)
™~ BamH I (2825)

11001bp

~— Ec 3472
B EcoR 1 (3472)

B 2.8 WREARBRRABINHIE T crel ERREREE

Fig 2. 8 crel knock out vector for carbon catabolite repressor silencing in T.atroviride.

M 1 2

bp

2000

1000
750

500

250
100

—843bp
~—711bp

& 2.9crel Bif&#i{E pC1300gh-Acrel FHIETEE PCR X2
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A& REABHRSHIIHIET CREL AR
JK1& M: DNA Marker 2000; JK1& 1: bR FH 4% % % pC1300gh-Acrel ki
B crel-up 385 5E s YKIE 2: miFREIA pC1300gh-Acrel FHTH: 52 % i crel-down
B E
Fig 2. 9 The PCR identification for positive E.coli clones of crel knock out vector
pC1300gh-Acrel
Lane M: DNA Marker 2000; Lane 1: PCR for crel-up of the positive clone; Lane 2:

PCR for crel-down of the positive clone

M 1 2 3

bp

2000

1000
750

500
250
100

- 3209bp

_ 843bp
-~ 711bp

B 2.10crel REBRBRL pC1300gh-Acrel XUE§H]L6IE
JK1& M: DNA Marker 2000; ki 1: ifR# 44 pC1300gh-Acrel A Hind 111 1 Pst
| XU crel-ups ¥KIE 2: R #A pC1300gh-Acrel A EcoR | Fil Kpn | X{EE Y]
crel-down; ¥ki& nﬁiﬁfﬂaﬁs pC1300gh-Acrel [ Hind 111 #1 EcoR | i 1]]
crel-up::hyg:: crel-down

Fig 2. 10 The double enzyme validation for crel knock out vector pC1300gh-Acrel
Lane M: DNA Marker 2000; Lane 1: Restriction enzyme digestion of
pC1300gh-Acrelfor crel-up using Hind Il and Pst I; Lane 2: Restriction enzyme
digestion of pC1300gh-Acrelfor crel-down using EcoR I and Kpn I; Lane 3:

Restriction enzyme digestion of pC1300gh-Acrelfor crel-up::hyg:: crel-down using
Hind I11 and EcoR 1.

FEAR I 7 45 SR A0 PCR. B VISR 45 5, ff A s S 544 7 271 TE 1 435 1) 1E T I 12
Ja, BRSNS AR AT AGLL 31T ATMT #:4k,

B2TH £94 7R
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2.3.3 M ARATHE S crel JEFRIRERR . 07 18 FI6IF

A I crel mklR % 4& pC1300gh-Acrel Al CaCl2 415 i SZ A4k,
PN AN T AGLL PR A, Ik P se e #E1T PCR %€ (Bl 2. 11).
R EF S A crel MPREAMARKIARATH S, FIH ATMT FAbioR, il id [ YR HEAH,
AT IR SRR B AU 1 X1 crel 2= PRI RBef% o

bp

2000

1000 711bp 843bp
750 -
500

250 ——

100

B 2.11 RITSAREREAE pC1300gh-Acrel HIMRRE R AT H B e & PCR %52
VKIE 1. RAFEFHMEERE crel B3 531 crel-up PCR #74; JKki& M: DNA
Marker 2000; ¥Ki& 2: 4K & BH % 7 % crel R 3# )+ 51 crel-down PCR 33
Fig 2. 11 The PCR identification for positive clones of crel knock out vector
pC1300gh-Acrel in A.tumeficens AGL1
Lane 1: PCR for crel-up of the positive clone in A.tumeficens; Lane M: DNA Marker
2000; Lane 2:  CR for crel-down of the positive clone in A.tumeficens

ATMT 54005 F B S % T ATMT BAK 120 iy U800 4 i 928 76 B o
FEHRHHTEAESGE R T, KT ATMT #4032 i S s i 4tk . K
EFEPE PDA B3 7735 5 o7 200pg/L #1785 3 A1 300 pg/mL FESEVT Y IM 5772,
TEIEFEVERS 7R 0L B H53R 4-5 KRG, HUABE TR L T 2IEFHPE PDA iRt

(% 300 pg/mL MIHRFETT S 200 pg/mL FIEI&E 2D, SUE/57E 5 300 pg/mL FE3E
TTHI PDA PR bA% 3G, s B Ffk— MRS H & & K 1 PRI IE. i —
Ak PCRIGIE. ARFFILIAT T 2 Ik ATMT, HitEERFER 2] 20 MELT.
TEFTA AT A LAARVEELS, HR%08 T-DNA fEA, X T4 PCR &
IERT MK R 2. 12 fos. ARYESEIR 511t RIVRE 411 PCR 45 R4
KRN 1720bp, 1M T-DNA i A\ ) PCR 45 441 KA 1833bp, K 2. 12 A
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AN HPKEE IR 5 RIS T AR £, W LD E TR IR 2 1 R IR EAL AL T
BV A S50 75 SR A cred PR Rk R AR Ak o

T-DNA Homologous
Insertion  Recombination

bp

M 1 2 3 4

2000 —

1000 ——
750 —

500 ——
250 ——
100 —

& 2.12 crel EFRERAZARER PCR £E
JKiE M: DNA Marker 2000; #kiE 1: T-DNA i N B8 Hedb b T FIJR E L1549
(Acrel-F/Acrel-F) 4714, Jki& 2: T-DNA i N HAZ #4017 T-DNA A 514
(tDNA-F/Hph-R) #734; VkiH 3: [FJEE AT Hb T FVRELH 51
(Acrel-F/Acrel-F) 473; JKiE 4: [RIIFEHEHAICEHIEL T T-DNA A 514
(tDNA-F/Hph-R) #1#,
Fig 2. 12 Molecular identification of transgenic Trichoderma strain
Lane M: DNA Marker 2000; Lane 1: PCR amplication of homologous recombination
for T-DNA insertion (single crossing over) transformants by primer Acrel-F/Acrel-F;
Lane 2: PCR amplication of T-DNA insertion for T-DNA insertion (single crossing
over) transformants by primer tDNA-F/Hph-R; Lane 3: PCR amplication of
homologous recombination for homologous recombination (double crossing over)
transformants by primer Acrel-F/Acrel-F; Lane 4: PCR amplication of T-DNA
insertion for homologous recombination (double crossing over) transformants by
primer tDNA-F/Hph-R;
M BR B ATMT J7i, BATIIMEE 1 IRexAR 5 Acrel fdlitr, Wl 2.
13 i, crel R RAZ G, HAE— 4 RMEIREERE 7RG E A KGR Y
PR A T B RIRE, 5 SRR RASPRAARAE AT s, & IR
Jlo
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B 2.13 FIABRK ATMT B B2 R SARBHABHIH E T CREL &

B RA R Acrel
Fig 2. 13 The crel knock out strain Acrel of T.atroviride via advanced ATMT

2.4 Wi 5

AgE il O ATMT AR, DD SEIRVRER AR B T234crel FRAZRR I
o AR B B R RN B A R IR AR 2 2 T A, (HEME CREL
FLAMR BTG, 8K crel BERmAG X K JE BT 3L FA R B AN R, gt
HRPUMEAR L I SO TR pCL300kh, I ATMT FA0N B AME 5 A bR A8 1k
&, HATAKRD, HisfeAfee, EAMAERETRIL T ik, |
AMPRA SRR M . TTRE FE BRI AT FANTURL I 5 R B e I 1 b e ke SR 4%
REPEFP BN, HETNEKR, HAgA 55 B2 M.

AHFFE R ATMT #4b 74 T-DNA i AN FFIJRE L B A ol, FF H I RE
PSS IR EAK IR S PR I i B R RN PR R B IEE
Ao BRI, D T AN R AR [FIVR B A ) AL, B 7R E— P2 L DNA 1T PCR
B9iE. PCR %€ I 5B 3 B B PIXT R M5 W), 43 ik T-DNA

(tDNA-F/Hph-R) F[AJHEH M F A+ (Acrel-F/Acrel-F), Wi 2. 14 Fiis.
7£ T-DNA 1) B2 wolEfr i, BRI 5 [FEE I B 7 Sevt—A> Bl 514 tDNA-F,
FEPUE TR bR 10 25 21 2k R G B E /72 41 s ok R UE 1 4 Hph-R, PCR ¥ i %
i R AR i A R AR R B, W R IR S R A, R AT
£ T-DNA FENLIEN BB O 75— X5 51501 0 AR e )5 1 DNA 75124
BEAR, 7E crel LR S°[RIVERE A I i B0 51 90 Acrel-F, 16385 2 9 AAE T 5]
T R UESI A Acrel-R, PCR 4 B4 2 b [R5 A 0 25 R it 2 R A 28
BB, EsIY— A SIE 4L DNA 454, HRAKRE T RIENAS R, T
A R g G BN R RAE T A, ARy HE1S BB IR DNA B, Rtk
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NI stanci 1a0 Ton sy REABEHABIFET CREL RS
K PCR W3t AT B MW e 5 PR K 1 P58 L 10 26 e R I e AL 1 o AR 1 TR
HH, FH EIRPIR PCR P AR BRE S r bk 24 S n AT K R IR B (R 261t TR ]
AL T AE R A TR S AL A RIS A7 A 9% DUEL 22 298 DU T-DNA 8 A B0 -

T-DNA

T-border(L)

=/ f crel-up >|/ /= Genome

~ e Yo ) eldown > /— Genome

Acrel-F Acrel-R

B 2. 14 ATMT ¥A0JR B K i 51 P it
Fig 2. 14 Mechanism of ATMT and primers design for screening.
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F=E AIEINHIEF CREL M ARE R4 KNS A2

313|5

BRAREHAHI R 7 CREL /Ry —> 4 itk R R 7, S T AR 3 1 A 22 AR KA
FEE BB —E WIREAEH o Fenl ZE 8 — A R T, AT RE
L RRIEF AN RE AR BRI K . 2014 4F, A.C. C Antoniéto 25 R4 Xt BL [CAE
B4k QM9414 Fnf AL K 7 CREL m R PR AEAS [ AR IR H 1Y RNA-Seq 7
GERBMT R, R RKREIREA 9129 MK, S4B AL H,
CREL L 1 268 ML [1)FRIL, 85 ANFEFIFRIASZ R4, 107 5k BE 1) %8 %) B
BRI, 261 /NJEDR RO, 230 MR AZ B . 7RI B R s 1) R R
K272 58 IR I0E o A AAEHAE SC IR B AN B 1 DL ARG 53 DR -1 55 1) v i i [
571, DR s B A U4 o) X1 6F 66 PRI 2 3k Py A 32 B S 3R 7 SR 4 AE MR R, ER
[F] ER B R %] 2 DR T IR — 8 2 57

T UG RN, ARACT B ROR %5 45 DR LA s 1 7 Tk = SRR M T g, A2 Tl
Az & AR AL, T A B EAR &, TR SRR 2 U R e % 7 AR AR
% A B P B IR A = A E AL B ST S 03 )2 o R EROR B B
() A 77 D RE R 1 3 B A B B PR AR R . BB IR ) 5 R LB
VI, AR AT EE Ea B PURIRE, REEYPITESE, EHEF
Ak B o 32 B4 W AR 2 WA JL T B B chitinases ) i O B B

(B-1,3-glucanases) . MM Bl S 21 45 25 Bl 55— 58 270 24 B [ fodf Al R 7 1 T )
W1, WPiwE K, PR RSE.

HAT, ENIM R SRR E R D PRSI R 5. &8
MESETTH, 1 5w ks & U R R RAE S8 307w, Hrhdrkziis
Ik (NRPs) FIAEY)E i A2 1% B T8 # o NRPs (A& RO AR R 14
Jik & 5% & (nonribosomal peptide synthetases, NRPSs). % & i i (polyketide
synthases, PKSs). NRPSs /PKSs &M Z it O E G4, Hi,
NRPSs 7 NRPs =¥ & i) 22/, WIS 2 IR A B . BRACHII T crel
VB4 R MR AR A T R 7, TREX BIR = RK A B ThRE R I aRisfa —
SE I TITEH -
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32 SSWmMBRERIE

3.2.1 SZES AR

(1 w4
AEE PRI — SR .

B RFAILE HR
BkL

Takara 2yH]
pMD 18-T vector T #5445 B LI 5

g S
pC1300gh K% B Ak R i B A 4k Hy g+, Kan+ SEIG EARAT
pC1300-Acrel  VRZEARE crel FEAREREAE, W& Kbt ZN OIS
519 515 (5°-37)
GCCCAAGCTTTCCCACTGAGCGAAGACAA
pcrel-F1 NI
(Hind 11D
ATAACTGCAGTGAGCGGCGGTCAACGAAG
pcrel-R1 NI
(Pst )
ATCGGGTACCACGACGGTGCCTCGAATG
dcrel-F2 KR
(Kpn DD
ATCGGAATTCGTGGTGCGGCGATGAAGT
dcrel-R2 KR
(EcoR D)
CGGTaagcttGGTCTGCCGTGGATTACTC
crel-f AR
(Hind 11D
GCCGtctagaTCGGGACGATTGATGATGT
crel-r KR
(Xba DD
tDNA-F CCTCTTCGCTATTACGCC NI
Hph-R ACATCGCCTCGCTCCAGT W5
Acrel-F CAACAAAGAATGAGCCCTGAG NI
Acrel-R TGCCAAGTGCCGATAAACA KR

(2> FrAasm. W&
Wt BATZHER AR T A AR R AR — B L2 b Al
PN ARRE R B A 0 T o B 25 SR ] B iR A R . BRI RNAprep
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Pure Plant Kit 4F RARAEAEHE B IR 22 ] PrimeScriptTM RT reagent Kit with
gDNA Eraser (Perfect Real Time) #5617 &4 T Takara /A ;
THUNDERBIRD SYBR gPCR Mix 4 F TOYOBO /A ;

DNS 7): AR 91 g, H 500 mL ddH,O & f#, RGN
3.159 3,5- KRN 20 g NaOH,  F il 718 #1- a5 A W in #8H $R v g, Fm
A 25 g BZ&NY, 2.5 g Na,SOs, A HIEEAZE 1000 mL, RIS,
JCE — ] JE R ] g .

A LT il PREL 109 BrRJLUT B, ¥ 300mL ik#higH, BT 4°C
UKFEVE IR, FRERIEMIEIMAY) 3L ddH.0 ZRCRJLT Fse e
6000r/min, 4°C & LUEEDTE, FHUTiE A ddH,0 veZE i, /5 H ddH,0 @ R E
1L,

0.05M Tris-HCI (pH8.5) :#RHX 6gTris base, ¥ T 800mL ddH,O J&, Hikh
PR pH 2 8.5, #RJ5H ddH0 A% 1L,

0.1mg/ml EAT Z Wi : FREX 0. 1g BAi 2 0%, H ddH.0 e, ERE
1L,

(3) i

1) PNGU/PNGy #;#7%: 10g 5%, 59 NaCl, 20g #i%if# (PNGu)zk 409
il (PNGy), finddH,0 EAZE 1L, pH6.0.

2) SMGU/SMGy £57#3E: 680 mg KH,PO4, 870 mg KoHPO4, 1.7 g (NH4)2S0.,
200 mg KCI, 200 mg CaCl,, 200 mg MgSQ, *7 H,0, 2 mg FeSO,4, 2 mg MnSQ, ,

2 mg ZnSO, , 209 7 %] ¥ (SMGu) 5K 40g H i (SMGy), M/KEZZ 1L, pH 6.0,

3) MYG ¥575%E: 10.09 Hi%iHE, 5.09 F2FHE, 509 BEE, 1000 mL 7

4) PHJLT RS SRR NHiNOs 3 g, KHoPOs2g, MgSO, 7H,0 0.6g,
FeSO, 7H;0 0.1g, 20% (viv) BRARJLT i » H ddH,0 & A 1L,

5) MM 197 %E: #iBE 20 g, K2HPO4 15 g, (NH4)2S04 5 g, CaCl2 0.6g, MgCI2
0.6 9, 50X fEILE 20 ml, EAR 29. E&ASE 1L, 1A pH 2] 45-5.5,

6) JLT BUBGE PUs AT IS 7R AL i) AR 7Rk . MgS04.7H,0
0.39,(NH4),S04 39, KHyPO,2g,— /KA7#5 & 1.0g, I/l 159, Tween-80 200ul, &
& JUT it 4.59, /R I 45 0.159, pH4.7.

7) PR RBFFE RV FE3E: CMC 10g, (NH4)2S04 49, KHyPO, 2g,
MgSO, * 7TH,0 0.5g, [k 1.0g, Biflg 169, ZEAHERHAN 0.59, fnzK 1000ml.
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3.2.2 SEIG vk

(1 BRELERKN=RIFIN LTk
UK H AR TE 2211 PDA AR, I EAEJY 0.50m (3T fL4%, £ TR E

WAL T AN T FHEEM AT PRBUR SRS T23 BFAERRA crel mt bRk i B U2 Fl 2]
PDA AR 0y, BEANEME 3 NEE . FE 30min 5, T 28°CIHERFFFEFE
B3R 10 K, BRMEHIETRY .

(2) BEHRBIEFIHZR %

TE A IR 2 AR NS [R] B2 2 B AR R B, = R VK G, il &
AR o TR ERIR D RASR S B4R, 3 ANEE, t%uﬂJ% % BRI
2L 22 B KA

(3)  REEERIEWE 7%
JUT BN B-1,3-% ARG )75 W22 k™
(4) “PAREEEN E ik

1) B-1,3-EHERE(1): MoH 100ml MM 15953, %78 0.05g %% . 0.067
BRHEE: IMNERZ (aniline blue) 6mg, 1A% 4 (pachyman)400mg, pH 4
£6.8, RGN 1.29 Fiflg; 4. 121°C KB 16min, $°FHR; BERORE B E D
BE 3% 3d, WL U 2 15 I B B B4R

2) JUTREE(1): e LT g s kil ss 7258, 121°CKE 15 min, il
PR, EERE, FERMOREREYE, 25+2°CEIR 7-10 K, MR A

3) SFHERBVIFE: K ARZ R PDA B33 AR BT 28°C FE59% 54,
FHFTFL#5 A\ PDA AR B & 1A 4T IR 7 /N, 8B T 7 40 4L 3R g B R A i 1 5
FPAR I, 28°C RE55E 4de FH 0.1% R NI 20 il 7 25 T AR, & & 30min, A
1mol.L-1NaCl ¥ 1h, W8 525 1 Pk 2 ﬁi%ﬁ#lﬁﬁ% B A W 5 K A T e
WIBERREAT R 0% . B0 K FH DNS Yethidk, JEEBEE 710k =41 4 B = i
TR A o

4) FEBE: KHVRE. HCH PDA B35, pH A 6.0, #14% 8.0%3)
YRR (Sigma) KR, KB G, BN 50°CEFREEP, il BA I [E A Rs 77 3L 7
W “PAR MR R R A, IR T RIE 3d, MR H R H B e B A B E,
FE R R PO P e s VR R A, R ) LI A B B A

(5) HREAKRES RNA R

AREW 2P E e, WA, REIEERRAE MR AR AR K

RNAprep Pure Plant Kit i B 534 .
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(6) R¥EZF
cDNA 2 —454 : 2% RT-PCR il & (Takara 2w )Rk & & 10 pL:
5>PrimeScript Buffer 4 pl, PrimeScript RT Enzyme Mix 1 pL, Oligo dT Primer (50
M) 1 pl, Random 6 mers (100 pM ) 1L, & RNA #4500 ng, #¢J5 iJE RNase
KAMEZRE 20 pl. VEEIJE T 37 ‘C/K¥ 15 min, 85 CHARYE 5, 7 RI{#E ki
T-80 CHAIHIRAT .
(7> WHEE PCR
f#Fil TOYOBO SYBR Green® Realtime PCR Master Mix -Plus-i 71 & #4T
0 E B PCR, AR R #2120 & 1t W3R4T, A 28 J9 i[5 3 A 3 ] realplex 4s.
PCR fA %y 25 W: 12.5 il SYBR Premix Ex Taq, 1 4l 1E[A5140, 1 4 A514, 1
M cDNA Hif PCR J %214 95°C Fi#k 30 sec; 95°C, 20 sec; 56°C, 30 sec; 72°C,
20 sec; 40 MEH, B-actin gene (154bp) NN Z. iHHAR:
Relative mRNA = 2 (Ctt-Cti-(Ctw-Ctwi))
Hrp Ctt= HAFRHEER Ct{h, Ctti= HizZEFNZ Ct{l, Ctw= B4R Ct
&, Ctwi= B4EHHNZ CtiE.

33ERE N

3.3.1 crel FEKEWE 24 KM T

crel F R AT RE 5 B AE AR IL[F B T PDA P 3 9E 10 K, MELH AR |
KA. B3 1T, crel EERA)E, ELAEKZRIMm, K
BB, P B R, BRSO R, crel AR B4 A 4R 1k
IBRAR TR 7, JC R YR B AR 5 F F , cred BRI 42 e % Fh B AL i
B, BENBI) A AR A R A L T . 2T 4 s, T (i 4m i
PAEFI AR, AR TOES: T EE R B R AR, BRIk D crel JE
DRI 2 R R A AR A e, Bk cred BEERI B BR MR I 5% 25 T 0 S AR M T
WEfE ), RINEKGE, HLTLETMANBELE,
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Day 0 Day 2 Day 4 Day 6 Day 8 Day 10

B 3.1 BAMRMARBHEPIRE KRR LR

Fig 3.1 Phenotypic comparement on wide type and crel knock out mutant Acrel

3.3.2 CRE1 413 A AR F I X AN [RI B (14 22 57 41 H

N T AR TR A R T CREL % B8 22 4B A1) FH 175 100 i s, 347
HEHL T 2 FhAS [ SRR A SRR R0, NSRRI, WEE T B A BRI RASIRAE
AN R RS E RN R D0 T B B 22 A= R 7 AR

PR RS 7R 23 50 9 PN A SM, e F i 267 4 B H VAR i, 75 PR B
MG RN W25 BT 28°CRREE IR 10 K, (A FRICRAN R3S IR0 A ik A K
FrEfeRoL. K 3.2 f1E 3.3 FAEEL D HINE 0, 2, 4, 6, 8, 10 KH#
AT

PNGu-CRE1

F3TMW X947
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Bl 3.2 PN ZERlE IR b B A R AR BB A R kIR R B 2= 57
Fig 3.2 The phenotypic differences between wide type and Acrel mutant when

cultured on PN basic medium with diverse carbon sources

SMGu-Acrel

&l 3.3 SM Al H b BF A BRI RAR R X A R BRIR R B 22 57
Fig 3.3 The phenotypic differences between wide type and Acrel mutant when
cultured on SM basic medium with diverse carbon sources
SRS R T 7S BRWE 6 A0 Nz =B H AR Dy B TR L A BRI, T PR SR
PEAEIL, B A R AN SRAR IR XS T 85 5% ke rh o8] 2 AT H Vol P S N A7 AE 22 57 o 1 ) WA
DNPIHIPERRIE, ERARE IR CREL MIMERTR, B ARt H iR A Tk
AL, TR R U AR AR ER R 5T, DRI, B AR A e B R TR
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ARG B FHIIFE T CREL ThEED R

AN R ER . TR A PRAcrel HIF-BR% 1 BARHIHIA T CREL, X HAxIR
SEHA KRR 218, NEfE
G A A H R AR I | B R D sk S SO AR AL T e T
SPA AL, (B SRASHON H b AN &R B B N A R, AN BSRAE PN JEAI R 7R R IE 2
£ SM LAl IR, RARKRIGE S A HM R R H A KR TR AR, 5
SRR BRI S SR e A (B 3.4)

BN A AL R ez L T

T

o
A
10 -
8 - 1
§ T
X2 6
4 )
= B
2 -
0
dayl day2 day4 day6 day8 dayl0
=o=PNGu-T23 PNGu-CRE1 PNGy-CRE1 PNGy-T23

H% E&Z/cm

CREXL i Ja A1 H i AL A e

RIHH

SMGu-CRE1

dayl day2 day4 day6 day8 dayl0

SMGy-CRE1 —#—SMGu-T23 SMGy-T23

& 3.4 PNl SM B FrZertRABRAcrel MEFARKI B LAEKIFMR

Gu: B&¥E; Gy: HMW(APNEHE; B:SM BHE)
Fig 3.4 the mycelia growth rates of wide type and Acrel mutant on PN basic medium
Gu: Glucose; Gy: glycerol(A: PN medium; B: SM medium)

BeA, T AE IR P RIR AN, B LIRS AR BRI 2 7

PN iR U AR EE R, —AN, EFRBOVFEE, 1 SM HiFRELL
TN (NH)2SO4 A EE R B AR R G YR A B IR AL PN P K
X (B 3.2, Kl 3.3), AAWLR, MHER, HA KM RO,

B>, R B BB WAk

£ SM B FRAE, TR IR R

B>, BEWLIFANTRE, Mg, rRER, Bty

W H/em

[
=]

S B A SN ®
T

dayl day2 day4 day6 day8 dayl0

SMGu-CRE1
SMGu-T23

——PNGu-CRE1
——PNGu-T23

10

W HA/em
o N & &

B
dayl day2 day4d day6 day8 dayl0
——PNGy-CRE1 SMGy-CRE1
——PNGy-T23 SMGy-T23

A 3.5 FIENT 24 KA =R m
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PN: BHEIE SM: THLEIR (A: BEEHEBRIE: B: HIMERIED
Fig 3.5 The influence on mycelia growth due to different kinds of nitrogen sources
PN: Organic nitrogen source SM: inorganic nitrogen source(A: glucose as carbon

source; B: glycerol as carbon source)
3.3.3 CREL 1Ifl] A %5 Tf 24 o B [ At il 550 1k

AT TE TGS B Bl B B B s R BRI U A€« SN 5E i PCR IE AR G
B R IR A = AN i EE B R AR R AN B A R A 1 22 7

(1) BREEIT

B5E, XUT BEE AT U, PRI 3.6 A Fn. RiREERHH
RRAR 1TLT PR YRR SR, SERAREL, RARMRAE R I% Ja IR R LB 0 A
o8] [ S SE I AT AL K s FE5 8 RIS P AR A i AR R 5, RV E AR
1117 AR U — BRI TR A RO I F B A R 0, HAE K B R AR
HAEMRARAE R 22 5+ R W) CREL ibr e, JU T s T, HAee R ML T bR
et L2, B AL T BRBEHEIRIK, JLPARAMILT i, AREE.

BETT A BRI 52 o $E IR SEI ik TR 2 1 NAG ArdE 2k, 1EHUK
BN R IR, IE B AEMR . crel RASKRIJL T BilEWE, 23 #7 crel ZE[A
XFFIRERAREE W LT FBERIA A IE1E . BFAERR. crel mlRRASPRII A B 56 /N R
JUT S E 3.6 B o, MABEES/NKRIN, crel mBRPRII LT S &
Fm TR, GIRERY], EIRGARET, crel FLRHNHI LT EFHIRE, A5
ARk LT BREEE AL T BUREI AR, 102 crel ZERIRFR LU, BACUl X T
JUT B2 N ) SRR g bR, LT gAY, iR R

Hk, xt p-1,3-BIRIEREEN R, B 2RO el i, RARKRA
AR RSB A HILE I (B 3.6 C)o A RN, RATKRII R 2 E KA1
PR =AR, SRS TR A R S0, 1B AE AR IR IR AR, EPARS TE
A K ARSI o K 3R A T PR 2270 S il g 5 2 15 7R 2k MY G rp i I
6 K, M F /SR B-1,3-H1 R BERES , M€ LR UE 3.6 B fin. 45 REH,
crel JE PR TR SR A B A SR IE 10 R AA RO FE AT LT RS0k, AEBT ARk R, i
T crel FEPRIRIEHRIE, 8455 SEOBE NG 10 R08 32 2B A SHI R HLEI A 4%, 4k
TARKIEACY s = crel ZEER)E, BRACHIDRIER:, WERMiEREE LT,
W LTt
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ARG B FHIIFE T CREL ThEED R

B 12.0

10.0 N 1

mT23 Ocrel

6.0 A

4.0 -

Enzyme activities/ mg*ml-1

0.0 -

chintase B-1,3-gluconase

B 3.6 BFABONIZARK LT AV BRI
As JUT FREEETAGNE: B: MAAREE LT B AR SRS . Co PRI
B-L,3- 1 BRI

Fig 3.6 The assays of enzyme activity on wide type and Acrel mutant.

A: chitinase activity on plate; B: The enzyme activity of Chitnase and B-1,3-glucanase
after fermentation; C: B-1,3-glucanase activity on plate.

(Q)F-Ahan B FEmREER— A AR, BOME. ENE
BEAt, AW FAGER HANEF LT 4E R My . REANE. R EFEEAT 1S
Mg o &R EHR:
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ARG B FHIIFE T CREL ThEED R

day6 day10

& 3.7 ﬁéﬁﬁﬁﬁﬁkﬁ@%ﬂ@%ﬁ%ﬁﬁ@&é%%
A: CPAREFERBEEINE: B: JERERE TACNE; C: B BHE T E

Fig 3.7 The assays of enzyme activity about cell wall degradation enzymes on wide

type and Acrel mutant.
A: The enzyme activity of cellulose cultivated on plates;
B:The enzyme activity of amylase cultivated on plates; C: The enzyme activity of
proteinase cultivated on plates
FEP ARSI E B A2 (B 3. 7), B BIR 3 FhEgR 4T 4E R g .t I
TERI I, FEASKRI B 7 U R WY B, 1 ) R AR R B R AR K G2 A8 (H LA I ke,
BTG KA, T BRI RCE B R A, R RS KPR
(3) 8532 M B o A g SR o B R R e SR K- 20 A
WS DN € 25 R 3R W) CREL H 40 1 20 P B e A I ) LT o I A0 2 SRR g )
ik, 2 crel FRHMERE, RAKKBRG A AFBEEZRERT. 7%k CREL
XF LT o B AN SRBE RIS B AN E AT TCE B 1 LT SR i 2k K]
chitd2 F1 B-1,3-%1 S M 4w fS L K] glucanase 57K F-. qPCR SZEG 45 5% (£ 3.
1, 1 3.8) KW], CRELXJUT JiBaANw SEp e iz 2 A et e, CREL
%EW%HT chitd2 1 glucanase Mg K%, 5%, AT T 1 JUT o il A0 21 SR Ity )
FKik. WERRILT BUREEER chitd2 A S SRR glucanase (1) )5 81731,

FA2 W £ 94T



Y ; "?a’}t‘@

& £

/ SHANGHAL JINO TONG UNIVERSITY RERBHRBHIHIET CREL AT
W B R BUBA R B PR 7R 55 1 45 5 38 7<5°-SYGGRG-3"7,  H LA T
CRE1 XTILTI}E@HH@ REPEBG S/ PN H A 2 B4 5 8 3T 45 A BHLiE 3 [R5
S, ] R I R N A BOS A I T R AR A

x 3.1 Efékﬂ%%nﬁﬁﬁkAcrel JUT FREEERA chit42 F1 B-1,3-% R pEBE R
glucanase ¥ F /KPRl

Table 3.1 Transcriptional levels of chit42 and glucanase in wide type and Acrel

Wide type (T.atroviride T23) Acrelmutant (T.atroviride T23)
gene CT p-actin CT WT ACT WT CT p-actin C-I-Acrel ACT Acrel Fold
chitd2  23.7740.40 26.5040.22 2.73 21.5740.29 23.8740.17 2.30 1.35
glucanase 23.7740.40 25.0530.72 1.28 21.574.30 21.214.45 -0.36 3.12

]f . 2@ ':P i%%i/}jj'ﬂ*ﬂ?{ﬁi% SE; ACT=CT H E’J%_CT ﬁ-actin; Fold= 2-A(ACTWT-ACT Acrel)

10 ¢
OWT BAcrel

Relative mRNA Level
SN (@)} [ee]

N
T

=

chit42 glucanase

Bl 3.8 qRT-PCR 234 )L T R EEAIH RAE RS I K F
Fig 3.8 The transcriptional level of chit42 and glucanase by gRT-PCR
(4) CREL 4 40 i BE B At g 2 15 I P ML 1)

AT FTIIN, T AREHHN ] K 7 CREL KR SEA TR G BN 704 1 24 Pt B 5% i Iy
fAAEEER, CREL H) 1 40 M BE Fe il h 2T 4E R Mg . vEknlig. R, LT
Jort il AR T SR W T S5 g ) Rk, TJ 332 17 S 1 A 915 AR B o) A I T R 4 i e £
filrad B, M\ — e R BRI AR R 1R AR AR BT RSO - TR R R B i A 4 R 1 CREL
X AR g ] A B [ g Il ) R A I 28 L 5 N T

o
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Plant pathogen fungi cell wall
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/\. Signal
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'\Q e / AAAANN —» La
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{(’ Phosphoenolpyruvate | glucanase
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Bl 3.9 REARBRABINHIFEF CRELXJLT FBEE. HRBHENRERE

Fig 3.9 Regulation of CREL on the expression of chitinase and glucanase in T.atroviride
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3.3.4 CRE1 52Mmi AR R B A B IRFACR F= W A i

IRGEAREEAE YT IE SUBA 5 3 RSB IIAE =28 LA 77 il 751 1 3 22 s 7
o MRS AR RS = R AE 7 2 B AN LR & W A B /R FH Bk A 4
WyTw L. PrEEEYI S, X rh HE IR IACEH Y 2 8 T AR s R Ik

(Nonribosomal Peptides, NRPs). NRPs HJAEY)E e H AR B K A Bl
(Nonribosomal Peptide Synthetases, NRPSs). i 4 ik (Polyketide Synthases,
PKSs). NRPSs / PKSs G liFE 2 st 0 B &4 5w H, NRPSs & NRPs
A R B, R AT AR 2 SR O, T SRR A e R E A
ZE R, ZUERE CoA NIEY), Wk B & IR Gk 72 A4 et SR AL &
P ERIRAR BB A B LSk R ST IR i IR Tl 1 A 1 B I B 2B o0

H AT A 85 1 A2 BT R AR = P IR B AT 73 I ORI 78 2 — 7 G, 3F
B IR B 57 57 G RO B T D0 R IR, T AR 22 3% 1 50 38 400 o ) B )
5 IR & B 2 R A 0% o AT 98 32 B TR RO FE AR I Rl 1~ CREL X AR %2
BRI A BT IR AR = P I 52, B U5 H CREL W AEAZ B AR K& Rl AN SR B A
St P ek R 7 B 2 1) g R DR R A T 9%

MIRERAR B R R IE R A A4 T 3 4> NRPS 4w (A & 2 4> PKS 4wt
HH, HAT qRT-PCR M H AL XK. B4R (R 3.2, 3.10) TR
P R XA R NRPS F1 PKS AEAEAS [A] Y T A

% 3.2 CRE1 % NRPSs f PKS g3t H# /K F R

Table 3.2 Effect of CRE1 on the transcription levels of NRPSs and PKS coding genes

Wide type (T.atroviride T23) Acrelmutant (T.atroviride T23)

o CT Frectin cT" ACTWT CT /frectin CTA™  ACTAr Fold
NRPS1  20.0440.30 31.2440.31 11.20 22.3340.42 34424030  12.09 0.54
NRPS2  20.0440.30 32.5240.74 12.48 22.3340.42 31.6940.16 9.36 8.72
NRPS3  23.7740.40 29.75#1.27 5.98 21.5740.30 27.3940.12 5.82 1.12
PKS1  20.0420.30 29.734014 9.69 22.3340.42 31.7740.01 9.44 1.19
PKS3  20.0430.30 26.460.29 6.42 22.3330.43 27.2240.24 4.89 2.88

Y;E %% ':':'l%%iéjj‘j*ﬂ?‘{ﬁl% SE; ACT=CT HH@%IAI_CT ﬂ—actin; Fold= 2—A(ACTWT—ACT Acrel)
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&l 3.10 qRT-PCR 4}HT NRPSs I PKS 4rhg 3 % F A F
Fig 3.10 The transcriptional level of NRPSs and PKS in wide type and Acrel mutant
by gRT-PCR

£ 3/ NRPS Zwfig 3 K H, NRPS1 A1 NRPS2 ik &% NRPS3 HIXHMEIR £,
i NRPS3 381X 1R =, CREL 41 NPRS2 KA L%, 287 H 5 K o] G & AN [H
NRPS 17157 & BAH 5 I AEZ BRI, el e RE W KPTEik, HAEAFRRE S
A3 36 BB B IR KA AR ], TR BEAS [R) NRPS (R 3654 B 1 2 5 1 B A2 R 9 I 4 45
FoAh R B2 o TR T PKS, FRATTIEH 1 AN Ik [R] 7 oA o 22 22 (1) SR 1
PKS1 1 PKS3, CREL X H[RAERAEE— I EH .

3.4 THE S /NG

A& FETE T RACEHNH R T CREL MRS B AR KA s, @itk
LY AR R AN SR R AR T AR 22 7 DA B AR = Rk B ik, BB R 45 (D
CREL MMM T REHE 2 ALK, EARMHIE. BIEHEEH, j&ﬂiﬁﬁ
AR AR I/ T B A bR, RASRR AN BT AR MR BR B A K R OBIAR SR (2) CREL #1)
il 1 AR PR A B [ A ) S SRR M, HR) T AR R VER . BRI AR
e, RIR R LT SRR B-1, 36 T b B 1 A S N ik FL g s (3D Ik
4b, CREL ILFZMA | A% W L P B IR BB PRI & B X5 A U R
BB A B NRPSs Al B 45 il PKSs FE4E 5 24 I, FEEHNH 45t
TAERIE LR ot CREL/ERNA /MR SR 7, XA EPAEKAMR
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W, R S A BRI AE DG AR B R T RIS TG B AR, A Z TR TR
B IMAEDTSER, NA5EA B RAREFED R EA — 2R SE L.

Ay, I SEES K I Acrel F R RADMR A KIH AR, FEARAE TR, BfAE
PRT35) 3-4 R 22503 AR, (HRAERR TR 2L 10 R DA B ()35 57 I 6] 4 7] B4
AR HEECHAEA FRRIE . BIRIIMEE T, RAE S A 8 AR AN &R R
FRE AR RKAIN R . AMUAEIRGARE S, RIS crel @Rk tAR7EX
PRIE 2 SN AR KR IR, FEAR 255 97 B rh A K P AR et oL, eq it
IR DR 1A R — > S e ) B S YR TR, 6o AR 85 T 25 PR P 2 SR A4 22 7 THI PR 1
BAEA, FReHmBRUUGE, M TARBEE LA KRR ELE T, FEHAK
ORI E TR H SRR I AR K R BB L S 1 5 0 i T R AR AR, X R
crel JE[RIR R 5 vl RN 7 RS B RIS, 75 IR .l i F w9
ARG R EERRIZRE, TR RE MY AR, som T HE2EK
A, H BT IRGAR AR GBS, AR T A IR A

T s 82 M B AU A XL R 4, AR R Rl o 2R S, SRR AN [ sk
JRIR B T BN, T — e BRI B B R R FHRSOR i 4% A OGO
it 7 1 o FLR I RCR s A T g A, HhR =R/ T, 4t L
W WSCR) FH BT DL i 7 B B A S N, ARG T B, mT DA d s H v
MR A G HE N EMP AR A2 11 200 PR xS 8] 267 A 10 IR AL 5 R P 75 R 2 sl ik s it
P2, Ul AR LGRS, A R PR AT BE R ST 2%, T FL I8 s 3R 45 1)
A, HERER LA A 2 0, T BT AR R AL AT T AR KA RS

T IE I T AR 1) R - XoF 4 M B P e il 1 LT B S B-1,3- 71 SRR
VERIG . AYERMG. HOMSAEIEIER, 28 Ti%SK T E, CREL FIET
JUT TR EGm AL L A chitd2. B-1,3-%i SR M gm b 2L K] glucanase %3k . AHf Fi 3
KA 53 M CREL X % Fh 4 i BE B R RIS PE A2, AR IR 73 BT CREL X 41 4
M. HOM. e SRR )R SR RO, AR 2 TAERESE. )
o B RS T ORI 5 il SR 02 6103 CREL W 4F 4k . AR TEBERNG AL 3 e 4 %%
it T BEAE 3 /KO AEAE BLEEIMH . NRPS AT PKS YN8 KR 6 R, HFE R % b
TR Z N5, BAERZ IRGARH M B R T, AA4E — A8 NRPSs 1 PKSs
T, FHTE BT KRR A S P 5T A, IR AR =& A AR
ARFFLIEEE T 3> NRPSs Hil PKSs & i £ A, ¥yidid NCBI i i, FfAR1E
W R 2 AT B R BAR I IR B =) & ik R A L, R AR T 90 BRORA BB IE Sk
FRBHIHIXT NRPSs. PKSs HA B R4 i K e, B 4EAELH, X
BARIRGACH =46 B ST 75 53— 20 I S I0AR 51
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FNE RCEHEIEF CREL 818 ABC #5315 H Taabc2
FRIAH I

415|5

ERN— 2Rtk R 7, ARSI R 5 CREL T4 B S8R 2k R £ 52 507 o
EAREY, CREL £ T 5 AR SR Brds AR U A OC B 25 g A JE DR R 3R 3K
W KRAREE (T.reesei) HEEACEHNG] T CREL HIE AR EHERE | (xyn1) FEFHK
ik, Wi CREL A5 xynl H B 3)FIX 1) 5°-SYGGRG-3 R~ 7 41 45 & 41l
HAL 04, [EREMH, 7EMURARE (T harzianum) H, CREL % A4 ech42 JH [
JEENT-IX 454 EREA ) L A%, 2011 47, B IR 25 4 25 DRI 2H A e 471 4
MrEdl k3%, Portnoy 55 N &I CREL #IIil 1 47.3%3E K 145 %, 155 29.0%2 K]
Bk, 17.2%M05 AR AR CREL T 324 KR 1210, 783X 76%3% CREL
R EE R, ATRIL T — A ST 2 2000 245 A S 12 8 3 (1D 59014),
HIRARTHIZEER I RIEZ CREL 73 (K 4.1), CREL @ifpfa HRIEE T (K
4.1, % 4.1, Z#iZE A5 Ruocco 2557 2009 4 & BLHIIR G2 A% ABC iz
% Taabc2 (GeneBank Accession: AAX68676.1) [ 14 Fik 90%. HAE A 1
70, FRATHENIIR AR XA~ ABC 5 H 5% I 22 2400 24 14 4% 12 2 2 Taabc2 1)
Tk W2 AR PR ¥ CREL R s, i B 42 75 28 i sz 46 12k — 25 i b

vsAcrel LowGR  w

o

vs Acrel High GR

vs Acrel Low GR

o
o
3
)
&
g
=
"
2

B 4.1 2FERMEFIHT CREL SHEA 59014 ik
Fig 4.1 Gene expression analysis with microarrays on the regulation of protein
N0.59014 transcription by CREL in T.reesei.
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*® 4.1 RS CREL XMEH 59014 FRiEK R
Table 4.1 The regulation of protein N0.59014 transcription by CREL in T.reesei.

X
W o
G

protein )
Function category 1 2 3 4 cluster
ID

Cellular transport, transport
ABC
facilitation and transport
59014  multidrug -2544 -0.375 -2.036 0.264 F
routes; Cell rescue, defense
transporter
and virulence;

7: 1: WT High GR vs WT Low GR; 2: Acrel High GR vs Acrel Low GR; 3: WT High GR vs
Acrel High GR; 4: WT Low GR vs Acrel Low GR.

ABC(ATP-binding cassette transporters)#4iz &4t V2 A 1E T R A% M B AZ A
Yirh, 8K ATP IRShAL G PR USCRI SN, (A8 A SE RIS i i 1) — 2K
g 4 R O — AN R SR A ) ABC B2 R G0 4 NGRS (8 1a),
Horb: PIANEEBUK, #EE 6 MEF B 2 158K, N ATP S5a 451k, it
71 ATP 456 57K . FAZ TN B ABC iz 1 H =& 2> J: D8 20 s R 8 X R 45440
MBS (MSD)RI ATP 454 8 ((NBD)fl &, JE R H MSD 1 NBD 41—
ZEMEER, WIS EEE 31 MERRIGEE S T ABCEX R, mMHS
A 28 MERRLEIE AR T ABC KR, ABC #is & A 7E 4 i
FUAMEE A, IRERAEML N B A YD, B EATIR R, R ARA %
BMYIBEE, WA RN E St DR S e R

HEHAF TR, EEY), B EE =7 AR, REE AL —
JERE ) ABC ¥iz RGRIEER Fif, AT AREKRAE mAEEDUE. M.
Lorito Bl 78 /N B IRAE R SR AR B2 B ik PL HR 5B 1 VU4 ABC #5128 R AR PRI
TAABC1,TAABC2,TAABC3 #l TAABC4, H % 5E | Taabc2 J:K 4 HE /741 K
& 6536bp, {4 162bp J2 3T X4, 642bp HibT, FmiFk[K 4264bp,JE 51X
A SN ERE TS0, 5T Filg echd2 B RH 5°-FE gL X 5 3) 7 X
A GO RHE P Z2E L, AR REEE R (HSP), ZIRTT 7 (Nit-2), $itid
YEJEAE (STRED, CREL 4541 BP1 24755, Northern 7347l & RT-PCR 1iF 5k
REGEAR B A KAE KI5 # Botrytis cinerea JEVEL I3, Taabc2 ZEHNEEELZ
IR FRIL, Taabe2 I EE B fif B g i 1) 5L R 2 2 3L A%, i LRZ S
HAEAEH . RS ABC izt H RIS R Taabe2, &A% W5 H AL
Y S A BRI ) AR ) L, MR AR BTN S AT, [
B 726 A 2 % B 9 P R L AT 52 M R b thke T R . b4, ABC %

FA49 M £ 94|



ARG B FHIIFE T CREL ThEED R

iz A Taabc2 e 2 SIS 8 K L IHAMTURYI b, T BIPLASE R 385
WIERNRE ST S EPURB TR iahn, RUIZZERSE Tatroviride 12ERT T
REFF R —E IE .

AN FE Ay B T RIS T mge A U ] DR R e A B A Q7 T i 54
R, S E AR, IRAIr L EENLE], FE CREL & RtEAQSHA
FEmI 2%, SFAMpA QUM L e s B A RETE A2 A, IR AR E R
A R B R

4.2 SRS RE

4.2.1 SEEGF R
(1) HM. KA
K BT FH BRI 5 — 2 A
R 42 XEFTRHAEM. FAM5Y

Table 4.2 Strains, Plasmids and Primers used in this research.

AR/ REAIE ZS
kL
pC1300th N85 B B A% UG 2R Hy g+ Kan+ SEIG % R AT
pC1300kh K% PR 1 A% s 344, G418+, Kan+ S = ORAF
pC1304 TEY) GUS i 25 B[R 1A 4, Hyg+ Kan+ S ARATF
B 4= bk Taabe2 Ja 27 mifk del A-GUS FRik %k
1300th AG3F NI

&, Hyg+ Kan+

B 4= ¥k Taabce2 J5 3 TRt delB-GUS FRix %,
1300th BG3F AHFF
& Hyg+,Kan+

¥ 4= ¥k Taabce2 J5 3 TRt delC-GUS FRix %,
1300th CG3F AHFF
1A, Hyg+,Kan+

B 4= Bk Taabce2 J3 3 F ik delD-GUS KA %
1300th DG3F AW
1A, Hyg+,Kan+

RAZPk Taabe2 Ja 2 1l delA-GUS Kik#,

1300kh AG3F NI
1K,G418+ Kan+

FEAS Rk Taabe2 i 3) Tk delB-GUS % ik#

1300kh BG3F NI
1,G418+ Kan+
1300kh CG3F 745Kk Taabce2 i 3 F R4 delC-GUS FKik#; NG
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ARG B FHIIFE T CREL ThEED R

1300kh DG3F

519
F1-Pdrl-F
F1-Pdri-R
F2-Pdr2-F
F2-Pdr2-R
F3-Mrpl-F
F3-Mrpl1-R

F4-Taabc2-F
F4-Taabc2-R

F5-Mrp3-F
F5-Mrp3-R
F6-Pdr4-F
F6-Pdr4-R
F7-Mrp4-F
F7-Mrp4-R
F8-Mrp2-F
F8-Mrp2-R
F-actin-F
F-actin-R

Th-AF

Th-BF

Th-CF

Th-DF

TpGus-TpR

TpGus-GusF

1&,G418+,Kan+
KAk Taabe2 JE 3T delD-GUS ik %
1&,G418+,Kan+
S (5°-3)

CCTGAAGTAGTCCTCGCTGAA
GACGGGATGCTCTTATGGAG
TGCTGCTGATGTTGATGTTG
CGTCTCCTTTCCAAGAATGC
GCCAAATCCTCCTTGACG
CGTTGAAGCGTATCGTGTTG
CCAGTCTGCCTATCACA
TAAACAGTCTTGCCACC
ATCCGCTCTCGTCTCATCAC
CCATAGGTTCACTGCTTGGAG
TATCTGGCGGGACTTTGG
CGCTTGAATGGGTTCCTG
GTCTCCGCACCATCATTG
ATGCCGTCCATCTTCCAC
CGTGGAAGGAGGTGTGAAGA
ACAAGAGCCGCAAACTGG
CGACTGCTCTCCAACAAGC
TTCACTCAGGCTCACAAAGC
TAAAACGACGGCCAGTGCCATGCCAGTAC
CGAGTATCCAC
TAAAACGACGGCCAGTGCCATGCGCTTCA
GACGTTATCCAG
TAAAACGACGGCCAGTGCCACACCAAGGT
AATGTCCGATGC
TAAAACGACGGCCAGTGCCATCATGTGCA
GCAACTATCGG
TCTACAGGACGTAACATGATTTCTGGCTTC
ATAA
TTATGAAGCCAGAAATCATGTTACGTCCT

#B51M £94 W

AH T

AHFT
AH T
AHFT
AH T
AR
AH T
AR
AH T
AR
AHTT
AR
AHTT
AR
AT
AT
AT
AT
AT

AHEFC

AHEFC

ZN i

ZN i

ZN i
AW T
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GTAGA
CCTACTCAGCCTTCTTGTCATTGTTTGCCT
Gus3F-GusR N
CCCTG
CAGGGAGGCAAACAATGACAAGAAGGCT
GusA3F-3FF N
GAGTAGG
GACCTCCGAATTCGAGCTCG-TTAGCCATA
3FTh-3FR AHBIT
GATACCGC
Thdel-F GTTTTCCCAGTCACGACGTTG VN
Thdel-R GAAACCCCATTGTGACTCAGC AHWETE
delGus-F CGTTATCCAGAATCCTA N
delGus-R  TTGCCGTAATGAGTGAC AHWETE
GusA3F-F  GGCTGCACTCAATGTACACC N
GusA3F-R  TGGAATTTGCTGCTTATCCCTT AHWETE
3Fth-F GGGCTTCTTCATCTTCGACT N
3Fth-R AGATTCTTCGCCCTCCGAGA AHWETE

(2> . o7, AF&

fg: —f% PCR H Premix Tag, Hieff Clone % /i —& i &M T Fig
AR AR IR AT mSIRE PCR H GXL R E &I T Takara 2.

TG 4-F <R - - a B e ) T AT AR AR ARG R AR, — &
i L2 i SR AR R R U B 38 0 T o [ e 2 4R A B AR Al A ]

& Bradford & H € Sl & T R AE RS A IRA F]

1mol/L Na;HPO, ¥ : 35.814g Na;HPO, 7 T 100ml 7K o

1mol/L NaH,PO, ¥ ¥#i: 15.601g NaH,PO, ¥ 100ml /K.

0.1M MR ZZM R (PH7.0): 1mol/L Na;HPO, EX 5.77ml, 1mol/L NaH,PO, HX
4.23ml, EAE 100ml.

0.5 M EDTA (PH8.0): 7t 80ml /K= i\ 18.61g Na,EDTA+2H,0, H] NaOH
W PH % 8.0 (£97% 29 /£ A [ 4A& NaOH), ¥fiE )& e 2% 100ml.,

GUS UK : 0.1M BB 22 0% (PH7.0)50ml; 10% SDS 1ml; 0.5M EDTA
(pH8.0) 2ml;  Triton X-100 100ul; B-3itk 4 EE 100ul; FH ddH,0 &% % 100ml.

MUG J&#): F& 200mg MUG, 7T 10ml GUS B EUR A, B i 5% 50mmol/L
i, T-20°CHtfF . A I RE i 2mmol/L (1) AR BRI AT o

SN 2% 1E 3 (0.2 mol/L Na,CO3 ): Fi 2.12Na,CO3 » F ddH,0 & &% 100ml.
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4.2.2 S T7 1

(1) GUS J&H M & 77 ¥

GUS HHHETF LS 4-F BTN -p- & B IR (4-MUG) e W™ A e
NI A-FEAAIEH (4-MU) . 4-MU FIBOR KA 365nm, K EF K
N 456, HEETTHRGH T H . Bk, FATT0T DA P SR & B AE D)
SR L LE FRLALIN [A] A P AR R O B ) 22 /0 ok e E IR GUS & &

1 SEEMRE

O H 2 AW S, M mA EP &, BT WA I E7.

@PrA M EE RS 5, B EP & IESZRIII Iml 1) GUS B ik,
RIS o

®4°C, 12000r/min, .0 5min, /NOIRE R, HREHK Ep &4, B
FUK EFEH .

2) EAEWRERME (Bradford i)

S KRR A R 2 7] Bradford 258 (4 & B 7 & U

3) GUS FKIA/KF € &l e

@O fEFRE EP BN 400l GUS $2ELZ2 M, BT 37°CRI B itk
15min;

@IE FRH GUS FEELZZ MR RN 100ud $EEIE A LG, E0RA G HE
BN 500ul 4- MUG JE¥), 37°CiRHS:

@®HL Omin. 15min. 30min. 45min 1 60min 43 A B & [ B4 200ul F
EP&E TUkE, b 800ul e &b, = IRBEEIRAE .

@ FH AW KB FRAAE SR I K 365nm . K 455nm TS INF I & A 7] i A]
ARG R A -

G LA G X BT AR 2k, SRR ko

©®GUS iEEHEARA: A=k EFKE (Bf: mint mg-D

(2) ®tER PCR
W B AR AN RAZ R T PDA MR RE TR 3L KR 9% 3 R, FHUEL RNA $2HL

RIS P HUET AR MR A SR RR ) RNA.  FH Takara A & PrimeScriptTM RT reagent
Kit with gDNA Eraser (Perfect Real Time) #5177 &K RNA 4 5% ~ cDNA )&,
BEAT SR E B PCR AL BT AR RRAN R AE R b 10 > ABC 5% 8 1 g A R 1) 7 o
/K>F (TOYOBO THUNDERBIRD SYBR gqPCR Mix)-
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ABERS D

4.3.1 IR RE ABC ¥ ARIAE DT

W AR H AR AR, 3515 8 > ABC iz AR, ABC1-8, HR#EHE
P SIS R IR SR AR B 55 5 21 7 51 JFE 25 4K cDNA 751, DL Bk 8 4~ ABC g &
[*) cDNA R 1514, FIFH L € & PCR tuill T23 AlAcrel KA ABC
izl ORI REE,

OWT ®Acrel

Relative mRNA Level
(98]

ABCl  ABC2  ABC3  ABC4  ABC5  A4BC6  A4BC7  ABCS

Bl 4.2 CRE1 MREAREZS ABC iz HIRE
Fig 4.2 The expression levels of eight ABC Transporters in T.atroviride regulated by
CRE1
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Table 4.3 Regulation of CREL on ten ABC transporters transcription in T,atroviride

R 4.3 CREL1 MFESAKRE 8 > ABC HBzEHRENIFE

Wide type (T.atroviride T23) Acrelmutant (T.atroviride T23) Fold
o CT Bactin CTWT ACTWT  CT Bactin CT Acrel ACT Acrel 2 AACT WT-ACT Acre)
ABC1 23.7740.40 23.7840.70 0.01 21.5740.19 21.7740.16 0.20 0.88
ABC2 23.770.40 23.4140.35 -0.36 21.5740.20 21.1140.28 -0.46 1.07
ABC3 23.7740.40 23.8940.35 0.12 21.5740.21 21.3140.03 -0.26 1.30
ABC4 23.7740.40 25.2940.78 1.52 21.5740.22 21.6540.33 0.08 2.71
ABC5 23.7740.40 24.07+1.06 0.30 21.5740.23 20.6840.38 -0.89 2.28
ABC6 23.7740.40 23.2840.27 -0.49 21.5740.24 21.1840.41 -0.39 0.93
ABC7 23.7740.40 23.7140.41 -0.06 21.5740.25 21.0040.25 -0.57 142
ABCS8 23.7740.40 23.7840.09 0.01 21.5740.26 21.4240.36 -0.15 112

TE: RAPRZEBNARER SE; ACT=CT ""HLCT/#M; Fold= 24CCTwraCT A%, ABC1-8 4N (1R U T A RIUE A VE LI % L.
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MRYESL 28 PCR AN R (R 4.3, K 4.2), W RIBRACEHNHIK 7
CRE1 XX 8 ™E:RI ik (I AEA R . 6 > ABC #riath HERIAZ 2
CRE1 i, ABC2, 3, 4, 5, 7 18, H4R 2413 CREL i5FEKL. Hi ABC4
£ CRE1 R RIE RN, 5% CREL R m i A; i ABC10 [k
% CREL 15 F 5 5 K

PR 2 R (45 3, BATTERE T 10X 8 NMEF FRIASZ CREL 52 F K1
K ABCA A NFRATTHI FE AR A B4 1 1 CREL 4% ABC ¥4z B 1 R IEHLH 1)
W R . LT ABC4A cDNA J751, I EEx RIS 2011 54 s HE s
Hr R E ) 59014 8% A 4 g4 K B K 2009 4 R.Michelina 25 A\ 1 R BLHIIR GRA 2
ABC iz 1 Taabe2 Jwbd R [FYRPERN &, BB IRZEAKE H 1Y Taabe2 2

4.3.2 IR FE ABC #:iz 8 Taabc2 R 40T

R4 NCBI /3 o 2 i (VR S K B ABC #3152 1 Taabe2 (MR IERR TS, 16
RIRGAR T2 ERNAEAFIIREE R SRS, HFMmzEH cDNA BL ST
DNA 751, LA ZR 21 DNA P00, it 514 TaF #1 TaR, LLRZEARE
T23 43 [A2H DNA AR, PCR 4 H5i% Taabe2 M, &4 T #ifkf5, X148 L
WA T F . BN RSREFIILS, KIIRSARE T23 HikH Taabc2
K2 4276bp, SHMWANNE T, L 1413 N ER (Bl 4.3). FIHEZ
R A E) s NNPP (Neural Network Promoter Prediction) #2538 IRGEAR %
2 B Taabc2 HIgmid kKT A G, TN ZEER J5 31 A 7E fH iR R 2 S 1
i 204 ANBRFENT E

A, FRATIERE Taabe2 2L 7 5114258 2 NCBI Protein Blast 4T £ £ Tiiill,
Tl REKH (F 4.4,), H 44545 Multidrug resistence proten 1a 1 ABC
transporter AT-binding protein &5 /7 E4 = AR AME, HATREMI 45tz 5
ATP-binding protein. ATP-depent transporter Z:1)EEAH .
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CCCAGCTGTTAAAAATGGCGGACTTTCGCT! ATCAAGAAAAAGTCCTTC
\‘ - e
/ k Taabe2 ORF [ A

v 7/

+698 +757 +1656 +1713

— N - Taabc2 ORF
Intronl Intron2 4276 bp
61 bp 59 bp

& 4.3 IREARE ABC ¥iZHH Taabc2 ZEF 451
Fig 4.3 Gene structure of ABC transporter Taabc2 coding gene in T.atroviride.

1 50 S0 750 1000 1250 1412

Query seq.
AECG_POo in - 4]

specific hits
Non-specific RBC_tran
hits
cerhl
PRK13540
Superfanilies RBC_ATPase superfamily RE; superfam COR su RBC_ATPase superfamily ‘PBCZMM superfam
Hulti-domains Multidrug_resistance_protein

& 4.4 REAE Taabc2 B AR LT
Fig 4.4 Putative conserved protein domains of Taabc2 in T.atroviride.

MR Taabe2 J K HIIN Fe AT LEXS 455K, ] GENSCAN Tl Ho g i HE & CDS
TR IR A1, # Taabe2 2 A2 27 5114228 42 NCBI Protein BLAST, EbXf
FARST G5 AT 2 IS 70 B o EEXS S5 SRR W], IRERORFE 1) Taabc2 HH &4
AR5 A ABC R Rz A, HEARSHT 2 HER 2 4> ABC2 F5H4S
FJIRAN 2 > ATP S5 & 45 ik, HINRE T E S ZHBAWMIE . REAREFH
Taabc2 & H -5 RARE FIAR L Sk 99%, 5 HARARE R ABC #ig & H AH I
BI7E 90%LL .

CEAMY . LEXT RTINS B, Taabe2 & ATEIRGEARRE N Z FAE R A R
WIS AR, AHICHT FUR W HAEREGOR BRI 25 VENLEE . SRR IR A Y i
S REA IR RBAEN, S5 RERKETAEER.

4.3.3 Taabc2 3K G 3)F X CREL 142 X B fE#T

FRIE Taabce2 Zw b F R Ay 45 SR L &% NNPP X 55 3767 B, 34Tk
% 1 Taabc2 widFE K 5 3+ L7 1500bp P9 BIRSIE 51, T 1 B A 4l D1
CREL [R5 EE AL 555’ -SYGGRG-3"", RIAEHJH 3+ LI L4746 5 AN AT REM)
gEEA A, BT R BT Ei§-337, -538, -570, -1098, -1108bp i (K 4.
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5). b4k, CREL HEH 2 Cys2His2 #:fa i ALk AR+ —, C2H2 B4 ik
H DNA AL s AT USRS CA A AL 34T F,  F A Tadad k)

(http://compbio.cs.princeton.edu/zf/form.html) #2&42 Taabc2 Zwfith & K _Eif 5 46 X
FRA TN AT RER) C2H2 MR R B 45 AL i, KIWAE B R UG X AR AE 2 4T
RERIZE SR, BD-538 M-570 75, SHHEFIIR RS R —E. Hotrefmur
Fikf CREL &5 & AR L 4, RN AAAE AR AL N, CRELERE S
DNA [&5EF NA R, XK IR PSR [F] I Tl 21 1#-538 H1-570 f7 stk
A ReE G0 T

N T LR IR TN 5 AN S CREL B A A & A 00, Wit THRW

Taabc2 & 3+ 73 B bRl 2 i 5 2 K] GUS ik = AMAZN EMSA SL56, #HAT1R N
ARG R 7] o A AR B8 UE AL s R

ACTTTCGC TAT(’.-\.—\GAAAA AGTCC

CCCAGCTGTTAAAAATGGCGG

-204
1108 -1098 570 -538 337 +1 +4276
YyYv /4 v v v / L
7 / / 1

promoter
W CREI1 binding site predicted by 5°-SYGGRG-3"

W DNA Recognition site by C2H2 Zinc Finger Proteins Predicted
&l 4.5 IREARE Taabc2 53T Lif CREL &5&h S TR
Fig 4.5 Prediction of CRE1 binding sites in the 5’upstream on Taabc2 promoter.
(1) Taabc2 Zwbd 4 5 48 X 7 B B2 48 CREL A 284 & A
CRE1 A & &7 i) &4 1 EAK 5 Taabe2 73 BUS 8l TRl B-81 468 F R
A LR (GUS i 28D SRk ik R, i AE GUS b HE Al 4 A\ £ 5 AN ]
KE ) Taabe2 380 F, P& Taabc2 H & W& LT, HHE7CHEM GUS RILHE,
FIH ATMT SRR RISHE 2 NIRGER B B A MR AR R, R B A AR A R
A B B GUS RIS, i CREL £5407 s A A Bt. M4 CREL &
A BER 45 & AL S AE Taabe2 A BB I IX I A hL &
Rk, #R¥% CREL B2 H W REMI 45 &4 /A Taabe2 F: A i S 4G IX B o A fir
B, ZESIYBO RN, AT Taabe2 gw At R KR 461X 73 i 4 A EB
(Kl 4.6), delA: ANUEAEATAIRERISE S ALAL; delB: AL 5-337 fi7 £i; delC: £
#-337, -538 J¢-570 fixi; delD: & 5e%H) Taabc2 ) il 4R1X . H1T--538
M1-570 A7 55, -1098 A1-1108 £ s dEHFELT, X 5Bt Ay By B il 17—
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(R PRI e, DRI 23 PR Bk 2 AR S AR I B AL i BT R — Ay B AT 4 Y o 5
BARFT, I EMSA S8 SEIGHOR X 73 M s B RN

-204

-1108-1098 570538 337 [b .
1 F Yy Yy Y
Tp-aF Tp-R
319 415 del A
Tp_-IEF o
— del B
-453 .15
Tp-cF
> — ! i del C
Tp;dF -785 s
u - — Y < delD
-1166 =
+4276
~ T e "y
Tp-3F 3R
_’ ’,
3’'frame
e 45181

& 4.6 &M Taabc2 J5 46 X 7 Btk Sk 5| Wit
Fig 4.6 Primers design for Taabc2 promoter part-knock out experiment in vivo.
IR 51, DARGEOREE 2 BRI 2H DNA AR, PCR 4714 Fik 4 4

delA,B,C,D Ji B\ GUS it Jk K T T [ S HE S IR 2% K 55 Taabce2 Zith K] 2 111

(K 4.7, R gite Bk 6 B BT B, Bl 2 kg y)meE
over-lapping PCR &5 4s 777444 Eik Jv Br 3t A\ pC1300th #1 pC1300kh sk, {H
PRI AN R T R AT TR AR T T AR AR IR AR 2 v Be— ik

(PRIEEg%) sl &E (Hieff Clone™ Multi One Step Per Cloning Kit), @IS
FE 5 W P e v 20bp B & 751, — V0K 70 BR BR [X delX.GUS ORF 13’ frame —
M54 pC1300th B¢ pC1300kh 2z (K 4. 8), HAb KT, FIH E¥% PCR
WE B AR LR .
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ARG B FHIIFE T CREL ThEED R

'éb
%Z%‘b
bp M A B C D § &

5000 —
3000 —
2000 —
1500 —
1000 —
750 —
500 —

250 —
100 —

Bl 4.7 Taabc2 fiSEFFBEIEX . GUS RISHERNZL LT PCR §3
Jki&E M: DNA Marker 5000; ¥ki& A-D: Taabc2 ZrBUE#AIX delA-D; ki gusA:
B-Hil AT FEHF TR EEIE A qusA FFJBUR SEHE; VK8 3’ frame: Taabc2 4wfid kK& 1L

Fig 4.7 PCR amplication for initiator parts, terminator of Taabc2 coding gene and
gusA ORF.
Lane M: DNA Marker 5000; Lane A-D: delA-D of Taabc? initiator; Lane gusA: -
glucuronidase coding gene open reading frame; Lane 3’frame: terminator of Taabc2

coding gene.

1300th/1300kh | | GUS-ORF 3’frlame
1 I I
del A
-319 +15

del B

-453 +15
del C

-785 +15
delD

-1166 +15

Bl 4.8 Taabc2 +BUEBKX delA-D Bid GUS G ERRERAME
Fig 4.8 Expression vector construction of Taabc2 partial initiator delA-D fused with
GUS reporter gene.
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SEgG RN 8 NSRRI BUE R ALY, REF AR Bk 4 ST
PEveRE, AP Fr B e 51 A b Bow B 5 3L R T PCR Bk, i K E IR
W, BGOSR RIS Ik S| AL B R v BOR/NINE 4,10 fos, BHPED
FEBVE PCR B4 B (4.9, | 4.11, © 4.12, I 4.13, © 4.14, H 4.
15, K 4.16, K 4.17) PR

bp

5000 —
3000 —

2000 —
1500 —
1000 —
750 —
500 —

250 —
100 —

& 4.9 BFAE#k Taabc2 delD #E#: 1300th GUS RiE#E £ 1300th-DG3F PC Bl
¥kiE M: DNA Marker 5000; ¥ki& 1: gusA ORF, %) 1806bp; ¥ki¥ 2: Taabc2 4>
BURARIX del D, %) 1195bp; ¥ki& 3: Taabc2 2 1LF 3’frame, %) 965bp.

Fig 4.9 PCR vertification for plasmid 1300th-DG3F used in wide type transformation
Lane M: DNA Marker 5000; Lane 1: gusAORF, about 1806bp; Lane 2: Taabc?2 pratial
initiator delD, about 1195bp; Lane 3: Taabc2 terminater 3’ frame, about 965bp.

1300th/1300kh GUS-ORF 3’'frame 1300th/1300kh

] 1 1 L
T 1 1 I

i Thdel | : L i ' |

Thdel-F —— p— | : ' P I

Thdel-R 1 delGus e :

delGus-F —— — I| : : :

delGus-R 1 Gus3F 1 | i

Gus3F-F — — : 1.

Gus3F-R | app

3Fth-F 3Fth-R

B 4.10 FAMTEE PCR Wil 5| ¥t E 3

Fig 4.10 Design of primers in positive clones PCR amplication.
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1300kh-AG3F @ 1300kh-AG3F @

bp

2000

1000

750
500

250
100

B 4. 11 BB FRL delA B4 GUS RiEH /& pC1300kh-AG3F A {75 &
PCR ¥
Fig 4.11 PCR verifications for delA::GUS expression vector pC1300kh-AG3F used in
Acrel mutant transformation

1300kh-BG3F (U 1300kh-BG3F @)

Bl 4. 12 RBERREEALFURL delB RS GUS Fix#i44& pC1300kh-BG3F PH 45 &
PCR ¥
Fig 4.12 PCR verifications for delB::GUS expression vector pC1300kh-BG3F used in
Acrel mutant transformation
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1300kh-CG3F (O 1300kh-CG3F @)

1300kh-CG3F @ 1300kh-CG3F ®

B 4. 13 REBRREELLBURL delC Bl& GUS RiEH 4k pC1300kh-CG3F PH T k&
PCR ¥
Fig 4.13 PCR verifications for delC::GUS expression vector pC1300kh-CG3F used in

Acrel mutant transformation

1300kh-DG3F (U 1300kh-DG3F @)
&SR e e & L& T oo &o
bp M g &P 5 F M T RN

2000 —

1000 —
750
500
250
100

B 4. 14 R EREEAL TR delD BhE GUS RisH#& pC1300kh-DG3F PH 4 7o &
PCR ¥
Fig 4.14 PCR verifications for delD::GUS expression vector pC1300kh-DG3F used in

Acrel mutant transformation
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1300th-AG3F 2

bp
2000
1000 —
750
500 ——
250
100 —
1300th-AG3F 3 1300th-AG3F @
bp
2000
1000
750

500 —

A

100

&l 4.15 BFAEREEIL AL delA Bi-E GUS FRik#i & pC1300th-AG3F FH it 7 &
PCR ¥
Fig 4.15 PCR verifications for delA::GUS expression vector pC1300th-AG3F used in
wide type transformation

1300th-BG3F @ 1300th-BG3F 2
o e o 2
> o X N > & < > N
F L 655 5§§ E)@\‘b 03—; & M & @0 @g ”f;& S P

2000
1000

750
—500
250

100

1300th-BG3F ® 1300th-BG3F @

) & Q &
S > ] »
bp

2000
1000

—750
500
250

—100

B 4. 16 BFAEMREEILTRL delB B4 GUS Rk ik pC1300th-BG3F FH 15 &
PCR &%
Fig 4.16 PCR verifications for delB::GUS expression vector pC1300th-BG3F used in
wide type transformation
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1300th-CG3F 2

< >
N H
€ 2 M

1300th-CG3F 3 1300th-CG3F @
S -
N Ny X 2
> @" K C S P RO I N R
b M ¢ & K S @ L S & ¢

&l 4.17 BPAERREEALRRL delC Bi& GUS Fik#k pC1300th-CG3F FH 4 7o &
PCR ¥
Fig 4.17 PCR verifications for delC::GUS expression vector pC1300th-CG3F used in
wide type transformation

IRIE VKB, BREL T TA2. TA3. TB3. TB4. TC2. TC3. TD1. KA3.
KA4., KB3. KB4, KC2. KC3. KD1. KD2 {4 E#ky K#r7%, HFRHREGR
FUEASEIUTURE, K PRI B O AT B A T o P 45 SRR B ook v v B
P IER SR e R, Hx 5 S 100%[F1JE

AR I P 45 SRk e e o R B, AU R AT R A, e g
TEPTIA. H PCR L IER R ARAT R BH v, FRMARY KRR . IR IR Y
ATMT ¥:A46J715, ¥ GUS R R R R IAHE 73 0] 7 NBF AR AN A Mhacrel . #25
A R AL TURE AT 1 70 0l Fe A IR SR B B AE AR AN R AR R, FE3RAFIE 130 AL
T

WFFEX AL 73047 AR TR B A R AR, IR FAE KR, P i f
BE, AR KO 22 RN 4 NG T TA18,TB5, TC14,TDS #EAT #ff 43 B AT 4%
teraiftt. gditkfs, SEAERTATRAERK (E 4.18), 4 MEALFEA KR
FERBUN, BRI 25, TB S22 KIS, MFaeRmEyt, mTC
PR, BtEESE
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WT TA TB TC TD

TR S
Bl 4. 18 Taabc2 4B 1K HoAL T2 ot

Fig 4.18 The phenotypic comparement on delA-D transformants.

R AL TG, 4% TA-TD, KA-KD 3t 8 AN tb 1 K B AL pfof 9847
PREEAT KB RE 9%, #E4T GUS TE PRI . DAET ARyt I, LA R #2 4k 1 1|) GUS
PR ZE 52

B Akt GUS S B S B B B B T RAR A B A B~ 7] B Bradford
Protein Assay Kit 4T T HEEH €& . M 7 EHE U B, 2hfbrEdh
W 4,19 P, B THRERNEERINE 4.4 . 8 DAL T LB ARk
MFRA R AR DU B AT, R R AT,

08 4 Equation y=a+

] Adj. R-3q 0.9219 -
0.7 4 Value Standard
i AS505  Interce| 0 005075
0.6 4 A505  Slope 0038 000452
05—
o
204
< ]
| |
0.3
024
1 u
04+
0.0 T T T T T T T T
g 5 10 15 20

Protein content/ug

& 4.19 BSA A rHER 2R
Fig 4.19 BSA protein standard curve
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R 4.4 BEREREREFBREATEEESENE

Table 4.4 Protein content assay of different transformants in wide type and Acrel

mutant.

[ =y A595 PRk 2 EAMENG  EAKE/mg mit
WT 0.58 15.04 1.00
TA 0.56 14.40 0.96
TB 0.75 19.47 1.30
TC 0.66 17.09 1.14
TD 0.77 19.97 1.33

y=A595/0.0387
Acrel 0.60 15.58 1.04
KA 0.56 14.52 0.97
KB 0.58 15.09 1.01
KC 0.65 16.87 1.12
KD 0.64 16.49 1.10
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R 4.5 BT GUS FEHERI
Table 4.5 GUS activity assay of transfprmants

B4 )Tj";?g_f CREL GUS#% HAKE MEAS P63 (average)” RSO GUS ik
Fr Dggi HH AR /mg ml™ i g Omin  15min  30min  45min 60min oA K ’
WT / + - 1.00 20.05 21.30 35.13 53.13 66.13 78.13 1.45 0.00
TA delA + + 0.96 19.20 17.13 31.13 59.13 69.47 87.13 1.57 154
B delB + + 1.30 25.97 22.13 57.13 12880 157.13 209.13 3.61 82.13
TC delC + + 1.14 22.78 2193 66.47 14780 197.47 254.80 4.39 124.90
TD delD + + 1.33 26.63 25.47 8247 170.13 231.13 333.47 4,98 129.08
Acrel / - - 1.04 20.78 20.32 28.75 47.55 75.56 87.11 1.55 0.00
KA delA - + 0.97 19.36 17.86 41.13 65.13 76.47 88.53 1.68 6.42
KB delB - + 1.01 20.12 2090 48.96 106.77 140.57 193.33 3.24 83.78
KC delC - + 1.12 22.50 23.53 85.37 156.80 247.47 344.80 5.60 179.93
KD delD - + 1.10 21.98 21.37 9243 17083 251.75 353.97 5.79 192.72

a: ARYE GUS iH LI E T3 i, BN Ta) s BURE A S MR 58 20pd B3R EHR IO, RIS R B & BN R EIR S 20pd (O3RAR: b:
AR 3 ANEE, RS IE OGRSy 3 A R RV BB A TR BB, BRI s oo AL TR) Y R 9O 5
ARAL AN 18] G B AR IR TRIVE I, DARRER DN 0, RMESG BTG Rk k BN BRI [R) 5 Yo LA AUARL ;s d: GUS & 1, RIVELAL
Jo PR AR BRI TR OB BREE AR AL, R k 5 E A S ERIRE*1000, Ho i T AR RAL R A AAEE GUS SnhdtE, FHoOGomAEE
A O A B 51k, B TR, CREFAL 5 KRS B AR PR ERRAR PRI k BIDYH GUS H A 51 IOt s AR AL .
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MEH B B FEAL T GUS MIESE AT LA H, B AR 2 48k
TE46 7 B delA , delB A 3h T/ GUS &A1, delA T F BAX L4 200bp
FEABREBT, ShZEHEFERGBHE T, FE GUS K TR, M GUS iGHEIR
fik; 1f0 delB %% delA S HEKMEST, GUS EMEE S, KB 5 TB HE M &
FHIE , KB W 15, 16 3% B T30 (1) R 57 45 6 67 A 337 A7 s % FL 3R IA B2 M AR KT/ o
GUS JEPER P HBLLE delC H B, TC. KC G E R T TB. KB, &
delC Jv Bl &% Taabe2 Ji [R5k (1) B EEAL i, IR Eeh gk, FE delB %%
T ARAE R AR R 2 RARH AT — MUK R IE 7K 111 delD AT delC ()
AR, U delC CD&EE T K4 Taabe2 K42+ . £ delC
Al delD H KC, KD &K E T TC, TD, XAMGUESL 1 iR Qi
#ilKl ¥ CREL X Taabc2 FIARIHIHI/EM, L Taabe2 33T EAE, EEH
il Taabc2 gmht LA () 5% . T CREL [5G A7 s MIAFAE T B a6 A7 i e ee
-454 /M Ak 22 5 -785 AN 8], B AT RE AL TRAT T 2111 -538 7 U EE-570 fir
M BRI RN S5 G

-204
-1108-1098 -570-538
LA J Yy

-337 +1
/ &L __Gusore 4 GUSIE
0 50

100 150 200

-319 +15 delA
-337

Y delB OWT mAcrel
.453 +15 F
-570-538 -337
y

v v

MCF—-—-—-—-—-ﬁ-—-—
-785 570 B +15
57'0 '538 337 delD

-1108-1098
vy

-1166 +15

& 4.20 AR BEBIT GUS EEL 1T
Fig 4.20 GUS activity analysis of different parts of promoter
FR 4% GUS Ml 5E 45 51, M5 € 1 Taabe2 _E3i% i 46 X FR g AR 0 1 I8 -7 CRE1
SiE X B, AL TR LA AL s _FF-454bp %2-785bp X B, TIUNf#)-538 fif
RN-570 A7 553540 AT BEAE GBI 255 0L R

4.3.4 CRE1 42 Taabc?2 [ W 2% Tl

T R Taabe2 43 B 8 FRlA GUS R 5 J25 R 3R IB B4 70 il 5% A0 B £E kR0
R, ARYEAFE BT GUS TEEM LU & T CREL M4 & X B 475
qRT-PCR 1 GUS MlZE 45K, 456 &A1 CHkIiiE, # CREL i14% Taabc2 4 it K]
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GETES/ SHANGHAIJIAO TONG UNIVERSITY RERBHRAHEIFIEF CREL IhEgm i
FIEPI T REIBAF LGS0 - PRI AR K15 5 (R 736 oo 200 P B 5 T ) 52 A7 51 e 4 o A
N —RIME S1EF B, F2ma i R+ CREL ¥k 53K3&; 1 CREL &
HRIEfE Rl R Bz J A5 — RV AW 5 izt H Taabce2 b2k
B B R ah X g5, nlREE I SR TR 45 A A m SR B RNA RE 1S
E iRk Taabe2 FEFE, FIHH: mRNA JKF, Ji/b Taabc2 2 F HIEHIF.

Y g Taabc2 H5 F B9 B2 AR 55 T IR ARE I W A is, e HL AR
Bk, ATREAIH] 7 AREE B AR BT RUR

) Nitrogen o

Cytomembrane ® Signal
LT LT L LT LA TEELEL TR LT TEELA L AR ELT LR LT
Sensors

TP ADP+Pi
F |_) Peptaibols
crel - Antibiotics
MAPK? !—V l or Drugs (AVAVAVAVAVAVAR (LT7.)
IAVANAVAVAVAV]
V AW

@i\liynh e e—

ABC transporter
VA0 gL gm0 gL

ABC transporter

B 4.21 BACEHIEF CREL X E H Taabc2 Rk

Fig 4.21 The regulation mechanism of CRE1 on Taabc2 transcription.
4.4 15N

AERNIET T CREL M AREH ABC #4154 [ Taabc2 A HLH] . B

Titill Taabe2 gmbd LA 5 3 X CREL HIPR 45 A 2575’ -SYGGRG-3"", FR#E
TRAT S AR IR B0 i 4 DX B, Rl GUS #dy SR i i — AN S8 2 1
GUS 5 R4t T NIRGER B B P A MR AN RAS AR Y, H GUS TE AR L RAE
Taabc2 73 BB &1 H3EPE, MI#AE CREL & H BAR IR X B . &5 — R34
AR R ANEAL FIREL, A% CREL BS54 07 ST B/ T Taabe2 BHiEAL G
7 s b 37-454bp %2-785bp 2 (8] ZIX B & 2 ASAH AT TIIAL £

T BA U A 85 B e B 1 IR AR R, B R VA A DG SRR
B, AWFFIERER 8 A ABC iz GERBRVEIM ), 252500 2512,
BT[] A B R SIS A EE BT, ER R B SR IR B AR b R 4
YEFH . R¥E qRT-PCR MllE 45, BT XF ABCL 5 ABC6 f717E/ M Fi%k S,
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X H AL 6 > ABC Foiz EE RIS M. CREL X AREFHIZEH
IR AR 2 300, TFANE — BUR 5 3 B, IO AR T & N AN R 1A 5L
AR A58 75 SRl A ROR A He iz 5 A A BRI P N s i E R
HE R

UEAt, At reiE i A N GUS EE RS INKs Taabe2 53170 B 4 4> B, 2>
P EE, W€ CREL SEEME M X B, HS2i8s RAHIE | CREL EEHISE &
XEBG @B BERGIERIER] CREL 52X B4 &, PR RIS &0 5
BE, JE SR Ry BUIE— P A, BT S A BRI R K L ST 98 B
SEHMBN L GO, oy TSR,
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REARBHRAGIEIE T CREL ThEEDHR

FHE Zb5RE
5.1 &518

RGN E LA G, HA RSB Y% )5 R AR & AR

7 B 7 SRR SR )2 o T B A R AL A 78 BRR N, B T HAE Tl
72 TR TR A P Yo 20T B oA AR A5 P e SR P 4 D, L AE AR B SR K F 78 TR B A5 T JE
KA TN H G AR TR A0 H B R SRR B2 A B Pt B AR = 4 1) R s TR 4%
LK 22 34 25 1 ABC #ig & A A MLEI 7 TH, A2 HIgiea T

(Dl ATMT HAHER BRI & T IR AR EE ARSI 4] 5T CREL X
BRIARKR, KIN crel B HIRGARBFBRAEKM=MAE X, crel HHmRE, %K
AR BT AR 2 AR K AR, Pl B S . H CREL X AR KRN (1) i 45 5 1E
I B BRI 1) S A %

(2)  FRAREHHF T CREL /E NBEF A/ R R T, XARERE
I it B P BT IR AR P P A RS NRPSs,PKSs 5 /7 7E i #2F FH - CREL
MU T LT TG 81 SR T s 0 i IR ) 2t S AT BRI 17 B /K P, [ B 3 1 ]
TYEREE TR RO, (22, CREL X NRPS & i F Al
PKS i DAl % A~ B 205 R 1 e s P AR AE AN [R) R TR 425X, o) 38 40 BE DR AR AE e o)
B, WAEEEF TR, WATEEFEASZ CREL WAy, Wk,
RHA AW A B FEAFLE B 2% B R A2 52 M o i A0 1) 25 DR DG VR SR B3 A= 1 2
ST IIRIEF G AFAE— A B A M 2%

(3) AFEWEZFEMISREF S RERPEYR, M 502X
YR g2y, A2 T HOR R I 4E M B i B B R G, 2 2 0 2 ABC
BB AR SEAREIE] R T CREL X488 (4 Taabc2 (IRIEFAH
FAHIEH, CREL it 5 Taabe2 Zmtit A 5 21454 T T Taabc2 [FRIAK
S, RN B AU ) 2 1 A 25 T I 24 2 55 T AR R

TR EFAEE (1B AU 1) A1 308 o 428 A 5 TR 1) A A AU, 52 i 4 o B o e

B PUEEIE. RELEY. W2 ie RSN REFHERE S &/, R
SRR B 1) A 5 388 o A7 AE ST 2T B P R ML, ASHIE AL R AT S 5 A B B
1A B 1 A 5 AR SR IR AR B P B AN 4, SR AR B AR R AR
o
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5.2 AxHeSEIHR

ARG ERR Bz AR, B g HA A BUAEE A 2 R
YRR ST, B bR E & I0502 MRS B AE R EMR A BEE, BRATZ
TSR R o ARSI JUAE AR R FS DU B B2 IR B 97k R %% B oadt ML i F
KRB R A FAL R D7 T 7 R & AR o QTR SR Bl e A U0 1)
CRELVAHAE B AH AR )& RS R 3R 08 LA R FNABCHG 32 R4 TLAE I 73 T LIy
e ARG RIE, SETF e ] A JE R, AR E T

(1) WA M K1 CREL 4 R M 1 25 A 25 1 A= b 4 vk

(2)  HHiICRELIAxE Taabc2d K IA B CHR 1A 4E X 38, CRELMZ &AL sin]
REf T Taabc2 FHEFACAALL 5 1 -454bpZ-785bp 2 H] .

(3) 2 7 CRELURZ4H MU BE P g, I AR 4 & Bl LA S ABCHe iz 5 1 AH
FIATEMLE, At — 0 i B CREL 4 J&) M R 4% A 27 1 AR B A i B s 2l

5.3 IR RE

KT EIRGEARFZHT23 ARSI TcrelZ 5ABCHiz e H
Taabc2 & K12 77, R crelifiit 5 Taabe2 /5 3l 47 € X 5 i ABCH; iz
HAMLIERE, FHRCRELE AR RIS AL S KA FHIRHE, HRAKER
Hicrel MIABCH: iz 8t H HARI 70 FHLA, JYCRELA J 1t 112 I 28 1) 2 38 BT 1)
WA B, BRACUHNSH 7 CRELE A I 4% 41 BE Bl . IR A= 4
A B LI 18 B S A 22 A M Dh e, JCHAE AR B IR AR =4 & e S
&7 A FARE D, AR R\ T T oK — £, T CRELAAT 4%
NRPSs. PKSs FAFEIFIZE 80, LU CRELMTaabc2 B 4245 & UEHE, LAK
CRELZS & KWL UK T BB TR EEA KM — 507, 5835 ACRELAAZ O AR 55 1 A= B
DR 71 1 i
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Name type gene ID Annotations

Hypothetical half-sized ABC transporter, predicted half-sized PDR topology of transmembrane
domains and nucleotide binding folds: NBF-TMD®. Similar to the ABC transporter AbcG1 of
Dictyostelium discoideum (29% aa identity). Half-sized ABC transporters are assumed to
function after dimerization.

jgi.Triat2.230310.estExt_G
ABC1 Pdrl enewiselPlus.C_contig_28
0396

Candidate pleiotropic drug resistance protein, ABC superfamily,predicted PDR-type topology of
transmembrane domains and nucleotide-binding folds, PDR/CDR subgroup, similar to the
multidrug transporter abcl of Gibberella pulicaris (73% aa identity), that is necessary for

tolerance to phytoalexins and virulence on potato tubers, and to ABC1 of Magnaporthe grisea
(68% aa identity) which is inducible by toxic drugs and a rice phytoalexin

jgi.Triat2.246378.estExt_G

ABC2 Pdr2
enewisel.C_contig_ 260455

Hypothetical multidrug resistance-related protein, ABC superfamily predicted MRP-type
topology of transmembrane domains and nucleotide-binding folds: TMDn(TMD6-NBF)2;
similar to the ABC transporter AtrA of Alternaria brassicicola (35% aa identity) and the FUM19
fumonisin exporter proteins of Gibberella moniliformis and Fusarium oxysporum (31% aa
identity

jgi.Triat2.29756.Triatl.e g

ABC3 Mrpl
wl.
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ABC4

Taabc2

jgi.Triat2.53468.Triatl.e_g
wl.

pleiotropic drug resistance protein TABC2 domains and nucleotide-binding folds:
(NBF-TMD®6)2, PDR/CDR subgroup, highly expressed under predicted PDR-type topology of
transmembranes of Botrytis cinerea, Rhizoctonia solani and Pythium ultimum, appears to be
coregulated with some nitrogen starvation and in the presence of culture filtrate
CWDE-encoding genes, ABC superfamily

ABC5

Mrp3

Jgi.Triat2.294283.estExt_fg
eneshl _pm.C_contig_2605
87

Hypothetical multidrug resistance-like protein, ABC superfamily predicted MRP-type topology
of transmembrane domains and nucleotide-binding folds, similar to the MRP-type ABC
transporter Atrl of Alternaria brassicicola (38% aa identity) which shows increased expression
during host-plant infection.

ABC6

Pdr4

jgi.Triat2.314045.estExt_G
enemark.C_contig_120067

hypothetical pleiotropic drug resistance protein, ABC superfamily predicted PDR-type topology
of transmembrane domains and nucleotide-binding folds: (NBF-TMD6)2, PDR/CDR subgroup,
similar to the ABC transporter atrF of A. fumigatus (43% aa identity) which shows increased
expression in the presence of itraconazole, to BcatrB from Botrytis cinerea (42% aa identity),that
influences the activity of phenylpyrrole fungicides against the pathogen, and to MfABC1 of
Monilinia fructicola (43% aa identity) that is supposed to be a DMI fungicide resistance
determinant

ABC7

Mrp4

jOi.Triat2.211243.estExt G
enewiselPlus.C_contig_13
0463

Hypothetical multidrug resistance-associated protein, ABC superfamily Predicted topology of
transmembrane domains and nucleotide binding folds: (TMD6-NBF)2. Contains ABCC_MRP
domains. Similar to ABC1 of Phanaerochate chrysosporium (CAD98883, 31% aa identity) and

to oligomycin-resistance protein YORL1 of S. cerevisiae (33% aa identity).

ABC8

Mdr2

jgi.Triat2.206230.e_gw1.27
18

Hypothetical multidrug resistance-type transporter protein, ABC superfamily.Predicted
MDR-type topology of transmembrane domains and nucleotide-binding folds (TMD6-NBF)2.
Similar to the ABC-transporter atrD of Emericella nidulans (39% aa identity) which is involved
in protection against cytotoxic compounds. Repetitive element (GAA)in the 8th intron
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PR ATNT 32 ROR AR R AR B EE m R
IR A
Optimal Agrobacterium Tumefaciens—Mediated Transformation

Technology Applied In Gene Knockout For 7richoderma atroviride

BTHR WHE RI #9AE KE FEL

ZHOU Yu-Cong  XIE Qiu-Jin SONG Kai  YANG Zhao-Fui ChenlJie LI Ya-Qian"
ChgZEm RS R SEYES, RVEMITFE T E s B KT 2002400
School of Agriculture and Biology, Shanghai Jiao Tong University, Minhang, Shanghai 200240, China

WE: RERAFBETEATEZEFMMENLRARZ —. & 0E 6K R BERZ RN
RAREA DR L EF B TR T HRGRATA N F 0 RAFELEA (ATMT), R 3E
RERE 123 P RMWHF AT crel ARFRR L. ALERREARAELERAF T,
Lot H 38 crel A RAMEFF], vAKEE 69 p1300gh F42 8 B M IE crel UR B AR
pC1300gh: cref-up: :hyg: : cref—down, LB RATH AGL-1. i@ iF AL ATMT %%“{’7}’\4&%
DAETAT R, R RIERT XAk Kk -F et Jﬁl%f”"%’t A ﬁﬁ%%xﬁ REHY
T IRE N 8X10°, FRkIEARAAN IMERA, HFRITEEK, R LR T é’y%
HF 104 mE, 25721 ANERTH crel UREHT, 9 /N0 T-DNA LGN sLAF 5
FoRIN 7li %ﬁfkl% R FLIRAE T ST A 09 3 SR B R A AL T ik

KB REARE T23; RAFEAF 693 12 454077 & ATMT; 4% X i#t 47 4) B -F CRE1; 7 it % = ;
T

Abstract: Trichoderma.spp was one of most economic filament fungi in various environments.
And the efficient gene knock out technologies are key ways to do intensive researches of gene
functions in Trichoderma.spp. We aim to optimize the Agrobacterium tumefaciens-mediated
transformation (ATMT), and successfully construct the crel gene knock out strain of Trichoderma
atroviride. Firstly, the strain of T.atroviride 23 is adopted as original strain, analysis of genome
sequence and confirmation DNA sequence of crel and its flanking sequence by combination of
bioinformatics and molecular genetics operation strategy. Secondly, the flanking sequences of the
upstream and downstream for crel are cloned and purified and then litigated into the plasmid
p1300gh in sequence. Then, the knock-out vector p1300ghsilent-crel is transform into
Agrobacterium tumefaciens AGL-1. The spore concentration, culture mode and inducing period
were optimizing. The optimal condition of ATMT is as follows: concentration of conidia attains
8*10°, IM medium the screening medium and increase of the period of induction. As a result, we

Y eumin. ERERREES (31201557), il EHARIYIES (12ZR1414100), Rk LR g 0T SR T &
(20120073120070), _hifgAgidKaE “ FHErmi B 54 ¥ 8 (2014-2-03)
B TE, KA, ARTE: HAEHRHS TR, E-mail: yczhou2011@126.com
BitEE: FAESL, HHIF. ARG G MAEMRM ST AEf A S 4. E-mail: lauren@sjtu.edu.cn
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got 8 tranformants, which was much more than that by traditional methods. After verification,
there were one crel gene knock out strain that we needed and seven tranformants of TDNA
random insertion. This research achievement contributes an efficient, reliable and convenient
method of ATMT for gene functional analysis in Trichoderma atroviride.
Key words: Trichoderma atroviride 23, Agrobacterium tumefaciens-mediated transformation,
carbon catabolite repressor CRE1, Identification, Optimization
1 518
K% B (Trichoderma.spp) /& T 3 AR br A &S B3I =F 2 B H R, Be8 70
W2 PN S R B AR, RS PURER IR B, (R R A, B BT
bR, DL ROR AR I b P B B R AT LR SRR B N AR AR
MV A B3 TR R B 52 T o ik TR i SR B AR 2 TR AR R i T A 97 T g A R R A L
WA —, H AT B AR 55 T8 B Ry 1) 2 DTl R B AR R0 45 [ A2 B4 L PEG/CaClp
B E AL TV . MRS R LA RE )=, LA BRI A R ARG, i
1% TAEE K AR R = SR B G A 71, RREIR SR B AL B L R
g8 A% AT T8 A 5 ) 38 4% # 4k, (Agrobacterium tumefaciens-mediated transformation,
ATMT) R 78 AT F (0 7792, 1995 4, Bundock 251 M Ih#kAT 1 e
BATEA G IR AL 56 40P); 1008 4, De Groot 25 KA ATMT 34 6
Tl 224K 20T (45 B IR %5 Trichoderma reesei) AT 1454k, 3345 7 ah®. it
5, ATMT RIHERERIME, AR E . BERRE . B EEBMKEE DL L) K Reig i1k
KBt DNA LR, Tz N T 22 R BB (R s AL et b
ATMT AR Z Z AR R, AR pH IR, i SHIKRIESE
SO BEFURIN, BRI pH AEA R T 2R B W 4G, 24 pH v 5.3 IF A
B TR KRR G AL W, pH T 6.5 25 JL TR EEMEHNT I, XThtsS
= pH AR T EME A kA <0, Michielse AT 97 55100 5 0] 4 FT B 16 4k 5%
Gsoin, gE R JLFEAGRETE 20-37° CIXANURE NI,  5OdE A R AL
IR 22-25°CE, ZBET E&E (AS) iF SRR ERIE, FILEELE RN
LR ANE SR A S T, SR> AS S SRR T IR A,
% P AE B R AS T4 51 E Ak AR T BRI, Leclerque 25 MIBF 7T K B AS 1
WIZ K E] 200uM B, ATUUEINFEALFROSE , A BIR m AR M, gt
IS TRIAR AN [R] 220K T 1R 4 B 25 ) o 7 fl i) 1] A S B N Bl B o b Ah, g AT
PRSI L SZAR B R SS A 48 A VR DR R0 e A R AT T 2
AW B LN ATMT Fe Al S R 7 HEAT 04, DR IR SR B TR A
I T crel ZEIRIRBRIR, it — B 70 3 DR A AR 7 e M B Al
2 MR5RE
21w
2.1.1 #ik et B R E IRSEAREHE (T, atroviride) T23, K##T & DH5o Fkk, &AT
AGL-1 BRIy b 28 18R AR5 B A B s R PO AR A o RS A4 B E
p1300gh HIHTL K22 A e AL I BOR BT A S B BB . SIe T 51356 it
ETAEMARAE GRS S5 KBV R an3R 1 Fos .
2.1.2 # % #A K54 PDA B F#EA PDB Ki %3t CRIMEEIER) 43 T A%
T [ A5 TR AR A K % LB 5598 B H T KIBAT R AR AT R 55 7% IM 55575 T
ATMT S48 95 R kA, sead i R (R ES 25 FIAE P Skl g .
W R EPUAE RV OATCH A 50 mg/mL B, 0.22 pm ESS I IEREE, D
E¥E-20 CHRATEH
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213 BT A EE. Al LAl a HYFEK 4] DNA JEHGAFIE . DNA 4tk [FIfil 7]
& BRI E I T R R A RHECE R A A BRE N VI & T4 &8
i T Fermentas 2 ) ; — % PCR F Premix Taq T K% % 4 ¥ (TaKaRa, Japan).
ATFHHR. FIEER. WEER B AKBEYIAEZR L MES. LBET 2l 5517
BT BT AR A EARE R A A .
2.2 REARBERELRZEELE DNA H2EL

RS B IR H HI 2L 41 DNA #2553,
2.3 REAREHRAFHNHIEF crel EEMEFFIH 15

PL4=FE K40 DNA AAEH, F 519 perel-F, perel-R #1547 derel-F, derel-R
1Ay 1E crel JER_E R IFMIE T, PCR MR R: PCR N 25uL, 5K
RIZHFEH 1pL, premix Taq 12.5uL, b RSP 1ul, s&/a0KE ddH0 #hE
% 25uL. PCR ¥ 18 FE/7: 94°C 1At 5min; 94°CAS 4 30s, 56°CiB -k 30s, 72°C
JEAH 1min, 3L 35 AMEIR; 5 72°C AL 10min; 4CH#fE. PCR =4I 1%
TG EEIR FL UK A I o K PCR P4k [nl e 240 3R 15 crel JEPR B Ui 3 /5 %71
crel-up F1 crel-down.

y

1S ATH EES| Y
Table 1 Primers used in this research.

Primer name Sequence(5°-3”) Restriction enzyme site
pcrel-F1 GCCCAAGCTTTCCCACTGAGCGAAGACAA Hind 111
perel-R1 ATAACTGCAGTGAGCGGCGGTCAACGAAG Pst |
derel-F2 ATCGGGTACCACGACGGTGCCTCGAATG Kpn |
derel-R2 ATCGGAATTCGTGGTGCGGCGATGAAGT EcoR |
tDNA-F CCTCTTCGCTATTACGCC /

Hph-R ACATCGCCTCGCTCCAGT /
Acrel-F CAACAAAGAATGAGCCCTGAG /
Acrel-R TGCCAAGTGCCGATAAACA /

2.4 FRREIAESE

4 crel FEKINE /%1 crel-up A crel-down AN A B 43 5l i D) A0 e 381 35 4]
i bR FURL p1300gh (13155 Z bt PN 1) 22 SR AL i, FAEE crel JE DRI R R AR bk
W cred JEIA_E i 00 3 41 A #8445k p1300gh 43 ) Hind AT Pstl BR 8114 P 1)
Mg L) s Fr EX crel-up, 4k, T4 &EREGERREYI Y, W&
p1300gh::crel-up::hyg B 20 5 B, #AL 2 KIHHT B DH5a, 7% PCR Ik 5 4
R R R B ORLIGAIE o FH RIRER) 7224 crel-down Fr BEH BRI N UIEE Kpn | A1
EcoR | BV, 4ifb)5% T4 MR %A BC 3N & L i BEaR ) i 2 se &AL
B, TR crel FEEIREFRHE p1300gh::crel-up::hyg::crel-down.

25 IRERITFENTSHHEL (ATMT)

ATMT #AL T X S T ATMT Bk i 20 oy MR 4 s /e B ROK 55
rh BEAT A% O A VR, KT ATMT etk i F8 v (375 S A i e i RS 4 25 sh
Wik 71 PDA 5537 B ¥ oA 2 200pg/L 1% 2 A1 300 png/mL kA 2K IM B 5%
B MEEREERE IR LRI 45 R)G, JFHAHE T Re R4 L T 2 IE B4 PDA £5
FRFE (% 300 pg/mL KI5 200 pg/mL FIEIEE ), WAEEES 300 pg/mL 3k
#IH) PDA PRk bA% 340G, S0 s A — ARG & E R P AR
2.6 PAHMFELFRIFEMEE
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BT SHANGHALJIAO TONG UNIVERSITY FERBHASIMEIET CREL ThAEHHH
WAFIXT 510, 2506k T-DNA (tDNA-F/Hph-R) Al [&)35 5 240 A 34 1
(Acrel-F/Acrel-F), & 2 fiion. 7£ T-DNA ) FiEZ solshr s, B 5° [EJ5EE )
A LIS ) IDNA-F,  TEPUIE 57 1% b 10 ) 27 21 25k DR 4w A AEE /3 271 Hh s i
NS4 Hph-R, PCR 4 HG-65 & b i [R5 R oW B = 2L R i B, i el
VKEE B A, WRBZHEAL TS T-DNA FENEA RS L. 5 —XF 5121
BT PLXAZ # J5 Y DNA 731 AR, 75 crel JER] 5° [AYRE (1) B0 it iz 5]
Y Acrel-F, TEWIEE R YmASHE T FIH & FiiF514) Acrel-R, PCR ¥ 3660 & bt
[ R 23 B R DU SR R A 3y B, B 51 W) — Mk fie S 241K 2H DNA 254,
HRERET PRI, Nl YA Gess & 210 B R migiEF 51, 4 Reh 1618
FIHKFEIER R DNA F B, R PCR P24t 47 B e i fis v vk J5 K 2 IR 1 4%
MR IZ A 7 R AE T RIVEEA, 2 LIRWIA PCR = e b di i v vk 15 2
AN K TR 25 s TR B2 7 A 70 R 2B TR 5 B 40 0 TR B I A7/ B8 DL EE 22

Z ¥ L[] T-DNA i A [R50 .

Ptroc Ttrpc
L crel-down T-DNA
tDNA-F
T-border(L)
T-border(R)
— fd” creloup /= Genome

~ Ty Y Tgoi YR eI > = Genome

Acrel-F Acrel-R

Bl L ATMT %40 ) 2 R ik 51 W vt
Fig. 1 Mechanism of ATMT and primers design for screening.

3 HREITE
3.1 I3 crel EFEmREAE

RIUR LR AR T H DNA, R4 http://genome.jgi-psf.org/Triat2/Triat2.home.html
IRGERBERFERATH, ARIFRGE AR crel JEP L HME TS|, wit514)
crel-F Al crel-R, PCR # 3 crel JL[ ENIFMEF4, 4 388 B BoA Tl
B FE 258 711bp 1 843bp, W 2A . AR R Rk b 2 ik (F 3),
KA B By 42 31 pC1300gh FRL BRI 2 selEfr s, %k, BRI
B, PCR (& 2b) FIXNEFTISUE (K 2¢), S5RIIEMICRE. MIhH crel R
e 3 51 3 F pC1300gh #idk, T Ak 244 pC1300qghsilent-crel.
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2B 2C

M 1 2 3

bp bp bp
2000 2000 2000 <— 3209bp
843b

1000 <—843bp 1000 < sasbp 730 < 7oy
750 <=7116p 730 < 711bp 500 "
500 500 p 3

250 250 250

100 58 100

P 2 S0 e Rk
Fig.2 Electrophoretograms related in this research.
M:Matker2000; 1:crel-up; 2:crel-down ; 3: crel-up::hyg::crel-down ; 2A: Amplification of crel flanking sequences; 2B: Verification of
positive clone for plasmid p1300ghslient-crel after Escherichia coli transformation. 2C: Verification of plasmid p1300ghsilent-crel by

double digestion (1: Hind 111 and Pst I; 2: Kpn I and EcoR I; 3: Hind 11l and EcoR 1).

Hind Il Pstl Kpnl

I 1224 bp PI 843 bp EcoR|

crel ORF >| 3’ flanking >‘ﬂ’/—
v

— —
crel-up-R crel-down-F crel-down-R

Hyg-cassette >

1655 bp

711 bp
5’ flanking

crel chromosomal
locus

—_—

T-DNA crel-up-F
T-border(R)

5’ flanking 3’ flanking T-border(L)

——
R® 1 pNA %

pC1300gh

%
& 3 Rl % 1A p1300ghsilent-crel #)ER & K
Fig.3 The construction of knock out vector pC1300ghsilent-crel.

RB: right border of TDNA; crel-up: 5’flanking frame of crel;Hyg cassette: hygromycin expression cassette in fungi, crel-down: 3’
flanking frame of crel, LB: left border of TDNA
3.2 ATMT #{LiZI2MIL

52 I [ M ATMT B RCR R 7, A0 AN R S AR A ks i, %
S RFFER K E R, e ARERH S, BRARE. RS TR,
5 R IN [ A BOHE, TR SRR B T8, AT BRI S L N R, Bl
72 T-DNA TEIRGEA BN -p 77 e 2 2R 4L 2 b0, 51k 2 k%
Rl AR A A5 N 18], A T RESRAT AL T IRERAREEAE IM R FR3E
BT EFRIARE, PR T H A ] ATMT #4L.

N T TR BRI R SR AL RCR ], ATE R T ATMT $240i
SRR (& 4). fERTIIA SAESRT, £ IM Hi9R3E (i 40M MES & 200uM
AS) TRNBIEAR, FHAEBIEAR L5 ST U AT AT B AR 55 B R R A AR AR R
B, T 25 CREFRAILTE IR 36h Ay, AR 1t T 2L A T SRR AR T T R 7 A
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T REREHRAHINGIE T CREL ThEESHT
I ST BRI AR 72 IR R 5 I 0 . ARSI BRI 7R AR H CYA B R al
PDA st RAR, AEFFH, HIEFRE R A EFSIEH, Mk
PSR 36h, STRGAFEMS, HINEEAL, Kol ATMT BUHET
E%, SR LT B AT A ARG Tk 20 ASFRRCE TR R 1-2
AL, KBRS T4, B 7 K2 8 T-DNAFEA, [
TEXUAE H A T LR ARA
BAVEAL SR MRS R FLARA Y IM B5 9838, I 0 A REHR (14 57 358 B 1Bt
%i HFASGPERFNAEN, 7% SAE, PrAdRE AR % 7T IR,
FSFARBEET TS, B TrKERE (K5, — AP K 0.8-1
/l\, KRIRTF T A2 . UGS ) ATMT #4675, — R 2 10 M FRR,
0] ATR IR 2] 8-10 NELALT-, T HLIFRXCAZ #e 1 36tb 7R B J LSS m (3R 2).

Cellophane 200uM hygromycin

200pM AS _f
‘/ Co cultivation | screenlng
\ / N —-/ :

— T36h 4 “57d \---__ _,:
Inducing mediu 200uM AS ' CYA medium
1 1 N R L

i | 200puM hygromycin '. fos! ‘/Ameliorate
A. tumefaciens Inducing medium

Ameliorate

Kl 4 ATMT Hefb ik R L
Fig. 4 Advancement of ATMT processing

K5 B E ATMT FeAl e ik A i AR KRS
Fig.5 Growing status of transformants on selective plates by ATMT
2 ATMT B AT RSO AT 5 ROR PN

Table 2 Evaluation of advanced ATMT processing.

Number of plates used in Homologous Transformation Homologous recombination
Transformants
transformation Recombinants efficiency efficiency
Pre-advancing 20-30 1-2 0 +
Advanced 10 8-10 0.5 +++++ +H+++

3.3 ATMT #UAREFEBFREMIL

A MR AR p1300ghsilent-crel ALK B AR S AR H T23 B A R ) g+ 4L
Bt 2 Klg. FEARFARBEMTFIKE, BT =AKRERE M TIRE 140°,
2x10°, 4x10°, 6x10° 8x10°, 110" ANAMBEREZMTR, I IM B FRdE i £ 0%
i ATMT #:4b7. Wik sa 58 T 25 CH 40195 10d /24, —fHE9% 4-5
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F, BT, FES0 5-10 Kb ks BELE Z AT, 4%
FH (B 6): MAREHEDEMTIRE N 8x10° 1, bR, HIHV5E 4
AL H B LK

s
k2
1

—— Transformants

—
=
T

[ T S5 T N & T - ]
T

0.0 0.2 0.4 0.6 0.8 1.0

Number of transformants

Spore concentration of Tatroviride in co-
culitviation*107/mL

6 AIF A FIREE R ATMT B A1 B 4 14
Fig.6 The number of transformants after ATMT under different spore concentrations.

3.4 crel BEPRRTHRFBILLER

MM SR K ATMT 53, JATHIIME T IREARE: Acrel bRk, HALT —
BAERMP MG B 7 FE 8 Fras, SEAEMRMEL, crel ERRE)E, W
RGNS, WM EE, ERELHED, PAE TR crel AR RN 4
Je AR U R s DR 0, e R M R BT AT AE (25 F N, cred JE DN IR IL A% i
BRARERESE, REMS A 2 M F A BRI R ARG an LT il . T 4ERIESE, M
A5 0 BT SR P2 51X F0 0 20 0 1 A2 At R AR T A B IR A
FAAEZRAT TS, BRI crel JE BRI S H A ATHEACI ARG, TRk crel &[]
R B A DU sk 55 1 6 A BB AR B B T, SR A KRS, B L TS AP AN 4R 1
FRREIIE T 2 R B ATMT FEBRER A 55 R 5 225 DR K AT AT 12

WE

7 3597 5 RJE RALANEF LM T AR B H

Fig.7 Compare of crel mutant strain and wild type when cultivated on PDA for 5 days.
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—ah— Acrel —e—WT

—_
[==]

colony diameter/ocm

[=] — [ %) [F8) da Lh =) B | =] O

1 2 3 4 5 6 7 8 9 10

cultivation time/d

&1 8 crel TEARBRANES AR MRTHR AR KT 2
Fig.8 Growth rates of crel mutant strain and wild type on PDA plates.

4 i

RGN TTFAERBAR T ARG, B2 TR EARE . &
W FE AR SRR FR AR A0 K 7 crel JU4ERR, X ATMT B4k 75 kAT 1 L4k,
B IR B TR R T, W T OREE R AR IR, K T S AIE R T, R
TH T AR e RS R A LR

BRI 75T T A B A R R G OR B, — J7 TR 35 1 18 1 B2
1>10° $27+%) 8x10°%, i — 7, TELRFFFHE TR AS IREAB ML, iE 41
s R IR E], ML) 36h SEK 2 SN (A JoPR %], i FUfiE. &
AR EEFREL, 200uMAS 1) IM Bi722E, [FININ_E 200pg/ml ##) 5 = AT Hiik
fiie, HHEL 300pg/ml HIRFSETTABAAT A AE A . Bk I I AT IR AE AR G
WAy, IR GROR, RS TR E M. Sifit%E,
FE 10 NHPER AL b, B%E 1A RVEEREA, 9 M2 T-DNA A, miThiy
BT IRGOAREE Acrel PRk

AL, AR T E R SRR velvet B2 LA vel #EAT R, JLibfT

T 1IRATMT 46, 10 P8, 31195 8 Mefe 1, 1ANFVEEA, 7418 T-DNA
A, UEBITTERERL, ATEE.  H AT IR W T R AR A A B R B B
H, A BT VER R F AR B2 B - R4 -0 B =07 ELAR %7 TR FE 3R SR SCHe
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Functional Analysis of Carbon Catabolite Repressor
CREL in Trichoderma atroviride

The genus Trichoderma comprises a large number of filamentous fungal strains
found in multitude of ecological niches, which illustrates the successful strategies for
environmental opportunism and competition for habitats. Among of them, several
strains such as T. virens ,T. atroviride and T.harazium are opportunistic plant
symbionts and have been developed as biocontrol agents against plant diseases, while
others species such as Trichoderma reesei are industrially important cellulolytic
filamentous fungi.

One such wide-domain regulatory circuit is carbon catabolite repression (CCR): it
allows the preferred assimilation of carbon sources of high nutritional value over
others [1-4]. CCR is mediated by the Cys2His2 type transcription factor CreA/CREI
that has been cloned from numerous filamentous fungi. CRE mediated regulation has
been studied in most detail for the alcohol gene cluster in A. nidulans and for
hydrolytic enzyme genes in Trichdoerma. In general, mutations of the cre gene lead
to (partial) derepression of enzyme gene expression on glucose. More studies have
also addressed glucose repression is mediated by CREI, that involved in regulation of
cellulose and hemicellulase by bindsing to the promoters of the respective target
genes via the consensus motif 5’-SYGGRG-3’ sequences. It appears that Cre/CRE
proteins have roles beyond acting as repressors in conditions where glucose (or
fructose) is present, and that their effects on cellulase and hemicellulase gene
expression can be mediated in a more complex manner than by mere binding to the
enzyme gene promoters.

There were numbers of researches about that the carbon catabolite repression factor
CRE1 was regulating a series of functional genes in T.reesei which were widely
applied in industry. However, little information is available on how crel gene regulate
the biocontrol factors, especially the gene related to synthesis of secondary metabolits
and its transport gene.

To test the hypothesis that crel is a global regulator of biocontrol related
geneexpression in T. virens, we examined the functions of CREL in this T23 by using
gene knockout and complementation. Here we report that in addition to a role in
growth and morphology, crel also regulatesmycoparasitism, and biocontrol efficacy
in T. virens. Thus, our researches focused on the influence of CRE1 in important
biological control strains T.atroviride 23 and hope to shed light on the multiple effects
of CREL in the bioncontrol T.atroviride.

Analysis of crel gene of T23 and its characteristic



In order to determine whether the expression of the glucose repressor crel from
T.atroviride 23 is related to the global regulation of biocontrol characteristic, we first
searched and blasted the gene sequences. The gene encoding T. atroviride crel
(protein ID 301116) is a single-copy gene in the T. atroviride genome
(http://genome.jgi-psf.org/). The 1,224-bp ORF codes for a protein consisting of 407
amino acids. A phylogenetic tree (Fig. 1 proteins from T. atroviride and other fungi
revealed that T. atroviride crel is most closely related to T. asperellus crel and has
strong homology with crel of T. asperellus (93% amino acid identity). Interestingly,
in a phylogenetic analysis (http://www.phylogeny .fr/) performed with the crel
sequence of others Trichoderma species. They formed a clade distinct from the
other group of fungi analyzed, the crel sequences of the three Trichoderma spp. are
highly conserved.

Construction of T23Acrel and its component strain

To delete the carbon catabolite repressor crel in T.atroviride 23, the replacement
cassettes pC1300-Acrel were constructed for deleting the wild-type glucose repressor
gene crel by replacing it with the hph marker gene. The pC1300gh Acrel were
transformed to the wild-type strain T23. Two stable mutants showing the anagogic
characteristic to hygromycin were obtained using ATMT. Transformants were
purified through single spore cultures, PCR and Southern analysis was performed to
verify that the crel gene was correctly replaced in the genomes with one copy of the
pC1300-Acreldeletion cassette. In order to distinguish the transformants derived from
homologous recombination not from the T-DNA insertion, two pairs of primers
(crel-F&crel-R and tdna-F &hyg-R) were designed to verify the mutants. The PCR
amplified results showed that the fragment of 5’flanking(crel-up) and hph cassette
was detected in Acrel, indicating that the crel ORF was replaced by hph cassette; the
flanking fragment adjacent to right border of T-DNA and hph cassette wasn’t present
in Acrel, which meant there was no additional T-DNA insertion. Southern blot results
also showed that the Acrel mutant were single brand, which confirm the replacement
of crel ORF and hph cassette and no additional T-DNA insertions meanwhile.

Effect of crel on the growth and morphology

The mutant strain Acrel and WT were cultured on the PDA plates. Due to crel
deletion, Acrel exhibited a reduced growth rate, less aerial hypha and less conidia,
resulting in a bit small, thin and light-green clones on the plates.The WT stain
produce a large number of spores than that of mutant, Acre/ mutant produce a small
amount of spore. As the previous results, no obvious growth difference happened in
PD medium, while crel mediated regulation of mycelial growth was more significant
in rich medium. The pictures of mycelia and conidia under microscope also showed
that Acrel was lack of conidiophore and conidia, and had less septa hypha; while WT
was rich of septahypha and could production a great amount of conidia. The results
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further indicated Crel-mediated the growth and formation of sporulation mainly
depend on its conditions.

CRE1 repressed expression of cell-wall degradation enzymes chitinase and
B-1,3-glucanase.

The features of secreting cell wall degrading enzymes such as chitinase,
B-1,3-glucanase and protease are the crucial role in the antagonistic of Trichoderma.
We assayed the effect of CRE1 on activities of chitinase and B-1,3-glucanase and its
representative gene expression. The results of chitinase activities and p-1,3-glucanase
activities showed consistant increase in crel mutant compared with the wild strain.
Chitinase activity was almost 1.5 times higher in Acrel than that in WT, the Acrel
produced 1.2 times as much B-1,3-glucanase as WT. QRT-PCR was carried out to
verified the above results and as shown in Fig4b, the expressions of chit42 and
B-1,3-glucanase gene were much higher in the crel knockout strain. And the results
were in good agreement with the enzyme activities results. Taken these results
together into consideration, the knockout of crel enhanced part of active substances
which were effective in biocontrol of T.atroviride.

Crel mutant improve the secondart matabolites biosynthesis by NRPSs and

PKSs.
Trichoderma.spp produced a multitude of low-molecular-mass compounds known

as secondary metabolites, which have roles in a range of cellular processes, especially
in mycoparasitism procession. In addition, many of these compounds now have
important applications, for instance, as antibiotics or immunosuppressants. Most of
the secondary metabolies, and of more biocontrol value, are peptaibols synthed by
non-ribosomal prptidesynthetases (NRPSs). Another efficient biocontrol facor,
polyketide synthases (PKSs) that gained less attention than NRPSs were also
significant to biocontrol processes. According to the results of gRT-PCR, we found
that the carbon catabolite repressor CRE1 played a mulitable role in the regulation on
the transcription of NRPSs and PKSs. As far as the chosed three NRPS coding genes
and two PKS coding genes were concened, CRE1 downregulated one NPRS and one
PKS coding gene, but upregulated another NRPS. While others, the result showed
little change in the transcriptional level, which means those genes may not be under
the regulation of CREL. So the complicated regulation in the NRPSs and PKSs by
CREL, had claimed the intricate network in secondary metabolism that CRE1
impacted.
The regulation mechanism of Taabc2 expression by CRE1

ATP-binding cassette transproters were one of best-developed transpotation system
inside Trichodrma.spp cells. This study chosed eight ABC transporter coding genes as
the targets for gRT-PCR to analysis the influence of CRE1 on their transcription.
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More or less, we found that those genes were all regulated by CRE1, and most
overwhelmed influenced gene was Taabc2, a multidrug resistant ABC transporter, the
relative mRNA level in Acrel was 2.73 higher than that in wide type. Due to this
finding, sequence analysis had been done afterwards. There was five predicted
conserved modifs had been detected on the upsterm of Taabc2 promoter that CRE1
could be bind and repressed the expression. In order to find out which one or two or
even more that exactly CRE1 binding, the GUS reporter gene was fused with the
promoters of Taab2 containing different bindingsites was delivered into wide type and
Acrel mutant strain. By means of musuring the GUS enzyme activity, it brought out
the identification of CREI bingding site or sites’ location. In accordance of this
research, we find the CREL binding site was located in the -454 bp to -748 bp of
Taabc2 promoter since the translation code. The repression of Taabc2 by CRE1 might
lead to a lower transportation efficiency of secondary metabolite. In consequence, the
carbon catabolite repression factor crel has a significant influence on Trichoderma
bio-control, the expression of crel will reduce the profit of Trichoderma bio-control.

As a result, the research conclude that carbon metabolic factor CREL, as a key gene,
mainly regulates the sporulation and metabolites of T.atroviride 23. And those
findings are pretty valuable for the guidance of the control of synthesis and secretion
of related metabolites and improvement of the effects of Trichoderma bio-control.



