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# E: [¥ 51 R %EH (Colletotrichum graminicola) & —# BE A% 4% /2 4 3 7E 4K 48 it M BRI R 4,
BAB T BN T MRRF AN RERER. L2554 TARAFAEY, ToAstX Myt iT1z 4
Mgl FEIE R, C2CH2 B FZATAARA KL FIETARAEXEERD. [B] LT REEZEH
¥ —/A~ C2H2 A 44 X B F CerFIbC, MR AZE T LM F Hhae, AHit—F AT FIbC £ RS FE
B P OIZEAE RIS L AE, [ ]] RAR R ZTARARS AN KFERSZEH CorfloC A FH KRR
TMALAAAK, SHEREBFERT RGN, @t RRTAEHFTHLOAEK. FAD
AR Frmp . FIES AT EF R, 085, [43R] CorflbC %69 %& & i b 399 A&
HBRLA AR, A 2/ C2H2 69454845 M35, AR TR AR Mk, SUh R T H ACgrfloC 4 K ik &A%,
st + = ke L BLER 4h (sodium dodecyl sulfate, SDS)A= Ho0, £ 4R, 97 B HJ0F = 538 A, 3K EEAK,
WA I0T F 2K, B RM AR, [448] CaFIbC ERSRER T ALRIERH LA K. @it
BEZEME . BACL AR . FIORIFAT B R AR E AT R, A IRARAT R R B 1% A £
2T b,
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Biological functions of a C2H2-type transcription factor CgrFIbC in
Colletotrichum graminicola

LIN Shaoyuan, WEI Hanwen, GUO Chenchen, TANG Wen, LIU Zhiqiang, LI Xiaoyu"

School of Life and Health Sciences, Hainan University, Haikou 570228, Hainan, China

Abstract: [Background] Colletotrichum graminicola is a pathogenic fungus that can absorb
nutrients from host’s living cells or by destroying host’s cells. It mainly parasitizes on
gramineae plants and can infect these plants, causing anthracnose. [Objective] To identify a
C2H2-type transcription factor CgrF1bC and elucidate its biological functions in C. graminicola,
thus laying a theoretical foundation for further understanding the infection mechanism of FIbC
in this pathogen. [Methods] Homologous recombination was employed to construct the
CorflbC-deleted strain and complementation strain. The phenotypes of the strains were
analyzed, including hyphal development, the integrity of the cell wall, the response to the
oxidation stress, the generation of conidial and germination, and the formation of attached
branches. [Results] CgrflbC encoded a protein composed of 399 amino acid residues with two
C2H2 zinc finger domains. Compared with the wild-type strain, ACQrflbC exhibited slow
growth and increased sensitivity to sodium dodecyl sulfate (SDS) and H:0:. In addition,
ACgrflbC displayed increased oval conidial production, decreased germination rate and falcate
conidial production, and inability of forming hyphopodia. [Conclusion] CgrFIbC is involved in
regulating the vegetative growth, cell wall integrity, oxidative stress response, conidial
production, germination, and hyphopodium formation of C. graminicola. The findings lay a
theoretical foundation for in-depth research on the infection mechanism of C. graminicola.
Keywords: Colletotrichum graminicola; C2H2-type transcription factor; vegetative growth;
pathogenicity

B2 MARIIER, —FBIIIE, T —Rh
HORRTE, —HARREME SR RS SIEMRR . i
e T e R AR AEA T, RBP4 E I

7% JH. 1 J& (Col letotrichum) & — 25 K 1 [ 7
W R, H PR A s IH & (Colletotrichum
graminicola)# A\ A X — @ A EE LS

SCHFEYIIR IR E T . R RIEEE(C. graminicola)
BE B85 75 77 15 AR 4 M IR R 43, igid i
WeIR T FE AN ARAT R0, H A TARAR
FEH, AT LA I S ) 6 A 7452 2 DT 5 | 7 A 9T
Wi o 1R T B YRR, X 2R AR AR
YEY ™ G, M SRR ZE . T
SEREAR, SRS 1R RS, T E R R
Gl SRR RIAF (C. graminicola)
RYEIA Y HULE W 2R A, Hoa bR

FARATE EA0H ;TR R IR 4 A 6 0 R
s RARTEAF RN IR AY 8, A RB0YE
R 5 24

G3 R I TR BLR R 2 B 2R BT TE A
FAR E By, BT A 5 & (Aspergillus
nidulans) 7 A= 1+ & B 19 FE HL T 2 & i
BT , 5 B — ZR 57 Ik DXL A 11 J00 AR 400 8 4 D 5%
Fluffy ZH8E 20 Al R B G s A H
% 5% ,434% FIbA .FIbB .FIbC .FIbD } FIbES”
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(Flb /& Fluffy low brlA ffRiFREY) 7E 4 5 il 2
(A. nidulans)#', BrlA. AbaA F1 WetA ZH il T 43
AT R E OISR, M BrlA ¥
F ik B EOE N T FIbA—FIbE!), Fluffy F ik
I P TER B A (A, nidulans) R & B, L]
— M ERER SR briA FIRA, FHFECEMR
WETEAD P BRI DAL, BATe S 5iRiEE
FRAEK L W R K oL
TEREFENAERETY, ¥ A
PIIRHEEE ] e sk I 2 — 25T LU Y DNA %fE
FEAN(E sh )46, R REE s B A
sk F 8] 3 LR, AdE 8R4 (zine
finger) . MEi¢-#1-12iE (helix-loop-helix, HLH),
[ Y5 5T & (homeobox) & S, Hidb, #¢48
ETEEZAED PRI BCNERE, TE4RE
P EE 0 C2H2, C4 il Co BUNO, FEd it
EL A, C2H2 BIBHRE A2 MR i 23T HP5E
WA SRR, CAPRTE T, C2H2
RUEE S I B B 2D A )2k 7 s 1
2K O RE . AMEAETE . JEAE YA e
AR BACH B 7=, DA B0 S5y it 7o,
FIbC & —Fl C2H2 RYFE SR IK -, FHAE 5
HE AR R T LBORE T A5 E EEAR
TEAY S5 H F (A, nidulans), fIbC 15| & F= it
FRAER H A Eod /g, e S84
TR RCEFRAERY MBI R, fERME
(Aspergillus niger)H#, FIbC & 544l
EOPI  = N ERRVR  NDC i s 8~ o 7
(sodium dodecyl sulfate, SDS) 5 &2, flbC
TE IR Hik 71 1 (Fusarium  verticillioides)H i [R] R
KNy adal, fEMBRZEEIK(Aadal)Hr, 4rA4:7E
TR REKIE TR, A EfFIESRIR L
TEREIEA T8l (Magnaporthe oryzae) ' , AMoflbC 43
AT R LT R AE R, SO R Es
JUEAE— LRI, FIbC MAF5E C A

MR, AHH FE R A 5 B X — R T
() LA A S 2V T 1 AR B o A 2 ) TR DR
A JF IR CorflbC RIR 2 A8 B bk 5 B AMNE
PR, 382X SR R G 5 B R % e SR I A
KRG AL P AP 2EThRe, LIRS T
TRAT 5 JE B B 43 F SO ML B9 2 Sl

i R

1.1 E#RAE K

AT ) B AR R TR AR (WT) S R A i JH
[ (C. graminicola) M1.001 . 4 W% £ BEMR
BEEELR(HPT)HY pUCIS otz ik Ay st 1%
B2 R PR (GA18) Y pUCT 8 KL B Ah {4
ARSI R AT
1.2 EFE

Tl A B 25 5 W5 308 (potato  dextrose agar,
PDA)REFR I | A7 K B8 (oatemeal agar ,OMA)
Rt | i3 (complete medium, CM),
e AR B 3% B (minimal medium, MM) . %% [C
(Czapek, CZ)$5 55 5E . Hh4% 2 Wi N T (potato
dextrose broth, PDB)}% 3% 5t 2 B SCRik [ 241 1
FHF Dt A A 8 Ak i Pk AR 4K 3% 5% 2 (rapid
growth medium, RGM): I J2H;i#K(g/L): #i%
B 10.0, BERRRY 1.0, FRUKMEREEMA 1.0, BEfR
¥ 15.05 FIZREFHRIE(e/L): HEWE 342.3, BEEEES
1.0, BUKMEE M 1.0, BUEH 12.0.
13 EERAIRLE

Je [l 5 Bk 4 BRI &, e s
MEBE LR WA BR 2 W 5 B D) AH DG IR, TaKaRa
/\H), PCRAY, Eppendorf /Al ; BEM IR RS,
RN —AEYFRHCARR A A fEIRIEFRRRIR, b
[ EY = E
1.4 CorfloICERFIRMSEMEEE
vk

#8122 NCBI M1 (https://www.ncbi.nlm.nih.gov/),
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T ARSI CorflbC (GLRG_10389)3L: 4 ¢
51, Fl Primer Premier 5.0 5193 H A1 75 19
PTG YI A S ESE . RIS CorflbCF
F1 CgrflbCR (& D41 PCR ¥4, 3815 CorflbC
I SEHE (open reading frame, ORF) (MAZ 46
W IFER, S5 R TR T E Sy
51); FIF SMART (https://smart.embl.de/)FEZk T.
HX} CerFIbC 2 145 b1 T30, (o F e 26
T.H. BLAST F1 GeneDoc #f4:i/E47 £ Fh EL I th
i) FIbC & 751 Fx
1.5 CorflbCERH Gk R BN ERAIADE
BT[] T 2 B RS BT CorflbC Ao ] L
DIREER(E 1), LA CTAB FEMARBHIHE WT
HRICER4H DNA 1R, R 2 X514
CorflbCUF/CgrfloCUR #1 CgrflbCDF/CgrflbCDR
YEAT PCR., J % &4 : 95 °C 3 min; 95°C 30s,
55°C30s, 72°C 1 min, 30 MG, § 18755
CgrflbC & K (1 i S T e 410, % 2 A8 41
5 pUCI18-HPT #iAkAHE, RIS 2Bk 31 4
pUC18-CgrflbC. £ Kpn I B4 FI 5 45 5 o
JCiR G, K A ORI AR B M AL P A
FIRAFDAHE WT W& 0 i A ikt , ESH

#£1 PCRS3|YIF%

Table 1 PCR primer sequences

Primer name Sequence (5'—3")

CorflbCF TTCCTACGCACACTCTTCCG

CorflbCR ACAACATACGCTTCTCGCCA

CorflbCUF GGGGTACCTCTGCGGTTCGTCACATC
AA

CgrflbCUR CGGGATCCCGAGGTAGGCCGTCAAA
CAA

CgrflbCDF CGAGCTCAAACTGTGGAGGGCAGTG
AG

CorflbCDR GGGGTACCTGTGATATCCGGGTCCGT
CT

CgrflbCUU ATTGCGACGCATTGCGCCCAAGTCT

PI GTCCTCGTTCCTGTCTGCTAATAAG

CgrflbCDD CCTTCTCGGTTGTCCTTTGTATTAT

PI1 GGCACCCCAGGCTTTACACTTTATG

CgrflbChbF CGAGCTCTGCTTGTTTCTCCTTCCTGA

CgrflbChbR GGGGTACCTTATTGGCAACCCTTCTC

GG

W& R B W RGM 15 IR 5L b i 1644 A Ptk iy
MR, it 3 %54 CgrflbCF/CgrflbCR .
CgrflbCUU/PI #1 CgrfloCDD/PI1 347 PCR ¥ ilF
i e H IE A B S8 A8 R . PCR WK ZR (20 pL):
2xPremix Taq 10 uL, DNA #fz 1 pL, 1E. &
51 49(0.5 umol/L)4% 0.5 uL, ddH,O 8 pL.

p Camc 4
CgrflbC up CgrflbC down
wT )
v \;\:,:
Kpnl /7 BamH 1 Sac 1 Kpnl
CgrflbC up I pUCI8 (HPT) I I CgrflbC down
CgrflbC up pUC18 (HPT) CgrflbC down
ACgrflbC
Uu PI1 DD

1 CgrflbC EE R K RIE
Figure 1 Principle of CgrflbC knockout.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



MADFE 2 | RS HILE C2H2 AU [N 1 CarFIbC AW 2 Th g 1511

AR T 514 CorflbChbF/
CorflbChbR, 7E R W AR RAAMEN T, B2
PCR S Z5 4047 14 tH B b v Bz . PCR S vy 451
95 °C 3 min; 95°C30s, 55°C30s, 72 °C 3 min,
30 MG, BEIG, KPR AN BOfA
F| pUC18-G418 #hik I, 535 24 Fokifk 2| %
AR AR I SR AR A TR BRI M B AR I S TR
HPEATIRAE, F514 CgrfloChbF/CgrflbChbR
Y H 0 R BERI Sk BN R
1.6 FEEFELFER, RTHKRANE
HEHRBER

FHAT L A 4T BUOR [] /N B9 R 45 7 98 T F
A B (WT) . R 78 £k (ACgrflbC) & H. #h B #k
(ACgrflbC/fIbC) BB, Fl K R A 5 18— 4% T
H® T PDA, CM. OMA, Czapek fil MM iX
5 FARRE IR g, 7E 28 °CHE3E 5 d I/ A
A8 S A AR Y TR AR
1.7  AEEYIRNIE M R 53 #r

FRFTALARFT ORI A /N ) R A% i 9 17 5 A=
R RASKE S B AN AR R B, BER RIS A AN
i HF ) CM 53R 3E 9, 2518 0.005%
SDS. 0.010% SDS #1 5 mmol/L H,O,. 7 mmol/L
H,0,. 7E 28 °CIHIRIFFRAH G 5 d, M
PRI TR 7% B AR T AR 2 XD T3 TR R 1 A=
il %

i 2R (%)=(Dek—Dy)/Dex 100 (1)
D NXF BRI 75 HAL, DONALBRL I HAS .
1.8 DREFBEFH~ENERBL ST

FRATALETHOR R /N B A Y | S8 A8 bk
KEANFEMRR T, BT RPRE 5 AR
fl %2 PDB il CM AR5 572 . 28 °C. 150 r/min
P38 3 d G =20, DaM®
BREA 224K, M ZREGEF2 9 . 12 000 r/min &5
O 1 min BB T, ELRAET
B rhedt 3 Wk, BROREEAR A, ek AL

M AT 7= A TAE B ST o K76 B R
JAHEH 5%10° /mL, (RS AL 20 pL 1
TR, I HE 2SRy A, 28 °C
FE I S5 N ORI 85 57 L B B R 2 B 5] (4 h R 6 h)
I S B A SO S 6 43 A W R IR A I R
ARQITE B L%,
# & R (%)=(H R BT EU B MFH)<100  (2)
1.9 F|IEBFEERNE

FAATHALERAT BURIRIR /N B R 43 ¢ I 0 B8 A
RUTRI BR . 58748 bk K 4D BRRR TR D 43 31 B2 Fh e
OMA g3k [, 28 °CHr 8557 14 d F1 21 d.
PR EL 5 mL TCHE /K 0P B 22, R T A b
W HL G 22, Miracloth €A 2 SE IR S0 F 20K .
12 000 r/min &> 1 min 2R 80401, AIHE
K vk, I 4RO X T AR A A
BTG . TR R R AR
5x10° ~/mL, FIFRERAIZIL 20 pL £+ =2 7E
FORM R F, 28 CCPRRHE ARG SR 12 h,
TR UK AS PP R e N U S s O]
RGO
1.10 PFiERAIF AL

il 25 45 PR AR 14 B0 IR o0 A A ik, 0
KR 1x10°/mL, 5 25 mL PDA }igi5k
RGBSR, FE S H5E 55 5k
KR AL FY 55 3% F 46 A PDA PR, 7E 28 °C
TR A R RS, A BIFE 20 3. 4 d KA
P MCEA R BOH 585 R, B FaEkEk A B
U WL A5 TR N B
1.11 EHRBBE AT

W TR AR 1 BT 5 A B S A 1) oK
(BT AT HIE A B, I FH KB £ S AE T
Fr 1O i M BORST AR 04 /N3 1) B B 1
Ab, FE 28 CCHAHRE HIRE RS 3 d Ja 4 i AN ]
PR E K R YRR
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1.12 HUBRRIBS o
SKH IBM SPSS Statistics 26 #4724k 2%
ST, Bl T Ak 2 R A GraphPad

Prism 8,

2 ERE55M

2.1 CgrFIbC K545

CorflbC JFik e BERE P 51 424K 1 274 bp, %
JEN GRS 399 2SR (aa). HE 145 F4 3R T
e, CgrFIbC 7 331-353 Fil 359-383 Ab+

B 2 AN BERSEIY C2H2 FVEHEZE M (8] 2A).,
FIF Protein-BLAST T_H.i#47 £ 4¢3 H Xt
BoR, A CorflbC [w] 5 L 5 #5 A7  E f
S C2H2 BEfs45FE . CerFIbC 5% i
I (Colletotrichum siamense) #1 5 A= sk JH
(Colletotrichum fructicola)Zs [A] I & 1 H A R
AR, 238 94.04%F1 83.13%. 5AE
JE% (M. oryzae) Filf4) 8 il % (A. nidulans)fy
) 9535 B9 AR 23 1 O 53.97%H1 43.35%
(&l 2B).

A
U2
= an
(o] (o}
= ] | ol X
=l e
(=
‘N N
: .
ITS -RPOAP - COMMNA - - -GHENGS - S GRER - - - -fg8 -~ ~ -~ LPMAEPLPRTDL].T
PORE-Ni VG ’\IG ””” tA S LPMF-E LERTDLLT:
TSEREORE N VGNGHENGS - SHleR - - - -fl - - - - - -ARTEEL SSRGS b ST ARG -~ -~~~ ———~— ==~
B CVNASS SGS5CG N SITK CREVE C'-!VN E’ 77777777777777
E SHST-F PASV======x IRGEETSR. E R ENFYEVS AP -------- [AGENY. ASTSASYPAEDHMS

200 220 740
SSVESTSAVDISDESVLAREHRNSMIDE e
SSVESTSLVDVSDFNVLARPCRNSMIDFSNRGIC

E

2 CgrFIbC IEBRFIISH  A: CaFIbC EHLMEIMT. B: CarFIbC HHAFHILXTER . FHT7

FEACSR C2H2 RUPFIE4EMIE; Car: AR IRIEE (XP_008099265.1); Csi: 8% 5RJIH H (XP_036502067.1);
fr: S 5 JH TR (XP_031888606.1); Mor: R (XP_003713682.1); Ani: 45 #H % (XP_660025.1);

55175~ GenBank &% .

Figure 2 Protein sequence analysis of CgrFIbC. A: Protein domain analysis of CgrFIbC. B: Multiple sequence

alignment of CgrFIbC. The box in the diagram represents the C2H2-type zinc finger domai; Cgr: Colletotrichum

graminicola (XP_008099265.1); Csi: Colletotrichum siamense (XP_036502067.1); Cfr: Colletotrichum fructicola

(XP_031888606.1); Mor: Magnaporthe oryzae (XP_003713682.1); Ani: Aspergillus nidulans (XP_660025.1);
The numbers enclosed in parentheses represent GenBank accession numbers.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



MADFE 2 | RS HILE C2H2 AU [N 1 CarFIbC AW 2 Th g 1513

2.2 CgrflbC £ E R PRE TN E 4N EHRAY
3o E

¥ CorflbC 2 [A # bR 0 A 2E 47 I AR o {4
Ak, PREURBAL TR AT RN AR . H
5] ¥ CgrflbCF/CgrfloCR . CgrfloCUU/PI i
CgrfloCDD/PI1 #4175 PCREIIE . &5 K,
188 45 5E 5 14 CorflbCF/CgrflbCR ##47 PCR 41
BF, 3E L F KA B A RU B ARRE S 1531 1 019 bp
) DNA FrB, M 3 DRAFERA H R 5%
DNA F B (& 3A). M54 CorflbCUU/PI
F1 CgrfloCDD/PI1 #£47 PCR ¥ 340}, 3 RAE
BRI AT DUAS RS DNA HBE, S
i W0 LA, A B TR AR I A 7 A AR AT R S
¥ DNA H B:(& 3B #i1 3C), Mk, FL4k45 3 4~
RAK, Hlan4 8 ACgrflbC-3, ACgrflbC-7
F1 ACgrflbC-9.

J T S ACGrflbC Y E AR, HHAMNT 514
I F DL AR il 28 9 i A T A v, i BT
F LR 2037 514 CgrfloChbF+CgrflbChbR i
57 PCRIGUE, 56 UF 1E 8 14 TR B RISk BRM R R
fir44 4 ACgrflbC/flbC.,

A B
bp M 1 2 3 4 5 bp

2 000 2 000

1000 1 000

& 3 CorfloC EFERRZEABEIKEUE A

2.3 CgrFIbC & 5iFF
EREK

W V% EARGIT g R o, AL
OMA ., PDA., CM. Czapek f1 MM 15573 [ fY)
ARG AL TR AR, B B ENER
(K 4A F1E 4B). FeAlJE7E PDA H55bkrh, &
AR V-3 HAR HL B A B> T 2 23% AHER
FHPAETRUTRIPR, Rk 28 AR AR 1 B VR TR S B
ANE, JtHJESE PDA, CM K& OMA K3t
I, ACgrfloC By AW 2 B B . fhtkn]
W, CgrFIbC Z5HiRIERA SR E MEFRAEK
2.4 CgrFIbC 25T MpasEse =8 4E N
L R BN R

TS A AR R SDS Fl Ho0, B9 5 |,
TR AR, R Z R ACOrflbC iy E K
FZRME . G5 ER: 0.005% SDS XF5EAHRAN
7 A R R0 80%A1 66%, 0.010% SDS
X A BRI ] ZRATH R B 2 i T AR R 5A).
4k, ACgrflbC X} H,0, tAREUE, 7 mmol/L
Ho 0, X S8 AR RN R Ky 84% , (B3 1 T Hf A= 7

AREHE

C
bp M 1 2 3 4

2000

1000

PCR #"#45[#) CorflbCF/CgrfloCR Hiik & ; B: PCR

P3G54 CorfloCUU/PT FLIK[E; C: PCR P 35514 CorflbCDD/PI1 HLJKk[El. M: DL2000 DNA marker;
1: WT; 2: ACgrflbC-3; 3: ACgrflbC-7; 4. ACgrflbC-9; 5: ACgrflbC/flbC,

Figure 3 CgrflbC gene knockout and complementary electrophoresis detection. A: Electrophoresis of PCR
amplification primers CgrflbCF/CgrflbCR; B: Electrophoresis of PCR amplification primer CgrfloCUU/PI; C:
Electrophoresis of PCR amplification primer CgrflbCDD/PI1. M: DL2000 DNA marker; 1: Wild type; 2:
ACgrflbC-3; 3: ACgrflbC-7; 4: ACgrflbC-9; 5: ACgrflbC/flbC.
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&8 WT I ACerbC-3 ACerflbC-7
B3 ACgrfIbC-9 B ACgrfIbClIbC

Colony diameter (mm)

k7
H
-.'-
“H
.?=;
-H
4 H
H
B
1-VH

4 FEWREFEKBNE A WEEKRE S PR ERAK . B: B ERIDIRE.
Figure 4 Vegetative growth assay of each strain. A: Comparison of the growth of strains on five different
media. B: Colony diameter histogram. *: P<0.05.

BEWT T ACebC-3 ACgrfIbC-1 B3 ACgrfIbC-9 B ACgrfIbClfIbC

A 100 B 150+
* 4 - F o ok #*00k

80 B 777 = 80 7
Sl = — S =
K 60 - %1= — z 60 - —
w / i = —
= I / — = =;
g LBV = g —
= — = L —
= / | — E . —
| . s E
0.005% SDS  0.010% SDS 5 mmol/L H,0, 7 mmol/L H,0,

5 BEWRIELEVHBERNE  A: SDS XA KMBEIRGTT. B: HoOp X AR AE KB ST
Figure 5 Abiotic stress assay of each strain. A: Statistics of SDS inhibition rate on bacterial growth. B:
Statistics of H,O» inhibition rate on bacterial growth. *: P<0.05.

(K 5B), I, CgrFIbC S 5HERARIAREA P4 100 mL () PDB., CM WRIARR: FE 51 HETE

YR S e P R A A L0 ST o B, 28 °C. 150 r/min ¥R HE5: 3 d, Fit4&
2.5 CgrFIbC B5FERSKRERIN  EHREANFEFREDIRAE A7 k. 45581
[& 7 18 F B 2 B AN df & R, 7E PDB K37 5k ih A8 Fk 1 B B 1 1 7

¥ WT. ACgrflbC LA ACgrflbC/IbC #:F R MEFATIAY 1.6 f5; 7E CM sk, ¥

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



MADFE 2 | RS HILE C2H2 AU [N 1 CarFIbC AW 2 Th g 1515

AR RIE A7 298 7.95%10° A~/mL, fif
RASMRIEF] 1.50x107 ~/mL (& 6A), 1E 2 FPisF:
B, SRR R R T AR Y R
B T BRI ARG IR 4 h 6 h, AP
FRTE 6 h I & RACH 24%, TiEF A BIBEIT 95%
(¥l 6B FE 6C). HILATIL, CgrFIbC 2514

A &8 WT 3 ACg/IbC-3

25 . B3 ACgifIbC-9 B ACgrfIbCIfIbC

ACgrflbc-7 B

RG] f 1 7 A R % .
2.6 CgrFIbC £ 5iF#F
R FF RO B
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Figure 6 Oval conidial production and germination of each strain. A: Oval conidial production statistics bar
graph; B: Statistical bar graph of oval conidial germination rate; C: Microscopic image of oval conidial

germination. *: P<0.05.
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Figure 8 Microscopic observation of hyphopodium formation. Arrows: Hyphopodium. Bar: 100 pm.
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Pathogenicity of various strains on corn leaves; B: Diameter of corn leaf lesions. *: P<0.05.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1518 WA

FiE Rk

Microbiol. China

6 h B KR 100%, T84SR I &R HAH
30%—40%2" . FERHISRE (M. oryzae), flbC
Bl 2 28 A8 bR 1Y 43 A T 7 A Ok B A R 1
18%, & IR, 1E R4 4 71 1A (Fusarium
graminearum), FgflbC Hit 4k 28 A8 bk 7= A ik
I3 AR 2 R B A R RR R 50%02 . ek
kI (N. crassa)d, NcflbC g FHRH A
FF =g DB LA RZE LI, FIbC 752 51
PR 1) 7 W & T B REAR XS FLER R AT

CgrFIbC 2 5 ¥ R4 B I A 1 Bom H:
K FH TR GHERNET 2848 R IE J 1) 970 BRF b B A 7R
N, AT RE SRR AR MRS R IE TR T 2 A
o Z BT MY TR 22 T8 1Y B A A T bty 2 1
R, DA %8 i O o AR AR ) R 1w b — S
R Y SEFRIA T LAY BSE B T, 1 X
FEEETHE— LR AEP IR A . FERS RIH
W, ACgrstuA BRI B R B EISE 2, 3
g Pk B R DS o FE K 48 A T (Verticillium
dahliae)}', VdKssl. VdSte7 il VdStell Atk
HFORR T HEERIE R, S BCHLBoR R,
TEER 9 19 18 14 (Beauveria bassiana)®* Fil f5 95
# (M. oryzae)f, fIbC [Ny ft R #R- S B H 2
R L
4 ik

ERB RIS, C2H2 B E N F
CegrFIbC Z ¥ ZA Y e, GffEs
A ANRRRE SEREPE | AR R SO N L AR R
SRR R . MEE R BRI ECR T, A ST
FELE X FUR AR AR A 5 R 0% 1 43 F-HL
il B

REFERENCES

[1] CUEVAS-FERNANDEZ FB, ROBLEDO-BRIONES
AM, BARONCELLI R, TRKULJA V, THON MR,
BUHINICEK I, SUKNO SA. First report of
Colletotrichum graminicola causing maize anthracnose

in Bosnia and Herzegovina[J]. Plant Disease, 2019,
103(12): 3281.

[2] PANACCIONE DG, VAILLANCOURT LJ, HANAU
RM. Conidial dimorphism in  Colletotrichum
graminicola[J]. Mycologia, 1989, 81(6): 876-883.

[3] DUAN CX, GUO C, YANG ZH, SUN SL, ZHU ZD,
WANG XM. First report of anthracnose leaf blight of
maize caused by Colletotrichum graminicola in
China[J]. Plant Disease, 2019, 103(7): 1770.

[4] MIRANDA VJ, PORTO WF, FERNANDES GDR,
POGUE R, NOLASCO DO, ARAUJO ACG, COTA LV,
FREITAS CG, DIAS SC, FRANCO OL. Comparative
transcriptomic analysis indicates genes associated with
local and systemic resistance to Colletotrichum
graminicola in maize[J]. Scientific Reports, 2017, 7(1):
2483.

[5] GUO CT, LUO XC, YING SH, FENG MG. Differential
roles of five fluffy genes (flIbA—fIbE) in the lifecycle in
vitro and in vivo of the insect-pathogenic fungus
Beauveria bassiana[J]. Journal of Fungi, 2022, 8(4):
334.

[6] ETXEBESTE O, NI M, GARZIA A, KWON NJ,
FISCHER R, YU JH, ESPESO EA, UGALDE U.
Basic-zipper-type transcription factor FIbB controls
asexual development in Aspergillus nidulans[J].
Eukaryotic Cell, 2008, 7(1): 38-48.

[7] CHO HJ, SON SH, CHEN W, SON YE, LEE I, YU JH,
PARK HS. Regulation of conidiogenesis in Aspergillus
flavus[J]. Cells, 2022, 11(18): 2796.

[8] WIESER J, LEE BN, FONDON JW 3rd, ADAMS TH.
Genetic  requirements  for  initiating  asexual
development in Aspergillus nidulans[J]. Current
Genetics, 1994, 27(1): 62-69.

[9] ADAMS TH, BOYLAN MT, TIMBERLAKE WE. brlA
is necessary and sufficient to direct conidiophore
development in Aspergillus nidulans[J]. Cell, 1988,
54(3): 353-362.

[10] MIRABITO PM, ADAMS TH, TIMBERLAKE WE.
Interactions of three sequentially expressed genes
control temporal and spatial specificity in Aspergillus
development[J]. Cell, 1989, 57(5): 859-868.

[111YU JH. Regulation of Development in Aspergillus
nidulans and Aspergillus fumigatus[J]. Mycobiology,
2010, 38(4): 229-237.

[12] LEE BN, ADAMS TH. The Aspergillus nidulans fluG
gene is required for production of an extracellular
developmental signal and is related to prokaryotic
glutamine synthetase I[J]. Genes & Development, 1994,
8(6): 641-651.

[13]LEE BN, ADAMS TH. Overexpression of flbA, an
early regulator of Aspergillus asexual sporulation, leads
to activation of brlA and premature initiation of
development[J]. Molecular Microbiology, 1994, 14(2):
323-334.

[14] van MUNSTER JM, NITSCHE BM, AKEROYD M,
DIJKHUIZEN L, van der MAAREL MJEC, RAM AFJ.
Systems approaches to predict the functions of
glycoside hydrolases during the life cycle of
Aspergillus niger using developmental mutants AbrlA
and AfIbA[J]. PLoS One, 2015, 10(1): e0116269.

[15] SHELEST E. Transcription factors in fungi[J]. FEMS
Microbiology Letters, 2008, 286(2): 145-151.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



MADFE 2 | RS HILE C2H2 AU [N 1 CarFIbC AW 2 Th g 1519

[16] MACPHERSON S, LAROCHELLE M, TURCOTTE B.
A fungal family of transcriptional regulators: the zinc
cluster proteins[J]. Microbiology and Molecular
Biology Reviews, 2006, 70(3): 583-604.

[17] SCHUMACHER J, DE LARRINOA IF, TUDZYNSKI
B. Calcineurin-responsive zinc finger transcription
factor CRZ1 of Botrytis cinerea is required for growth,
development, and full virulence on bean plants[J].
Eukaryotic Cell, 2008, 7(4): 584-601.

[18] YUE XF, QUE YW, XU L, DENG SZ, PENG YL,
TALBOT NJ, WANG ZY. ZNF1 encodes a putative
C:H> zinc-finger protein essential for appressorium
differentiation by the rice blast fungus Magnaporthe
oryzae[J]. Molecular Plant-Microbe Interactions, 2016,
29(1): 22-35.

[19] LIANG LK, YANG HJ, WEI S, ZHANG SB, CHEN L,
HU YS, LV YY. Putative C2H: transcription factor
AflIZKS3 regulates aflatoxin and pathogenicity in
Aspergillus flavus[J]. Toxins, 2022, 14(12): 883.

[20] KWON NIJ, GARZIA A, ESPESO EA, UGALDE U,
YU JH. FIbC is a putative nuclear C2Hz transcription

factor regulating development in  Aspergillus
nidulans[J]. Molecular Microbiology, 2010, 77(5):
1203-1219.

[21] CHEN XY, MORAN TORRES JP, WOSTEN HAB.
The role of the Flb protein family in the life cycle of
Aspergillus niger[J]. Antonie Van Leeuwenhoek, 2024,
117(1): 58.

[22] MALAPI-WIGHT M, KIM JE, SHIM WB. The
N-terminus region of the putative C2H: transcription
factor Adal harbors a species-specific activation motif
that regulates asexual reproduction in Fusarium
verticillioides[J]. Fungal Genetics and Biology, 2014,
62: 25-33.

[23] CAO HJ, HUANG PY, ZHANG LL, SHI YK, SUN DD,
YAN YX, LIU XH, DONG B, CHEN GQ, SNYDER
JH, LIN FC, LU JP. Characterization of 47 Cys2-His2
zinc finger proteins required for the development and
pathogenicity of the rice blast fungus Magnaporthe
oryzae[J]. New Phytologist, 2016, 211(3): 1035-1051.

[24] = &A1, B, sKA, BUR G, MDA R, PRT
CgRGS7 P I AL BIH 18 73 A= 4 77 & . 36 M
KEURTET]. PR AR, 2017, 30(8): 1802-1807.
WU ML, HU J, ZHANG N, KE ZJ, LIU ZQ, LI XY.
CgRGS7  regulation of conidium production,
appressorium  formation and pathogenicity in
Colletotrichum gloeosporioides[J]. Southwest China
Journal of Agricultural Sciences, 2017, 30(8):
1802-1807 (in Chinese).

[25] YE ZQ, QIN J, WANG Y, ZHANG JH, WU XY, LI
XG, SUN LF, ZHANG J. A complete MAP kinase
cascade controls hyphopodium formation and virulence
of Verticillium dahliae[J]. aBIOTECH, 2023, 4(2):
97-107.

[26] SON H, SEO YS, MIN K, PARK AR, LEE J, JIN JM,
LIN Y, CAO PJ, HONG SY, KIM EK, LEE SH, CHO
A, LEE S, KIM MG, KIM Y, KIM JE, KIM JC, CHOI
GJ, YUN SH, LIM JY, et al. A phenome-based
functional analysis of transcription factors in the cereal
head blight fungus, Fusarium graminearum[J]. PLoS
Pathogens, 2011, 7(10): ¢1002310.

[27] MATHEIS S, YEMELIN A, SCHEPS D, ANDRESEN

K, JACOB S, THINES E, FOSTER AlJ. Functions of
the Magnaporthe oryzae Flb3p and Flb4p transcription
factors in the regulation of conidiation[J]. Microbiological
Research, 2017, 196: 106-117.

[28] JTA LL, HUANG YY, YU JH, STADLER M, SHAO
YC, CHEN WP, CHEN FS. Characterization of key
upstream  asexual developmental regulators in
Monascus ruber M7[J]. Food Bioscience, 2022, 50:
102153.

[29] YAO GS, LI ZH, WU RM, QIN YQ, LIU GD, QU YB.
Penicillium oxalicum PoFIbC regulates fungal asexual
development and is important for cellulase gene
expression[J]. Fungal Genetics and Biology, 2016, 86:
91-102.

[30]BONI AC, AMBROSIO DL, CUPERTINO FB,
MONTENEGRO-MONTERO A, VIRGILIO S,
FREITAS FZ, CORROCHER FA, GONCALVES RD,
YANG A, WEIRAUCH MT, HUGHES TR,
LARRONDO LF, BERTOLINI MC. Neurospora
crassa developmental control mediated by the FLB-3
transcription factor[J]. Fungal Biology, 2018, 122(6):
570-582.

[31] TANAKA Y, ASAGIRI I, KOMIYA R, YAMAZAKI H,
YAGI A, UCHIDA R, SASAKI M. The FIbC
transcription factor contributes to the generation of
strain heterogeneity in Fumagillin mycotoxin production
in  Aspergillus fumigatusiEB/OL].  2024-06-04.
https://doi.org/10.21203/rs.3.rs-4435109/v1.

[32] SON H, KIM MG, CHAE SK, LEE YW. FgFIbD
regulates hyphal differentiation required for sexual and
asexual reproduction in the ascomycete fungus
Fusarium graminearum[J]. Journal of Microbiology,
2014, 52(11): 930-939.

[33] A=BUM. il T8 28 BOW 1 (R YL 254 AR AE miR171

PLE M ALHIBEFE[D]. RAE: WAL LA frig
3, 2022.
LI YC. Study on the infection structure of eggplant
verticillium wilt pathogen and the mechanism of cotton
miR 171 against verticillium wilt[D]. Baoding: Master’s
Thesis of Hebei University, 2022 (in Chinese).

[34] ZHAO P, ZHAO YL, JIN Y, ZHANG T, GUO HS.
Colonization process of Arabidopsis thaliana roots by a
green fluorescent protein-tagged isolate of Verticillium
dahliag[J]. Protein & Cell, 2014, 5(2): 94-98.

[35]1 5K %2, JRUEr, EANE, F#sC, wiR, M, 2

W, AR DIH 5% 5 R CarStuA AR E R A K |

A R R RO RL]. U A A,

2024, 51(8): 3020-3031.

ZHANG Y, ZHOU SZ, WANG LY, WEI HW, XIE J,

LIU ZQ, LI XY. A transcription factor CgrStuA

regulates vegetative growth, conidial production,

germination, and  hyphopodium formation of

Colletotrichum graminicola[J]. Microbiology China,

2024, 51(8): 3020-3031 (in Chinese).

TR, BRI AR B b0 & B BE L b i R IR

TR RE SN IR AT (D] AT #i VLR L

AL, 2022.

GUO CT. Function and regulation of suspected

upstream regulatory factors in the central development

pathway of Beauveria bassiana[D]. Hangzhou:

Doctoral Dissertation of Zhejiang University, 2022 (in

Chinese).

[36

—_

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


