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NE, ERFEARIFG A, [A] BtRME AT AH B-48 t9RIEA kAo ZF069 35 7 4.
AKIBE. pH. RRBEAMN. BMARFAMFHME, VIMERAZ ARG TR L A &4, BATIZA
GEARGERAR I Z 8, BRI RBERMZHER TR, HRAMRZAROREETHERR S
WBRRF D EDSRAE E e, [ R EAGAH B48 A KRER AL, BA.
pH. AR A KB TR BBILEEF AN FHFHEBTHA. #H Nanopore & Illumina R 5 -F & 3
ME R RAE B-48 #ATL A RANF, KA RKAATHRARLFF) B2, LB AL MM,
ER BB aeERE, FRMERARBZHomAB%. [4R] BEAB AR B-48 £L4F
JEHE 3R IE (potato sucrose agar, PSA)E ik B A K = J0 R 4T, REA KB E A 30 °C, wiEA K pH 7.0,
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Biological characterization and genomic sequencing of a biocontrol
fungal strain Colletotrichum echinochloae B-48 for
Echinochloa crus-galli

GU Qiongnan, CHU Shihai, SHEN Jing, HUANG Qichao, LI Lin, CHEN An’an, LI Ruhai"

Key Laboratory of Integrated Pest Management on Crops in Central China, Ministry of Agriculture and Rural
Affairs, Hubei Key Laboratory of Crop Diseases, Insect Pests and Weeds Control, Institute of Plant Protection
and Soil Fertilizer, Hubei Academy of Agricultural Sciences, Wuhan 430064, Hubei, China

Abstract: [Background] A fungal strain B-48 was isolated from diseased Echinochloa
crus-galli in a paddy field in Hubei Province and identified as Colletotrichum echinochloae.
This strain demonstrated a strong biocontrol effect on E. crus-galli and was safe for major crops
including rice, wheat, and maize. [Objective] To optimize the cultural conditions for the growth
and sporulation, analyze the genomic sequence information, and mine the gene resources of
secondary metabolite synthesis of C. echinochloae B-48 for further research on the herbicidal
natural products and their biosynthetic mechanisms. [Methods] C. echinochloae B-48 was
characterized regarding the culture media, temperature, pH, light, carbon/nitrogen source, and
lethal condition. Then, Nanopore and Illumina platforms were used for the whole-genome
sequencing of the strain. Bioinformatic tools were used for the assembly of the genome sequence,
prediction of the genome structure, functional annotation of the genome, and prediction of the
biosynthetic gene clusters (BGCs) for secondary metabolites. [Results] C. echinochloae B-48
grew well on the PSA plate at 30 °C and pH 7.0 with constant light. Starch and yeast extract as
an effective carbon and nitrogen source stimulating the growth and sporulation of strain B-48,
respectively. The lethal conditions for the strain were incubation at 55 °C for 10 min. The
genome of C. echinochloae B-48 had a total length of 62.25 Mb and G+C content of 46.59%,
containing 11 324 protein-coding genes and 76 BGCs for secondary metabolites. [Conclusion]
C. echinochloae B-48 has the potential to be developed as a mycoherbicide for the control of
E. crus-galli. The BGCs for secondary metabolites in its genome indicate that the strain can
produce natural products with herbicidal effects. The findings provide important genetic
information for the further research and application of the strain for the production of secondary
metabolites by fermentation.

Keywords: Colletotrichum echinochloae; mycoherbicide; biological characteristics; genome
sequencing; secondary metabolites
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B (Echinochloa crus-galli)J& T R AR # &
Y, I TRRINAIENEE , B2 404 T3
61 NMEIZ, TEHESHIIG a0, 24 TiRE
IR, H LT KRE R e et Ry S
PEoSAEA, HAHSeM  PUAE AR BE(E. oryzicola)
F—RF AFARELE, SR Cois il T e A1
M BT CoP HAYCREFHZES . CO M=
RRDERME SR HOL ARG SRR, TG
PB4 R R F KRB, B R 2R e T K He
HHAFBEH . AR KL . iR 5557
oy, P ECHIE KRR A kAR T R e E R

H i, R A 7 BR = 2 LU 22 B IR R
F, SRR A A BRER P KR, BT
2Pk H #5NEE, XK AR A 7 i R E R Y g
R0l ES 7 | A S
(http://www.weedscience.org/) &8 B~ , HET
O 85 R R AL W RIS R B 7= AL T Bkt
FIH B SR F AWy b A B B G M 0 Sl A W Bl R
SRR T R AR IR BR R, AR R T2y
P 33— [A) R F ff pR BR AR T — ol A7 i O
T EE YRR SRR 2, BERS™
VT Z B RIZE R T DI BRI R AR 1), ELTR R A
) RIRT W& Se B W EHEOR R, EARH
PrAE RGO — B2 2K ag P, SR,
M 20 22 90 UK IG, K BLES MR
AL YRR ETS , E SR KR
G413 R W B DL A W A R 1) B 4 R
W&, EEAIGFERC . B B BRI,
AL R I () AT BRI, T v s )
BB R AR W A U ) R R 7 A 9 4
B — A E R, B S D A 9k
FREARAVEYE B R AR R kR, ok
EANE YN CAED v d B 5 e PSR EFSY PN
SRIZIIZHE ,, X — B F A 2R 1S = AU & BT
RURIR W R IS, R A B R S >k 8
BRI RES ., A KR = WG & A e L R 2
BAE Y AR b RAFTE, RO 3 R AR

(biosynthetic gene clusters, BGCs). FEAEWI& A
SRR, AR LA YA R I DG
AR, W LB RS RS AR A&
B A PR H Y 3R R 5 i (polyketide  synthase,
PKS). ZRIE KR W A6 L R % i AR
WA Z JIKk-4 Hiff(non ribosomal peptide synthases,
NRPS) S AZWH A B AN 0128 J5 12417 1K (ribosomal
synthesis and post-translational modification of
peptides, RiPPs) i 28 KO8 7 W) A= W G 3k [
WY 25 B (terpene synthase, TS)PA M 72
A WIS KR 7 00 ) U PR 2 v i) — R O
W 3 @ & R A& B (dimethylallyl tryptophan
synthases, DMATS)!, i 12 % 15 22/ 1% 5E A7,
AT DL PR At 2 O A ™ ) ) A ) G i
o Wb, WRREIAE KRR A YD A A
5 v 45 358 DR %) T B T T T KR 7 W ) A5 R A
BRCHEY, O S8 B bR KK 7™
Y& SRt T ) SR, IR HY R AR
W A )6 IS PR T B T b v RS R R B R A
AR, ATRGES S 3 TR AR Rk
PE . BRSNS . RERE . SRAEY
L RMIBAE TR S R ORI 2 R R, N
[IEREEE S/ NI TE % K G PN S
I R B RO

WFFERTIAFRATICAR T Wb KRS | | 4R
RIRIBRIRE S, b3 B3 T — kR B /)
Fk B-48, iliIE A KT AV PR A bR
2 78 Jy L i JH 1 (Col letotrichum echinochl oae) ;
It B X R tR B-48 BYLE B RUR AR & kit
17 7Vl TRIbE B-48 X B E HAT [ 470 A= B
R, MRZEAEY), W/ FoK | KRR
M GF M, TR REER, IR
A B ELA B-48 (AW R AT, BAE N
J5 B R IBE R T F T b2 il o 534k, X%
AR A LR ZHE4 T Tllumina — 45 Nanopore
SARIRGMF 0T, BEX LR A BRE NS
PER R P I LR )& AR R 7 2%
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1 #BRE7E®
1.1 #m

B B BRELIE R AR A TE B-48 Hi 4SSk
B2 B S A I A A A AR
SEER AR AL B B TR LM R AL IR AT
1.2 ERE

Ty 4% 2 7 75 M B JIg (potato  dextrose agar,
PDA)RG IR . 44 B RE B B8 (potato sucrose
agar, PSA)Hi SR AL | HEAZ BiiE (oatmeal agar, OA)
Ke 56 | e i 3R (oatmeal tomato agar,
OTA)RGFRIL . W15 FBifig (carrot agar, CA)RGFF
| 45T (mung bean agar, MBA)R;FR 3 | 5E
2R FEF (complete medium, CM)., E KM Bifg
(corn meal agar, CMA)};#3E . V8 Kigrdk | #&
G5 32 (Czapek-Dox medium, CZA)S55 % X
RLTTTHC ] o
1.3 EERFIFNER

fH Y DNA #2 Bk 7] & NuClean Plant
Genomic DNA Kit, FHE At 22 4= Wy RHE e A R
NF); SQK-LSK109 #3220 ik &, Oxford
Nanopore Technologies 2\l #7 BAEEAL ,
Covaris 2 f) ; BluePippin 4= H sl R [H1UAYL ,
Sage Science A ; ¢ JGiT, Thermo Fishers
Scientific /A #]; PromethION Ml /¥{%, Oxford
Nanopore Technologies 3 F] ; NanoDrop, Thermo
Fishers Scientific /3 H]; Megaruptor, Diagenode
NG
1.4 FEEEFSFHENE

PR B-48 A2 ReE AT o, IR
BRaR sk W GRESE. pH . IE. A
RS 6 MK,

KF PDA. PSA. OA.OTA., CA. MBA,
V8., CM. CMA 9 Fhi; R BeAE o i I 2k,
MELTR MR B-48 £ LR B iy AR K S 1l
fHdl. KA S, 10, 15, 20, 25, 30, 35. 40.
45 CCHAT AR BERR B . RSSO
BELERI . 12 hOGRE SR, JEMGRIE 12 000 Ix

YE AR BRI 4514 . SR 4.0, 5.0, 6.0,
7.0, 8.0, 9.0, 10.0 #EF7AIH] pH WL . W H
R 6 mm [T L2 HAE Rl T AH A A e
TEMB ST RS 7d, 7dERATF2
W W% ER, MR ARKER, MEELE
B AR RGO, S TIRGE S H S mL
1) ddHLO BIVEF-H, 2800 2540 I8 w2 )5
X T, TR R, B R 5 K
wRE I,

Bk () VR0 s BT A K RS2 R S [ i R
BRI LA CZA WEEREE IR, MRk
RO E . 2200 T, mTEbkes . A
B CEFURE . HEREE. ILALEE . MR e
HEWE, DUARHIBRIAE CZA 1535 BE4E Jy v I
ARIEFRIRIEH L CZA 137 HeAE Ny JEml s
I, SRR ECE MRS . EOR. H
QIR . MR . S LE . RIRRENA R RS R
DIASIMAIE R CZA Bi 37564 A% i 8 iR A
AR (R IR A 15 72 260857 pH (HZE 7.0, FTHUE
TR 6 mm [P 22 e 2 AN R A (RO TR 1 -
M b, 30 cCHELNEIRAM TR 7 dEHATF
MR ER HAR, HRERKER, FXe
fEHIT G, AR s ERE N,

s TR PR 22 BB E I 2 . K EH AR N
6 mm FRGIEEEZIZEEMA 2 mL KEH
ddH,O WJCH EP &, KA WLt
EP &5 ET 35, 40, 45, 50, 55, 60, 65,
70 °CHIK I H P IN# 10 min, AEAMAEHE 4 K E
52, RGPk, WG ELIERT pH 7.0
B PSA Mgy, 30 °cCOelEER, 7d M+
TR GEN R VR HAR, BB S REL,
1.5 [F#k B-48 BEFANFS5HE

FE R4 By P2 M R 24k . fd ] NuClean Plant
Genomic DNA Kit #:HU Pk B-48 [ [H 41 DNA,
A BE BEEER YK . NanoDrop #11 Qubit i
(RSN g sl

Mlumina )7 : 38 258 75 3 A ESCR 2
JERZH DNA FEHLFTKORC R 300 bp AO/NA
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B, X R Bk DNA #1785 KoR vl e, 315
DNA % . FER &6 J5 A Hlumina NovaSeq
e 30 £ P - 15 4 TR A B-48 1) DNA SCE#EA T
M

Nanopore il /¥ : F] Megaruptor X J5i 6 & 4%
AUFE[N 2] DNA SEATRENLITWT, XF KA Bt DNA
HATREER AL = 5, >R BluePippin 4 H 3%
PR [l IS A 53 85 Inl i K - B: DNA SCFE . fifi
SQK-LSK109 3% #2128 751 & il 25 I e S
e BAL LR 4 DNA 4718 52 KK v
Wil g, PR SO ATk i e slidl, &5
FHI Qubit X&) DNA SCEESATH € B
W& B4 4T 1 SCE I A %) Flow cells P R4 T |
¥, SRIG¥ Flow cells # 2 %] PromethION Il
ISGHEA T S BRI

FER 141255 - NECAT #4147 2 [ 41
AP, BRIV PHES R AR
Racon v1.4.11 33T = AR 3 £0cal X Pr 2 25
R PEE 5, B et miie — 10 reads 1Y
Pilon v1.23 205§, KAGIR1TRI R ML1HESS
o it A A EREE K BUSCO Xk
PRI 2H 20 B OR A TR
1.6 EHk B-48 HYEE LM TN K Ih
Be TR

LR H 25 T« >R F) BRAKER %% v2.1.4
Xof S DR A1 45 A R AT FO L 25 A e SR A B R A
GeneMark-EX . AUGUSTUS # 4 bt 41l 415
XA A TR 455 174 X T H Infernal
v1.1.2 F1 Rfam 4 2 %0 2L K 2H AR 4 % RNA
ke, T4t 1 RepeatModeler
BAF v 1.0.4 #52 H 51 repeat J§ , & 3F repbase
JE)5 , f# FH RepeatMasker v 4.0.5 #4735 K 2H 1Y
GENCNE IR N

FER AR M5 IE A (non-redundant,
NR)EE 1A 2 | &5 11 5t X% (protein families,
Pfam) % 4% & . [A I & A #& (clusters of
orthologous groups, COG), &LUARIE [ 53 K 2

H B 4 4 (Kyoto encyclopedia of genes and
genomes, KEGG) . %t [ A {4 (gene ontology, GO)
SR X B R I REEAT TR . IR )
AW E R R 3BT R antiSMASH 7.0,
CusProSe X HLgE B IH & IR BACE = W =Y &
JCHE R FEAT 3B
1.7 RS

otk DPS 15.10 #44F1 Excel G2t
Mr, F&c/ i % 22 5 (least significant difference,
LSD)k kA7 22 5 & A

2 EXRE54M

21 MEAHEEEM B-48 BEYE
5% o
2.1.1 AFEEFEITEK B-48 HEK K=
Eial:f=A!

XTI R B-48 TEA[RIEFREL Ay A K S
AT T 5B (B 1), Z5 KB, TR PR B-48 7E V8,
PSA. OTA, CA B b RBHMIFRLF, ARk
R, 224K E 08 0.97. 095, 0.95,
0.93 cm/d. {HFEA [R5 F7 5L b= fa Ay B g 2=
W, 7€ PSA. CA. CMA. PDA I/ HiEH TG
WEZS, PR, RES R 2.28%10%,
1.50x10*, 1.50x10*, 1.25x10* /ML, 7E
OTA F1 MBA [E{&¥: 55 Fym iz, LA
PR ). EEHMER ] PSA VE i
BRI RE R8s 37 3
2.1.2 A RIREXEK B-48 £ X~ HY
A

N TRIE RS X T AR B-48 [T 22 4= K 1 52 i)
ZREE, HFE B-48 1£ 20-30 °CI1 i 7
W AR, Hf 30 Chai ek,
TEIZIRE T AERKHEE N 0.95 c/d, fEZIRE T
PR, PRALE N 2.40x 10 ST/
TE 5 °C )t 45 °CHY, TRk B-48 MR 2245 1k A K
(# 2). JagHAIRK R A 30 °CHE i itk 1)
o S
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Bl 1 E#tkB4S EARERETHEELS

A: V8 IiFEIRL; B: PSA FiFJL; C. CA KK, D.

OTA 5553 ; E: MBA Ki3R5E; F: OA Bigfit; G: CMA 53R, H: CM Kig3E; 1. PDA Hifrdt,

Figure 1
MBA; F: OA; G: CMA; H: CM; I: PDA.

*1 EWRBASENEIEFRETHERKERE™
mE

Table 1 The growth rate and spore yield of strain
B-48 under different growth media

Media Growth rate Spore yield
(cm/d) (x10* spore/plate)
PDA 0.81+0.09D 1.25+0.58AB
PSA 0.95+0.02AB 2.28+0.58A
OA 0.92+0.05ABC 0.75+0.58BC
OTA 0.95+0.01AB 0.00+0.00C
MBA 0.91+0.01ABC 0.00+0.00C
CA 0.93+0.02AB 1.50+0.58AB
A% 0.97+0.02A 1.00+0.00B
CM 0.85+0.01CD 0.75+0.58BC
CMA 0.88+0.04BC 1.50+0.58AB

T B A B HE 2 o RISV E AN R RS bR
JNZE LSD KR 7E P<0.01 K F2FRE. T,

Data are mean+SD. Different letters in the same column
indicate significant difference at 0.01 level by LSD test. The

same below.

The fungal colony of strain B-48 under different growth media. A: V8; B: PSA; C: CA; D: OTA; E:

x2 BEHRB-48EANELRE THEKERN RS
Table 2 The growth rate and spore yield of strain
B-48 under different temperature

Temperature Growth rate Concentration
(°C) (cm/d) (x10* spore/plate)
5 0.00+0.00E 0.00+0.00E
10 0.10+0.00E 0.40+0.55DE
15 0.62+0.02C 1.20+0.45BCD
20 0.69+0.01BC 1.60+0.55ABC
25 0.75+0.02B 2.00+0.71AB
30 0.95+0.08A 2.40+0.55A
35 0.18+0.01D 0.80+0.45CDE
40 0.11£0.01E 0.40+0.55DE
45 0.00+0.00E 0.00+0.00E

2.1.3 AENBEGTE K B-48 £K KN~
bial:ak=A10)

ANFEDEHR ST T iR B-48 WAMAKH
— B . FEESEIAME TR, WAk
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R, ARKEEN 097 cm/d; E 22 RE A
12 h R B R M TR W L E K EE R
AR, WEERTEE R TR
K OREDE IR bR B-48 Y
F1TC i B (R 3). Jm gk oA a6 R FH i 2
HEAE R I B R B RE 51
2.1.4 [ pH X E#k B-48 £ KX =1aH
=AU

ANIH] pH X i bk B-48 1 224 K R e —
EFCNN . H Rk B-48 7F pH 4.0-10.0 35554 |
HReA K, HHRRTE pH 4.0-9.0 A PSA }535 % E
AREETLES, (HETE pH 10.0 ) PSA £
BE BA RGBS, 7E pH 7.0 I AR | 7
e, 9 0.95 em/d, 2.25%10% ML/
4 pH>9.0 B A= FH 3 e = F AR A2 B (% 4) .
J& S H AR B 0 pH (M5 2 7.0,
2.1.5 A REIRIEX EK B-48 4 K X = aH
=AU

PR B-48 7E 10 PR [R] AR IR A 55 2 514 T,

K3 BERBASEFERBEUHTHERKERR
EaE

Table 3 The growth rate and spore yield of strain
B-48 under different illumination

Illumination condition =~ Growth rate ~ Concentration
(cm/d) (x10* spore/plate)
Continuous light 0.97+0.04A  2.33+£1.53A
Continuous dark 0.87£0.07B  2.00£1.00A
Light/dark alteration 0.76+0.02B  2.33+0.58A

R4 EEB48 ELNE pH FHTHEKERK
Pk {03

Table 4 The growth rate and spore yield of strain
B-48 under different pH conditions

pH value Growth rate Concentration
(cm/d) (x10* spore/plate)
4.0 0.77+0.03AB 0.75+0.50BC
5.0 0.80+0.02AB 1.25+0.50ABC
6.0 0.81+0.01AB 1.50+£0.58ABC
7.0 0.95+0.03A 2.25+£0.50A
8.0 0.81+0.05AB 1.75+0.53AB
9.0 0.73+0.07B 1.2540.53ABC
10.0 0.52+0.02C 0.50+0.58C

XEANRIBRIR R R AR, KR Ree A K
(B TCHA FHFLE K7L . EARFBRIE) CZA K
FRIE, Bk B-48 XPUEM IR R e, B
FRSCRF, PAERKE 1.00 em/d, H 7 4
HAIRE] 11.00x10* AT/ Hk AR
T PR T RN S 2R G A TR N R R
255 TIRAIE UM LN, RRTEX 2 FhE
MRRIRE) CZA KR 3E F iEAEK (R 5).
2.1.6 AEIRIEXTE B-48 £ K=Y
=AU

7E 7 AR IR S 22 5, TRk B-48
XL B A R R E, WA KEE N
1.02 cm/d, FERIZCH Fedy, oo ]k |
24.00x 10* /0L, I HpE 224 K B 3
FHAMARE . HR A AR E A EA . H
FREN RS IR AR , 763X 3 oM AR M CZA HE 373k
Hp A R B I KT LA RRIR R M R A CZA
BrgR A K R, HUEAE DAEE IR O R/UR
55 FE L P RO BT o o TR R A FE R d
7, HRZEIEEE 6),
2.1.7 HEERERNEL

K A TRV 9 7 3 b Btk T ik 1) 1 22 B
WEATALBR, AbPRJS BT PSA A EREFE, JEXT
22 A K TR LS . SR LI, B

RS EHKRBASEARKERHTHEKERK
g

Table 5 The growth rate and spore yield of strain
B-48 under different carbon source

Carbon source Growth rate Concentration

(cm/d) (x10* spore/plate)
CK 0.45+0.03E 1.00+1.00BC
Fructose 0.70+0.01D 1.33+0.58B
Starch 1.00+£0.02A 11.00£1.00A
Mannitol 0.49+0.01E 0.67+0.58C
Galactose 0.00+£0.00G 0.00+0.00E
Sorbitol 0.44+0.01E 0.67+0.58C
Maltose 0.77+0.06C 1.33+0.58B
Sodium citrate 0.15+0.01F 0.33+0.58D
Sucrose 0.83+0.04B 1.33+0.58B
Lactose 0.00+0.00G 0.00+0.00E
Dextrose 0.72+0.05CD 1.33+0.58B
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Table 6 The growth rate and spore yield of strain
B-48 under different nitrogen source

%7 Colletotrichum echinochloae B-48 £ [F 48 9

RS
Table 7
B-48 strain genomes

Summary statistics of C. echinochloae

Nitrogen source Growth rate Concentration
(cm/d) (x10* spore/plate)

CK 0.50+0.03D 0.33+0.58F

Yeast 1.02+0.02A 24.00+3.61A
Peptone 0.89+0.02B 10.00+£2.00B
Glycine 0.39+0.02E 1.33+0.58D
Ammonium nitrate 0.70+£0.01C 2.00£1.00C
Ammonium chloride  0.68+0.05C 1.33+0.58D
Sodium nitrate 0.87+0.02B 1.00+1.00E
Potassium nitrate 0.81+0.06B 1.33£1.15D

Z 3k 35-50 °C/KIFALFE 10 min 5535 5 d J53m]
KB 22, Mg 55-70 °C/KIEALFE 10 min 5537
14 d GRS RN 224K, ] LIS 25
W, R R 227 55 °CUA FHEEEAEFE 10 min
2P EF IR B-48 IR 5T,
2.2 EERFEENFFTLEETUN
221 EEFBMF D REWTN

23t — A Mlumina & —fX Nanopore M| /7 5
WARIEIR A, UG P 91 4 P15 3 1 Bk B-48
FYSEIRI A, K IR ah B0 4% 2= NCBI Uk
i, AR A RRAS JADEZT000000000.1,
W0t H 45 BioProject: PRINA672254, 44
FEZR % 5 BioSample: SAMNI16551125, [# #k
B-48 MBI 54 21 4> contigs, J¥AEK
7 62 246 358 bp, N50 {fik 5346 453 bp, G+C
TN 46.59% . KR T ACEHE LT R R
99.62%, %N 99.89%, BUSCO iFH#rH
99.3%, A RIZIER LA B AhT . X Tk B-48 11
FER LU Z5 A AT T TR0, P00 2 A R 3 PR 2 Sy
11324 PEEH (3 7). JESmES RNA FEFH t(RNA
A 269 . tRNA A 101 />, snRNA A 27 /.
sRNA F 3 41~ EHEFA S RE] 41 778 1,
222 EREARIIEEFRE RN

%} Colletotrichum echinochloae B-48 ) 3t
K447 NR. GO, COG, Pfam M KEGG
SR R X R . NR B 13 v 3 1 e 3

Category Statistic

Variables C. echinochloae
Isolate CCTCC2020689
NCBI accession JADEZT000000000.1
BioProject PRINA672254
BioSample SAMNI16551125
Tissue sampled Leaf

Sequencing technology

Genome assembly

ONT PromethION &
[llumina NovaSeq 6000

Assembly size (bp) 62 246 358
Number of contigs 21
Scaffold N50 length (bp) 5346 453
Scaffold N90 length (bp) 3463 513
G+C (%) 46.59
Average scaffold length (bp) 2 964 112.29
Longest scaffold (bp) 8328 496
Shortest scaffold (bp) 25553
Genome Completeness

Complete BUSCOs 288
Complete and single BUSCOs 288
Complete and duplicated 0

BUSCOs

Fragmented BUSCOs 1

Missing BUSCOs 1

11165 5L, i BEDH 1 B LAY 98.60%, NR
B e B I R TR PR B-48 AL L X 2 5
BIH T (C. sublineola) LRk Z, & 37.35%,
HIR B AR RIE A (C. graminicola) M1.001, %
33.06% (& 2).

it GO HBH] 6397 45, GO HRE
FEIR & B RR L BB Y 56.49%; GO R
Pk B-48 193 A4 B AR W i 7 (biological
process). ZHffiZH 43 (cellular component)Fl143F
) RE (molecular function) = K&, HHrEA Yk
K 2w g JI £E B B %% 32 (transmembrane
transport) . % 71 (pathogenesis) fl 5 H ¥ iz
(protein transport) " & K & 445 2, FE40 L 4y
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K2 v 4 i B (nucleus) . T A A 4 A S 40
(integral component of plasma membrane) i fif]
Jii (cytoplasm)iF FEIE N # £

ik COG Hudfe i xf 5L R AT B & R I
J5, COG HRE it BeAs 2 962 MEEN, TER
Ny 8.50%. FLIATHRETE BRAE RIL T h 24 25,

\

2 NR HBUIREELL XS B FHII M 9% K G tE

Hrh 25 G @K E Wiz fh 1255
Btz 50 . E REEER I FRhH i
BEREZ, 4904 121, 105, 96 4. F4b,
25 Q KRB W A=A 1 Feis Fft
WHA LR 57 4, HHE B-48 HA 7™
HEZ R IR BACH T Y B RE 1 (K 3).

Colletotrichum sublineola (37.35)
. Colletrotrichum graminicola M 1,001 (33.06)
. Colletotrichum incanum (11.89)
Colletotrichum tofieldiae (8.20)

Colletotrichum higginsianum (2.07)
Colletotrichum higginsianum IMI 349063 (1.63)
. Colletotrichum tanaceti (0.47)
' Colletotrichum gloeosporioides Cg-14 (0.42)
Colletotrichum sp. PG-2018a (0.39)
' Colletotrichum fructicola Nara gc5 (0.36)
. Other species

Figure 2 Map of species distribution from the NR database in relation to sequences.

Number of genes by function class

125

100

75

50

Number of genes

25

0
ABCDEFGHIJKLMNOPQRSTUVXZ
Function class

Group

: RNA processing and modification

: Chromatin structure and dynamics

: Energy production and conversion

: Cell cycle control, cell division, chromosome partitioning
: Amino acid transport and metabolism

: Nucleotide transport and metabolism

: Carbohydrate transport and metabolism

: Coenzyme transport and metabolism

: Lipid transport and metabolism

: Translation, ribosomal structure and biogenesis

: Transcription

: Replication, recombination and repair

: Cell wall/membrane/envelope biogenesis

: Cell motility

: Posttranslational modification, protein turnover, chaperones
: Inorganic ion transport and metabolism

: Secondary metabolites biosynthesis, transport and catabolism
: General function prediction only

: Function unknown

. Signal transduction mechanisms

: Intracellular trafficking, secretion, and vesicular transport
: Defense mechanisms

: Mobilome: prophages, transposons

: Cytoskeleton

||
>

i | | | | [ [ ] [ [ [
NXYX<<CdummlO 30 ZE8rARa-TO01moOw

3 Colletotrichum echinochloae B-48 B4 £ E4HA COG IIRE 5 2
Figure 3 Gene annotation and functional classification in COG database of Colletotrichum echinochloae B-48.
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Pfam Z5F9 5L 0015 21 8 852 4%3L[AH, Hrh
major facilitator superfamily (MFS)#8 KKz
R ¥% 42 25 [ (sugar  transporter) I BE 15 fx
%, 439k 365 (4.12%)F1 204 (2.30%).

KEGG #l i trés R Eon, Bdba 3 900 4
FERMERE, R RIE LB 34.44%, i
WK SR . BRI R E 5 T
FER 3 AR RS, 254 380 (9.7%). 327
(8.4%)F1 319 (8.2%) ™ FE R IR BE45 S .

223 RERFEHMERZRS

i 14 antiSMASH 7.0, CusProSe 4%} i ik
B-48 1143k R A1 JEA T IR A ™ P Sk DR T
PR B-48 MYFL R P IL T H T 76 MR FAR
=Y YA R SR SRR, Mgt R
WLIE 4, 2553, Hitk B-48 RS W14
AR, AR PKS A WA LR % 23 1,
NRPS A=A LA 15 4>, PKS-NRPS A¥1&
ILFSE 5 4, DMATS A& mILH%E 6 4,
TS A=A B 8 A, HAWIEA A 19 1,
Hrp PKS A& AN R R £ .

3 Wik

AR TR AR FH A R R RE S5 4 S A2 2 AF
AR AR B A R FE RN N, FR A R B Y
PUAGVERREE B TE, SRR AR P e A S P i
B, BTG R, BAT 2RSS %
JUZEHE DL IR B30 7= A T Pl b s B
U A 2P0 ) B A AN A, BEE R
FEHEFARM KR, BRI R R HEY R
R AL FIAE S AN RO, DL R s g
e fil A S R o R AR S RS b ol U,
S BOHTBR R B0 R R R, B E RS AR R
BT 2 2 0 g B ) AT A e = U8 R
I, WAZIBRE R . BREAE AR,
A AT R 53 R (1 2 A S ) B A 4R

fiA= W i JFL 02 TR TR R 8RO
Ry R B R R R A R R D, R
B SR A B 50 2 7 FH T Bl B 2 il 24
1 G0 e 9 % JH # (C. gloeosporioides f. sp.
aeschynomene)fE iy 25 — 151 i FH il 2E 4 B 251

25¢

20f 19

15

@ 151
L
£
£
z

10

8
6
5
O 1 1 1 L n
PKS NRPS  PKS-NRPS DMATS TS Others

4 FFE B-48 EEHAR R BEEES T PKS: R4 5 ; NRPS: EZHHAZ KA ; PKS-NRPS:
ZG R -AE R Z NG W ; DMATS: “HYGN G ZAIR G ; TS: Wi2SH Ml; Others: HAhA:Y)
LN

Figure 4 Statistics of secondary metabolite gene clusters. PKS: Polyketide synthase; NRPS: Non ribosomal

peptide synthases; PKS-NRPS: Polyketide synthase-non ribosomal peptide synthetase hybrids; DMATS:
Dimethylallyl tryptophan synthases; TS: Terpene synthase; Others: Other biosynthetic gene clusters.

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



2312 (YIS Gk

Microbiol. China

College (X4 LockDown), 1] A4 &0l Bk A #
31 357 J& 74 B (Aeschynomene virginica) . 4 i
(A. indica) } K H 75 (Sesbania exaltata) ; 3 4h,
Jise ft 7 JH IR [ C. gloeosporioides (Penz.) Sacc. f. sp.
malvael{E M i FHER 557 BioMal, 1] A Z 05k
57 2%(Malva pusilla) & /NMESEZE(M. parviflora);
A 7% JH 14 (C. coccodes) i) LA I 3k B B4k T BE
(Abutilon theophrasti); JRZEKJH A (C. orbiculare)
%o} i) 45 H-(Xanthium spinosum) £ k48 47 14 97 [
RO 5 I A A 4 3T R #5761 C. higginsianum) ™
A Y R N 1 3% (Sonchus arvensis) . TF T
(Lemna minor) il 43 % 4 %€ 4 (Phelipanche
ramosa) Y Ak & L A ) ORI A R T
(C. dloeosporioides) X} H Hf % %2 ¥ (Cuscuta
campestris), i}y 22 T (Cuscutae australis)&s
¥ R B R,

ACHIF 5T I AR FH R BB b 0 o — bk
FLIA AR B-48, 382 [ 42 UF I 2 o bk oy L
BB o B A SR ASRHE L AT A
3 BRI T PR 48 R LR eI T (Colletotrichum
echinochloa), 734h, #F EfestE . fEWI& e
FIRUENZ AR A RO B AP BREE T, X
X T 2t B o 0, 4 4 W A 0 o e o ) R A
e 2 HAT dE B3 I AR IR 98 032 TR Pk 1) e £
ARKARA SR . ARKEE . pH. BIHE
PF . B AR E A Y R T TIRR . SRR
HY, ARREEFRAEE . ERIRE . pH. JEREA:.
IR RIERNZ AR PR . 77 A S RV TE A5 )
W BRRUL, VER . BEREEME AR IR X
RIGBEAS 025 $2 51 R Pk B-48 MK K™= 4l I
HEM B-48 figidi kK M Ry 444 PSA H5
FR¥E, ARIEEE 30 °C, fiE pH{EN 7.0, &
TG GRS RS I . A [R] e T TR 4 AR K i
W BRI R Y, A AR A T
(C. musae) : K Feid i A 27-30 °C, BR R JH
(C. coccodes) Ak K fidi it B 7E 20-30 °C, ¥ )& %
JH I (C. nymphaeae) () il A= KR b 25 °C,
I i& pH HIE N 6.0-8.0, PDA JEIZHHRAEK

MG IR AL, FLNE . TR X R A
AR XX R R 2 R B
BT T xR A A K S5, SR ATy it —
A3 2o 1F A2 I 0 % B il A P bR B-48 Ak
R R o RS S AL, O SR X T bk
P R AR e e 1 e S (L) 2 i

FI TSR W 00 KSR 7 )R I I R 1Y
A R o R I 2 R AR T Y — KR R
Ty ) o PRZH N P e AR AR B A i B Uk e
DA IR AU ) B AZ AR 2 T HESIE .
AR IR IH TR O A EAE P EOR ML R A 2
(L B L T 18 O R AR W iy 2 5 2 R B B
FR AU 1) B9 AR W I A 5 2
R F HA 9 4 JEL  (C. gloeosporioides) FlJIZE
WAH B (C. orbiculare) )5 K 4 Hh &7 K BUw
AHOCKE DR, 240 R o2 Aot il e 00 155 it
Hb, BB R B SRR T B R R P RE
WA\ 2 TR, V5| Wt 2 TR A AT A 0 B S A ok e 74
AIREAR Y FITAARE A RIE B 4325 1 6 R
HA BR B 3% M K 98 7 ¥ dirhamnolipid
colletochlorin A, E. F. orcinol F1 tyrosol, {HJ&
i h 1 JH TR IR A 7 1 1Y) A ) B R A i
TCAH L AFATT 2280 X R AT 7 I DA Ay 4 5 DR 4
JF B L 38 DR 2H 43 At 3 W e 9 71 J L TR A7 A R
A R IR W A )G B R, B i e
) EL TR SR 7™ 1) B B i A R T ER K, i
FEDN ORI OB RS e ot T N T = ]
YO LR IR I (C. echinochloae) B-48 4 5t
AL A5 B A TAEAT, R LR ARG =4 2 A
FREDEAT TR, WESE 45 34 I e )m ok
JEL TR 1) 8 35 DR 21 2= it 5% LA BAH S AR 3 TR
M S IR R IR F B LA, NS R AE Y B
B AR TR AT RS 2B =% .

4 Z

A FE X HA Az 97 Bk e T 0 A PR I T
PRk B-48 B AW AR BEAT TR, IR ARTE
PSA HifRdk AR AT, fid B RIERE N
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30 °C, fd K pH K 7.0, Fid IR AREN
FREEIE, fodifk . AR5 ) R VE K A B R
B, BOIELM R 55°C, 10 min, FEH 4T 51
5 R BN R R 4 KN 62.25 Mb, GH+C &%
it 46.59%, FINEIE A B AL 11 324 14,
T 2R G A P R WA R 76 A4 LA
EERONZRE R S R R . BRI AEY A
BB SE K SEBR N 85 8 T B S A

1B # FTk

JEIR AR A T 5 A S R BT R S B
AT L Tt N, RSB B
Ot WSO S SIS CB G ThiEk .
JEHR . AR 4 5 S G S e AR 4 R
orprs AR RS A M AsT A, RS
gt BT IR SCEES B

16 A 35 ¢ RATE 7= WA

V8 5 W 26 JCATA] m] R 5 Wi AR ST A A
TAERE 2B Al 2 s AR R
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