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Genome sequencing and mycoparasitism mechanism of a
Cladosporium sp. strain

MEI Chao, FAN Shichang, AI Xiaoman, LI Jing*
College of Life Sciences, Southwest Forestry University, Kunming 650224, Yunnan, China

Abstract: [Background] Cladosporium sp. SYC63 is a potential biocontrol strain with mycoparasitism
and antimicrobial activity. Little is known about the whole genome sequence of this strain, which limits
its development and utilization. Genome sequencing and analysis will help us understand the
mycoparasitism mechanism of this strain. [Objective] The aim is to analyze the genome sequence of
SYC63 and preliminarily explore the mechanism of its mycoparasitism. [Methods] The whole genome
of SYC63 was sequenced on the high-throughput sequencing platform, and the genomics tools were
employed for sequence assembly, gene prediction and functional annotation, prediction of secondary
metabolite synthesis gene clusters, and statistical analysis of carbohydrate-active enzyme genes related
to mycoparasitism. [Results] A total of 17 contigs were obtained after genome assembly, with the total
length of 31 912 211 bp, the GC content of 52.80%, and 12 327 coding genes. Among them, 4 029, 949
and 6 595 genes were annotated in KEGG, COG and GO databases, respectively. At the same time,
25 gene clusters for secondary metabolite synthesis were predicted. The strain SYC63 had more
glycoside hydrolase and glycolipase genes than other mycoparasitic strains (Pestalotiopsis sp.,
Trichoderma sp. and Coniothyrium minitans). After treatment of the spore wall with rust fungus, the
expression of cell wall-degrading enzyme genes was significantly up-regulated, which revealed that the
mycoparasitism mechanism of SYC63 was different from that of 7richoderma. [Conclusion] We
explored the mycoparasitism mechanism of Cladosporium at the genome level, providing reference
information for further studying the mycoparasitism mechanism and mining the secondary metabolites,

which is of great significance for the subsequent development and utilization of Cladosporium.

Keywords: mycoparasitism; Cladosporium sp.; whole genome; gene function annotation; secondary
metabolism
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1 % SYC63 DNA Hk[E
Figure 1 DNA electrophorogram DNA of strain
SYC63. M1: 1.5 kb DNA Marker; M2: ADNA/Hind 1II.
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Table I Genome comparison of strain SYC63 with similar species

GRS RN HEM  GCHE N50 (bp) ~ GenBank % 3t 5
Strain Size (Mb)  Contigs GC content (%) GenBank accession No.
SYC-63 31.91 17 52.80 1981920 GCA_022457075.1
Cladosporium cladosporioides TYU 33.23 67 52.30 1992 403 GCA_002901145.1
Cladosporium cladosporioides F8 5S 3F 34.03 132 52.60 965801  GCA 018408295.1
Cladosporium cladosporioides F8 5S 2F 34.03 130 52.60 1102510 GCA 018408335.1
Cladosporium cladosporioides F8 5S 4F 33.87 234 52.70 634743  GCA _018408255.1
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Figure 2 KEGG functional analysis of SYC63 genome.

400 600

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



MR At — PR B 27 A A 0 B 10 258 PRI AL e % 2 A LA 3315

. A: RNA processing and modification
2004 . B: Chromatin structure and dynamics
I C: Energy production and conversion
. D: Cell cycle control, cell division, chromosome partitioning
. E: Amino acid transport and metabolism

1501

123

100+

Number of genes

50+

Function class

B3 SYC63 EE4H COG hgEn#r

Figure 3 COG functional analysis of SYC63 genome.
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Figure 4 Family distributions of CAZyme
encoded in genomes of Cladosporium sp. SYC63
and other mycoparasitism fungi. CE: Carbohydrate
esterase; AA: Auxiliary activities; PL:
Polysaccharide lyases; PCW: Plant cell wall
degradation enzyme; FCW: Fungal cell wall
degradation enzyme; CBM: Carbohydrate-binding
modules; GH: Glycoside hydrolases; GT: Glycosyl
transferases. The numbers indicate the number of
enzymes in each gene family.
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Table 2 GO enrichment analysis of cell wall degrading enzymes in Cladosporium

GO _ID GO name Class Test
GO: 0005576 Extracellular region Cellular component 29
GO: 0071555 Cell wall organization Biological process 17
GO: 0005886 Plasma membrane Cellular component 16
GO: 0031225 Anchored component of membrane Cellular component 14
GO: 0005975 Carbohydrate metabolic process Biological process 13
GO: 0009272 Fungal-type cell wall biogenesis Biological process 12
GO: 0000272 Polysaccharide catabolic process Biological process 11
GO: 0009277 Fungal-type cell wall Cellular component 11
GO: 0004553 Hydrolase activity hydrolyzing O-glycosyl compounds Molecular function 10
GO: 0004556 Alpha-amylase activity Molecular function 9
GO: 0052861 Glucan endo-1,3-beta-glucanase activity C-3 substituted reducing group  Molecular function 9
GO: 0005618 Cell wall Cellular component 8
GO: 0006032 Chitin catabolic process Biological process 8
GO: 0007117 Budding cell bud growth Biological process 8
GO: 0008496 Mannan endo-1,6-alpha-mannosidase activity Molecular function 8
GO: 0046658 Anchored component of plasma membrane Cellular component 8
GO: 0032450 Maltose alpha-glucosidase activity Molecular function 7
GO: 0042973 Glucan endo-1,3-beta-D-glucosidase activity Molecular function 7
GO: 0004568 Chitinase activity Molecular function 6
GO: 0005509 Calcium ion binding Molecular function 6
GO: 0033201 Alpha-1,4-glucan synthase activity Molecular function 6
GO: 0035840 Old growing cell tip Cellular component 6
GO: 0005783 Endoplasmic reticulum Cellular component 5
GO: 0016740 Transferase activity Molecular function 5
GO: 0004574 Oligo-1,6-glucosidase activity Molecular function 4
GO: 0005615 Extracellular space Cellular component 4
GO: 0005737 Cytoplasm Cellular component 4
GO: 0008152 Metabolic process Biological process 4
GO: 0009405 Pathogenesis Biological process 4
GO: 0031505 Fungal-type cell wall organization Biological process 4
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Figure 5 Expression of DEG of cell wall degrading enzymes in Cladosporium. A: Expression of DEG of
fungal cell wall degrading enzymes; B: Expression of DEG of plant cell wall degrading enzymes.
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£3 SYC63 EREARFI 5 EHE %

Table 3 genome secondary metabolic gene cluster of SYC63

BN R 5 KA Ry VAR 2 STRVA S 7Y e ek IR ARBL A 20 PR AR
Cluster ID  Cluster type Start position End position Number of core gene =~ Most similar known cluster Similarity (%)
Cluster 1 NRPS-like 183 494 226 668 6 -

Cluster 2 Terpene 250 607 273 816 2 -

Cluster 3 T3PKS 1 150 090 1191 231 5 -

Cluster 4 NRPS-like 1924 059 1969317 4 -

Cluster 5 NRPS-like 348 305 391 684 2 -

Cluster 6 NRPS 1199 769 1243609 5 -

Cluster 7 NRPS-like 1779 361 1823558 5 -

Cluster 8 NRPS 916 556 973 659 3 -

Cluster 9 NRPS-like 981 138 1025034 5 -

Cluster 10  NRPS-like 1019 865 1062535 5 -

Cluster 11~ NRPS 1348 712 1402737 7 -

Cluster 12 NRPS-like 1415015 1454966 5 -

Cluster 13 NRPS-like 1528 603 1571197 4 -

Cluster 14  NRPS, RiPP 272 760 329512 13 -

Cluster 15  Terpene 478 218 501 760 4 -

Cluster 16 ~NRPS-like 1364 706 1402804 3 -

Cluster 17  NRPS 1674 678 1718748 9 -

Cluster 18  TIPKS 78 391 125498 9 -

Cluster 19  T1PKS 1237 604 1238774 8 4-epi-15-epi-brefeldin A 20
Cluster 20  T1PKS 1530 675 1577973 6 Cercosporin 31
Cluster 21  Terpene 59 351 80299 4 -

Cluster 22 Terpene 1 146 988 1168280 9 -

Cluster 23 NRPS-like 1192 730 1236033 4 -

Cluster 24  Betalactone 164 606 188 177 6 -

Cluster 25 TIPKS 789 628 836 227 2 Melanin 100

TE: — RTIINE e AR © 003 [ 7%

Note: —: The most similar known gene cluster was not predicted.

7242 1Y 6-pentyl-a-pyrone HE W& 411 il 4 ) 5 &K .
22 5 BR AN 435 )8 M5 5 (deoxynivalenol, DON)
WA R, T 22 24 BR 1 DON MR JL T i
Bt L Ay gk 2y B A AR AL 2 B PGS2
FERRER 3-SR . BT ORE T A AT
1R X MR B 5 40 1 BOEAE .

K E 25 A A A0 B A 0 Y R B A E A
YIBT IR 5 T — KW F1 Bk . Moricea S5 )
XF C. tenuissimum 354 1E Cronartium flaccidum 1
Periderium pini FBFFERIT, O30 LR
WAl 7 BESE ARG, B A B gar

Az, T VR AT S ORI BE R IR R C
cladosporioides 1 C. pseudocladosporioides 7]
FEEVE Ry I A K el AT gt A
LB R TR, B T AR AERE ), R
TR REAVE I T3 L VR BiG , HEA/ER
MLERARTERED); W C. cladosporioides W4y 8515 )
(1 J il fL A4 cladosporol A J&—7fr B-1,3-4 R M
AW CARIR], AT BOBR U R T 22 Y
cladosporol B-E M C. tenuissimum H453 #4153,
Xof L5 A SR A AR IRV i ELRE
JURHE D5 5 A ) (1 78 i A R 1242627
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Figure 6 Cluster structure (A) and gene expression (B) of secondary metabolic synthesis genes of
Cladosporium SYC63. KS: Ketoacyl synthase; AT: Acyl transferase; DH: Dehydratase; MT:
Methyltransferase; ER: Enoyl reductase; KR: Ketolreductase; ACP: Acyl carrier protein; SAT: Starting unit

acyltransferase; PT: Product template; TE: Thioesterase. SYC63-C_FPKM: Untreated; SYC63-S _FPKM: The
spore wall induction treatment of rust fungus.
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Figure 7 FPKM values for expression of virulence Ay RERER] 593 N1 123 MEREZSYS THKAL
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