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=M FGEC1 B4 4FisiE M, #4T S. longispora FG216 89  B 28 /% 5) 5o #7, 4 7 5% Ao AT b i i 1k
& W) o e A B e ok AT e R R W F 6 KRR R A R AR LB 64 JREAT S. longispora FG216
QAR LR 5, oA A B 20 A A ) e A B IR ABAUE K Z , AT R A ARG 7= ) 41 7 76 A4 FGECI
#9408 & A B . [ 7% 1 2 F Illumina HiSeq %38 &0 5 -F &+ S. longispora FG216 & #&#t 4T De Novo
M, 18 SSPACE. Augustus FARMF#AT4K . HALRTN . KB EHF. WAL LKHS
VA B FM FGFC1 K AR = e m AR % . [4R]YS. longispora FG216 #9KB 480 7 & KE A
45 622 830 bp, £4F%| 605 4~ Scaffold, GC &= # 51.31%, EBFMIFE] 13 329 A% 43K F f=
169 /~3EZm a0 RNA, 25 B 40 5 23848 X 2 E Rk A A5 338 F 3 (%5 5 NMDC60016264), H
T 13 053, 8422, 8460. 7714 4= 2 847 MR 4 F 4% £ NR. KEGG. KOG. GO #= CAZy 4k 4%
BB R EAE 8. AR AR A F 5T LI, Stachybotrys A RT M, oK B EARE Kk EHKE
89 71.44%, S. longispora FG216 5 S. chlorohalonata IBT 40285 #9484k &; R &, FR4F2] 101 A
KARM Mo mAR K, LF 18 MNAE KL Tt 4n48 L e, i@ i antiSMASH M, Cluster
57 &% e M FGFC1 FA% 4 M) 75| ok B 69 KB 4k, 5 S. chlorohalonata 1BT 40285 F 9K B 7%
FE A 40%. (48] BFEHAEF S. longispora FG216 #93L R 4013 8. & 4% 2 B Rk A WA 4
PP S NTALA, A Stachybotrys 7 Bt A R T T2 AEL EL, R KILT S. longispora FG216
K AR W ¢ % AL S FGFC1 H-4% 360 % A A B £ Cluster 57.
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metabolite FGFC1 has fibrinolytic activity. The genome sequence analysis of S. longispora FG216 will
enrich and promote the basic research and applied research of synthetic biology of marine microbial
functional genes and secondary metabolites. [Objective] To detected the genome sequence of S. longispora
FG216, analyze the biological function and homologous similarity relation of the genome, and reveal the
related secondary metabolite genes of the fibrinolytic active compound FGFCI1. [Methods] Based on
Illumina HiSeq high-throughput sequencing platform, S. longispora FG216 strain was de novo sequenced.
SSPACE, Augustus and other software were used to perform assembly, encoding gene prediction, gene
function annotation, species collinear analysis and prediction of FGFC1 secondary metabolite synthesis
gene cluster. [Results] The total sequence length of S. longispora FG216 genome was 45 622 830 bp, and
a total of 605 scaffolds were obtained, with a GC content of 51.31%. Annotations predicted 13 329 coding
genes and 169 non-coding RNAs. The genome sequencing data submitted to the National Microbiology
Science Data Center numbered NMDC60016264, of which 13 053, 8 422, 8 460, 7 714 and 2 847 genes
can be matched with the annotation information in NR, KEGG, KOG, GO and CAZy databases
respectively. According to comparative genomics analysis, Stachybotrys is conservative, with core genes
accounting for 71.44% of the total gene families. S. longispora FG216 and S. chlorohalonata IBT 40285
had the highest similarity. At the same time, 101 secondary metabolite synthesis gene clusters were
predicted, among them 18 gene clusters matched the known compounds. Under the antiSMASH predicts
that Cluster 57 is a gene cluster encoding the synthesis of the parent nuclear structure of FGFCI1
isoindolinone, and the similarity of the gene cluster with S. chlorohalonata 1BT 40285 is 40%.
[Conclusion] The genome information of the rare marine fungus S. longispora FG216 has been uploaded
to the National Microbial Science Data Center for public use, which provides important reference for the
study of Stachybotrys species. Cluster 57 was also found to be the partial encoding gene of the parent
nucleus of the fibrinolytic active compound FGFC1, a secondary metabolite of S. longispora FG216.

Keywords: Stachybotrys longispora, de novo sequencing, gene function annotation, secondary metabolism,
comparative genomics
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Figure 2 Correlation analysis statistical chart of GC
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Figure 6 CAZy analysis of S. longispora FG216 genome

PL

£z 1 S.longispora FG216 5E M Stachybotrys EF A LLE

AA: Auxiliary activities

CBM: Carbohydrate-binding modules
CE: Carbohydrate esterases

GH: Glycoside hydrolases

GT: Glycosyl transferases

PL: Polysaccharide lyases

Table 1 Comparison of S. longispora FG216 genomes with other Stachybotrys
Items S. longispora S. chartarum S. chartarum S. chartarum  S. chartarum  S. chlorohalonata
FG216 IBT 40288 IBT 40293  IBT 7711 IBT 40285
Scaffolds 605 1434 2 351 2342 2290 2 802
Total length (Mb) 45.6 41.01 36.01 36.48 36.88 34.39
CDS 13 329 - 11368 11453 11 530 10 706
Largest scaffold (Mb) 1.144 4.955 0.433 0.762 0.861 0.484
N50 (bp) 295 293 1219 284 126 356 200 047 176 820 114 117
GC (%) 51.31 51.2 53.4 53.2 53.1 53.2

e —: RIFME CDS. S. chartarum . S. chartarum IBT 40288 . S. chartarum IBT 40293 . S. chartarum 1BT 7711 1 S. chlorohalonata

IBT 40285 %8535 43518 GCA_001021365.1, GCA_000732765.1, GCA_000732565.1, GCA_000730325.1 1 GCA_000732775.1
Note: —: No related CDS found. S. chartarum GenBank accession No: GCA_001021365.1; S. chartarum IBT 40288 GenBank accession No:
GCA _000732765.1; S. chartarum 1BT 40293 GenBank accession No: GCA_000732565.1; S. chartarum IBT 7711 GenBank accession No:
GCA_000730325.1; S. chlorohalonata 1BT 40285 GenBank accession No: GCA_000732775.1

(Carbohydrate Transport) F1 £ ¥ 4> % of #2
(Polysaccharide Catabolic Process), ‘B3R 9 14>,
Hrp ZBA 4 4l & Bk oK i B
(Indoleacetamide Hydrolase Activity)tH %A REH:
[H(F 3). S. longispora FG216 F1 S. chlorohalonata
IBT 40285 HAT e ZHYAHeA 2N 103 4>, [ I)fE
& EAE A AL R 1 [Oxidoreductase Activity,
Acting on NAD(P)H, Oxygen as Acceptor]Fll 22 24 ik
T PN KB  (Serine-Type Endopeptidase Activity).
2.5 RERBFE BCEE RN 5 s R
antiSMASH #4150 S. longispora FG216 &
RIZHAEAG 3] 101 SRR, Hodr, gnhd SRR 5 B
(Polyketide Synthase, PKS)FIIEAZEIA Z kG R i

(Non-Ribosomal Peptide Synthase, NRPS) /& J[H %
() F25R 5y, T1 PKS A 53 4>, NRPS-Like £ 22 1>,
NRPS fi 19 1>, Z5ilililf 6 B(Terpene) i 12 1>,
5|5 i (Indole) 5 9 1. S. longispora FG216 JEA
2 4 i F e 25 TR R ((0)-Mellein) BE [ #%  Cluster 1
5 Parastagonospora nodorum 4= ¥ 6 A K %
FHALPESE 100%; 6-F1 £L/K A% 1R (6-Methylsalicyclic
Acid)FEH#E Cluster 15 5 Aspergillus terreus 1)
A= W5 I DR A A LR 2 100% 5 — FY 5k Al il
(Dimethylcoprogen)%& [H % Cluster 55 5 Alternaria
alternata WHEY) & LN AR IPESE 100%; AbTI1
R LK% Cluster 73 Y5 Aureobasidium pullulans 1)
A5 IR T FEARE 2 100%.
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Figure 7 Differential comparison of genomic information of S. longispora FG216

H: A: 5P Stachybotrys BRI E | M R 5 BIE ST B SO R GO0 I T & 5 E 20475 C: 5 Bl Stachybotrys
LR G EH J3 i

Note: A: Analysis of core genes, unique genes and concurrent genes of five Stachybotrys; B: Heat map analysis of overlapping gene
clusters between pairs of gene families; C: Number analysis of five Stachybotrys gene families
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= 2 Stachybotrys 1%L ER GO 7317
Table 2 GO analysis of Stachybotrys core gene

Namespace

Molecular function

Molecular function

Biological process
Molecular function
Biological process
Biological process
Biological process
Biological process

Biological process

GO ID Count Name

GO:0016491 84 Oxidoreductase activity

GO:0016705 32 Oxidoreductase activity, acting on paired donors, with incorporation
or reduction of molecular oxygen

GO:0015031 97 Protein transport

GO:0016746 5 Transferase activity, transferring acyl groups

GO:0006886 29 Intracellular protein transport

G0O:0045493 24 Xylan catabolic process

G0O:0000398 28 Mrna splicing, via spliceosome

GO0:0045122 4 Aflatoxin biosynthetic process

GO0:0006351 87 Transcription, DNA-templated

GO:0016125 6 Sterol metabolic process

GO0:0006364 74 rRNA processing

G0:0004497 16 Monooxygenase activity

Biological process
Biological process

Molecular function

%= 3 S.longispora FG216 B EE GO 417
Table 3  S. longispora FG216 unique gene GO analysis

GO ID Count Name Namespace

GO:0008643 9 Carbohydrate transport Biological process
G0:0043864 4 Indoleacetamide hydrolase activity Molecular function
G0:0035442 4 Dipeptide transmembrane transport Biological process
GO0:0043312 3 Neutrophil degranulation Biological process
GO0:0019477 4 L-lysine catabolic process Biological process
GO:0009058 4 Biosynthetic process Biological process
GO:0006807 3 Nitrogen compound metabolic process Biological process
GO:0006847 2 Plasma membrane acetate transport Biological process
G0:0000272 9 Polysaccharide catabolic process Biological process

A Uk A= A 7™ W G B IR 7552 ) 245 SR
N, RM—5FHETE Cluster 57 ¥ S 5 05| ek
(Isoindolinone)AEWI & (K] 8), 5 S. chlorohalonata
IBT 40285 HXf i i R AR AU A 40%,
HRH 2 K0 AEYE ML NRPS-Like, PKS
TE S. longispora FG216 HZAFFERY, T 5 M|
J2 FGFCl HIRZLEEH, 2 W06 U i 5C B 3
(Kl 9). WEk 4 FioR, S. longispora FG216 #
S. chlorohalonata 1BT 40285 1 A#f XF 1 J& K 1)
BLAST WM AL, AW 4 ANIREE PR
#RERE 90% . AU 60%, FIFRERSS, 94
FRABIYSE A I R 49 082 bp (158 B IE %

e R 470G AL A FGFCL B9 A it A
%o MRPEIEREF FGFC1 Hyfk At i it 78
S. longispora FG216 HIAEYI & R, ZIEITHE
NIEEY) & P B E R, AN EERR B
(licicolin B)/& FGFC1 MyRIAIL &Y, Wit T kM
B G R T B AR LERER (K] 10),

SR E5 R K, S. longispora FG216 H
A G TR AEAR = Y B0 1 Fn R R oo, Bk
RETS B B IxX Se YA A Wi 5 HoBs 37 25 A 55 A
KAHK, BT S. longispora FG216 AT =4
AHOGSCRR AR TE 570 , A 8 Agf 000 7 G A v A= AR 3™
Y15 H A B AR 20 0 E AR AE A PR L
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FGFC1

8 FGFC1 #0305 WM ER 89 1L = 454
Figure 8 Chemical structure of FGFC1 and isindolinone
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Figure 9 Isoindolinone biosynthetic gene cluster in S. longispora FG216 genome
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Figure 10 The presumed FGFC1 biosynthetic pathway
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= 4 8. longispora FG216 5 S. chlorohalonata IBT 40285 51| AMKRER 4 ) & A B F 7% AY LLER

Table 4 Comparison of isoindolinone biosynthetic gene clusters between S. longispora FG216 and S. chlorohalonata 1BT
40285
Gene Locus tag S. chlorohalonata IBT ~ Coverage Protein Putative function
40285 homologue (%) identity (%)
stll g7747 = = = Protein RTAL1 [Trichoderma asperellum)
stiH 27748 = = = Long-chain specific acyl-CoA dehydrogenase-like
protein [Acremonium chrysogenum ATCC 11550]
stiG 27749 S40285 07609 100 62.22 Glycoside hydrolase [Massariosphaeria
phaeosporal
stiF g7750 = = = Rhamnogalacturonate lyase B [Aspergillus
bombycis]
StIE g7751 - - - Siderophore iron transporter mirB [Verticillium
dahliae VdLs.17]
stiD g7752 S40285 10521 94 75.86 Prenyltransferase [Stachybotrys bisbyi]
stlC 27753 S40285 07611 99 73.77 NRPS-like enzyme [Stachybotrys bisbyi]
stiB g7754 S40285 07612 99 76.09 Polyketide esynthase [Stachybotrys bisbyi]
stlA g7755 — — - Polyketide synthase [Aspergillus tubingensis]

T = AEAERRIIER

Note: —: There is no similar gene

3 WiSE4®

WA UAE Y R o R s e . L IR
A OB SR TR A AR EE, (L 7EEE
AR AT DU B G A AR A PIE MR SRR
) — RN, R BFSEI6 7 45 R
RS, X AERY GRS e ™ eI
B RIR Y A3, AR 2010-2013 4F1Y
PR Y KRR =R A B, 63%I1H KAk
PR A TR RS, RIAE 1981-2014 4
B, BEHCHERS 1 211 BN FIRIT AW A R
65% e 5 RAR = A B s e B R U0,
T VE ECIR 2 B 15 2 AL G W a5 i 25 2 4
RENZE . APSE . IR, 52E . SR N
K, F2 G MEiF, mHEA 2R
SR LB . Buae . R . PUBEIRESE, A
JEH EE MM

Stachybotrys VER—Fr 8 Z kS RS0
TR, HAZGIRIFR R G EN, R AR
FEAE RN . BEEPFIERAIRA, Stachybotrys
(AHOC S PR W 1A, AR LA MR PR S 5 A
o L N S8 20 LI 527 A I 70/ AR
VOIS Sy 2 R A M R B, Rk E

BUVBRHHMEE T REJUE, W ILOER
i Stachybotrys 7y 85 WA 45 FER 45 0 B K AR
YR MW AW s, ot S, longispora
FG216 Zid R, KB LURGE 7 t HAT 27 %
WPERINTTACE Y, X TIRYT A TR e AT
TR E T, BE KRR L, B
A&V R IHE AT L 3 H st R 7E T v
WUEMMELL B R R L LB HAER E A AR
B RS EE R AT
B2 K b B TR R SR v
UTAEAR, RPN P BR Y TRGHUKR e DL R o i A
B R AL 2 S BRI A, SRR )
AR RS TR AT 5 s o JE S X A] B 3R A T
TERAE Y AT SE N A28, R R B e If %
E U TE B B SRR 7 WD AH S Y TUBRBE R 2,
RHES) 1B — AW LE PR T, e i A
PR, DRI IRIR 2

TEARBETE R, BWHIH De Novo AN A
WK A2 S, longispora FG216 [HIRIETT
BERAN Y, BIARRE N 45.6 Mb HYEERI4H
FFA, 13 329 Dbt 5L IR o SR 4 2 2 S R
Y 46.58%, FHEET Stachybotrys HABE HIAY 5 44
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Py BE A B &, SRR e 45 R 80y,
M HF B H % . KEGG. GO. KOG ¥4
RS AL R b S R 2 AR A R A SR AR
W B KA A A B R U o s A AR A AR
WIhREIX, Trfiffbiat: . S5 G M EE ST
RE, AR TGN G, BT 4ERR A B A=
£, BIRS. longispora FG216 H XN G2k A
P 0 3R T 26 A AR AR S ) G A K DR R 6 A
A AR BGE T AT R R B AR S R T
J1o DMRHERKE, S. longispora FG216 {1358 A
VFZ2 AR A R IR R, A B M
fH. WA FERA 208, BE Stachybotrys 1EREL
W, M KEGG R LA 1 HHA 2R 80k
PR, ATRES AR A AR M | AR . PR TR
99 S H R NARE , XA e AR K52
TE Stachybotrys W5 B fE b, WS G0 T =B
P, RS R, AR

S. longispora FG216 XN 45 S. chlorohalonata
IBT 40285, S. chartarum 1BT 40288, S. chartarum
IBT 40293, S. chartarum IBT 7711 fEHLEE, it
Yy Rp[EIEME AT R, Stachybotrys 325 FEAR ST Y
Pidl, HAA R LU A A% O R R, R S AR 1
REAHARL, AR HEAZ O BE DR B A W) D R T A 7 Y v
e RmMae S, mMHY S. chlorohalonata 1BT
40285 A fig i YA DI ARANE D R] 7 B A A
PILEFI I RER =W . S. longispora FG216 5T
5| Wi 2 T Jeke 7K e it 3% 1k kA TR, AT RES S
Q™ FGFC1 9458 antiSMASH #f 3L T
W 101 S JERFE A 18 MEE W& AL R . Sk
KFE 2R 24 NRPS ., TIPKS. T3PKS Al
NRPS-Like, i 45 HoAb A A 5] e 0 R £
B-E RFER %, SRIMMN S. longispora FG216 $2HL
F LA TG ML A Y FGFC TEAb4 450 1 g Tk
B R G LRGeS iga o 7/ IR S R S Y G f A X
8, AN HE ) A PR v DG E 38— ok DG 1Y)
G W S5 [ DR IR 1 5 L R 7% Cluster 57, 42
Hi NRPS-Like il TIPKS 288 (1) B R A B, #&4A

FEALEE HAR AT 40%, (HR 2 4580 3L IR A 7E
W KGN T FGFC1 (G M Cluster 57 K& R %
SERCRY R RENE, FEMX) FGFC1 W& ki
BEAT TR0, X THE TR A WIE B A=Ak
- BT FGFCL BYAEW& BB T TR
il

AR IRIRIE T S. longispora FG216 FFEA
MR, AR T A A RS T 0 A A A i
AR T SEE L, R 4G R T (8] )
b R SRR T SR, X LU
S. longispora FG216 [AFHSA 9T HAG B2 L,
Bt Bt LiEEF K E R L REAET AF
BT,
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