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ZCESE KJA0 &2 FH BN F &5 H

K AR @M I¥ ZHI O EAE
(P R2apiez e pa)il sER  611130)

HOE. [F%]) &K% ¥ (Sreptomyces sampsonii) KJ0 2 — R EA 5. 124 % FHhieed
REE, AAEAENRG R, BAICEAMXAAIRE S sampsonii A F 255, XK
# T HARAR. Rt e RERBILEARAFFHT. [849] A S sampsonii K0
AR AT &, VAIRANFR R B AR T AR A ML) B AR R B = AR TR, [ %] #1A
Ilumina HiSeq &8 2 M 5 -F & *F K0 A REAT 2R B 0 5, 428 A8 X 205 ) 5 2048 24T
EREEE. AR FahfeizM. MK BRM oo mAE R L. HEBEITF. [£R] AR
28 3% J= 47 2] 9 4~ Scaffolds #= 578 /A~ Contigs, ¥ K& 4 7 261 502 bp, G+C%& & - ¥ % 73.41%.
TR 2] 6605 AN E 1260 N8 E L F7.804 MNP EFF] .67 M EZFF].90 4 tRNA.
9/~ rRNA #= 194~ sSRNA. H ¥, 2429, 3765. 2890. 6063 #= 1 911 4~ 2 B 45 £ 4 /£ COG.
GO. KEGG. NR #= Swiss-Prot 4% &R IR 2| 2815 &. B, LTRIFE] 20 ANRARB =4
SR B . KR 8 5 AR X E NCBI 3£1F GenBank &3 5 : LORI00000000, S. sampsonii
KJ40 5 Sreptomyces coelicolor A3(2). Sreptomyces griseus subsp. griseus NBRC 13350 = 44t &
AARAAEME. HaFARAETH, SMERRALA 1T ANERARER. (L] HRA
AR 20 E & AT K0 B ELA RATILA B R ey MR R BARAE A s, AHIRANT
B R KBRS RIEBRBEAFZZE, 2t S sampsonii & 448 X AR BH T25 L.

X ARETE, AR, AREE, REAKH, WERLARAN T

Whole-genome sequencing and analysis of Streptomyces
sampsonii KJ40
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Abstract: [Background] Sreptomyces sampsonii KJ40 is an actinomycete with functions of disease
prevention and promoting plant growth, it has the potential as a biological pesticide. However, there
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is no relevant study in the genome of S. sampsonii until now, limiting the research of its functional
genes, metabolites synthesis pathway and comparative genomics etc. [Objective] To analyze the
genome information of the S. sampsonii KJ40 strain, and to research the mechanism of functions of
the strain, and its secondary metabolite genes. [M ethods] The whole genome of KJ40 strain was
sequenced on the Illumina HiSeq platform, and then sequenced reads were assembled, the genes
were predicted, the gene annotation, secondary metabolite biosynthesis and synteny were also
analyzed with softwares. [Results] In the whole genome, 9 scaffolds and 578 contigs were obtained.
The total length was 7 261 502 bp, the average GC content was 73.41%. It contained 6 605 genes,
1 260 tandem repeat sequences, 804 minisatellite DNASs, 67 microsatellite DNAS, 90 tRNAS,
9 rRNAS, and 19 sRNAs. Among them, 2 429, 3 765, 2 890, 6 063 and 1 911 genes were able to
annotate in COG, GO, KEGG, NR and Swiss-Prot databases respectively. 21 secondary metabolite
biosynthetic gene clusters were also obtained. The sequencing data from this article are available in
the GenBank database (accession number LORIO0000000). There were 1 711 proteins clustered
among S. sampsonii KJ40, Sreptomyces coelicolor A3(2) and Sreptomyces griseus subsp. griseus
NBRC 13350. The analysis of synteny indicated that genome rearrangement and translocation
happened among these genomes. [Conclusion] Our results show the genome information of KJ40
strain, it gives evidence that KJ40 is linked to disease prevention and promoting plant growth, and
provided reference for understanding secondary metabolic synthesis pathway of Sreptomyces, which
is of great significance to the future research of S. sampsonii.

Keywords: Sreptomyces sampsonii, Genome, Gene annotation, Secondary metabolism, Comparative
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genomic analysis

75 1 8 (Sreptomyces) JE— 2K AR IR . HA
5 AR N TR 42 22 FR PR A Y, R
B LB W2 i 2 — 12 B T R A 1 A
SURERZRMEE WA R AT AR
=8, Hrrm Kk F RT 2R AR
PHLAR , 2E XA AR rpews P Bl A 1 7
AP B, dig ERERPUE R 23 MRk
Sk AR TR o BERE RE T G v e
gt EmR s s et iz
W RBIFTLE 24N, AIRHIET . BN . P
(R 177k N 717 2 ST /12 L 111 S
RS A, LR AN K Bk A |
JLT RS e met™ | R | A g
TR 4 B T R AR 4 H 2ok
i HAE 2%, e T HAYNE R ZREE, 8120
AT . B A 25Tk, X AR A
CRLES N

B B PR A A H AR S GHC% & =
(66%—74%), YeiRELek, HAE LR, ZH

T 2R 0 R 1 A% A 1 5 DR 2 e 5 s R X
HR——K 1% {0 5% %5 14 [ Sreptomyces coelicolor A3(2)]
) 4= BE DR 200 7 T 2001 4F- 76 9 [5G #F Sanger .t
SERIS, IR R T R — A S8 B A S DR 2
FAh, # % 2017 4F 3 A, NCBI (Nationa Center of
Biotechnology Information, 3% [ [ 5 A M1H AR5 &
Hty,  https://www.nebi.nim.nih.gov/) I i 50 R
S bR BRI H 889 /1, HiHr L R 4 43 H
261 1>, £1 706 MERG R EEH A A, Hrb 433 4
2 U B T IR S BRI AR . BEE D
JP R R PRHE A R AN A0 A% B DI T R, B ik
Z IR AR Iy, S 224 T A DN 2H s
(AR TR L PR A A F B ITIR A o

H a2 4 M {8 B A9 107 B A A (Maytenus
aquifolia Mart.)!*¥ | gl 13172021 & fcige e pn 2]
HE 2123 SRR 12 2O 24 A 120 B ]
& R4 55 T8 (Sreptomyces sampsonii) . S. sampsonii
BA W8P E w0, R IH 2R BN A
K, WE @&k E (Candida albicans) . 2 il 25 &
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(Aspergillus niger) . £ & F/NEF 5 (Microsporum
gypseur) . %% J& (Trichophyton sp.)% | JH L 74 &
S T (Alternaria alternata) . Bl 4] /R ) 2% 5 8
(Phomopsis archeri)!™ F1 £¢ %2 1% [ (Rhizoctonia
violacea) P4 B . S sampsonii BEME =L R4
K A T , 5 S VR RO BB RE A8 10 T A 45 £ R O 1Y
AL FEXT 2 A BOEAE A, A R T Al bk K T
FCACHE ™ Y L2 W H A Bt 2 T8 1 I 5T B 240 v
(Glioblastoma multiforme, GBM)f# &t /11, s
sampsonii KJA0 &< S 56 28 M I )11 45 f B 1) A% 1
HRBR 38 v o3 B - ORAF RBT R AR , X W i 5 80P i
il R. violacea A BAFHEHUACR , BA B | 12
A ZEIIRE, A TP RRIE AL A | 3G AT
VERPN, B T Bty 0 RS, AR A
KRR T1 . BB E N AT S sampsonii (18
FEEEE P HYIR . Pub . BubivE . fEA R
TEPE LASGE P 5 1) 43 25 24 I 4K
RAR FRMEEMEZWMAZLET. S
sampsonii 455 K 20 7 S AH DGR IR R A s, X
PR T H I REREDR AR WG BGRAR D bk
DRI 2H 2 25 o ASBE5E R Hlumina HiSeq 1 38
P65 S. sampsonii PR RE R, R
X 5 PR 1) A 7 56 R T A S g v B, B T vk
FACE WG RN RE , HEAT T BRI 4 ot
5%, A7 S sampsonii A= B VE B . DhfERE
A28 5 ) 250 BLAi
1 MEETE
11 FERAFIFNEE

ARE . RO, S, BRI
WEEREEMBEARGRAF . B.0HUW T Beckman
YN8
1.2 HHAE

SR HERS 14 (Sreptomyces sampsonii) KJ40 4 Iy
JHAR MY R 27 A2 B AR AR DR AP R RS 5 28 93 15
HARAF o LR T 2012 4F 4 H 13 HARRBEI L 5
7 H A O TR R DR PR e B sl U R

AL, PG5 CGMCC 5996,
1.3 S sampsonii KJ40 #9153 5 E FE4H DNA 25X

KJA0 RPRERD 24 PUE B I R(NA)RE IR 4
25 °CIHfbIEFE 4 d, SRIEHHEZ = MMRIARE SR
FLF 25°C, 140 r/min }53% 4 d, 12000 r/min &.0>
20 min WA TR A% AR KRR A mI A T A R IR 4
WP
14 HEEENFEE

AR R EL D (RN A FAE, SR Humina 2y
w1 Paired-End AR E /N R BOFIK v BeE A 2
SO, HAf AR RN Ny 500 bp 1 6 000 bp, i
Illumina HiSeq 4000 & X} 3R U 7 . J5ihh
I 7 Kt (Raw data) 2 IR it Reads A9 &
B N BIGEAS L M Adapter 7541 Reads, 3545
iR ) Reads 41 2 il SOAPdenovo (Version
2.04) 5 )75 2 B4R 12525} Clean Data #E1 7425,
K2R, FESH K KEN 37 RS mitd
ReLER, SRIEH Reads HUX 2 354k15 1 Contigs
I, FMR¥E Reads [1) Paired-end #i1 Overlap %%,
XTSI T SRR e AL
15 EEABES S

A5 K0 Wtk eRE AR Z 5, WA
A BE RN H AT 25 R b, EAGmAD LR T4
JPFIFIEESGRES RNA BT, %A Glimmer (Version
3.02) P A TR A8 SR FE R T . 33 TRF
(Tandem repeat finder) (Version 4.04)3 4 {475 4
HRH AP, AR A PG B SR H ikt
H R TR DN TR RS, it 5 rRNA PR X
$F) rRNA, %383 RNAmmer (Version 1.2)B4%5 4
WM 55) rRNA; @il tRNAscan (Version 1.23)1%
AOFTN tRNA XIURT tRNA (19 %454 il
Infernal %5 Rfam (Version 9.1)PUdi e A7 1k
X153 sSRNA
16 ERERBRAINEETRE

W R E B JF 4 4k Bl 5 GO (Gene
ontology) . KEGG (Kyoto encyclopedia of genes and
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genomes), COG (Cluster of orthologous groups of
proteins) . Swiss-Prot. NR (Non-redundant protein
database) £ 4k J22 #E 47 Hexf, 58 iU F1 8 B fE
R
1.7 RPN E BEE R TN 24

anti SMASH Vi J:— 3k % 171 410 1 Fil L
TRIT AR 2R R U A= A ™ W) s B DR 2 T ) &l
. iz antiSMASH #44-%t S sampsonii KJ40
H R A P 1 G R R R S T RE G LAk &
PIAZ SR A T T 0 A
1.8 ERERBF ST

¥ S sampsonii KJ40 3L R 20 -5 R 4 5 2% 1
[S. codlicolor A3(2)Fl1 Sreptomyces griseus subsp.
griseus NBRC 13350] 4 R 2 )5 41 i T Mummert®®
FEXT A5 Rt THEY SRR AR 2 SR 2 A B B,
W e gt —E LeBIAR/ NG L 0 ik — et 1 ]
W XL Y Aadnil, DA E L T
ArbRflc A BLAST HUXT, B HexT B RIRZIR I S1IX
Sk, AR A B E SRR e 4a /N E R BIE E
FIH BLASTClust X KJA0 #1525 5L R 241 154 125 11 3R

F 1 S sampsonii KJ40 5 E &35S W & F 4H EhEg

RS0
1 BERBEBRERMERBLED

S sampsonii KMO F:F 4 i 555 9 4
Scaffolds i 578 > Contigs, A1 & >4 7 261 502 bp,
G+C% 1 V444 73.41%, NS0 Al N9O [ K 440
7182059 bp, iDL K FE ) 98.9%. FE[KIZH Tl
M%) 6 605 AL, SKJE Ry 6372177 bp, VK
&4 965 bp, (LA KA 87.75%, B EL )T
%1 1260 4, # Kk 136 306 bp, K/ k 1-1 737 bp,
AR K Y 1.877 1%, /ND AT 804 4, fik
TR 67 4~ S sampsonii KJ40 E:R4H 53402
2250 I R AN PP (D BE RS T LU, 55 Sreptomyces
albidoflavus NRRL B-1271 . Sreptomyces albus
J1074 . Sreptomyces exfoliates NRRL B-2924 #l
Streptomyces globisporus C-1027 KK 4 Kk /MHEIE,
G+Co% bt 538 1 Frdl) 11 Pk s AR, FF 65
T LA FEARSRAE . S sampsonii KJA0 JE R 2H
Y RO 4R %S = NCBI, GenBank % 5 5 K
L ORI00000000,

NN

Tablel Genome characterscomparison of S. sampsonii KJ40 with other Streptomyces

FEHAEKE  Scaffolds$E  G+Chiht T PRI .
[El7S ) GenBank accession
. Total length of Scaffolds G+C% content  Predicted gene
Strain No.
genome (bp) number (%) number
Sreptomyces sampsonii KJ40 7 261 502 9 73.41 6 605 L ORI00000000
Sreptomyces al bidoflavus NRRL B-1271 7084 693 115 73.40 6 057 JOI100000000.1
Sreptomyces coelicolor A3(2) 8 667 507 1 71.98 7910 NC_003888.3
Sreptomyces albus J1074 6 841 649 1 73.30 5879 NC_020990.1
Sreptomyces exfoliates NRRL B-2924 7 874 957 129 71.90 6993 NZ_JNZP00000000.1
Sreptomyces griseus subsp. griseus 8 545 929 1 72.20 7 089 NC_010572.1
NBRC 13350
Streptomyces somaliensis DSM 40738 5176 903 243 74.10 4624 NZ_AJIM00000000.1
Sreptomyces viridochromogenes DSM 8548 109 1 70.80 7589 NZ_ACEZ00000000.1
40736
Sreptomyces globisporus C-1027 7 608 611 1 71.55 6 730 NZ_CP013738.1
Sreptomyces resistomycificus NRRL 9098 934 141 69.70 8924 NZ_JOBA00000000.1
1SP-5133
Sreptomyces griseochromogenes ATCC 10764 674 1 70.80 9449 NZ_CP016279.1
14511
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S sampsonii KJ0 JERA1PE E WL 1, R &4
90~ tRNA . 9> rRNA F1 19> sRNA, £ 2 4291
FER R34S COG e FE. COG Rt A
AR 15 Y fig 35 A R 7E — i D R 1 (General
function prediction only) (405 3E[R) 2 LR
Mtz (Amino acid transport and metabolism) (323 1~
JLE) ., %5 (Transcription) (261 NJEE) . BKIES
Yikia ARG (Carbohydrate transport and metabolism)
(201 LM . figfE A4 M A% 3% (Energy production
and conversion) (198 ML) . ToHLE F-iEiz 50
(Inorganic ion transport and metabolism) (189 />3
). JEFi iz 514 (Lipid transport and metabolism)
(170 EED) o B AR SE A F0AE )G

L0 g R

) B
a "W ne

1 S. sampsonii KJ40 £ [Z 48 B|[E
Figurel Genomic map of the S. sampsonii KJ40

(Translation, ribosomal structure and biogenesis)
(160 AEER) . YRR G . B AT
(Secondary metabolites biosynthesis, transport and
catabolism) (146 3L [H)ix $L )7 TH, B4 Dhaed R
AIEER 5 COG ZhHRETERE S AL RIE 1 73 LK
16.7%. 13.3%. 10.7%. 8.3%. 8.2%. 7.8%. 7.0%.
6.6%. 6.0%, F:[H4] GC skew 7ERT F4EH & IE(H,
AL e b o U, TERZBUSAZEE R, Hi
SHHEFIHT S BEE DAL N AAEAR B B RO, R
PHEE S GANT, WS HE P g A R C B 2 — el
22 ERBAGEER

221 GO ILhREHN %

S sampsonii K30 JE K4, 3 765 4~ JEA fig

W RNA processing and modification (1)
B Chromatin structure and dynamics (2)
M Energy production and conversion (198)
® Cell cycle control, cell division, chromosome partitioning (14)
W Amino acid transport and metabolism (323)
M Nucleotide transport and metabolism (65)
Carbohydrate transport and metabolism (201)
W Coenzyme transport and metabolism (141)
M Lipid transport and metabolism (170)
M Translation, ribosomal structure and biogenesis (160)
M Transcription (261)
Replication, recombination and repair (135)
W Cell wall/membrane/envelope biogenesis (79)
® Cell motility (0)
M Posttranslational modification, protein turnover, chaperones (78)
M Inorganic ion transport and metabolism (189)
B Secondary metabolites biosynthesis, transport and catabolism (146)
W General function prediction only (405)
M Function unknown (141)
M Signal transduction mechanisms (117)
Intracellular trafficking, secretion, and vesicular transport (24)
M Not classified by COG (4176)
M Defense mechanisms (62)
B Extracellular structures (0)
M Nuclear structure (0)
Cytoskeleton (0)
= Ribosomal RNA (9)
M Small RNA (19)
M Transfer RNA (90)

. MANEN, 45 LBFRIERER ncRNA 4076, 4135 tRNA | rRNA B sSRNA =R (A1 2 LA M) ; 55 2 BIFOR IEHER COG
TREER T, DIAFEMEAX (IS 0A T MAULN); 25 3 BN MiERY COG IERER 0 ; 5 4 BFRIRTEER ncRNA 4377 ;
55 SR ()TN GHC%E i, LIV GHCUAEELL, MAME IR THIE, MNKHIFRIETEIE; 45 6 By GC skew
8, #OIRNT 0, BEIRKT 0.

Note: From the outer to inner circle, the first circle is the distribution of sense strand of ncRNA, including tRNA, rRNA and sRNA; The
second is the COG annotated genes of sense strand; The third is the COG annotated genes of antisense strand; The fourth circle is the
distribution of antisense strand of ncRNA; The fifth circle is the GC content, the GC mean is the baseline, outward to the fourth circle

represented GC content is higher than baseline, and inward is the opposite; The sixth is the value of GC skew, purple mean less than 0, green
is shown opposite.
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1 GO Bl AR B B, & SR The il
HA M2 2 (Biological process) (16 M43 3) .
M ZH 43 (Cellular component) (8 /™43 32)Fi143F-3)
fit(Molecular function) (9 1~ 3%) = KiF2k, 1334
oy (B 2) Horr, AEfl BRI rh b S N i &2
F R FR A R, A4 2 A b S I
(K5 22 1) 2 AN AL 4, o RBZ N v i I
R4 AR E. GO HIRE R LA
XoF BT AR AT A T 5 PR R4 T IR 2 IR AR AL T RE 43
2, W HOIE TR A TR L R Y e BT e i Ak
222 KEGG KKBHiREZEN

KEGG &E&Enirix(& 3), fexiniz] KEGG
pathway [ 2 890 ™ 5: A & 42 4E 176 S5l i,
Horp v K SR d5 22 13 i 2 A . WEERA R R 1R

(ko00230) (88 MHL[N), M A4:4% (ko00010) (75 4>
L), THERIS42(ko00650) (72 ML), 2250k
A% B4 (ko00520) (59 PEEMH), 42 R |
5% R N 57 5% B R I i 34 1% (ko00280) (58 >4k
), DASOKG 2R iz R A& 44 (ko00330) (58 1~
).
2.2.3 Swiss-Prot H#EFEFI NR HHEEER

NR 4F5~ Non-redundant protein database, &
— AN ETUAR PR BRI, RS N
S, (ARTEEMEA TR, Lo X, S sampsonii
KJA0 L[ 20 AT 6 063 A~ JE R 78 NR Bd 153
FERE . Swiss-Prot Je& 285 1R 8 1 5y 51 85cdie 2
HAR SR A SRR S, S sampsonii KJA0 JL[R 41
A 1 911 I B (P8 D) REFE R B 1 A5 3
A SR

Go standard
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Figure2 GO functional classification map of S. sampsonii KJ40

Molecular function
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Organismal systems-nervous system
Organismal systems-immune system
Organismal systems-excretory system |
Organismal systems-environmental adaptation
Organismal systems-endocrine system
Organismal systems-digestive system
Metabolism-xenobiotics biodegradation and metabolism
Metabolism-nucleotide metabolism
Metabolism-metabolism of terpenoids and polyketides
Metabolism-metabolism of other amino acids
Metabolism-metabolism of cofactors and vitamins
Metabolism-lipid metabolism
Metabolism-glycan biosynthesis and metabolism
Metabolism-enzyme families
Metabolism-energy metabolism
Metabolism-carbohydrate metabolism
Metabolism-biosynthesis of other secondary metabolites
Metabolism-amino acid metabolism
Human diseases-neurodegenerative diseases
Human diseases-metabolic diseases
Human diseases-infectious diseases
Human diseases-immune system diseases
Human diseases-cancers
Genetic information processing-translation
Genetic information processing-transcription
Genetic information processing-replication and repair
Genetic information processing-folding, sorting and degradation
Environmental information processing-signaling molecules and interaction
Environmental information processing-signal transduction |

KEGG pathway classification

Environmental information processing-membrane transport 1699
Cellular processes-transport and catabolism 126
Cellular processes-cell motility & 17

Cellular processes-cell growth and death

E 3 S sampsonii KJ40 KEGG {Xigti@s — R 45> %EE

21
J . , . : ;
0 100 200 300 400 500 600 700

Number of matched genes

Figure3 KEGG classification of metabolic pathways map of S. sampsonii KJ40

23 REREFIERERRTM S HER
antiSMASH #F1 S. sampsonii K J40 J& [K1 20
3 21 MIEAFEGER 2). Hrb, b RS
(Polyketide synthase, PKS)FI-ER AL k& A
(Non-ribosomal peptide synthase, NRPS):[H#% 10 />,
o T ) (R R R 47.6%, 6 7~ NRPS 287
21~ T1 PKS-NRPS, T2PKSHl T3PKS % 11,
TR 11 ANEERRFES S TS AR,
AMENESS | BRER . SERR T NS AN G
. S sampsonii KJA0 K ZH fidh (1) 2 4~ ik
%, Cluster 115 Streptomyces sp. S4 2 5#is: R
(Antimycin) & B R FE AR 100%, Cluster

10 5 Sreptomyces albus Fi [F 7% (Class 3 lantipeptide)
FIARRITE A 100%. 7541, Cluster 4 5 SQreptomyces
anulatus 1% U S e (Ectoine) 7 a3k R 7% A A AL
k1 100%, Cluster 5 5 Sreptomyces griseus fi4%8k %k 4
(Siderophore, Desferrioxamine B)-& il 3 K5 (1 AH B
P44 100%, Cluster 18 55 Sreptomyces griseus £
I FERR AR IR K IR N BER% (Polycyclic tetramate
macrol actams, PTMs) & & R #Z AU ARAE A 100%,
Antimycin, Ectoine fil Desferrioxamine B F*) 254 il
Kl 4, FOAG3 )25 R K] S sampsonii K40 HA
G B FRFACHT v I LR o, HAKGE
A X LE R A ™ I8 5 HRG FR 55 I R
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X 2 S sampsonii KJ40 R4S =& B E B iR
Table2 Geneclustersof secondary metabolite of S. sampsonii KJ40

R RN REGE SR K mpocsgmge SR

Cluster ID Cluster type Sart End Gene number Most similar known cluster similarity (%)

Cluster 1 Lantipeptide-T1 15005 278888 94 Antimycin  biosynthetic  gene 100

PKS-NRPS cluster from Sreptomyces sp. 4

Cluster 2 T3PKS 305539 321150 17 Herboxidiene hiosynthetic gene 7
cluster from Sreptomyces
chromofuscus

Cluster 3 Bacteriocin- 433602 457 492 27 Isorenieratene  biosynthetic  gene 85

Terpene cluster from Sreptomyces griseus

Cluster 4 Ectoine 1239175 1249573 1 Ectoine biosynthetic gene cluster 100
from Srreptomyces anulatus

Cluster 5 Siderophore 2158635 2169019 9 Desferrioxamine B biosynthetic 100
gene cluster from Sreptomyces
griseus

Cluster 6 NRPS 2414234 2447 244 29 = =

Cluster 7 NRPS 2950359 3061543 50 Desotamide  biosynthetic  gene 18
cluster from Sreptomyces
Scopuliridis

Cluster 8 NRPS 3319098 3369738 43 Gobichdin  biosynthetic  gene 27
cluser from Sreptomyces .

NRRL.

Cluster 9 NRPS 4085120 4122 908 19 Mannopeptimycin biosynthetic 40
gene cluster from Sreptomyces
hygroscopicus

Cluster 10  Lantipeptide 4160 679 4178831 14 SAL-2242  biogynthetic  gene 100
cluster from Sreptomyces albus

Cluster 11 Thiopeptide 4474 826 4497 435 17 - =

Cluster 12 Terpene 4997 809 5018 783 20 =

Cluster 13 Terpene 5334743 5357028 21 Kanamycin  biosynthetic  gene 1
cluster from Sreptomyces
kanamyceticus

Cluster 14  Siderophore 5609 480 5624619 1 = =

Cluster 15  Bacteriocin 5976 848 5988 176 1 = =

Cluster 16  Bacteriocin 6438915 6449130 9 = =

Cluster 17 Terpene 6 519 566 6541 837 24 Hopene biosynthetic gene cluster 69
from Sreptomyces coelicolor

Cluser 18 T1PKSNRPS 6594 803 6624 755 17 SGR PTMs biosynthetic gene 100
cluster from Sreptomyces griseus

Cluster 19 NRPS 6 799 695 6863723 44 A40926 biosynthetic gene cluster 3
from Nonomuraea sp. ATCC

Cluster20  NRPS 6876 144 6916 537 37 Tetronasin ~ biosynthetic  gene 3
cluster from Sreptomyces
longisporoflavus

Cluster21 T2 7053430 7110409 55 Kosinogtatin  biosynthetic  gene 47

PKS-Butyrolacto cluster from Micromonospora sp.
ne-Ectoine TP-A0468

Note: — No similar genes predicted.

A%, HT S sampsonii KJAO R A= HAH o6
SCHRARERL D, AR REE TN ) YA ) 5 H oy

BRI AR ARSI L

24 ERERBF M

S coelicolor A3()1E W% i & IR bk

Sl ACRMEM TR, AT LU AR IR 2 RARTE
PEAEG Y. i NCBI &3 Hr &3, S sampsonii
KJ0 5 S coelicolor A3(2) . S griseus subsp. griseus
NBRC 13350 FH{LIH: 54 - S sampsonii KJ40 JE R 40
5 S codlicolor A3(2). S griseus subsp. griseus
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NBRC 13350 4= FE[A A p Lttt , 45 RILIE 5.
HIE 5 FTLUE L, 3 MREE R WA A B . )
P EEFE 2l FEHE. A BLASTClust % S sampsonii
KJ40. S codlicolor A3(2). S griseus subsp. griseus
NBRC 13350 JEN (8 FIaE 7RI ir, nfEl
6 s, 1711 MEHRER N 3 M RN AR,
HHEARIHEHEA S sampsonii KJ40 1) 3 205 4
FE (4 S sampsonii KJ0 25 it R LAY 71%)
S. coelicolor A3(2)AY 3 066 I~ [ S coelicolor
A3QQZ HILX REHR 75%]. S griseus subsp.
griseus NBRC 13350 ) 3 009 (15 S griseus
subsp. griseus NBRC 13350 £ 5[4 %) 8 11 1Y
73%). 413 PMERFIREFIN S sampsonii KMO 5 S
codlicolor A3(2)1L45, 525 MEEAREMI S
sampsonii KJM0 5j S griseus subsp. griseus NBRC
13350 47, 91 PMERFIREMRIN S sampsonii K40
TA, e 2 DA AR
3 WiREER

TR A= 4 5 DR 20 2% T TN 5 R 1 & T A bt
FEA T B 5 5 B 1) 1) RE [ e B R A 2 R 2

Chiral

C

(0]
0 ¢ 0

Q/j{ cmny \4
/ C(HT)
N-C(H1) |

C(H1)

Ao}
N 0 ())\O’ C“—J 1)
7 C
0 0

C

¢
Antimycin

C O

B 2R PR P T RS B A, BEFRATI RS
PO | 2855 5 B AR W 1 4 35 DR ZE N ) R g
VERRLO S B T AL R AL A AT R B, K
TIERARE KB TR . i . BTSN DL SR
PGS, SHATREERE 0 2 REE . SRBEIE
LA R B R A AR A E Y R A B R
X E NI S sampsonii B fie A HLTT AR AR L
STHCHFSE EEAT 7oL R KRR H11E,
PO wikk e 51 Bims s o sl
i E A L 2% 1ET S sampsonii
FE R 5 90 A S 52 1 23 11 S HL T 7K SR SR 1)
JraBR R T H I REIL R . AR A s A L
KT miot . A% S sampsonii 42 5L A
YUFFIRINE , o IR 22 i E b L HAT R
A= [ 355 ) P A R B S

ik 7 T B S A IR AR = R,
IR FACH = RS A W A K B — 2 B Be A 7 R
AL 2R EE R A3 2 . Xz AR W G B A FRL I A
518 | a7 L S 1 3 s NS VA A EOL 7)) B
i I T B, AT R AR A
B2 WA — Bl 3 AR BF5E Hh COG %4 e 7 R 5|

Chiral

Ectoine

(l) 9]
OA\T/\/\/\NJ\/\’TN\/\/\/N\H/J\N/\/\/\N
0] O 0]

0

Desferrioxamine B

Bl 4 S. sampsonii KJ40 BRI B MERFASRILEEH
Figure4 Thestructuresof known gene clusterswhich are homologousto S. sampsonii KJ40
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A [ Forward chain B Forw alignment
Reverse chain I Reve alignment
2 4
0 : | 6 8 Mb
Scaffold 1
S. sampsonii K140 ‘
S. coelicolor A3(2)
S. coelicolor A3(2)
0 2 4 6 8
B [ 1Forward chain I Forw alignment
[CJReverse chain M Reve alignment
0 2 4 6 8
L ' ' s ' Mb
Scaffold 1

S. sampsonii K140

S. griseus subsp. griseus
NBRC 13350

S. griseus subsp. griseus NBRC 13350

0 2 4 6 8

5 S. sampsonii KJ40 5 S. codlicolor A3(2)FA S. griseus subsp. griseus NBRC 13350 Ay L 2% [ 4

Figure5 Synteny analysisof S. sampsonii KJ40, S. codlicolor A3(2) and S. griseus subsp. grissus NBRC 13350

H: A: S sampsonii K40 5 S codlicolor A3(2) 3Lk :43H71; B: S sampsonii KJA0 5 S griseus subsp. griseus NBRC 13350 (13L&
PG

Note: A: Synteny analysis of S sampsonii KJ40 with S. coelicolor A3(2); B: Synteny analysis of S sampsonii KJ40 with S. griseus subsp.
griseus NBRC 13350.
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S. sampsonii

S. coelicolor

S. griseus subsp. griseus

E 6 BLASTClust EEEBEEHLEE

Figure6 BLASTClust classification of proteinsinto clusters

4 : S sampsonii K340 1 4 510 ~F1 S coelicolor A3(2)1¥) 4 084 4~ S. griseus subsp. griseus NBRC 13350 [#] 4 109 & 15 54125, K

IR BRI TR IR, AERA.

Note: A total protein of S sampsonii KJ40 is 4 510, S coelicolor A3(2) and S griseus subsp. griseus is 4 084 and 4 109 separately. The

number of in the figure means gene clusters.

S. sampsonii KJ40 JE K ZH A 146 A2 5 Tk
AT A R RS, R R e
K%Y 6.0%. antiSMASH #/FHiE] S sampsonii
K40 BERIZHA 21 MIRGARH W) & R %, 7]
B S 8 MEA WO, EFRIRIE
NRPS. T1PKS-NRPS, T2 PKS I T3 PKS, HEif
HZ 5. MEER . WamE ., gRaldk. EFEIK
T INBESE G B SE R AR o R R ) R i PR
TP PKS @M NRPS {2 A, PKS
FER AT . SR LA A R Az

HIREI G Y — KREEA TG AEDTEER
G, WPTLERE. PLanpE . Prbg gt g
B S 1 B 1 - SINE Wt N
ZIKI A AR, SR —FIRER ) NPRS G
RGEN—EEN IR, GFEEFER.
WEE, WARHE D, MFRIHIFEZ A %018,

antiSMASH R34 T 1) 5L R 41 A 5 C AT
HiE—PidsR . FEK. WamE, Rk, £
IR R RLIBERR KA DN T i 5 B2 R A A (R A
EREEEE . ERBMEYHEAT Z AN
PE, TG DG FBIEPIR R AR AT R
HL A s 0 5 R P BT . Pk R
#1149 Seipke 2503 b 1445 14 Sreptomyces sp. S4
MR R A EWE RN, R TR RS
YA M EE Rt PKS T NRPS Rk 5¢
i, S sampsonii FE K4 BT 5 R A e R 5% T e
Cluster 1 il F| A T1 PKS-NRPS. 2L
2338 20 B BT N TR BT BN SRR 5 s B ke 3 0 AR
BBEIEIAEPY, Hor ) s b A UE A
WA i) 1z ) — M BT, WrgER A AR
WEERTRERA IRIF B E AR Ue . HAT I2A
YIHPE S EIE P — SRS R, BRI
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XIHAEYIERE SR 2 G2, 1 H B R ARPR A 20
T# (Plant growth promoting rhizobacteria, PGPR)#i il
3 R ALY, A BRI A e T i
EYREA TEPROTR , MUBEBIEE A 5 1)E TR
L, ERERS LSRR S IR B0 i 5 A e S A B
PR FRIREEWIPRA MR SIS
TR R BR IA Bt e 2R DL 2 — 20k A AR W sl v 40 1Y
HA RUAFAEYIE IR AR e S 475 5
FE TR, AT R TR AR IR A
WA R R 2R R SR s Rk,
N BB OIS TR A= W& IR R, i EL Al
SRR RER AR A AW RS HE
R IR S SRR . IhREIER AL S ™
1E S sampsonii JEK 2 Aok BX e 2 SHTH . B,
PEAA A S AL B WG B BRI, it S
sampsonii B e A= L S HE R %) S i

S sampsonii 5 K 2H 74555 R TR AR DR B
fiE, 5 S coelicolor A3(2), S griseus subsp. griseus
NBRC 13350 JEA L4, —HILATITEARE
B, 3 MR R EL N AATE RIS, . L
He, JERIAMBEA CRSYE, & BAMERE . At
FHEWIRE T S sampsonii HEEAEE, MIRA
TR A R R IR TS EER,
fRREE T TR B A AL . 2328 S e ST B it T
SRR, WL S sampsonii BIAHSERTSY BA E
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