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Abstract: [Background] Streptomyces has always been the main producer of bioactive compounds.
However, as the abusing of antibiotics, environmental pollution and drug resistance are becoming
increasingly serious problem. The discovery of efficient bio-control factor and novel antibiotics becomes
the main methods to solve these problems. [Objective] Obtain the whole genome sequence of the
Streptomyces sp. SAT1 and the information about its secondary metabolite gene clusters; analyze the
particularity and generality with other streptomycetes by the technology of comparative genomics and pan
genomics. Form this, we could provide theoretical basis for illuminating the mechanism of bacteriostasis
and growth-promoting in SATI1, and reliable data to reveal the ecological function of Streptomyces.
[Methods] The sequence of SAT1 was completed by the third generation sequencing platform PacBio
Sequel, then annotated and classified by bio-information technology; the software RAXML and PGAP was
used to construct phylogenetic tree and analyze pan-genome, respectively. The prediction and analyze of
the secondary metabolite gene clusters was achieved by antiSMASH. [Results] From the complete
genome map of SATI, the length of linear chromosome is 7.47 Mb, with 73% GC content, and four
plasmids exist in the strain. Additionally, there are 7 550 genes which encoded proteins and 37 secondary
metabolite gene clusters which classified by 29 types in SAT1. And the moenomycin gene cluster was
highly homologous to Streptomyces ghanaesis ATCC14672 moenomycin gene cluster. In the
42 streptomycetes, it exists about 20-55 secondary metabolites gene clusters in each strain which
classified into PKS, Terpene, Nrps and Heterozygous gene clusters. The dispensable genome was huge in
these research objectives. [Conclusion] Streptomyces sp. SAT1 has many common points in the trait of
genome and secondary gene clusters with other streptomycetes. We speculate the moenomycin and
hygromycin_B gene clusters play an important role in the antibacterial activity of SAT1. In the 42 research
objectives, the number of gene clusters and the size of genome has a positive correlation. In addition, the
existence of abundant heterozygous gene clusters and large number of dispensable genome illustrate
Streptomyces has high levels of horizon gene transfer over long periods of evolution, which possesses
important environmental functions.

Keywords: Streptomyces, whole genome sequencing, secondary metabolites gene clusters, comparative
genomics
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Figure 1 Epigenetic modifications of genome sequencing of Streptomyces sp. SAT1

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



FIP%: HYINABEEEE Streptomyces sp. SAT1 3L ZH I 3 A1 42 35 R 2H 43 3043
F 1 Streptomyces sp. SAT1 HIE[E ZH4FE
Table 1 Genomic features of Streptomyces sp. SAT1
Features Chromosome Plasl Plas2 Plas3 Plas4
Length (bp) 7472 530 1095 343 282 840 523 92 538
GC content (%) 73.15 75.80 72.38 73.34 70.03
CDS 6441 0 338 664 107
rRNA (Operons) 18 (6) 0 0 0 0
tRNA 69 0 0 0 0
Accession No. CP015849 CP016081 CP016082 CP016083 CP016084
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Figure 2 Gene annotation and functional classification in GO database
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Figure 3 Gene annotation and functional classification in COG database
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Figure 4 Gene annotation and functional classification in KEGG database
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Table 2 Complete genome sequencing of 42 Streptomyces strains
5 Btk NCBI J¥514i 5 FERZHARAN  FokicH JRALAARR BRI/
No.  Strain NCBI accession No.  Size (Mb) Plasmid number  Plasmid name Plasmid size (Mb)
1 S. violaceusniger Tu 4113 NC 015957.1 10.66 2 pSTRVIO1 0.290
pSTRVI02 0.190
2 S. bingchenggensis BCW-1 NC _016582.1 11.94
3 Streptomyces sp. SirexAA-E NC_015953.1 7.41
4 S. griseus subsp. griseus NBRC 13350 NC 010572.1 8.55
5 S. avermitilis NBRC 14893 NC_003155.5 9.03 1 Plsm SAP1  0.090
6 S. scabiei 87.22 NC 013929.1 10.15
7 S. coelicolor A3(2) NC 003888.3 8.67 2 SCP1 0.360
SCP2 0.030
8 S. albus J1074 NC_020990.1 6.84
9 S. cattleya DSM 46488 NC 016111.1 6.28 1 pSCATT 1.180
10 S. collinus Tu 365 NC 021985.1 8.27 2 pSOCl1 0.090
pSOC2 0.020
11 S. davawensis strain JCM4913 NC_020504.1 9.47 1 pSDA1 0.090
12 S. fulvissimus DSM 40593" NC_021177.1 7.91
13 S. hygroscopicus subsp. NC 021177.1 10.15 2 pSHIG1 0.160
Jjinggangensis 5008 pSHIG2 0.070
14 S. hygroscopicus subsp. NC_020895.1 9.84 2 pSHIGHI 0.160
jinggangensis TLO1 pSHIGH2 0.070
15 Streptomyces sp. PAMC26508 NC 021055.1 7.53 1 Psp01 0.100
16 Streptomyces albus strain SM254 NZ _CP014485.1 7.17
17 S. reticuli LN997842.1 LN997842.1 8.35 3 Plsml 0.810
Plsm2 0.090
Plsm3 0.080
18 S. globisporus C-1027 NZ_CP013738.1 7.61 2 SGLP1 0.170
PSGL1 0.010
19 S. venezuelae strain ATCC 154397 NZ_CP013129.1 9.05
20 S. hygroscopicus subsp. limoneus NZ _CP013219.1 8.65 1 Chr II 1.890
strain KCTC 1717
21 Streptomyces sp. CNQ-509 NZ CP011492.1 8.04
22 S. ambofaciens ATCC 23877" NZ_CP012382.1 8.30 1 pSAM1 0.090
23 S. pristinaespiralis strain HCCB 10218 NZ CP011340.1 8.53
24 Streptomyces sp. CFMR 7 NZ_CP011522.1 8.21 1 Unnamed 0.100
25 S. glaucescens strain GLA.O NZ _CP009438.1 7.45 1 pSglaul 0.170
26 S. lividans TK24 NZ_CP009124.1 8.35
27 Streptomyces sp. CCM_MD2014 NZ_CP009754.1 8.27
28 S. pratensis ATCC 333317 NC 016114.1 7.34 2 pSFLAO1 0.190
pSFLAO02 0.130
29 S. cyaneogriseus subsp. NZ_CP010849.1 7.76
noncyanogenus strain NMWT 1
30 S. vietnamensis strain GIM4.0001 ~ NZ CP010407.1 8.87 1 pSVL 1 0.290
31 S. leeuwenhoekii sleC34 NZ LN831790.1 7.90 2 Pslel 0.090
Psle2 0.130
32 S. xiamenensis strain 318 NZ_CP009922.3 5.96
33 S. albulus strain NK660 NZ CP007574.1 9.36 1 pNKL 0.010
34 S. albus strain DSM 41398" NZ_CP016825.1 8.38
35 S. lydicus A02 NZ_CP007699.2 9.30
36 Streptomyces sp. CdTBO1 NZ CP013743.1 9.90 1 Plsm 0.290
37 Streptomyces sp. Mgl NZ CP011664.1 7.87 3 Psmgl-1 0.530
Psmgl-2 0.130
Psmgl-3 0.180
38 Streptomyces sp. 769 NZ _CP003987.1 10.10 1 pSGZL 0.240
39 Streptomyces sp. 4F Nz CP013142 8.05
40 Streptomyces sp. S10 (2016) HF674977 9.08
41 S. albulus ZPM NZ_CP006871 9.78
42 Streptomyces sp. SAT1 NZ CP015849.1 7.47 4 Plasl 0.001
Plas2 0.340
Plas3 0.840
Plas4 0.090
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Table 3  Prediction of the secondary metabolites in
Streptomyces sp. SAT1
KAl B AEPR  FRTE
Type Predicted production  Similarity (%)
PKS Apoptolidin 53
Sceliphhrolactam 16
Herboxidiene 57
Spore pigment 83
Nataxazole 100
Bafilomycin 94
Sceliphrolactam 80
Lactonamycin 57
Botryenalol 20
Terpene 2-methylisoborneol 100
Geosmin 100
Hopene 92
Albaflavenone 100
Isorenieratene 85
Bacteriocin Informatipeptin 71
Nrps Coelibactin 100
Coelichelin 100
Scabichelin 100
Stenothricin 28
Streptobactin 58
CC-1065 9
Nrps-Pks Oxazolomycin 12
Cinnabaramide 27
Lantipeptide Lantipeptide 2
Butyrolactone Butyrolactone 14
Ectoine Ectoine 100
Melanin Melanin 100
Amglyccycl Hygromycin B 78
Phosphoglycolipid Moenomycin 90

2.4.2 SAT1 Btk ERIEE R EEZRREIRMEELXT
MR antiSMASH Fiill 455, SAT1 HikH 17
TE 1) BR % 75 28 3L IR R 5 98 4% 25 181 (Streptomyces
ghanaesis ATCC14672)H R i 25 Z 5L A 7 i AR AL
PR T 90%LA b o #F 2 BRI R R A4
R R BT G & B, BE moeR5. moeS5 X 2 >
FEHAN, HAth 21 A moe FE[H A BEr AR
B1>69%, 2 Dbk BRI & R AL N B R R R[]
VEME(E 4), HEM SATI Fk & B EEY

THAE ).
2.4.3 SAT1 EHSHMESE RN IBEREKZLN
Eeaz s 4R

% antiSMASH FINFISMHT, 42 PREERE IR
ORI PR 0, AR SE D R it £ .
TEXSEEERE TR P, BB IT 1 500 MR
R, FAATRRR SN EECRTE R Y 20-55 (&
6), N[FITRR U A D AR5 1 2 S S PR
PRI 2 R Tk g AR i T 2 e e R
antiSMASH HY/}2RARHE, X 8Lk AUk R 2 73
JET 28 DAREE, M HAAEMAE AT 10 ML
FRYFEREE . PKS 25| Terpene 2EH Nrps 254 %L
KA, Sy 5841, 2405 AU 41.3%. (ISR
&, IR A R R 2 5 L (Heterozygous
Cluster) , 1 H 4% 258 Z #, 41 Nrps-Tlpks-
Others, Bacteriocin-Terpene-Nrps } Nrps-Pks 55,
2.5 ZERBDH

wmiE 7 Foos, SOMERAR - EE, T
[F1) 55 19 (530 P b 0 507 e A i PR R A
FEEGESTEH, JFESE D B T EK
R SE R R AL R (55 R H o 42 PRikE s
WAL 1 610 4, 2 d BIEHECH K
17%-32%; FIH155] 51 370 D H R R E
e, Hoh 28 074 D ERFIIREEA R RAFE T H—
FFAE TR, X S R (R J5RE DR A 2 5 2 B T 4
1 55%
3 Wie

R I Jm O A YT I R R R
Streptomyces sp. SAT1 J& M 25 H H ¥ 5% &
(Adenophora trachelioides) i £ 2, 1% H R
PRI AT ELAM TR TG PR, 0 5 T 2 g it AT LA %
20 T B TR AT B A TR ROCR AN, SR
2 HHA I 5 T2 TR R Y K I RO 4 10 R 4 5 1
W I 0 BRI B3 AT 22 F0) AR A B S A S VR
FEMPBERETA SAT1 FRF6L I AT 2 o BB X L2
T AL R 1 A K, T AL,
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Table 4 The comparison about the moenomycin gene cluster of SAT1 and Streptomyces ghanaesis ATCC14672

S. ghanaesis ATCC14672 Streptomyces sp. SAT1 Predicted function
Gene Protein accession OREF (aa) OREF (aa) aa similarity (%)

No. (NCBI)
moeA4 ABJ90146.1 516 501 73 Long-chain fatty acid--CoA ligase
moeB4 ABJ90147.1 521 514 72 Amide synthetase
moeC4 ABJ90148.1 474 414 82 Aminolevulinate synthase
moeS5 ABJ90171.1 282 307 43 Hexose-4-ketoreductase
moeR5 ABJ90170.1 374 333 41 Hexose-4,6-dehydratase
moeGT3 ABJ90169.1 414 292 79 Glycosyltransferase
moeGT2 ABJ90168.1 286 272 88 Glycosyltransferase family 2 protein
moeGTS5 ABJ90167.1 312 400 71 Glycosyltransferase
moeP5 ABJ90166.1 223 223 80 ABC transporter ATP-binding protein
moeX5 ABJ90165.1 226 226 82 ABC transporter membrane protein
moeQO5 ABJ90164.1 281 281 79 Prenyl 3-phosphoglycerate synthase
moeN5 ABJ90163.1 260 260 73 Prenyltrsnsferese
moeM5 ABJ90162.1 530 530 85 Carbamoyltransferase
moeGT4 ABJ90161.1 427 424 73 Glycosyltransferase
moeK5 ABJ90160.1 407 503 94 Radical SAM protein (methyltransferase)
moeHS5 ABJ90159.1 513 505 81 Aminotransferase subunit 2
moeGT1] ABJ90158.1 402 408 82 Glycosyltransferase
moeF5 ABJ90157.1 645 648 77 Aminotransferase subunit 1
moeE5 ABJ90156.1 340 331 80 NDP-hexose 4-epimerase
moeJ5 ABJ90155.1 564 574 79 ABC transporter ATP-binding protein
moeD5 ABJ90154.1 591 699 79 ABC transporter ATP-binding protein
moeAS5 ABJ90153.1 394 408 84 S-aminolevulinate synthase
moeB5 ABJ90152.1 301 527 69 Long-chain fatty acid--CoA ligase

LR PRAE A N A B 5 TR AE W B 06 v T
BA—ErgI1.

HLHRI P45 5 & B0 SAT1 Fkkrh &8 4 R/
ANEER TR, HoA Plas2 DA Plas3 ki 274
1A 7 AR . TEREE T, BORANH BRI g
M= AENE PR T, 36 ] B HL AT e 4 S R DL 4%
il 55 2 TR R AR P VE T, A, BEE TR A B
(4 JTRE AL T A FH ok ) 2 9 1) 5 TR e R R iR kA
(oL e LA - = D W b S) == <3
SAT1 FERE I E— 5% T et 3R AL T P A

i SAT1 AL P LA S antiSMASH il

SRV LA, ZEWERAEKR, GC &,
T HAR FACH L R RN B AR &, X Sk
P R A ) 7 P& SAT DERR ) 2240
SRR, Hrh, 14 R B (Hygromycin_B)JEH
7 FBR IS 2R (Moenomycin) BE AN 5 HT I SATI
BT, P S 2o SRR IR S 56 0 2 I AT T
S R PZ AR S R R R X BT L AT
TEWNM 8 M i . 3 9% I§ (Cryphonectria
o W Bt e E R B 7897/7926
(Botryosphaeria dothidea 7897/7926). S 4gLl
I3 % I I (Botryosphaeria berengeriana) . HMIE

parasitica) .
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%% (Phytophthora capsici) . 4 B T A5 W 15t 9% 994 9
JA B (Lonsdalea quercina subsp. populi N-5-1) T
PP AECG AR 5 B 00080 7 K ERT (MRS A) I {1 22 P B
(Candida albicans ATCC 10231)7 A= 5 Hi/E M
A R 7 R AL D R b & A R R By T
XHeERAT IEH, By moeR5. moeS5 FH:[R 4},
SAT1 TR PR 1) B 55 2R JE R e 1) L AR S5 DR 34 55
Y5 5 W (Streptomyces ghanaesis ATCC 14672)H
AF X I ) 2 DR B A A v R R R AR R, A —
EGHRREHEREYENGE T . SR E—
PR AERE R4 R, ZW e BEEN T
2 TR 240 L RE A ik R v A e R R, S
TR BT E R, Bl TRy R
F i B KR T A R, 2 R T ik
R T R, W AR S A BN S AT R A H Y

Ritm R FRAEY, #hERIUAE RS R
f—51, H SATI BB Fr ™ 3R B 3R S LA i 2
i — B

EAESk, MEPIAERMMA, WIRRE P
PEULZ WG o, BRI BF Y A P 4 T
AR AR ARG EY B, (AR LA R
HIBF 5T 4B 2> 2 /. Nudez-Montero 453 1 %)
HERE W Streptomyces fildesensis So13.3 3£ K 2
AT o34, KBLZBE R RAA 11 ARA
FEDAE 0 T AR B2 9 v i 0 iR A T
ST IS GNPs KR =W 5ds EXT e s R 21,
J s LU TE 148-624 Z A1 — R MK PR 53, A
HEBR B RS Y PO MR SATI Bikk 5
5 25 T A PR S R, AR 42 HREEE A
A TR AR U DR A A7 T T DA R bR 4
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Figure 6 The distribution of the secondary metabolic gene clusters in 42 Streptomyces genomes
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Figure 7 Analysis of Pan-genome diversity of 42 Streptomyces

KMV, BEER R, WA RN
RAFEH AR X e gk AR I N
PKS M1 Nrps K%, iX 2 KRB FE MK
(AR IR N B2 R E AR 22 K2R 2 SR 0 P P I
TR Z AR B A B 2 ST e S
BARMAETE ARG G, a0 E =M AERKIFE
) —Fp R, LT b, AW 5Tt AN AT IE 52 T
R T KSR IEYED SR 277, DA SO BE R
BT BT AE T R

i 3 7 FE 4] 43 BT RE 6 15 B PR — B RR 1) 4 E
AL, REA LR BE A A Ak HL A X I A
R AL, N A . . e,
o DA RR X BR 0 HL AT B AT Y AE W BE T o SRR

Tu4113

LL8ETIOLY

HE DR AT DA A o Ak R 2 ) T 1 BB T Cln B R ML D)
o XL BRI T IZ LR A M, A5 R
T 55%0 B AR [R5 5L N % AR T — e
AR, ULIZE MRE S E B R, fERE
H)zm GRS MG, A, 42 HREEE
HAA 1 610 MZL IR, K243 BIEFEH
1) 17%-32%, X EedZ.0 3k RAR AT RE ¥5 K P AR 1)
FEAhACH T RE , dEdE LR AR AR AR,
SAT1 F#E ) COG T RETE B4 AL EpE T &A1Y
WA 3), BRENSEE T (UILE T
iz M) . BBRA (%, DNA &l 45
A 5B M40 H A SRR DI RE . iR
I fie FEAS A A FRAE SR DI BE AR AR . [ A, WK
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FACH R FE TINS5 R KW, DA b 42 pRBER W
P85 A DU IE (Ectoine) R IR PAU B N #%, K
P03 WA 0 A R S0 18 A A R R B T A i
J5T A R 3R A 25 1 T 3 R X 70 b B AN i A8 AL 1
7 AL, G e I S i 2 Wy A R — o B
AR AR o i, L fof B o R R A M0 Y SR A 2
AR IR . BATTIE K B E P AR R R
LD, X 3R T R AE I A R P AR A
BRI RERNERIS, RARENE
B

4 S

NAESEEE TR SAT1 M2t YL A K 22 7.47 Mb,
WA 4 AR, GC Fail 73%, A 37 MK
AR AR, A3 28 R, SRR TP
FEARE R T HA R R L W5, i LS 5 H
KA 2, HhBRind KILH R W& X B
FE R AT BE 5% P IR TE A G, T BRI
RILARM XS RAE , LR —E B i
BB RLYIRINEE ), JEZEnT LIXE SAT1 Ttk
Ty Bt R R R R T — Y . Ah, A
WFoE 2B 42 FRaEE T h AR A KR i 22 & 5L
e, AR SERECE R, Ui E A K
A R A B R A KO SRR A
AHESE J BB SAT1 9 N AR BILI Ak — 2 JF &
SAT1 TR BRAE R A 1 A6 7 B R SR 445 0 14
Ivi] B g 8 7~ ik 2 71 A9 2R 25 D B4R I T HE 3L
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