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Abstract: [Objective] Sreptomyces sp. PRh5 is an endophytic actinomycete from Dongxiang wild
rice, and shows strong antimicrobial activity in vitro. In order to further study Sreptomyces sp. PRh5
antimicrobial mechanism and secondary metabolites biosynthetic gene clusters, it is necessary to
decipher the strain genome. [Methods] The genome was sequenced using high-throughput sequencing,
and then analyzed using relevant software for genome assembly, gene prediction and functional
annotation, cluster of orthologous group (COQ) cluster analysis, synteny analysis and total secondary
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metabolite biosynthesis gene clusters prediction. [Results] The whole genome was assembled into 290
contigs, and the genome size is about 11.1 Mb with GC content of 71.1%. This Whole Genome
Shotgun project has been deposited at GenBank under the accession JABQ00000000. According to
genome sequences analysis, 50 secondary metabolite biosynthetic gene clusters were predicted.
[Conclusion] The results will provide genome sequences for future functional genomics, biosynthetic
pathways and heterologous expression of secondary metabolites on Sreptomyces sp. PRhS.

Keywords: Oryza rufipogon, Endophytic actinomycete, Antimicrobial activity, Whole-genome

sequencing, Biosynthetic gene cluster
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2.1 Streptomyces sp. PRh5 Eitk%E

itk PRhS LN k@R e, A0
K, AW, SAEWLAGRKE, T REReR
74k, —oh 2-3 B, Rk, BE T 16S
rRNA 5t [H 7 5 4 3 3 40 i Ak A S 7R 5 18 bk
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5 4 %X b . ¥ W Bk PRhS 5 Sreptomyces
indonesiensis DSM  41759" JE[K 217 DNA-DNA
FCW, G5RHK 54.6%, KT 70%H R AR (R
1), ZEA IR BAEARRRIE | 16S TRNA JE A [A] 5
PEFL 235 RS 7 T SE IR 4558, B g ik PRhS
JEHERE & TP — BT, 444 Streptomyces sp.

PRhS.

2.2 Sreptomyces sp. PRhS EEHFFIE KRS
2.2.1 Sreptomyces sp. PRh5 F [E|4B fEL A HHE -
Huy, CRiE T AIEE ANy e a w A 100 £
Bk, FATEECT 5 Sreptomyces sp. PRh5 A48
B2 T (S violaceusniger) . K K 4 55 55 (S
coelicolor), W K444 % (S hygroscopicus). T MA%E
ZHETS (S rapamycinicus)§ PRhS FRETZESL R4
FEAFFIEDT AT T AL GR 2), #RERWI LR 5
FIEERE R E GC & hE. CDS K | (RNA U
SEJTT A3 REARL, A9 B TR DR A P B ACRRAE .
2.2.2  Sreptomyces sp. PRhS 5 Sreptomyces
violaceusniger Tu 4113 &M o4 @ SILH Y
JLF Y BLAST Xt #r & B, Sreptomyces sp.
PRh5 5 Sreptomyces violaceusniger Tu 4113 f¥[r] i
Mifm . ik, FIF MCScanX B4t — AL H
HABERRIT AT T IAANEHr (B 1), A 1 ]
DUE B MRS, A G SRR ISP R 4 45
PRI OC R, HHOCE RN 5 4E Sreptomyces
sp. PRhS [k 184N Gap filling)$2 HEHER

2.2.3 Streptomyces sp. PRh5 EHE COG B4
#r: FT Glimmer 3.0 3kf4:, Sreptomyces sp. PRh5
ISR 8 712 AR, SRR AR R
A E AT S COG 4 FEi#1T BLASTp Xt
1M (E-value<<le-5), HH 6 677 /N8 HIEF AL
3 COG Hpe i Re(E 2). B 2 AT LIE H, COG

£ 1 E#k PRh5 5 Streptomycesindonesiensis DSM 41759" DNA-DNA Z%3z 5216
Table 1 The result of DNA-DNA hybridization test between strain PRh5 and Streptomycesindonesiensis DSM 41759"
T DSM 41759" PRhS
Relatedness 1 Relatedness 2
Repeats Iblank laa laB Ilank laa IaB
1 5676.354 8316.356 7 057.815 7 137.073 7708.418 7 459.625 0.523 280 285 0.564 548 565
2 6 457.284 7416.082 7 013.763 7210.325 7 989.736 7 616.861 0.580 392 325 0.521 59 387
3 6 088.816 7912.312 7 172.375 6 699.612 7 089.112 6 892.792 0.594 220 662 0.495 969 191
4 5929.013 7313.172 6 718.861 6917.522 8030.712 7 496.615 0.570 633 865 0.520 210 386
Average = = = = = = 0.567 131 784 0.525 580 503

W btk 22FAE—T7 SRS DNA 245810 1aa: FIZCMH; lap: PIPIZRACAH.
Note: lpiank: Hybridization values with salmon sperm DNA; |44: Self-hybridization values; | s5: Hybridization values.
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Table 2 General features of several sequenced Streptomyces chromosomes

Features Sreptomyces sp. PRhS S violaceusniger S coelicolor S hygroscopicus S rapamycinicus
Length (bp) 11 084 188 10 657 107 8 667 507 10 145 833 12 700 734
Contigs (No.) 290 1 1 1 1
GC content (%) 71.1 71.0 72.1 71.9 69.3
CDS (No.) 8712 8482 7 825 8 849 10 002
Average CDS size (bp) 1062 1077 991 952 1034
Coding (%) 83.5 85.7 88.9 83.2 81.5
tRNA (No.) 65 63 63 68 65
GenBank No. JABQO00000000 NC_015957 NC 003888 NC 017765 NC_022785

svl

DLNNNUNNDNDNNNNNNNNNNNNNNDNNNNDNNNNNNNNANNNNNNNNNNNNNNNNNUNUNNNUNUNNNUNUNNNNN
1=
[US]

& 1 Sreptomycessp. PRh5 5 Streptomyces violaceusniger Tu 4113 B9 2% 4 5347
Figure 1 Synteny analysis of Sreptomyces sp. PRh5 and Streptomyces violaceusniger Tu 4113
1. spl-sp65: Sreptomyces sp. PRh5 f4 contig001—contig65; svl: Sreptomycesviolaceusniger Tu 4113 JE[K41 DNA.
Note: spl-sp65: Sreptomyces sp. PRh5 contig001—-contig65; sv1: Sreptomyces violaceusniger Tu 4113 genome DNA.
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BRFEAEP T INREIN . FE oA H
fzic i S . MoK S s SR Wt
WA A AR, RERETT IS
RUHHSERER K 608 A, Wb 2 MR BRI =14
L PRI AT W] RS 1% B R RE 8 )™ 22 Bl AR 0 M)
A
2.3 Streptomycessp. PRh5 X B =& B E
E F&E 57

YR GARTE 10 0 G % 5 DR 308 o 35 IR 41 v A
AR, S HA ZFIREME Al . H, BT
i E Y PKS/NRPS BE[H#% . A HIF5E R
antiSMASH # 4%+ PRhS Btk AT vk 24 Qi
) R o iT . LTS3 50 AR,
Horh PKS/NRPS ZRHBUSENFRA 35 4>, 27 Mk
RO 70% (3 3). [AIAF, RFFERIFE AR
PR T (] 3), F AR IR A A A M A
MENER . BT ETRFMAEIBER | Pk

2K Pt 4= £ Mannopeptimycin . ¥ g Ik T 4 &

Friulimicin 2 H LR . FEHEEREE | BiiRie
TR 20 427l , B Sreptomyces sp. PRh5 HAT 5
TS A RE T
24 RBFTEZREREKES

XU A Sreptomyces sp. PRh5 (1) & Bl
SERER T HIR TR, e H A% .
13-Docosenamide Flifi REEZEIL 4 A~bE4, Hip
JE HRE R & E8E. Je HRNEE R AP 2
IRPAMEE AT TE, I BAEY S @R 40
B T SCRRIRAE JE H R B R 32 B AE T A
ANMLN , ST PROS TH RS LR JE H AT R %
FETETHAN KR, W] PRhS kR HEA AR 1
Je H ANV & S HERE 7 o 83 e 34 PRhS FlE
KW e B R # R A YA I H 7% (GenBank
accession No. DQ354110)% F, PRhS ))& H F| V.
RAEYE B RRZ M AL (& 4 13k 4), X
Al B2 580 PROS =)™ HArih 3Rk Je H R R 1)
JR A

http://journals.im.ac.cn/wswxtbcn



806 WA @R Microbiol. China 2015, Vol.42, No.4

3 Streptomyces sp. PRhS XK AR5 =494 R E E #E T

Table 3 Gene clusters involved in synthesis of secondary metabolites in Streptomyces sp. PRh5

¥ HEM (VAR S it SRR B S
ID Contig No. Position (nt) Gene amount  Gene cluster type Putative compound
1 contig001 1-30 660 19 t1pks Concanamycin A/JJ 5.2 A
2 contig002 150 595-17 2671 21 terpene Unknown
3 contig002 166 384-211 804 33 tlpks Unknown
4 contig003 47 50669 839 20 lant Unknown
5 contig004 1-28 889 18 t1pks-nrps Meridamyecin/3E 7. 8 %
6 contig005 113 535-135 660 18 siderophore Siderophore/Zk#R A&
7 contig008 82 347-146 391 38 tlpks Reveromycin/F5 38 2%
8 contig009 48 934-56 250 7 ectoine Cobalamin/VB12
9 contig010 54 522-78 542 23 siderophore Vibrioferrin/gl £k %
10 contig011 89 721-139 750 37 t1pks Borrelidin/Bi IR e 2%
11 contig014 96 236-104 564 8 butyrolactone Unknown
12 contig016 3-35562 19 tlpks Ansamitocin
13 contig016 64 757-95 971 32 t3pks Unknown
14 contig016 110 527-156 832 31 nrps Mannopeptimycin
15 contig018 125 204149 847 21 butyrolactone Lankamycin/lankacidin
16 contig025 381-32 196 24 tlpks Crocacin
17 contig025 15 928-56 983 32 lant-bein Streptolydigin/Fi| 4% [ 25
18 contig025 44 224-122 295 36 nrps Laspartomycin/ KA 5 2
19 contig030 9 318-101 595 55 nrps-t1pks Friulimicin
20 contig032 31 874-99 781 18 tlpks Monensin/%EfE I £
21 contig035 61 110-97 302 31 tlpks Rubradirin/Z[ i 7
22 contig036 27 375-70 631 39 other Heboxidiene
23 contig038 44 929-94 905 26 nrps Melanin/JE 8,2
24 contig040 1-23 274 18 tlpks Nigericin(partial)//& H FIJ3F 1# %
25 contig040 29 261-91 923 32 t1pks-nrps Dihydrochalcomycin
26 contig041 35 638-60 207 21 terpene Unknown
27 contig042 56 114-90 186 23 tlpks Chlorothricin/Z #Z 14 %
28 contig044 1 72542 506 30 nrps-t3pks Unknown
29 contig048 58-79 694 45 t1pks-nrps Skyllamycin
30 contig049 1-33 122 15 t1pks Concanamycin A/JJ E.2 A
31 contig050 47 999-79 236 22 siderophore Unknown
32 contig053 29 198-50 737 15 terpene Unknown
33 contig069 555-25 526 19 blactam Clavulanic acid/Cephamycin C
34 contig072 70-39 794 30 tlpks Unknown
35 contig072 29 307-56 570 18 nrps Unknown
36 contig073 23 434-54 677 19 nrps Melanin

http://journals.im.ac.cn/wswxtbcn
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()
37 contig079 34-25 059 21 nrps Unknown
38 contig082 23 836-48 823 22 t1pks Meridamycin/Z& 7. 55 2
39 contig084 15 469-46 480 28 terpene Brasilicardin A
40 contig085 20 106-46 105 26 t2pks Fredericamycin/JE45 55 2
41 contig086 2-40 149 21 tlpks Lankamycin/lankacidin
42 contig087 1-44 039 33 nrps-t3pks Balhimycin
43 contig090 32640 131 34 nrps Unknown
44 contig092 19 050-39 642 19 t1pks Kanamycin/ KR 2%
45 contig093 3-39 632 10 tlpks FR-008
46 contig094 16 059-38 232 21 tlpks Concanamycin A/J] 5.2 A
47 contigl 13 136-27 725 18 terpene-t1pks Unknown
48 contigl21 1-25237 12 t1pks Nigericin(partial)/Jg H F3F % %
49 contigl23 2-24 747 11 tlpks Unknown
50 contigl25 1-24 065 24 other Melanin/2 8,25

. tipks: TTUREIAEE; t2pks: T HURETAEE; 3pks: T BIRENGEE; nrps: JEAZHEARE; terpene: WBE/AZS; lant: EBHBIAE;
siderophore: #k#H{A; ectoine: PUZWAME; butyrolactone: 1 PNMEE; bein: ZUTHZ; blactam: B-PELAL; other: At

Note: tlpks: Type I polyketide synthase; t2pks: Type II polyketide synthase; t3pks: Type III polyketide synthase; nrps: Non ribosomal peptide;
terpene: Terpenes; lant: Lantibiotics; ectoine: Four hydrogen pyrimidine; bein: Bacteriocin; blactam: B-lactam.
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3 Streptomyces sp. PRhS X R R 6 R E R FERERE (SR D)
Figure 3 Gene clusters sketch map involved in synthesis of secondary metabolites in Streptomyces sp. PRh5 (Partial)
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Figure 4 Comparison of nigericin biosynthetic gene cluster
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Table 4 Genes involved in nigericin biosynthetic gene cluster

i TR R IS HEARKE

Tt RS

No. ORF Protein length Fuction Accession No.
A NigAV 1 946 Beta-ketoacyl synthase EXU62069
B NigAVI 1 666 Beta-ketoacyl synthase EXU62070
C 186 Regulatory protein EXU62080
D TetR 231 TetR family transcriptional regulator EXU62071
E NigCIL 288 Alpha/beta hydrolase EXU62072
F NigD 419 Cytochrome P450 EXU62073
G NigAXI 136 Phosphopantetheine-binding protein EXU62074
H NigAX 1288 Polyketide synthase EXU62075
1 NigCI 476 Enterotoxin EXU62076
J NigBIII 155 Hypothetical protein EXU62077
K NigBI 144 Nuclear transport factor 2 EXU62078
L NigAIX 1178 Polyketide synthase EXU62079

3 Wi PRhS5 BEARIEAT AL 4 AT B T 277K |
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BT ABERER, BT AR R RIS PR S Y
BORIR, EARAE | A R A I HA ) R ]
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[ = IR S W S O = ol
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