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Whole genome sequencing of a Micromonospora carbonacea
strain with broad-spectrum antimicrobial activity
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Abstract: [Objective] Micromonospora carbonacea JXNU-1 is an actinomycete with broad-spectrum
antimicrobial activity. This study aims to reveal its genomic sequence information. [Methods] The
genomic DNA from M. carbonacea JXNU-1 was sequenced by Sanger technology using Illumina
MiSeq and Illumina HiSeq 2500 sequencers. The genome was assembled by using SOAPdenovo
software; multiplex PCR was used to close the gaps, and the genome sequence information was
analyzed by bioinformatics methods. [Results] The whole-genomic DNA of M. carbonacea JXNU-1
was sequenced and annotated, and a fine genome map of M. carbonacea JXNU-1 was completed. This
Whole Genome Shotgun project has been deposited at DDBJ/EMBL/GenBank under the accession
JXSX00000000. [Conclusion] This study provides the basis to explore biosynthesis of antimicrobials
from M. carbonacea IXNU-1.
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Figure 1 Electrophorotogram of the genomic DNA from
M. carbonacea JXNU-1

T: M-1: Tanks 2K plus; M-2: ADNA; 1 F12: #E5h.

Note: M-1: Tanks 2K plus; M-2: ADNA; 1 and 2: The genomic
DNA samples.

BB N 3 487 Mb., R A5 3 1Y S5 A K
AT U8 K Giit, wI2b AL PRAS #] Clean data Ky
2 393 Mb, T K-mer Ziit0950r el s
FREF B EERZH RN 7.39 Mb, fdif] SOAPdenovo
A% Reads dEAT2H %S, 254 N giiE B 0L
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Scaffolds NFREERITIX N AW, EIEE] 14 4~
Contigo WiTF (11 7 2 P b 85 42 17 91 kR Rk 205 1) 35
IFELETE ALY, T 22 AT PCR 718 4h . AR S
P54, PCR ¥ 38 P AN I AT P51 4858
B ANE R ZH N R BT 5 4>, ¥ Contig Hi 14 4

£ 1 RENBBE JIXNU-1 Z£FE DNA HRBRES
Table 1 The quality analysis of the genomic DNA samples from M. carbonacea JXNU-1
Number Volume (pL) Characteristics of morphology Concentration (mg/L) OD»60/OD»gg OD»0/OD»3
1 700 floc 134.0 1.650 —0.317
2 350 floc 114.4 1.471 —0.229
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£2 REE/DEBEBE IXNU-1 EFEBAEEERS T

Table 2 Statistics of assembly results in M. carbonacea
JXNU-1 genome

MC.JXNU-1 Scaffold Contig
Total number (>500 bp) 8 14
Total length (bp) 7 635 725 7632 135
N50 length (bp) 4 044 255 1112 663
NO90 length (bp) 3586 879 862 368
Max length (bp) 4 044 255 2312954
Min length (bp) 539 539
Sequence G+C% 73.85 73.85

T B ANGHRKE R T 500 LR Scaffold IIfFE.,
S =BG RS X T 500 ALY Scaffold 7 N
AT Z J5 B Contig.

Note: The second column indicates the information of scaffold with
more than 500 bases. The third column indicates the information of

contig obtained from Scaffold with more than 500 bases broken in
the N place.
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Figure 2 Circular graph of M. carbonacea JXNU-1 genome
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¥, aafRINFEEIE; 8 6 By GC lif(GC skew).
Note: The circular graph was drawn on line by DNAPIotter
software. 6 circles from outside to inside: 1% circle, scale (bp); 2™
circle, predicted ORFs from the sense DNA strand; 31 circle,
predicted ORFs from the antisense DNA strand; 4" circle,
predicted ORFs from the sense and antisense DNA strands; 5"

circle, GC content profile, green color was above average, red
th
color was below average; 6 circle, GC skew.
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Table 3 General features of several sequenced Micromonosporas chromosomes

s Mo g e M Mabios ¥ g
Length (bp) 7 635 725 6503 026 7 025 559 7127 351 6 965 445
Contig (number) 9 339 1 88 62
G+C Content (%) 73.9 72.3 72.8 71.3 70.7
CDS (No.) 6 444 5461 6222 6101 6 145
Average CDS size (bp) 1048 932.28 1013 986.8 978.9
Coding (%) 88.5 78.3 89.7 84.5 86.4
tRNA (number) 51 51 52 50 50
GenBank No. JXSX00000000 ACES00000000.1 NC_014391 JNZR00000000.1 JOAN00000000.1

R FTWE 4751 5 (6) {4 F] CRISPRFinder 7E4% T.
H.(http://crispr.u-psud.fr/) L F 21 CRISPR JF
Hk 22 4>, HHATAI{F CRISPR iy 13 14,
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179 AMREHAL, & S J&Xd b33 IR 5 22 A IEnd AR g
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COG function classification

350 A: RNA processing and modification (1)

B: Chromatin structure and dynamics (2)

C: Energy production and conversion (164)

300 D: Cell cycle control, cell division, chromosome partitioning (22)
E: Amino acid transport and metabolism (269)

F: Nucleotide transport and metabolism (55)

G: Carbohydrate transport and metabolism (215)

H: Coenzyme transport and metabolism (135)

I: Lipid transport and metabolism (137)

J: Translation, ribosomal structure and biogenesis (153)

K: Transcription (212)

L: Replication, recombination and repair (127)

M: Cell wall/membrane/envelope biogenesis (101)

N: Cell motility (1)

O: Posttranslational modification, protein turnover, chaperones (96)
P: Inorganic ion transport and metabolism (162)

Q: Secondary metabolites biosynthesis, transport and catabolism (121)
R: General function prediction only (339)

S: Function unknown (136)

T: Signal transduction metabolisms (106)

U: Intracellular trafficking, secretion, and vesicular transport (22)
V: Defense mechanisms (45)
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Figure 6 COG functional classification map
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M. aurantiaca ACC27029

LOCKED

M. carbonacea JXNU-1

[s24000  |1040800  [1574700  [2000600  [2624500  [3145400 3674300  |4190200 4724100  [5240000  [5773000  [6208800  |6823700

7 RE/NEBRIEE JIXNU-1 5 M. aurantiaca ACC27029 EF B EIFH LN

Figure 7 Synteny analysis of M. carbonacea JXNU-1 and M. aurantiaca ACC27029
TE: 2O XISFIXBIEMTHL; LA X FF R m TR,
Note: Red lines indicate that the aligned regions have the same orientation, whereas blue lines indicate that the aligned regions are inversely
oriented.
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M. carbonacea JXNU-1

L)

LR
r)
4

M. aurantiaca ACC27029

B8 RAF/NEBINE JIXNU-1 5 M. aurantiaca ACC27029 E R H LML LR
Figure 8 Dot plots representing comparisons of M. carbonacea JXNU-1 and M. aurantiaca ACC27029

W X M. aurantiaca ACC27029 AYFEERI ; Y FFC R REE/ NHAHIE M. carbonacea IXNU-1 B, K HR LT (5 55 3678 IE [0] UG

B, WESFRRIILE, AbRBlsii: Mb.

Note: X axis represents M. aurantiaca ACC27029 genome; Y axis is M. carbonacea JXNU-1 genome. Forward matches colored red and

reverse matches colored green. Axes units: Mb.
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R4 REENBBE IXNU-1 BRI E REEERN
Table 4 Gene clusters involved in biosynthesis of secondary metabolites in M. carbonacea JXNU-1
eI A4 HER (AT LA B H I D P {5 (R i

Cluster name Contig No. Position (nt) Genes Gene cluster type Most similar known cluster
Cluster 1 Contig 1 17 043-75 938 50 Nrps Asukamycin biosynthetic gene cluster
Cluster 2 Contig 1 578 515-599 474 24 Terpene Sioxanthin biosynthetic gene cluster
Cluster 3 Contig1 697 067-718 791 21 Terpene Phosphonoglycans biosynthetic gene cluster
Cluster 4 Contig 1 1099 704-1 122 136 18 Lantipeptide =
Cluster 5 Contig I 1230973-1278 355 37 Nrps -
Cluster 6 Contig 1 1708 030-1 773 370 41 Nrps Scabichelin biosynthetic gene cluster
Cluster 7 Contig I 2562 209-2 782 763 65 Tlpks Macbecin biosynthetic gene cluster
Cluster 8 Contig 1 3019 988-3 057 544 37 Oligosaccharide Kijanimicin biosynthetic gene cluster
Cluster 9 Contig 1 3 348 223-3 360 235 13 Bacteriocin =
Cluster 10 Contig 1 3 598 165-3 651 122 38 T1pks Azinomycin B biosynthetic gene cluster
Cluster 11 Contig 1 3 680 6523 743 249 53 Nrps-siderophore Desferrioxamine B biosynthetic gene cluster
Cluster 12 Contig 1 3737 914-3 761 447 17 Lantipeptide SapB biosynthetic gene cluster
Cluster 13 Contig 1 3 787 353-3 808 633 20 Amglyccycl Validamycin biosynthetic gene cluster
Cluster 14 Contig 1 3950 5204 015 682 36 T1pks =
Cluster 15 Contig2  152055-193 113 42 T3pks b’*&ﬁgﬁ;ﬁ:ﬁ‘;ﬁﬁg'MethoxyhyquumoneS
Cluster 16 Contig3 530 912-552 690 21 Terpene -
Cluster 17 Contig3 703 136-714 290 13 Bacteriocin Lymphostin biosynthetic gene cluster
Cluster 18 Contig 3 905 828-1 039 731 75 Tl1pks-oligosaccharide  Tetrocarcin A biosynthetic gene cluster
Cluster 19 Contig3 1361 300-1 415 468 34 Nrps-t1pks Bactobolin biosynthetic gene cluster
Cluster 20 Contig3 1613 666-1 686 702 58 Nrps C-1027 biosynthetic gene cluster
Cluster 21 Contig3 1677 349-1 745 542 57 Nrps-lantipeptide-tlpks Bleomycin biosynthetic gene cluster
Cluster 22 Contig3 1965 524-2 008 577 38 T2pks Lysolipin biosynthetic gene cluster
Cluster 23 Contig3 2 095 654-2 191 305 73 Nrps-tlpks Leinamycin biosynthetic gene cluster
Cluster 24 Contig3 2 245 656-2 292 288 40 T1pks Sporolide biosynthetic gene cluster
Cluster 25 Contig3 2289 929-2 311 119 23 Terpene -
Cluster 26 Contig3 2434 461-2 471 959 21 Nrps Gentamicin biosynthetic gene cluster

. Tlpks: 1RVREIGHEG; T2pks: 11 BUREISEG; T3pks: [ BUERENAET; Nrps: JERBEMARAK.
Note: Tlpks: Type I polyketides; T2pks: Type Il polyketides; T3pks: Type III polyketides; Nrps: Nonribosomal peptides.
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