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 E: [F%]) £#%FKH (Nocardioides sp.) InS609-2 & —#k 4B B #ARM F A I8 L5 ¢
B AT B L3R P AR MR AT, ) LA R IRE Nocardioides sp. InS609-2 #4943 A 40 5
5|, B Yt A AR Rt S Mo RERARAR AT F o945 . [8 6] #EH Nocardioides
sp. InS609-2 #) X 40 5 9145 &, VAIRAIZAR AR BEARM Z AR KR, [5 %1 A8 Illumina HiSeq
ZBZ N A -F 6 B InS609-2 # AT 4 H R 48 7 % B M A, A% ) A8 K AR AF AT ) B 204 AT AR R 40
R . KRN ey iz, TR BRM =W RAR KXo EF. [£4R] AR4AR
JE1FE 0 KA 4 524 052 bp, G+C A& H 69.42%, TR E] 4 656 NEE . 56 4~ tRNA #= 6 />
rRNA. #&# Nocardioides sp. InS609-2 494 FLHM F 45 %, 5 AH 3761, 3052, 1767, 4134 #=
2725 A B £ COG. GO. KEGG. NR #= Swiss-Prot 445 & P R IR F 2 #1428, R AT, & WnF
B 19 /4R B = Mo IR B 35 R B 480 5 2048 42 3 2 NCBI R AF GenBank & 5k 5 4 CP060034.
Nocardioides sp. InS609-2 5 N. dokdonensis CP015079. N. yefusunii CP034929. N. euryhalodurans
CP038267. N. seonyuensis CP038436. N. daphniae CP038462 #= N. okcheonensis CP087710 iX 6 #&
ARAR BB K GO EFEFRABATEREIM P EAORESESN, FENLEREZ 7T ANARA
LR B PR R A B A R, EANARAEAR M AZTERER. REHAT 16S rRNA AFH £
G A BH. ZARM. core A AF KB BB AT, B —F 12T Nocardioides sp. InS609-2
AR EAZE., [448] AR Ed EFN T Nocardioides sp. InS609-2 &k AR H = 49 69 £ )
SRR, # InS609-2 M E AR KR ARRET AHZE, EATZEL.
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Whole-genome sequence analysis of Nocardioides sp. InS609-2
isolated from Antarctica
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1 Department of Pharmacy, Renji Hospital Affiliated to School of Medicine, Shanghai Jiao Tong University,
Shanghai 200127, China

2 Polar Research Institute of China, Shanghai 200136, China

Abstract: [Background] Nocardioides sp. InS609-2 is a potential new strain of polar
actinomycete isolated from the soil sample collected from Inexpressible Island in Terra Nova
Bay of the Ross Sea, Antarctica. Little is known about the full genome sequence, functional
genes, metabolite synthesis pathways, and comparative genomics of Nocardioides sp. InS609-2.
[Objective] To explore the genes associated with secondary metabolites from the genome
sequence of Nocardioides sp. InS609-2. [Methods] The complete genome map of InS609-2 was
sequenced on the Illumina HiSeq platform, followed by read assembly, gene prediction, gene
annotation, prediction of gene clusters for secondary metabolite biosynthesis, and synteny
analysis. [Results] The full length of the genome was 4 524 052 bp, with the G+C content of
69.42%. A total of 4 656 genes, 56 tRNAs, and 6 rRNAs were predicted. Among them, 3 761,
3052,1767,4 134, and 2 725 genes were annotated in COG, GO, KEGG, NR, and Swiss-Prot,
respectively. Meanwhile, 19 gene clusters for secondary metabolite synthesis were predicted.
Genome sequencing data was submitted to NCBI, with the GenBank accession number
CP060034. The synteny analysis and protein cluster analysis were performed for Nocardioides
sp. InS609-2 together with N. dokdonensis CP015079, N. vyefusunii CP034929, N.
euryhalodurans CP038267, N. seonyuensis CP038436, N. daphniae CP038462, and N.
okcheonensis CP087710. The results showed both conserved and unique regions among the
seven genomes. The seven genomes shared 44 protein clusters. Finally, the 16S rRNA
gene-based phylogenetic analysis, pan genome analysis, core genome analysis, and
genome-based phylogenetic analysis were carried out to further mine the genomic information
of Nocardioides sp. InS609-2. [Conclusion] This study provides reference information for
predicting the gene clusters involved in secondary metabolite biosynthesis of Nocardioides sp.
InS609-2 at the genomic level, which is essential for the subsequent studies of InS609-2.
Keywords: Nocardioides; whole-genome sequencing; secondary metabolite; comparative genomic

analysis
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fifi(polyketide synthases, PKS). AEAZMHARK A B
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H TR G ACH - R R B FB 7,

A 2023 45 4 H, NCBI B%E R 538
W IR A R ry Y H (bioproject) A 138 1,
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Nocardioides sp. InS609-2 #4714 Jk K 41 I 5
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111 #H&
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100130,
112 EFE. EERTFIE

R2A K 1 5 % JL B9 BD A d]
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IR, FIEN AR A PR W] 5 S
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1.2 BEFEE
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YL, WMESZE ML
1.3 Nocardioides sp. InS609-2 HJ1E 75

£ R2A [ fAFA 412, 75 %) Nocardioides
sp. InS609-2 I HAE T, M ZE 4 mL R2A Wik
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HE M E 200 mL R2A Wik E; F2 5L,
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Illumina HiSeq Fl PacBio Sequel &M ¥ . i
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B AREUE contigs H AR B GapFiller 554 -
FRRE ACRY e B S PILON AR = A8
contigs &5 RIATRIE, PHESB]SEEAFS .,
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1.5 EREBES T
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P 4 5 5 R A i RNA HEA T 254307 43931
K GeneMarks #fF1°!, tRNAscan-SE {12!
Al Barrnap #{4T0 SE R AF 51 . (RNA X3k
FILRNA M 254 LI rRNA, 540, ARShs
X RNA il it 5 Rfam i 4t b4 7 #i
1.6 EEBEBHINEE IR

W e PR R 2 BRI e 91 4 ) 5 B R AR (gene
ontology, GOVE i i . RUARSE N S5EL 41 A B4
45 (Kyoto encyclopedia of genes and genomes,

KEGG) . & M i H & [[ I #& (cluster of

orthologous groups of proteins, COG)EHEE . KX
M 2 E P 51 (Swiss-Prot protein sequence,
Swiss-Prot) %% #f E 1 JE OC & & A R
(non-redundant protein, NR)E( g 47 L X, 58
IS R ) — ZR G I RE T RS
1.7 R F=EE R EE R T

antiSMASH & — 35 T~ 20 T2 Fl1 B 1 5 (R 20
J 90 v A AR 7 0 HE 0 S B R 2 0 Rk
FE L TERBER T BB . AHOCER T AE http://
antismash.secondarymetabolites.org 345 . iz F
antiSMASH #-1il Nocardioides sp. InS609-2
R B 7 1 A ) IS PR 2 R HE AT E 5 i
R A= /B it
1.8 EERERBZF 5

#4525 T4 N. dokdonensis CP015079.1, N.
yefusunii  CP034929.1 . N.
CP038267.1 . N. seonyuensis CP038436.1 . N.
daphnia CP038462.1 1 N.
CP087710.1 Ky 5L [A 2 )75 # Nocardioides sp.
InS609-2 {4 [ 41 Fr 511 56 T Mummer X 45 2R
ATHET . SRJE MR 2 AR S K B 7
G5 — & L 45 /N 5 S iR R R h
XY Aedpfl, AR R LT
Aebrdll, A BLAST Foxf, HOHE A7 (5 B R b
XF b A% R 4 IX S5 4% A W) b A9 4 /)N T b 3
Bt

A T 2% A Bk 44 B NCBI RefSeq $i# /%
ARPCH LR 2115 B 781, FIH PGAP 153
N PP T R 5 30 % DR PR 0 A R PR 5 AT i R,
HATIR AT . PGAP 1 234 Fir R I 35 1
JFAAE— 2 FT BLAST FuX), 4% BLAST
FERTEE AR, e AN [R) 2 1 AR AR B2 . R
BLASTClust X} Nocardioides sp. InS609-2 F1Z%
BN P ATHE AR

euryhalodurans

okcheonensis
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1.9 ET 16S rRNA EERFIINRGZAE
SR AE

I MAFFT #{FX 4245 Nocardioides sp.
InS609-2 TEM Y 20 FRIE Y 16S rRNA KA 741
HHATHEXT, KJH FastTree MAFHE R G K BR .
1.10 #ZOEREE S

FET YA E AP S A orthofinder
(v2.5.4)%F£u3% Nocardioides sp. InS609-2 7£ PN A
31 MREARRIEA TR R K, HA A diamond
YEAT all-VS-all blastp 24, 53 e A R R JE A
1.1 ZEREEASH

K PGAP #4841 45 Nocardioides sp.
InS609-2 FENFY 31 ¥REEHER) pan-genome Fl
core-genome, S PG EIF B ML 4 A
1.12 ETERBEFINARGZLEMNIE

K Ff FastTree 204 7 1 ML 357 0 A 3 T
SN O W a =
1.13 EFHEARERITFNER

K HH SOAP denovo 2.04 X J [K #1441 2%
1 k-mer 434 & GC-depth 43 M1 i 2H 2E 25 R

2 BRS04

21 ERFEELER

£ R2A [E &K F#3E I, Nocardioides sp.
InS609-2 Wk HRIESZRIE, Hi2 1 mm 4
H, AR, NEW, Bgotieik, WE 1;
BHHEF BB T, W EERN AR, %
AW, BRACE SR R, A i i
fIUIRE, DL 2,
22 ERFPERERMERBEAD 7

Nocardioides sp. InS609-2 £t [K 41 & K &
4524 052 bp, LA FHI143 % —4% 4 524 052 bp
YR, GHC &N 69.42%, N50 HI N9O fiy
K51 8 874 F1 5 199, AR AN JE R 4140, &
4 656 M ImIB R, tRNA L[ 56 4, rRNA

JE[H 6 1. Nocardioides sp. InS609-2 Jit: R 4H 57
G3 E 250 U R 2 7 i i TR AT LA (3R 1),
5 N. dokdonensis CP015079.1 . N. yefusunii
CP034929.1., N. euryhalodurans CP038267.1. N.
seonyuensis CP038436.1. N. daphnia CP038462.1
HI N. okcheonensis CP087710.1 FEKZH A/ IMHIE,
G+C & &R 1 gl 6 PSR AR, 77
B IR R A AR . Nocardioides sp.
InS609-2 £FEH L] F4IE 58 NCBI, GenBank %
&5k CP060034.1,

Nocardioides sp. InS609-2 It [X £H P& [&] I
Kl 3,6 3761 MRSk COG HRE(E 4).

1 Nocardioides sp. InS609-2 I E &7
Figure 1 Colony morphology of Nocardioides sp.

InS609-2.

2 Nocardioides sp. InS609-2 AYiZELE FRE
RE

Figure 2 Transmission electron microscope image
of Nocardioides sp. InS609-2.
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# 1 Nocardioidessp. InS609-2 S E b E o HiEFREEF AL
Table 1 Genome characteristics comparison of Nocardioides sp. InS609-2 with other Nocardioides

L7 S LR DK Scaffolds ${f#& G+C &#& oI 3 PR GenBank accession
Strain Total length of Scaffolds G+C content Predicted gene  No.

genome (Mb) number (%) number
Nocardioides sp. InS609-2  4.52 1 69.42 4656 CP060034.1
Nocardioides dokdonensis ~ 4.38 1 72.30 4173 CP015079.1
Nocardioides yefusunii 3.29 1 69.10 3060 CP034929.1
Nocardioides 4.02 1 72.20 3962 CP038267.1
euryhalodurans
Nocardioides seonyuensis ~ 3.97 1 70.40 3916 CP038436.1
Nocardioides daphniae 3.55 1 71.10 3 466 CP038462.1
Nocardioides okcheonensis  4.47 1 72.90 4363 CP087710.1

"

4500 kb Py

4 000 kb 500 kb xi.

3500kb g0 o 1 000KD -
Length: 4 524 052 bp

3000 kb 1 500 kb )

= Unknown COG
= CDS

= tRNA

= tRNA

» Others

= G+C content

= G+C skew+

s G+C skew—

"By,
0 )) g 0 e
o g e 1w MR B
PR b LT T T T T DA
SR PR

3 Nocardioidessp. InS609-2 £ EHEE  MHNEIS, 55 1 BRERZE; 5 2 BLE GHCskew; 5
3K GHC R 8 4 BAISE 7 BICKRAE—1 CDS i@ COG; 5 5 FBIFIEE 6 [t CDS. tRNA
Je rRNA TEFEN 2 AL E:

Figure 3 Genomic map of Nocardioides sp. InS609-2. From inside to outside, the first circle represents the
scale; The second circle represents G+C skew; The third circle represents G+C content; The fourth and seventh
circles represent the COG to which each CDS belongs; The fifth and sixth circles represent the positions of
CDS, tRNA, and rRNA on the genome.
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COG function classification
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Number of matched genes
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ABCDEFGH l .l KLMNOPQRSTUVWYZ i

Function class

A: RNA processing and modification
| B: Chromatin structure and dynamics
: Energy production and conversion
: Cell cycle control, cell division, chromosome partitioning
: Amino acid transport and metabolism
: Nucleotide transport and metabolism
: Carbohydrate transport and metabolism
: Coenzyme transport and metabolism
: Lipid transport and metabolism
: Translation, ribosomal structure and biogenesis
: Transcription
: Replication, recombination and repair
: Cell wall/Membrane/Envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism
M Q: Secondary metabolites biosynthesis, transport and catabolism
M R: General function prediction only
I S: Function unknown
T: Signal transduction mechanisms
M U: Intracellular trafficking, secretion, and vesicular transport
W V: Defense mechanisms
m W: Extracellular structures
M Y: Nuclear structure
M Z: Cytoskeleton

EEEEEEEEEEEEEEEE
erh~IOﬂmU0

4 Nocardioides sp. InS609-2 B COG Ih&E 5 L E
Figure 4 COG functional classification map of Nocardioides sp. InS609-2.
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RS IREEF RN 5 COG ThfgiE R S
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B A A B fE (function unknown) A LN $ i £, 3
] Nocardioides sp. InS609-2 K&[PH 41 41 HA )
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23 EEBAIEEIRE
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B(& 5), A5 N IhRe T o R R W2t 72
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o, AR R 2R TR o I R i 2 e A
1 F2 (biological process) . 4 il () & AL & P0G
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/N4y F AL 1 i B2 (small molecule metabolic
I R 2H 53 2 v b S R B 22 1 4
i (cell) . 2l ffd 2 A% (cellular component) . Al A
(intracellular) 140 }fd Jii (cytoplasm); 43F DI REL
HKh W I N i 2 1 2 3 Y g (molecular
function)F11 4% 4 (ion bonding), GO T HEH FF
A DL i R A 1) F0 2 DL R A7 R 2 Ok B B v Ak
INEEST 2, 8 T W58 T TR i DX 5 P AR 1)
W

nitrogen compound metabolic
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GO classification
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Figure 5 GO functional classification map of Nocardioides sp. InS609-2.

2.3.2 KEGG RigH&R=R 9 KEGG i/t W], 7E Nocardioides sp.
KEGG J&— RGN EENNBER BRI, InS609-2 FEFLALH, A 1767 HE KA LB

LA E B S E B siReF B AR, T PEEEE TR 6). KREHSEHERE

S AR R EIE R, WG, Bi%iE . PEEBOKIE S P (carbohydrate metabolism)

2 LAk SR i R 4 MR (amino acid metabolism). &I
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W {55 F4n il 7 (protein families: signaling
and cellular processes) . & )it ZJi% : il (protein
families: metabolism) ., & [ % . w45 B Ak
B (protein
processing)', 43l AHCHEEA 360, 321, 439,
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AR e St — L e % e .

KEGG classification

Signaling and cellular processes Unclassified —
Organismal systems_Nervous system —

Organismal systems_Immune system —

Organismal systems_Excretory system —

Organismal systems Environmental adaptation —
Organismal systems_Endocrine system —

Organismal systems Digestive system —

Organismal systems_Aging —

Not included in pathway or brite_Poorly characterized —
Metabolism_Xenobiotics biodegradation and metabolism —
Metabolism_Unclassified —

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 Energy metabolism —
Metabolism_Carbohydrate metabolism =
Metabolism_Biosynthesis of other secondary metabolites =
Metabolism_Amino acid metabolism —

Human diseases Substance dependence —

Human diseases_Neurodegenerative diseases —

Human diseases_Infectious diseases —

Human diseases_Immune diseases —

Human diseases Endocrine and metabolic diseases —
Human diseases_Drug resistance =

Human discascstardiDVascuTar diseases —

Human diseases_Cancers—

Genetic information processing Unclassified —

Genetic information processing_Translation—

Genetic information processing_Transeription—

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—
Environmental information processing Membrane transport —
Cellular processes Transport and catabolism —

Cellular processes_Cellular community-prokaryotes =

Cellular processes Cellular community-eukaryotes —

Cellular processes_Cell motility —

Cellular processes_Cell growth and death—

Brite hierarchies_Protein families: Signaling and cellular processes =
Brite hierarchies Protein families: Metabolism —

Brite hierarchies_Protein families: Genetic information processing =

Function class

S

6 Nocardioides sp. InS609-2 KEGG & &5

100 200 300 400 500
Number of matched genes

Figure 6 KEGG pathway distribution of Nocardioides sp. InS609-2 genome sequence.
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24 REKEZERERFFETMDER 4. antiSMASH 7 beta FAFMFE] T 19 4

antiSMASH #% F 0 Ml Nocardioides sp.  WAEACEY A W& WAL R FE . FERFE KN H
InS609-2 JEHAGH] 19 NMERAEGER 2). M 9-78 kb, Hrb, ZiBERIERBA 1414, 5
eggNOG 75, 88 LS5 AAM i T 2 g 5 R B R Y 73.7%, R A 3 R

%2 Nocardioides sp. InS609-2 )% & 4% 5t F= 491 & AR [ 7%
Table 2 Gene clusters of secondary metabolite of Nocardioides sp. InS609-2

BN KA K S AR & R R AR c Tt
Cluster Type Length (nt) Most similar known cluster Similarity (%) Known function
1 S ES Y P E AN 9436 Unknown

Ribosomally synthesized and post-
translationally modified peptides,

RiPP-like
2 HliZ%& Saccharide 31978 SF2575
3 HliZ% Saccharide 24 047 Madurastatin D1/Madurastatin
D2/(-)-madurastatin C1
4 HliZ% Saccharide 24 806 Unknown
HliZ& Saccharide 34 531 Unknown
6 HliZ& Saccharide 29923 Cervinomycin B3/Cervinomycin
Cl/Cervinomycin
C2/Cervinomycin
C3/Cervinomycin C4
HliZ& Saccharide 22727 Unknown
HliZ& Saccharide 37488 Unknown
2 Saccharide 49 990 O and K-antigen
10 BE2S Saccharide 38 028 Branched-chain fatty acids 100 Anti-inflammatory,
anticancer
11 111 B A W) 6 il 41071 Alkylresorcinol 100 Antibacterial
Type III polyketide synthases, T3PKS
12 2 Saccharide 28 127 TVA-YJ-2
13 AEAZ MR (ARG R 42 508 Indigoidine 20 Natural blue
Nonribosomal peptide synthetase, pigment
NRPS-like
14 B2 Saccharide 27 495 Accramycin A 8 Antibacterial
15 B2 Saccharide 78 411 Leucomycin
16 AR G B, RORHAG R 50 602 Pacidamycin 1/Pacidamycin 63 Antibiotic
(ISR L FESIIN 2/Pacidamycin 3/Pacidamycin
Nonribosomal peptide synthetase, 4/Pacidamycin 5/Pacidamycin
NRPS-like, ribosomally synthesized 6/Pacidamycin 7/Pacidamycin D
and post-translationally modified
peptides, RiPP-like
17 B2 Saccharide 35039 Deoxyhangtaimycin
18 REWIER, AR ARG R 51 443 Asukamycin
Fatty acid, nonribosomal peptide
synthetase, NRPS
19 HHiZ& Saccharide 22 075 Unknown
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e UN S A R N A I RS e (I TIEAN
(ribosomally synthesized and post-translationally
modified peptides, RiPP-like). III %I HE{{k 549
&5 i (T3KPS) A E A K -G ¢ i (nonribosomal
peptide synthetase, NRPS-like)F1 g i iR (fatty acid)
2%, Nocardioides sp. InS609-2 Zfith i) 5 [H 5%
W, FEN#E 10 5 Sreptomyces filamentosus it 57
HENR IR & W PR AR I 100%, 3 [
11 5 Streptomyces griseus 4 5L M) 4 — & i
FEHE R AR 100%, HEE 16 5
Sreptomyces coeruleorubidus fYJ pacidamycin &
BRI FE A FRITE R 63%. BR TiX 3 MIRHAL
P B 5 R R B AR s 2 80, K
2285 X Sl 5 0 R DR A AR B S A AR (IR T
35%), {HHEAB KA HMAZ L7 (20-100 kb),

FH X L I B S BRI A YT ) o BAK
ST BENS S BLAX L T R G A il R

SN AT X, 1T Nocardioides sp. InS609-2
T AR ELH R A 7 A DG SRR B AR
HAMRW T, Aret— P RASE .
25 HEEERBFESH

f NCBI %50 #71 % L, Nocardioides sp.
InS609-2 [ 2H 5 Nocardioides dokdonensis. N.
yefusunii. N. euryhalodurans, N. seonyuensis.
N. daphniae fil N. okcheonensis X 6 & it JE A
2H B4 A LM e & (5 Nocardioides sp.
InS609-2 #17 BLAST X}, identity 43%1%
94.35%. 94.08%. 94.93%. 94.35%. 94.99%7#l
94.39%). Nocardioides sp. InS609-2 FE[H4H 5 |
U7 xy7 s N AT 1 R T B B e =5 i
GUR I 7, MR A R IEL T LI ETZ
VL RCOC R, HOEL4or A2k W B, Akt
RVERRE — M HEDZ e r] BB — MV TR BT
v, AR BRI R B E .

e e e e

0% Lo Is 20

\ )
~00165
3
35.1jcpy, o
Y

25

3o I35 Y0 (Mb)

%0 45 (Mb)

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



88 A i AR Microbiol. China

05 Lo A 20 25 o Js 40 (Mb)

~S609
m
Gy 0045 Os Lo K 20 25 o 35
N 83965
licpy
38436
i

InSgpg 05 10 Ls 20 25 30 35 <0 %5 (Mb)
~</S6py >
Go Os LD 1.5 20 25 30 35 (Mb)
004 Y -
777465, /CP6384
w 62. /

1”S609 > Os5 10 ls
~</Ingg
S\ 1% ) s 29 25 39,4 35 40 %5 (Mb)
6 09\ 2 1“18609 j

e R R B R e A e s e e A e ]
= 2(‘ Aa ? A < n (Mh\

7 Nocardioides sp. InS609-2 5 Nocardioides dokdonensis. Nocardioides yefusunii v Nocardioides
euryhalodurans, Nocardioides seonyuensis. Nocardioides daphniae #1 Nocardioides okcheonensis Bt 2k 14 534
Figure 7 Synteny analysis of Nocardioides sp. InS609-2, Nocardioides dokdonensis Nocardioides yefusunii,
Nocardioides euryhalodurans, Nocardioides seonyuensis, Nocardioides daphniae and Nocardioides okcheonensis.
CP015079.1 refers to N. dokdonensis, CP034929.1 refers to N. yefusunii, CP038267.1 refers to N. euryhalodurans,
CP038436.1 refers to N. seonyuens's, CP038462.1 refers to N. daphniae, CP087710.1 refers to N. okcheonensis.
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M A BLASTClust X Nocardioides sp.
InS609-2 F1Z H HF#k Nocardioides dokdonensis
CP015079.1 . CP034929.1 . N.
euryhalodurans CP038267.1 .
CP038436.1 . N. daphniae CP038462.1 #I N.
okcheonensis CP087710.1 Ay 4%k R 40 #5 (A k17
BRSO, WK 8 R, 44 MEARIER 74
WKL RN IL G 1, 4 353 NEAREHEN
Nocardioides sp. InS609-2 547 , Hith 6 KK 41
AT
2.6 ET 16S rRNA EFAFFHWENRS
V8=

FE NCBLE 0 22 48 31 20 #RJ508 R G 16S
rRNA J: [ %41 T Nocardioides sp. InS609-2
—EERGERETW, 45RILE 9,

N. yefusunii
N. seonyuensis

97

91

95

76

92

100

—
0.02

9 Nocardioides sp. InS609-2 51X E#kE T 16S rRNA ERE FHHEN ARG A4 B/

T

E]8 BLASTClust EEHR AN LKA

Figure 8 BLASTClust classification of proteins
into clusters. 1: Nocardioides dokdonensis
CP015079.1; 2: Nocardioides yefusunii CP034929.1;
3: Nocardioides euryhalodurans CP038267.1; 4:
Nocardioides seonyuensis CP038436.1; 5:
Nocardioides daphniae CP038462.1; 6: Nocardioides
okcheonensis CP087710.1.

Nocardioides alcanivorans NGK65 (NR_181938.1)

i|: Nocardioides houyundeii 78 (NR_171484.1)
82 Nocardioides solisilvae Ka25 (NR_136850.1)

41 _9|——Nocardioides jishulii dk3136 (NR_175502.1)

Nocardioides malaquae Y6 (NR_181431.1)
Nocardioides terrae VA15 (NR_116648.1)

Nocardioides soli mbc-2 (NR _133797.1)

93 Nocardioides gansuensis WSJ-1 (NR_180030.1)

9| L Necardioides ginkgobilobae SYP-A7303 (NR_178773.1)
90 Nocardioides aquiterrae GW-9 (NR_025261.1)

Nocardioides pyridinolyticus OS4 (NR_036863.1)
99— Nocardioides intraradicalis YIM DR1091 (NR_152019.1)
91 Nocardioides sp. InS609-2 (CP060034)
_|— Nocardioides lijunginiae S-531 (NR_180246.1)
Nocardioides luti KIGAM211(NR_180749.1)

98 Nocardioides allogilvus CFH 30205 (NR_179931.1)

4‘— Nocardioides terrigena DS-17 (NR_044185.1)
Nocardioides dongkuii S-713 (NR_180745.1)
— Nocardioides antarcticus M-SA3-94 (NR_136800.1)
Nocardioides dongxiaopingii S-1144 (NR_170408.1)
Nocardioides plantarum J70 (NR_036915.1)

SR

FEHARAE ST 403 EAYECTE bootstrap S HEFR; AR RZIE 0.02 J2 P51 22 F 15 3 K

Figure 9 The phylogenetic tree based on 16S rRNA gene sequences of Nocardioides sp. InS609-2 and related
strains. The numbers in parentheses are accession numbers of related strains; The numbers in each branch
points are percentages supported by bootstrap; Bar=0.02 is nucleotide divergence.
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¥ E E L o
TE NCBI 4l 2 h 4R 31 20 PRESTE R [CHH (R
3 AT 20 AR T )R 41 1] T 1 Nocardioides sp.
InS609-2 — R HEA 7% 0o JE R A 5347, 43 BT 4t 2R L
Kl 10,
2.8 ZEREBHH

TE NCBI £, A 30 MR R IR
PR 3) BAT FED ATAH S B o X iX 30 RIE AL
Nocardioides sp. InS609-2 i3t 31 BRI A ILK 21
PEATIZ BN 0 . ISR LA (] 11), BE
KA 0, B B LR EC ETHE

2.7

®3 OEEBASTFZERE S T ERNER

P, VLT AL ) BT H A T, TR s 5
PR LA A3 R s 1 2 R
29 ETEFRARIIHENRZLZEN

7E NCBI 8 i ik 3] 20 MRS+ IR (R
3 AT 20 AR )R 241 H T 1 Nocardioides sp.
InS609-2 —iEMAILHFUARGE K FW, 4550
K 12,
2.10 EFEAHERFNGER

HE 13 v, HOS E R BUA AR TR,
AU BZIN P B AFAE GC I . BT 14
A, 7E k-mer BREEIAF 78 HUBHEE, iR .

Table 3  Strains information used in core genome analysis and pan-genome analysis

EERE R PR Bas

No. Strain Accession No.

1 Nocardioides sp. BP30 CP123620.1

2 Nocardioides sp. B-3 CP087968.1

3 Nocardioides sp. CF8 CMO001852

4 Nocardioides sp. HDW12B CP049867.1

5 Nocardioides sp. JQ2195 CP050902.1

6 Nocardioides sp. JS614 CP000508.1

7 Nocardioides sp. Kera G14 CP085839.1

8 Nocardioides sp. LMS CY CP076104.1

9 Nocardioides sp. L-11A CP124680.1

10 Nocardioides sp. QY071 CP124681.1

11 Nocardioides sp. Root122 GCA_001425025.1
12 Nocardioides sp. Root190 GCA_001428565.1
13 Nocardioides sp. S5 CP022296.1

14 Nocardioides sp. S-1144 CP040695.2

15 Nocardioides sp. Soil777 GCA_001428425.1
16 Nocardioides sp. T2.26MG-1 GCA_950101795.1
17 Nocardioides sp. TF02-7 CP092535.1

18 Nocardioides sp. cx-173 GCA_021117365.1
19 Nocardioides sp. dk884 CP045649.1

20 Nocardioides sp. Zg-1228 GCA_017086465.1
21 Nocardioides sp. AX2bis GCA_902506435.1
22 Nocardioides sp. IC4 145 GCA_011250565.1
23 Nocardioides sp. J9 GCA_007829375.1
24 Nocardioides sp. KC13 GCA_011045035.1
25 Nocardioides sp. OK12 BNET00000000.1
26 Nocardioides sp. Root151 GCA_001427925.1
27 Nocardioides sp. Root240 GCA_001428825.1
28 Nocardioides sp. Root79 GCA_001428765.1
29 Nocardioides sp. STR2 GCA_026712185.1
30 Nocardioides sp. Soil796 GCA _001429525.1
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VT uuuTU (3 410)

(CP092535.1) Nocardioides sp. TF02-
(3316)

(GCA_950101795.1) Nocardioides sp. T2.26MG-1
(4 139)

(GCA_001428425.1) Nocardioides sp. Soil777
(3 730)

(CP022296.1) Nocardioides sp. S5
(3 800)

(CP040695.2) Nocardioides sp. S-1144
(3 476)

(GCA_001428565.1) Nocardioides sp. Raot190
(3772)

(GCA_001425025.1) Nocardioides sp. Root122
(3 662)

(CP124681.1) Nocardioides sp. QY071
4277)

10 Nocardioides sp. InS609-2 By4% 0> E F4H 5 4

(3302)

Nocardioides sp. CF8 (CM001852)
(3328)

Nocardioides sp. cx-173 (GCA 021117365.1)
(3 581)

Nocardioides sp. dk884 (CP045649.1)
(3 320)

Nocardioides sp. HDW12B (CP049867.1)
(3 354)

Nocardioides sp. InS609-2 (CP060034)
(4017)

Nocardioides sp. 102195 (CP050902.1)
(3 310)

Nocardioides sp. 195614 (CP000508.1)

(3912)
Nocardioides sp. Kera G14 (CP085839.1)
(2 858)
Noecardioides sn. 1.-11A

Figure 10 Core genome analysis of Nocardioides sp. InS609-2.
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11 Nocardioides sp. InS609-2 HJ3Z E FE 4H 5 4
Figure 11 Pan genome analysis of Nocardioides sp.
InS609-2.

3 WwE5&E#

&R T Nocardioides sp. InS609-2 4=k
I 7 5 BT 25 32, COG REA i, S
2 A0 AR FN I BE (function unknown) ) 3 [K] £
% ; NR #JE%E", 5 Nocardioides sp. InS609-2
AFRLEE B¢ 55 17 Nocardioides sp. Soil805, AR
i L b % K (average nucleotide identity,
ANI=76.59); HRIERA =50, 5 6 BB A
¥& Nocardioides dokdonensis CP015079.1 . N.
yefusunii  CP034929.1 . N. euryhalodurans
CP038267.1. N. seonyuenssCP038436.1 . N. daphniae
CP038462.1 A1 N. okcheonensis CP087710.1 [1jt&k
PR, XEEE5 R Nocardioides sp. InS609-2
ATRBRE— B, AfrlE— P rRE e
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Nocardioides sp. dk884 (CP045649.1)
Nocardioides sp. LMS CY (CP076104.1)
100 Nocardioides sp. JS614 (CP000508.1)

—1 Nocardioides sp. T2.26MG-1 (GCA_950101795.1)
100 li Nocardioides sp. cx-173 (GCA_021117365.1)

Nocardioides sp. S-1144 (CP040695.2)
Nocardioides sp. InS609-2 (CP060034)
Nocardioides sp. S5 (CP022296.1)

(9} Nocardioides sp. Root122 (GCA_001425025.1)
100 100 _: Nocardioides sp. Zg-1228 (GCA_017086465.1)
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ﬂdiaides sp. CF8 (CM001852)
100 Nocardioides sp. HDW12B (CP049867.1)

9 — Nocardioides sp. JQ2195 (CP050902.1)
Nocardioides sp. TF02-7 (CP092535.1)
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100 | 100

100 | 100

100 100 Nocardioides sp. Root190 (GCA_001428565.1)
100 100 Nocardioides sp. L-11A (CP124680.1)
— _|: Nocardioides sp. QY071 (CP124681.1)
100 Nocardioides sp. BP30 (CP123620.1)
Nocardioides sp. Kera G14 (CP085839.1)
—
0.10

12 Nocardioidessp. InS609-2 SHHXEHRETEREBFIMENRFELBHUK fH5hF S 24M
KEMRIE S5 7030 BT bootstrap SCHFAE; FRRZIE 0.01 2P 22 51 7 SR B
Figure 12 Phylogenetic tree of genome based on nucleic acid sequences of Nocardioides sp. InS609-2 and

related strains. The numbers in parentheses are accession numbers of related strains; The numbers in each
branch points are percentages supported by bootstrap; Bar=0.01 is nucleotide divergence.

250 ;
§ ?28 E i Genomescope profile
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Figure 13 GC-depth distribution diagram. Figure 14  k-mer distribution diagram.
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#ZE HAET, 5T Nocardioides 4> 5: K 20 I /¥
FIBI 58 40 H /D o A BFSEHRGE T — AR A S04
(Salix alba)A 3 1) 43 o432 ORI 208 R IR
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SR S G M e — i S TG U, A 2Bk
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TG 5 56 0 1 ORI B O K05 e i
PR BAVFRIRIE 2005 7SR TR
b3 253 Nocardioides dodonensis FR1436'21,
XFFLHEA T 50 43 Ak DU B0 5T A~ 2 SRR
W, R 2 I RERE AR (LR . 2015 4R 58 Bl XF
Nocardioides simplex VKM Ac-2033D™ 4> 5L A
HMFP, BNZREHA 5421 NEA RS,
4 633 1~4ifih [ 41 (coding sequence, CDS) 1816 4
RS, XX S e 8 R A6 s 17L&
JOEL T S 5 1) 56 R0 (3 3 Ao M e foe . 2K [
FERZ O KRR 2 3 Py ). MRS
RNFEE N AEY 01, B TI6IT I AAE 2R
i A9 A A |, ek P el A\ SIS R Jr T
HA W =% /1 . Nocardioides sp. strain JS6141%%
4L R 2 781 )& Nocardioides (155 — AN 3E A
AP, [FEHLJE 5 £ 4 (vinyl chloride, VC)/
LA AN AT 15— R P41 . JS614 A K
TE LA 205 RV W Ry ME — Tk U5 0 B 5L 1) 2 B8
o, HASLR AN o A R R TR R AL
Pt AE HE A, SR T IETESA TN ORI R O M
KA BRI A R 2R 5T, FRIRAE T AR Wks
Y.
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KA 7 47 o0, EREIM A KE R
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