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%ﬁﬁ A highly syntenic nic-genes cluster is present
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1. Introduction 3. Results

The genes encoding pyridine-pathway for nicotine EGenome wide pairwise comparison
degradation (nic-genes) present in Paenarthrobacteré JOADE080 100 70 50 30 100

: : : ; dDDh (%) OrthoANI (%)
nicotinovorans ATCC 49919 can serve as a model for studying ik
the molecular evolution of catabolic pathways.

2. Methods

The newly released genome of the strain (GenBank
CP089293, CP089294) was used as a reference and an | [||I &
extensive comparative genomics study was performed on a || - ir
total of 65 related genomes. All pairwise comparisons among
the set of genomes were conducted using GBDP available in
TYGS, digital DNA-DNA hybridization (dDDH) values and
confidence intervals were calculated using GGDC 3.0 and
average nucleotide identity (ANI) values were calculated
using the OrthoANI algorithm. Species clustering was done
using a 70% dDDH cutoff. Comparative analysis of nic-genes Phylogenetic tree and pairwise comparisons based on both dDDH (d4) and ANI

cluster was performed with progressive Mauve using the - values of 64 genomes of Paenarthrobacter strains and of other Arthrobacter,
: : . Nocardioides, and Rhodococcus strains which possess the nic-genes.
HOXD scoring matrix.

Highly syntenic nic-genes clusters Identical nic-genes clusters

o)
oY
Q
c
£
v
N
("2]
)
S
9)
c
o]
U}

+—
c
3
o
v
=
o
L
o
j -
o

s PD630
s PD630v2
s DSM 43205

()
()
0,
(¢

a
a
a
acus ATCC 51881
acus strain R7
opacus B4
cter sp. UW852 1
acter sp. AR 02
acter sp. GOM3
acter sp. YIN-D
cter nicotinovorans strain ATCC 49919

N
g888

o

) 8 8 3 U i
%§§§§§§wxwx»xx
QNN
=
o~

SN
8

Q S
TR
QRO

aoQoQan

g 8

==
S QOO
S alsal
= o

cter nicotinovorans nic

cter nicotinovorans JCM 3874
aena acter nicotinovorans DSM 420
rthrobacter sp. NtRootD5

rthrobacter sp. NtRootC7

rthrobacter sp. NtRootA4

rthrobacter sp. NtRootC45

rthrobacter sp. NtRootA2

aenarthrobacter nicoti

=
333g

S

S 8 8
™ TS TS ™S

KK K Kp¥¥ ¥

S

ARRR

100

ter nicotinovorans Hce-1
arthrobacter histidinolovorans JCM 2520
arthrobacter sp. JL.0la
arthrobacter nicotinovorans SSBWS5
arthrobacter sp. TYUT067
arthrobacter sp. MSM-2-10-13
arthrobacter aurescens NBRC 12136
arthrobacter nitroguajacolicus xwA8 103
obacter nitroguajacolicus xwA3 110

*

=
S
QS
BN
-~

*

BN TTUEETTeE | Yl species cluster

*x

er nicotinovorans 26Cvil
obacter sp. A20
r aurescens strain TC1
obacter nitroguajacolicus SM1928
er ilicis strain DSM 20138
obacter ilicis CECT 4207
obacter sp. MMS21-TAEI-1
acter sp. NtRootAl
acter sp. StoSoilB13
acter sp. StoSoilA2
acter sp.
1
1

s
S
SSSSSS .
SIITIIIITY
Q QR R

==
Q
S S
Q
oS oS

=

SSSSSSSS555858888%
Q

~N

S ez

N

0S0ilB5
ea

=
3

™= ™ SN S S

N g g g R R R
S
e S>
>

§S88

Q

U Uy
RRSESESESE S

S3sd
S>>~
N30

er ureafaciens SCN18
ureafaciens YLI
reafaciens DnL1-1
eafaciens xwA7 105

oi

eafaciens strain DSM 20126

reafaciens strain CZY1
eafaciens strain AT

er ureafaciens MPD2

=
S3888 8

S

-~

§8835§8885%
s s

S833
9’ S’s-&& Q
AR

Salsl

0
9]
b
0
2
3
7
0
=
()]
©
]
[]
[ 1

g‘S~S‘~‘S~‘S~‘S~g
SaS33333383338R
SSSS8., 8888

A" 4= s s EETETTTTE B e subspecies cluster

ST
SEISITTTSISTESE

)
+
U}
)
o
Q
v}
—
]
o
.

X KK X%
SRR L T R R T NN

2 > N3e
X 9 “
SSTSSSS8ssES &
a &
(O S So
H VI |

X¥  KEXXX % %

Paenarthrobacter nicotinovorans ATCC 49919 pPAO1
PAO1 B 100% identity B 100% identity
A B 100% identity W 70% identity W 70% identity
[l 70% identity 50% identity o 50% identity
50% identit; : : . .
: | o ey Paenarthrobacter nicotinovorans JCM 3874 Paenarthrobacter nicotinovorans JCM 3874
APC p AN AN\ I | o pNicSoilE8-2 W 100% identity B 100% identity
‘ B 100% identity 70% identity 70% identity
70% identity 50% identity

50% identity

50% identit .
identity Paenarthrobacter nicotinovorans DSM 420 Paenarthrobacter nicotinovorans DSM 420

antibiotic biosynthesis monooxygenase \ ' X
i | regulat ™~

Lacl family transcriptional regulator ; ;
y P pZXY21 M 100% identity B 100% identity
MFS transporter y B 100% identity 70% identity . .
. 70% identity
glycoside hydrolase family 3\ ) 70% identity 50% identity 50% identity
50% identity Arthrobacter sp. NtRootA2 Arthrobacter sp. DNEROOIA2-2
ABC transporter ATP-binding\ y PTES1 B 100% identity . . p-P
ABC transporter permease . . ) . M 100% identity
AN B 100% identity 70% identity 70% identit
identi
modé-\\ 70% identity 50% identity ’ . .y
moac —_ 50% identit 50% identity
N moat.— o ldentity Arthrobacter sp. NtRootA4
molybdopterin-binding protein— _ S p Arthrobacter sp. pNtRootA4
- pCZY [ 100% identity “3500 kb
moaA___ o o P W 100% identity
MoaD/ThiS family protein___ I 100% identity 70% identity
. . . . . [ / 70% identity
I1S481__ 70% identity 50% identity R n /CO t/n O VO rans 50% identity
. . ]
ndhM___ 50% identity Arthrobacter sp. NtRootC45
ndhS____
Paenarthrobacter sp. YIN-5 DNA 100% identity ATCC 499 19 Arthrobacter sp. pNtRootC45
ndhL—- 100% identity 70% identity 100% identity
6-hino___ 70% identity 50% identity 4 3 1 6 1 84 b p 70% identity
el s : - i . 50% identit
DUF948 d°ma";;::::;’t‘i':: ‘:r‘;tt:'i:\ 50% identity Arthrobacter sp. NtRootC7 3000 kbp ’ 4
kdhs\\\_ contig NZ_AKKK01000058 of M2012083 100% identity Y Arthrobacter sp. pNtRootC7
. . kdhM B 100% identity 70% identity - 100% identity
helix-turn-helix dom taining prot |n\_ Y ) " . 1500 kbp 70% identit
helix-turn-helix dom ntaining protein 70% identity 50% identity 6 identity
upin dom ntai g protein\' 50% identity Arthrobacter sp. NtRootD5 50% identity
E:,R Arthrobacter NicSoilC5 DNA W 100% identity 5500 kb Arthrobacter sp. pNtRootD5-1
Dabb family proteiny ' 100% identity [0l 70% identity \ P 2000 Kb B 100% identity
%kt\ 70% identity 50% identity p{ ' I 70% identity
pH L . ; ;
SRPBCC family prote& 50% identity Paenarthrobacter nicotinovorans Hce-1 50% identity
AAA famil ATP““\ Arthrobacter NtRootA9 Il 100% identity Paenarthrobacter nicotinovorans Hce-1
amily ase o o , .
VWA domain-con taining protem M 100% identity 70% ’.de”t"ty 100% identity
XdhC family protein \ 70% identity 50% identity 70% identity
hypothetical protein , 50% identit 50% identit
nucleotidyltransferase family proteN 4 . . ] ? ) y Paenarthrobacter Sp. Y./N'D 6 laentity
DUF4193 domain-con taining proteN / L / \ . pNicSoilB11-2 M 100% identity A B Paenarthrobacter sp. YJN-D plasmid 1
hypothetical protslmnfn\ | \ . B 100% identity 70% identity , " B 100% identity
APC family permea N ~ ‘ \ < A\ : Il 70% identity 50% identity ' ' 70% identity
ptm\\ ——— 50% identity 50% identity
apo \ \ \
fm s \\ . . Paenarthrobacter sp. YJN-D plasmid 2
multidrug efflux SMR transpol’N ~- \ by _ B nic-genes cluster p. Y] P
; B 100% identity

70% identity
50% identity

)
is family transcriptional regulator Paenarthrobacter sp. YJN-D plasmid 3
B 100% identity

70% identity

B 50% identity

pNiCSOiIE8'2 2000 4000 6000 ROOD 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 50000 52000 54000 56000 58000 60000 62000 64000 66000 68000

””7 Nd o mnnt sy ") i e r'v'vm "n"_l ¥ v et idloass RAiie 1 R o w ﬂ
99025—29055—I_% ,_lq_l 1—|—|—|—L+—|—| I
B I S—s | i I | - - [ —

[ — -~ — S
I — I:]|:|I:|I_l — d: I:ll I T JC T T T TI m ::PD: Iﬁﬂjk [l o 1T =

e [
8«" n554 1S481 .

pZXY21 [ K 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 50000 52000 54000 560&3"'5m___§o¢oo Vﬂa'_iho‘o-ﬂsgpoo GGﬁBE 68000 70000 72000 74000 76000 78000
| : it it o TR et ;i bttt o I s " bttt kot i WD S WY st 1 I | (o e )
227488-148088 | i | i [ ] I ko 1]
— = [”][?-D 1 e e s s — ] - 1,0 I]-[DH] gy m— l:l_11 mr ]" 1 Dl i [ | i s
Lsrfﬁ%mer * v AS256 ISL3 15407 ISL3 _AS21 15481 / - ° ° °
/2000 /4000 /6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 30000 42000 44000 46000 48000 50000 52000 5400056000 58000 60000 62000 64000 6600068000 mdoﬁ/nm)o
pTES / | (eye——y ") | (] e T [Ty pr— <, Ellwmmwvfor—l -
45681-118939 : S— = — - L —
|u 554 o CII1 .J T _I__J.:—-P‘Ljﬁf [-DD- CI T T JC T T T T ] u- LS |I|- — 1’,_1..-~»-'|"'l|| I~ = A J'_Jl%]u - O
bacix f“‘” IS256 1S407 1S407 1S407 1S481

/ __f_____———__ - - _' [
czyY ad "gobo' ':qu 60088000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 50000 52000 54000 56000 58000 60000 62000 64000-66000 680
,, e R e o oy o P e e P over e species resno when compare o P
_ ‘
227488-148048 ;J o SN | 0 | 0 L |

Pae alrllh[lil) IElCtI r%fggf%;j_gns CZY1 — "/ | — - — | I{:/l’r | Iul - o | | Ilsldg'lll |:;l‘:I A — r\\T\ll_l T [ ] o [ ] [ ] [ ] [ ] [ ]
00 ' 0 0 0 0 0 0 0 0 0 0 0 : 0 0 0 0 0 0 0 0 0 0 0 0 000 580 0 0 0 0
P:enaYr;’;‘z;aCterE 20 , 4008000 8000 }oroor}z_oq(uwgorla 00 16000 20000 22000 24000 26600 26600 30600 32000 3-::36 00 38000 40000 42000 44500 4@04&00 50000 52000 54000 56000 sl 00 aof#o 62000 6400066000 e:‘:ai nICO tln O Vorans ATCC 49 1 9 9 We re I d e nt Ifl e d . F Ive p I a S m I d S a n d
22.0705-162077 |:SZ 6\ [ — oo \l T e e S L o s s e e e ] ——t | |s|4.;_11\<_]_| II o — |ﬂm  — B
Paenarthroblacter sp. YIN-5 ° °
< Putative nic-transposon >|  LCB2 LCB1 two contigs belonging to Arthrobacter and Paenarthrobacter
““T2000 [4000 6000 8000 10000 12000 1460D.16000 18000 20600 22000 240600 26000 28000 30600 32000 34000 3G00D 38000 40000 42000 44000 46000 48000 50000 52000 54000 56000 56000 60000 62000-64000 66000 GBY00 70000 7201
pAO1 | r"'f”"jﬁl"'"l c\ it ot sl S ettt b, s B SRS i Sl g v T — r A "-W'rwg

il |
e ™

i = e = o o e i o strains were shown to be virtually identical with the pAO1

77216-149529

Paenar{hro er nicot| orans } | | |
2000 0 6000 BOOO 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 5000052000 54000 56000 58000 60000162000 64000 66000 800D 70000 720

Arthrobacter r/v-:&——q-l 0] ve—rer e oo e w ' S W

| )  itunaatih o sbatins o S oo Lttt il i ol | s bbb Atk . AL~ Ll W [T 7 b |

78 ﬂ LA ioiaie B [ ] [ [
sp. M2012083' :-1';—3 —I13 J — o [ ;I I | ' I_I_H—I’LI_I_I I l—;l — — v |
101449-29387 % Tnssd | HE = ] = e | — /" | 7" aSmi O aenartnrooacter nicotinovorans

e £ / / 15481 | —/ .

Arthrobacter 2000 4000 6000 B0OO 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 /38000 40000 42000 44000 46000 48000 50000 52000 54000 56000 58000 60000 £2000' 64000 66000 68009
L i 1o 1t 140 2600 1t 2500 100 e ek L0 3 32000 S0 0 e SR R0 SR o SR ko 5530 5000 8 |

C—T=1

l ] I ‘?v | |
SP- NtRootAd [T O I_H:I[]ll II."J [ ID:I A o S s s s S s e R P[.‘___I_.v--'ifll Il_I_"_rL'_m_!] —

882922-813265 'm9554 / 1S21 1S5~ //
0 -
Arthrobact 2000 4000 /6000 BOOO 10000 12000 13000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48J00 50000 52000 54000 56000 580600 60800 62000 64800
fthrobacter | = M"""M"""W"L""WM i ] v A ek, il L8 ot bt 0 Wsa, oo Al S, . il bttt .

[
sp. NicSoilC5 ! ) —T — |—rJ — |—|—|—|'L1—|—|
321188—265788 Aljnh[ 7 cf DT?%%‘S’ ; = L‘i — ST | \\_\ - - ) IIS:T . - — I | III__\“ I O n C u S l 0 n S
ro 0l I M
. . 2000 4000 6000 BOOO 10000 12000 140Q0 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 3@00 38000 40000 42000 44000 46000 48000 50000"‘5,?000 54000 56600 58000 500001'62900 84000 6600068000 700 .
pNICSOIlBll _'_'“"""\'"ﬂ s g s oo’ dlii ks 4 el B anhiens | dnnhbia o B iy Ty ol it Adutle oot o T marr bl ““""“"I“W‘VTQ"'IH[P"; ]

- 1S21 — —
1281096202:D - I [Dl I — 0 T ] uﬁl: [ | ] O C1 0 -q_l_l

Arthrobacter sp. NicSoilB11 1521 15481

0 m_;lI:] I | | E—

Nine highly syntenic nic-genes clusters identified in various Arthrobacter and * Five plasmids and two contigs belonging to Arthrobacter and
Paenarthrobacter genomes. (A) BRIG comparative genomic analysis of the pAO1 Paenarthrobacter strains were shown here to be virtually

megaplasmid against the strains harboring the nic-genes listed in the legend. : : : :
External black circle — the localisation of the nic-genes cluster on pAO1; blue identical with the pAO1 plasmid of Paenarthrobacter

labels — pAO1 genes experimentally related to nicotine metabolism; red labels — nicotinovorans ATCC 49919.
genes related to recombination events. (B) Mauve alignments of the nic-genes * a highly syntenic nic-genes cluster was identified on four

clusters. o plasmids, one contig and four chromosomes
* the nic-genes cluster contains two major LCBs that apparently
S form a putative catabolic transposon
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