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Phylogenetic classification of natural plasmids in Bifidobacterium
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Abstract: [Background] In the past, there were few studies on the taxonomy of bifidobacteria plasmids,
and the phylogenetic classification method of Bifidobacterium plasmid was missing. [Objective] In order
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to establish a method for phylogenetic classification and identification of natural plasmids in
Bifidobacterium, and increase understanding and application of plasmids in the research of bifidobacteria
biology. [Methods] We conducted to phylogenetic classification of all sequenced plasmids in
Bifidobacterium by the analysis of phylogenetic relationship of replication initiation protein and genome
colinearity. [Results] All known natural plasmids of Bifidobacterium were divided into six different types
of plasmid families and three unique complex plasmids. Plasmids of type III and VI family were further
divided into different subtype groups. Plasmids of the type III and VI family can be further divided into
different subtype groups. Plasmids of the type III family were the main type and dominant family of
natural plasmids in Bifidobacterium. Plasmid subtypes of type VI family were most abundantly classified.
At the plasmid family level, the classification results of the two methods were completely identical.
[Conclusion] These results comprehensively and accurately revealed the phylogenetic classification
relationship between all the plasmids that were analyzed, and established the phylogenetic classification
standard and method of natural plasmids in Bifidobacterium, which provided important theoretical references

and classification basis for the future classification and identification of natural plasmids in Bifidobacterium.
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Table 1 Genome sequences of Bifidobacterium plasmids in the Nucleotide and RefSeq databases
[ Jkr BRS [ ks BRT
Species Plasmid Accession No. Species Plasmid Accession No.
B. asteroides pCIBAOS9 NC_010908.1 B. longum pMG1 NC _006997.1
B. bifidum pB80 NC 011332.1 B. longum p6043A NC 010857.1
B. breve pBR3 NZ CP010414.1 B. longum p6043B NC 010861.1
B. breve pCIBb1 NC_002133.1 B. longum pFI2576 NC_011139.1
B. breve pB2la NC 010930.1 B. longum pSP02 NC 019200.1
B. breve pMP7017 KM406416.1 B. longum pNALSM NC 025161.1
B. catenulatum pBCl1 NC_007068.1 B. longum pNALSL NC _025162.1
B. choerinum pBC NZ _CP018045.1 B. longum pBL505 NZ CMO011649.1
B. gallinarum plCACC514 NZ CP035465.1 B. longum pDOJHI10L NC 004252.1
B. kashiwanohense pBBKW-1 NC _021875.1 B. longum pDOJH10S NC_004253.1
B. kashiwanohense pBBKW-2 NC 021876.1 B. longum pBLO1 NC 004943.1
B. longum pRY68 NZ CP010454.1 B. longum pl-5B1 KP691640.1
B. longum pBIF10 DQ093580.1 B. longum pl-6B2 KP691635.1
B. longum pEK13 KP691637.1 B. longum p157F-NCl1 NC 015053.1
B. longum pKJ36 NC 002635.1 B. longum p157F-NC2 NC 015066.1
B. longum pB44 NC_004443.1 B. longum BLNIAS_P1 NC_017220.1
B. longum pNAC3 NC 004768.1 B. longum BLNIAS P2 NC 017222.1
B. longum PNAC2 NC 004769.1 B. pseudocatenulatum p4M NC 003527.1
B. longum pNACI1 NC_004770.1 B. pseudolongum PASV479 NC 010877.1
B. longum pKJ50 NC 004978.1 B. sp. pBIFA24 NC 010164.1
B. longum pTB6 NC 006843.1
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Table 2 General characteristics of plasmid genome and Rep in Bifidobacterium

iy KA GC &R M Rep KW/A/N | Bk KN GC ot HifEEN Rep ZE/ K/
Plasmid Size GC content  Coding Rep family/Size Plasmid Size (kb) GC content Coding  Rep family/Size
(kb) (mol%) protein (aa) (mol%) protein  (aa)
pCIBAOS9 2.111 52.34 1 RepA_C/346 pBIFA24  4.892 61.77 3 Rep_3/244
pFI2576 2.197 61.9 4 Rep*/306 pl57F-NC1 4.895 61.9 5 Rep_3/303
pBCl1 2.54 63.66 3 Rep*/315 p6043A 4.896 61.85 3 Rep_3/303
pRY68 2.638  66.3 2 Rep_3/299 pSP02 4.896 61.93 4 Rep_3/303
pBBKW-2  2.92 62.6 6 Rep*/307 pB80 4.898 61.88 3 Rep_3/303
pNALSL 3.489  58.96 5 Rep_3/303 pNALSM 491 61.87 7 Rep_3/303
pNACI 3.538 58.79 4 Rep_3/319 pKJ50 4.96 61.83 3 Rep_3/275
pB44 3.624 65.12 2 Rep_3/299 pB2la 5.206 56.26 5 Rep_1/565
pTB6 3.624  65.09 4 Rep_3/230 pCIBb1 5.75 56.9 3 *Rep_1/380
pl57F-NC2 3.624 64.96 3 Rep_3/299 BLNIAS P2 6.23 61.06 3 N
pl1-6B2 3.624  64.96 2 Rep_3/299 pEK13 7.05 60.68 7 Rep_3/303
pKJ36 3.625 65.13 3 Rep_3/230 pBBKW-1 7.716 64.85 6 Rep_3/297
pBLO1 3.626 64.81 2 Rep 3/297 RepA_C/366
pDOJH10S 3.661 66.18 3 N plCACC5148.72 64.23 6 RepA_C/370
p6043B 3.68 65.11 2 Rep 3/297 pBIF10 9.275 41.7 Rep_3/289
pMGl1 3.682  65.07 2 Rep_3/255 pDOJHIOL 10.073  62.18 9 Rep 3/297;
pNAC2 3.684 64.69 3 Rep_3/297 Rep_3/303;
pBL505 3.751  65.42 3 Rep_3/299 RepA_C/326
pl-5B1 3919 61.06 7 Rep_3/319 PNAC3 10.224  62.03 8 RepA_C/370
BLNIAS P1 4233 64.38 2 N pBC 11.012  55.68 11 *Rep*/305;
p4M 4488 53.1 2 Viral Rep/341 *Rep_trans/383
pASV479 4815 59.27 6 *Rep_1/378 pMP7017  190.178 57.43 228 RepA_C/405
pBR3 4.891 6191 5 Rep_3/303

7: Rep_1: pfam01446; Rep 3: pfam01051; RepA_C: pfam04796; Rep*: pfam03090 F1 pfam08708; Rep_trans: pfam02486; Viral Rep:
pfam02407; N: RAFCH Rep H 1 *: ABFFART 1 RIEMEHEE 9 Rep 21

Note: Rep_1: pfam01446; Rep 3: pfam01051; RepA_C: pfam04796; Rep*: pfam03090 and pfam08708; Rep_trans: pfam02486; Viral Rep:
pfam02407; N: No known Rep has been encoded; *: Putative Rep by sequence similarity in this study
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Replication initiation protein Plasmid
Family Group Family Replication

RC
Bl 1 WUXHTERE R Rep EAFH R

Figure 1 Phylogenetic tree of the plasmid Reps in Bifidobacterium

{i: o K ZTKL Rep #1; RC: Rolling-Circle; %5 "5 TR 4 Rep H A ZIEMR PG RS /P SCBTHOREGIE; br
RETRE TS

Note: Black dot (e) indicates complex plasmid; RC indicates rolling-circle; The characters in parentheses are accession numbers of the
plasmid-encoded Rep amino acid sequence; Branch point number indicates confidence; Scale indicates evolution distance

@ Bifidobacterium choerinum pBC (WP 099721792.1)
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Figure 2 Genome colinearity of the Bifidobacterium plasmids
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Note: Asterisk (*) indicates complex plasmid; Black rimmed indicates homology region
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pNALSLP® | pNACIP? | pKI36P* | pMGI1P |
pSPO2P | pKI50P% 1) DNA ZRAs Seit 4l L i /s
X R A il i) R B A AR SRS P A, T B
AR B A il Ok LR AE P R, ks
RTINS 2B AT R A 5E , SX S R (4 AH
KARE MABHE RS R T X —B G, XN, Kk
T J50RE T BEAEAE— A kL &2 Hil AL
234 NS EERRXKE IV

LR N, ik pBIF10 HA5%
W1 JERE paM 7R il T LAAN X S g R T — 5 1 )
W, i AU T B kL LF-3AT S () P
(E 2). &HlFRoHrEas, Bk pBIF10 & il
M rep LR I HIFEE 794, Rep HHH
SH TS Rep 3 (pfam01051), & T
3.5%20 bp —ZH AR I Y 1F ) S 42 P A1 2 il o ik L2 IR
T, R ORL pBIF10 A& 6l F-45F4 A1 Rep H
SEFIR S SR T SoRi AR, (HIZ SR Rep & AT

I 1), EEFEEAFSEEE A IR NE(E 2) 5%
T R B BN, Rk pBIF10 AT LK 4K
— AT I BRI SR, MR Theta #LHI
HIPY, A4 A SUBET T s TR 5 TV <
235 VAT EERMKE V

FEDR 20 e Fn A il P 4 4B iR, pF12576
S AN TTORL AT v R [P A ) A B AR ST
DRI ZE DX o, 5 b LB AT BTSSR AT St/ [ P [X.
B 2). EATTRIE ST rep JEPR KTl &
AT S AL, Rep &1 & A PR 45 14 35k
pfam03090 Al pfam08708. & il FHEfE 5 E AR
Theta 1% i ColE3 Frki i ik R,
kL pF12576% . pBBKW-2*F1 pDOTH10S M6
LRI UF IR Theta MLHIBEATE ] Lok, 3
HILLRANE M R B, Bk pDOJH10S SEBR I 4ih5
T rep N, FURZBEPRAE T R4S, R TR
Bl T FiRBE R SEZ MRS 6l FHRE, X 4 4>
JE kL AT LB A 53 A8 RS % , R A Theta L
S, s BB TR & R 2% Vo
23.6 YUEAFEERRXKE VI

HE DA 2R 3R 2 A & O A b R
pCIBAOS9 %5 5 ANk B SR 3 R 41 K/ NS 2k k22
S, HENTEA—FRVERE G 2).
T rep BER R I E A TIPS K,
Rep ¥ & R 454038 RepA_C (pfam04796),
HEFFY]. gitgFapE R Bk e, H
HIIX 5 AN BRI S IHLHIN AT S 2L I 50 E, [HAR
P kL pCIBAOSY Fl pNAC3 [RHGEHEN , &A1A]
RESR ] Theta HLEIHEAT A HIPT, RAFIX 5 AN FCk:
PRI R/ IR PR 22 S i 2, (H LRI A v ] D
PR BT IAAER, EARATRER A [F— M H5E
ik, ZJaRAET ke, i, SR
AL, X 5 ATk AT LRIy fal— 2 )
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B BRI KR VI [, BT BRI ALk (4 B f
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237 NEHFEEE SRR
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JRAR W] BELET BT 2 AR AL ok & AE B 4 iF
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2.4 WA EERARR RS 72 L5 RANFHE
L5 TTRL Rep 2 11 R GEilt AL AL PR 4 ek
SIMTEE R, RUSHFREIE T 41 AR EFRIAT L&
43R 6 AN RIS RLFE IR A SR AN 3 N IhARR )
BT, I UL MK VI Bk il iE—2540 5
AR RSB 1 A 2) R T, 11 SR nl
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K- 2 Ik R A R SE e —3, ARG
BE DR 20 SRR P43 25 vk T LA EA T B A0 40 B 0 3 R 43
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TR R E A UE ARSI, PR e s 2 S i
. A RAE R T BT 5B SOk 2 [ i R Ge il Ak o

FRIXF I B 3 Sy, BT Sy T R R
RIRFRL R G It . T IRFR R, X4 )5 WLk,
FFTE R AR R4 28 T4 8 B 2 S % N H R
=
3 WwikE4w

ARG AT Rep 8 A UE LA FISEE BRI 4 2 2 Fh
YTk, XF BT E I 8B FF B R AR TR
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HEAEAR S AL AT U FF R T 38 ~ifidh Rep 26
FIRSR BRI 43R 6 A ANIRIZE T (4 ok < e i 3 A4~
MEERE A TR, 0 T ki n] gE—R150 4 2 4
T RIRBE(P 1) 5 TR 3 DR 4] 2R o028k ] g 0L
FFRFTA 41 ADNRERFRIRI A 6 AR IRIZEH )
KLGEE 3 ADIRHI A TR, 5305 T FISEHE VI
JRLA] #2540 53R 2 AR 4 S EBISERE(E] 2) Bk
T 34 rep SEHZASTRL, 2 Ry A 2845 AR
KRRV 58 8 —3, XA JTHIEN] T 43245 5 r
SYSITERA R . HER PRI AT SRR, AR 2 ROy
DAoL ST, e DR 2l IR 42k 3 R
PR E MBO BT Rep F AL
W2, RSB RUIERT , JERI AR gtk oy 2k T
DI BB BT R AR R A T 42 TH . A0 E0Rn] 5
MIRGESTE, DRI SUBAT 1R R SR SR —Fi st
RGOk, W, Tk R gl ki /32
A PR R e AT SR T SRR 43 B
LR, X — @R B30 T 43 BT ek [a) A0 45 VE X
B, TR T2 RS BTN 37 b g JoA 25
R, W, BURL Rep 8 FIHEARAR 20 23 5 faf
B CPRERISE R, BE A T RUR R B A A
M2, JBTRL Rep 25 1AL FIEE DRI 40 SR 2 26 1
BRI, NARTEERGIRE G X4
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BOR, [ AR i R T AR A () R G RE AL O AR Y o
RLRGPRMON AT RE . AISCE 2823, R
JORLASHH 2 MR L4320 © 2 0k i I B 4
AR AR JFORL A P AN E TR o AR, T
KLGRAF P R G I AR 8 TR A T,
H A R i 4 2 R AT AR Y g
FOTER AN, BT R A E— 5 A7 TR Y5
BTG, EBOR T T AR T BRI
S AL T R U S A 5 2 HL 2R
I, RV SR R R G0 S E— BAT Wk
s AR bR, HZRA Bk 702 2
TE—SEA TR PP AR T A SR, 7 2 A T
R ZRWTTE R WARIE . AP Rep S
(P S r M 7 b3y A 8 PN O] T
BETEZHT R HARF I s, HORE T
S WA Rep SR, PR S T 2807 1%
ey PN S IR o M S G JFORLK S FE A A5 1Y
KM, —SEWPTEAE T RA B R E R AR XA
P ORI SEBL TR WU R G2, (Hindrik
XA ERR FORICR, IR 1 i%07 L)z
B,

H—Jr i, SRR IR SER A, e
T IR AP R RS K 07k A
SRR AT AT R, O HLRA 0 R A AR T A
WA MEMTFE RN, T ok Al LS Py Fo 26
RHIKHeRE, RAFEHR S, NMAEAa IR

Pk H R B — M i . ERR Ay
%, UGRAG fl s ML R AL X H
I T AL JE . a4 AEE IR AL, E RS
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PEAA AL AN P05, FRAT TR JEERE
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PR BT R A PERE A, R, Ok T
DU 402 (045 Rep 2B FLHEALR M35 Fl
AR A2 A L RS, BRI 155 FHF A 4
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DRI LR LS 2Rk T VR TR, AU A S LA
T R U T T R 8RR 1) 2 5 4324 s s B0 T
(4N, T ELR B — Rl L R AT R
SRIFORI A2 08 T B MBI SE R AR .
I, T RERT A I I AN AR TR (4 R GE 4
K. BEMICRE . RGP, Sl 4 Ay
W E BRI HA 3 4S5 ORIV 7R 9 A (E
IR, Ry R R 4 e A SR A A 135
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B URMES T, SUSFFE 41 AR, FUAFRE %
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