[CGRYEZ

Acta Microbiologica Sinica

2017, 57(12): 1908-1923
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20170130

Research Article IRIEETES

EYIFLATE R A Bl R Gt AN iR
BRK, FRT, AT, RAMHS

VTN B E R 2 TR AR b, BRI REKE 163319
2HEIT R BICEE AR, BRI ORI 163319

WE: [ AR ] N TIHREMEY I E KRR B R G R AR [ 5 ] AR A 6 46 8
(replication initiation protein, Rep)RZHFILRS . BRI LM: . FEHA GC &t ffE Eyw st ik,
XTHEPIFLAT I 75 A KAR ORI R G A C R AR IR T T IR M E ARt [ 451 1 5L, Rep R
Ge AL AL R A S M TS RIS R, ML BT A AR BOR ] DL 6 b OC BRRB IR
L 2 AIACTESARIR A2 G ORI 1 Al L FoRE pLP2140. 28 G UKL pMRIS.2 . pLP12-1 235l A
J5 1-2 7 5-6 BORiRl G IR, PRIHAE Y FUAT IR BOR A BEAC IR T 7 NS . Hak, SRR AL 530 T LUK
6 NG BURLHE— 200 53 17 DGR L RIS, JFIEMT . A ROhAE /R IS N R 22 8] 1 &
GG R, foE, RN GC B ANTE 30 F A AR LA B BORE Y RGeS OC R AR IRt T i
— i [ 4518 ] Rt FRBFoEl DAMERS . 7B 308 /R AR ZURF R SR BORE ) R Gk Ab 6 R I
X HEIFLAT B8 R AR Bk R GE AL RIS IR 1 i FIA o A LS Z MMME . i Rep RETHILR FILEL
DR ILERAE PR A A L s B LU, FRAT TS T — A AT S W 58 S B A A 5 0k, TRl
X AR AT REIE T T T A 4 RAR R, BRI TSR SOk AL A A 5 2AG 3k 1) 2 S

KGR MWFUITR, KABR, REHEER, JERHILANE, /N1

WEHE DI AWTIRA, FUT 5 AR . FEtY, R FLAF AR FLRR A hist % . L 2R
BRy7 . DARMERERSC R BORBEY], EN—H  2FE A AW TRENER . FEEEE
JEFLRR AT QU AR . HATFUAFER ISR, PRI R RE T L it

O E MR £k 222 N (http:/www.bacterio.  ‘EAI] REETEA FRAYERIE A= A7, ] an it FC LA
net/lactobacillus.html), TR B, FLIFEE O BEIE N FLIRE, PERRFLAT T . 2 EQL AT R )
WA Z A 2 e R B o — B ag e RE SR T EBEY, HAEY AT E T2

BETE: BIEITASEFERFIES(QC2014C020); HHFHTHARAH AN H(Z2016n0015); B IpIT/\—4 B R A & i
UG BRI H (XZR2016-15)

“BIE1EE ., Tel: +86-459-2673850; Fax: +86-459-2673847; E-mail: sundaqingl979@163.com

Weis A E: 2017-03-22; fEEAH: 2017-04-25; WKHATAE: 2017-04-27



INKIREE | YRR, 2017, 57(12)

1909

Ak, EAEARIT oA, X ZRIA LR B AT
W HA SN, X EEG R TEd
A FURF R APl K BLASH AR R N2, DRI plA
e AR TR O AMERR AT e T K
W, HPFUAT R FUAT R B R IR R PRI R
K5 = 5 R 2R G B RRDY , 5 S8 R AR R £E AN 1Y
MG ORGSO AEYIFLAT S A
ZAF B LR B R A A R BUARAE AT A ) L
PR I B A A7 PR S5 AR AL SR 3 R0 HLas B 3 AL 1)
freht . NICHYIFAT R EE . SRR
R R ZUAT T T8 FFLIR B BRI e f it 1 AR
ptsE e, ENMEEY I RAR . k7. #
e R FP AR AT BES R+ A

VAR LA o BORLAT 58 2 4R vh T RESE [N
TR SEN IR R | R HA T,
JERL 2 GE AL AR PR BT S EAR D, Al
JEOREHE T 77 41 [T i 1 2™, Rk 2 4 A7)
Xif T FLAT B K SR BORL R A 1) i AL R ) 1
AR AR H AR, XA R BR 1 FORLFIAE P FLAT
PR (T8 ) A B AR A2 5 T AR R R IBEIE . A
BIFSE 04 R R | A AR s A A LA TR R AR
JFORL Y F2 G AL OC RIS, B InAE ) LA 1A R
SR OB BEAEAL T A AL AR A T %, I TRABTSE
RIRFRALRFAT R AR . KE . st
1 R A B A P B S

1 AR %

1.1 kiR 4 5 R IR

HYIFLFT B 99 ANk LK 417 51128 H NCBI
f) RefSeq (¥ FE(#LIEF] 2017.1.24), Hrik:
pLY7801 £JEH AT (%5 NZ_CP016631.1)
ARSI E TR E . Bk pCl194, pMV158 .,

pUCL287 %355 NC_002013.1, NC_010096.1 .
X75607.1, JFiki pADI1 . pIP501 HE R 2H ¥4k H 3¢
HR[91AI[10].
1.2 BUREEERAFIIRNE . BIEFHIE T
WA R RS NCBI RefSeq $ii 4 v B A ik
S ZLAT R PR L 2105 8., BRI 4 50
B HBA DR IR, T BHIE N AT 5 )
HEBE R . &R R Rep dufdfEie, XE
FBealBEL A Rep JEFT BLAST X0 , %8 i AR
SPEsRIE, i AR B KK
1.3 ik Rep RGTHHALR 5

#I/l DNAMAN 8.0.8.789 ¥k HE1 72 551 —
0T, R MEGA 7.0 53T 2R Gk Ak
Wik, 5% F Neighbor-Joining #5575 ke 4 22 40 i
AL, F % A Bootstrap 1000 1554 % BAGJE
1.4 GRS bt

FIF Mauve 2.4.0 BT ORI R 41 26
LM, BT SECBOARE . AT Ik S R
HEBORL RN . RGN RS THET
1.5 R IETE EEE ST

F B4 TR K3 10 5 /N2 7 4% 0 7
54T BLAST 434, it i 46 22 S [ I e 41
(78 A TG R

2 ERAAMN

2.1 FHYIFAT I BORL R R 4 A RAAE

2k . R FGE T, RefSeq it It
WS 99 ANk SEHE SR AL R4, Hodr 24 ANk
JPHNFEAESE 2 T W XK T 10 kb), RAIREZ
RS R, BRI ST, Hsk 75 4
JRL I P 20 AR AE S 4 Rep THOLIT BT 35 1,

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



1910 Dagqing Sun et al. | Acta Microbiologica Sinica, 2017, 57(12)

R 1. EYFLATE R E E B — R

Table 1. General characteristics of plasmid genome in Lactobacillus plantarum

Plasmid name gz:/(;ile Soe;lt(entij‘yfc Rep family (size/aa) | Plasmid name gi:/(;:se Soe;lt(entij‘yfc Rep family (size/aa)
pLPI8 1.80 37.49 Rep_2/237 LZ206p3 11.65 34.29 N

pWCFS101 1.91 39.49 Rep 1/319 pZL3 11.89 37.66 Rep 3/304; Rep 3/311
pCAUH201 1.94 37.81 Rep_1/317 ZJ95p2 12.48 36.37 N

pLP2000 2.06 38.23 Rep 1/317 pZL4 12.51 39.38 Rep_3/311
pLR1 2.06 37.75 Rep 1/318 Lple6l 13.34 37.91 Rep_3/307
p200 2.06 38.22 Rep_1/317 pLP-ZJ101 15.16  40.17 Rep_3/311
pLD1 2.11 37.78 Rep 1/318 LBPp7 15.17 39.68 N

pLP2111 2.11 38.32 Rep_1/317 LBPp5 16.10 42.14 RepA _N%155
pCMPG5300.01 2.12 38.03 Rep 1/317 pLP12-6 21.51 41.21 RepA N/357
pC30il 2.14 36.96 Rep_1/317 Lpl6C 27.28 39.86 RepA N/366
pLP2140 2.14 38.27 N pCMPG5300.03 27.83 40.55 RepA N/373
pLTK2 2.29 38.56 Rep_1/317 pLP12-5 27.90 39.30 RepA_N%/97
pWCFS102 2.36 34.33 Rep 2/219 LZ206p2 33.00 39.93 RepA N/367
pAl 2.82 34.96 Rep_2/196 pLTK13 34.52 39.04 RepA N¥/102
pPB1 2.89 37.74 Rep 2/208 LZ227p3 35.46 39.61 RepA_N/102
pXY3 2.96 38.24 Rep_2/219 pWCFS103 36.06  40.83 RepA N/102
pR18 3.21 35.81 Rep_1/317 LBPp4 37.04  41.24 N

pZL2 3.26 38.24 Rep 1/318 Lpl6D 37.09  40.79 N

pM4 3.32 38.73 Rep_1/318 LZ227p5 38.21 39.80 N

pG6301 3.51 37.26 Rep 1/318 pLP-ZJ102 39.11 38.69 N

pLFE1 4.03 34.43 Rep_2/212 LBPp3 39.46 4229 N

pMRIS.2 5.21 35.79 Rep 1/314; Rep 2/215 | pLP12-3 40.05 41.34 RepA N%/102
pLJ42 5.52 42.41 Rep_3/308 Lpl6E 40.14  41.36 RepA N/367
LZ206p1 6.11 37.47 N pLP-ZJ103 41.50 39.50 N
pCAUH202 6.40 33.68 Rep 3/311 LBPpl 45.41 39.67 RepA N/327
Lpl6L 6.46 34.67 N ZJ95p1 48.55 39.05 N

p256 7.22 36.73 N LBPp2 49.01 42.01 N

LploA 7.24 33.37 Rep_3/311 Lpl6F 50.19 39.78 N

Lpl16B 8.63 35.93 Rep 3/311 Lp16G 51.85 42.56 RepR/512
LBPp6 8.68 35.98 Rep 3/311 LZ227p2 52.14  41.83 N

pG6302 9.11 36.39 Rep_3/200 pST-III 53.56 38.69 N

p100 9.25 37.37 N pLP12-2 55.31 39.47 N

pLP9000 9.25 37.37 N pMF1298-2 55.69  40.05 N

pLY7801 9.34 34.26 Rep 3/309 pMF1298-1 63.11 41.14 RepR/510
pG6303 10.04  36.83 N pLP12-1 64.10  41.38 RepA_N?%/102; RepR /508
pMD5057 10.87 36.22 Rep 3/311 Lpl6H 74.07  41.46 RepR/510
pCMPG5300.02 10.94 38.59 Rep_3/309 LZ227p1 74.17  41.33 RepR/512
pCAUH203 11.32 36.97 N

N: There is no known Rep. Rep 1: pfam01446. Rep_2: pfam01719. Rep_3: pfam01051. RepA N: pfam06970. RepR (PriCT-1):
pfam08708. *: The Rep belonging to the RepA N family was deduced according to the amino acid sequence identity.
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Figure 1. Phylogenetic tree of plasmid Rep in Lactobacillus plantarum. The plasmids that mark solid black dots
are family-known reference plasmids. The characters in parentheses are accession numbers of the plasmid-encoded

Rep amino acid sequence.

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



1912

Dagqing Sun et al. | Acta Microbiologica Sinica, 2017, 57(12)

pPMV158 FKEAKWE I 2 4~ RCR Fipi 4l kb TE
Y, 3% —HEM 5 Gyu-Sung £ UMRFSE 45 SR — 3
ok pLP12-1 Al REH RepA N F G pIP501 %
AR 2 A~ theta &6l BUR F A LTE AL
ki pZL3 BiF S pUCL287 KPR 2 4N Fks
BV EE R . T R pMRIS.2 Fl pLP12-1
A 2 DAFKE Rep, WIELN)E TR
M BE i 424 Bk, Bk pG6302 Rep & A — ANSE
WK 4 JFORL Rep i A7 78 B9 P 5 45 #4) 1k
(pfam01051), {HERL pG6302 5515 4 ki A
BRI, HH S I 9 32 (R S HAE
R B B T (46%) R8I Y 1AL I 8, DAL ¢ 0 ot
i pG6302 5 HA G BRI A R I B i Ak
76,0200 (WP011031948.1)
86/pLP2000 (NP631991.1)

99l PLP2111 (YP002300640.1)
pLD1 (YP002650841.1)
pC30il (NP040355.1)

PR18 (YP006963154.1)
pCMPG5300.01 (KGH41258.1)
98| PCAUH201 (WP063096865.1)
96'pLR1 (YP002124300.1)

pLTK2 (NP052556.1)
pG6301 (YP006965558.1)

56| FPZL2 (YP009062139.1)
991-PM4 (YP001368560.1)
79LpWCES101 (YP133708.1)

pC194 (NP040435.3)

Group 1

1Group 3

Group 2

0.1

WCFS102 (YP133712.1)
pXY3 (YP003422740.1)

og—100—P
100 pPMV158 (YP001586272.1)

L pLPI8 (YP003965463.1%
PAI (YP001586276.1
pLFE1 (YP002842049.1)
75 pBPI (YP138219.1)

—_

0.1

Group 1

:|Group 2

53 LZ227}§3 (WP011222013.1)
55IpWCFS103 (YP133716.1)
pLP12-3 (WP074030413.1)

D)

361 |96'LZ206p2 (WP016527414.1)
s LBP l(WP031265708.1;
Lp16C (WP016526802.1
48[36—pLP12-5 (WP074030505. 1

LBPp5 (WP015639722.1)
pCMPG5300.03 (KGH41248.1)
pLP12-6 (WP074030518.1

pAD1 (AAB00503.1)

0.1

2.
Figure 2.

©

KFZ, AREEA T M HE e R IR . 28 B
W, BT Rep RGMAR 30T, HPFATA
A% Rep 19 51 AR AT LRI K 6 kL6 R 3
DI GEHE, IL e T RERIET 6 AR,
HARBA R R S 2 TR R T — 8 1 705
HCRREE , B SRR G Z s e, =
HR SR 5 RIS G ok AL FE 2 Sk, I H A Sk
A A EERE, IR %R TR 5 R
R JFORCAR AT g HA S 7] 04 1 A AH e AT I

N T 2o AR RRL R LR
BT Rep ZHAEMRITH—Hl:, HIBRFFIRI 5T
KLFIBORL pG6302, 43 1) 47 4 A S Tk
Rep RGHALRT, S5 ILIE 2.

~

W

56/LBPp6 (WP001748065.1)
66 1IpPMD3057 (NP862285.1)
100[L hCAUH202 (WP063096866.1)

Lpl6B (WP016526818.1)

Lpl6A (WP016527410.1)
pZL3 (YP009062124.1)
100—pCMPG5300.02 (KGH41249.1)
pLY7801 (WP069137398.1)

63 Group 1

pLP-ZJ101 (WP020923863.1)
99L—pUCL287 (2207193A)

9
Lpl6I (WP016526795.1)
—T00lpZL4 (YP009062170.1)

0.05

(E)

100

pL1142 (YP006960781.1)  1Group 2

73rLactobacillus plantarum plasmid (WP062689695.1)
19]-Lactobacillus plantarum plasmid LZ227pl (WP064578650.1)
13 Lactobacillus plantarum plasmid (WP063485834.1
&aclobaci//us plantarum plasmid Lpl16H (WP016526630.1)
Lactobacillus plantarum plasmid pMF1298-1 (WP071665447.1)
Lactobacillus plantarum plasmid (WP062689695.1)
Lactobacillus plantarum plasmid (WP057137430.1)
Lactobacillus plantarum plasmid (WP063733973.1)
Lactobacillus plantarum plasmid (WP056972439.1)
Pediococcus acidilactici plasmid (WP065124308.1)
Pediococcus pentosaceus plalsmi\%]%WPOSS 126652.1)
ToojLactobacillus lindneri plasmid (WP054646986.1)
44'Lactobacillus sanfranciscensis plasmid &WP014082554. 1) |
Streptococcus agalactiae plasmid pIP501 (CAAS50899.1) 1
Streptococcus agalactiae plasmid (WP047209989.1)
Streptococcus agalactiae plasmid (WP017768088.1)
Streptococcus pneumoniae plasmid (WP050240217.1)
ToolStreptococcus oralis plasmid (WP063645783.1)
94L-Streptococcus pneumoniae plasmid (WP049494039.1)

Clade 1

EAS

Clade 2

Clade 3

EMFE AT ERALK A Rep Rt LR
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parentheses are accession numbers of the plasmid-encoded Rep amino acid sequence.
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2.2.1 4wh3 Rep XK 1 FURLRGEHALR R : A
2-A AIH, St Rep Z% 1 Bk ] LLiE—R143
3 A R BT A RIS . KR 1 FURL Rep
5 Fki pC194 Rep (232 aa){LHA 20.94%-24.30%
— 3Pk, B R BR pC194 5K 1 Bk
WOR TR AR B A C R, HF 5 Lkt
BT R, FE0% 1 TR Rep Y9547 3 /MR SF Motifs
(% 2), FF HiX 2 Motifs B UFESE 2 pC194 Kk i
A2 i ke A 3k R b OB M T RE A U Rt
T 34> Motifs PR~ , 2405 1 ok n] GEJ& T RCR
Eﬁmn%%ﬁ 5 pC194 Fk ik B A 3 [q]
HEALARL S AR I, (H AT 04 4 I AL I ] HE A
NI
2.2.2 %A% Rep ik 2 BR ARG HI LR
2-B nJH1, A% Rep Zi% 2 kil Lk i/HzIJéJ\
2 MBS R IR, SR pMV158
BB 1 B RS F5 2 kL Rep 5 Foki pMV 158
Rep (210 aa)HA 20.55%—62.56%— k. #E—k
FPHN TR, K 2 ZH050R A pMV158
KW Rep Sl 5 AMASFHY Motifs!™), A7 ok
pAl FLECRFIAR(F 3). ILIET Rep K/, JP51—
BdE, JUHE Motifs FEIRSFIE, S 2 BORAR AT
fEJ& T RCR Bkl pMV 158 it , 3 H 5 pMV158
G SRR B L[] A S R i

3T 2. FKik1RHL Rep RTFEFF

Table 2. Conserved motifs of the plasmid Reps in the
family 1

Term Motif I Motif I Motif III

Group1 FLTLTVKN QHLHVLL/VF TAKYEVKSAD
Group2  FLTLTVK/EN HHMHVLLF TAKYQVKSKD
Group3  FLTLTEEN QHLHVLLF TAKYQVKSAD
Conserved FLTLT**N *H*HVL*F TAKY*VKS*D
site

pC194 FLTLTTPN PHFHVLIA MAKYSGKDSD

*: Not conserved site.

2.2.3 4t5 Rep 5% 4 OB R H LR R : A
2-C ATH1, 4l Rep 0% 4 JFokin] LAtk —2401 5k
e R I RZEHE, SR pUCL287 5
JEBE 1 ORI ZE R 4 JBURL Rep 5 B0k pUCL287
Rep (311 aa)H A = B —E(PE(68.17%-91.32%), A
U, FEF Rep K/NHFFIR s BERSF, SR 4 i
KR AT REJR T theta & | pUCL287 Kk, I H.
AT LR B AR IR . dEAs b ok pLI42 5
FI 4 HofhToRs % BB Ak b oG R e, X 3R
BSR4 250F 1 FORAHEL,, B nTREZ T T AT
TS B A A B
224 4if5 Rep FK K 5 TR RGEHMKR:
2-D FIHI, 4ihh Rep Kk 5 Dﬁ*ﬁZlEﬂﬁﬁ%ﬁ‘E@L
kX ZR, ZHRFR pAD1 Rep (336 aa)5 5% 5 Ji
ki Rep HATRMRAY—21H(4.44%-29.07%), [Hitk

= 3. K& 2 FRHI Rep RTFEFF

Table 3. Conserved motifs of the plasmid Reps in the family 2
Group Term Motif I Motif I Motif III Motif IV Motif V
Group1 pLPI8 FSFIIYPESI AISPLHDCD KKPHYHVL--Y VDSVENTFKYLTHESKD YAK
pWCFS102 FTF LLYPESI AISPLHDKD  KKAHYHVI--Y VQSMENMYLYLTHESKD YSK
pXY3 FTF LLYPESI AISPLHDKD  KKAHYHVI--Y VQSMDN I YLYLTHESKN YSK
Group2  pLFEIl WWIVVYPESL AISPLHDKD  KKPHYHIVFNY IS GLTGAVRYLTH-MDN YDN
pPB1 WSWIVYPESA IESPLHDKD KKHHWHII-IS VASLQGAVQYLWHR-NN YDK
pAl WTFIVYPESA IESPLHDKD KKSHYHILLTF - -
Conserved site * 3k ok ok *YPES* * *SPLHD*D KK*H*H***** k %k ok ok sk ok ok 3k *Y** H skokosk sk Y**
pMV158 FTF LLYPESI AISPLHDKD  KKAHYHVL--Y VLNVENMYLYLTHESKD YDK

*: Not conserved site; —: There is not conserved motif.

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



1914

Dagqing Sun et al. | Acta Microbiologica Sinica, 2017, 57(12)

TESEAE R 5 R 5 R I5 A4 BE 2 F0 i A ¢ R i
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RepA_N G5 Ukt BA LR A E At S Fnke I, (5
G BT ) ] R LA A .
225 4% Rep KK 6 MR RGEHIMKR: &
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P FLAF R (KT 90%) . Ho At FLAF B8 A 5 3k e
(40%—45%) FIBEBR T (30%—40%) k. Rep HA—
M, XEE[E Rep B & — MRS K B0k
EHRIAM PriCT-1 454938 (pfam08708), <4 ¥
HALFE RIS Rep. FKIiE 6 Fki[RIJEME Rep R4
PEALR WL 2-E. & 2-E Al BLAST 43 #fnl 41,
K 6 BURLZ M REH MR ET BH, Ef]
S FATE . HABFLAT AR BRI . BERRTE T
B HEAb S6 ZR AR UG , [ s 3 2 [ 5 S )
HURRGHEERWRARRKERRZ -8, X%
W 6 ok 5 1E £ W HA W] i i 3 AR E
KL EE T Rep HRSFESHISR A AAAE, Kk 6 Tk
RATBEJE T theta &l BTk pIPS01 KWK, It 5
pIP501 X Uk A 3L W] 1) FE A AR S A2 5
2.3 HEWEATE R RS R

NI VNGEL B R AP N ik A DL b
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b F , FIF Mauve BAEXT PTG 75 A BRI T T
LRI LA BT, TOARZS SR LR 3. ki)
02 1l S R 5 TR 4 v i R ST R 06 R AT/ Y X
S, IR /INSE TR A A A N 9 AR RIAT i SR 1
A AT PR AR SCEE R A HEAR TR
W 2 5 B AR 0 Je N AR R DR SE JE  H
P 3 FTHL, AR LT PR R RR R 2 R AR A K
{14 i) P8 DX 35k (R [0 25 g DX e ) A A ] 9 44 Xk
(PS5 AL Z IR 2 1 X)) o A 66 X B3R
PIAN DX 3 =2 8] 28 /0 KA e — Wtk i, TR
X 0] 5 91— B AR, R & A b
2%, IMECRMT, RZINA. 25 X HER
PN DI BT 43 0T 08 A SR A Al AL
FF, HA AR AT A AR R R R
i A S R AT LR P A BT A S, T LT BT S
HH 3B JTORL 2 IF] R A R AL AT E T,
A SR 7R B AT Z B0 R G OC R o FE T ook
FE DR A Lk 43 45 SR SRR e/ N A2 T A e I
W, AEPFTFERTA 75 AN Bkl LA 4 A 6 Atk
R RBEYIN R . 2 DRI B 46 ok
F 1 AT HEALTORL p2140 (B 3). i T BkE p2140
55 A AT SR A & BRI X, PRtk e AR T
REELAT 7 R IR AL . 2% 0ok pMRIS .2
A FIE R 2 bR 7 IX 38k, I 5 5K%
1 0¥ 3 BORLANZR 2 51 2 Jioks pPB1 AYBE[AI2H
BoR T R RN, PRI Fokr pMRIS.2 R AT REH K
T6 1 260 3 BokL 55K 2 260 2 Bk pPB1 EAE
o 244 BB pLP12-1 RIS S5 5 ok i [l 5
1) Rep FIZHE 5 FObL(BR T LBPpS) AT (i E2 A HHG
FER(F3C 2.3.5 A HAKIRIR) , 1 H 5 A KR 6 BTk
B [RE R Rep, PRULFURE pLP12-1 fRATRESZES0K 5
FIZIE 6 AU PRI BTk H 20 Fl 5 T8 1



VKRS | A4k, 2017, 57(12)

1915

= U == I ]
; i C
< & | *Lz206p1 & LELEPp>
DLF2140 o 1B L P T S -
- E “Lpl6C
- 3 = ;
ShCAUH201 Lpl6L P o e el
B « | 'PCMPG5300.03
: Ezsa HE = —_ e
*p200 D! . & Lz206p2
B - I e % i i e rme—————
2 i
& PWCFS103
“pLP2000 6302 ey o Y =
- o : L2227p5
R > . | “p1oo e
: ~
PR B | S pLPZI103
- e 5 3 SoLP9000 § T e : =t
“pLP2111 =9 1@ o |kl
- ‘p | ! EP gmuﬂ ZAF é" i e —
HEB “pG6303 S | Lpl6F
S | “pLp1 ¥ o moema e e E e
— R i “pST-III
H “pCAUH203 .= == - S = —
2 |Fpevposiooon 3 (- SOMF1298-2 e °
gl |- 2 S o
rf R PARERD | |5Leize
“pC30il }—LEI'D-J_
wP L E = f—c e Lo o
5 'LBPE7 é “pLP12-5
“PWCFS101 =147 sl | e E——
A B 5 PLTK 13
= &1 pLie2 cm B coemmm_ g -
“pLTK2 & *LZ227p3
i
'El[: “pCAUH202 3 T 1 58,3, TRy,
HE ¥ “LBPp4
S L pris : ; B
» “Lpl6A Lpl6D
2 - bl B L 1) [=——"- T N=—j =)=
“pZL2 < | =
8 g | “pLP-Z1102
i FOPIPRES et
N
gl& i
8| ¥pm4 2 ‘LBPp3
§ H
@ “LBPp6 ST - S T
N h}__H.H_'D— “pLPI12-3
R -
pG6301 5 - P — @
comoied] [ o 81 |2 ] pLyzso L plcE ‘ ===
omplex| & ¥ PR A R — S mem
plasmid [“pMRLi.z =1°|: S LBPDI = i
2 | = “pMD5057 P
o[z I ] . : - = ec—oca -—c— G
-1 T
sl = : ‘LBPp2
B a “pPCMPG5300.02 ew = = e = -
: - | *L2227p2
“pWCFS102 " - J - o -
. 5 *LZ206p3 . BLp122 = ks
Z:. | 5 : [‘Lm Complex[ 2 ®2m= it= ) T ey =2 = e —
=18 pXY3 *pZL3 plasmid | *pLP12-1
g &l PT J g E_:u...l o= e e S | e e S
: i i 5 e
o g i 8 | *pMF1298-1
pPBI “pZL4 O |G . - ey e !
: Lik} E’ S 1 ™ = | Lerec
“pAl v alt——2 et e -
o 8 L § 2| iLz207p1
g[. =y g[:rmm——ﬂﬂm 3. —
g|s gz 3 J— . —
& LpLFEL 5 | “pLp-ziion Lpl6H

[ 3.
Figure 3.

231 HEYWAHFERE 1 FREREHARR: &
R RE RIS, 50 1 5 A 14 ANk,
Y9 0%t Rep ) RCR /NRJFORE, ol LI 732 3 4
PSR 2R BT AL SR (18] 3) 0 JEHE 1 Bkt
SRy R JBORE ,  HCE PRI 2H AN A 5 i 5 1 2
T, BA ARt 520 1
FRiLLER , JEHE 2 Bk pR18 Fi A b | — Ak
ke 4t P (lincosamide nucleotidyltransferase, /inA)
LA, 12 DR W A T - A 2 BRI 2 BORL 5T FY
linA JEDR e FE— 20U 2R 1 BTRLLLAR . JSRE

EMFAE R EE AL L TR E

Visualization diagram of plasmid genomic collinearity in Lactobacillus plantarum.

3 TR AR AN AY T 5% # (mobilization, mob)JE R Al
L F%58 25 (origin of transfer, oriT), KLY HA[EL
Bk, PN L M R, K 1 Bk
BIoA pC194 Fw BUki Rl IE i & i+ v 41, %y
S rep. AEEAL 15 (double-stranded origin, dso)
B4 5 (single-stranded origin, sso)/ ¥ 812 A .
BT Bk, KR 1 Bk B EAA 4R B
B FR , KAR T PR Ry Bt Bk, HA D E
2 FIERE 3) Bk kA T AMEEE A A A, itk
FI 1 BURAR AT B HA S [F] 0 AL AL S A
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232 HEYHAMFERE 2 BRRRGHLLR: &
Frkr LR H LA b, KR 2 &A 6 DJRkL,
¥R 4hY Rep 1) RCR /NRUORE, AT A% 404 3 A4
PG R B ) R (B 3). 2RHF 1 JBOkE
pLPI8 Jy BRlc P BkL , B 1 5 il 150 A G Ay HLAth it
Kl 2RHF 2 BoRiAe S bl 7 IX O hS T mob FI/
BUORFIER , BHHEN s T B sk, 2K
3 JEOkE pLFE1 76288 2 B HESL LR |- 45 51 2w
T — LR RPUEILHE, A iGE Rz SRR
REK AR ERE. ZKIE 2 FURi¥I&4 pMV158
FURLIRI IR 2 78 50, %780 i DUEOR
$(copy number control, copG). rep. dso Fl sso
FPONH M, BT iR, FKE 2 BokiZ [ [F ke
HAMYERNIOCR, IR 2 BokidR
AR SE R A e AR IR, B SRR 1 5
RLLES, BN AR ZAEREME X, XHR
B TR AR R R

233 HEYHAMFESE 3 BRRGHLLR: &
Fkr RE R LA 3B, 5305 3 5 10 BTk,
F4% 1 465 Rep JFkE pG6302 i1 9 A~ 45 Rep
Bk o AL R A SR LR MR RN TR A, K
W 3 SRR LA 43Sk 2 AN A DG 3R S S
KB 3)o LMER TN 3 Ok il 1 a1
SYAEBR, HETRXER p256 BEAT T RIS, H
e/ NE il Bl E S E—1 688 bp K/ DNA F
B, ZXIEA W C AR Rep, %R
B A ] PR A, PR % R R theta B2 SR
2 L R A LR M R e 0 EE A AT, 2R 1 R
LZ206p1 50 3 Bk v — N5 A ki p256 &
il R e A 0 SOk, T R R4S
KBE 2 Ok pCAUH203 58—, HBEARLE
I Rep, BRI E 8 H 8 T 505 3. 280F 2 ioki,
JiRE p100 A1 pLP9000 JE[AI4H JLT-58 4 —2, Ktk

actamicro@im.ac.cn

EAAR AT BEE AR FLAT T2 A 5] Bk o i ] — A Jo
Kis kL p256 5Bk LBPp7 #434E [K 41 7 B [l
U5, DR ER. LBPp7 fR AT REFH Bk p256 F1%—
AR R A AR B R B, R
pCAUH203 &4 20 1 ki LZ206p1 KB/ 3L [
4, WLk, pCAUH203 fRATAEZEME 1 FokL
LZ206p1 Fl—/ 4 p256 [RVE & H T I 8E 2 i
b A A TE R okl pG6302 K 3 Tk ik
— 2k Rep TR, M3 Xi ZEPOHRGE , Bk pG6302
AR A — AR ER FHIASEE Rep (Rep_3
GRS S T, AR A 2 DR 2 LR PRy
F XS & B, Bk pG6302 H 5 5% 3 ki HAT £
AR L, JF SRR 3 Bokidia —
ANBRE p256 [R5 AR g bt 52 il 7 XA, [R)
kL pG6302 -5 HAd SR BORLA A AEAR /b 1 [+ 5
PEDCI, o E AR, XA 2RO i A2 T IX
L H A 74 A BRI B B REME, IR ATHE
Bk pG6302 HJE T 5% 3, 55505 3 Bk B
FEI R . BT Lk, Kk 3 Bokinf
BB IR T — A 4t Rep 119 theta HU 53 il 711
ib wpie A

234 HEYIHFERE 4 FRRGHMRER: &
FkRL BE R LA o3 M, KR 4 A7 13 BTk,
45 1 AIESRAS Rep Jiiki LZ206p3 Fil 12 ~4wht
Rep Bk K15 4 BURIA & A — ALY theta 7!
2 pUCL287 K& HlF 75, % Fh ori
(34 1~ 11 bp 1 3.0-4.5 4~ 22 bp 1E [0 FHE JF1])Fl
rep SRR, MURIEAIILERMEZE R, Rk 4 R
R AT LARI 53R 2 A AR O 22 0 30 9 I R 26 7 (I
3)o KB 1 BURL pLI42 JE5K0E 4 Fokih i/ g,
B TR T, SR 4 HA SRR A
[ X s, X HR7R Bk pLI42 ARATREZL ) T —
AT A R, LS SE 4 HAtb Sk
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BRI R , JERF 2 Bk LBPp6 #1 Lp16B JE[H
ZHRITE M 98.99%, (NAEIAE4mASIXAHZE 50 bp, X
RN EAPRIE T R —A Bk, JREER £y
G EREAFAF . ki LZ206p3 JE 5K 4 HvfE
—JE4wts Rep Wik, HFHIHTRIL, EFRFES
A 5EH ) pUCL287 KGR HIF o, HIEH rep
FER R A T R AR CBAE FE PR ), B kAR
B2k, BIHREE™ B 5881 Repo. AE T iRy
BT, S 4 R4 & A EE TR IR Y pUCL287 Sk
S, X RIIZF W FUORLAR AT B A SR Y i
AR, AN, KR 4 BORCEE R 2H P AE7E
A4 22 B AR [ DO (s B ), 26 1 Bk
pLJ42 Ju AW, X RHI KK 4 BURL R S5 FUAT
PR A MIR SR R (A1) & A b A B KO B R A A
2 3ok 52 AR HEAL A R AR

235 HEYRATESTE 5 REREHLKR: &
Jkr FE R A LR AR BT, KW 5 B A 25 Ak,
35 13 DEHEGRED Rep Bkl 12 gwhS Rep JBukL
(J& T theta & il RepA_N ZXJ%). B T Bki LBPpS,
FKI S ORI 5 A —4~24 3000 bp = B [ A7
XA, XIS T U0 Bfi(nickase, traA). 2>
REEE oriT, Horp traA 1 oriT iR 55
e b FT LR T o ARl BE DR 2l et 22 R N A2
T IEH, Kt 5 Bokin] A4y ok 4 i E R
ST R . 6RE 1 ME— Ok LBPpS 5%
W 5 Fofh SR LB AR X S, (H5 50 4
Bk pLP-ZJ101 A I il [k X, ek
JkL pLP-ZJ101 & ilF(pUCL287 KiK), &AXK
W 5 BRI FE R E Y Rep (RepA N %), DR
ki LBPpS 50K 4 ikl pLP-ZJ101 RAE K
FEB AR B, BRI s, B
TN, e )8 T 5. K0 2
A 5 AN FRL(4 gAY Rep), B T A A,

BT A A H 21 DA A AR DT R 4 Y
18 kb 1 [RI P X2, 3k SR e A1) =2 ) HLAT
IEBRHE R . BB 3 &A 5 Ak, B
et Rep ki, Br T RZWEILA TS, 0185
A2 18 kb iy I PEPE X S, i X gt 1
BRI  DNA A LS T35 S Re
FIBY, SRR BT 2 I R LA B S 2 i a4k
Ko KM 4T 14 4 TRL(T 12t Rep), BR T
KGN, FBE 4 Fobi 2 815 A2 [
AR [ X, WA R B R AT ] 5 X
B, XEIASHE 4 kil T &R
R, CEATZ IR SO R A IIZERE 2 F1 3 Tk
W25 T Bk, &Kk 5 Bokiz bkt
KARNEAET BH, 4 T R amikfbid #2,
H R T35 30 5 A 5 5 LA (fraA 1 oriT),
e AR AT BER IR T — A Bkt . B
ki LBPpS 550k 5 kil = [FlidE, (HE 5%
J6& 5 B9 11 A Boki a1 s BE R Y RepA_N 505
Rep, HMGifEil, ki LBPpS ] RE[RIFE T —
MG ORI YE, (BAE S5 4 Bk pLP-ZJ101
RAEWMEHREM D ER THGHBIEN

2.3.6 MHEWIAFERK 6 TR RGEHMEXR: &
Jkr BRI H LA Hr, KR 6 & 4 DTk,
Y 4itth Rep MY RBUFTRL, ©ATH & A AL
theta & ifil pIP501 KWEE i+, XX IHH rep FEH
N ori 1AL, ARPEILRI AL 22 5, Kk
6 JTURL AT LAVE M 4k 2 AN ARG 2R )
FIGIETHE(R 3)o JEHE | ME— S5k pMF1298-1 JE[A
PS5 S 2 TR B AN, BR T R 1
TR, ES5IRE 2 BT R [,
B55T5 5 H8F 4 ki & A A2 RITEPE X, I
T S Bk 3000 bp (LA TR, I E 2 —
NG TR, RETSEWE 5 ok kA B4
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e RTS8 T Kk 6.
K 2 BORBIAARE G R, BR T RIEA
HlF o, BT AE —A 34 kb (75 BRI X
BORZHOERITE R AR ME D), Fivef 2 Aa4E
WORE IR . BT BRAHT, K 6 5 1
MZEHE 2 PoRighfb ok REue, (HETEMLEA
pIP501 KA Wi+, ZKik 6 FURiAR n] G HAT 3L [H]
(A HEAL AR SE AR VR
2.4 HEYFLAFE R SR R IR

H T R Y LT T ORI, X
FEANZE TR RE R 40 GC & Fnd/ NE il A% 0
HAIEA TSR BLAST 4347, 25 0L 4 FiEk 4.

I 4 BT, I 1-6 Bk L4 GC &
HARF G RAR S, Kk 6 bk
AN, FIG 4 BB R R . SR GC &g
TE, RUNKFWETRL K& KR R R b
HLA A 1)1 B, NI ok s+ 518
FRAIFEDEL ., BRIE Rep KRG UL (& 2E)F1
S GC grRfaEME, Kk 6 TR RAEEXF

50
X
2
:Lé45 .-
S °
- i3
o 40 ° X
: T, €2
Si3sf - o L
v
3OQ VAN P X OO ®
D NV s T o o
WV 8 8 8 8 o oo
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Lactobacillus plantarum plasmids and chromosome

4. EYAMERNMEEARERELE GCRE
Figure 4. The genome GC content of Lactobacillus
plantarum plasmids and chromosome. Chromosome:
The genome GC content of Lactobacillus plantarum
WCFS1 chromosome (accession No. NC_004567.2) is
44.45%.
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TEol. SAHR, WRIEREA GC & ek
FOK, TR SR TR Sz A 7K 35 TR 5 % 2
W, HAMTHZ 0 FEE, FeiE iz
T R A IR B R KSR R e, T
BN 22 A A o AR SE R A P o iy
(B 3)FFEHA GC Fr &R fbiERl, K% 4 BokisF
A IXFEIL . FWE 4 Bk pLI42 BIRARLFAIBIHE .,
Rep R GEIHALR (18] 2-C) L P L2 1R (18] 3) 70 #r
HFRIITURL pLI42 55EHE 4 HADFUR KOG R 8K
e, HARR b R, MR GC &
TN, Uk pLI42 FEHZH CG & h(42.41%)
W & TR0 4 Bk GC 5 8#(36.91%), iX—
SERAE— S UFBH T R P A b I S S

KWE 1-6 BURLEERZH 11 GC & &4 5h
37.94% . 36.19% . 36.98% . 36.91% . 40.32%Fl
41.62%, WML TFHIY AT e i1k (44.45%), Tt
HORZWE 1-4 Boki, XA&REME 1-6 Frkitl It
R T I, EAMR AT RER I8 T Y Ak
GC R AR LM 0. 22 & kL pMRIS.2
1 pLP12-1 B4 GC R HIt T X% 1-2 #1
FKI 5-6 Z 0], £¥4 Rep R AL (& 1)FIFE
LN (B 3) 70 B Hh ST BT e AN [] 50 o
KA UL A, e SRR 1-2
5-6 HA LR YRS AR IR . AR TR/
MR GC % (38.27 %), Jiki pLP2140 5%
W 1 BORIARMRL, SRR SR A LR b, B
SR RLAT R TR 43 0 B At R A TR] R X
B, HULEkL pLP2140 A& T Bk 6 Kk, W]
Al A 58 ST Ak I R AR I

H 2 4 T, S 1-2(RCR) R BB AL
FEJERETR [ TAR 22 8 2 R B B @ P B, i ELvp
DITEIE R 1 2 5 2 RBATE i e i A, X 42
INGE 12 [RIEEFORAR AT BE & 5 T i@ K iy
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Table 4. Host range of homologous plasmid in Lactobacillus plantarum

Classified Replication Hypothetical Host range of homologous plasmid
’ . . Target sequence — - - :

family mechanism family Gram-positive bacteria Gram-negative bacteria

Family 1 RCR pC194 Rep Lactobacillus Acetobacteraceae

Pediococcus Salmonella

Weissella
Granulicatella
Streptococcus
Staphylococcus
Enterococcus
Sporosarcina
Listeria
Family 2 RCR pMV158 Rep Lactobacillus Kosakonia
Lactococcus Escherichia
Bacillus Campylobacter
Staphylococcus Cetobacterium
Weissella Chlamydia
Enterococcus Mycoplasma
Paenibacillus
Streptococcus
Leuconostoc
Listeria
Streptomyces
Jeotgalibaca
Pediococcus
Mycobacterium
Aerococcus
Carnobacterium
Fructobacillus
Tetragenococcus
Pseudobutyrivibrio
Clostrdioide
Family 3 Theta p256 Minimal replicon  of Lactobacillus -
plasmid p256 (688bp) Pediococcus
Family 4 Theta pUCL287 Rep Lactobacillus -
Pediococcus
Enterococcus
Tetragenococcus
Lactococcus
Family 5 Theta RepA N Rep N-terminal (100aa)  Lactobacillus Chlamydia
Pediococcus
Oenococcus
Tetragenococcus
Lactococcus
Enterococcus
Family 6 Theta pIP501 Rep Lactobacillus -
Pediococcus
Streptococcus

The family 3 target sequence is determined by reference [3]. The family 5 target sequence is determined by reference [15]. — No
results were retrieved.
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ek s, EHRERE 2 WS, RS
TTZM0E EVa R, HILEE 2 vlRE A FLAT
R IR T B SR AR FLFTF T . 5 RCR
JTRIARLL , theta &I 5<HE 3-6 [A]iEE Bk T 30
R, LHERIE 6 FIIEBRAHBLAE 3 0%
GORZRBIEWNIE W, I H BT 518 375 0
AN T IS, KR 6 v REEAHY AT
H b IR I K . ARSI 3 IR Bk A
ARZE 4 FAEH, H R TR R R/ N
PIBEFE AN TR A R, RA Bk p256 d5e/N i 1l
Rl T BLAST 437, ISR 3 [R5 Bk Y
6 FILFE FTREABR T2 4 gl Kk 4-5 kit
FKW 3. 6 R IR g RS E R 5E, B BUR U
W, WILHWE 4-5 BAYIFLTE theta & 5ok
PIPLAFIERNT B . T LR oabr, ik 1-6
JRLAEA [R5 3230 FELEA Rl BokL, B AT7E X
SefE FIEE N B A 4ERE L I RKEEE RS TS ),
PRIt e A1 5 [ 5 Bk AR 7T e HL A S [w) (9 A A
eI, MAREIERA GC Fwatr, % 1-6
FRAR A REA IR TR AT, IR 1-6
JBRE 4 AHL 51 R B R AT AT Sk 15 T sk S [ Y B
FHAE o teAh, it BLAST Fexd4rtr, ok
pLP2140 2XEHFAFIULY 1 A AL G
EARF 1A F R BRE BRI 101 bp AESR 5 X
WA RN, XiE—2 R, Bk pLP2140 5
L) AT AT JE At A ) 2 R A L AT 58 4 1
S

3 w3

USRS BORL BA [ PR DI, I 205K
JkRL HAT —E I R G R 5 AR ok H.
A TRHEAE (R N 5, R AX A ok B A 3L 1]
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R E LA SE R R . AR SCIEF X AN FEA R 1%
il Rep RETHEILM | SEI ALt | JEH4Y] GC
SR FRE T E, HE . ARG T
T FLFTF B R SR TR R AL R AR, 42
BET 5 F (AT IR M Z LR T 91)) 7K B AR TE AR
i, XA FLFF T R SR TR 2R Gt i AL R R
FREAAHELEWNSENME, SRR KA
KLU, B kLS5 A A 2L B8 (i 32) B G
R B E BLhi

i) Rep FRGEH AWM FIEL DR 20 L2 MW Al iy
AN, FWIFLRF B R SR TR R etk O R AE
FIGAKN- By Mras ot & —5, XA SiEs T
PR BT 0 T A R R 5 o EL AR A A
JrEAIAL, BORL Rep FRGEHE AR Jr ik Al DA BRL |
PR X 5 Rep BURLIEAT RGEHEAL 53T, WL
HERA R 53 ORI I7 BT b S5z Bl 46 < e 22 ]
WRGHR, (A FAEHIS Rep FURIICAL
JRE L PR A R T DA AT R A X AT
JORL AT RGEHEA AT, T B R R Y 4
DL AT ELEE A, TR I B AT DAAE S0 R %
IRV XF BT A 43 BT SEORE A T HERR . A0SO R TE 6
RN, BRI, MEBREURR 2 . ALt
BZEY, 25 e A T AR XA R
AR CRBETE ARSI ), 13X % 5 ] PR X sk iy He ot
IS o AR R, DRI IZ 0 ik A 1K R
YRR, FEREATMTIS AR B . 5 SR B AT 2
IR EG . RIS T IR0, PR BT 7 ik
BAMRBLE, Rep RGIALM 43 H1 5 HE A TE
TR RS BORLHEA TR 8 R e kAL 4317
1717 JBRL 5 R 2 2 43T 12 T 3 5 E E KK
S D SR HEA TR HE R SR AL AT o DR
FPOy R E S A B, AT DA S — R . PR
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S FORL R GE A BT . A, XA G
JrEARBR T4t Rep ks, XFF A AR HE il T
(I BCRL(F R 3 MFE 5 340 Bokn) RIEEE T, N
U3 F 2 A5 D AR BT REE A 40 R R 5
KL R GE HEAL R IR 5, AT B LA 3k 1 ik
R
CROASCHIR AR, FRATAT DA & A ) L
FF TR R SR JBORE R 35004 i ok 82— S i B A =
F. MYFLFFE 75 DN RAR TR IE T 7 AMHH5%E,
HFREA GC IR T TR Y Gk,
PRI T A SR AL S IR R IR TR LT,
AT AT AT A2 3 3 B AR (R KO SR R B i A
& GC &t R TE F Rk A FLAF . RCR
ANRUBORL(ZR 1-2) 8 TAE ) LT T o s 2 Tt v 1)
TRRE, &M 7@K ASEART R, & R T
JZ Bt EVE L R e AR R AR AT
A FREHIVLHIRS, EERARADN, R R
AR THREFEIN, DR A FEAE F2 0 R /N R
Xof A A0 A A AT s R A R, (X e
FRRKIAM S, EWE BT DU S % A5 0
U515 F D RE R SRR, A i 3 N R B
AGIRE ), NG SR E AR SRS, TR
B JORIAS B A5 LAAAF . SESLFILHE . theta &L
KL (Z T 3-6)J8 THEY FLAT B KSR Bkl 4R 3R K
W, FGIER ALY iU, i Ak g st b
AT 3 1 P9 7 = 3 LR A B, PRt 8 SR A
TPV FLAT DA B A1 . 50 6 JoAer RV I LAY i
BRIE. K% 6 Bk Rep /bR (& 1), JEAIZH
GC & (& 4)Ffid EIEH R )=, Kk
6 JEURL I 55 S HE AR FLAT R 16 o T 6 Joiks
BERAEKR, ol LG 2R 2R ReREE, H
FIE BN HE AL B AR 50, AT )38 AN AR B k)

Pk B KPR B R, I SEHR 6 ok 5 1E 323%
B W L IR . SR, — Es A A=)
M R S, it 32 n] RL— P SRAT R B Ak
TR R 2R, e A A R A AR,
HREMRBLEAL IS, RIS R BURIA S 45 LAAAF |
IELE AR . T RSO, S0 4-5 HEAKHR 3.
6 ORI A A T BB B K RE DN B 3%, (L RE A 21
IIRESMHT /s (AR ARIN ), GEHK 4-5 ok AL
S NHLHRIAT, ZHE 4 ok 5 SR T 568, K
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Phylogenetic evolution and origin of natural plasmids of
Lactobacillus plantarum
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Abstract: [Objective] In order to explore the evolutionary relationship and origin of natural plasmid of
Lactobacillus plantarum. [Methods] We analyzed phylogenetic relationships and origins of 75 natural plasmids of
L. plantarum by replication initiation protein (Rep) phylogenetic tree, genomic collinearity, genomic GC content
and host range. [Results] Rep phylogenetic tree and genomic collinearity analysis simultaneously showed that all
natural plasmids of L. plantarum could be divided into 6 families with close evolutionary relationships, 2 complex
plasmids with special evolution form and 1 independent evolution plasmid pLP2140. The complex plasmids
pMRIS.2 and pLP12-1 were fused by 2 different plasmids of the family 1-2 and family 5-6. Therefore, the natural
plasmids of L. plantarum could be originated from 7 ancestors. The genomic collinearity analysis showed that the 6
family plasmids could be further divided into 17 subfamily groups with closer evolutionary relationships, and the
phylogenetic relationships among plasmids could be clearly and effectively revealed at the subfamily level. Finally,
the analysis of genomic GC content and host range provided further evidence for the phylogenetic relationship and
origin of the natural plasmid of L. plantarum. [Conclusion] Therefore, the above research can accurately and
effectively reveal the phylogenetic relationship and origin of the natural plasmids of Lactobacillus plantarum,
which is of great reference value for the acquaintance and study of the evolution and origin of the natural plasmids
of Lactobacillus plantarum. We proposed a more effective research strategy and analytical method of the evolution
and origin of natural plasmids by comparing and combining the characteristics of the analytical methods of Rep
phylogenetic tree and genome collinearity, and this method may be applicable to all bacterial natural plasmids, so it

may have universal methodological significance for the study of the evolution and origin of natural plasmids.
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