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Phylogenetic analysis of natural plasmids encoding the replication
initiation protein in Lactobacillus plantarum
SUN Da-Qing’ LI Hong-Fei YANG Jian

(National Coarse Cereals Engineering Research Center, Heilongjiang Bayi Agricultural University,
Daging, Heilongjiang 163319, China)

Abstract: [Objective] In order to explore whether replication initiation protein (Rep) can be used as
a molecular biomarker for the phylogenetic relationship study of natural plasmids. [Methods] The
Reps of natural plasmids of Lactobacillus plantarum as a target, the phylogenetic relationships of
these plasmids were analyzed and discussed in detail by constructing Rep phylogenetic tree. [Results]
A total of 45 plasmids encoding Rep in Lactobacillus plantarum could be clustered into 5 closely
related families and 1 single plasmid pG6302, of which family 1 to 4 plasmids could be further
subdivided into 10 subfamily groups with closer evolutionary relationships, suggesting that these
plasmids may originate from the 6 ancestral plasmids. [Conclusion] Since the amino acid sequences
of Reps show suitable conservation and variability, it may be an ideal molecular biomarker for
phylogenetic relationship study of plasmids encoding Rep in Lactobacillus plantarum. The results
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could provide a simple and effective method and standard, as well as the evidence and basis at the
molecular level for phylogenetic evolution study of natural plasmids encoding Rep in Lactobacillus

plantarum or other lactic acid bacteria.

Keywords: Lactobacillus plantarum, Plasmid, Phylogenetic tree, Replication initiation protein
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pC194 (NC_002013.1)
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Rep Rep BLAST
1.2.2 485 Rep BRI RG24 DNAMAN
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67 Rep
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1.80-74.17 kb G+C% 33.37%—42.56%
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2 Rep 22 Rep
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Table 1 General characteristics of plasmid genome in Lactobacillus plantarum

G+C Rep G+C Rep
No. Plasmid name (Slif; G+C(:/:) )n tent Rea;)lze No. Plasmid name (Slif)‘; G+C(;:/:) )n tent Re(l; ;)me
1 pLPI8 1.80 37.49 237 1+ 35 pMD5057 10.87 36.22 311
2 pWCESI101 1.91 39.49 319 ¢ 36 pCMPG5300.02 10.94 38.59 309
3 pCAUH201 1.94 37.81 317 37 pCAUH203 11.32 36.97 N
4 pLP2000 2.06 38.23 317 38 LZ206p3 11.65 34.29 N
5 pLR1 2.06 37.75 318 ¢ 39 pZL3 11.89 37.66 304; 311
6 p200 2.06 38.22 317 0 40 ZJ95p2 12.48 36.37 N
7 pLD1 2.11 37.78 318 41 pZL4 12.51 39.38 311
8 pLP2111 2.11 38.32 317 ¢ 42 Lplél 13.34 37.91 307
9 pCMPG5300.01 2.12 38.03 317 1 43 pLP-ZJ101 15.16 40.17 311
10 pC30il 2.14 36.96 317 44 LBPp7 15.17 39.68 N
11 pLP2140 2.14 38.27 N P45 LBPp5 16.10 42.14 155
12 pLTK2 2.29 38.56 317 46 Lpl6C 27.28 39.86 366
13 pWCES102 2.36 34.33 219 47 pCMPG5300.03  27.83 40.55 373
14 pAl 2.82 34.96 196 48 LZ206p2 33.00 39.93 367
15 pPB1 2.89 37.74 208 | 49 pLTK13 34.52 39.04 102
16 pXY3 2.96 38.24 219 50 LZ227p3 35.46 39.61 102
17 pR18 3.21 35.81 317 ¢+ sl pWCES103 36.06 40.83 102
18 pZL2 3.26 38.24 318 1 52 LBPp4 37.04 41.24 N
19 pM4 3.32 38.73 318 53 Lpl6D 37.09 40.79 N
20 pG6301 3.51 37.26 318 1 54 LZ227p5 38.21 39.80 N
21 pLFE1 4.03 34.43 212 1 55 pLP-ZJ102 39.11 38.69 N
22 pMRI5.2 5.21 35.79 215; 314 56 LBPp3 39.46 42.29 N
23 pLJ42 5.52 42.41 308 & 57 Lpl6E 40.14 41.36 367
24 LZ206pl 6.11 37.47 N P58 pLP-ZJ103 41.50 39.50 N
25 pCAUH202 6.40 33.68 311 59 LBPpl 45.41 39.67 327
26 Lpl6L 6.46 34.67 N 160 ZJ95p1 48.55 39.05 N
27 p256 7.22 36.73 N L6l LBPp2 49.01 42.01 N
28 Lpl6A 7.24 33.37 311 62 Lpl6F 50.19 39.78 N
29 Lpl6B 8.63 35.93 311 63 Lpl6G 51.85 42.56 512
30 LBPp6 8.68 35.98 311 ¢ 64 LZ227p2 52.14 41.83 N
31 pG6302 9.11 36.39 200 1 65 pST-1IT 53.56 38.69 N
32 p100 9.25 37.37 N 66 Lpl6H 74.07 41.46 510
33 pLP9000 9.25 37.37 N Lo67 LZ227pl 74.17 41.33 512
34 pG6303 10.04 36.83 N
N Rep.
Note N: No known Rep has been encoded.
2.2 HEYEITEHD Rep RN RAFZHN KR 1 2
45 5 Rep (Rolling circle replication RCR)
1 pC194  pMV158 pMRI5.2
44 5 2 121
pG6302 pZL3 2 Rep 3
pMRIS.2 2 Rep 1 2 3 Theta pUCL287
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Figure 1 Phylogenetic tree of Rep amino acid sequences in Lactobacillus plantarum plasmids
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E 65 —Lactobacillus plantarum plasmid Lp16G (WP 016526750.1) 7
1811 Lactobacillus plantarum plasmid LZ227p1 (WP 064578650.1)
20 Lactobacillus plantarum plasmid Rep (WP 063485834.1)
41 Lactobacillus plantarum plasmid Lp16H (WP 016526630.1) Clade 1
100 Lactobacillus plantarum plasmid (WP 062689695.1)
\_Lactobacillus plantarum plasmid (WP 057137430.1)
Lactobacillus plantarum plasmid (WP 063733973.1) i
Lactobacillus acidipiscis plasmid (WP 056972439.1)
9 Lactobacillus acidipiscis plasmid (WP 056972439.1)
100 Pediococcus pentosaceus plasmid (WP 055126652.1) Clade 2
100 [Lactobacillus lindneri plasmid (WP 054646986.1)
47 Lactobacillus sanfranciscensis plasmid (WP 014082554.1))
Streptococcus agalactiae plasmid pIP501 (CAAS50899.1)7
100 Streptococcus agalactiae plasmid (WP 047209989.1)
100 I:Streptococcus agalactiae plasmid (WP 017768088.1)
100 Streptococcus pneumoniae plasmid (WP 050240217.1) Clade 3
100 -[Streptococcus oralis plasmid (WP 063645783.1)
95L_Streptococcus pseudopneumoniae plasmid (WP 049494039.1)
—_
0.1
2 HEMFEATERRKE Rep R LK
Figure 2 Phylogenetic tree of the Reps of plasmid family in Lactobacillus plantarum
A B CDE 1 2 3 4 5Rep
Note: A, B, C, D and E represent the Rep phylogenetic tree of Lactobacillus plantarum plasmid family 1-5, respectively.
23 Rk 1 RAMARZHLEXR pLTK2 Rep
1 Rep
pC194 Rep (232 aa) pC194 1
20.94%—-24.30% 1
( 24 R 2 RABRGFHLXR
(13 2 ) 2 Rep
Rep 1 pMV158" Rep (210 aa)  20.55%—62.56%
pC194  Rep 3 Motifs ( 2) pMV158 Rep 5 Motifs
Motifs C194 : o
s P &2 KK | RH Rep RTEF
1 RCR Table 2 Conservative motifs of plasmid Rep in the
pC194 family 1
1 11 I
Item Motif 1 Motif II Motif IIT
1 2A Rep Group 1 FLTLTVKN QHLHVLL/VF TAKYEVKSAD
1 14 1.91-3.51 kb Group2  FLTLTVK/EN HHMHVLLF TAKYQVKSKD
G+C% 35.81%-39.49% Rep 317-319 aa Group3  FLTLTEEN  QHLHVLLF  TAKYQVKSAD
Rep 1 (pfam 01446) 1 pC194 FLTLTTPN  PHFHVLIA  MAKYSGKDSD
3 Conserved FLTLT**N *H*¥*HVL** *AKY**K**D
site
1 Rep 97.38% 2 Rep "
96.87% pLTK2 Rep Note: *: No conservative sites.
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Motif Il Motif IV 3 Theta
[17] 2 pAl Rep pucL2g7 8
3 Motifs 5 Rep pMV158 2C Rep
5 Motifs ( 3) Rep 11
Motifs 5.52—-15.16 kb G+C% 33.37%—42.41% Rep
2 pMV15 307311 aa Rep 3 (pfam 01051)
“o Rep 3 2
RCR pMV158 ( 1 )
1 2B Rep pUCL287
2 6 1.80-4.03 kb pLP-ZJ101 ( 99%) 1
G+C% 34.33%-38.24% Rep pUCL287 (
196—237 aa Rep 2 (pfam 01719) )
2 “or ) pUCL287 3
pMV158
2
2 Rep 5
Motifs ( 3 3 pUCL287 Theta
pMV158 2
1 pMV158 pLJ42 3
pLJ42 3
25 Kik3IRRBRFHNL KR
3 Rep 2.6 Kik4 RAHRFHILKXR
pUCL287 Rep (311 aa) 68.17%—-91.32% 4 Rep pAD1
Rep Rep (336 aa) (4.44%-29.07%)

=3 ik 2 [RHL Rep R FIERFF

Table 3 Conservative motifs of plasmid Rep in the family 2

I 11 111 v \'%

Item Motif I Motif II Motif IIT Motif IV Motif V
pLFE1 WWIVVYPESL AISPLHDKD KKPHYHIVFNY 1S GLTGAVRYLTH-MDN YDN
pPB1 WSWIVYPESA IESPLHDKD KKHHWHII-IS VASLQGAVQYLWHR-NN YDK
pAl WTFIVYPESA IESPLHDKD KKSHYHILLTF - -
pLPI8 FSFIIYPESI AISPLHDCD KKPHYHVL--Y VDSVENTFKYLTHESKD YAK
pWCES102 F T F LLYPESI AISPLHDKD KKAHYHVI--Y VQSMENMYLYLTHESKD YSK
pXY3 F T F LLYPESI AISPLHDKD KKAHYHVI--Y VQSMDN I YLYLTHESKN YSK
pMV158 F T F LLYPESI AISPLHDKD KKAHYHVL--Y VLNVENMYLYLTHESKD YDK
Conserved Site k %k %k ok *YPES* * *SPLHD*D KK*H*H***** sk %k ok ok ok ok sk %k *Y** H skskskok Y**

%

Note: *: No conservative sites; — No conservative motif.
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5 3
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3 1 5
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