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Abstract: Phylogenetic trees of L. plantarum strains were constructed to explore the usage of the 16S rRNA gene, pheS and pyrG
gene sequences for distinguishing Lactobacillus plantarum from its related species.. The phylogenetic trees of ten L. plantarum strains isolated
from sourdough, yoghurt, and pickles were constructed using partial sequences of housekeeping genes, pheS and pyrG, as molecular markers.
These trees were compared with other phylogenetic trees constructed using the 16S rRNA gene sequence of L. plantarum combined with the
corresponding gene sequences of closely related strains already published in GenBank. The results showed that L. plantarum and its related
species could be distinguished by analyzing the 16S rRNA gene sequence; however, pheS and pyrG sequences could be used for this
classification. Additionally, it was found that sequential use of pheS and pyrG could clearly distinguish strains from reference strains. Thus, a
combination of genes (pheS-pyrG) could be used as an auxiliary tool along with 16S rRNA gene analysis for rapid classification and
identification of L. plantarum and related species.
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Table 1 Strains and accession number of the 16S rRNA gene,
pheS, and pyrG

Strains 16S rRNA pheS prG
IMAU10246 GU138574 KU234147 KU234157
IMAU10722 HM218444 KU234148 KU234158
IMAU80031 GU125453 KU234149 KU234159
IMAUS80033 GU125455 KU234150 KU234160
IMAUS80053 GU125475 KU234151 KU234161
IMAUS80063 GU125485 KU234152 KU234162
IMAUS80093 GU125515 KU234153 KU234163
IMAUS80107 GU125529 KU234154 KU234164
IMAU80117 GU125539 KU234155 KU234165
IMAUS0183 GU125603 KU234156 KU234166

1.1.3 RKEPTA 5|4
IS LR R 2 i, 306 pheS 1 pyrG PRIA™
g HESH 2R XKEE DY HirPS, 4ia It
XHEE, RH Primer 5.0 Wil @59t Fifgse i
EEARA IR AT SR, 519ME R 2.
72 PCRYE547
Table 2 Primers used in PCR

Gene  Primer Sequence(5°-3”) Size/bp
p-F CCGTGAAGAACTGGAACA 18

pheS p-R CCTAACCCAAAGGCAAAA 18

G p-F AGTGATTTAGGTTCCGACAA 20
p-R TGCATTCCCAAGCAGATA 18

1.2 DNA #£ 8. PCR ¥ 3¢ Fall 7

Btk DNA $2HURFH CTAB-ZRRE! . 552
IRFIHEPI4L DNA BB 100 ng/uL fFy PCR §HHE
B, RBIAR SO L. For phesS SERIIH &
95 CHAEME 5 min; 95 CAZME 1 min, 52 CiBK 45's,
72 CHEM 1 min, 30 MEF; 72 CAERIEM 10 min,
pyrG FEPR AR RRR TIBKIRZ N 56 °C, HoRK
N A5 pheS —3, PCR P2 1.2% 5 s bikE
TR S B, IR SR PR
W6 AR RS REE A IR A R

13 FFlaM 5 RGK TS
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Table 3 Strains and GenBank accession numbers of reference strains

strains

Genbank access number

preservation number

L. plantarum subsp. plantarum ATCC 149177
L. plantarum subsp. plantarum ST-111
L. plantarum 16
L. plantarum subsp. plantarum P-8

L. plantarum 7J316
L. plantarum JDM1

L. plantarum WCFS1

L. pentosus DSM20314T

ACGZ00000000 ATCC14917
CP002222 CGMCC0847
CP006033 NCIMB41875
CP005942 CGMCC6312
CP004082 CGMCC1.2167
CP001617 CGMCC1.2986
AL935263 NCIMB8826

AZCU01000001 DSM20314

i FTHARKE .
2 ZR5iE

2.1 AT 16S rRNA H [ iy 2 41 & 7 44

L. plantarum subsp.plantarum P-8
L.plantarum subsp.plantarum P-8 } A

L.plantarum JDM1

L.plantarum subsp.plantarum ST-III \
IMAUg0183

IMAUg0117

IMAU80107

IMAU80093

IMAUS0063 >
IMAU80053 B
IMAU80033

IMAU80031

IMAU10722

L.plantarum WCFS1

L.plantarum subsp.plantarum ATCC 14917" /
L.pentosus DSM20314"

L.plantarum 7J316 } H
%L.plamarum 16
641 IMAU10246
0.002

E 1 10 HXIBEHRSSE TR 165 rRNA EERZELER
Fig.1 Phylogenetic tree constructed using 16S rRNA gene

sequences of ten strains and references

E AGA A LA EHAAAT 1000 K E L IHERT
PRI BAZE, ATR KRR EL AL 0.002 K B,

10 BRI B HRAN 8 BRSH HFRIN 16S rRNA JE[A
FFA R H GenBank #2771 84 e . il £ #5751
EEXT, SRAGFEER ST FHISCA, FFE RSB .
gERWE 1 PR, HRIG AR CTHID, 1
KRR 2 AR (A FIB). b, T25B WAHEED9
HWiIS w5 L. plantarum JDM1. L. plantarum subsp.
plantarum ST-1l. L. plantarum WCFS1. L. plantarum

102

subsp. plantarum ATCC 14917" M1 L. pentosus
DSM20314" FR—2%, eI 16S rRNA SEFAR
9 100%; T ZEBEFHPIAN72 S A LA L. plantarum subsp.
plantarum P-8 FAKS B LA B P9 Z 18] (1)~ 1355 FHABA
PE9 99.9%;  TEEEEI IS H R IMAU10246 5 2 #k
S WK L. plantarum ZJ316 F L. plantarum 16 29—
K, =HRIA 16S rRNA ZRAFFAHIEER T 99.9%.
Fhb, 1 ZEBERN L. plantarum 5 L. pentosus 1) 16S
RNA FEEFFIEZE BN, 08 0.01%, X5
Parente! "Bruyne! "% A\ [ e 4516 —FE, RIEIFLFF
FRh S1EZM L. pentosus 1] 16S TRNA &K FF HIAHALL
PERT 99%, —FHABHAH KX 70, AHFFTHIGRA
EHIE 13X —451 . 3RH 16S rRNA EHTERDFAT
FhIEI R A, XA FUAT T b S L
ZIABEAT DRI, 7S ] — AL 16S TRNA 73 # %
TR R TFBL

22 HF pheS. pyrG Fo pheS-pyrG # B # 4~

JF B R SR B AT

BT pheS H FR T ARG R BRI, 10
PRk S 8 RS H MM E I R G R B WATIE AL
BONFREAN RIS T AT, T 288 i 2 MIERECA
B, HARMIES 16S rRNA SFAE. WK 2a ff
A, 1R, 9 kiR s 7 RS HERMEN—
K (ATHD, AR 3 AN, Hidss
# K IMAUB0093 5Z %Wtk L. plantarum subsp.
plantarum ST- N—N332, 8 MRIGHIES 4 hZ
EWMK L. plantarum ZJ316+ L. plantarum JDMI1. L.
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plantarum WCFS1 # L. plantarum subsp. plantarum
ATCC 14917" BERN—A433C, T 2 BB Bk L.
plantarum subsp. plantarum P-8 5 L. plantarum 16 N—
My, HE B TR IMAUL0246 BEAASREE 515 7%
AN AR 89.55%; 1 225 113K L. pentosus
DSM20314" 1 Fh 2 K] 75 51 22 18] 1 57 35 H AU 1E y
80.28%: pheS FEK /3 HE#% =T 16S IRNA K, X5
Naser! V25 \ W T HOAE ZLAT B P L plantarum . L.
paraplantarum-~ L. pentosus [] 16S tRNA FE[H 771 #H
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4 ANAEFP) 23 MR BRI AR Y ZIHE-RNA. 5 B o
WAL K (pheS)ITHIFT 18 A~ 16S TRNA K 751147
RGK BP0, SRR, pheS FR FPaIHE AN A
RIZEFEAR 6.8%~34% L [6], Fift B K ZE 5+ 4 AT Ik 3%,
HAR AT 16S RNA JER, B S i pER
—3, Bk, B HIEERES R HX 7 A4 E T A
Z IR IR AR
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Fig.2 Phylogenetic tree constructed sequences of ten strains and
references

E: a, pheS; b, pyrG; ¢, pheS-pyrG. R4 E B X
B HAEE TR 1000 K F HAAEFTIFE) 69 BAZ B AR KBR
AL B A 0.002 K B k.

BT prG W R IR E) RGO G R
2b iR, I ERTLE 10 RIS ERS 8 %
BRI AT AN SR CTAID, T 28850 2 NI
#(AMB), 136 A WHRD 9 FRRIGHRS 5 HhZ
E WK L. plantarum ZJ316+ L. plantarum WCFS1. L.
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FPAIR (B AR 100%; A TE#ES B TAf
IMAU10246. L. plantarum JDM1. L. plantarum subsp.
plantarum ATCC 14917" 3 ¥R 2 16T AR LA N
99.5%; 13& (A M B WD YIRS 112K L.
pentosus DSM203 14" Bk 9 2[RI K 7 41 ) -2 A
IED 83.35%, pyrG DN XD FUAT B A L2
R T 16S IRNA FEF; SR1M0, MXT pheS
BHME, prG FEEAGIEH T ZH HK X TR,
TR A (] P9 73 B RE DDA, AL TR M B AH AU 22 57 K T
16S rRNA JE[H],

BT pheS-pyrG W& R 7 HIR ) R G0 K B
Wil 2¢ s, @ EATEUE 10 RS 8 i
SEFMRIERIN RGR B RIERMNRECT V1D,
TRBET IR 2 MR (AL B), H TR A WHEATI M 4
AINHIIISE FA IR IMAUS0093 525 Rtk
L. plantarum subsp. plantarum ST-IIL N—"433Z, 8 ¥
RIEERE 2 RSE WK L plantarum ZJ316 A1 L.
plantarum WCFS1 J&N—1N4332, L. plantarum subsp.
plantarum P-8 5 L. plantarum 16 N—"N33, T
2 RS HE WK L. plantarum subsp. plantarum ATCC
14917" 5 L. plantarum JDM1 N—A33, H5B
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HEH) IMAU10246 BRI P9 2 [F) 25 R 21 R~ S4 AR AR
PEN 94.11%, RUIEVIFAT BARIE 2 B8y, 1 284
YISLFT AN 5 11280 L. pentosus DSM20314" & ¥k
(SRR 81.65%, LL 16S rRNA JE[H 751 fE

UIX 5y L. plantarum RICESF. Fik, FHXTTH
—I] pheS T pyrG M, BKEHER (pheSpyrG) K
B SR TR FUAT R R SR L. pentosus
DSM203 14" FIEAFLFF IR SR 2 R . Bt
& NFIH 16S rRNA JEH VLK dnad~ murC 1 pyrG &
G R 7 HAH 2 6 1R 7 200 e B 5 Bk T S HLT ol
ZIAM ARG KB RERIIAT T X7y, S5REY: FHRE
AHEL T 16S rRNA BRI HRA T S H, %
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FERRITPIANE FEE R e 16S rRNA K F AT 2 45
Pt (R4, Z5RKH, 2 MERERMZ AL
SRARLL 168 TRNA FE[HF, pheS FEH 2 01 A HL
e N 21.31%, KNG FER B, L2 A
ELIA F) 18.53%, T 16S rRNA FEK 2 5407 A
b, T8 A% 2 2 AT DA R [ JaR A [ o 2 ) R 22 31 11
FERE, HAEFIER ML S KT 16S RNA, K
EFILFMET 16S RNA FE K7 X /ST AN
UE A S FORR IR 43 R 5 S s R R

= 4 HEFLATE 165 RNA BEREREESSMES
Table 4 Analysis of polymorphisms in the 16S rRNA and housekeeping genes of L. plantarum and related strains

A E 2 vt R BREbp  BRFAE BAMEE EAREEY% RAEPED BAEFE BB ML
pheS 535 421/535 114/535 2131 0.0000~0.1997 0.0336
prG 415 353/415 62/415 14.94 0.0000~0.1691 0.0198
B4 Genes 950 774/950 176/950 18.53 0.0000~0.1861 0.0273
16S rRNA 1435 1431/1435 4/1435 0.28 0.0000~0.0028 0.0004

E: BT E 64 B BKE d mega 6.0 B S, RFILEAR S B3 L0940 B & DNAspS i+ 54, RAEEB b HREIE

BT 3{Ad mega 6.0 49 distance i+ H4F 4.
3 g
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