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TERIAFENESGHETMRBIEREANRGELE SN

A RFEER B4R 2R KER AEE RAT
(NSO R AR S TARHE I E A S % Ol ARYH] & L S
WNEEE FEFERE 010018)

 ZE:[HFVI6SIRNA KB G oA 2w A T@ihein L5, (24— Bk,
T8 B A RARAE A - FARCEL LA R AR R 6 A5 R F oA P EA Ladsegm ¥, [E49]) &
7 16S rRNA. uvrC (#8985 ABC, C L K)Fe muwE (UDP-N- LBLIL AR BL = Ik 484 ) K R 5
75t FEESLHF A A LA A B GR 5. (] RASB AFEARLBHIL T 6 4 TEIL
AFE AR H, B uvrC A= mwE B R, @i PCR ¥ 3. WF, 44 O aHe)Fasil
AT B WY AT R AR AR L Bt AR R . MEARL AR, 5 16S IRNA LB 57 45
MERSATRER ., [ER]) AR K I Lactobacillus casei BABIEALI] 69 uvrC. muwE FeBt o B
(urC-murE)M 0 2 % X B ME4M454 5 16S IRNA A 45 R A K—2, X A& FARMUEE R
), 2431 4 79.00%-99.16%. 89.08%—99.20%- 76.56%—99.69%% 99.58%—100%. % F 16S rRNA
B R R o FBESAF B 09 L G AT A BAY, A KAE uvrC F2 murE KB 5 7] 66 % IRIF ML X 5
FEFUAF I 09 %A R Ay, F BAF uvrC o mwE A B S IRAEF 5, RIEAE AFX R
KX AR Fhogur, [448]) BRA LB uvrC-murE) T4 4 16S tRNA 2B 694h8h T LA F-F &350
AF B 0938 AT B I Y 64 b ik A ST

KR FEEIMHE, 24X F oM, 16SIRNA LB, uwwrC, mwE

Phylogenetic analysis of Lactobacillus casei and closely related
species/subspecies based on sequences of housekeeping genes
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Abstract: [Background] 16S rRNA gene sequence is widely used in the classification and
identification of bacteria, although still with some limitations. The housekeeping gene as a molecular
marker has its unique advantages in phylogenetic analysis among related species and subspecies.
[Objective] We used 16S rRNA, uvrC (excinuclease ABC subunit C) and murE (UDP-N-acetylmuramyl
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tripeptide synthase) gene sequences to identify the phylogenetic relationship among Lactobacillus
casei and its related species/subspecies. [Methods] Six L. casei strains isolated from traditional dairy
products were selected. The uvrC and murE gene sequences of each isolates were obtained by
polymerase chain reaction (PCR) methods and sequencing technology. Then, we estimated the
genetic distance and constructed phylogenetic trees of 6 L. casei strains combined with 5 published
related species/subspecies based on the sequences of 16S rRNA gene, uvrC and murE gene,
respectively. [Results] Phylogenetic trees indicated that the homology of closely related L. casei
species among uvrC, murE, the combined genes (uvrC-murE) and 16S rRNA gene were different,
ranged from 79.00% to 99.16%, 89.08% to 99.20%, 76.56% to 99.69% and 99.58% to 100%. L. casei
and its related species and subspecies cannot be distinguished by 16S rRNA gene sequence analysis.
The phylogenetic tree based on the sequences of combined gene (uvrC-murE) had a distinct
classification on genetic relationship of L. casei and its related species and subspecies. [Conclusion]
Phylogenetic analysis based on the combined gene (uvrC-murE) can be used as a supplementary of
16S rRNA gene analysis for rapid classification and identification of L. casei and its related species
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and subspecies.

Keywords: Lactobacillus casei, Phylogenetic analysis, 16S rRNA gene, uvrC, murE

+ 1% FL AT 1 (Lactobacillus  casei) 2 &= >~ K FH
PE . DA FUT & T i — D, XPE IR
T B sk s A, A7 AE T ALl
FL - RS 1 AR i i S UK P 3R
il B, LT B R — R AT A 1 T
i . ARSI AR A B3 58 G328 55 2 Fh T R Y
AR, AT IBA 1 F 508 L R S
XALGE R BERR S W Y Lactobacillus casei Zhang J2
PeREME IR E D, B A RSRITTA T E W
BRERTAL . e IAT | PrAb S RS A T

KPR, TR FLAT R R O g iy 73285
A — BAFTEF I . TREFLIF AR T A
WK Lactobacillus casei subsp. casei. Lactobacillus
casei subsp. alactosus . Lactobacillus casei subsp.
pseudoplantarum .  Lactobacillus  casei  subsp.
tolerans F Lactobacillus casei subsp. rhamnosus, %)
L. casei/paracasei., L. rhamnosus. L. zeae, HEP
TE L. casei. L. paracasei. L.rhamnosus %153 (o1,
IO RT DI Y, T LA o S I G b ) 1) 5
GRRGE A, N R AL — EAATES
W, FETARGER 732857 7 15 KRB sk LRk
BRI IER, PR S — A v H O R
MR Tk BEE D TRV FEOR I
WRJE, 7 TVFZ R R8Tk, Wkl

P38 DNA 22500 RSk PCRIO, Rl A2
FUUT 5 SRR X 81 A3 A ™), BRI E AE
YRS PAFTE—E W JRIBR Y. 16S TRNA LAY
B () EL 5 43 BT 2 AN B 0 SN S8 58 1 R o F
o B Mori 2R % B IS FURT B e Hoa A
[E] ) 16S rRNA L P AT 99%, L
FAZ 5 18 T03E % T 1 LA BR S HE3 Ah R g kA 7
OIRMEE . KD RIS R R R B 5 4y
MrT W LA R RS C R, RIBHERE K
FEIH pheS o 16S rRNA JE R EA B S 0 H0% . X
PORBAT, BRIENBEN X 0% T B X
HIEZ RN RS KT LR

ARG T 12 BT EEFLAF Y 168 rRNA
FXRIEA uvrC (RSN ABC, C WE)FT murE
(UDP-N- Z, i Jf BE it — K & Wil ) 2L R 5 41, 5
GenBank %#is 2 T & PHRAY 16S rRNA |
uvrC 1 murE DA B uvrC-murE SRBEIE R R4 X5
Br, X 12 BRTFEAFRMN RS L B XA T4
OB A o ASAIESE R R L R 5 A TR R 8 7 28 A% Bk
UL B IR S Y B LA
1 RS
1.1 ##

1.1.1 iRIEE R
WEGE T 6 kT I FLFF T34 F N S5l Rl K2
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?Lpﬁ'zi%ﬂiﬂiiﬁ TREHFWME LR =R M, ¥

4l {5 BILE 1. Bao 52 10 FiE ZHE D (carB |
clpX . dnaA . groEL . mwE . pyrG . pheS .
recA ., rpoC. uwrC)X 224 BT EEFLFF T 2400

S A4y BUE ST (MLST) , 7 BF 78 DA HP Bt 11 326 B

F1 RWERE 165 rRNA, uvrC 7l mwE RELEFS

6 PRTIEFLAT I Ch T 07 ik, FTHRE KRR
B, A 12 BRI EAREE , DARAEA DR 23
RITFEREENE . WARRHAER IR 2. 75,
AT 5 BT WU 3 S HO A R
WIS E bk, RIAMEEIE 3.

Table 1 Strains and accession numbers of 16S rRNA, uvrC and murE genes

i N STRE . GenBank &35
Slﬂﬁ% Sﬁ %%%Tﬁ & ? AR GenBank accession numbers
trains ampling location ource 165 rRNA gene orC murE
IMAU10787  r [ [N 521 2R 06 B AR A T B2 B2 IR IR AR iR 4= 475 HM218507.1 MG772826 MG772820
Bayanunder soum balinyouqi chifeng city, Inner mongolia Yogurt
autonomous region, China
IMAU10847  th[E NS R 06 B R AS T R AR S5 P P ARG IR 2 iR 4= 475 HM218558.1 MG772827 MG772821
Xilamulun soum daban town balinyouqi chifeng city, Yogurt
Inner mongolia autonomous region, China
IMAU20578 S35 LA VT4 SRR IR TR AR iR 4= 475 HMO058296.1 MG772828 MG772822
Otgon soum, Zavhan province, Mongolia Yogurt
IMAU70074 [ PN 52 P R4 v 4 va FE B 00 45 iz GQ131190.1 MG772829 MG772823
Shuanghe town tuoketuo country hohhot city, Inner Acidic gruel
mongolia autonomous region, China
IMAUS0303 [ U JI| 45 B 21 R B FL 8] £ —BA B HM058583.1 MG772830 MG772824
Wagqgie district hongyuan country tibetan qiang Qula
autonomous prefecture of ngawa, Sichuan province, China
IMAUS80732 (= Hilv 4 H g kit [ ia N ikt Bk & & EEREAR, HM058907.1 MG772831 MG772825
Qumaai district luqu country gannan tibetan autonomous Yak milk
prefecture, Gansu province, China
#&2 6#T#H A NCBI E##J 16S rRNA. wvrC #l murE ERE RS
Table 2  Six strains downloaded from NCBI and accession numbers of 16S rRNA, uvrC and murE genes
GenBank % %5
Btk I3 B SR H oy B GenBank accession numbers
Strains Sampling location Source 1 6Sg ;IE\IA wrC murE
IMAU10532% o [ py 22 1 IR 48 D1 JR 537 5L 2R A i e T4 ik Th 75 HM218257.1 KT802484.1 KT801364.1
Chgan town xin barag left banner hulun buir city, Inner Koumiss
mongolia autonomous region, China
IMAU10541%  ch & phy 21 A DR W07 2L 4R 8 £ ks T iz T 4% HM218266.1 KT802486.1 KT801366.1
Chgan town xin barag left banner hulun buir city, Inner Koumiss
mongolia autonomous region, China
IMAU804521%  ch [ g 1|45 B3N 41 JEi B2zl £ =) HiEDA HMO058704.1 KT802631.1 KT801511.1
Anqu district hongyuan country tibetan giang autonomous Qula
prefecture of ngawa, Sichuan province, China
IMAU80853%  rh [ H 748 H R sk [ 74 M) 35 h EL R J2 18 & lizbasasyill HMO059013.1 KT802659.1 KT801539.1
Anima district maqu country gannan tibetan autonomous Kurut
prefecture, Gansu province, China
IMAU70046%  Hh [ iy 52 S 1 ] [ B izl GQ131162.1 KT802589.1  KT801469.1
Guyang town baotou city, Inner mongolia autonomous Acidic gruel
region, China
IMAUSO810  H [ 745 H R e 1 3 L A iHEA HMO058975.1 KT802656.1 KT801536.1

Qumaai district luqu country gannan tibetan autonomous Qula

prefecture, Gansu province, China

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2754

TEY I8

Microbiol. China

#z3 SEEHRREERFT GenBank XS
Table 3 GenBank accession numbers of the reference strains

uvrC murE

4[%141%1'5 16S rRNA gene
Strains
L. paracasei subsp. tolerans DSM20258" AB181950
L. paracasei subsp. paracasei DSM5622" D79212
L. casei DSM20011" AF469172
L. zeae DSM20178" D86516
L. rhamnosus DSM20021" D16552

AY'YJ00000000.1

NZ_AZGH01000170.1
NZ_AZCO001000139.1
NZ_AZCT01000055.1
NZ_AZCQ01000038.1

AY'YJ00000000.1

NZ_AZGH01000170.1
NZ_AZC001000139.1
NZ_AZCT01000055.1
NZ_AZCQ01000038.1

e T B
Note: ': Model strain.
112 EERFIFNEE

MRS #5FH, "ARAAIARAE; PCR ik
A, Ki% TaKaRa 2A7]; Applied biosystems PCR
1, AR Tl 2843606, NanoDrop
ovwls 4 A RZRROK R4y, Hirayama /Al
TR KGR, Bl —fEREA BRAE] BER AR
SRS, UVP Aw]; RVERRESRAE, dbl—
P A R AT TR, Bk RHE TR
HRRAF; EHERZRE.ONL, Eppendorf 23] ; H
WAL, A S—EPRHE AT FRA A
1.1.3 RIGFTASI

W IR A A A, 8 wwrC A murE
PSR DL H S 28 X SE R BFRIT A . 45
B F e E R, R Primer 5.0 Bt 5 19 (5
4), 51U B3 AR AR A PR A Wl A .
1.2 DNA #2BEX. PCR ¥ 1#&F00

KM CTAB-¥ A VK Rl V% S O Ak 6 A 21
DNAPY, K E N 4] DNA FifE%E 100 ng/ul
ZE AR PCR Y™ AR . PCR SR A4 25 (50 pL):

%4 PCRI #3511
Table 4 PCR primers used in this study

HE 5 F31 K
Genes Primers Sequences (5'—3") Size (bp)
uvrC p-F  CAGTTAGAACGCCACAGC 18
p-R  CTGCCGATGGAAGGTAAT 18
murE  p-F  ATGATTCACGCAAGGTCTC 19
p-R  AGCACTGGCAAACAGGTA 19
G

DNA bz (100 ng/uL) 1 pL, 10xEasy Tag buffer
(Mg2+) 5 uL, High Pure dNTPs (2.5 mmol/L) 4 pL,
E. RESI#H(10 mmol/L)% 1.5 L, DNA F-4 i
(5 U/uL) 0.5 uL, ZETKENEZE 50 L, wwrC
FEH P PCR W 254F: 95 °C 5 min; 95 °C
I min, 60°C45s, 72°C 1 min, 30 MEH; 72 °C
10 min, murE FEKAY PCR S 551455 T 1B KR =
52 °C, HARFFAYS uvrC HEK—3. PCR
P 1.2% B N EE R FL UK AN, IR
ik b SE T A B 2R A BR A R o
1.3 FISMERZFAEMIIEE

6 MRARIS E IR uvrC F murE B 14724 24
alifl, . WP ARAS LA XS N AT IR )P S, bR
NCBI, CRGERS(E 1). A EKD 16S
rRNA JE K 55135 F 2% A GenBank B4 4 (77 514 %
S 1. %2 MK 3), 6 HRCERFHKE 5 s
ZRRAT wvrC Al mwE FERF S GenBank %4
FERTNER(PIIER SR 2. & 3). KA MEGA
6.0 A YEAT ClustalW b X}, i FH 4B 2 =
(Neighour-Joining, N-J)/5lIf4E3ET 16S rRNA |
uvrC Fl murE FEHF5 VAN uvrC-murE BB F 519
RGERKER, Bl A R AR 1000 K.

2 HR540
2.1 ET 16SrRNA EEMRFEELE A

G 12 MR ERM 5 HSHHERE 16S
rRNA ZEH 78], R N-JIEWERGELEW, 1T
B R, SR WE 1 iR, ZRER,
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17 BREIERI PRI, 1), T KEE0h 2 A4
WAHEA. B)o 1 Z5BFM A WHER 12 #RTAHR S
L. paracasei DSM20258" |
L. paracasei subsp. paracasei DSM5622" % Jy—
25, BNTWIBZ AN 16S rRNA F [ 751 - A1)
PE R 99.99% ., Hovr, BIXE P L. paracasei
subsp. tolerans DSM20258" #l L. paracasei subsp.
paracasei DSM5622" L1 100%AY RIS g —2
A TLHHHKSE B EBPMWEM L casei
DSM20011", L. zeae DSM20178" i 14 2 [ii] () F- 14
FRIPEN 99.70%. T 2RHMEE 11 2R3 22 bk
BN, AUH 0.46%:

X 4x 2 POV 5 S BT W FLAT A 5 i G kb

subsp. tolerans

A
0.000 5

Lactobacillus paracasei subsp. tolerans DSM20258" (AB1 81950/)
Lactobacillus paracasei subsp. paracasei DSM5622" (D79212)

471|: Lactobacillus casei DSM20011" (AF469172) } B
Lactobacillus zeae DSM20178" (D86516)

Lactobacillus rhamnosus DSM20021" (D16552) } Il

B —BEARTE 99% LA I, —FHAREEL 168 rRNA
FER B A R 43 FF o ARWFRAT B A R A 45 2R,
16S rRNA LK PP HIARAME X 43T B FLAT TR 1 s 2
KR, THEGH—FI L 16S rRNA R HRE
()7 % Ha AT 7 RS E o
22 EF uvrC EETS FINARFZLE D
BT uvrC BRI IT A A R G R B
th, RBRRBRER S SRS E RN RELT
BHATIE B A AR E A RS, 1), T 25850k
3MERE(A. B, C), [HAHRIMES 16S rRNA FEHA
Al Wi 2 Fros, TSR 12 BRIEHRF 3 SRS % TR
PR —2. A BRI B BE IMAU10787 |
IMAU70074, IMAU10541, IMAU70046 524

— IMAU10847 (HM218558.1)
IMAU80303 (HM058583.1) \

IMAU70074 (GQ131190.1)
IMAU20578 (HM058296.1)
IMAU10787 (HM218507.1)
IMAU80732 (HM058907.1)
100| IMAU80810 (HM058975.1)

IMAU80853 (HM059013.1) > A
IMAU10541 (HM218266.1)
IMAU10532 (HM218257.1)
IMAUS80452 (HM058704.1)
IMAU70046 (GQ131162.1)

1 12 4RI ER S S EEIKR 16S rRNA E2E ARG K F R

Figure 1 Phylogenetic tree contrasted by 16S rRNA gene sequences of 12 strains and references

TE: 53 EIEE Bootstrap B, fRERAPFSHNIPRAE—RAJLE; WHIRBRKFRIKE, URMEERE #7555y
SR BRI SL R

Notes: The numbers of nodes indicate bootstrap values, and represent the percentages of 1 000 bootstrap replications in which the taxa to the

right are placed together; The scale bar represents the horizontal branch lengths and the number of substitutions per nucleotide position; The
sequence in parentheses is the strain accession number.
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Bk L. casei DSM20011" g — 4~ 4r %, W
IMAUS0810, IMAU80732. IMAUS80853 5&% 4
¥k L. paracasei subsp. paracasei DSM5622" 5 Jj—
NSy, B PR IMAUL0532 . IMAUS0452 |

IMAU10847. IMAU20578 FIZHE Ek L. paracasei
subsp. folerans DSM20258" 84 C 25, BAILHE T
ST 2 R AR K T 97.38%. IMAUS0303 &
S5ZF Rk —2%, e 5BEAEK L
paracasei subsp. folerans DSM20258" . L. casei
DSM20011" |
DSM5622" (i AR ALTE 23 51 4 98.46% . 99.12% .

L. paracasei subsp. paracasei

Lactobacillus casei DSM20011" (NZ_AZC001000139.1)

N
IMAU10787 (MG772826)
724 IMAU70074 (MG772829) > A
IMAU10541 (KT802486.1)
46/ IMAU70046 (KT802589.1) J
Lactobacillus paracasei subsp. paracasei DSM5622" (NZ_AZGH01000170.1)
IMAU80810 (KT802656.1)

51 971IMAU80732 (MG772831)

100/_| IMAU10532 (KT802484.1)

B2 1n2#KABRENRSSEREKN wrC ERRERER

IMAU80853 (KT802659.1) ~

Lactobacillus paracasei subsp. tolerans DSM20258" (AY'YJ00000000.1)

IMAU80452 (KT802631.1) C
63| IMAU10847 (MG772827)
IMAU20578 (MG772828)

98.68%. A NLAHE5 B AF PN AR Z 1] (4 5 K71
RPN 81.63%, 5 C PR [A] KL R SE AR I
9 79.00%. 11258EH L. rhamnosus DSM20021" Fl
L. zeae DSM20178" (LN 225344 19.16%, HL 168
RNA JLHEFHIA E R 25, 4R8N, M
T 16S rRNA R FFH, uvrC JEH A0 7E T BEFLAT
(£ Bl <SSR A D G AR S e p i
23 ETF muwE EEHLOFINRFELAE ST
BT muwrE IERFD T HIERN RSk B
K3 PR, 1205 SRS RN RS L T
BB TEE AR, ). 1 36HE 12 Bk

>B>I

— IMAUS80303 (MG772830)
Lactobacillus rhamnosus DSM20021" (NZ_AZCQ01000038.1)
Il
Lactobacillus zeae DSM20178" (NZ_AZCT01000055.1) }

Figure 2 Phylogenetic tree contrasted by uvrC gene sequences of 12 strains and references

T 330 ERECTh Bootstrap fB, fURDIEHAMPERIE—RILE; WHIRERAFRIGIE, URMAARE 155 Bar

G R B SERE R

Notes: The numbers of nodes indicate bootstrap values, and represent the percentages of 1 000 bootstrap replications in which the taxa to the
right are placed together; The scale bar represents the horizontal branch lengths and the number of substitutions per nucleotide position; The

sequence in parentheses is the strain accession number.
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WA 3 MRS HRR A, TR R 3 /MY
(A, B, C)., Ktk IMAUS0303, IMAU10847
MB X Bk L. paracasei subsp. paracasei DSM5622"
R AH—/N332, WPk IMAU10532, IMAUS0853 .
IMAU80452 . IMAUS80810 . IMAU20578 .
IMAUS0732 55 % itk L. paracasei subsp. tolerans
DSM20258" % & B 2%, Htk IMAUL0541 .
IMAU70046., IMAU10787. IMAU70074 5&2%74
Bk L. casei DSM20011" R 5 —230 . EAPER)F
SIBETH 2 [RI AR T 98.81%. A WHES B
TEE VR TP BRI AR 2 (8] () S RS- ARl 92.47%, 5

48 Lactobacillus paracasei subsp. paracasei DSM5622" (NZ_AZGH01000170.1).

58

51

9

O

85

IMAUS80303 (MG772824)

IMAU10847 (MG772820)

rIMAU10532 (KT801364.1)

IMAU80853 (KT801539.1)
IMAU80452 (KT801511.1)
IMAU80810 (KT801536.1)
IMAU20578 (MG772822)

IMAUS80732 (MG772825)

Lactobacillus paracasei subsp. tolerans DSM20258" (AY'YJ00000000.1)
IMAU10541 (KT801366.1)

IMAU70046 (KT801469.1)

IMAU10787 (MG772820)
IMAU70074 (MG772823)

C WA Z A AR RIE S 89.08%, B TRk
L. paracasei subsp. tolerans DSM20258" Fl L.
paracasei subsp. paracasei DSM5622" f{)F-1425 S:3k
#0.2%, L 16S rRNA JEFFHIA ORI 22574k
SRR, murE B X 53T I AT IR R I S il SO
P B3R m T 16S rRNA B, BEIHHIF murE 3
REAR 1 X 53 B UM TR 0 S SO
24 EF wrC-muwE BKEERAFINAKAB
S

BT wrC-mwE AR FIIMENRFELT
PUNPE 4 F7Ro 1614 P T2 12 BRI 3 RS 5 R

}A

N

Lactobacillus casei DSM20011" (NZ_AZC001000139.1)

—
0.01

Lactobacillus zeae DSM20178" (NZ_AZCT01000055.1)

3 RFREEKRSSEERN muwrk BE RS R EH

Figure 3 Phylogenetic tree contrasted by murE gene sequences of 12 strains and references

TE: 2330 ERECTOA Bootstrap fH, UEDRAMBERAE—RAJILER; HHIRBAKFLGKIE, URBEERRL; 5 2F

R BRI R 8 5

Lactobacillus rhamnosus DSM20021" (NZ_AZCQ01000038.1)

Notes: The numbers of nodes indicate bootstrap values, and represent the percentages of 1 000 bootstrap replications in which the taxa to the
right are placed together; The scale bar represents the horizontal branch lengths and the number of substitutions per nucleotide position; The
sequence in parentheses is the strain accession number.
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Bh—I, 1B R 3 /NI (A. B, C),
Bk IMAU10532 . IMAU20578 . IMAUS0452 .
IMAU10847 MIZ %tk L. paracasei subsp. tolerans
DSM20258" i — >4 %, B bk IMAUS0853 |
IMAUS0810. IMAUS0732 FIZH%Hkk L. paracasei
subsp. paracasei DSM5622"7 Bl — /Ny 32, Hikk
IMAU70074 . IMAU10541 . IMAU70046 .
IMAU10787 5&% itk L. casei DSM20011" 5 9 %
— o3 BRI S W R 2 1) A A LR
93.16%. IMAU80303 K 5Z% Wikl s —/ Ny
%, BESEXE L paracasei subsp. tolerans
DSM20258" . L. casei DSM20011" . L. paracasei
subsp. paracasei DSM5622" #y 1 B 1 4> 51 K

(@)}

=)
=

3

20

[

—
0.01

~ Lactobacillus paracasei subsp. tolerans DSM20258" (AY'YJ00000000.1)

- IMAU10847 (MG772827; MG772821)

— IMAU80303 (MG772830; MG772824)

Lactobacillus paracasei subsp. paracasei DSM5622" (NZ_ AZGH01000170.1)~
IMAU80853 (KT802659.1; KT801539.1)

IMAU80810 (KT802656.1; KT801536.1)

IMAU80732 (MG772831; MG772825) -
IMAU70074 (MG772829; MG772823) N
IMAU10541 (KT802486.1; KT801366.1)

IMAU70046 (KT802589.1; KT801469.1) ~C

6
IMAU10787 (MG772826; MG772820)

99.06%. 99.17%. 99.27%. A WAH{Y B WAFHFE
PRZ AT SRS AR IR 78.19%, 5 C IEHEZ (]
FEPERIARIE R 76.56% . B RME L. paracasei
subsp. tolerans DSM20258" #i1 L. paracasei subsp.
paracasei DSM5622" 1 F-34 25 535 5] 1.04%,
muE F1 16S rRNA EEH A R M2 54, 1128
B L. rhamnosus DSM20021" 5 L. zeae DSM20178"
(YRER 22 0 19.39%,  Eb uvrC F 16S rRNA JEA]
FPAE BRI 2E 5k, 45 REY, wrC-mwE BE
FEPR DX 53 B LT TR 03 2 SO ) o e
uvrC. murE F116S rRNA JE[A . [Hitt, FHXTFHp—
B uvrC A murE JEH, uvrC-murE B IR & B E
REVE M 3 M T B LA B AL R0 SO AR SC AR o

r IMAU10532 (KT802484.1; KT801364.1)
IMAU20578 (MG772828; MG772822)
47 IMAU80452 (KT802631.1; KT801511.1) A

>1
> B

Lactobacillus casei DSM20011" (NZ_AZC001000139.1)
Lactobacillus rhamnosus DSM20021" (NZ_AZCQ01000038.1) \JL I
Lactobacillus zeae DSM20178" (NZ_AZCT01000055.1)

4 12 KRB ERESEETRE wrC-mwE EERFLEH
Figure 4 Phylogenetic tree contrasted by uvrC-murE gene sequences of 12 strains and references

T 330 ERECTh Bootstrap fB, fURDIHMPERAE—EILE; WHIRZRARFRIIEE, URMEARES 155 Bar

R BRI IR 8 5 5

Notes: The numbers of nodes indicate bootstrap values, and represent the percentages of 1 000 bootstrap replications in which the taxa to the
right are placed together; The scale bar represents the horizontal branch lengths and the number of substitutions per nucleotide position; The

sequence in parentheses is the strain accession number.
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IEAE, 16S rRNA JER 741 734 L 2 1
THREMRGE KT kR EES . Bl T 16S
rRNA JEN P91 2285 D R g FE AR PR AR i,
I FHAE R BE A0 B 19 3 2RSS v A — € BB, U
HIRAE — L 2R 5 50 Z B0 H R BT 9 3 2R 48 58
Hi, 16S rRNAJE 41 53 b L BESS H— A E
AR TR SILE AP Z Y 16S rRNA
SEDRPERS S, AUT] 168 rRNA JEH T 51 434 JE
VEHER N AT 20 2R M o Tl TS W) 1 7 2 8k
PUE R or F AR IC T S A 18] (9 R R & o0 #r
BET16S rRNASER , B /R AR,
W R — OB Fe AR . Felis %P5 3 %t
recA SR BN R Gk & 43 i vEAL T T 1%
FUFF AR 3 282200 8, I Lactobacillus casei
AT TP AR T 168 rRNA JEH L
K dnaA | rpoB & K I X T B H ER
(Leuconostoc mesenteroides) J LT 2% Fh (1] % %€ RE
11, BEREHBEZIEH dnaA . rpoB BHE S KEW
JIES B R B T e HOE 2 A . Huang 25CPUd ] dnaK 7
SR IMAEPIFLFEFE, Sl T 16S rRNA JE[A
ZAMEARAY R

WG FR, BEIER recA. tuf. pheS J¥5)
o3BT RE A8 4 715 T T L TR DN AH I TR PR G 22 5
P — AR SR FAE K 91 43 BT RE A %) T B FLA 1
PR T . BRSPS R B recA SEIN AT
PLAS T e FLAT I R TR B0 S o LAk,
recA LKA 410K ATCC 334 5 L. paracasei
subsp. paracasei DSM5622 H N [Al — /37, 1fi
ATCC 334 5 L. casei DSM20011 %7E 2 N5E Al
MARG KT X, MARBAMK I L
paracasei subsp. tolerans Fl L. paracasei subsp.
paracasei 2 MR, AHFCRHBZIZEH wvrC
muE I RGE R EW T, L. paracasei subsp.
paracasei DSM5622 5 L. casei DSM20011 AL A~
>3 WHSERM, T EREFLIT R R AR 50

tuf SEEIHARIE A 94.0%P8 . ABFTERHIE %
FEH wvrC A1 murE XF 12 #R TS FLFF IR 43 B AR LA AL
5 MSEHEMIEWFOK EEFT 02K %0E . BFER
B, BHIEH uvrC F murE FEH IR 25
o 79.0%F1 89.08%., 45 tuf B ¥ HA /N AR
P DB B T 16S rRNA JEH UK A
FIE pheS X THEFUTRIIEEERE ST, 4 REW
FEFHLIN pheS ¥ 16S rRNA FE[X B 72 5 % E T4
FUAF B S A, T pheS BERURREA RIX 53
L. paracasei subsp. tolerans Fll L. paracasei subsp.
paracasei 2 RN, 5 HRIEEPIREHAIFE T 168
rRNA LK VLK pheS . pyrG B ZFE R X AP FLFT o
(Lactobacillus plantarum) % HIT Z M4 ERE DT,
ELZRIKE pheS F1 pyrG 343 FE R 73] &8 e fefi
Jo . FEPFLRE b O G R 1] g3 2 Ok 2R B i
Wi, TEMCEERE b, SRTE I (uvrC-murE) HE BE
Fe 9% T B FLAF B S L G e T 3 28 %, WF
TR uvrC . murE FECAFEH (wvrC-murB) XX
Wk L. paracasei subsp. tolerans 1 L. paracasei
subsp. paracasei 2 A~V Fh 1 45 22 5 43 00 R
1.98%. 0.20%. 1.04%, HJHEARIXIFLLE 2 A
Bk, L. zeae DSM20178" Fll L. casei DSM20011"
) 16S rRNA FENZEFIEN 0.11%, 11 uvrC.
murE FEEAFE I (uvrC-murE) 1 3[R 22 504351 R
20.78%. 31.43%. 21.56%, W 2 A E bk
X737t

AT AT LB 16S IRNA FEH uvrC .murE
FHR A 2 [ (uvrC-murB) B RAE N M R G R T
WEB, BFRHANG 16S rRNA FEHERIH TH
f—3tk. (A3ETF 16S rRNA RHFHIAREX 3T
P LA TR A A S B RO R, TR I uvrC omwrE
56 FE DK (uvrC-murE) FE K 3 1) Y REAE AR 41 X 43
T FLAT T AL Fh S WA, o, A R
(uvrC-murB)W X 436818 T wvrC 1 murE FEH
zi PRk, BeE B (uwvrC-muwB) W AL B R I A
uvrC Fl murE WL FIAR L, FIYESN 16S tRNA 3
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