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replication initiation protein ) | murC & K ( UDP-N-
acetylmuramate-L-alanine ligase ) l pyrG & A ( CTP
synthetase ) , JL-F- 3538 A7 7E T 40 P H B A RS,
AELAS T F e i ok 1) A7 7 22 S R S 0, H
HIT , WER B LU 5 5 R A O 2R GE AL 20 A 1A 288000
TR, JUHAE 6 5% 5 22 BT WAk 18] 19 0 M7 v 7
PLF 16S rRNA SN, AWF5ELL dnaA ,murC F pyrG
FEDIXE 7 bR Lew. citreum 53 BIRE UL AR IE RIS
PRARLE MR Rl K P B BEAT 0 2858, I 5 168
rRNA FER T 08, 275 PP dna A, murC il pyrG
FEHFEN 34T T Lew.  citreum FHIT P [H) 45 22 () 7]
gt

1 MOoRHAn 7 %

L1 ##
1L.1.1 RIEER: AR 7 ¥k Leu. citreum H
WS IR R 2= AR IR 5 TR A Ak
KR, BAK B Bk I 16S tRNA JE 7515 UL
%1,
& 1. XA AEM AR 16S rRNA (dnaA
murC 0 pyrG EEF 515

Table 1. Strains and accession numbers of 16S rRNA

dnaA ;murC and pyrG genes used in this study

Strains 16S rRNA dnaA murC pyrG
IMAU10225  GU138553 K(C352464 KC352471  K(C352478
IMAU10208  GUI138536  K(C352465 K(C352472  K(C352479
IMAU10241  GU138569 K(C352466 K(C352473  K(C352480
IMAU10227  GU138555 K(C352467 K(C352474  KC352481
IMAU10220  GU138548 KC352468 KC352475  K(352482
IMAU10186  GU138514  K(C352469 KC352476  K(352483
IMAU10182  GU138510 K(C352470 KC352477  K(C352484

1.1.2  FEiXFFLEF 0 MRS 855758 PCR X
74 TaKaRa 23 F] 7= fift, Applied Biosytems PCR 1%,
ND-1000 #dfi 48 443 6% 31, CDS8000 %Y UPV
BE R 53T 255, Eppendorf 5810R 75 14 V4 14 55 .0
BL,DYY-12 LUK SE

1.1.3 RIGET A5 AT AL N 4 2 57
M, 2E$% dnaA .murC Fl pyrG = AP DI H &5/ £
AR RER A H AR P51, 856 5 e 5 B, R
primer 5. 0 B itiE G119, 51 W3 2, BTG 519t
R RARHA ARG K

% 2. PCR ¥ 1#835| ¥y
Table 2. Primers used in PCR in this study

Gene Primer ~ Sequence (5'—3") Size/bp
dnaA d-F AAAACGACGCCTTCTGCTC 19

d-R ACTTGTTGAATACGCTCCA 19
murC m-F CGACGACATTTCAAGGATT 19

m-R CGTGAATAAGTATGTGGCTGA 19
pyrG p-F TCGTAGCGGCTTCACTTGG 21

p-R CGATGACTGCATCAGGGTC 19

1.2 DNA #2EX PCR ¥ &0 F

SR CTAB- il 75 $2 BURR bk 25 1 40 DNAT
PRI BE F 20 DNA F6 B 31100 ng/pL A 1E R
PCR ¥ 34454, RS0 pLBiAA R, XF T dnaA %
BRI 38 PG 408 95°C 5 min A 1 95C 1
min,52°C 45 s,72°C 1 min,30 PMEFF;72°C ZE 10
min, murC Fl pyrG FEHF B PCR ¥ 84 E A 5440 B% T
B KR FE R 50°C 1 48°C Ab, Hi Ay B 44 5
dnaA FEH—F, PCR =W H 1. 2% 038 i HEEE IE
R IR, K 38 8 2 4 7= g kg S8 e AR
ARA R A
1.3 FIaHmERSGHAMAHE

7 MR R BY dnaA . murC 1 pyrG FEH 318
P Al R RS 3 AN R ke B RS T R
J¥51 ., $RIG M GenBank %iHi 72 A T 28 6 B Bk A5
RN T 58 3 P 4 7 225 TR AR 1) 16S tRNA
FEHFFF, A dnaA ;murC Fl pyrG FEHF 51 (3 1
L 3) , RH Clustal W FLXT, 37 Mega 4. 0 #4411
FTER AL B | iz F 48 4% ( Neighbor-joining, N-
1) 43 5 e R 00 v bk BT R A S B R Y 16S
rRNA JEHH dnaA .murC pyrG FEH ) R G & B,
B R SRR AL 1000 1K,

2 HERFpAr

2.1 ET16S rRNA EEHRZXRE S

7 BRI R TS R R R 16S tRNA FEH ¥
I F#H GenBank #% M2 ¥ 5 44 . id it £ ¥ %1
X, 3R A HUX 38 55 108 3 81 SO, THOR B R R i Ak
W MERGELZEMN(E 1), SR ER, LR H
3ANBNRREMERE (A B .C) 2 MRER(T
M), o A ERERD 7 #RA 5 B AR Lew.  citreum
B R—2, B8 16S rRNA FEFAHIME N 99. 9% |
B A 3 R Z (BRI TE 99. 9% LA ;€ 1
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Table 3. Strains and GenBank accession numbers of the reference sequences used in this work

RI.SEEHRREEFT

Strains 16S rRNA dnaA pyrG murC

Leu. mesenteroides subsp. mesenteroides ATCC 8293" AB596935 NC_008531 NC_008531 NC_008531

Leu. mesenteroides subsp. cremoris ATCC 19254" AB023247 NZ_ACKV01000118  NZ_ACKV01000077  NZ_ACKV01000069
Leu. mesenteroides subsp. mesenteroides J18 GU470981 CP003101 CP003101 CP003101

Leu. mesenteroides subsp. dextranicum CECT 912" AB023246 DQ335697 - -

Leu. citreum CECT 4025" AF111948 DQ335700 - -

Leu. citreumKM20 DQ489736 NC_010471 NC_010471 NC_010471

Leu. citreum LBAE C10 - CAGEO01000013 CAGEO01000014 CAGE01000007

Leu. pseudomesenteroides CECT 4027" X95979 DQ335702 - -

Leu. pseudomesenteroidesKCTC 3652 HM443958 NZ_AE0Q01000004 NZ_AE0Q01000426  NZ_AE0Q01000015
Leu. lactisKCTC 3528 AB59694 NZ_AEOR01000714  NZ_AEORO01000570 = NZ_AEOR01000674
Leu. argentinumKCTC 3773 AF175403 NZ_AEGQ01000005 NZ_AEGQO01000008  NZ_AEGQ01000025
Leu. lactisATCC 19256" AB023968 - - -

Note:“ =", The gene is not sequenced.

FERD Lew. mesenteroides W) 3 AP B 14L F 6] —
O3S HIME R 100% , 5350, 58 T RAEHEH 443

Leu. pseudomesenteroides F1 Leu. mesenteroides spp. I

AR 22 S8 /N AR 0. 4% 3% T3 T 16S rRNA

A KB BIARITEZ 58 0.9% ;55 T KEEEED
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Figure 1. The phylogenetic tree constructed by the 16S rRNA gene sequences of 7 strains and references. The

number at each branch points is the percentage supported by bootstrap. Bar, 1% sequence divergence. A: 7 strains

and Leu. citreum, B; Leu. lactis and Leu. argentinum, C: Leu. mesenteroides spp. ; 1: A and B, I ; C and

Leu. pseudomesenteroides.
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1997 4F, Villani 55" SR SDS- 5 P 475 Mok e ¥4 e
(SDS-PAGE) HL3K 715, 8 Leu. citreum Leu. lactis .
Leu. pseudomesenteroides Fl Leu. mesenteroides ) 3 1~
AP o o —28 IR D AT EA 58 A R Y 25 4R
SRl A A A B BRI RR A ) 168
rRNA J: P FF SRR 2R T 98. 5% , N, M 168
rRNA JEHKPARIE T Villani (3545 R
2.2 ETF dnaA ,murC 1 pyrG ERE S F I &
KRBT

AWEGE M E T BE Leu. citreum AN B dnaA ,
murC Fl pyrG FEH TR FH) (£ 1), K5 16S
rRNA BEPRAHE A ) s R G K EW i
16S rRNA . dnaA . murC Fl pyrG FEH B9 R G0 & B W
KBS ER S 275 BAR A 16S TRNA ZE[H 13 4>
AR AL A Y R G R WA — B, 1
ARG 3 AN Y R GE AL 3, {E TR R R] 4 A
R R AT B A 22 e

1E dnaA JEHER TP I R LB R 7
M B0 H kRS Lew. citreum CECT 402573 h—25(A
WA, HAIRIE R 99. 6% , T 5 Leu. lactis KCTC
3528 AHIIMEAN K 83. 2% , Leu. mesenteroides =~V
ARG AR LM R T 98.0%, T 5 Leu.
pseudomesenteroides FWIFHAIAHLITEL A 80. 2% , B L.
TEEP AR TR AR ] A AR 97. 8%

[FREH, 75 murC SRR R R R F WP, 7
KRR 56 B MR 5 Leu. citreum KM20 19 AH L 14 A
98.1% , RN —KM L A WHE, (H5 Lew lactis
KCTC 3528 #f &) AH L P L 24 34.5% . Leu.
mesenteroides T V. Ft i Fb PN AR AL P R T 99.5%
1S5S —4 %8 Leu. pseudomesenteroides F) Folp (]
HRIMER 51.2%

pyrG HEHARGE AT WM, 7 BRI EKR Y Leu.
citreurn KM20 LA 99. 6% AR I —25, 5 Leu.
KCTC 3528 AH L £ N 79.9% . Leu.
mesenteroides T V. Ft i) Tt P AH AL 4 151 35 98. 6%
5 Leu. pseudomesenteroides FAFHEIFHALITE M 80. 2% |

lactis

3 ik

WEH 73 S M WE 5T T B AN ST, 1] T A
T AR R E R RGOSR TE W BBk R T, —
LT B AR 3 5 58 R W o B AR, B IG

)@ ( Weissella ) #1705 3K % J& ( Oenococcus ) ', X 4t
MR T W R BR G R h AR TE RO A G il I
M, 2 H AT 1k AR AR 2> T A 5 ik A
16S tRNA HE PR 7 41 43 A 7] 76 (18 7K P 647 HER 11
HE HAE— B2 5 50 JR BT ) o BT Ao Y 73 28 2
EH, LB — DA E SR, W R R E N
AR R WP 22 18] A 16S rRNA 356 RAH R M 45 5,
Bl 165 rRNA &K Fr 81 43 H JC 15 e i 3 [X 73 JF
Ko RT wEMl 16S rRNA JE PR 75 AH T B R 22 [ADHE LA
HER S8 FRARAT 738 T IR 22 aUR T R R B R
IR R G K B B T hR g, 2007 4F, Chelo
ZEVdiFH 16S rRNA (dnaA . gyrB .rpoC Fl dnaK 3£ [H
VER R G B HIFRIC , PRt v xof B H 2R A 20 A
BRI UEF THE5E . Bruyne 25" R FHAMAT phesS |
rpoA Fl atp A FEH 75 1 75 15 I 5¢ i 1 5355 B
DR T W v LR B R 48 E, (H AR — IR 2 Lew.
holzapfelii 5 Leu. citreum F Leu. lactis i) 16S rRNA
LA AL E 23 90 99. 6% .99. 0% , AR pheS .
poA Fl atp A FEH P9 A BRI HE S, 4 T
1 ANHiFh Leuconostoc holzapfelii sp. mnov. , 2008 4,
HRuatAl K241 Endoa %1 AR 16S-23S rRNA 3
ESIEINEZ 1poC  recA F116S rRNA FE K 731 i #E &
% B W, B Leu. durionis . Leu. ficulneum . Leu.
Sructosum F1 Leu. pseudoficulneum T& ¥k 58T 7325 4
Fructobacillus gen. nov. , RN RS RAAN
[RIFFRIEH MY Leu.  citreum VT 2% Fh ) 7w 5 1)
BRI kel R R Bs I AL 81 o A
LSRR — TP T AN T

KEWWIRFEW, Lew. citreum 1 Leu. lactis BY
16S rRNA J& K ¥ 50 A U K T 99. 0% , 2000 4F,
Lee' ™ BEVI R AR S0 51 9 L IO HE Leuw.  citreum il
Leu. lactis B DX 73 ¥, AR F 58 430 A L3 P I Y
dnaA .murC Fl pyrG FEHJFH B AT TR AU 530 R
83.2% \34.5% F179.9% , F LT 165 rRNA JE[H
FEA A, A SRR WIR ) R 3 MR B AL s Y
KT AT AVE N Lew. citreum F Leu. lactis P8 HE T
X E JT e, 2006 4, Vacanneym] 2 N BT 5E Leu.
argentinum F Leu. lactis 1) 16S tRNA &K ¥ 51 A2
PN 99. 6% , £ H S FE K A1 0] SCF 51 (REP) \DNA-
DNA 7822 SDS-SRE NI B BRI (SDS-PAGE ) HLIK |
BRI L 7 B B 2 254 (AFLP) 5870 17, 48 Leu.
argentinum FAFTAIEH Leu. lactis, AW MFFE
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Leu. mes subsp. mesenteroides J18

0.01 Leu. mes subsp. mesenteroides J18

2. R ASBEEMER dnaA ,murC 1 pyrG EEEH KX B

Figure 2. Phylogenetic trees derived from dnaA, murC and pyrG gene sequences by N-J method. The number at each branch points

is the percentage supported by bootstrap. Bar, 1% sequence divergence. A: 7 strains and Leu. citreum, B: Leu. lactis and Leu.

argentinum, C: Leu. pseudomesenteroides and Leu. mesenteroides spp. .
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B J7 T ox A A AR B ) AR B 45 2R, B Lew.
argentinum i Leu. lactis 1) dnaA .murC Fl pyrG FEH
FEANRAPE 22 58N, 73 1R 2. 2% (11, 2% F12. 2% .,
Leu. pseudomesenteroides 1 Leu. mesenteroides S V.
Foft 22 ] ol DL AE B X 23012010 4F Wawa ™ 2007 T
Leu. mesenteroides FI Leu. pseudomesenteroides 1] 16S
rRNA BEHFH R HA 5 AFEA R, A A 52
BT dnaA .murC 1 pyrG FH 751 M R 58K T W
Wl B W4 Lew - Leu.
mesenteroides T V. R 43k W ANl ST %) 43 3¢, B 2
Leu. mesenteroides VAN 2Z [A] i) i Ak ¢ R WA X 40 FF
K, LR,

HET, R RE R OAT 9 AR 58 il 4 5L
M, HoH Leu.
mesenteroides ATCC 8293" 1 Leu. citreum KM20 J& it
FLSERGE TAEMS t = 3R w5 8,
FR T BH AR 2R B JE AE 4 3k ALK 7 B L A Ay
Brttoh s JETF IR, VP 2280 B 5w 4 B i —
SERE I A, W R BRTH B R 5L B M4
FHEEAF SR AL T — BB B . AWFSRELL dnaA |
murC F pyrG e A N 43 Fdric, B2 B 5 16S
rRNA &R TCE 5 FF BB, 41 Leu.  citreum F1 Leu.
lactis , Leu. pseudomesenteroides F1 Leu. mesenteroides
EFPHER S (HANRETE W HLIX 53 Leu. mesenteroides
3ANERN, X ] AR TR R R B K AE Lew.
mesenteroides — A & A= 35k 56 R 7K 55
HAF A, 8H R Leu. mesenteroides = A>T 1)
dnaA .murC 1 pyrG H AR ERSE!T | AT 530X
OYRORANERRE 7R JE ST R, T 3 o e 2 HL A 4
FHREN AR Lew.  mesenteroides =AM Fh 22 8] i 6

i b, B R R IR A dnaA  murC 1 pyrG
LA F 50 53 BT 0 7 3 T LA SE AR Lew. citreum il
Leu. lactis, Leu. Ml Leu.
Mesenteroides FHITFi A HERA 45

pseudomesenteroides

mesenteroides  subsp.

pseudomesenteroides
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Phylogenetic analysis of closely related Leuconostoc
citreum species based on partial housekeeping genes

. 1 . 2 . 1 . 1 . 1 1
Qiang Lv' , Ming Chen”, Haiyan Xu , Yuqin Song , Zhihong Sun , Tong Dan
Tiansong Sun' "

" Key Laboratory of Dairy Biotechnology and Engineering Ministry of Education, Inner Mongolia Agricultural University,
Hohhot 010018, China

? National Basic Science Training Class, Department of Biology, College of Life Science, Inner Mongolia University,

Hohhot 010018, China

Abstract ; [ Objective | Using the 16S rRNA, dnaA, murC and pyrG gene sequences, we identified the phylogenetic
relationship among closely related Leuconostoc citreum species. [ Methods ] Seven Leu. citreum strains originally isolated
from sourdough were characterized by PCR methods to amplify the dnaA, murC and pyrG gene sequences, which were
determined to assess the suitability as phylogenetic markers. Then, we estimated the genetic distance and constructed the
phylogenetic trees including 16S rRNA and above mentioned three housekeeping genes combining with published
corresponding sequences. [ Results] By comparing the phylogenetic trees, the topology of three housekeeping genes trees
were consistent with that of 16S rRNA gene. The homology of closely related Leu. citreum species among dnaA, murC,
pyrG and 16S rRNA gene sequences were different, ranged from75. 5% t097.2% , 50.2% t099. 7% , 65.0% t0 99. 8%
and 98.5% 100% , respectively. [ Conclusion] The phylogenetic relationship of three housekeeping genes sequences
were highly consistent with the results of 16S rRNA gene sequence, while the genetic distance of these housekeeping genes
were extremely high than 16S rRNA gene. Consequently, the dnaA, murC and pyrG gene are suitable for classification
and identification closely related Leu. citreum species.

Keywords: Leuconostoc citreum, Phylogenetic analysis, 16S rRNA gene, Housekeeping genes
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