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ET 2R FI DB HERTES )L EMFERLL
W 5 #F = (Bifidobacterium bifidum)Bf AR fE =R
AT

SzyE", TR, KER, HEMSH2 HAFET

1 AWFRFEMEE, Frid A+ 832003
2 VLR RFE MR, LI Ji 214122

SZME, £V, RERL, HEM, HKIE. 2T 200075050 B0 5 SR T 2% JL 2 17 18 7 50U AT 1 (Bifi dobacterium
bifidum)BE (A% 22 AT [T]. Bl 02238 3R, 2023, 50(12): 5487-5504.
JIN Zhixuan, WANG Ping, ZHANG Xueling, TIAN Fengwei, NI Yongging. Genetic differences of intestinal Bifidobacterium

bifidum among school-age children in Yining, Xinjiang: a study based on multilocus sequence typing[J]. Microbiology China,
2023, 50(12): 5487-5504.

B E: [ %] % AT i (Bifidobacterium bifidum) 2 £ 44X 8 AR & 3L Z 48 (human milk
oligosaccharides, HMOs)Fn 15 L8 A6/ L X A6 X G RAB M BB A H, A FHERFL
FEXEER, Bl ETRRABRRGAAEMARER Y. (B8] RKAEARRRAZHE. K
RARULABE R IR 49 B. bifidum & 4k & 09 845 45 M2 T B AR BT F 09U, A TF R A HEA 8
AWRBE LA, [F5E] 2k A3 BFTRAMNABCEE REASTF k) FHILEAT 6 HE
B BAT B AT B A SR, R 115 ANEMH, A T@EARLAE S A7 PCR (repetitive
sequence-PCR, rep-PCR)7 ik i ik 49 53 sRX A A KA % 42,8 5 7] 4> A (multilocus sequence typing,
MLST)#ATBEAR AR 2 7oA. [ R ] 53 AR A B ML A4 37 A5 5] E (sequence type, ST), £
ARG EAE S AR, L 26 BB A% E REILZHHEARA 174 ST, @ 204~ ST k& 27 %%
AL EE R, BAARBERRGBRZRANFE Y R REB EHEMH, goeBURST 447
27, k AR —4&F4) B, bifidum 5 BRI R B 5 — B AR EA T RMPENF TG RARLE
X RS H_ A4 (clonal complexes, CC). [461 RE 4B kR 49 B. bifidum 5 B E T & 549
FAE A, BHAREEM — R A2 E I RARB R RO i, F 2 E RIS IRAFIESR .
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Genetic differences of intestinal Bifidobacterium bifidum
among school-age children in Yining, Xinjiang: a study based
on multilocus sequence typing

JIN Zhixuan', WANG Ping', ZHANG Xueling', TIAN Fengwei’, NI Yongqing '

1 School of Food Science and Technology, Shihezi University, Shihezi 832003, Xinjiang, China
2 School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: [Background] Bifidobacterium bifidum, an obligate intestinal bacterium that
specifically metabolizes human milk oligosaccharides (HMOs) and mucin glycans of host gut
epithelium, is essential for early life health and development. However, little is known about the
genetic differences of this bacterium among different populations. [Objective] To investigate
whether the B. bifidum strains from genetically similar populations with similar diets in a
limited geographic area have population-specific regularities and to reveal the genetic
differences of B. bifidum among different populations. [Methods|] A total of 115 strains of
B. bifidum were isolated and identified from school-age children of Uyghur and Kazak ethnic
minorities in Yining, Xinjiang. Further, we performed multilocus sequence typing (MLST) for
53 representative strains screened out by rep-PCR to understand the genetic differences of
B. bifidum between different ethnic groups. [Results] The 53 strains belonged to 37 sequence
types (STs), showing high genetic diversity. Among them, 17 STs were identified for 26 isolates
from the children of Uyghur ethnic minority, while 20 STs for 27 isolates from the children of
Kazak ethnic minority. Only a few homologous genetic recombination events were detected
between strains from both ethnic groups. goeBURST showed that B. bifidum isolates from the
same population were more likely to be assigned to a specific phylogenetic clade or clonal
complex than the isolates from the other population. [Conclusion] B. bifidum isolates from
different ethnic groups showed high genetic diversity. The host (ethnic group) specificity of
their genetic structure needs to be confirmed by larger sampling. Our findings provide a
theoretical basis for further screening of elite probiotic strains tailored to localized population
by in vivo and in vitro experiments.

Keywords: Bifidobacterium bifidum; multi-locus sequence typing; genetic diversity; clonal
complexes; house-keeping genes

NEWG B R — N E RN ES RS R, P AR kTN, R
MU AT I (Bifidobacterium sp.)&di A JLIiE R MEFRMZILEE S, B TR AUSFFE(B. longum
FLUEgE IS B RIS S0 AZETE £ subsp. longum), T I XUEL AT (B, bifidum)ts &
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B T2 AR H 0 RO R s T A ) L3

iy 3 95 5 XU AT 6 (Bifi dobacter ium bifidum) 44 .. 5489

AT R, BORR O B LB U R
B, B T M T P I BUBE T B TE G LI

R0 52 B0 A TR T 7 TR A BT BR
SO A 3200 0 AR BRI By B, B AR
AT RIZERGEWN AT R, Iz 7172
KTt o BIRBUBCAT B e S 18 AR X = AR
%, {H2HEFL M (human milk oligosaccharide,
HMO)F#5k #Y 7 £E 0 S REAR i & A T2 HIE
BT AN AL BRI R R, RRR S TR
54T (human-residential bifidobacteria, HRB)™!,
BEE T EARRR OIS, AMRBIEN B. bifidum
BRI BRI RO Rk, FE g AR
PRI K, HRTIT I RGE HE 2 A K U
FFEE RIS XU T B, T EE X B. bifidum BBESE
B, mDIALEREAR D

WHFE & B, B. bifidum BEHEE AR T R 4l i
RORR i FORIERBE A L S T T
FAT 1 35 (0 A BRI A 22 S U0 BRI ikl 22 5%
(SR ARAR JE R B 9E & 3 B bifidum R A
TRE R ZHERE I 22, HEeL A HMO
FO TE R T B B8R VR AE T T L
I XS TR 5 K U T L R LB A TR A7 A
FE 38 HAF FH (cross-feeding)!" ', 1 57 UL 4T 7
R ] RE 1 wE Zh E H1 BT v 2 1E (Akkermansia
muciniphila, AKK 1) 4 U3 1 35 U2 40 18 A1
RPN OC R T B RS RE R 1B
b B R B R AR A R e TR s e
PE , PRI AE F2 AL AR T B 23 X X 2L iz 1 4
TCEE A ) o 2 L 2 TR R K B A i
B, A BOAHEIE I M RN AR RO AR
AT RE B. bifidum fi {4384 22 S AR BT g R A
(R L AN ROK S Z N7, R TR] R %k
PR TR AR NS b Bz 20 M R R L W T A A e 3R
5 SR B9 22 5 5 30T 4 AR D RE AR T PR UK
PRSP A 2 B v T AR O 328 1) JC AR

B (R — AR, SRIETifE
FAE . REAE IR AEERY B. bifidum 42 75 1k
PR Ay TR S I P O AN A

AT, FATAH ER T WA RO G
(HEE R TGRS B2 505, AR b B 7% AR KT B
B, /D I ) (B I AN 2 )L B B g 1A
43 B. bifidum Btk , i 2067 5 ¥ 81 o Y
(multilocus sequence typing, MLST)$: R#5E A
TRILWEL TR B. bifidum Fh ey 2 5 230 H X
FEE T8 FBEQEAHA) R R S, LU R 16 18
B R 8 R TR A A 4 2E R TR PR DD RE B
a2 20500 B9 I A SR R ER AR

1A

1.1 &5&FEMHEMRE

F 2021 4 6 J 8—11 HEEHIRAAIA B B
BN SEIG B2 se A HTLIE 48 £4(4-7 %)
L 91 A (7-14 %), 4EB/RiAEmT L
45 £(5-7 Z)FI2E 18 L3E 94 £ (7-14 2 )W A W
K. MASSELGHRER, 20 6 MRM
A R A2 . AW AR S A e
PRI 25 4l PR 25 K 2 8—10 km A A [ SR AT
%, eSS B B YL . ANFEER . IR
B EWAGREE —E 250 R IRIG LA 2E
FE, UEEFW, FER. KRMGEXEH
B WK EA W HCETE R A, LAY
K AFERMFEGY, FEURERZ, 12
BiSEARA D, HE R E T SYNN . EE R
W BEABEFEXT R 10-15 g FEEREA, FE
ATE-20 CHYZEZRIKFEPAEHT, 72 h NiB 2k [H]
S ST R 4 B o AWFFEARE bR R
=N R R X AR ) 16111 U AR I 2N
2R 2 eSS — MR B e 18 B & 5L A At o
(2017-117-01) FE AR F R 2, AT
S5 H S A R G R
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1.2 FERAFIFNH

TE %% #p i [10 mmol/L Tris (pH 8.0),
10 mmol/L &, — % Y Z, 1% (ethylene diamine
tetraacetic acid, EDTA)]. Taq Plus Master Mix
(2x)F1 100 bp Plus Marker, [ 5isMERE A PRk
H A AT 5180 VL T5 a MER A= PRk
BIRA A AR BUEE Goldview, Jtit4X4
HEYH ARG RAF ., PCR § 144, SensoQuest
/5] 3 Power Pac Universal 7K H kY, Bio-Rad
/N F); BioNumerics v8.0, Applied Maths 23 A ;
WP VL5 4 R AR R A RS Wl T
1.3 EFHHE

2 = MRS (Man-Rogosa-Sharpe agar medium)
[ AR 7R3 (/L) : FE A 10.000, 2 A 10.000,
M REE IR 5.000, # %5 0% 20.000, 1 J-80 1 mL,
K,HPO, 2.000, Z FR 4} 5.000 , 7 BE R — 44 2.000,
MgS0,-7H,0 0.580, MnSO4-7H,0 0.250, ¥ifig
20.000, L->P e FR R R ER 0.500, T2 A &K 0.025,
LIPLE B 0.050, pH 6.0, 115°CKEE 20 min.

X . Wilkins-chalgren (MAN)$% 353 (g/L):
M K Wilkins-chalgren Bifig 48.00, K&
5.00, mif-80 1 mL, vKESER 1 mL, L&
MRERIRER 0.50, ZEILP R 0.05, B IDE 0.20,
115 °CK & 20 min,
14 EHRHTBEMEE

TEPE AL A (S-10 o) fff FHAY L H B Ui A
P B SUBAFB : ZEEREATE R T R,
H0.5% e 20 R 1 G T A 38R K R BE # R
107-107% 100 pL 2 FE i A H R T 4 76 14
R ) MRS Bifig 5 72 3L (BETHAN N 50 mg BEULE' AL )
MK Wilkins-chalgren (MAN); 738 1, 78
37 °CIREHEFF 24-48 h (MR ER 3 KRG
AR B R o AR BEHLIE SR 15-20 1RV
BEAFE A RAT 30-60 M IRETVE ELZ R 3 IR,

BRI Wi e BE AU AT B0, K 4l R e
A 20% H A MRS WA R: 77 B rh T80 °CI
e Diil

[N ZH DNA #2538 Ventura 22 R 1
Jiik, rep-PCR 8405 B L E ik, 5140 H]
Boxair (5-CTACGGCAAGGCGACGCTGACG-3')
1 M13 (5'-CGCCAGGGTTTTCCCAGTCACGA

C-3*%1, PCR WA Z (25 pL): Taq Plus Master
Mix (2x) 12.5 L, FEF ] DNA #iff 3 ul (50 ng),
WE A S #(20 pmol/L)4& 0.5 uL, ddH,O
#ME 25 uLo PCR KW A%F: 94 °C 3 min; 94 °C
30s, 52°C30s(MI3 4 51°C), 72 °C 4 min,
35 AMEHR; 72 °C 10 min, PCR §" 8145 1.2%
BB W EE B H Dk Al . R A GelCompar 11
v6.0 (Applied Math, Sint-Martens-Latem, Belgium)
HEATAH T PR o KA TE B A S e X 432
#:(unweighted pair-group method with arithmetic
means, UPGMA)UEAT RS, M AELLAR R FIAH T
WGP RS 1-2 MR HDBUE AT R 5 0
groEL JEPR AT F, ffi ] BLAST #4777 51 [F]
PR HT, FEROKOE BT % . RIS P
YIHE5CE] GenBank £548 7 . RIS X IRIGAY 115 Bk
PRI SUB AT B A TR 80 AL . BRI, JEaf
FE 53 MRACRE K
1.5 BN EH MLST 5347

KA Makino ZEPPVg 5, X I I UG A
W4T MLST 4387, $EHC clpC (i hd 2 1) .
fusA (GTP 454 #Effi A - EF-G) . groEL (43T
{f GroEL). ileS (55 Wi iz RNA & ) .
purF (It FRAZ WE S R 1) . rplB (50S A% b
(R IEE H L2)F1 rpoB (RNA RA T B IFL)IE
7 AMFERFE AT (519 VL0 A R A e R
HRRA A ALY, Fr 3L B R TR i 51 47 57
3% 1, PCR ¥ 128 Diancourt ZEP*HAR M )7
Peo T VLIRS MER AR R A R T
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*1 EREERHSMER

Table 1 Housekeeping genes and primer information
HREEN ElE7EZ S 519177451 P B KR
Housekeeping Primer name Sequence (5'—3") Size of analyzed  Annealing

genes fragment (bp) temperature (°C)

clpC ClpC-uni GAGTACCGCAAGTACATCGAG 744 58
ClpC-rev CATCCTCATCGTCGAACAGGAAC

fusA fusAB3 ATCGGCATCATGGCYCACATYGAT 784 60
fusAB4 CCAGCATCGGCTGMACRCCCTT

groEL Bif-groEL-F TCCGATTACGAYCGYGAGAAGCT 500 60
Bif-groEL-R CSGCYTCGGTSGTCAGGAACAG

ileS ileSB3 ATCCCGCGYTACCAGACSATG 789 64
ileSB4 CGGTGTCGACGTAGTCGGCG

purF PurF-uni CATTCGAACTCCGACACCGA 976 60
PurF-rev GTGGGGTAGTCGCCGTTG

rplB rplBB3 GGACAAGGACGGCRTSCCSGCCAA 498 60
rplBB4 ACGACCRCCGTGCGGGTGRTCGAC

rpoB rpoBB3 GGCGAGCTGATCCAGAACCA 1057 55
rpoBB4 GCATCCTCGTAGTTGTASCC

1.6 #HIESH

H GelCompar I1 v6.0 {4 XF 45 B i E 1%
PEAF A o fdF MEGA 7.0 B X BAAN Fil R BE
M AN AT Y, P B R RE LT
. HEMEN 1 000, K DnaSP v5.1 155
MFRIEN SO EE RS, S GC &, £
BYENLE . dN/AS L. ZREHEmERY, JfE
1115 Tajima’s D A6 56 457 ¢ ik PRI AE Aot A vp
A P AR . ] BioNumerics 3K
1 v8.0 (Applied-Maths, Sint Maartens-Latem,
Belgium)>& i UPGMA ¥ Fl 2325 A0 0L 2 500 45
PSSR MLST #4750 #1, 36T Prims 55
VLA A R/ IV IR o (8 SplitTree4.0 4351 LASAA
F 7 ARG IE R B K S A £ 43 L TR T,
K phi-test A6 I S5 A7 5k R 2 5 A7 72 B 25 0 E
2. fHHH goeBURST X PR IBWUEE A B A [R] 2 [A]
RUEAT oy 2RSS DL 0 B ok 22 ) ) a2 £

2 HERE4M

21 FRILEVKFHESSMNEE

PAWE 5% v 5 RN 4 IR G L 2 2 il v 243
1338 571 MRAUEFFIR, 2T rep-PCR 54043 %!
Fl groEL JEPIN Y, W20 %08 45 R KB
B4 (B. longum) 398 #k . R IEE XUEZ FF54 (B. bifidum)
115 ¥k . 5B BUEFTHE(B. adolescentis) 18 #k . 4
AR WU FF B (B. catenulatum) 31 Bk . f5/INEE BUE;
FF T (B. pseudocatenulatum) 6 # . 3l 99 SUE AT
(B. animalis subsp. lactis) 1 k. % XU T
(B. breve) 1 k. J& B XU FF I (B. merycicum)
1 bko o, 115 SRIECSUECFF R A 13 240G
PR LE . 15 SRR LE . 9 A
M B T 2F R LT . 17 24P BE o iRt L .
22 FEREHERZLER DNA 5445
Bl R

XF 115 BRPIECSUBC AT # #E47 BoxAIR F
M13 rep-PCR 540435, IR AT BETIE H AN [F]
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FTRECFRIM AR, BRI 2-3 MURT
PR, G5 RILIRTS 53 PRACRME bR TR 8RR 26
e WL 1 B, PTG LR R A G 1
MU AT R bR AR 538 7 . Hidr, AL DI
E B Bk 2ok AR5k JL#E, B, F I
G WMk T2k A4S /RIGILE, (B2 C
WS — MR A TR IR bR . [ — ARk
IR TR R B AT RE SR A S Rl — N . Ak, %
PR ISR A T groEL 3 [K )7 41| 7 GenBank %5 ¥
e AT R IR BT, 35 B S AR AL A s R
ST E R G R B A 2), ER B. bifidum
i) groEL FE[H L 16S rRNA JEK A # il itk
B RS AR AT ML X 3 JE N AH R A TR, (H
SERGKE R B RFN 2 RAR BN, RVITE
PR AT REPE
23 BREEFIIZHEMES T

WP 25 R, 7 MR R B 1 7 B
KN 498 (rplB)-1 057 (rpoB)Z fd] . fii i
DnaSP v5.1 #K/FX} 53 #k PR SUS A R 19 7 45
K (clpC. fusA. groEL. ileS, purF. rplB
A rpoB)E A T4, HLAFALHE R L GC & .
R ZAEE . dN/AS SR RN E 2,
T AR A A BB 2-12 )5 ileS 1Y
AN FERNEE R Z, N 1245 rplB AU R
B, 24 T RREREM GC Fah
62%—68%, WPkMEZEFEUN, RIX 7 PEENK
7 B. bifidum B9 HH AL R o DR A T 1Y
(SR I 120~ RS: ) ) s 7 N [T R i o R
W AN/AS B W7 A= e A B rp B R
ZEN B N Z R M ER, 7 A RE R
dN/dS fH7E 0.172 09 (fusA)-2.520 37 (clpC)Z
[E], fusA. ileSHl rplB ix 3 KA dN/dS 1l
INF 1, R ENTRZ AT R SO, fEdkfk
R ZZ RSk JIER; cpC.

groEL . purF il rpoB JE[H (1) dN/AS fH KT 1,
K ENMKZHATAER SO, A bt f
W2 Z R IEREIEH . BAFREAE@ER R
AT 410 18] 67 05 22 53 16 SF- 35 8050, R 0.018 04
(groEL)-0.077 93 (ileS)., Tajima’s D Gt it# i fig
5 DN A AL A A P R S A A b R B
R, RS2 BE SRR I E M . 4n 2R Tajima’s D
{E/NT 0, FEEIAGIN ) 3L R 32 3 4l Ak S FRAE T
MZERTF 0 WRHZ BN ZHAEREER, &
W RN 7 AN FEZRILR K Tajima’s D fEH/)
F o0, Rz aifbEErEm.

2.4 ST &BX9H

A BioNumerics v8.0 B AF AT #4505 7 1
ERIEHEWTH], LAfE G0 LB R . &
AN TR R 1) S5 7 BE DRV B Fe 0 Ty i e, TR LS5 r
FEREGE . 6 53 AR ERED 7 AN R B
HEAT TSR A, I SR B A Y
ME—Mok %2 ST,

&l 3 25 LR WIIX 53 PR BOBUE AT B T AR
4378 37 A4 ST AL, BB PIAS R L #E A
) PR b AU T TR 2R3 i o Horfr, ST-6 0y
5 B, ST-27 A1 4 M4rEtk, ST-7 M
ST-1 4% 3 MIrEbk, ST-11. ST-19. ST-22.
ST-26 1 ST-8 £ % 2 M43k, ST-1. ST-6 #
ST-22 HWp bRk A= e i, ST-7. ST-8.
ST-11, ST-19. ST-26 Hl ST-27 HHEFkIEIHK A
YT IR W WEFE R B, R B AN A4 14 B8 B 7
GIRIANTR], H kR B[R] —A 1A 0 TR Ak L PT B A 7E
ZASFEH AL, W ST-1 A ST-31 ¥k B F
YLHIB11. i bR AR 35 R I8 53 7 4
Mo FE 3. 4R T HIEMOK AREE O, R L.
5 ROk B4R . BRI R R —
R 1) BRI PR R 22 HLA ML W) 9 ROBR TR, A — 1Y)
T AR Sk
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Boxair Boxair MI13
0 50 100
| ENPESFEFPE S e |

YLHIB56-13  Kazakh Kindergarten
'YLH1B32-3 Kazakh Kindergarten
YLHIB57-19  Kazakh Kindergarten A
- YLHIBI1-21 Kazakh Kindergarten
- YLHIB32-23  Kazakh Kindergarten
YLWIB35-19  Uighur Kindergarten
- YLW2B8-23 Uighur Pupil
YLHI1B53-5 Kazakh Kindergarten
YLW2B2-18 Uighur Pupil
- YLH1B8-8 Kazakh Kindergarten ~
~ YLW2BI131-6  Uighur Pupil
YLWI1B30-6 Uighur Kindergarten
- YLH2B36-10  Kazakh Pupil
YLHI1B54-25 Kazakh Kindergarten > c
- YLW2B21-11  Uighur Pupil
- YLHIB43-20  Kazakh Kindergarten
YLH2B22-8 Kazakh Pupil
YLHIB53-23  Kazakh Kindergarten
- YLW2B52-27  Uighur Pupil J

"YLH2B51-10 ~ Kazakh Pupil
- YLH2B51-15  Kazakh Pupil
- YLHIBI1-24  Kazakh Kindergarten D
YLHIBI1-23 Kazakh Kindergarten
- YLHIBI11-25  Kazakh Kindergarten
~ YLW2B22-9  Uighur Pupil
~ YLH2B51-4 Kazakh Pupil
 YLH2B47-24  Kazakh Pupil
 YLW2B134-25 Uighur Pupil £

- YLH2B78-18  Kazakh Pupil
 YLW2B8-11  Uighur Pupil
YLH2B50-19  Kazakh Pupil
YLW2B134-6  Uighur Pupil
YLW2B2-12 Uighur Pupil
- YLH2B36-7 Kazakh Pupil
YLWI1B40-10  Uighur Kindergarten
- YLWIB40-29  Uighur Kindergarten
 YLWIBS5-14  Uighur Kindergarten > F
- YLH2B84-9 Kazakh Pupil
gl | ‘. YLWIB28-24  Uighur Kindergarten
- YLWIB35-17  Uighur Kindergarten
YLW1B28-8 Uighur Kindergarten
YLWI1B43-15  Uighur Kindergarten
- YLW2B5-4 Uighur Pupil J
. YLH2B36-24  Kazakh Pupil R
YLWI1B28-5 Uighur Kindergarten

=4

T AT

~ YLWIB28-6  Uighur Kindergarten
- YLWIB35-5 Uighur Kindergarten
i ~ YLH2B76-5 Kazakh Pupil > G
 YLW2BI144-8  Uighur Pupil

YLH2B51-21  Kazakh Pupil
YLW2B1-19 Uighur Pupil
~ YLW2B8-10 Uighur Pupil
- YLH2B46-7 Kazakh Pupil 4

[iliE

El 1 £T Boxair #1 M13 5149%f 53 ¥RR I R AT E R R M E 4K rep-PCR B D BB L SR
Figure 1 rep-PCR fingerprint typing cluster analysis of 53 representative Bifidobacterium bifidum strains
based on Boxair and M13 primers.
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YLHI1B32-3 (OR188251)
YLH2B36-10 (OR188252)
YLW2B8-23 (OR188250)
0.050 YLW2B5-4 (OR188249)
YLH2B36-7 (OR188287)
YLH2B36-24 (OR188286)
YLW2B134-6 (OR188284)
YLW2B134-25 (OR188283)
YLW2B131-6 (OR188282)
YLW2B52-27 (OR188281)
YLW2BS8-11 (OR188279)
YLW2B8-10 (OR188278)
YLWI1B55-14 (OR188277)
YLH2B47-24 (OR188270)
YLH2B78-18 (OR188269)
YLHIB54-25 (OR188266)
YLHIB56-13 (OR188265)
YLHIB53-5 (OR188264)
YLH2B76-5 (OR188246)
YLHIB57-19 (OR188263)
YLHIB53-23 (OR188262)
YLH1B43-20 (OR188261)
YLHI1B32-23 (OR188260)
YLHIBI11-25 (OR188259)
YLHIBI11-23 (OR188257)
YLHIBI11-21 (OR188256)
YLW2B22-9 (OR188254)
YLH2B50-19 (OR188245)
Bifidobacterium bifidum PRL2010" (CP001840)
" Bifidobacterium bifidum JCM7004T (AP018131)
Bifidobacterium bifidum CFR96b" (KY629959)
YLHIBS8-8 (OR188255)
YLWI1B28-6 (OR188272)
YLW2B21-11 (OR188280)
YLWI1B28-8 (OR188248)
YLW1B28-5 (OR188291)
YLW1B43-15 (OR188295)
YLW2B2-12 (OR188297)
YLW2B2-18 (OR188253)
YLH2B51-21 (OR188247)
YLW1B40-29 (OR188276)
YLW2B144-8 (OR188285)
YLW1B30-6 (OR188292)
YLH2B22-8 (OR188267)
YLH2B51-4 (OR188268)
YLH2B84-9 (OR188271)
YLW1B28-24 (OR188273)
YLWI1B35-5 (OR188274)
YLWI1B35-17 (OR188275)
YLH2B51-15 (OR188290)
YLW1B35-19 (OR188293)
YLW2B1-19 (OR188296)
Bifidobacterium longum subsp. longum R0175" (HM009034)
Bifidobacterium animals subsp. lactis CICC 6174" (MF405270)
Nocardia farcinica ATCC 3318" (AY766191)

2 ET groEL EEFIIAEREFERFLEN iS5 NF5 N GenBank H3x5; HTHER
J& R FRREXTER ARG EAR (TR B 0.050 FRRAZTTBRINEE 22 5 0 5%
Figure 2 Phylogenetic tree of Bifidobacterium bifidum strains based on groEL gene sequences. The serial

number in parentheses is the GenBank login number; The name of the model strain used to identify species
affiliation is indicated by superscript (T); Scale 0.050 indicates a nucleotide base difference of 5%.
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Table 2 Diversity of seven house-keeping gene sequences used for MLST analysis

Gene  Polymorphic sites Number of alleles GC dN/dS Tajima’s D-value = phi-test

clpC 77 6 64.7 2.520 37 0.261 22 0.029 22 0.458 90
fusA 107 9 62.4 0.172 09 —1.825 00 0.067 52 0.061 87
groEL 39 4 68.4 6.852 41 —1.950 31 0.01804  0.590 10
iles 119 12 62.5 0.99575  —1.680 69 0.077 93 0.258 30
purF 98 7 63.8 1.48989  —1.87562 0.04120  0.000 29
rplIB 46 2 66.5 0.32199  —0.206 20 0.032 19 1.000 00
rpoB 20 9 64.0 1.428 65  —2.447 10 0.04449  0.000 06

25 ETSTsHRERHLRE

i goeBURST # it — A i SCHA A
S50 e T R i ) B B DDA G IR TR AR o S SR ]
Pl i A AL 7D T o o a4 o A ) 19 e B A2 6 AR
(CCs), A5k = a5 2 4> STs Alg L
— A TEkEE A WK 4 R, 53 Bk B. bifidum
[ 37 4~ ST B X434 7 4> CC Al 4 b el
(singleton), H:iP 7 4~ CC 045 49 Rk, &
IRREAY 92.45%. CC2 3L 15 #Rid, Rl4rHk 8 4~
ANFR ST &Y, (5 SR MRE 28.30%, ML
TERERE AR, CCL, CC4 I ERIIE A 4i 5
JRIEILE, 1 CC6. CCT YRk [ M =
oL
2.6 A~ [E) R ik A 05 W AT B MK BY BE 3
vkl

¥ 7 AFEEELH A1) B 1 0 3 4 R
KRR B ER G KBRS HT 53 BRI
XL FT T B8 A A DG o b 53 ok 9 5 XU A 7
Q53 ST &L, afidsrk 4 MER, WK s
i, & REAEMNTI 2R, SR 1. 4
HE ARG KR ok A 4E BRI LE, 3R 2. 3
HA B R DR A A B e I LR o Ef BT S R 24
N TS I Y RO AR OCTE R o axX s 2k B R B
i T SR 5 P R B BB AT TR AT — A Y B R
S

{8 F BioNumeris 1 15 #4 8 37 4~ ST ) fi

ANAE BRI ST -5 S [) B ik 43 285 2R T =2 (1)
(5. R 6 Fitn, 53 AN BB AT B 20 2
7R s B e B 0 o A < [ RN S Gl S 3
FYEIREILERIER) ST AL, (€ 7 FE 8RR
TR LE B Y ST B, E L — AT
Z (clone complex, CO)Z/L&H 2 4~ ST

Iy A FEAFER ARG R R, 4>
X B MTERIE AR SR s A EE 34
TEREE AT 16 4> ST &Y, L7890 T 22 WU,
FPo, FEORA4EE/RIEILE. 77X BEA 2N
TEREE A AT 114 ST &Y, 4055 14 AR BUSEFF i
4332 B INEFEARSR A 4B /R iEILE . 432 C N
A 1A TR AR 16 4 ST AL, AU 45 19 FRAL
BFFE . X 53T goeBURST 5 8k 1 /0 Mg
B, A R IA R IR 4 B R
BRI BRI SR A B R R,
EMNEER B, K A A — B 6 5 BB FF 14
B PR 1) T R —S, R AR 43 S e T
IS RSCISE AT B %o A [i) ERS  i = F A ad oy  o
2.7 BxREREHLSH

20 T 1) e R RN T 3 R 4l 2 R AR R
JE, M2 T bR SR 22 57 . RIUEE A
ST R IVEHE PR AT A R Z R 2 S,
FHBE 2453 43 T RE AT L1k HbuAG ) 4 3 2 22 5
IEHM G ERFRENZRINRER ., T iE—
PR E AU R R, X P ik AU A TR 1)
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clpC  fusa  groel iles  purf rplb  rpob
4 41 1 32 15 4 7 YLWIB28-6  ST-7 Uighur
—‘ 4 41 1 32 15 4 7 YLWIB28-8 ST-7 Uighur
4 41 1 32 15 4 7  YLWIB43-15 ST-7 Uighur
— 4 39 1 51 15 4 7  YLWIB28-5 ST-16 Uighur
4 16 1 37 11 4 7  YLHIB43-20 ST-10 Kazakh
4 16 1 11 15 4 10 YLW2B134-25 ST-19  Uighur
4 16 1 11 15 4 10 YLW2BI134-6 ST-19 Uighur
7 7 1 11 15 4 10 YLW2B22-9  ST-28  Uighur
11 11 1 32 13 4 7  YLW2B2-12  ST4 Uighur
11 6 1 10 13 4 7  YLW2B2-18 ST-5 Uighur
4 11 1 10 16 4 7  YLH2B76-5 ST-14  Kazakh
4 11 1 9 13 4 7  YLW2B2I1-11 ST-20 Uighur
11 11 1 15 11 4 7  YLHIB57-19 ST-2 Kazakh
11 41 1 15 4 4 7  YLH2B78-18 ST-3 Kazakh
6 16 1 15 13 4 6  YLHIB53-23 ST-22  Kazakh
6 16 1 15 13 4 6  YLHIB53-5 ST-22  Kazakh
6 16 1 37 13 4 6  YLH2B50-19 ST-24 Kazakh
4 16 1 15 13 4 6  YLW2BS52-27 ST-21  Uighur
—— 6 27 1 5 13 4 27 YLH2B47-24 ST-23  Kazakh
4 41 2 15 13 4 7  YLWIB35-17 ST-8 Uighur
4 41 2 15 13 4 7  YLWIB35-19 ST-8 Uighur
4 41 2 33 13 4 27 YLWIB35-5 ST-17  Uighur
4 41 1 15 13 4 9 YLHIB32-23 ST-6 Kazakh
4 41 1 15 13 4 9 YLHIB54-25 ST-6 Kazakh
4 41 1 15 13 4 9 YLHIB56-13 ST-6 Kazakh
4 41 1 15 13 4 9  YLH2B51-10 ST-6 Kazakh
N 4 41 1 15 13 4 9  YLH2B51-15 ST-6 Kazakh
4 41 1 33 13 4 9  YLHI1B32-3 ST-9 Kazakh
7 6 1 15 11 4 10 YLWIB40-10 ST-26 Uighur
7 6 1 15 11 4 10 YLWIB40-29 ST-26 Uighur
7 6 1 37 4 4 10 YLWIB30-6 ST-25 Uighur
7 6 1 9 13 4 10 YLWIBS55-14 ST-27  Uighur
7 6 1 9 13 4 10 YLW2BI144-8 ST-27 Uighur
7 6 1 9 13 4 10 YLW2BS8-10  ST-27  Uighur
7 6 1 9 13 4 10 YLW2BS8-23  ST-27  Uighur
] 7 6 1 32 13 4 10  YLW2BS-11 ST-29  Uighur
4 6 1 37 13 4 10 YLW2BI31-6 ST-11  Uighur
4 6 1 37 13 4 10 YLW2B5-4 ST-11  Uighur
4 6 1 5 13 4 10 YLHI1BS8-8 ST-35  Kazakh
11 16 1 9 13 4 10 YLHIB11-21  ST-1 Kazakh
4| 11 16 1 9 13 4 10 YLHIB11-23  ST-1 Kazakh
11 16 1 9 13 4 10 YLHIB11-25 ST-1 Kazakh
4 6 2 38 13 4 10 YLWIB28-24 ST-15 Uighur
I|: 4 7 2 15 11 4 7 YLH2B22-8 ST-12  Kazakh
4 11 2 37 11 4 27  YLH2B51-4 ST-13  Kazakh
17 26 2 37 32 9 22 YLH2B84-9 ST-34  Kazakh
19 27 6 37 28 9 27 YLH2B46-7 ST-37  Kazakh
19 27 1 37 28 9 27 YLH2B51-21 ST-33  Kazakh
17 27 1 37 28 9 21 YLH2B36-24 ST-32  Kazakh
17 30 5 32 28 9 23  YLHIBI11-24 ST-31 Kazakh

B3 ET MLST XA EEKRE ST XI5 & H 5 RIFEANEBR XK
Figure 3 ST of 53 representative Bifidobacterium bifidum strains based on MLST and its
isolation source populations as shown in an UPGMA dendrogram.
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4 ET goeBURST B[ 37 4 ST iE R

CCl ® Kazakh

B Uygur

ST-5 ST-3

ST-4 ST-2 CcC3

ST-20 ST-14

ST-31
CCo

= ST-18

BB R ETT PARE —A> ST, R B I7 By R/

FonZ ST PIRMREIEZ /0. SLOIRRFOR BRI 0 8 RIBOR I, BIE SRR e v, IrieRondit

IR TR

Figure 4 Clonal complex analysis of 37 STs based on goeBURST algorithm. Each solid circle or square
represents an ST, and the size of the circle or square indicates the number of strains in that ST. The solid
shape indicates the isolated ethnic origin of the strain, the circle represents the Kazak ethnic group, and the

square indicates the Uyghur ethnic group.

SERHEAT T 4% 53T . 8] SplitTree v4.0 #Rff:
Y RIRIEE T 7 AR IL K BB B S A
SYHTEL, ZERULE 7 A 8. TEAWBRIH, Fr
A LR EREA B B AP AT IR 54, X
S R 7R R Al o R e 22 3] T 3 R 2 A RS

AN, T SplitTree v4.0 14 phi-test 43 5465
T IR EREG KA TEAFHNG. 4518
N, KT ANRERIEE R AEFEAEN P ER
0.000 068 08 (rpoB)—1 (rpIB)Z[a], 7 JLK#f
FEEMBEEMEARSE, XHEHEREHR—
B 7 ANFEE B HBT 5 s 1B R IR 2

Fy, RO phi K378 7 A A A T H A
F1F,

3 W54 #®

HAEr, XTEZEYSHMAEMEERRY
A BN AT ECE SN TR A0 A T
JE 1 32 S AR N AP A ol A W 3L [ g R A 3 A
YyhefA (holobiont), e FAEN— R HIT
B SARTIAATE . A T REAR A A& A g 18 2 AN
IR ) A ) A TR B AR R 0™ A Y A
AE AL R B Y S DT P (high partner fidelity) 4"
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Figure 5 Maximum likelihood phylogenetic tree obtained from the concatenated nucleotide sequence of 37 ST
types. The solid square indicates the isolated ethnic origin of the strain, white indicates Kazak and black
indicates Uyghur. Roman letters represent the genotype of the strains.
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ST-16

ST-13
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o Kazakh
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ST-34
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Figure 6 Minimum-spanning tree analysis of 53 Bifidobacterium bifidum strains based on MLST. Each dot
represents an ST, and the size of the circle indicates the number of strains in that ST. The color of the circle
indicates the isolated ethnic origin of the strain, white indicates Kazak, black indicates Uyghur, and A, B and

C indicate three branches.

RETE A, XSt ARk b 2B A (symbiont)!
MAER 2R E , AR 43 g 18 T R
T i34 T RE A holobiont, WF5TIN g Ak
B A P S s AR T — R T DL IR AR
o, JUHE AL L) i L 3R A
B A3 W R AR AR ok A BESE A TR R AR R 58 4
) DR ARl ek DR AU TR, 2 A48 DUBEFF 14
PIFFIE AT BT AKK SS90 R RAE gl —1X;
A R AR R,

WF5E & B B. bifidum fiz ly & & AR E &

PEFI LS A TS R m B R E R B A
W, T AR N KRk R AR SR I g T AR
Z2U0 0 H R 5K OBUE AT B L U T 7 45 [
JE AN W] BEAFAE S #7228 HAE FH (cross-feeding), &
PR AA T A A A B A, AR PTREFN AKK TN
REMBRZ MR IR B MR,
PRI, AR RSO 58 BE R 15, B. bifidum Bl 2
— R B )R B B 4l L G R A R AN
(specialist), HA B A SAE N M. HETZE
AR T8 H A R B SUE AT TR 20 12 S Fp
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$-groEL 7-groEL  3-groEL iz

0.01 8-clpC I 2-¢lpC 4-¢lpC
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21-rpoB ! ]37/“,&4 . 22-ileS 21-ileS 15-ile§ ,, .
C 235008 "N\ 14-rpoB 1 1-rpoB 15-fis | 8 20-fuusA VomileSy_l4-ileS 24-leS o o
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% 14-fusA % 10-fusA 19-fusA 20-ileS .
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iSiapolt PO O_fusd Tusd T
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Svpalt T-rpoB 6-fusAd ™ 4-fiusA (O bileS g.iles
TPOB R 6.ypoB 5-fusA 11-ileS
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8-purf’ R
L1-purf 9-purk 18 purft
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Figure 7 Split decomposition analysis of Bifidobacterium bifidum based on alleles of seven house-keeping
genes. A: groEL gene. B: clpC gene. C: rpoB gene. D: fusA gene. E: ileSgene. F: purF gene. G: rplB gene.
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Figure 8 Split decomposition analysis of Bifidobacterium bifidum based on concatenated allele sequences of

seven house-keeping genes.

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



B T2 AR H 0 RO R s T A ) L3

i3 195 5 XU AT 1 (Bifi dobacter ium bifidum)B£4£. .. 5501

SR, 76 0E 8™ fg B Y B FLIR 57 B2 L 1B
W, B. bifidum, B. longum subsp. infantis 7
B. breve ML #Fl, # SR <R LAY BUEC AT 7
(infant-type HRB). 7ERAELAGIEY, HEF
Hi A7 Y A SUEFF B K I F (B, longum subsp.
longum) . 7 & WU FF 4 (B. adolescentis)%s, fii
B. bifidum S EEARME , A B AFEREA 2 R
RE) 30%5Y, AT, fpiE m R AL
Sk )L, B. bifidum A4 B FL R 38.80%.
4R Z A SCERIGE , TEAS RSB A, &
FOBUB AT BT 1Y 53 B S8 AR B 22 AR K, AR
SRS, MHASRE . B R P,
B. bifidum 3= 477 T W W AT A9 2 4 LIz iE
DIREZLEEME A RRIR . BBIR, Wi B 2R
K% ANREACH AL g 18 B R R B 28,
PRT I 2 N Ak 1 i B /b, AT RE AN
3 AR A 7 18 R B2 B B AR AL R T4
FF B 40y L5 0 g TR A Y- A R G i R 2 b
#ad 5 B. longum 25 % £ 7L 5 B (human milk
oligosaccharide, HMO) . SMEZ W5 E F 48 H.
YER- AR TR . NAAREG A B &
Y R LS A R 2 A R I RE D
Pk, B. bifidum U AYAfReMEdeE TS i 18
R Z IR naE Mk, AR AT AR5 R ARt L
ARG, H BTGRP E N EAELL,

iR L A B R R
RUEM A B E T ER AL HLE, A [F]
Sy R N LB L S 2H AR 2 A (H i
B4 % E B £ 35 200 Fh LA )P, 1k A 2
b KRG T R R A B i . AR
B, T T B. longum 5 AATE T A E Y%
Fo RATRETE MR AR Bt fe b, T Hb B
e AR, RO B Py AR A RUBAT TR R AR
BHE A5 AE E Ry EEA, RV RS L 45
g 52 AN () R R A A R P e S

TEABFFEH, 20 B0 B. bifidum FE kK B 5
PP T A R (L B R AR BE i, A
SR b RN F5 A0 B B, AR D i) 2E 8 L E s
B, FATE L 287 8 5 B (MLST) 40 A 1
B. bifidum 4325 &k (1l 25 44 AN [R) 1 B of D
ZIRR . 53 A HARFEN S ERY 5N
37 A ST, HZFMEN 69.81%, Wi R il
e retE. BRI, 345 PR DU AR &
ANy B kR R 2K 35 A ST B, ZHEEN
10.14%%1, Makino Z¢1*' 43U 1y A8 B 25 2648 Al
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