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R G EAME R ABREMNNSATE S 14

At FR) IEE TIER BN sz TAK EaeaK
WE R R2: L AEHE AR S TRAFME S L E RO H S TESLEE NEH
FEAIERE 010018

B E: IHF] ARMEOARLAIAARGE S RREMEARREA X, JLBREFVATH BT
Pl R B H, ERRIABHE Y ) ZHMRLAE. [8 6] EFKF Lo K & RABH
BB P ILRAAVSEATH G SN, [Fx] v 27 LEEREREBRF AT, LF 14 2%
AFYEAZRE, 13 2RAXTE. ARRMIUBREAREAAH G R MI DY S5 PacBio SMRT
ZARMFFEARALE S, AR LR ERH WE P IR A A XBATH 69 F E A A B A, Srit—
FoprEA . BMI (Body mass index){EAnu ikt Lik B =T 469 % mm, WABAR Y B AT 18] 6948 K.

[ R]Y EAT e R L, 27 2 SR A A& ¥ LS T E) 68 NILBEA A2 LW ASRBATH, ¥ -F3948
A& 1% L ILBREA A 84, @iEER st Ik (Sreptococcus salivarius, 36.41%). J& § FLERAT A
(Lactobacillus ruminis, 17.94%). #& X, 3L4F & (Lactobacillus delbrueckii , 3.11%) . ¥ X $L4F i (Lactobacillus
rogosae, 2.23%). %! 44 3K ) (Sreptococcus mitis, 2.18%). A i& FLAF i (Lactobacillus vaginalis, 2.02%).
7 KFUATH (Weissdlla confusa,  1.54%) A= R, 2=4% $L4F H (Lactobacillus rhamnosus, 1.09%); SUEAFE A
54, @3FFH AR EATH (Bifidobacterium adolescentis, 39.88%). % kAT (Bifidobacterium longum,
27.15%). 4E4K AT (Bifidobacterium catenulatum, 26.30%). 3k S AT H (B. bifidum, 3.92%)4= A
% AT # (Bifidobacterium angulatum, 1.71%), RE ST AR REATF A Ao F AR EH 2 /> 254
KB, pHERE T HAl. BMIAFMIR RELEZ 0 ERF MHE TR A EATH B AL
#)(P>0.05), {25 WAttt ], & E KR EEHEFsh 5+ E &R 0945 FLERH B AT AR 4
BHERFE EF(P<0.05). 2§ 6948 H FUELE Ao WHAT B 24T Spearman A8 X AT R I, JLERHE
o RHAT B AR E AR KA A E, KRR AATEARERRAR, HEARGERA X, [E#r] &
KA PacBio SMRT M F- AR AT 49 K-F 4B 7 T MR K F kAl F JLBR B Fo SUEAT A A AT 5 A1,
H A K L REATIAE o FLBR ) Ao AT B S MR T I AR B L4677 K
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Diversity of lactic acid bacteria and Bifidobacterium in the intestine
of healthy Mongolians

BAI Mei HOU Qiang-Chuan SUN Zhi-Hong WANG Ji-Cheng GUO Shuai
HAN Zhi-Hao WANG Yue-Jiao Menghe Bilige

Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education; Key Laboratory of
Dairy Products Processing, Ministry of Agriculture and Rural Affairs; Inner Mongolia Agricultural University,
Huhhot, Inner Mongolia 010018, China

Abstract: [Background] Intestinal flora performs a crucial role in human health and its imbalance may
cause numerous pathological changes. Lactobacillus and Bifidobacterium are the main beneficial bacteria,
which to some extent reflect the health status of the intestinal tract. However, the community structure of
intestinal flora was different in different populations. [Objective] To analyze the diversity of lactic acid
bacteria (LAB) and Bifidobacterium in the intestine of healthy Mongolians at the species level. [M ethods]
We studied the abundance and diversity of LAB and Bifidobacterium in 27 healthy Mongolians from Inner
Mongolia Autonomous Region of China and Mongolia by using laboratory-designed LAB primers and
Bifidobacterium-specific primers. This work also aimed to discuss the influence of gender, body mass index
(BMI) and location on the quantities of these two bacterial groups, and to analyze the correlation between
dominant strain. [Results] At the species level, a total of 68 LAB species and 11 Bifidobacterium species
were detected in the intestine of 27 healthy Mongolians. Among them, eight LAB species were the most
abundant species with relative abundances >1.0%, including Sreptococcus salivarius (36.41%), Lactobacillus
ruminis (17.94%), Lactobacillus delbrueckii (3.11%), Lactobacillus rogosae (2.23%), Sreptococcus mitis
(2.18%), Lactobacillus vaginalis (2.02%), Weissella confuse (1.54%) and Lactobacillus rhamnosus (1.09%).
Meanwhile, Bifidobacterium adolescentis (39.88%), Bifidobacterium longum (27.15%), Bifidobacterium
catenulatum (26.30%), Bifidobacterium bifidum (3.92%) and Bifidobacterium angulatum (1.71%) were the
most abundant Bifidobacterium species with relative abundances>1.0%, and volunteers can be divided into
two different groups (B. catenulatum group and B. adolescentis group) according to the composition of
bifidobacteria by the cluster analysis. The results showed that the community structure of LAB and
Bifidobacterium has no significantly correlation with gender, BMI value and region, and the community
structure of LAB aso no significantly correlation with BMI value, but there are significant differencesin the
relative abundances of several LAB species between men and women, between in Inner Mongolia and the
Mongolian volunteers (P<0.05). This study also found significant correlations between dominant LAB and
Bifidobacterium, and the correlation between different species was different and related to specific strains.
[Conclusion] This is the first report on the use of PacBio SMRT sequencing technology to evaluate the
diversity of lactic acid bacteria (LAB) and Bifidobacterium in the intestine of healthy Mongolians at the
species level. Based on these data of intestina flora, it is beneficial to achieve targeted regulation of
intestinal flora and accurate medical treatment. In addition, our study could serve as good reference for other
studies on the diversity of LAB and Bifidobacteriumin the intestinal tract at the species level.

Keywords: Gut microbiota, Lactic acid bacteria, Bifidobacterium, Specific primers, Single-molecule
real-time sequencing technology (SMRT)

HALER - D AR SN A28 R Rl FEIEHEOL T, Wi B r i pe sh 257
Gt, WmiE AT ACE A YT AL RSO R R, AERN 2 SEAEILOE (BN E
HEEMEN, B, iU LI ), SeI g 5, SR E R

{FRROIS 2 070, HRER AR SRR IR S 2R 2o R E AR R,

P, B L AR R Tt AR R B NI TE R — N 2RI S RS, 1
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ENRAIEE T KREHE T 10 AT, A RERE ] ]
(Firmicutes) . #1#T &1 ] (Bacteroidetes) . A5 7 [)
(Proteobacteria , i A W N I ) . A T
(Actinobacteria) Fl J£ i & ] (Verrucomicrobia)
T, HAeSAMIIRME SRR OM, 7mk
(Lactic acid bacteria, LAB) Fil 3 I #F
(Bifidobacterium) & I 8 N 1A #5 AE Y, BA K
X5 AR AE B WP AR,
V18 TR A B A BSCER A — R b B T i 2
HERZSE . BF7E WA R R 108 B R RV 2 W A
TEM K5, Yatsunenko 25134 TEEAR ., &
P NFNZ N B R INER S N 3SR AR
EMAEYRE, RI 2 A0 ANRER 7 18 RS
FITEARRAREE EANIE T8 7 A, 2014 4, ASEH:
SR AR T EEBERRIN PHoR 73Hr T i 9 M4
DU . G . R SR . dEEORIE . H
RRNSE R — 3 7 AR 314 1 (R S 20 1
A, BRess RN R . ARE A S
T 2N R — RO A3 &8 HA A (0 T A
R RS2 Y DU Y SRR, A s R R B R
K-

B F S (Single molecule real  time
sequencing, SMRT)HZARJE 2013 36 [E AV EAY)
A\ W] (Pacific Biosciences, PacBio)#fi Hi 57 5
DNA MNP, HA A I R T U A5 3
PAFHEAR T A Y FOKEA R, HIF RS
W, s, BAREIEE, RERSTERT S
B s O XS AE S DL . PacBio SMRT
P HOR C N FTEAR G2 K T 1 s A ) 22 RV O3 A
AR N 18 TR BS54 20 BT 55 5 1] . Yang S5 1
WA 7 EPRE NS Eh K 4H R Y 24
PEFIRETS 25408 Kumari 2% ] PacBio SMRT
DU ARG I T A 38 v 7E 1 45 2R AT I
A

ARSIy 2 A BN X 52 T i TE TR AR AR AS
Wit T AR 16S rRNA JE AR SVEY 554

LsUO L5 AT TR AR, ZERKOE e L
BRI AT 2, A BT ot B 2R A LR A
ZREPE RS, ASBIESE [RII  T OB B B R
P51, TEMIERE LD 27 #42% A NS RISE
T E AR S AR A A &, SR FLIR
AU AT R AR RS [ 15 5 PacBio SMRT il
FPHORAASE G, B IRTERN B 7K A 1 4
R 552 1t T N T A 0 AL P 2L R T R R TR 1)
REVR Sl S e 26, Ml il vh — 38 YRR
B P, T M i 3 R AR B AR TS B
Tt 25 TR/ S B 4 2 45 1 005 0 1) 914 i 1 TR
B, ATXREE PR BNGT SCEE R, DU AC
IREHERRYT o
1 MRS HE%
11 #RFRF
111 KRITEEEERHEREE

R ILIEE T 27 A{dRESE R I EH A 2L
e, AR 14 2k B P EN S 13 4 HRTZEN
SR K 2E B 2 A S R R, RIEE
BERR 1o I SIS PR A Re S s X e N 4y
WK L BE PR B AAT AT ) B i, HAE
SEHGHTAY 6 N H WA IRt A R4 . 5%
BE TSR R =R, AR S
TR R A
112 FERFIFLEE

Tag DNA R4, ANTP mix, 10xEasy Taq
buffer 5 PCR {ARIN, KiEFAEY TEARL
Hl; MO BIO Power Feca® DNA Isolation Kit, Mo
Bio v Fl; BXTBE Z& ik (NaoEDTA-2H,0 372 g.
Trisfii 540 g. Mif% 2759, EAZE 1L, pH 8.0), K
HIEEAL A 28 w5 a5 (DNA/Polymerase
Bingding Kit P6 V2). SMRT &% iR & (Pacific
Biosciences SMRT bell TM Template Prep Kit 1.0), K
EPEEMIR AT

MFFE-4, Pedfic Biosdences 2375 PCR 1Y,
Applied Biosystems /v w]; {525,
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x1 FEEER
Tablel Theinformation of volunteers

e G5 JTTES PER () B (NN BMI &
No. Sample No. Location Gender Age Height (cm) Weight (kg) BMI
1 MO1 IM M 22 178 65.0 20.5
2 M02 IM F 21 170 57.0 19.7
S M04 IM F 22 155 47.0 19.6
4 MO05 IM F 22 163.5 51.0 191
5 M06 IM F 21 165 59.0 21.7
6 MO7 IM M 22 169 90.0 315
7 M08 IM M 22 175 82.0 26.8
8 M09 IM M 22 169 75.0 26.3
9 M10 IM M 21 178 60.0 18.9
10 M11 IM M 22 170 82.5 28.5
11 M12 IM M 21 174 66.0 21.8
12 M14 IM M 22 177 66.0 21.1
13 M17 IM F 20 160 53.0 20.7
14 M20 IM F 22 158 62.0 24.8
15 M23 MNG F 29 163 63.0 23.7
16 M24 MNG F 32 157 58.0 235
17 M25 MNG M 38 172 87.0 27.8
18 M27 MNG M 25 181 76.0 23.2
19 M28 MNG F 28 150 50.0 22.2
20 M29 MNG F 26 166 66.0 24.0
21 M30 MNG F 32 160 60.0 234
22 M31 MNG F 28 156 75.0 30.8
23 M32 MNG M 30 165 76.0 27.9
24 M33 MNG F 28 158 63.0 25.2
25 M34 MNG F 27 170 63.0 21.8
26 M36 MNG M 24 176 74.0 239
27 M37 MNG M 31 175 85.0 27.8

T IM: WSEE; MNG: S8l F otk M. ik
Note: IM: Inner Mongolia; MNG: Mongolia; F: Femae; M: Male.

FEER KR AN F]; UPY BERUG T RS, Ll
FEEAD AL E A E . EE R R E DL, Eppendorf
ol BIRE T E R, Invitrogen 24w .
12 Ak
121 HEEE

P IR E YRS — AR T, RS
RAE TAEMEEE N NG LR = 3R
TR, REL 15 g HrEFZEre s s 7 Bim
A 15 mL BRI, g5 a5 BB TR R TER UR T

Rz [0 5296 2 A7 T80 °C UKAE, LIRS e 4ksk
122 HmMAEEEEYE DNA 125

FESL IR 0.3 g, R Power Fecal®
DNA Isolation Kit i #4F if HH 24 7 22 5K 2 DNA,
PRAEH B BRI T . RIS DNA FES
T 2ot 1.0%3 R HEE A FEL UK RN 55 40 3ok
JETIHR IR HSE 4 | 4l LA, DNA FERAF
T80 °C vk H .
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123 FEREMIEHEMEREBR BT 1S,
BERNF

FLER BT 16S rRNA SR FEREY HIE M54 -
5-GCTCAGGAYGAACGCYGG-3'; 2 [i] 5| ¥ -
5'-CACCGCTACACATGRADTTC-3M% %Lk #F 4
By e 514 . 5-GGTAAGAGTCGGACG
CTGTGCAATAA-3'; JzIm51¥): 5-GAAAGAAGA
AGGCCACCAAGTAA-3'. JIrA 514 w45 in— B
1 16 AR AIPRZE (Barcode), T X 43 [A]
— SCIE N TR b o LR IO 40 TR 2 3k TR 4]
DNA 1E Rt , F_FiRs1Pdtts Hiw R By 3,
B A X LR A BRI . PCR WA
%: KAPA HiFi HotStart Ready Mix 25 uL, iF. /2
5147(10 pmol/L)% 1.2 uL, #kk DNA 1.5 pL,
ddH,O 21.1 pL, PCR i g&f4: 95 °C 1 min 30 s;
95°C30s, 60°C40s, 72°C1min, 28 XEH;
72°C7min, 4°C %41},

1 i 7E Applied Biosystems PCR {XH ik
17, PCR V=M 2% N8 WHEE I B ik ARG A5 A%
JEEFET-20 °C UkFfTP . &MY PCR ™4
Zulifk f5 % IR A, A Pacific Biosciences SMRT
bell TM Template Prep Kit 1.0 ##: S0, HE A
R S UL AL IR T o F AT A ST il 7 5|
YIRS 8 F] PacBio RS A% FALINFE
124 SREFFIEIRZE

i i1 SMRT® Anaysis Server V2.3.0 Y
RS ReadsOfinsert.1 i fXt i e 4ok 7 i dss, #l
FRIA I BT 451 (1) 4 A R B &2 I i 5k
>5; (2) EMAJFHIKE R 650 bp; (3) Ky
G EE S 850 bp; (4) fe/NIUAS I Bl 90%., AU
AT B B S5 52 0 3G R Be R BE R sg i, R IHORs
/N B B R R AR B B 43 i &
>k 600 bp #1800 bp, HAhmids 25 FF o FFE 0L
FRUER P50 SO R R P8, AT —H A
WG B2 .

HRPEFRIC A Barcode #4541y 514 43 B4
i, SRJE 4 Barcode M5 #1751, {#F QIIME

-5 (VL7000 = T A R AR AR B AT

FLERTE 73t F 2P TR

(1) PyNAST #eHEFRE P 514k, 12 100%4H {2
PET #E4T Uclust 1H3F, 7 JCE S 1) 16S rRNA JE
R eRKp o4, b5 BT S AR AL S 2 #4E
2 i1 (Operational taxonomic unit, OTU),

(2) Biffl Usearch (V6.L)M™HGilJE T & 1A
FIK) OTU J#51), FF7E QUME V-5 F £BR.

(3) Xi& OTU RN ¥ 51435 ] Greengenes
(V13.8). RDP (V1L1.5)F0 Silva (V128)%di i 71
XF, AR NTRIEIARE G 3 N EUIE I T RS RO R &
i & OTU TERRLE R . JE T OTU tableit &4
v R AR R R A 2H 8

(4) fHiJH FastTree (V2.1.3)" #4315 3k F
OTU IR HNM AR

(5) A FEAI 7 5 B4 6 AP BR (4) A2 Bl
() A6 B 3 47 T i AL (Welghted) F1ElE i AL
(Unweighted) UniFrac i 85 i) £ A bRt

(6) LABTA b Ho e f B AR A 0 oty
L, TR A AR AR 3 A 45 % (Shannon-Wiener
index). AR 15%(Simpsonindex). Chaol 5%k F
RILPFhER % (Observed species), FTiTAh
BHEAR o ZFEME.

MUBFF IR 5 2R W A b D IR E 2 7o
JF 40 He X Bcds E R [A] . RUB AR RT3 09 H 89 R B
Sy orpskK LA, SR TR B 2 Ry A BB T T e
FERHIRICE 9 Bk a5 2, HA P 3RS 2L
AR LT R AR R
125 #HiEaE

R Wilcoxon BAIKES: . Kruskal-Wallis
ZHR I LR N Z A FE L E] o 2RSS R
H LefSe (Linear discriminant andlysis effect size)s#r
LU B AN [ 43 18] 7 22 S R AR 0 32 A b 4 A
(Principal coordinate analysis, PCoA)ix—IEZ)mifE
AIHEF XA S A ABOC I DR SR . BT RiG
Fvegan LY Anosim BRBGHAT £ 00T 254007
(Permutational multivariate analysis of variance,
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Permanova), 15 AN ] 44 % 7 S 1) TR RS )
BRI i psych” £ H ) “ corr.test” PR IET A
) T J@ A A ) Y Spearman AHSEMEMT, I
“gplots” G LA & i T8 X BAH G 25 51 . fH
“ggplot2” X QUME J3#ri52 iY Ji 4h Bt 4 7 ]
ALALHE
126 #ZEEF5IEIZS

SEE AT RAS I P AR 2 EAEE] MG-RAST
B e % (http://metagenomics.anl.gov/) , & 5t 5 .
mgp89183.

2 BRG54H

AR B 38 TR R BN R S AR N — e R
B, ZPBUEREE . R IREIE. BERA
AL AETEEE . MUISARIE 2 R R, (R
RS0 AR R . SRR L
BAMZ IR AR Y, AR RRIESER) 27 4
RS RERIEE PRI 14 kAP ENG Y
M 13 Zok ASE T E AR . BT
20-32 G [f], FIAERL 24.7 %, AEHLILRE AR
B N W8 SR AR s HAB AT AT 9 H
BB, BOMERNEFEAN, fELEHR 6 MM
WARBAL A RELY, HERbiA R mE N
FE TR 14 AR EEREHE KBNS FIR XS
MEREHFL(6 N). 2 EHE N). FRZHTH R A)
FIFAS DURTH(2 N), AT AR SRR X
WX B EHE RS TEA BN, HEKEIFL
MATCER . 4R, IR E, BEDEKH
FEE R K E, g e BE (BMI>25) [ H 28.6%
(4114), BBl 11, 13 A b T 1147
AT EEEEIET, 2 MR ATPRY, BARE
WIETX, [AHEIEUI. RERNE, REE
R R B, DR E, KR 0 AE
BRMXTNSE R EE D, PR (BMI>25)
i b 38.5% (5/13), B4 HBR 49, BASkBL, &
FEF AR AE N, AR AT A W R 220
52 AR S A AR R A A, S I

BT RAR T G B 2 A AR A T L8 v
FHEFEEEE, B EZRARAEEER
(#°=0.30, P>0.05).

21 HABEARSERHA

211 FEEMEPAREEMN

N =AM P H AR Y J5 AR i R
J5hA T HLE R 98 036 4%, 4 QIIME AbH)5 & B
Hh I A 20 420 )98 TRLRE, SR
20.83%., ik PN ER AR B BGX &R 43y 91 T I 22
SR IR I 2T -

27 44 5 B 1 1 T TR AR i v 2L R TR 7 T8 7K
SERFR A H BB LU 1 Fs, o LUE HASIE]
A g 18 TR H LR AT 1) 4 R B AR R 5 A TR A
KES . NEKRE, FEITKEL, A &EHE
Ji7 TE B A= B v 5 B R SR T Y R T R RE T
(Firmicutes), fEJ&R/K - I, LU F] 9 AR A
J&, EXIMIXT S ETE 1% FINEIEIEE 4 4,
15 5% BR 14 J& (Qreptococcus, 63.44%) . FLATF E B
(Lactobacillus, 30.49%). J& B ¥k )& (Ruminococcus,
2.80%) FIZRIT G 15 )8 (Weissella, 2.11%). BEAMRF
GEIR Y B TS AERT B R AE 1%L T I FLRR A I
&, fuAEmERE R (0.63%) . B2 & (Lachnospira,
0.36%) . i % Bk I J& (Saphylococcus, 0.10%) . Al
1 FF I J& (Carnobacterium, 0.03%) F1 5t X i J&@
(Mitsuokella, 0.01%), HARZEIANE 1A PR,

TEFPAIACE |, AR TE A R AR bl At
RIS FLIR AR, TSN 1B FroR, P15
PG E W IBFLREEANEE N 16 1~ Braresh
W SERAI AR 1% IR E AL 81,
= 2 A 4 M Y 5% 2K 18 (Streptococcus salivarius,
36.41%) . % S FL AR #T 14 (Lactobacillus ruminis,
17.94%) . 75 [ F #T 14 (Lactobacillus delbrueckii ,
3.11%) . % [ #. #F 1 (Lactobacillus rogosae ,
2.23%) . AV R (Sreptococcus mitis, 2.18%) .
FH 35 FL#F 1% (Lactobacillus vaginalis, 2.02%). %l
CFLAT R (Weissella confusa, 1.54%) il f 2B L AT
T# (Lactobacillus rhamnosus, 1.09%).
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212 E51.BMI EFHEX SR E B E R AR
S CHR[13]K 27 24 IS E RS BMI {E5
JEfE2H (BMI>25) Fil IE # £4(18.5<BMI1<24.9), 1451
BMI{F 0t 3ok Xof 7 ik 25 i L R T 4 ) 5 )
mE 2 fin. mE 20T LIEH, BEEEEALRE
R EERR R P G E s T EEE, ot
1 3 DA v LT TR T8 A BT DG TR i - 24 A X o
T R e A R AT LA R A AR
IR B A G Sk ARENS N BIE XA &R
HHERER DI EE TS EEREE R, ek
BREAJE . 98 5 BR A AT EC R R T A X g
Fo FERNKSE b, BEREARAIE R A RA B 525
(P>0.05); 531 AR J 3 W s v e Y e ok 1 % ek

Genus

Others
B Unclassified
Weissella
Ruminococcus
Lactobacillus
W Streptococcus

Species

M Others |
Unclassified
Lactobacillus paracasei
Streptococcus anginosus

W Streptococcus gordonii
Lactobacillus ]germentum
Streptococcus sanguinis
Ruminococcus faecis

I Lactobacillus rhamnosus
Weissells confusa
Lactobacillus vaginalis
Streptococcus mitis

1 Lactobacillus rogosae
Streptococcus parasanguinis
Lactobacillus delbrueckii
Lactobacillus ruminis

W Streptococcus salivarius

SEX RV
Bl FEERERHHRPAREERKT(A)FAFHKTF(B)HERK

Figurel Thecomposition of LAB in samplesat the genus (A) and species (B) level

w2 tE(P<0.05, K 3), MELEEE S
ARFFEMAEIAFFLFES, FEEAEPIL
AT . 1Ak, AWFFE T Chaol $850F1 & LAY
YRR ST A R AREANSZE N AIRIX
RS E R IR E AR, R
W% L FF i (Lactobacillus rhamnosus) . %' [ L
(Lactobacillus rogosae) . %% 1 FG L #T 1 (Weissella
confusa) Fl 411 5 7% 5 Bk 7 (Ruminococcus  torques) #
X i TS R I (P<0.05, & 3).
213 FEEEMEABREFEEMEZMERILE
SR

N T BRGNS . BMI (B 8 T
WL, #1477 3TF Bray-Curtis HEE
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Figure2 Effectsof gender, BMI and location on composition of LAB in intestine
Note: A—C: Effect of gender, BMI and location on genus level; D—F: Effect of gender, BMI and location on species level.
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B Lactobacillus fermentum
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Figure3 LAB strainswith significant differencesin gender, BMI and location factorsunder the influence (P<0.05)
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Figure 4 Principal component analysis of Lactobacillusin
each sample based on Bray-Curtisdistance

SRS AR X g 3 TR R 5 A i AR MR I (P>0.05)
{AIETHERI 2 P (EEHER 0.05, #— i
ANF4r4H Permanova 152 F (EH, LI
TE Hh LR TR M DR 2 R /INHE TR 43 30l Ry P 31 > b [X >
JNEJRE
22 FTEEHEH LA ELEMK
221 FIZEEDNEATEBIEB D
SRR R T LR = 62 046 4%,
P A A S B L S B 11 A BB AT A A
B, SEEAXT & A 1%Lk ERIEE 54, alh
5 5 WU AT (B. adolescentis, 39.88%). K AU
(B. longum, 27.15%). HERIUEATEE(B. catenulatum,
26.3006) . P XULFFE (B, bifidum, 3.9296) i Al
S FFE(B. angulatum, 1.719%). 2 BRI SUEAT B
FHR S AT B (B. animalis, 0.15%). %65 AUBHT
I (B. breve, 0.03%). B. kashiwanohense (0.01%).
B. boum (0.001%) . K XU #F B (B. magnum,
0.001%6) FNZE G BUELFF 74 (B. cuniculi, 0.001%).
BT 5 &M, FrAFESLIIAL UniFrac B 25
##17 UPGMA (Unweighted pair-group method with
arithmetic means) R 20T, ¢ i AT Loy A 3242
PIZERE, WD EREAY F 222 R AE T 00 BUEAF 1A
(Bifidobacterium catenulatum) i+ X & & 7775 5. 3%
2557 (P<0.001).,

222 EREFHENRTEIF ZEMHEMEER
LB Hh

N T BRI . BMI R s
H I TE DU AT B FTREARZ IR, FH%ETF UniFrac IR
511 Permanova K KX 3 A4 PR 2% B Y R 1) 22
ST, S5 6 . SRR, M.
BMI {1 1 044 7 i d 252 i) s B3 1 1 e iUk
¥ 1 4544 (P>0.05) .
23 FEEFEDFEEE XA EBKED

R T HE 7 i v FLIBR R 2 (8] . UL B 2 ]
DA R FLI B ROBUES AT BR 22 (R AH G R, XA
Hh i) = LR R FOBUBE AT B EF T T Spearman #2¢
PO, AR Z [ A H D SE 2R L2 2,
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Figure5 Cluster analysis of Bifidobacterium composition in each sample
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Table2 Thecorrelation between strains
EFISEZ AR [t (el PR P {&
Relationship between bacterial species Strain Strain Relevance P value
FLER T 2 [ L. delbrueckii L. rogosae + <0.001
Between LAB L. delbrueckii L. rhamnosus + <0.001
L. rhamnosus L. rogosae + <0.001
L. delbrueckii S mitis 4 <0.01
W. confusa L. rogosae + <0.01
L. ruminis S parasanguinis - <0.05
L. rhamnosus S parasanguinis + <0.05
WU FF B 22 1] B. longum B. adolescentis = <0.001
Between Bifidobacterium B. catenulatum B. adolescentis = <0.01
B. bifidum B. catenulatum + <0.01
FLER T 5 AU AT A =2 7] L. delbrueckii B. longum + <0.05
Between LAB and Bifidobacterium L. rhamnosus B. adolescentis = <0.05
L. rhamnosus B. longum + <0.05

T+ IEAIR; — SRR
Note: +: Positive correlation; — Negative correlation.

HIAHSCPESS R AT, LR WA 15 =2 1) AH Sk
BHED), HAEZ B 2 9 IEASR SRR . BUBAT
AR R A A 3%, o 23 il
RKFR o FLIR B -5 BUSAT T AN [7) B Ao ] #H S 1R AN
SRR, 5 BB R 5
3 Wit

LR TR 0 RS AT T 2 A AR v B o 4 25
A, TEARZ SN IR iz o SR, BT A LR
PR TE {8 FE JRO 38 4P S A 5 AR AR
SO BTG Bl R 0.01%-1.8%1 . BUBEFT
BT LE e R E S LR R 22—, TiAE
RN, AR BG4 TR K
e S I AN DE i b S B, [ SO
A AR g T4 1 A R Y R R 2
8, M TR ST ARB ST g TR
JUAE R T PRSI AP BRI 0 R R BoAT B
o X BA R ER RS R, Zhang
VO B B PCREARFIIET 16S rRNA JE [
V1-V3 Al X Rl R EOR, X5t E 64 44
St S I B R T T O — AR R s A
W, e RKE F R T S AR O TR

MR BTG L. TEAWEE T, FRATE UCREL
i TR FIOBUEE FF DA R S5 |09 3 55 PacBio SMRT
=AM AREE SR, TEROKCE R T 50 %
T 38 7L R TR U A 7R 1 = B AR ) 2
PEo AN, B AR . ARG PR AR
BMI 2206 A\ Al it AT A S o8 4
WFFEXF E AT T 83 PR BMI IR RE
VE B RN FUAF B AU AT TR T RERY 52, T35
JEE SR A B R RAE E

ABEGE R I FLIR 8 5 Ve 5 | 0 3 0 7 ) vh
24 20.83%1 T AR E T HR B, im K TFLIRIE
TE AR B A b e o EAG R A v A 0
68 MFLIR A, H Sreptococcus Fil Lactobacillus
TER SRR PRI 1 38.59%F1 26.39%.
Zhang %5 &G0 G E O ERE SR E
T Prevotella .
Ruminococcus. Subdoligranulum# Coprococcust?,
AiFE Sreptococcus Al Lactobacillus, 1% 571 H
FLRR TR ) PR & R AR AR AT 1Y o

55 0% WS W YR B R T o LU AR 1 (36.41%) , T
WHERR R R e i 0, R a] e 5 T

Bacteroides . Faecalibacterium .
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B, BHA TR/ AR F «B (Nuclear
factor kB, NF-«B)WIEH, FEMIE 4R W A ER
BHREE SN, SRITWA BFSE R BUZ L
JHEPE B R W T A R R, AT ME N
IR A RRIC P, R R MR
FERR I TE AR IE T Ve A Wi

AN [7) 5 B 3 1 1 v LR TR RS TR 1 =
MEFEVERRBORTE, (HETFSEIH o En: A
R . AR L ASE BMI BRI = (0]
FLRE M A AT HE SR %A B H LR
(P>0.05), He & X F [E AR HiIX 7 009 432 iR & 1)
Wi W REUEA T 00T, R BEE R 520 P
() 3 X SC BB i, CHR AR IS . BMI H . PRI S5 4E
PR X —BGRAE ARG I Bk, T
REm R (1) T EEE eI B srae, A
B M X B L, BB AR B gD,
FHEZE SRR (2) BT RERS SN E 22 EE
EEEEIRENGE AN, fEG AR KE
SZRE . R ER R MM 4E /N

XTI, 2ot 16 o R LR T s BT
FC TR B A & e T e, LR AR
HREMAEAFEEFES, mBEEEEBEIL
PARAFAE B FUAT 18, H R BRI S R
T, Suzuki ZFEEXTRR W 2 SR A i
PR B A DG PR 98 R B, BRI 2 % i et 3 i i
LR T A S A e ) 22 R PR L kT, PR
S QAT 5 0 i A Ak W 4H X — )R H R AT B
EVS, Hr—Fh e A8 L BHRRHIEAR TR 51
THRBEEE 2R, WAL A T 2
R R . T RUSEATHE 545 R B,
FOBUEFF B AR G B F A, AT A AE AT & B
T B 3840 W b 2 22 108 £k H 38 i R i FE 22 b
AN ZE R SEREIGRE T, A e A 1w G A
A A o B P T A T T 1 XU
FREFIET &5 HL B BRI 2 — . Milani 25 F46E
R B ROBUE AT B AN 7 7 SUBE AT A 56 A AE
A 9 2R K5 5l 9 g T e TR A LI A 2

XA B AU K RO B Bk
R T B A i B I 8 S AT B P o He e 210
SEIHMWY G o R R 18 b SRR SUEL T 7 TR A
PIANTA], AT B o 2 SN RI2EHE, ik
SUBFF B (B. catenulatum) A AH X & B i 5 25 5
(P<0.001)., Fang Z:P157 s B0 WUSFF A AT Lok
5 ] okt 5S40 1 A R 1B TR AE SR, RSB TE
MLETEBURTA Parasutterella I6J& K & A7 7L A1 AT ™
A R A NS R I DR AU TR . 2SR TR R IR I i AN TR
B /DS , SO AT B AT A R Y A
AR R B R PE R . At B IEE
TE TR H ) v A AU A TR 2 A X AT B A
FI ORI E A T dE— 5

AT IE e B0 FL IR T FDBUEE AT 0 45 58 90 T
JE B AR B B AR, A R ZLAT o A
KOUBHT I BE AN, Inturri 5P AFSY 2 1 L2
PEFLFFR HNOOL FIHE AU AT BB536 7E 1A I X
AU ) 52 A5 P IR 38 560 () AE A VR o ASBIF9E 45
RAE— R b e T 738 R 2 (8 52 4= 0 £ 00
O FR, AT 8 IE S X i i A (B B9 AH 51 . A
ENES o234 RN NN 7E Nz piEFI0Y Yt a8
4 L

Zr b, ARWTCRERIKEIRA T i iE 2L
A FIURUE AT T 22 P B AL 1 9 B A 5 T 3% A S it
%, IR EIER TR B EXHE RS
T A H LR TR ADSUE AT R 22 PR . SR
HEMA S a5 RGBT i Re, v 5 I 22t
FE A i 7 AH DG TR 55 A Y D e LA K TR A () £
TE R R VE B
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