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Abstract: Beneficial bacteria in the gut affect human health, and it is generally believed that
the assemblage of healthy gut flora is achieved through vertical transmission of by
breastfeeding in early infancy. There is limited evidence for the difference in the composition
of beneficial bacteria across different mother-infant cohorts and the presence of
population-specific microbial taxa [Objective] To investigate Lactobacillus spp. and the
vertical transmission and genetic differences of the dominant species Lacticaseibacillus
paracasei among mother-infant cohorts of different ethnic groups, providing a theoretical basis
for developing personalized probiotic regimens. [Methods] Lactobacillus strains were isolated
from 39 mother-infant pairs of three ethnic groups without mixed marriage in China and
identified by repetitive extragenic palindromic PCR (rep-PCR) and groEL sequences. The
genetic differences of 83 strains of L. paracasei, a representative species, were analyzed by
multilocus sequence typing (MLST). [Results] The species and abundance of Lactobacillus
varied among the mother-infant pairs of different ethnic groups. A total of 945 Lactobacillus
strains were isolated, belonging to 15 species of 4 genera. L. rhamnosus (20.07%), L. paracasei
(16.54%), and L. casei (11.90%) were dominant species in the Han ethnic group, while L. casei
(13.55%), L. paracasel (12.69%), and Ligilactobacillus salivarius (11.47%) were dominant
bacteria in Uighur ethnic group in Hotan. The dominant species in the Li ethnic group in
Hainan were Limosilactobacillus oris (24.55%), L. paracasel (15.85%), and Lactobacillus
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gasseri (10.87%). The 83 strains of L. paracasei were classified into 11 phylogenetic groups by
rep-PCR and 31 sequence types (STs) by MLST, demonstrating ethnic specificity. L. paracasei
isolates from the same mother-infant pair had the same STs, and isolates from the

mother-infant pairs of the same ethnic group had higher genetic similarity. [Conclusion]

Lactobacillus species varied in the mother-infant pairs of different ethnic groups, and L.

paracasei strains from the same origin displayed higher genetic similarity, which supported

vertical transmission at strain level and ethnic specificity.
Keywords: Lacticaseibacillus paracasei; multilocus sequence typing; genetic diversity; fingerprint

AR g 18 Hh 4341 o R A AR 4 0, Jd
S TE AR s A | pha sk B AR,
E T ) A28 A e B, LR 2 i T T
ST BT B, JUHR— SE O 1 FE T A
R A i fa R = e Y, HATA N 2 LIGIE
OB TR F 2k H B, BULN AR, Pl
TR REFLMR SR B R A A TR AL 2 ) 22 ) L i
i E BN, AR LR SRR T LA
P E R, SCHkRE , ZULRBIREE, MmiE
e L R A E B U AT B, (H 9T R B
FURF Bt AL o DL AR 40 ™ 1o AR
f PRI i AR T, BEZL P A LA IR 52 3 B
Iz B .

R A B, BRSNS ) LR 0GR el i B2k
1 1B B2 L8 3 A A A 2z (A A AR )
5 R iR RO SCHRIREE , BEFL AP B RUE;
FFURT, JEHRROBUB AT I . ADBUBZ AT IR . PR A
A TR Bk Y a3 B Lk AR T EAL B 2L
it >, sRi, BpiE v AFLAT B . PP . i
Zb55 H -Bf 57 2 G A (Akkermansia muciniphila,
AKK) AR A T 2 0 2 A 8 B 2L 4
M AL, BT SCERIRER

FUATF B A 1 A TR A ARG, X A
IRFIAE R AT | S s | S5 3 255 45l i
HEDIRE K A 25 PR B B i v i e 2R ST TR A
MR 2 A T R B, AR SRR

o FEL b, BFFFEA AR AL, R
A= AL A SE R RT IX 0o B el AR T R A
T RRE F2 OGNS RS, A i L
ERREIER A YR, R R A
A TG B | AR T BRI, 0 AR ) LA IR
(Lactiplantibacillus plantarum), L. rhamnosus,
L. casel %5, 1ENFEHYHL, HEMALERIEEH,
R NARTE AR5 Ak o PR SO 18 P ) LA A
FRE B4 Sk 5T BB f 45 50 K BE LAY 3 BLAG 3 A S
KREmILZRR Lk, RM7EEE) LB B,
B — P BRI SR BCE AN T R B TR S R IR
FUT, BIUmE R AT E DA BRI
U AR B L I BERLAT B T B
TR

AW, MOBsEFN H 4E BRI L R B L
BRAH IR BB A DURIL 39 X B2 h 732
FURFTA, il 1 FAPR A 11 groEL L REJE N B A 30
S TEFURFIA 20, HOAN T R B B % A4 [ 71,
F R AEL A 22 5, fi s B 2 18 Y B9 F LA T8
T & A AL 3o S 15 T A A T AL 4% o A,
5 B LAV 240 1R -5 1 o 2 ) A A R Y P TR
US T NIV E PR TEXY G- 31177 S e/
AR T J80 A0 3 A L PT REE LA T R A
AN, SRITZ AL 51 73 B (multilocus
sequence typing, MLST)i A, #F5% T B #k ik
SPIHERI T 7L BT 18 (Lacticaseibacillus paracasei)

http://journals.im.ac.cn/actamicrocn



3298

GAO Huijuan et al. | Acta Microbiologica Snica, 2024, 64(9)
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A AR T 5 T 39 SR, T S
P G E , FEMORAR TR — A N S i iE g
W, BEEAES IR AT 6 N H R APTA: Rz g
EHAEYNZY), Tt EERA, BRECREREA
ERWE 1, BILEERFE A A B3
YRR MY 7 X5 A5 G O fif 1Y
FRERZE(E 2 10-15 g, Z8MF H R4EJ5 L RIA
O KB IR o BEFLRAE B I RE AT TS K 1Y
TR A MALE, FRAJLHILR,

F 1 BEME/LIGRISES T

RIGFIATHFEF U 3-5 mL B3,
I B B )RR 2L AN TR SRR P o SRAEHE i UG
PG BT A KR —20 CCAR, PGS 152
o 2 AT R AP A3
1.1.2 EHHE

MK MRS B 783 (g/L): E A 10.0, 4K
B 10.0, FEEHE R 5.0, FrEERR 4% 2.0, LIREN
5.0, 7% K% 20.0, K,HPO, 2.0; MgSO,-7H,0 0.58,
MnSO4-4H,0 0.25, LBt &M EE 0.5,
M #-80 1 mL/L,

& T3 B R NI Bk 0 LR AT TR R AR b
& %t (Lactobacillus MRS  with
vancomycin and bromocresol green, LAMVAB)
(g/L): HEMAM 10.0, 4R 8.0, BEBEEH 4.0,
FPEBEIR 44 2.0, B4 5.0, % B 20.0, K,HPO,
2.0, MgS0,-7H,0 0.2, MnSO,4-4H,0 0.05, JRH
Mygg 0.05, BRI HER 20, L-FIRERERMR
0.5, nt#E-80 1 mL/L,

anaerobic

Table 1 The characteristics and demographic data of the mothers and infants
Characteristics Characteristic value
Uighur ethnic group Li ethnic group Han ethnic group

Sex of infants

Male 8 7 3

Female 9 7 5
Weight of infants (kg) 7.27+0.07* 7.29+0.57* 7.41£0.03
Height of infants (cm) 66+3 T1+2 69+2
Mothers’ BMI
Normal (18.5-23.9) 8 10 3
Mild obesity (24.0—26.9) 1 3 4
Obesity (27.0-29.9) 7 1 1
Unknown 1 0 0
Infants’ age (months) 6—12 6—14 1-4

Mothers’ age
Fetus number 1 fetus/2 fetus

Stage of lactation Mature milk

1 fetus/2 fetus 1 fetus/2 fetus

Mature milk Mature milk

*FORADUG R LA TR e, 22 531 1235 (P<0.05)

* indicates significant statistically difference compared with Han infants’ weight (P<0.05).
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BB IRA T TR | LR IR R AL |
IR B, KEMEAEWRHA AR,

IRERE M, DS Al EEET TIES,
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FHREE] DNA ERBCRA] CTAB J7iks
rep-PCR $8805r R L HE ik, 591 H BoxAIR
(5'-CTACGGCAAGGCGACGCTGACG-3")  #l
(GTG)s (5'-GTGGTGGTGGTGGTG-3")**, PCR
SR (25 pL): 2xPCR Premix Tag 12.5 pL,
. RS20 pmol/L)4% 1 uL, DNA Hfx
2 uL, ddH,0 8.5 uL. PCR JZJ 5cf4: 94 °C i
EPE 3 min; 94 °C A8 30 s, 52 °C iRk 30 s
[(GTG)s } 51 °C], 65 °C #Ef#i 2 min [(GTG)s &
72 °C 4 min], 35 PMEH; 72 °C A LEH 5 min,
PRI 1.2%0 5 e eI Yk, FHERSH
BE I AR AN BRI SR A R . T8 B g
GelCompar I1 v6.0 # /A 77 Y LA .

NERLH AR AR A S i R 1-2 AURRR R

FHE T B LIS A 4 5719 groEL JE A #E1 7 7,
5%k Lac-groEL-F (5'-GCYGGTGCWAACCCN
GTTGG-3")#1 Lac-groEL-R (5'-AANGTNCCVCG
VATCTTGTT-3")*, & SR BRI B UK 5 75 31 R
25500 bp MITEMIA—5T o § I Wik 25
A MEE R A MR IR R EA T I e , 00 4 2R 4R
52 ¥ GenBank 4% % , # ] BLAST #4741 7]
PEVESM AT, HEXPARMECR T 97%4) 201 i T
HIPIFh . FIF MEGA 6.0 {4 p-distance Al
Kimura-2 24§ distance {4 R FE K BW, FEIHAT
1 000 X bootstrap Mk,
1.4 B TFERFLERFTEAY MLST 534

2% Diancourt 552 ik, @l B FLES
HE T MLST Z3#r, 25 pyrG (CTP 45 80 ) |
fusA (B 1 i ZEfR A - £-2) . ileS(isoleucyl-tRNA
4 J5) . lepA (GTP-binding & 15 LepA). recG
(ATP-dependent DNA helicase), recA (recombinase
A). rlpB (508 ribosomal protein L2)3: 7 5 A
N EAT MLST 434 . K L. paracasei $#2HUAY LR
2] DNA FiBe#) 100 ng/uL #E47 PCR §748, J
Ak 94 CHIAYE 5 min; 94 °CAEME 30 s,
50-55 °CiE 4 30's, 72 °CLEf 305, 30 PMHFF;
72 °CAAEA 5 min, P IEFHRAFH) 7 DEFKEEH
[ PCR 7435 2 75 H 4 MER A= IR A FRA 7]
HEATIN Y
1.5 BIEAIEM T

YR E MR HER T MEGA 7.0 #04%, R
H GelCompar I v6.0 FA4X) 15 &E e KIS T
M. Z AL R A 4 AR B 9 SO R
Chromas 2.4.1 B44m%E 5 A ClustalW 1144,
1t MEGA 6.0 F /X 55 AT RGE K T 00 #
&N ERXERWFE RGNS A
BIONUMERICS v8.0 (Applied-Maths, Sint
Maartens-Latem, Belgium)#K 415 51 55 A4 B #k 19

EREEN A SEOL RN S, R EEpR bk 0 7 M
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G A S L RS-0 ARG IV A ST Y, JE T
A Prim’s 5 H B e/ VA BB (minimum
spanning tree, MSTree), i€ 4% Bk A X FH k5
I3 B IR Z RN A DG R o AR 1 B R R 3 2R 4y
B R FH# A% Cytoscape 3.9.0 211261,

2 BER54

21 MRAEE

AT AR 39 XfEE, Horp 17 %5k B
FEFNHIGEE IR, 14 Xtk HIGR BT IE ,
RBIUEA 8 XF, X4 RIGIMIR ST, Xt
POLWIATE . SRR el r st 2).
R BRI FH b X 4B 7R R LA sh P i
R S SR AR = PANEOE S YN =S g
B ANEE IR, ML 2 SR
&, R DUR N RSB E 2%, TR
FERRE . BILEEME roh Rl B3
FWEHHRPR Y J5 2K 5 AN [R) RO A b sk 1 B S5 78 i

®2 MRABDEFRME)LEZRHEMRE IR

FLIM K& S A KA . % T 18 FLRR B4 EE
AR B IR A e kIR 2 A A
F2S, AR RGN E IR TS
15 SRR T8 AR FL H A LR T RIS AN TR
22 IAMEIBEMEE

XA 39 W BR B A A EE LA,
2 b PR R AL IR L PRI RO R, BEEL
I T B (0-1.8x10° CFU/mL), 1M 2&4F 758k
K MRS 5537 3 i kG I 2 B 75 50y 4.3%10°-
9.5x10° CFU/mL, fE LAMVAB LR 373 p
K 2 B & EA 9.50x10°—1.04x10° CFU/mL ., AR
PR | A FRAEASRAR BT, 0 R FLIR TR 1Y) 5E
Ik A 1 350 ¥k, £ groEL Z:[RAE . NCBI A
U e, SEffIA 945 BRFLFF I, i 4EE Rk
NHEHA 356 PR, DUBEARER A 315 Bk, 2L
RN 274tk

T groEL B 3 AN ROEREEAFEATL 69 B
BRI ERFERLFTWIE 1) RIAEZLFFE

Table 2 The survey overview of main dietary habit of mothers and infants in the population during

breastfeeding

Ethnic groups Characteristic value

Main daily diet

Quantity (pairs) Weight (kg) Height (cm)

Li Mother 14
ethnic
groups

Infant 7.29+£0.57*  71£2
Uighur Mother 17
ethnic
groups

Infant 7.27+£0.07*  66+3

Han Mother 8

Staple food: rice porridge, papaya porridge, powder soup
(seafood), occasionally pickles, porridge, fried meat with
sour melon, sauerkraut, fish, snails, the occasional chicken
and duck

Complementary food: coconut, mango and papaya
Feeding pattern: breastfeeding or milk powder

Staple food: milk tea, soy milk, milk, naan noodles, mutton
and rice, beef, onion, soup and rice noodles
Complementary food: dried fruit, rose sauce and cheese
Feeding pattern: breastfeeding, milk powder, occasionally
feeding liquid diet

Staple food: millet porridge, milk, fish soup, fish, chicken,

ethnic mutton soup, pasta, pork, etc., vegetable porridge and
groups chicken soup
Complementary food: dairy products, dried fruit and fruit
Infant 7.41+£0.03 6912 Feeding pattern: breastfeeding, breastfeeding+milk powder
*: P<0.05.
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Figure 1 Phylogenetic tree of Lactobacillus strains from mother and infant based on groEL gene sequences.
The serial number in parentheses is the login number of the corresponding sequence in GenBank login number.
The name of the model strain used to identify species affiliation is indicated by superscript (V). Numbers on the
branch points represented the level of bootstrap support from 1 000 replicates. The scale 0.05 indicates 5% in
sequence divergence.
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Figure 2 Distribution of culturable Lactobacillus species in maternal and infant samples of different
nationalities. A: Uighur ethnic groups maternal feces. B: Li ethnic groups maternal feces. C: Han ethnic groups
maternal feces. D: Uighur ethnic groups infant feces. E: Li ethnic groups infant feces. F: Han ethnic groups
infant feces. H: Uighur ethnic groups breast milk. I: Li ethnic groups breast milk. J: Han ethnic groups breast milk.
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cluster C ,cluster E ,cluster G cluster I Fl cluster
G >k A AN [R] RO BEEEN B B R R 43 24> ST
P4, BEEATER 31 AT 74 STs, ILU%
(9 19 BREEA 7 4> STs, i 33 R4t E /KK ARE

MBI HRA 20 1~ STs. >k H A [A] R B B K 7 471
RUARTR], A8 A B TR R A 2 H B 7 At R 1)
Gy R (EURE [R] 0 R A Y5 1 T A a8t 1% 45 A o
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@ Lreu
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@~

B3 TERESENLLEATFEDHIHE

Figure 3 The Lactobacillus species shared by mother-infant pairs in different ethnic groups. A: The
Lactobacillus species shared by mother-infant pairs in Hainan Li. B: The Lactobacillus species shared by
mother-infant pairs in Wuwei Han. C: The Lactobacillus species shared by mother-infant pairs in Hetian
Uighur. Cfar: Companilactobacillus farciminis; Lreu: Limosilactobacillus reuteri; Lcas: Lacticaseibacillus
casel; Lpara: Lacticaseibacillus parasei; Lfer: Limosilactobacillus fermentum; Lplan: Lactiplantibacillus plantarum;
Lmuc: Limosilactobacillus mucosae; Lrha: Lacticaseibacillus rhamnosus; Lsal: Ligilactobacillus salivarius, Lgas:
Lactobacillus gasseri; Lori: Limosilactobacillus oris; Lacid: Lactobacillus acidophilus, Lzea: Lactobacillus zeae;
Lrum: Ligilactobacillus ruminis; Log.bif: Loigolactobacillus bifermentans.
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koo
Fas
k30
b 3s
L 40
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(GTG),
i

NOX22 Hainan Li
N9X4 Hainan Li
T25Xb8 Hetian Uighur
NOX16 Hainan Li
N27X7 Hainan Li
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NOX15 Hainan Li
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TI0X6 Hetian Uighur
TI17X5 Hetian Uighur
T8X6  Hetian Uighur
T25Xa7 Hetian Uighur
Wzpyl0 Wuwei Han
Wrpy5 Wuwei Han
W46D17 Wuwei Han
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N9XI18 Hainan Li
T6X7  Hetian Uighur
T23X9 Hetian Uighur
N9X3  Hainan Li
N45D3  Hainan Li
T25Xal Hetian Uighur
N27D4 Hainan Li
T28R3 Hetian Uighur
N45X7 Hainan Li
T25Xa4  Hetian Uighur
N9X19 Hainan Li
N27D13 Hainan Li
N45X6 Hainan Li
N27X8 Hainan Li
T8X6 Hetian Uighur
N29D2 Hainan Li
N27D8 Hainan Li
T25Xb1 Hetian Uighur
N27X3 Hainan Li
T6X2 Hetian Uighur
T28D4 Hetian Uighur
T23X4 Hetian Uighur
T23X1 Hetian Uighur
T28D5 Hetian Uighur
W30D10 Wuwei Han
N29D17 Hainan Li
N27D10 Hainan Li
N27X6 Hainan Li
T6X5 Hetian Uighur
N27X15 Hainan Li
T23R9 Hetian Uighur
T8X4 Hetian Uighur
N29DI12 Hainan Li

Group |

Group I

Group 111

Group IV

GroupV

Group VI

GroupVII

Group VIII

Group IX
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4 ET BoxAIR F(GTG)s 314318 83 ¥R A FEE AL BT EARMERIE L SR B AN

Figure 4 Fingerprint typing cluster analysis of 83 representative Lacticaseibacillus paracasel strains based on

BoxAIR and (GTG)s primers.
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T v = 2 I8a
5 3 4 1 1 4 2 Uighur T25Xb8 STFI14 Uighur
5 3 41 1 4 2 Uighur T25Xa9 ST-14 Uighur
4 2 31 14 1Li N45X7 ST27 Li Cluster A
4 2 31 18 1L N45D3 STO Li
5 3 4 1 1 8 2 Uighur T25Xa7 STF11 Uighur
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4 3101 19 6 Li N9X16 ST2 Li
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b 43101 18 6L N9X23 ST3 Li
"4 3101 18 6L N9X15 ST3 Li
Y4 3001 19 6 Li NODIT STI9 Li
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- ‘J; 4 3 9 1 1 8 7 Han W46DI7 SF10 Han
4 3 9 1 1 9 7 Uighur T6XS STI3 Uighur
4 3 91 1 8 7 Uighur T8X4 S22 Uighur
4 2 9 1 4 9 5 Uighur TIOD6 ST25 Uighur
73 71 19 7L N27X27 STl Li
73 71 19 7L N27X9 STl Li
73 71 19 7L N27DS STl Li
73 71 19 7L N27D4 STl Li
7371 19 7L N29D17 SFI Li
73 71 19 7L N29DI2 SFI Li
7 371 19 7L N27D10 STl Li
7371 19 7L N27X6 STl Li ClusterD
T 87X 4 9 T N29D1 STl Li
73 71 19 7L N29D2 STl Li
73 71 19 7L N27X7 STl Li
73 71 19 7L N27X15 STI Li
73 71 19 7L N29D5 STl Li
7371 19 7L N27D13 STl Li
73 71 19 7L N27X3 STl Li
73 71 19 7L N27X8 STl Li
8§ 3 9 1 1 8 5 Uighur T6X7  ST21 Uighur
4 2 6 1 1 9 4 Uighur T28R3 ST24 Uighur
4 2 6 1 1 9 4 Han  W49XI10STF24 Han
4 2 61 1 9 4 Han  WITDIOST24 Han
42 61 19 4 Hm wiopSEs nan | Cluster E
4 2 6 1 1 8 4 Uighur T23X9 ST23 Uighur
4 3 7 1 1 9 5 Uighur T25Xad4 SFI12 Uighur
4 2 9 1 1 8 1 Uighur TI7X5 STF5 Uighur
4 2 101 1 9 1 Uighur TI7RS ST8 Uighur ‘ Cluster F
4 2 9 1 1 9 1 Uighur TI7X3 SF6 Uighur
4 2 9 1 1 9 1 Han  Wzpyl8 SF28 Han
4 2 91 19 1 Han Wzpyl0 SF6 Han
4 2 9 1 1 9 1 Hm  Wezpyll 85t Han | Cluster G
4 2 91 1 9 1 Han Wzpy62 ST-6 Han
4 2 91 1 9 1 Han  Wzpy65 ST-6 Han
4 2 3 1 2 8 7 Uighur T25Xb5 STI8 Uighur‘ Cluster H
4 3 31 1 8 7 Han W40X30 SF31 Han
4 3 3 1 1 9 11 Uighur T23R9  STI7 Uighur
— 4 2 31 1 8 5 Han W33X6 ST30 Han
e 4 2 3 1 1 8 5 Han  W33DI8 ST30 Han
4 2 31 1 8 5 Han W33X22 ST30 Han
4 2 31 1 8 6Li N45X6  ST20 Li Cluster [
4 2 4 1 1 9 5 Uighur T25D6 STI6 Uighur
4 3 3 1 1 9 5 Uighur T23X3 ST7 Uighur
4 2 3 4 2 8 5 Uighur T23X6 ST Uighur
— 4 2 3 4 2 8 5 Uighur T23X4 ST Uighur
4 2 3 4 2 8 5 Uighur T23X1 ST4 Uighur
4 2 3 4 2 8 5 Uighur T25Xal ST4 Uighur
4 2 3 4 2 8 5 Uighur T8X6 ST Uighur
4 2 34 285 U;:hur T23X5 ST Uighur Cluster J
4 2 3 4 2 8 5 Uighur T8X5 ST Uighur
. 4 2 3 4 2 8 5 Uighur T25Xbl ST4 Uighur
4 2 3 4 2 8 5 Uighur TIOX8 ST Uighur
] 3 2 8 1 1 1 2 Uighur T32D2 STI5 Uighun
Vs 281 112 Uighur T25Xbl STF15 Uighu
8 10 9 3 1 4 15 Han  W32X15 8729 Han | Cluster K

5 ET MLST X8| FEILEATEERA ST X 5 5 HKIFEARFRI KK
Figure 5 ST of Lacticaseibacillus paracasei strains based on MLST and its association with isolating source
population as shown in an UDPGMA dendrogram.
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Figure 6 Population structure of 83 representative Lacticaseibacillus paracasei strains based on eBURST

software.
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Figure 7 Phylogenetic analysis of seven genes in 83 Lacticaseibacillus paracasei strains based on UPGM

algorithm.
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