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Abstract: Obligate symbiotic bacteria in the human gut play a key role in maintaining
microecological balance and are generally thought to be transmitted vertically across generations
through breastfeeding. However, compared with that on Bifidobacterium, there is limited literature
on the transmission and diffusion mechanisms of Bacteroides, a representative of obligate
symbiotic microbiota in the human body, within populations. Additionally, the occurrence and
cross-generational transmission of Bacteroides within families remain poorly understood.
[Objective] We explored the vertical transmission and co-occurrence patterns of Bacteroides
among family members, aiming to reveal the assembly mechanism of gut microbiota in the human
body and provide a theoretical basis for the recommendation of microbiome-based interventions
and the realization of personalized gut regulation. [Methods] A high-throughput sequencing
dataset for Bacteroides-specific rpsD in fecal samples from four families with 50 members in 3-4
generations in Xinjiang, China was established. Then, the composition and diversity of Bacteroides
communities among different families and member groups were measured at the species level and
amplicon sequence variant (ASV) level by comparison and annotation. [Results] A total of 16
Bacteroides species and 3 704 ASVs were identified, of which 1 293 ASVs were common among
the four families. The five species with the highest number of ASVs were B. fragilis (653), B.
ovatus (619), B. uniformis (507), B. caccae (463), and B. finegoldii (314), which were also the five
species with the highest relative abundance and prevalence. There were significant differences in
community composition and abundance of Bacteroides among families, with B. fragilis, B.
uniformis, and B. faecichinchillae being the most significant representatives. There was no
significant difference in alpha or beta diversity among family members grouped according to
gender and age (P>0.05). By contrast, the beta diversity analysis based on Bray-Curtis distance
showed differences between families (P=0.001). According to the sharing rate of ASVs and Bray-
Curtis distance, the Bacteroides strain similarity of mother-child and siblings was significantly
higher than that of father-child, couple, and unrelated members. [Conclusion] The community
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structure and diversity of Bacteroides were characterized by family convergence, with significant
differences among families. The similarity of Bacteroides strains was the highest within the mother-
child and sibling groups among different social relationship groups, supporting transgenerational
vertical transmission at the strain level. The conclusion remains to be validated by the combination

of the strain isolation method and metagenomic sequencing.

Keywords: Bacteroides; high-throughput sequencing of rpsD; vertical transmission; community

structure

I N T BT ACE Y, BT R
AL R A 2 B TE A 25 A R A i
WS G RS EARR, FEE R L e R B,
I A 15 T8 AR BT, BiE
S AR (GRS ) — L
AL RORBEB I, TS 3R
T2 WS ERBE J O F2 0, % T2 RO E AN
RERAEEZE L., E5ILW, xeedhg kg
T R B A R i SRS A e T, B

Aol B FLR SR LS U B AL, X
SEAE e AR B s X R ik Xt

AT B2 LS s {4 1) J 1 A 2 DG R P
UK T (Bacteroides) AU ¥ T4 (Bifidobacterium)
s NIl M Ty MR . R SR
HRIE , OBUE AT B S B LR R X B LS B
(NS T (Y SR AV AR U2 4 2 AV L L S DA
EAFREARL, AR S L IR AHE, 2EA
RS i i E R 5T, e N T8 T A o G
WAL, JFREZFE R, AR miE %
SRR FD BeAh, IR B I S T e
S HSR K Z MR RE ), o2k ki
ZHEE S EREERY R, FRRE LR A o &
Folt /NG (0 S s SR DT B2 i 1 Al
T R E SRR E o P AR TR A
A T8 200 A 7 3R A 04 0 20 B (keystone) ',
IR — R i A 5

FUVR,  AEUFT B S AR T 3 g R 354
FRES AR 5 . B BRI RS
6 EIRE AR, 28 e,
WFoE R WIBEE 16 EAE R 240, SUUAF B AR e &S

P4 actamicro@im.ac.cn, 78 010-64807516

Pt o kA8 Ak, LB fig i AR i 3 A A
FHR O R EE TN RES RS
Wi AR P S BRTARE B DC S8, 51 v s s 0 3l )
EAMKE S SB BT ER H
SR W T A ST ST A E s, SR R 24
PEEAT — 5 BRI TR Ll v R e
P AR 3 A R A2, 5 OB T AR
o, SFFBAE IR R AT 3 A% 0 A P A T
PR, AR b (3 A oL ] A 41
GG A AR ) A 5 B AU s 1 D A 2
2R YL O e U R (R 9 A
O3AT . R AL IS DL SR AR AR, R
BELE 55 A AR S B BB (i S AT
SR A SRR A P RS L R
TG A A7 PRI 14 22 S o i IO B G A T A R
WA I 22 5, TR IR J5 AR R (R K
JEAE R BIF 5 T A 2 5 A ) BRABRRERY K oy
{87 NPRTRAE AR AL S it e B A3
ARG RAE TR 9 B 4 > 3-4 AUKR I
FEAEREAS, R FHDURT BR 4 57 5| ) 1 e ol A%
PREE HEEN (rpsD ZERDY G TP HOR, A 4
SEAURT B rpsD BERBCHE % o o 2 DA RS ) L
Xt AITERE, FERKSF A BT 1 ST B B AR X
G, AR L RIS R 2E R, JREREBROKE
H T TR AR RE AN R AL 22 58 R B SR
J B TR SEURT BT A AR v L UM 2 R 22 5, IR
T AT T A S A8 3 [ ) T A% 3 A B AR L
AR AT IE LA N 1 A T8 oA P 21
AR AL, R T il B AR A R T 42 2 A=
WA B A TP PR AR BT



ZEWH F | MUEYEER, 2025, 65(9)

4139

1 ®E5FE

1.1 FEEBZESHMRE

2021 4F 11 H 12 HE 27 H, TEH & A
IR B AR5 T 4 A TCES . AR E IR
MR, 362 bt . Horbr, HrnL 5 K ek
IIREMEAR (n=8) AR AL, ToIEHITIFEE
) DNA 32505 (n=4), a2 551 5@
B, H&ED 6 MHWARMYA R SHALZY) .
Geit T AR EE A OCIR IR RS B, AFEPE
WABRW . Sa. KmE, EEIRSEE T
G MERMMAR—0, B EPERS
W%, W A KGR, S T 2 OC &R
Fo WA BN, WHE SRR A R T
PR FIAR IS . BRI ZAUREE L 10-15 g 1)
BEREEAEA, A TS . A AR
Je BEAEFE-20 °CHY ZE 8 VKA R, FRAE 72 h Nis
KRR R, B SRV 2 -80 °CUK4H . At
FMIE (BFREFRRET) AP, IFRAa N
T RAF B 2E B — M8 PR B Ae B 2 51 2 IR ILiE
%5 KJ2021-088-01, iS5k EWEET
HE RS
1.2 #AEFELH DNA 2RSS S@EENF

Al 2% o i PR 2 4R R G R AR A (b B
At A BRAFENR UL 1S, SRS RUE DR
B DNA. ff H #% MR & & {¥ (ThermoFisher
Scientific 2\ ) XHEHUK DNA Y8R, Jlid
1% RO ARREE IS B VR DNA P3RBT, Al
FHEAHMAT WG EE T HIE DNA W BEEFIAlRE

K H 5% Bif-rpsD-F (5'-AWCDAGAATHG
CMCGTAA-3" )/Bif-rpsD-R (5'-YRTCCCAYTCC
AACCA-3" ) ¥ 1 rpsD 3 [H () 24 -508 bp X
B, PCR [ S #& %& (50 pL): 2xTag PCR
Master Mix 25 uL, DNA £ 4z (10 ng/uL) 1 puL,
F . FH 510 pmol/L) 4% 1 uL, ddH,0
22 pL. PCR ¥ ¥ : 95 °CHiAE M 8 min;
95 °CAZ 4 40's, 50 °CiK“k 40's, 72 °CIEAif 40 s,
I 30 NEIR; 72 CCAIE 8 min. 4 =)

2SS e, >R Tllumina MiSeq PE150 “F-55
HEATIN P (T 265 A W R 2 R A FR A HD) -
1.3 ET rpsD ERFHIBEMRE

M NCBI GenBank (https://www.ncbi.nlm.nih.
gov/genbank/), EMBL-EBI Ensembl Bacteria
(https://bacteria.ensembl.org/) A & HFR I aEIHE
M RT A 5L 2 i . W] FastQC T HXF T
A R AR AT B AR, R AR R
R AR B IR BRI BTHEE I i 4 R
A R B E R Th s ZE B F A, IR E
ElimDup #17 K B AL, A ff 5L R H AR B
1 AREFH] . A IQ-TREE® T HAMH# R 5 &
B, R TR R AR A R
P8 B AR R 7 91 F TR e i e
14 EPEEESH

i J§ VSEARCHPY (-fastq mergepairs) 75 Jf:
B Rkt reads, A BT i Y FASTQ U4
fifi ] -fastx_filter fix 4> K BR5 19, I i DEAR 5 &
J¥ 5 (ffi FH -fastq_stripleft Fl1-fastq_stripright 2Bk
51 %y, f# ] -fastq maxee rate #1755 % ).
il 1) -fastq_minlen F1-fastq maxlen #1741 B
. M IUAY, #2038 i -fastx_uniques
PRI B ME—F51,  J11% B -minuniquesize 54§
i UE IR FE P 1 . il i -cluster unoise iy 4
S4E1E %1 (amplicon sequence variant, ASV), %%
B S 25 A PE A I O A% Bk x4 )T 91 (-uchime _
ref), PLALEHE i & . {# H-usearch global iy 4>
A 18— > #: AE 43 25 5. JT (operational taxonomic
unit, OTU) &, K¢ ¥ Z1 AH AU 9 {E % R 0.99
(id=99). X HKJ5 1 ASV fi ] -sintax #4774 Fh
¥ B (sintax_cutoff=0.6), FRIFHILF LR, Ml
F FastTreeP V4B T ASVs IREFHI %
. el ASVs {LRFS, JRiH] BLAST i
FTLORE, Az U A A o SR R
1.5 Zitoth

FH RIET (v44. D) “vegan (711 E o £
FEPEFEEOR B ZHEEHEER . o ZHEVERR B P

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



4140

LI Longlong et al. | Acta Microbiologica Sinica, 2025, 65(9)

1] 22 572K ] Wilcoxon BRAIKG G, 22 2H ] 2= 57 il
it Kruskal-Wallis #2352 17 08 . B ZHEE 2T
H T Bray-Curtis FE 25 53 5 i 47 3 42 45 40 Hr
(principal coordinate analysis, PCoA)F1 FRR fill 3= A
¥R M (constrained principal coordinate analysis,
CPCoA), PCoA 1 CPCoA 4 #rif i “amplicon
A7 58 4D TR A 22 S il i ANOVA K5 55 1
fili, HE V& ZH S0 2 TR) Bz 28 oA AR BL A 3 A £ 1
“vegan fi” 5E i, ILAh, F]H Kruskal-Wallis £
B0 5 2H E) 22 S ) R E 1, JF i — 2P Dunn
KOG E AT P LA, DATEAR R AT AS 5] 43 41 iR
J 3 AT A E AR AL, DL RN TR DG &R X
Bray-Curtis #7251 ASVs HLZ2 R0 52m, (#H |
2 DA DT AT A AR T Js 1 8 P B AL e B 2 4>
AFIIENE , IFo3 o AR Z5 R BER LA 1 4>
BEA, MR — Xt TR L RA A, Ibid
R IEAT 50 ¥k, ARl 50 X2k F AN R S5 Y ki
BUREAXS , T 5 SR AR YT E Y 2H 22 5
HEATXT AT . AORIESS R AT S IPE, BT A bl
MU R E ALRR T~ A Bl i nl ik
AL FRES i ] R-Studio ZXAF(R v4.4.1)58 8.

2 BERE54M

2.1 R ANEE B REFERLE
AWFTRNAN T 4 DK 62 Z 51, Hrp

e o m

R

T e
T

26 K H A A HU X B E(75.99°E, 39.33°N),
KW '5 0 K2 Fl K4, SRIFEA 6 5 36 {1k
3 S A X AL (76.72°E,  39.48°N), &K
W5 h K6 Fl K7, SRMEA 6 iy, JhEkRHE
A 12 4y, Ho 4y R BEEFEAS, [ DNA $2H
HAL, TCRIRBINFEOR, KRABHAJGLLHT .
KGR N 3-4 fR(E TA-1D), 1l 51 4F i i
H1-80 %, BARGEHE R 1.
2.2 KFRR G EIRmE AT B A M EE 3

AW FE I FAG AR B reads 1 414 172 4%
Wt [ EE B K BLAST [8] JE % 41 L X 1
FE, SE ) 810 189 574 e THIMT I, ST
HNE 57.3%. RS R B g A S LT 3 7
G, TR a0 yrha e, Ll
3704 1~ ASVs, KT ASV B kAT ZRE1E S
B, TG N B G0 (A [R) B 53 i 3 BT 1
1) o ZFEME(E 2A-2C). G50 EoN, ARRMEGIF
AR BOSB BIUFF T o ZREME 22 R R B3 (P>
0.05), MZWKEH o ZHEERRE, UHE K4
FEYE K7 Kk 25 535 P<0.05), HAMZE
ZRIZERITGIHE L

3T Bray-Curtis P 25 X 0% [0 $UFF 3 2517
B ZFEMES T, R PCoA Hl CPCoA 43 Bk i
AR . MRV AT T o SR ORI

B -
n $i7:.$‘ﬁ?
e

T EEh

Bl ZEREKPRMER. A: K2KJE; B: KAKE; C: K6XKK; D: KTKE. IEFTRMBIE 23R

PR, IKREOFAREEA B
Figure 1

Geographical distribution of family members. A: K2 Family; B: K4 family; C: K6 family; D: K7

Family. Squares and circles represent men and women, respectively, Gray indicates the absence of samples.
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Figure 3 The heat map showing the relative abundance and occurrence of 16 Bacteroides species among different

family members. Red and light blue indicate the relative abundance and absence of Bacteroides, respectively.
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Figure 5 Analysis of intestinal Bacteroides composition of family members at the species level. A: According to

age; B: According to gender.
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Figure 6 The occurrence of a total of 3 704 ASVs (strain levels) of 16 Bacteroides species in different family

members. The number in parentheses after the species name indicates the number of ASVs for each Bacteroides

species.
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Figure 7 The Venn diagram showing the distribution
and sharing of ASVs in different families.
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Figure 8 Analysis of variability in Bacteroides community composition among family members with different
social relationships based on ASV. A: Bray-Curtis distance based on ASVs; B: ASVs sharing rate. Different
letters above box plots indicate significant differences at 0.05 level.
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