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Comparative genomics reveals the genetic differences of human-
derived Bifidobacterium longum subsp. longum in different
regions of Xinjiang

ZHANG Huimin"?, ZHANG Xueling’, SUN Hailong"*", NI Yongqing"*"

1 School of Food Science and Technology, Shihezi University, Shihezi, Xinjiang, China
2 Key Laboratory for Xinjiang Special Probiotics and Dairy Technology of the Eighth Division of Xinjiang Production
and Construction Corps, Shihezi, Xinjiang, China

Abstract: [Objective] To study the phylogenetic relationship and genomic diversity of intestinal
obligate commensal bacteria in different populations from various regions of Xinjiang and provide
a theoretical basis for developing personalized functional probiotics for different populations.
[Methods] A total of 136 strains of Bifidobacterium longum subsp. longum were isolated from
mother-infant populations of Uygur and Kazak ethnic groups in Kashgar and Yili regions of
Xinjiang. Comparative genomic analysis was conducted with data of the strains from other regions
in China that were available in public databases.|[Results] The average genome size, G+C content,
and the number of coding sequences of B. longum subsp. longum were 2.38 Mb, 59.91%, and
2 160, respectively. The phylogenetic tree constructed based on core genes showed that all strains
from Xinjiang belonged to four clades in the phylogenetic tree. Strains from the same ethnic group
but from different geographical regions were in different clades, and there was a certain degree of
overlap between geographically closer and different population-derived strains. The analysis of a
larger geographical range (China) showed that B. longum subsp. longum strains and their functional
genes presented obvious geographical and ethnic distribution characteristics. The analysis of COG
functional genes and carbohydrate hydrolyase-related genes showed that the functional gene
spectra varied greatly among strains from the same ethnic group but in different regions. The
carbohydrate hydrolyase-related gene families GH13 (a-amylases) and GH43 (P -amylases) were
more abundant in the strains from Kashgar region. Conversely, even strains from different ethnic
groups but from geographically close regions had similar spectra of COG functional genes and
carbohydrate hydrolyase-related gene families. [Conclusion] The B. longum subsp. longum strains
and their functional genes from different geographical regions and ethnic groups in Xinjiang
showed obvious geographical and ethnic distribution characteristics. As the geographical scale
becomes large, the geographical distribution characteristics of the strains become more obvious.
The relationship between the geographical distribution scale of populations and the co-evolution
and specificity of strains should be verified based on larger-scale genomic data of strains.
Keywords: Bifidobacterium longum subsp. longum; comparative genomics; carbohydrate-active
enzymes
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UNN7BER =k QW R NN Gtk Af AN
RENSEDER, WA ETH AL 4R
B A S . 5 NS A R S A Y
Wy Fh 9% FR A N 28 S BE §3% A= W) (human-associated
mutualists and commensals), 7£ A28 L Pt |
AH L3 0 o A R BB [R] A OC 2R 04 1 18 2 TR
R A AR g5 3 R B A R T
FERAERE MG BT, XX 1E ERERMA T
A X U T B (Bifidobacterium) Je:
17 E R e NEOE i A I (VSN N 7B TR TN ]
ey o B2 A o, HoE B bs T A L ZE By
B, JPRkpfifg AL R R K=
JUEAE B AR, (AR NS A T s DL U,
FrRAE B LS B AT 3, A TR RSO
& (human-residential bifidobacteria, HRB) 1] 43 &
%L )L Y (infant-type HRB) 1 i A % (adult-type
HRB), il 45 W I XU ¥ [ (Bifidobacterium
bifidum). & XL FF W K W (Bifidobacterium
longum subsp. longum). K B FF 7R 22 L A
(Bifidobacterium longum subsp. infantis) Fl 55 AL
¥T 1 (Bifidobacterium breve), HAF iSRS 15T
A R R (B0 5 BEFL SR AN 7 1B R B 2 0 ;
J5i & B 45 Bifidobacterium longum subsp. longum
H ML FT T (Bifidobacterium adolescentis). {B)N
HERUS AT B (Bifidobacterium pseudocatenulatum)Fil
BE IR XL AT i (Bifidobacterium catenulatum) %5
TS T A 3k LA A 32 KR R IR Y & R )
PR BBk SR ECRE VR, Hodh, B longum subsp.
longum HA & 2 S, E2EGIL.
WAL H % 8 N h 8w e, X 5H
P& 1L Z AR 28 (1 AT RE ) % D)
FAOG, AER o B R 2 AT DRI AR SRS, K
BB TR ARACEAE P T SR b, A 2 3 B
PIZEERAMERDIRE, X A B ATTTEAS W I 1
Hh LA AR B 38 I e 4 1L,

W5 & BLSh W i M 18 1™ ks JEAR 40 0
15 FAETE R A OC &R, BV iy st 4% o fh 2
PRI 0 1 RSN LR, MR

G 7L 30 ) i 1 A A T e A R AR R Y
B, TP RFLAT I (Limosilactobacillus reuteri) 5
U T RS R SR B R A,
XA A DR AE ) aE AR T, H AEE XS
NI 0 o S A D RO SR IR S8, 0 20 T T AN
MU AP IS R 518 EAE RS, MR
G5 1Ak 5 ok U5 i T2 5L B 6y ok RO
B X AN )N TR 119 22 5 PR 241 26 B PR 44 (metagenome
assembled genomes, MAGs)iF 58 & B, — XU,
P TR R A (A B0 X b pip [ Ak Yy i 9, LG
I I T 00 B8 TR AR FE IR 4 2 TR Al T8
B. longum subsp. longum VE k&4 I A 41 B Y
RURE, =208 FE R R AR A R iE)
AL R R (AR 4548 . M X 3l ) 2 ) 5%
M, HABMBEYER N EFEE N2
PEDS2U REFLME RS LIR N 9 B. longum subsp.
longum T Pk #5101 2 B 2L K 2R A (human milk
oligosaccharides, HMOs)F I 3& &, 1 Bt 77 U5 W
I B L0 b D) 3 B A LR R U o SIS
, AR NI TR PR AR R R A AR
S, AnBT R A R R R G020 g Ab,
RN E S SRR R CY B 788 A

B. longum subsp. longum W E >, B. longum

subsp. longum TE4ERE NS B (g5 . FBH AG
I W A DG 20 T EL A BRI I s 20
DAL I 368 3o T J L A 5 R 240 = 9T 5 1 D R 26 PR 24
2ot on NGB MAEYA T B. longum
subsp. longum PRI IBE ZFEE R OCE 2,
KEF 22 . ZRIERSE, HER
IR b 2 (] R B A . A RR S, ROERE(A
ZIAGEERAL, RE 2. AU R A
BT B 4B 7R T FE 8 v B IG BF SO RE RN
BEFAREL T 136 ¥k B. longum subsp. longum
PR, SR PCACEE R AH 1 J7 1 D\ 4 BE R AH 7K -4
7 AN () R Y5 BT R 118 3 DR A R0 R S gk T E 356 (A
225 [FIF, DI 2T 38 114 Mok i
T e ] H A b XN TR PR 1 R R 2 8l AT
TETROEND RGE IR, DN
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DA BUB T T A A3 A8 A Jg 1 A T 114 3 [
PEACERI SR BEIESE , I T A BT X S M 3N
TR ORI A A 2 T TR PR TSRS B BIIE BEAi

1 M5

1.1 #H
1.1.1 &5FME#EARRE

AT R K WA T e A .
HAE 8 s By N TR AR . SRFERTC )i
BEHEESHREAR, SEEFREHEERES
L AVE R A o SR i BORE 35 il e i/ T
£, HEEEATIZE 2-5 g EMABEEE T, &
EH RIS . RERMFE S E T ERKHH
JEAr Rlis i B, AAFRTAAE T80 °C, A%
38 35 A V] R 22 B 2 e 5 — i I e s 2
RERZE L itifE, gw'5 o KJ2021-088-01.

1.1.2 EHEHE

MK MRS AR IR (g/L): APk 10.00,
4~ N E 10.00, [ BEEHCY 5.00, AR
20.00, 0t -80 1.00 mL, K,HPO, 2.00, Z /&
B 5.00, FPEERR 4% 2.00, MgSO4-7H,0 0.58,
MnSO4-7H,0 0.25, BifE 20.00, L-F btz 2 £h
R4k 0.50, ZEPCE AL 0.05, pH 6.0, 115 °CKH
20 min,

o K Wilkins-chalgren 1% 7% & (g/L): St K
Wilkins-chalgren E(JJ§ 48.00, K & 4 (i 5.00,
M J-80 1.00 mL, 7KMASERZ 1.00 mL, L-PRtzR
thme s 0.50, FILP AR 0.05, WHE A 0.20,
115 °C’K A 20 min,

1.2 FERAF LS

TE 2% " ¥ [10 mmol/L Tris (pH 8.0),
10 mmol/L 2 — i P4 & P& (ethylene diamine
tetraacetic acid, EDTA)]. Tag Plus Master Mix
(2x)#1 100 bp Plus Marker, F§ 5t MERE A YR
B A BRA ] BEAEHE . GoldView, dbit4xal
SEYIEAR B AR A

PCR ¥ #41%, SensoQuest 2\ F]; Power Pac
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Universal 7K FALIK{Y, Bio-Rad Z3F]; BioNumerics
v8.0, Applied Maths 23 w5 51 9 & B F T PR
Sanger il J7> 347 1 75 M 45 Pk A D BHE A R 28
SERL
1.3 B EER S ESEE

W 1 g BrEEEEAE T 9 mL MRS WA 57
SEUEATRE RGBS, WL 100 uL F B R 107,
107, 107 AYHG BRI 2 BIUR A T . MRS K537
FE(MRS. 0.5% L-P ez Ribigh . sty &
25 mg/L) Flek B Wilkins-chalgren 1538 %, &4~
B E 2 AT, 37 °CIRE R I 48-72 h
. WEEASERRZERL 10-20 S G5E . JBH . 4
ZoKEPMH AR A ARTE, S8 ERHITER
Ko, FEFEERE, B VAL Y R AR A A
PRAE LIRS SR 3L s kILk 2-3 Ik, HEBK
R Al Rk R 1k o PR AL IE B TR TR
1 mL /& MRS 5532 ILRMRAIN 0.5% L2 b4
R Eh R ER) 9 2 mL B FROREE h, IREH
48 hJm, 12 FRP TP 0.5 mL & K& /Y
75% Hh, KIS HIR A5 )5 8 T-80 °C
TR

PR DNA A58 HOR HI28R 5 - 7 - 30 055 2k
05 . R H 5% Bif-groEL-F (5'-TCCG
ATTACGAYCGYGAGAAGCT-3") fl Bif-groEL-R
(5-CSGCYTCGGTSGTCAGGAACAG-3") % 43 85
Bk (9 DNA 34T PCR 4734 . PCR J2 W 1k %
(25 pL): 2xTag Plus Master Mix (p213) 12.5 uL,
. FUEFI#1(20 pmol/L)4% 0.5 uL, DNA it
3 uL, ddH,O 8.5 pL. PCR J i 5514 95 °CHi
A5 PE 8 ming 95 °CAE 1k 40 s, 60 °CiR k 40 s,
72 °CHEH 40 s, 3L 30 A~FFFF; 72 °C LS i
8 min, PCR =% 1.2% Ty B vk i e i A6
J&i . 7€ 500 bp Z& 47 M 007 B A5 B T M L — %A,
B4 3G 7= W 26 A T3 N 4 MERS A= W R A R F
HATIF o
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1.4 B. longum subsp. longum X %8 de
novo M F

H PR L 7E - 80 °C 8 Ik i vk 4f h 48 R
B. longum subsp. longum BIRFRECH , FER T2
K MRS Wizt 3, 37 CCIRARG S 48 h, 1%
REEFE BRI ETE T TEXWARMT 4°C.
8 000 r/min 5 0> 5 min Y 4 W K o fii A
FastPure®™ Bacteria DNA Isolation Mini Kit B 5
PR DNA, SRS % G PH PR 4 O 9178
T U B A5 A SR AL X R A SR U VA RS VR 1B
P, B AR TR I 1Y) 9 I R] ZE K 2 30 min,
& E B KB E R EAE K E 40 ming R
NanoDrop 2000 5 il 2 B DNA. 1) 26 5 F1
e 350 A O 5 HL DK 5 A T DNA 1 52 BE 2
Bk B >20 ng/pl, B >4 pg, ODsso/ODagy=
1.8-2.0 MY F& DNA %3k 2 b IR AR AL YA}
A BRA R . R H Illumina NovaSeq I 7F-
G, BRI EEAE T AL 4 100xH) PE150
P Al
1.5 B. longum subsp. longum Lt 3% % &
Horth

AW T 250 #k B. longum subsp.
longum HHE, 35 136 MR AR 114 B
M NCBI %48 1 3R EUAS A I B. longum subsp.
longum PRPRIERAEE . s, NCBI Zds e
H K B. longum 4 1V FARAE R R S5 3L R 41
%), Bl B. longum subsp. longum JCM 1217,
B. longum subsp. infantis ATCC 15697, B. longum
subsp. suis LMG 21814 Hl1 B. longum subsp.
suillum JCM 19995 WA A J5 2253 M7 o Fr A T ik
FP AN 28 AR i reads 1d € . RBREESL RS
i, ARAGE R Y reads [7 41 . AT S 4134
B AF SOAPdenovo?2 (http://soap.genomics.org.cn/)
X AR 5 AT 93 T 24> Kmer 25001
PrE, 1525 contigs ZH 245, AR
reads L X% contig [+, H3¥E reads Y paired-end
F1 overlap & Z8 X 2 2 45 S A7 Jey 30 41 2% A

b, JE 3 scaffolds. 73 41, NCBI %l /%
B. longum subsp. longum JCM 1217 Z%ZLH 4 ¥
LLIRER YN S S % o Vi

& H] Roary #AF X HAZ L BEH (core gene) it
r8i0t, LI B IT 5 —2H>90% AbrifEw 45
IR K, HEE B. longum subsp. longum HIAZ 0>
BE DA AR R B JE 1A 4 (accessory gene).  F1]
Roary 75 2| (4% 0> FE [H 7 51 i H fasttree v2.1.10
B GTR BB, 3T i KU (maximum
likelihood, ML) % ¥4 # B. longum subsp. longum
Pz RGE KB R, i IEL T A iTOL
(https://itol.embl.de/) b RGE L BWE . V%
H 2 — 2 (average nucleotide identity, ANT)J& il
2 X 5 PR A 1) [R] 955 2 DA 5 TRAR SR 4 G 2R o
F ] FastANT T35 3 ok P 22 [A] 9 AN fE, %
IS ) ANI ] R 155 P pheatmap 122 1
RASHRIEL g TR0 A5 2] 1 35 D] 2 7 ) 2 L T
JF 8 SCF, d K Ak A T T T AR
(carbohydrate active enzymes, CAZy) XJ Fr A & #£
B KA 9 AT ok A5 W00 YRR TE RS . il
H eggnog-mapper v2.1.10 T. H. ¥ g 15 X 5 %))
(coding sequences, CDS) 5 % [ i H & [ I&
(cluster of orthologous groups of proteins, COG)%{
PEPESAT O, 1SR TR RS B .

2 ERG599

21 WEMFENSSMEE

A I ) AR IR 2Ok AR R AT .
THAJEE R, HARR EE A E 0-2 Z H
25-32 % Z ], % groEL RN, M 72 4
Brameg AT, AL X T T AL B v B
N BEFE A RE A h 3L 53 B9 A5 2SR E T 9 AR
749 BRI AT, H B. longum subsp. longum
271 ¥R( 4 EE 36.18%) . B. adolescentis 149 # (5
b 19.89%). B. breve 145 ¥ (15 o 19.36%).
B. bifidum 65 k(5 It 8.68%). B. animalis 35 ¥
(5 It 4.67%). B. catenulatum 35 ¥R(:5 Ht 4.67%) .
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B. pseudocatenulatum 30 & (&5 b 4.01%).
B. angulatum 18 P (i It 2.40%). B. merycicum
LAR(E EE 0.13%) (B 1) bR B e 4R &K
W1, B. longum TE A58 1Y 75 JE 34 BA B v 35 ik
FEAE H AR R, HAIKIE B. adolescentis Fl
B. breve,,
2.2 B. longum subsp. longum % [E %A%
{E5 4

AWFFEETF Mlumina NovaSeq M FF4, %t
OrEH TR 3 AR M X Y 136 Bk N IE
B. longum subsp. longum 17 T 4= 3 KLy
FLAG T 4R B R 31 Bk WA T 4E B IR TR
51 BRFNJE e LG R vE IR 54 Bk X EIrAT IR Y
B. longum subsp. longum FE 4 75347 de novo
A, IFRGEVEAL TR LR 4 Y P i A
RIZHZH 215 5 136 ¥ B. longum subsp. longum 2
PLERR, FERA IR (2.38+0.12) Mb, -
) G+C & (59.9140.31)%, Scaffolds ¥t V-4
804>, NS5O HPPFHHCEE N 298 557 bp, 4741
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Number of isolates

(coding sequence, CDS)%{ & & 1 755-2 565 1~
CheckM =45 K], A A3 ik R 24
¥ 5 58 & i (completeness) Y 7F 99% LA b, Hi5
YL (contamination) 7F 5% AT .
2.3 B.longum subsp. longum 1% H>EFEF
ZEEEME

TERRAE Py AR, — AP i) 4 2 DX
Sz FE R 2 (pan-genome), A5 .0 FE R ZH
A% ERA, FEOHER A T — 25
325, BEAZIEA . ~AEHAfse SN, #
OB SR FR AR T I A 5L Rl e 91 v g 2 A
K, BAGERSFIERRE . %R A
TRAFTET 95% HYFERI A A BE R 505 s = RE R 20
B R RAEAE T/ BR800 b i 36 R 5K
R (O<JE P TE TR A 11 B <15%); Se R4
HER IR A M RN Z I, TERZH
FEPRZH 7 9] A 1 R DR SR (15 %<5 PRI 7R TR A
HA ) B8 <95%) . LR IR 7 51— E1E>90%
() b o Tl 3 s DR R M 45 SR R, 136 bR
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Figure 1
City, Xinjiang.
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Distribution of human-derived Bifidobacterium species in Nileke County, Yining City, and Kashgar
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B. longum subsp. longum WRZIERFEHALE 7064 1~
B, Ho s 1286 ML L 91 MK
JEH L 1089 SR FEHAN 4 598 DAL (K] 2A).
A5 0 0ok 2 T A 0 R D -0 R DR AR il 2 R B
e ARECH p93g N, 2R B BT
oy MHILZ T, BORERHEZEBTRE
(® 2B).
2.4 B. longum subsp. longum 1% 10> £ #
ARG R EWOH

HF 250 ¥k B. longum subsp. longum, UL}
B. longum subsp. longum JCM 1217, B. longum
subsp. infantis ATCC 15697, B. longum subsp.
suis LMG 21814 J B. longum subsp. suillum JCM
19995, FAZ.CRER @I 1000 Yo7 %A
# B. longum FOFER B e KADSRB o A0 JE A
A% kKB W, 250 Bk B. longum subsp.
longum F1 B. longum subsp. longum JCM 1217 %
EFE R — A3 fe 2 &, 5 B. longum subsp.
infantis ATCC 15697, B. longum subsp. suis LMG
21814 #11 B. longum subsp. suillum JCM 19995 H}

A

1 286, 18%
A Core genes
/ = Soft core genes
4598, 65% B = Shell genes
Cloud genes

o3 (B 3A). AR BBk IR AE B TR 45 2R
KW, ok AR E R HL L X IR B. longum
subsp. longum IS 3 AT RPAE, R BRIEAL S
Al 534 10 4~ clades. H:rf1, cladel F clade5 &
BEUL T E PR . PE RV A AR
¥R F, clade2—4 DA E ZR B (AL FEVL IR . #E
YL DU T AR o S5 X)) 1Y 4 B bR 3
clade6—8 LLH [E WL X (T e o L AR A2 RL5E)
B NJRA B RN 325 clade9 FlI clade10 F4) 43 5 kK
KR T VG A kb DR s s XN

FRGE B AT UL I R TR R 1R] (%) HE A 45 7
Fras i b X & . A5 B. longum subsp.
longum FhNAL L R, ABFFTEET 136 14
B. longum subsp. longum, > & KALIKE, F
I 1286 A0 FEFE I 1000 Y51 S AUHL g
BOERRGELBWM . ZOERRG KT D
N, AR TR B R 136 PR B G M XN
B. longum subsp. longum 73K 4 AR g E4L )
(I 3B). AR TR R R Y R A BT R R
KW, L2 AL B3, C1 J DI th4EEIRIEA

)
el
g
=]
=
g
2
Q
g — Pan-genome size
G 3000 — Core genome size
2000 f

0 20 40 60 80 100 120 140
Genome number

B2 Bifidobacterium longum subsp. longumEkHI#%-ZEEH. A: Bifidobacterium longum subsp. longum
FERRTZ HE AR [ 45 4% 0 [ (core genes) . 4XA% 5L [H] (soft core genes). = %E[H (cloud genes)F17% 35k [ (shell
genes)]; B: A2 -7 FEE MR (SR EOCERAZDEER, BRIz IEN),

Figure 2 Core genes and pan-genome of Bifidobacterium longum subsp. longum strains. A: B. longum subsp.
longum strain pan-genome [Including core genes, soft core genes, cloud genes, and shell genes]; B: Core gene-

pan-genome curves (Green represents core genes, and blue represents pan-genes).
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A
Tree scale: 0.01 ————
Geography Clade
B Reference [ Cladel
B Xinjiang [l Clade2
[ Beijing [ ] Clade3
[l shandong [ Clade4
[JJiangsu [ Clades
[ Hubei [ Clade6
[ ] Guangdong [_] Clade7
[ Henan [ Clade8
Sichuan  [J] Clade9
[ ]Gansu [[] Clade10
[ Yunnan
[ ] Shanghai
B Anhui
[ ] Fujian
[ ] Zhejiang
[ ] Xizang
B Guangxi
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Tree scale: 0.01
Geography
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[E3 Bifidobacterium longum subsp. longumtzICEFERFZLZER . A: HET2508KB. longum subsp. longum
(RO SEPRAG EEY R G0 % B W (/M B R AR IR I M5 B NI E s R, RRIEIE R A
FIRIER); B: SET2rBS R 1368K 18 1A% OBE I e 51l ML IS A i R 58 % B 4 (R G & 5 A B SN REAS
IR HIRAE R, NN RIEE R).

Figure 3  Phylogenetic tree of core genes of Bifidobacterium longum subsp. longum. A: A phylogenetic tree
constructed based on the core genes of 250 strains of B. longum subsp. longum (The outermost circle represents
the geographical information of the sample sources; The inner circle represents the evolutionary branching
lineages, with different colors representing different lineages); B: Phylogenetic tree constructed using the core
gene sequences of 136 isolated strains by the ML method (The outermost circle of the phylogenetic tree

represents the geographical information of the sample sources, and the inner circle represents the ethnic

information).
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Figure 4 Cluster analysis of accessory genes of Bifidobacterium longum subsp. longum strains. A: Analysis of

accessory genes of B. longum subsp. longum strains from different ethnic origins using NMDS method. Different

colored dots represent different evolutionary lineage branches, and the ellipses indicate the 90% confidence

intervals circled based on the ethnic information of isolated strains; B: Analysis of accessory genes of B. longum

subsp. longum strains from different geographical origins using NMDS method. Different colored ellipses

represent the 90% confidence intervals circled based on the information of strain isolation locations.
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Figure 5 Average nucleotide identity of Bifidobacterium longum subsp. longum strains. The horizontal and
vertical bars on the left and top of the heatmap respectively represent the strain’s origin and the location of
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Figure 6 Comparison of ANI similarity among Bifidobacterium longum subsp. longum isolates from different

populations. A: Comparison of ANI among different ethnic groups; B: Comparison of ANI similarity among

different geographical regions. The significance analysis results were corrected using the Benjamini-Hochberg
method [P,4>0.05 indicates non-significant (ns); ***: P,4;<0.001].
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Figure 7 The differences in the number of carbohydrate active enzymes carried by Bifidobacterium longum

subsp. longum isolates from different populations.
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Figure 8 Box plots of the number of carbohydrate active enzymes carried by Bifidobacterium longum subsp.

longum isolates from different populations. The significance analysis results were corrected using the Benjamini-

Hochberg method [P,4>0.05 indicates non-significant (ns); *:

Padj<0-00 1].
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