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Abstract: [Objective] Breast milk-derived Bifidobacterium animalis subsp. lactis Probio-M8 has
excellent probiotic properties. We analyzed the genetic characteristics of Probio-M8 at the
genome-wide level and compared the genomes between Probio-M8 and other B. animalis subsp. lactis
strains with probiotic efficacy. [Methods] We constructed the core gene set and pan gene set based on
the genome data of 21 strains and 1 model strain DSM10140" of B. animalis subsp. lactis in the NCBI
database. Further, we constructed a phylogenetic relationship of this population and analyzed the
genetic characteristics and functional genes of Probio-M8. [Results] The pan gene set of the 22 strains
contained 1 618 genes, including 1 514 (93.57%) core genes, which indicated the core gene set was
highly conserved. A phylogenetic tree was constructed based on the 1 514 core genes, which showed
that ADO11 was in a single branch, while Probio-M8 and the other strains were in the same clade with
the type strain DSM10140". Probio-M8 had short genetic distance with V9, BB-12, Bi-07, and HNO19.
The genomes of Probio-MS8, V9, BB-12, Bi-07, and HNO19 carried three inherent resistance genes
dfrA443, tetW, and rpoB with the same copy number among strains and did not contain virulence genes,
which indicated the virulence and resistance genes were conserved. Furthermore, Probio-M8, V9,
BB-12, and HNO19 all had 47 carbohydrate metabolism-related genes. Bi-07 lacked GH49 gene and one
GHI13 gene copy, while Probio-M8 had an extra copy of GH49 gene, which indicated that the
5 probiotic strains had similar genes for carbohydrate metabolism. [Conclusion] The core gene set is
highly conserved among the 22 strains of B. animalis subsp. lactis. The strains Probio-M8, V9, BB-12,
Bi-07, and HNO19 have similar genetic characteristics. This article supplies data support for the
follow-up studies of Probio-MS.
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Table I Accession numbers and isolation sources of 22 strains of Bifidobacterium animalis subsp. lactis

Strains GenBank No. Isolation sources

BLC1 CP003039.2 Human feces

IDCC4301 CP031703.1 Infant feces

S7 CP022724.1 Adult feces

BF052 CP009045.1 Feces of breast-fed infant
HNO19 CP031154.1 Human feces

A6 CP010433.1 Human feces
MGYG-HGUT-02459 LR699002.1 Human gut

BL3 CP017098.1 Commercial dietary supplements
B06 CP042940.1 Feces of healthy Chinese centenarian
Probio-M8 CP047190.1 Breast milk

1 CP035497.1 Human feces

RH CP007755.1 Human feces

BB-12 CP001853.2 Food matrices

BI1-04 CP001515.1 Human feces

KLDS2.0603 CP007522.1 Adult feces

V9 CP001892.1 Human feces

CNCMI-2494 CP002915.1 Human feces

Bi-07 CP003498.1 Human feces

Bl12 CP004053.1 Human colonoscopic sample
B420 CP003497.1 Human feces

ADO11 CP001213.1 Infant feces

DSM10140" CP001606.1 Yoghurt

1.2.6 API 50 CHL ¥4 E25016

FEARFE IR APT 50 CHL 77 & 16 W3 B k7
A& IR FRAE, &R 37 °C,
Fr3% 48 ho 43 WIAE 24 h 1 48 h & U&E 1 X
1.2.7 KL EVIESERE

3T Probio-M8., V9. BB-12. Bi-07
HNO19 2 SL A 73, iK1k & 9 P
BAEZE (CAZy) BT ik 5 RRFLBUSE AT 1Ak /K Ak
G UG PEBG I e S A

2 BREM

2.1 ANI #1 TNI &5
TE B L A 27 o Hrad #2 . ANT A ]

TIPAL JE DAL 0] Z2 280k, 0wl 0 Dy 56 PR 4 22 (7]
MARRIE, —M R ANT KF5F 95% K[
—FhPY, ANT 258K, 22 HRELBUBAT R Y
ANI fH ¥ KTF 99.88%, 1 Probio-M8 5
DSM10140" () ANT {54 99.99%. TNI Ji: i i i1
B Z (R AZ PR VT IC Fe 1], Sk i DR 2H 254 4
PRAE T Y X A Re 1 (B 1) 22 BRFLAUELFF
TNI ¥ KT 99.20%, HH Probio-M8 5
DSM10140" ) TNI {E > 99.89%. Diaz %
KK, Bifidobacterium longum subsp. longum
1 ANIE KT 96.5%. Kk, #H%¢ Bifidobacterium
longum subsp. longum , FLIUE AT B RN 1) 3% A
AR B
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Figure 1 Results of ANI (A) and TNI (B) of 22 strains of Bifidobacterium animalis subsp. lactis.
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Figure 2 Heat map of the presence and absence of pan-genes of Bifidobacterium animalis subsp. lactis and
Venn map of the core genes of Probio-M8, V9, BB-12, Bi-07 and HNO19. A: heat map. B: Venn map.
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Figure 3 Phylogenetic tree of Bifidobacterium animalis subsp. lactis based on 1 514 core gene sequences

constructed by the neighbor-joining method.
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Figure 4 Collinearity analysis of BB-12, Bi-07, HN019, Probio-M8 and V9.
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% 2 Probio-M8. V9, BB-12. Bi-07 #1 HN019 SNPs 9 #f
Table 2 Analysis of Probio-MS8, V9, BB-12, Bi-07 and HN019 SNPs

Position  Probio-M8 Bi-07 HNO19 V9 BB-12 zr;’:eio'MS* Mut-type Function

1026063 G G G A G RS04460  Nonsyn  Glutamate synthase large subunit

1152980 T T T G T RS05025 Nonsyn  WhiB family transcriptional regulator

1152982 A A A G A RS05025 Nonsyn  WhiB family transcriptional regulator

1173718 G G G T G RS05115 Syn UPF0182 family protein

1197280 T G G G G RS05220 Syn SDR family NAD(P)-dependent oxidoreductase

1250922 T C T c cC RS05440  Nonsyn  Bifunctional (p)ppGpp
synthetase/guanosine-3'%2C5'-bis(diphosphate)
3'-pyrophosphohydrolase

1252724 T C T C C RS05440 Nonsyn  Bifunctional (p)ppGpp
synthetase/guanosine-3'%2C5'-bis(diphosphate)
4'-pyrophosphohydrolase

1260131 C G C c C RS05470 Nonsyn  Glucose transporter

1260499 C C C T C - Intergenic

1305243 A A G A A RS05645 Nonsyn  ISL3-like element IS2001 family transposase

1305311 G G G G A RS05645 Nonsyn  ISL3-like element IS2002 family transposase

1312012 C C C cC T RS05665 Nonsyn  ISL3-like element IS2001 family transposase

1312436 C T T T T RS05665 Nonsyn  ISL3-like element IS2002 family transposase

1589335 T C T c C - Intergenic

1637379 G G G A G RS06960  Nonsyn  Hypothetical protein

1639679 T C T T T RS06970 Nonsyn  Sugar transferase

1643939 A G A G G - Intergenic

1646040 C T C c C RS07000 Syn Pyridoxal 5'-phosphate synthase glutaminase
subunitPdxT

1651944 G G G A G RS07030 Syn EpsG family protein

178364 T G T G G - Intergenic

1861841 A G A A A - Intergenic

1874774 C G G G G - Intergenic

1874792 C T T T T - Intergenic

1879685 T C T T T RS07890 Syn Lacl family DNA-binding transcriptional
regulator

203327 G A A A A - Intergenic

281374 T C T T T - Intergenic

282406 A A A A G RS01195 Nonsyn  ISL3-like element IS2001 family transposase

315437 C A C cC C RS01320 Syn ATP-dependent DNA helicase RecG

445589 G G G T G - Intergenic

485251 T T T G T - Intergenic

53155 C G G G G RS00260 Syn ISL3-like element IS2001 family transposase

592768 C C C T C RS02520  Nonsyn  ATP-dependent zinc metalloprotease FtsH

612735 A C C cC C - Intergenic

617887 C T C c C RS02625 Nonsyn  Glycosyl hydrolase 43 family protein

(T5%5)
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4% 2)

687002 G A
753993  C T
775644 T G
777043 A A
839430 T C
858102 A A
936162 T C
937071 G A
952409 C A
960055 G A
993129 T C

H oo = » 3> 300

H oo HE>»000

H o oaoaaa» 3000

RS03195
RS03305
RS03305
RS03550
RS03630
RS04040
RS04040
RS04120

RS04325

Intergenic
Syn
Nonsyn
Nonsyn
Nonsyn
Syn

Syn

Syn
Nonsyn
Intergenic

Nonsyn

Proteasome accessory factor PafA2

HAMP domain-containing histidine kinase
HAMP domain-containing histidine kinase
ECEF transporter S component
Argininosuccinate lyase
UTP-glucose-1-phosphate uridylyltransferase
UTP-glucose-2-phosphate uridylyltransferase

Glycosyltransferase family 4 protein

Bifunctional ADP-dependent NAD(P)H-
hydratede hydratase/NAD(P)H-hydrate epimerase

Mut-type: mutation type; syn: synonymous mutation; nonsyn: non-synonymous mutation, intergenic means intergenic. —: no

result.

% 3 Probio-M8. V9, BB-12 & HN019 API 50 CHL 4 #f
Table 3 Analysis of Probio-M8, V9, BB-12 and HN019 API 50 CHL

Sugar

Probio-M8

V9

BB-12 HNO19

24 h

48 h

24 h

48 h

24 h 48 h 24 h 48 h

Negative control
Glycerol
Erythritol
D-arabinose
L-arabinose
D-ribose
D-xylose
L-xylose
D-ribitol
Methyl-B-D-xylopyranoside
D-galactose
D-glucose
D-gructose
D-gannose
L-sorbitose
L-rhamnose
Dulcitol

Inositol
Mannitol

Sorbitol

Methyl-a-D-mannopyranoside

Methyl-a-D-glucopyranoside
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N-acetyl glucosamine + + + + + + + +
Amygdalin + + + + + + + +
Arbutin + + + + + + + +
Aesculus ferric citrate + + + + + + + +
Salicin + + + + + + + +
D-cellobiose + + + + + + + +
D-maltose + + + + + + + +
D-lactose + + + + + + + +
D-melibiose + + + + + + + +
D-sucrose + + + + + + + +
D-trehalose + + + + + + + +
Inulin - - - - - — — _
D-matsutose - - — - - + _ +
D-raffinose + + + + +
Modified starch + + + + + + + +
Glycogen - - - - - - — _
Xylitol - - - - - _ _ _
D-gentiobiose + + + + + +

D-toron sugar - + - + - + _ +
D-lyxose - - - - — — — _
D-tagatose - + — - - — _ +
D-salalose - - - - - _ — _
L-salalose - - - - - - _ _
D-arabinol - - - - - — — _
L-arabinol - - - - - _ _ _
Potassium gluconate + + + + + + + +

Potassium 2-ketogluconate - - -

Potassium 5-ketogluconate - - -

+: positive result; —: negative result.

2.7 FRKLEVIEEERGER T

WK G R R T2 1 2 TR A #  2E RPk 1Y)
HES . NAE R K T Probio-M8
5 V9. BB-12. Bi-07. HNO19 iX 5 Bk F X}k
KALG R AR RE 1, 8 BkoOK AR A IS
Wl A P (CAZy) s i R B, 5 PR L OBUBE AT 7 3
A 4T CAZy ZKHE, A34E 10 MHEH /Kl R Tt
(glycoside hydrolase, GH). 10 MHHFIEEL LR
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Wi (glycosyl transferase, GT). 12 M/KILEY
2 & 2E R I K (carbohydrate binding module,
CBM)FI 3 MK Ak 75 Wik i 8 % (carbohydrate
esterases, CE), V9. BB-12 F1 HNO19 FJfik/K
AP CEE R 58 42—, Bi-07 BEH GH49
SN HA—A> GHI3 FENRIFEDL, 1 Probio-M8
Z—> GH49 RPN, LKW Probio-M8
fi 7K AL A A o g 35 DR v B RS (B 5)
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Figure 5 Heat map of CAZy annotation results based on whole genome sequence. GHs: glycoside hydrolases;
GTs: glycosyltransferases; CBMs: carbohydrate binding modules; CEs: glycoesterases.
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