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#H & % [ 24361, Wk (9 BNcANIAR BUE &/ 7 34 1 4% BR % 45 14 (single nucleotide polymorphism, SNP). £t
MIAMAEMIEAAENE LR MEEE 2D, EERNATREREFHERTFIRLAFIERER,
[l i 2 I 20% 0L L E AR B T E A R 20 R L 4600 FLERAT B A BT B A E A NCANTE Z R BROA, B
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B3 L R A AL (average amino acid identity, AAI)
VGNP 53 2% (0 U bl >0, DL AT o e
W RGK B ek %e. 5—J7m, £
T AE P L DR 20 2716 23 M 7 538 W] AR IEAR SR B M 8
TIER Gy 03 BT AN R R BN UR, 140, F
FRAT VA - 39K 26 1A M 223 VA i O — > FLAT 1 & (Lacto-
bacillus), BRI RFEMER, AMHE FAFRH
BB AESE R 2 TSR 2R T I T
— FRCAH B PR I 2 REERR L. 6 SR AT 1R 112443 16
R BE DR LR AT AR 40 A B, 1% 8 mT L 4y
K24 SR R 1 1) R A A TR AT R
(Bacillus): £ RHB M 1 AU 3 & (FH303 4 F
MIREEA G, BeiIEws3nstE!. |,
b7 BB ZI/ELPSN(List of Prokaryotic names
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itz 5 K 2H (pangenome) i 2. 12 3 R 4H B - R 32 [
BEEGAR M, 8 ORI — Y Rh 40 T b AN 7] B P A ]
HOH U 32 S R T LA R 0 JE R 4 (core
genome) 13 75 FE [ 41 (dispensable genome), 1%
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At B % EH K AV EAE B F (National
Center for Biotechnology Information, NCBI)f]Gen-
Bank % ¥ [ (https://ncbi.nlm.nih.gov/genbank) % 1 16
ot L TR AT T R S SR T ) ke PR 4 5040 (b 1 - 5102021
F5H20H), FE38ISAFEHAL. Lk ¥fhtsy RIE (m
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2R IR 7 41 K 245 5 AR ) T2 LR GI v5.2.0, $2 B ERIA
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BFEFLFT B, AONEENY, ZRNABIEREHN
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a2 A 1 2 26 ) B TR R AR S MR S DI AE O

2.2 FLERAT R bR RVl R A O B P AL R R 23 A
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WA EFAEFT B MRS AR Sl
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fi 35 PR 2L AN 9 4 T K T 20 28 5 s i 02,
RNT I KERERE R, Bl 25050 L
CANIE NG RN 7 26 5% 52 B PN AR, DAaEAT
BHERI RGUR B o Arskdh s . AR A
AN 7 VLSBT T 1600 FLER A B R 3 18 7K 1 7 51 A1
ltE, 2T cANMEMAE L Bl A B ARTR. FLERFF
B 16N R, Fh BN cANTHE 1 T-95% I Fh A i+
FNFE S SR E. ARAFE. 5
FUPFEALAT I . BT B FLIEAT 1 - SR 2= LIS AT 1
R TR VLA VR AN MR IR B LA B, P B 1 O B
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Table 1 Genes distributed across 16 lactobacilli and 5 Bifidobacterium species pangenome in the List of Microorganisms Used in Food

R EVRI & FE[R A AR 2 BRI L BE R 21 e {7 FI 20
ANFEE Lactobacillus
W& IR LT A Lactobacillus acidophilus 58 2822 1681 1141
G M AT Lactobacillus crispatus 156 16836 753 16083
PRI Lactobacillus delbrueckii 103 11137 734 10403
& AN Lactobacillus gasseri 55 7610 750 6860
it FLAT Lactobacillus helveticus 144 13589 858 12731
29 [IRFLFF A Lactobacillus johnsonii 60 9853 951 8902
I AR AT B Lactobacillus kefiranofaciens 9 4202 1504 2698
FLEEA 1R & Lacticaseibacillus
F W LI T Lacticaseibacillus casei 18 6207 1515 4692
BT B L EEAT 5 Lacticaseibacillus paracasei 242 23868 1027 22841
S 20 L I T Lacticaseibacillus rhamnosus 226 19261 1025 18236
LT &8 Limosilactobacillus
RN AT Limosilactobacillus fermentum 96 12612 742 11870
A TR LA B Limosilactobacillus reuteri 208 23089 858 22231
FLHEA )8 Lactiplantibacillus
T FLAEAT B Lactiplantibacillus plantarum 599 32034 1240 30794
e AT EE Ligilactobacillus
MR B LA A Ligilactobacillus salivarius 193 13776 1003 12773
I AL R Latilactobacillus
) A AT Latilactobacillus curvatus 24 6609 1182 5427
I A FLAT T Latilactobacillus sakei 56 6285 1280 5005
RS AT B Bifidobacterium
HAE B Bifidobacterium adolescentis 325 12803 1170 11633
AT Bifidobacterium animalis 91 4352 1105 3247
5 S AT 1 Bifidobacterium bifidum 123 8405 1134 7271
6 XA Bifidobacterium breve 123 11150 1142 10008
KB Bifidobacterium longum 871 25863 807 25056

a): WX EAZMER DAEMRBEEAGK (FTHTRMAQER AR EHATE; SIHAFRX MR R WM IR b): Wit

S5 B R A R

94.8%7%193.6%; FERRFALNFT I il MAAFH . HY
FLEAT B 20 ORGSR LA 1 A0 15 L AT 1 X b A
/N ANIE 73 5N H82.77%, 87.99% 86.96%, 70.10%
F170.45%, TAK T FhKF4EE 195%BIME, KHEL T
JEAKE K G, FLERFT B B R IKT 7 RA AL
— S A, JE R ENCBLE — AN 2% 1 = bR 2H #dis
JEE, R e 7E Al A A 2 DR 2H 08 U T, AR AE VR 2 R Ay
KERER, TRIABHESHITRARHEEDH

BF 7 b AR B AP R AR A JE O I, X R SLAT
B BT YA B EORIREAL
AP B 0 It LI T B8 S5 5 e 9 B9 250 AT 37 c ANT
ERTEMREE I, #7222k A" (NCBI Taxonomy
Check) Ik, 45 F UMM 2% hig s Fe2 o, WE IR FUAT 14 112
ik PRI 2H 73 S0l Js 1 26 i LA 1 A B LA, )
i FNT B PR S L. fragifolitB AL HY)FLIE
BT AR Ak 3 DRI 28 23931 45 8 RE 00 L RE AT T R S AT
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Figure 1 The intra-specie cANI values of 16 lactobacilli species and 5 Bifidobacterium species in the List of Microorganisms Used in Food. A: Box
plot of the intra-specie cANI values in the lactobacilli species (based on NCBI biosample); B: box plot of the intra-specie cANI values in the
lactobacilli species (after NCBI Taxonomy Check); C: box plot of the intra-specie cANI values in the Bifidobacterium species (based on NCBI
biosample); D: box plot of the intra-specie cANI values in the Bifidobacterium species (after NCBI Taxonomy Check)

P ARARL, 128 (R A A A )R 4R B B AR i, %
PRV FLAT B AR SE R 20 93 A 5 L. caviae, L. pon-
tisFIL. mucosaefi AL, T FLIEEAT B 19 1 20k JE R 2432
5 Bl 1% LIS AT B AR ALl SRR 2SR A 1
CANVE#E— B I0AE T _Fid 45 B(E1B). KR IEJG IR
AR )AL EYFEA R PR
VRFLA TR R T 1% LIS A B M N /N c ANTHEL 40 0 A
99.6%, 97.5%, 96.4%, 96.0%F195.0%, ¥ T K]
95%RIfH. FREEREM, LTI RERGA T, O
) FLRR AT B T R AS B AT A7 AE 73 AR 1 15 L,
TR R R 20 4 & R B L UGHAT IR IE. EAh, 165
SFLERFT B 1 F PN B8 PR 8] 5t N c AN A AR [F], 7E93.6%
~99.6% [Al, AARIEHEET, BWIEHITREEN
i, AR LA R AN [ I cANTIE,  DASE mrfd
ISP S e I HER I I TRV R, VAT A FUAF
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TR KR ) B2 /Ne ANT93.6%, IR T8 70 A 5K 2k
(K195% B {EL, 1% 1A Rl A7 45— 2 ) 73 B AT REE.

2.3 WUBCATH b A R i A O 2 PRI2EL B X 23 A

—MINA, RS —RAE L KA TEEF
7™ DR A AN B, B 100 43 Fh XUE KT B 9 20 28 46
£ BR, RE T TR E L) h s
PSS AT B, 23 3 T B RUEAT 1 Sh P SO B (30
VIR FLEA) . PR BORUBRT BR X AT B A
PSRRI 2 LR, AHE T 5 7 SAhRS
AT 5 ) Fh P cANIME (FRIENCBI biosamplefs S 2 3L
KIZH A 53-2K), R EE ICHR. XS # g5
AT, il BN ANME 1 T-95% KRl R SUECH
W BRSO RSSO A B AT 1, Her
B i RO T B XSUBCAT T, 7 A 52N e ANIHE 998.8%; 5
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053 FLIERAT V1 R P 013 DU AR AL, 1 SOUCBORT A Pk
CANIE/MAIN 83.3%, A71E B bk 7> FEAHER 1) 1 0.
[EREREAT > AR A IRAIE, & T IS SUB AT T b
(49 1A 355 R 2 5 0 0050 AFF T s A AR AL () 4% Rl i 3. 2).
W J 1 1 2 R L1 93 2845 JE B SO R BB AT B, EE
T ECANI, 45 RN, BB BE I R A D
CANDA98.1%, 65 [l — B Fh i 45 B, &8I 5 1)
SRS AT B R c ANTSS SRAR 26 i ] I DT, SR OsUE:
FF B (81 N cANUE 20 A7 Y6 BN T 16 FLERFF 18, 70 A
1£94.9%~98.1% 2 [H], {HAHZ AT SRILF3.2%, [FIFEEIL
AN TR U AT B o AR AR EAT S e i, SRAASF I cANI
1.

2.4 FURRAT RADBBOAT A bR 1R 22 55 S REE R 73

AR Ah a6 A o B AR ) Thag, T R — PRl A
WP FEER DR A Z R, FEOXFZE R
JER DR = T AN T R 3k TR A4 P o R R DR RP SR B H
ZE5. AW FOEBRE A R E Z 101 Fh, B4
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Table 2 Core genes, dispensable genes and strain-specific genes distributed across lactobacilli and Bifidobacterium species
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Figure 2 Phylogenetic tree based on single copy core genes of L. rhamnosus (A) and B. breve (B). Clade A is blue circle, clade B is orange circle,

clade C is green circle
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Table 3 Distribution of virulence genes of lactobacilli and Bifidobacterium strains
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Table 4 Distribution of antibiotic resistance genes of lactobacilli and Bifidobacterium strains (CARD database)
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Table 5 Distribution of antibiotic resistance genes of lactobacilli and Bifidobacterium strains (ResFinder database)
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Probiotics are beneficial microorganisms for human health, including bacteria and fungi. The identification of probiotics has always
been a pressing technical issue in the academic community. Traditional taxonomic methods can only identify at the species level,
while genomic analysis can identify at the strain or species level. In this study, a whole-genome comparison analysis was performed
on 16 strains of lactobacilli and 5 strains of Bifidobacterium listed in China’s “List of Microorganisms Used in Food”. The core genes
average nucleotide identity (cANI) was applied to explore the method of reclassification and identification of species. The results
showed that the cANI values of lactobacilli and Bifidobacterium had species-specificity, with cANI values of lactobacilli ranging
from 93.6% to 99.6% and cANI values of Bifidobacterium ranging from 94.9% to 98.1%. At the same time, 25 strains of lactobacilli
and one strain of Bifidobacterium were found to have taxonomic errors. The results of comparative genome analysis of 247 strains of
lactobacilli and 113 strains of Bifidobacterium showed that the number of different genes between strains of lactobacilli and
Bifidobacterium could reach up to 436, and the minimum cANI similarity value between strains was 1 single nucleotide
polymorphisms (SNPs). The analysis of virulence genes and resistance genes in lactobacilli and Bifidobacterium showed that no
virulence-related genes were found in all commercial strains, and more than 20% of strains carried different types of resistance genes.
In conclusion, the cANI values of different species of lactobacilli and Bifidobacterium have significant differences and species
specificity, which can be used for the identification of probiotic species, and the differences in gene and SNP numbers between
different strains of the same species can be used for strain identification.

probiotic, pangenome, cANI, strain specific genes, SNP, virulence genes, resistance genes
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