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Probiotic characterization and whole genome sequencing of
Limosilactobacillus reuteri CHF7-2 from Chahua chicken
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Abstract: [Objective] To study the probiotic properties and safety of Limosilactobacillus reuteri
CHF7-2 isolated from Chahua chicken, providing a theoretical basis for the development of this
strain as a microecological feed additive.[Methods] /n vitro assays were conducted to evaluate the
adhension, enzyme production, antibacterial activity, and antioxidant activity of strain CHF7-2.
PacBio Sequel II and Illumina NovaSeq 6000 were used for whole genome sequencing of strain
CHF7-2. Bioinformatics tools and databases were then used for genome annotation to explore the
probiotic mechanisms and safety of this strain at the molecular level. [Results] Strain CHF7-2
possessed significant probiotic properties and safety. It exhibited high surface hydrophobicity,
self-coagulation, and antioxidant activity. The strain inhibited the growth of Escherichia coli K88,
Staphylococcus aureus ATCC 49521, Salmonella gallinarum CICC 21510, and Salmonella
choleraesuis CVCC 3383. Strain CHF7-2 produced protease and lipase, and it was safe for use in
feed since it did not exhibit hemolytic activity. Whole genome sequencing revealed that the genome
size of CHF7-2 was 2 116 761 bp, with the G+C content of 38.8%, encoding 2 067 genes.
Additionally, the genome carried the biosynthetic gene cluster of the class III bacteriocin EnlA and
multiple genes involved in the acid tolerance, bile salt tolerance, heat stress tolerance, cold stress
tolerance, adhesion, antioxidation, and organic acid synthesis, with no virulence or antibiotic
resistance genes detected. [Conclusion] L. reuteri CHF7-2 is a potential probiotic strain and a
promising candidate for use as a microecological feed additive.

Keywords: Limosilactobacillus reuteri; whole genome sequencing; probiotic properties; microecological
feed additive
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250 10 min YR B . 8 BIWHR 37 °CRl %557
M E. coli K88, S. aureus ATCC 49521 , S. gallinarum
CICC 21510, S. choleraesuis CVCC 3383 B &
20 uL, 5 LB BEAE;FRILQ0 mL, 50 °C)FIZITR
Gl iR AR SR . B 8 mm 4R

>4 actamicro@im.ac.cn, 7 010-64807516

FTHL, ¥ CHF7-2 5 LGG L5 AsisfL
(100 uL/AL), 37 °CHiF% 24 h, AR R
IR AR
1.6 E#k CHF7-2 IS WEMEAN

e R R & Ul B B R vk, AR T R
CHF7-2 (L5040 . LN ™ Py 0 i s L ae
(total antioxidant capacity, T"AOC). % [ i1 3£ 15
BRAEST . 1,1- R 3E-2- =l FE A R(1,1-diphenyl-
2-picrylhydrazyl, DPPH) F H ZLiEBRAE S . i8R
T2 B H BK (reduced glutathione, GSH) 7 & DA &
i Ak W) ;AL i (superoxide dismutase, SOD)
.
1.7 B#k CHF7-2 B97A ik I8

K HHUE AR R P #0L M 2 CHF7-2 19 %5 1 fE
J1, ¥ TCHRUELAR A B TR i BAEF- A
G 20 pL 35 A5 ) CHF7-2 T TRV 1L
P ) 4 00 ) 2 TR TR (PHAAE X IR TR T s 48
b, 37 °CHEFR 24 h, MRAETE T A LS5 77 A0
I &I CHF7-2 f9375 1ML fig
1.8 itk CHF7-2 FI&EEENF 5
1.8.1 H¥k CHF7-2 £RFERMSNF

PS5 B CHF7-2 TR 1% B IARF35L
HRPT MRS P P REF T REFR(37 °C. 16 h),
2 800xg & 0> 10 min YL &, I HJCHE PBS
SEMPR VR RAR 3 R o i e D A
DNA $ B & (R S R & CHF7-2 /15
[t 5 A ZH DNA. X 32 0TS 8 R ok 1
NanoDrop. Qubit STt fEH e e A ke ) HL vk B
MoEsE M . DNA WA e R ik tn s,
BluePippin 4> F A% i Be st R Ge ISR 7 Bt
DNA, FE T SC% . 58 Bl DNA SCERIA ),
] Qubit B Agilent 2100 A6 I SC 24 & A1 K/
I PR B A 4%, BifiJ5 K H PacBio Sequel 1T Al
Illumina NovaSeq 6000 ~F- 5 #E47 F .



tRAR S | BUESAR, 2025, 65(3)

1201
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LR A% B ey R4 B2 A SR N A5 R . 2 S R
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S
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reuteri F ERIE] A ANI {H, JF 4] TBtools v2 %

HilE AL
1.9.2 Z-tbEFEEWE

i i1 Prokka v1.14.6%VFll Roary v3.13.01201%%
53 M1 CHF7-2 536 1 WY 27 ¥ L. reuteri B3
225, PAKT 95% M &340 — B b ifE st
IO EEH, Z-Z0ERBREMHR
v4.3.0 Bkl
193 RGLENME

i i Roary v3.13.08 5 {4 3k 15 CHF7-2 5
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fifi HH MEGA 11 {4 v 11 4P 32 (neighbor-joining,
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active enzymes, CAZy);E ¥

$ CHF7-2 5% 1 A9 5 R TR L. reuteri
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TBtools v2 2l # A, DL B[R] B ik e 7K Ak
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2 ERE599
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Table 1  Genomic information of 27 strains of Limosilactobacillus reuteri

Strains Genome size (Mb) G+C content (%)  Origin GenBank ID

L. reuteri FN041 2.4 38.5 Homo sapiens GCA 024652885.1
L. reuteri M2021619 2.2 39.0 Homo sapiens GCA 021459965.1
L. reuteri 03 23 39.0 Homo sapiens GCA_030517815.1
L. reuteri MD I1E-43 2.2 39.0 Homo sapiens GCA_002007085.2
L. reuteri subsp. reuteri DSM 20016 2.0 39.0 Homo sapiens GCA_000016825.1
L. reuteri ATCC PTA 4659 2.1 39.0 Homo sapiens GCA 030418275.1
L. reuteri strain reuteri 2.0 39.0 Homo sapiens GCA 009184725.1
L. reuteri SD-LRE2-IT 23 39.0 Homo sapiens GCA 020023775.1
L. reuteri DS0384 2.2 39.0 Homo sapiens GCA 021398615.1
L. reuteri VHProbi M07 2.0 39.0 Homo sapiens GCA 021228055.1
L. reuteri CNEI-KCA3 2.1 39.5 Gallus gallus GCA_013694365.1
L. reuteri AM_LB1 23 39.0 Gallus gallus GCA_025369755.1
L. reuteri 3632 2.5 38.5 Gallus gallus GCA _020978285.1
L. reuteri P43 2.1 39.0 Gallus gallus GCA _033570435.1
L. reuteri SKKU-OGDONS-01 2.3 39.0 Gallus gallus GCA_003316935.1
L. reuteri 19-E-6 1.9 39.0 Sus scrofa GCA 020412465.1
L. reuteri ZLR003 2.2 38.5 Sus scrofa GCA 001618905.1
L. reuteri AN417 2.2 39.0 Sus scrofa GCA 013348825.1
L. reuteri 121 2.3 39.0 Sus scrofa GCA _001889975.1
L. reuteri YSJL-12 2.2 39.0 Sus scrofa GCA_006874665.1
L. reuteri RE225 2.3 38.5 Mus GCA_030721705.1
L. reuteri M1 2.3 39.0 Mus GCA_030345055.1
L. reuteri Byun-re-01 2.2 39.0 Mus GCA_003316895.1
L. reuteri LL7 2.4 39.0 Peromyscus leucopus GCA 007633215.1
L. reuteri YLR0OO1 2.4 38.5 Bos mutus GCA 018884225.1
L. reuteri 1B 2.3 39.0 Equuscaballus GCA 013487925.1
L. reuteri BRD L17 2.0 39.0 Canis lupus familiaris ~ GCA_026183435.1

CICC 21510, S. choleraesuis CVCC 3383)f% 5
PE Y 51155 ] T (18.9540.15)% . (52.84+0.16)% .
(15.65%0.16)%#11(13.22+0.10)%.
2.2 HEtk CHF7-2 BBt RE

WME 1 Fs, Hitk CHF7-2 HoA /M &
ARG T R R RE T, (H JCVE K g AN 21 4 3R il
e, HELZ T, FPE LGG {XRE A R M 3
fitg, H G B LT CHF7-2 (P<0.05). 7E4
FE45 9% 48 h J, BRE CHF7-2 /i iR ME TR
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g 3% 1 A (18.25+2.11) U/mL, Jig W Bl 1%+
(2.42+0.13) U/mL.
2.3 Btk CHF7-2 BONE M B

WE 2 i, Wk CHF7-2 Xt E. coli K88,
S. aureus ATCC 49521, S. gallinarum CICC
21510 Fi1 S. choleraesuis CVCC 3383 Y EH. A
RE J1, 10w B B4R 4 B R (17.33+0.22) mm,
(18.69£022) mm. (19.112044) mm #1(20.69+0.50) mm,
Pt T 2 2% bk R LA GG (LGG) X
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Table 2  Surface hydrophobicity, self-coagulation g

and copolymerization with pathogenic bacteria of %

strain CHF7-2 £

Item Result (%) g

Hydrophobicity 72.46+0.68 g.

Self-coagulation 85.61+0.46 Qgi

Copolymerization with E. coli K88 18.95+0.15b 5

Copolymerization with S. aureus ATCC 49521 52.84+0.16a - |

Copolymerization with S. gallinarum CICC ~ 15.65+0.16¢ Protease Lipase

21510

Copolymerization with S. choleraesuis CVCC  13.22+0.10d Bl ERCHF7-200/E51EAE

3383 Figure 1 Enzyme production performance of strain

Data is presented as mean+SD (n=3) and values with different

superscript letters are significantly different (P<0.05).

E. coli K88

CHF7-2. Data is presented as meantSD (n=3); *
indicates P<0.05.

S. aureus ATCC 49521 . gallinamcc 21510 S. choleraesuisCC 3383

B
—_ m CHF7-2
g 27 - ®mLGG
E 20+
£ &
5 18f _:E:_
3 i
8 16 T
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Tl :
® Y
\'& ®
00 OCJ
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&2
AR T Pl AR (n=3)

\"G ”o“’%%
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EPRCHF 720 E IR . A: HAKCHF7- 20040 AR R MES s B I %2 Bk CHF 7-2 41 J A58 i A5

Figure 2 The antibacterial effect of strain CHF7-2. A: Observation of antibacterial effect of strain CHF7-2; B:
The diameters of the antibacterial zones obtained when measuring the antibacterial effect of strain CHF7-2 (n=3).
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4 FECHT R I AR
2.4 Btk CHF7-2 BOInE &M

& 3 AL, Rk CHE7-2 B4 ™45 i
P 2 LA R R R B A bR Ae e . i,
Hash = S bR LRE ST . SOD {1 . GSH %
it . DPPH H HEHEBRFR LIS A GR35
514 1638 pmol/mL . 11.33 U/mL. 104.91 pg/mL .
68.67% Fi1 18.48%, 51 5. 35 /= T M PN 7= Wy 1) 4 it
{& 0.85 pmol/mL (P<0.01). 2.21 U/mL (P<0.01).
20.86 pg/mL (P<0.01), 12.75% (P<0.01)#1 6.17%

(P<0.05).
2.5 Bk CHF7-2 ByiaMmE MY
38 35 DA A o 0 T R AR B A LTS R . TRV
S B E AR A IR oI TRV R 2
P8 i R R - I TRV R A B
M3 y-V . WK 4 FF%, Btk CHF7-2 2680
S -V AL, Yo P e € A R T U 2 ey
B ILT P
2.6 FEtk CHF7-2 B EFEBEKRIFE
| H = 4% PacBio Sequel II F1 —ft Illumina

A B ¢
20 - 15 150 -
*
* % &k
15+
— 10~ 100 -
) = A
Q )
S 0r E E
£ =) 2
2 s5h = 50t
5 -
0 0 0
X o X X X
Q’Q ) &J ) <5 )
& @&’ S @&* & @&*
&5 @8 b RN
D » N » o
& @Q@ & @Qe & &‘bo@
@4& /\é D Qf"’\ \(\\ E Q)*s \é’
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S S
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> &
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El3 BEHRCHF7-2RE5N =4 K AR =i E LA
Figure 3 Antioxidant activity of extracellular and intracellular products of strain CHF7-2. Data is presented as

mean+SD (n=3). A: Total antioxidant activity; B: Superoxide dismutase activity; C: Glutathione content; D:

DPPH free-radical scavenging rate; E: Hydroxyl radical scavengingrate. *: P<0.05; **: P<0.01.
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CHF7-2 S. aureus ATCC 49521

CHEF7-2

CHEF7-2

El4 BE¥RCHF7-2807A M5E M
Figure 4 Hemolytic property of strain CHF7-2. S.

aureus ATCC 49521 was used as a positive control.

NovaSeq 6000 /5 F- 5 X i Bk CHF7-2 #4743
DIZHY , 259 s Rk CHF7-2 AL K247 5]
4K M 2 116 761 bp, FH G+C & &N 38.8%,
M 1 AN R 2 A BRI . St 5 PR A
2067 4, Hr2 045 ANy Tk, 12 4
F10 A3 T Bk 1 FUBEL 2 b BT s
FE R B BE 1840 680 bp, S E N
890 bp, Zaft X i 1T 3L AL B K EE Y 86.96%.
A, B4 RNA &4 18 4~ tRNA, 70 4~
tRNA DL S 54 A~ HAZE R 1 4E 4 6% RNA (other
ncRNA). Bk CHF7-2 1) 3% K 41 BBl an sl s B
N, HIEEH A E 238 2 GenBank UHiE %
B SE5 o PRINA1067331
2.7 EEFEHEINEEFF
271 GO BEFEIRER

BT GO Fli e, A% TPk CHF7-2 2
41 rh gm b K A AR HE AL D RE R AR S B . RS
B 6 s, it 1656 MRS BNER, &
4B g D B B 80.12%, 5 Ak W o T R
0 i ZH 43 (cellular
component, CC) F1/43 F IJj i€ (molecular function,
MPF)AHSC L S5 R 1210, 810 AT 1365 /4>,

(biological process, BP).

Hp, ey o, F29W ATt
AR5 72 (metabolic process, 917 ANHE[H). 4ilfif
i 2 (cellular process, 792 ML), HA ML
£ (single-organism process, 562 L), 7E 4l
MIZH 7 7T, FE 2P i T e A (membrane,
475 A~FER) . BEZH B (membrane part, 456 >3
K. 4 ff(cell, 437 DFREK). 759 T UIRE
F Y D) RE A A H5 R AL T 1 (catalytic activity,
983 ANHE[H) . 45 A 1% 14 (binding activity, 771 4>
3 [K]) 1 ¥% iz 15 P (transporter activity, 130
HeH)
2.7.2 KEGG HiREERER

KEGG 448 5 7] FH T 43 B 4 o 5 DX 24 v 45
R IR W Thiie R AR &R . Wk CHF7-2
1) KEGG 1RGSR 7 s, At 1084 4
FENPE BB BRACH . 5 B AL B AR
5 RALHEX 3 KK KEGG —HIfe ks, &
TR IE N 1) 52.44%., Hrh, S 5HFRH
(metabolism) [ 5& KL IT o5 ol ey, HOR 8%
& M Ab H (genetic information processing), i 5
5 3 55 {F B A4t # (environmental information
processing) [ FE KA & B /D 7ES 5 5B
FERH R R A WA il (biosynthesis of
amino acids) ) 4 & 2 (62 BB, HkOE
M2 44X 1 (purine metabolism, 60 ~FEH) . BRAL
i (carbon metabolism, 51 /3 &) w5 e A i
(pyrimidine metabolism, 47 3EH), 7S5k
P AF S AL B L DR v, B S M A ) PR
HieZ (55 MEEH) . S 5IE(E B AL
B, 5 ABCHizEHMEHERN B RERZ
(43 PMEE) .
2.8 HWEREHMERERDHN

I FH 7E 28 1 BAGEL4 X 1 £k CHF7-2 ()
MY S BB 248, IR 4 rp 2R S e
2 AR ZE4 T4 2 Enterolysin A (EnlA)A=4)
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N \\” A\ I / %Y % E: Amino acid transport and metabolism (148)
3 ! Z F: Nucleotide transport and metabolism (83)
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: Lipid transport and meta bolism (4? ) )

: Translation, ribosomal structure and biogenesis (136)

: Transcription (103

: Replication, recombination and repair (211

: Cell wall/membrane/envelope biogenesis (96)
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: Posttranslational modification, protein turnover, chaperones (46)
: Inorganic ion transport and metabolism (68)

: Secondary metabolites biosynthesis, transport and catabolism (14)
: General function prediction only (148)

: Function unknown (306)

: Signal transduction mechanisms (44)

: Infracellular trafficking, secretion, and vesicular transport (13)
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Length: 2 094 265bp &

FiE )
ANEEEE ENEENEENEEEEYEEEEEE
£<CHPROTOZE
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( Plasmid 1

Length: 12 089 bp

~ ~
@nid 2 o
Length: 10 407 bp ’

[

El5 BEHWRCHF7-200EFABE . 5108 LN/, 208 SENAIEREIED ; 25308 . JEDIZH sk
M5 shalel. EE)FH; 5Kl (RNAFIRNA (B VRNA, RO NRNA); ol G+Ci (R @i
IR GHC & s TR A R P GHCi i, (3R 20 W 3712 DX GHC & B IR T AR D A - 1
G+CHi); 9718 GC-skew (FKEOANRGE R TCHIXEL, LLERCEERTGHIXIER).

Figure 5 Loop diagram of strain CHF7-2 genome. Round 1: Genome size; Round 2: Positive-strand genes in the
genome; Round 3: Negative-strand genes in the genome; Round 4: Repeat sequence; Round 5: tRNA and rRNA
(Blue represents tRNA, purple represents rRNA); Round 6: G+C content (The light yellow part indicates that the
G+C content in this region is higher than the average G+C content of the genome, while the blue part indicates
that the G+C content in this region is lower than the average G+C content of the genome); Round 7: GC-skew
(Dark gray represents areas with G content greater than C, while red represents areas with C content greater
than G).
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Figure 6 GO functional classification of strain CHF7-2 genome.
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Lysine biosynthesis 22
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Figure 7 KEGG metabolic pathway classification of strain CHF7-2 genome.
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£ BH 56 Y 5L ] 7% (EnlA-1 F1 EnlA-2), #%.0 ik
FAABLRS 50K 31.58% F1 39.04% . X HH LI 48 55
(1) EnlA-2 BEPR A TTERE(EL 8), BT
Bk CHF7-2 JERIZH 1) 1497 513-1 517 945 bp,
¥ K Enterolysin A £ 1 505 219-1 507 960 bp.
orf00001 Zii % 28 (A% Wi B Wi FR 1) B-N- £ ot Hh
M % % % [ [poly(ribitol-phosphate)beta-N-
acetylglucosaminyltransferase]; orf00002 2 it 4
HHEFL M GlyA (glycosyltransferase GlyA); orf00003
Y i dTDP- R 2% BE 3 7% % B RbG (dTDP-
rhamnosyl transferase RfbG); orf00004 i fi5 {5 <
O-Pt )5 §% iz & H (putative O-antigen transporter);
orf00005 4 fih UDP- it I 21 3L 4% 7% {3 il (UDP-
galactopyranose mutase); orf00010 Zwfi|— 7%
I W IR 2K FLOWE B MR ¥ F% 18 (undecaprenyl-
phosphate galactose phosphotransferase); orf00011
It E W L R i (putative glycosyltransferase)
CsbB; orf00013 % % i 45 & [ (regulatory
protein) RecX; orf00018 2 it {5 i 1% M 42 IR A
£ H (putative ribonuclease-like protein) YfkH;
orf00020 % it P 5 ¥% iz % [ (inner membrane
transporter) YjeM, 1 B854l B 2R 43 A 5.
29 mEFFHEHEXERSR

XAk CHF7-2 B4 AR Fp AR O N HEA 742
P, RN, HERA S 16 4R 5

EnlA-2

(1497 513-1 517 945 bp)

VLA ARER LR . 3 AN FETAHOCEE R L 7 A
UL SCIE R | 6 M EE R AW A A e 3
L IR AR SERE R 6 AT AR A
FEPURN 1 /N2 Fiihia B PR (% 3).
210 BSHAMAEERERDH

W% 25 2 B IR ST &, e 4k )
MH 2532 206 . AW AR CHF7-2 LA
#iF VFDB il CARD i e xd SL 4 w47 T
TR F 2R R AR R T, A5 R R,
PR CHF7-2 (28 A HORFEAE 7 ) R - R 25
FEB, BRI DA R bR CHF7-2 J& 842, ik
HF& &S E SRR & .
211 FHEER—BEAND ST

ANI 73 B 238 12 H A5 7 9 25 PR 20 2 ) 1) [
VRITH, A4 3L A AKF LAl AS [ P o 1) 5%
G F, WHEINH ANIH KT 95% N [FFH,
RS EI TR 1 PRy 27 RS RRIE R L.
reuteri 5 ¥k CHF7-2 ¥E4T L&, WK 9 Fios,
WME CHF7-2 b5 4 #RFEUR L. reuteri. 1 RNV
L. reuteri 1 1 £k BI5 L. reuteri B ANI {H /N T
95.00%, 5 HAAHRAY ANI {EHI KT 95.00%,
Eipi R Rk DSM 20016" i ANI {E 3531 95.38%.
HAFEE L, Wik CHF7-2 5708 B AR
MD IIE-43 Bk B A fie i 19 R, I ANT(H
iKF] 98.01%, ik, [iRg5HEFIABEE CHF7-2

ONo function determined
dBlast hit with UniRef90

E Core peptide

E Modification

B Immunity/Transport

O Regulation

O Transport & leader cleavage
HE Protease

&8 BHEHkCHF7-24AE = 4mIDEE %

Figure 8 Coding gene cluster of strain CHF7-2 bacteriocin.
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J&T L. reuteri.
212 Z-bERSE

Witk CHF7-2 535 1 o 27 ¥k L. reuteri B2
FENEAT 10 069 W, Koo iENA
10234, FpA R 7373 40 K 10 7]
H, W& L. reuteri FeR A ECE 3N, = 3EH
Hod B IS, MmO RN B TRE,
ZIMGAUESE L. reuteri 13 R 21 52 30 ik =0 2 1A
HFHIE

3 HEHRCHFT2EEMmEFHEXERE

213 #ZLEEWERZLEW
AR T WAk CHF7-2 53 1 HiY 27 #
L. reuteri ) 1 129 MO IEHRMHERGE LB W .
wE 11 i, 28 ¥k L. reuteri 32593 3 Ko,
SRl RS T A L, Hofr, % 1T H
3 MRERIE L. reuteri (M1, RE225, Byun-re-01) 7/
1 ¥R XG Y8 L. reuteri (SKKU-OGDONS-01)% /%, ,
Ifii L. reuteri brufERR DSM 200167 (A IR T4 3%
1, HY5%5%50 4 8k ANJ5 L. reuteri (VHProbi M07 .

Table 3  Genes related to probiotic characteristics of strain CHF7-2

Gene ID Gene name  Gene product

Acid resistance
GEO000509  arcA
GE000477  arcC
GE000510  argR
GE000785  argG
GE000786  argH
GE000561  gadA/B
GE000562  gadC
GE000525  atpB
GE000526  atpE
GE000527  atpF
GE000528  atpH
GE000529  atpA
GE000530  atpG
GE000531  atpD
GE000532  atpC
GE000191  nhaC

Arginine deiminase

Carbamate kinase

Argininosuccinate synthase
Argininosuccinate lyase
Glutamate decarboxylase

Glutamate: GABA antiporter

Na':H" antiporter, NhaC family
Bile salt resistance
GE000784  cbh
Production of adhesion molecules
GE001572  ¢fg
GE001943  [taS
GEO001415  mgs
Oxidative resistance
GE000418 xR
GE000602  trxA

Choloylglycine hydrolase

Elongation factor G

Lipoteichoic acid synthase

Thioredoxin 1

Thioredoxin reductase (NADPH)

Transcriptional regulator of arginine metabolism

F-type H'-transporting ATPase subunit a

F-type H'-transporting ATPase subunit ¢

F-type H'-transporting ATPase subunit b

F-type H'-transporting ATPase subunit delta
F-type H'/Na'-transporting ATPase subunit alpha
F-type H'-transporting ATPase subunit gamma
F-type H'/Na-transporting ATPase subunit beta
F-type H'-transporting ATPase subunit epsilon

1,2-diacylglycerol 3-alpha-glucosyltransferase

(#4)
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(Bi323)

Gene ID Gene name  Gene product

GE000073  gshA
GE001494  gsr
GE001865  g6pd
GEO001866  pgd
GEO001991  pepN
Riboflavin biosynthesis
GE000144  ribBA
GE000759  ribF
GEO000869  ribT
GE000931  ribD

Glutamate-cysteine ligase
Glutathione reductase (NADPH)

Aminopeptidase N

uracil reductase
GE000932  ribE
GE000934  ribH
Organic acid biosynthesis
GE000624  ackA
Heat resistance
GE000763  dnakK
GE000764  dnaJ
GE000762  grpE
GE000761  hrcA

Riboflavin synthase

Acetate kinase

Molecular chaperone DnaK
Molecular chaperone Dnal

Molecular chaperone GrpE

GE000388  groES Chaperonin GroES

GE000389  groEL Chaperonin GroEL
Cold resistance

GE000670  cspA Cold shock protein

6-phosphogluconate dehydrogenase

Riboflavin biosynthesis RibT protein

Glucose-6-phosphate 1-dehydrogenase

3,4-dihydroxy 2-butanone 4-phosphate synthase/GTP cyclohydrolase 11
Riboflavin kinase/FMN adenylyltransferase

Diaminohydroxyphosphoribosylaminopyrimidine Deaminase/5-amino-6-(5-phosphoribosylamino)

6,7-dimethyl-8-ribityllumazine synthase

Heat-inducible transcriptional repressor

ATCC PTA 4659 reuteri, SD-LRE2-IT) it 1%
P B AR . (HARERE, WPk CHF7-2 5
3 BRAGUR L. reuteri (CNEI-KCA3 ., 3632, P43)3
T3 10, JF H5 CNEI-KCA3 (58 4% EAL IR
B, B ST ANy 30 AT,
ARF R PR L. reuteri 53 B RE R A A IR AH AL,
HEENAH 2= R8N, HIERSE R BW LA
—E M REM,
2.14 CAZy B4R

AHE 58 DA FE TR A 2 TR 5 T A 4 B
CHF7-2 £ W 1) 6 #k XS L. reuteri (CHF7-2,
CNE1-KCA3., AM LBI, 3632, P43 Fll SKKU-
OGDONS-01) %K AL G PRI N T1 . G5 R

>4 actamicro@im.ac.cn, 7 010-64807516

B, 6 ¥k L. reuteri 3e73 B3 4 265 /KA 5 W06
PR B, or o O oM H K R S (glycoside
hydrolases, GHs). i H % %% [ 25 (glycosyl
transferases, GTs). # BY & B /i 28 (auxiliary
activities, AAs) 1 i /K 1k & ¥ 45 & B e
(carbohydrate-binding modules, CBMs), H: 1 4
% 154 GHs K& . 11 4~ GTs Kj%. 2 1> CBMs
FEM 1A~ AAs FG (18] 12). GHs F1 GTs HI%L
s FE, bR G Y g R
96.90%. £ GHs ', GH73 FK %M GH25 K%
di T, EANTTE 6 MR IR L. reuteri T
S-S5 85 DUEC 529 5 4 F0 3 4S5 FE GTs
GT4 Fl GT2 (545 + S i, BN Lk L.
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Figure 9 Results of ANI analysis of 28 strains of Limosilactobacillus reuteri.
reuteri Y-85 DUEUT 1200 6 1SF T A KR EA B L ARE AR RO A
R R A FAE Py BRI R bR CHF7-2, Zad A st ik
3 w5 E® BRI 165 RNA JEIH FF A5, i H R
y R PRIZ T R B B AT AW 52 1 A AR R
S J it &i%ﬁ%mﬁmﬂkﬁ, T8 A - =
o o OB 35 A . BT, AR B SR
ﬁ&#ﬂ‘m%ﬁi"fﬁii%/\i%%[ i ]o Zﬁﬁ%

S 3 [ M 75 X6 B B 5 IR O E A 2 —
P20 il 4 A B RO R s A LA, X
TIF AT RGP BE SR e 2R 7 &l A B

T CHF7-2 W& EKE . BREN X5 Wb
JRTE LR A, X SR AR 5 DA R I B B R
BYIMIE, I & ¥ 35 A 1E 0% 2 2201 4207,
AWFFELE RN, CHF7-2 R s /K M A 2
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Figure 10 Pan-core gene family curve.

B ET0EEREN RS A E)

BRI IR 72.46% F1 85.61%, H.5 4 BRilE
BRI A L SRR PRI 13.00%, RIUZHE A
BRI FE MR T, AT SE PR i 10 T
PR E Tl . SRS /R, BBk CHF7-2 19 13
TS 4 Pk g 38 B0 T2 5 R TR
BAGEL4 3 % HAM G 9 o e A7 4248, &
CHF7-2 1y 2% [N 4 A7 78 2 4> I 2K 40 i %
Enterolysin A (EnlA) & A% . EnlA 2 i
1E B W BR 7 (Enterococcus faecalis) LMG 2333 H1
S IR 200 B RE R A A T 2R, HOK R A TR
B LN D- B &R Z 8], DL
JIR ) LA 2 R AT AR T B D- R A B iR =2 ) 24
20 R R (%) BB D[ A5 200 B by 5218385 R A5 A0 T 45140
PEMTAE A R AET: o PEUeHfEll, CHF7-2 n]fgiE

Colored ranges
[ Type strain

Strain source

B Gallus gallus

[ Homo sapiens

0 Equus caballus

0 Canis lupus familiaris
B Sus scrofa

B Peromyscus leucopus
B Bos mutus

B Mus

Tree scale 0.003

Figure 11 Phylogenetic tree constructed based on core genes.
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Figure 12 Annotation results of CAZy database for six chicken-derived Limosilactobacillus reuteri strains.

1A I I A B R EnlA S 7 18 SO -
EAERMNE, EFE T WiE N 7L IR F e R
T BT, DR AT R Y g TE AR A
T 2 47 30 90 o T RBILAAR 1 £k D AR 5 E
SEIR bR CHF7-2 (40 ) B e i Bt Ak
fE 1. SOD 1 GSH i, AKX} DPPH H ik
FFE A B AEEERIEN, WoR i HAE A H A
R 1o A BRRE RS &3, CHF7-2 1Y
HELA1 o3 Wb ) EL AT R T R L R U TS D, (B
JCE A B AN LT 4 R BN M, X AT RE 2 PR A

TR ik & BRI . Petrova 5005 H
1A D R FLRR B R A R VERT I RE ), X 2RFL
iR TR 4% PR R T K3 7K fif L R TR (amylolytic lactic
acid bacteria, ALAB), 1] ;=4 a-TEM M. BT
Kol . il X T AR A 2 A R )
WK 3 M. AN RMERG . U SR A
B- IR, MITER PR CHF7-2 AL 41k
R EREEHEA . A, S8 CER R A
PRI i ) it A 7 T AR S B H VTN 9
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W, BRI R HICE MM, HERADICE
JIRm R, RHANBAG - AL asPEs)
S 225 B DR e 7% 1R RS
SN P A BT T B bR ARG 3
Y4504 K FEH T REPY, A 5T K F =48 PacBio
Sequel I F1 4%, Illumina NovaSeq 6000 -5 %} B
Pk CHF7-2 AT 52 7 o3 b . AR 2 )7
4Kk 2 116 761 bp, F 3 G+C F & N
38.8%, 5 #5 3X  FE (L. reuteri subsp. reuteri)
DSM 20016" = EEAHIPYL. 3T GO ThRETEREAY
SRR, SRS EMECHENEERZ
(917 ). KEGG MR AI, Z5F BRI
MBI BT o Ll e, X5 GO DIRETH REAY 45 SR
AH—2, FIHE R CHF7-2 A B8 A8 F5 Y i
W RN E feAQCISTRE 0T, REAEIE WA W] A9 26 7 31
Bio AHARTE R, FLER AR A J el fit s
SRBREIIR, MWMXTEA™ ARG, 25
FH T2, WFEHCE pH KT 3.0 i H
FRIAEE . R, BR P E S FLIRR IR R 5 AR AE
JITTRTI A TkAR  — o Wu SRR s e, 3L
B2 TE T F AL T2 LK Na /H e a5 8 1
XSl ATP /K fif, K5 HHEH HaAh DA ZERE ) pH
Fads, M SEELIN ERALE . b, FLER R L AT
I A 21 0t 422 T L 1A A 2 T 2 A Sy Bl P
M -2 TR, SR n B
T Mo 2 5 T s A 0 2 L TR T IR AR T P 3 i) o 2
D72, L AR IR R 5 . 2= il AN 2 B T R
Pl , RIS 2R FE 7% NH; F1 CO,, NH; %%
A HUATHE LN pH (H™. BHikk CHF7-2 (LR
P AR Na'H R is 85 M e 8y F R
RS R (nhaC .. atpA-atpH); 4% 0% IR il
A y-Z T R I iz 1 HE P (gadA/B . gadC);
i 22 I 08 0 il 2 5 P R K ROA =
MFFEH (arcd . arcC.. argR. argG. argH). 3]
YIRIEACIE Y, BRE RSN, MREL AT B SR LR
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WAt , FEAIMPET, MRk CHF7-2 1Y
B[R 20 v ELA B B H 2 K A il L ] (ebh), W]
25 it AR A figp Y, DA S BN BE R A B
ARWFFE R B, Wbk CHF7-2 {3k K 2 rh A7 7
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