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111 KBtk ASHESE A B IE T 56 bR g Bk
W Hh ANFEME itk (21 #k) ERFATHA
NCBI # Genbank %{# % (http : //www.ncbi.nlm.nih.
gov/genbank/) , LR 73 25 ¥k (35 ¥k ) i A SE 56 %= i
AT e BE Ay,

1.12 iF 5148 MRS Broth 5373, F8E &
TR BHE s DNA SR BOR &, WORM A P54 AR 2
] ;Nextera XT Library Prep Kit 3CJ% il £ i 5
% HiSeq Reagent v3 600 cycles Kit, 32 Illu-
mina 2\ A .

HWS24— 1 A8 /K ¥ 8% . DHP-9272—H1 #ufE
M3 FRAE LRH-250-4: Ak 5574, Bl — R
15 A BR 2 W] s ND-1000— 8 3 48 4043 6 ol i
11, 2 [E NanoDrop 22 7 ; KC-SX-700- = 25 74K
F#, HA TOMY KOGYO A7) ;ZHJH-C1214C-
TR, R AT AR 1 A B A
MUL9000-#E 4li7k & 48, B 1l G @il A R A
AR2202CN-HL 7R, B A% Bl A R A
SP-650-4 H 3l i He T K %, H A =P HL 4R 4R
M BXS0-t24 W isse, H AR BARE T2 7] 5 Vor-
tex—genie 2-UE 54k 7 4% , 3¢ [ Scientific Indus-
tries 74 A ;[llumina HiSeq il 71X, 3% & Illumina
AT
1.2 RWAH*

1.2.1  EPETEfL S DNA $2H0 BBk 7F MRS
WM R R 3L rh 37 CH R4 T 5% 24 h (B 10K;
I B AR AT B e AR L 290 Y Pl i
P2 35 mL MR IR B SR 37 CH &M T
Br 24 h Jim B O WSO TE AR BOICEE B TR DNA
FRBGR ) £ R BUR bR DNA SR FHEB 2 2 40 00k
JETHAG B DNA 4 40 B RN BE 45 4 18 6 2R 1)
DNA (ODagoso=1.8~2.0,>6 wg) & T VK4 (=20 C) %
M.

122 AR MF  ffH] Nextera XT Library
Prep Kit 2 51 &5 % 5T 5 R 4 (%) 240 1 JE [ 40 DNA
HEATSCER T HiSeq Reagent v3 600 cy-
cles Kit 2057 &0 B SCEE#EA T 7 A AL 3, 2 5 AR 4
IR AR U B 4532 A llumina HiSeq 7 °F &
St R AR 2R A 4 B DR A 0 P

1.23 A% e H SOAPdenovo v1.06!"
B = B 1Y Pair—end reads BUIE JEZH 2% AR
Ja f#i H GapCloser (http ://sourceforge.net/projects/
soapdenovo2/files/Ga pCloser/) {4 X 4 ¢ 45 R i
AT AN BB LA X
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R T5 s, o i AR 2 18] [ R R 8 A L
X AAT , ANLAER T 95% BN SE My Al —Fhl™, 2%
Goris 5538 /Y J7 223155 56 BRI BRI H] ANI
fH,

125 M LENEMZENE  FIH Prokka
VI TTPUER AR X 56 k2 i 35K 7 B PR 1 97 647 G
J¥ %1 (Coding sequences, CDS) il #1733 & , & H
Roary v3.6. 125 F 1R 51 26 I Bk & 4% .0 3 B 4R
(Core gene) FlliZ JL [N 4E (Pan gene) , DA 2t 85 H
S BE TR AR AL KT 95% 1 i ) 1R 3] 35 PR R
W TE AR L [ B A 0 3 DR G0 S SO A R D B
A T TR G W SRz BRI AR o #5J5 FI ] PanGP
B HEATIZ %0 HE AR R i G I 2511

12,6 WERGLEW HTIERBIREZ O AR
AR IY 5, R TreeBeST ¥k i i 45 4 1%
(Neighbor—joining, NI ARG K TR . i JHTE
LR A iTol™ (https : //itol.embl.de/ ) X B 3¢ 4 3t 17
AL AL, Bootstrap Z 41 {E 1% 4 1 000,

1.2.7 ZEIHIKA T 25 P 2 0E 56 BRFE I BR1IE
T 91 53 51 5 i 24 55 DR 0 JE (Comprehensive
Antibiotic Resistance Database, CARD, http://
arpcard.memaster.ca ) #£ 17 BLAST FXT, # Fb XT &5
R ALE>85% , E fH<1x107° B8 ([ 75 0 N
TS 24 35 PR 2241

128 MRS RN E 56 thIEm Bk
A F A 5505 5 1 80 )% (Virulence Fac-
tor Database, VFDB, http://www.mgc.ac.cn/VFs/
main.htm ) 77 1) 58 8BS B Y 2R 1B S EA T LG
X5, B Ho X 45 SR AR AL BE >95% , DR I 32 >300, E
H<1x10™" (25 175 2 Sy #5152

129 FEWEku I B ahisttlon ot ML
M ¥k IslandViewer 4% (https ;//www.pathogenomics.
sfu.ca/islandviewer/ ) , ISfinder'™! (https : //www —is.
biotoul.fr/) , ICEfinder™ (https ; //bioinfo—mml.sjtu.e-
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du.cn/ICEfinder/) %} 56 #k I BEAT LK B (Gene is- 2 ZER G4
land, GI),#i AJ¥ % (Insert the sequence, 1S) 21 EBFBHKEEEAEE

&AM A o) (Integrative and  conjugative ele-
ICE) 73 H7 o GE3HRR 8 P da 3 A B A 0 4 A
Jo 50 KR A Ve G 6 R

1.2.10 #dE/ER i R(V4.1.2) ' ggpubr £
il # 784 [&] , TBtools 2z il #4 4] ,SPASS 26 Ab B %k
o Hr

1211 JPF EAE 35 BRI ER A FLIR 7 Btk 2
Iy B s PEAL 2%, HAX IR 912258 & GenBank

ment,

35 BRFLURZr B A 21 BRI 5> B R B 5
TSR 1 s, 2SR Bk SR S L R 4 K A
(2.93+0.13)Mb,GC & 7E (37.43+0.13)% ,tRNA
B TE (56+4) 1> ,CDS B 7E (2 768+146) 1>, K&
P2 By B U TR AR AR L ALK B GO R
tRNA B R AFTE 22 57 (I 1a 1b 1c)  FLUE 73 B 0k
V-1 CDS %t b 2 2y B pRF- 3 CDS £ 28 4>
(B 1d), 2 F oy B U5 22 30 5 3 22 5% (P<0.01)

Bo4s B, ¥ F1 %% 9 JALPRLO00000000 ~
JALSCL0O00000000 ,
x1 EBREEKER
Table 1 List of the Enterococcus faecalis strains analyzed in this study

A AR S HR O ARAKE/MbD GC4A&F/% tRNA #HZ/A CDS &Z/A NCBI % 5
1207/14 £1% 3.49 37.04 69 3325 GCA_018986755.2
EGM183 #42 2.77 37.72 60 2 545 GCA_014844235.1
HA-1 £1% 2.96 37.40 63 2 737 GCA_006349345.1
HUM-569 #42 3.00 37.30 52 2 860 GCA_014853845.1
J107 £12 2.93 37.50 52 2712 GCA_007034685.1
1147 E 2.79 37.40 51 2 568 GCA_007034965.1
J188 £12 2.87 37.50 53 2 647 GCA_007035245.1
1249 E 2.93 37.50 52 2714 GCA_007035845.1
J303 £12 2.87 37.50 53 2 649 GCA_007036085.1
JY32 E 2.93 37.50 61 2 702 GCA_010103655.1
K48_3 £12 2.80 37.50 47 2 565 GCA_019731615.1
K52 2 E 2.90 37.40 56 2 673 GCA_019731515.1
K53_2 £12 2.89 37.40 53 2 673 GCA_019731475.1
13451 S 3.15 37.20 61 2 952 GCA_009832415.1
MCC499 £12 2.86 37.50 58 2 660 GCA_018784985.1
OMO8-2AT £12 2.67 37.60 57 2432 GCA_003438055.1
S.22.19.Ef £12 2.84 37.50 53 2 661 GCA_020167115.1
S101 £12 2.65 37.80 40 2422 GCA_014353145.1
VRE33477 £12 3.06 37.20 50 2 859 GCA_016391965.1
VRE33535 EFd 3.17 37.40 48 2 981 GCA_016394325.1
VRE69 E i 3.10 37.30 52 2 944 GCA_003709925.1
BLI_16 P B 2.93 37.51 58 2783 JALPRTL000000000
BL13_1 FUAk A 2.92 37.41 53 2 761 JALSDS000000000
BL.25_10 L& 2.96 37.41 63 2 811 JALSDR000000000
B14_17 L& 2.89 37.50 56 2 750 JALSDQ000000000
FYMI14_1 #350 2.85 37.50 59 2 737 JALSDP000000000
FYM7_1 5L 2.84 37.50 57 2 736 JALSDO000000000
FYM7_2 #50 2.84 37.49 57 2 737 JALSDNO00000000
FYM7_3 5L 2.85 37.50 59 2735 JALSDMO000000000
FYM9_5 #50 2.84 37.51 57 2 741 JALSDI.000000000
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(8% 1)
4 % Ak HSBBR ABEMAKEMb GC4AF/% RNA KF/A CDS #HF/A NCBI % %
NM136_5 B ##5 2.94 37.43 58 2796 JALSDJ000000000
NM144_4 ] 291 37.41 53 2763 JALSDI000000000
NM146_4 B 2 4 2.91 37.41 53 2 764 JALSDHO000000000
QH4_4 B s 2.94 37.51 60 2 804 JALSDG000000000
QH5_5 BR 4% 4 2.93 37.51 58 2 809 JALSCK000000000
WHI16_S12 EE 2.98 37.34 56 2 853 JALSDF000000000
WH3_3 T RNEN 2.89 37.48 58 2770 JALSDE000000000
WHS_1 ] 2.93 37.43 56 2755 JALSDDO000000000
WZz21_2 Bl £ 4 2.89 37.45 56 2768 JALSDC000000000
WZ44_1 T RNEN 2.89 37.43 56 2771 JALSDB000000000
WZ47_1 ] 3.03 37.30 54 2918 JALSDA000000000
WZ57_1 5 it 2.89 37.46 56 2771 JALSCZ000000000
WZ9_1 B 5 2.90 37.49 58 2776 JALSCY000000000
XM12_1 B s 3.03 37.30 55 2916 JALSCX000000000
XM13_1 B 45 2.95 37.43 58 2 840 JALSCW000000000
XM13_11 B 4 2.94 37.43 56 2 804 JALSCV000000000
XM13_5 o v 2.94 37.43 53 2776 JALSCU000000000
XM13_6 2 2.86 37.56 59 2750 JALSCTO000000000
XM16_2 2 d 2.88 37.45 56 2 774 JALSCS000000000
XM2_3 o v 2.94 37.43 56 2 803 JALSCR000000000
XM29_3 v 2.90 37.44 59 2819 JALSCQ000000000
XM30_1 B 2 d 2.95 37.38 56 2 856 JALSCP000000000
XM5_1 o 2.98 37.38 55 2 883 JALSCO000000000
XM5_5 o v 3.28 37.02 58 3 161 JALSCN000000000
XM5_7 v 3.05 37.30 59 2925 JALSCM000000000
YM39_5 W o 2.95 37.34 54 2 800 JALSCLO00000000
= ) 376
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= T 374
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Islated source Islated source

(a) (b)



24 % 5 ATHRARAFHREMKRAILRS BAROG T AR 363
7071 &
1
1
S & 3000 _
g Z 60 75
= 5
z 5 oo p—
=l g
z Z= 2600 +
A 24 : -
= L Fefi 0 FL Fefyl
Milk Feces Milk Feces
pa=t 53 B3R
Islated source Islated source
(c) (d)

TSR R B ggpubr 22047 8P R wileox MR iH 3045 43 4125 52 ns AR TC WL VE 22 53 (P>0.05) o AR R 22 L 3 (P<0.01)

& 1
Fig.1

2.2 ZEPFIKE ANl E S
WS XS 56 tRFE WA ER B HEAT ANT AE 1155 9F:
MEREME (K 2), S5 ER,56 BRIEHBRE
ANI {HTE 97.80%~99.99% , B4k Wi [H] ANI {E 5
KT 95% , FWARDEE I 71 35 #RIE I Bk 5L

PR EEE AT

Genomic characteristics of Enterococcus faecalis

V85 BRI R 28R TA . IL Ak, 2R Bk A 3L IR 7 2
R34 ANT 4 (99.1740.29) % , FE0H 43 85 Bk F- 24
ANI {4 (98.76+0.23) % , FLIR 73 &5 ¥k 1 15 51 — 2L
PR T 5 B bk

—

XMI13_11
XM2_ 3

Strain

]

IB[EL

APl anifaaninill

—_———
===3

Qin

I LYZM

s eInx [l

SESEENAA

Strain o765 "3 98 99 99 99 99 100

TE < T 2 S T BR 19 4 (8] - 2 ANT BT 22 (%) B4 PSR 1T TBiools KAt HeatMap 22, 105 RS i (AR FLIS S B bk B 62

RFFEAE T B bk

B2 THRER—-HMNE

Fig.2 Average nucleotide identity



O

364

B

[
[215)

FUR
¥

R 2024 455 5 W

23 EFHKEZOEEREMZERSE

FIH Roary B4 3H53 3 56 # 2% i BR 14 44
T 1884 M LA, & BIAZ Ok R B A TR bR
B Rk TR E T2 i R AR b 3 R B R
R BCR R, BT BCIRES (B 3) , FIH 56

8000

7000 +

6000

5000 +

LA AR

Gene cluster number/4>

4000

3000 -

2000

RIS WA BRTAAL HE 1Y 7 311 A3z i P 4 44 1 3 9 £
eS8 3 A IR TR Jd o TR 4 m]AL 2 2K A ()
TEBERAREUS, RURKRENAZRS
I EIRAR G

1000 - :
0 5 10 15 20 25 30 35 40 45 50 55 60

AR A
Number of strain//>
T & 3 1 PanGP B A Tl iy ka4 8], b AR A% 0 SR I i ARz 61
B3 BHEBEZER-ZOCEEERE

Fig.3 Trend map of Enterococcus faecalis pan gene—core genes

[ [T

[T

(ol [T ]

FO QO TOON TN == T SN == NN — O AT M0 SN A i — o = B N N 0 o
,t"\‘gN‘O'E"‘Ls‘th'mm‘olcE‘E-v'm—‘a‘v‘m‘l\lﬁl\‘rﬁ‘o‘m‘g‘—@ 1o Do € o' S S 2 S < I00 ' 208
e Pedoso s soSsHOaS BTN Q—q—_wogg—sm_qu‘m:l—.m;}:-—;_.vxm—.—-mx
A% ZSZFS5>52%=2% OONZNEYONS_RSOOSKAZSAGY RSEE -h Lx @
=7 RREREEL X7 XX B33 3XSPSR3 SaE 2270 & =
[ Z 20 = v 2z E
= o) = =
jrrn
RS
Strain

W Z B 0-1 FE R i P AR R N bR Dy | BT, A7 AR SR N R O B O 55 P 1 Dy SR 2 P by i € 1) o 7L

bR B QR N IS B bk

B4 EGHKEBERFEERESHE
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Fig.5 Phylogenetic tree based on core genes

of Enterococcus faecalis
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Fig.6 Comparison of the number of drug resistance

genes between two isolated sources
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Table 2 Virulence factor distribution information
U A IR R T AR FHAR
F5 M % (Adhesins) Ace . asal .ebpA .ebpB.ebpC . EF0149 \EF2347 efaA EFD32_0899 .EFD32_0900 .EFD32_0908 .
OGIRF_10869 .OGIRF _10870 OGIRF_10871 .prgB/asc 10
# &% & (Curface protein)  beel \bee3 bopD EFD32_0765 esp fss1 fss2 fss3 srtl sri2 EFO485

% i % (Cytolysin) eylA eylB .cyll .cylM
E I % #& (Capsule) epsC.epsD cpsE .cpsG .cpsl . .cps]
7= J 9] B (Protease ) EF0818 .EF3023 \EFD32_2606 .fsrC .gelE .OGIRF_10550 .OGIRF_12303
25¢ | o ,
< 20t
E
% 5 15}
E
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z
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Milk 4y B Feces
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T o PR 22 e 3 (P<0.01).
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Safety Evaluation of Dairy—derived Enterococcus faecalis Isolates
Based on Comparative Genomic Analysis

Shen Tingting, Ma Xinwei, Lu Jingda, Li Weicheng, Zhong Zhi’
(Inner Mongolia Agricultural University, Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education,
Key Laboratory of Dairy Products Processing, Ministry of Agriculture and Rural Affairs, Inner Mongolia Key Laboratory of
Dairy Biotechnology and Engineering, Hohhot 010018)

Abstract Enterococcus faecalis (E. faecalis) is a homofermentative lactic acid bacterium widely used in food production.
However, many E. faecalis strains are opportunistic pathogens, leading to significant controversy regarding their use in
foods. This study focuses on dairy—derived isolates of E. faecalis to explore their safety. Using the Illumina HiSeq high—
throughput sequencing platform, we performed whole —genome sequencing on 35 dairy —derived E. faecalis isolates and
conducted comparative genomics analysis with 21 fecal isolates downloaded from the NCBI database. The results showed
that the overall genome length of E. faecalis was (2.93+0.13) Mb, GC content was (37.43+0.13)%, the number of trans-
fer RNA (tRNA) was 56%4, and the number of coding sequences (CDS) was 2 768+146. There was no significant dif-
ference in the average genome length of E. faecalis milk isolates from fecal isolates, but the average number of CDS was
significantly higher than that of fecal isolates. The phylogenetic tree results showed that the strains of the same segrega-
tion were clustered in the same evolutionary branch, which was basically consistent with the average nucleotide identity
(ANI) clustering results. Compared with fecal isolates, each strain contained 3 less drug resistance genes and 2.4 more
mobile genetic elements. Therefore, even E. faecalis isolated from dairy products has a risk of pathogenic disease and
needs to undergo strict safety evaluation before use.

Keywords Enterococcus faecalis; comparative genomics; dairy products; safety evaluation



