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ABSTRACT: Objective To understand molecular characteristics of the whole genome of food-derived Enterococcus
faecalis, and conduct comparative genomic analysis with clinical isolates. Methods The whole genome sequencing
and bioinformatics analysis were performed on the collected food-derived E. faecalis, drug resistance genes, virulence
genes and mobile genetic elements were compared and analyzed between 3 strains of food-derived E. faecalis and 7

strains of clinical isolates of E. faecalis, the core genes were screened and phylogenetic tree was constructed. Results
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The full length of 3 strains of food-derived E. faecalis genomes were 2816436, 3005875 and 2818728 bp, containing

2733, 2853 and 2756 genes with an average guanine and cytosine content of 38.0%. Good linearity and high similarity

were found between the genomic structure of food-derived and clinical isolates. The genomes of 3 strains of

food-derived strains contained 3-7 drug-resistance genes, 8-19 virulence genes and 42-67 mobile genetic element, and

no significant difference were showed when compared with the clinical isolates (P>0.05). Phylogenetic tree analysis

revealed that food-derived and clinically isolated E. faecalis were distributed in an evolutionary branch with a relatively

close molecular genetic relationship distance. Conclusion The background materials for the whole genomic features of

food-derived E. faecalis is obtained, which confirmed that the evolutionary relationship between the food-derived and

clinical isolates of E. faecalis is similar, and there is no significant difference between the bacterial genomes from 2

sources (P>0.05), this study laies a foundation for the safety evaluation of the practical application of E. faecalis in the

practical application in the food industry.

KEY WORDS: Enterococcus faecalis; whole genome sequencing; phylogenetic analysis; comparative genomics

il

0 5

FEWERE (Enterococcus faecalis)j&—Fh#E 2 FCfHME | 1F
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3 R R YR ) 2 M R R R U T o It 24 i A E F
FEBE o T BRACTR 21 BR A I IR 43 25 bk 1) 42 ik TR 47 )
(T2, T3. T8. TX0102, TX0635, TX0855 Fl V583)k i
F3£E NCBI #t¥#% )% (National Center of Biotechnology
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Table 1 Informations of the Enterococcus faecalis strains

L7 =2y Ban=E Sl B E R JH DR 4 ke St Vs
NIFDC-32480 e ifg ENTI
NIFDC-32481 e dear ENTI
NIFDC-32482 i i ENTIE

E. faecalis TX0102 S IR A K NCBI: AEBD00000000.1
E. faecalis V583 S MR A K NCBI: AE016830.1

E. faecalis T2 BH R H A NCBI: ACAE00000000.1

E. faecalis T3 BH R =N NCBI: ACAF00000000.1

E.faecalis T8 BRI =N NCBI: ACOC00000000.1

E. faecalis TX0635 BEEERS e NCBI: AEBZ00000000.1

E. faecalis TX0855 BELERS eS| NCBI: AEBV00000000.1
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DNA #IUAH & (2 E QIAGEN AR]); H X E R
ZWY-2102C A H IR L P A E R R F); 2%
FOREAE A L HBUR R SR AL AL =2 RO R A D).
1.2 WA
1.2.1 mEE /L DNA RR

AN E TR A FHMF 2% & W4 s R L,
37 CIEHIE IR 24~48 ho K525 IO 20 B4 28 2% 3 Bl
WEENE A, #R)5H DNA 5 S PO e 40 B B5 32 0 19
LK DNA, $2HUS Y DNA Ff 5L 2B hE i Tk R 28513
FEEETTA I G4 ) i B -80 *CIRAEAS FH
122 AXBEZNAF

B FIRRIA AN B RN 4] DNA £ % R AZREH
5T P I TIN)F . {8 Solexa )P H AR U T 2L K41
DFe, BOFHERESCK 1 ng DNA FTW, U1K mfcaifem
DNA, #JH TruSeqTM DNA Sample Prep Kit-Set A Fll PE
Cluster Kit (Illumina, 3&[E)#E473CZEG &MY 1, &57E
Ilumina HL#H(X10) FEATIF S .
123 A%z &F 54

LT Velvet 1.2.03 Xl F 4R 45 0 i i 04 7 DF 5
IHEEGE A Glimmer 3.02 XFEEFTI; FFHSEE NCBI )
NR J% (http://www.ncbi.nlm.nih.gov/GenBank/) . KEGG (Kyoto
Encyclopedia of Genes and Genomes)#E [ %0354 A % SEED
(SJITU Emotion EEG Dataset)ZE [ 504 22 047 56 K Dy g v
%, FIH CDD (Conserved Domain Database)%{35 )% #1T H.
Z [F] 5% (clusters of orthologous groups, COG)Zr2!%: 1§
i KEGG %% FE # & 10 it i % . Virulence finder
(http://cge.cbs.dtu.dk/services/VirulenceFinder/)#1 ResFinder
(http://cge.Cbs.dtu.dk/services/ResFinder/) 43 %I F T %& K 0
rp Rz 7 DR S 24 55 DR ) 0 437 o ) APl 3RS ) ke Y
2% T Bk Ot TR A 5 HoAfth 4 RO TR RPE % Bk R (E.
casseliflavus DSM_20680 ., E. faecium NRRLB-2354 . E.
gallinarum DSM_20681 #l E. Canis DSM_17029)#:474% (>

LR ) R GE AR S AT
1.2.4 %t

Jo7 1 SPSS 20 ZJCA X il Sk J5 RN IR 43 25 2 M7 BR i Ik
203 I 7 L TR 2GR AR shoc g 22 kb o
722501, L P<0.05 NA G247 L.

2 HERE5HH

2.1 3 ¥RB A RIRIEN Bk iR £ 2B FHE

NiFH Solexa W4 RiEAT 4 LRI F 53, Bibk
AT P U B 138 B O A T SE R A R/ 500 £ SR A
Velvet 1.2.03 FAXH P EAE A TP, 3 PREAMRR ARG
35~45 K/NARZEN contig JEFRA R B, ZPrEE G 4T &
P ER # NIFDC-32480, NIFDC-32481 £l NIFDC-32482
oo ik 4 FE 4 7 9] 2K 500 2816436, 3005875 Fi
2818728 bp(F 2), [AlHT3E L3 Glimmer 3.02 #4175 il
M, BeZAE NIFDC-32480, NIFDC-32481 £ NIFDC-32482
Bk 3% ) 2733, 2853 Hil 2756 ML, K E
4 897 bp, HAGEEH 4 & B AR AT 86.4% .
86.8% 1 86.8%, F V¥ 5 I 0% il ig W% IE (guanine and
cytosine, GC) & N 38.0%, 3 AR TR MR FE K 40 Hh A g 36 (K]
7] X IR/ IV 51k 381684396187 il 372333 bp, 7E45% 1 5:
E 78 H o L 13.3%.

22 B@mXRIESIERKSD SR ZE Pk 2 E A HES
ST

55 NCBI WCR I R MR AT i, R B
1T Al SRR AN PR 43 89 TR bR 3 R 20 /N TE Wik 2 22 5% (P>0.05),
T 2.8~3.1 Mbp JUFIN, ARIHHRERA GC SR 82
5, EIATE 38% 1E A FE R AR A TR BR— S AT,
BRI R IEZE IR NIFDC-32480 ., NIFDC-32481
I NIFDC-32482 5 ilfi R 5 AR AZ T 9 7791 i 2o 1 56 3R
RIF, BRI 95%, T PIR IR ZEmERE
PRIARSE R ZH 45 v B AR RL(ET 1)
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Table 2 Genomic characteristics of 3 strains of food-derived Enterococcus faecalis

HiH NIFDC-32480 NIFDC-32481 NIFDC-32482
RN op 2816436 3005875 2818728
BRI 2733 2853 2756
It EEE B GC & /% 38.2 37.8 38.2
AR LR /% 86.4 86.8 86.8
SEEHER KNV bp 890 914 887
HER ] X S8R [ bp 381684 396187 372333
FH PRI B] X 45 /% 13.6 13.2 13.2
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Fig.1  Collinearity analysis of nucleotide sequences of food-derived
and clinically isolated Enterococcus faecalis
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FE WA BERTA HE LA 5 2 FR B4 A EL AT B i 1) R SR T 24
P, 255 03 45 FLT AR AR I 2 3 N, 72k 22 T i K OF T
AR A ST R, T 2D TN A M R B 3 R
i A 5 ZE A R TR PR 4 v S A AT R L BT kA 5 s
Wi AP Y 3~7 IR ZG3E N, TAE 7 RISk IR ik
FERA P RBSFREAR . AT B . AR ARRESE
BERGPUER M S~ 13RI 25 5L 8 (% 3), dF—2 b & BE 2
TR A 5 TRT e R DR A 380 A AT DK L PR Tk e R s 5 ) i
ZSEIR, AN TR B T AR T B ik =2 [RD i 24 35 PR W AT AN
[l (HZGETE2E 40T, PRI R T ke i DR 4 v 24 5 R
0 2 5 (P=0.085 > 0.05).
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Table 3 Analysis of drug resistance gene of food-derived and clinically isolated Enterococcus faecalis

iy 24 B DR At i 24 5L D8 44 R TR IRFE N BRTE I R 43 B 2R IR
ik SR A2 Aph3llla, Aac6le 0/3 4/7
AR AT B e 2S ErmB. Isa, ErmT 33 7/7
i PUFRZE tetL, tetM. tetS 13 6/7
AT IR ZE BacA 3/3 77
T SR T 2 EmeA 3/3 77
[Eares cat, catAl. catA8 0/3 3/7
RSN BL2a_pc 0/3 1/7
[GES:eaEr/ES Qac 0/3 1/7

VanRG, VanXB, VanB. VanHB,

T ERR VanWB. VanYB, VanSB. VanRB 03 37
i fE R R Str 1/3 1/7

232 HFHARAE

FEH B S IEE T R B s, 7 10 BRIEER
FRMA A, LRE 27 RS AR RS A A 3R
(AT R LW R B cat oM 25367, @i 55 % 2K),
M SR T R4 25, #5575 00 SE R I Th Ak - 202 2 5 i
KM . B IR . MEANEE. 2 i AR R
BRGNS, 3 B AR IR ER RSN 41 5 8~19 FlL
AT A, Hdh NIFDC-32482 RIS EE Sy 3 A
i, b 8 b, ARG ARIE R AR P A B V583 FaRkHE
BEE R Z, 228, HABTERRIKIR & 13~20 Fhgit
ANEFMRE I o GEITA M R, Bl 5 I R Bk ik
PRI 2 v 7 0 B PR B O 0 i 35 25 5 (P=0.183 > 0.05) . ILAh,
FIFAE AT I ZE A ER A S 4L 355 A efaA. hasC. clpP.
gelE. bsh. EF1817. fsrC il EF0954 # Ji 5 (3 4).
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Table 4 Classification informations of virulence genes of 10
strains of Enterococcus faecalis

Y s Ik K 7)) R AN
, asal, ace, efaA, psaA, prgB/ascl0,
Hilfi EF0149, EF0485
JERRE 2 Wl cap8E. hasC
N cylR2, cylL-l, cylL-s, cylM, cyIB,
Vil % Yy Y Y Yy Y

cylA. cyll

il gelE, bsh, EF0818, EF3023, EF1817
FKiEH clpP

L ANEINEE fsrA, fsrB, fsrC, EF0954

233 #shast

AEE R B 2 FhoRIRR A BRI L 4L rh
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T8 TR R 5 8 40 % B0 70 14 B0 9T O W 35 M 25 R (P=0.295 >
0.05)(F 6). L RS shistfl Teihmal KP4 Jy 2
R b A R 251, B 2B sl oo & BRI
FEMAERTE HA T Z KPR RS RE ), FTREA B e
HNFARINT 25 5L R e B B DRI AL E 7 A AR AR T 24

#5 EmRESKEASBNERKAEFEALPBITHSE
Table 5 Distribution of mobile elements in food-derived and
clinically isolated Enterococcus faecalis genomes

LS Bshonts
NIFDC-32480 67
NIFDC-32481 42
NIFDC-32482 67

T2 48

T3 23

T8 55

TX0102 31

TX0635 55

TX0855 45

V583 70
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Table 6 Average number of drug resistance genes, virulence
genes and mobile elements per strain of food-derived and
clinically isolated Enterococcus faecalis

BRI R s PR T B ke
i 24 3 DX 5 4 8
S PAE Sk 12 16
Bahooita 59 47

24 RGEABHUSH

R T IARR RIS R R, TN
M, T AT R 2= 4, Ok A BRI,
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KEFY), BT A5 32, XRIE R S EER
REHERZA LT ZMAREKAMXHE, E canis
DSM_17029 5 FH:Ah 73k b i L FE 5 43, 1 E. faecium
NRRLB-2354 . E. casseliflavus DSM_20680 #1 E. gallinarum
DSM_20681 J& M — A~ 4332 o G Rk — 20 3 Hf
BONACINA  Z5EPO H AR T 43 188 T A S 52 il BR 1

SR B N A AR
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1 [ b
DSM_20681
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TX0635
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Fig.2 Phylogenetic tree constructed by core genome of Enterococcus
faecalis from different sources
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