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Application of VFDB annotation method in genetic subtyping for enterotoxins in foodborne
Staphylococcus aureus
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Abstract: Objective To genetically subtype staphylococcal enterotoxins by applying VFDB annotation method and
evaluate its accuracy. Methods VFDB annotation method and enterotoxin gene-specific PCR were applied to genetically
subtype 18 staphylococcal enterotoxins (including traditional enterotoxin genes sea—see, new enterotoxin genes seg—sej and
enterotoxin-like genes sek—sew) in 53 Staphylococcus aureus isolated from food in Beijing from 2009 to 2016. All the
enterotoxin gene sequences obtained by VFDB annotation method were uploaded to NCBI platform and further verified by
BLASTX program and refseq_protein database. Results  Among the 53 Staphylococcus aureus isolates, 45 isolates
(84.91%, 45/53) were identified to have one or more enterotoxin genes, and 8 isolates were without enterotoxin genes by
both VFDB annotation method and gene-specific PCR. The traditional enterotoxin genes were found in 31 isolates (58. 49%,
31/53). Among the 45 isolates which carried enterotoxin genes, 16 isolates (35.56%, 16/45) had consistent enterotoxin
gene typing results, and 29 isolates (64.44% , 29/45) had inconsistent results between VFDB annotation methods and PCR
method. Compared with BLASTX verified results, genotypes that could be misclassified by VFDB annotation method
included sea/sed, sea/sej, sea/sep, sea/ser, seg/ser and sek/sei (VFDB annotation/BLASTX verification). Conclusion VFDB
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annotation could be applied as an optional method in predicting staphylococcal enterotoxin genes, but the sequence annotated

as sea, seg and sek need to be further verified by BLASTX and refseq_protein database to improve the accuracy.

Key words: VFDB annotation method ; Staphylococcus aureus; staphylococcal enterotoxin; genotyping
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W 2 A By #E 25, 4 5 K240 JF (Whole genome
sequencing, WGS) T ] ¥z i H T 8 i & 4 Gk, Xt
F IR O AR W A DN 9 D L B g DY T
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TR DA D £ v A s LIRS BUULER 1.

1 S3REA B A ER 1Yk IR

Table 1 Sources of 53 isolates of Staphylococcus aureus

TR R 5 7 it S0 B2 T PR R

TR i 5

AR (n=11)
B Sl i (n=10)

K57 il dh (n=3)

S12, 821, S28, $29, $30, S31, $32, $34, S35, $36, S73
S19, 823, 56, S61, $62, S63, S64, S65, S67, S69
$20, S22, S60

(ﬁiis) A5 A il & (n=7) S6, S24, 825, $45, 546, S57, S58
BIHRAIR G (n=4) $26, $37, $38, $39
Al (n=2) S4, 827
HACK T (n=8) S42, 843, S44, S47, S48, S49, S50, S55
bl K7l (n=1) S1
(n=8) 5L 5 (n=7) S5, 510, S14, S16, S17, S18, S33

TE o0 B8 I ZSAE Al b 43 4 10 B R KL
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i 0> 35 HY W& (Brain heart infusion, BHI) [ 1% .
BHI B (AL AT Rl BF SR A BR 2 7)) 5 9% g 2R 1 il

K20 T 25 R 2 4 Bt ) & (R AR AR AR R A R A ] 5
WA PR B (32 Sigma 22 F]) ;DL 2000 DNA Maker,
PCR ¥ #8870 & (= HEAEYHEARARAF)
1.2 SEE U5k
1.2.1  PCR K 4% b i 5 = L A

18 Fh 7 25 ZIL A9 PCR 319 51 K 184 7= )
K/NILFR 2.
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Table 2 Primers and sizes of amplified products of the 18 enterotoxin genes in Staphylococcus aureus
P EEVEZS Sl FH1(5°-3) 1=K/ bp KR
sea—F ATTAACCGAAGGTTCTGTAGA
sea . e 552 [11]
sea-R TTGCGTAAAAAGTCTGAATT
. seb—F ATTCTATTAAGGACACTAAGTTAGGGA 04 2]
s seb-R ATCCCGTTTCATAAGGCGAGT
B sec—F GTAAAGTTACAGGTGGCAAAACTTG 207 [12]
see sec—R CATATCATACCAAAAAGTATTGCCGT
sed—F GAATTAAGTAGTACCGCGCTAAATAATATG
sed . } 492 [12]
sed—R GCTGTATTTTTCCTCCGAGAGT
see—F CAAAGAAATGCTTTAAGCAATCTTAGGC g2 2]
see see—R CACCTTACCGCCAAAGCTG
seg—F CCACCTGTTGAAGGAAGAGG
seg 432 [1]
seg—R TGCAGAACCATCAAACTCGT
" seh—F CACATCATATGCGAAAGCAGA 617 ]
s seh-R CCTTTTAAATCATAAATGTCGAATGA
- sei-F CTCAAGGTGATATTGGTGTAGG 520 1]
e sei-R CAGGCAGTCCATCTCCTGTA
A sej—F CAGCGATAGCAA AAATGA AACA
sej . A . § . 426 [11]
sej-R TCTAGCGGAACAACAGTTCTGA
sek—F CGCTCAAGGCGATATAGGAA
sek . A T A T T 570 [11]
sek—R GGTAACCCATCATCTCCTGTGT
sel-F CACCAGAATCACACCGCTTA
sel 240 [11]
sel-R CTGTTTGATGCTTGCCATTG
. sem—F CTATTAATCTTTGGGTTAATGGAGAAC 200 1]
e sem—R TTCAGTTTCGACAGTTTTGTTGTCAT
sen—F ATGAGATTGTTCTACATAGCTGCAAT 650 )
sen sen—R AACTCTGCTCCCACTGAAC
seo—F AGTTTGTGTAAGAAGTCAAGTGTAGA 180 ]
seo seo-R ATCTTTAAATTCAGCAGATATTCCATCTAAC
sep-F GAATTGCAGGGAACTGCTTT
sep 537 [11]
sep-R ACCAACCGAATCACCAGAAG
seq—F GAACCTGAAAAGCTTCAAGGA
seq 509 [11]
seq-R CCAGTTCCGGTGTAAAACAAA
. ser—F TTCAGTAAGTGCTAAACCAGATCC 267 .
ser ser-R CTGTGGAGTGCATTGTAACGCC
seu—F ATGGCTCTAAAATTGATGGTTCTA 200 ]
set seu—R GCCAGACTCATAAGGCGAACTA
1.2.2 4 p 6 B AL 3R 1.2.4 SRR 4m T

4 A 34 B 500 L, 9 391 g 5.0 1 min,
W e b3 L A 150 wL 2B BER UK (10 L %5 4 Bk
T B (20 mg/mL) fl 20 pL % B B (50 mg/mL) , X &2
WCHT (o B A 0 40 R 0F L 37 CI AL 1 h, A 20 pL &
P KU B TS i 20 T DR 2 4 IO R
DNA, =47 T =20 “CH Ml .
1.2.3  PCRAZR L™ W5 e v vk 1%

10xbuffer 2 wL, 2.5 mmol/L dNTP 1.6 nL,
10 pmol/L Forward Primer 0.8 wL, 10 pmol/L
Reverse Primer 0. 8 wL, DNA template 1 pL, rTaq 53
(5U/wl)0.2 wL,ddH,0 13.6 wL. E#LJE 95 C
5 min Fi#4;95 °C 30 5,55 C 1 min,72 C 1 min, 35 4>
G¥R 372 °C 10 min;4 “CIRAF .

PCR #4479 1. 2% WY BUIEBEBERE LA 5 V/em
P 86 A 5 G P UK ASC PP AT LUK o LUK AS RS R
TR JC T T BE N R R G AT R o R R
PR /NRE H B S D1 R B g, A 0 X
J9 3 2 A R R B

V45 4 T PR B R L AR B 50 mL BHI M4 5 %
R, 36 °C 180 r/min i v Hi IR i o o TR LA
50 mL B0 4F , 8 000 r/min 5.0 5 min. FF 3, Al
10 mL BEMREEZ PR ERE A, HRE L. REW
U5 2 mL B 22 vh i R AR RS 2 1. 5 mL
BT, B0 AR 13000 r/min B0 S min, 75
EVE o AR TOE R AL 50 R BOR BB A R 2
A HEAT A RN A ARy o R 2T 350 bp /)
A BESCPE U 5 W R Tllumina PE150 7 & 3L
A S R, I F R R 100x . ff ] FastQC K1
(https://www. bioinformatics. babraham. ac. uk/
projects/fastqe/) X W J¥ B 46 28 47 BT i VR Al o Al
Trimmomatic v 0. 36 %X {2} (http : //www. usadellab. org/
cms/uploads/supplementary/ Trimmomatic ) 25 i # 3k ,
ffi FH SPAdes v 3.14. 1 #k #4 (http://cab. spbu. ru/
software/spades/ ) 4 2 5 452 3k 19 I 7 25 9 41 2% 1
contigs, ffi Fl quast X 4 (http://quast. sourceforge.
net/ ) X PFH2 5 41 {4 5 AT VEAR
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1.2.5  VFDB JE B 6 4 B 1 3 3 2

W5 B 4 B0 (contigs) #2228 3 VFDB %4l
(http://www. mgc. ac. cn/cgi-bin/VFs/v5/main. cgi?
func=VFanalyze) , 2k ] VFanalyzer T E.XJ 53 ¥k 4 i
VR 43 15 0K 1) 1 2 3R R DR AT 4 B 3 A
1.2.6 BLASTX X

FTJF NCBI ™ 3} ) BLASTX ™ 5T (https: //blast.
nchi. nlm. nih. gov/Blast. cgi? PROGRAM=blastx&
PAGE_TYPE=BlastSearch&LINK _L.OC=blasthome) ,
N VEDB VB3 70 #7453 21 89 42 0 7 3R Y

J¥ 51 I A% 5] NCBI 1, £ $£ reference proteins (refseq
protein) BCHE P 37 H A . M4 6% 25 ELAR 0L 7
99% LA L B RAT O FE X452

2 FR
2.1 IR IEH PCR M4 2R

Bl 1 S14 Jp B bk Y 6 I I 3 K BN PCR
PR 7 Wy e R r Uk P B s ), KR 1 ] DL
o, Al P B8 seb | seg . sei, sem ., sen F seo %t A
B

M sea seb sec sed see seg seh sei sej sek sel sem sen seo sep seq ser seu NC

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

PRl 1S 14 A SR A 518 R 42 350 ) PR 4738 7 0 ok 1
Gel electrophoresis pattern of PCR amplification products of Staphylococcus enteroxin genes of isolate S14
B, 33 MR A B AU 5 R (seg~sef) /K5 &
F W (sek~sew) o 4547 Bk M 85 %= ZE K () PCR 43 4t
ZERLRAILE 3,
#3053 M (O A BRI B T R L PCRAG TN &5

Table 3 PCR results of enterotoxin genotypes in 53 strains of Staphylococcus aureus

Figure 1

22 PCR KM, 2 45 MRIE I 2 R AN, 5
RN 84.91%(45/53) . Hor, 24 #RAUHEH 1 Al
TR AN R B, 20 R 2 PP A 2 AP DL i i 2

57417 1 ¥ 2% Tk A A

K th B H /b

RS

S
Ju—

sea—seh
sei—seo

sea—sek—seq

8
8
2
4
1
1
1
seb—sek—seq 2
seg—sei—sen—seo 1
seg—sei—sem—sen—seo 1
seb—seg—sei—sem—sen—seo 1
sec—seg—sei—sel—sem—sen—seo 1
sed—seg—sei—sej—sem—sen—seo—ser 5
seb—sec—seg—sei—sel-sem—sen—seo 1
sed—seg—sei—sej—sel—sem—sen—seo—ser 1

5

sec—sed—seg—sei—sej—sel—sem—sen—seo—ser

510,526,528 .,529,531,532,549 .S58
S17.5S18.521.,524 525,534 ,S35.S55
S1.512.516.519.520.,523 ,543 ,S44 ,S45 546 .S47 .S57
S30,S37.538.,S39
S6
S5
S22
542,556
S48
S27
S14
S50
S4.833.860.561.362
S36
S69
563,564 .565.567 .S73

At 53

2.2 R FER AN VFDB E R 7 Hr 4 R

Bl 2 & M T i B R AL VEDB R 45 SRR
il , VEDB B 245 R B S1 70 BI MR & A7 sea HEIH,
S4 S B R & A sea.seg . sek.sem sen F seo FLH ,S14
NEMEA seb .seg .sek .sem .sen M seo A

F H VFDB 545 JE i VFanalyzer 1 H. X} 53
o B RERN R A R ILE 4, HER
R R 84.91%(45/53) Wi Bl f R /KW
R RN 62.26%(33/53) , 5 PCR K25 5t —

o, BRI R EFE N B RS VEDB R
AN RIASGHEREN, 45 RETHER
FEIR Y & A A A B bk A 16 Bk VEDB FERR
BRLEKAY PCR I 2R MF, — B EH
35.56%; 4y 29 ¥k VFDB B i R RN Y
PCR 5 M 25 S AN A ], 53 AN — 35 5 D A8 45
sea/sed sea/sej sea/sep .sea/ser seg/ser sek/sei( VFDB
43 L/PCR AN ) .
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S1(Prediction) S4(Prediction) S14(Prediction)
VFclass | Virulence factors | Related genes
draft(draft) draft(draft) draft(draft)
Enterotoxin A sea orf02185 orf02336;0rf02351 -
Enterotoxin B seb - - orf00580
Enterotoxin C sec - -
Enterotoxin D sed =
Enterotoxin E see - -
Enterotoxin G seg 0rf02239;0rf02335 orf02379
Enterotoxin H seh % =
Enterotoxin I sei -
Tt Enterotoxin J sej - -
Enterotoxin-like K selk orf02243 orf02376
Enterotoxin-like L sell - #
Enterotoxin-like M selm orf02244 orf02375
Enterotoxin-like N seln orf02240 orf02378
Enterotoxin-like O selo orf02245 orf02374
Enterotoxin-like P selp - -
Enterotoxin-like Q selq
Enterotoxin-like R selr
Enterotoxin-like U selu -
Table saved from VFDB(http://www.mgc.ac.cn/VFs/)[Tue Jun 30 12:45:57 2020]
Bl 2 S1.S4.S14 o (08 % Bk B 70 2 bk i 77 2 2k B VFDB FE R IE 4 2R
Figure 2 VFDB annotation analysis of enterotoxin genes of Staphylococcus aureus isolate S1, S4 and S14
4 53R B O IR T R L VEDB W REIL 4 1T 4
Table 4 VFDB analysis of enterotoxin genotypes in 53 isolates of Staphylococcus aureus
HE 1 7 R Y o tHRCH /iR R 5
— 8 510,526,528 .529.531.532.,549 .S58
sea 20 S51.512.516.519,520,523,543,544,545,546,547,5S57 517,518,521 ,524 525 ,S34 535 ,S55
seb 4 $30.,S37.S38.S39
sea—seh 1 S6
sea—sek—seq 1 S22
seb—sek—seq 2 542,556
seg—sek—sem—sen—seo 2 S5.S27
seb—seg—sek—sem—sen—seo 1 S14
sea—seg—sek—sem—sen—seo 5 S4.S33.560,S61.S62
sec—seg—sek—sel-sem—sen—seo 2 548,550
sea—sec—seg—sek—sel-sem—sen—seo 6 563.564.565.567.569.573
seb—sec—seg—sek—sel-sem—sen—seo 1 S36
&it 53

T R AL RHA R R VEDB FERELE SR 5 PCR G I 45 5% 23 B — SRy BE P 5 8 6 L 5 (4 32 7R VDB TR BEAY i 5 22 26 R B 5 PCR A6 I 45 2R A

R I 4 4 8 €207 00 R 14T 20 1

2.3 BLASTX #% X4

BLASTX 4% X 45 B W 7R, 53 bk 4 4 i 4 25 #k
H1, VFDB VE BT I EAf % 45. 289%(24/53) ,PCR
05 1k W HE TR R R 94. 34%(50/53) o T B 4 A B
TR M T, PCR 7 A 1E sec . seg . sel .
sem sen ser (XA TEI G , VFDB 1 B WA 12K sep/
sed/sej W FN N sea ser 1R F| K sea/seg N sei imF N
sek (UG, & 2 b S1 Zr Bk 4 VFDB 1
BEL BTG R sea FIAZTRITH1 orf02185 22 BLASTX
KXt K sep; S4 B FRIL R 40 h VFDB 4 B 5540 it
Fi K sea HRZIRF5 orf02336/0rf02351 43 Hr i ]
K seg BIKETRFF 5 0rf02239/0rf02335 DL K 43 #r Tt il
H sek HIAETR FF 5 orf02243 £5 BLASTX ¥ %} 43 5
sej/sed seg/ser Fl sei;S14 43 B MRFE K 41+ VFDB i#
B4y B WU R sek B9 B BRI orf02376 4
BLASTX # XF N sei. 45 #4355 bk 19 i 7 2 2 A
PCR 458 \VFDB 73 B 25 5} VFDB 43 #7 i 159 % i
FP8 4 BLAST BXT&5 LWL 5,

3 it

Lo S e W o AR & S i v
R/ KW R seg~sehssek~seu |12 AFHEH H
W sej ser RN B R F & W v 7 S5 0F PR WL B
Wiy B 2 /2l B 2 LR RS HEAT seh F5 R 1) 42
B L RN AT 7 B VR M A TR R P AR AR
AW 53 @MW BRI SR/ KRR
LA R IE B T 62.26%(33/53) . i Z b
GG R/ A ERENNSHEC I EY T
0 KRS R o A P T R e TR M R
BN B, T R S R T s i R/ R
B DR 1Y) 4 1 A Y 7 A KO- o

AW R F I, PCR J7 ik BT i B ME 45
R, EEONF R R /KR IEN , VFDB iR
T AT A T ARG T 22 b 4 A TR BE AR R IR TR B B
R/ RpERERE gy mEA NI, B PCR
J5 2 H T4 A B B R ARG DAY EEHR T
B E S 5] S AN 3 CERT 4N B PR A AR S A
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5 ASBRA WO A Bk A 1 B R IE K BLASTX 42 %) 45 i

Table 5 BLASTX verification of enterotoxin genotypes in 45 strains of Staphylococcus aureus

PCR £ 45 VFDB p A 45 BLASX Ot 45 A TR i 5 X1 B
S17.518.S21.824 ,S25.834 835,

sea sea sea 355
seb seb seb $30.,537.538.539 BLASTX A% 45 5 5 PCR A M 45 5 |
sea—seh sea—seh sea—seh S6 VEFDB 4 B 45 5 — 5
sea—sek—seq sea—sek—seq sea—sek—seq S22
seb—sek—seq seb—sek—seq seb—sek—seq S42 .S56
sep sea sep 51 5;4214;?;4615\%;4916%22;?;2;54% : VFDB 1 B0 sep 1R H sea

. . . OPCR AP 1 1 seglsem/sen
sei—seo seg—sek—sem—sen—seo  seg—sei—sem—sen—seo S5 GVEDB I B0 sei 151 sok
seg—sei—sem—sen—seo  seg—sek—sem—sen—seo  seg—sei—sem—sen—seo S27
seb—seg—sei—sem—sen—  seb—seg—sek—sem—  seb—seg—sei—sem—sen— S14
seo sen—seo seo
sec—seg—sei—sel—sem— sec—seg—sek—sel— sec—seg—sei—sel—sem— S50 VFDB FE RS sei 17 H1 K sek
sen—seo sem—sen—seo sen—seo
seb—sec—seg—sei—sel—  seb—sec—seg—sek—sel- seb—sec—seg—sei-sel— $36
sem—sen—seo sem—sen—seo sem—sen—seo

. sec—seg—sek—sel— sec—seg—sei—sel—sem— 3 OPCR AP 1 sec/sel/sem

seg—sei—sen—seo S48

sed—seg—sei—sej—sem—
sen—seo—ser
sec—sed—seg—sei—sej—

sel—sem—sen—sea—ser

sed—seg—sei—sej—sel—

sem—sen—seo—ser

sem—sen—seo

sen—seo

@VFDB BN sei 1R HIH sek

sea—seg—sek—sem—
sen—seo
sea—sec—seg—sek—sel—

sem—sen—seo

sed—seg—sei—sej—sem—
sen—seo—ser
sec—sed—seg—sei—sej—

sel—sem—sen—seo—ser

S4.833.860.861.S62 o s .
VFDB VE RS sei 1 FN K sek s sed/sej
EE K
$63.564 .565.567 .573 RFIR sea; KA ser

sea—sec—seg—sek—sel—

sem—sen—seo

sec—sed—seg—sei—sej—

sel*scm*sen*sezﬁser

OPCR &Y 1 1 sec
$69 @VEFDB BN sei RN sek s sed/
sej RN sea ;s KA th ser

B I AHA R R BLASTX B XI5 VEDB FE B 7515 J1 () 4 o5 €078 285 BR 141 i 2 25 S R B 5]

Al AE R BCAR R Y AR IR 2 kA, H
HIUL A DF5E K PCR &34 7= Wyt A7 00 5 , B I 2%
5 GenBank U4 5 I 6 A0 B ¥ 81 #E 15 X3 He L 48 4F
PCR ¥ ¥ 25 S (0 MEAG E o K T 356 PR B0 R 2
PCR J7 3 04 k00 A A fff 52 L A Ik . G 2R 5 A6 U 14
FE G BCR AR 2, T B R R RS U OL 2L E AN S
K, 5190 G B PCR 3 3 A Dk A i 45 25 38 114 38 711
FEMF AR L N 7 B AR At ] B AR #5523 K A8, 1A
I PCR ik IEAN SR HEAT Z R A 2 1 G 5 Rk T 1
WA 5 PCR LA, D4 3 IR 241 0 e 2504
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