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Abstract: In order to achieve the simple and rapid on-site detection of Salmonella in food, saltatory rolling circle amplification (SRCA)
method combined with FTA card (FTA-SRCA) was used to establish a new detection method for Salmonella. The template DNA was extracted
by FTA card quickly. According to the specific invA gene of Salmonella, primers were designed and screened. Based on the above, the
FTA-SRCA reaction system was established. The reaction was amplificated in the well plate which can achieve intensification. After the reaction,
fluorescent dyes were added to observe the results. Its specificity, sensitivity and detection limit of artificial contaminated samples were
determined. Furthermore, 60 actual samples were tested to evaluate relative sensitivity, specificity and accuracy. The results indicated that the 17
strains of Salmonella tested were all positive, and the 29 strains of non-Salmonella were negative. Therefore, the method had good specificity.
The sensitivity of the FTA-SRCA was 6.81x10° CFU/mL, which was 100 times that of the PCR method and 10 times that of the SRCA method.
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For the detection of artificially contaminated milk samples, the detection limit of the FTA-SRCA was 3.22x 10° CFU/mL, which was 1000 times
that of the PCR method and 10 times that of the SRCA method. The sensitivity, specificity and accuracy of FTA-SRCA were 100.00%, 94.64%

Modern Food Science and Technology

and 95.00%, respectively. The FTA-SRCA method established in this study had the advantages of simple and rapid operation, low cost, strong

specificity, high sensitivity, and low detection limit, which can be used for the intensive and rapid on-site detection of Salmonella in food.
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FFAEANFIRERE BP0 T BB 5 e el R, k5| b
TR AR, WA T P, &
AR EPNEZS =i

AL B3 77 ERII TR, X S
PEN 2 R TS 5 s & I TG R MR AR TR = (2K,
F HICSEBEA I . S4B AL AR AT s 9%

(Viable but non culturable, VBNC) ARFH, £k
2 AR, Gl ST I TR 4 2 2P,
H IR BT A A ZE RIS, 2 M Al (1) e
ARG, HE s R e R B IR
RHMT HEOR AW R fE, B T R AR
% (Polymerase chain reaction, PCR) ", £ #EPCR
(Multiplex PCR) 11, Sz 525 5 B PCR (Quantitative
real-time PCR, qPCR) "R AR, ixeefiR
PR B RINIE R4, AR5, R AR
AR R R . TR IR BRI AL B

N G E M KR TIR¥H 4 (Rolling circle
amplification, RCA) A SR 1 (Loop-mediated
isothermal amplification, LAMP) “§4ZFREEIRY T H;
Ko B, RCAFIRFE AIRES . R AR A
Wi RE, RBIAE K (414 h) 1l LAMPEIARTEAE
SR A TEEXFI. FEa) B A HAEH
AR Ry 10 PSR I R4 SR I
YRS A)
IR, AR I T BRI SRS 1
(Saltatory rolling circle amplification, SRCA) #1772,
ST O B A I U BN S 2R R
=X, fEMEIRAE FAKEEBst DNAZE ARy 5k
IAVEDNAY M. HEME 1 Fos. ERSY
(Forward primer, FWP) S5HERDNALA G, 4%
10 53 T7 FAEA, HIER R BAREER S, 1E
Bst DNA R & H I s I e T ML RIS 1 28
PEDNA Wy i IR 1, AR TR S TS B TLAMEE B T
K, GREUVRIMRAGIMES PG Jeni & R
AMEEAWTIEAT, iR HHORKEZ (1) [ 7514 (Reverse
primer, RVP) 45404, RVPSZ 45& kT M.

JATE GG, LGBV AN E R ) B B 2R X
BEDNA.

FWP L (W)
5—>3 , ®
3'Fwe 5" Fwp =
5 hilki
3. 5
FWP FWP FWP
5 5 Ao
3 5
—— FWP (Ef1314) RVP (K [f15147)
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Fig.1 The schematic diagram of SRCA assay
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FTAMX (Flinders technology associates, FTA) &
LIRS S I AR R A PRI LT 4R v, AR
Whatman 23 &) ] — L FEAR GIR LR N T 500 T
WERRIORSE. 184, SRR, 420 B FTA
JBEIT, BRI, AR i ] I A B ] 7€ 7EF TA
JE b, 2R A R 2 s R R T4, ReT
B R . eRHT S R W 2 PR 105
AR, KO 7RI [ AR A . FTAL
REZ) ZNHT AKDNALEE, ihEY:. B4 shiE
YIDNAFE S SURIEEOR T 25 A2 JURIR S AR o Aari]
Hhal2223]

AHIFFUA FHFTA JELIR B 8] 72 12 R ) VA DR S B
BERDNA, HRAE VD1 IR IR invAJE PR T A i i 51
Y, PN GR AT A R E . 5
8 e REAE ML EA T, T SRS it b T IR
IIPNGiA =g SO ERIST Y oalll B

Fig.2 Electron micrographs of FTA card before and after

elution

1 MR5RE

1.1 RIA
1.1.1 RBEHE%

KBTI 46 BRFMRIE N TEN G, Ho 17 #k
NUDTTIRE, 29 MONARDT TR, 3E4T 51 4048 S 1
RIC. WP AR 1 fos.

x1 AR FAEM
Table 1 Bacterias in this study

Fr HAR G AR ETAE H AR IR
1 HELYIIRE (JLREKREAH)  Salmonella cholerae-suis var. kunzendorf ~ CICC 21494
2 CREG R TIRE Salmonella paratyphi-B CICC 21495
3 IR Salmonella anatum CICC 21498
4 B 2K E Salmonella typhimurium CMCC 50115
5 B 2K E Salmonella typhimurium ATCC 14028
6 FA &5 K TKA Salmonella paratyphi-A CICC 21501
7 FA &5 K KA Salmonella paratyphi-A CICC 24167
8 KA KE Salmonella meleagridis CICC 21511
9 BB RBIYTTREA Salmonella heidelberg CICC 21487
10 R TTREA Salmonella enteritidis CMCC 50041
11 Ry 1 KA R A Salmonella enterica subsp.enterica CICC 21513
12 AR & T TR Salmonella paratyphi-C CICC 21512
13 FT 40 1 K E Salmonella agona CICC 21586
14 WITKE Salmonella LPNo.1
15 WITRKE Salmonella LPNo.2
16 WITKE Salmonella LPNo.3
17 WITKE Salmonella LPNo.4
18 XA KHA Escherichia coli CICC 10032
19 XA KA Escherichia coli CMCC 44752
20 Jh 8 SR K 3R AR K Escherichia coli EPEC 0127:K63 CICC 10411
21 JhiE & b KR Ar K Escherichia coli EHEC O157:H7 CICC 21530
22 Jhi8 SR K 3R Ar K Escherichia coli EPEC 026:K60 CICC 10372
23 FhEE KIS K E Escherichia coli ETEC O78:K80 CICC 10421
24 NpLEMR R RAKE Yersinia enterocolitica CMCC 52302
25 NpLEMR R RAKE Yersinia enterocolitica CICC 21669

HTR
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LR
26 ARGABSE RO Pseudomonas aeruginosa CICC 21636
27 AEEHFRE Listeria innocua CICC 10297
28 He R I RE Listeria grayi CICC 21670
29 P REN KA Listeria ivanovii CICC 21663
30 R K E Listeria seeligeri CICC 21671
31 BRI KA Listeria welshimeri CICC 21672
32 FAZ NI A AT KA Listeria monocytogenes CMCC 54001
33 #EAENKH Shigella flexneri CMCC 51107
34 #EAENKH Shigella flexneri CICC 21678
35 RRERKHE Shigella dysenteriae CICC 23829
36 SRER KA Shigella bogdii CICC 21680
37 SRER KA Shigella bogdii CMCC 51522
38 RN RER KH Shigella sonnei CICC 21535
39 RN RER KH Shigella sonnei CMCC 51334
40 Bl NeT) N Vibrio parahaemolyticus CICC 21617
41 B NeT) N Vibrio parahaemolyticus CICC 21528
42 BT IEATR Cronobacter malonaticus CICC 21551
43 AL F AT Cronobacter dublinensis CICC 21564
44 J AT EATE Cronobacter universalis CICC 21570
45 ERAETIEAE Cronobacter muytjensii CICC 23943
46 FH T HEATE Cronobacter condimenti CICC 24184

7E: ATCC: £ EAEXHA ML 3 (America Type Culture Collection ); CMCC: ¥ B & % 40t 5% % 22 ¥+ ( China Medical Culture
Collection); CICC: B T b4 #E#4%#8 % 2 P& (China Center of Industrial Culture Collection ); LP: S£EE AR,
=2 WITIKE /invA EERIS |4

Table 2 Primers of invA gene in Salmonella

4% AR HEZkg1 HEZ R4 B &9 55 KA
. FWP: AGGCCGGTATATTGATGC 19 bp
invA 60 bp
RVP: TTTCCCTTTCCAGTACGCTT 20 bp

1.12 A5 KA

519, HRIEFAF]; 6xDNA Loading Buffer.
dNTPs Mixture, bRl AF; SYBR Green I
(10,000%) « TEZEHR (pH 8.0) , JLHIZREE A ;
2xTaq PCR Master Mix, bR EAEYHAANF;
Bst DNA%E &, DNA Marker DL2000, RiEFAW)
il FTAME. FTAZEALIAFF), Whatman/a .

RS ) B A S R 38 1y, BRI 8 A, WK
14 4y, it 60 1.
113 MELHEE

2720 Thermal cycler Y 144, E[E Applied
biosystems AF]; DYY-8C HLUKAX, ALH/N—IXE s
JY04S-3E Bt % it 240, AL ez IR BAA R
AF]; DK-8D —FLH AR KA, ig—ER# 0 a
AIRAH.
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1.2.1 BAtkegszsi

PG ZEVP TR (CMCC 50115) kLA
B3R 3 IR PRI AL B VR AR B SR, 37 C
AR, AR, HUAREUERA DNA.
122 A F %0 DNA #9423

AT SR FTA STV R E S
21 DNA (3. G R 1 U0 B 3R A7 $2 L
DNALFTA JiEi%: B 40 uL i3 %5577 B W N 42 2.00
mm ] FTA i I, 55 C~60 ‘CFJ4 10 min, FTA 4lifk
BANTSE 2 X, TE i 2 IR, 55 'C~60 CT
10 min, A3 BIRERA DT TIREZEFIZ DNA 1
FTA I B R RS ISR o
123 3l4pe9ikit 5 ik
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AHFEIEFRID T IR B o R S AR ST 11T invA
SN BEAT 51 it I E A Primer 5.0 Al
DNAMAN A T TR PR 519, 5197
N 2 fis.

124 FTA-SRCA. SRCA #= PCR #) R_FLAK %
e R F
FTA-SRCA IRNARZRA: 2.00 pL Fx A5
(0.50 uM) , 12.00 pL dNTPs (0.75 mM) , 3.00 uL 10
xThermopol Reaction Buffer (0.75x) , 6.00 pL Mg*"
(3.00mM) , 2.00 uL Bst DNA E&TF CKHBD
T B T/KAMEZ 40 pL. 62 “C )M 30 min, 80 C
K 5 mine [A197 1493 10 2.00 uL SYBR Green |
(50x) BURREHATEEO NG, TS IEE R E o

SRCA 1] 2 b %6 1 5 FTA-SRCA J i M [7],  7E
FTA-SRCA [ VAR R I8t -, #9077 3.00 pLBR
DNA (3.10ng/uL) o 45 FE B iz T M ER

PCR V595 SRCA J7i7AH[A . PCR ¥ B AA
%N: 11.00 uL 2xEasyTaq PCR SuperMix, 1.00 pL 1F
SIA5147(0.50 uM) 5 1.00 uL #48 DNA (3.10 ng/uL),
THEBE TRKANEE 25 Lo RNAEF: 95 CHARTE:
Smin; 94 CAFME 45, 55 °CiBk 45s, 72 CLEfH 45
s, 3530 MEFR; 72 CHEZEM 1 min 21k
1.2.5 FTA-SRCA ¥ 38 RRL &9 5> 5347

SSEFE AT BRI K S, A R S
VEUCRHIE T4k, 2R IR Se B IR S e R i B
ITHEREEAL, B ROE T A = AT .

12.6 31447

FIFHFTABZSEER 1 46 PREAIEEFZHDNA
VERER, 43 B TSRCA SR o 3 i) e S =4 v
TSGR 7%, AT 51 R A
12.7 RBESH

D 1T IR B BRI 50 BE R RE 5 1A T PR T4
ISR AN 6.81x107~6.81x10" CFU/mL. A FHi
FUEFEAERCA [F1HR L BRI DNA J5, 435l R A
SRCA Fl PCR JiEdHATH 4 [ Bs [FINFFIA] FTA fis
AEHURAR DNA J&, #H7T FTA-SRCA &N, FEbE
IR =RV R
1.2.8 ALFEGFAASLTVTTRKE S E
PR T

) SRSV A5 ISR
WREW VD 1 I W bR AV, 38 VP T R FE N
3.22x107~3.22x10" CFU/mL. F iR £ B K
20 DNA J&, 53T SRCA F1 PCR S s [F] RS Fi FH
FTA B2 B0 DNA J52, 347 FTA-SRCA )3,
F LGB AT =RV A H PR

12.9 FTA-SRCA 7 %49 =i A 54

T VY FTA-SRCA 7 iELESEFRRE Sl = 1
ATAT I DA S HERfPE , AKX 60 106, 43 A PCR
77 SRCA J57%. FTA-SRCA 7592 M B SbnitE 1%
GB 4789.4-2016 54746, THEAFRIBAN Tt
B R AR,

TUR M= FC BH M (R FH PR T 1) < 100%

R =T I (R I R B ) < 100%

FFE =L B M+ B PR /R BH P+ B P+ L
PEHERBHE )% 100%
1.2.10 ZIEAE

AHFFEH PCR Al SRCA J 3 4% F 571 i g b
WL B K I 73 HT, FTA-SRCA SN 45 Bl i Wi g2~
WP PG S E AR BT A . AR E S
3 Ko

2 ZR51He

2.1 FTA-SRCA 43 7= 4y iy | J¥ 20 A7

b LAGGCCGGTATTATTGATGCGGATGCCGCGCGCGAACGACG
AAGCGTACTGGAAAGGGAAA
2AGGCCGGTATTATTGATGCGGATGCCGCGCGCGAACGACG
AAGCGTACTGGAAAGGGAAAGAGTATCGATGCCAATITGAA
GGCCGGTATTATTIGATGCGGATGCCGCGCGCGAACGACGAA
GCGTACTGGAAAGGGAAA
3:AGGCCGGTATTATTGATGCGGATGCCGCCCGCGAACGACG
AAGCGTACTGGAAAGGGAAAGAGTATCGATGCCGATTIGAA
GGCCGGTATTATTGATGCGGATGCCGCGCGCGAACGACGAA
GCGTACTGGAAAGGGAAAGAGTATCGACGCCGATTTGAAGG
CCGGTATTATTGATGCGGATGCCGCGCGCGAACGACGAAGCT
GTACTGGAAAGGGAAA
4 AGGCCGGTATTATIGATGCGGATGCCGCGCGCGAACGACG
AAGCGTACTGGAAAGGGAAAGAGTATCGATGCCGATTTICAA
GGCCGGTATTATTGATGCGGATGCCGCGCGCGAACGACGAA
GCGTACTGGAAAGGGAAAGAGTATCGACGCCGATTTGAAGG
CCGGTATTATTGATGCGGATGCCGCGCGCGAACGACGAAGC
GTACTGGAAAGGGAAACAGTATCCATGCCCGATITGAAGGCC
GGTATTATIGATGCGGATGCGGCGCGCGAACGACGAAGCGT
ACTGGAAAGGGAAA

[E 3 3 IFCHE FTA-SRCA #4034
Fig.3 Sequencing analysis of FTA-SRCA amplification products
of Salmonella

Z: a: FTA-SRCA # 3§ Y3 fls 5wk B ; b:
FTA-SRCA 3% =4l 545 5%; M: 100 bp DNA Ladder; 1:
PMRTRG 20 FRMEYIGLER; e E@ild; GéE: A3
PR G LANT I, K& R RA R, HE: ARRAR
.
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¥ FTA-SRCA J N [1J4 38 =gk 470 7234,
IOAF I 4% SRCA R M FRHLHEATH 1Y, M 743
WP 3 Fon. I 3a Al A1, 5374 2 IURH B AR
. HIE 3b AR, SE—2kd 4 A BEK A 60 bp,
AR A BLEAE L 60 bp KR H A B
WA B, Wi BONIER S0 F B, KR
20bp, DAL, 252k 38 A BB KN 140 bp. 2R
S4B =B 60 bp KEER H B
BORINT B, B 220 bpe DABEKEHE, SEPULY
W BUa KA 300 bpe b, HEBRAOES LRI AT R
FH T4 18 5 B R AR R PO ) o BRIV 45 R S il 15
(45 SAHTR], BRI, FTA-SRCA J7i:I4 45 5L IE

22 5l

AWFFSER 46 PRIE MO 510374 7 R
ZERANEE 4 Pos. 17 RIDTTIRIES R4, 26H
FE AN TSR 29 BRARVD T TR EIBOA R B R
B2, At t. B, Ehxd invA BB 50
(RGPS A W TN 0 o8

B 4 7B TKES YRS
Fig.4 The primer specificity analysis of Salmonella
E: ON: BMTRE; P FAMXTRE; 1~46: RISFTH Btk
JUE 1 (1~46 5 H#R).

23 REUEHT

XA LR 125 LA e S8 7 VR AT R L
BT, AR 5 Fon. B san g, R &
5 B BUASE B AT PCR I B, 24 T VIR B PR &2
6.81x10" CFU/mMLIN AF A 144 . ik, PCR
T2 RABE A 6.81x10° CFU/mL. H1l sbAT%n,
FRF LR U AR 4T SRCA SN, 24 T VR JE %
fRE 6.81x10° CFU/MLIN M TEy 45 5, Fitt,
SRCA VM) REBE A 6.81x10' CFU/mL, ELPCR 7%
7 10 fi%. [AIFTA-SRCAY #7474 IEASYBR Green

[ 5eqerl, P Scrl i, MFTARBRALEE ) BRIRE
9 6.81x10'~6.81x10° CFU/mLIF, %35 dits (o

280

AR LR, NP ESE s IR N 6.81x107 CFU/mL
I, B AT R €, ARATESS 3. BRI, FTA-SRCA
TR R A 6.81x10° CFU/mL. FTA-SRCAJ7iZ:
(1) R A LEPCR 5745 100 1%, LLSRCA T 10 fi%.
DUAREFH, FTA-PCRAGIIEEAZ ST A AE 2= e [ B
(1 R A 1.10x10° CFU/ML™Y, FTA-LAMPHIBR
W T 81 1 R B 1.00%10° CFU/mML™, 2 L inidk,
FTA-SRCA 7 A i R
M12 345 67 8910

1500 bp
1000 bp

Fig.5 The sensitivity analysis
7Z: a: PCR k6§ RAE AT b: SRCA 7 ik R
JEAHT; ¢ FTA-SRCA 7 69 ZHEA#7; M: 100 bp DNA
Ladder; 1: FAMATRE; 2~10: BRRES 6.81x107~6.81x10"
CFU/mL

24 ANTFdeeh e Pl KE o8 1

PR 2 #

M12 34567 8910
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M 12

E 6 LR
Fig.6 The detection limit analysis

7E: a: PCR F k) XBEHHT; b: SRCA 7 ke REE
24T, ¢ FTA-SRCA 7 ikey RAE 441 M: 100 bp DNA
Ladder; 1: FAMEATEE; 2~10: ERIREA 3.22x10'~3.22x107
CFU/mL

735 FIPCR . SRCAMIFTA-SRCA J5 3460 A T
15 R AR A D TR, s HH BRagEAT bL R
Mr, 55 6 frar. HE 6an] s, MR
BV PR 3.22x10% CFU/mL, AT 1 4601
Blt, PCRITIEIIR IR A 3.22x10° CFU/mL. HiId
Gb Al A1, HFEE VD T IR IR R E 3.22x10°
CFU/mL, AMMMHY s, Fik, SRCATEMRIH
R4 3.22x10" CFU/mL. [A]FTA-SRCAY 1240
ASYBR Green [ %844kl HIE 6cal%, ZFEM
YOI ETH B R FE 9 3.22%107~3.22x10° CFU/mLI,

YOI RS (A N B A . IR 3.22¢107
CFU/mL K}, SRNEEA A, B
FTA-SRCA 7% iR A 3.22x10° CFU/mL, ELPCR
JHEAR 1000 1%, HESRCAGEMK 10 f5. CRiER
FTA-PCRAG M ¥ [ EC B 7 92 O K H PR A 1.00x 10!
CFU/MLP), FTA-SRCAJ7 A H R EL AR 1 3
B JER AT RE R R EESR IR DNA & &
FIS S BRI R 7, S8 s S = A 7 3R,
KRB T PCRATIN A= v b T QR (1) R ABFE S, Wk
PCR 75 2 [P A HA PR b R B AR — DN B . 1 [
SRCA X M) RS E HLPCR i, — EFR R LRI 1 0
S HIVER,  SSRCA SV R A RIS H PR AE [F] —
K FTABRSR U vE— e FE R FRIR T R & i,
M T 34 RO,

2.5 FTA-SRCA 77 ity £ I B A 5 ¥4

AW 535 PCR J5i2:. SRCA J577%. FTA-SRCA
D592 K [ bR 5725 GB 4789.4-2016 %iF 60 43k itk AT
i, 55N 2 fis . 455 oR, SHEbRELE, PCR.
SRCA Fl1 FTA-SRCA JiZ35 B Z I BHMESE R, i
RIFE T Get 35 71 R B RUIR, HASEEAIN H VBNC
PRSI, TIX LR R AT B A Eov FE R fa
Fo WMAFHHENS, P ARRERITIR
WIS AR DNA, (HESEATZES. SRCA Y
BT REUELL PCR iy, W] LUKV T] BB e
R FEG; XAZRIEIUTVEN S, FTA BUAZRRIEEL
PRI TR, MU A BAME S R £

2 IhrEMENEER
Table 2 The results of actual sample detection

Frik Aratk AMME EREE O REAR SEE MR SR dE
GB 4789.4-2016  4/60  56/60  0/60 0/60 - - - 6.67%
PCR 460  55/60  1/60 0/60  100.00% 9821% 9833%  833%
SRCA 460  54/60  2/60 060  100.00% 96.43% 96.67% 10.00%
FTA-SRCA 460  53/60  3/60 0/60  100.00% 94.64% 95.00% 11.67%

3 Z5ip

3.0 KRB T FFTAML A BRI 5
P HEFAR (FTA-SRCA) KA b T TR B 77k
L giis IR AL, BRI, 1A T B A AR
ARG SEIEML, TRERG IR, T
A N R I ER B H5ERRY 1Y U5
LAMPARLL, SIWTHRT ., 345 S a7 i
E, R T ET A T4 RmHE, b T BB
PR SRCAFVEMEL, THREEIAEIFE,
B AFISA . 55 EIEIDNAKISRCATZEAH L,

RO RN L, AR FRAIRL 172, IRl D2 3/4,
P LA AT S B R A i PRI AR 2 A A U«
32 ZELRTR, AW ST R
FTA-SRCA J7EVISEATAT . 1% AR e TP . %,
ACHR Rl REUE . AR, FIH FTA
JEESEEL I3 R 2H DNA W B[ e fEfE |, 480t FTA 46
ARFIA TE Mk, 76— @ ol LA F
BT RS AT S B A FH s
SRR ML AR T, PSR HE A L)
AT o SRR A ARAE JE A LA 1) %
FHESB55E 1 JEAilh
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Hl, AT FTA-SRCA J7 124X H

FE RS, RI6 T FTA ALK DNA [E & 7E
HAgRm b, SECCEIMEREI . TRA FTA
Vet BEE DNA, S2HL FTA-SRCA J7 ) & kel o
FEb, EHETEX S ICER, G PMA
J71%5 FTA-SRCA HiARML: &, SCHUAEIE B IR 1
SE T . FTA-SRCA J7iERn] FH T35 28 HL S0 5
e B TR SRR I U S T R, DA KA T v
(143 7 P S [l RSB N FE AR

(1]
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