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SYBR Green I RT-PCR Assay for Quantitative Detection of
Salmonella in Irrigation Water
LV Xin"?, LIU Lanying'?, LI Yueren"”"
(1. Institute of Quality Standards & Testing Technology for Agro-Products, Fujian Academy of Agricultural Sciences, Fuzhou,
Fujian 350003, China; 2. Fujian Key Laboratory of Agro-products Quality & Safety, Fuzhou, Fujian 350003, China)

Abstract: [Objective] A SYBR Green I-based quantitative RT-PCR (qPCR) method was developed for detecting salmonella
in irrigation water. [Method] For the methodology development a pair of primers were designed based on the sequences of
the invasion protein A gene (invA) of Salmonella. qPCR reaction conditions were optimized, the assay tested for specificity and
sensitivity, and a standard curve of amplification constructed. Test results on a specimen of contaminated irrigation water using
the qPCR assay were compared for detection accuracy with those obtained from the national standard method. [Result] The
newly developed qPCR assay showed a minimum detection limit of 1X 1071pg‘uL71 and free of interference from genomic
nucleic acids of non-target microbes. The constructed linear standard curve between 2 X 10°cfurmL ™" and 2X 10° cfu-mL ™" had
a high correlation coefficient of 0.999 6. The assay demonstrated same accuracy as did the national standard method in
detecting salmonella in irrigation water. [ Conclusion] The newly established qPCR assay could be adequately applied for
salmonella detection in agriculture irrigation water.
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PCR ( Quantitative Real-time PCR, gPCR ) ¥l 55
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Wi g2 ik Ak e g v o 1 IR e AR, &
B qPCR ik W E e ik BA M R U 5
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FEDA . B2 200 i 8 A 2 M0 e 1 55 2 s I 1 11
AL DARBIE AR ]Y HETA ST R
qPCR R 5 a0 5% 22 3 FHRE I, Tk T & 95
DT B E B A Iy VR A e s A . KA
fift ey SR I Y AV T IR AR A R B E G
A (invasion protein A ) & [Fl o0 §E 3L (K, ## 57 5 F
SYBR Green 1 i & 9¢ Y7k (U0 171 1K B 52 B 26 6 22 2
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BER MRS 7 A RUETERE, b 1A R
FEVD I EC TR VE A BHPEXT BB A, HoAy 6 DRtk N T
Peritk. 7 AR A A E T G A 9 o P A g
Hty (CICC) . o [ 353 3 A 0y Bl o (% 7 5 2 oo
(CGMCC) il 3¢ [H HiL 7Y 5% 32 W) {47 0 (ATCC ).
HLARTR R G 5 MOR IR 5 B R 1.
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Table 1 Salmonella strains applied for experimentation

) B BT 4 HbRG A
No. Strains name Scientific name of strains Strains number Source of strains

1 A IR T IR Salmonella typhimurium 1.1174 CGMCC

2 S AR Staphylococcus aureus 25923 ATCC

3 INZEEZ N Escherichia coli 25922 ATCC

4 o] EC i 1T Enterobacter asburiae 1.876 CGMCC

5 KI5 K H0157:H7 Escherichia coli O157:H7 10907 CICC

6 PR A MG A 2 R G B Listeria monocytogenes 1.9136 CGMCC

7 S TR TG T Listeria innocua 1.2990 CGMCC

1.1.2 #H#5XHF

JEE AR E R (TSB) . & A MK G BE
(TSA) . HEHEZ /K (BPW) FIJCHEEA (b
AR B R A R FAE A F )5 TB Green” Premix Ex

Tag" (Tl RNaseH Plus, H 7% Takara A &) ); 4078
SE [N 2 DNA 42 BUL A & (AL st KRR A A )5 NaCl
(O trd, BIHRLT AW ); 2% & PCR NEKE
(Jo%) Nest 4] )
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SC O 2% 6 2 & PCRAY (BIO-RAD™ CFX96
Touch, 3£ H A 4%k 2 & ) 4 X ¥ i &%
(easyMix'", ¥ [E AES Chemunex A ); & &L
Bl (Sigma 1-14, FEEAEIDBAF ); @i TIES
(C2HJH-C1112B, LR IR ) %R HE M E ot
1% (Qubit 2, Z[E Thermo Scientific 2% 7 ); 1H Ik 3%
F:46 (DHP-9082 %I, [-ifF—1H ).
1.1.4 EBEKBH S

LRV TR K U SR A 1 TR i L AR AT B N
KRR, BT Y AR, L R AN
BRI B AL, Al T T R KO R £ 12 AL E R K
JEFE A 600 mL, FESN 3 RE S, AW A IKILR 4R
A B g % . BRE K R B AL 4R A5 . pH
732, M A (TN) 0.85 mg'L', M (TP) 0.037
meL ', 54 R ET 5 B (CODy,) 10.51 mgL”', &
A (NH4N) 035mgL .
1.2 RKEHE
1.2.1 §l4mikst

DIV T TIRERZEE A Cinvd ) JED N #05E H
( Genbank Accession: M90846.1), % fi Primer
Premier 5.0 B AEBEH T 1 X4 qPCR S H T 101 TR A
SEF A O6 A A, 51 ¥ ¥ 81 invA-F: 5-TATC
GTGACCCGCGTAAATG-3, 'invd-R: 5- GGGAATC
CCGGCAGAGTT-3'. 5I#¥)sc it g T AW TR
Al A
1.2.2 T RE 7 302 A B 48 DNA 42 5

W70 CARFEHIVD 17T G T T BRAE TSA P A 4 4l
L)n, BT37 CRFRMBEIERF 16~24h, 7 5mL
TSB A 15 7 55 v 4l FH G T 8 28 BRI TS A Pl 9 11
BANYD ] G B TS HEA TR, BT 37 €L 160 rmin |
Ry IR 16~24h )5, BU1 mL %5550 TSB ik
SR BERERETHHY 100 mL TSB MRS - 5L, 37 C.,
160 rmin '$E 3% 55 55 & ODgo=0.55 MR H0 A K41, il
FHJC T AE AR K DL 10 4% 3 5 A5 8o o 5 A 0 7T T
HEATFREE , WO 100 pL R BEWLE TSA P4l b 4T
WA, E 37 C SR 18~24 h 54k,

W1 mL ¥ 1] R R RS R AR & X Bl
12 000 rmin ' #5.0> 4 min, FF B3, ARGV 40
P JE K 21 DNA $2 3O S 4% 0 BREZ L 4RI T01)
G ALK ZH DNA fii ] Qubit 2 i DNA #kE)5, & T
=20 C RAFEH
1.2.3 qPCR R AR F Ao B3 F AR AL

qPCR JZ W 1A % : 12.5 uL 2 X TB Green Premix Ex
Tag (Tli RNaseH Plus), |- R34 (10 pmol-L '),

DNA #i#z 10 ng, KB iBLEKAMNE 25 pL ARFL; ML
%M. 95°C, 30s; 95°C, S5s, BAIRE, 30s, 72C,
30s, 40 MMEFR, 45X qPCR Jz W A 28 Fil iz b 4544
G P B L AR KRB T UL, b 2k
BE4y 504 0.1, 02, 0.4, 0.6, 0.8, 1.0 umol'L '; iB
R BE A )R E 55, 56, 57, 58, 59, 60, 61 C.
BANFRE3IANEE, FAREICHEAKNBAR
FH %5 B, ) Bio-Rad CFX Manager #4317 54
ST, LAY iR 3R AT B /N Cr (B RV A i AN 7=
AARFR R Y W FE A, B B AR T Yk B FNR
KIRE

1.2.4 gPCR R 4§ 7 1 46 ]
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PR EL A B & A 2P 8 i 2, M T v A B k1)
YL W 4k . BB Ak DNA B % B 3N E
52, (RIS DA JC TR 7K R AR 15 e B X6 R
1.2.5 gPCR R & % & & # M
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R oA F 2 T
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Green Premix Ex Taq (Tli RNaseH Plus), 0.2 pmol-Lf1
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HBAEZKHM R 25 pL B . ARARAR S BE IS 9 S5 R S 44
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Fig. | Salmonella detection by newly developed qPCR assay
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Fig. 2 Specificity of PCR assay in salmonella detection
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Fig. 3  Sensitivity of qPCR assay in salmonella detection
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Fig.4 qPCR amplification curve of detecting Salmonella at

different concentrations
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Fig. 5 Standard curves of qPCR for salmonella detection
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WK PRSP R BHPEARE iy, HL by [ — 3 9 B /K PR
atr, HAR 38 I HE R A IR S R 25 SR 1 7R T
IR BIE, 2 ROkl 45 R —2k, {H qPCR J7ikfE
PRAUEMERVE R ATHR T, AR [l 5~7 d 46 =
6h N, FERTRDGRE, & TRNAR. ik,
qPCR 77 1 A6z I 0 17 K T B P 4 S /K DR o B9 Ce

Jy 24, MRYE bR HE KR B v ] EG O [T R Y=
—-3.3157X+32.097, 15 1M WK JEFE & b s G i v
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Fig. 6 qPCR quantification curves of detecting Salmonella in

irrigation water
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