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Development of Rapid LAMP Test Method for Samonella
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Abstract; In order to establish a rapid detection of Salmonella, four pairs of primers were designed and
synthesized according to the invE, hilA, invA and hut gene sequences of Salmonella. By screening primers and
optimizing reaction conditions, one Salmonella loop — mediated isothermal amplification assay was developed using
invA primers. The sensitivity of the method for qualitative detection of Salmonella could reach 10" CFU/mL, and
its sensitivity was 10 times higher than that of ordinary PCR, and the reaction result is easy to observe. LAMP
amplification assays were performed when 6 Salmonella and 8 non — Salmonella bacterial DNAs was used as
templates. The results showed that the LAMP detection method of Salmonella has the advantages of high
specificity , high sensitivity, rapidity and low cost, which can be applied to the rapid detection of six subspecies of
Salmonella in animal and food samples.
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UIRBE AT R — A EEE R, AT
SRS R B 0 TE B IETS WA FLE R A 2R
gt BRI WE R E R A
PRIEEOR R RS, BRI b 85% ey e
SRR TIIRESEM S, B, XA T IRE L5
ROy v A I P S SR I, R 2 FLA HE
PR RS AGIN 7 T EAT — s B SR BR P, TR A
PR I 75 VR SRR R, A B B e R AR A AR B
52 2 SR P DR AR A 2 T e ARG 7 32 ) A 1 FR
LRG0 T e AR 8t 3d 1o T

I FHEIE Y 1 (loop — mediated isothermal
amplification , LAMP) J& Notomi %¢ A 7E 2000 4% 1
g —F T A T R A R I HOR . LAMP R A] 52
BT AT (—BAE 60 ~ 65 °C) Pl i 29"
1 BA S R A 1 ASAS 5 A R (4

oI 45 FURE S M5 | R U S L AL, LAMP 373
SR 2 BER R R G WL B A5 R | A IR UL
SR A AL SR AR AR HE ARt nl i 52 B 2 Sl vk A
SRS v JE e S SO PCR AR B S e B2 A
Xt AT S A xR E AR
(141 i 28 4 ) RN A2 2% 1 11 2 T AR W T 34 AR S
TEIR T VDT TG B LAMP PRSE A J5 2% A BIF 5T, LA 5K
BUXF V1] EC A A DR A U

1 HR5AHZE

1.1 M

111 FBRRARASR U1 G S50 P bR R
PRI A b O AR P R A b O FTAE S B AR R
JBeA A B2 W) e e AR B S B o [ 5 1 24
WESRPT  EIE WLZR 1,

®1 EWHEAR

Tab 1 Strains and antigens

T R4 B %5 SRR
ERVIE S WM ATCC 14028 JenThfibE
AR €YD T ] [T ATCC 50084 eIl
G IET T ATCC 50094 By
X 190 B B A5 TV 1] I B B AR B 2018.05 o [ 2 AR T
TR ATCC50335 JUEChEARF
G A R ATCC 6538 eI Bl
TP B R CICC 10983 TV AR PR A DR O
B U i FF 7 CICC 21560 Tl A Yy R R b
AL CICC 23794 Tl A Py T O O
ot K A FR TR CICC 10372 TV AR A Py A PR O
A IRAT R B SRR 2018.06 P ] 4 2 WS AR T
Jo PR e A TR T CICC 21530 Tl A Py T O 0
AR ZR IR T ATCC 19115 e bl b
P2 ERITRT N 2018.09 F ] 4 24 WS A T

1.1.2 £ZX A ek & LA T 40w HE A
DNA il 4 70 & (77 i ftt 5. B518225) , 2 it
AR (P ED ABRA T 2 x VS Wil RM , Bst
DNA RA# (7=t 552006 ) , KR 2 x Taq PCR
Master Mix( =54t 5 . P4218) , DL 1000 DNA Marker

(7P 5h4i 5 :3591A) , Applied Biosystems Veriti 96 —
Well PCR ¥ 344% , H AR Z& M LT — 16alpha fH iR 14
FLR K I 22 45, Bio — radChemiDocXRS + % Jiit il 1%
240, bt iiN—AUER) T DYY - 12 BIHL k1Y, Heal
Force =¥t 245
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1.2 Jrik

1.2.1  3l4pegiat & %88 LAMP 5| ¥k it
JE I ARE GenBank U4 2 Hh By 0 7] TG TR 47 S Ak
KIZH 73, 3047 2 75 90 e X, 4% — B BE AR S IX
YER Y 38X 4, SR 5 38 3 5 1 A= W) 2% B/ LAMP

Designer5 %114 451491, 1WA TAY TR L
i) e A7 IR w6 0, >R I HPLC 2477 30, &
B 9 51 4 FH R 27K # B AL 100 pmol/L 5 W,
-20 CIRAFEH . &510FHIE 2,

Fz2 WITKER LAMP &N A3 4
Tab 2 Primers for LAMP Detection of Salmonella

SR 514 F5(5 -3")
F3 GAACGTGTCGCGGAAGTC

. B3 CGGCAATAGCGTCACCTT

e FIP CCGGCCTTCAAATCGGCATCAATTTTGCCCGATTTTCTCTGGATGG
BIP GAACGGCGAAGCGTACTGGATTTTCATCGCACCGTCAAAGGAA
F3 CGAAAATAACGCTGGGCAGA

' B3 ATCGCCAGTTGCAGAACG

it FIP GCCCGGCGTAGATAATACGCAGTTTTGTTACGCCGCCTTTATTCGT
BIP CCGGGGATCGGGAGTCGTTATTTTTTTTATCGACCGACGGGATG
F3 GCGGATATTGCCGTGGAT
B3 TGAGAAACAATCCGCGACG

Hut FIP GTTCCCCTTCCGTTAGCGGCTTTTTACCTGACGCAGGATTACCG
BIP CGCAAGAGTGCGCGTGGTTATTTTGTACGACGAATGAGCAGACA
F3 GCGACCCAGCATACTGATG

‘ B3 GCCTTCGGTAAAGCCTCATC

e FIP GACATTTCGTCCGTCGACTGGATTTTGGAAATACAACAGGCCGCA
BIP GGCGCTGGCCGAATTTCGTATTTTAGCACGCGTTCAAAACTGT

1.2.2 m31 ey st KL TAEY TR L)
Bt A B B 0 4 20519 (invA 51472 hilA
I hat 514 invE 518140) LAV TTEGE DNA
AR, MR 20 WL SO 2% AT 1l Bst DNA 2
B B2 ORI, B ROV RN 20 pl TR
W, FRAR NS L SRR VS VR 0T BRI, B AL, S
S B0V R BC 1 R 45, 7 SR A LT - 16alpha fHIRY"
LRI R S8 b [FIR R4 T LAMP SO0, F %25 A
X IR RN BE R 65 °C RS [E] R 60 min, H A<
FRAIE LT — 16alpha fH IR WG BRI RGEA Left Fl
Right P> S R A8, 25 B i A A 8 AN B g AL,
Left 2 A8 9 5 FL 454 NO. 1 -8, Right /2 N
HI RS AL S R NO. 9 — 16, F2 I 45 o 5 W2 14

TR Te( b B2 B T IT A6 ) 8] ) AECFD DE( 3 22
ETHE)

1.2.3 LAMP R Atk

1.2.3.1 RBEMHKA  LLL2.2 ki
SIARAE R OB EE AR R 3G 51 4, AUD T T IR
DNA A4 ,95 CHEIIE 2 min, {6 ZLXT A, 43531
W RSHRAWIEE 60 °C .61 C .62 C 63 °C 64 C .
65 C LA T 4T LAMP 2, I35 %5 0 IR
SIS 45 H WA 1 i 4T 2 T (A D {A.
1.2.3.2 B mErReHki LL1.2.2 Fiik it
SIAE N BEE1 9, LAVP TG B DNA R4,
DL 1.2.3.1 0k 0y SO0 I BE 152 R I NI BE 95 °C Tl
TG 2 min, ik 4 41X B 3 50K SN TR A W) A
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30 min 40 min.50 min,60 min JZ IV 5548 F #E 47
LAMP JZ i, 15825 (0 BRI 0 285 5 W88 47 444
i 2R 32 T {5 AT DF (R,

1.2.4 HFHKE 7RI YT IR
BRI A e 1.2.2 RRBEIIR R AN 1. 2.3 14k
Jei 74 A7 ARAE VD 1T EC B 4 PR A 4 Bk BH X R YD
TR SRR BU DNA XS IR K & 5 98001 T 1R
PRBELEDTIE DNA A7 AT B U BE AR BT DNA
JHUTTEDUR DNA B 4T LAMP § 35 4500 | I
W2 XA NO. 2 - 8 (a) MR HI RS EI 5 FE 7>
ITIREE | SRR FEVD T ICHE | RAGFEV T IR TE XS
FIR S R FE VP T T IR A BESR B I R VD T IR TA
SR ORABREE RGBT, NO. 10 - 16 (b) KK
o B Ui KT B 2R ELOR B B b il AT R AT A
0157 . H7 BUiwt: K % A IS L A COAT T il 5
YU PRI ZRITRR T SO TE DU, Left SO0 A
) NO. 1 il Right WA NO. 9 21245 X RE, 2
45 HE AR A4S N FLAG Tod 18 i & 1 o B
1.2.5 RAJE XS 37 CHFLE B, A FEh
K10 F5AF R B2 107", BUE 75 507 30 ~ 300
Z R AE AR R, FHIZHR BE R 3 AT AR
Vo SPROCHE S A TR VR 2« TRV BB x i BT x 10
ZF- M Bk, VD 1T IR R TR R MR B R S % 10°
CFU/mL, 10 545 LU A& BE 5, % 22 59 7 ¢ 114 A1 L i
7 LAMP 5 PCR il , LAMP J ¥ 45 1 [A) £, PCR
2R 95 C HAEYE 5 min; 95 °C ARk 40 s,
55 CIB K 30 5,72 CIEff 30 s, #E4T 30 G FF;
72 CHEM S min, 4 CLRAFER N =W, RN 25 H 5
YU VL 77 4 6 A7 58 S L VKA , T T PCR =
J&A 194 bp, LAMP 2 I 45 o5 S48 45 )2 v FLA TG
P B,

2 HER5HH

2.1 ksl ey iR ROVESRE, WA
FEHRZTF I T B A DE (B, S5 R B7RinvA 519
A hat 51T B IMZR, invA 519041 Tl 5
FLOH Df fems (B 1) Uk invA 5192 s s 14
41, invA SI¥2H Tu A DE AR R BB W2 3,

2500 —1L.NO.1
2.NO.2
2000 [A\ 3NO3
1500 - 4.NO.4
2 1000 } \ —5.N0.5
= { —6.NO.6
500 ] ws=—| —7.NO.7
0 , 8.NO.8

-500

0 480 960 1440 1920 2400
Time

NO. 1 -5 25078 FX I invE 51941
hilA G194 hue 5IHPALA invA 51441
NO. 1 -5 were the blank control group, invE primer group,
hilA primer group,hut primer group and invA primer group
B1 (RIS HEY 18 E
Fig 1 Screening the amplification curve

of the optimal primer group

£3 LAMP 3|40#iEik % Tt {E50 Df &
Tab 3 Tt and Df values of LAMP primer screening test

NO ik Tt {8/ min Df {&
1 25 N R - - - -
2 invE 519141 - - - -
3 hilA 5[4 - - - -
4 Hut 51441 28:09 2025
5 invA 519140 25:54 2097

2.2 LAMP & Jz 45ty 4 1t

2.2.1 BREBEMMEA RS i W
P8 R IR TR DE (8, 255 W, 2 R
TN 64 CHE, 5194 T (e, H Df ey, 738
ROR i, AW e UG W IR B2 64 °C . 45 2
Tt B AT Df L EAEE LK 4,

®4 LAMP RAEGEEMREIRIER Tt EF0 Df &
Tab 4 Tt and Df values of LAMP reaction temperature

optimization were obtained

No SN i/ °C Tt {8/ min Df
1 60 32:32 1456
2 61 29:06 1838
3 62 29:18 1849
4 63 26:53 2011
5 64 25:14 2135
6 65 26:41 1993
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2.2.2 B EB KA WL ik W
P 2R TR E T (R DE (R, 459 R YR
HHE] A 40 min BF, 51920 T (B e 7, H DF fers, 37
BAROR A, R JE, L, BI04 invA §7 88

*5 LAMP B EMRLIREEH Tt EF0 Df &
Tab 5 Tt and Df values in optimal LAMP

reaction time were obtained

s SR 8]/ min Tm {#/min Df
L R AR (8] 40 min,, 2% S 2H Tt {E A1 D {EE. ) " — —
LR S, 2 40 26:43 2051
2.3 HEMiRE ME2 A LIEH,a T NO.2 -6 3 50 27:06 2044
FEALA B HE il £, HoAr Ry LI To g ih £, Ui 4 60 27:15 1408

01 FA LI TG AL TR A 5 B3]
G 4 B JE B G0 DNA BEAG A 4 B 2 invA ST ] R A R e i

HU A AL D R R B Bt B e DT VIRIA 6 IR RS PR

2500 = 1.NO.1 8000 = 9.NO.9
- 2.N0.2 = 10.NO.10
= 3.N0.3 = 11.NO.11

2000 $ 4.NO.4 12.NO.12
= 5.NO.5 6000 = 13.NO.13
- 6.NO.6 = 14.NO.14
= 7.N0.7 = 15.N0O.15

1500
— 8.NO.8 = 16.NO.16

4000
= 1000 £

2000

500 }

() -Hpe——— —_— 01

-500

-2000
0 480 960 19401920 2400 0 480 960 1440 1920 2400
Time
(a) (b)

NO. 2 -8 (a) MU N P ELRI O3 FEVD TR LR RI i FE VT IR | BRAGTEUD TG X PR B B3 FE V0 1T IR BE AR LR A A VP T IR
S W OMAERE PG BUE ;NO. 10 - 16 (b) Uy BB AT B EFLINE g i A7 KB AT #0157 :H7
BORTER WA TR A FOFF AR SRR DR R AR Re B PO TTVEPTR  NO. 1 R NO. 9 24978558 xR
NO.2 -8 (a) were Paratyphoid salmonella a, Paratyphoid salmonella b, Paratyphoid salmonella murine, Pullorum gallinae and
Paratyphoid salmonella agglutination antigen, Salmonella enteritis, Staphylococcus aureus, Shigella dysentery, respectively;
NO. 10 - 16 (b) were successively Enterobacter sakazakii, Vibrio cholerae, E. coli 0157 ;H7, pathogenic E. coli, Brucella in vitro

agglutination antigen, Listeria monocytogenes ,and Anthrax precipitation antigen,NO. 1 and NO.9 were blank controls

B2 HRUESEATIGHLE

Fig 2 Amplification curves of specific experiments

2.4 REUERT LAMP K3 dh 4 45 51 10°CFU/mL, LAMP £ FR &y 10, FCAG I 52 45 =2
726, LAPM R £ i 56 & I 45 2R WK 3, PCR PCR 77409 10 £, Ui LAMP 6 77 1= i) 2 f3
R 25 B WL 4 S5 R PCRIER IR N (BT PCR ¥,
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Fo6 RHFPEIXIWH LAMP %R
Tab 6 LAMP test results of sensitivity test

No SR/ (CFU » mL~!) Tt {f/min Df &
1 25 H X R — _

2 107 24:13 2134
3 10° 24:07 2132
4 10° 24:12 2309
5 10* 24:28 2324
6 10° 24:50 2236
7 10% 24:51 2200
8 10! 23:33 2239
9 10! — —

3 LAPM REIRIEE N REKE
Fig 3 Electrophoresis diagram of the
results of LAPM sensitivity test

8 765432 1M

1000bp

200bp
100bp

194bp

1 -8 435124 107 ~ 10" CFU/mL BB A2 1 %) 1]
4 REERK PCR KO EKXE
Fig 4 Electrophoresis was detected by PCR sensitivity test

3 wiS%

YOI TER B 9 A MRS , Y 1] R BB T 5
SRR TRy — P B0 £ SO0 B
AT A K Z RN, 01 TG 7 A K M5

S R B 2 B PACHE bR 2 B0 Ay W it A 0 i 4%
SIS A RS, FLG PR LS e A0 e R 5 1 Y
PERTIEARAEH AL, MELASE S Bl AN TXH 6 5
Aela) i py FALAR R Hr s s A E R 5
X R ARG PR 3 O SR, AR SR D T G B
FERT I b 2 52 2%, ok DLl 2 PR A (R B3k B
DL, A OB S, — R re bR fEwf | T | 2 KR
ARSI YD T T IR TR Y 5 o 1 LAMP BEARTE R 54k |
TR SO ] B T A A T o 4 B A
CLBER FH T4 3 55 A, LAMP H AR A&
G AT BRI VAR P R [ I B AT B | 1Y
LK B, RO LRSS R 2 AR E A
BLJZFN R — 2R AN B ORUAREARE fit r) R RS

HIERFFER I, VDI T R B invA JE [ H A B 45
S R R VEAS I YD T G A S ) SR AR S
B0E XV T G invA S FE BTN A 4
519, 8 O SRR, ST T B IE T
P 6 AR LAMP PRss i 77 i, 75 vk RAE
AJIA%] 10" CFU/mL (40 B e B ) |, B0 b %
PCR /& 10 f5 H R W 455 5 T 58, LAMP 97347~
WA TR RS HL IR AT 25 5 R A S ST e, U I 4s
ARSI AR, HOWEE 2 5 O BLR ), A
TR LAMP S5 Sl B2, 30 3 0 5 B 446 56
R s 1 30000 1) 77 A A Tl 2 8 £ TG o B F 4 T 2 5
FEFE BRRFER o Ay 538 i A AR e Bk B e
WRERAT TCY™ 1 1 208 422 k0 U0 1) G A I
PR, 5 R (B, R e SR e
T SR S RHAS I [ Bt o A T A= e X 5
WEEY, RS TRZEE g R —
LRI TR (% S 1 I P R £ e A R AT
PRl i A HAT R L,
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