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Establishment and evaluation of a high throughput sequencing
technology for detection of Salmonella in laboratory animals
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[ Abstract] Objective To establish a detection method of Salmonella in laboratory animals based on a high-
throughput sequencing technology, and to apply it in detection of Salmonella in laboratory animals. Methods  DNA
samples were extracted from mouse feces. Universal primers for 16S rDNA, 23S rDNA, 16S-23S rDNA, 23S-5S rDNA
region, gyrB preferred area were designed, respectively. Each primer was tested and analyzed to determine the best
amplification conditions and build a database. Forty-two samples of Salmonella were assayed by Illumina high-throughput
sequencing technology and evaluated the specificity and stability of this method. Results The species preferred region of
Salmonella was gyrB gene region. The primers for gyrB gene were FP5’-AACCACCGCAATCAGACCTT3 ¢ and FP5’ -
AGCCACGAAACCTTCACYA-3’. The primers were optimized and determined, through a high-throughput sequencing, and
the sequence analysis detected very small amount of Salmonella in the 42 samples, indicating that this detection method is

stable, highly sensitive, and the limit of detection reached to 0 —10? CFU. Conclusions We have established a complete
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detection system for detection of Salmonella in laboratory animals based on a high-throughput sequencing technology, This

system can detect trace amounts of Salmonella in laboratory animals, and this detection method is stable and highly

sensitive, which can be also used in detection of other kinds of pathogenic microorganism in laboratory animals.
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1.3 ZgmInit

Premix Ex Tag™ Hot Start Version ( H A% Takara
28, #t 5 RRO30A ), DI2000 DNA Marker ( H 7%
Takara 23 A, #it %5 3427 ) , Axygen PCR Clean Up Kit
(R Axygen 23] L5 AP-PCR -500) , QubitdsDNA
HS Assay Kit( 32 [# Invitrogen /A A, #it5 32851) ,
PrimeScript® RT reagent Kit( H 74X Takara 23 A, it
7 DRRO37A) , & i & W ¥ X 7 & ( Mumina, 32
[E) |, Trizol reagent( Invitrogen, 3¢ fit*5 Q35438)
1.4 FENH

Bioanalyzer 2100 4= 453 M1 A% ( Agilent, £ [ ) ;
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TURNGFEVDT] DGR 20 45 H/ N B R SR A0 €00 1] TR
0.2 mL (5 x10° cfu/ mL) , T E 414 H /N R AR
FUGZEVNTTIRE 0.2 mL (5 x10° cfu/ mL) , JHR71]
PR B A BRI FE 00 1T i A K/ BE IR 2 10T
PRI A T AL B A FE VD T IRT 0.2 mL (5 x 107 cfu/
mL) R UPT] PR 2H A H /N B IR B € V0 1) TR
0.2 mL(0 cfu/mL 5 x10" cfu/mL .5 x10* cfu/mL 5 x
10° cfu/mL.5 x 10* c¢fu/mL .5 x 10’ cfu/mL) , B~
JEA 3 H /NI 2 JAIRES 1 IR, 15223 Ik,
W60 mg /NERFEHEH T 2 mL B .08 T, R
PowerFecal DNA Isolation Kit i 7] & ( MoBio, 3¢ [H)
filif 100 mg /NRIEMEREA P RAEYIRYEL DNA, 4524
AR IR UL A5 AT, SE UL AT 2 DNA il ik -
20°CHAFE I FEME B AR 1,
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Tab.1 Sample Information
LR R AL
Wi 10° cfu FRAIEVD T IR 7R Tk 5
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3
3
3
3
3
3
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Tt 100 cfu 7 52V 1 ] GTH
1.5.2 WA A XS, . ) SOk A 4K, 5
XTI, SR AE B 5800 N ) LA A A B2
(8] 22 AR AL R X 8k, NCBI i 22 A 3 V0 1T 1
PR LR B R DL R A FE VD] R B ( Salmonella enterica
serovar Typhimurium ) HLES PR 1LT2 ST4/74 EA1EN
WFERTS , LT X, 2B 5 EE 6T B A 1) [R) IR
oK F M I DX, B AT e B 5 Rk, D16S
rDNA X1, @23S rDNA X 5, ®16S ~ 23S rDNA
ISR, @235 ~5S rDNA ISR, ®eyrB {1 X 45
1.5.3 @SR R, HXFD16S rDNA X
I, @238 rDNA X 3)16S ~ 23S rDNA ISR, @238
~5S 1DNA ISR, ®gyrB 1% X 3% 1@ 514, 8
M52 W R #EE PCR 473545 2074, Xt
aamiVGIE7/ U Rk /ML bm Wt b N N E R DT 7/
FERA 38 5 | 4 JE b o b 2 R e 5 A 2
(4% 3k J¥ 81 ( Linker ) , X 43 F£ 4% {8 9 1F |2 )
Barcode J¥41 (Index ) , 3 fin ¢ SCE 2 —PE R F & )
Y 3% 2L ( heterogeneity spacer) , QNI TR G149
KEEFE 90 bp ~97 bp Z 0], Z A5 1 P nl HiEEHF
P SIPR B TAETR 2 —2 PCR W58 ., T
st Ean s 1 R .

5' Linker

Index 1
l Heterogeneity spacer

FP
7

gDNA

Heterogeneity spacer :
Index 2 T

3" Linker

1 AEAes a4 Al
Fig.1 Diagram of optimization of the primer structure
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25 bp B35 %) PCR ¥ 14 S5 A A AR Z A ) K 8551
Yy 25 00 LU S8 5 1 3G 0 S B A, R
PCR MR Bk BAEE R JORE DG EF | SE i
pfa], Horp F 8 A AR AR AR, (1)iR A
W . B EEAIR JORBE T 56°C (54°C 52°C, 2) H
M bAEE . AN EARE T 11 SRR R B
FESLE  BRAE B IE 1 Fos, EREIS R 12 4>
BB EE MY M 500,200,100 .50 25,101 ng 100 .10,
1,100,10 fg.
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N .polyA/T F& [ R Ik o7 &2 i k5 25 B T 45 )5 91 1Y
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bp BOWIR AR >0 )5 517 24 B I T 20 B9 ¥
eI I P A5 R SAEAE A TR LG PR e
FPARZ RG] G B AR S P AR
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F2 gyrB HEGERTIYEAR L

Tab.2 Basic information of the universal primer for gyrB gene

gyrB 5 k7]

WHEIMFSI -37)

JrBeRE (bp)

Fp AACCACCGCAATCAGACCTT
RP AGCCACGAAACCTTCACYA

456

bp

2000
1000
750
500

250

100

M-DI2000 marker 1- BV TR B REA
2-REBUFBIFEAS 3-JUREAR 14 % IR
B2 gyrB HEPE S5 Pl i ok
M-DI2000 marker. 1: Salmonella typhimurium sample;
2. Shigella sample; 3: Negative control.
Fig.2 Electrophoregram of the universal

primers for GyrB gene

265 K/NE R 456 by, ilad B ik E AT LUE 21 o 5|
PIXF b I TR gyrB ZERME S8 S0 852, X8
T R i 5 BT R Y gyrB R 1S B 1A R
KREREEREAR, 4570 3R
2.2 WITKEZEE PCR &4

2.2.1 BKIREE. 51 % PCR,IB AR 56°C, G
PGS, R 55 2 %8 PCR, IR KR 54°C, TG
PR ST , R 5 3 48 PCR, B KR E 52°C, A
P A
2.2.2 AR AR BRI AR TR
WREERARE S0, 3oy Sk 12 AR R K YRR 500,200
100 .50 25 .10 .1 ng.100.,10.1.100 .10 fg, SC¥4E H4n
YK 3, I DA AR R S, T DR B
BIHAE 10 ng ~200 ng 35 Bl 4, #RAEY 415 2 H 9
B, N TIERSE A RS R R BRI
H 0550 I 52 R PR GG ARV BE 150 ng 1
TR R BRI . BEE5VDT TR gyrB FE R
J& PCR {& %M DNA 150 ng.Premix Ex Taq 12.5 plL,
FRWEALSI ) (10 pmol /pL) 45 2.5 pL, %M 7T
ddH,0 % 20 pL;PCR FefEn 55440 . 98°C HilAsk
30 s; 98°C 7ZE M 10 s,52°C 1B ‘k 30s, 72°C ZEfH 10

min, 3£ 40 PMEH; 72°C FLEM 5 min,

bp M 1 2 3 4 5 6 7 § 9 10 11

500
250

M: DL2000 marker
B AR 1 500 ng;2: 200 ng;3: 100 ng;4: 50 ng;5: 25 ng;
6. 10 ng;7: 1 ng;8; 100 pg;9: 10 pg;10: 1 pg;11: 100 fg;12; 10 fg,
B3 0TI AR B A S0 i Uk 25 R
M. DL2000 Marker.

Loading quantity of samples. 1 500 ng; 2; 200 ng;
3. 100 ng; 4: 50 ng; 5: 25 ng; 6: 10 ng; 7: 1 ng;
8: 100 pg; 9: 10 pg; 10: 1 pg; 11: 100 fg; 12: 10 fg.
Fig.3 Results of concentration gradient experiment of the

Salmonella templates
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KV EHRS B0 E PCR &6 A
AT EE I A PCR 45 anE 4 ~ 6 fiR, 45
R, 42 DFEAS I ), Y RT A3 2] 456 bp K/
H B4 o
2.4 KRNERWERE FSRERESHESHT

42 ANFEAS B e U R 25 SR 3R 3 s
AR BN FIREF S B AR EEA F—30,
T P PR 5 T R A it R AR AR B P T A
gioalll I Sl ¢ = U R Yl iR SR e N R
Hb BAFAERR S HE DU HABY D T T IR TR, 7ERR
PP, R BT — A BT R 0B R T
19 ~23 SRERL A ELXT, 2 BTG LA I 1) 32 B Al 58 B
WIS 1T LR S 35T TR R, ETR A TRl
G IRER PR R T A A T X o, EEXT I R 1D
TGP B cfu BREE , WA 25 S AT LUE 72 0
~10% 1Y cfu JEFE A (L RE G ,Tﬂ?,ﬁ\:ﬁﬁ cfu BR AL
rhERRERUE Rt HER I R R R A EATREAR Z
] ARSI S SR — 3% ETZOr R A R e s A M,
J e A e R AR BRI AR B VD T A
FFREVDT TR ARG X A3t ok



76 rf [ LA R A 4Rk 2016 4F 10 H 4526 #5510 3] Chin J Comp Med, October 2016, Vol. 26. No. 10

bp
500
250
100
M. DI2000 marker 1 -17 :1 -17 SFEA
B4 1-17 SHAHEEE PCR HIKE
M. DL2000 marker 1 -17 ; Sample 1 —17
Fig.4 PCR electrophoregram of the sequencing library of samples 1 —17
M 18 19 20 21 2 23 M4 25 26 27 28 29 30 31 32 33 M4
bp
500
250
100
M: DI2000 marker. 18 —34.18 —34 SHfAS
BE5 18 -34 SHEAHEPE PCR HLIKIA
M: DL2000 marker. 18 —34: Samples 18 - 34
Fig.5 PCR electrophoregram of the sequencing library of samples 18 —34
F3 UITIREFEA R EERE Pt R
Tab.3 Analysis results of the Salmonella samples
FE e i 1 i i ] \ . e i 2 g i 2 g
= e . FE S =i RN b i
i3 iR iR SR iR iR EiR R S
1 ST ST 22 SA & SE SA & SE
2 ST ST SA (R fsat) 23 SA & SE SA & SE
3 ST ST 24 Control No hits found
4 ST ST 25 0 cfu SE No hits found
5 ST ST 26 0 cfu SE No hits found SE (#Rfi i)
6 Control No hits found 27 0 cfu SE No hits found SE (i)
7 SA SA 28 10" cfu SE SE (i)
8 SA SA 29 10" cfu SE No hits found
9 SA SA ST( i) 30 10" cfu SE No hits found
10 SA SA ST (e ft i) 31 10%cfu SE SE (Hfdit)
11 SA SA 32 10%cfu SE SE
12 P .
111 Control No hits found SA & ST( W ffdz) 33 102 ¢fu SE No hits found
13 SH SH 34 10% cfu SE SE SA & SE(HR )
14 SH SH SA (A ) 35 10%cfu SE SE
15 SH SH 36 103 cfu SE SE
16 SH SH 37 10*cfu SE SE SA (i)
17 SH SH 38 10*cfu SE SE
18 Control No hits found SA & SE(#far) 39 10*cfu SE SE
19 SA & SE SA & SE 40 10%cfu SE SE
20 SA & SE SA & SE 41 10°cfu SE SE
21 SA & SE SA & SE 42 10° cfu SE SE

. ST: Salmonella enterica serovar Typhimurium; FR 15 ZE V> [T [C T ; SA: Salmonella enterica serovar Paratyphi A; F %1 &l 15 FE Vb [T [CF ; SE .
Salmonella enterica serovar Enteritidis ; B2 Y2 JEG T ; SH: Shigella ; #5517
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M 35 36 37 38 39 40 41 42

bp

500

100

M: DL2000 marker. 35 -42: 35 -42 SFA
B 6 35-42 SHAHE PCR ALK
M. DL2000 marker. 35 —42. Sample 35 —42
Fig.6 PCR electrophoregram of the sequencing
library of samples 35 —42
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P s R ITS X B B A o 68 7 R S5 55 A (A B
TR DR R TR S E )
RS AT X A 2 B 1, BRAE AT AR 2 R AT LAk
A, fE AR B 7 B 3 B AR KO,
JE R MERR 22 42 IR 2 . 16S tDNA BEAR 411
P EFAE R R )20, (HAZH T 16S rDNA 1y
AR BEAREH 8 BV ORAT, B R R A — 2 19 X 53
AT, AFLJRAE L XS5 0 oy 2 S 1230 114 T o % )
— BRI R B R . 23S rDNA WA JH T A s
A2 H N H & ge Ak o T RE 7 & L 16S
rDNA 58 {H 2 i F 23S rDNA 195> 7 K/MNEER,
PRI A4 P e 32 30 T BR AR R A 3R IR )
B [X. (intergenic spacer region, ISR) & rDNA [Xi#Z
1) e T A A (X 3, 82 A 3t B 378 37 Y 785 T rDNA
DX, AT DU TR A 45, ISR XEF 24 163

~23S rDNA ISR X3 fil 23S ~ 55 rDNA ISR X 4,
ISR XAl FEAE fL F2 B 5 oDNA X 38 19 72 A0 22 A8
Z BT 1DNA X3k Ji P 3 B I A 7R
BOAli A 5 80R BER /N AR AR AT 7= AR T R
] AR P 22 5704 Morales 2534 & B 23S ~5S rDNA
ISR X4 [ 16S ~23S rDNA ISR [X I 5 A 7 (14
FPIX ArfE 110, SR, 78 BEANRE B | ISR X 38k Y
T 2R S 1) i -t PR G v B A S M R R B A R
Z 5 BRI

YTE ) — S L B T IAE R RS L T Anid
FH, e gyrB B, % K G5 DNA i T i
(gyrase) B B V5437, B A5 DNA 4KHi () ATP [ 7%
P Ak ATP KM% . Fukushima NV FH gyrB 3 R %
KA E WITREMEPAFERITRR LT
Mr ESE T gyrB JEHET 16S rDNA R i F
gyrB FER B AL 3 L 16S rDNA 45 FLA 36 R PR
DR G B3 FH T 2 25 0 22 350 30T (1) b D9 S b 1] 11 26 5
s,

TEAWFEH  4EXF 16S rDNA 3S tDN (168 ~ 238
rDNA 1S 23S ~5S tDNA IS . gyrB ft3% X 38 3% 113 JH
19, 5B WA T R o0 AT, B 20 ik e BRIV
1Y B A B R 43 20358 X3 gyrB FEIH, gyrB FEIA
3I1¥ %% FP 5’ -AACCACCGCAATCAGACCTT-3 ",
RP 5’ -AGCCACGAAACCTTCACYA-3 ', fhfk ¥ 3
Zef It A Mlumina 125 38 50 7 5 AR K6 I X
A3 42 ASBEARTEA T 1 v 3 I R AR 81 S0 AT, RE RS
R R A A Hh b B A VD T T ER R, A D R AR A,
KPR AT 34 0 ~ 107 By cfu, K600 J5 84 8 PRI, R
T, A 2 AR A A 5T M S (kB IK
B KA ) o B A A A ARG () B 3 T 3 S 5
A 22 1 FH T At A B 2 P s

S 3k
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