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Abstract: A multiplex PCR method was developed to detect the main pathogens of Qinghai Tibetan sheep endometritis. First,
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the genomes of five standard bacterial strains were extracted and specific primers were selected; the multiplex PCR method
was established by using the genome of the standard strain as a template. The samples were collected by sterile cotton swab
from Tibetan sheep uterus, and then placed in LB medium and numbered. After 48 h, the genomes of cultured bacteria were
extracted and detected by single PCR method, then the positive samples were recorded. The positive samples detected by
single PCR were selected for multiplex PCR detection and recorded again. The coincidence rate between these two methods
was calculated to measure the accuracy of multiplex PCR. In order to identify the species of the pathogen, 30 positive samples
verified by single and multiplex PCR were randomly selected for bacterial isolation and identification. In the 600 samples, the
infected ratio of Streptococcus agalactiae (GBS) was 47.33%, Escherichia coli 34.83%, Staphylococcus aureus 6.5%,
Salmonella and Trueperella pyogenes were negatively detected. Among the positive samples detected by multiplex PCR, the
positive ratio of GBS was 45.50%, E. coli 33.50%, S. aureus 6.5%. Comparison of two detection results, Multiplex PCR
detection coincidence rate is more than 95%. The isolated pathogens were identified as E. coli, GBS and S. aureus, which was
consistent with the results of two methods. The multiplex PCR method was successfully established and the main pathogens of

endometritis in Qinghai Tibetan sheep were GBS, E. coli and S. aureus.
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1.1.3  FEREF R

FEGRF] . E L] DNA $2EGRH & (K
M, dbat). Taq B (Promega, SCIH). MBIET-H
(HKM, J74&) 48, FZ{Ug: PCR Y (RioRad,
EH), G HEHEE 0P (Hermle Z323K, I
) 4,
1.2 A&k
1.21 BlYRBOT S5 6 R

A GenBank ##ii b &k RAYFH . 0
7L 55 Bk (Gl No.X72754) . K Ji +F (Gl
No.V00331). & (% BRI (Gl No.288516) . b
MR AT (Gl No.372925.1) FIYPTTRE (Gl
N0.161793) 7 16S rRNA 5 23S rRNA 2 [f] 145 5
PEX BTSSR R 4 5 cfb
phoA. nuc, ISR, invA, §"# i Bt & 433k 150,
385, 1319, 340, 495 bp, AT AW TR (L)
AR A F AR (R 1).
1.2.2  FRUETEAR IS 5% Sk H 4 f SR B

FRAEFNER 73 5 PR R WA AT 18 . 4 B €0 4 8 Bk
P AEBRBRARFT I . JCFLEEERTA . DT TR A R e b5
FRTE LB [EMAREFRIA, A 37 CHiFRM G
24 h, PRKEUAANBTE, A LBIRIAR AT, T
37 ClHEEIR G 281597 24 h, FRIBAN LN ZH DNA
PRI £ 04 25 BRA R AR BE R 4
1.2.3 PCR ¥ 4% 5 158

O3 CARIGAT A . 4 o R A9 3K T L AL IRBE A

#F1 PCRIRIEATASI4

Table 1 Primers used in the study

FEDA . JOFLAERRTA . VDI T QA I SRR A A, o
A& O HEIRE S|P, #IE iR PCR RN AT
HEFTH 3, 38 5 BB WA B R PR UK WL 55 45 9 €57 A Bk
WS I RE S o FH RRE ) 7 YA K A FF I L Ak
WEBEARFT T8 TCFLEE BRI DT TG 5 1 e S
T 3 HL OS5 | P i e S
1.2.4 PCR il ) R kil

3 T EOE X RIGFF R . 4 v 0 4 BR
W ACIRESAAT T . JCFLEERKTA f'ﬂEE PEFT I
WM, THA 1 mL R IE . & TR
et 10, 107, 107, 10, 10°, 10, 107
LANEREERR R, SRIBOLH AL, 20 AR 1T PCR
SN, A R
1.2.5 B— PCR &M

H— PCR Y S W ARFUR 20 pL, Hr Tag DNA
RAW (Mix) 10 pL. U519 M T e s 9145
0.5 uL. 45 DNA 2 ub, XGEK 7 plo SRR
. 95 CHiIZEME 5 min; 95 °C 30s; 58 C 30s,
72°C 30s, 30 MEH; ZLEM 72 °C 5 min,
1.2.6 ZE PCR RN &4 KER A

H A B — PCR I S N 4544, #5725 uL £
H PCR AR : 3 FhEbE (KIAF M. &%E
AIRE . JCFLEERRE) A9 DNA Bt 1 L,
KIGFE LR H514945 0.5 pL, 48 @4 ERE
EFUEB144% 0.6 uL. JLFLEERRE L RS 1945
0.4 pL, Premix Taq DNA B4 12.5 uL, MZEK

Test strain Target genes Primer sequence (5'-3) Size (bp)

GBS cfb cfb-F: TTCACCAGCTGTATTAGAAGTACATGC 150
cfb-R: CCCTGAACATTATCTTTGATATTTCTCA

E. coli phoA phoA-F: CTTGCTGGTTTGTGAGTGAAAG 385
phoA-R: GATTCAGTTAATGATAGTGTGTCG

S. aureus nuc muc-F: GGACGACATTAGACGAATCA 1319
muc-R: CGGGCACCTATTTTCTATCT

Trueperella pyogenes ISR ISR-F: CTTGTCTTTGGGATAAGCCTGGGAA 340
ISR-R: GCACATACCGTCACAA

Salmonella invA invA-F: ACTGGCGTTATCCCTTTCTCTGGTG 495

invA-R: ATGTTGTCCTGCCCCTGGTAAGAGA
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6.5 UL, W FEFE N : 95 CHZEYE 5 min; 95 C
30s, 60 ‘C 30s, 72 ‘C 30s, 40 PMEIF; &Ik
{72 °C 5 min.
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Tl PREBCRASBRITR VR, AR . B L R
Bikr, FIRHZERT 2% MM E R AT,
37 °C. 200 r/min }53% 18 h, HAEH TS SEHE
Ve | G R S AL HEWT R BEER TR | AR T
AT 55
132 RIFEEMAEEE

AR 7 P AR Bl 2 A ke A A ) 1 I
HEFTAE A SZT0 o X6 S AL A B4 BR TRT 1) 240 A7 264 T 1 6 o
TR RN . VP I 0 R Rk & 1 A 0 i
75 5 T BEARL Ay ) 26 B TRT FF) 2 R 2ok LW | 22 2F
Bl H i I A I A TR 5 X BEADL KA AT B 1 2
PROE DI IR AR (PUZEIC) . Maghi ™. FLBE
ZIEWE. HTEENE. M. HS (TSI, JIREWEF
TS .

2 ER5AW

2.1 PCR 3|40 &M
211 S EAHEEIRET YR FES

I3 WA BRAAT R VDT T TR TCFLBEBR A
R TR 1 4 T € 25 B T P 56 R A DI AR, A6
S WO EERIA S| YRR R UKGE 6-8 (14 B (AR
ZJBKTAAE 1319 bp A HE 54570 , HARTKE T4
i, US| R S (B 1)
2.1.2  ALBREESFBFT B 5| PR S pE AR

SR T TR TR . JTCALEEER TR . KIAFFIR . 4
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B0 2 TR T R R B BT 2 ) 56 PR 2 DA A, 462
A RSB AT 581 5 | 0 e e, DK 6-8 PRI AL IR bl
FFATE 340 bp A 45 IEA, Hopik BRI L&,
VWIS 1 s ks (1 2).
213 UITRETIYree s r

IR ATCFLEERRTE | R AP IR | 6 o (A 4 Bk
TR AR BERBAT B AN VDT ) EC TR S D A BEA, A6
VST R 5 | ek, TKiE 6-8 VDT IRETE
495 bp ARk AT, HORTKIEI AR, Uil
1YL (81 3).

bp M 1 2 3 4 5 6 7 8
2 000

1 000
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250
100

1319 bp

Bl zHEEEIFKESTREER

Fig. 1 The primer specificity for S. aureus. M: DNA
marker; 1: negative control; 2: E. coli; 3: Trueperella
pyogenes; 4: GBS; 5: Salmonella; 6-8: S. aureus.

bp M 1 2 3 4 5 6 7 8
2000

1 000
750
500

100

B2 HEKRBTFERFESR

Fig. 2 The primer specificity for Trueperella pyogenes.
M: DNA marker; 1: negative control; 2: Salmonella; 3:
GBS; 4: E. coli; 5: S. aureus; 6-8: Trueperella pyogenes.

bp M 1 2 3 4 5 6 7 8

2000
1 000
750

500 495 bp
250

100
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Fig. 3 The primer specificity for Salmonella. M: DNA
marker; 1: negative control; 2: GBS; 3: E. coli; 4: S.
aureus; 5: Trueperella pyogenes; 6-8: Salmonella.
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2.1.4  TLRLEERREES| YR R R

Gy BIAR AT TR . 4 3 R ER TR . T B
FFEE L V0T B R A JC LA BR A 10 6 R 4 il , A
W JCFUBEER T 5 | P0E Sk JkGE 6-8 M CFLAEERTA
£ 150 bp AR, HARVKGEY AW, Ul
B | e ety (E 4).
2.1.5 RIGH AR

Sy L TCFUAERR T | 4o (ORI AT BRI L fLIE B
FAAFTA . V01T ER PRI AT B 1 SE D A S ASEA, A6
MRS | DR, kil 6-8 AU KT e
385 bp i Fr ik Aty , HARTKE T4, B
SRR (B 5).

2.2 B— PCR Rk

O A R AT ER R L AR IRISBAFT B L VDI
B . JCRLEERREE . KIAFFBRHERIFE 1 mL LB WK
RBEFRFET, 37 CREH 24 h, gadismi kit
ARG, 40k 2.4x10°, 1.7x10°,
1.43x10°, 2.8x10%, 1.03x10° CFU/mL. $&4EH

bp
2000
1 000
750
500
250 150 bp

100

4 THAHKEHFFUEER

Fig. 4 The primer specificity for GBS. M: DNA marker;
1: negative control; 2: E. coli; 3: S. aureus; 4: Trueperella
pyogenes; 5: Salmonella; 6-8: GBS.

bp M 1 2 3 4 5 6 7 8

2000

1 000
750
500

250 385 bp
100

E5 KBIFEHFFUEER

Fig. 5 The primer specificity for E. coli. M: DNA
marker; 1: negative control; 2: GBS; 3: S. aureus; 4:
Trueperella pyogenes; 5: Salmonella; 6-8: E. coli.

http://journals.im.ac.cn/cjbcn

5 AR AL AL, BB A [R50 A
HATH— PCR, 1%JIFEWHEERE oIk 5 WS4
W 6-10 iR, 5 PR — PCR S flRA IR :
G O AR B AR I Mk iy 2.4x10° CFU/MIL,
PRI BT 1 e SRS 1.7%10° CFU/mL, b
I QR e A R By 1.43%10% CFU/mML, JoFL5%
BRUE B AR e By 2.8x10* CFU/mML, KIGFF
A Ve 5 > 1.03x10° CFU/ML.,

bp M 1 2 3 4 5 6 7

2000

1 000
750
500
250

100

1319 bp
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Fig. 6 The sensitivity for S. aureus. M: DNA marker; 1:
2.4x108 CFU/mL; 2: 2.4x10" CFU/mL; 3: 2.4x10° CFU/mL;
4: 2.4x10° CFU/mL; 5: 2.4x10* CFU/mL; 6: 2.4x10° CFU/mL;
7: 2.4x10% CFU/mL.

bp
2000
1 000
750
500

100

B 7 KRERATES MBS

Fig. 7 The sensitivity for Trueperella pyogenes. M:
DNA marker; 1; 1.7x10" CFU/mL; 2: 1.7x10° CFU/mL; 3:
1.7x10° CFU/mL; 4: 1.7x10* CFU/mL; 5; 1.7x10°CFU/mL;
6: 1.7x10° CFU/mL; 7: 1.7x10' CFU/mL.

bp
2000

1 000
750

500 495 bp

250
100

8 LITKRE SRR

Fig. 8 The sensitivity for Salmonella. M: DNA marker;
1: 1.43x10° CFU/mL; 2: 1.43x10" CFU/mL; 3: 1.43x
10° CFU/mL; 4: 1.43x10° CFU/mL; 5: 1.43x10* CFU/mL; 6:
1.43x10° CFU/mL; 7: 1.43x10? CFU/mL.
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bp
2000

1 000
750
500

?(5)8 <150 bp

B9 FTIEKESIIAGURE

Fig. 9 The sensitivity for GBS. M: DNA marker; 1:
2.8x10° CFU/mL; 2: 2.8x10" CFU/mL; 3: 2.8x
10° CFU/mL; 4: 2.8x10° CFU/mL; 5: 2.8x10* CFU/mL; 6:
2.8x10° CFU/mL; 7: 2.8x10? CFU/mL.

bp M I 2 3 4 5 6 7
2000
1 000

750

500
750 <385 bp

100

10 KBBTFHEBISE

Fig. 10 The sensitivity for E. coli. M: DNA marker; 1:
1.03x10® CFU/mL; 2: 1.03x10" CFU/mL; 3: 1.03x
10° CFU/mL; 4: 1.03x10° CFU/mL; 5: 1.03x10* CFU/mL; 6:
1.03x10° CFU/mL; 7: 1.03x10° CFU/mL.

23 ZEPCRMURMEHMER

Z T PCR MR iR F & 25 pL, Hirb Tag DNA
REWE (Mix) 125 ubL, £ PCR itk : JoFLEEEk
B R T 4 o (0 8 A BR A SR DR AR 4% 1 L
TCALEERKEE 514 0.4 ub . RIGH W EF
5190458 0.5 b | 4 i A BRI - NS 145
3 0.6 pul; AFEIK 6.5 uL. HWHEH— PCRIE kiR
B, K2 PCR iR JRLE 439l & #F 55-60 Cilf
FHREERSEE 28 PCR 471, MURNFLT . s

®3 B—PCRIMLER
Table 3 Single PCR test results

£ 95 °C 5min; 95 °C 30s, 55-60 'C 30s, 72 C
30's, 40 DMEH; ZAEff 72 °C 5 min, FEE IR X
TR, #E 60 CHE, 3 Ry~ &5 ko T
Wi, K 60 CHENZHE PCR My AHiR k&
(Kl 11).

24 B—PCREMHRER

iz ] B— PCR ¥EXT 600 #y kbt Ik R 4H HEF 746
W, AR A B & T — Ry, KB EL
BERRDAIR A B el RS i 24.67%,
P — R YRE A e JCFL B ER R L R R, AR
WAL 19.17% (3 3).

25 ZBEPCREMBYER

KR I £ PCR JriE, MHRICHAY
— PCR 0 4 BHAERE iy 264 TAGI TG LA Bk B Jak
JuLb il 7 45.50%, KIGFFE L 33.50%, 48
EBREE H 6.5%, KIGHTFEFICFLAERK TR A e
i 23.67% (35 4).

bp M I 2 3 4 5 6 7 8
2 000

1 000
750
500

100 150 bp

<1319bp

11 %= PCRIBARERFE

Fig. 11 The screening of annealing temperature for
multiplex PCR. M: DNA marker; 1: 55.0 °C; 2: 55.3 °C;
3:56.0 °C; 4: 56.9 °C; 5: 58.1 °C; 6: 59.0 °C; 7: 59.6 °C;
8: 60.0 °C.

Bacterial species  E.coli GBS S.aureus E.coli+S. aureus E. coli+GBS S. aureus +GBS E. coli+GBS+S. aureus
Number of infections 41.00 115.00 7.00 11.00 148.00 12.00 9.00
The proportion (%) 6.83 19.17 1.17 1.83 24.67 2.00 1.50

Fz4 ZEPCREMNER
Table 4 Multiplex PCR results

Bacterial species  E.coli GBS S.aureus E. coli+S. aureus E. coli+GBS S. aureus+GBS  E. coli+GBS+S. aureus
Number of infections  39.00 110.00 7.00 11.00 142.00 12.00 9.00
The proportion (%) 6.50 18.33 1.17 1.83 23.67 2.00 1.50

Note: Multiplex PCR test sample number is consistent with single PCR.
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26 %EPCR5B—PCRIENMFTEE

£ PCR 5 PCR X JCHLAEBR A% 45
PR 2% 95.65%, KIAFFHE M 95.12%, 4ikfh
HEERE A 100%, KA FT G FLAEER B TR A5/
PTG 300 95.95%, KMAAT R FIl 4 B (o A A Bk
A . TCFLAEBR BRI & B A AT ER TR . KA B A4
B0 A BRI FOCFLBEER B IR A L A & R
100%., HiLAl 0L, £ PCR K AR &34 & T
95% (¥ 5).

27 REENBMEEER
271 REREMBERLER

PG 30 LS, 2 AN 7 B Al A s 55 |
WL Yt BRI SE 0L, e N, SE
Shy e BR B AR S SR B RR, S B PE B
(& 12) 5 Bk 4 v 0075 780 BR 1T 1) T o 22 W 5 (0 0
AR, RECLIRPEMEE (B 13); B KGR
) B ol S P S B ) L R BB R AR, A A IR
FITER (& 14).

x5 ZEPCRFAEESMER
Table 5 Multiplex PCR compliance analysis results

272 WRIREBEKRK B R

FE 30 {3 PHAERE R, 32 20 R 1 4 B Al Ak s
Fi, MU RVETEASARAE | Wt . Yt 4
WEWT R BERRTE . HIAEREE . KA S, o, 78
22 PCBH M TR P R R D B 22, 7B 22 R B v
Kk wisz (3 6).
273 JRIEEMAEMEESER

XTEEUBEER B M R A LSS e 5 R (R 7) &
B, IZBRARREMFIESENE . HERE . (LAYEE, BEFE
Keaig, L. HEERE . VP TG S Ko itk
W LERAB G AT, DRI I Ry oL
BREA; XTEEAUAIATBRER R b A AL S 25 R (3% 8)
FeH, ZBARBE TR . 22 2E0E . R R
VRS L BB IR R A A I, AT AR R R AR LT £
AR H R, ARER R EREL , HIHIE %
BRI AR Ry 4 B OB A BR AT 5 X BEALL K A AT T 1) TR
RS ESE R (3 9) KM, X MR AR AT R
BRTR, REr A S IR AR, BB LB |

Bacterial species E.coli GBS S. aureus

E. coli+S. aureus E. coli+GBS S. aureus+GBS E. coli+GBS+S. aureus

Single PCR detection
Multiplex PCR detection

Compliance rate (%) 95.12 95.65 100.00

41.00 115.00 7.00 11.00
39.00 110.00  7.00 11.00
100.00

148.00 12.00 9.00
142.00 12.00 9.00
95.95 100.00 100.00

Note: Compliance rate is the ratio of the number of positive samples detected by multiplex PCR to the number of positive
samples detected by a single PCR. The positive sample number of single PCR detection is in one-to-one correspondence with

the positive samples detected by multiplex PCR.

ki bia il
- *

B 12 H$IkEHME=ZIKEE
Fig. 12 The Gram stain of Streptococcus.
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Fig. 13 The Gram of S. aureus.
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B 14 KBHEMNE=ZREE
Fig. 14 The Gram of E. coli.

*6 MHMPIBEKBRITR
Table 6 Statistical table of isolated strains in samples

MM FUME . ZZERE . HERRE, A4 HeS, K
W SE S R R KT 8

3 Wh5Eh

FTE WA T E B AL AR ST
PERAE, FEJEh TREEMRG , B Z LR
A TR A Sk e LR AR T |
A, R PRAFAE DA B WAL 1 2k e 3 s 0
SRR RO | A SRR, R
SEHC 5 A LT RGP FETFF X,

. Gram-positive bacteria Gram-negative bacteria
Strain : Other genus
Streptococcus Staphylococcus E. coli
Number of infections 2 7 3]
FT7 HHKEMEMRESR
Table 7 Biochemical test results of Streptococcus
Experimental project Results Experimental project Results
Pyrrolidone release agent - \Ys) =
Arginine i+ DPP =
PMG - Heptaside =
MAG - TMZ =
Trehalose + Sucrose i+
Sorbitol + Mannitol -
Note: “+”: Means positive/Acid production; “~”: Means negative.
*8 SHEBHFEHKEMNEURKEER
Table 8 Biochemical test results of Staphylococcus aureus
Experimental project Results Experimental project Results
Lactose + Maltose +
Mannitol - Sucrose +
Mannose + Wood gum
Urea + Trehalose +
N-acetylglucosamine - Nitrate -
Note: “+”: Means positive/Acid production; “~”: Means negative.
#9 KBHEMENRIEER
Table 9 Biochemical test results of E. coli
Experimental project Results Experimental project Results
Hydrogen sulfide - Phenyla lanine -
Peptone water - Citrate -
Semi-solid + Ornithine +
Raffinose - Sorbitol +
Wood gum + Lactose +
Gluconate Gas production Urea -
Mannose + Calendula -
Maltose + Amino acid blankcontrol tube
Note: “+”: Means positive/Acid production; “~”: Means negative.

% : 010-64807509

EL: cjb@im.ac.cn



916

ISSN 1000-3061 CN 11-1998/Q /=¥ T.Fi%%4i  Chin J Biotech

1 AR AR A S AMA AN Y 3t o BT 4
IR, B B BRI AL, FEURCE
G35 B BT T Ml bt TET R 5 | R B IR, 3
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