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Abstract: [Background] Mycoplasma synoviae (MS) is a common pathogen in poultry, posing
a serious threat to the development of the poultry industry. The co-infection of MS with other
pathogens makes it difficult to diagnose based on clinical symptoms. Therefore, it is urgent to
establish a rapid, accurate, and sensitive method for rapid diagnosis of suspected sick birds to
reduce economic losses. [Objective] To establish a TagMan fluorescence quantitative PCR
method for determining the load of MS in the blood of infected chicken, and to provide
technical support for the clinical detection of MS infection. [Methods] A pair of specific
primers and a probe were designed according to the conserved sequence of MS gene in GenBank.
The optimal annealing temperature was determined by temperature gradient qPCR, and the
amounts of primers and the probe were optimized by the matrix method. The standard curve was
established with the genome of MS 0801 as a template, and the specificity, sensitivity, and
repeatability of the established method were evaluated. Furthermore, the established method was
used to measure the MS load in the blood of chicken samples infected via nasal drip or footpad
challenge. [Results] The optimal annealing temperature of the established method was 55 °C, and
the amounts of primers and the probe (10 mol/L) were 0.8 mL and 0.4 mL, respectively. The
amplification curve had a good linear relationship, with R*>0.99. The method had strong
specificity since it had specific reaction only to MS and no reaction to other pathogens. In
addition, the method had high sensitivity, with the lower limit of detection being 25 copies/uL
blood. The coefficients of variation of inter-batch and intra-batch experiments were less than 2%,
which indicated that the method had high repeatability. There was no significant difference in the
peak or overall fluctuations of MS load in the chicken samples infected via nasal drip or footpad
challenge, while the proliferation of MS in the blood of footpad challenge was faster than that of
nasal drip challenge. [Conclusion] A TagMan fluorescence quantitative PCR method for rapid
detection of MS was established and used to detect the dynamic changes of MS in the blood of
infected chicken. This method provided technical support for clinical detection of MS infection
and new ideas for evaluation of vaccination performance.

Keywords: Mycoplasma synoviae, TagMan fluorescence quantitative PCR; challenge model;
proliferation changes
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1 e ¥ JF AR (Mycoplasma synoviae, MS) 2
Z EAR 44 (Mollicutes) 37 J5L 4 J& (Mycoplasma)'?
FEEAA T KXY BRI FAEE KR,
B H S R & 2RI EGY  H 3 JA A HEXS i oy
&, RIGHEHR 5%15%, FET-RHK 1%-10%,
MS JEk e 2 LB A ST RE IR IR T R,
& A ERE, IF HIHGE & 3k k
JERYL AR DR LAt 2 B T T ER
S EEA R, R A B R R
ST — P | MERR . R BRI v
T AE s it Sk gl LA K B SR BCA A5 B e it
iR AN UE A

SRR L T B9 N2 IR T 45 DT v
SEAR MS BRI S5
AL IR AL T IR B, KRS XS4 2k 2
KECY R BB R . BHHET, MS
92 A 4 55 BE NG S R UG S S . TR
A FH VL B 2 v R IR S A, O B 1
AP AE ], R T RE S
KT 5 2 H AT ETER S8 P i — By, 7e8
S AT I h R RCR BN I, BT TE
i g AT (R, SRR MS R
PRI PEN A — o PO K 5 1 1 PR
AL e AR AT A P S0 A TR R UL iff 1
HORIP RN ik

A L H#H 7 MS B9 TagMan 289G E
PCR J5id, W Vi So MO A A2 TR0 TO R 28 I
Jii(specific-pathogen free, SPF)XY Ifil ik N MS %
WSS, E R E AT R MS B
RISEHES T Sy MS YL %) S R e i £
PRCR VA B4 5 il

1 MR5r%

1.1 #&m
T W 4% S S5 (Mycoplasma synoviae) (0801 .

JS1. HB1. SHI). X8 32 Ji {4 I IR 53 25 Bk
(Mycoplasma gallisepticum) 013, A< FiJ# 37 J5i {4
(Mycoplasma iowae) 695 . 4x # 4 4 45 Bk
(Saphylococcus aureus) CVCC4098 . K iz 1 &
(Escherichia coli) DE47 F1X% [ %1 v 1] [ &
(Salmonella pullorum) 1218 #4751 H & 4l Bl
B L R R A 5 T 7 5 AN B P A G BT T BA
Pt

20 H % SPF G H Wi Va7 A gl B 45 A FR
N
1.2 EERFIFNE

FEIMIE, Gibeo 2AH]; HMABERARIES AT
f? (nicotinamide adenine dinucleotide, NAD),
Roche /A w5 GALEH, & TAY TR )
BB IR ZH DNA $2BOR7 6 0 M i/
Y i /2l 2 SE R 2 DNA $2 8070 &, dbat kR4
B A R 7] 3 AceQ Universal U™ Probe Master
Mix V2, MRk EYRECA R A A . il
5366 EETE, NanoDrop 24 Fl; #¢)6E & PCR
i, Eppendorf A ] .
1.3 EHFEMERRE

TR SR, S A AR
[FYNCINRCSIE S AN TN P YN
FERRE R AL 33.0 g, EAE 900 mL WFEKH,
121 °CK 4 15 min, ¥ E1JF A 100 mL K&
MEF 10 mL 1% NAD, JRAJ)G 4 °CI#£4%; LB
WARKE IR (g/L) : IR 10.0  EEEER LY 5.0,
NaCl 10.0., #—80 °CURF£H) MS 0801, MS JSI .
MS HB1, MS SH1., MG 013 Fl MI 695 #% 10%
AR R 4 mL SRR IR SR 10%
M)A, 37°C. 5% CO, # BRI 1-3d, 1%
TR 2 A W IS 48 5%t M fE 1 BN L
RS FR 5L (B 10%F81M3E), & Bk
B BB ARG w5 o F—80 °Ck
f{ T SA CVCC4098 . E. coli DE47 Fl SP 1218
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B, e 1% i %2 5 mL LB RIAR SR
B, 37°C, 220 r/min % EFE 12h, HWRAHE
ARV A
1.4 S¥FIREHLIT

A% GenBank HI AT A MS 3L ¥
GVHEAT [FIIRE R0, e FLAR PR, AR
S AR YRS IE] MS 0151 741, #| ] Primer 5.0
A SRR FES | A TagMan 541 (3 1),
B A DR R R A
1.5 Bk DNA #yi2EL

MR LN ZH DNA 28GR 7 & Ui
PRI AR R R P L R A . FRBUW LR 24
DNA Rl s 6B THlE DNA Mk, IF
F-20 °CHRAF#
1.6 TagMan REEE PCR FHIERENL

B 5 | 9 AR EF YR EA 10 umol/L, R A 4E
M % TagMan 2¢ 67 &t PCR S b AAK R 174G
1t WA Z (20 uL): AceQ Universal U™ Probe
Master Mix V2 10 pL, 5 ¥ FERE A GE 4% 3R 2
AT AR B4 4, DNA (0.25 ng/ul) 2 pL,
ddH,O #ME 20 pL. #— 2R KIRE , K
M2 37 °CI15 4434k 2 min; 95 °C 5 min; 95 °C
10s, BKIRBESAE R 53, 55, 57, 59, 61,
63 °C, TEUE AR KIRE R K /AEf 30 s, 45 4>
MEFR . A ERAE AR 45 R I JEA T8 6 5 S A, 28
JGHEIEERE: JOE, LARl—WREER) MS B[R4
it , XA B99E 3R B ME (cycle threshold, C)ilf
FrHess . B N A B B B SRR

*=1 3RS FS

TS0, 74 CAER/ MR E R E
1. BREEFIR JOREE .
1.7 FERZRE

FEHRELE MS 0801 JE R4 WEAT 5 A5 45 LU
BE, 0l ARG BT ) SE TR A1 it , $2 8 1.6
fBJF Y TagMan 2¢J65E fe PCR S AR 2 R0 5 i
S AT HEOEE B PCR P0G, 15 A 45
Excel AP HriE NES CEHZMBLR, L
logio ¥ DUBCHREALFR . CE PN AR 2 il b v
k.
1.8 4FHMIRIE

350 MS IS, MS HBI. MS SHI. MG
013, MI 695. E. coli DE47. SP 1218, SA
CVCC4098 MHtRELR A it , 88 1.6 fLib)s
f) TagMan 2¢ % E & PCR W AR 28 FS 0 451
PEAT Y, ddHLO Ry BFIPEXT B, 38 E U7 3% i e
S
1.9 REERAR

MS 0801 JEHZH LA 2.49x107'-2.49x10° copies/uL
MBI, $iHR 1.6 Pifb)E ) TagMan 26 5E
PCR S 1A 2 R0 S Z57F 4T TagMan 9805 it
PCR 434, [R5 88 PCR ik bse. &
FE PCR JZ W A& & (20 pul): 2xTag Master Mix
10 uL, 514 MS 0151F (10 umol/L)F1 MS 0151R
(10 pmol/L)%& 1 uL, DNA (0.25 ng/uL) 2 puL,
ddH,0 #h /& 20 pL,PCR S 514 : 95 °C 4 min;
95°C30s, 56°C30s, 72°C45s, 30 MEH;
72 °C 10 min.

Table 1 Primer and probe sequences

SRS 519751 KN
Primer/Probe Primer sequence (5'—3’) Size (bp)
MS 0151F GTACTAGATGGGTTGATTCAAGTTAT 26

MS 0151R ATTCAGCTGCTGTTTGTGAAAT 22

MS 0151 probe JOE-AGCTGCTGACGAAATGATAGCGCA-BHQI 24

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3652 (YIS Gk

Microbiol. China

&2 SIFERSTMAE
Table 2 The amount of the primer and the probe
added

e MS0151 514 MS0151 #4H
Combination MSO0151 primer (uL) MSO0151 probe (uL)
1 0.2 0.1

2 0.4 0.2

3 0.6 0.3

4 0.8 0.4

5 1.0 0.5

1.10 EEMIRKE

4 MS 0801 EERIZHFEA T 20 °CHrAIRAF 1.
2. 3 JAJEHBEN 2.49x10°-2.49%10° copies/uL,
PR 1.6 AL)5 9 TagMan 246G E fif PCR W
TR R AN A5 AT 9SO E = PCR 78, Bk
M 3 ANEE . WG E R AP R RO
ANEHER B CABLZ [8] 4728 57 22 5 (coefficient of
variation, CV), PEUHIZAE 2% E i PCR Al
RRBEL
111 SRR RIS

¥ 30 H 20 Hi® SPF ASRENL N 3 4H, LI
MS JH SRR . MS TG AT IR, Mo
HA MS 0801, Bl AE A 5x10° CCU/0.1 mL.
X R A AR B, 43 5] TG JS 0.25.0 0.5,
1. 2.3, 4.5,6, 7, 14 f28d i@l #Fk
SR
112 &

Foe BEIML /240 e /24 2L [ 241 DNA $ BiGa 77
AL A543 4 UM e v v R S R A .
3. TagMan 2¢ G 5E & PCR 72 % $ BUA) 45 1L
WRE b SE DA PRGN, AR R C (bR v 2k
THEHE DU, SRR i MS & &
1.13  Sit iR

K1 SPSS 28.0 (IBM)ZGE it /- Mk i BEA T 48
AT o SR F B K0 - JUR B 0k IE S PEAG 10 P4
B e R IEZAS A o 4L 22 570 Mr R o
HE 200, X P<0.05 WA BEEER.

2 EREGHN

2.1 TagMan KHEE PCR A ILEER
230k, Wi E TaqMan 246 5E B PCR 1)
Fid WK R (20 pl): AceQ Universal U™ Probe
Master Mix V2 10 uL, 54 MS0151F (10 umol/L)
1 MSO0151R (10 umol/L)4% 0.8 pL, MSO0151 #54}
(10 pmol/L) 0.4 pL, 4R 2 pL,ddH,O #ME 20 pL.
Hfi % TaqMan 2¢ 622 i PCR 9 fidh i g 451 -
37 °CI5 Y44k 2 min; 95 °CHIZAE M 5 min; 95 °C
AEPE10s, 55°CiBk 30s, 45 MEFR,
22 tRERZAVIENL
R A 5 7 A 2R v () 4 DUBCRIT 14 1) CfEL,
RGP HEIZ Y . y=—3.250 7x+44.16, 4l
B 1, Hp x b logo EHAFE D, vy R
CfH, MIEZE%¥H 09931, KT 0.99, FIH
A REFMEELER,
2.3 RNAEE PCR AR MIRIEL
R PRI 25 /R, MS % B kST,
HB1 ., SHI1)¥ H AT R i S 2k, MG .
MI, E.coli, SP. SA R#RHFH DNA K HPEXT
M(ddH,0) B Ty 8 i &k (K 2), RUIE B
TaqMan ¢ E i PCR 7 k4 ek R AT
24 RHAEE PCR FEMRHBERELER
RABE AL R BN, TagMan 28GE & PCR
ARG E A A DUECH 2.49%10" copies/ul (1 3),

40}
35¢

» 30f

= 25}

0 051.01520253.0354.04.55.05.56.0
log,, copies
El1 TaqMan K EE PCR frfERTZ
Figure 1 Standard curve of TagMan fluorescence
quantitative PCR.
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Fluorescence

~100 f-:-

2 TagMan 5328 PCR HO4SRMRTE  1-3 40505 MS SH1, MS JS1, MS HB1 A F41H
Zes 4-9 4115 MG, MI, E.coli, SP. SA [ kIt K £ e [P xT B4 1 th 2k
Figure 2 Specificity test of TagMan fluorescence quantitative PCR. 1-3: Genome amplification curves of

MS SHI1, MS JS1, MS HBI strains, respectively; 4—9: Genome amplification curves of MG, M1, E. coli, SP,
SA strain and blank control, respectively.

Fluorescence

6 9 12 15 18 21 24 27 30 33 36 39 42 45
Cycle

3 EREEPCRIERSEERM 17 4% MS 0801 JLHE L) 2.49x10°, 2.49x10%, 2.49x10°,
2.49x10%, 2.49x10". 2.49x10°, 2.49x107" copies/uL A HEAR Ay 14 il 2k

Figure 3  Sensitivity detection of fluorescence quantitative PCR. 1-7: Genome amplification curves of MS
0801 at 2.49x10°, 2.49x10%, 2.49x10°, 2.49x10%, 2.49x10", 2.49x10°, and 2.49x10"" copies/uL, respectively.
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il PCR Al A M 2 /) & MK #5 0L B
2.49x10° copies/uL (& 4), WiZ M, FPAIR
95 9T £ 37 1Y TagMan %¢ )6 5E f PCR J7 7k R EUE

2.5 WHEE PCR FENEE MRS
AR E R RN, &4 N MdLa 2

SRBON/INT 2% (£ 3), PIAAES T 7 1Y

TaqMan % 5 5 PCR J5 vk B 8 PR RCAT .

bp M 1 2 3 4 5

2000
1 500

1 000
750

500

250

100

4 EiB PCRAVRBERA  M:DL2000 DNA
Marker; 1-5 43514 2.49x10°,2.49x10*,2.49x10°
2.49x10%, 2.49x10" copies/uL i MS 0801 JL P 4H
AR B 2R

Figure 4 Sensitivity detection of common PCR. M:
DL2000 DNA Marker; 1-5: Genome amplification

bands of MS 0801 at 2.49x10°, 2.49x10*, 2.49x10°,
2.49 2.49x107, and 2.49x10" copies/pL, respectively.

# 3 TagMan KHEEE PCR FEMERRAH
Table 3  Coefficient of wvariation of TaqMan
fluorescence quantitative PCR method

Average Ccv

Repeatability assay  Template

concentration  (X+SD) (%)
(copies/pL)
Repeated within 2.49x10° 26.17£0.13  0.50
group 2.49x10* 30.29+0.31 1.03
2.49x10° 32.90+0.18 0.56
Repeated testing 2.49x10° 26.13+0.27 1.04
between groups 2.49x10* 30.39+0.12  0.39
2.49x10° 33.02+0.14 0.43

2.6 MM MS &2/

A3 IR A5 R S A A 4L 10 R I 3% R
MS Sk, 45 5RaE 5 s, Al MS
FEIRI S MR N S sh A28k, R S AT, Meag
J5i 6 h, % S ACRE 4 RN HICRE 4 3 AT A I
Ko MS; #E)5 1.d, W4 MS & =ik s
B, WE TR, MAREITEEER; KR
2-7d, B4 MS FEHEM E TS, WEE
14d, BHRAFH MS FEZH FI, FHikisE
BEKE, ME SR TR, BEE 21 d, HE
WA MS gl T, PR B K
MJE & TR, Frbl 23 UEd MS 78 M
(38 T EE R T S L, FEE)E 4d, THE
WA MS SR E ST RERNEY; FUE
J5 14 d, RIBRINTFH MS FBE S TR
B4 FEHABAT S, AL Z A MS
TR REES.

3 it

MS EAE R AR I AT, WV A R

B R SR N DL IR I R IR o P T R Y

e, I AR B 5 2R R A B i 2
B, R HIN R T R A 6 AL S R B, $

1.6 ——Nasaldrip ——Footpad injection
1.4}
1.2¢ *
1.0t
0.8} *
0.6
0.4rf
02f

MS content (thousand copies/uL)

0702505 1 2 3 4 5 6 7 14 21 28
Time (d)

5 MR MS RENHEKL

Figure 5 Dynamic changes of MS content in blood.

*: P<0.05.
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e 1B RMERE . DR, el SR PR YR
b G T 1 A A SRR I — I MR 3 A 5 T e A
R AR B2 Al PR A E A 2 B 2 55 2 2

HAT, MS Gzl i A imRKgwr . i
JEABIRESR | M A A kN
S ool R SR W7 W N LI (697 S ¥ s [y
PO EEE, (HEAREME, JFHFEWER,
Toik R LIS 5 I . MS 194 B 1R R 2
2 MS B S bR, (HAER KK . i
S PR R ik B | 4
T I 5, AFL[R) B 78 A FH P A ) R
AP B E AT MS iy, HAg
Bk Pl AlE AL, (HXS S0 % A
I % N O =

PCR 1EH 73+ £ W27 5 09K I J7 ik 2
—, HHREER . R . BRERE S
SRz N . il PCR 2L 7E PCR §44
S5 o5 T B HL UK A BB LR 45 R BANREE &
GIAT, T2 B PCR AT LB . 52 i 00
FRNGER, AR REPER AR, Rt SEEt
PIGE B PCR N 124 F S5 = WF R iy 3]
R 5k, ASLgE R MS 19 MS 0151 728
bR, BOTRRUESI AR, Loy Etk MS
0801 AYFEIN AL At , @ b f iR KO
FOPREL S DA B , 557 T MS 1928 & PCR J7
. Raviv ZF ] MS ISRb JE[H ST T MS #
FIRER qPCR Kzl ik, R MR 10 copies/uL.
Sprygin 25U ] MG mge2 A1 MS vlha %:[H
AL T OWERE qPCR ik, H R E N
34 copies/uL F1 29 copies/uL. ANHFGYENT I
E 5 PCR FiERBUEIEE] 24.9 copies/ul, Ui
WA B RE, AN . A G
BT 2%, UlBIZOr B A B i a] d A
ASLEEE T MS MR AL, i T 9O
It PCR J7 Al MS JR G J5 X8 1 V4 1Y) 48 7 o

MATIRT MS FE XS A Py 114 14 58 8 25 28 Ak ik
FRUEI, R MS B 2 b B e SR . A I 2
R MS 8BNS I 7 PN S B 5 i ek
TR G PRI IR Sh AR AL, AL A=
iR AR 1) 92 [ 10 % e 98 3k 36k i i — A5 Y B 1) —
FRERLAE

A ) R R A LA R I RE AL
Ko WERRORZ BEETEVR . B 7 M 7
RS (1) 2% 5250 % PRAF 1A R TR
BEIAAEZE R, WSO e 2 5, FE1591
BEMRICEE G RN, WG A, @) A
) 2wy 2T A RO A 2 57 . (3) K
B AN [F] [RIRE S B O, WeEE Al ik,
MR AE, SRR &, S 2ed TR i
G BE PN I P R R AR AR 56 o fif 2
FIAHXT SR A MS 0801 B Pk, k4 24 0 i 2%
FHE, 6 S AR AN A B R AN AR T 2,
AT PR, SRR, R
MS TE I HP 114 14 58 DR S A B 4

KT RBESCRIEM Ik, Bai— B A
PRI AE P53 F0 K5 SR o 5P T 3 S U0
RS T PS8 T 43 0 TCER b ik 38 B HE 318 1
Hrs T PO NG L EL BRI . ik g
T EWE SR | IRZERCKR, FIWTEE A HER
ASLHG# F TaqMan %66 E 8 PCR 5%} MS
SRR A T YR A A e PRI, Ry A PE MY
Ty AR AL T Ay LB, s/ AT DU A E A
PEXG LU MS 5 I % 2R 1 ARk, SRR
REXS LUIEAT A, A4 RE v AR P RIUR

4 Zik

T8 2o X T S SR AR PR ST AR R MS 0151
AN TS AR AR, ARSZae g~y T —Fh
BEME PRSI MS Y TagMan 240 5E & PCR J7
oo, Hy#ihk A RIFREr R, FrRtk
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2!
¥
%
%
1

U, KR BR R 25 copies/ul, 785 R/
2%, i E#S7 A TagMan 8% E & PCR )5
K MS 72 YL XS I N B s A TG 5 A2 4k

I PR A MS gt 7 HEOR S, e
T VPAN Ty AR 1O RS, ST R S

PR 1Y) B 1 R Ak 585 T R Al
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