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Abstract; This study was to establish a duplex PCR method for detection of Mycoplasma gallisepticum (MG) and Mycoplasma synovium
(MS) so as to clarify the infection status and epidemic characteristics of MG and MS in the main Wenchang chicken breeding areas in Hainan
Province. According to the conserved sequences of the MG mgC2 gene and the MS vlhA gene, primers were respectively designed. The duplex
PCR method for detection of MG and MS was established by optimizing the reaction conditions and procedures. And the sensitivity, specificity

and repeatability of the method were verified. At the same time, the established method was compared with the national agricultural industry
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standard method to verify its accuracy. Finally, 1 510 throat swab samples colleted from the main Wenchang chicken breeding areas in Hain-
an Province were detected with this method. The results showed that the minimum detection limit of the duplex PCR method for detecting MG
and MS positive plasmids was 2. 1x10” copies/pL. There was no cross reaction with Newcastle disease, Marek’s disease, Infectious bursal
disease and Infectious Laryngotracheitis. Compared with the MG and MS single PCR, the positive coincidence rates of the two methods were
100% and 98.83%, respectively. The results of the pathogenic detection showed that the infection rate of MG was 11.79% (95% CI.
10. 16%—13.42% ) , that of MS was 25.96% (95% CI: 23.75%—28.17%) , and the mixed infection rate of MG and MS was 7. 42% (95%
CI: 6.10%-8.74%). MG and MS had a high incidence in spring, most seriously in medium—sized farms, adult chickens and commercial
broilers. The present results indicated that the duplex PCR method of MG and MS established in this study had good sensitivity, specificity,

stability and accuracy, and could be used in clinical detection. Currently, there are infections of MG and MS in Wenchang chicken breeding

areas of Hainan Province, so the prevention and control of MG and MS should be strengthened.
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R AR U R, AR AR, H S AR A
MR, FEFRSCR = N AR 2 ik T ix s
Jidk, PCR 5N B REABEMN, &M T
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L =, FriZ (Newcastle disease, ND) JiG¥
T (La Sota #f), S/ TLEHK (Marek’s disease, MD)
KAGHTISHGTE I REW (FC-126 Bk), & Yethik [C
%G (infectious bursal disease, IBD) 7% % B ( B87
FR), 1% Ye Mk 4 R (infectious laryngotracheitis,
ILT) Pl (K317 k), 40 [ 0245 ] A= Wy 2 i
HIRA A X SCJRAK (Mycoplasma gallinarum, M.
gallinarum) ( ATCC 15319 #k) FIELf; 2 JFAE  (Myco-
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B B0 N B 11 ARTRIRIRE . AN TR 4R 3R 2R A
MISCE S, RABEHLIIRER T2, TEARR) 25 R4
AR AR AR BB R i MG, MS S H 1Y
SCEE A3 1 510 1y, T-80 CUKFEIRAE .
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Extraction Kit ¥ [ 1 50 v MEBE AL W BHECA PR W
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Fas 1P E) (5'—-3") Bt R/ bp
MG-F TTCTTTACTCTTGGGTTTAGGG

MG-R GTTCTTCGATTATTCCAAGGGA e
MS-F ACCCTGTAGAGACTGCTAAAAC

MS-R TTAGCAGCAGTAACCGATCC %0
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MG, D7 s EE (MDV) | A& Ye Pk <4 R 9
B (ILTV) I REES ) DNA F-20 °C vkKFE 1R A7 %
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1.4.4 3#%F PCR R4k & 89 3 5 B ARAL
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HPCR ¥ N KR, LWESIY (10 pmol/L)
1 pL, FH#EGIY (10 pmol/L) 1 uL, DNA #
1 pL, 2xTaq Plus Master Mix ( Dye Plus) 12.5 plL,
XZEIKANSE 2 25 pL, JetR a5 |9 n ek i, Rk
KR E AL TE BRI E A 53~60 °C, L 8 ANBREE
B B0l T R, EE 28 32 I 35 MBI AT
etk
1.4.5 XE PCR R4k £ 691 S A ARAL

PLMG ., MS 1 B J5kE 458 R BUR B 0 o AR,
N7 25 pL VAR R, BT HE PCR RIS R, X
MG, MS M EE PCR AR ZR#EATAL, FFR SR B
Bl E o 50, 51,2, 52, 53.1, 54, 55.2, 56.5
57 °C ., PEFELS 30 28, 32 F 35 MEEF,
TSI (10 wmol/L) I 435K 0.4, 0.5,
0.6, 0.8 F11 wL, 4 PCR W5 iEH & iR AR
BE . PRI S s inaiE, # R MG, MS W
PCR il 757 .
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MG FTMS 1 FH M Bk S5 (R FRIR A1 )5 #4710
fEh R RE, LA 10° ~ 10°45 DL/l 36 10 A4Sy BB
FBNR, AREAC TSR TY Y, DL BT
J5 5 0 U
1.4.7 A E PCR 4+ HX%

L MG, MS, MDV. ILTV, NDV. IBDV, M.
gallinarum 1 M. imitans %) DNA/cDNA Ak, FHEr
AT A TR, DA JE AT B RRE
1.4.8 ME PCR ¥4 MHXKE

VEREFE DUECAE 10°48 DL/l (19 MG A1 MS BH 4 5T
i, RAIEHCL wL AR, TS 09 B 45
HATY R, EA 3, VS E T At N E R
P, BERE R IR A5 I kL, 7E N [ B R) AT
PCR 473, DA Pt 7 vk it ) s 2
1.4.9 &R
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SRAEMT 1 510 1y MG FA T 32047995 B 2 A 38 3 O
FLVKHIER I ZE B 76 119 bp AbH B A HE K MG
FHM:, 7E 196 bp Ab A HIE S MS FHM:, [RIES H
PRAAFHIE MG, MS RS,
1.5 FESIT S

Fr AR I0 50  Excel 2019 BB TIC B, (diFH
SPSS 26. 0 #AEX; MG, MS FHMERFT R ITRE ., &
2 MG, MS PHHR 22 7R H GraphPad Prism 9.0
AT T, P<0.05 RRZEFBE, P<0.01 FR
2

2 HBREHMW

2.1 PHMRAMEE

RN (E 1), WEr MG, MS FH% Bk 2
JITE 119 F1 196 bp AP ¥4 H 4500, 54
FHAT; Uk BE 28 5540 o0 6 6 BE 1N e J5 ¥ R 67
ng/pL, #EFE LK 2. 1x10"°# DL/ pL,
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M. DL500 Marker; 1. BAPEXT AR, 2. MG FH M JFki; 3. MS FH M
SR,

E1 MG (A). MS (B) PRM4BRKIIGIELER

2.2 HBEPCR RMERMEL

24k, MG B E PCR A9 0l I W 4% 14 4
95°C 3 min; 95°C 15s, 54 C 15s, 72°C 15, 1§
FF359; 72 °C 5 min, MS $H PCR Y i K W 4%
;95 C 3 min; 95 C 15 s, 53 C 15 s, 72 C
15 s, ¥ 32¥K; 72 C 5 min,
2.3 WEPCR RMERREL

MG, MS X #H PCR & I & & 1 1k 45 SR R W,
MG, MS M H PCR MR NIRR A MG LilE5 9
(10 pmol /L) 1 pL, MG F##514% (10 pmol /L)
1 pL, MS E##51% (10 wmol /L) 0.6 wL, MS Fiif

514 (10 pmol /L) 0.6 wlL, DNA #i#z 1 wL, 2xTaq
Plus Master Mix (Dye Plus) 12.5 plL, MR IK 455 2
25 pL, MBI &EAEH . 95 C 3 min; 95 C 15 s,
51.2°C 15, 72C 15 s, A 35K; 72 °C 5 min,
2.4 XE PCR MK

UG 25 S a2 s, dE 7 W PCR
R 77 36 % MG F MS A S5 ARAS 0 B B2 oy 2. 1% 10°
01/l

M 1 2 3 4 5 6 7 8 9 10 11

M. DL500 Marker; 1. BHPEXTHE; 2~11. BUkidk B R 10° ~10°
P/ ul,

B2 MG, MS WE PCR SR MIGIFER

2.5 XWE PCR $#HHHiRE

SRR A RO 3, LA MG fil MS AYFAR
P A — H A 4547, ILTV, IBDV, NDV, MDV,
M. gallinarum ., M. imitans FIBIM I AR 4507,
VB T & R S R AT

M 1 2 3 4 5 6 7

M. DL500 Marker; 1. BPEXTRE; 2. FHMEXTRE; 3. MG; 4. MS;
5. ILTV; 6. IBDV; 7. NDV; 8. MDV; 9. M. gallinarum; 10. M. im-

itans

B3 MG, MS WE PCR R MHIIFER

2.6 WEPCRESHKRK

A MR EE UL E 4, Py E I R
HIE WY B B4, SLEHIr kB R M R AT,
2.7 XE PCR #A&MiEiRIE

I RAG DN 285 SR WL 3, i T I R AR AT b A
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YER ) MG PHEERES, 4 4y, BHEER N 1.2% (4/
256), kit MS PHM:RE S 13 7, BHPEER N 5.08%
(13/256), Kithh MG/MS XUBHERE S 3 0y, BHEER A
1. 17% (3/256) ; KA B2 A B, A6
MG BHPERES: 4 1, FHEER R 1.2% (4/256), il
MS FHYERESS 16 1y, BHMERN 6.25% (16/256),
H MG/MS XUBHPERE & 3 £, FHPER N 1.17% (3/
256) . Zelbig, PR AT MG IAF G 2R 100%
(256/256), il MS B 45 & %K 98.83% (253/
256), HAREfrad MG, MS XUE PCR K J5 i
MS BHMAS 2% 5 1 B AR AT R A i

M. DL500 Marker; 1. FHPEXSHIR; 2~4. BHPERTRL,
A #tNFEE; B. A EE

B4 MG, MSWEPCREEMWIFER

&3 WEPCR@MAESITUIRAE PCR MG ERMERNFEER

X PCR Kl AT A A Kol 235 B3
KRR REAREL By o o TR/ %
PRVERE S B O BAVERES By BRMERES B DY MRS 1 s 250/ 43
MG 256 4 252 4 252 256 100
MS 256 16 240 13 243 253 98. 83

2.8 X EBEMRFHERN MG, MS fFEKGN
2.8.1 FREELGH MG, MS j&FEHn
ARYCREN 1 510 3 EXGMHE TR, Kol
MG FHEERE & 178 1y, FHEEEN 11.79% (95% CI:
10. 16% ~13.42%) ; i MS BHPERE S 392 fy, FHAE
FHN 25.96% (95% Cl: 23.75% ~28.17%) ; # i
MG/MS XUPH R & 112 £y, IR ARG BH MR N
7.42% (95% Cl: 6.10% ~8.74%) ., MG, MS Pk
FEREE (MG: X*=108.00, P<0.05; MS: X*=
204.00, P<0.05), 10, SCE | i, &M 4 i
XIJFETE MG, MS &L (K 5), (B FEEE A7 7 22
o WO MG A MS BIYER B T HAY 3 Mk
X (P<0.05), 43514 13.55% (106/782) (95% CI.
11.15%~15.96%) F131.71% (248/782) (95% CI.
28.45% ~34.98%) , HIR ARG HM R RIS T 1
AHLIX, k%] 8.95% (70/782) (95% CI: 6.95% ~
10.95%) .,
2.8.2 REFFLGH MG, MS KRN
ZikEn (E6), ARIZEWCEGH MG, MS
FHYER 23 B E (MG: X*=213.00, P<0.05; MS:
X*=321.00, P<0.05), HZELEXGH MG, MS [HH#:
R i 2 m T HAMZET (P<0.05), 40535 3
52.26% (81/155) (95% CI: 44.37% ~60.15%) F
42.58% (66/155) (95% CI; 34.77%~50.39%), H:
TRA Y RILF] 28.39% (44/155) (95% CI: 21.27% ~
35.51%) ; MEZELEMGE) MG, MS FHYER H % i

%, 23910 1.56% (4/256)  (95% CI. 0.04% ~
3.08%) F16.25% (16/256)  (95% CI: 3.28% ~
9.22%), MG, MSIRAEYFEN 1. 17% (3/256)
(95% CI; 0.01%~2.49%) ,

357

30 oXg&
mp3n|
(mp: 23
LLED

25

204

FHEH/%

15

10+

MS
I

HRE, FRHARZRERRE (P<0.05), THRAHRZRZE
BARE (P>0.05), T,

5 AEMEXAIEIE MG, MS FEKNLESR

2.8.3 FREAKHHLGHEE MG, MS s /R4
SRR (K 7), AR KB B SCE S I
A FAE S A MG, MS FHMEFE SR, H MG,
MS B R 5 B (MG: X*=64.00, P<0.05;
MS: X*=142.00, P<0.05), R4 MG, MS [y HE
TR A RS B R 34 8 3 3 AR XS R S (P<
0.05), 4391555 16.57% (113/682)  (95% CI.:
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13.78%~19.36%) . 34.16% (233/682) (95% CI.
30. 60%~37.73%) M 11.73% (80/682) (95% CI.
9.31%~14.15%) .

50 P MG
MS
IS 407 b <+ MG+MS
AT
# 30
= c
20
10 d,
d i
0 : —t -
# =2 * £

6 ARZFETXEIE MG, MS HREREENLER

407
354
30
25
20
154

b
10
54 c
ol [
MG

E7 AREKHRHTESG MG, MS FERNLER

D4R
OH B
o ARG

FHYE 2%

2.8.4 REFAHAEL G 23 MG, MS 49 5% B 1)
SR (& 8), A[EFRGH AR SC B
MG, MS [HPER 25 8% (MG: X* =124.00, P<
0.05; MS: X*=300.00, P<0.05), H%CE 1
MG, MS FHM:R R m, 5055 38.33% (23/
60) (95% Cl: 25.93% ~50.74%) Hl 41.67% (25/
60) (95% CI: 29.09% ~54.25%) ; KA E X1
MG, MS BAPERS 25K, 7518 8.56% (84/981)
(95% CI: 6.81% ~10.31%) 1 16.41% (16/981)
(95% CI. 17.28%~22.27%) ; HAISCEISIZE MG,
MS R ARG H M R s, 8% 38.33% (23/60)
(95% CI: 25.93%~50.74%) .
2.8.5 AREALGH MG, MS 47 RAN
SRR (K9), RNFEZEA A SCE G 7R
mn A MG, MS PSR, H MG, MS FHH
REFEE (MG: X*=76.00, P<0.05; MS: X* =
206.00, P<0.05), M, BsRRSH MG, MS H
PERG R R TR A B Y BH P R I 3 T R RR X
(P<0.05), %%k 27.33% (82/300)  (95% CI.
22.28%~32.38%) . 42.00% (126/300) (95% CI;
36.41%~47.59%) H118.67% (56/300) (95% CI.

14.25%~23.08%) ; T snfCEXG R MG FHMEARS 3 i
%, N3.23% (2/62) (95% CI: 0.01% ~7.66%) ;
XS MS BH PR R & AR, 8 20.99% (2417
1 148) (95% CI. 18.64%~23.35%) .

457 a

40 _a b 2

35+ ]

30
8 O/l
& 27 @
§ 20 8Nk ]

154

i JR

B8 FEFEMEHILEGH MG, MS fFREENLER

457
407
354 OFhg
20 = R AR ARG
8 o R R
M 254
g 20
154
10
5_
0
B9 AREBXEL MG, MS HEREMER
3 e

YIFAR A &P R R ERVE BN 21648, 4
FE TR E LT IAL . MG 1 MS 2 BUR
Tk, fEERICE MR RE, — RS
FE BB . ASRERYE MG 1 MS J5, SERIHE 5P
TE R AR U I R R , (BRI IRMELLIX 43, Iz
TG B2 B MG, MS IR AL S, 4l R
MR R M, PR I AR T — A B T ARG 0 g D o — JeR
Yo, SRR A B Gs AR I i

A L PCR R DU H AR Ry iy, 78— R A4
ZHEE A MG F1 MS /9519, #4750 EH PCR 3
e, gt — RN EAERIIE, BZHEST MG, MS
X PCR KGN 5 %, IRIR 45 R, A pra y
FEA RAFABURE, S A BR A A 3 2. 1x10° 4%
Dl/pL, R TR S EE @ m
MG, MS X PCR Kl £ AR ; SHA MG, MS
PCR A5 35 9 SRR A 2411 ARG 0B i)
5, P 7 5 X9 E UL R ILTV . IBDV, NDV |
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MDV ARAAE N, UhZ T E R v R 4F; 78
AEEXS MG, MS 1RG BORL #4791, ¥ g
Wrscty, UBAIIRTEE R RIFEEE, A, A&
TR A K BT 8 MG, MS XUE PCR K& 5 v 5 s —
PCR AT MU ARE 7 6 i I R A I 45 SR #6171 L840t
RILPIFN T2 MG FURINAT & %553 100%, MS By
MFF A %355 98. 83%, HAKIRrid MG, MS XE
PCR A5 2 () MS BEPERS H R 8 T E ZAR ATl bk
YERT: , #E—2PUiBl Frd MG, MS W PCR J7ik
HE AR AT REI SR, Ay
ARSI EY BE bR SRR, DRI I PR ARSI B 75 1
B RATERG R e MG, MS $E 1,

AN, BT MG, MS XUE PCR A 5 ¥k %)
TR SCE Y T BRI X R R 1510 ) K s
MG, MS % H A I 37 HEATAG I, 455 7R MG
FIFHPE RN 11.79%, MS B E R 25.96%, MG,
MS R A YL BHYE R K 7. 429% , LIRS A SCE Y £
BRI IXAFAE MG, MS &y, HE IR AR,
PR B IR N NS ST MG . MS BERBA .

R A B, 4 A SC B XS 3 TR 5 L X Y A e AN TR
FEEEM) MG, MS Y, LU I R Ye 5 l de h P2 o
SRR 13.55% 1 31, 71% ., H I3 112 3 B Y 4
PR =" B R A SCE XS A PR
PR R, A IR P N LB B i IR, BiE
BN, WA ] Re s IR A S W A, ALt
AU L IX 2SR50 S N e B 8T TAE, ™%
FUGEHSE, EEET TAEA RPN 1
fiby 3 A~ X Y FRIE W ATy IR in SR, R PR
MG, MS,

K2t B % MG, MS 7E—4E D ZE iy &
A, AR BTG MG, MS s, Hir
BFBEMMG, MS HHREREEGTHA=F, It
SR 9 2 M AU I A AR [ A 2 R — 3, T
MHEZAWELS, KEZRAIN, ERER, MEasF
B (7)) AT RE A BRAG N N RERE TGk
TGN PR AEAL, M SSIEENUAIEO NI, &A%
F MG F1 MS 124y NI E 4% 57 35 s % 39 37 1)
PR Rt , U AR R 2k A s/ PRI IR
1B A IR AR A R e, [RIE ]38 X 5 0
S N VAT QN T R L UE 7/ NS TOD B8 =9 S E
VWA

AN A BT BE S B X e PRAE il A ) 45 2R 7o
MG Fll MS G 2 25 [t 5 A HE H A% A0 185 i 52 300 4
FrEntadh, X GIMERRE IR AL R S,
I Jsrt PRI AT RS BTG AE HhAE7E 1Y BB S X SRR AR AN
HH S A XS AT ST BRSBTS BT ) AP R 22

Iz BEEFEARIN, mREE ., R AR
SRy, MIXSEHI AL FI5 YA T, — HHAK
B RWE, SRSy R A FR 5 S I
XIS HETTFE MG A1 MS [ W, K Bsf B 5 BH RS, ()
BF I E B T R e X A DR A 8 LR A A R
ZIpaE R, VIWeR R L5142

AN 5 5 RAR 1Y) SC B RS 3 MG, MS A 25 5 i
AN, TR SC B XS, MG R MS TR 1 I B ol
i, ED R AT RE S IR 0 B B A A BKSEA
Ko MWRKBISCEXS R ZPA R E, ™
R R | e R P N TF B ERS it ; /MR SCE R
W Z R BRI FE =, SREA 78R I sl as
[ AN Sh BT 2SR MR, AL B RS I 3
TS it AR v Al AR 7= RO AR B AN AN R SR 8, Bl
23 (A A ANBI SR Sk, ELIR A SRAE P OB SR
R IR TR R, — R A BN TS HE & R
B, ERCPH MRS RIS, ik, @il Al
B BRI RN AR, i) s e P i i, 48
TR R Y 1) R A KT

TEANE FRAE R AL SCE X, R AR A XS Y
MG, MS JEYe g Bl Ry ™, X 5 A e i
EER—E, X FEEW T RS E SR, R
P, HFBRE TAEBRA OSG4Iz #4557
B P AEXS H RS 5 A B A T T T S s A R G
TRFERAG , REUR RS & RIS ISR, S
Az B g, Wk, @GR (57) ik
PERRBEIE, XSG Sz 4y 2 B L, IRt
JCHITEFEAL BRSO ml 25X

LTk, AR BIEL T MG, MS W
PCR K7, ZRB0ib ir a7 vk BT AP e S
R AES M, 517 AR PCR R 5 k9 £ &
FRIKF] 98.8% LA b, AT F I RAZ I, 95 i = )
ERLWOR, RE OB BRI X AR MG, MS
Y ABUINGE MG, MS BB 55 it B i 42 s
BT, WX SC B XS IRIEY 2R B IR
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