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BE: £5 5 H(Carassius auratus gibelio Bloch)FR4H i # H1, KB UL It 1 iyt Bt (Myxobolus honghuensis) 5| A2 i)
AL U R 2 B0 R IR A RO B K AT, DR, ST — R SRR . SRR RO S TR AR
PR R 2 W DL K B A BT B S, AW ST E H 18S rDNA JEPH P 5N B b5 UM 4R 1
19, LA G AR S N B A G KA AR, HESE TR dUR A B0 PCR RRI Tk, JEXHZ TR
Pt L SRR KO AR A AT T AR . S5 R EOR, AT AR S v b, A R By R B,
Tty d1 (Myxobolus ampul licapsulatus) . 52 fftyfd, gt (Myxobolus wulii) . %7 24% i (Thel ohanellus wuhanensis) & & &
LB L PR R i S 1 A I ARG I R B AR BR A 4.2 copy/uL; RFE X F5 58 Mt S £k S 7 AR O L R
U 2L 2R kG 0 A Bt ) R ol B 2R B R 40% . 32%F1 8%, K HH R L s T m PCR., ALk, ASBFSE AT &t <7
PRI 7 i e S kit . SRR e, T T U R s ) R PR A

KB SR, St By PCR; AT HU
HESES: S94 MEAFREED: A

57 fH(Carassius auratus gibelio Bloch) &
Hh [ i KRR K IR A s i, B AR
B AR XA RS B i ok S U
TLHVE e 5 B R ) B IR IX, SR AT S
J7 hm?, AR AL 200 7 4 SEARSR, W1
T R B AR R, b R U i
R PRGG 2 —, AR AR S AR R
L RFIET. . 165 NIk, 75 W E v] e 2
T s 62 R, Hirh LT I M40 T AU Y
L) AR A B o A e ] R S
BAREURNF AL T, BRI AR -5
B TR K B % T A 6T AN, &
W B BRI SRR R L VAR SR
BEERXE, B e XU AR ERZE H | 625 AN RE A,
FTTF 030 AT LA | p 21 b, R 07 EE Y A

ks BEA: 2019-11-21; 1&iT H#A: 2020-02-05.
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Rz AU R L) B B A2 I £ (AT TE
WY SRR, {EL 4 T 38 L o A R AR D R A,
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WOULF AR W LA PCR . £% PCR ., %
JeE i PCR DL K PCR 3200,

H30 PCR A H AN X 51 4 %) #8 R
DNA J&5t47Hi%e PCR ¢34, Hodpy s |44
SMUE 8 B = B L, it LR AR YT,
B TR R A SRR st
PCR iy — 451 W E RSN  RPEN 519,
RIS AR Z rf R 1 X514, MR N2 E R
PCRU'1 Sy 1 e Sy — b B w5 28 L TG T e KU 1
P HL PCR RN i, A 5% 3T i
40 18S rDNA JEHFF, BiFIFA i fe 5Pk
G148, IfE iR KR RS RR I, O Ak A
W51 B An—Z S 1 PR B i A—4F PCR {R &R,
HEELSE N A PCR &1, # 7 T b piy o sy
A PCR KT vk, FH0025 B F I PRAE & (1)
ZioR1ILS

1 #MHEFE

1.1 EIEH Y

FE 5P R N OSE 9 A R Tt ) v
(Myxobolus honghuensis) . fffi %4 H (Myxobolus
ampullicapsulatus) , %2 fill {1 Ht (Myxobolus wulii) |
I A L (Thelohanellus wuhanensis) %5 % 71 1
HOREA I A S 0 5 R AR SR . IR S+
FREPEE AT 2019 4F 5 AW A VL3R WO B SR A
K =R 7 B IR K W5 v TR 5 W 3, REHLR 5
50 (AR 11~16.5 cm), fEFIRAENLA . G0 E
BRI RELE . JFFEIE B G 2 2 (R R AR 8 — A B
It B 1 K B JTER B e T, B 1k 58 U5 3Y),
A 1.5 mL K& EP4E H, k'S, & T-20 C
KFETPORAE S .
1.2 EFERAFRNE

PCR Jz W& R iAF| Premix Ex Taq AW .
DL2000 DNA Marker il 6X Loading Buffer 4 H
524 A W) (TaKaRa), Ezap H:20 80935 K 20 DNA
P& PR PR & A AR TAEY) TR 1)
ety FBR Al . EEAUAR TS eppendorf #f
PCR 1% . Nano Drop 2000 436 i1, Bio-Rad
BER R R G5

1.3 #& DNA 12E

BT IE N4 DNA $REC BRAEAE 2
(80%~100%) H 1) it 2% FII 4 ZURE S B H, A
gliK R, W& 2~3 K, # ] Ezup HX
YA DNA 37 & U B 43 25 R
& DNA; 14 T-20 CHH.

ST AP 4 N ZH DNA SR B 22 Fi R ke
BB R 2R T, BN, BYRR A
1.5 mL KB EP &, 4488 Ezup #ExXsh 3L 41
DNA #2350 & 156 B 43 25 BR$E L4 21 DNA H-7
£T-20 CH.

1.4 FALIEHR A &

M3 4 ik 50 At 9t (Myxobolus  honghuensis)
GenBank H' %2 JF 51 (HM188545) 1% HUK T 4h 51
Y4l PCR ¥ 341 A Bt (620 bp), HiE T A TR
(L) AR AR SITREEGRIFEAE
pUCS57 # /K& F (pUCS7-M, %5 190629PA4127-
1R30).

¥ pUCST-M ki s A KT B (Top10) 342
FZESER LB By RIS, BTk i
BOAGR S U 5 P BRYEHRUTORL . ff ] Nano Drop
2000 530000 BE TN A 4l B R B, TR PR DL
Ko P2 DU A P DU =Rk JiE < 107°x
6.02x 107 /(660> JFRLE K ), 6.02x10% g B4R
T HEL, 660 R BEIILE T4 5r F i . $RE
J& B BRLRAE T-20 CA .

1.5 S|t REamK

R4 GenBank Hyt b al vty Hy | R4yt A |
SRR | DR RS AR 18S tDNA
FEHFF, A5 W44 Primer Premier 5.0 1%
T PRt I B R R RS 1 (5 B LR
D), A TAY TR RO ARARA K.
1.6 E#M PCR &M%

KH 25 puL WK R, £145: Premix Ex Taq
12.5 uL, WN5I¥IE [ Mh-in-f (10 pumol/L) 0.5 uL,
WNEI¥ 2 18] Mh-in-r (10 pmol/L) 0.5 uL, DNA #&
#z 1.0 uL, ddH,O 10.5 pL.

SOV FEF A 94 CHIAEYE 5 min; 94 CARA:
30s, 57 ‘CiBk 30 s, 72 ‘CHLEH 30 s, 35 MEFF;
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Tab.1 Single tube semi-nested PCR primer design
514 primer #FX name JF%1(5'-3") sequence T./C 7= /bp product
S5 IHIIE ) out-forward Myh-1176F GTTGGTCCCCCTGGGAAACC 61.91 62
S5 K 1) out-reverse Myh-1618R TCCATGAGGCAGCGTAAAGG 57.75
WEI#IE A in-forward Mh-in-f GTCCGGACATCGAAAGGAT 54.50 230
W51 7] in-reverse Mh-in-r AGCGAGCCCAGAATGCTAC 57.97

72 CHEMH 7 min, PCR ¥ ¥4L5 8 )G 1.2 %155
B I HL UK A PCR 72477
1.7 BEFEK PCRIEQNFEET
1.71 PCREMERRERREF RH25uLx
MWAKZ, f145: Premix Ex Taq 12.5 pL, 54 1FE M
Myh-1176F (10 pmol/L) 0.5 pL, #5145 & [
Myh-1618R (10 pmol/L) 0.2 uL, W 5| % % I
Mh-in-r (10 pmol/L) 0.4 uL, DNA &4 1.0 uL,
ddH,0 10.4 uL,

223N RN SR AR AR R, DA S B RN AR T
PEE N 94 CHIZEME 5 min, HHIEIF: 94 CAsPE
30s, 61 ‘CiBk 30s, 72 CILEfH 30 s, 15 MEFF;
55 TIKAEER: 94 CAEPE30's, 56 CiEk 30s, 72 °C
FEAH 30 s, 25 AMEER; 72 “CHEMH 7 min, PCR ¥ 424
W5, 1.2 Y% BEREEE RS B Uk Al PCR 74 .
1.7.2 H#RURNRIE  DIObimyg ek | e
M R RO RSN 4] DNA
YEA AR, [RIE LS & AR AL IR 2 213 R 4 DNA
Ko ddH,O FE R BT B, 442 B8 1.7.1 WP B AR &R e
Z A EFF PCR §78%, PCR Y445 R, 4
1.2% 1) B R AR 058 M PR VKA
1.7.3 RYFERWKE R ILEIG0E 4 18S
rDNA 5 Bt J50RE AR S 3 895 DU 53000 A o
A ddH,O 1 10 1586 R R, /513 10°~
10° copy/uL Z %1 DNA #ibz ., LIFiRE A A ) i
MIARUESTR. DNA FEABR, AR LS & AR S
W41 DNA K ddH,O 1E R BN, 43002k H
B PCR ¥ M A8 450 PCR L iE47H 14 . PCR
PIEERIT, FEMIZ 1.2% 0 B s Hh VR
3 3 B Ak VR A D ) B (IR I R B, 36
ZT N RAUE
1.7.4 IGERERED LI 50 BSEHEMKE .
JgE LI i A B B A 2L [ 24 DNA PR M BR, [A]

DL B AR AL H 4L 4 DNA & ddH,0 fE
B XT R, 4300 ok R A P 55K PCR 75 SO L
PCR L4794, PCR ¥ 3445 15, 1M 1.2%11)
TS I FL VKA I PCR P28, 43 WIHC sk B
H PCR JEFIH ML PCR s FHM: 2 24 K B0
ST PR R L BN 3 S BHPERE 5, 3%
EA T oY TR () B A R A 70T,
HE— 20 A DRI 25 SR R A S U R SR L
A TP A )y 3 1 BELPEAGE HH R, B UEZ Tk B I
PRI B8R

2 HERE5HH

21 BHEFHEA PCREFRM

DAVHC T L gf e | PR A0 e | SR A
VU A FE N 4] DNA F MHAR, fdi 2%
A 50 PCR LI T 8 s Tk T, 25 iR B
A it e L 4] DNA ] LAy J Y S5
4h5 1140 (Myh-1176F+Myh-1618R) PCR /=4 A /N
J9 462 bp, A5 IHIIE 15 (Myh-1176F) 1N 51 4 K ]
(Mh-in-r)#J PCR =¥ K/NN 381 bp, HAthZh T
Hu R BAPE XS B TE 2607 (181 1), U BA A ~7 i) B 2
H5X PCR Kl 7 ik A St R AT [RIAS, SR LA
M FE BRI AN | 140 PCR 7240 462 bp 274555
22 BARMNHERRE

FED] A I Bt 18S tDNA FBri % =
pUCS7 #ik)G, MERMSEA R pUCST-M, K
/NK 3330 bpo FEALFRLTE R AR R KRR,
R BUPRUE Bk DNA £ i - Nano Drop 2000 Il %2 5t
KL EE A 154.9 ng/ulL, Agso/Aaso TN 1.89, 2 R F4
ot A=, AR TR N 4.2x10" copy/uL.
23 BEFHA PCRIZFMNIRHFERIE

P45k DNA JH ddH,O 1k 10 {586 e B, 4
MR 4.2x10°~4.2x10° copy/uL ZF451E DNA
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BaA; A 5 i FH B A S50 PCR L LR A PCR
PEATY 8, Bk SR EoR, A H L PCR
EAERERRR S 4.2x10°~4.2x10° copy/uL I} A 45
F| K /N A 462 bp Fl1 381 bp W45 2541, TERLARHK
JEh 4.2x10%~4.2x10° copy/uL B ] 153 — 45 K/
“h 381 bp MR (B 2), HAEFH A PCR
A I BR AT L3k F] 4.2x10° copy/uL. {5 FHH# #1
PCR EAEREMRIESE Hy 4.2x10°~4.2x10" copy/uL 7]
33— K/NK 239 bp 14 (E 3), BIE L PCR

bp M 6 5 4 3 2 1

2000

1000
750

500 462
381

250
100

Pl i X PCR Ff PRI IE
M: DL2000 DNA marker; 1: Bt dy;
20 RAMGE A 3 MR 40 RTDURAR
50 SEMEMIAL; 6 BIMEXTIR.
Fig. 1 The specificity test of single tube semi-nested PCR
M: DL2000 marker; 1: Myxobolus honghuensis;
2: Myxobolus wulii; 3: Myxobolus ampullicapsulatus;
4: Thelohanellus wuhanensis; 5: muscle of
Carassius auratus gibelio; 6: negative control.

bp M 12 11 10 9 8 7 6 5 4 3 2 1

2000
1000
500

250
100

462
381

Bl 2 g PCR REUERIE

M: DL2000 DNA marker; 1~10: 4.2x(10°~10%)#% Il Fi ki PCR
PP 11 RE RTINS 120 BN AR
Fig. 2 The specificity test of single tube semi-nested PCR.
M: DL2000 marker; 1~10: 4.2x(10°~10%) copies/reaction
standard plasmids; 11: the muscle tissue of Carassius
auratus gibelio Bloch; 12: negative control.

bpM 12 11 10 9 8 7 6 5 4 3 2 1

2000
1000

500
250
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239

K3 H#M PCR RE

M: DL2000 DNA maker; 1~10: 4.2x(10°~10%)¥% Il Jfi ki PCR
PR 11 SRR 2L 120 X IR
Fig. 3 The specificity of normal PCR.
M: DL2000 marker; 1~10: 4.2x(10°~10%) copies/reaction
standard plasmids; 11: the muscle tissue of Carassius auratus
gibelio Bloch; 12: negative control.

B ARSI BE 7 4.2x 10" copy/uL .45 B E B, #r
A7 B A L PCR A ) vk REBUE 85,
H AL PCR IEFE R 10 15,
2.4 IR AR AT

3R L PCR A48 48X PCR &
XTSRRI S A AR BION S | B E . R . REUE A2
A 2 2 RE S BRATAG N, S5 WL 2. L PCR ik
FEONEE | B IR PHMEAS 2R3 0 26%F1 18%, [
JOE o FE IR AR AR ARG o A B PCR Tk
FEONEL B R BHAERS 2500 40% 1 32%,
TERREAS H Rk 8%, 7 U A1 i 4 2B i v Al
ARA i o G5 R R AT B PCR X4 412U
BEPEAS Y R 2 T H0 PCR s, d ARG I 3R o

F2 EMPCRAMBEEXEN PCR IGKHE MG
Tab. 2 Detection of common PCR and one-tube semi-nest
PCR for clinical samples

n=50
38 PCR HAERHIEL PCR
HH 3% 0 W32 /0,
dsne A BbEA PEEROS g g "igfif;/f
positive negative . T positive negative .
maE 37 26 20 30 40
ovary
1} N
HIE 41 18 16 34 32
kidney
TRRE 50 0 4 46 8
spleen
AHHE 50 0 0 50 0
liver
T 0 50 0 0 50 0
brain
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i o BEMLANIBCHPERE 452 BLAST LExt oy
A 38 S B L AT S BT ST Y AR 2 LS
PCR A6 75 34 N P, vl oz 3 Tk 187 Al v
ORI Y Rl 8

3 it

T AW AR T R SRR . REUE &,
It HARZ 07 HURRL R B B BOE 8 2 5 152,
H A7 C Bk 7 HOm ki i 2R F Bt
F 18S IDNA JFHIFEF N AEH ORSF, #5345, FF
H7F GenBank £t & & AN R 228 1) e 2 7
s B 22—, Ik, #7722 N A YRl E B 4
FARICHE S PO A 5T T LW AL L 18S rDNA
FEAI, B R T AN AL R RS | It S T
T T Ay, B AE 2 B0 PCR AN 7 %

AHEGE R WG Wi %8 PCR J i FFds (6 3 5149
[ B — 8 PCR W AR 2 ) 45 20 PCR
B, HAERHET—UOmEE, MR E PCR L#EEE
Sy fAf A, T I 5 IR T RE R TS
e o A DRUEAS I Y e S 1 S R, U LK
PCR X T35 Wik i1 BB R o0 HF 5k, BRSNS 19
) T (BB AGIIR T EE0, HEHA
A —4 PCR I B TR 1EA T, HA 4N
Yy R B nl LSRR T 0, T 09 5 | 4 R 5 TR R )
A5 DNA 25465 YoM, eiilsties
“SB RN, TR A PCR U B4 TR,
ERARHR JGREE T, Wl mA RN, 5
BRI DNA =84S, nTLLB RSN
Sy R P2 BAN, T RSN S | e
THR IS — RGP s RS 4, 1T LAE Y20
LOGIE7/)iOE=

AW 5T A e S M I E I, KRN T LS S it
T L 53 2% S 2 0T 1) L0 AL T S T AR
B OLERGL 1Y) 4 BT A DL R A R S B AR L
PRIALZL, i scae g Rnram, Ho ki) ayt s 5
WY BEEE RN HYE, R a L PIrE, 3
B BT HE ST 7 VR R S R AT o AE BRI
P B PCR EER AR IR 4.2x10° copy/uL,
BH L PCR R AUE (4.2x10" copy/uL) i i — N5

Y AT PR RO Sy ki B PCR 4G
I 7 118 RAFUEE (2.74%10° copy/pL) i Hi 2 3 N8k
W, RAZIT R R RS R, AW ik
B H L PCR EHZEPF PO ST 1% ML PCR 3%
P RBERR S T 2 NMCGER, ATREH FARE
P e H g B B /NQ249 bp), P HERCR AR X
B o 9EIEAE 7 PCR S5 Ao T e 37 1 B4 -
3 PCR AL, RS KR AR, (H25958
JE B PCR 9S00 75 22 By S AN A%, IARHR =, FESK
B 2 77 RS o S e 2 o DA S HET

o A B3 PCR FIH L PCR X Ilfs R
e F1A) RGN 475 2 BH oA 1 88 DX 1) 4 6 i B S 1 R L 77
FEUE TR IE AR T AR SRR S S ) A B K
PCR £t %W 2 & FH M PCR, JuH &2 MM
o ASHFSEE UG 1k PCR 7E 53 75 4R 60 P 55 A )
S d I R GOR m ik 40%, FEidE—2E
T G T R 9 6 SRS 24 38 43 AT ff LA B B A A7 A
L R U R 3R) . AW ST 45 R R AE 57
Hh B 4 S A A A v v e, T R T R R
A HEAE R A PCR A 3F B2

ZE L RTIR, AT BT ST a4 k) o e R A
L PCR AU Jr ke S bEoR, REBUE R, IGIR
I YRR, AE A = v n] T Ao ) R 4
PR AT I, A g A2 W B IR S A T — b
M. TR ERTFBL
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Development a single-tube, semi-nested PCR method for the detection
of Myxobolus honghuensis (Myxoporea: Bivalvulida)
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Abstract: The Gibel carp, Carassius auratus gibelio (Bloch), is an important freshwater farming species that
grows rapidly, has a high meat yield, and wide adaptability. However, in the past decade, diseases have been a
severe challenge to successful culture systems. The parasitic disease caused by Myxobolus honghuensis causes
massive deaths of the larval and adult Gibel carp every year. Establishing an efficient, sensitive, and specific de-
tection method is of great significance for the early diagnosis and prevention of the disease. In this study, a sin-
gle-tube, semi-nested polymerase chain reaction assay to detect and monitor the infection of M. honghuensis was
developed with two newly designed primer pairs, which were designed based on 18S rDNA. The specificity, sen-
sitivity, repeatability, and applicability of the assay were evaluated. The results indicated that amplification was
positive only in the M. honghuensis sample, and the other Myxosporea and the muscle of Carassius auratus gibe-
lio Bloch were all negative; the lowest detection was 4.2 copy/uL of the target gene. The clinical detection sam-
ples showed that M. honghuensis was present in the ovaries, kidneys, and spleen of asymptomatic Gibel carp from
the epizootic zone, with a positive incidence of 40%, 32%, and 8%, respectively. In conclusion, the method de-
veloped in this study is of high specificity and sensitivity, which provides a new and reliable technical means for
the early diagnosis and control of M. honghuensis.
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