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SRR R A A A B DR R R

1,2 vl = 1,2 2 sy ga2 o g 2

A, B, WX, BRI, BT, AR

1. m R KEFTEB Wb 2= e, 1095 T8 214081;

2. P EIK PR AR AT BE IR K AL I T G, AR AR AR IR K el RN R B IR R B S SRR S, VIO G 214081

FE: PLEIRL H (Myxobolus honghuensis) &5 | 42 53 B 4RI Carassius auratus gibelio Bloch) M 5 1) T 955 i,
R FESEE TP AR BT ARFIE T Bt R 5 AR R A N T 3288 . LR WA T 25 R fb fgh
IGE, RASRE P E PCR. PO E it PCR FISEZ T IR UOCIR A 2258 S5 R N - B b AT SR A | g S 311 1
R 44T, ST B AR AR B U HUR AR 2 IR IR . S5 RRY, PIRAM 34 B FREEAA1~A22,
BI1~B12) it i1y s B i U 3R 50%~75%, o, BRANOhSEAS R & TR S 2URE 5 fe S R IR T
DEICIRAL ZRASAE B PR B A Y B L | ORME L L MELZH 2k B G W A R R A 2R BB B S R AR S A
PR AR A T 14 B 2 AL R A 94l 6 1S dph AT 30 dph BRI AK T BHE(ALL A18. B8 Fil BY); #GIE (Y
=3 R 15 dph G /e OhEE | BEANE IR U R BRPE AR5 o ABFSEHE— 48R T S B AR T A it et e A
20 PG iR AR, WIFOT S ST Sk S92 9oa il o 917 45 1 it B o o B2 1 BRI il

SRSEIA: HRAY, BLWIRLE G RRRTE; PCR; POLIRAI A AL

FEDES: S941 MEkFRARAD: A

BE W] Y B (Myxobolus honghuensis) J&: 24 Hij
S H R (Carassius auratus gibelio Bloch)F#4H H
| S PR R B £ R A < B 1Y) B AR Ui
I, FAEFH e EA SRR R ET,
Y| N 1T | B 9L N I E237 i & S E B T
Xof << 76 5 HUJs " 10 T AT B0 AT A AT 25 Y,
PRI, R T ) At PR A% 408 R AN B0 AL
WG, He A i 20 25 5 B 45 1 ik B 0 o B3
et

R 961 o 2R R 2 1 R R 1 T (two
alternative-host)iﬁ?i[s'é] o e RGBT
AR R AR 32 BE I TO A HE S 1 R ik
S H DL RS A AR Y e K OEAL R
FE NN TR S A AR A 2 AR O B A A R
FHE a7 REMS, fola LZBAHGE T 20

K BH: 2021-05-10; f&IiTHHA: 2021-05-24.

XEHES: 1005-8737—(2021)12—1612—09

AR A i U AR, R E H AT &
TR T8 S, ) TC A HE S ) i 3 U L
TEFTABEFE S b, VR M BN 5 PCR Kl 7E &
Joa L I N Ay B SE rb R I 3 AR S A BE PR R
(40%)1", I HLAE IR I 5 Hb /K D8 9t 35 5 S AR
FIAR B A 1.(2~3 em)H & AR T WAL 707 56 T
XSG B, AR AR DU Ut 9 0 7 R A S AR
W BEAATETE AL RE . O T IR, A5
R EAE P 50 PCR | 9O 5E B PCR FISERL TR
D¢ JFA 44 32 (fluorescence in situ hybridization,
FISH) S5 A I =B, 3 #r Ba v B g S & AR A B AC
TENTZAE . R S Tk, a4t
A ORI Ol . AT 45 R S itk — 2D b
FEit i R BOR AL, SHRER R IpTG T
BAF Rt —E IR KR
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1 #MHERE

11 RERHAIEHE

TE 2020 4 4—5 H, 43 2 #EAH EDK =R
BE IR K WML AT 5 0o pg S5 3 6 i b Bl £ 5 5 b 9
T S0 A A v 7 A 00 A P, S JER e Bt L
ek 22 A 12 BHNRAE FHRERE 150~
250 g)VE R HEA, DL @8 (Cyprinus carpio, K #
1~1.5 kg)fERNRXAR, NTHFHEE, FFRATZ
FEFIHAL

FeMEfaHEBN 5, BB TRE, HFEHFIEMA
RIS i, K U BY 2= — MR 2 b R4 Il
R3] 50 mL .08 TP IR AE R i J5 22 PCR Fa il Fil
Ji 57 RVKs R B BT A AR AR H kK
PR PR 5T, M0N0 o 3 52K R 34 ST BN
A b, HEAZNERIGH KSR 1 80 H M4
e AL RIS B KRR RIS E>6 mg/L . KR
(23+1) ‘C. BRREIEANSZHE I 70 5] T B i )
Ao BUS BARBREA 43 B L O B . DS A
FIEORS VA5 B M Al
12 ZREPBERAFER

ZAGINBEA LR, B 6 h SREW 2K
IO F i PR LR F kR . frfrfaigibs,
BWRER 1A, 8K 4R 1 JEERRFEFA(H
AL EE AL SR O FORL, BER 3 IR
AR IR GE AR 2 WA TS, FRAE AR P T A
THERALHE
1.3 #HFmRER PCR &l

IR SRR REAS () PR g L BP AR, R Ak
J53d.15d & 30d P&, HE kg fartm
KAE 2 4y, ArE T80 CykAA P RAE T PCR
il DA S 4% 22 5 I 1 Y v AR AR T T 4]
T RN SR Z A
1.3.1 # & DNA REU UL d DNA $2HG
A 5 i G 0 W g R X R O R AR S 0 =
—80 CHRURIRAE o N UL W Lyt b M A T R )5
it B8 Ezup #2083 N 41 DNA R IRF &k T)
VLI 50 BRI BUR K DNA, 354519 DNA f#7E T
20 ‘CUkAH, B4 PCR BHYEXTIR A

REARHZT DNA $RHG KR Ar AL 2R iR,

BIH 20~50 mg, A 1.5 mL K EP &, i/
HL B BF B8 510, IR Ezup AE X zh 43k 4]
DNA Jli 42 2050 & 156 B 5 25 B 2 B 4] 2 3L R 4
DNA, f#fFF-20 C#H.

P K 4o DNA #2559 KAk )5 3 d 4l fa,
By R AT 213, BEb)E 15 d. 30 d 44 HL 15
FETEf B T ECOhEE . BREL . g BAL, S
BWALURE N 1 ADNFEMIEFTAI2K . # Ezup
HX SR A DNA Sl 50 & Ui i 4525 TR 42
B ZU LR 4] DNA, 1R#-175F 20 C#HH.
132 BEXEKX PCR &A HaKHNA PCR
(singal-tube semi-nested PCR)K: iM% {ij 1 57
i sz i 7k, I8 T AR TR (R R
MAERAFEGM, JIWEEBWE 1, PCR § 1445
WG, M 2% B i W 58 e F Pk A PCR =4,
BET 4 L2/ 4 o Ao s BH PR AR, FH A
PCR P23k 24 T AW TR (R ) By A BR 2 )
D BE o PR 45 i Br 4 NCBI 44l /& BLAST
FEXT AT o B AR S ARSI A3 0 E AR 3 I

®1 BEFHEK PCRIWigt
Tab.1 Singletube semi-nested PCR primer design
5% primer £ FK code JF%1 sequence (5'-3") Tw/C
3% forward Myh 1176F GTTGGTCCCCCTGGGAAACC 61.91
T reverse  Myh 1618R TCCATGAGGCAGCGTAAAGG 57.75
TUiF reverse  Mh-in-r AGCGAGCCCAGAATGCTAC 57.97

1.3.3 WHEE PCR Ml L PCR A
KU B R RS 1Y) Mh-in-F/R, I LA
BHRIEH B-actin VENNSHIWEE LK 2). 2k
A 20 pL e Wik &, 114%5: TB Green Premix Ex Taq
I1 10 uL, 51¥1EM 0.8 pL, SI¥50H 0.8 uL, DNA
FEME 2.0 uL, ddH,0 6 uLo W AR R 95 C ARt
30's; 95 CA8ME 3 s, 60 CiHk 34 s, 40 MEH; K
firth %8 4 95°C 155, 60 “C 1 min, 95°C 15 s,

x2 KHREEPCREMIM
Tab.2 Real time-PCR primer design
514 primer £ FK code J¥51 sequence (5-3") T./C
3% forward B-actin-F  CTCCCCTCAATCCCAAAGCCAA 62.56
TUi% reverse  B-actin-R ACACCATCACCAGAATCCATCA 59.42
3% forward Mh-in-F - GTCCGGACATCGAAAGGAT 54.50
Fiif reverse  Mh-in-r - AGCGAGCCCAGAATGCTAC 57.97
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X5 A S B R IR A 2% 2 2 S AR A i
(R 0=k il L AT g g = Y o[ S I 0 - B O i
TG /A I B A R

14 BEREBRRSTLREA S (FISH)R
141 #HseRsREERERENZT R
Fia B SR DL R G 0 b 8 O R A A ot
(Myxobolus ampullicapsulatus) . R H (The-

lohanellus wuhanensis) . S<Z=MU (M. wulii) . i

JE Ly B (M. toyamai) . £ HO LY HL (M. longis-
porus) IETEHLAL B (M. pyramidis) . 1537 L0 H (M.
cultus)V X fii £ 5 B HEA 18S rDNA JEH#E1 T
FL X 43 M (Clustal X &K 0F), 196 HL i Al ot e o g
FE 5 Mk X 8k 0T DNA R £ (1) 5-FAM-
TCATAAACATTACACCCTGAGCGAGCCCAGA
ATGCTACTTTTATG-3', KN 45 bp, H g4

THARA RN A

MH329617_My_honghuensis TGAART

ATAAAAGTAGCATICTGGGCTCGCTCAGEGTGTARIGITRATG

GGATAT 1380

KC425225 My_ampullicapsulatus GAATTT;IATAAAAGGAGCATTCTGGGTCCAACTCAGGGTGTGATGTTFATCAA#GGATAT 1380

JQ968687_Thel_wuhanensis
EF690300_My_wulii
FJ710802_My toyamai
AY364637 My _longisporus
HQ613411_My pyramidis
HQ613409_ My _cultus
EF189737_Car_gibelio

B1 e S R R T A TS

TCTAGGTCGGATTATGCGTTGCATTGTCAGAGTCTTGGGGTCAAACCTGAGGTTTTGATG 1380
GTTAAATTCCBTCGAAGGGTGCTGAGGGGCAACCTCAGGTATTTGACTGTGGAEGGAGAT 1380
TTABATTTCATGGATGTAGTACAGGAGGTTCGCCAAGTGTGCTGCATEIGTGA?AGGAGA 1380
ATTGITAARTTCCATGGGIGTAATGCAGGAGGTTICGCCGARTGIGTITIGCATCTATGARARG 1380
TCTTAAATTTCGTGGGTGGATGCGGAGGGGCAACCTGACGIGTTCATFTGCGAhAGGAGA 1380
GCACRATTCGACAAACGATIGCTGGCATGGTAAAACATGTCAGIAIATIGTTICTTGAGA 1380
CTCGCGITGATTAAGICCCTGCCCITTGIACACACCGCCCGTCGCIACIACCGBTTGGAT 1380

B 18S rDNA 731 A B e X B AR EH ST 5,

Fig. 1 Alignment between the SSU 18S rDNA sequences of Myxobolus honghuensis and other
myxosporeans and fish host Carassius auratus gibelio

142 WHFEAMZFZ BAEREFEEX PCR &
W25 5, PRECR AR L 2 K AR gh fa, HEFT ¢
FEFA Z4 A2 A I, A B vt T AL 3 T 7 S R A
Hi R AL Gyt LB A
PR ZAS I LR R B [ AR 4% %
R AL s Buh, SIEALY A, T
Jutn, HABLES 2K Y1 R 30% HL0, Fisd
HER AW -9, MBI ZERAR 10 min, Z
J& i DEPC /K% 3 ¥k; ABRfE V) A B i & (N
£ 35 mL 5xSSC F1 35 mL W EE) S, iR
15 min, ZJ5H DEPC /K¥E 2 W; #HMEAM K
BEmMAL, MARE, TE0 T2+ 37 CTFR
R 20 min; A 0.2%H &R PE 1 min, &1k
Mo A FRER K (PBS)YE 2 ¥R, 4% 22 58 I I 3] & 41 41
10 min, PBS ¥t 3 Ik, ZWHF5E 2 ¥k, %X 5 min,
PBS ¥ 5 K; H 5xSSC vk 2 e, #YI R
AR &N, HWmACmEGEAS, 65 CFMAs
1 ho BUBIR &, mY) R maRsr, B, 65 C
AAE 48 hy AACHE WG, H2xSSC Mk 1k, H
ke A 4xSSCIRA (1 : 1, RFL)TE 65 CHEFE
Pk 3 Yk, BEK 20 min, HUHJE A PBS B 5 K K
DAPI %4 ] DEPC /K% 1000 £%, % in3 44

Yt 5 min; B PBS ¥k 3 K5, T INBEEEKF),
e B H o #5232 3% A £ LEICA
DM2500 ¢ )68 s T MER I RAEFIE .

2 #R59H

21 EEEFE ?&fuﬁﬁéaﬁﬂﬂﬁzk%,m IRE.
F5I A PCR #il 45

A T Y %Uﬁ%’éﬁf% LA B PCR
K ER R B, 43R T 34 & 7 B AR AEA 1
PHEE S ARZHE N, Horp, 55—t e &
22 B FI 12 FB(A1~A22, B1~B12, % 3, £ 4),
B 550 PCR Rl 25 SR BoR, S —HEBEA O BE |
BB A 32 A5 B BH R LG H 2 50% (11/22, % 3),
Horr, Y S FEACK I AR A B, Dh SR AR BH M
eIk 36.4% (8/22, A6, A8. Al0. Al3. Al6.
Al7. A18 F1 A20), SREYFHYERN 27.3% (6/22,
Al. A9, Al6. A17. A19 FIl A20); THEREEAK:
HORE T O ABE R, 55 R AR SR A
K130 PCR FI%¢ G 5E B PCR P AMAS I 5 k40 A, e
e Bt PCR ) 2 B0 P P A 1 o e T o
FH L PCR, JUHBP A, AL H L PCR
iR SR, POt PCR A %3k

rE
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50%. S ZAHEREACDRER . BPSE | BPAE S I T OO0
A PCR 9 B FHMERS 23K 75% (9/12, B1, B2,
B3. B6. B7. B8, B9, B10., B12), FHIEFEA
PCR = % I /¥ 4K 15 /9 )% %1 5 3t 3 A e it
(MH329617)5% 4 — 3.
22 RBEREREBARARLHEMER
BEHC PCR Al BH 4 11 57 75 AR 01 A 7y B9 B
ot RS M 2L T S D) R O R A 4R

ZERG o SR AR AR 25 R R, 7E S B AR
Y1 5 4 4 21 rp ] S B R (O 5 (K
2A), TED B Y 6 22 J5] 14 45 4 A U] WAL B 4k (0
POLEZ 7045 () 2B), LE0R B LI 1 2 2R3 7y
i PR EITEE 5 (K 20), AP dL T
PR PICAR T A (K 2D). K ZEREH,
TS A AR L Dh B (R 7 SR ZUh 2y
A LT 0 R B TR T AR AR B CE RO AT

2 kA R e B AR AL 2] 7 S OL IR AL A AL (B B PR, (0 DAPL ()
A BEA GRS AR 0 OB SRR (FFK); B: BEA ORI e Y I A BB TR ARG k)
C: BEACAR B o iy b 8 A (0 HUE SR A (2% ); D B3 JUE Hh A L A 03 SR AR (7 3%).
Fig. 2 In situ hybridized sections of Myxobolus honghuensis in infected tissues of Carassius auratus gibelio
(Green is fluorescent probe and blue is DAPI staining)
A: M. honghuensis trophozoite in ovary of broodfish (arrow); B: M. honghuensis trophozoite in pseudobranch of broodfish (arrow);
C: M. honghuensis trophozoite in kindeny tissue of broodfish (arrow); D: M. honghuensis trophozoite in spleen of broodfish (arrow).

23 Mi4& PCR G

FENIEI KAL) 2 R4 3d.15d &
30 d BE S R B 2 S PCR K25 31 R, 55—
HEBEA AL 4y 6 7 Y AL REAS BT P BR AL
30 d %£.(30 dph)Fl A18 1% 15 dph A &A Hi L
Ly e PHME, A 4 A I 245 SR 35 R B (3R 3).

55 L RE AR 0 AL &y £0 43 )R BAAE A X
PCR F1%¢ G5 it PCR PRGN 5 40 BT (6 4)
BEAb 3 KA ARK L BHYE . R4 B8 =5
Efb 4 15 dph A B SR PO e
PCR #B#6 i BH: . BEAS BO FIr =4 #4 30 dph ¥ i
ot s PCR Rt FHM: . B4 B10 Fry=4)fa
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Tab. 3 Detection results of the first batch of fish fry by single-tube semi-nested PCR
n=15

wamn PR gy AT LT B

fish-code %S;‘I‘i‘fl‘ ovary Oﬁi’; 3dph  15dph 30 dph | fish-code %S;‘Ili‘fl' ovary fﬁe 3dph  15dph 30 dph
Al - - + - - + Al2 - - - - - -
A2 - - - - - - Al3 + - - - - -
A3 - - - - - - Al4 - - - - - -
Ad - - - - - - Al5 - - - - - -
A5 - - - - - - Al6 + - + - - -
A6 + - - - - - A17 + - + - - -
A7 - - - - - - Al8 + - - - + -
A8 + - - - - - A19 - - + - - -
A9 - - + - - - A20 + - + - - -
A10 + - - - - - A21 - - - - - -
All - - - - - - A22 - - - - - -

TE: 73R YRS R <R Bk 4S

Note: “+” represents positive result; “—” represents negative result.

F4 ETHYE S MBE BRI R
Tab. 4 Detection results of the second batch of fish fry
n=15
P R A SZAE R
BEA 5 pseudobranch ovary oocyte 3 dph 15 dph 30 dph
fish-code geminested real-time semi-neste real-time semi-neste real-time semi-neste real-time semi-neste real-time semi-neste real-time
PCR PCR d PCR PCR d PCR PCR d PCR PCR d PCR PCR d PCR PCR

Bl - - - + + + . - - - _ -
B2 + + - + + + — — — — — —
B3 - - - + + + - - - - - —
B4 - - - - - - - - - - - -
BS - - - - - - - - - - - -
B6 + + - + - - - - - - - -
B7 - - - - - + - - - - - -
B8 + + - + + + - - + + - -
B9 + + - + - - - - - - - +
B10 + + - - + + - - - + — -
Bl11 - - - - - - - - - - - -
BI12 + + - - + + - — — - _ —

T RN P2

Note: “+” represents positive result;

s FIRPAESS

«_

15 dph ¥ 5 9 it PCR A i PHM:
24 WHaRKFEMFT

EAk 3 d 2 ke PCR %A Ky B, IRt
PEHU T PCR PHMESCIRAI R 15 d ghfaibfrigsifa
(L ZIY] e N8 6 IR A7 24 58 K an ] 3 Bz, e

represents negative result.

EAL, 15 d 4 e B3 1 8 2 N T £ Dy B 21 28 Ay
B ER O SOLTE S (B 3A), B Rk A4
A DN BT RS 5 (] 3B) RAE A A R
W, WEAL 15 d JE A5 AR Ah f Ae g O SR
AIE2EL T BB ARL IS A AL o 5 TR R R A0 A
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B3 WEfk 15 d 5 E W) ok fa 4 2] F SR A 44 38 kil
A gl fa g R O i () I A R SRR (T 3k, *<40); B & Sk R i % I A R SRR (T Sk, < 100).
SR POCEREE, WG DAPL YL,
Fig. 3 In situ hybridized sections of infected Carassius auratus gibelio fry 15 d post hatching (A, x40; B, x100)

A: M. honghuensis trophozoite in gill and pseudobranch of infected fry (arrow);
B: M. honghuensis trophozoite in head kidney andkidney of infected fry (arrow).

3 Wi

ST AR A P T At ) e R A T s RN
R AL R iR AR S A2 8 T 2 R . R
B PR S O E i PCR 7R 3 K A A A
F UL AL HL DNA, H 21 i 9 X R FE
A R S X R (0 e A s T
R F I AT G S IS0 i, AR RS 4 D0 4t 38
Ay BB v] B 1 O A 7 USRS R AR A, Wik
FETERE L RE R AE . HET, A0 RN HRIE W
AR AR AR R IR AN N O RE A T LR 2E 17 AL
I, Sphaerospora plagiognathopis[l(’] Myxobolus

[17] 1

dahomeyensis-" "' . M. testicularis'™ | Kudoa ovi-

vora"™ % K. azevedoi"% . KT, T T &R
AT LB i 5 A0 AL % — BB MR RaE Y, A
WFFEIE I PCR A2 A7 A ki, 78 Ba ik g g
S ERENEEAIN S | PP R S AT B AR
gy o b Ak W L R, 3R R R A AR I
W LR N AR L O AR R IR AR . ANWFSE 4,
HE— 3 FF Wang 250 % B ALt AT 5 o JaK

e T AR AR BRAL Y gh R 2518

B R IR ST DO AR e BN 2% 22 i) 2 T
200 A 0 2 R A g 2 F 9 A S AP
Dubuffet %% H RNA HEEFER T M 7 i
Nosema granulosis Fl Dictyocoela duebenum T£1i
TN (Gammarus duebeni)SP 5.5 47 F3E HALHE .
Holzer 2512 Bjork Z5*%H1 Markussen 25129143 51|
) JEAL 2% 52 73 S WF 58 T 6 6 DU 4 B (Tetra
capsuloides bryosalmonae) . ffiJ& W (Ceratomyxa
shasta) . h 88 /N3 W (Parvicapsula pseudobran-
chicola) %5 TEBERE 177 AR N LH L1530 A AT B PR AR
AW SR FH D6 JFU 2% 52 HW b AG I H PCR FH A
FE it B REAS B RN &)y £ 20 285 B b i o ey
Aii o TEBRFEASKG I Hh A 98, 22 5 P IR 18 2 5 1) B
BOWURL A 2 AR SR ) 9OEE R, i T 24 HR A R
AGL I J7 VR8T I JC VA B E = A R B . PR, it
WAL I R TR B v 8 AR DN A 1 JR SRR R

AWIFFE TR 56 RE f: PCRASIN A 72 450
TR EA PCR, B T B Ik RAER Y
T A0 L R SRR e SR AS B A o TR BT T
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TR IR EAE A, B R LS PCR ARARAS H,
YENE B PCR IR 358 50%; MAb, 26 &
PCR Kl i O E . DR | BP A 25 SR S B 4 i )
G TR PHE Y S B AR DR SR A, 2
JE R PCR Y CofH 5 45 55 (30~34), FIfgONHid
ZUN A 52 2t LI . DNA AEXT & AR T
P B PCR A 8 .

T 57 1 AR P R A iy = &y £ 4 DU (S A
Ay MRS RE SO G HBHE(AT . A18. BS Hil BY), KT
FEA R YL (50%~75%) . 76 Al Fl B REAMIFH 41
U AAE 30 dph AEAS ORI Y G i A R
3 dph 1 15 dph FEASHERAAG I H; 7E A18 F1 BY
AW 4l AUAE 15 dph BEAS HS: H BHA, 3 dph
130 dph FEASERAKS H o &y SRR YL RS H SR A 1)
A LA e 4y f A AS [R) R B A B At 25 S 4,
A A R Rt e 4 £ A o T R R b
B, A I 2 AR R (L, B A
O B S P B SR AN SR A 0 A, dhi e
ATEFTAARER S A P LA R, Tk —&E
[m), A3 ARSI B R B AL RE L Y o — DA 5E .

AT FT A 5 7 B AP EE A PCR K H A 7R
(18 T T Ayt R Rk 6, I LA B S A o A v
ARG RRER o BRAR, Y AT AT TCTE I X
G BH P B A SR fR T R T A A, (E2
PO AR 2 A BB RE I R S R 7 F
IR A 7 0 AR T SR B A .
A, B g I e A [ PN S AR AN [R) R
BE A1 1 D0 LA B B SRR L A £ P R 2 2 KA ) 4
(o) A s i — 2D SE

S ik
[11 Xi B W, Xie J, Zhou Q L, et al. Mass mortality of pond-

reared Carassius gibelio caused by Myxobolus ampullicap-

sulatus in China[J]. Diseases of Aquatic Organisms, 2011,
93: 257-260.

[2] Zhao Y L, Liu X H, Sato H, et al. RNA-seq analysis of local
tissue of Carassius auratus gibelio with pharyngeal myxo-
sporidiosis: Insights into the pharyngeal mucosal immune
response in a fish-parasite dialogue[J]. Fish & Shellfish Im-
munology, 2019, 94: 99-112.

[3] LiZ W, LuH D, Cao G P, et al. Histopathology and patho-
physiology of Carassius auratus gibelio infected by Myxo-

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

bolus pharynae[]]. Journal of Fishery Sciences of China,
2016, 23(6): 1339-1350. [Z=RfH, RhiZik, HREM, & 5
TR AN A 00 U ZH 20 B B AR BRI, b DK R
2%, 2016, 23(6): 1339-1350.]

Ma 'Y, Zhou J X, Wang H, et al. Investigation report of Ca-
rassius auratus gibelio “Zhongke 3” myxosporiasis in Jilin
province[J]. Scientific Fish Farming, 2015(12): 84-85. [Z4{},
JIERE, o, . HARE S EEREhR 3 ST
SRR (], BleEgR e, 2015(12): 84-85.]

Wu Y S, Xiao W H, Wang J G, et al. A review of the life
cycle of Myxosporean[J]. Acta Hydrobiologica Sinica, 2000,
24(2): 182-189. [FRuehy, HEIN, VERE, 55 FifiF &
ARG SRS (D). KA AE AR, 2000, 24(2): 182-
189.]

Zhao D D. Life cycle of several freshwater myxozoans and
taxonomy of actinosporean collective groups[D]. Wuhan:
Huazhong Agricultural University, 2017. [#&FHF. JLFhR
IS AL T S R LR £ T IR AR A R 2322 T
F¥[D]. 2 Aerill K2k, 2017.]

Xi B W, Li P, Liu Q C, et al. Description of a new Neoa-
ctinomyxum type actinosporean from the oligochaete Bran-
chiura sowerbyi Beddard[J]. Systematic Parasitology, 2017,
94(1): 73-80.

Xi B W, Zhou Z G, Xie J, et al. Morphological and molecu-
lar characterization of actinosporeans infecting oligochaete
Branchiura sowerbyi from Chinese carp ponds. [J]. Diseases
of Aquatic Organisms. 2015, 114(3): 217-228.

Sun HW, Xi B W, Xie J, et al. Morphological characters and
DNA identification of a new actinosporean type Guyenotia
CZ collected from oligochaete Branchiura sowerbyi[J]. Acta
Hydrobiologica Sinica, 2014, 38(6): 1179-1184. [FhEAE,
WX, IR, %. —F Guyenotia JIUHHTEF R AIEESFI
I TIFHEELT]. KAEAH~EAR, 2014, 38(6): 1179-1184.]
Gu W, Xi B W, Xie J, et al. Morphological characterization
of a novel Echinactinomyxon type collected from Branchi-
ura sowerbyi[J]. Journal of Fishery Sciences of China, 2013,
20(1): 218-223. [k, 2P, B4R, 5. IR P
AR T I IR S TR D], R EAKPERRE, 2013, 20(1):
218-223.]

Xi B W, Zhang J Y, Xie J, et al. Three actinosporean types
(Myxozoa) from the oligochaete Branchiura sowerbyi in
ChinalJ]. Parasitology Research, 2013, 112(4): 1575-1582.
Wang G T, Yao W J. First report of the actinosporean in
Oligochaetes in China[J]. Acta Hydrobiologica Sinica, 2000,
24(2): 198-200. [TREME, Bk HEHRFREPENY
WRII]. KAEADHR, 2000, 24(2): 198-200.]

Yang K, Gao Z P, Xi B W, et al. Development a single-tube,
semi-nested PCR method for the detection of Myxobolus



%128

s e S AR A T W e ok i £ B AL R R AR

1619

[14]

[15]

[16]

[17]

(18]

honghuensis (Myxoporea: Bivalvulida)[J]. Journal of Fishery
Sciences of China, 2020, 27(8): 927-933. [k, ZEME, >
P, 4. HHpNE R A 8is0 PCR Ay EE i ar
KRR, R EZK =R, 2020, 27(8): 927-933.]

Luo D, Zhao Y L, Liu X H, et al. Development of a SYBR
Green | real-time PCR assay for detection of Myxobolus
honghuensis and its application[J]. Acta Hydrobiologica Si-
nica, 2020, 44(2): 268-274. [BF}, BAEH], XHdE, & it
G H SYBR Green [ S5 7E it PCR K 5 vk 1
ST IR AKAAE 7R, 2020, 44(2): 268-274.]
Tajdari J, Matos E, Mendonga I, et al. Ultrastructural mor-
phology of Myxobolus testicularis sp. n., parasite of the testis
of Hemiodopsis microlepis (Teleostei: Hemiodontidae) from
the NE of Brazil[J]. Acta Protozoologica, 2005, 44(4): 377-384.
Chen Q L, Xie X R. A new genus and two new species of
family Myxoboliade from freshwater fishes of China (Myx-
osporidia: Myxobolidae)[J]. Zoological Systematics, 1984,
9(2): 3-7. MR, AN rh IR K 22 A B At 7k
W R — B m & A I]. shior 25243, 1984, 9(2):
3-7.]

Grankoto A, Pampoulie C, Marques A, et al. Myxobolus

dahomeyensis infection in ovaries of Tilapia species from

Benin (West Africa)[J]. Journal of Fish Biology, 2010, 58(3):

883-886.
Swearer S E, Robertson D R. Life History, Pathology, and

Description of Kudoa ovivora n. sp. (Myxozoa, Myxosporea):

An Ovarian Parasite of Caribbean Labroid Fishes[J]. The
Journal of Parasitology, 1999, 85(2): 337-353.

[19]

[20]

(21]

[22]

(23]

[24]

[25]

Mansour L, Thabet A, Chourabi K, et al. Kudoa azevedoi n.
sp. (Myxozoa, Multivalvulida) from the oocytes of the At-
lantic horse mackerel Trachurus trachurus (Perciformes,
Carangidae) in Tunisian coasts[J]. Parasitology Research,
2013, 112(4): 1737-1747.

Sitja-Bobadilla A. Can Myxosporean parasites compromise
fish and amphibian reproduction?[J]. Proceedings Biological
Sciences The Royal Society, 2009, 276: 2861-2870.

Wang S, Zhang B, Guo Q, et al. Molecular and light mi-
croscopy evidence for the transfer of Myxobolus honghuensis
from Carassius auratus gibelio broodfish to progeny[J].
Journal of Fish Diseases, 2020, 43(10): 1177-1184.

Dubuffet A, Smith J E, Solter L, et al. Specific detection and
localization of microsporidian parasites in invertebrate hosts
by using in situ hybridization[J]. Applied and Environmental
Microbiology, 2013, 79(1): 385-388.

Holzer A S, Sommerville C, Wootten R. Molecular studies
on the seasonal occurrence and development of five myxo-
zoans in farmed Salmo trutta L. [J]. Parasitology, 2006,
132(2): 193-205.

Bjork S J, Bartholomew J L. Invasion of Ceratomyxa shasta
(Myxozoa) and comparison of migration to the intestine be-
tween susceptible and resistant fish hosts[J]. International
Journal for Parasitology, 2010, 40(9): 1087-1095.

Markussen T, Agusti C, Karlsbakk E, et al. Detection of the
myxosporean parasite Parvicapsula pseudobranchicola in
Atlantic salmon (Salmo salar L.) using in situ hybridization
(ISH)[J]. Parasites & Vectors, 2015, 8(105): 1-6.



1620 [ K R 2 %28 5

Transovarial transmission of Myxobolus honghuensis in gibel carp,
Carassius auratus gibelio (Bloch)
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Abstract: Myxobolus honghuensis is a parasitic pathogen that causes pharyngeal myxosporidiosis. The infection often
results in massive mortality in cultured gibel carp Carassius auratus gibelio (Bloch). Currently, there is no effective
drug for treating pharyngeal myxosporidiosis. Most myxosporeans have a complex life history involving two alternative
hosts. Myxosporean infection in fish hosts occurs primarily through the horizontal transmission of actinosporean re-
leased by invertebrate hosts. Domestic researchers have performed many studies on the life history of myxosporea
parasitized by C. auratus gibelio. Approximately 20 species of actinosporean have been discovered and reported. How-
ever, no invertebrate host and actinosporean have been found in M. honghuensis. In this study, gibel carp larvae were
obtained by artificial insemination, hatched, and nursed in an indoor water circulation system with tap water at a tem-
perature of (23+1) ‘C. Single tube semi-nested PCR, fluorescence quantitative PCR, and oligonucleotide fluorescence
in situ hybridization (FISH) were used to detect M. honghuensis infection in brood stock tissues, eggs, and larvae. The
covet infection rate of M. honghuensis in the 34 gibel carp females used in this study (A1-A22, B1-B12) was 50% to
75%. The positive infection rate in eggs and pseudobranch was higher than that in ovarian tissue samples. The
pre-sporogenic stage of M. honghuensis was detected in the ovary, pseudobranch, kidney, and spleen of gibel carp. The
15 and 30 days post-hatch samples of gibel carp larvae (Al, A8, B8, and B9) obtained from infected females and com-
pletely cultured indoors were positive for M. honghuensis infection. The presence of M. honghuensis in the pseudo-
branch, gill, and kidney tissues of 15 days post-hatch larva was confirmed via FISH. The collective results reveal
transovarian transmission of M. honghuensis in gibel carp.
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