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K P AR B EE R R AU 25 2 2 v 2 A ) 3]
AR B FHPEAR (40%)“ . Ik, Sy ik— B aR5T ik
L R 7 5 R A 2 e 8 0 A A B AN [ gk
P B 2E 5, AOFTORN B MBEER . PCR K
I R AU BT R AR BT BE, W A K e
JEYL LW B R Y e AL . OhEE ., B Sk
FAE 11 ANHBEE AT T2 AR, ASGEE R
K S O T ) T ) 9 5 G 6 A 22 R B0 BIL
HIF9E B Sl

1 MRS

1.1 HEXE

2019 4% 7 A MTTIRAE  IN T A da B 5 il
BH WYY 10 000 B AP (IR 3~5 cm), 75
FE IR K b A 5T o0 e SR 3 1 R
(666.67 m*, FKIEF I IARAESE) . R 2 G 2K
P AL R, e B AR A . iR R R
LA R R 25 o 7 Bt % rh isE i 36 B2 5 A AR
WA AT RS, Ay RAEILNLA . M REAILPY
o 68 M. KB RS AR BRME. DR
K il (B R —AH LU Fr B35 7] 381 AR 2
e, RS AR BRI, By ks XI5 YY),
S A ZLA T 4 B AT B A B G A I OB T
1.5 mL KI§ EP Erh, HT PCR il

AL S B AR A S s SR A
T Ut B R . 11 A RO Rt BE LS RS
FEENPEIKSE R G TR ENRAE S, F75H
AR A B R R AE IR s AR B A B AL
TEH 30 J& U B R e R Y S A (R o
20~30g), W FHEEHEM . KMAKHLGE.

1.2 FEAFIRMEE

BRMR 2 30 5 24 W 8% (Olympus CX-31), |
% % W 5 8% (BM). eppendorf 4 & PCR ¥ .
Bio-Rad BER LR R G055 ; AR -4 (H.E) 4141
YR Yol 0 1w st R A BR /A 7] 5 TaKaRa

Premix Taq % & M . DL2000 DNA Marker, 6X
Loading Buffer 3534104 T T8 1 e A= W) A BR A A
Ezuptt U3l 36 H 240 DNA 323050 &0 T 4= T4
YITAE (i) Bt A FR AT

1.3 HLAREMTER

SR ARENR RS, Se TR B T MR
Dol MR BRE . BREESRHASR E RS A H G
fABEIFAIRIC S, BERIRA S, RAVKR AL,
TE R T ot — 0 WA AU B P R AT
R U, R AT T-View 7.0 #HARE.

1.4 BEEFEI PCR &N

o DNA 25 JLIm st DNA $2H1,
AHIESE T FH G ) A6 Hh 1 X R i AR S B0 = -
80 °C ¥ URIRAE o B UL I 76 Hh A BEAT: 8 A R )5 e
18 Ezup FE B4 56 N 41 DNA #4570 & [T
A TR () B AT BR A R ] U6 45 20 SR 4R B
Bk DNA, FR4H DNA 47 F-20 °C.

R4 40 DNA 200, B URTFHZURE i R
BIHL 20~50 mg, WA 1.5 mL K% EP &, ffi 1]
LB S R AT 510, 4 IR Ezup #1230 4 5L A
ZH DNA il #2107 & Ui B 45 20 B $2 Bt 4H 21 DNA,
FRIUS 19 DNA 147 T—20 °C.,

$&FE X PCRAENF & AW
B o 5150 PCR ARG J7 1% H AR 52 56 5 i 0 T At
SE X R 18S #DNA A AT, T
B T A TR (1) B A FRA FA .
SIMERILE 1,

PCR W& R H 25 uL WK & : Premix
Tag 12.5 pL. L¥#5M514) Myh _1176F (10 pmol/L)
0.5 uL. FiE4M51 4% Myh 1618R (10 umol/L) 0.2
uL. P 5% Mh-in-r (10 pmol/L) 0.4 uL, DNA &
#e 1.0 uL. ddH,0 10.4 pL. DL 445 2 21
BRSO B N 4] DNA 7 AR, (Rt DL 4tifh
Ry Tk I At g e PR 2H DN PR S BT IR, ddH,O0
VE R BT B 3#E 4T PCR 974 o

#1 BEFEN PCR 34T
Tab.1 Single tube semi-nested PCR primer design

FE A GBS ]l T ft/°C

gene primers name sequences T, value
18S rDNA Myh_1176F (13  forward) GTTGGTCCCCCTGGGAAACC 61.91
Myh_1618R (Fi# reverse) TCCATGAGGCAGCGTAAAGG 57.75
Mh-in-r (43144 internal) AGCGAGCCCAGAATGCTAC 57.97
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RNRRF A 94 °C TR S min, H—IKAEIR
94 °C 71 30's, 61°CiEk 30s, 72°C %EfH 30 s,
15 MG 58 RGP : 94 °C ZE % 30s, 56 °C
Bk 30s, 72°C ZEffi 30s, 25 PHFFR; 72 °C 4E
fi 7 min, PCR ¥ L5 )G, 1 2% M3R M 5E
JBE R UK AU PCR 728 o 43 3ol 53 g o o e Je g
S AP PR R, ST R, R
FH SPSS 20.0 Hf, i AR S50k 56 1 0 4% 2H 2k
YORPATGEIT 2500, LA P<0.05 h2ZE A G2
B, BAUHSHERE S B T Y TR
(18 et A BRA WA T Y (034 7=y s I
2 ZURE R PR e R SR AT ) ) A R A
NCBI B e i A7 50 e 430, b — 2w
N5 5 Ay b A

L5 HLREY R AFI%

B &9 A (3 em) Sk BTHUE ] RNase free £
REHE (4%) [ A7 (18U - =1 : 9, 1A
), MTHEY R fE. #EE I HE N 4%
ZRWEERE WP EGL, WAKRE, &8E
B . ZHIZREY] . AWEIE I THS Y R,
Mgt 5 A IR AKE 4L (HLE) Yo €5, rhPEm) i
F o VIR f#i FH T-View 7.0 5 {4 7F Olympus CX-31
G2 A A T WSS

2 4

2.1 ‘ALAHRER
o fan] WUHREREH B2 (ER T -1), BIJF

EhR 1
L B BRI IRER IS, 2 WAL & 2, 3. TR ERE N TR S kihoR o A B/ EE
Plate |

1. diseased fish with protruding eyes, 2. the inflamed and swelling pharynx, 3. numbers of sporocysts crammed in the lesion; the arrow indicates the

sporocyst
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BHCHEE R R B IRENIE R AR

FIMR S, R LIRS A BH 2 1 & R 2T (LR T -2)),
BRI RO E I, PR A 2 2 A Y /N
(EIRR T -3), 6L P 5 R T T ALy e (9 i A
To BEEGR TAEONEE . WL RE PR A R
5 [FRE, EfE2zihgeRs i AT (32 2),

USRI PCR A A 255 0 i 3R W, AR5
G0 P 322 41 TG B S JER R AR 1) S AR ) e S S
YRR 26.7% (£ 2); Btk S & B A0 5 I A
LA I & R A AR, R Wi
S R C 1 S o S T S U gt
A AR B S5 (B TT-1), PR S i Pk i
Sl IK R 191 047 2 B AN () R 0 38 A M 1 A e 2
BRI -2), 551 68 AR kol G W E A
PR gy (FIWIT-3); PREUR: B (253 B T3k
B B AT R B AG FE R DL A e A
BAT (BT -4), FG, B 5 f AR e 3
BEAE O S5 T 2K T (36 2),

22 HAAHRPBEFER PCRAGNE

K FH AP 150 PCR 6] A0 B e iR e 5
BRI . W EEENL . PhER . 8L M. Sk
B FRE. RGAE . DN K R S AT A
W g5 R AR, KT mmm e . e - EEL
[N 1SN SN 1 NS = SN 7 N = S O 1 3
B L K% fizp T i)t B9 Ayt R BE A S 5000 R 0%
100.0% . 100.0%. 91.7%. 55.6%. 44.4%. 25.0%.
2.7%. 66.7%. 13.9% I 16.7%, H:AmH _EREQLA
POss i FHE A R e, Bk R RE
BRENAIRILIAL . M REALIA . DhEE . B Bk, SRV

Clinical symptoms of diseased C. auratus gibelio infected with M. honghuensis
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Tab.2 Infection prevalence of M. honghuensis in different organs of diseased and asymptomatic C. auratus gibelio

R R R (FAER) (=36) PR R R R (B3R (n=30)
i diseased fish no. (positivity rate) occult infection no. (positivity rate)
tissues Bt PCREG BT s PCRAS
microscopic detection PCR detection microscopic detection PCR detection
LA muscle 0 0 0 0
M pharynx 36 (100.0%) 36 (100.0%) 0 1(3.3%)
{h#8 pseudobranch 36 (100.0%) 36 (100.0%) 4(13.3%) 8(26.7%)
i gill 30 (83.3%) 33 (91.7%) 0 0
fidi brain 0 20 (55.6%) 0 0
SL'B head kidney 0 16 (44.4%) 0 3 (10.0%)
&' kidney 0 9 (25.0%) 0 1(3.3%)
BT liver 0 1(2.7%) 0 0
JEJIE spleen 0 24 (66.7%) 0 1(3.3%)
GHiE ovary 0 5(13.9%) 0 1 (3.3%)
J4iE intestine 0 6 (16.7%) 0 0

BRI USRS R R AR AR F B RN FIAA RS
1~3 53 ) JRe 77 A b v 0 B 0T B e DA G A0 L Oy AT b D BB A S0 A B 8 T LB O RS 1 T B
(i 2K) A MBR I LG0T, 4 7R BISE Cu g1 oh ML S F T e 3k R 2 6 610 P PR T

Plate [ Distribution of sporocyst in pseudobranch of C. auratus gibelio

under occult infection with M. honghuensis

1-3. indicate the brownish yellow sporocyst near the parasphenoid and pharyngobranchial under the upper pharynx wall, the sporocyst near the pseudo-
branch and efferent pseudobranch artery, and the brownish yellow sporocyst near the pseudobranch and efferent branchial artery of the first branch;

4. shows the spores of M. honghuensis in the brownish sporocyst; arrows indicate yellow sporocyst and mature spores, respectively
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B L JFERE . RGBS K R Y kI At e P
PR R R 0%, 3.3%. 26.7%. 0%. 0%,
10.0%. 3.3%. 0%. 3.3%. 3.3% M 0%, Hith
M 1) BH P S de i (3 2) o B kask th 1 PR AR ik A
TAEY TR (L) BehA RA R SEATNF, Wy
52|19 18S rDNA J7 5142 3¢ #| NCBI £4 /% (Gen-
Bank % 5% 5 MW856671), £ BLAST X HfiiA K
T AL

23 ARG SkERELRY A

HAVKIY) 7 R, (EWE B RE 5 i (8] 43 A
R M SRR RE A AR I A B 5 0 [
WAl WA (BT -1, 2); F8E/NENIEER
R E AT, 7RSS N BEAEAE
LY IR Z A AR, AT BT A
AT ETE A A A2 BB (sporogonic cells);
25 /NG (A AE R B A0 L4 FZL A0 (BRI -3).
TE I SR A v [R] (SR B8 & IR A7 3R Dh R 22 |

100" um

RSB AR (FIRIV-1); 7E5% A7 O il
22 1) J& 10 RT L AL /DA TR R OR K T RS B AR
GG AT A A (BTRRIV =) £l T Al 0
RN 7 A B B . PR SRR T
SR B BE (BRIV -2, 3).

3 iR

Rl TR AR B B B A7 AE S A% 1 1 R
TR, BT, E RSN UL a6 R 7 f R
WRE MBI IER B Z . ENREEED
el 51 i % (Hypophthalmichthys molitrix)“ AT
s B B BV S (M. drjagini) T8 F5 G TR A1 A2 By
B & AL s R AES HOE T SRR L (M.
wulii) TE 5 B AL I A eSS TR . A DGl
T S B R EVAR N A kB R T IR M
B o AT 530 0 %o i B B P SR e S 7 AR 0 1Y
LA PR B SKESE 11 NS PCR A

-

BRI RRRtHE R F REL & LABERAT A
L B4 kM AY), #ikm DR EfREE: 2. 3. WIERZER IR

Plate [II Histopathological sections of diseased C. auratus gibelio larvae head infected with M. honghuensis
1. longitudinal section of full head and arrow indicates the sporocyst in the pharynx; 2, 3. show the detailed characteristics of the sporoc
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1l 46 &

EIRRIV RSB0 5 & R 88 R RIR T A
L Oy B YRR i, 2GR R e R, FAEE AN R BB Ty 2, 3. e a2 R B0 I ) RN BT 0 R 4

Plate [V Pseudobranch tissue sections of C. auratus gibelio infected by M. honghuensis

1. the different developmental stage spores in the pseudobranch; 2, 3. the pansporoblasts and sporogenic cells in the pseudobranch

WA, PR b 2 B e, A ZH 2L S E
VAL 25 A A T T ) s e A R LD
ARG M I AR, MR R AR i T
HE I BUE AR IR A6 1 R B RTINS
T B I, 7R NE . MG A RS A HR
Nylund %5 #2 38 K PG HEEE (Salmo salar) Ph 6875 A4
1 £ 88 /N8 B8 (Parvicapsula pseudobranchicola) 1F
KB LR U B 18 S A A SRS A
RE R R . ARBFFE L5 R, Bh iy s nT
DU S BRI A H RS, JFHAEhER . 5
JIE . TR S B ] A TR R I ]

JSAE AT L I e A6 A= BB B 4
Ji e B RS AE FAABIR, (ELZ DDA L 22 {6 30 BT R
ZLRN AL A A MR T, LT A e ) 96 A
5 88 (Cyprinus carpio) 3 4 W) ¥ [K ER 4 &
(Sphaerospora molnari) F1 e 85 23 A= {14 i iy L (M.
cerebralis) AF AR IHCRT HY T Bl 2 X0 kI8
WHRLE S FRMRZALY) WL, —HINH
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MRS 4t ) Al v T 1 25 2 07 o B AR ST A B
A B F% UL PR A R P g i B ) Y 3 T A
R £ AR B WAL A 5 R ARG Y o R £ B B
AR K, AT RE T O B2 4 i AR A A7
TAWTHE GRS R R B M e L BEH AL, BeAh, TR
B P R e S v AP 30 A i v 2 A O A A B
Jal A 2 AU H L T80 A U T 2R
HIULEE AN PCR RIS AL, N O 8 m] i 2 4t 18
W TE S A AR AR N R AT AT R E
IR R o

PSR T FCF SIS TG PN A5 — B R
ATk, M i A D EE N bR OSSR A
[l e e e e A U 2  SURE 5 3 Al el
DhEEI= BT R, DhEB B IR N L I
A L AR R S 0 R A — R B D RET, R
A (14 D S REAS G Ao T Bk oA HR S S 46 5 Sl
FrE AT LU R BSAH G B T . ok, Dbl
37 HAT 58 B 57 70 Pl B BRAG RS, Ay i )
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A

MR AEREBRME TIER AR S X6
SR A PR B S AR A Y 5 1 B8 AR Sl Tk
A8 PN & BAT B it R S A7, DL ML PCR K
TPy 8 B A s 3 s 1) T A

A GE T Y A0 S B AR (7 1) FBR
YuSr Y R 5 H) Rk A R — it FRsEf, R
1M, PCRAZMZER R, FikERye 5 & s 4
SUEREY P UL I A oA PR A R A R S AR
B IR B RO 2 B R H R 0%), X 7] AE
BT ERE S ArE, A E 2 kP HE
BT R E 2 B R G e P S R R
. 535 PCR KGN ZE AL, DLi Bk fa
PRI ER A A A, (AR A S Bk &
Wi o K] RESE BT ELR P SRR R B DN, B
TRGLE Tk, T B0 R A 34 5 2 B
VA B M AL O 28 R I RAE AR

VEHFE T 38 1 PCR A I S 75 AR 6 o 10 B9 £
Hh ) T LI UG SRR 40%1), BRI, TEAR IR
WF5E b &5 57 R EIBR SL 1% PCR FRAEAS H A
13.9%. X ERYL R I 22 7 AT RE 5 2 YCRAERT ]
AR R AR AL TR Y R B B B G, T oY

R AR R, BB E 2R F A, AKX
WFFER B AR 2 5 g 9% fa, BF 8

AR, B doa] ek R KT R I,
DAL Y AN ) R Hh R 22 5

BT FEE URARGE T L i R e e 7 O
i b A AF A E OO, I P Oh S Ut 180 A o 7
W AFLE R AR, OF UG AR A
L Bk e e A IR [ L AU b R B e
DUHEAT TRIHTIE, 3% T oRett— AP 5 it 167 st
R TR AR N B EOR AL . AT IR AR LU e A
I LA BEE TR

(fE# F AL E IR g A i Fl s K )
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Tissue tropism of Myxobolus honghuensis in diseased and asymptomatic
gibel carp (Carassius auratus gibelio)

YANG Kun '?,  ZHAI Kaixuan', XI Bingwen "*, CHENKai’, XIE Jun’

(1. Wuxi Fishery College, Nanjing Agricultural University, Wuxi 214081, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: The pharyngeal myxosporidiosis caused by Myxobolus honghuensis is one of the most severe parasitic
diseases in the culture of Carassius auratus gibelio. In order to reveal the tissue distribution and differences of M.
honghuensis in the diseased and asymptomatic C. auratus gibelio. This study has collected and examined the
muscle, pseudobranch, gills, head kidney and other 11 organs by microscopic, one-tube semi-nest PCR and histo-
pathological section. Microscopical exam showed that the sporocyst and mature spores were most detected in the
pharynx, pseudobranch and gills of diseased fish, while the mature spores were enclosed with yellow nodal and
most detected from pseudobranch and first efferent branchial artery in the asymptomatic gibel carp. PCR results
showed M. honghuensis could be detected in most of the tested organs in diseased fish except muscle, and
pseudobranch had the highest infection rate (100%). In asymptomatic C. auratus gibelio, positive results were
detected in pharynx, pseudobranch, head kidney, kidney, spleen and ovary, and the highest infection rate (26.7%)
also was from the pseudobranch. Tissue sections of the diseased C. auratus gibelio showed M. honghuensis form-
ing numbers of sporocysts between the pharynx wall and skull, and some near the pharyngobranchials. The
pseudobranch was seriously destructed by the sporscysts, and the sporogonic cells of M. honghuensis could be
observed near the left pseudobranch filament. Based on the microscopic exam and PCR test, this study firstly
found that the pseudobranch may be the main parasitic and sporogonic site of M. honghuensis, and revealed the
infection variation of M. honghuensis between the diseased and asymptomatic C. auratus gibelio.

Key words: Carassius auratus gibelio; Myxobolus honghuensis; pharyngeal myxosporidiosis; pseudobranch;
single tube semi-nested PCR; tissue tropism
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