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TLVG 3 (C. gibelio var. pengze). 0] B {3 ] fil)
(C. gibelio var. qihe). LT J7 IE4REY (C. gibelio var.
fangzheng) 267, 5l [R] J& AE Fh 1Y 4 £t (C. auratus
auratus)Je P AELLE AT Mk, S, K
& R A TARK AR, fEm s EAE R
TS, Bl & DA E PR B W
KEAEET . RCFHAREF BT Z ALK,
AMAIR . TERLPESR . TR S A, Hod
BRI E H IR . SR RO A

] PN G T ML A, R T oY A T
S AR, AR SR Rl — 5] 4 £ R TR T
FLIEL O o ASAIF 5 AT AT T 0 O A 7 = e A v
ST Ay 7R S T AR AT A i B R g
R, SR T i £ A ) i 3R R AT T LR g
TR T L, T DA R S e AN ] i 2R G0 i 28 1) At )
PR 5L 22 5 R R SR A . AR SR X 3R
FEI M . JLPE . RS . 10T VLA HLIX A s
il F AT T T O R B R i R A, R
ITS2 43 FHRiC PR FT B YL A [R] i 25 6 A it 1) A 78
SO YR Tig e 4 o = e oY = i L S UNCER T
YL Y= Tl ST E Gt e V6 T

1 MESIHE

1.1 HEXE

AT 2022 455 H — 2023426 H, ML
FEILIT. A, WM &K . TR,
L TEE . WEHE | SEINMNTIRE T 8 FARA
SRR 2, 217 B (3 1), T RAR R ER
1 (15~30 g) I3k 2 v [ K 77 B 2 00 53 Be
IRAK WO 58 0 HEAT A A A, R AE DN R
1.5 mL B0 8 (B R — A ZUS Bt 85 71 &
BB b T, T 75% SRR, Bk
Xi53y), RAFE20°CHEE T, HTRES T
K

ARHIFFEARAT B s ARl R 2 S 56 S 4 B R
S ERZ: b, SO0 b B b4/ N B ™ 46 1
SPAKAE S SR = ST BT, IR IR PR
G2 A RS T R T o
1.2 DNA 2Bl PCR ¥ 1%

WAL TR TR, R shif
BRI T A o R HREER L FE K 2 DNA fihi#2
WA & [T AY TR (1) BOARAR 4
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BUH LN ZH DNA, —20 °C {77
B AR R ISR PCRARM APl ]
5 19 R A 7 2 i3 AL WA B B, 18S »DNA I
SIS 41 MNF/MNR, 519115 B3 2, 25
uL PCR & N iR & & & : 2xTag Master Mix
(Vazyme) 12.5 uL, b F#E51#4 1.0 uL, K
DNA 2.0 uL, ddH,O 8.5 pL; H: v BF it 1R 21 A5
Hi DNA i ddH,0 %, PCR FUWdy #r4ct:: 94 °C
FAS M 3 min; 94 °C A4 30s, 58 °CiBk 30s,
72 °C #EfH 155, 36 AMEH; 72 °C HZALEf 7 min,
1 2% 350 M 458 JBC FL Uk 4P PCR 7= 9 il 47 %5 5
V5 BT BEERE S = 3826 2 TAEY TR (1)
JBe A B2 BN 5 0 445 SR AE NCBI 8l 2

HEFT T 9 LT E— 201 A T 25 2

AR & ITS2 A %) 49 PCR ¥ 3% | &

T SE A H 5.8S-1TS2-28S rDNA J7 ) ¥ =
PCR Kz I B W XF 5147, 4351 o N3F/N3R(EE — &)
A HH3F/HH3R(EE —%2), 5195 B W& 2; ik
A 51 ¥ i A T A TR (L) ey AT FRZA
B PEYHRAMBESARRE L, %
B S . 95 °C Wi AE % 3 min; 95 °C AE % 15 s,
60 °CiE & 30s, 72 °C 4EfH 45 s, 3541 3 ;
72 °C R ZAEA 7 min, 5 AP R SAE: 95 °C Tl
AZ M 3 min; 95 °C A 15's, 55 °CiR K 30 s,
72 °C $EfH1 30, 35 DMEER; 72 °C HAAEH 7 min,
155 FH 2% 30 RE BE B M L Uk XF PCR P= 9 i 47 48 7
B A BHPERE S = a6 B4 T A TR (L)
R0 A BR 28 WU 5 I 445 S AE NCBI £ ds 2 Hh

HEATF 9 EU R 3E— 201 Ao T 25 2R

1.3 DNA FH4oth

FIFH SeqMan (DNASTAR) i {45 i 5 235 S ik
FIRHVRE R gty A% Hhr)p 50", K790 1
NCBI A% FREH % rh BLAST X347, AR 3k 4
T R YR SSU. 5.8 Fil LSU JF 4 b X,
ITS2 JFH X B G R E . RIIRGEA T
53 1 KA MEGA 7 #F #) Kimura two-parameter
(K2P) #E BT 59 JE e AN [] it 28 4t 0 Ao 1 1T'S2 ¢
Y 2 [8] ()i AL 5 B (p-distance); ARGt A B WM
DL 4 1l 90 B (M. ampullicapsulatus, J1Q690374)
MANERE, T RAEBON HKY, SRR BIR
(maximum likelihood, ML) i i [ JE A K & & iz
B 1000 YARTHH MY SCEFR M, 8 ER P YIS
A DNAsp6 A7 HA5 R 43 Hr 0,
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F 1 HUHBURRERHES A PCR MR
Tab.1 PCR results of M. honghuensis-infected C. auratus complex
B =N =N ﬁ%‘fi
- N = . S 5 o M ¥ M ¥ 5
RAEME R 4 #3) S RREER BERR s
sampling time sampling site breed name category parental origin . ot covert
sample size  positive . -
infection
2022.05 LV /LT AR WHM B 34 30 88.2
Jiangxi Jiujiang C. gibelio var. pengze C. gibelio var. pengze
2022.05 ZRAE S A Jexchh REER. Bkt ME LT 14 11 78.6
Anhui Hefei C. auratus gibelio C. auratus gibelio. Megalobrama
amblycephala. Cyprinus carpio
2022.05 T I B B R AR RMIER. Fkdh, MIE L 21 16 76.2
Hunan Yueyang C. auratus gibelio C. gibelio. M. amblycephala .
C. carpio
2022.05 RS AR mHEM 4 10 7 70.0
Hunan Changsha  C. auratus var. red C. auratus var. red
2022.06 ILTTHR J7 IE4L WHEM 7R 18 9 50.0
Liaoning C. gibelio var. C. gibelio var. fangzheng
Dandong fangzheng
2022.08 LI T8 St wWHM  HEeM 30 6 25.0
Jiangsu Wuxi C. auratus C. auratus
2022.08 LI a8 TR R H HARAMC. cuvieri (Q)xLLI(3) 30 15 50.0
Jiangsu Wuxi Carassius sp. C. auratus var. red
2022.10 T R s WHM Sy 30 10 333
Henan Qihe C. gibelio var. qihe C. gibelio var. qihe
2023.06 ST ST wWHM  eE 30 12 40.0
Guizhou C. gibelio var. jinbei C. gibelio var. jinbei
Congjiang
2 iR A6 NEFAEEALE . AT T Bos, ARWFR

2.1 GHURRERBCRRG T

PR T AE G 8 AR A IEFT PCR KN,
RN, TR A 8 AR A 28 485 A Tt i v
H FERD R 217 BEIRE S B, 116 B (53.5%,
116/217)BE b K 285 S A BH A (B 1), Herpr, 7178
JUTL 2 PR EER L 52 88.2%, . WM FHH
R YL AT 51K 78.6% . 76.2%, 51T K Vb L1 il Jek
YuR o 70.0%, LT FHARITIEAREP . VTR OB At
SR I R 50.0%, SN M VT 4 1 R Gy R
9 40.0%, A FE L EL R R YL Ry 33.3%, VTIR
T8 4 YL RNy 25.0% (2 1)o R BHERE 5
() PCR F=¥ Bk ikt J5 26 B4 T A ) TR (L) ey
AR EW R, W F 45 2/ 18S rDNA ¥ 51 1E
NCBI 344 % i k4T BLAST Fexid, i th it i gt
3 (MH329617),

2.2 HUHBUERIRE SRS

AHIE 7% B AT Fb R i 42 515X PCR SRR 1Y
96 =4, TR IR IR AR, KL
IR 20 AMEE S LI AL L 1TS2 JP 3 (3 3).
B ARAT A A T AL B 1TS2 AT Hext o #r
SRR, TERKEEHR 243 bp 1Y ITS2 ¥4 |, 3t

R E K7 2: 2 E /) sponsored by China Society of Fisheries

JIT G 00 AL 98 L R A AE 7 R A R 2T
B R TESS 87 (S AFfE AR S, B LAAE A H
JEYY 4 10 (1) SRRRTESE 30 F1 163 PSS, B
B AY H2 R H3 5 SR YL J7 IR AR Y RUBRTESS 87
134 A1 SRS, TR RS T He FI HS; IR
Y R Y R AESS 87 A1 189 i S AFAEAE S+, B
IS AL HS FH6; 865y 4 1 0 Bk TE 5 87
F201 f i AEAE AR S, T8 A R HS R HT ;5 JER
Yo S HAREY G R BH . LA IR AR 22
O ORR RS 87 (AR AR 5, Y LR A
HS, AL A o, YA 5 i ki
T H 0 38 A% B B B 0.000~0.008, - #4758t %
B4 0.003 (& 2).

HTITS2 FAI ARG R BRI, BRibk
TR Ak, ofe 1 B AT A P i L 8 A e 2R
R — DRI, Hohok [ 4 fRe 0 5 i
W CAREAY H2 A H3) BERN N, A
P FHEER, 55 AR Y 5 2 06 R HA R U
FESH BT, Sk H 2080 (H1), J7 IE4L4) (H4 F1 HS),
LT (HS), P (HS), S EARE (HS), £1F
B (H5 1 H7) Bz 22326 (H5 1 H7) Y it ) il o
B — A5 3
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®2 AWRFA PCRIIMER
Tab.2 Information of PCR primers used in this study

eS| 514 Fr3) T/ °C e

gene primer sequence T, value source
18S rDNA MNF GTCCGGACATCGAAAGGAT 54.50 [11]
18S rDNA MNR AGCGAGCCCAGAATGCTAC 57.97 [11]
ITS2 N3F(5M514) ACGGTGGATCACTTGGTTCG 60.32 AR
ITS2 N3R(5M514) GCCACACCCTTTTACAGATGC 59.80 EN i
ITS2 HH3F(H 51%) AAGAACGTGGCAAAATGCGATAAT 55.11 AT
ITS2 HH3R(H 514) CACCCTTTTACAGATGCTGCTTT 55.54 AR

(@

(b)

(©)
1 H)8 &FREEHATE R AY 18S rDNA PCR #8MEEAR B 5k
(a) BELIATHD . (b) 242580, (c) 75 80; M. DL 2000 marker. -+ FIPEMTIE. — BHIEXTR, 04520,
Fig. 1

18S rDNA PCR detection of M. honghuensis in C. auratus complex samples

(a) C. gibelio var. qihe, (b) Carassius sp., (c) C. gibelio var. jinbei, M. DL 2000 marker, +. positive control, —. negative control; partial results shown.

3 e

T A R T R M A R A R A AR
W, [ P ST HAE R VE B A IS A X B =
DUAE W 38 A 4R v 1 5 B AR AT R e
AU AR T R g R e S R A R e ) B
g, XF 30 2 JC B I RIS R 1) 57 7 AR A
TR, T R L) ALy L PR TR 0 100%, 7
LA B A T A LI A R 100%; Wang 551 SR
HE L PCR K 1 #3650 M . A XU 1B 37 11 25
JFE M S AR A T A e B L, AR
7N, LR E TR 84.0%; i AN IER G B AR
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B2 A L 6 R R AFTE S G RRR AR, &
IR ) 34 55 AR AR A ) 3k i iyt o bk
TR FRGR 50%~T5%, AL, FPEFE KA LN
0 M R 4 S R IE T R 3R E s £
KiBRNRZE, WHEMGTZ, R Em. &4
DLAIM At B 52 45 o 2 5 Ak Tt 3 Ao R e AT
SRARTH . AWFSEHE TR AR, |J A 1
] AN (7] b DX A (] ity 2R S 0 ) v o A A7 0L
R H T A X8 B i R S A A U I i o
PRIy, PR LS. BB R (B
S R I R e e D I I G N S N T oo |
(L TFHR) B sc ) (Lo To8) b m g R 8,
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3 HEHBUERITS2 FIMFSIH &
Tab.3 ITS2 sequences of M. honghuensis obtained and its haplotypes

15 2L R CRAEHE 5) IR b H e R (RN RE ) FfETY GenBank &3¢ 5
host breed (locality) sequencing no.(successful no.) haplotype GenBank accession no.
ZLENCH VD) 7(1) HI1 OR744899
C. auratus var. red (Hunan Changsha)
SN ) 6(3) H2. H3 OR744900, OR744901
C. auratus (Jiangsu Wuxi)
77 IEAREIGL T3 4%) 9(2) H4. HS OR744902. OR744905
C. gibelio var. fangzheng (Liaoning Dandong)
AR BA ) 11(2) H5 OR744905
C. auratus gibelio (Anhui Hefei)
S B AR R ) 9(3) H5 OR744905
C. auratus gibelio (Hunan Yueyang)
ST Ch NEapliR=D)] 8 (1) Hs OR744905
C. gibelio var. qihe (Henan Qixian)
SFEMLIG L) 14(2) H5 OR744905
C. gibelio var. pengze (Jiangxi Jiujiang)
IR MILIFTE ) 15(2) H5. H6 OR744905. OR744903
Carassius sp. (Jiangsu Wuxi)
& (BT 12(4) H5. H7 OR744905. OR744904

C. gibelio var. jinbei (Guizhou Congjiang)

PIFf species

HEBE H M. honghuensis(HS) ex_ 5+ B4R C. auratus gibelio A G T G T C

HEBIUOH M. honghuensis(H5)_ex_ 5 B 4R#) C. auratus gibelio L R

HEIRUEHY M. honghuensis(HS)_ex_ 5 B4R C. auratus gibelio s e

YEEIBYEH M. honghuensis(HS) _ex L) C. gibeliovar. qihe s s o

YEWIMUEIR M. honghuensis(HS)_ex_37%4lll C. gibeliovar. pengze e s e e

YEWIUEIR M. honghuensis(HS)_ ex 338l C. gibeliovar. pengze L R

4 FEMGE gL M. honghuensis (H7)_ex_ 4751 C. gibelio var. jinbei e e s T

—I HEBGE S M. honghuensis (H7)_ex_ 4754l C. gibelio var. jinbei e s e s T

65 YOO E M. honghuensis (HS)_ex_ 4154l C. gibelio var. jinbei S 00 o0 0o

[ YRR E. M. honghuensis (H5)_ex_ 4154 C. gibelio var. jinbei [

PEEIBYEE. M. honghuensis (H5) ex # B C. auratus gibelio e s s s s e

HEABYE I M. honghuensis (HS)_ex_ St EMRE C. auratus gibelio . e 1 s s

ITS2 PRI M. honghuensis (HS)_ex_ A438Hll Carassius sp. e e e e e e
ML

IW' | — LI M honghuensis (H6)_ex_ Z445Hl Carassius sp. e e e C .

PRI M. honghuensis (HS5)_ex_ J5 1IE4RHH C. gibelio var. fangzheng

| LGOI M. honghuensis (H4)_ex_J7IEREM C. gibelio var. fangzheng , C P

|— BUBIBG L M. honghuensis (H3)_ex_ 4xf8. C. auratus auratus G e e e .
| iRt e M. honghuensis (H1) _ex 418 C. auratus var. red . A e .
YEWGE I M. honghuensis (H2)_ex_ 4t C. auratus auratus e A . .
YEIMGE L M. honghuensis (H2)_ex_ 4l C. auratus auratus e . A . .
W oo — m — b
SN ag=

ML M. ampullicapsulatus
2 ETITS2 F3I89 ML a2 e stsin R R & B
Fig.2 Phylogenetic tree of M. honghuensis isolates generated by ML analysis with ITS2 sequences
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1 50.0%~88.2%; L4t (VLI TCE)) . B (i
B ) K 4 T (5 N TE) Bk R Y R
25.0%~40.0%, 25Uk AT 5 bty Pt plyf oy
(A3 3 P, ) B W e R e IR B
P HLEE S A o PRI, ARWFSY 8 WHRAE T 2% 28l |
ST IEARE . 4T SR AT b A 7 A T T
Lyt P B R, SR R B A T v 3 i
AR/ 2 e ) Ry P < At HRURS > A A DGR
FRE )1z FRAHE SR Y S A R R A
(1) 4 £ AT BB AE B2 5 ol 5 | Fp ) 2ok A v itk A B AS [R)
DX, H e A48 T T I Ao H R D A S AR A 2
Hi B AR IR AR K AR, DT 3 S At A At A
il 0 25 2 (B AR AR 1L, S SO G 1Y 3 ah P
2 B G . A, [EEEE RIS
) e A SR S o ARSI B AR 1Y, HoEACh H
B AN LT B0 s ASHIF 5 K BRAT B 2 52 BT A7 A Bt
RGO o IR, R 75t A7 7 1t 09 iyt Hi Jak
oo T ABERBERIFAH A, IR LA
Fpit— 2 A ST o

r L BE ) - 2 £ 2R OB S 2R L AT
BRI 5 R = 853 AT 0 BT A0 2 S5 ST
-z amEMNEREJEARFE KR, A (C
cuvieri) Jf = F HA, RIREGI ARG, S5
A 2 N8 24 WA (C. auratus auratus) FVER ) 3V
Flt (C. auratus gibelio); 34T J& T P 41 ) 5 il
PRGN N WIS L B oS A VAL 7 o LB 7 2
AP B A XA AR (AABB) 1A EAZ A B
(X = A5 R AR 6 (AAABBB)™, A5 & 30t
MLyt R TR SR A R AL, e
PAT U2 RGeSy oAt i 3R o IS4, Bl 5 b
(AL At H A [R] A = ke YR Y HOBR R A7 A
WAL 2257 18S rDNA F1 28S rDNA 1E 5> TARiC
Tz N TR A RS e A, (B
HA R EMRSEH, BRI H 22 5 A8 T
BEN LA 0T s SRR R A% X JL A ITS i F
ZENEREE RN, R TR, BEFR LT
Z ) S R B, S AR R A Rl N
AL AR S AR D FE R ASBIE 5 SR FH G 18 A g
11 5.8S-ITS2-28S rDNA JF ¥ ¥ 1 T W X 51 ¥y
N3R/N3F fil HH3R/HH3F, # 57 7 —Fh 5% 6% &
1R B 55X PCR R 77 1 R R FE 8 52 45 T J e 11
AR R IR 2R . PR AR BN, BRI
Bl 5 A A I LY A TTS2 JEYIAEAE 6 D25 RS
B, TR IR HO Rk ] () F- 24584 1 2 A 0.003
TE A1 25 2 W 46 1 U Kudoa. thyrsites, M. cereb-
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ralis F Tetracapsuloides bryosalmonae ', % T
ITS1 /73 (it 15 Z REPE B e B, AP RE N 1Y
ITS1 22 55 FI 4.8% %] 43.5%2 2 JAFHIE ST
FF I 43 FARIC AR, AEASHIEGE A D L A AR
FPo 225, R G PR k) Ay e ) e ik
(AL AR S /N, Dy — 7, AHIRSR K IR e
B (LA G, A AUIEIR) (0 L I i
45 S PR 3 A BB (HLL H2 Al H3),
H P BA B Z A0S TARMERE G e, Jrie
EREN . SRR B S TRE; AR AUEEIR)
[y 16 %751 3 A HLAERL (HA, HS FIHT); REGA
oIRGBk A R IR Y
AL AL B S AN S R R R RO R R,
R, AT 00 4 £ 0 27 SR ] R VAL I
B IEGRTE 325 AR HS TEAFAREIERE (R E
ERE 7 AR S A el Tz
FEAE, FTREH T S UL S A R 5

Bl ARRAHERELBF XN HAES
KEMEREFRG. ®eth, AHEEK"/F
HARRKS, RMEXFHATKRAT, Z8AE
Rl B BE AP B BT ¥ PR IE, BRI BT R
PR &, 78 %A R85 e 5 A A 4 1R 5T
B

(& 7 WA AU 5K P s A i Al 22 &)
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Investigation on covert infection of Myxobolus honghuensis in
Carassius spp. complex and genetic diversity

WANG Lijun *, ZHOU Qingjie ', CAO Zeyi ’, CHENKai’, XIE Jun'?, XI Bingwen """

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China,
2. Key Laboratory of Integrated Rice-Fish Farming Ecology, Ministry of Agriculture and Rural Affairs, Freshwater Fisheries Research
Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
3. Guangxi Engineering Research Center of Fish Genetic Breeding and Ecosystem-based Fisheries, Hechi 547000, China)

Abstract: The myxosporean parasite Myxobolus honghuensis commonly infects farmed gibel carp (Cauratus
auratus gibelio) in China. Heavy infections are associated with pop-eye, inflammation of pharyngeal wall and
sever mortality in C. auratus gibelio and Carassius auratus var. red populations. In order to investigate the host
range of M. honghuensis causing pharyngeal myxosporidiosis in pond cultured C. gibelio and the genetic differ-
ences among different strains, we collected a diverse range samples of C. auratus complex, including C. auratus,
C. auratus var. red, C. auratus gibelio, C. auratus gibelio var. pengze, C. auratus gibelio var. qihe and C. auratus
gibelio var. jinbei, a hybrid lineage of C. cuvieri () and C. auratus var. red (3, and a hybrid lineage of Cyprinus
carpio (%) and C. auratus var. red (3). The infection prevalence of M. honghuensis in samples was determined
using 18S rDNA PCR, and new ITS2 sequences of M. honghuensis were obtained through nested PCR (GenBank
accession number: OR744899-OR744905). 18S rDNA PCR analysis revealed that all samples detected in this
study were infected by M. honghuensis, and asymptomatic infection prevalence ranged from 25.0% to 88.2%. ITS2
sequences analysis showed only six distinct informative loci among the isolates of M. honghuensis from different
fish host, and the average genetic distance was 0.003. Additionally, there were seven haplotypes identified among
different isolates; H1, H2 and H3 were present only in goldfish and C. auratus var. red, while H5 was widely dis-
tributed in the samples of C. auratus gibelio of different breeds and localities. Phylogenetic analysis demonstrated
that M. honghuensis isolated from C. auratus complex formed two distinct clades; notably, the strain found in
goldfish displayed much closer relationship to M. ampullicapsulatus, which was commonly found on the gill of C.
auratus gibelio. In conclusion, the results of this study provide crucial foundational data for understanding the epi-
demiology for pharyngeal myxosporidiosis in C. auratus gibelio as well as developing prevention and control
strategies against the disease.
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