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mEMEENERARESHPE R S FRRICAEEER
kS, T M, kME', WEL, AR, W om”

(L. F RN REE RS TR, LR FY  266109;
2. HERIFVE K2R bl 2220, A ERTE ARG =, HK 401331)

BE: FTRERERA N REREREFLSEB AN SRR, THXAN
A¥ABRFRhpTAMFFENRES R 2 HTT EHR, 5 HEE =N FFID
HATRALE. £REr, MEREEFETRERANE, PRILGEHENIME
WHE, HEAN12~14mm. RABTRENERTY, wimikk, FwmalE, BT K
17.3~19.6 pm, #F % 7.4~9.9 um. B MR E Z MR, KADFEF. AMEK 64~9.7um, KX
W 2.1~33 um; AR K 5.3~89 um, /AR E F 2.0~3.3 um. A2 B h 8~11 B, 4
PLEANDr, MEREEFETHERANFENEZAR. BLAST 0T Bx, RARKR
o B B ok B /) T2 26 A% B 7R DNA (SSU 1DNA) J¥ 7] 5 GenBank it % 8 78 # /7 51 #9 48 L
M A 99.5%~99.8% (KC425223 ~KC425225. MH329620. JQ690361. JQ690373. KJ725082.
MN227351. DQ339482). RAK B AWM KN, ME#E 25 HE MG 2 KAk X ME
BE R ERNBAE D TFRIEFINLRERE T, XWHBEEENFIANEN
98.2%~98.8%, 1L HEH A 0.014~0.018, F & 27 Mot £ F. SSURNA — R M 947 B
&, MR s A A b B — R R B R R — B, WA R
MAEENE Z7, KU SSURNA = R 454 7 LUAE 5 45 AUk Je ml vl o ot o w2 19 0 T
BfE, AR ZETAEBKE B A FHRMEREEmT £, 11 SSURNA Z 4%
9 LAAE 7 8 2 S ) 3 v e et A e s By 9 F AR IR o

KB #E T 5 DN TR DNA (SSUDNA); — 454 ; RA K0

FEDES: S941.5

K R 3 ) (Myxozoa) 3¢ J& Tl Jid 3 ) 1]
(Cnidaria), JE—2&MMARUN . 5T, YfpF
= RS Y A AR A JAT, At
C R IE 1R A Zh P 2 2 600 A, R KR 3 A
AT . TCATIE . BREMEL YN, K
SRR B A A T AN LA HUE (Myxobolus)
SER RS T W R R R, H
A 4 S O G 5 900 FpE, 7 28 gy 4 1
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S A H P S o e 2 B AR 1) A AR R S
(T8 EHe e . SFER SR A mb), JFHA
AR S Rk LY L A e A T R AR R
SR, ] 0 4 3 1 Rt Ly e ) P o SR B
AT ZME ERARFGE, X OABUA H PR
FEA R E R, JEAEK, A hRid Iyl o
M7 aiyf s W b i 55 0 vh R HE T BRI, ik
T ORI R e, RS T gy
Kk, ok EE T 5 E WA (Carassius
auratus gibelio) 15 & 1 L ¥ 1L F BK % (4bramis
brama orientalis) 822 1) B L 57 55 5 Sy B i
(M. rotundus). $R1, Liu 55" Fll Zhang 25"
1t /NIEEEAZHE R DNA (SSU rDNA) J781 4041 & 3,
T AL 1 S AR AR EE AN R 87%, R EAT]
AR — W, IR 75 A 5 7 AR R 2 ) Ay o
A A 44 Sk B R R B (M. turpisrotundus) .
J14h, Liw &M LM, A4 TIREMWEL (Cyprinus
carpio) B8 22 () 57 UL U (M. dispar) 5 [E SR
i SRR HLFY SSU rDNA JF 5 MBI ALK 90%,
M5 D STl i) B (M. musseliusae) #) SSU rDNA 7
loEa—, i, B3 AR T IR E A EEET 22 1Y S
AU s S DL SE R B AP AR I P 51 41
Bt © 1A By S ) o S 1) T AR A . LUt
TE 58 3 WA HUR ASRRE Y LRl #hse H AR
PERNG> AR A 2R LT AL e P o o R
7 A T A 44 S ) A

H0RE L R (M. ampullicapsulatus) 75 H T )
(C. auratus auratus) BISE5E, fe 5T 8 B e Kb
RIIFHGEY, FfS, FEE KT AN X HKT
R X R PR . VLV AR B PH T . At T
WAL PEW T . VLI R 3T A MR 44 T
I TSy s U RS R S R 2R
B A A, (AR HAE A 3 SR 20 T 40 A AR
PTG . Zhao 551 48 H1 2 ALyEL R 27 AE T
NFRNEY b A, (R R AR B S
YR SRS . BEJS, sk AU 3
T HORART DL AR /N [ ) L 2 18, b
A DLFFAE TR/ R AR 22 g i A, (H R s
WARRHEAZURIEY] o 734, Lin U 6254
M A4 (C. auratus auratus) BRI T
TR, AR R R X S M Y A AR
PRI HEATHE AR . PR, A LA BT 1 S AR Y
TELR A A= BB 1 A I

SRR R AL, LA B (M. honghue-
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nsis) W25 5 S5 B A0 H WK AR s A e, 3
&, H TSR A0 S T A Y R S A
L. A FARc s AR, SRR E i
PP AESIRE . Xi S50 76 5 7 AR i 45 25 5
— PPy e, PR AT B R S REAE R SSU rDNA
J7 51 5 2 A3 O SR ARLRL, e L S A O 4
W, HBEJS MBI 9T & B I2 Ry B 7 Ay Tt A A o
L ST B B DX A A3 Rt T
M HL, Zhao %™ X X P AL ALY SSU rDNA J7
FIHEAT H A, B BCK AT 10 03 AR 507 55
VER PSP Fh S 00 1 Tk HE . SR, BT LR
S35 | FE B4 AL 76 HEL I TG 3 Ao R P AR AR I
AR, BE s BR A by S 5 S BT R ) A
P Bz il EE:

RO IIE 3T SOl ok VA% N K (I T o2 S
a5 P L o oy S S i AR A 1), A
FEXE S ALIEL R AT T b SR, X
S utiiaif Y SSU rDNA FE5IHH T T R S8 HEL

1 MESIHE

1.1 HEXE

2022 4F 8 J T b A& i X T 57 G b U
(30°27'7" N, 115°15'54" E) i 7 55 & 4L i) 37 )2
(&K 7.1~10.3 ecm), i MS222 BRI f#H . A
MR A7 W A A 45 2 B T R S AETERG 1A 3 )
T s UAASEL F  7E 5 B AR AR L UK R S
)T, K5 B TCK S BRI 10% 2 5 H
TRAF, BRI ERZHZUT 10% 25 HIEORAT

1.2 EFESH

FHEETFH 10% 22 5 F I [ 2 1) 0 38 i 77 2K
e br b RV AT e e 48t Ll S s 1 91 o
JH Bt %5 ZEISS Axiocam 105 ¥ & #H #l (ZEISS,
Oberkochen, f#[E) () ZEISS A1 I {55 % 46 1 ik
FFULESFIAA IR . AR Lom 250" i 5 i b v X
il F AT FEMEE AL ST = . ARWF5R IR
1537 i E LR A SEE B ) A R A BE R DL 4
HEAE (LS. SD2007695), Lt & b #ERE A ™
K& ST 11 7R A8 SC 50 s i A PR AR L2 L 21
ALY, IF4% ML AR 4y SC 50 sh i 4 SRRl R A e
72 03 2 R EE T BE PR T S

1.3 ZHLAZF 404
JRIL BRI 10% 2R P EE 48 h )5,
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e MR LA R 2 07 AT A W O R A, L dE R
FICBEK . —HOREY . R L 1 ()
Fr R HED9 5~6 pm), FR AR -PHLL (H.E) B ()50t
ERTACGIRYE -8

1.4 DNA 2B, # i&FN~

BURAE T IOK B0 — ST, foff 3 i A
33 D A P2 UAR & (CWBio, H ) 42 H— 4>
fi e vh 2 FEA T (= 1000 1Y) BFEK 241 DNA, i
FH51 % ERIBI Fl ERIB10™ 4 54 K /K 3 1 1Y SSU
rDNA J¥51 . PCR S iR FU, 25 pL, BiFh |
Y14 0.5 uL (0.1 mol/L), 1 pL JEP4 DNA, 12.5
uL 2xAceTag Master Mix(Vazyme, H[E) fl 10.5
uL XZEK . TEFREAE: 95 °C HiZEME 5 min, 95 °C
A 60s, 55°CIEB K 60s, 72 °C ZEH 2 min, ik
1 35 AR, W5 1E 72 °C N4 IEM 7 min, 1
FH 1% 5300 M 8 JBE 5 B PCR 7= 4, I i i ABI
PRISM"3730XL DNA ill] J¥* {¥ (Applied Biosystems
Inc., Foster, 3% [®) #E47 X1l /3%, #) A BioEdit™”
XN P 25 R HEAT DR, JEAR YR 7 0 RUXBF 2 45
RIAT NTARIE, FDH5E BT 91338 & Gen-
Bank,

L5 RGERBNH

FIHANFFE 3RS SSU rDNA J¥41i#1T BLAST
e, M GenBank Hvik M 43 2% 55 ) 44 il ¥ 1R
JFH AR RU I 38 1 B RS AR B 3 5 i AT R L B 4
Br, VIR B (Myxidium cuneiforme) Fl T i,
WV #E v f U (Zschokkella candia) /F Ry #NEE . 18 H
MAFFT v.7.490% X £ B 7 51 47 2 )5 51 LLXT
| B K ABLAR B (Maximum like-hood, ML) A1 1
33 (Bayesian inferences, BI) #47 &G K F 7
Mo fd H jModeltest™ 7£ Akaike {5 B bR it T i ik
REZHRBAET N GTRHAG, JfFNHF &K
RLER 0 DL 07 HE R A3 B o S5 RALAR 6 43 B fif
GTR+I+G %!, i@ iF IQ-TREE v2.0% % & 10 000
A~ Ultrafast bootstrap replicatesFA 7734, U1 -4
R 43 M7 38 i MrBayes v3.2.7°7 #E 47, i F A A
GTRHIHG, W EBHBAIZH Nst 2 6, it o
IR W] FeBE SRR & 51 (Markov chain Monte Carlo
process) % B 4 4 45 B A B iz 47 2 < 10°4%,
100K 1R RE KT W MEGA v.7% &
Figtree v.1.4.3 (http://tree.bio.ed.ac.uk/software/Figtr-
ee/) B o

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

1.6 SSU rDNA FHIHEEEF o

P A ST R4S A 2 e L SSU rDNA J7 571
P#E4T BLAST HeXF, 3 M GenBank 545 14 45416
) SSU rDNA J7 51| (9 £ i 4 MLy HL %) SSU rDNA
FP . 5 2L 2% SSU tDNA ¥ 41)). fifi ]
MAFFT v.7.490% X {3545 /%) SSU rDNA 731 17
ZIFHILEXT, SR H MEGA v.7.0% E47 BB ¥
F ) )AL B . dlad MEGA v.7.0%% 3/ 1537
%1 6] () 28 S 57 45, Bioedit v.7% Fil Tbtools™
X R AT AR

1.7 /NI E#%FER RNA (SSU rRNA) £ V4
V7 XZREEHTRM

DI ER 0 1 (Sphaerospora truttae)(AM410773)
SSU rRNA J7 81 () Z G 2546 S S H HERI0Y 0 X 15
2k SSU rRNA 751 (1 S5 A5 ARA 140 20 AL 34
FF AL S GenBank H' T 2% i 9 254 ALy By SSU
rRNA J7 51 il 5 2% it i L 0 L 49 SSU tRNA J7
GIYVAF VT IX 1) = g 25 0 47 i o A
MAFFT v.7.490% X} A58 3R 1510 J3 51 14647 22 )7 1)
FoXT, 8 e I 097 5158 18 MEGA v.7.0%Y 5575
SR e BRI M P A EAT B, R4S V4 Rl v ]
AR X A . FIFH RNA Structure v.5.2, 3T /)
H i AE T V4 R V7 AR X R T 2045k
U, A S BOAE R O i g
45K 5 RNAViz v.2.0% #-47 T-5h %

2 4R

2.1 REMERMESEEE

TE 11 25 B AR %) S8 350 e 90K B (o f 2
g 2 FIE SR, BEAR 1.2~1.4 mm (EIh 1
Do AT IR EERIE , BrmiR, 5l
B, 71K 17.3~19.6 um (n=30), #1755 7.4~9.9
um (n=30) (KR 1 -2). PR RIRR, KA
A, Kbede Be4e 1) K 6.4~9.7 um (n=30), K%
9 (W42 1) 9% 2.1~3.3 um (n=30); /IREE e 1)
£ 5.3~8.9 um (n=30), /MR EE (B 1) 58 2.0~3.3
um (n=30), W22 H 8~11 B,
22 HLAZFHH

WA R B, R R R A T
RN Rl b R A (B I-1, 2), R W%
WY A AR A . LA TR S, R
AT RAE TN % (B -2).
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Bl 1

HFESERHENMERER

1. R RS AR R R (73K 5 2 HEMUE R

M.
Plate [

M. ampullicapsulatus infecting gills of
C. auratus gibelio

1. plasmodia (arrows) of M. ampullicapsulatus in gills of C. auratus

gibelio; 2. spores of M. ampullicapsulatus.

23 MEMEBRNDTRIISRELE S

AHEFERAS TR BERUM AR 145 1967 bp (1)
SSU rDNA J¥41] (OR792773), BLAST xR, A
W53 1Y SSU rDNA J7 51 5 GenBank %4f % H

Bl I HEMEWEANFEREDHBRT A
1A T P T L AN R 2. TR R R T (7 3k) A
RRIIT

Plate Il
gibelio infected by M. ampullicapsulatus

Histological section of gills of C. auratus

1. plasmodium developing in stratified epithelium of adjacent gill lamel-

lae; 2. mature spores (arrows) and immature spores in plasmodium.

JAE R A A 99.5%~99.8% (KC425223 ~
K(C425225, MH329620. JQ690361. JQ690373 .
KJ725082. MN227351 1 DQ339482) (£ 1), &%
KRBT, R S I e A B E
TRAE (L 1)

F1 AESSRAGAEEHET SSUrDNA FIHENE EL=/) SEREE (ET=/)

Tab.1 Comparison of sequence similarities (upper right triangle) and genetic distances (lower left triangle) of

M. ampullicapsulatus and M. honghuensis based on SSU rDNA sequences

75 547 no. and species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
| IREWGE A M. ampullicapsulatus OR792773 99.8 995 997 997 997 99.6 99.8 99.6 99.8 984 987 987 987 985
2 RIS R M. ampullicapsulatus KC425225 0,001 99.8 997 99.9 998 99.6 999 998 998 987 988 987 987 98.6
3MMBEMNIE M ampullicapsulatus KCA25224  0.002 0.002 995 997 99.9 99.6 998 997 99.6 984 986 98.6 986 984
4 MIEMGE R M. ampullicapsulatus KC425223 0,001 0.000 0.002 99.6 99.6 994 999 997 998 984 986 98.6 98.6 98.6
SHRBEME S M ampullicapsulatus MH329620  0.001 0.000 0.002 0.000 99.7 995 99.8 99.7 998 986 988 987 987 986
6 MBERAL L M. ampullicapsulatus JQ690361  0.002 0.002 0.000 0.002 0.002 99.8 99.8 99.8 997 985 986 985 98.6 985
7RG M. ampullicapsulatus JQ690373 0003 0.004 0.002 0.004 0.004 0.002 99.6 99.6 99.4 984 985 984 985 983
8 MRFEWUL L M. ampullicapsulatus KI725082  0.001 0.000 0.002 0.000 0.000 0.002 0.004 99.8 99.8 986 987 98.7 987 986
9 MRIEWHLE M. ampullicapsulatus MN227351  0.003 0.002 0.002 0.002 0.002 0.002 0.005 0.002 99.7 984 984 984 984 982
10 FEWGE R M. ampullicapsulatus DQ339482 0.003 0.002 0.004 0.002 0.002 0.004 0.006 0.002 0.003 984 98.5 985 985 985
11 I ER M. honghuensis HM188545 0.016 0.016 0.017 0.016 0.016 0.017 0.018 0.016 0.018 0.016 99.9 99.8 99.9 99.9
12 B HL M. honghuensis KI725074 0.015 0.014 0.016 0.014 0.014 0.016 0.016 0.014 0.016 0.015 0.002 100.0 100.0 100.0
13 YHIBNE S M. honghuensis MH329617 0.015 0.014 0.016 0.014 0.014 0.016 0.016 0.014 0.016 0.015 0.002 0.000 100.0 100.0
14 B d M. honghuensis KR049222 0.015 0.014 0.016 0.014 0.014 0.016 0.016 0.014 0.016 0.015 0.002 0.000 0.000 100.0
15 PIRGEH M. honghuensis JE340216 0.015 0.014 0.016 0.014 0.014 0.016 0.016 0.014 0.016 0.015 0.002 0.000 0.000 0.000

24 MEMESRSHHMEEREEETFEE

A 5T X I A AL A RD Jt 350 v LAY SSU
DNA JFHHEAT T R G i, 5 H0 AU ) Ee 2%
RN, IR R R R 2 8] 1 7 50 AR AL
4 99.4%~99.9%, b I L A [ B4R 22 8] 9 )
FIARBIE F9 99.8%~100.0%, i 4 Ay ry 5yt i) i

https://www.china-fishery.cn

T Z 18] B PP SRR BL I R 98.2%~98.8% (3K 1), 15t
R BT L 28 SR o, RE R HUR [ B A = 1)
F14 35 44 15 25 49.0.000~0.006 , 74 347 At et S [i) A<
2 [A] B 38 A4 B B o0 0.000~0.002, JH 2% At oy 5t
TR M 2 R) 38 A4 B 5 R 0.014~0.018(F 1), A%
SEOLEAT TR, R HUR R BRI 2 R A A
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JHFEMIE A M. ampullicapsulatus OR792773

THAERGE SR M. ampullicapsulatus KC425225

PRI E M. honghuensis HM 188545

0.36/66 [ WIEBGRL M. pyramidis HQ613411
[ [0.34/41
SBAMGE AL M. sheyangensis KU313684
0.90/55
SATIBGE S M. ginbuna 1.C228238
1.00/100
RAMR M. wulii HQ613412

HIEMG I M. toyamai 1L.C0O10116
0.96/100

Lt 2R Myxobolus sp. MT436269
1.00/100

KA d M. longisporus AY 364637
0.98/96

HEBGEE M. acinosus KX810022
0.56/77

W& MR M. pseudoacinosus LC228237

o206 .
MR AE R Myxobolus sp. KF796619

BRIBEMGRIL M. orissae KF448527

-/23

&

SPEGE I M. koi MH196560
A AR E R Myxobolus sp. MW675334
ARGt M. tanakai LC228235
TR E M. csabai EU643628

1.00/99
HRMBGE A M. tasikkenyirensis EU643626

IAEBUEE M. pendula AF378340
BEGEMGR IR M. pellicides AF378339

R RBGEE M. dykovae EU643627

L M. catlae MT002748
025763 FRFGEE M. catlae

P ERGR R M. mrigalhitae KI476879

TR gL M. bengalensis KI476883

PR S M. rocatlae KI476878
EAHGE s M. basuhaldari KM029975
0.86/74] RPN, )

R BRI H M. kalavatiae MN994422
A LRI B M. cakmaki MG253821
WU 4R HL M. tambroides  7X028236

YHERI WS M. anatolicus MG253818

1.00/100

XA H M. bilobus DQO08579
— WG s M. sitjae JF311898

it s A E R Myxobolus sp. AY 325283
0.97/94
A RWIR A M. hungaricus AF448444
0.99/100
W Gt gL M. eirasianus JF311900
1.00/100
0.97/99 < AEGEBGEE M. obesus AY325286

PEWLBGR A M. intimus JF311899
1.00/99
VUl i T gadrii MK412939

-/47

0.97/99

L ESIMGA . M. szentendrensis KP025685
0.97/38 —]1-00/100
i s ASE R Myxobolus sp. MK053783

M RBGE A M. duyjardini DQ439804
-|1.00/98

BT R WGEE M. alvarezae FI716097
0.33/35
—— WA R Myxobolus sp. LC544125

T BURMBE M. cuneiforme MHA497021
0.1 1.00/100 . .
THu 2 v Z candia KF575323

1 ET SSUrDNA IR BUML R4t 4 & #
93 32 R SRR 5 9 5 K ARL R 53 A 4 DL 307 J G B 2/ 1 244
Fig. 1 Phylogenetic tree generated by ML analysis of aligned partial SSU rDNA sequences of
M. ampullicapsulatus and related species

Support values at branching points are listed as Bayesian posterior probabilities/bootstrap values from maximum likelihood analysis.
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OSSP, Y SR O 2 7 4 2
A S IR S5 P00 I 2 7

27 DAL (F 2)0

TR 72 A R
sites

AT OISO O on - <+
z = eI INENQELRTISESZ = 2eEREE2
]‘Iﬁég%gmmmm mwmml\: ~~~~~~~~~~~~~~~~

$§§$Qc cTAATAcCTTeACTT(TATCTCAA
= T TCT G LCAS IATGAGGICTCTCTGA
TE#EMGE A M. ampullicapsulatus OR792773 CGCTAATACGCTTCAATTGCGTATGCGTCAACG
THBEMYEH M. ampullicapsulatus KC425225 « . v & v v w0 o v o 0w w s G. ...
TEWOE . M. ampullicapsulatus KC425224 « .« . TG. .. ..... G. .. ... .00
FEME A M. ampullicapsulatus KC425223 « « o« « o o o & o o o o . G. ... .00
BB A M. ampullicapsulatus MH329620 = « « « + « « = & = « = « = G. ...
° TFEMGR A M. ampullicapsulatus JQ690361 TG oL G. .. ..o
a0 § TRFEME A M. ampullicapsulatus JQ690373 TG. cC....... cC........
& g MEEWEH M ampullicapsulatus KIT25082  « =« = o o o o oo e .. G. ... 00000
& S JWBEMYAL M ampullicapsulatus MN227351 =« « + . G...C.. G ... G.
T OmEBeSE M ampullicapsulatus DQ339482 « . T . o . . . . . .. .. G..A....... G.
YLBITGE . M. honghuensis HM 188545 TTTC CCA ATGGGG.CTCTCTG . A
YRS M. honghuensis KI725074 TTC .CA ATGGGG .CTCTCTG . A
PSR B M. honghuensis MH329617 TTC .CA ATGGGG.CTCTCTG. A
YLEIBE . M. honghuensis KR049222 TTC .CA ATGGGG.CTCTCTG. A
YEIATE R M. honghuensis JF340216 TTC .CA ATGGGG.CTCTCTG. A

2 MEHUERAMBEIE S SSUrDNA FIINRERESR

AN N o e N UN AN O =

Fig.2 Nucleotide differences in SSU rDNA sequences among different populations of

M. ampullicapsulatus and M. honghuensis

Numbers in the header indicate unmatched site positions.

25 MEMERSHPMER VAR VI X
MEERIEL IR

SSU rRNA J7 31l () g 2540 b A &5 R R,
S 20 ALy s R At T AL Y AN R R A () 7E AT AR X
VA I VT X sty B o] .22 5, i # b 1]
M REMAFEN R ER . BIAERIE, 7 v4
X B E23-3 X B, JAE ML dL i [R) B A 38 A
PSS, JCPFRER, T ) A e A [ {4 2
A —AZE, (HAPIAWERIA; 78 VT X E43-
3 X B, JAERU R AOR [F R B — A 8
ASBREELE A P ERER I I A AU TR R A S
HAG—> 10 A0 3 2B A A K B IR B8 (8 bp
vs. 10 bp); MELAN, TE V7 X1 B43-4 X B, S
T HEOR[RVRER ) 2L WS AR, i T A vt e
ANRIFEAR S A — A R (K 3),

3 Wi

SRR IR R R ROK R 2, B
AR B ARSR Gl RE T A5 R AR
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S ORI B R R R Y A A HU
H i 8 7 A4 5 F R R AR S i i 50
Horp bty i . IR A (Thelohanellus wuhan-
ensis). SR B (M. wulii) 43 5 &5 E S F R
<< A U TR AR T HOR R < A HUR Y
IR, GRS ERMNKERT, AREHR
B FR Al B T E R R

ek, A K BAAE T R S B AR AT A G 1A 3
ZrYEMAERN SRS, N5 B RME R —
Py e, XA TR E . TR RIE
LA BB, AW 5T R4S BB 5 Zhao 451 #f
IR I S A HOE SRR A — 2, AUEE )
PR R/ NAE T HAFAEZE S o TEIR IR,
Zhao S A FE BILE ALY 2 AR EE K/ INVEAE
{RJEBE IS 1) 2250273 DL RO SCAE S Y B B
FLIEL HUY 2 AR RN AE 25 57, I 0 ALy
R R HAT 2 DN R/INREE RN 203k 2),
SEFIR IR RIS B A O R iy
() SSU rDNA J7 5 Ay 99.5%~99.8%. &7
FHOIE LA 2> T e 50 o Ar 3R W), AFE N R
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R
AR
AR
AR
T
L

IR

w4

species
M. ampullicapsulatus KC425225
M. ampullicapsulatus KC425224
M. ampullicapsulatus KC425223
M. ampullicapsulatus MH329620
M. ampullicapsulatus JQ690361
M. ampullicapsulatus 1Q690373

M. ampullicapsulatus KJ725082

AR X V4 (E23-3)
variable region V4
(E23-3)

A AUUUGACGAUUCYC
U UAGGUUAUUAGGe
AA

A AUUUGACGAUUCYC
U UAGGUUAUUAGG
AA

A AUUUGACGAUUCYC
U UAGGUUAUUAGG
AA

A AUUUGACGAUUCYC
U UAGGUUAUUAGG
AA

A AUUUGACGAUUCYC
U UAGGUUAUUAGG
AA

A AUUUGACGAUUCYC
U UAGGUUAUUAGG
AA

A Auvucaccauuclc
U UAGGUUAUUAGG
AA

AR X V7 (E43-3)
variable region V7
(E43-3)

aceacuusscucA’’suucuyy
UUUUCGGUUGGGY, COA cGgt

aceacguuaacuca’suuauyy
UUUUCGGUUGGGY, COA cGgt

aceaguuescucA’suucuyy
UUUUCGGUUGGGY, CGA cGgt

aceacuucscucA’suucuyy
UUUUCGGUUGGGY, COA cGgt

AGGAGUUGGCUCAUUGUUGUUU
UUUUCGGUUGGGY, COA cGgt

sAAouchcucA“”cuucuUE
UUUCGGUUGGGUCUCGACGG

aceaguuescucA’suucuyy
UUUUCGGUUGGGY, CGA cGgt

A[AZ[X V7 (E43-4)
variable region V7
(E43-4)

A, N

UUUUAUAAA  GCAUUCUGGGU

AAAGUAUUU  UGUGGGACUCAR
AG Sya®
oA, IN

UUUUAUAAA  GCAUUCUGGGUG

AAAGUAUUU  UGUGGGACUCAR
Gy a0

GGAGAAUUAU
CCUUUUGOUA

6GAGAAUUAY

CCUUUUGGUA

AG

. A, R

odhcaauuay’  UuuuauAal

CCUUUUGGUA  AAAGUAUDY
Upol

A
GCAUUCUGGGUY
UGUGGGACUCAA

oA,
UUUUAUAAA
AAAGUAUUU
ac®

66,
GCAUUCUGGGU
UGUGGGACUCAA

y u
GGAGAAUUAU
CCUUUUGGUA

oA, A0
UUUUAUAAA GCAUUCUGGGU
AAAGUAUUU ~ UGUGGGACUCAR
AG GI/A‘3
i OA, KIN
odacasvuat’  ‘buvuauaad' ‘Gcavucucaoy
CCUUUUGGUA  AAAGUAUUU  UGUGGGACUCAR
Uac® Syal
i oA, A00
0dAGAAUUAU  UUUUAUAAA
CCUUUUGGUA  AAAGUAUDY
UagS

y y
GGAGAAUUAU
CCUUUUGGUA

GCAUUCUGGGUY
UGUGGGACUCAA

TERBYEH M. ampullicapsulatus MN227351

TEFEME R M. ampullicapsulatus DQ339482

AL A M. ampullicapsulatus OR792773

YIS M. honghuensis HM188545

YIS M. honghuensis KI725074
YIS M. honghuensis MH329617
YEIE R M. honghuensis KR049222

IR M. honghuensis JF340216

A AUUUGACGAUUCYC
U UAGGUUAUUAGG
AA

A AUUUGACGAUUCYC
U UAGGUUAUUAGG

A AUUUGACGAUUCYC
U UAGGUUAUUAGGe
AA

G
U A

Auy cmw%ﬂ%
VAR, SUUA Gy

G
A %mw%ﬂ%
UAR, SUUAAGy!

s
Ay’ %mw%w%
VAR, SUUAAGYS

s
A %mw%w%

UAA Guu Gy
IR e T2

o
Ay kmw%w%

Achu\“fcuu

wu, GA, AGG
AGGAGUUGGCUCA 'GUUGUYy UUUUAUAAA

UUUUCGGUUGGGY, CCA cGgt

0GAcAAUUAY “scavucussoy
CCUUUUGGUA  AAAGUAUUU  UGUGGGGCUCAA
Uag® Sya®
oA, A0
VUUUAUAAR
AAAGUAUUL
AGG GUA

aceacuueecuca’%uucuyy
uuuucccuut«ceucucckcccc

v (1
GGAGAAUUAU
CCUUUUGGUA

GCAUUCUGGGUY
UGUGGGGCUCAA

GA, AGG,
UUUUAUAAA
AAAGUAUUY

ac® Sya'

acaacuucacuca’’suucuyy
uuuucssuuscsucuccAcccC

A
GCAUUCUGGGUY
UGUGGGACUCAA

u, y
GGAGAAUUAU
CCUUUUGGUA

uSe y uCGAa
GGGAGUUGGCUCAG uGuYy GGAGAAUVAU UUUCAUAAAAGUAGCAUUCUGGGCy
CUUUCGGUUGGGUC ACGGC CCUUUUGGUA AAAGUAUUUGUAAUGUGGGACUCGC

UG Uac®

Y, UGAA
GGAGAAUUAU  UUUCAUAAAAGUAGCAUUCUGGGSy
CCUUUUGGUA  AAAGUAUUUGUAAUGUGGGACUCGE

UAGG

uGe
GGGAGUUGGCUCAG UGUYy

CUUUCGGUUGGGUC ACGGC
UeG

GA
uGAs
GPAGAAUUAU UUUCAUAAAAGUAGCAUUCUGGGCS,
ccuvuuGGua GAAAGUAUUUGHAAUGUGGGACUCG:
AG

uGe
GGGAGUUGGCUCAG UGUYy
CUUUCGGUUGGGUC ACGGC
UcG

GA

A
GPAGAAUUAU UUUCAUAAAAGUAGCAUUCUGGGCS,
CCUUUUGGUA AAAGUAUUUGUAAUGUGGGACUCGE
AG

uég
GGGAGUUGGCUCAG UGUYy
CUUUCGGUUGGGUC ACGGC
UcG

GA

y yGAs
0dacaauuay  UUUCAUAAAAGUAGCAUUCUGGGSY
CCUUGUGGUA  AAAGUAUUUGUAAUGUGGGACY Eat

AG

(1)
GGGAGUUGGCUCAG UGUYy
CUUUCGGUUGGGUC ACGGC

UcG

B3 MEBEDMEABIAR SSUrRNA V4 & V7 R4
Fig. 3 Secondary structure of SSU rRNA V4 and V7 of M. ampullicapsulatus and M. honghuensis
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i AR S ) ) R N 9382 45 BE 25 0 0.000~0.042,
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R2 FRKEMREMEH 2 BHESZEHER

Tab.2 Comparison of M. ampullicapsulatus described in the present study and in the literature
K b 2N o
k% AFRE fTKam T DR GRS " .
. polar polar polar - T+ KR
species spore spore spore site of
. . capsule capsule capsule . . host source
name shape width width 1 . infection
ength width shape
W FLT 16.5~19.5  8.5~10.0 7.0~10.0 2.5~4.0 i i i) [15]
M. ampullicapsulatus ~ pyriform ampullaceous gills C. auratus auratus
i 20 HORER £l 16.5~22.7  8.2~14.0 6.2~11.8 1.8~4.1 T i &t [19]
M. ampullicapsulatus  pyriform ampullaceous gills C. auratus auratus
ML A% 18.4~204  8.0~11.6 8.8~14.4 3.2~44 e g i [19]
M. ampullicapsulatus ~ pyriform ampullaceous gills C. auratus auratus
TRFEME Hy R 16.5~22.7  8.2~140 (1)6.2~11.8 (1) 1.8~4.1 i fiff fiff; 4 [38]
M. ampullicapsulatus ~ pyriform (II)6.1~10.9 (1) 1.6~3.6 ampullaceous gills C.auratus auratus;,
C. auratus auratus
HRFERIE 517 16.5~19.5  8.5~10.0 7.5~10.0 3.0~4.0 iNiA fig iy [16]
M. ampullicapsulatus  pyriform ampullaceous gills C.auratus auratus
TR ELpiA 17.0~19.0  8.5~10.5  (I)7.5~10.0 (1) 3.0~4.0 i fifl fiff [16]
M. ampullicapsulatus  pyriform (II)7.0~8.0 (II)2.0~3.5 ampullaceous gills C.auratus auratus
TRFEMLE Hy U 17.7~19.5  8.0~9.6  (I)8.7~11.0 (I)2.7~3.6 i fiff 5 AR [20]
M. ampullicapsulatus  pyriform (II)8.5~10.6 (1I)2.7~3.6 ampullaceous gills C. auratus gibelio
HFE L % 16.6~194  8.6~10.2 7.4~10.1 2.8~338 I g i [39]
M. ampullicapsulatus ~ pyriform ampullaceous gills C. auratus auratus
TR Hy R 17.1~19.0  8.3~103  (I)7.3~9.8  (1)2.8~3.9 i fiff fiff [39]
M. ampullicapsulatus ~ pyriform (II)6.8~7.9 (Il)2.3~3.4 ampullaceous gills C. auratus auratus
i 2T Sl iz 17.3~19.6  7.4~9.9 1) 6.4~9.7  (1)2.1~3.3 i i B R NI
M. ampullicapsulatus  pyriform (11)5.3~8.9 (II)2.0~3.3 ampullaceous gills C. auratus gibelio  present
research

VER: (1) FRRMRRINEE, (1) AR AR

Notes: (I) represents a slightly larger polar capsule, and (1) represents a slightly smaller polar capsule.

ol 37 S 67 A Sy DX S AL e R A 3 Ao o
TR, HaT et A2

DR R, 030 SSU rRNA — 4%
S5R VA R VT XIEA EE 1 E B AR R
XF WA B T o3 2K s Ak o A B S 2
B B A5 X A A e R k3 A e SSU
rRNA () V4 F1 V7 X 5/ it 4T 7 e 4 #r
5 FYLITL 8 T H A 3 A7 AN [ AR [ 1 — 2
ghEfy5E 4 —30, Ui SSU rRNA JF51 (1) V4 il V7
DX 20 5 A A 3 T o R 9 ) AN )RR AR (] AR 5T o
[, AR 5830 & B A Ly R Rt ) Al o e o
V4R VI IX a5 A EHRES, v,
SSU rRNA JE 5 V4 F1 VT X 225+ 0] LIAE Ky
A 35 L R R T A ) A T AR o

(1 7 9 A ST 5K I 25 v A B A 3 o )

SE ik (References):
[1] Lom J, Dykova I. Myxozoan genera: definition and notes
on taxonomy, life-cycle terminology and pathogenic spe-
cies[J]. Folia Parasitologica, 2006, 53(1): 1-36.

[2]

https://www.china-fishery.cn

Okamura B, Hartigan A, Naldoni J. Extensive uncharted

[71]

biodiversity: the parasite dimension[J]. Integrative and
Comparative Biology, 2018, 58(6): 1132-1145.

Eiras J C, Molnar K, Lu Y S. Synopsis of the species of
1882 (Myxozoa:
Myxobolidae)[J]. Systematic Parasitology, 2005, 61(1):
1-46.

Myxobolus Biitschli, Myxosporea:

Eiras J C, Zhang J Y, Molnar K. Synopsis of the species
of Myxobolus Biitschli, 1882 (Myxozoa: Myxosporea,
Myxobolidae) described between 2005 and 2013[J]. Sys-
tematic Parasitology, 2014, 88(1): 11-36.

Eiras J C, Cruz C F, Saraiva A, et al. Synopsis of the
species of Myxobolus (Cnidaria, Myxozoa, Myxosporea)
described between 2014 and 2020[J]. Folia Parasitolo-
gica, 2021, 68: 012.

R 28, DAt o [ 3l 35 R R sl 0 1T 11 2
M]. db5T: Bl A, 1998.

Chen Q L, Ma C L. Fauna Sinica[M]. Beijing: Science
Press, 1998 (in Chinese).

Zhang J Y, Yokoyama H, Wang J G, et al. Utilization of
tissue habitats by Myxobolus wulii Landsberg & Lom,
1991 in different carp hosts and disease resistance in
allogynogenetic gibel carp: redescription of M. wulii
from China and Japan[J]. Journal of Fish Diseases, 2010,

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.14411/fp.2006.001
https://doi.org/10.1007/s11230-004-6343-9
https://doi.org/10.1007/s11230-014-9484-5
https://doi.org/10.1007/s11230-014-9484-5
https://doi.org/10.1111/j.1365-2761.2009.01102.x
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

K2, &

Sy

IK P54, 2024, 48(5): 059418

[10]

[11]

[12]

[13]

[14]

[15]

[16]

33(1): 57-68.
BT, XUET R, AT, 45 RN B dL CRERSh 1T,
M Rl AR L HEETF 18S rDNA REEKE R A
S3H 0], oKL, 2017, 47(2): 79-85.

Zhao Z M, Liu X H, Zhao Y L, et al. Redescription and
phylogenetic analysis based on 18S »DNA of Myxobolus
kinchowensis (Myxozoa: Myxobolidae)[J]. Freshwater
Fisheries, 2017, 47(2): 79-85 (in Chinese).

Molnar K. Comments on the host, organ and tissue spe-
cificity of fish myxosporeans and on the types of their
intrapiscine development[J].

1994, 27: 5-20.

Parasitologia Hungarica,

Molnar K. Site preference of fish myxosporeans in the
gill[J]. Diseases of Aquatic Organisms, 2002, 48(3): 197-
207.

Molnar K, Székely C. Tissue preference of some myxo-
bolids (Myxozoa: Myxosporea) from the musculature of
European freshwater fishes[J]. Diseases of Aquatic
Organisms, 2014, 107(3): 191-198.

Liu Y, GuZ M, Luo Y L. Some additional data to the
occurrence, morphology and validity of Myxobolus turp-
isrotundus Zhang, 2009 (Myxozoa: Myxosporea)[J].
Parasitology Research, 2010, 107(1): 67-73.

Zhang J Y, Wang J G, Li A H, et al. Infection of Myxo-
bolus turpisrotundus sp. n. in allogynogenetic gibel carp,
Carassius auratus gibelio (Bloch), with revision of
Myxobolus rotundus (s. 1. ) Nemeczek reported from C.
auratus auratus (L. )[J]. Journal of Fish Diseases, 2010,
33(8): 625-638.

Liu'Y, Whipps C M, Gu Z M, et al. Myxobolus musseliu-
sae (Myxozoa: Myxobolidae) from the gills of common
carp Cyprinus carpio and revision of Myxobolus dispar
recorded in China[J]. Parasitology Research, 2013,
112(1): 289-296.

Zhao Y J, Sun C Y, Kent M L, et al. Description of a
new species of Myxobolus (Myxozoa: Myxobolidae)
based on morphological and molecular data[J]. Journal
of Parasitology, 2008, 94(3): 737-742.

sk, BT, TR AR, R ZERIE de R R 1 Y 2
T N0 S 45 T 9T (0] s 20 2K 244, 2009, 34(3):
531-539.

Zhang Q Z, Zhao Y J, He G L. The microscopic struc-
ture and ultrastructue observations of the mature spore
for Myxobolus ampulliapsulatus Zhao et al. , 2008

(Myxosporea, Myxobolidae)[J]. Acta Zootaxonomica

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

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Sinica, 2009, 34(3): 531-539 (in Chinese).
LiuSY,LuoL, Zuo F Y, ef al. Inmunosuppression and
apoptosis activation mediated by p53-Bcl2/Bax signal-
ing pathway -the potential mechanism of goldfish
(Carassius auratus Linnaeus) gill disease caused by
Myxobolus ampullicapsulatus[J]. Frontiers in Immuno-
logy, 2022, 13: 998975.

Xi B W, Xie J, Zhou Q L, et al. Mass mortality of pond-
reared Carassius gibelio caused by Myxobolus ampulli-
capsulatus in China[J]. Diseases of Aquatic Organisms,
2011, 93(3): 257-260.

Zhao Y J, Li N N, Tang F H, et al. Remarks on the valid-
ity of Myxobolus ampullicapsulatus and Myxobolus
honghuensis (Myxozoa: Myxosporea) based on SSU
rDNA sequences|[J].
112(11): 3817-3823.
HIEH. B R B TT B [ 23 B B b ) 20 2K
FHEIT (D). BB ARk R, 2014,

Liu Y. Revision on genus Myxobolus (Myxozoa:

Parasitology Research, 2013,

Myxosporea) and taxonomy of some Myxobolus species
in China[D]. Wuhan: Huazhong Agricultural University,
2014 (in Chinese).

Lom J, Arthur J R. A guideline for the preparation of
species descriptions in Myxosporea[J]. Journal of Fish
Diseases, 1989, 12(2): 151-156.

Barta J R, Martin D S, Liberator P A, ef al. Phylogenetic
relationships among eight Eimeria species infecting
domestic fowl inferred using complete small subunit
ribosomal DNA sequences[J]. The Journal of Parasito-
logy, 1997, 83(2): 262-271.

Hall T A. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows
95/98/ NT[J]. Nucleic Acids Symposium Series, 1999,
41(41): 95-98.

Katoh K, Standley D M. MAFFT multiple sequence
alignment software version 7: improvements in perform-
ance and usability[J]. Molecular Biology and Evolution,
2013, 30(4): 772-780.

Nylander J A A, Ronquist F, Huelsenbeck J P, et al.
Bayesian phylogenetic analysis of combined data[J].
Systematic Biology, 2004, 53(1): 47-67.

Minh B Q, Schmidt H A, Chernomor O, et al. IQ-TREE
2: new models and efficient methods for phylogenetic
inference in the genomic era[J]. Molecular Biology and

Evolution, 2020, 37(5): 1530-1534.

https://www.china-fishery.cn


https://doi.org/10.3969/j.issn.1000-6907.2017.02.012
https://doi.org/10.3969/j.issn.1000-6907.2017.02.012
https://doi.org/10.3969/j.issn.1000-6907.2017.02.012
https://doi.org/10.3354/dao02688
https://doi.org/10.3354/dao02688
https://doi.org/10.1007/s00436-010-1835-9
https://doi.org/10.1111/j.1365-2761.2010.01161.x
https://doi.org/10.1645/GE-1429.1
https://doi.org/10.1645/GE-1429.1
https://doi.org/10.3389/fimmu.2022.998975
https://doi.org/10.3389/fimmu.2022.998975
https://doi.org/10.3389/fimmu.2022.998975
https://doi.org/10.3354/dao02297
https://doi.org/10.1007/s00436-013-3569-y
https://doi.org/10.1111/j.1365-2761.1989.tb00287.x
https://doi.org/10.1111/j.1365-2761.1989.tb00287.x
https://doi.org/10.2307/3284453
https://doi.org/10.2307/3284453
https://doi.org/10.2307/3284453
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1080/10635150490264699
https://doi.org/10.1093/molbev/msaa015
https://doi.org/10.1093/molbev/msaa015
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

K2, &

Sy

IK P54, 2024, 48(5): 059418

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

Ronquist F, Teslenko M, Van Der Mark P, et al.
MrBayes 3.2: efficient Bayesian phylogenetic inference
and model choice across a large model space[J]. System-
atic Biology, 2012, 61(3): 539-542.

Kumar S, Stecher G, Tamura K. MEGA7: molecular
evolutionary genetics analysis version 7.0 for bigger
datasets[J]. Molecular Biology and Evolution, 2016,
33(7): 1870-1874.

Chen C J, Chen H, Zhang Y, et al. TBtools: an integrat-
ive toolkit developed for interactive analyses of big bio-
logical data[J]. Molecular Plant, 2020, 13(8): 1194-1202.
Holzer A S, Wootten R, Sommerville C. The secondary
structure of the unusually long 18S ribosomal RNA of
the myxozoan Sphaerospora truttae and structural evolu-
tionary trends in the Myxozoa[J]. International Journal
for Parasitology, 2007, 37(11): 1281-1295.

Gonzalez P, Labarére J. Phylogenetic relationships of
Pleurotus species according to the sequence and second-
ary structure of the mitochondrial small-subunit rRNA
V4, V6 and V9 domains[J]. Microbiology, 2000, 146(1):
209-221.

Hong S G, Jung H S. Phylogenetic analysis of Gano-
derma based on nearly complete mitochondrial small-
subunit ribosomal DNA sequences[J]. Mycologia, 2004,
96(4): 742-755.

De Rijk P, Wuyts J, De Wachter R. RnaViz 2: An
improved representation of RNA secondary structure[J].
Bioinformatics, 2003, 19(2): 299-300.

Gui J F, Zhou L. Genetic basis and breeding application
of clonal diversity and dual reproduction modes in poly-
ploid Carassius auratus gibelio[J]. Science China Life
Sciences, 2010, 53(4): 409-415.

Wang Z W, Zhu H P, Wang D, et al. A novel nucleo-
cytoplasmic hybrid clone formed via androgenesis in
polyploid gibel carp[J]. BMC Research Notes, 2011,
4(1): 82.

Liu Y, Whipps C M, Gu Z M, et al. Myxobolus
honghuensis n. sp. (Myxosporea: Bivalvulida) parasitiz-
ing the pharynx of allogynogenetic gibel carp Carassius
auratus gibelio (Bloch) from Honghu Lake, China[J].
Parasitology Research, 2012, 110(4): 1331-1336.

LiuY, Yuan J F, Jia L, et al. Supplemental description of
Thelohanellus wuhanensis Xiao & Chen, 1993 (Myxo-
zoa: Myxosporea) infecting the skin of Carassius

auratus gibelio (Bloch): ultrastructural and histological

https://www.china-fishery.cn

10

[38]

[39]

[40]

[41]

[42]

[43]

[44]

data[J]. Parasitology International, 2014, 63(3): 489-491.
FELLEN. 4 Bk 7 du3k T 288 1 1TS-5.8S rDNA )
ARGy REWHIT (D). HR: HRIPRIKE, 2011.

Dong J L. Phylogenic analysis inferred from 28S Rdna
and ITS-5.8S rDNA data on four species of myxospor-
eans (Myxozoa: Myxosporea)[D]. Chongqing: Chongqing
Normal University, 2011 (in Chinese).

G A =K g SR A AR 1 TR S s A L
BmEFE (D). FEK: HRITE K, 2009.

Zhang Q Z. Comparative studies on ultrastructure of
spores of three myxosporeans parasitic in freshwater
fish[D]. Chongqing: Chongqing Normal University,
2009 (in Chinese).

Fii 223, SRR, PTARTT, &8 Bl bR R E AR T
TR FPRE T ORTA R BGE JUB S5 T84T [J).
e, 2012, 34(4): 406-416.

Lu HD, Cai S J, Zhu Y T, et al. Morphological and
molecular analysis of Myxobolus pharynae n. sp.
(Myxosporea) causing high mortality of Carassius
auratus gibelio in pond aquaculture, China[J]. Marine
Fisheries, 2012, 34(4): 406-416 (in Chinese).

A, KB, T/, 5. & (Carassius auratus) W
2T A UL B (Myxobolus honghuensis) 1153 T4
SEMRGKE /T [J]. L IE, 2021, 43(1): 61-66.
Guo R, Zhang S P, Jiang X B, ef al. Molecular identific-
ation and phylogenetic analysis of Myxobolus honghuen-
sis found in pharynx of goldfish Carassius auratus[J].
Journal of Fisheries Research, 2021, 43(1): 61-66 (in
Chinese).

HGERE, MRS, AT H . OO dupt AR K R
S0 (1 % AL AT 0], KRR AR, 2016, 40(2):
350-357.

Liu X C, Yang C Z, Zhao Y J. Redescription of Myxo-
bolus honghuensis Liu et al. 2012 and identification on
its genetic related species[J]. Acta Hydrobiologica Sin-
ica, 2016, 40(2): 350-357 (in Chinese).

Whipps C M, Diggles B K. Kudoa alliaria in flesh of
Argentinian hoki Macruronus magellanicus (Gadi-
formes; Merlucciidae)[J]. Diseases of Aquatic Organ-
isms, 2006, 69(2-3): 259-263.

Easy R H, Johnson S C, Cone D K. Morphological and
molecular comparison of Myxobolus procerus (Kudo,
1934) and M. intramusculi n. sp. (Myxozoa) parasitising
muscles of the trout-perch Percopsis omiscomaycus[J].
Systematic Parasitology, 2005, 61(2): 115-122.

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1016/j.molp.2020.06.009
https://doi.org/10.1016/j.ijpara.2007.03.014
https://doi.org/10.1016/j.ijpara.2007.03.014
https://doi.org/10.1099/00221287-146-1-209
https://doi.org/10.1080/15572536.2005.11832922
https://doi.org/10.1093/bioinformatics/19.2.299
https://doi.org/10.1007/s11427-010-0092-6
https://doi.org/10.1007/s11427-010-0092-6
https://doi.org/10.1186/1756-0500-4-82
https://doi.org/10.1016/j.parint.2014.01.003
https://doi.org/10.3969/j.issn.1004-2490.2012.04.007
https://doi.org/10.3969/j.issn.1004-2490.2012.04.007
https://doi.org/10.3969/j.issn.1004-2490.2012.04.007
https://doi.org/10.3969/j.issn.1004-2490.2012.04.007
https://doi.org/10.1007/s11230-005-3135-9
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

A

K2, & IKPA 4R, 2024, 48(5): 059418

[45] PR, Bk, RXOTE . BT I A5 B B RORS A T e a2 31(3): 31-34 (in Chinese).
BEFC [J]. R E K24 (B R R RR), 2014, [46] Zhang Y, Zhao Y J, Wang Q, et al. New comparative
31(3): 31-34. analysis based on the secondary structure of SSU-TRNA
Ran J, Yang C Z, Zhao Y J. Taxonomic research of the gene reveals the evolutionary trend and the family-genus
Myxosporidia based on genetic distance[J]. Journal of characters of Mobilida (Ciliophora, Peritrichia)[J]. Cur-
Chongging Normal University (Natural Science), 2014, rent Microbiology, 2015, 71(2): 259-267.

Redescription of Myxobolus ampullicapsulatus and comparison with molecular
marker of M. honghuensis

ZHANG Xiaoyi', DING Peng', ZHANG Chenghao', SUN Ronghua ',
YANG Chengzhong >, LIU Yang

(1. School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China;
2. Chongqing Key Laboratory of Animal Biology, College of Life Sciences,
Chonggqing Normal University, Chongqing 401331, China)

Abstract: To improve the taxonomic characteristics of Myxobolus ampullicapsulatus and clarify its relationship
with of M. honghuensis, M. ampullicapsulatus was comprehensively redescribed by morphological, histological
and molecular methods, and a systematic comparison was made with molecular marker of M. honghuensis. In the
present study, M. ampullicapsulatus was characterized by round or oval, white plasmodia in gills of gibel carp
Carassius auratus gibelio, measuring 1.2-1.4 mm in diameter. Myxospores were pear-shaped in front view with
pointed anterior end and rounded posterior, measuring 17.3-19.6 pm in length, 7.4-9.9 pm in width. Two ampulla-
ceous polar capsules were unequal in size, with the larger polar capsule measuring 6.4-9.7 pm %2.1-3.3 pm and the
smaller one 5.3-8.9 um x2.0-3.3 pm. Polar filament coiled 8-11 turns. Histological analysis demonstrated that M.
ampullicapsulatus developed within stratified epithelium between adjacent gill lamellae. A BLAST search conduc-
ted in this study revealed a high degree of similarity, ranging from 99.5% to 99.8%, between the obtained small
subunit ribosomal DNA (SSU rDNA) sequence and those of M. ampullicapsulatus in GenBank (KC425223-
KC425225, MH329620, JQ690361, JQ690373, KJ725082, MN227351, DQ339482). Furthermore, phylogenetic
analysis indicated that M. ampullicapsulatus was closely related to M. honghuensis, serving as its sister species.
Upon comparing the SSU rDNA sequences of M. ampullicapsulatus and M. honghuensis, it was observed that they
shared a sequence similarity of 98.2% to 98.8%, a genetic distance of 0.014 to 0.018, and 27 base differences. The
analysis of SSU rRNA sequences revealed that the secondary structures of different populations of M. ampullicap-
sulatus and M. honghuensis were found to be consistent, and there are obvious differences in the secondary struc-
ture between the two species. Moreover, notable differences were observed in the secondary structures of these two
Myxobolus species, suggesting that the SSU rRNA secondary structure is expected to serve as a molecular feature
to differentiate M. ampullicapsulatus and M. honghuensis. In summary, this study enhances the understanding of
the detailed infection site of M. ampullicapsulatus in gills, and proposes that the SSU rRNA secondary structure

may be used as an effective molecular marker for distinguishing M. ampullicapsulatus and M. honghuensis.
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