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S F A 1502 R, TBEEZHE; MR LA iA
(spore body). JEHi(caudal process)Fl i (style)5
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() AN AE B S — SO X R 5 R

B TR ] A KR IROK SR A A, LAY
I WAL TR A M AR B R KM FEE SR
DI Rl 27T o | B s EN (TR et R
T B ) o JH A U (5% 2R LR R ) |
“JHR 761 - A (RO AR ) AE, BHARAR A
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AF AR R

R U E SRS RES

1.1 EKEEELEXE

A YES~8 e JICIE,  FH40 H i ] i 2
PeAAL T, P 5B (I B I R R ER DA
A MK B AR RS ol St s . IR R
) K e 3R B R A R SR A3 5 i A —
WAESBRLK AR F, fn2~4 mL B R K CE
F20~25 °CH I, HERYFEESR (P E
/N RAFAE ) U

1.2 MSATFHREEMRE

BER B FEAA TR I mLaK FR AR A 9
THECHE AN M1 T 8% v, 6 FHOlympus CX-311%
M 1015 P Ba ke A, B/ B+ RUTE 4015
Yse T i — DS . T A U SR H R AR
(TAC-9.0C)EUG B A T4 4%, T A AR fE £50 40
R AN TR, HTRRERNHA
DNA UL e i, SR 10 pLie Sk 7 i
B MALETF IR £ 25100092 F, —20 °CIR-AFTF
FH o B U 35 A v KRR T G A 90 0T e g A
Mok, AR XI5 YL,
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Fig. 1  B. sowerbyi releasing the

T. wuhanensis actinospore
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(Liyang), 8T dufiy 44 ST 50K Hodiw 44 0
aurantiactinomyxon type LY(&[2, 3),

50 pm
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Fig. 2 Line drawing of the T. wuhanensis actinospore
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Fig. 3 Fresh floating actionspores released by

B. sowerbyi
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Ko, R, LIRSS ) TR, R AW A f >
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2.2 18S rDNA F%

X M4 2% 7 [ 2 i 1 A Py e Tk i ) A A I S
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5 R IR B (HQ613410, 1Q088179, JQ690370,
JQ96868NEE NN — 32, MG IE i .
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il B 5 0 2875 A U R (AN T. wuhanensis, 5 B
PG (T, kitauei), T. hovorkai, T. nikolskii, T G P
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A 75 KR s
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F 1 FREFKRRNERH18S rDNAFF—H 1%
Tab.1 The sequence identity of available 18S rDNA of T. wuhanensis %
H1 H2 JQ690370 JQ088179 HQ613410 JQ968687
H1 100
H2 99.9
JQ690370 99.9 99.8
JQ088179 100 99.9 99.9
HQ613410 99.9 99.8 99.8 99.9
JQ968687 99.9 99.8 99.8 99.9 99.8 100
Neoactinomyxum B2 (DQ231152): released by Branchiura sowerbyi
Neoactinomyxum B2 (DQ231151): released by Branchiura sowerbyi
100/92} | Neoactinomyxum B1 (DQ231150): released by Branchiura sowerbyi
99/96 Neoactinomyxum (KJ152183): released by Isochaetides michaelseni
37/49 Neoactinomyxum CZ-3 (KP642141): released by Branchiura sowerbyi

Thelohanellus kitauei (GQ396677)
Thelohanellus kitauei (HQ115585)
87/79137/- — ThelohanelTl]uSlrzhita;(KFI 76(1)927.(21)(C865607)
1007100 [-7 helohanellus caudatus
Thelohanellus caudatus (KF583877)
Aurantiactinomyxon B2 (DQ231148): released by Branchiura sowerbyi
Thelohanellus Hovorkai (DQ231155)

90/37.49/44

00/100; Aurantiactinomyxon JD (KP642135): released by Branchiura sowerbyi
Aurantiactinomyxon JD (KP642135): released by Branchiura sowerbyi
190/99; Neoactinomyxum CZ-2 (KF642140): released by Branchiura sowerbyi
SH/- Neoactinomyxum A2 (DQ231149): released by Branchiura sowerbyi
96/-1| Thelohanellus wuhanensis (JQ968687)
83/ Thelohanellus wuhanensis (HQ613410)
Thelohanellus wuhanensis (JQ088179)
66/67\ Thelohanellus withanensis (JQ690370)
56/- Aurantiactionomyxon LY: released by Branchiura sowerbyi
Aurantiactionomyxon LY: released by Branchiura sowerbyi
100/100 j Neoactinomyxum JD (KP642134): released by Branchiura sowerbyi
Thelohanellus wangi (JX458816)
Thelohanellus testudineus (KC843624)
Neoactinomyxum CZ-1 (KP642138): released by Branchiura sowerbyi
100/100 Thelohanellus nikolskii (DQ231156)
99/93L Thelohanellus nikolskii (GU165832)
Thelohanellus sinensis (DQ452103)
Myxobolus paviovskii (HM991164)
Myxobolus diversicapsulari (GU968199)
100/100[— Thelohanellus catlae (KJ476882
Thelohanellus catlae (K.14(176881) )
98/99 Thelohanellus jiroveci (KJ476885)
m[]'{_he/ohanellus seni (KJ476884)
97/91 Thelohanellus bifurcate (KJ476886)

68/4

| )

99/1 ool Zschokkella sp.(AJ581918)
Myxobolus cerebralis (EF370481)
100/100 Myxobolus pseudodispar (AF380145)
78m‘—i Myxobolus toyamai (HQ338729)
100/100 Myxobolus wulii (HQ613412)
—
0.02

4 ETFI1SSrDNAFFIMEBEH AR FNEHLMERG L E R

Fig. 4 Phylogenetic tree of myxozoans based on 18S rDNA sequences

Rz te . EWNA RO RO M RN S RO e R 22 5, TR
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ERISE SR B KT L I N T — BB AU B A% I S F6 7 LU (Aurantiactino-

FE K {087 1 PN A TSR AR ARG #1450 myxon type LY), HIEEFFHIE 5 Aurantiactinomyxon
i L 5 SOk O R E AR RO A R AIE S type 1", Aurantiactinomyxon type A”*'fll Auran-
FRIE LU S, ARSI B9 O 7178 B AR 24 tiactinomyxon type 3 “HEF AL, SR, Y 2A
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A R AR A B AR AR R 4 (51.3 um, 47.0 pm).
Aurantiactinomyxon type LY(195.0 um)-5type 31y
FREE(114.5 pm)HIE, 57 A 1200044

THMEN Y BR D HF AU AT i 56
wardArRmE S EREw K, JLFIEE
I SRR AR B % R A0 A O s AR
AT F B B i 6 g A B AL SRk L A AR
ST 32 S R R, AR I e i 2
WL PR, R HEFRBORAM T AL B
%A 32 F HAh 5 4 . Ruidish %558 o B YL 05
K B Myxobolus pavlovskii v 8 5| 25 A= By B 1) il 51
il FJ8 T —FiHexactinomyxonZS I | 4R,
Marton &5 3 1 5 55 % B YL F T 51 43 B & B0
% XF N 55 4 — F Echinactinomyxon i 5 #1 F HL .
DNAJTF 73 # R Py A g e e . o 28 5 42 1

®2 BRHESE

Tab. 2

W KA A o 3l 1t T 18S rDNAJT FI 4 B 45 S %
EDﬂAurantlactmomyxon type LY 5 GenBank H* H Al
01 /A (T v G N S B R I = S~
@%%Ammol%,ﬁmﬁkﬂmﬁiﬁﬁE
JFE 815 Hh Aurantiactinomyxon type LY &l 27 A 2
POV £ 2T WA 9D € B
g g YA EAEE B R, ar A 2EA 108
FRE BHAT, O JF R A S A OC A B AL S
T. wuhanensis, T. kitauei,T. hovorkai, T. nikolskiifll T.
wangi(F2) o H AT B R I 26 O 0 S Y Tk
S A6 BT AR A O G R RS b AN, fEA
MR RGE K TR P (K4), RE5HN R
BT [F] — 3 & i s A R A AN )
AV L IX &R, H L # a7 A 7E IR 95 [
BRI Y

AL B AR M2

Summary of known Thelohanellus life cycle

Yrfh T 75— 3% s YE - TR M E
species actinospore DNA match vertebrate host invertebrate host
T. hovorkai®™*  aurantiactinomyxon 99.8 il Cyprinus carpio 75 IR HR| B. sowerbyi
T. nikolskii®™  aurantiactinomyxon 100 # C. carpio IR B, sowerbyi
T. kitauei™”  aurantiactinomyxon 99.4 i C. carpio 7[R HIE) B. sowerbyi
T. wangi™ neoactinomyxum 100 il C. auratus 75 [CRRHEY| B. sowerbyi
T. wuhanensis ~ aurantiactinomyxon 100 il C. auratus 75 [RREHEE] B. sowerbyi

B, AT IR T — R L A A A AR ST
i I A1 A DAY B A 5 e, 18
rDNAFF 51 73 B H 3w 395 Az D0l o
AW FE GG R AR 7R T B SR 5 iDL B D
AT ST, Ol e £ v O R A S] L D) IR AR O
SR LR 2R B IR A P I A B SR

R o B KR SR T B 3R K e B G
R BAF. TRk BeFmFEdEREFLR
o 4R g e A By !
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The life cycle of Thelohanellus wuhanensis from Carassius auratus involving
an Aurantiactinomyxon-type actinospore
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2. Hubei Collaborative Innovation Center for Freshwater Aquaculture, Wuhan 430070, China;
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4. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Thelohanellus wuhanensis is an important parasite in crucian carp culture, forming numerous plasmodia
on the skin, and causing massive mortality of juvenile fish in soil ponds. During the survey of actinosporeans in
oligochaetes of fish pond in Liyang (31°18'N, 119°28'E), an Aurantiactinomyxon-type actinosporean was found
from the oligochaete Branchiura sowerbyi. The actinospores are not connected with each other, and possess a
style-less spore body with 3 almost equal-sized, elongate caudal processes. In apical view, the spore body is
spherical and three polar capsules are positioned on the top of the spore body and close to each other. There is an
above 100 angle between each process. Spore body average length (19.8+1.3)um, width (18.2+1.1)um polar
capsules (4.53+0.4)um long, (3.4+0.4)um wide; caudal processes (195.0£15.7)um long, (11.5+0.8)um wide. Fresh
spores floating in water were collected with 10 pL pipette tip under microscope and stored at —20°C. Genomic
DNA was extracted with MagicMag Genomic DNA micro Kit (Sangon Biotech, China) following the instruction.
Partial 18S rDNA sequence was amplified with primers MyxospecF and MyxospecR (Fiala 2006). Positive PCR
products were sequenced with the primers in Sangon Biotech. Homologous sequences were determined by
performing a BLASTN search at NCBI. DNA sequence similarities were calculated using the MEGA 6.0 software
package. On the basis of 18S rDNA sequence analysis, the actinosporeans reported here were identified as 7.
wuhanensis, and showed 99.8%—100% sequence similarity with 7. wuhanensis (HQ613410, JQ088179, JQ690370
and JQ968687) available in GenBank. Phylogenetic analysis revealed the actinsporean stages of most taxa in the

clade Thelohanellus developed in alternative host Branchiura sowerbyi.
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