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Bivalvulida, il &l Myxobolidae, f#)HHWu & LiT
19864F7E I [H il Carassius auratus auratus Lin-
naeus [ 8 22 & 3K iy 44 9 KB R M yxo-
soma magna Wu & Li, 1986, [ 5 XA A EHypo-
phthalmichthys molitrix Valenciennes. 7 f#ifiLeiocas-
sis brashnikowi Berg. % Il f Opsariichthys bidens
Giintherifi 82 R LA 1% 25 24 252" 2. ok, 5
TE19844F, LA ¥ B WK F ik 18 Myxosoma
Thélohan, 1892 ] Fr A1 Ff & I 2 #ltf H J& Myxobo-
Ius Biitschli, 18827, JF1& 1k H J& 4 v iy dU g
Myxobolus'™, N sk R 2™, 418 [ br
a5, KIEF R R Myxosoma magnafg IE
Ja A RO R . T A YR Myxo-
bolus magnus Awerinzew, 1913 &5 i, X, Lands-
berg & Lom¥¥ H H H i 4 Jy 5= 25 i Myxobolus
wulii Landsberg & Lom, 1991. JGa7 I 57— Bk
N RO M. wulii. FETFERIC. auratus
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11 HA120184F4 H R B KT E PR B, L% 4y
IN25% (82 2R IR GL) F110% (102 H 1 1) 18
Ylyo TEIE YL )15 32 0 B AT DLW S22 3 S 2=
R FE, %A AR AR AR IR 3R S A B2 SCHR[10]
FE B o

1.2 DNA {25 PCR ¥ 1%

DNA 2B W3R 11 S 2T e e S
Bk, WA IR, B RAE AR BUN9S % I L
WHARAT T BSO8R, 10 AEEAT SR 250
BRI 10 pLIRA B AT R, &4k
THPE2—3 WK LABR 25 45, F kAT 5L [ 4L DN A2
HU. DNA#i$Z K Dneasy Tissue Kit (QIAGEN,
Germany) 7l &, #AF 7 E %8 IR AL R Ui B 4
WIRHAT . FRIE S R A DNAE T-20°C k46
TRAF&H -

PCR 1  HTH 1518S rDNAKEK 15|49
43 B NERIB1(5-ACCTGGTTGATCCTGCCAG-
3")AIERIB10 (5'-CTTCCGCAGGTTCACCTACGG-
30U SRR B H R BON, R 51 18E
(5'-CTGGTTGATCCTGCCAGT-3")"'#118R (5'-
CTACGGAAACCT TGTTACG-3")"""', PCRR Mk
ZU1R: 10xEx Tag buffer Mg’ free) 2.5 pL, 25 mmol/L
fIMgCl, 2.5 uL, 25 mmol/LHJdNTP 2.5 pL, 10 umol/L
P51 414%0.5 uL, 1.2 ng B DNA, 5 U/uLJEx
Taq§0.2 L, f i Fl KRB A KM 2 28 28 FH25 uL.
PCR B 2 A: 95 °C FilA8 14 Smin; 95 “CAZE50s,
58°CiE K 1min, 72°C ZEAH12min, 35 MG, i J572°C
FEMH10min. (3 pL PCRP“47E B g B v s Lok
Foril, SR J5 KA H 2%t PCR™ ) F IR [ USC it )
#iGel Extraction Kit (OMEGA, America)Zfift [7]1i
ik BRI A E R A R A F WP (ABI,

3730XLIIFAY).
1.3 FINHMARELE
FHIRNER AT FU SRR 12 5% R 2N

11188 rDNAJT 51| 43 5l #£ GenBank 713t i BLAS Tk
AT PP B[RRI LA o AR i oy 25 2R, e B0 1k 42
e 29 26 L B 7 7, BLE AR AR B2 5% R 2
iy By 8. S ANk R Tetracapsuloides bryosal-
monae (KF731712)M Buddenbrockia plumatellae
(AYO749 15)/E AN R R G K EW

18S rDNA F3U53#r  JEif Clustal WHE P 1%
RS ST T 51 2 LU, 7 AR ALE T 55
FHAE 28 17 51 XUEE P X T H (http://www.ebi.ac.uk/
Tools/psa/)IT 5343 . Frist 7 53t 47 P PR 2 1) [ I
B B R FIMEGA 6.0, 3 KPR 1 5 52 1l

REMIME  FHAEZLKA The CIPRES

Science Gateway V. 3.1 (http://www.phylo.org/sub
sections/portal/)#) Maximum-likelihood (ML)#,
1% FI 8 W RAXML-HPC2 XSEDE (8.2.10)!"" ",
Bayes (BI)I 7EMrBayes 3. 12804 i g, 07 84
AP 7 B Ninvgamma sy A, 78 B R EAL AR T
GTRA+I+G, 1217100000048 . # /5 FFigTree v1.4.2
HIPhotoshop CS3 58 i F S Mf (1) 21l o

2 #R

21 RFEWBHERMKABLSEERR

S 2T U PR R, AR TSR T W A K
YRTE, ST AR T, B AN o w5, 7 Rm
e, 2R ESE R KAVE, IR 20T
A, PR FEL o TR 12, AR 2235 M T L2
7—9k . T EE1n=40)N: fiF1(14.45+0.70) pm
(13.06—15.93 pm), 37 %£(9.87+0.87) um (8.07—
11.17 pm); H%FE K (7.67+0.63) pm (6.54—8.31 pm),
W HE 55 (3.90+0.22) um (3.49—4.27 um) (K 1. % 1).
15 A8 R K I B
22 RZfEH 18S rDNA 4 FH4FE

AT 5% 2= 0 B B Rk R 19225 18S rDNAJT
FIKFE 4> B9 1921 11912 nt, #7535 % Gen-
Bank, &35 7 5 AMH920541 FIMH920542, =
Zs it U 18S IDNAZBLAST EE X 1 45 3 8w,
FE T LLYE BBl N, ASBIT 7015 21 (1) 52 2= i de 3 AR &
5#Abtk 2 (7516 5% 5 AKI72508 1 FIEF690300)
AL TR bR & (7 515 5% 5 WHQ6 134 12) HALL B 7
99% L _F(99.2%—99.9%, % 2).

WA BE B T 4 SR BOR, AHIE AR 1 R A
I 1 PR AR &R 9 7 51 (MH92054 1 FTMH920542) 2
[ P 824 B 25 O 0.0011, B ER iR & 20 ) 5 i db ik &
(KJ72508 1 F1EF690300). YL 754k R (HQ613412)K]
WAL FE B3 280.007; WiALER R 7 F1(KJ72508 11
EF690300).2 [F] [ 35 4% 5 25 °40.001; Wl dbik R 51T
TiAR R 118 A5 FE 29351°50.002 (3% 2).
23 RGXE

F T 18S iDNAM & FIMLABIA 2 Bt — £
FIAR AN (A S R R HBIN, K 2). B it &
MIFhor N2 K R(ALNIBY). #EBL &, T =
AR R R — 3, 1% RS R AL AR A
TR UM R A T A R B R R . 7R R AR LA
HSE B R R — SR e a4k, WAL IR
PRARR A — 5t Hod, R0 Hus L
PR R AT I3 Pk R R T i B R B A 1321 A,
T2 AH A2 Xk (] 2).
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3 it 0.000%0.007"" . ZHF 7 R 2B it = K FE b

AHIFFE ARG 52 4= T L PR R R A S b
FEX LI AL AR RN, WAL R R AR R K/ |
WA 25 5, T E R bE R IRBESE KGR 1). 1195
PR &R T RS EEE, ik, UEEEET
18S tDNA N7 b ic 1 3 7 7 BV ol 65 78 7 THD 1)
T3 B, 28K 2 H0 3 U o ARABLRE Y [ Dy
98.6%—100%, T A 382 4% BF 85 ¥ K 2 28 h 7

Z 7 HIAHALE (99.2%—99.9%) Alig 4% #H 25(0.002—
0.007) 7> T 1 45 5 i oR = Kb BERE R N F— )
Fio DRk, RE SR REETEARE FE—E
Z5, BN TKP EE, WERM AN KRS
Fo MR ZEFAIRESHUFIIRES . 15 32 A2 ik
YeEBAIA 5K

— W, T B R ARSI, HhER R ST
FhEE b okl o B R, T K P 20 1) O 2

K1 REMGE R E R R AT ESE
Morphology of M. wulii from Chongqing strain
a. TSSO b. fl T2, LI R=10 pm

a. spore in valvular view, b. spore in sutural view. Bars=10 pm

Fig. 1

£1 KIIREIFWAHRM. wulifs FHE RS FEL R

Tab. 1

Morphological comparison of different strains of M. wulii in the Yangtze River Basin

R HBE R bk WL 1 WALk 2 VLB
M. wulii strains Chonggqing strain Hubei strain 1 Hubei strain 2 Jiangsu strain
18S rDNAfE & 1921 nt (MH920541) /1912 nt 2041nt
188 TDNA ot (MH920542) 1576 nt (EF690300) 1528 nt (KJ725081) (HQ613412)
f1FK:Spore length (um)  14.45+0.70 (13.06—15.93) 17.7 (16.5—18.9) 17.740.6 (16.1—18.6) -
707 5% Spore width (um) 9.8740.87 (8.07—11.17) 10.6 (9.1—10.8) 12.040.4 (11.0—13.0) -
75
Spore thickness (um) - 8.3 (7.2—9.0) 9.0+0.3 (8.0—9.6) -
WK 9.3 (8.4—9.9)" 9.640.5 (9.0—10.8)"
Polar capsule length (um) 7.670.63 (6.54—8.31) 9.0 (8.1—9.2)° 8.9+0.5 (7.8—9.8)Z -
WHETE 3.7 (3.4—4.0) 3.940.3 (3.1—4.1)"
Polar capsule width (pm) 3.90+0.22 (3.49—4.27) 3.6(34-3.8) 3.840.2 (3.0—4.3)" -
W22 8l %
Polar filament number -9 9 9 -
1 = Hosts #1C. auratus auratus SERMC. auratus T EHWMC. auratus gibelio #C. auratus
gibelio auratus
J&YLER i, Infection sites B Gill JT JEI¥ Hepatopancreas JiTJ il Hepatopancreas Jigiz il
Hepatopancreas
HiHEA B Localities i JKChongqing B4t Hubei 1t Hubei {75 Jiangsu
# Bl KR References K1 7T The present study Zhang, et al” i ! Xi, et al”

T a KAREE; b. /MIREE; — AR $hiR B K

Note: a. Large polar capsule; b. Small polar capsule; —. No description or no data
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SEERMBES L EER R NI AL I A
R, = RH PR R 2 8] 8% 28 53 AN B
e b 3 B 25 5 A B AL 2 R A SRR R (3R 2
Bl 2). DASE IR FER W, ST 2 AR AR VG 1) 25 A= dUfd
AR 53 52 1 2 P SIS 10 R ) o T 52 b 3R 25 1 5
W, AR, R E TR BRI E 2 E T
5 1) 52 2R e R LA R SR 20 R, s 2
ST FRRR R (HQ613412) 31 515 £ v 5 5 ARl
(3 b Bk 22 1(EF690300) 5 N — (K 2). AR

R A A AR e R A S U, S Ry A AL
Ve PEth 2 SEC MM EE R O R A
TF e 8 2 2 5 AT IR IR A2 1) SR 2 e e 70 ) S
PRSE A, HSa A S R SE k(M 2). 1XR
B, AR R 23 2 AL 0 SR R GRS A I R R
%, HAREF A 0 R A0 bk RARXS IR AG . IX AT RE
55 R LR AR A 2 AR A 5% SR N R
be, A A AT R S AR A AE AR B R D TR
i T RN A, AR T IR 2 1 DR B B,

=2 MFEOEE SR E T 18S rDNAFEFIEIEINE SiREES

Tab. 2 Similarities and genetic distances of four similar Myxobolus species (12 sequences) based on 18S rDNA sequences

1 2 3 4 5 6 7 8 9 10 11 12
1. M. wulii HQ613412 99.8% 99.7% 99.2% 99.2% 91.4% 91.5% 91.5% 91.1% 91.1% 94.3% 94.2%
2. M. wulii EF690300 0.002 99.8% 99.3% 99.3% 91.6% 91.6% 91.6% 91.1% 91.1% 94.3% 94.3%
3. M. wulii KJ725081 0.002 0.001 99.2% 99.2% 91.5% 91.6% 91.6% 91.1% 91.1% 94.3% 94.2%
4. M. wulii MH920541 0.007 0.007 0.007 99.9% 91.7% 91.8% 91.8% 91.1% 91.1% 94.6% 94.7%
5. M. wulii MH920542 0.007 0.007 0.007 0.001 91.8% 91.8% 91.8% 91.2% 91.2% 94.7% 94.7%
6. M. ampullicapsulatus KC425224 0.084 0.083 0.083 0.080 0.080 99.8% 99.8% 98.4% 98.4% 90.7% 90.7%
7. M. ampullicapsulatus KC425223 0.084 0.083 0.083 0.080 0.080 0.001 100.0% 98.6% 98.6% 90.8% 90.8%
8. M. ampullicapsulatus KC425225 0.084 0.083 0.083 0.080 0.080 0.001 0.000 98.6% 98.6% 90.8% 90.8%
9. M. honghuensis KR049222 0.086 0.085 0.085 0.083 0.083 0.015 0.013 0.013 100.0% 90.7% 90.7%
10. M. honghuensis KJ1725074 0.086 0.085 0.085 0.083 0.083 0.015 0.013 0.013 0.000 90.7% 90.6%
11. M. pyramidis HQ613411 0.055 0.054 0.054 0.050 0.049 0.088 0.088 0.088 0.089 0.089 99.5%
12. M. pyramidis 1LC228239 0.055 0.054 0.054 0.050 0.049 0.086 0.086 0.086 0.089 0.089 0.004
0.48 (Myxobolus pseudoacinosus KX586684
0.91 FMyxobolus acinosus KX810022
0.99 % Myxobolus paratoyamai 1L.C228237
0.99 |“Myxobolus longisporus AY364637
0.96 i Myxobolus toyamai FJ710802
‘Myxobolus toyamai LC010115
0.59 |*® Myxobolus toyamai LC010116
I Myxobolus tanakai LC228235
0.93 {-EAfyxobolus koi FI710800
0.82 . |*Myxobolus tanakai LC228236
0.33 | iMyxobolus koi KT240127
0.771" YMyxobolus koi FI841887
A 97 Mﬁcobolusorissae KF448527
1.00; Myxobolus mrigalhitae KJ476879
i':‘,/\/lyxobolusbengalensis KJ476883 Si o Locali
¢ Myxobolus bilobus DQ008579 ite ost ocality
34 11\‘/[/Iyx0bolus wulii HQ613412 ....................... Hepatopancreas C. auratus auratus  Jiangsu
1.00 P2 Myxobolus wuliiEF690300 ........................ Hepatopancreas C. auratus gibelio  Hubei
I F 978 Myxobolus wulii EF690300.................. ...... Hepatopancreas C. auratus gibelio  Hubei
0.96 L1 WMyxobolus wulii MH920541 ..................... Gill C. auratus auratus Chongqing
0.39 | ‘Myxobolus wulii MH920542 ..................... Gill C. auratus auratus Chongqing
=7 110.35 {Myxobolus ampullicapsulatus KC425225
0.99 { Myxobolus ampullicapsulatus KC425224
B 0.57 A 0.98 Myxobolus ampullicapsulatus KC425223
' Myxobolus honghuensis KR049222
1.00 Myxobolus honghuensis K1725074
i Myxobolus pyramidis HQ613411
it 0—9!) lyxobolus ggzam;d;s LC228239
'—Myxobolus sheyangensis KU313684
Buddenbrockia plumatellae AY074915

Tetracapsuloides bryosalmonae KF731712

0.3

B2 H:7°18S rDNAJT SR MBLR St AL
Fig. 2 Phylogenetic tree generated by Bl based on the 18S rDNA gene sequences
U RN SO MR A i T3R8 GenBank 8 5% 5

The node indicates the support value; the number after the species name indicates the GenBank accession number
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REDESCRIPTION OF MYXOBOLUS WULII AND COMPARISON OF ITS
STRAINS IN DIFFERENT SECTIONS OF THE YANGTZE RIVER BASIN

YANG Cheng-Zhong, ZHANG Diao-Diao and ZHAO Yuan-Jun
(Chonggqing Key Laboratory of Animal Biology, College of Life Sciences, Chongqing Normal University, Chongging 401331, China)

Abstract: This study re-described Myxobolus wulii (Wu & Li) Landsberg & Lom, 1991 and compared its strains in dif-
ferent sections of Yangtze River Basin (Chongqing strain, Hubei strain and Jiangsu strain) based on morphological and

molecular (18S rDNA) data. The results showed that the spores and polar capsules of Chongqing strain were slightly

smaller than those of Hubei strain, and that polar capsules and spores of Chongqing strain were equal in size while they

were unequal for Hubei strain. The similarities and genetic distances among the three strains of M. wulii were
99.2%—99.9% and 0.002—0.007, respectively. Phylogenetic analysis showed that the sequences of M. wulii formed a

poor geographical structure as well as poor host-original structure, but a strong parasitic site structure. The sequences of

M. wulii clustered into two lineages: gill-parasites clade and hepatopancreas-parasites clade, indicating that the indi-

viduals of M. wulii have closer relationship with the same site of host. Moreover, the gill-parasites clade diverged earlier

than hepatopancreas-parasites clade, which might be related to the evolution of external-parasites to internal-parasites.

These data inferred that the gill-parasites population might be the earliest migrates of M. wulii.

Key words: Myxobolus wulii; Redescription; Yangtze River Basin; Comparison of strains; 18S rDNA
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