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Fig. 1 Morphology of Myxoblus acutus of Chongqing strain
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A. mature spores in valvular view; B. line drawing of mature spore; C. mature spore in sutural view. Scale bar=10 pm
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2.1 RFE#BHEMyxobolus acutus Wu and Chen,
1987E Xtk RS F A

ST L PR Rl A T e THDW 2 AL,
A AN, Jo w5, 4% i 2 0 g1 (B 1),
FH(13.6+0.9) pm [(11.4—15.3) um] (n=175), %
(10.2+0.9) pm [(7.5—12.8) pm] (n=175), J&(7.6+0.6) pm
[(6.9—8.3) um] (n=5). WL ZEST 1AL K5 5F
AL F-7 A, ARBE R NANEE, KR FEK(6.240.4) pm
[(5.1—7.5) um] (n=175), %£(3.8+0.4) um [(2.8—4.7) pum]
(n=175), 2 # 55—, /ML FEK(2.740.4) um
[(1.7—3.7) um] (7=175), 5(1.4+0.2) pm [(0.9—1.9) pm]
(n=175), 22455230 . RILMHE R ERTH R
WA EAG R AR (B 1A ', sl bk
L, 59T T, O 25 A AL () b A T g A e
(Myxobolus microspores Li and Nie, 1973). 7] %] it
W H (Myxobolus acinosus Nie and Li, 1973)F1 7 #f
filyf B (Myxobolus diversus Nie and Li, 1973). 51
FrORSyE) S B, ST H ) 7B R (11.3—15.5 um
vs. 9.6—12.0 pm). & WG Hf T ST, Bk
MM, X5 R ALY 1 5w ig o< 5
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Tab.1 Morphological comparison of Myxobolus acutus with its similar species (um)

Mot RR fEE AL RAEH! NS 758 15 €SS BRI
Myxobolus spp.  Host Infection site  Location SL SW ST PCLxPCW Data resource
M. acutus fiff [ AL 13.5 10.1 7.4 5.8(5.2—7.1)x4.3(2.4—4.8) [16]
(12.9—14.3) (9.0—11.2) (6.7—8.1) 3.2(2.4—4.8)x1.3(1.2—2.1)
M. acutus (S1) il g HR 13.2 10.0 7.9 6.2(5.5—7.5)x3.8(2.8—4.5) ENGIN
(n=24) (11.4—14.6) (8.5—11.1) 2.6(2.0—3.4)x1.7(0.9—1.8)
M. acutus (S2) il i EN 14.3 10.3 — 6.0(5.2—6.7)x3.9(2.8—4.6)  AHFR
(n=36) (12.8—15.3) (9.0—12.2) 2.6(1.9—3.6)x1.3(1.0—1.7)
M. acutus (S3) ik 3 EN 13.7 10.7 — 6.4(5.2—7.1)x3.7(3.0—4.3)  AWIR
(n=24) (12.6—14.6)(10.1—12.6) 2.7(2.2—3.1)x1.4(1.0—1.8)
M. acutus (S4) il i HER 13.0 10.5 — 6.2(5.5—7.2)x3.9(3.4—4.5) AW
(n=18) (12.2—14.2) (9.4—10.7) 2.7(2.0—3.6)x1.3(0.9—1.8)
M. acutus (S5)  Hl i HER 13.8 9.7 7.9 6.1(52—6.9)x3.6(2.8—4.5)  AWF5
(n=38) (12.4—14.2) (8.7—10.4) (7.5—8.3) 2.6(2.0—3.2)x1.3(1.0—1.8)
M. acutus (S6)  Hl i EN 12.4 9.0 7.1 5.8(5.1—6.5)x3.4(2.8—4.1) KW
(n=14) (11.6—13.5) (7.5—9.8) (6.9—7.2) 2.6(1.7—3.0)x1.4(1.1—1.6)
M. acutus (S7)  Hl i EN 14.1 10.9 — 6.3(6.0—6.8)x4.2(3.7—4.5)  AWF5R
(n=21) (12.7—15.1)(10.1—12.8) 3.0(2.4—3.7)x1.4(1.1—1.9)
M. microsporus ~ %.ffi JAL B viibla 10.8 7.1 54 5.1(5.0—5.6)x3.0(2.8—3.6) [21]
i, (10.2—12.0) (6.2—8.2) 2.5(2.4—2.6)x1.4(1.2—1.8)
M. acinosus il il biib| 10.0 5.6 4.8 4.6 (3.8—4.9)x2.4 [21]
(9.6—10.8) (5.4—6.0) -
M. diversus fiff 1= N ik 15.4 9.0 6.9 5.8(4.8—6.0)x3.4(3.0—3.6) [21]
[IEESN (13.2—16.8) (7.8—9.6) (6.6—7.2) 2.8(2.4—3.0)x1.6(1.2—1.8)
farv WA
JB5 It

TE: S R SL LTI SW LT 5E; ST i 7J%; PCL AR FEK; PCWHFE T8 ; — L4
Note: S. strain; SL. spore length; SW. spore width; ST. spore thickness; PCL. polar capsule length; PCW. polar capsule width; —. no

data
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HRRFEK L HHBFKM1/3, R dU K
IR L 7 TR s 120E )P

F R T 4 RN, AT TR 3R IR AR T At
1T R RIS 1—SHl IR SRR E 2 7K 2).
2.2 REHEH18S -IDNAD FHIERRZLE
SR

RAFRILM S 1—S7HE R 18S tDNAFHI| F
B 43 7141851 nt(GenBank & 5% 5 : MZ782721).
1932 nt(GenBank 3% 5: MZ782722). 1896 nt
(GenBank 5 3% 5: MZ782723). 1871 nt(GenBank &
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782725). 1677 nt(GenBank & 5t 5 : MZ782726) Al
1839 nt(GenBank & 5% 5 : MZ782727). 7THk & [al %
FIFRALLEE N 100%, i#4% 85 5 N0, 48 A7 £104, B
THE £ 18S tDNAJFFI N A —JE R AL . S Al By
18S rDNA 7 41 5 GenBank B4 &2 H i) v A6 B A, Ht
(Thelohanellus sinensis, KY469292) 10L& & =
(95.4%), 045 FH B B /N(0.047), HVROA 8 RE e
(Myxobolus tsangwuensis, KI561441; 93.6%, 0.081)
A1 D1 FE L L (Myxobolus musseliusae, F1710801;
93.2%, 0.080).

AHFFRIRIFE RS, SSMS6HIITS1F 41, K J&
3298, 3181318 nto F I Hr4s B oR, R
FS5E PR RSO R —FL K A, 125 A 5 Pk & S1
(DR Y 7 51 2 UK, 22 S i B0 1684 (1] 3).

AW SR ML FIBIA R N5 46— (& 4)
REM BN ZRIR, Hpidifh 3 Clade T 4T &
GRS B, JE K N Clade 11 #Clade TTEE{L
Yo ARG A7 T Clade 11157 & 41 Subclade AE
X RIEHOE 5 A LR L (K'Y469292) 58 A —
¥, &S VAR RE R (JQ040301) . T AE fill Y iy
(KJ561441)FIEILAH U (AF50797 1) B 146 52
SIHERBE SR (K 4).

3 g

AW TR ARG BT RS & I G
IR o 1 25 HEFE g 9 T IR i () JER L 0 A7
10, B PO X O BT 0 A . R AR R R S T
VA UV DA B 90 7 1) AR AE, 1 AHIE AR BIZAY)
FRAT AT i 3 . R YR HL EE PR % Ak R [A]  #
T AAHAL, F2 B o0 i 45 etk — B R &k &
TS ERICEEZR, NoE—YM. [Fr,
Tk 2 [H]18S IDNAFFHI o 22 7, it — I S IX LEpk
RNE T

PAFE R 73R A, ITS R SR A N 56 R 1T
AR 7y FAnid, fEAF AV RBERSR T Z N
FA22 T 1 B T SR o R AR 5% R U AR
TR I3RS T AR ST, S5AN
S6tk RIITS1F . J751 40 H o, S5AIS6IL =
IANFERAY ZFE KR5S 7 HIFER K2 73t
F168M 2747 1) o IXFRBHRTE MU AE 7 BRI
R BT IR A — e 2 gL Z KT, I H

®* M. acutus (S1)

+ M. acutus (S2) 2.5
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0 M. acutus (S6)
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Component 2

Component 1
2 RGN B PR R T R
Fig.2 Principal component analysis (PCA) for Myxobolus acutus of Chongqing strains
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10 20 30 40 50 60 70 a0
M. acutus (Sl) BTTATATCACTTGTAACACACCT GTTGTGETATATAGATGTGTCCATGTTGETTGGAGAGATCGCCGTATGTGARTTT
M. acutus (S5) |-GC-.T..GBGG..GT.GIT.G.ARAG..CT.IC. . .AT.TG. . .GT.T.A. .CTGCT. .T.CG.T.T..CGC..TG. .3.
M. acutus (56) .GC..T..GAGG..GT.GTT.G.ARRG..CT.TC.. .AT.TG...GT.T.&..CTGCT..T.CG.T.T..CGC..TG..R.
N [TYTT P TETOL TR TN TN TN [ TPRT TR PPNy TRy [ Trry T ey [ rrrr | rrrr | rrrrprrew |
= 90 100 110 120 130 140 150 1e0
M. acutus (SI) TTTCGTTCT TTCGAGGT CGTTTTTTCATATRARTTT CRAACCARACTCTATATRACACTTTGGRATTTT CGTRARGRCG!
M. acutus (S5) »..T.2...CATRAGC...E....E.C..AG..GC..C..C..ATGTTA. . .CT...T.GA..C..T.T.G. .GTT....TTT
M. acutus (S6) B--T-E...CAIAGC...A....A.C..AG..GC..C..C. . ATGITA. ..CT...T7.GA..C. .T.T.G. .GTT. . . .TTT
P v e pETarpwaaw | rwwa | rauw | reea [ weer | veew [ reee[veer | vererrer | veawveer e tene |y
160 170 180 150 200 210 220 230 240
M. acutus (Sl) CGATCTCATGACTTTAGCATCGARAGCARATGGRATTGTGCACTAGRCCAR-CGCATG CGCRAGCRAGTTGGACRRATGCG!
M. acutus (S5) |rT..T..-..-——..C.A..B.AT..T.CCC..T.GT..TTT.T.TTT. .A.5.T. .TTGAT. . TCATTGT . .AT.T.T.TEL(
M. acutus (S6) TT--T..~..——..C.A..B.AT..T.CCC..T.GT..TTT.T.TTT..A.A.T. . TTGAT. . TCATTGT . .AT.T.T . TAA(
R R R R R N T N O O ey
240 250 260 270 280 250 300 310 32(;"
M. acutus (Sl) CGTRARAGCGGETCATAGGCAGRRATTGTCTTTCGGTGTTTTGR ATGTTTTAGCTGGTGTTTTGTTTATGTARGGARTTTT
M. acutus (SS) ARCGT..ATAT..GC....C.CA...A.G.AC.CA.GC..GTCCT....C.G..T...... CGCR.ACGG.G.T.TGCG.G.
M. acutus (86) BRCGT..ATAT..GC....C.CA...R.G.AC.CA.GC..GTCCT....C.G..T...... CGCR.ACGG.G.T.TGCG.G.
B3 RIEBUEESL. S5, S6=MkRIAITSIFHI /T
Fig. 3 The site variation analysis of ITS1 sequences for the three strains (S1, S5 and S6) of Myxobolus acutus
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REDESCRIPTION AND MOLECULAR PHYLOGENETIC ANALYSIS ON
MYXOBOLUS ACUTUS WU AND CHEN, 1987 (MYXOZOA: MYXOBOLIDAE)

SHI Xiao-Wei, WANG Mao, CHEN Hong-Zhen, GAO Lei, LIU Xiao-Cong,
YANG Cheng-Zhong and ZHAO Yuan-Jun

(Chongqing Key Laboratory of Animal Biology, College of Life Sciences, Chongqing Normal Universtiy, Chongqing 401331, China)

Abstract: Myxosporeans are obiligate endoparasites belonging to the phylum Cnidaria that includes mainly free-living
species, such as sea anemones, hydras or jellyfish. Myxosporeans infecting wild and farmed fishes represent an impor-
tant pathogenic group with a worldwide distribution. Myxosporidiosis can cause severe ecological and economic ef-
fects, which draw extensive attention to many people. Although myxosporeans were discovered almost 200 years ago,
their classification was debated for a long time, especially about their higher taxonomic placement. Until recently, many
discoveries sealed the demise of Myxozoa as a phylum and supported its inclusion in Cnidaria. Up to now, there are
some 2600 described myxosporeans species with only about 23% of them have molecular sequence data. Therefore,
there are still a lot of molecular information of known species to be supplemented and perfected. The traditional classi-
fication and identification of these species were based on their spore morphology. However, many taxonomists are
aware of the limitations of the morphology-only classification because of the simplified body structure and the plasti-
city of some myxospores. Nowadays, almost all studies about taxonomy of myxosporeans are conducted using a com-
bination of morphological and molecular data. Myxobolus acutus Wu and Chen, 1987 was first reported from gills and
kidneys of Carassius auratus Linnaeus collected from Hubei, China, in the year 1983—1984. Wu and Chen named the
species and gave a full description of the morphology of the parasite but without molecular data. This study re-
described the species infected the gills and gallbladders of C. auratus from Jialing River of Chongqing using the 18S
rDNA and ITS1 rDNA sequences and its morphological and molecular data. The mature myxospores of M. acutus were
pyriform with slightly narrow anterior and blunt posterior in valvular view. They were wide spindle-shaped in sutural
view. The spores were (13.6£0.9) um [(11.4—15.3) um] in length, (10.2+0.9) um [(7.5—12.8) pm] in width and
(7.6+0.6) um [(6.9—8.3) um] in thickness. Two polar capsules with pores adjoined were unequal in the anterior of the
spore. The larger polar capsules were pyriform with (6.2+0.4) um [(5.1—7.5) um] long and (3.84+0.4) um [(2.8—
4.7) um] wide and 5—38 turns of polar filaments; the smaller ones were pyriform with (2.7+0.4) um [(1.7—3.7) pm]
long and (1.440.2) pm [(0.9—1.9) pm] wide and 2—3 turns of polar filaments. The 18S rDNA sequence similarity, ge-
netic distance and variation site of the 7 strains of M. acutus were 100%, 0.000 and 0, respectively. ITS1 sequence ana-
lysis from three strains of M. acutus reflected genetic diversity and the different genetic resources of the two genotypes.
Phylogenetic analysis based on 18S rDNA revealed that M. acutus and Thelohanellus sinensis had the closest relation-
ship and they were clustered into a clade sister to the clade composing of M. musseliusae, M. tsangwuensis and M.
basilamellaris. The analysis also indicates that the original parasitic site of M. acutus might be gill while gallbladder
should be the later adaptive site of M. acutus.

Key words: Redescription; 18S rDNA; ITS1 rDNA; Molecular phylogenetic; Morphological characteristics; Parasitic
site; Carassius auratus; Myxobolus acutus



	1 材料与方法
	1.1 样本采集与物种鉴定
	1.2 DNA提取与PCR反应
	1.3 序列分析与系统发育
	1.4 主成分分析

	2 结果
	2.1 尖形碘泡虫Myxobolus acutus Wu and Chen, 1987重庆株系形态学描述
	2.2 尖形碘泡虫18S rDNA分子特征及系统发育分析

	3 讨论

