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(QIAGEN, ) i &, #Hed =) Rt it
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£7TF-20 °C VKA £ H
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CTACGGAAACCTTGTTACG-3' )?", PCR Jz Jij &
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FRA b X 45 J e 5 R IR PR A R 0 17 250550, Inzz
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(%l 3), it dE 2% Mann-Whitney U £ 56 25 4 i7F
— R, KRR R E AR R 1| MERER 2
(B FIEE R E TR EZES (P<0.05).

2.3 KR #iEH 18S rDNA & FHHIE

K G U R AR R 1 RTE KRR &R 2 Y 18S
rDNA JF# 51 K B 43 %1 & 1922 nt A1 1913 nt, F 1%
% GenBank, 314 % 5% %5 43 Jill iy OP782431 Fll
OP787906, 4K [l 3 H W Bk R 18S rDNA J¥ 51
4 NCBI 3044 BLAST 7248 LU X, 455 Wonok

(@)

(b)

E1 &hERfrEFEAKKBEHRBE () RAFES Ob)
(@) ERMEAR 1, FikiEnii®E, EFIR=10mm; (b) 52HM, EEFIR=10 um; TFH-.

Fig.1 The cysts of M. miyairii in gill cavity membrane of S. asotus (a) and pore morphology

(a) Chongging strain 1, arrows show the cysts, scale bar = 10 mm; (b) valvular view, scale bar = 10 um; the same below.

(@)

(a) R R 2.

(b)
B2 SBEFERRKBEREE () MBTFES Ob)

Fig.2 The cysts of M. miyairii in intestine of S. asotus (a) and pore morphology (b)

(a) Chongqing strain 2.
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*1 KRBUBASHRAERFHESERER
Tab.1 Morphological comparison of spores among strains of M. miyairii (in microns)
o 1 e == e ZEN
strain host locality spore length spore width p D pofar cap -
attachment length width reference
H A pk & fifs 1% S 13~14.5 6~7 45 (7]
Japanese strain S. asotus
W Wik & fif 7} it 13~15 6~7 4.5~8.0 1.7~2.0 [8]
Russian strain S. asotus
BERR fi; 1252@\ fa.  EILT. 11.8 5.8 5.3 1.4 [9]
mixed strain S. asotus B B (10.2~13.2) (5.0~6.0) (4.6~6.4) (1.2~1.6)
H/J%Hx LI5S AR,
fH. 885, Wi P
. WK, am.
JF WG s
PANTITLY fif; 7] i EVL T 13.3+0.49 6.6+0.27 6.5+0.30 1.9+0.14 [10]
Jiangxi strain S. asotus (12.5~14.7) (6.2~7.4) (6.2~7.5) (1.5~2.3)
HKM AR (S1) fily i s B RIS R 13.08+0.70 6.09+0.55 (4.94~7.17)  4.97+0.39 1.34+0.18 FNGIE
Chongqing strain 1 S. asotus (10.56~13.83) (4.09~5.87) (0.98~1.87)
(C))
HIRMFR2 (S2) fif 7] R E K 13.44£0.63  6.58+0.35 5.37+0.39 1.45+0.15 AT
Chongqing strain 2 S. asotus (12.43~14.80) (6.01~7.30) (4.12~6.21) (0.97~1.71)
(82)

T AR N ChEZMME: KA KT ORIk NE R E R, ZREPR U SRR A TR
Notes: The information of mixed strain is from Fauna Sinica: Myxozoa: Myxosporea”’, which did not include the specific size of spores from each
sampling locality.

2:6 (MZ905347)(87.7%~88.0%; 0.011~0.117),

K AL R R AR 1 SRR AR 2 MU
9 98.6%, IAEFEES K 0.013, 5VLPH R R ALLE
H9 98.6%, JIEHEES A 0.013; FIRKRER 2 ST
PR AR B AR A 99.9%, it fE 1A 0.000, KK
10 O TR 2 SITPIRRR 18S rDNA 2],
BRIE R, (HVTVE # R AE 239 1 08 L AFFE—A
B L R B 2R o K FCALy e F R AR R 1 'ﬁﬁFﬂfE%’:
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R4y Bigi, 5AEHALE), BIRRAR 1 T 1514 i 5
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B3 KREBBRERAERROERD S

24 RHERE
Fig.3 Principal component analysis (PCA) of two
Chonggqing strains of M. miyairii FF 18S rDNA ¥ 3 ML F1 BI #4422 B AH

AN . RERE s, Kl
&ﬁﬁl?@&iﬁiﬂﬂffi%—'ﬂlﬁﬁ%%(KT001495)EI<JJ? AR RN, %Y RS A LE R (M

FI FH AL BE % 5 (98.6%~99.9%), it 1% B B ompok) (MG760574) JE ALk C &, HARIEH
(0.000~0.013); HY M H (Henneguya zctalurl) HG AR KUt 3 Bk R IE A AL S,

prvsvprana v v RN N R RN Troveperer e Trr ey rrrpreeeg [ERENERN '
400 580 550 600 €610 620 630 640 | 660

240
M. miyairii (OP782431)(S1) acrrrerresc L.LGHATAG 'I‘I‘GGHTAGTTGTGLTTTATATLLTGTLT! I‘TGGGGTGTL\.HLALTTLTTCCGGGGAHLGGGTG TGTTAGTAATTA
M. miyairii (OP787906)(S2) ----------- -2-eon - Cneeeeeiaaas FRT D C.. ... Coeees .~ N—— - ——
M. mlymm KT001495) ............ I—\ ...... Coccncncnannna { VPR, N Coe cnna Covennnnnnn GR....... A. eeeBeces ... -
SSERIAEE ey e vipees cepee ey RRE] vipees .
20 830 870 880 1870 1450 1500 1510 1520 1570 1580
M. ””ya”'” (OP782431)(S1) G\.I‘GG&.AH\,GGTT \.GH\.\.G\.\.AATI‘H\ g_:ncmsgg_gs GTTTAACCAAGTGTGTTTACACATG AAGTTGAAC GTACCCCGCAAGGAGTGCACA
M. miyairii (OP787906)(S2) «---B.oceunos oAl coiConinnn oone Gl e Ereees e Jel S et SCL.TT. L Gaxc
M mlyalrll KT001495) gt . T A .......... C .......... G.Tlececcacnccccananes PR o N . CocTlevcccnncncnne G..
4 KREKMBHZFR 18S rDNA FHEF O
Fig. 4 Site variation analysis of 18S rDNA among strains of M. miyairii
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EIRPR R 2 5T RE & (KT001495) e —7, 1
[RIE B i R4k 32 P15 R AR &R 1 T2 iU R B O R
(# 5).

3 TR

i%%ﬁ%EW@ﬁimﬁgci&ﬁgl
I KA R 2) AT IR B SRR
Atk R HRE bk 2 BN, %(*@@
YiE) VR MIESBEEERER, HEKAM
FIE BRI R AR B, ARWF5EK F MLy U K P
HRAR B FIEASEA—E, FS00 KAESEL
Mann-Whitney U £ 5045 R o, Witk & [H 11 IE
SLBEES, NRFE—F.
i £ L HT 18S rDNA J 4y T-ARic B KG
T Y Bl A O T AT B B, A R R A6
A A PR U TS L 98.6%~100%" 71, AHF
SRR E R R | SEKKR 2 MRUE R
98.6%, STLVHRERAMBIE N 98.6%; KK R 2
VTP kR 2R A AHALEE N 99.9%. X M 4r T K - 3k
— AU K R e B3 3 Bk ZR N A A — A

r BRI H. ictaluri (MZ905347)

085100 .

O e A H. adiposa (MK253077)

—4

lmgﬁﬁﬁ bR H mississippiensis (KP404438)
oo . *ﬁﬁthﬁ#w}ﬁl%ﬂ@?? Aurantiactinomyxon mississippiensis (AF021878)
i(lzﬂﬁﬁlﬁﬂﬂ FHAEEM  Helioactinomyxon sp. (KF263537)

K FG Ty R DR PR 2R VT PG Bk R BAEAE S K
PR ERR RS, (M EHZ S F 18S rDNA J¥51)
FRUBE R, 3 R R 1952 % 48 55 01 A BB S i i 2
B 5 55 0k R AL Z IR A St o oK FR Ly He o
HRR 2 SYLVERE R M ZFAE MR (), 7K
S TC N 2R (FHRLE R 99.9%, st HE B R
0.000), TMiE KRR 1O A 5 Lk A4
BRER (MR 2 MITLFGRER) 764> T K F AP TE
RS (MPRUE N 98.6%, BIEHEE N 0.013),
X 4 B 25 A T AH R 9 oK FQ iyt e HLA B 3T 1
ELE KR RERKB SR B ER, T4 T
fAiB B R R 2 AV MR R BN — 3, 1B
I b S P O R A A AR R 1 AR
IRFFSE R (B 5)o X8I K B s VA T A i
PERPHERA A AR, RS 27 A2 500 T8 U 75
R MBI A LR LRRITFH R R 5
BB REY, 16 EFEMFEIN &G, 8
Z TR R, A A A 25 5 oK [ Ll
BE LI sE ) a] BB R R . R AT AR L —
ANE MR, ORREIFIZE, Higm HZE A5 4

0.90/63

U7 HUORE R Raabeia sp.(KF263539)
BREMIH  H. bulbosus (KM000055)
“m*‘ iR AU H. sutherlandi (MZ905346)

0.56/27

R H pellis (F1468488)

0.79/58
ot JEE R H. gurlei (DQ673465) E‘Mi %%t&
P REAE  H laseeae (KX354352) site locality
L o730 KK M miyairii (KT001495)® ® ® ® Ji7, intestine YLPY  Jiangxi
4 sy 409;/1‘%0&51*&?@?& M. miyairii (OP787906)(S2)® ® Jij intestine HEK  Chongging
10088 ng}é B M. mivairii (OP782431)(S1)® ® BEJE/E  gill cavity membrane  HEJX  Chongging
~|;m ABERLE A M. ompok (MGT760574)

1047732

_{ F%ﬁa%f@? H. postexilis (MZ905344)
Hﬁi FREAMI  H postexilis (MK811030)
—  HYI5REEH H. exilis (AF021881)
. BraE i Z nova (DQ377688)
SEF R M. truttae (AF201374)

—/ f— 1.00/100

0.2

HIEAE TR Z icterica (DQ333434)

YRt AL H. leporinicola (KP980550)

5 £T 18S rDNA 7552 H) BUML #
5 R B > IR BUMA ML B SRR 3 0 44 J5 T K305 3R GenBank %585
Fig. 5 BI/ML trees based on 18S rDNA sequences

The numbers at the nodes represent support rates of BI/ML trees; the numbers after the species name indicate the GenBank accession number.

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

A%,

4

IK P24, 2024, 48(5): 059416

—E, WIBEM R (M. lentisuturalis) FPRESTALHY
FERRAE T8 EFE2ER, SN R (M
kingchowensis) F 734k 3 2 R AE T F A 5B ALK
AR, i DU . (Tetracapsuloides bryosalmonae)
Pl 23 A 118 3 DR A T BB Y,
T (TR, T AR A R ) DU REL RS T A [
b FHUEE (A [B] ol A, e R 2 A6 B B BT
SR BB R T AR R O E R RE ARG
B R, ﬁﬂﬁ ﬁﬂ?iﬂiﬁ?ﬁiﬁ?¢tEQP§7*EL%J
SOFAERE, X ATREW LB 2 R R,
W%ﬁ%XMI%%wﬁ%%ﬁ - A B R AT
X TR T B A AL R B S o I, 4
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% [ 22 R 3R R HEBRE DR 3t 5 o %) ] R SRR

(fE# F A AL E IR g A i Fl s K )
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Comparative study on different strains of Myxobolus miyairii in
catfish Silurus asotus pathogen

XIANG Qian', TAN Luqi’, PENG Jianjun ", SHI Xiaowei *,
YANG Chengzhong ',  ZHAO Yuanjun

(1. Animal Biology Key Laboratory of Chongqing Education Commission of China, College of Life Sciences,
Chongqing Normal University, Chongging 401331, China,
2. Chongqing Key Laboratory of Conservation and Utilization of Freshwater Fishes, Chongqing Normal University,
Chongqing 401331, China;
3. School of Life and Health Sciences, Hunan University of Science and Technology, Xiangtan 411201, China;
4. Guizhou Provincial Key Laboratory for Biodiversity Conservation and Utilization in the Fanjing
Mountain Region,

Tongren University, Tongren 554300, China)

Abstract: Myxozoans are microscopic metazoan parasites which are recognized as a group of cnidarians that
turned their free-living condition to parasitic life about 600 million years ago. There are more than 2 600 species of
myxozoans, which mainly infect freshwater and marine fish, with a few infecting amphibians, reptiles, birds and
mammals. Myxobolus Butschli 1882, with more than 900 species recorded to date, is the most speciose and wide-
spread genus in Myxozoa, some of which can cause serious fish disease and bring great economic loss in fishery.
Myxobolus miyairii Kudo 1919 is a pathogenic parasite of catfish Silurus asotus Linnaeus 1758, which is an eco-
nomically important fish in China. This parasite was first discovered in Japan and subsequently found in China and
Russia, successively. To investigate the strain divergence of M. miyairii from different parasitic sites and localities,
the comparative study was carried out based on morphological characters, histotropism, geographic distribution,
18S rDNA sequence similarity, genetic distance and phylogeny. The myxospores of Chongqing strain 1 (infecting
gill cavity membrane of S. asotus) of M. miyairii were ellipsoidal in shape with pointed anterior end and blunt pos-
terior end. The myxospores of Chongqing strain 1 were 13.08+0.70 (10.56-13.83) um in length and 6.09+0.55
(4.94-7.17) um in width. The two polar capsules positioned at the anterior end of the spores, which were pyriform
and equal, measured 4.97+0.39 (4.09-5.87) um long and 1.34+0.18 (0.98-1.87) um wide. The morphology of
Chongqing strain 2 (infect intestine of S. asotus) was generally consistent with the Chongqing strain 1. The results
of principal component analysis and Mann-Whitney U test on morphometry of the two strains further confirmed
their morphological consistency. The similarity and genetic distance among Chongqing strain 1, Chongqing strain
2 and Jiangxi strain (infecting intestine of S. asotus) was 98.6%-99.9% and 0.000-0.013, respectively. Phylogen-
etic analysis showed that the Chongqing strain 2 and Jiangxi strain clustered together as a clade, which was a sister
group to Chongqing strain 1. Results from sequence comparison and phylogenetic analysis indicated that M.
miyairii did not form monophyletic lineages specific to geographic populations, but rather clustered according to
the site of attachment; As far as the same host is concerned, different sites of attachment may have a greater impact
on the population divergence of M. miyairii than that by geographic isolation. The comparative study of various
strains of M. miyairii and its results are of great significance for people further understanding the evolution charac-
teristics of M. miyairii.

Key words: Silurus asotus; Myxobolus miyairii; 18S rDNA; comparison of strains
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