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2Rk 50 %

Wil . IR . RN S HL R B BEEER (C. carpio
haematopterus) . )l (C. auratus) P8 L #7220
AR, BN T AL R PR VR b PR 4 B
A G, XA TR AR AR S R 2
ik, I E B L Tl ) SSU tDNA J¥ 51,
T, EARAT U AE T ORI SN M IX R AE T 4 4>
A B bR &R, IR 0 A R SRR F SSU
tDNA J7 847 T b . 78 Bk dEse
ST e B A W PR T R B L SUR Y
e, AXHE i s E fEF

Sl S N i 1N R N U SN
TH#E (C. carpio var. koi) 88, F1-XF 15 £ x& a1 ™
WERHL . R T AT TR A A B Y A A A
WA, X AR IR AR . ALURB LT R
BRBIHAT T RGEWI .

I MRS IA

1.1 #mXR&E

2023 4F 5 7 NIEITE AR B A T 5L R
(30°N, 115°E) R4E 20 B4 (1K 19.5~28.9 cm).
{55 MS222 FREE I, P HIR S RO B iR 44 e B
HA IR B AAER RS Y96 7 5 f0 3 7 B i
B R IR AR S e 5, o B2 2R 5% )
B 10% ZRFEERTOK M2, HTIEES.
HLVEN T YA 5T

1.2 FEEFENE

K 10% 258 FP 181 502 60 308 i 7 388 A I
IV FH i F50) e o il 70 2 R TS L R A AR o R DR
WEE (AL, Zeiss, fEE) WEAMTHIESRHEI
WP HOE A2 5ds " I 507 4 DAOK (um) 4
Hfr, DLPSAEAbRME2E CRAGTEED) BB ERoR
ABFFESAT T L AR A S5 B ) A SR A A4S
PR LAt (@S . SD2007695), SZIG i gk
YEN B3 K ST LU AR A8 S 50 3l 45 B RN A 46 2
RSB, IR L AR A S5 3 W HLRD
ot AR 32 D3 25 ) A B3 T BE A T o

1.3 (ALORIBZEDH

FIH 10% 2R H G EEH S E 48 h 5, %
MR LA U0 iR E A WY R, 36 R L
Wik, HIRE R G R (BEN
45 pm), FhAKE - (HE) 5", BlJ5, F
FHYGF B X SR LH 20 D) | HEA T RN

1.4 E[F%8 DNA $2HL. SSU rDNA F3§ it 5
pllES

HRUTC/K R A (R A2, ) R 3 A 0 3 PR 4
FEWURAF & (CWBIo, H11E) #2HUE K 2H DNA, 7
FI51 4%+ ERIBI/ERIB10™ 3 384 Kl 4 20 91 i) SSU
rDNA J7 51, PCR Y 3R Z Jy 25 uL, FL4H%2%5]
Y4 0.5 uL (10 pmol/L), K ZH DNA FE 1 uL,
2 x AceTaq Master Mix (Vazyme, H [E)12.5 uL.
WZEK 105 pLo F 384544 95 °C FlAE P 5 min,
95 C & 1 min, 55 C iRk 1 min, 72 °C ZEfif
2 min, #4735 WA, felm 72 C LAEA 7 min,
FIHT 1% B g W Bk 53 B PCR Y1 7™ . I H]
ABIPRISM® 3730XL DNA i J5*{ (Applied Biosys-
tems Inc., 3% [E) 5¢ W PCR =) 59 X ) i 7, )
H BioEdit" Xy 25 B AT Hf 42, FFARHE I 0
BEIXT PR AT N TR IE . &5, ¥PFsE
H 5 #E 38 & GenBank,

1.5 DFRZEEXEDH

W AW 58 AR AT 14 9 %9 L B SSU rDNA J7 471
7E NCBI M 3 #£ 1T BLAST FeXF, M pEH 51 4%
5 7 O U A AR A s R AR B B ) 8
7] A 35 P AL T P A B (Myidium cuneiforme) F1 T
i 2E i Hr . (Zschokkella candia) AN o 4
MAFFT v.7.4901 XJ e B i)y 91 kAT 2 1 Loxf, JF
2ot N T gmf . X, R0, 43 iR e KARSR
% (ML) MULAek (BD X8t 4T R G L H o
M. 7F Akaike {7 B ARUET , FIH] jModeltest!"™ fii
Ve PO W A B R A AL, 25 R s,
R GTR +1+ G, IR HIT ML #1 BI,
FIFH IQ-TREE v2.0"" 1% 10 000 4~ Ultrafast Boot-
strap Replicates #7175 KUK 781, FlFH MrBayes
V327U B AT DU T HE R A B, R s A 2
BONst Bl 6, it HI/R ] REESERER Y ik
(Markov Chain Monte process) 1% & & 4 4555 [F] it iz
72 =104, & 100K 1K, RIEMAZELRE
# i MEGA v.7"" 5%, Figtree v.1.4.3 (http://tree.bio.
ed.ac.uk/software/Figtree/) 1T F . HiiE AIF B,

2 gEER

21 AEMAETFHESFEEHHERA

XPRAER 20 BHOLIEA T A, KB 4 R
A8 EAF R O, e TR A
LD, HABHLMGE PR BT e
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14 VY, A AR A LA R RS RHE . HIURE R T REKE 50 %

1 FERERNERWARAE

Fig. 1 Plasmodia of M. acinosus infecting gills of

C. carpio var. koi

IR RIRTE . WEIEDE . KA [RE sOR N
R, fIFEK 0.4~1.0 mm, FIFETE 0.3~0.6 mm,
fARNAAEREA T (KR 1-1), 75
WL (IR 1 -2) FZETmE (KR 1 -3) WEKHEEIE,
LB AEAE 1A R R R . A [(11.3+
0.3) um, 10.7~11.7 um], I F % [(5.9£0.4) um,
5.2~6.8 um]. AR BE RN GE, R [(5.0+

- g7 §

£

AEMRRNET

EhR 1
1A KENRT; 2. FEWAATF; 3. EmWKHT.
Plate [

1. a number of spores from a plasmodium; 2. spore in frontal view;

Spores of M. acinosus

3. spore in sutural view.

0.2) um, 4.4~5.6 um], K % & [(2.8£0.1) um,
2.5~3.0 um]; /MK [(2.6£0.2) pm, 2.3~3.0 um],
JNBRAETE [(1.120.1) pm, 1.0~1.3 pm], KM MR
225 6~7 [l , /MBI 2278 2~3 [,

2.2 HLAREFRFERER

MLV R, 8 B3R T R A
AL (I I-1), SRAHZUH B T IR Ay b Bz 4n

@

Ehy I FHEm@eRnRERmnARy R

"5 1 10um W

168 EFF A R EE (P); 2. AHZ B bR A MG A (Wi k) AR (%) 3. K E RIS (P) AL T/ AR 4. fREE (P) A i A
N5 HEE (P) BN T I L RN AT AR s 6. ST IR T (S).

Plate 1]

Histological sections of gills of C. carpio var. koi infected by M. acinosus

1. a number of plasmodia (P) infecting gills; 2. epithelial cell proliferation (arrow) and congestion (*) observed in the gill tissue; 3. early developmental

plasmodium (P) located in the base of gill lamella; 4. gill lamella filled with a plasmodium (P); 5. plasmodium (P) enveloped by the epithelial cells and

blood cells of the gill lamella; 6. spores (S) in the plasmodium.
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ny,
7

£ 50 %

a3 A= Fe i (K 11-2) & & WA e 4z
8/ 3T (BRI 11-3), BEEREE P ET,
FEE AN (B T-4), 8B 68/ R g
I 20 i RS8N J i R A A 2 (R TT-5), 1l
Rerh e R =BT (B 11-6),

23 DFFINFESRELXE N
AWFFEHAE T 1925 bp B SSU rDNA F51 (F

rDNA J3 51 5 i 4 L i 8 19 2 7 5 81 (07 9145
KX810021~KX810022, MW821466~MW821468, #f
RN 100%) —5, REKE R, A0
FE47 B I BE B R A R R — 3 (81 2). 55
A, KRG A T AR TR A 3 R ) 2 2L KG9 5
HUB LT BN S AR, A A A sy A AR R
(Cyprinidae) ff1 2% (¥Rl 76 HUP B 32 5 27 A=

55

PP838947).

BLAST 7 #r & B, % SSU

HEGEAL M. acinosus PP838947

Hili C. carpio var. koi

SSUDNA HEBEN M acinosus KX810022 W C. carpio
BI/ML WEIBE M. pseudoacinosus KXS86684 88 C. carpio

@ %%Mﬁ ?;ﬂggi M. longisporus AY364637 . C. carpio

: : B 28 M. toyamai LCO10116 8 C. carpio
site of infection " > "

PFEpL gL M. koi MH196560 i C. carpio

i

gills

[ pharynx

BABEBGE SR M. orissae KF448527
FRRGE AL M. tanakai LC228236

e FE kidney WA B M. parakoi MH196558

JILA muscle SATNBIE L M. ginbuna 1L.C228238
[ . RAGRI M. wulii MH920541

EZHX skin U M. pyramidis HQ613411
I COE heart M. honghuensis KI725074

JHFHE  liver M. ampullicapsulatus KC425225
i testicle L M. sheyangensis KU313685
[r— M. pellicides AF378339
r— ot M. csabai EU643628

1)yt pseudobranch BREFGEI M. rocarlae KIAT6878

N TSR hepatopancreas

0.87/89

Support values at branching points listed as Bayesian posterior probabilities/bootstrap values from maximum likelihood analysis;

JAEMRE I M. mrigalhitae KI476880
FMALHGE N M. bengalensis KJ476883
RRFARMGE D M. kalavatiae MN994422
EASHGE S M. basuhaldari KM029975
FAFBGEEL M. catlae KM029967
FRRIRBGE L M. dykovae EU643627

PURI R T gadrii MK412939
YEWLBOEE M. intimus JF311899
WML M. sitjae JF311898
FAAEFIMGE R M. szentendrensis KP025685
e AL M. obesus AY325286

T RIS M. hungaricus AF448444
BT BGEL M. alvarezae FI716097
ARG M. bilobus DQO08579
R M. carlhubbsi 0Q134699
GYMTRITIEE M. anatolicus MG253818
WEFLEOE I M. tambroides 1X028236

B LR ER M. cakmaki MG253821

PN T zahrahae EU643622
Wi FIBOE S M. stanlii DQ779995

e FMEE S M. klamathellus KX261616
BEEBGER M. artus 0Q725582
FEMBGEL M. ladogensis KU160629
WSFIRMGEI M. pseudodispar KU340983
&SRR g M. marumotoi AB873006
N M. diminutus KU232372

A S M. dogieli EU003977
LLARWGEI M. erythrophthalmi EUS67311
WIS LA M. shaharomae EU567312
B MR M. leuciscini DQ439811

R BB M. karaeri MG253819
Bkl M. bliccae HM138770
fEOBERE M. hearti GUS74808

& 2

VI00L— g imibe it Mywidium cuneiforme MH497021

HEERBEEE M. aurpisrotundus GUS70996
FHHE suhid  Zschokkella candia KF575323

FHMELEL  Cirrhinus mrigala

W C. carpio

@i C. carpio

RE C langsdorfii

&1 C. auratus auratus

SHEE C auratus gibelio
SEHHEE C auratus gibelio

&1 Cauratus auratus

SHEE C auratus gibelio
SIS 0 Semotilus atromaculatus
WataE Osteochilus hasselti
BWIEEEL Labeo rohita
EFIALEE C. mrigala

FHHRLE Catla catla

FHMELEE  C. cirrhosus
BIRIEETEE L. rohita

AT C. cirrhosus

ZEEE] Barbonymus schwanenfeldii
R Catla catla

8 Rutilus rutilus

M4 Blicca bjoerkna

KA Chondrostoma nasus
W16 Alburnus alburnus

& Abramis brama

F§ Aspius aspius

EAEFE Notemigonus crysoleucas
(68 Luxilus chrysocephalus
LI Capoeta tinca
BFES 0. Tor tambroides
LI C tinca
JRHEPUZiEE - Barbonymus gonionotus
F8kili 6 Campostoma oligolepis

ARG T HUR I SR

Leuciscidae

Leuciscidae

WA Gila coerulea Lo e
. Ccarpiv Cyprinidae 1

RIS Pelecus cultratus -

06 R puitus Lo

W L ybYE8  Odontobutis obscura Odontobutidae

AN Tctiobus bubalus Catostomidae

k8§ A. brama
AR
R i
A i Leuciscus cephalus
EHILRYI C. tinca
MBI B. bjoerkna
SEHRE C. auratus gibelio
SEEHE C auratus gibelio

Scardinius erythrophthalmus

A. alburnus

I outgroup

Leuciscidae

Leuciscidae

ETRAZMEHR L HRIEYFE SSUrDNA FHIHEZNRZL ER
73 SCRUREL T DU B 5 SRR R AR VA 2 T (K 28 3RO SERE R/ T 0.5 (BI) B 50 (ML)

M. acinosus and related species

Fig. 2 Phylogenetic tree generated based on the aligned partial SSU rDNA sequences of

"_n

indicating support

values below 0.5 (BI) or 50 (ML).

3 e

o=

R —FP IR A IR E A RO R 2, P

MR R AR A AT R, W2
BROKV T 4 25 5 ™ R R Sl Wy e i 22 119
TR HUR R BT, C R AR A S Y Py
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1 T, 4

HRELA AR I R R . LU R T RS KT

50 %

A TR R B ALY, IR R ™ I Y R
151 L0 2 A i L Y B L e ) R B A S g T
1075 B LAl Y, RN, F T S LY B S0
PHAE B R TR R R S ) W R 4 SR R T
UEAENE, ARSI BT e T8 6 25 25 Al Ak s 4 1Y)
YiFh ZREPE TR, I & B — b i g ™ A
ERRRSI Y. T S A RS, AT
HIESRE . FAEREMS TFRELFTRIT TR
GWTFE R HLER

W AR 7843 B B U5 B R i B
FEAT I 252 F A, o BAZE T3 ol 55 7 78 ALyt o
MBS RRIE — B0 (R 1) ZERIA B RO Y id 5%
e, B Sk A I AR AR S K AR,
53— SR AR I, 2B X A
TCSEHEAT LRSS R B, R TR] I s Hh R 2 At e 1
FIRRE B, FOEARFEEEHERAR ., A
TGS S, TR A A A AL R T
HA IR, WG A AR
WK MAIE . WO R B A% 01 F . R A
YV, % A AR R B R R S 1Y
BRI, 2 L A R DA S A B O

FEV BEJE, I R B A O S %
e ™ S5 Ah, AR TR SRR, BRA 8
A5 — Tl DB 73 2 ) A R 5 A A e T
Wi, B, TEREJE M = R4 b R AT 53
S B A A B HL BB DN A AT T A S A B
T AL % A SR A A R R .l 2 R
oA, B AN S B A R R A A T R
SR/ AR AT 20 A A o A T A
AN A HAY A - R R A 1 T2
ABIERIEG R FR, RO MH LA P —2,
SRz B A e R A R — 2. T
FRICFF S oA B, ASIFSE 73 B Y i if (9 SSU
rDNA J7 51 5 ] 4 il SR 9 701 7 91— 2. A
e DI b (TN BB i o1 | b e i A T D = | B
M, ZASBIF S DA S8 3 ) e e 7 8 R Dy
e o A DR RBIETE b, A R
B A A AR SR BRI, HR O 5 ™ Y
R BRAR AEAR RS, T A
L ol DR RE SV 2/ NI = DO R T o =9 R T BPsp e
Wit FEEHEN, SEOX 2SN A A7
TET + i L A 2 AL KA ) B T e AR

®1 AERENEEEEHRZ B

Tab.1 Comparison of M. acinosus described in the present study with its other records

(all measurements in pm)

L/ 5% A
16+ R iR C. carpio /C. auratus / filf filf filf filf
host C. carpio var. koi C. carpio C. carpio C. carpio C. carpio C. carpio
haematopterus

IR KHE GilihIA piiiviZ AT KHE T KHE T
spore shape
& 113+03 12.6 (10.8~13.2) 10.7+0.4 112404 10.8 £ 0.4 (9.3~11.9) 10.0
spore length (10.7~11.7) (10.1~11.3) (10.4~12.0) (9.6~10.8)
79 5.9+0.4(5.2~6.8) 6.4 (5.6~7.2) 59+0.3(5.5~6.7) 6.4+0.3(6.0~7.1) 6.2+0.4(5.0~7.1) 5.6(5.4~6.0)
spore width
KiREK 5.0+0.2 (4.4~5.6) 5.3 (4.8~6.0) 49+0.3(43~54) 4.7+£0.2(4.1~5.2) 8.0 (6.6~9.2) 4.6 (3.8~4.8)
large polar capsule length
NE S 2.8+0.1(2.5~3.0) 2.8 (2.4~3.4) 3.0£02(2.7~33) 27+02(24~3.0) 26+0.3(1.8~3.2) 2.4
large polar capsule width
UNE IS 2.6+0.2(2.3~3.0) 2.4~3.0 3.0+03(2.6~3.3) 2.5+0.2(2.1~2.9) 23+£0.3(1.7~2.9)
small polar capsule
length
AN & A 1.1£0.1(1.0~1.3) 1.0~1.4 1.3+0.2(1.0~1.5) 1.0+0.1(0.8~1.3) 0.9+0.1(0.7~1.3)
small polar capsule width
AR 6~7; 2~3 5~6 7~8 7~8 5~6; 2~3 6
filament turns
AR i i f i i i
infection site
SRAEH AT WAL A AT WIAbE WA Bl ;00 RN SN TIb A 22
location
e AW [3] [10] [10] [11] [9]

source
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Ny

2

50 %

B A A L A R R . FTET, TR I
PR EN AT 50 UE

RGUR T AN, A1 A A e R AR Y
A AL TR A A R R Oy — 32, U A RPN
B A VA A AL I H Y A R v A P AR
UTAFAR, R 2 BT 3 O B A A%
A RS LR KGR B kA B B AR e B
i RIS T2 A A A Ak BE AR (1L S i A A
YR I AFAE I o AEXFEE AT A B R AT R 5T
KF Mt Liu 27 % B HOR 38 25 2R AR A
PEATRE, 15N S51E EMRALL, AL SR
T HRIHECIREN Sy o BRI, AEETEREKE
GIATI KBRS P e E e R AT R
2, RIAMRIEF ERAL AT RIS, BLHIAE AR
TERS RS Y AL A rp A% T SR B A FH RN
TEAWITEH, K 5 A T 3 iR} A
FHIFIZHZR Can ) iR PR Sh I8 i T A Sr SR
B AT AR £ RIS AS YIE i T
MSZ YRS, Ul WA A TR XK (A 3l 4y 14 AL
PET SR AR . ATUL, fiE AR A A A
XGRS LR MR 7 B R/ IMIS AN BER €

i bRTIR, AOPTOE AR . F AR
o> TIPS LE RSN AT, 4 2 24 i 0 0 )
R A 2 B ERL R AR T A T R TR A
T 32 o TR 2 AL K T i e T o
U473, 7 Y 37 B R T R A AR A AR A
R

(fe&FRAARXLA LA K )
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Morphological, histopathological, and molecular phylogenetic analysis of
Myxobolus acinosus from Cyprinus carpio var. koi

GUAN Xitao ', ZHANG Xiaoyi', DINGPeng', ZHOUFan', MIAO Xiangjun’, LIU Yang"

(1. School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China,
2. Yunnan Academy of Fishery Science, Kunming 650034, China)

Abstract: Myxozoans are important parasitic pathogens of koi carp. In the present study, a Myxobolus species was found to
infect gills of Cyprinus carpio var. koi. In order to identify this Myxobolus species, it was comprehensively described by mor-
phological, histological and molecular methods, and its phylogenetic relationship was inferred as well. We found that the
present Myxobolus species infected the gills of koi carp and formed a number of white plasmodia in all gills. Compared with all
reported Myxobolus species, the present Myxobolus species was morphologically indistinguishable from M. acinosus. Histolo-
gical analysis showed that the plasmodia of the present Myxobolus species developed in gill lamella of host, causing significant
epithelial cell proliferation and congestion in the gills. Its parasitic characteristics are consistent with those of M. acinosus.
BLAST search showed that SSU rDNA sequence of the present Myxobolus species was identical to M. acinosus (Accession
numbers: KX810021-KX810022, MW821466-MW821468). Thus, the morphological, histological and molecular analysis
demonstrated that the present Myxobolus species was conspecific with M. acinosus. Phylogenetic analysis revealed that the
majority of myxozoans infecting the same host and organ formed independent lineages. However, myxozoans infecting differ-
ent hosts and the same organ formed larger independent branches, indicating that sites of infection provide a stronger driving

force for the evolution of myxozoans compared to host group.
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