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B A ABAL 43 b Xt 5 BE B AR R A R 43 1L Y 2 i

L. Al Rk 22 e, AL 2L 430070,

2. Wb KA sh W 3 B4 TR AR BRI e, Wk 2 430070;

3. RITE B KRR LY = b 68 R BH & TR G, Widt 2 430070;
4. M AATF K A SR Tl LI 2 (e Al R ), #1dE B 430070

FE: NIRST AL AL X B T SRR AL RS, LA B B L (Thelohanellus kitaue) 9 {1, BF9E T 24T
fifl(Cyprinus carpio) B ik iz i (935 B Spl BB AS | SR AEASIE M Ar Tt ie (5 8 o A7 2k B JBR 1 3 B sl L (S 2 IE
RSB A, EARZY 2.1 om, FANATE YT B A A BDIE L E AN (16 M) fidE, HAZ 0.21~0.82 cm; fITFIER
FRAEAAEL, S IR T AUAF 85I 55 22 = AN .35 (P>0.05), Hfl FIE2E R B3 (P<0.01), filFk . WK . #HEK. M
F v FIAR 3 B 52 B 0 3 22 . (P<0.001); 2V HIZE R /R, WA T4 41 20d, SR EQHRE . H
HOAE SRR N, H S BT R EE L BN Z, B R ABEZ, A A UE . A, 1 B
FTFEESBAEMERT ZE FJr, HIREIFSEBEZES, 277y hx &9, S BUF1 15841 SSU rDNA J3 51 AH{L
B, M 99.7%, B 442257005, 1TS-5.8S rDNA JP 5l [ AL BEAAIE, X 97.3%, FLH 20 P22 57400, 3T SSU
rDNA 1 1TS-5.8S rDNA ¥ 5l R G AL s, S N 120 T35 g Bbl i S 28 N 4% 1 B8 285, e WA A ) 27 A

37 B4 55 Pl A O RAT ST R OC R o L B RTIR, A A AN [ R AL A 7 g B R A

A HERFAE A A 45 85 T

FAEARTRIRE R 22 5, HAT W B0 FP e AR, U 25 A= S0 20 A 2 SR Sh B 78 7 U /L I R R R

KR FRRESME; PR, ARG EAS LB AP BOREAR DNA

RESES: S941 MEIRERS: A

Fiffl 7 HUR—JOB BRI . MRS A
AR, FEFAETMIE, AT AKILT T
AEMALUpF AN, BT Rma EENY
FhZRENE, 244 R e 2600 P, I H
X BTG . R . S AR R,
W SRR HOTE R 4 SRS L 2 DT AE ED
FRRE S T8 YR N A B2 AP RETE AN [R) PR 58 1Y
SRR A RN IR R AR B I 1] A HE RS,
BT RE S it — M A R A A, H i,
MR R T 22t R R TS
BB U P A LB, I HERE LT A
WA G EUORR R T AN, HEE EBA

KB 2023-03-27; &ITHHA: 2023-05-31.

XEHS: 1005-8737—(2023)07—0921—12

[7i) 2 A AV 1 B T AR AR AR A SR,
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U DR, 5 R A A AR G A R RE A 5T
PR =,

i P b SR JE T 2696 49X (Myxosporea) . i
5¢ H (Bivalvulida) . filly3#}(Myxobolidae). Hui} H
J& (Thelohanellus), FZ 774 FHEl7E, AT51EE
ERZE M, T30 T 1 p™ 8 1) 28 5
JRUL, St A UR T R Kitaue! ' 1980 4FE7EH
R FRFEBL ) 38 PRG3R, J5 Egusa 25 i i
WEEXZ MHEAT TS E IR I IE a4 . 1984
A2, B RITTE ARE T TR [ I R 5 X SR
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Bl i T B PR L 2R, X SR TR
AEUO RIS A e 3 i R R 1
A BEEEIRIE, FFRI AT T 0% Y ORI
WOEAS LM . IR A SR PSS . SR, 2 24 A
B A AR T BEA BRI, DL B 58 A e 4R 4t
T P B Ay 05 R, X 2 L o B S S st
K R WA AR K IRIME . UTAER, Bl I H P
G HT R R G & B AT R AT o 22t o
(72 N, b A 3 T4 i g0, Liu
25U 5 B 252 U R T2, 5y A 25022
] B b X A A A A G A0 15 BH B B
(Thelohanellus xinyangensis)Jf & S 74 Fa S ot
BeAh, H T A A A ), AR A
AT FHRICH AR TF R T 47 2 HUA [ B [ 1)
RO RN R G e B 5 ),

T P A B R LA, — B A I
PEZF A B, T 2o Y [ S8 i 1 A A 1 B AR
e dURIFEO2T R, 7E 2016 4F, 25 MR Kz
JR B BB B . AR Y f e, BB
o322 55 52 R % P o S, DT B VIR S B ik
ST W PR SR A 5 — R A Y T, X
Je S MBI Bz JBR R i 38 43 2 30 R . RS A AR
AL A3 A ok 5t B BRLA BB S Ak I S e, A RIS
P T AN )AL i P B SR AT AS | A AR RRAE AN
ST RS, LIR35S s R A e R
JE, AR5 A6 T BRI AR R A A A
RIFHRMES %

1 HRSHE

11 HARE., REEEMSN

2022 4F 3—4 A, 1fEWHEERBTTERE 12 B
BR(R K 26.3~30.7 cm), 290 E2ERINS, AR
1 17 JTR N T 3 1) R B B FRL A0 b 0 2 M ) A O
Wi, Wb R TR b, Wiz
WK E M3 A, FH Olympus BX53 I i
(Olympus, Tokyo, Japan)fl Olympus DP72 %55 i¥;
1% 2 4t (Olympus, Tokyo, Japan)Xf#&f 1 7 JE 17
WESTFAA IR, FEALEEE 40 > B e+ = 76+
K. P, R R T, K
WS S A o T S 38 DAAROK (um) R B

DISPEIME  prif2 AR B g U os . AL
IBM SPSS 21.0 #2004 7 4% 8 2545 br AT IC
XTt A 56 34T o
12 HAREENE

U e A0 9 1) Bz R A B 412U 4% 2 B H
SR, M CEENK . W 2REH . A
WAL, 5~6 pm Yl Fr, HAK-RL Y, 5n
AR S e, Olympus BX53 2 #8% (Olympus,
Tokyo, Japan) T MLEFH-F1IE
1.3 DNA RESF5IY 15

Z UL, RS 4 #2507 £ (CWBIO,
Beijing, China)$2 U2l 7541 DNA, PCR
P4 SSU rDNA F B, 518128 18eP" 1 18RPY,
PCR JX MR K 50 uL, 45 ERIE51404% 1 L,
2 uL #5tiz DNA, 25 uL 2xEs Taq MasterMix (CWBIO,
Beijing, China)lA &% 21 pL ddH,0, PCR [ FLfF
K: 94 CHZSVE 5 min, 94 CAEME 45 s, 56 CiBk
45 s, 72 “CHEM 90 s, FEFF 35 ¥R, el 72 CHEf
5min, PCR ¥ 1 ITS-5.8S IDNA H B, 51¥=1
18R-VEUH Myx028S1F-VE2, ik & [\ |, =
IR R 95 CHIASE 5 min, 94 “CZEE 50 s, 56 C
Bk 50, 72 CHEAH 60 s, fEFR 35K, fieJm 72 C
FEMH 5 min, GIYTIIILE 1,

*k1 FAMRERNSIWFT
Tab.1 Primer sequences used in the present study

51944 i SR (5-3) 2% 30K

primer name primer sequence (5'-3") reference
18e CTGGTTGATTCTGCCAGT [30]
18R CTACGGAAACCTTGTTACG [31]
18R-V CGTAACAAGGTTTCCGTAG [31]
Myx028S1F-V  CACTTCACTCGCAGTTACT [32]

1%3 RS B FL Uk K PCR N =), I
[ s ik 7] A (CWBIO, Beijing, China)4lifk [l H
1) R B glifb s 09 H B9 B s e 2 pMD19-T #44
(Takara, Dalian, China), #%ft % /&2 541 DHSa
(Trans, Beijing, China) {717 B VT35 55, 42 PCR
Y, ek BHE ve e, 52 W (A6 at SR AE YRk
FARAFDHIT .
1.4 FH4SH

745 S F F NCBI 9 BLAST T Hi(https://
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blast.ncbi.nlm.nih.gov/Blast.cgi) b Xt 43 H1 )5, K&
AT # GenBank %4 H T A 7 P il HL SSU
rDNA F1ITS-5.8S rDNA 741, 5 AW 55 fr 3k i
(47 5138 1 MEGA 7.0% 8- 1) Clustal W 727 i
P3N Z 5 X, 115351 22 (] A AR ALRE Fn st 15
HEES . (A Bioedit 7.2.5BH%F e XS 19 F 51
AT 25 S T
15 RHEXZEHH

AR KRB IMEET BLAST FEREE R, RN
47 #E Bt (Bayesian inference, BI)Flf KLk TT
% (maximum likelihood, ML), #J & iZ¥# SSU
rDNA Fil ITS-5.8S tDNA R G . &% 7524
MAFFT 7.503% X}, i F Gblocks 0.9 16"
AR et B BE . (i DAMBE 7.3.1157 %% )
F A A8 HEATAG I o ] jModel Test 2.1.105%)
A 4845 SSU tDNA Fil ITS-5.8S rDNA 4]
() B O A 1 R B AR B 43 5l 2 TIM2+1+G - FiI
TPM2uf+I+G, BI# % MrBayes 3.2.7° %k {4z &
1000000 18, % 100 fRHUFE—IR, & 55101 25% &1k
FEA R %Wﬁ/%ﬁ?l\, KRB R BES AR T
#(Markov Chain Monte Carlo, MCMC)i 545 4>
VG ML, ML A48 1Q-TREE 1.6.12M°%F
AREER, R S 1000 UK, fHE AR B
(Myxidium truttae, 255 AF201374) 1 i il i 4
(Myxobolus cerebralis, & 5%5: AY479922)53 5|1

4 SSU rDNA F1ITS-5.8S rDNA RS 4 EE .
He B — 35 d F FigTree (http://tree.bio.ed.ac.uk/)
o g

2 HZRE5HMH

21 TEEERMBMEHE
FERTIY 12 R, R 1 R 1 4k
WA, EARZY 2.1 om, # T BB, 1E
B R AL (] 1a); F9% BRI 6 i H 240, fF
AR MR (A 1b), BYeR N 8.3%., T7E5 1
%ﬁ%ﬂﬁ%ﬁéﬂﬁwﬁ/\ﬁdwf—%ﬁ@Eé%@%, 161 %%
A 16 4, EHAE 0.21~0.82 cm, BHZES FmiER

Bt 1c, 1d), BRYLFN 8.3%., Bk Hfb g E2S B
ﬂaj‘l‘l%o
22 WEELTESHR

43 ) BB ok A g 3 S 7 B4 0 e A T B T A
BN KA, RBNAGE TR R RUE, 48
BB, AN RUIE A B8 07 T 67 1 o, A BEAR
22 1455 8~10 B, 1Sl p A — BR8] 2)
PR AR () B AR -0 2 R0 (n=40) AN R - FF A %
JR )5 PR BB L (hRie o S B, TR A7 (26.76+
0.85) um, 7 5E(10.45+0.63) um, 17 J5(8.80+
0.45) um, PR (16.40+0.57) pum, HLHETE(7.40+
0.25) pm, K (32.88+1.36) um, HHME%E(15.07+
1.28) um; 754 73 1 P B R (BRig ol T A,

RS C

T P LA o

a, b. WHEZJRATE; c, d. Wi IE L4
Fig. 1 Cyprinus carpio infected with Thelohanellus kitauei
a, b. Single cyst in the skin of C. carpio; ¢, d. Numerous cysts in the intestine of C. carpio.
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10 pm 10 pm

P2 3 R B o T
a,b. ST T; ¢, d. I BT a, c. L TFEIHIM;
b, d. fTFHEMN. S B AT R 1AL Ak Tail.
Fig. 2 Myxospores of Thelohanellus kitauei
a, b. The S-type spore; ¢, d. The I-type spore;
a, c. Spore in frontal view; b, d. Spore in sutural view.
S-type: skin isolates; I-type: intestine isolates.

T )7 K (29.52+1.20) pm, 1 T F& (9.29+
0.81) um, 75 (8.48+0.43) um, %K (19.28+
0.87) pum, e 55(7.02+0.32) pum, HHEK(39.73+
2.88) um, HYAETE(14.47£1.55) um (£ 2), A
T 1T AR 55 D B8 24 S 4R A U DAL Jk A

8 3 B 1) 2 A R R B
23 HEESERHH

it C T ¢ 4G 36 X6 S 20 T 78 f) 7 250
BAE(n=40)iF 17 W EE AT, B OR, S B
TR WEKAEERERKR R ERT T BERTK:
t=11.89, P<0.001; #3EK: t=17.43, P<0.001; H
K t=13.59, P<0.001), Tiffl ¥ F& Ak 48 5 i
FNT I RIF T 98 t=—7.17, P<0.001; HEE5: t=
—5.819, P<0.001), ff & E/NT 18 (t=3.21, P=
0.002); HHMETE 22 FAN i (t=—1.90, P=0.06) (K] 3),
24 HARBENE

R 2R B B B, KO o HOfE B
BRI BN ZE, FFREIR AN 45 4R AL 2L, /D o1
TIE BN ] 38 03 16 112 22 BU% 2 01 8%
FEEER LS AR AL, M 32 90T SN 23Uk Ho 328 240 i
B A SUE L, TR BN 2 S B R Ik 2 4
ML (K 4a, 4b),

Wi NSV BRD) R, 7 B R R R
M E TR N84 08, MmN ime
“HEBRTIR. KREMFORE . HE/NHSE, M
BIE BN . A BB T T 450 55
YEW . TERERET 2 A 43 A 48 R %) Ik T8 240
(K 4c, 4d).

25 HFHHE
435474 SSU rDNA il ITS-5.8S rDNA H- B,

R2 FEEBKMBENEEARBESER

Tab.2 Morphological comparison of Thelohanellus kitauei isolatesin skin and intestine of Cyprinus carpio

. ™ ——. T W2 1E %
: = e .

%“ét%{}m BTK/am BT um FE/um WK /am BETE/um K /um B 58 /um B

infection spore leneth  spore width spore polar capsule polar capsule = membrane membrane filament reference
site P & P thickness length width sheath length  sheath width
number

Bk 20.5241.20  9.29+0.81  8.48+0.43  19.28+0.87  7.02£0.32  39.73+2.88  14.47+1.55 o o KHFR
skin (26.90-31.81) (8.06-10.97) (7.32-9.54) (15.97-20.73) (6.38-7.63) (33.72-47.16) (12.26-18.51) this study
Bz ik 29.6+1.9 10.2+0.6 19.7+1.4 7.5+0.3 39.3+4.1 15.7+1.3 310 [28]
skin (26.7-32.3) (9.1-11.8) (17.3-21.5) (6.9-8.2) (32.6-49.6) (12.9-17.8)
J i 26.76+0.85 10.45+£0.63 8.80+0.45  16.40+0.57 7.40+0.25 32.88+1.36 15.07+1.28 310 ENGIE
intestine  (24.75-28.13) (9.02-11.97) (7.78-9.89) (14.82-17.65) (6.80-7.96) (30.37-36.69) (12.62—17.86) this study
I7B1E) 26.3 9.2 3 16.8 7.4 334 15.0 3 [13]
intestine (23-29) (8-11) (14-18) (6-9) (31-35) (12-17)
1781} 25.5+1.1 8.9+0.8 9.3+0.5 15.0¢1.2 7.3+0.5 34.0+2.6 14.5+1.1 8-10 [21]
intestine (23.4-27.5) (7.9-10.9)  (8.3-10.6)  (13.0-18.0) (6.3-8.5) (30-40.5) (12.2-17.0)

T -FR .

Note: — represents no data.
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T UAT: A AR R AL Xl 35 P AR e it oAk B9 52 0 925

W
<
1

1 S S-type -
. 7 T-type T

H‘ﬁiﬂl | i

PCL PCW MSL MSW
’hﬁE morphological characters

K3 SHEI( RAFA) A T B (il 25 4 ) F B 85 25 5%
SL: filFK; SW: #875E; ST: 17 J5%; PCL: W#EK;
PCW: R 58; MSL: $/4<; MSW: #5555,
*ExFIR P<0.001, **3K/R P<0.01.

Fig. 3 Morphometric differences between the skin (S-type)
and intestine (I-type) isolates of Thelohanellus kitauei
SL: spore length; SW: spore width; ST: spore thickness;
PCL: polar capsule length; PCW: polar capsule width;
MSL: membrane sheath length; MSW: membrane sheath width.
*** indicates P<0.001, ** indicates P<0.01.

[\S] W P
O O (=

2 %R /um measurement
5

(=

TES bR WG v A5k 91 L S s | e 80 s, A8 S A
1 8BAFFY, F4EE GenBank B IEFEF . S
%) SSU rDNA Fl ITS-5.8S rDNA FH& %5 N
OP765237 1 OP776735, F B 41512 2049 bp
F1 735 bp; 1 8 SSU rDNA F1 ITS-5.8S rDNA J¥51]
B35 OP765236 Hl OP776734, Fr Bl 4351l
k2049 bp 1 737 bp. FHALLE Fist AL BE B o AT 4G
SRR, S BUA T &L SSU rDNA 41 5 75 i Bl
FESVFRITERIAE 99%L) |, BHEREE /T 0.01
(% 3).S BRI T 8 ITS-5.8S rDNA J¥41] 5 1Q690368
AT 5K 97.3%F1 100%, fEHEES N 0.011
F10.000(% 4).

WAL 2L AN R, T 7 &4
N353 2k J 3 19 35 B BB HL SSU rDNA P41, 2 453
A=A 35 R B2 R B4 R 51 B 4 A7 0 B B IR AR S

Pl 4 e T B bl A B K (a, ) FNIE (c, d)EHE UG BRLDT) F
a. RERSMEFHIETEE L GAN)Z (SS)AE 4 HAN, DAl 7T /N 3 (plasmodia, P);
b. #FETERET LRV RAZEZ (SO HLAN; c. MEL THENRTZ(SM)ZELFHLA,
TR . HFEBEEAV); d BHEENHET RS LR).
Fig. 4 Pathological section of the skin (a, b) and intestine (c, d) of Cyprinus carpio with Thelohanellus kitauei infecting
a. Most of spores scattered in the connective tissue of the stratum spongiosum (SS) while some spores formed small
plasmodia (P); b. Some spores (arrow without tail) invaded into the connective tissue of the stratum compactum (SC);

c. Plasmodia located above the connective tissue of the intestinal submucosa (SM) while spores surrounded and
extruded normal intestinal villi (IV); d. Spores (arrow without tail) in intestinal villi.
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*3 HMPERHA 10 % SSU rDNA FHIEEME R L) SEEER(ET)
Tab.3 Similarity (upper right) and genetic distance (lower left) between 10 SSU rDNA sequence of Thelohanellus kitauei

i P AR T
sequence ID of
Thelohanellus

A LA

infection JQ690367 MF536693 MN227353 GQ396677 HM624024 HQ115585 MH329616 OP765236* KR872638 OP765237*

site

kitauei

JQ690367 W intestine 99.9% 100.0% 99.9% 99.8% 99.6% 99.6% 100.0% 99.7% 99.7%
MF536693 % intestine  0.000 99.9% 99.8% 99.7% 99.6% 99.6% 99.9% 99.6% 99.6%
MN227353 % intestine  0.000 0.000 99.9% 99.8% 99.6% 99.6% 100.0% 99.7% 99.7%
GQ396677 % intestine  0.001 0.001 0.001 99.7% 99.6% 99.6% 99.9% 99.6% 99.6%
HM624024 % intestine  0.000 0.000 0.000 0.001 99.4% 99.4% 99.8% 99.5% 99.5%
HQ115585 W intestine  0.003 0.003 0.003 0.003 0.003 99.3% 99.6% 99.3% 99.3%
MH329616 W intestine  0.003 0.003 0.003 0.004 0.003 0.007 99.6% 99.9% 99.9%
OP765236%* W intestine  0.000 0.000 0.000 0.001 0.000 0.003 0.003 99.7% 99.7%
KR872638 JZ Bk skin -+ 0.003 0.003 0.003 0.003 0.003 0.006 0.001 0.003 100.0%
OP765237* ik skin+ 0.003 0.003 0.003 0.003 0.003 0.006 0.001 0.003 0.000

TE: * RN AHI T IRAR 1751

Note: * represents sequence obtained in this study.

x4 HHERH 3L ITSSHESIDNA FIHIMEMNEFEL)SEEERET)
Tab. 4 Similarity (upper right) and genetic distance (lower left) between 3 1TS-5.8S rDNA sequences of Thelohanellus kitauei

% W A U315 sequence ID of Thelohanellus kitauei AL infection site JQ690368  OP776734*  OP776735%
JQ690368 % intestine 100.0% 97.3%
OP776734% % intestine 0.000 97.3%
OP776735* Jz ik skin 0.011 0.011

TE: * AR RERIF.

Note: * represents sequence obtained in this study.

I3 661 17 (C—A) 667 1 (A—T). 671 {ii(C—G)
F1 677 11 (A—C).fX MH329616 (4= 347 M i)
TEIX 4 LS AR B R AR A o B ik oy A Fi
T8 A A BT P A e 1TS-5.8S tDNA 51 A 20
AREEL S 25 5, Horp ITS-1 JF91A 11 4~ 2132
i (A—T). 2141 (i (G—T). 2144 fi(dfi A C). 2193
{37, 2201 fif, 2246 ii, 2342 {viF1 2384~2387 fii(Hdi A
AACG); ITS-2 FEHAH 9 1> 2362~2363 fii(AT—
GC).2681~2686 () 2774 fi(C—G)(K 5).
26 RHEELEHW

RARB TR, 3T SSU 1DNA J74H4
Yy ML F BLRRTS T —S0m a4 o Bk iy
J& Y Fh (Thelohanellus spp )R N 2 N2 & A4 R

i 5 FhBAHE g1 (T, jiroveci, T. filli, T. seni, T.
bifurcata, T. catlae)fa & #h2E y— 3, S B ot
(T. hovorkai)f Bt H i i8S Ul (type species),
5 H A 5 Rl (T, kitauel, T. macrovacuolaris, T.
wangi, T. wuhanensis, T. testudineus)® 4 7 — % .
BT B B U S — 3, I AR R Sk I d
B T W BB HL P R e IR AR A AN [ A T 4 52,
S BIRN— 3, TRy I — 3 (E 6).

55T ITS-5.8S tDNA J7 5 # & (1) ML F1 BI B
[FEEIRAE T — BN M S5 40, FrA 75 B S b d 3
F— 3%, FIEHE (T, wuhanensis) by i kA .
A A B RN P A N T ) 7 PR 43 ) AR B ST
SERME T,
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18 18R 18RV Myx028S1F-V
200 600 1000 1400 1800 2200 2600 “|
SSU rDNA ITS-1 5.8 ITS-2 T
Y oo 5, &P IR S O P 9D 9 oD oD > o oD @ g 5P >
NI & P I P N PP GGG P PP (A
S* OP765237*+OP776735AAATGC—C——TTCCTT—AACGGC——————G
OP765236%+0OP776734* « o C A C A o o o ¢ A G - T CCT - - - - ATGC CATTGC
GQ396677 C ¢ C A C A o o o o
I* MF536693 « o« C A C A o o G o
HM624024 « - C A C A G » o G

MH329616 « « o o o o o T o o

Fls 3Bk L SSU rDNA 1 ITS-5.8S rDNA J7 51 1 22 5 v 45
S*: A AARALY Sy B IR 1) 75 P SR T A5 T 2 A A X R i 1 o P B U 51 OP765237%: %7415 KR872638 —;
OP765236*: iZJ¥55 JQ690367 F1 MN227353 —F(; OP776734*: iZJF5 5 JQ690368 —F. TIMy&h &b LA S brn.
Fig. 5 Variation sites of SSU rDNA and ITS-5.8S rDNA sequences of Thelohanellus kitauei
S*: the sequences of T. kitauei that infect the skin; I*: the sequences of T. kitauei that infect the intestine;

OP765237%*: this sequence is identical with KR872638; OP765236%: this sequence is identical with JQ690367 and MN227353;
OP776734%*: this sequence is identical with JQ690368. Primer binding locations are marked by arrows.

*% — AR B Myxobolus polati MH392318
FRERUA dt Myxobolus diversicapsularis GU968199
il EG ALy . Myxobolus arcasii Mk053784

HE IR Myxobolus Tamellobasis KF314824
FREEHA . Myxobolus erythrophthalmi EU567311
H@m‘{ﬂﬂl Myxobolus rutili GU968201

SSU rDNA 0.99/80 wobolus peleci KU170934
BI/ML i A\lﬁ{?ﬂﬁ Myxobolus karaeri MG253819
0.95/71 R . Myxobolus squamae JQ388894
- R B Myxobolus caudatus JQ388889
0.05 0.99/68 — ¥H 8% ik ALy L Myxobolus bliccae HM138772
. Myxobolus scardinii KI562362

e I—Wﬁﬁ?ﬁmiﬁﬂl Myxobolus arrabonensis MH375073

0.78/ B R B Myxobolus paviovskii MG520369
JuH Y B Myxobolus kiuchowensis MG520366

BB HL Myxobolus gutturocola MF543859
B [B] LY B Myxobolus abitus MG520367
T FRB B Myxobolus tauricus Q388897
ZRERHMR Bt Thelohanellus jiroveci KJ476885
LEAR B By Thelohanellus filli KR340464
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Fig. 6 BI/ML phylogenetic tree based on SSU rDNA

Posterior probabilities and bootstrap supports are given beside the nodes, sequences respectively.
Asterisks (*) represent values = 1.00/100. Dashes () represent values < 0.60/60.
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Fig. 7 BI/ML phylogenetic tree based on ITS-5.8S rDNA sequences

Posterior probabilities and bootstrap supports are given beside the nodes, respectively.
Asterisks (*) represent values = 1.00/100. Dashes () represent values < 0.60/60.
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Abstract: Myxosporeans are a group of microscopic parasites that primarily parasitize fish with more than 2600
species currently discovered worldwide. The rich diversity of this group has led to extensive research on
population divergence in myxosporeans. To investigate the impacts of infection site differentiation on the
population divergence of myxosporeans, Thelohanellus kitauei Egusa & Nakajima, 1981 was isolated from the
skin (S-type) and intestine (I-type) of different common carps Cyprinus carpio L. We compared the morphological
differences in the T. kitauei found at the two infection sites by measuring the morphological characteristics of both
plasmodia and spores. Tissue samples from the infected skin and intestine were examined by histopathology. The
small subunit (SSU) ribosomal DNA (rDNA) and internal transcribed spacer (ITS)-5.8S rDNA sequences of two
isolates were also amplified, aligned, and phylogenetically analyzed with other T. kitauei sequences from GenBank.
The results showed that the S-type formed a single plasmodium with a diameter of 2.1 cm, while the I-type formed
sixteen plasmodia of different sizes (diameters of 0.21-0.82 cm). The membrane sheath widths of the S- and
I-types were approximately identical (P>0.05). However, the spore lengths, polar capsule, and membrane sheath of
the S-type were significantly greater than those of the I-type (P<0.001), while other morphological characteristics
were significantly smaller than those of the I-type (spore thickness: P<0.01; the width of spore and polar capsule:
P<0.001). Histologically, most of the S-type spores were distributed in the stratum spongiosum of the dermis, with
some spores penetrating the stratum compactum, causing curvature and deformation of the dense connective tissue.
The I-type spores were primarily scattered over the intestinal submucosa, and the intestinal villi squeezed by the
spores showed atrophy to varying degrees. Both types infected the connective tissue, causing inflammatory
reactions such as lymphocyte infiltration and tissue hyperplasia. Molecular sequence comparison showed that the
SSU rDNA sequence similarity between the S-type and I-type was 99.7%, with 4 variation sites. However, the
ITS-5.8S rDNA sequence similarity was only 97.3%, with a total of 20 variation sites. The phylogenetic tree was
constructed based on SSU and ITS-5.8S rDNA sequences, respectivly, demonstrating that the sequences of T.
kitauei were divided into two lineages, ‘intestine’ and ‘skin’ subclades. In conclusion, the populations of T. kitauei
infecting the skin and intestine of common carp showed varying degrees of difference in morphology, parasitic
characteristics, and genetic information, providing obvious evidence of population divergence. It was
demonstrated that the infection site differentiation is an important factor driving population divergence in
myxosporeans.

Key words: population divergence; Thelohanellus kitauei; infection site; morphology comparison; tissue tropism;
ribosomal DNA
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