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Abstract: Based on the comparative morphological and molecular characteristics of five strains of Trichodina
reticulate, redescription of this species was conducted in the present study (Fig. 1 - 3, Table 2). The results
indicated that these five strains showed different phenotype differentiation patterns including different denticle
morphologies and the presence or absence of central granules, thus this species has dominant intraspecific
morphological diversity. However, the sequence similarity and genetic distance among the five strains of T.

reticulata were 99.0% - 100% and 0.000 - 0.008, respectively, and their major variation areas (V4, V5 and V7)
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of 18S rDNA possessed a consistent secondary structure (Fig. 6, 7), which suggests that genetic distances

among these different strains are within the intraspecific level. Furthermore, the analysis of intra-species

divergence on the basis of 18S rDNA and ITS-5.8S rDNA variation site and phylogenetic tree (Bayesian

inference, BI tree and maximum likehood, ML tree) showed that these strains of T. reticulata with different

geographical distributions and hosts were clustered into one clade mainly due to the same mutation site (Fig. 4,

5 and 8, 9), suggesting that the intraspecific differentiation for T. reticulata probably is mainly influenced by

their genes, rather than the environmental factors including geographic distribution and host type. Besides, the

present study confirmed that central granules should not be the main characteristics for species identification

in T. reticulata.
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& DNA, fR1ET -20 C&M. A5 18S
DNA 7AW 851 %R 1Em 514 82F
(5'-GAAACT GCG AAT GGC TC-3' ). [
5/%1 LSUR (5-GTT AGT TTC TTT TCC TCC
GC-3") (Utz et al. 2007). PCR JJ¥ifk £ N:
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58 ‘CiB‘K 1 min, 72 ‘CZE{# 2 min, 35 MEIL;
5Ja 72 ‘CHEH 10 min. ITS-5.8S rDNA #1# 5]
YioN: IE[A 514 ERIB10-V (5'-CCG TAG GTG
AAC CTG CGG AAG-3") FlxIa 54 28S1R

(5'-GTG TTT CAA GAC GGG TCG-3') (Wang
et al. 2019). PCR RNAKFRA: 94 CHIALNE
5min, 95 ‘CAM4: 45, 56 ‘CiEk 50s, 72 C
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1.3 18S rDNA H—HF R 53T
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Ebxt, it MEGA6.0 (K-2-P #i%1) H50gE
FEES, KM BioEdit7.0.5.3 #ET48 A7 AT o
T H/NEHHAERES, FIH RNA Structures.2
AT RNA g5/ el , 348 H RNAViz2.0
BTV (Zhang et al. 2015).
14 RERKEWHIME
B AT T H3R15H 12 % 18S rDNA FE41),

PAKAE GenBank HIEFEFENLANH 63 F& e R
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7241 (Coleps hirtus, AM292311) HI'EJE &

(Colpoda magna, EU039896) 18S rDNA J¥-%1
RANEE, FEEFET 18S IDNA MRS KB
[FFE, fE GenBank "k 7 K580
ITS-5.8S IDNA 741, PAECHi3RA 12 2% ITS-
5.8S tDNA /741, DIGH/NER B (Trichodina

R1 AHAMIRERL SR 3 PRR 18S rDNA Al
ITS-5.8S rDNA 755 %5
Table 1 Molecular sequence accession number of
18S rDNA and ITS-5.8S rDNA of three strains
of Trichodina reticulata

K7 Ak F35 Accession number
Strain Individual g5 HNA  1TS-5.85 rDNA
PR ZEFE HL (B) Bl MN224639 MN217550
Trichodina
reticulata (B) B2 MN224640 MN217551
B3 MN224641 MN217552
B4 MN224642 MN217553
B5 MN224643 MN217554
B6 MN224644 MN217555
B7 MN224645 MN217556
B8 MN224646 MN217557
PR (LD L1 MN224647 MN217558
Trichodina
reticulata (L) L2 MN224648 MN217559
L3 MN224649 MN217560
RS (HD H MN224650 MN217561
Trichodina
reticulata (H)

pseudominuta, HQ407392) N4MH, KT
ITS-5.8S DNA ] &4t K B # . /£ MrBayes3.1.2
A GTR + 1 + G AR DU S
( Bayesian inference, BI), F|H 7E £k # 1
CIPRES Science Gateway V. 3.1 #J# i KALSR
# (maximum likehood, ML) (Wang et al.
2015). FIH FigTreevl.4.2 ¥MIEEH RGH,
FE1E Photoshop CS3 A4 H 58 1 R b (1) 22 1)

2 SR
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AW FIRF PR R BL L AT H St 3 Bk
% (E1, £2.
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SREEM: FERITILRX
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Fig. 1 Photomicrographs of adhesive disc of Trichodina reticulata

a. b. T.reticulata (B) ¥k&R CREM, ARFFR); c T reticulata (L) #k&R CREM, AWF7); d. T.reticulata (H) #R&R CRESE, AHF
91); e T.reticulata (W) #h&H CREHifi, Wangetal 2019); f. T.reticulata (S) #kFH CREH, Wangetal 2019); #5< =20 um; &

Hh Sk T TR

a, b. T. reticulata (B) (from Carassius auratus, present work); c. T. reticulata (L) (from Carassius auratus, present work); d. T. reticulata (H)

(from Cyprinus carpio, present work); e. T. reticulata (W) (from Ctenopharyngodon idellus, Wang et al. 2019); f. T. reticulata (S) (from Carassius

auratus, Wang et al. 2019). Bar = 20 um; Arrows point the granules number.

AR CNERAE n=15: KAE
o, HERLETEWN (K12, b, 584K
&) T. reticulata (W) #E&R (K] le, 2e, £ 2).
T.reticulata (S) #k & (K 1f, 2f, 3 2) (Wang
etal. 2019) FIAHR TR IR R RAHLL, A
PR R B B0 S gohn,  H A SR R B
NFU, HEA IR, o Bk R A
XF g ba U HES T B E AR g, Bag 2K
By, U RS R TR, D0 A R AR R UG SR X
WA, HA N IRAAAERRSE (8 22, b). HH
CREEWE /N, HATSGFEE KRR S
bk 4 vk R —E (R 2).
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7 3R
RAEEM: HEPHTVDPFAILX B 5K AT

SREERS[A]: 2018 4 12 A

T & R ZF A A I iR

TEAZFRE ONEFRAK n=15): KM%
BHO(K 2, MERMANEE (K 1o. 58
ZARIE ) T. reticulata (W) #RFR. T. reticulata
(S) #k%& (Wang et al. 2019) FIAHI I H A4
PR RALL, APk RIGH T 2R, Ui
SMNGHE, TS S4EPAT, BRI E H
i (B 20). oW EPAENHET N, 5
ORGSR T. reticulata (W) R RM AR R
WA R KR
2.1.3 PRZE#RH Trichodina reticulata (H)
7 ¥

SREEM: HRATDEFIUX Bz
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Table 2 Biometrical data of five strains of Trichodina reticulata

FUREF R (B
T. reticulata (B)

R R B (LD
T. reticulata (L)

PR A R (HD
T. reticulata (H)

PR R dL (WD
T. reticulata (W)

AR R B (S)
T. reticulata (S)

(e fiff fif) filf A i)
Host Carassius auratus C. auratus Cyprinus carpio Ctenopharyngodon idellus C. auratus
o I TRV EEIIX (BIFEE) FPYPEENIX ([El il NN B Kb BEAILX
T B RALTEX ﬁ)j}l{/ﬂ: X ﬁlfzab?) i)ﬁ:«/ﬂr_ )\Eh< El))abm T X iJjEu FOLX
Localization Chongqing Beibei Chongqing Shapingba ¢ ongqms Shapingba Chongging Jiangjin ¢ ongqing
(Liaojiaping) (Huilongba) Shapingba
ZiAEFBAL Location i Gill i Gill i Gill i Gill i Gill
JRER (pm) 51.9 - 67.6 524 -67.7 59.2-72.1 41.0 - 49.2 51.9 - 69.3
Body diameter (59.7+7.9) (60.0+7.6) (65.6+4.3) (44.4+2.6) (61.2+4.9)
MERMEAE (pm) 43.9 - 59.0 442 - 634 45.6 - 61.6 32.9-40.8 46.0 - 59.6
Adhesive disc (51.4+7.5) (53.8+9.6) (53.5+5.4) (36.2+2.3) (52.6+4.4)
WHHA (um) 28.6 - 38.4 28.2 - 38.9 253 -34.7 21.0-252 279 - 35.0
Denticular ring (33.5+4.9) (33.6+5.3) (30.0+3.0) (22.5+1.6) (329+2.7)
SRS (um) 40-6.7 3.9-59 46-5.6 32-49 4.0-62
Border membrane (54+1.4) (49+1.0) (5.1+£0.5) (4.0+0.6) (5.0+0.6)
WA (umd 133-184 12.1-16.1 13.4-19.8 11.0-13.6 122-178
Denticle span (15.8+2.6) (14.1£2.0) (16.6 £1.9) (12.0£0.8) (152+1.4)
W (um) 4.5-8.6 4.0 -8.7 56-9.2 40-58 51-74
Denticle length (6.5+2.1) (6.4+2.4) (69+1.3) (5.1£0.5) (6.2+0.7)
WK (um) 50-82 4.0-738 63-83 45-63 59-4
Blade length (6.6+1.6) (59+1.9 (73+£0.7) (4.8+0.5) (6.7+£0.5)
WHEDE (um) 1.6 -3.1 1.8-28 22-34 1.1-2.0 1.2-2.6
Central part width (24+0.7) (23+0.5) (2.8+£0.3) (1.5+0.3) (1.9+0.4)
HpEE (um) 48-6.8 40-17.5 43-63 5.1-6.0 46-17.7
Ray length (5.8+1.00 (5.8+1.7) (5.3+0.7) (5.8+0.4) (6.4+0.9)
&ﬂgﬁ 24 -28 (13) 24 -28 (13) 21-24 (6) 22-26 (13) 26-29 (14)
Denticle number
Lo
Radial pins 5-8 (12) 6-9 (6) — — —
perdenticle
R 10 - 15 8§-13 — — 8- 14
Granules number
p=-4 o
HIFSEE () 384 415 — — 400

Adoral ciliary spiral
FORLKIR Source

AW 5T Present work

Wang et al. 2019

GitBist: BUME - BRME CPHE = R — LR sEHdE.

Statistic mode: Min - Max (Mean =+ SD); —: No description or data.

15 F K2 EEAL: 88 (Cyprinus carpio)
O ES

AR CMERAE n=14): KAE
i, MERAANERE (B 1d). ARRTLH
PR, 5O AMRIER T. reticulata (W) FRR .
T.reticulata (S) #£%& (Wangetal. 2019) FIA
WEFE R R AL, A PR &R D Eog 2D,
iR AR, B R, AR A

BHE, PR (B 2d). HREESHE
s RVTIREHIE S Bk 4 MR ARFER 3 (R 2).
22 ETERSFITHBEPIRER DK R
iz
FI A Past3 BCAF X WIR 2R U T
reticulata (B). T. reticulata (L). T. reticulata
(H) BLK T. reticulata (W) #1 T. reticulata (S)
(Wang et al. 2019) 5 Mk R AT E B85 7097,
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e 8D e
B2 PARZER RS E
Fig.2 Diagrammatic drawing of denticles of
Trichodina reticulata
a. b. T.reticulata (B) #k& (AW c. T.reticulata (L) #kH
CRBFFD: d. T reticulata (H) #R&H (RBFF0): e. T. reticulata

(W) #R&R (Wangetal. 2019); f. T.reticulata (S) #£&H (Wang et
al. 2019).

a, b. T. reticulata (B) (present work); c. T. reticulata (L) (present
work); d. T. reticulata (H) (present work); e. T. reticulata (W) (from

Wang et al. 2019); . T. reticulata (S) (from Wang et al. 2019).

201

T. reticulata(B) . T. reticulata(L) F T. reticulata
(S) 3IMRRERAEER. IWERERS. S
. WHEAS. WHERAK. hK. K.
R DL S SR B i 9 USRI b s
%, 1M T. reticulata (W) 5 T. reticulata (H)
PR R EASRIE B 5 X 0 T Bk 3 Ak &R, H
T. reticulata (W) #& &5 T. reticulata (H) #£
RHEAES (K 3),
2.3 PURZER B FRAE
2.3.1 PUIRZE#R I 18S rDNA MBI {2 0E
B CBAWITOH SR T reticulata (B) FR&R
T. reticulata (L) #&. T reticulata (H) ¥k %
1) 18S tDNA J¥4I7E GenBank H14: BLAST Lt
Xt, 35 E E LAY B AL (national
center for biotechnology information, NCBI)
LA PR ZEF6 B T, reticulata (AY741784)
(Gong et al. 2006) FAHML CAHALEAMIK T
99.0% ). LA b 3 ANEk F 8] 17 51 FH B, RS 7
99.0% ~ 100% 8], 1A% EE B9 0.000 ~ 0.003.
3AMRAR S Treticulata (W) FR&R . T. reticulata
(S) k& 18S tDNA J7HIAH AR YITE 99.0%
~ 100%2 18], AL 24 0.000 ~ 0.008.

[t & E 1% Adhesive disc (um)
3
|
ES

H{AE 2 Body diameter (um)

B3 PRES S S BRARKERS O

Fig. 3 Principal component analysis of five strains of Trichodina reticulata

+ T.reticulata (B) e T.reticulata (L)

T.reticulata (H) o T.reticulata(W) » T.reticulata(S)

I e e 5 KRBk R A & ER LB A ATE ], Abri A E R THIELL R

The elliptical coil indicates the range of scatter distribution generated by the five strains using each principal component, negative axis value

means below the mean.
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2.3.2  18S rDNA 1 ITS-5.88 — &K & HAE R Ar
BT AR FORIE M 3 MR R T. reticulata
(B). T.reticulata (L) F1T. reticulata (H)
5 T. reticulata (W). T.reticulata (S) ¥k &t
T 18S IDNA B RAL 41, DL T. reticulata
AY741784 AZFH I, 5 MHEZRM 18S tDNA
FEBP= A AR AL R 11 A, B4 8 M
A7 SSAN 3 AN EHRAL R . FLH, T reticulata (W)
WRAE T reticulata AY 741784 FHELTESS 21 {7,
55461 £ 2 468 i1, 2B 488 i\ £ 497 fii.

55509 A1, 2B 1469 1. 2 1472 AL RAEE R
HA 4 ¥R R 18S 1DNA 751 3 BAR T A7 AR5
847 i (C #:4y T) FIEE 851 fir (C By A
il C ¥ T) (B 4).
XF 5 Kk R K ITS-5.8S tDNA 28 3467 25 047,
T. reticulata(S1). T. reticulata(B5). T. reticulata
(L3) 5 T reticulata (H) &4 128 A7 A B
/B (6 1); T.reticulata(B2). T. reticulata (B4 )+
T. reticulata(B8). T. reticulata(L1). T. reticulata
(B7) 5 T.reticulata (H) B A 17 MEFAT A

T. reticulata (S1). T. reticulata (S2). T
reticulata (B5). T. reticulata (L2). T. reticulata
(L3) 5 T reticulata (H) NAA 19 M5
L (S,
233 18S rRNA Z“R&EM  Nilk—Bit5 5
AR R IR 40, XF 18S rRNA 24544
=AEAEX (V4 X, V5 X, VT IX) #H47E
B, SRR V4 X, V5 XK EFMER %
SERRR, AIE— T H) FARAEEE ZE s M
1E V7 X, Atk REA B a5k
B, HE—Z75) EhomkiEzESs (Be, 7).
2.3.4 FT 18S rDNA F11TS-5.8S rDNA ] &
GREWMA AWFFET 18S rDNA Frigzf
DU (BD BATER IR (ML) 44 52 30 L AH
[F g R, AR B R — B BI BN E T
MRFEKEW (B 8. MARER B 5 MER
I T g R A, B A=A
BiXFa. XHRDb. XHeo XHRaGXRDLSg
BH, H5XAR o BEUHRE . BT ITS-5.8S
rDNA Fria 1) BI BHRoR, 5 ASHEEAR R

N N N NN RN

820 830
T. reticulata AY741784
T. reticulata (H) MN224650

T oreticulata (WI)MHI191332 |. © v v v i i e e e e e e eeemas
T reticulata (W2)MHI91333 |. .« o v v i it e e e e e e e en e
T reticulata (W3)MHI191334 |. - & - ¢ o i e i e e e e e e e e
T reticulata (B6) MN224644 |. . v v v v i e e e e e e nnnn
T. reticulata (BI) MN224639 . - o v v o o oo s e e e naas
T reticulata (B3) MN224641 |. « v v v o o e e e e e e e ama
T. reticulata (S3)) MHI91331 |« v v v v v i e et e i e e e aa s
T reticulata (S2)MH191330 |« « e o o v e e e e v v v v e naan
T. reticulata (SI)MHI191329 |« « v v v e e e v v e vt e v e nns
T. reticulata (BS) MN224643 |« « « o« v v e v e vt i aannn
T reticulata (L2) MN224648 |« « « = v« e e e e v et nnaans
T. reficulata (L3) MN224649 |« « =« « « c e e e e e e annnn
T. reticulata (B2) MN224640 |« « « = « « « e s s v e v s e v au ™
T. reticulata (BA) MIN224642 |« « « = « = = e e e e e v e a e a
T. reticulata (B8) MN224646 |« « « = =« « =« s s v s s s e aa e
T. reticulata (L1) MN224647 |« « « = « = =« = e« e o e e e e
T. reticulata (BT) MN224645 |« « = = = = = = e o e oo o aenen

840 850 860 870

BACTTTACCGACTCGGGATCAGGTGGGATCTTACGCCCGCTTGGCACCGTACGAG

B4 PURZEH S S BRR 18S rDNA F5I2E R b7 A ik

Fig. 4 The comparison of variation sites among five strains of

Trichodina reticulata based on 18S rDNA sequence

5 T. reticulata AY741784 (Gong et al. 2006) J73AHLL, LK TEER T reticulata (S1). (S2). (S3). (B5), (L2). (L3) HAERAL
M, IEEMEFER Toreticulata (B2). (B4). (B8). (L1 (B7) [MARSALAL.

The sequence difference in T. reticulata AY741784 (Gong et al. 2006), T. reticulata (S1), (S2), (S3), (B5), (L2) and (L3) are marked by red
rectangle; the distinct sequence sites in T. reticulata AY 741784 (Gong et al. 2006), T. reticulata (B2), (B4), (B8), (L1), and (B7) are blue shaded.
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T. reticulata (H) MN217561

T. reticulata (W1) MH19135
T. reticulata (W2) MH19136
T. reticulata (W3) MH19137
T. reticulata (B6) MN217555
T. reticulata (B1) MN217550
T. reticulata (B3) MN217552
T. reticulata (S1) MH19138

T. reticulata (S2) MH19139

T. reticulata (B5) MN217554
T. reticulata (L2) MN217559
T. reticulata (L3) MN217560
T. reticulata (B2) MN217551
T. reticulata (B4) MN217553
T. reticulata (B8) MN217557
T. reticulata (L1) MN217558
T. reticulata (B7) MN217556

T. reticulata

T. reticulata (W1) MH19135
T. reticulata (W2) MH19136
T. reticulata (W3) MH19137
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T. reticulata (H) MN217561

T. reticulata (W1) MH19135
T. reticulata (W2) MH19136
T. reticulata (W3) MH19137
T. reticulata (B6) MN217555
T. reticulata (B1) MN217550
T. reticulata (B3) MN217552
T. reticulata (S1) MH19138

T. reticulata (S2) MH19139

T. reticulata (BS) MN217554
T. reticulata (L2) MN217559
T. reticulata (L3) MN217560
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T. reticulata (W1) MH19135
T. reticulata (W2) MH19136
T. reticulata (W3) MH19137
T. reticulata (B6) MN217555
T. reticulata (B1) MN217550
T. reticulata (B3) MN217552
T. reticulata (S1) MH19138
T. reticulata (S2) MH19139
T. reticulata (B5) MN217554
T. reticulata (L2) MN217559
T. reticulata (L3) MN217560
T. reticulata (B2) MN217551
T. reticulata (B4) MN217553
T. reticulata (B8) MN217557
T. reticulata (L1) MN217558
T. reticulata (BT) MN217556

A5
Fig. 5 The comparison of variation sites among five strains of Trichodina reticulata
based on ITS-5.8S rDNA sequence
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The sequence difference in T. reticulata (H), T. reticulata (S1), (S2), (B5), (L2) and (L3) are marked by red rectangle; the distinct sequence sites in
T. reticulata (H), T. reticulata (B2), (B4), (B8), (L1), and (B7) are blue shaded.
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Fig. 6 The comparison of V4 regions for Trichodina reticulata based on the 18S rRNA secondary structure

T.reticulata (B). T.reticulata (L) FI T.reticulata (H) #k%, kEH TAHIF: T reticulata (W) il T.reticulata (S) # %, HKHT Wang
etal. 2019; ZLETTHERIR 5 MR RIRIEZE R
T. reticulata (B), T. reticulata (L) amd T. reticulata (H) from present work; T. reticulata (W) and T. reticulata (S) from Wang et al. 2019; Base

differences in five strains are marked as red squares.
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Fig. 7 The comparison of V5 and V7 regions for T. reticulata based on the 18S rRNA secondary structure

T. reticulata (B1) ~ T.reticulata (BS8) [T.reticulata (B) #k &, AHF5]; T.reticulata (L1) ~T.reticulata (L3) [T.reticulata (L) ¥ &,
AWFF): T.reticulata (H) #k& CRBF50); T.reticulata (W) #RZE A T.reticulata (S) #k% (Wang et al. 2019).

T. reticulata (B1) - T. reticulata (B8) [T. reticulata (B), present work]; T. reticulata (L1) - T. reticulata (L3) [T. reticulata (L) , present work]; T.
reticulata (H) (present work); T. reticulata (W) and T. reticulata (S) (from Wang et al. 2019).
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0.50/50P4R %45 1 (W2) Trichodina reticulata (W2) MH191333

PR %4 1 (W3) Trichodina reticulata (W3) MH191334
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JAMNINE# HY(D) Trichodinella epizootica (D) HQ407387
JAB/NE# R Trichodinella myakkae AY102176
1.00/100, 45 %% 1. Trichodina heterodentata AY788099
BELR M Trichodina nobilis AY102172
DStk 224 W Trichodina pseudoheterodentata KT804995
R4 R Trichodina paraheterodentata GU906244
R AR ER Trichodina sp. JQ821348
" E R W Trichodina hypsilepis BF524274
FAr @I B Urceolaria serpularum JQ663867
HI45FIY B Urceolaria urechi F1499388
FHEAIE W Urceolaria korschelti JQ663870
BHEREH B Urceolaria korschelti KY596045
PRI B Urceolaria parakorschelti KP698204

1.00/99 & RELH Epistylis chrysemydis AF335514
1.00/10 Wi BEL R Epistylis urceolata AF335516
WG RY . Zoothamnium duplicatum DQ662851

1.00/100 0.75/86 AR IRYE WL Zoothamnopsis sinica DQ190469
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B8 ETIMinELRKURIERE 18S rDNA RARER
Fig. 8 Phylogenetic tree based on 18S rDNA sequences by Bayesian inference and maximum likehood analysis
IS AL BT R R E (BD MEEE (ML), RRFRE 100 MEHR B 10 4>,

Numbers given at nodes of branches are the posterior probability value (BI) and boostrap value (ML), scale bar represents 10 substitutions per 100

nucleotides.
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IR T 46 B (H) Trichodina reticulata (H) MN217561
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B9 FF NHHEHEK ITS-5.8S rDNA REKEH
Fig. 9 Phylogenetic tree based on ITS-5.8S rDNA sequences by Bayesian inference analysis
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Numbers given at nodes of branches are the posterior probability value (BI); scale bar represents 10 substitutions per 100 nucleotides.
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