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HPRHIX 13 2 (FRIFRCQ), FAAREAREE BIENE 1.
1.3 ARG ABEWRME

4 AW T 1 28 %% FE I 40 4 & L SSU rDNAJT
H, i FHMEGA6 A4 Fr 51 1) 2 B LU X &, ia H
DnaSP#X 1 73 fr LR A5 BUR T . LB RS
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Fig. 1  Host tilapia and microscopic structure of adhesive disc of Paratrichodina africana based on silver impregnated specimens (scale

bar: 10 pm)
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A. Oreochromis niloticus x Oreochromis mossambicus; B. Chongqing population; C. Guangdong population
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HAE (R X FEAR R 2734 T R X FEA &
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BT E RIS 2NN SRR . B
Past3 5 2E X 2256 HU I &5 AR R CRAA LR
MERER. %, AHRER. BRIK. &
Ko WK WHETE . WK IR BUR R 2
HOHEAT FE RS 73BT (PCA).
1.5 ZEBRHEENLES ST

{8 FIMEGA63K A Xt Fy 51 1 47 2 5 L, R H
DnaSPH# A THEAS [FREAR K A5 7 2RV (Hy)
HIRZ NP B IR E(F) . FERR(V,)
J 25 1 4% IR B R TG 4 A 155 . 33 B Arlequin 3.1
A AT PR A 58 (Tajima’s DS 56 A Fu’s FR
BN F 75 Z 50 BT (AMOVA).,

2 4R

2.1 FEMIFERHNMERESENERSH
REF ARG B I RS W R
BEERLER 2) KA AR HLIX B RPN 425 AR
R ER. WEBRER. S, . N
Koo VIR B 48 2R B 5 TH 33 G BB 35 2 R (P>0.05);
HAKKERZ. BEAK. K. K. Kk
Ee F 5 i B A B M 2 7 (P<0.05), LAIL R B E
PR T 2R 0 i T A U ABL 2R 5 o = B 00 2R K /N (i
KHEHA)HNAESEIK. K. k. &

*1 FEERFEEMUDERHFRAREFEE

Tab. 1 Sample information of P. africana from gills of tilapia

FEAS

; xS S B
Sﬁlﬁe Sample Lozzl%eil%on Sifnzfle Sample Loﬁ%ﬂ_ji‘on
number number
1 J0406 ] AR 15 Jo132  J ZRHL
2 Jo1g ARk 16 70043 EPILIAE:
3 J0134 T ARk 17 Z0049 ERITHEE
4 Jo121 IRk 18  Z0053 EERRITHEE
5 1021601 T ZRAlk 19 X0106 FEKIPIEHL
6  Jo2118 T ZRilisk 20 XY102 HERKEHD
710227 T A&k 21 W0101 EE PRI
8 1023201 T ZRalk 22 WO0503 EERVTHEE
9 10251 | IES 23 WO0602 FERILHEE
10 Jo282  JUARIEk 24 W0702 EERITHEE
11 1021602 T ZFilisk 25 Q0103  EHERITH
12 J023202 ARk 26 Q0401 EEPRITHE
13 Jo242  JUARIEk 27 Q0504 EEJRITHE
14 J1110 ) &RAF 28 L0617 HLRVDIFN

2 BB RRMEMERESEHE LR
Tab. 2 Comparison of adhesive disc morphological structures
between two populations of P. africana

HRAREME ) ARMIE  EE

H7Z5%] Mean value of Mean value of Mean
Categories  the Chongqing the Guangdong difference
population (C) population (G) (C—G)

HRE R 21.760 21.999 -0.239 0.483
Body diameter
P& B BLAT 18.311 18.549 0238  0.404
Adhesive disc
%% JIE 9 Border 1.725 1.650 0.075 0.052
membrane
WHER 11.133 10.531 0.602  0.043"
Denticular ring
WK 5.356 5.731 -0.375  0.002
Denticle span
RS 2.660 2.516 0.144 0.017
Denticle length
WL 2.047 2.298 -0.251  0.000
Denticle rate
WK 2.481 2.747 -0.266  0.000
Blade length
i 4E 9 Central 1.127 1.127 0.000 0.994
part width
W 1.743 1.846 -0.103  0.150
Ray length
PSRN 21.090 20.330 0.760  0.058
Denticle number
L HRadial 4.380 4.330 0.050 0.873
pins

R EFEESR (P<0.05); Bk 7 A SRR AL
RANBLFZ AL, HAR BRI R um; Uik =th R K/ K

Note: * represents a significant difference (P<0.05); except
the unit of denticle number and radial pin is piece, the other statis-
tical units are pm; denticle rate=denticle span/denticle length

L) T TAEE A ZE R o

FET I B AS 2 A5 R 2 553 73 AT (PCA)
ST aE R(E 2): TR S KRR A R K
“HRER R, BRI AR B (GD) Il A oA B B 7
HEMHCQRIBUS A mE .
2.2 BERERS

2253 M, AT FE AT SR AN 128 2% AR PN UL ZE 58 B (1)
SSU rDNAJF 1| JL 45 il 21 10> B £ B (38 3), Horh
Hap 352 R 5 ERF LG L = A58, R ok
MRS R, &7 EE10%; T3 9k, T ZR M IX R A A 20
67, 475 NHap 1. Hap 2. Hap 4. Hap 5. Hap
6F1Hap 7, 5 bb60%; T B JXHh X (1) RE A 5 £ 24 )
A3, 43 Hap 8. Hap 9F1Hap 10, /& E630%.
DRI, T 2R M X (1 B A B AR F R 2 T B B
23 BERRGLENS

DAJE AN 25 O A B, BT 104 A B
SSU rDNA T4, 3K FIMLIEAL 2 B A5 B K R ¢
KEW. RGUKE W ERE 3): HapSHplh —32
R, DT RGW IR, 5 A BT A B B AL BRI
KICH MRS . £ R, Hap1 F1Hap6#4) B i
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Fig. 2 Principal component analysis (PCA) of two P. africana populations
3 IPMBERRAERSHER 90.52564, W2 FAC TR K. 3 4h, RIRE 1
Tab. 3 Haplotype distribution of P. africana BN R IAEAZ T R 2 1% 1) 2 7 , IR
s HPRFRECQ ] RFIBEGD (P=0.00673), % Bl A &= ¥ H B £ #£ 1% (P,=0.005),
R kR BRI RAS BRI BT T (P= ;] FRZ IR
Haplotype Sampjlz Specific Sampjlj; Specific 1)_5 i ;JE % MX 7J( q: (Pl 0.0031 4)’ E B‘E ﬂ] ﬁ *% R %
number source number source FE M 5 K (P,=0.00069), 1k T 34K K *F-(P=0.00314),
Hap 1 10406, I Ak R R A A A DL R R R A
Hap 2 Jo118 sk (P<0.005). ¢ L, T~ 2R Tl Sl v B 45 28 2 4 A
Hap 3 %8813‘ %ﬁ Jggg(\n gfﬁ A% TR 22 K 1 (72 Hy i P2, B8 PR Fsh 8 % 88 /)
20053 " §023201: A ) A vy A T 2 RE I SRR T IR 2 FE 1 (R H MR
XY102. JO251. Pj_ﬂ)o
W0503. J0282. ! . . .
ygggg . igf ; goz\ FRAE 15 4% 7 B E(Fy) 5 25 R (V) 20 T 45
Q0103: 7023202 (G 5): 7R 5 PR AN FhORE TR) ) 38 A% o b R 4L
Lo, i . (F790.08910. B Rt (V) 92.56, J& T b 453 4%
ap > JAN N M- 75 BT 7.
Hap 5 02118 - S A6 IK T (0.15>F>0.05), HL 5 B 1) B A /K7
Hap 6 J0227 /IJ.I% 45 Hap4 (GD)
Hap 7 Ji110 Tl <|;1P7(GD)
Hap 8 X0106+ WL Hap 10 (CQ)
L0617 Hap 3 (CQ+GD)
Hap 9 w0101 YL 99
s Hap 9 (CQ)
Hap 10 Q0504 VIRES 100 Hap 2 (GD)
, JNUEEN . . 66 —Hap 8 (CQ)
INSEAE T RS, 5 3 4% R At 5% B TP B 100 Hap 1 (GD)
QRGR 3, AR IZ AR LR S, Hap8hr T 363, 5%~ H L@m@)
il B R AT IR 3. SR B, SR BT AR X R AN i Hap 5 (GD)

i T RGN
24 BREZHMRIEES U

MR G WAL 2 FEVE(FR 4) 70 Hr 45 AT % R
oA S BRI s B R 2 PR PE(H=0.5), A
AR (GD+CQ)HLA5 1Y Z FE 1 N H=0.63492, H 143
SRR, BN AR B EE(GD) I A B R B,
0.72381, B & /= T A AR, 1 B KA (CQ) HyfE

Trichodinella epizootica
0.004

B3 JEF gl ZE 48 thSSU rDNAM S5 84 3 R ML R Gi K
B
Fig. 3 Phylogenetic tree of haplotype ML based on SSU rDNA of
P. africana

PR 2K AR 3

The geographical population classification is same as Tab. 3
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x4 EMUERRIEESHEST R PHRLE

Tab.4 Genetic diversity analysis and neutral test of P. africana

TEfA R FEA LRk e

PN EEH)  BHRZHEEP)

Group selection Sample number Haplotype number Haplotype diversity Nucleotide diversity

Tajima’sD P Fu’s F P

GD 15 7 0.72381 0.00673 —0.79043  0.200 1.40404 0.771
CQ 13 4 0.52564 0.00069 -1.09932  0.164 -0.80976 0.139
GD+CQ 28 10 0.63492 0.00314 ~1.57870" 0.034 -0.64750 0.403

AR R M 22 F(P<0.05)

Note: * represents a significant difference (P<0.05)
x5 AEMBER A EIRE MRS (F, £ T5H) SEE
A (N BL7)
Tab. 5 Genetic differentiation index (F, below the diagonal) and
gene flow (N, above the diagonal) of P. africana populations

BRI T HBIX: | X K
Group selection  Location: Guangdong  Location: Chongqing
GD 2.56
CQ 0.08910

(1) 2 PR SZ A (Nip>1)
25 BESHMPERE R SERIEEL S

HPE RS 6 25 SRR T (K 4): BB ES h&Fh
B ) Tajima’s DE I3y HifE, HEEABEK (Tajima’s
D=-1.57870, P=0.034)F& .~ & & 7E (P<0.05); 1
PN SCRREE, | R P (Tajima’s D=—0.79043, P=
0.200)F1 5 JX A Bf (Tajima’s D= —1.09932, P=0.164)
YIRPNA B Z U P>0.05). X TFu's Fy, B 1
IR IEAE A, B PSRN S SRR R XY O A,
HFr B Fus FAEA B3 (P>0.05). #t 5 Z, Fu’s
FAUAE] P RE(Fs=1.40404, P=0.771)) 46
gh ONAN I35 TEAE, 1 7R MR (F= —0.64750, P=
0.403) Fl F K FhEE(F = —0.80976, P=0.139) 4556 44
ESSpSENTE LR

B RS TR AT 45 B Bon (K 4): JENBL 48
HORCARFN AR PR L 220G i 4, A B AR
2ANE SR H 2 75 AN 55 I 40 14 7 U il 28 44 B (1) 4A),
J7ARFREE )L 3N BH I (1% 06t i 22 (& 4B), T =5 R
N 2HLUT L 2 (B 40).
26 NTESRSW

BTt B IR PN R 58 UK 7 1A = o0 b
(AMOVA)&E (3 6): JEIMFN A5 o i) b e [a) A S
NT.82%, FIFE A I3 7 24 92.18%, 1t R P L.
ZEAL B FP AR S TR AR EORIE TR EEN

3 iTig
3.1 AEMZERRERE SR
WAL 2 BEVE 38 YR A AN K 2 MIDNAJF 51

978 5, K 2 A5 R, S PR R o A B DR R
G T AR IEAZ IR 2 A MR &, 21N B

AR HEAR I ) R R S R e M s e bR
Grant®"\ N H=0.5, P=0.005 /% VF 4 B 4 SR
WAE 2 FEME R — AN BE, 2 H,=0.5, P,=0.005k],
RUIF B E, R ABRKENT L, HH=05,
P<0.005H, 2 W BhHE R AE 0 250 %508 i 480 PR
K RS, MH<0.5, P<0.005H, 2% Fh
FET A2 Py JBTALN ; 2 Hy<0.5, P;=0.0051, 3
B b A DA b 22 O 2 BN R AR AR 2 e . FE AR
Forb, AR PN T 2R AN (GD) i Hy e Py 45 R
W, 2B BRI ERE, JFHEd T
B [ e AR, R T BN E i AL AR
o T E P (CQ) R H K P 45 TR B, %P
EZYpOR Y A R VN YRR P SR IS
WK, R R, R REA MR IR,
BEAN, AL 58 tR RS e A4 5 3 R AR — A, 41
N 2 R Ak 52 B RARE (R S MR K, 3R 1T SR AH [R] F
FHARPAL . AEPNHUL 4G S IX Pl s HyIGP ) 24
PRI AT RIS R IAFAE T HoAth 4248 A 5 0 28, 4
WIR A58 Hi(Trichodina reticulata)[m v R RS (Mi-
cropterus salmoides)™" . W /R I & R H(Triplophysa
yarkandensis)m o

— WA, R E R 2 FEPE(P) L B A 2 RE
(Ho) A S B R RE (45 2 REIET™ . BRI, ASHF 2
R AR (1 H e P ) BR3E A% 22 FE % i T EL R
TR (R H AP L), RN AT B 5 2 M= 5 7K i
FERVIMIG. TR IBIEARA FEIX, HoA Ay
PRty 2= AU, HoRAA IR B TR R B e, BT
FEPHACN AR50 O A R 2 5 ok B0, 4 i AP
JEL 9, A 45 25 TR AR e A SR AR, I T A ik 2k A%
ZREERRAR . HHECZ TR, F P E T Hry i
e AU, KB 2 S R S R IR AR, & FE TR
B, —FEFREEE BB %
GRS E SIEDREE i PN R o ki iy 2= 9
R BT o R T B R R AR AR B Rl 4, T X
WAL ZFEVEI TR O A — B PR . AR FLE M,
KSR EE PR 2= PR i ot — S R A e G IR 44
H(Trichodina domerguei)~ J& \/INE%E B (Trichodi-
nella epizootica)) B B A — & M, BN NE—
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SR BV LN, 20 R R R B o AR R L
(T T R N2, 5 b, KR S H 4 A T Y
S AR RS HsE 2 A E B R R 2 —.
3.2 FEMINER HABE AL

AR 3 A0 TR B T AN [R) B A ol o 7 1) ) 3 42 22
S, W A L F e BU(F ) BT AR AL FERE, ik
REAR B 384 2 5P, Rousset™ A R F AT BL I 4>
RSATERME, BIF <0, 3R R] LT 30A %
I 0< Fy<0.05, 3 B Fh B 8] 14 0 40 F2 B 304K
0.05< F<0.15, & B B Bf (8] 5 0 5 52 B 10 7 4k
0.15< F<0.25, 3R B FREE ) 73 A FE FE 815 Fy>0.25,
FONFIREN AR S L FEE . AWF R R A
FEANER PR DL F N0.08910 (5 5), B AN i
BErEEfL FIA B T RS R 04k . bk, I
(N, 12 5 T ol 3 434 1) 5 2 R 2%, Wright A
Nop<1, 32 BF ol 3 (i) 56 DR AN A2 DA P-4 18 A% VA, st
e IR 1<SN<4, R B FHRE IR A 45 2 1) R A
W, AL AN, N >4, R EE A 258 1)
TR RS, WAL LT N ARG RER, TR
Tl LA B PRI BN, 2.56 (32 5), 2 B AN Fb
PEEF A RAN R 2, BiE E R BN 0TS
I3 HT (AMOV AR 2 Bl B 43 AL IR SR IR, 45 Sk
(3 6), AR B2 7 = R PE TR EE Y

KA M E RSB . PCAO TS 4
T RGP T A AR 256 HU
WK R BRSO T LS R EREE 2):
BRI KNI ER) S N RTE SR K.
Ko WK W R Ty T A AR R E e (P<

0.05)Fh, P FP R AE HoAh 5 T (0 & AR LA . B3
BHEBA. G, WHES. K. AR R
BO T B # 7 7 (P>0.05). 45 A PCAK) 7 Hr 45
B 2): AR E AR B B R, H
HIRMBHRE T ARMBEZH, RAPAE MRS
FEALEE R Ry o DRI, &5 & TR EAL 5 PCAIHE 7L 43
MNP P B AE T 25 T THT B L o B A AL, (L)
FAE— B IR N 25, Bi%ES 3 BRI G 4
FHW ARSI 2 FREMIE 3)ER, KE
IR BIREAR (HapS) e T RGEW JL 38, HAEAN S
BT REEA, DL 2R B PSR BRI T R Fh
o TR R B AT e,
T 2848 AN F K it s - 51 33k 25 S fa 1 #h [X
2P B B Ak R K I Y, AL
2K, PR L DS b X B A G R )
SRR TP MBI (7 &R TT0)4E; IE Hagk b g
BRI RA B R 2 (H ) S TR 2
P (P Y3 20 5 T 2 R A RECER )7, BRI S R
H DX R AE PN 2R s e B () AR AR X 22—
3.3 JEMINER REFEEA L EITS

o M A 36 (Tajima’s DAIFu’s F) 7] DL Bt b B
) 7 sh B A ML K /7 41 2R Tajima’s D Fl1Fu’s
F RN 5 2 1 E (P<0.05), R B FhRE & 2 Pt 39k
HAP, — N N Tajima’s D Ky 56 500 & T-3H 51
AR RAS, B A7 Z R R YT AK DT S, T Fu’s
FA 6 U 0 30T S P P B A ok o B R R, AR
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Tab. 6 Molecular variation analysis between populations of P. africana based on SSU rDNA
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POPULATION DIFFERENTIATION AND DENETIC DIVERSITY OF PARATRI-
CHODINA AFRICANA PARASITIC ON GILLS OF TILAPIA

JIANG Yu-Jiao', ZHAO Yuan-Jun' and TANG Fa-Hui"’

(1. Animal Biology Key Laboratory of Chongqing Education Commission of China, Chongqing Normal University, Chongqing
401331, China; 2. Chongqing Key Laboratory of Conservation and Utilization of Freshwater Fishes, Chongqing
Normal University, Chongqing 401331, China)

Abstract: This study focused on Paratrichodina africana El-Tantawy & Kazubski, 1986 from gills of tilapia, aiming to
investigate population differentiation and genetic diversity based on the morphometric quantization of adhesive disc
and molecular evidence of SSU rDNA in Chongqing and Guangdong populations. Morphometric analysis of the adhe-
sive disc revealed significant differences (P<0.05) in denticle morphology, including denticle span, denticle length,
blade length, and denticle ratio, while no significant differences were observed in other aspects. Principal component
analysis (PCA) indicated that the scatter plot distribution of Guangdong population was nearly contained within that of
Chongqing population, suggesting a high degree of morphological similarity between the two populations. Genetic
diversity analysis identified 10 haplotypes among 28 SSU rDNA samples, including seven unique haplotypes and three
shared haplotypes. Hap3 was the largest haplotype, present in both Chongqing and Guangdong population. The genetic
diversity of Guangdong population (high Hy, high P;) was higher than that of Chongqing population (high Hy, low P;),
implying that water temperature and geographic distribution may influence the genetic diversity of P. africana. Molecu-
lar phylogenetic analysis placed Hap 5 from Guangdong at the basal position of phylogenetic tree, with Guangdong
samples distributed across all branches. The genetic differentiation index (F) and gene flow (N,,) indicated moderate
genetic differentiation with limited gene exchange between the two populations. The above results suggested that the
Chongqing population probably originated from the Guangdong population. Analysis of molecular variance (AMOVA)
study further confirmed that the majority of genetic variation (92.18%) originated within populations. Neutrality tests
(Tajima’s D and Fu’s F,) and nucleotide mismatch analysis indicated that the whole population of P. africana
(CQ+GD) might have undergone a population expansion event in the early stage but not recently, however the different
geographic populations (Guangdong and Chongging populations) had not undergone any population expansion events.
The present study has laid a foundation for the future research on population genetics and phylogeography of tricho-
dinids, which could provide reference data for the prevention and control of trichodinasis in aquaculture.

Key words: Population differentiation; Genetic diversity; Population history; Paratrichodina africana; Tilapia
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