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% F/\INH PCR 1 SYBR Green LR35 ¢ E = PCR
KM EERNESL RN A

BORAY, B9, JmxX, #
N > 2 3
BmREMS, £ A
(1. M AR K2 TGl 22 Be, YLJ5 o8 214081;
2. PR E KRR 7 B iR K 7R O, RRA SRS A R R S E ALK E, T 1Y
3CEMTIKFE B, T HY  214252)

N L3
gELY, B,

2140813

R 50 RIUA NN R B BB AR A PCR T 5 07 o 7 1209 A By R 4 B B B fe
AEHEARMNE FAEGGEG, BIFRER. REEFH L TN H PCRA 7 i, *
BRESFAMNELAER COL Fol it ffis T —x 514, £ PCREFHMA. 7K.
R BRI DA RO R A SRS S M 47, 2 Al T & PCR An R ot & & PCR A& 7
o BRIET, ABMAKBNRMI WA LT NN RARGHT HERE, TAESFER
KWER R, DERFGREURGEAFHEREERARY. T8, RFFFEMAL
BERANLT R, yHERFEMRYIHE T X RER T % L4, F# PCRZIK
e B A AR B A AR R R 2.67 AM/uL, 3ot & & PCR Z f& 1K 0.02 4N/l B AR 44 88 H &R
H, X EEPCRANMAGE S TL#PCR, AR EW, &lnREAFREAFTHEHA
MR, ETZII M RAPCR F R ABRE o — 2, RARBHERERE
AR ARRH T W S TN ARBFRELE ST\ R0 7 R EER. &
E&, AT 3RAIRTE NN B 8 55 W foom R A

KHIA: T/ &; PCR; KoL & PCR; /NN s Al &

FEDES: S941.5

% F /NN W (Ichthyophthirius multifiliis) J& —
Fiveg DB IROK ey A 2 B Y, HILP A TE
Tk, AT LU 2K ZBOR K 2R )
JRHUBGEAZ AT T BREFFRAOLIN 2B A BB
A0 JE L b B 4 R 2E DT BBk . 8 45 DL
fiffl 22 SRS B A PR R AT UL A A, D)
JRHOE WA RR R R TN R SO s 3208
TR, R Y 2 dUpA R A s T
5 EN, SS8E ERE . Sz REL A,

i EHA: 2022-08-09  fEEIHEA: 2022-09-13
FEMIE: B KB ARk R E T (CARS-45)

ERFRERD: A

7 B R 0 A R Ik 1 S5 A FH DA B Bl 22 ) S AR AE
RIIRE, 1 BT I R RS 505 R A TR R, R
FEUOIET B, /NI AU B IR E RO AR A )
RAKA B = ERENR

Z /N B AR SR A, KRBT D4y
A4 EAK (theront) Hl] . %5 1K (trophont) ] Al fu &
(tomont) ] . & T /NI HL R 4 AR (LR R /N2
20~50 um) SR TP IFUFL BZEARLL, AT RIZEK IR
O HES, R RS A R Rl R
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b R LI R Y LG SR AR g SR AR U
BB T A, R R/ 300~800 pum) 4
TR, DIAIKIRS G FRIZY L, dikRmsr
EBWWER, 5307 I BT I i . 7636 H
Kk (15~25 °C) N8 HAR S 2Rk 5 24 A 56
PR E BRI EDK AR T, PR AR
T2 F/NR R SR 5K R P PRl B ROR
ANFE AR TE R ARARL, 5 B S S A e LA o A S
FEAT T ZTF/NRR . W SRR A k]
HH AR (I RAER 1 0, TR 1 AL
FERCIAE], TSR RN, R =
BRI RAEAR , R EYCRAE, K ER Y
BB IE R X, G, (S50 BB R FE /N
IS A S 2 R 0 5 A e T EE AN 2 o

PCR 4 AR HA B 1 AR R S, 9
2 T KA S5 (12 W05 90 DR AR R I 30 4
K, FEAESE PCR LR | ORI & J 810/ B
3 PCR (nPCR)"™ | 515 i PCR (QPCR)™" Fi%k
F PCR (dPCR)!"™"™ A5 2 RAGEE &y . R VA1
K )5k o et sE & PCR A DG Ykl BT 5
DNA 55256 J5 K o RetE , SCiHRG I 14 £
5, HARSRE ., REUER . CEERSEIRl,

FETFJ& L2 /R A A v & 8, H AT
Tk 9 22 /NI PCR RS 7 v 22 B0FE 7 4 S
2208 R U ARAE B BG o T R R R
REUE B ZT/NRE PCR A& 71, AWFST
T2k /& DNA (mtDNA) | CO T R 73] it—
XRG4, #ESr T PCR AL T SYBR %4
RHE RPN B PCR KN 7k, FRRAESHT T H:
XoF I RAE AR RIS A A 14 1o FH AR o

1 M

1.1 SCISMR

ZF/NR AR IR T Io i AE S fa i 3
AR e, Il S E R K IR S A AR
(Carassius auratus gibelio) #EATIERA-AE . HJE 1
(Paramecium sp.) &€ FEAS A 5200 % R A7, DU SR
W (Tetrahymena sp.) F1)ifi 4% W (Balantidium sp.) [#]
FEREAS i E R B K A LE T T . R E
FREY | B Af (Ctenopharyngodon idella), Je % % Ak
ffi (Oreochromis niloticus) Fll A1 3k i (Megalobrama
amblycephala) 1 E 7K 77 Bk 22 B 58 B IR 7K il B
P RPN A S AW - 5t s i i G
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FINLAREAS, —20 °C {#-17E & .

1] LA 5 1 < P s A e A RS ORK Y
R, ZEARILEE (JE FE SMZ18) T W FRZH i il
el , B TR A 50 mL B0AE, ROLKET
23 °C Rl ks gR, AR /N S AR R, )
BCRRAE WA PO R B R . T
$2 U HE [H 41 DNA (1) 452 & 438 5 12 000 t/min 2§
O S min W45, B AR R SOuL, /Y
10 000 4~ HUfA

2 /IN I LB VAR A 10 R0 o 1 ZH 4R
A N TR AR o Rk i 4 B
5000 ™/ S {a S B AR 3 LR E kK 3t
B 3h, FA 150 LKEHH4kS: 550, 24 h 5 oR4E
TRt HVREAS , 7 d R MR B i 1 R
R LA, R RAERT, R MS-222
R, BYHLZ) 5 mg BEZZFEAR T 1.5 mL K EP %
H, =20 °C PR H

FRFE K A SEREAS A3 0 R A A 3 AP SR th 3 A
FENIEI KRG BB SR 5 b A 7 & /NI
U Y 20 F it 3 CRAE 738 58 1236 30 19 2 1 I Bl
R A S AR /N UR & A, SR KA R AR
WyE R EOKEE 2 L, B2 40 B 28 FH I8 %
ARAER, R0 ISR = A HE = P FRA KRR
KA AN B GERHERNIEA KRR G, EE
2 Lo REMKFEM 5 pm R IEIE 25 Hhk
NG £ FEAS S U8 IS T A5 1 8 R B BT R, A 50
mL 208, 20 °C RAFR H . ASHF SR P e ot
Ml RS2 sy A S50 PR 51 2 1938 7 &,
X S ZE AT T AT R

1.2 #£7K DNA 2B

R A RS pded . 21/ KRR
FLH BURE AR IR 1 i B [ 2 DNA i 8238
& [AETAEY TR () BRHARAR IS
FEULI A ip 2 PR IOL R 4 DNA ., FREE /K FRBEAE
A1 3 K 2H DNA #2 UK H] E.ZN.A.¥ Water DNA
Kit (Omega), 2 H2li1k 19 5 K 2 DNA T -20 °C
PRAEe o

13 SRS &K

M4 GenBank ' £ F/NR LK CO T B H ¥
51 KJ690553.1, fii Ffl NCBI #£ 8t ) Primer-BLAST
T E e A e i — xR s 1Y . R, ¥
(e N RSEANE AR A T AR i : 2
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F/NR ARG BEF AR B (SN/T4290—2015) ) U1 Al
Howell 51 SCER R BRI A9 51 05 BUH T 10

oM. ARSI G DB WA TAY TR (B
g) B AT R 75

®1 KRR

Tab.1 Primers used in this study

519 F31(5-3") T/°C 7“¥/bp ES
primer sequence m product source
qlchF TTCTGCCCGTACTTTAGTTACC 54.08 131 FR
qlchR TGGTTGTACTAACACCTGCAA 53.61 this study
XGCF GTACTTTATTTAGGAGGAGGACT 50.39 326 [15]
XGCR TGTTTAACGAGAGAAAATCATAAAT 47.98

667f AATGGGCATACGTTTGCAAACC 56.60 118 [16]
7651 ATAGCCCGGATACATCAGCATG 56.91

765r# CATGCTGATGTATCCGGGCTAT 5691

1.4 EiE PCR 0

R AR % FoA2 8 B R 25 uL ik
%, 117 2xTag Master Mix (Dye Plus) (Vazyme)
12.5 uL, 1E 514 (10 pmol/L) % 1 pL, ddH,0O
9.5 uL, FA DNA 1 puL., AR5 et 19519
(qlchF Fl qlchR), Zeadt LAk J5 S i #2 5 4f E ol 95
°C TAEM: 3 min; 35 MEFREY 95 °C &M 155, 51
°CiR K 155, 72°C 4 10s; )5 72 °C LEfH 5
min, 7 ARHE" HE) 51 H) (XGCF fil XGCR) Fl
Howell %1 (1514 (667f F1 765r) T % FH 4 52 107 7
¥ 43500 2 B SCHR R Ui T . PCR s &5 o Js AR 15
3% R AR R TK, A R

A RILIEE R PR
L, FEEREN, M R PHEM . F Sk
[K £ DNA AT, ddH,0 NEATEXT R, 4% ik
oL 2% A RN P8 B 45 20 5 | %o 1A 7 e S M A DU

REEAZI 4 “FEA DNA $RBCH T ig
PAFH Z 1/ NN S R BE A 20 DNA VR brifint
FH ddH,O 47 5 f5 A5 HL Bk BERG B, 45 2UA6 REAT 4L
SR 1. 5. 25, 125, 625, 3 125 F1 15 625 1%
() 7 DUEREREEE . ¥ 30 uL KL ZH DNA BB
JIE R A 4 AR E R B AR B D, B
T+ DNA Bt At i i &A% (n) 435100 33333,
66.67. 1333, 2.67. 0.53. 0.11 F10.02, H T £k
kifk co 1 BEREAMBHNEA ZH N, KRG RS
i B B B v h B R B /N T L, EA AT R
AN Co T SRR, L ddH,0 R B M if
DIAS B2 BE DNA SR, {5149 XGC il glch
HEAT RN . M REACE A 3K

& JRAE A oI5 FH K IR B AE A A

R E K7 2: 2 E /) sponsored by China Society of Fisheries

K<t

7 DNA $2 50 i iR JR A5 19 (e 52 B AR e . WAk
TR SRR Ko e A R AR AR A5 20 £ L 57
B L K RSB REAR 20 11 A2 T/ NI 4k F5AE A
FROKEEAS 1 3 FTHRE DNA Joibik, {8514 qlch 3
PS8R, i BRI AS ) A 41 fo (AR AR
BEMLAMEL Y 3 0y FHPEREAR LA T A9 T 72 (1)
JEOY A BRI, S0 UE RN 21 /NI,
1.5 WHEZ PCR

B LAR % Faf2 S 20 uL WA
117 ChamQ SYBR gqPCR Master Mix (Vazyme)10 uL,
1IE 5 (10 umol/L) 4 0.4 uL, ddH,O 7.2 uL,
it DNA 2 uL. RWVFRFIEE: 95°C stk 30 s;
40 YAEIT 95 °C 251k 10's, 60 °C B K HIIEH 305,
I REES; HIT, TE65~95°C L) 0.5 °C N H
(B 5 s SRAEKE T ZE

e R | b3l PCR G ir 1A 4
SEPERE I A A DNA Bt AR [A], LA ddH,0 S ]
PEXTRE, X qlch 5[ f 745 SR PEAG

R AL Fady 3 BE A Pl 3E PCR ¥
D> Fr A SR A0 4G I Hh f A6 82 77 B DINA AR
LI ddH,O NFAHEXTIE, F qlch B1458Ef 59 4G
BAREARER 3R S5 RUEMT 52 B R
n X 1g n MREAL R, BREAGIREL Cq MNALERR,
1€ Excel A4 w2 il br v il 4 IF 1B 1 8%

& RAFAA IR IR IR AL AW Bkt
A DNA $2 50 o i ib JRA5 0 (e e 2 & AR ol . TR
W5 R A % S F AR AP RE A DNA B (4%
20 173). FEFEMIEK FREE DNA iz (20 43) FIZ/NK
HABARIEIR K RS 7K DNA Bt (1 4) 51
Y qlch FEATH 3G A
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2 #iR FE 625 A ML ™= AR T LSS BT BE Ak (B 2),

2.1 Ei®E PCR &M

HFMEARR IR LK R R
514 qlch XF Z /K ALK 2 DNA 9 PCR J L
FAEW RS, 7T 100~150 bp, 5 N Y
H 4574 131 bp AHXT R (8] 1); DAFE AL PO
H pAs . RERME, fa RV P HEM
3k 7 119 JE R 20 DNA SRR 1 PCR i 4 % 7™ A
PH A, BRI 519 qleh 76 BT A BF 5% 10 3 i
PCR I Hag RAFRE S

M 1 2 3 4 5 6 7

PC NC
500

400
300

200
150

100
50

E1 L& PCRYFRMRMER
M. DL500 DNA Marker, [.WEJE 4, 2.JUfEH, 3548, 4 7 FHR
i, 5., 68T P, 7.4k, PCPHMX I, NC.FAHXT
W, R
Fig. 1 Specificity test of PCR

M. DL500 DNA Marker, 1. Paramecium sp., 2. Tetrahymena sp., 3. Bal-
antidium sp., 4. C. auratus gibelio, 5. C. idella, 6. O. niloticus, 7. M.

amblycephala, PC. positive control, NC. negative control, the same below.

£ & F Howell 55 " Sk b £2 41k (% 51 4 41
667f Al 765r #E4T Ay Z K PCR K&, 2 F/INK
HEEPH 4] DNA B AR A 7= A A ) W 4t . 8
W — KA M, RIB S YOI T ssr DNA
[ — Pk [, ASWFSEIE K 7651 5148 o H
] B ANF B (518 765r4), & UG K 43 Hr & B
FARZA T P /R BUgE = AR B B Y 4k
Pa, (Bt L 2 DNA A2 T B LAk
RSty 3, By A /N T E 5
P = UG 26 T A TR (i) e A B
INEINF, IF7E GenBank HiE4T Blast £ Z 40#T
& & BRVC 51

Tk bR AE" $E A 51 ) XGC HAT BP9 4
S, Xt 2T/ IE K 24 DNA 76700 07 8 7= 4k
TR R SAT, T AHIEGE R I A H A 3 R 4
DNA B8 = A4 1 5% .

RN HREEER IR R BN,
51 ¥ qleh HAER B 1255 L LLF (B n=2.67) 19
VBB BEASE AR R R A T B R R AR, FERR
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19 XGC HAEM B 25 15 X LLF (B n=13.33) 1Y
R = A T RO B B BB AR, FERR R 125
£ AR 7 AR T RS TG Skl . R, EAR
5% PCR ¥4 4544 T 514 qlch 1) PCR A 45 51
Y1 XGC 44 51 s A ) 2 4802

bp M 1 2 3 4 5 6 7 NC

500
400

300

200
150

100
50

— qlch
131

500
400

300

200
150

100
50

326
L XGC

2 514 qlch #1 XGC HYEiE PCR REFEN
M. DL500 DNA Marker, 1~7.1. 5. 25, 125, 625, 3125, 15625
5 R 1 /0 I s 3 £ MR P 4 DNA BEAR 1199538 PCR 747
Fig.2 Sensitivity test of PCR amplified with
primers qlch and XGC
M. DL500 DNA Marker; 1-7. standard PCR products of 1, 5, 25, 125,

625,3 125, 15 625 times diluted genomic DNA templates of I, multifiliis.

& BRAF AR A IR B AF AR A ) 8 I L VK 4
Gt (R 2) Won, flFRE R TR L4 1
kAt VAR F0 RN e 0 34 7 A T I B R
&, HOEPREEN MG SRENTZ T
IR R AE AR ARG PR KR AR oA T s B 8 iy
Wkl o TE 20 N EAMRIAMGE K FEA T, 1 A4
AEL B A P 1 454, bl i, safe
W7 #1575 Blast 73041, 5Z% 550 —3, L&
NN ZF/NRHL,

ZRA R AREAS DU AN AN ) S ge 25 R, A
ST RAE 514 qlch #4758 PCR LA Y BH
PEHIB RN A 7E 131 bp P2 AE 54, MIP45 RS
ZH P —3

22 WHEE PCREM

4 F oA ) L35 PCR G rf i) 45
AL, XFEE A DU AR SR
AL R F PR A Sk iR 3E N 41 DNA R/
WL 4] DNA [RIEF AT 8, HAT /MK B
41 DNA MR =4 T 588 =S ey i 2, Hoth
Ff il DNA BEARER AR = A s a2k, sl 3
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R2 AMREIMEE PCR FIRALEE PCR AN IGRERFIIFMEHARER

Tab.2 Results of clinical and environmental samples detected by standard PCR and real-time PCR assays established in this study

PWIEEEPCR  real-time PCR

FEAAR FEPCRES H /% (BAYEHUREA 80 ———
source of samples standard PCR positive rate (positives/samples) ot /% (PR RV A S50 -
positive rate (positives/samples) Cq
£

Eﬁ@ fish 0(0/20) 0(0/20)

BRI

fﬁb’a)ii;n period fish 100 (20/20) 100 (20/20) 27.15

fi?s;%sed fish 100 (20/20) 100 (20/20) 24.57

Z%ti)—;zgzﬁond 5(1/20) 15 (3/20) 33.87

R GARAUK A

indoor-water for maintaining ICH 100 (1/1) 100 (1/1) 2236
e - ARHFEARLAPINE.
Notes: -. all samples were negative in this group.
Sl C>37, BRI ST, AT -
:‘Bj‘io é%%%%%%l% chh }:H:,F‘%%%% PCR Hﬂ‘ﬂl 300
B BT AOHE S g =0

FHFEAR T AHER RN TR 4  1so
DNA =4 7 Al <S IE 4 ith 2k (& 3), 91 T 100

50
PRI (5] 4) BRI, T, {4 75.5 °C. 0 —r \ _
TEA T BT 15 B 1 AR BE (n=0.02) &, HKERTE 65 70 75 80 8 90 95
FEAEREARIIBHEL R . 1gn 5 Cq (22.53~34.79) i %E/°C
temperature

R RAF LR (8 5), BIATREN =
~3.445x+28.876, R=0.994, P 4R K 95.13%,
& JRAE A A IR 35 AE A4S Ej%3H PCR
R e A 45 AR, il R B AR A A T R A
SEREA RSP B2k H. Cg>36, iR A
RIR AR A TR Y 5, HAERRMA
410 Cq (24.57) /N TR Cq (27.15), 552

1 600
1 400
1200
1 000
800
600
400
200

0 bomm—

0 10 20 30 40

FAR 2 6 FA

relative fluorescence units

3 TWHEE PCR REERN
1~7. 1. 5. 25, 125, 625, 3 125, 15 625 £ F B /N Rt f & 4
FE K41 DNA B 3748 i 28
Fig. 3 Sensitivity test of real-time PCR

1-7. amplification curve of 1, 5, 25, 125, 625, 3 125, 15 625 times diluted
genomic DNA templates of . multifiliis.

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

El 4 TEEE PCRI G~V AEEIZE
Fig. 4 Maelting curve of the real-time PCR products
40
35F e
30 e

Cq 1
Cq value
[ ]

25 | e

20 | e

15

-2 -1 0 1 2 3
BTSSRI A S n XL (1g )
logarithm of the equivalent number
of theronts per pL

5 TOEEE PCRIT/ERZ
Fig. 5 Standard curve of real-time PCR

BRAEIUAIAE . SN FERT B KB AR h 3 AR T
W OGS (Cqly 33.87), Hifih 17 AMFEAR Y
AR 8. T 2T/ N R IIE IR K R 5%
FEA B T W LA HE S (Cq M 22.36) (3 2).

L5 L 0 A R PR ARG I ) S B S R, AR
WEFE T S 14 qlch #E4728 6% 5 PCR LK I A
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B B I BT RN A Cq=<35, H i il 25 2 g HL
T, Atk 75.5 °C,

3 i

/NI U ot R 7K 57 Y A AR U
Z—, BERIN N =K A S W iE FK 7w R
7 A B XA YN R B AR — 2L 5
BT R —SE R 58 A G U, A ROk
oE K FRGE B A N AF R B AT 85 (Oncorhynchus
mykiss). & & 7% 48 [B O Hi i (Coreius guichenoti)
(R R oK A B A ORI Sh W)« L 33 55 4 o il
(Pelteobagrus fulvidraco) R (Siniperca chuatsi) %
CriAe N RS ANE [ 50 bR« IROK (28 /NI LU
L WHLAE (GB/T 34734—2017) ) "8 %t/ I 1955 1
DA TR DRI T A I B A 55 2 L T A K E
HE, bR S T ™ R o RO A R 12 T
Z /NN AEE TR KRB AR E TS, 1~2 AW
BRI, AR G, g AR
HRGLRIIET . UL, B XS /NI B B & A FN
B O iR e i/, WU RN 2 A )
SR L SRR ARSI i X ) T
W, BAREREE L,

Jousson %"Vl Miller 557t ¥ &% it T F
Z /IR A 2 E 7 PCR A 57 . How-
ell Z:1T WF5E A BRI 2 Fh J7 86 43 BIAEAE S | VA8 A
DI 3 S A [6] SRR [A] A SNP, 5147 9 7EH
2T & durbs BE— B0, 973G R S iR A )
A BIF 58 AE X SCHR Hh R T D7 2k 3R AT S I I A PR
Howell &1 SC& i it w51 751, Hdb 14
WAHITR B A, 2 451960 T [7l— DNA 4%
by XHEZBIWEIES, BARREXT/INK R AT A AL
P8, AHREXF B AR A h R A DNA A n] A HE
FRSEY . MET L EIRTE, E N T AR
BT MR rDNA B v BefE oy H i SEA, H
BB IR S AT TAORR R 24 co 1
JEA BT qleh 514, 76338 PCR FZE0E &
PCR il 48 LA R AF RSP [, ASEF5E
ST PRI T i R S FAT AR AED 1 PCR J7
2, XA REAE AR 1T B9 514 qleh 94
A (131 bp) LR/ NFATIARE 5149 XGC 199
HAF (326 bp), HEE T X JEEE DNA 45 AR,
T TYISOR . A, T AT ARTET /Y
PG, R IE T RO T et
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FE & PCR,

AR SE BT ST % 8 PCR 7 12 e R G I e
KR AR 2.67 A4 /uL, POt E B PCR7E 45 & 14
0.02 4~ /uL BHK SR BE A 20K . R 2ok &
PCR L 00 i 09 AL o 78 I RAEAS RIS B R A
PRI & B, %38 PCR MIZ¢ % & B PCR
I 25 SR 2 B i) — 2, SR EAEZ /R
F AR R BT REAK N, 986 i PCR HA
B R R (3R 2)o ZEAIIRGE TR I 1) 7 e St
BRI AR RN R &4, {5 PCR K5 % B
AT FEABAME o 3 R 7558 A 7 v s A b 0 7 A Ak
JRE I 0 G AR T B PR AR = IR ER
IKSRFEI 76503 P 2 K7 E /N I 1 B 5
PP T —FP AT REA MRS . L, ARSI AT ST
58 PCR FI%¢ % & it PCR J5 VE M FR 5 R 48 R £
F/IN IR IR A AR 4 (38 I, mT Ry T 9 5
AN BRI RIS W . T4 T 98 27 2 R R

(14 F AL L PR g & i Fl 1o )
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Establishment and application of PCR and SYBR Green
real-time fluorescence quantitative PCR assays for
detection of Ichthyophthirius multifiliis

CAO Zeyi ?, ZHOU Qingjie ¥, CHEN Kai’, XI Bingwen "*, XIE Jun ">,
PAN Liangkun’, MAO Ying’

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China,
2. Key Laboratory of Integrated Rice-Fish Farming Ecology, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
3. Aquatic and Animal Husbandry Station of Yixing City, Yixing 214252, China)

Abstract: Ichthyophthirius multifiliis is the causative agent of “white spot” disease, which affects numerous
freshwater fish and causes severe economic losses to worldwide aquaculture. The disease of 1. multifiliis infec-
tion could develop very fast, and there are few practical measures to treat this heavy infection. To overcome the
shortcomings of existing methods, for detecting I. multifiliis in the early stage and environmental samples, such
as low sensitivity of visual diagnosis with microscope and low specificity of PCR methods developed in the
previous studies, here we developed and validated novel PCR assays. In this study, a pair of primers (qlchF 5'-
TTCTGCCCGTACTTTAGTTACC-3' and qlchR 5'-TGGTTGTACTAACACCTGCAA-3") were designed and
screened to target the mitochondrial CO I gene of I. multifiliis. The length of the amplified product is 131 bp.
After PCR programme optimization, specificity and sensitivity verification, clinical and environmental samples
detection and analysis, standard PCR and real-time PCR assays were established, respectively. The standard PCR
was incubated at 95 °C for 3 min; 35 cycles of denaturation at 95 °C for 15 s, annealing at 51 °C for 15 s, and
extension at 72 °C for 10 s; and final extension at 72 °C for 5 min. For real-time PCR was incubated at 95 °C for
30 s; 40 cycles of denaturation at 95 °C for 10 s, annealing and extension at 60 °C for 30 s. The results showed that
the primers obtained in this study had high amplification specificity for 1. multifiliis. Ciliates Paramecium sp., Tet-
rahymena sp., and Balantidium sp. were not amplified, nor were common farmed fish hosts Carassius auratus
gibelio, grass carp (Ctenopharyngodon idella), Nile tilapia (Oreochromis niloticus), and Megalobrama amblyceph-
ala. Amplification specificity and sensitivity were better than existing methods. The limit of detection for standard
PCR was 2.67 theronts/uL, while real-time PCR could be detected at 0.02 theront/pL.. Among them, the detection
sensitivity of real-time PCR was higher than that of standard PCR. In the detection application of clinical samples
and environmental water samples, the two PCR assays showed high consistency, and could effectively detect the
latently infected fish and 1. multifiliis in the pond water samples. Therefore, the assays developed in this study were
suitable tools for early diagnosis and pathogen monitoring of 1. multifiliis in freshwater aquaculture.
Key words: Ichthyophthirius multifiliis; PCR; real-time fluorescence quantitative PCR; ichthyophthiriasis; detec-
tion assay
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