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Determination of false positives in PCR diagnostics
based on the internal transcribed spacer (ITS) of
Gyrodactylus salaris using RFLP
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The World Organization for Animal Health (WOAH) recommends two protocols (ITS and COI)
for conventional PCR of G. salaris diagnosis. However, ITS PCR protocol may yield false-positive
results, leading to unnecessary countermeasures. It's difficult to distinguish between G. salaris and
false-positive by similar amplicon size of PCR, since the amplicon size of ITS PCR in G. salaris
and false-positive was 1,300 and 1,187 bp, respectively. The nucleotide sequences of ITS false-positive
in rainbow trout is 99.7% identical to previously reported host genome sequences of rainbow trout
(Oncorhynchus mykiss) and 95.3 to 89.1% identical to those of other salmonid fish species. To reduce
false-positive PCR band, PCR was performed by the different annealing temperature, but PCR bands
were still detected. In RFLP analysis by Haelll, the PCR product of G. salaris was digested into
four bands of 512, 399, 234 and 154 bp, while the false-positive was digested into seven bands
of 297, 263, 242, 144, 93, 80 and 68 bp. In the RFLP patterns digested by Hindlll, G. salaris showed
two bands of 659 and 640 bp, while false-positive had one fragment of 1,187 bp without any digestion.
Therefore, the RFLP method of ITS PCR with Haelll and HindIIl can be used for differentiation
between G. salaris and false-positive. These results might provide important information on the im-
provement of PCR diagnostic method of G. salaris.
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871 B FQ Gyrodactylus= XA 400%F ©]
ol Rueo] GAFFFOAA M B FE 7
A3 Y= S(genera) & Shbo]lTh(Harris et al.,
2004). 71 F Aol o] Foll Azt FEE LSt
= Gyrodactylus salaris®l| 23} LAY st= A2
MAEERA7]F(World Organisation for Animal
Health, WOAH) 2 0.2 A5 o] glom,
ANAe FAAEA A et M ER A
Wo g A= Bt Utk FFA SFEE
A FA A (Salmo salar), T3 75 (Oncorhynchus
mykiss), B.2}-&%01(S. trutta), Arctic char (Salveli-
nus alpinus), North American brook trout (S. fontina-
lis), Grayling (Thymallus thymallus)7]- I}, G. sal-
ariss A&, A= v, ofrtu|of] F2ste] 19
Aot Hos Ho|Z ata Zug] FFOF ofF
o] Ao AFE FEetd HY #nlE F7HAT
I T4 Ee A A £440 2 P oR/e
FzZ 9, vty 5 7189 AEE F=TH(Chong,
2022). A E A ANA FF0|(Saprolegnia spp.)=
A8k 221 7+ o] WAYSFIL(Olstad et al., 2006) G.
salaris®] Ho] o2 I3 IR HEZ MNEQ
E73E 25t HAE B E slo® 4
HTh(Pettersen et al., 2013). G. salaris®] F+9 32
Fol= A, A=), oprtulo|A|ut, FF 9 A

Zlol whet F-2 297 veketal AR ol /e 7
g B FolAE BEHAT thAFA] 7] 22 E
A A= T, 7HE, B A=gu|d F2 F2e)
A, 2 A=) wet 714 F9e thkskE o
o2 A =Hu|d % H-23}al(Jensen and Johnsen,
1992) A3 g W] FERT 7 v-&-2 SA Nk
o7t A = #ZH tH(Appleby and Mo, 1997).
Arctic chardl A= F2 Hg] AL=#v], 5A 7]
o] F2 E X331 (Mo et al,, 2023), F-A| 7] 4] o] A

= Fdl 90 oI} Hdol A&EE 4 o, I
BE7E gAY dAFEel fle AeE Ut
(Bakke et al., 1991; Peeler and Oidtmann, 2008;
Peeler and Thrush, 2004).

G. salaris = dAlA 1957@ Hx LA o] %
Ao, “—E—'?]]O] g Ao}, Ao}, AFRE, =
°], drtg 5 F2 fEe B 9 A 4

S AAH E4E 2 AAFA doj o

Fol= FHAES FEskt(Denholm et al., 2016;
Paladini et al., 2021). =Wl A= F8 Ao ofF
Ql FAMNFAE tde 2 2011FHH 109 T
qF 5& Tt Tl g ol LAY sEA
@t Aok Ad3E nlg o2 20201 WOAH
CBRH A= AE 53U
FAYEREE SR A FFo] He
WOAH Manual of Diagnostic Tests for Aquatic
Animals (World Organisation for Animal Health,
2023)°ll 4= WOAH A7 2Rl g Fejsts
EA HyxAea B4 wlolelx vl A =
5’0 d 71%r AEM9, in situ hybridization, A&
¥as] HJ’%(PCR) ohoksl Aok WS At
o o AdH A= 2, G o salaris®] IES
sty o2 HeEera 2 /\4 B2 5k |
(real-time PCR, conventional PCR, §7]A & £4)
<= A8t o 2AEESHE W S conven-
tional PCR (PCR)2 & 27119 Z2EZS A4 st
Qo Zt LZEZFL ribosomal RNA gene internal
transcribed spacer (ITS, 18S rRNA subunit 3° 2,
ITS 1 2 2, 5.8S subunit, 2.8S subunit 5° Z&H)3}
mitochondrial cytochrome oxidase 1 (CO1) A&
eSS FZ3%kT. AT, TSt Gyrodactylus
B 32Y 5 qof, 7MY 974D BHS 5
st HE G salaris 915 &<lo] Q3 &3+
G. salaris ITS PCR ZTH A] A 24 W=7t v

-
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Al AZEFHO drIAE BEAS HAAEAT, G
salaris7F obd Yok Al g I = o] A7t ° o]
g Anrt =t 2A- ] Tk PCR AHEl Al

FEAE APt 4 T dolo] PP S
233l= PCR Restriction fragment length polymor-
phism (RFLP)&= AW A 9 F48, HE 5%
T ThESE ool &&o] 7hesitt. mebA, &

TAAME G salaris -?']O‘:’H Al5& PCR 7]%}t RFLP
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ingdted A 3}g $ Patho Gene-spinTM DNA/
RNA Extraction Kit (iNtRON Biotechnology, Korea)
£ o] g3l A xALY] T2 EZ wel DNAS F
£35S th. AccuPower® PCR PreMix (BIONEER,
Korea)E ©]-83}°] DNA template 2 pL, forward-
reverse primers Z21ZF 1 uL, DW 16 uLE 3 7}-8}
F%F 20 pLo] H=F 33 ¥, Clontech PCR
Thermal Cycler GP (Takara, Japan)| /] PCRS )
399tk PCR primer®t &2 WOAH Manual of
Diagnostic Tests for Aquatic Animals ¥ T4 &
BATA AIAFEFAEFE LY, 2021)00
w2} LA S o Al FAES Table 13 2T &
Az DWE Frheta Fddzes ST
AEFA A Az A EEEZ (1,300
bp)= AHE3IA T PCR 4HE2 1.5% o722
A A719 538 G salaris® SZARE U3}
4ot PCR A 1TSS EFA S 2 g PCR (ITS
PCR)S =& A|EolA PCR AHE &4 =791 1,300
bpHE T} W& Afo] = A PCR METZ} FAE R,
COIE& BFA 22 3 PCR (COI PCR)AIAE ZE
Az A METF AEE A Sk ThFig. 1). ITS PCR
M=rt ERle B8 Al st §H4 9714

Table 1. PCR primers used in this study

& 3 NCBI blastN 4] A3}, o]l e g 73|
N1 DNA (99.7%), HAFA A (Oncorhynchus gor-
buscha) 1TS1, 5.8S rRNA (95.3%), B.2}-240] DNA
(89.1%) A7IA L Asdol vl =AU

ITS PCR Y44 A1S FH3t7] fste], 9%
A Mo} Aol B2 FAIEo, BEfFo]
o] & FHA 9714¥9 HEE NCBI GenBankl
Al R 3}FT ClustalWE ©]-83l] 7144 align-
ment AAISFATE G. salaris ITS PCRE] forward pri-
mer2} reverse primere A 7] E0] 9 H k40
o &3 FAA 7L 100% Y X3 THFig.
2). 3tA T, G. salaris 1ITSS] forward % reverse pri-
merE AL 7NMEBL G salaris$t FH] Yl
&3 DNA @714 ol G. salaris ITS PCR 4t
=< 1,300 bpe] L ITS %4 PCR 4AHE2 1,187bp
O 2 PCR FF AHE A717}F At opyt2 =4
AN G. salaris$t 19 M= FEof o] 2A}gHo]
At o] g YA W= HEL primer} G.
salaris®l 23R &3l ZA 4 £33 DNA ¢

Target Primer Sequence (5°-37) Condition Amplicon size (bp) Reference
95°C 5min
TS F TTTCCGTAGGTGAACCT (94°C 60s, 50°C 60s, 1,300 Cunningham
R TCCTCCGCTTAGTGATA 72°C 120s)*x30 ’ (1997)
72°C 7 min
95°C 5min
col F TAATCGGCGGGTTCGGTAA  (95°C 60s, 50°C 60s, 200 Meiniléd et al.
R GAACCATGTATCGTGTAGCA 72°C 120s)x30 (2002)
72°C 7 min
A ITS
(bp) M A B C D E -+ (bp)

1,300
1,187

Fig. 1. Detection of G. salaris by ITS (A) and COI (B) protocol. PCR was performed in duplicated for each sample.

M, 100 bp ladder; A to E, rainbow trout collected from different farm;

—, negative control; +, positive control.
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Brown trout
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Rainbow trout
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False-Postive
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Rainbow trout
Brown trout

False-Postive
Rainbow trout
Brown trout

False-Postive
Rainbow trout
Brown trout

False-Postive
Rainbow trout
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False-Postive
Rainbow trout
Brown trout
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F primer
TTTCOGTAGETGAACT
TG A G A T A G T A T T A GG - BT T A G TR A T GG G T A B A A A A T A G TA TG TG AT GG TAGGETAGGGGACTCACRICTON0G

...... G T TA e CAGE AT T
GAAACGTAAA T TAGA AR TGO GRG0 A GE A AT CA T TCAC T T TGAC T AN GAC TCAGATCAGACGAGACAAC G TGAA TTAACATACATTACTAAGCGEAGGA
............................................................................................. T. AGC. THE

CoG— G Cooninnnn G Gooeeiieeeaes . A T

R primer

119
119
120

239
239
238

359
359
357

478
476
477

595
544
597

715
714
717

234
833
837

954
953
957

1072
1071
1076

1188
1187
1190

Fig. 2. The multiple alignment of the false-positive nucleotide sequences for G. salaris ITS PCR with other known
genome sequences of salmonid fish species. The nucleotide sequences identical to the false-positive of G. salaris
ITS PCR are indicated by dots. Dashes present gaps. The gray box indicates primer regions of G. salaris ITS. The
Genbank accession numbers of the aligned genome sequences are as follows: rainbow trout, KC686343.1; brown
trout, LR584428.1.

G. salaris 1TS %A

2= W9 EM@8°C ~ 58°C)5 2 A3k Sy

o L A B 2ER BE 250 g
AZ5 9] annealing =5 H3}o A3l A E A Haelll, Hindlll, Awl, EcoRl, Xbal,
HEs 29 T flATHFig. 3). Xhol & 2SR T} G. salaris2] ITS PCR ¥4 Al
A5} U A5 AT S+ Gyrodactylus 3°E(G. salaris, G. derjavini, G.

I
30
N
N{N'

H tdAS A Y8k, G salaris 9
AN B} YA AEE PCR ¥, PCR 4HES A

(bp) M 48°C 49°C 50°C 51°C 52°C 53°C 54°C 55°C 56°C S57°C 58°C + - M (bp)

Fig. 3. Effect of different annealing temperature on false-positive of G. salaris ITS PCR. PCR was performed in

duplicated for each sample (1,187 bp). M, 100 bp ladder; —,

negative control; +, positive control (50°C, 1300 bp).
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truttae)®] RFLP 7' (Cunningham, 1997)°l A}-&-%
G. salaris®] NCBI Genbank Acession No. Z72477
A7 ES A3 pBHA vectordl] F2YH &
g} 2-u] =& (Bioneer, Korea) 53 22 PCR3} %t}
(Table 1). G. salaris ITS PCR AH2 Bl 9|oFA A&
of theh AFaL A 24 B WSS A x2ALE
3 2 ¥ F(Enzynomic, Korea)oll @2} PCR 4HE 1 pg,
10X Ez buffer 5uL, A& A 10 unit 1 LS 33}
o] ZF 50 uLE 37°ColA 1A17F B8 & E&3latal
QIAxcel Advanced system (QIAGEN, Germany) %=
= 3% optR =AM 758t AFFaL A
2ol ©& PCR & 3 4& st G. sal-
aris A E R HYA PCR AHE G714 E9 Al
a4 A & @] Fof Aoj= Table 20 LHE}
WA G salaris 7% A& PCR 4H=o) Aga A
HaelllE A2 Al, 1,300 bp2| band”} 472 ©H
(512, 399, 234, 154 bp)°l, Hindlll A FHE 2= 270
2] TH (659, 640 bp)©] QIAxcel advanced system®l|
A 2l A THFig. 4). AWIE A3 32, 678 bp
oAl Ao 3712 FH3E A 7646, 621, 32
bp), 32 bpoll A= & =7]7} Ao glo] ol Hfl
}. QIAxcel Advanced system©| Al Aiwl= &3 =
717} FrALEE 646, 621 bp7t T 75 SR A T, o}
7V22 AdAME F wo] AR @ =725
bp 2o E HindlI®t FL3HAl shte] T A4
A At AGE A EcoRl, Xbal, Xhololl HH&-3}
2 oF PCR MES} FUZE 7104 1749 W=
7b vrebt,

A PCR tHES AAIZ 5 A3 a4 Haelll
£ A 2l3l QIAxcel Advanced systemol| Al 7]
5 Al, 1,187 bp2] band7} 771 (297, 263, 242,

144, 93, 80, 68 bp)o] EQ1E YL 297, 263, 242 bp
o] 37) @S 144, 93, 80, 68 bpe] TR} W=
ZE7F dd o=z ettt kA 3% o7t
27 A= 9F 150 bpolate] T o] smeardtAl
A= Wt g oyt =24 WY %s 54
2 E2lo] o H At AmIE 32, 624 bpE 1231
370 9] W E7K592, 563, 32 bp) LFEFL}oF BA| R of
7t2 2 A M= 592, 563 bpe] Z717} FrAlEA 2
el dHe] FEE 1719 g gHo = <l
HRa @ 27178 2L 32 bpe 8o Brlss
At A A A Hindlll, EcoRl, Xbal, Xhol= 9| ¥
d A= A71A4E Q14 F7F §lof 179 &
o] YEtSth wEtX, Haelll= G. salarisE % 471
o] &S wEA T 512, 399 bpoll Al 270 ] 733
Wl gES JERL, d8 AsE F 709
T F 200 ~ 300bpoll A 370S] 2k w1 W=7}
QIAxcel Advanced system©l| A4l &1 o] w2}, 7]
A5 Al o3 zol= AA T G. salaris ~ 500
bpet A FA A FE~300 bpe] W T FEE Y
A ARE F3AE F ATk HindllI= G. salaris 7t
659, 640 bpoll Al THo] S, I A EE
B E A ke oF 1,187 bpoll A W=7} FlE =
2 G salaris & ¥4 A8 FEo| 73T
BAES ] wtdo g AY Q4 A= 2 A
< 913t F2 PCRE& AFE-3t UARE 7%
U Ztol A3 AA oA 5F DNA &< Vs
o] AjHo R e THo] Jrt B AT =
AMNEAE £33 Aol ofFoll Alzet 73|
F&3= G. salarisE WOAH ITS PCR W o
A Al Aol HEH ol wel, PCR AHEo)
Haelll, HindlIIE 283} G. salarisSt 1A Al

-

Koo o oo rlo rf

Table 2. Prediction of fragment number and length for G. salaris (A) and false-positive sample (B) of ITS PCR

by restriction enzyme

G. salaris False-positive
Restriction enzyme  Number of Size of Number of Size of fragment (bp)
fragments fragment (bp) fragments g P
Haelll 4 512, 399, 234, 154 7 297, 263, 242 144, 93, 80, 68
HindIIl 2 659, 640 1 1187
Alwl 3 646, 621, 32 3 592, 563, 32
EcoRl, Xbal, Xhol 1 1299 1 1187
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(A) QIAxcel advanced system
G. salaris False-positive
M W/O  Hgelll Hindlll Al  EcoRl  Xbal Xhol W/O Haelll Hindll Al  EcoRl  Xbal Xhol
(bp)
r i r I 1 I r | 1 1 ]
1353 - | | — x._‘ ] i
m ! ‘ 7 { | Hoo o
1 - | : | | ‘
603 H l _ H | 5 = !
L |- | pa| -
; ] s x e
—— | | i | 1 |
| | |
| | | | | l |
| [ | | [
310 | | |
—_— ||l el i
281 | | ‘
271 _\ i 1 'I ! { } !
234 ’—'\ b | 1 . |
194 P [
’ 3 ‘ 4 ‘» :
| | I | |
118 o 1 ! | | ' ’ \ —
| | |
g — VU | | | | [t
(B) 3% agarose gel
(bp) M W/O Haelll Hindll AWl EcoRI  Xbal  Xhol
2,000 | S s

1,000 § |
500

Fig. 4. PCR-RFLP analysis for G. salaris and false-positive sample of ITS PCR by QIAxcel advanced system (A)
and 3% agarose gel (B). M, 100 bp ladder; W/O, PCR product without treatment of restriction enzyme.

55 7E%T 4 & PCR-RFLP7IH S 71E31%1
. G. salarise T EAY B H & 54
A= EEoE YATAHAA 7 HAA HAEZ

T 1Z FAAE A9 PCR HAF AL, A S
X3St G salaris PCR YA 94 W=7t A& d
7SS B FHFAEEA A Y
of SAXTS 8H3IA AAAANA 2T Y=

X & FAs YyAALAHHAA R F G salaris
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