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Detection of Anisakid Nematodes by an SYBR Green I Real-time PCR
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[ Abstract) Objective  To establish an SYBR Green [ real-time quantitative PCR method for the detection of
anisakid nematodes with zoonotic potential from Taiwan Strait. Methods  Anisakid larvae of six species (Anisakis sim-
plex, A. physeteris, Raphidascaris trichiuri, Contracaecum aduncum, C. muraenesoxi, and Contracaecum sp., a predominant
species in fishes in the strait) were obtained from the guts of marine fishes and identified chiefly based on the morphol-
ogical features. The ITS-2 rDNA sequences from the larvae were amplified by PCR using universal primers, then cloned
and bidirectionally sequenced. According to these sequences, six specific forward primers were designed and synthesized.
Specificity was determined by a series of conventional PCR respectively, the ITS-2 sequences amplified above were cloned
into T vector which was subsequently transformed into E. coli DH5a. Following extraction and identification, the positive
recombinant plasmid was used as quantitative template to generate standard curve and melt curve. Sensitivity and reprod-
ucibility were determined. ~ Results  All the 6 standard curves established by the recombinant plasmids showed adequate
linear relationship between threshold cycle(Ct) and template concentration. Melt curves were specific and all the 6 corr-
elation coefficients were above 0.998. In the reproducibility test, the coefficients of variation (cv) of Ct values for detection
of the 6 nematodes ranged between 0.18% and 2.80%, and the cv of the inter-assay ranged between 0.55% and 1.94%.
The sensitivity of the real-time PCR was 1x10* copies/pl, about 100 times higher than the conventional PCR assays. The
real-time quantitative PCR detection needed only 3.5 hours from the sample treatment to result report. Conclusion An
SYBR Green [ fluorescent quantitative PCR has been developed for detecting anisakid nematodes with adequate
sensitivity and specificity.
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chiuri) . JRIEFHSXTH BELE HL(C. muraenesoxi) M1 515 1
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WizardTM DNA 4i{kif &0 H 25 Promega 2%
H], Tag DNA B4, DNABRCY). pGEM-T # A FI%E
Jisg B3R ) H AR Takara 23 ), 50kE/N &3
& 5 I i IR &R 4t RealMasterMix (SYBR
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X0 [ 8 Biorad 2H], fii &AM AT WAk
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{2 (Rotor Gene 3000)t H® K FIP. Corbett Research
INF,
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R &4tk DNA, -20 CIRAF#H . FEH 519 1TS2
(5" -GGTGGATCACTGGGCTCGTG-3" ) Hl BD2 (5’ -TA-
TGCTTAAATTCAGCGGGT-3")§ 48 1TS-2 ¥ 317, &
MR ZR N . 10xPCR 22t 5 wl, DNA Bt 3 l,

25 mmol/l. MgCl, 3 I, 25mmolL. dNTPs 4 w1, 10 wmol/L
b RS I 15, 5Ul Tag DNA B4 025 ul,
TR WZE KR 50 pl, ¥ 1G5 H . 95 °C 5 min;
95°C 30s, 55°C 30s, 72°C 40s, 30 /MEH; 72 C
7 min, PCR 4" 38 7= 28 1.5% By i W UEE A v K ARG 565
X} 550 bp ZE A7 S5 #EAT YIRS M, il BeidE A
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R G 14BD2(5-TATGCTTAAATTCAGCGGGT-3')
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Table 1 Oligonucleotide primers used in this study
J¥5 5 (GenBank
A HRT) S14(5'-3")
Name Sequence origin Oligonucleotide primer

(GenBank accession no.)

AP (ACGGCTCCTT-

fi] B SRR AB277823 GCTTAGTTG)
Anisakis simplex

P h AB277821 ACP (TCTATCTICC-
Anisakis physeteris ACAATATGACGAG)
NEESOREE AN EF (CTTTTCAGGAG-
Contracaecum AB277826 AGGTCACTTC)
aduncum

AT AL CF (GGTTGTTGTGT-
Rephidascaris FJ005682 GTGTACTCTTGT)
trichiuri

IRIGHIRS 7 Lk il EUS28749 GF (TACCTTGCTAA-
C. muraenesoxi GTCTTTGCTATG)
YA e b A ~CCOTCOCTO
e 0 s rpr— 34 1009683 HF (CGGCTGGGTC-

LiROREE 2 L2

Contracaecum sp.

ACCTCTTA)

5 SIYERERIE R IERBHES T

MR LL 6 FhLk Bt DNA AR, 43 5lin A k5]
YAt PCR 4744, P8 7= W12 1.5%35 e M 5E I HL ik
g8, Wi R AT 43 LA 6 FhEk i DNA A4
TNAHRLFE B ¥ 2 BRSO 2 & PCR ) & U6 i
7906 & PCR, B MEMIKE —1ERE, &96
JE i PCR 5 HES AR R s il 2, i s i
FEJLHA 70 °C~95 C.,,

6 TEHTEE PCRITEMENET

WA ITS-2 JE AR FIPE R 7%, TINA 3 ml &
Amp Y LB ARSI 37 °C 180 v/min $EIRII L,
FH Bk $ BOR 7 S PR IR 4 ok, 48 PCR %5 Ja H
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H# PCR, %G EmAIRZRS (2.5xReal Master Mix/
20x SYBR solution) 9 ul, 1F. JZ5I#I4% 0.5 wl (M
910 wmol/L), itk 2 wl, MNTCH/KZE 20 wl, S 5%
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JEAE H PCR b i 208 A B8 S5 A p v B 2 R AT 1Y
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HAEME AR, o ta & PCR RO B
102 #5 D1/l T RERG I 286 f5 5 . FrLL, 26t
JE 2 PCR LR FL PCR AR R A = 29 100 £ (E
3), EEMERE R co ST REIMETES, £4
RSB 6E f PCR P 845 AR 22 R/, AR5
F B INIAUN 0.18% , FIHZEE PCR K 7 i B2
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M. DNA #3#) (DL2000); & A, 1~6. 1tk DNA 4 A, simplex, IFEXBIMMHKUN ACP, AP, CF, EF, HF Fll GF; 7~12. 4 DNA ¥4
A. physeteris, TEXBI¥IKIN AP, ACP, CF, EF, HF fil GF; 13~18: M DNA N R. wrichiuri, 1EXBIYMKIK N CF, AP, ACP, EF, HF Fl
GF; 19~24. 5t DNA ¥ C. aduncum, 1EXGIWHK K EF, AP, ACP, CF, HF fl GF, B B, 1~6. fifit DNA 34 Contracaecum sp., 1E X
SR HE, AP, ACP, CF, EF, GF; 7~12: #H DNA YN C. muraenesoxi, 1EXFIMUN GF, ACP, AP, CF, EF, HF,

M. DNA marker (DL2000); fig. A, 1-6. All templates are A. simplex, forward primers are in order of ACP, AP, CF, EF, HF and GF; 7-
12: All templates are A. physeteris, forward primers are in order of AP, ACP, CF, EF, HF and GF; 13-18. All templates are R. irichiuri, for-
ward primers are in order of CF, AP, ACP, EF, HF and GF; 19-24. All templates are C. aduncum, forward primers are in order of EF, AP,
ACP, CF, HF and GF. figz. B, 1-6: All templates are Coniracaecum sp., forward primers are in order of HF, AP, ACP, CF, EF and GF; 7-
12 All templates are C. muraenesoxi, forward primers are in order of GF, ACP, AP, CF, EF and HF.

E 1 PCR®H5IMH 54
Fig.1 Test of specificity by conventional PCR
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S ACP; b ARHU N A. physeteris, TEX TN AP; ¢ M H R. trichiuri, 13180 CP; d N C. aduncum, 151N EP; e Wil Con-

tracaecum sp., 1EX5IYR HP; 84K C. muraenesoxi, 1EX 5% GP,

Note: Vertical ordinate; Ct (cycle threshold) value, Horizontal ordinate: The original copies; R: Correlation coefficient; R?:; Coefficient of deter

Intercept; E: Efficiency. a DNA template: A.
CP;

mination; M: Sope; B:

primer: AP; ¢ DNA template: R. trichiuri, forward primer:

simplex, forward primer; ACP; b DNA template: A. physeteris, forward
d DNA template

C. aduncum, forward primer; EP; e DNA template;

Contracaecum sp., forward primer: HP; f DNA template: C. muraenesoxi, forward primer: GP.
B2 mBEHRAE AR
Fig.2 Standard curve of the real-time PCR established by recombinant plasmid
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TEHEL cycle
1—7. FEHFRRARE (F0/u): 5518 1x10%, 1x107, 1 x10°,
1x10°, 1x10*, 1x10° Fl 1x10?; NTC. BHPEXTHR,
1-7: Concentration of the recombinant plasmid (copies/pl), 1x10%, 1x
107, 1x10°, 1x10°, 1x10%, 1x10°, and 1x10?, respectively; NTC:
Negative control.
3 E#MPCR 5¥AEE PCR REUELLE
Fig.3 Comparison of sensitivity for A. physeteris detection between
the real-time PCR and the conventional PCR
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TEHEL cycle

1~6. HHFRAMNMRE (¥ 0/601), 535010 6.91x10°, 6.91x107,
6.91x10°, 6.91x10°, 6.91x10* Fll 6.91x10°; P. PHHEXIAE; NTC. B
XHHE
1-6: Concentration of the recombinant plasmid (copies/pl), 6.91x10%,
6.91x107, 6.91x10°, 6.91x10°, 6.91x10*, and 6.91x10°, respectively;
P. Positive control; NTC: Negative control.

4 A. simplex BZh 11 £k

Fig.4 Dynamic curve of the real-time PCR for A. simplex

F51% ACP 2 E & PCR 3744 A. simplex 1130 7 i
2, BRI T 9O0E B PCR RAFIYE R,
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Table 2 Reproducibility of the real-time PCR
DNA itk FESRE ($5 DL/ JRE) WILRTEHEL No. Ct
DNA Concentration (copies/reaction) — —
Exp.1 Exp.2 Exp.3 Exp.4 xS 5t R E v (%)
A B SRR 5.90x10° 17.50 17.78 17.54 17.98 17.70+0.22 127
A. physeteris 5.90x10° 20.30 19.99 20.08 20.28 20.160.15 0.75
i B AS Hht 6.91x10° 13.69 14.05 13.85 13.87 13.87+0.15 1.06
A. simplex 6.91x10° 17.41 17.83 16.94 16.76 17.2420.48 2.80
N R 6.38x10° 19.29 19.07 19.20 18.75 19.08+0.24 1.24
Z fldf"’f""“m ” , 6.38x10° 21.75 22.15 22.06 21.87 21.96+0.18 0.82
%ﬁﬁ@éﬁ%zgg*ﬂh 6.88x10° 17.77 17.92 18.02 17.78 17.87+0.12 0.67
Coniracaecum sp. 6.88x10° 20.63 20.16 20.42 20.22 20.36+0.21 1.04
PR3 RONEE i 5.17x10° 18.36 18.11 18.23 18.38 18.27+0.13 0.69
C. muraenesoxi 5.17x10° 20.50 20.91 20.29 20.44 20.53+0.27 1.30
2%@%;&@%3%& 7.11x10° 14.24 14.35 14.28 14.59 14.41£0.13 0.90
- richiurt 7.11x10° 16.73 16.76 16.80 16.75 16.76+0.03 0.18
it w FEEFEMH  (house-keeping gene), LAk H R AENZ M
A
E E .
{ADNA W g o RSE, Al TARSE S, 1TS B
FERRIE, FIRRAMBEI ARSI ABS I~ RS, SRR | RO PR, BHITS

Fahar i, BRES AR TE U O AR
SRR R IR SR, R DY AT SR ARLk
IR FARKG I8 EEARGEIE %, BUBER B R 503
TR REOR R, S R Pk R R S
BRI, Lee ZEPVHEN. T PCR-FRHIPERE I 7
55 Umehara 2573857 7 PCR §7°18 . MPRO s, &
RS AE RN T X ] LRk U PCR R 57
P B PCR BUH ML PCR ELA B 1 AR s 5+
P, HEATOEY, nlas, FERTaSEs, ¥z
TR ARG 2 A U —Fh R R3OS ARSI 2e
JERE B PCR 17 ¥E I FH T 57 4R 48 i 2R T 4R () 4
55, AT DA RS PR A H S R IR R e, 3
AT LA IR R T Al & A T HERf e i, SEOGAE
DL 10 fE5A% Bt FE AR 0 T T ARSIt A8 LR A A e (1 5
DUBCEE 1107~ 1x10° ($5 D1 /pd) Z 18], HA TR &
B, AT BB LUK SE PCR G S 4E, 2Ok
FEfE PCR BH L PCR M HAT WL AT, AR SE5 A
WAL AL 3 B FRAR A 5 A FF 3.5 hy SER AR
510 . DNA $REUKE | SRR MR B 58 e S0 00 PR 58 45
S AR e S

AW e s AL AR O3 R A Lo IR g e (6 R
C AL 1 (COX 1R | 18S rRNA LA Fl rDNA )
M S5 |a] B X (internal transcribed spacer, fAjFR ITS) ¥
G5, COX 1 HERTEART (3055 T )#% DNAS2 1]
B2 B[R A A R ) B (S 2% . 9O & PCR B
AR S A RURE, IXFPs % 25 25 R 5O E i PCR
G0 Py R DA RS VT, 18S rRNA JEPR & —

YER S FHRie gt T e SIS 8] T ) 2 R 2 3
HITSFAITE S R A p 3 DUEOH S R, LA B 5 D
FITE R R I 2 5L K, T R Al g
JEAE L ITS P90 AN il AR B 7 510, B ITS-1 i
ITS-2, 322 ITS-1, ITS-2 M fRXHEH TH ZH{EE
P, XRMEET U R G R B RRN, 0
AR TR EA RS S 1, B, AFsT i
TR S A BB T t(DNA Y ITS-2 #54%, i Eh
T HA R R R PG E i PCR A Tk, R
Lk HUpa I IR 2k HU R S B bkt . R, e 4
HETHORSHE
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