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Rapid detection of Kudoa septempunctata by
Loop-Mediated Isothermal Amplification Assay
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Kudoa septempunctata is the new causative agent of a food-borne disease associated with the
consumption of raw olive flounder. A highly sensitivity method is required for the detection of K.
septempunctata because it does not multiply in the human body. In this study, we developed a rapid and
simple method for detection of K. septempunctata genomes using loop-mediated isothermal amplification
(LAMP) assay. This assay could yield results within about 30 min under isothermal conditions at 65°C, and
could be detected visually in a tube without any expensive equipment. All samples detected positive by
microscopic observation were also detectable by LAMP assay. The detection limits for K. septempunctata
genomes in olive flounder samples were about 10° copies/g or 10" spores/g. The sensitivity of this
assay meets the criteria for detection limits prescribed in the official analytical method. These findings
established that the LAMP assay is potentially useful for a rapid and simple screening for detection of K.
septempunctata genomes from olive flounder in outbreaks of food-borne diseases.
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Table 1 Primer sets for detection of Kudoa septempunctata

Primer name

Sequences (5-3)

Final concentration (uM)

F3 CGTCAGGGCTATTGGCACTA 0.2

B3 GACTTGTCCGCACGTAGC 0.2

FIP AGCCGCATCCACGCCAACAATATTTGAGGTTAAATGGCCAGCAGT 1.6

BIP ATGTGTGTGTGGAAGCGTTGGTTTTCACTGTGACCAGAACGAACC 1.6

LF TCATTGGCTGTGAAAGCCAAA 0.8

LB GATGTATTGTCGGTTGGTGTCG 0.8

Table 2 Components of reaction mixture for LAMP assay
MEBLVHE Volume
2% Reaction Mix 125 ul
1 fﬂiiﬁﬁﬁ Primer FIP (20 }J.M) 20 }J.l
N Primer BIP (20 uM) 2.0 ul
32 ~ = 3z S —] - =3

Loop primer LF (10 pM) 10
2 Hik Loop primer LB (10 pM) 10 wl
R Bst DNA Polymerase 1.0 ul
(1) SMSHRER ) template DNA 40 w
[Kudoa septempunctataDRAFNZ2>WT (BER) J Distilled Water 25 ul
CPR234E 7 H11H A AR E5071146 1 5) (12HE U7, Total 25 pl

Thbb, MAEZ05 gff& L, PBSZMZ, B{2H
LTAy¥ax#l, Aiza Lok LRELET,
PBS 05 mlZEH L2 D10 lic A F L v TV —iBil %
M2 CTRAEL, MEFEHNT6~THREFZETLZ FT
fat-#5H0 L7z, Afgecid, 7 R7RT2EEsh:
BaEBEE L.

(2) DNAmHES LUY 74 A LPCRE

[ Kudoa septempunctata® A FNZOWT (FEh) J
CPB234: 7 H11H A BLES071145 1 75) 12#E L7
Thbb, I AMMAEL2550 mgx 2 7 Ar L D ERELL,
QIAamp DNAMini Kit (QIAGEN) % H v, 200 ul®
Buffer AECHH L72DNA 4 Wz5 7 L— & L7
V7 IVF A4 APCRZIZ, TagMan Universal Master Mix
(Life Technologies) % MW TS ZFEL, 7500 Y
7% 4 APCRY A5 2 (Life Technologies) Tt %
v, Btka v be— o2 -2 5DNAKEO 2
Y—Hz Rz, Kifsecid, 7 F7EETPHRES
TG E e L.

(3) LAMP%

7 N 728S rDNAZ BT L L, Kudoa septem-
punctata|\HFFR 7 58 % 5T 6 2D 7 F 4 < — (Table
1) %gkst L, DNAWRRIESF v b CRWHEY) 2 H
W, Table 2 1278 L7 T, LAMPRIE %475 7z.
LAMP )& 1%, Loopampi# B ifll 52 %€ {5 1L.A-320C & fili H
LT, 65C TI057 D4 TH7v>, Threshold time (Tt)
i (FOSEOBEH01 %2 5 F TOREM) &L,
it b7 G etk L7z,

(4) LAMPEORERFDEIE
LAMPZEDOWINEEE 2 [ E§ 5 720, SAMEEMmA T
F7HTA, #n2N30x107MT/g, 46x10°%H8 /g
EHETEZ FTEMY 9 * 2 MKODNARIH I % 10
REMAMLCTF 7L —1rE L, %33 DOLAMPEE
PEML, MIBEEZNELL T2, 7 FT#EETO
a¥—%iE, VT VF A APCRIEIC L Y% 3ETOHE
L, B L7z, —ERICoW IR 2 MR 5720,
3%7 AU —AT I L) BLRIKE) E AT - 72,

o x
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Table 3 Sensitivity of LAMP and Real-time PCR assay for positive samples of Kudoa septempunctata in olive flounder

Sample DNA LAMP Real-time PCR
Number dilution rate Positive rate Tt Positive rate copies /tube
(n=3) (Ave.) (n=3) (Ave.)

10° 3/3 16:06 3/3 155 % 107
10 3/3 17:10 3/3 349%10°
10 3/3 18:42 3/3 361x10°

1 10° 3/3 20:46 3/3 307 % 10"
10! 3/3 23:44 3/3 258%10°
10° 3/3 30:24 3/3 253%10°
10° 0/3 - 3/3 2.15x10"
10 0/3 - 1/3 569%10°
10° 3/3 16:08 3/3 1.23x 10°
10! 3/3 17:48 3/3 400x10°
107 3/3 19:24 3/3 1.05x 10"

9 10° 3/3 22:54 3/3 365x10°
10" 3/3 26:42 3/3 323%10°
10° 1/3 30:24 3/3 3.07x 10"
10° 0/3 - 2/3 1.03x 10"
107 0/3 - 0/3

M 1 3 4 5 6 7 8 9 M

Fig. 2 Agarose gel electrophoresis of LAMP products.

Fig. l Kudog 3gptgmpunctgta (methy]ene blue Staln) LaneM, 100bp ladder; Lanel, 106 Copies/tube: Lane2, 105
copies/tube; Lane3, 10" copies/tube; Laned4, 10° copies/
tube; Laneb, 10° copies/tube; Lane6, 10" copies/tube;
Lane7, 10° copies/tube; Lane8, 10" copies/tube; Lane9,
negative control

0.7 10 copies/tube

103 copies/tube
10* copies/tube

103 copies/tube

Abs

102 copies/tube
10! copies/tube
10° copies/tube

10! copies/tube

IR IR N
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Fig. 3 Detection sensitivity of LAMP for Kudoa septempunctata.
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Table 4 Comparison of Microscopy, Real-time PCR and LAMP assays for detection of Kudoa septempunctata in olive flounder

Microscopy Real-time PCR LAMP
Total Positive . Positive .
sample no. spores /g sample no.”? copies /g sample no.* Tt (time)
4 1.4-36% 10 4/4 29%10°-1.2% 10" 4/4 15:30-17:36
Positive 4 1.0-65x% 1_06 4/4 12x10%2.0x10" 4/4 16:42-18:48
1 48%10° 11 29x10° 171 17:42
1 6.5 10" 1/1 1.0x 10° /1 19:06
3/3 1.2-84%10° 3/3 21:06-22:12
. " 2/2 1422 %10 1/2 29:30
Negative 17 ND 2/2 2071 % 10° 1/2 31:06
0/10 : 0/10 :

*ISpores were not detected
“positive sample no./ total sample no.

FheEh, 1/3,2/3B%Tho7:.
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Y7V F A LPCRE:;, LAMPHEIC & 2 Mt o 2 b L
7o, ZFORE, BEMEMRATY FTREOIOREE, §
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