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We have developed a duplex reverse transcription-loop-mediated isothermal amplification
(RT-LAMP) assay with a fluorescent quenching-based system for the simultaneous and rapid
detection of norovirus (NoV) genogroup I (GI) and genogroup II (GII) genomes in a single tube.
After amplifying, NoV genomes could be identified visually in a tube by adding only quencher-
labeled oligonucleotides, which have complementary sequences to the fluorescence-labeled
primers. This assay requires no further tests such as electrophoresis or hybridization. In the
evaluation tests with 70 NoV RT-PCR-positive fecal specimens, the green and red colors for
GI and GII, respectively, and sometimes with yellow color for NoV GI and GII mixture, could
be identified easily by the naked eye under UV light. The detection limits for NoV GI and GII
genomes by duplex RT-LAMP were estimated to be between 10° and 10 copies/tube. Our
duplex RT-LAMP assay allows for rapid, simple and simultaneous detection and supports
genogroup-screening test of NoV GI and GII genomes from fecal specimens in most laboratories.
Furthermore, this fluorescent quenching-based system is potentially useful for all gene amplifica-
tion assays in a wide range of gene-related fields due to its simple principle.

Key words: NoV, Duplex RT-LAMP assay, Fluorescent quenching-based system, Simultaneous
detection
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Table 1. Primer sets for genogroups I and II for detection of noroviruses

Final concentration

Primer name Sequence (5'-3") Labeled dye Reference

(uM)
G1F3 CCRGGNTGGCARGCNATGTT 0.2 5
G1B3 CCAACCCARCCATTRTACA 0.2 5
G1FIP1 CATTTACGAATTCGGGCAGGTTTTCGCTGGATGCGNTTCCATGA 1.6 5
G1FIP2 CATTTACAAAATCGGGCAGGTTTTCGCTGGATGCGNTTCCATGA 0.8 5
G1BIP1 GATGGCGTCTAAGGACGCTTTTAGCTGTRTTTGCCTCTGGWAC 1.6 5
G1BIP2 GATGGCGTCTAAGGACGCTTTTAGCWGTATTAACCTCCGGYAC 038 5
G1BIP3 GATGGCGTCTAAGGACGCTTTTAGCTGYAYTAACCTCTGGAAC 0.8 3
GILF1 AGATYGCGATCYCCTGTCCA Alexa Fluor 488 038 5
GILF2 AGATTGCGATCTCCTGCCCA Alexa Fluor 488 0.8 5
GILF3 AGCTCGCGGTCTCCTGTCCA Alexa Fluor 488 0.8 5
G2F3 GGNMTGGANTTTTAYGTGCCMAG 0.2 5
G2B3 CCRCCNGCATRHCCRTTRTACAT 0.2 5
G2FIP1 GGGAGCMAGATTGCGATCGCTTTTGAGBCNATGTTYAGRTGGAT 1.6 5
G2FIP2 GGGAGCMAGATTGCGATCGCTTTTGAGCCCATGTTCAGRTGGAT 0.8 5
G2F1P3 GGGAGCGAGATTGCGATCGCTTTTGAGTCAATGTTYAGGTGGAT 038 5
G2F1P4 GGGAGCGAGATTGCGATCGCTTTTGAGCCYATGTTYAGGTGGAT 0.8 3
G2FIP5 GGGAGCMAGATTGCGATCGCTTTTGAACCWATGTTYAGGTGGAT 0.8 3
G2BIP1 TGTGAATGAAGATGGCGTCGTTTTCTCATTRTTRVTCTCTGGBACGAG 1.6 5
G2BIP2 TGTGAATGAAGATGGCGTCGTTTTCTCATTRTTGCYCTCTGGYACGAG 0.8 5
G2BIP3 TGTGAATGAAGATGGCGTCGTTTTCTCATTGTTGAYCTCTGGKACGAG 038 5
G2BIP4 TGTGAATGAAGATGGCGTCGTTTTCTCATTRTTACTTTCTGGCACGAG 0.8 5
G2LF1 GTGCTCARATCWGARAACCTC Alexa Fluor 594 038 5
G2LF2 GTGCTGAGGTCWGARAATCTC Alexa Fluor 594 0.8 5
G2LF3 GTGCTCAAATCTGAGAATCTC Alexa Fluor 594 0.8 5
G2LF4 GTGCTCAAGTCTGAGAAYCTC Alexa Fluor 594 0.8 5

Mixed bases in degenerate primers are as follows: K, T or G M, Aor C;R, Aor GG W, Aor T; Y, Cor T; B, not A; H, not G; V, not
T; N, any.
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Fig. 1. Detection of norovirus genomes by duplex RT-LAMP with fluorescent quenching-based system from fecal speci-

mens containing a single genogroup I or II and number of genome copies per reaction.

@, positive; O, negative.
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Fig. 2. Colors indicated in co-infection of norovirus

genogroups I and II by duplex RT-LAMP with
fluorescent quenching-based system and num-
ber of genome copies per reaction in fecal speci-
mens.

G, green; R, red; Y, yellow.
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Fig. 3. Positive reaction indicated in duplex RT-LAMP

with fluorescent quenching-based system. (A),
White precipitate as positive reaction in RT-
LAMP; (B), Fluorescent colors under UV light at
312 nm before adding quencher-labeled oligonu-
cleotides; (C), Fluorescent colors under UV light
at 312 nm after adding quencher-labeled oligonu-
cleotides into RT-LAMP-positive tubes.

1, negative control; 2, genogroup I; 3 and 4,
genogroup II; 5 and 6, genogroups I and II mix-
ture.

(data not shown).
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