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Primer name Sequence (5’-3’)

Cloning F

B

F3

LAMP B3

FIP (F1c+HindIII+ F2)

BIP (B1c+HindIII+ B2)
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Component amount to add per 1 liter

P. larvae

medium

Pancreatic digest of gelatin 6.0g

Pancreatic digest of casein 4.0g

Yeast extract 3.0g

Beef extract 1.5g

Dextrose 1.0g

Agar 15.0g

Manganous sulfate 0.3g
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
××

  
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.

(5) SybrGreen test
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
××

  
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Fig. 9. GeneFinderTM Nucleic acid fluorescent dye test of A. apis

LAMP. Panel A. Each products observed by ultraviolet

transilluminator were analyzed by gel electrophoresis. Lane M is

100bp ladder marker (Forever). Lane 1 and 9 are LAMP product on

honeybee infected by A. apis. Lane 2-8 is LAMP product on

honeybee uninfected by A. apis. Panel B. All products in the

reaction tubes were dyed using GeneFinderTM Nucleic acid

fluorescent dye. A positive reaction appeared green and a negative

reaction appeared orange in daylight.



- 88 -



- 89 -



- 90 -



- 91 -

CBPV_LAMP_F3 CATCAAACGGGAGTCCGG This study

CBPV_LAMP_B3 ATCAAGGCGTACTTGCGG This study

CBPV_LAMP_FIP
TGCACCCTCTTCAACCAACTCA-TTTT

-GACACTCCGTTACGCCAAT
This study

CBPV_LAMP_BIP
AACGCTACCCAGAATGGCGTC-TTTT

-GTTCTGGGTCGCTGAGGA
This study
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
××  

  
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Lane 1 2 3 4 5 6

IPTG (mM) 0 0.1 0.3 0.5 1 2

Density 8.581543 32.86241 37.4425 24.53377 30.50379 24.96145
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Lane 1 2 3 4 5 6 7

Time 2 4 6 8 10 12 24

Density 20.94086 22.58633 35.63238 34.97445 31.2241 27.90302 20.57064
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Initial template Elapsed time CTvalue Tm

107copiesofpBX-DWV479 22:41 14.32 77.89

106copiesofpBX-DWV479 22:46 18.79 78.07

105copiesofpBX-DWV479 22:16 22.56 77.97

104copiesofpBX-DWV479 22:35 24.15 77.95

103copiesofpBX-DWV479 22:39 26.08 78.09

102copiesofpBX-DWV479 22:33 28.13 77.94

101copiesofpBX-DWV479 22:14 30.21 77.93
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Amplification conditions Elapsed time CTvalue Tm

3-3-3 10:22 21.80 78.07

1-1-3 10:11 21.82 78.09

1-1-2 11:27 22.01 79.17
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Initial template Graph No. Elapsed

time

CTvalue Tm

cDNA from DWV-infected

honeybee 1

1 11:21 22.46 78.21

cDNA from DWV-infected

honeybee 2

2 10:59 21.01 78.41

cDNA from BQCV,

IAPV-infected honeybee

3 11:30 N/A 81.90
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Oligo Sequence (5' 3')→ Length
(mer)

SBV-F3 CGCGAATGATGTCATCTGT 19

SBV-B3 ATCTTCCAACTGCACCAC 18

SBV-FIP1) CAATAGGTCTTTGAGAACGGGATAATTTTCGATTATTCAC
AACAGGGAG 49

SBV-BIP2) GCGAAGGATCTTGTGGAGAAGGTTTTGTTGGGACTTCAGT
GCTAA 45

Table 1. Information of SBV-LAMP primer set.
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Fig. 1. Nucleotide sequences and location of primers for SBV-LAMP.
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
××

  
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Fig. 2. Temperature gradient SBV- LAMP. And The optimal concentration of

reaction solutions. Panel A. Temperature gradient SBV-LAMP. Lane M is

1KB ladder Marker (Basic Bio). Lane 1 to 5 were specific LAMP product

from each LAMP under isothermal temperature at 52, 54, 56, 58, and 61 ,℃

respectively. Lane N is without template. Optimal elongation temperature

was determined at 54.0 .℃ Panel B. The optimal concentration of primers.

Lane M is 1KB ladder Marker (Basic Bio). Lane N, 0pmole SBV-FIP/BIP

and 0pmole SBV-F3/B3; Lane 1, SBV-LAMP using 20pmole SBV-FIP/BIP

and 5pmole SBV-F3/B3; Lane 2, SBV-LAMP using 40pmole SBV-FIP/BIP

and 10pmole SBV-F3/B3; Lane 3, SBV-LAMP using 60pmole SBV-FIP/BIP

and 15pmole SBV-F3/B3; Lane 4, SBV-LAMP using 80pmole SBV-FIP/BIP

and 20pmole SBV-F3/B3; Lane 5, SBV-LAMP using 100pmole SBV-FIP/BIP

and 25pmole SBV-F3/B3. Panel C. The optimal concentrations of dNTP.

Lane M is 1KB ladder Marker (Basic Bio). Lane N is negative control.

Lane 1 to 5, LAMP products using 1.25mM: 2.5mM; 5mM; 7.5mM; 10mM

dNTP. The optimal concentration of dNTP was determined at 5mM.
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Fig. 3. Electrophoretic pattern of the LAMP and BamH digestedⅠ

product. Lane M is 100bp ladder Marker (Forever). Lane N is

nagative control. Lane 1 is LAMP product. Lane 2 is BamH digestedⅠ

product.



- 131 -

Fig. 4. Sensitivity test of primers in SBV-LAMP. Detection limit of

SBV-LAMP. SBV3 plasmid solution containing 1 × 108 copeis/ was㎕

serially 10-fold diluted. Lane M is 100bp ladder Marker (Forever). Lane

1, SBV-LAMP with using 1 × 108 copeis/ . Lane 2, SBV-LAMP with㎕

using 1 × 107 copeis/ . Lane 3, SBV-LAMP with using 1 × 10㎕ 6

copeis/ . Lane 4, SBV-LAMP with using 1 × 10㎕ 5 copeis/ . Lane 5,㎕

ASBV-LAMP with using 1 × 104 copy/ . Lane 6, SBV-LAMP with using㎕

1 × 103 copy/ . Lane 7, SBV-LAMP with using 1 × 10㎕ 2 copy/ .㎕
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Fig. 5. Field test of primers in SBV LAMP. Panel A. Application of

SBV-LAMP to infected honey bee samples. Lane M is 100bp ladder

Marker (Forever). Lane N is negative control. Lane 1-5 are using honey

bee sample by infected SBV and other diseases. This is reaction product

by LAMP.Panel B. Lane M is 100bp ladder Marker (Forever). Lane N is

negative control. Lane 1-5 are using honey bee sample by infected SBV

and other diseases. This is reaction product by PCR.
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Fig. 6. SYBR Green I test of SBV-LAMP. Panel A. LAMP product (P) and negative

control (N) and were stained by SybrGreen . Each products were observed byⅠ

ultraviolet transilluminator. Panel B. LAMP product (P) and negative control (N) and

were stained by Gene-FinderTM Nucleic acid fluorescent dye. Panel C. LAMP product

(P) and negative control (N) and were stained by phenol red. Panel D. Each products

observed by ultraviolet transilluminator were analyzed by gel electrophoresis. Lane M is

100bp ladder marker (Forever). Lane P is LAMP product on pBX-A. apis plasmid. Lane

N is negative control.
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μ

Fig. 1. Nucleotide sequences and location of primers for SBVs.

Oligo name Sequence (5' 3')→ mer target product size Reference

SBV-F GGT GTA TAT GCG AGG AGG 18 SBV 318 bp

this studyCSBV 279 bp

SBV-R GCA GTT TCA TCT TCA TCT TC 20 KSBV 267 bp

Table 1. primers of sacbrood virus for cloning and detection.
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
××

  
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5 -′ GGTGTATATGCGAGGAGGGAAGAACTATGCATTGCATGGGTTAAAACAGTCG

ACTTATTGGCCGTCAAATAGTGTGGTACCTATTGATAGTTTTCCGCCCGATGGT

TATGATCCAGTTAAGCCACCAAATAGATCAAGGCGAGAGTTAGCCTCTACAGAT

AGTGATGGGGGTAAGGGAGAGCCTGTGTTGGCGGGGTCAGATAATCCGCATAGA

TTCTTGCCTGCGAATGTGTCTAATCGTTGGAATGAATATTCTAGCGCTTATTTG

CCGCGGGTACAAATGGACACTGGGGCTAAGGAAGATGAAGATGAAACTGC-3′

< pBX-SBV sequence >

5 -′ GGTGTATATGCGAGGAGGAAAGAACTATGCATTGCATGGTTTAAAACAGTCA

ACTTATTGGCCATCAAGAAGTGTGGTACCCATAGATAGTTTTCCACCTGATGGT

TATGATCCAGTTAAACCGCCAAATAGACCAAGAAGGGAATCAGATAATCCACAT

AGATTCCTGCCCGCGAATGTTTCTAATAGTTGGAATGAGTATTCGAGTGCTTAT

TTACCGCGAGTACAAATGGATACTGGTGCTAAAGAAGATGAAGATGAAACTGC-

3′

< pBX-KSBV sequence >

Fig. 2. Nucleotide sequences of recombinant plasmid which are pBX-SBV

and pBX-KSBV.
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Fig. 4. Sensitivity test of primers in SBV and KSBV detection PCR.

Detection limit of SBV and KSBV detection PCR. pBX-SBV and

pBX-KSBV plasmid solution containing 1 × 10
7

copeis/ was serially㎕

10-fold diluted. Lane M is 100bp ladder Marker (Forever). Lane 1 is

negative control. Panel A. Lane 2, pBX-KSBV detection PCR with using

1 × 107 copeis/ . Lane 3, pBX-KSBV detection PCR with using 1 ×㎕

106 copeis/ . Lane 4, pBX-KSBV detection PCR with using 1 × 10㎕ 5

copeis/ . Lane 5, pBX-KSBV detection PCR with using 1 × 10㎕ 4

copy/ . Lane 6, pBX-KSBV detection PCR with using 1 × 10㎕ 3 copy/ .㎕

Lane 7, pBX-KSBV detection PCR with using 1 × 102 copies/ . Lane㎕

8, pBX-KSBV detection PCR with using 1 × 101 copies/ .㎕ Panel B.

Lane 2-8, pBX-SBV detection PCR with using 1 × 107, 1 × 106, 1 ×

105, 1 × 104, 1 × 103, 1 × 102, 1 × 101 copies/ , respectively.㎕
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Fig. 5. Field test of primers in SBV and KSBV detection PCR. Lane M

is 100bp ladder Marker (Bioneer). Lane 1 and 2 are positive control

which are pBX-KSBV and pBX-SBV. Lane 3-6 are using A. mellifera by

infected SBV and other diseases. Lane 7-9 are using A. cerana by

infected SBV and other diseases.
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name Sequence (5' 3')→ mer Tm
( )℃

IAPV-VP2-F3 GTTATAGGATTACCGTGGTGA 21 56

IAPV-VP2-B3 GAACACGTATTGTAACTTCTGT 22 56

IAPV-VP2-FIP TGACGGGTATCACTCCTGGTTTTTAGACAGCTTTTCATACT
GGC 44 59

IAPV-VP2-BIP CATTGGGCCCGATCAGGATCTTTTAGTCAGGTCCAAAATGT
ACT 44 58
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Figure 3. Optimal condition of IAPV-RT-LAMP

Panel A. Optimal primer concentration. Lane M is 1kb ladder (NEB, USA).

Lane 1 to 5 were used deferent concentration of inner pirmer as 1, 2, 3, 5,

10mM respectively. Lane 4 was only amplified. Panel B. Optimal dNTP

concentration. Lane M is 1kb ladder (NEB, USA). Lane 1 to 5 were used

deferent concentration of dNTP as 5, 10, 20, 30, 50mM respectively.

Figure 4. Determination of minimum reaction time of IAPV-RT-LAMP.

LAMP was performed under range of 60min to 10min. Lane M is 1kb

ladder marker (NEB, USA). Lane N is negative control as no reaction

time. Lanes 1 to 6 were carried out at 60, 50, 40, 30, 20 and 10min,

respectively. LAMP products could be amplified in 40min reaction time



- 161 -

Figure 5. Target mRNA concentration in total RNA

Lane M is 1kb ladder marker (NEB, USA). Lane N is negative control as

no template. Lanes 1 to 9 were carried out using 108, 107, 106, 105, 104,

103, 102, 101 and 100 copies of diluted template DNA, respectively. Lane

S is cDNA as template.
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Name Sequence(5' 3')→ Target

IAPV-RdRP-F TGCGGATCCATTCTCAATGAAGATGTTA RdRP

(918bp)IAPV-RdRP-R TAAGAGCTCACACCAGTTTGGCATTTCAA
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Accession No. Country Description

NC_009025
(YP_001040002)

Israel Israel acute paralysis virus of bees

EU224279
(ABY71754)

USA Israel acute paralysis virus of bees from USA

EU224280
(ABY71756.1)

USA Israel acute paralysis virus of bees from USA

EU218534
(ABY57949)

USA Israel acute paralysis virus of bees from USA

EU436455
(ACD01401)

USA Israel acute paralysis virus of bees strain IS1-ISRAEL-2007,

EU436456
(ACD01403)

Australia Israel acute paralysis virus of bees strain OZ6-AUSTRALIA-2007

EU436423
(ACD01399)

USA Israel acute paralysis virus of bees strain DVE31-OP3-PA-USA-2007

EF219380
(AAV64179)

Israel Israel acute paralysis virus of bees
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Accession No. Country Description

AB745499 Japan IAPV for RdRP, partial CDs, isolated: Japan 1_iapv

AB745500 Japan IAPV for RdRP, partial CDs, isolated: Japan 2_iapv

AB745501 Japan IAPV for RdRP, partial CDs, isolated: Japan 3_iapv

AB745502 Japan IAPV for RdRP, partial CDs, isolated: Japan 4_iapv

AB745503 Japan IAPV for RdRP, partial CDs, isolated: Japan 5_iapv

AB745504 Japan IAPV for RdRP, partial CDs, isolated: Japan 6_iapv

AB745505 Japan IAPV for RdRP, partial CDs, isolated: Japan 7_iapv

AB745494 China IAPV for RdRP, partial CDs, isolated: China 1_iapv

AB745495 China IAPV for RdRP, partial CDs, isolated: China 2_iapv

AB745496 China IAPV for RdRP, partial CDs, isolated: China 3_iapv

AB745497 China IAPV for RdRP, partial CDs, isolated: China 4_iapv

AB745498 China IAPV for RdRP, partial CDs, isolated: China 5_iapv
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Name Sequence(5'->3‘) Product size Reference

IAPV-VP2-F ATGATTGGGGCGGTGTAATA

548bp This study
IAPV-VP2-R TACGTCTTCTGCCCATTTCC

Name Sequence(5'->3‘) Product
size

Reference

IAPV-VP2-B GGATTCGATGATTGGGGTGGAGTTATA
561bp This study

IAPV-VP2-S GTCGACTACGTCTTCTGCCCATTTCC
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Oligo name Sequence (5' 3')→ mer product size Reference

Kakugo-F GGA TCC ATG CGT CCC GAA CTT GAG 24
1104 bp this study

Kakugo-R GTC GAC CGC GCT AGC ATA ACA TCT AAC 27

Table 1. primers of Kakugo virus for cloning and detection.
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Fig. 1. Identification of pBX vector restriction. And the PCR detection of KV in

honey bees collected from Korean apiary.
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Fig. 2. DNA sequence homology between AB250362.1 and Korean KV strain. This

query indicates nucleotides from KV Korean strains in this study. The determined

sequence corresponds to nucleotides in 1-891 of AB250362.1 (Kakugo virus gene

for polyprotein, RNA dependent RNA polymerase region, partial cds, strain:

BF7-050602 in the GenBank database). Identical residues are indicated in the

consensus line with a vertical bar (|). The nucleotide sequence was aligned to

AB250362.1, which revealed 96.6% homology.
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Fig. 3. Amino acid sequence homology between AB250362.1 (protein No.

BAF32580) and Korean KV strain. This query indicates nucleotides from Korean

KV strains in this study. The determined DNA sequence in this study was

translated into amino acid sequences and compared with 1-297 amino acid

sequences of BAF32580.1 (polyprotein of Kakugo virus). Identical residues are

indicated in the concensus line with alphabets. The amino acid sequence was

aligned to BAF32580.1, which revealed 99.3% homology.
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6×1023(copies/mol) × concentration(g/㎕)

MW(g/mol)
=amount(copies/㎕)
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Name Component Amount to add per 1liter

BHI Brain Heart Infusion 37.0g

고체배지 제조Agar powder ( ) 10.0g
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Name Component Amount to add per 1liter

AK agar Gelatin, powder 6.0g

skim milk 4.0g

Yeast extract 3.0g

Beef extract 18.0g

Dextrose 1.0g

Manganouse suphate 0.3g

Agar 15.0g
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Name Component Amount to add per 1liter

KSBHI

Brain Heart Infusion 37.0g

KH2PO4 20.4g

Soluble starch 10.0g

Agar powder 18.0g

Name Component Amount to add per 1liter

KSBHI

Brain Heart Infusion 37.0g

KH2PO4 20.4g

Soluble starch 10.0g
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Dextrose 20.0g

Potato starch (from infusion) 4.0g

Agar 15.0g

DW adjust to 1000ml

Total 1.0 liter
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Dextrose 40.0g

Peptic Digest of animal tissue 5.0g

Pancreatic Digest of Casein 5.0g

Agar 15.0g

DW adjust to 1000ml

Total 1.0 liter
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μ
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μ
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μ μ

μ μ

μ μ

μ μ
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Template( 및chromosomal DNA cDNA) 1㎕

F-primer(10pmole) 1㎕

R-primer(10pmole) 1㎕

dNTP (2.5mM each) 1㎕

10× PCR buffer(with 15mM MgCl2) 2㎕

Taq polymerase(5U/ )㎕ 1㎕

D.W 13㎕

Total volume 20㎕
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Template( 및chromosomal DNA cDNA) 1㎕

F-primer(10pmole) 1㎕

R-primer(10pmole) 1㎕

dNTP (2.5mM each) 1㎕

10× PCR buffer(with 15mM MgCl2) 2㎕

Taq polymerase(5U/ )㎕ 1㎕

D.W 13㎕

Total volume 20㎕
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Template( 및chromosomal DNA cDNA) 1㎕

F-primer(10pmole) 1㎕

R-primer(10pmole) 1㎕

2X SYBR green Master Mix 3㎕

Total volume 6㎕

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

미국부저병

(16s)

AFB16sNF GTG TTT CCT TCG GGA GAC G
233

Paenibacillus

larvae/ PCRAFB16sNR CTC TAG GTC GGC TAC GCA TC

미국부저병

(Mtpr)

AFB MtpF3 ACTCACGGAGCTACAGAACA
229

Paenibacillus
larvae/ PCR/

Phu et al., 2011.
JA26(3)AFB1MtpB3 CCGAAGGTCCTTTGTAACGA

미국부저병

(16S)

AFB 16SNF GTGTTTCCTTCGGGAGACG
233

Paenibacillus
larvae/ UR-PCR/

Han et al.,
2008. JIPAFB 16SNR CTCTAGGTCGGCTACGCATC
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질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

유럽부저병

EFB-NSF AAG AGT AAC TGT TTT CCT CG

564

Melissococcus
plutonius/(RT-)

PCR/ Ha et al.,

2006.
EFB-NSR ACG CCT TAG AGA TAA GGT TT

유럽부저병

(gyrase)

EFB-gyrF3 CGCCCAATTGTTGAAGCT
229

Melissococcus
plutonius/ PCR/

Phu et al., 2012.EFB-gyrB3 CGTCTCCCACAATTGATGA

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

백묵병

(18S)

Asco18S-F GGC TGT AGG GGG GAA CCA GGA
994

Asco18S-R1 CGG GTG GTC GTT TCC AGC CTC

백묵병

(18S)

Asco18S-F GGCTGTAGGGGGGAACCAGGA
701

Asco18S-R2 CCTCAAACTTCCATCGGCTTAAGAA

백묵병
QP-Asco F TTA GAG GGA CTA TCG GTT CT

148
QP-Asco R TAA CAA GAT TAC CCA GAC CT

백묵병

(18S)

A.apis-F3 GCCGATGGAAGTTTGAGGC
228

Ascosphaera

apis/ UR-PCR/

Lee at al., 2011A.apis-B3 ACAAGCTGATGACTTGCGC

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

석고병
Asp 18S-F ATC GGG CGG TGT TTC TAT G

312
Asp 18S-R ACC GGG CTA TTT AAG GGC CG
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석고병
Fungi 18S UF CGC GCA AAT TAC CCA AT

1210
Fungi 18S UR GGC GGT GTG TAC AAA GG

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

노제마병
Nosema-F CTG CCT GAC GTA GAC GCT AT

592
Nosema apis/

PCRNosema-R CTT CGA TCC TCT AGC TTA CG

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

노제마병
Nosema-F3 CTACGTTAAAGTGTAGATAAGATGT

212
Nosema cerana/
PCR/ Lee et al.,
2010Nosema-B3 TCCCATAACTGCCTCAGAT

노제마병
Nosema180-F ATTGGAGGGCAAATCAAGTG

180
Nosema cerana/

UR-PCR/ Yoo et
al., 2008Nosema180-R AGCTTTCGCTTCTGTTCGTC

N o s e m a

cerana

Nosema230-F ATTGGAGGGCAAATCAAGTG
212

Nosema cerana/

UR-PCR/ Yoo et

al., 2011.Nosema230-R CTTCGATCCTCCAGCTTACG

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

ABPV

ABPV-PF TTATGTGTCCAGAGACTGTATCCA

901

Acute Bee

p a r a l y s i s

virus/ PCRABPV-PR GCTCCTATTGCTCGGTTTTTCGGT
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질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

BQCV

BQCV-F TGGTCAGCTCCCACTACCTTAAAC

700
Black Queen

Cell VirusBQCV-R GCAACAAGAAGAAACGTAAACCAC

BQCV

BQCV-RTF TCG CAG AGT TCC AAA TAC CG

159

Black Queen
Cell Virus/
UR-PCR/ Yoo et
al., 2011BQCV-RTR TAT CAT CTC CCG CAC CTA CC

BQCV

BQCV-Q-F ATA GCC ACT TCA CCT CCT TCC

59

Black Queen
Cell Virus/
UR-PCR/ Yoo et
al., 2011BQCV-Q-R ATA TCA TCT CCC GCA CCT ACC

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

CBPV

CBPV-F
AGT TGT CAT GGT TAA CAG GAT

ACG AG
455

Chronic bee

paralysis virus
CBPV-R

TCT AAT CTT AGC ACG AAA GCC

GAG

CBPV

CBPV-F3 CATCAAACGGGAGTCCGG

228

Chronic bee

paralysis virus/

No et. al., 2010CBPV-B3 ATCAAGGCGTACTTGCGG

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /
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DWV

DWV-F TCATCTTCAACTCGGCTTTCTACG

479
D e f o r m e d

Wing virusDWV-R CGA ATC ATT TTC ACG GGA CG

DWV

Q-DWV-F TCA TCT TCA AAC TCG GCT TTC

121

Deformed Wing

virus/ UR-PCR/

Lim et al., 2013Q-DWV-R1 CAG TCA ACG GAG CAT ACC AA

DWV

Q-DWV-F TCA TCT TCA AAC TCG GCT TTC

262

Deformed Wing

virus/ UR-PCR/

Lim et al., 2013DWV-Q-R2 CAC ACA CTT CAC CAC AAG GA

DWV

Q-DWV-F2 TTC AAC TCG GCT TTC TAC GG

194

Deformed Wing

virus/ UR-PCR/

Lim et al., 2013Q-DWV-R3 TCG ACA ACT TTC GGA CAT CA

DWV

Q-DWV-SF TGT CCG AAA GTT GTC GAA AGA A

72

Deformed Wing

virus/ UR-PCR/

Lim et al., 2013Q-DWV-SR
CACCACAAGGAACAGATAAATTAATCA

A

DWV

DWV-UR-F TGTCCGAAAGTTGTCGAAAGAA

71
Deformed Wing

virus/ UR-PCR/

Lim et al., 2013DWV-UR-R CACCACAAGGAACAGATAAATTAATCAA

DWV

DWV-UR-F3 GTTGTTTGAGAACCCAACTTG

133
Deformed Wing

virus/ UR-PCR/

Lim et al., 2013DWV-UR-R3 CGCTTGCAACCACACTTTCA

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

IAPV

IAPV-VP2-F3 GTTATAGGATTACCGTGGTGA

237
IAPV-VP2-B3 GAACACGTATTGTAACTTCTGT

IAPV

IAPV-162PF AACGACCCGAACAAAAACAC

162
IAPV-162PR CGCAGGCATCATACACAACT
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IAPV

IAPV-URRT203F ACAATATGCAAAGGATCACC

203

IAPV-URRT203R
CATCCAACTCCCAGAATTTA

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

KBV

KBV-F GAT GAA CGT CGA CCT ATT GA

415
Kashmir Bee

VirusKBV-R TGT GGG TGG CTA TGA GTC A

KBV

KBV-F GAT GAA CGT CGA CCT ATT GA

441
Kashmir Bee

VirusKBV-R" CAG TTA AGG GGT GTT GTT GC

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

KV

KV-F3(2) TTAACGCTGAGCATGGTA

270

Kakugo Virus/

PCR/ Lee et

al., 2012KV-B3(2) ACTCGCTTCATTTCGTCTT

질병명

유전자명( )
명primer 서열primer (5' 3')→

PCR

산물

(bp)

균주명/

종류 문헌PCR /

SBV

SBV-F ACC AAC CGA TTC CTC AGT AG

258 Sacbrood virus
SBV-R2 TCT TCG TCC ACT CTC ATC AC
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SBV/kSBV

/cSBV

SBV-FV GGT GTA TAT GCG AGG AGG 318bp SBV

267bp kSBV
SBV-RV GCA GTT TCA TCT TCA TCT TC

279bp cSBV

SBV

SBV-F3 CGCGAATGATGTCATCTGT

225
Sacbrood vitus/

PCR/ Lee et al.,

2011.SBV-B3 ATCTTCCAACTGCACCAC

SBV

SBV3-824-

F3
136

Sacbrood vitus/

PCR/ Yoo et al.,

2012.
SBV-Semi-

136R
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Template( 및chromosomal DNA cDNA) 1.0㎕

Inner-primer1 (20pmole) 1.0㎕

Inner-primer2 (20pmole) 1.0㎕

Outer-primer1 (5pmole) 1.0㎕

Outer-primer2 (5pmole) 1.0㎕

dNTP (2.5mM each) 1.0㎕

10× Reaction buffer(with 15mM MgCl2) 2.5㎕

Bst DNA polymerase (4U/ )㎕ 1.0㎕

D.W 10.5㎕

Total volume 25.0㎕
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Primer name Sequence (5’-3’)

Primer name Sequence (5’-3’)

Cloning F CCCGTCGACATGTTTCAAGCTATTTTGCC

B ACGTTCAGGATCCATGGTCGTCTCCCAC

F3 CGCCCAATTGTTGAAGCT

LAMP B3 CGTCTCCCACAATTGATGA

FIP (F1c+EcoRI+F2) TCCCCGGCTGAACATAAGTAATATTgaattcTGTTTATATTGCCCAACCAC

BIP (B1c+EcoRI+B2) ATCTCATTTGATGGAAACTTTGCCAgaattcTAATCCCTTGTATCGTTGAAC
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Oligo Sequence (5' 3')→
Length

(mer)

Nosema-F3 CTACGTTAAAGTGTAGATAAGATGT 25

Nosema-B3 TCCCATAACTGCCTCAGAT 19

Nosema-FIP1)
ACCCGTCACAGCCTTGTTAA-TTTT-GTAAGAGTGAGACC

TATCAGC
45

Nosema-BIP2)
ACTTTGTAATATTCCGGAGAAGGAG-TTTT-CCATAGGTC

AAGTTTCGCC
48

Figure 1. Nucleotide sequences and location of primers for N.

ceranae-specific LAMP.
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Oligo Sequence (5' 3')→ Length
(mer)

A.apis-F3 GCCGATGGAAGTTTGAGGC 19

A.apis-B3 ACAAGCTGATGACTTGCGC 19

A.apis-FIP1) TTGGCCCTGTCATGTGAGGC-TTTT-ACAGGTCTGTGATG
CCCTTA 44

A.apis-BIP2) TGTTAAACCCTGTCGTGCTGGG-TTTT-AGGCATTCCTCG
TTGAAGAG 46

Table 1. Primers of A.apis-LAMP.

Fig. 2. Nucleotide sequences and location of primers for A. apis-LAMP.

name sequence (5'->3') reference

CBPV_LAMP_F3 CATCAAACGGGAGTCCGG This study

CBPV_LAMP_B3 ATCAAGGCGTACTTGCGG This study

CBPV_LAMP_FIP
TGCACCCTCTTCAACCAACTCA-TTTT

-GACACTCCGTTACGCCAAT
This study

CBPV_LAMP_BIP
AACGCTACCCAGAATGGCGTC-TTTT

-GTTCTGGGTCGCTGAGGA
This study
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Oligo Sequence (5' 3')→ Length
(mer)

SBV-F3 CGCGAATGATGTCATCTGT 19

SBV-B3 ATCTTCCAACTGCACCAC 18

SBV-FIP1) CAATAGGTCTTTGAGAACGGGATAATTTTCGATTATTCAC
AACAGGGAG 49

SBV-BIP2) GCGAAGGATCTTGTGGAGAAGGTTTTGTTGGGACTTCAGT
GCTAA 45

Table 1. Information of SBV-LAMP primer set.

Fig. 1. Nucleotide sequences and location of primers for SBV-LAMP.
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name Sequence (5' 3')→ mer Tm
( )℃

IAPV-VP2-F3 GTTATAGGATTACCGTGGTGA 21 56

IAPV-VP2-B3 GAACACGTATTGTAACTTCTGT 22 56

IAPV-VP2-FIP TGACGGGTATCACTCCTGGTTTTTAGACAGCTTTTCATACT
GGC 44 59

IAPV-VP2-BIP CATTGGGCCCGATCAGGATCTTTTAGTCAGGTCCAAAATGT
ACT 44 58

Figure 1. Sequences and locations of four primers for IAPV-RT-LAMP.

The six locations of motifs for primers and loops for the LAMP are denoted

underlines.
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또는Sample( Conrol DNA) 1㎕

IF primer (20pmole/ )㎕ 1㎕

IR primer (20pmole/ )㎕ 1㎕

OF primer (5pmole/ )㎕ 1㎕

OR primer (5pmole/ )㎕ 1㎕

dNTP (1.25mM each) 1㎕

DMSO 최종농도( 5%) 1㎕

10×Reaction Buffer 2㎕

L Polymerase (8U/ )㎕ 1㎕

D W⦁ up to 20㎕
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또는Sample( Conrol DNA) 1㎕

IF primer (40pmole/ )㎕ 1㎕

IR primer (40pmole/ )㎕ 1㎕

OF primer (10pmole/ )㎕ 1㎕

OR primer (10pmole/ )㎕ 1㎕

dNTP (2.5mM each) 1㎕

DMSO 최종농도( 5%) 1㎕

10×Reaction Buffer 2㎕

L Polymerase (8U/ )㎕ 1㎕

D W⦁ up to 20㎕
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또는Sample( Conrol DNA) 1㎕

IF primer (40pmole/ )㎕ 1㎕

IR primer (40pmole/ )㎕ 1㎕

OF primer (10pmole/ )㎕ 1㎕

OR primer (10pmole/ )㎕ 1㎕

dNTP (2.5mM each) 1㎕

DMSO 최종농도( 5%) 1㎕

10×Reaction Buffer 2㎕

L Polymerase (8U/ )㎕ 1㎕

D W⦁ up to 20㎕
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또는Sample( Conrol DNA) 1㎕

IF primer (40pmole/ )㎕ 1㎕

IR primer (40pmole/ )㎕ 1㎕

OF primer (10pmole/ )㎕ 1㎕

OR primer (10pmole/ )㎕ 1㎕

dNTP (2.5mM each) 1㎕

DMSO 최종농도( 5%) 1㎕

10×Reaction Buffer 2㎕

L Polymerase (8U/ )㎕ 1㎕

D W⦁ up to 20㎕
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또는Sample( Conrol DNA) 1㎕

IF primer (40pmole/ )㎕ 1㎕

IR primer (40pmole/ )㎕ 1㎕

OF primer (10pmole/ )㎕ 1㎕

OR primer (10pmole/ )㎕ 1㎕

dNTP (5mM each) 1㎕

DMSO 최종농도( 5%) 1㎕

10×Reaction Buffer 2㎕

L Polymerase (8U/ )㎕ 1㎕

D W⦁ up to 20㎕
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또는Sample( Conrol DNA) 1㎕

IF primer (20pmole/ )㎕ 1㎕

IR primer (20pmole/ )㎕ 1㎕

OF primer (5pmole/ )㎕ 1㎕

OR primer (5pmole/ )㎕ 1㎕

dNTP (1.25mM each) 1㎕

DMSO 최종농도( 5%) 1㎕

10×Reaction Buffer 2㎕

L Polymerase (8U/ )㎕ 1㎕

D W⦁ up to 20㎕
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또는Sample( Conrol DNA) 1㎕

IF primer (20pmole/ )㎕ 1㎕

IR primer (20pmole/ )㎕ 1㎕

OF primer (5pmole/ )㎕ 1㎕

OR primer (5pmole/ )㎕ 1㎕

dNTP (1.25mM each) 1㎕

DMSO 최종농도( 5%) 1㎕

10×Reaction Buffer 2㎕

L Polymerase (8U/ )㎕ 1㎕

D W⦁ up to 20㎕
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꿀벌 질병에 대한 검사 키트의 생산은 기업에 기술이전하여 상품화를 시켜야 하나 현재 다수의 전문,

기업은 꿀벌질병 진단키트의 상업성에 대하여 의문을 표시하며 주저하고 있음 본 과제에서 개발된 키.

트들의 실질적 수요처는 국립수의과학검역검사본부 등 관공소 예 각 시도 가축위생시험소 그리고( , ),

현장의 양봉농가들이나 현재의 꿀벌질병 진단에 대한 정책은 상기 키트들을 상업적으로 제조 생산, ,

및 판매를 하여야 하는 전문기업들에게 시장이 과연 형성될 것인지를 걱정할 정도로 열악함.

현재 꿀벌질병에 대하여 투입되는 국가재정은 연 억원 지방재정 연 억원으로 그 합이 연 억30 , 30 , 60

원에 달하여 적지 않은 수준이나 이 재원은 모두 꿀벌질병에 대한 약제의 구입비로만 투입되고 있으,

며 구입후 무상분배 정작 꿀벌질병 진단에 대한 비용은 거의 없는 것이 실정임 꿀벌약제의 총 수요( ), (

는 양봉인의 구입을 포함하면 억원 년으로 추산됨200 / ).

따라서 현재까지 꿀벌질병의 제어는 양봉인의 자가진단에만 거의 의존하고 있으며 이런 자가진단 및,

약제의 무상분배 정책은 지난 여년 이래 지속되어 왔고 또한 많은 국가 및 지방 재원을 투입하여10 ,

왔으나 총액은 이미 수백억원 수준 꿀벌질병에 대한 약제의 오용 및 남용으로 국내양봉의 질병 환경( ),

은 이전 보다 심각한 수준에 이르게 하였음 예 근래 에 의한 국내 토종벌의 괴멸( ; kSBV ).

한편 진단키트를 생산하는 전문기업 측의 주장은 종 진단키트 당 년 억원의 매출만 기대할 수 있, 1 1

어도 보다 좋은 제품을 제조 판매하여 앞날을 즉 국제 시장을 기대해 보겠다고 하고 있으나 진단키, , , ,

트 시장 자체가 형성되지 않은 현시점에서 이 시장의 부재는 꿀벌질병 진단키트의 상품화를 막는 가,

장 중요한 원인이 되고 있음.

전기한 바와 같이 국가 및 지방재정에서 투입되는 꿀벌질병에 대한 약제 구입비 구입후 무상분배 는( )

지난 수년간 계속 년 억원에 이르고 있으며 이 중 일부만이라도 국내 꿀벌 주요질병 현재 종60 , ( 12 )

을 대상으로 한 질병진단에 사용하여도 국내 전문기업으로 하여금 시장진출의 용기를 갖게 할 것임은,

물론 국내 꿀벌질병제어에 새로운 도약을 이루게 될 것이다, .
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