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Abstract |

The multiple real-time PCRs against pathogens of Bombus species including DWV, IAPV, KBV,
SBV, BQCV, kSBV, SBPV and Paenibacillus larvae, Mellisococcus plutonius, Lysinibacillus
fusiformis, and Klebsiella oxytoca have been developed. One extracted nucleic acid from Bee-
sample could be applied to 11 different PCRs in same time and condition. Specific PCR-products
were amplified qualitative and quantitative manner inner 20 minutes successfully, when each 1000
molecules of pathogen-specific target DNA is existed as template, respectively. The multiple PCR
detection that we propose would be expected to apply to quarantine test for international
exchange of Bombus species.
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Lyser (Roche, Switzerland) =2 F-4|3} Tt 4% A=
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Table 1. Oligonucleotides for the amplification of L. fusiformis-specific DNA

Target* Primer Sequence (5°— 37)
Glutamyl tRNA L. fusiformis detection F GACTGTGGTTGAAAAGCTACGTG
amidotransferase L. fusiformis detection R GAGCCTCCACTTGAACCACC

*target DNA is located in GenBank CP010820.1 (4568067-4568195; 159 bp long)

Table 2. Long-nucleotides for the artificial synthesis of SBPV-specific DNA

Pathogen* Name of long nucleotides Sequence (5°— 37)

SBPV-C3G-F4 agtaatatagcattaattaagttaccgaaacatgtgcctatgtttaaggatatt
SBPV-C3G-F3 tatgtttaaggatattagcaagagtattgttacgcagggtgatcatgctaatgt
SBPV-C3G-F2 tgatcatgctaatgtcggccatttetgttctatagtatcacaacaatatgatga
SBPV-C3G-F1 acaacaatatgatgagcatccagttgttcgtictcaggtacctgttacatggaa

SBPV SBPV-C3G-R1 tgttcaacatggcgatcaccagetataaccaaatgetgtttccatgtaacaggt
SBPV-C3G-R2 ccctcgeacgttatattcataacatttatccattattatctgttcaacatggega
SBPV-C3G-R3 aaacacccggactaacgagcgeactccegeacatgecaaacectcgeacgttata
SBPV-C3G-R4 accagcaacatgcagcecctataacgcegecgtttccacagcaaacacccggacta

*target DNA is located in GenBank EU035616 (7190-7519; 330 bp long)
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3} K. oxytoca= ATCC 16862 J<=5}o] vl st
, genomic DNAE F%73} 9] diol dehydratase-
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o= A BQCV, CBPVY, DWV, IAPV, SBV, kSBV,
SBPV, P. larvae, M. plutonius, L. fusiformis, K. oxytoca 5

11Z0] thalo] Tt} Al A7k PCR (multiple real-time
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Table 3. Primer sets for the specific detections of pathogens in Bombus species

pathogen Name of primers Sequence (5’ 3’) PCEZ?EE;; on

BQ-DC-FI ACTTTGAAGGTTTCGACGCTTCGG

BQcv BQ-DC-RI GACGGAATTTATAATAGCAGTGAGAT 233
CB-DC-F1 CCGACACATACTTCACTCTCTCAT

CBPV CB-DC-R1 GTACTTGCGGCGAGGTTCTG 230
DW-DC-F1 ACTATAAGAATTTTGGTCCTGGGT

bwv DW-DC-R1 ATGTCCGTTATCGGAGAACCTGA 223
KBIA-DC-FI ATTTTTCAACTTTTGATGGATCAC

TAPV IA-DC-R2 AATTGAGCGGGGTCGTTGCA 213
SB-DC-F1 AGTGGGGATGAAATTACTAG\

SBV SB-DC-R1 CGCACATAATGCCTCGGTAATA 236

CSBYs KSBV-RPA F CTTACGCTAAGTGCGCGCCCAATACTATAC .
kSBV-RPA R GAAACAATAACTTTCCCGCACTGAAACTTA
AFB-DC-F1 ATCGTAAAGCTCTGTTGCCAAGGA

P-larvae AFB-DC-R1 TCCTCTCCTACACTCAAGTCTCC 243

. EF-DC-FI AAGAGTAACTGTTTTCCTCG
M. plutonius EF-DC-R1 TCCTCTTCTGCACTCAAGTCTTC 208
o L. fusi detection F2 CGTGACGCTGGTGTTATTTTCAC

L. fusiformis L. fusi detection R2 AGAACCACCTGGAATCTTATC 129
Klebsiella-F GAACGGTAATCACAGCGCC

K. oxytoca Klebsiella-R CAGCATATGGCGGTCGC 208
SBPV-F CGCAGGGTGATCATGCTAATG

SBPV SBPV-C3G peptidase R ACAGCAAACACCCGGACTAA 224

, B-actin 151 F ATGCCAACACTGTCCTTTCTGG
f -actin® B-actin 151 R GACCCACCAATCCATACGGA 151

*Min et al., 2016.
**Yang and Cox-Foster, 2005.
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Arrange of available condition in real-time PCR

Optimal condition in real-time PCR

Recommendation of temperature condition for 11
species multiple real-time PCR

Fig. 1. Optimal annealing temperature for detection of Bombus
pathogens. Real-time PCR conditions for each target were
optimized excluding annealing temperature. PCRs were
performed using 42~62°C or 48~58°C as annealing
temperatures. The template DNA was used for all real-time
PCRs as same amount of 1.0 x 103 molecules of each
specific target. Best annealing temperature was determined
as 53.2°C for all PCRs against 11 pathogens (horizontal red
line). Vertical line was indicated accepted temperatures for
annealing in each successful PCR. Black point was best
annealing temperature for each specific PCR.

2k A S 7IE e 2 ARSI tH(Table 3).
E% <t HPolﬂii%-ﬂ SUHPCR HE==

[o

& dotf7] flste], 27 2'3te #+ 714
(standard template)©] %ﬁé}ﬂgﬂi, Aot o= 7+
AR H 7} EF| o]8]-E SBPV (Genbank, Accession
No. EU035616)+= peptidase-c3 like -3-Z &} A], L.
fusiformis (Genbank, Accession No. CP010820.1)+
Glutamyl-tRNA amidotranferase -3-ZZ}of| A, K. oxytoca
(Genbank, Accession No. AF017781)+= diol dehydratase-
reactivating factor £ 2140l A 217] So] 93591
S = PCR SHE2] 2235 Soto] g
o

% 9t

e

ik

Bombus pathogen specific Real-time
PCRY %z B/ 2%

F9E Y 115 B HA| HE5E 212 primer=& At
43 22 PR 2452 S51314}, 24219 primer
-8 AL PCRO A 2] 4] annealing &1 2 75}
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Fig. 2. The limit of kSBV-specific detection with gDNA or without
gDNA. Template DNA were serial diluted from 107 to 10!
molecules of kSBV specific gene. kSBV-specific PCRs were
performed using each diluted template, with and or without
50ng gDNA from Bombus for estimation of detection limit.

9

¢” were indicated PCRs with 50ng chromosomal (genomic)
DNA from Bombus. N is a negative control using deionized
water instead of template DNA. kSBV-specific primer could
detect 10> molecule of target successfully, with or without
¢DNA.

SBPV, M. plutonius, L. fusiformis@} K. oxytoca2] 73 9=
7+ E0] G- A A7} 42~62°C annealing 25 H Q] ol 4] Z]
T2O] PCR ZEAFE S ul= = 70| 22|l o,
CBPV, IAPV, kSBVE} P. larvaeS-2 48~58°C annealing
ZEof|A] 0] PCR T3] Fag 2102 et
E S, 2 A 9] annealing &%= 272 Z}7] 45°C
(SBV), 52°C(SBPV) 53°C(BQCYV, M. plutonius, K.
oxytoca), 54°C(CBPV, IAPV, kSBYV, P. larvae), 56°C(L.
fusiformis), ST°C OWV)2 Thofs] 24 5|9 0L}, 5t
of zAA 115 FU4 ES 91T PCRY
annealing 2%+ 532°C2 501’6}9&1‘/]- Z} annealing -&
9] 5199919k T 7 24 L AR AT H o
2 LER QA TkFig. 1).
o5 7} A o] et 214 annealing L5 72
AAZEPCROIA M} 218 4 9 Aol 2 o
o] mA9l 115 59| T AA|7HPCRS] 5340
9]o], 1120] tat PCR 2 =7} o] annealing % 2
s 4 lrh Te) Al 2ol e AALE S

gy
A% Bk §oE Aotk whebA, 22 B2 44

2} 2ol A BUT 4259 B2} (10° copies) S A
&3 AAIZEPCRE =359l o, o] 9] Ct gL x5
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Fig. 3. CBPV-Specific detection using CBPV-specific PCR and its Tm analysis. CBPV-specific DNA were amplified with standard condition
using CBPV-specific real-time PCR. Target DNA were serial diluted from 10° to 10! molecules per PCR including 50ng Bombus gDNA.
Deionized water were used as negative control. Tms were caculated as 87.8°C for specific targets and as 78.5°C for unspecific amplicon
(10" molecules of CBPV-specific DNA). Amp, Melt, Peak were indicated changes of fluorescence in each PCR amplification, re-

association, and dF/dT, respectively.
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2| 3trtal T B = annealing -2 £ = 532°C= ﬁ]/&ﬂ
UTHFig. 12] 7F2A)). 115 50| t 3t annealing 2
w2 532°C2 A7 392 ), BQCV, CBPV, IAPY,
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19} 5229 DNA 20| Lpep} o 5.9 240 4] 2
se)gto] el 2] ofUaHct.

Real-time PCR}-& AH-2h 41951938 o 4] )
UAH 2200 DNAS Belsisln, e
%3 DNAC Z A B4 o
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Table 4. Tm values for the amplicons of specific targets and unspecific amplicons in Bombus pathogen-specific PCRs

Melting temperature of specific

Melting temperature of unspecific

Pathogens amplicon (°C) amplicon (°C)
BQCV 79.21£0.28 75461024
CBPV 87.91£0.37 78.59+0.68
DwV 81.98+0.34 72.88+0.74
IAPV 80.73£0.34 91.54%0.76

SBV 83261043 -
kSBV 76.09+0.34 78.151+0.50
SBPV 81.82+0.29 -

P.larvae 88.8610.50 74.22+0.65

M. plutonius 86.24+0.41 -
L. fusifomis 78.83010.33 -
K. oxytoca 72.50+0.36 70.50+0.66

Target gene molecules number (log)

QRN QA QA Q o
%09 C‘}g Q$ \?g o @Q’Q@@ \\»0\\ ébQ Sxo(“ 0@\0
W N
Pathogens

Fig. 4. Detection limit of Bombus pathogen-specific real-time PCR.
PCRs were performed with serially diluted, each specific
DNAs including 50ng Bombus DNA. Accurate detections
were available under condition of limited molecules of
specific targets. “1”, “2”, and “3” were indicated 1.0 X 10",
1.0 102, and 1.0 X 10® molecules of specific targets,
respectively. Each accuracy under these conditions was
calculated over 0.98 in regression coefficient.

shglou], o3 PCRE 913,
532°C (B 53°C)2 AMg-ato] A=) Bo
AR 5% 212 915te] § L= B4 A5G
o5 242£9) Tl et o] 215 St o) Sl
A GAA HEL TR 5 AU A4E

oflA] e 4220 o £} 4x(10'~10%)0f] T gt

annealing %] %]

—4[‘[’0
% i

2 HIIO :lo _11)11
I"I =l oo

— T
A} ZEL YT ZAA B Frhohe wop
GOk Tmgk B4& S45te] u] Sol yhg AHE
2 FEI 1% S B Houeyy
Zzte] yURlel et Sol primer 4ol I3 ZEAF

2] A ke Tmgt B40) A 47 ¥] Solx
BhSAFR-E T 4+ 9 9ITh CBPV) 49 1] Bof
4 B 22 £ Sol #4 H(10-105

o, BQCV Eo| ZZALE
9] Tm2 87.8°Co]al, H] Eo|d ZZAE 9] Tm2
T85°CE 3% 9.3°Co| ZFo| 7} Qlof A +ET 4= 3l
U THFig. 3).

BQCYV, CBPV, DWV, IAPV, SBV, kSBYV, SBPV, P.
larvae, M. plutonius, L. fusiformis, K. oxytoca=. 2} 7| &
a0 R So| 7% EHAHE] Tmzke] 24519
o, 7} Aol gt Tme] B2 717} 79.21°C,
8791°C, 81.98°C, 80.73°C, 83.26°C, 76.09°C, 81.82°C,
88.86°C, 86.24°C, 78.80°C, 72.50°C = AALE]| it} o]
ol A AT A ¥ So]F ZEARE Tmih
& 2451900, So| ZE4HE0) TmglT 2
715} tH(Table 4).
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Sl HaA 1150l st MAIZE SRt A HAMErS HEH N
BQCV CBPV SBV L. fusiformis K. oxytoca
. Sar’nple U ! Sample  Positive Sample 70
m792 ;;;s;gz o| 753 Tmse7 Tm:73.9 Positive | Positive Sample
T © = “ .| %0 Tm:78.5 | © Tm:72.1 Tm:82.07
e 5. £. Positive ) .“‘ - \ N\
= = = Tm:82.8 | N |
5 g5 5 / Sample || i
” . el Tm701 | 5
0 = N = 2
Vs ; 5 i 5
B s P I 5
Temperature Temperature Temperature i If i
(Degree) (Degree) (Degree) I 1
If
kSBV SBPV - "" r ) 0‘.0 €5 T 43 80 L3 0 L]
: Positive Temperature (Degree) Temperature (Degree)
«]{Positive Sample o Tm:82.04
Tm:76.1 Tm:78.9
g N Fig. 6. Tm and electrophoretic analysis of Bombus bacterial
Se i Be pathogens-specific real-time PCR using Bombus species
%m f I } % produced from Boseong, Korea. DNA originated from
3 I N Bombus sample was used to perform 4 specific real-time
/| ?ar_rg%lg“ PCRs. Melting temperature analysis were performed
7/‘/ \ ‘\ e independently against 4 bacterial pathogens. It is determined
N K3 = = that all 4 bacterial-specific DNAs (P. larvae 243 bp, M.
Temperature Temperature plutonius 208 bp, L. fusiformis 129 bp, K. oxytoca 208 bp)
(Degree) (Degree) were not amplified from Bombus sample.
Fig. 5. Tm and electrophoretic analysis of Bombus viral pathogens-
specific real-time PCR using Bombus species produced from
Boseong, Korea. cDNA originated from Bombus sample was = 5} B oal= 21 215l cloly 1ol E
= FIA| =0
used to perform 7 specific real-time PCRs. After PCR S 271 Zefstel AAbetint. Fl9E A 5ol
amplifications, melting temperature analysis were performed A1 A 7F PCR-& %-01 A 2ol A E2]= RNAO|| A A&
independently against 7 viral pathogens. BQCV-specific T PO
DNA (233 bp) was accurately detected based on Tm % cDNAE 53 0 2 1152 PCRE 5 A of| =34 5h=
analysis. CBPV- (230 bp), SBV- (236 bp) and kSBV- (121 Ao ay HolH Eo] =3 o FlLol= =
LAl Eo ZX 2© 3lo 2=
bp) specific DNAs were not found. With only these results, Aeozn, B ﬂ Sol SHEs Flete] L EA
the ex1§tence of SBPV-specific DNA (224 bp) could not be o:] _‘TL% I‘L_]—Fg] 8}93\
determined. _
A, At HAgAE A 7 gl ol ik dAR A,
BQCV-specific PCR-2 BQCV-50] Ata-& P4 5H AL,
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