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Abstract |

Hive debris is a kind of micro-environment of beehive including excreta, mucus, epidermis of bee
and carcass. Hive debris might also include almost invaded pathogens and particle of hive parasite
and injurious insect against honeybee Multi-Ultra-Rapid PCR (8MUR-PCR) against eight viral
pathogens in honeybee, including black queen cell virus, deformed wing virus, sacbrood virus,
korean sacbrood virus, acute bee paralysis virus, chronic bee paralysis virus, slow bee paralysis
virus and israeli acute paralysis virus, were optimized for one PCR condition. Using several hive
debris from Suwon province, 8MUR-PCR was applied and detection-results were analyzed. In
many cases, viral pathogens were found more accurately from hive debris than from bee carcass
itself, even both originated from same bee-population. Based on this results, hive debris might be
better than pathogenic samples for the general survey of public hygiene in single population.

Key words: Ultra-Rapid PCR, Honeybee pathogens, Hive debris, Detection sample, Environmental
DNA (eDNA)
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Table 1. Information of specific-primer set for each viral pathogen and bee

Target Name of primer Sequence of detection primers Detection gene Reference
BQCV BQCV-RT-F CTGGGCGAACATCTACCTTTCC Capsid protein Unpublished
BQCV-RT-R GCAATGGGTAAGAGAGGCTTCG
DWV DWV-DC-F1 ACTATAAGAATTTTGGTCCTGGGT RdRp Wang et al., 2016
DWV-DC-R1 ATGTCCGTTATCGGAGAACCTGA
SBV SB-DC-F1 AGTGGGGATGAAATTACTAG 3G Wang et al., 2016
SB-DC-R1 CGCACATAATGCCTCGGTAATA
KSBV kSBV-RPA-F CTTACGCTAAGTGCGCGCCCAATACTATAC VP Min et al., 2016
kSBV-URRT-R-G AGCACGATGATATCTAAAGG Unpublished
APV IAPV-F2 CCATGGTCTCTTATGGAGATGA RdRp Unpublished
IAPV-R2 CCCAAACCTTCCGTTGTTC
CBPV CBPV-DC-F1 CCGACACATACTTCACTCTCTCAT RdRp Wang et al., 2016
CBPV-DC-R1 GTACTTGCGGCGAGGTTCTG
SBPV SBPV-F CGCAGGGTGATCATGCTAATG 3G Min et al., 2017
SBPV-C3G-R ACAGCAAACACCCGGACTAA
ABPV AB-DC-n-F1 CATTATGGAAAAATTTGCTGACC RdRp Unpublished
AB-DC-n-R1 CCACAAATGTGTGTTGAGTTA
A. mellifera Am-COTF TAGGATCACCTGATATAGC mtDNA COI Unpublished
Am-COI R ATCAACATCTAATCCGACTG

A. mellifera®] mitochondria DNA (mtDNA) Ao Z2)j 5}
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Fig. 1. Optimal annealing temperature of qPCR against 8 viral
pathogens of Apis mellifera. Gradient PCR was performed
from 45°C to 65°C, for each viral pathogens. The highest
efficiencies were shown in 49°C (BQCV), 59°C (DWV),
50°C (SBV), 54°C (kSBV), 54°C (IAPV), 56°C (CBPV),
53°C (ABPV), 51°C (SBPV). Considering the stability of 8
different PCRs, the optimum annealing temperature was
finally determined at 55°C for all 8 PCRs.
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Fig. 2. Comparison among three extraction methods of nucleic acid
from hive debris. Nucleic acids were extracted by three
extraction methods. Quantity of IAPV template using Viral
DNA/RNA extraction kit was estimated 10 times more than
quantities by other two extraction methods (boiling and
freezing).

3 stoll A v skl o, 1004H 2]
£ Viral DNA/RNA extraction kitS =5}
Hrp, 2z wo] 11.20H,

& ot
N
ol
10
oy, &

&
2
ftfo
4
i
<)
fto
£

(SR
S

o ok
offl
¥
o
(98]
3
=3
v
flo

B Hz
Y

nd rl'O

e
32
lo
o
il
off >

e i Lo

b

it

o
Lo g

o
mr oxt N
T2

N
N
)

S~
N d

S

o

)i
— o

POV /i)
|o
fu
¥

o
N
5
M
o O g
Ho o
(VNS Ay
e
Lo

filo

kT

s

> 2
S~

o rr e g

it
TG

=
>
Ir K
o
N o g A

>~ T
e
filo
Y
)
o

-IO
filo
£
ol

B oo
. o%
offl

fr 2 (B 2 ol rff o 2 o

o
op
ofr
o

ﬁm

ol

[\o]

1o gy
%
>
L
i
>
()
o
e, o
fo
9,15
lo
=
o e

?ﬁlm
)
oo
L
|
1B
o

N

N,
p=)
%

>

o
o

N

N

=h?

=

of

[\
o o Mz ok
32 o 1o rlo

>~ ol =

o
B
o
i)
32
£
r]I.
gﬂ.
Z
N 12 ol yp

m o
to

o i
_oi‘
=2
S
A
o
o
rlr
=
=1
2
e 2
fo

1 o 9 of a0
g e . O M
ol = ogi: N 1E

oox e 12 0 2t of
a ug_gﬁrﬂﬁ
w I O =
o oE oy

nis >

e 1035
r"gohx\[
Trds
CEa
2o ok g
O“\‘rﬁl\)

2 — 2 fr
20l
Q%n}ii

e 0g ol
o T 2 o

oo 2 2

ot B @ o

L
il
32
i)

o

rE
lo
u



140 2™l - Truong ATai - ZIA01 - Zis| - 2N - R
"11 Positive
IIl | !
900 1 <
o, uwon
e Positive ——— |
sample,
1 il Yongin
sample
2
'z 600 1
5 &
Z Suwon . 2 |
—_— el
<
g sample ' |
& 120 - i
Yongin Ny |
Sample / 200 | | I|
I|I II
| |
{ |
f |
/ I| '.
"""""""""" o e i |
0 . - 0 / AN
0 20 40 60 70 80 90
Cycles Temperature (Degree)

Fig. 3. Amplification of COI genes for Apis mellifera using ultra rapid gPCR from hive debris in Suwon and Yongin. COI genes of A. mellifera
from hive debris were amplified using ultra rapid PCR. A. mellifera COI recombinant DNA of 10° molecules was amplified together to
confirm amplification pattern. Amplification reactions were observed in both Suwon and Yongin samples, it was confirmed that specific

amplification occurred by melting point analysis.
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Fig. 4. Specific amplification of ultra rapid PCR against Deformed Wing Virus from bee carcass and hive debris in Yongin. Specific gene of
Deformed Wing Virus was amplified by ultra-rapid PCR. Panel A. Amplification curve and melting analysis of ultra rapid PCR showed
positive reaction in all 3 different templates. Panel B. Specific amplicon of DWV on electrophoresis.
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Fig. 5. Specific amplification of ultra rapid PCR against Israeli Acute bee Paralysis Virus from bee carcass and hive debris in Yongin. Specific
gene of Israeli Acute bee Paralysis Virus was amplified by ultra-rapid PCR. Panel A. Amplification curve and melting analysis of ultra
rapid PCR showed positive reaction in all 3 different templates. Panel B. Specific amplicon of IAPV on electrophoresis.
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Fig. 6. Specific amplification of ultra rapid PCR against Slow Bee Paralysis Virus from bee carcass and hive debris in Yongin. SBPV-
like amplicon was amplified by ultra-rapid PCR. Panel A. Amplification curves from 3 different templates showed differences of

Cts. In melting analysis 3 amplicons were measured at different Tms. Panel B. Specific amplicons of SBPV on electrophoresis.
SBPV-specific 224-bp long amplicon was not recognized in lane of Bee carcass.
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Fig. 7. Specific amplification of ultra rapid PCR against Black Queen Cell Virus from bee carcass and hive debris in Yongin. BQCV-
like amplicon was amplified by ultra-rapid PCR. Panel A. Amplification curves from 3 different templates showed differences of
Cts. In melting analysis 3 amplicons were measured at different Tms. Panel B. BQCV-like amplicons on electrophoresis.
BQCV-specific 159-bp long amplicon was not recognized in lane of Bee carcass or hive debris.
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Table 2. Total result of amplification against 8 viral pathogens using ultra rapid PCR from bee carcass and hive debris samples in
Yongin samples

Type of viral Type of Number of total Number of positive
Collected area Percentage (%)
pathogens samples samples samples
BQCV Bee carcass 4 0 0
Hive debris 4 0 0
DWV Bee carcass 4 2 50
Hive debris 4 4 100
SBV Bee carcass 4 4 100
Hive debris 4 2 50
KSBV Bee carcass 4 1 25
Yongin city Hive debris 4 2 50
IAPV Bee carcass 4 2 50
Hive debris 4 4 100
CBPV Bee carcass 4 0 0
Hive debris 4 0 0
ABPV Bee carcass 4 0 0
Hive debris 4 0 0
SBPV Bee carcass 4 1 25
Hive debris 4 3 75

Table 3. Total result of amplification against 8 viral pathogens using ultra rapid PCR from bee carcass and hive debris samples in

Suwon
Collected area Type of viral Type of Number of total Number of positive Percentage (%)
pathogens samples samples samples
BQCV Bee carcass 7 0 0
Hive debris 3 0 0
DWV Bee carcass 7 5 714
Hive debris 3 3 100
SBV Bee carcass 7 2 28.6
Hive debris 3 0 0
KSBV Bee carcass 7 3 25
Suwon city Hive debris 3 0 0
IAPV Bee carcass 7 6 85.7
Hive debris 3 3 100
CBPV Bee carcass 7 0 0
Hive debris 3 0 0
ABPV Bee carcass 7 1 143
Hive debris 3 0 0
SBPV Bee carcass 7 3 429
Hive debris 3 1 333
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Fig. S1. Specific-amplicons of temperature-gradient PCR for DWV-specific gene on the electrophoresis. Temperature-gradient PCR was
performed from 34°C to 70°C. Optimized temperature was determinated at 54°C.
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