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Abstract |

For the Rapid detection of small hive beetle (SHB; Aethina tumida) and for the mass-survey against
SHB invasion, SHB-specific ultra-rapid PCR system was developed. Three different pairs of
Aethina tumida-specific primers were deduced from cytochrome oxidase subunit | (COIl) gene in
mitochondrial DNA of SHB. Using optimized SHB-specific ultra-rapid PCR, 2.1 X 10" molecules of
COlI gene belonged to SHB could be detected specifically and quantitatively within 18 minutes 40
seconds. For the purpose of the application in apiary field, a DNA extraction method from bee
debris was separatedly developed. When 10° SHB-specific COl molecules (1/1000 body of SHB
larvae) are existed in 1g of bee debris, it could be verified inner 10 minutes as qualitative and
quantitative manner. SHB-specific ultra-rapid PCR we proposed would be expected to apply
widely, either in apiary field or laboratory, for the rapid detections and the control against SHB-
invasion.
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Table 1. Recombinat DNA clone for Cytochrome Oxidase subunit I in Small Hive Beetle

Target insect Recombinant DNA

Identical sequence in GenBank

Target gene

Small hive beetle

_ *
Aethina tumida pTOP-SHEB COI

Honey bee

_ ok
Apis mellifera PTOP-RPS 828

Cytochrome oxidase

KP134137 subunit I (COI)

AADG06003006 Ribosomal Protein S18

*DNA sequences of this clone is identical to reported sequences of KP134137 (236-908), except only 563 position.
**DNA sequences of this clone is 100% identical to reported sequences of AADG06003006 (26215-27042).
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—20rCofl A 5 e ste A of A-g st

COI §-7A#}9] g & 9]35}o] SHBS] genomic DNA
(DNAE & Eelson, o] £33 B
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Table 2. Specific primer pairs for SHB-specific COI gene and Honeybee-specific genes

Target genes Name of primers Sequence (5°— 3’) Reference
SHB-COI F TGCGACCCTCAGGCATAACC ‘
SHB-COIR TGGGAATCATTGAACAAATCCGGC This study
Aethina tumida, SHB207F TCTAAATACTACTTTCTTCGACCCATC
Cytochrome oxidase ~ SHB315R TCCTGGTAGAATTAAAATATAAACTTCTGG Ward et al., 2006
subunit I SHB-DP-F1 TGATTCTTCGGACACCCAGA ‘
(&) SHB-DP-R1 AGGCTCGAGTATCAACGTCT This study
SHB-DP-F2 CTACTTTCTTCGACCCATC ‘
SHB-DP-R2 AATGCTCATAGAGTTACTGG This study
Honey bee B-actin151-F ATGCCAACACTGTCCTTTCTGG Yang and Cox-.
(B-actin) B-actinlS1-R GACCCACCAATCCATACGGA Foster 2005
RPS18 417 FI GTCATGGGCACGAATATTGA ‘
Honey bee RPSI8 417 R1 TTACTTCTTTTTCGATACACCCAC This study
(RPS) RPS18 173 FI CATGGCTAATCCTAGACAATACAAG ‘
RPSI8 149 R CCCAATAATGACGCAAACCT This study
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2314 PCRO] #-§-51% o, o] = 2] SHBE A}
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A S SA, AL Ward 5(2007)2 214 =
2ol A SHB7} WA 5-9] & ol Al PCRAALRE
# SHB-5°| f-27te] ZAE el vf )l o, 1
OF-S THIF Ctgh(29.69 cycles) 2 A| Al 311},

ghH, EH 0] gDNA7E oA o= sFEo = 4
EHE=AE gelataat EHe] 15 5421 RPS
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SHB 50| =& primer 3] tjgh %] 2] annealing
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Table 3. Ctand Tm values on each annealing temperature of three primer pairs

Annealing SHB-DP FI/R1 SHB-DP F2/R2 SHB 207F/315R
temperature
°0) Ct Final fluorescence Final fluorescence Ct Final fluorescence
52 - - 17.61+0.36 189.33+28.22 - -
54 15.99+0.53 181.331+26.22 16851047 205.00+37.33 19.46+0.68 172.00+32.67
56 15.17+0.34 187.001+27.33 17.89+0.78 182.67+25.11 19.100.99 178.67+26.89
58 16.89+0.18 156.67+17.11 - 2131+1.54 158.00+32.67
60 16.96+0.56 157.67+22.44 - 21.29+0.84 147.00%26.00
Tm values (°C) 7491£0.32 7702£0.16 76.53+£0.32

Table 4. Ct and Tm values for each concentration of three primer pairs

Final SHB-DP FI/R1 SHB-DP F2/R2 SHB 207F/315R
concentration Ct Final fluorescence Final fluorescence Ct Final fluorescence
10uM 16371031 142.6716.89 15.87£0.16 184.00£6.00 18771022 150.67£3.11

SuM 14.53£0.31 169.67t3.11 14.83£0.18 220.671t4.89 17731024 17033t1.56
2uM 1527£0.16 1923313.78 15.60£0.40 251.671£2.89 18401027 185.3314.89
1luM 15.10+0.13 232.671t15.78 1620+£0.33 255.00t2.67 20201033 205.00t4.67
500nM 16071022 233.33£7.56 19.30£0.20 265331644 23.17£0.31 199.33t5.11
Tm values (°C) 7491+0.33 76.6910.16 76.86+0.32

Koreay& AH-3E & 5700 POR 2 233191}

SHB E-¢] <& primer SHB-DP F1/R14, SHB-DP
FOR240] 749, 45-65°C W 9ol A v ma) m2 %
AFEo] THRFE] ) o 1, 2|2 0] L. ¥ 9] SHB-DP
F1/R1 primer "‘P.J 39 56°C +4°Co]| A, SHB-DP
F2/R2 primer A2 79 54°C +4°C ¥H¢] o]1ct. SHB
207F/315R primer ’V;}A 3L 57°C+3°C HY7) 24
annealing2 = 2 =4 %] 7|9, 349 primerE-<
52~60°C 2] annealing-2 = H ¢]of| 4] 2314 PCRS ¢
ok 2| %] annealing-2- =5 -SFILAF SFRATHAL = 1] A|A)).

%314 PCR-2 Genechecker™ (Genesystem, Korea)S-
ARg-8Fe] 3= 911, 52~60°C 2] annealing>-=
ojoll A Cizkat Wte] HIHE 7|20 w2 Brletgl
CH(Table 3).

SHB-DP F1/R1 primer #+2] 731% 56°Col| A 71 i
20t A PUGLS HA 0N SECO M = FE
Aol B35 Lhehihe 02 Sels| gl
HAS B 7491 +033TAA] S0l A3l §H
sA4Eo] LHERRT). SHB-DP F2R2 primer 4-]

A2 54°Co| A 71 W2 Ctgl Y 2237k LhE)
ylom, g5 B4 E3) 7702+0.16°Cof| 4] E9|

=

[e)

Tr‘

0.
0

P 0110

}‘

2Q) FEAHEO] Uetikg-S SHI3HgIch Tt SHB
207F/315R primer 430l A Ctgko] 54, 56°Col| A CtZko]
7] FASHA ot A% Gk vlinolA 56°Ce)
Aol ZF AR A 0.2 WA g,

2314 PCRO] 271004 3459] SHB 5o primer’y
= 0] 2 annealing &=, 7} primer’§ 0] 34 212
52 golstel secz ARkt

SHB COI QHExl| X114 ZHZL 93t #|F
primer £|F &

%714 PCR 9ol ZgHet 2F primer 555 842
3}7] €3}o] 500nM(5pmole/ul), 1uM(10pmole/ul),
2uM(20pmole/ul), SuM(50pmole/ul) 10uM(100pmole/ul)
o % 5w 245 o] 234 PRE AAsH)
(Table 4).

#| 4] primer == 17| 3% Hhgsto] AuE A3
on, 54 © 7 s Cgl B % ¥ gk 1AL
Melting grapho]| 4] B] 0|2 ZE oFAFS Ho|Z] k=
Z70A 27 s A3

o]o]] SHB-DP F1, RI primer -2 1uM & 522
ARESHAS o] el Ot H =2 X e
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. g A1 o0 Clt 4, 203 Gt A
EA 2 e Ty=020t sy 1454 AF8-3F 3] A A] (Regression equation) Y=-0.2615X
ég’: . i ) oo+ 12298 +10.619 2 3] 7 AF<=(Regression coefficient; R?) 7}
i e, 099892 1223t 2= 9] 9Jr}. AFAL 200 % 10! Hapo] =
-l L FolAEE3F MR A 2 18EdEE s 0w
15 20 25 30 35 40

Ct (Threshold cycle)
DPlI *DP2 = SHB

Fig. 1. Detection limit and Tm using three primer pairs for SHB
COI specific Ultra-rapid quantitative PCR. Ultra-rapid PCR
with each primer pairs was performed using optimal
condition. pTOP-SHB COI was used as template in PCR
that was diluted from 2.09 X 10° to 2.09 X 10° molecules
/PCR, respectively. 2.09 X 10" molecules template were
amplified successfully by UR-PCR using SHB DP F2/R2
pairs and SHB 207F/315R pairs, except SHB DP F1/R1
pairs.
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%]%] annealing 2% ¥ primer =0 A A=
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AEglom,200% 10° Ex} 2 232 3] ok %
ol A= Tmo] 2H733°C, T30°CR e}, So] 4] %
52 4150] Tm} 240 2 W 3},

SHB-DP F2/R2 primer -2 AH8-3F 23145 A&

ofl 4, 5% 200 10' Exfol o] & 79 5] 4
27 =3Zo] HL& golstglom, o] JA] FHA Y=
02621X+114549} 3] HAF 4=, R>=09981 2 Q=3+ 4=

A4} oju Tme 77.7°C2 &4 =121, 209 % 10°
B4 W 28 YA g gl Tmo] 7
743°C,723°CE e}, E0] 2 2 A1E0] Tmi} 2}
o] & X it

SHB 207F/315R primer 4-& A}%@ &
PCROJ| 4], 33 209 x 10! E-z}o]Ato] 9l-g 7o
o] 14 EI:?H Z_,—.ao] z] o 0 ﬂo] o}oﬂ o Uﬂ o] Q;\]
Y=-0.3053X+122987} 3] A+ 4=, R*=0.9935
2 919l Tme 77.6°CE =A% Q)

A 8 t 2 wtof| A= Tmo] 69.0°C= UrE‘rUr,
S35 A2 Tmi} 2}o] 5 E ¢ th(Table 5).
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Table 5. Ct and Tm using three primer pairs for SHB-specific Ultra-rapid gPCR

Molecules of SHB-DP F1/R1

SHB-DP F2/R2 SHB 207F/315R

recombinant DNA Ct Tm Tm Ct Tm
2.09 % 10° 16.6210.66 76.07+0.17 19.44+0.85 77.67+0.30 18.85+0.80 77.87+0.60
209 % 10° 20.15£147 75.671+0.18 23.58+1.66 77491+0.01 23.13+091 77.60+0.50
2.09 % 10* 23.81+1.06 75.8510.28 26911+0.81 773910.18 26.51+1.05 77.891+0.34
2.09 % 10° 28.10+0.87 75.6710.18 31.54%+1.72 77.71+0.38 30.100.94 77.69+0.17
2.09 % 10? 31.74£1.09 76.05+0.29 3491124 77.69+0.17 3309153 77.60+0.50
2.09 %X 10! 3449+222 7459+ 1.38 38.3710.52 77.58+0.35 3528+142 77.60+0.50
2.09x10° 37.17£1.70 73291138 40.19£2.14 742610 38.93+0.99 77.60+0.19
Negative 28.06+7.40 72971046 3891+1.29 7231£0 37.74%0 68.9611.08
Average Tm value
. 75.84+0.26 7759+0.25 77.691+0.38
(Positive)
Average Tm value
. 7322+0.78 7329+1.38 68.961.08
(Negative)
Total reaction time 18min 40sec / 50 cycles
RPS18 173 F1, 149R SHB DP F1,R1 .85]:%]_%}:% E‘ﬂ_‘lﬂ, EE.?:S_]_’ E.‘E— H]J;EI—O]Z(;‘ /1\_%94 Tm
,-‘ W 5ol P A 214 PCRY| AHE 5T} 2
900 i 900 -
| 7] 3°C ol4be] HT Afo] & MOl L 3o} 41 T
£ 600 ! | & 600 T80 o] 7}-55F3ith HH o] gDNA®} SHBE©| DNAE &
= \ N g =
: 1 : - ool YO AGTHAL 9. 200%10° 0] 4]
200 F 200 SHBE 0] 2417} A sh= PCROJ A= HI 5014 4T
A go] 20| 2457 olI5}ckFig. 2.
0 : 0
60 70 80 90 60 70 80 90
Temperature (Degree) Temperature (Degree) aHo| gDNAQ} SHB E0| QX Xjo] 2322 =¥
o2 vt X114 PCR
SHB DP F2,R2 SHB 207F 315R
321 o] gDNAS} SHBE ©] DNA7} &3-5] Aeof A
ps . Tm:77.18 - -
ool N, 500 2} primer %] SHBE o] 7% A2 Z43h9c.
SHBE 0] H7]A4<¥-S =&A]3t pTop-SHB COI 2.09 X
= 5 600 -y =
=0 et : 10° Eabol| 4] 200 % 100 BA7E7] 914 545 %, o]
3 X 55
. 52 717] 100ng B4 DNASH % Este] 217
300
\ A melifea %114 PCRO] 8 © & AL8-5}9 th(Fig. 3; Ing2] 3kb
0 \ DNAX= 0.5 femtomole©] ™, 0] = ©F 3 x 10° molecules =
60 70 80 90 60 70 80 90

Temperature (Degree) Temperature (Degree)

Fig. 2. Melting temperature analysis of ultra-rapid PCR with
genomic DNA from honeybee and/or SHB-specific DNA
using various primer pairs. RPS genes were successfully
amplified by both ultra-rapid PCRs with gDNA from
honeybee and/or RPA-specific DNA. All ultra-rapid PCRs
using SHB-DP F1/R1, -DP F2/R2, -207F/315R pairs with
¢DNA from honeybee and/or SHB-specific DNA produced
correct or incorrect product, respectively.

AAD.

Primer 382 7}7| AF8-3F SHB E-0] 23114 PCRE
o R 100ng ZH gDNA 27| }of| =209 x 10! E-2}
M AE 7HsEe Hol F8lom, ol F39
Tm-& SHB DP FI/R1 primer %] 4] 75.82°C +0.21°C,
SHB DP F2/R2 primer 42 77.82°C £0.25°C, SHB
207F/315R primer -2 77.82°C £0.17°C& &4 &S]
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7 oy=-0.265x + 11.118
< . . . R?=0.9945
Z + y=-0.2447x + 11.839
=5 R?=0.9847
N " y=-0.2757x + 12.145
L) ) R?=0.995
K . va
s 2

1

0

15 20 25 30 35 40 45

Ct (Threshold cycle)

*DP1 *DP2 = SHB

Fig. 3. Detection limit of ultra-rapid PCR using three SHB-specific
primer pairs with SHB-specific DNA and honeybee gDNA.
Ultra-rapid PCR reactions were performed at optimal
conditions for each primer pairs with 100ng honeybee
gDNA. All ultra-rapid PCRs using SHB DP1, SHB DP2,
SHB 207F/315R primer pairs could be detected with 2.09 X
10" molecules of SHB-specific DNA under 100 ng honeybee
gDNA.

o}

SHB o] DNA 7] 20| F0]x|x] 9r& 790k,
o] 2591 200 % 10° B2}7} F01%] PCRJ A= b] Sol
ZEAZ 0] W% gl 0, o] - 2 primer o]
3 H|Eo] ZEAE O] TmS 7}7], 79.38°C +0.59°C
(SHB DP F1/R1 primer %), 79.53°C +1.38°C(SHB DP
F2/R2 primer #), 71.59°C +0.57°C(SHB 207F/315R
primer %) 0. 24 €911, o] TmE-L- 3% SHB-
Eo|AHE 9] TS} 417 FEEE =] 919
o},

o 4, 3 @70l AFE-E 340] SHB £ primer’y

£& B SHB-So| 2114 PCRE7I0| A SHBF¥
209% 10" EApol4o] Fol x| ThE @714 Ge] &
Aol Wi o] §lo] SHB Sol H Z5 v-5-2 the}
g Row BetEglom, o} el v Sold FE4
B2 47 758 4 QTHTuble ).

P ofl
=l r.'IE
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B-actin)} SHB £-9] primerE: 3*%(SHB-DP F1/R1, -DP
F2/R2,207F/315R)S 7}7] AF&-8}= 2 7122 PCRS A]
Y5} Sl ch(Fig. 4).

Practin 5l RPS 97144~ 1 0 2 HE] gDNAY]

= Blo Ry Byo| DNATL
Aoltt.

SHB E-9| primers 342 ZH7]
PCRO A T 2] 717] SHB Sof
COL2) 617] 4 o] 22 5|9) 0 1] 4 2}3t SHB
7} Z2EHUSL G Tme]

A7) Eol| ofst A0 2 Belat 4= 9lolTh

O:

Table 6. Ct and Tm values for each number of molecular copies with 3 primer pairs in 100ng Honeybee gDNA

Molecules of SHB-DP F1/R1

SHB-DP F2/R2

SHB 207F/315R

recombinant DNA

Ct Tm Ct Tm Ct Tm
2,09 10° 18.381+0.83 76.06+0.12 2308+ 1.04 77.88+0.18 20.90+0.76 77.78£0.19
2.09 % 10° 21.22+0.72 75.6910.26 2531%+0.22 77.70+0.33 24.16+0.98 77.60+0.15
2.09x10* 25651041 75.76+0.13 31.92+045 7791%0.16 29.17+1.37 77.68+£0.28
2.09 % 10° 30.261.00 75.76+0.13 35.32+0.67 77821022 3245+1.26 77.8010.03
2,09 10? 33.13+1.08 75.881+0.21 38041046 78.02+0.18 35.6510.26 77.8910.09
2.09% 10" 36.57+0.77 75751045 42.92+0.70 77.61+0.36 39.5410.64 78.02+0.18
2.09x10° 36.571+0.75 79.57+0.54 4423+0.76 7921+1.71 42.16+1.03 78.47+0.00
Negative 2722+9.15 79.191+0.65 44241132 79.84+1.04 42041148 71591057
Average Tm value
.. 75.82+0.21 77.821+0.25 77.821+0.17
(Positive)
Average Tm value
. 79.38+0.59 79.531+1.38 71.59+0.57
(Negative)
Total reaction time 18min 40sec
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B-actin 151 F,R

RPS18 173 F1, 149R

Positive Sample Samol Positive
Tm:81f/1\. (| Tm:8L71 Tfn"!iji | Tm:7588
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Il ]
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&9 =3
S| S
300 | 300
/ |
0 0 3
60 70 80 90 60 70 80 90
Temperature (Degree) Temperature (Degree)
SHB DP F1,R1 SHB DP F2,R2 SHB 207F, 315R
psiti Sample Sample Positive Sample Positive
T;S[tglsegs Fon 36 20 Tm - 77.50 Tm: 77.82 Tm :77.50 | Tm:77.82
900 = 900 900 |
|
[
g 600 g 600 5 600
= = 59
S| S| S
300 300 300
[
||
\ /' \
0 0 0
60 70 80 90 60 70 80 90 60 70 80 90

Temperature (Degree)

Temperature (Degree)

Temperature (Degree)

Fig. 4. Melting temperature analysis of Ultra-rapid PCRs using 5 different primer pairs with total DNA from bee debris and SHB larvae. 3.59ug
total DNA was isolated from 2 gram bee debris and 1 SHB larvae. Ultra-rapid PCRs using each primer pairs with 30ng total DNA were
performed. All results demonstrated successful amplification according to primers-specificity.

= Ao} o], 2g % Wlo] SHB §3 ¢ vhel7l &
A sl= Hl&ol gk, of 7] o A =5 total DNAE=
3.50ugol 9 on], 7+ 2314 9 Zo] AFSH
30ng total DNA 2] oF-2 8/1,000u}2] 2] SHB--%°f A
=25 SHBS] mDNA”} 3£8HE Ao, 2114 PCR
2 o] FAES 7| A E 5ol TEA|A HoE Aol

7}¢1 FH 5 SHB AA| O] H]go] o] = A =7} of
74| SHB 50| 2114 PCRo|| 2J3t HE0] 7Fs 2 A
A5t SHB &3} -5-#of| Al £-2] 3t total DNAS
17104 ¢1<5 3] A 3}o] o] 5]41H total DNAE 7] 7]
%1 & SHB 50| 2114 PCR-Z A] Y3} ThHFig. 5).

%7] 712 & total DNA 30ng, 3ng, 0.3ng, 003ng-2- A}
£3}9] © 1], SHB-DP FI/R1, -DP F2R2 primer -2 ZF

= J % PCRoJ| 4] &5 SHBE0| ¢17]
A %]:Z—]j_)_i Z25ke- kol st
A8 total DNA 30ng, 3ng, 0.3ng,
0.03ng2 7} 7] 8/1,000, 8/10,000, 8/100,000, 8/1,000,000
k2] o] SHB 3ol A =5 DNAZ} L3 Zlo s
2 A3le] Ak 10vH29] 1 nke)o] SHB f-5 AHA
7h Qrhe, 1 EAE Bold, FYH R AF
UL ALFE RiEr o] 5 SHB £©] DNAS| =2 4
&} 5, 00081F2] €] SHB 5] 4 SHB =0] 6.64
x10° B27} 25 9ok Aol 0.00081H2] o
SHB -8-==¢]| 4] SHB £-0] 137 x 10° £2}7}, 0.000081}
2] 9] SHB 30l 4] SHB 5¢] £2}7} 238 x 10* #-4¢
7}, 00000081}2] & SHB -3 A SHB 5-°] ZAH7}



[
I
40
ra
p=]
[N}
JH
i
mjo
k=)
[T
3
nE
ita)
=
[=}
m

LA

&ll(Aethina tumida)2| A3t Z4Z 7|8 FHet 129

6
5 o y=-0.2608x + 10.371
=5 R’=0.9971
=11}
3 .
= 4
é "
o 3 *
=
o}
g 2
=}
£ o
< 1
0
15 20 25 30 35 40
Ct (Threshold cycle)
*Standard =8/1000  +8/10000  +8/100000 - 8/1000000

Fig. 5. CTs of Ultra-rapid PCRs using serially diluted total DNA
from bee debris and SHB larvae on regression equation
using Crs and SHB-specific DNAs. Total DNA was isolated
from 2 gram of bee debris and 1 SHB larvae. Serially diluted
total DNA were measured as 0.008 (6.64 X 10° molecules),
0.0008 (1.37 X 10* molecules), 0.00008 (2.38 X 10>
molecules), 0.000008 (1.31x 10" molecules) SHB larvae,
respectively. Standard is indicated PCRs using serially
diluted SHB-specific DNA. 8/1000, 8/10000, 8/100000,
8/1000000 are indicated 0.008, 0.0008, 0.00008, 0.000008
SHB larvae, respectively.
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A3 21 Ward -5 (2007)] PCR2 A3 A A9 4
Z PCR HAFZ X, $-4 PCRE] 27, 27| WA
50°C 2 & 9 95°C 10 &, 7} 3] A2 WA 95°C 15%,
A 9 =S 60°C 150 2 3lo] 403] A of| o] =2

1 A9

A Bkt o= F PORAIZE 95 917
Q

221710 2k A3 o] PCRAYS AH8-3E Ao,
7} A2 5= (50°C, 95°C, I 60°C)Z o] 55| = A7t
(Ramping time)S- A &g, A-E-2 ol A =o)X AI7F

ok 627 of o] 21, PCRoJ| AF-&3F 7900 Sequence
Detection System (Applied Biosystems, USA)2] &%=
8 %5219 Tefshehe PORO) A AIZHE 53] 2412

&2

ghd, & Zido] AREE 2314 PCRE, 7] ¥4
05°C 30z %, ¥HA] 95°C 2%, &4 56°C 2%, 55} 72°C
225 13A o7 3l & 5038] 4 © =2 Genechecker™
(Genesystem, Korea)E AF2-3}91 T 0] %114 PCRO||
29 F A 18R 402 o, R A ms
Z402] 1 (152) o] Aol AR Cgt= SHL o
21 ¢l tH(Table 6).
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6). ©]+= PCR & 538 A (polymerase)7} HA] &%
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