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Abstract |

Rapid detection of Tropilaglaps, an external parasite of honeybees that lead to malformation of honeybee
or colony collapse disorder, is becoming important. But it is very difficult to find with the naked eye of
Tropilaelaps. In this study, we have developed a method to detect the specific gene of Tropilaelaps
from the hive debris and to know the number of Tropilaelaps in the hive through Tropilaelaps-specific
quantitative detection. Tropilaelaps-specific gene amplified in DNA extracted from hive debris by
consecutive PCR (1st detection, 2nd nested PCR). It could detect 10" molecules level of Tropilaelaps-
specific gene and confirm the ampilification of the Tropilaelaps-specific gene. It was possible to accurately
quantify the number of Tropilaelaps from the hive debris sample, which is difficult to discriminate the
presence of Tropilaelaps visually, through Tropilaelaps-specific detection. Under the microscope,
Tropilaelaps was collected and quantitative detection of Tropilaelaps-specific genes was performed. It was
possible to quantify the number of Tropilaelaps present in the hive through the molecules of the quantified
Tropilaelaps-specific genes. We suggest that hive debris can represent as a micro-environment to hive
and show that it can be a simpler and more accurate sample than using a parasitic host honeybee. We
expect that hive debris should facilitate the monitoring of Tropilaglaps in hive.
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o] I mm "%, 2 = o, WE 44
S 7HA A & Ao| dubA el EA o]t} (Delfinado
and Baker, 1961; Delfinado-Baker and Baker, 1982).
Tropilaelaps+= Varroa destructor®; FAFSHA 71243}
o haemolymophS Wol5o] EHol 7|§ = £2
off o]2A 3}, colony?] 4 & HAE o]F 4= U
oH(Luo et al., 2011).

AF7A] Tropilaelapsi= 47kA] Fo| Y= AR
B g Qo™ Tropilaelaps clareae, Tropilaelaps
mercedesae, Tropilaelaps koenigerum, Tropilaelaps
thaii7} EA8tct. T. clareae= A. dorsata 9 A.
mellifera®)| 7183V, T. koenigerum™@+ T. mercedesae
= Apis dorsata dorsata®| = 718ttt 231 v Q)
O, T. mercedesae= A. mellifera®| 7|/yst= A2
BuEo] Yo} T. thaii= 3|Hetof A GollA] LA =
A. laboriosa®l 713dt= Ao 2 ¥ 1% th(Anderson
and Morgan, 2007). A2 T2 4719 £E5 Fo T.
mercedesae2} T. clareae= A. mellifera®| 713 2| g2
ol Ao 7 W% o] 2} (de Guzman et al., 2017).

A. mellifera®l| = Tropilaelaps®] &7} Q14 9]
A2 S50 HAE W7t o, ozt Agt, A
U, e B w71y AR e ’\‘5101] o|27|7}A] SAt
Atk (Burgett et al., 1983; Woyke, 1984; Delfinado-
Baker and Aggarwal, 1987; Kumar et al., 1993;
Anderson, 1994; Matheson, 1996; Sammataro et al.,
2000; Otis and Kralj, 2001). ©|%% Tropilaelaps+=
of2] A oA A. mellifera®] 522 THSFHCH,
A AARCZ H2E ez AT o (OIE
2004). FH A= HE W A4t SRl HEt
ATFLZA T. clareae7} HZ2 R1EH v} 9JO1(Lee
and Woo, 1995), =YX += Tropilaelapse] E°]
A AMERE G382 AP B b gigioh

Tropilaelaps©) T3t 7]1&2] A= =2 FeHTHA A
F=°] 21 o] £+ ™ (Anderson and Morgan, 2007),
HE|A folo] Aokt THLO Hlo FSu, Eo] A
AT A8 BRI TeE0] Wasidr Ho
9] ribosomal DNA (rDNA) E+= v|EZE2oF DNA
(MDNA)E ASE A A AT50] Yel ALl
$kom], DNA®] ITS1-5.85-1TS29] 4% @ mtDNA

9] cytochrome oxidase subunit [(COI) G- A A}S AR5t
AFEo| ol BiE o] £t} (Anderson and Morgan,
2007). E3F o|3t {AAEO| Tropilaelaps® 45<
Tt b o £ A&7 E 5 9l%len, o]
A4 ot op et 1o whE A2y EXx7HA] B
THYTHLuo et al., 2011). 201390 = o 7}17] W
ZAF 716S B3l TropilaelapsE AEE 4 Y+ U
IR 2. (Pettis et al., 2013), Tropilaelaps+<=
E3E Varroa destructor®}; nR7FA 2 EH O] vlio|g A
= WA g st ALE HiEo| §lo
E’%,l"ﬂ 02 A4 FoA42 WS 2A AAE %
t}(Dainat et al., 2009). O] A& TropilaelapsE 7HE3}
= P 2 E7T 5 e PSS o AN E %
o, Tropilaelaps® HE2 874 £ IA A=
of %ttt
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=23 gkl AEshe
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FRAE
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Z2A st sk AL vl w3E 7)eol &

FEE ofele Wit WE B TUY & 9

£ 9% ulanA WEe BUe Algei, 2
W EA18k= Tropilaelaps®] Eo] F-7A ]| it F=F
24& Bl ¥F W Tropilaelaps®) 8 F2& &
0]o o

52 HoFEs Aol e Tropllaelaps'l dy
‘504—‘?—5 gelstz] ffsf BHo] e e -

do g AR 5 S-S AlASLA} St E'G]'
Tropzlaelaps.J T840 ‘:‘r—r A o L
B3| Tropilaelaps®) W21 7Fdst HEo] 78S
AASA 5t

Tropilaelaps®l A= =& % DNA ==

Tropilaelaps N &9 =72 Z7|= €42l 9
Pl A g $g o,
Y Tropilaelaps®] &S 5 = st
o139tk =A% A& 50 mL conical tubeo] Zo}

~20°Col) Bt 2 A7) g Egch ot @ A
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n| A& Z3) ERIE Tropilaelaps N &E+x= WE HOLA
DNeasy® blood & tissue kit (Qiagen, Germany)S A}
431y 200 uL.9] Elution buffero] DNAE &3},
Tropilaelaps 10} o] Z3E Eo] FHA} EXl4= ATk
o] AM&-= 31t

HEA Q-E B 0.5 g glass bead (pore size :
1 mm, Germany)”7} 591+ 2.0 mL tube®]] ©3Z, I mL
9] D.WE Yo] MagNa Lyser (Roche, Switzerland) 2
245+t E4% A|F 5 200 uL+= DNeasy® blood
& tissue kit (Qiagen, Germany)& AME3} 100 uLo
Elution buffer (Qiagen, Germany)®] DNAS &34
o, ol —20°Co|| 2@ & AF9 PCR F+F&
Z ARH U

Tropilaelaps®l £0| RZXIC| primer &H & XS
DNA &5

Tropilaelaps®] §°] FAAS] SE-2 91819 Tropi-
laelaps £°| primerE A|20] A8}t (Table. 1).
TropilaelapsS E°0]H 22 FEZ3517] 93t SH4A=
Cytochrome Oxidase subunit I(COI)Z} ITS1-5.8S-
ITS2 (18S rRNA)E AHg3tHon, ZF ARt &
o]l #7|AE2 NCBIY 528 HEE F3
A Tropilaelaps £°] primerg AA 5t A4
primers2 B9 Tropilaelaps 42| 47474 $& 4
8 4 QoH, Apis mellifera®t T2 7|AY% (Varroa
destructor, Acarapis woodi, Aethina tumida)S= A=
312 = A7IAGS 7|22 Fho] AA E Y TH(Sup-
plement Fig. 1).

E 79 HF DNAZ AMEE Tropilaelaps E°]
FHA2 A= DNAE TRy Y3 oA

Tropilaelaps®] E°| 37t $EH PCR A&
pGEM-T easy vector (Promega, USA)9] T-A cloning
stol B} DHSuF] @ A@stel Shustsict. o
BE A=3% DNAE= Z}Z} pTro-COI 256, pTro-18S241
oz HHstH o™, o] &2 sequence &4 (Bionics,
Korea)d}l9] 7]& Genbank®] A E2} H|W3}4] sequence
9] homologyE #4383} t}. pTro-COI2569] 44
H Tropilaelaps COI 7} (256 bp)+= Tropilaelaps
mercedesae (Accession number. KY865195)2} 98%
(250/254 bp) 2 7Y &< 43S s E
3}, Tropilaelaps thaii (Accession number. EF025452)
2} 86% (222/257 bp), Tropilaelaps clareae (Accession
number. EF025464)2} 86% (221/257 bp), Tropilaelaps
koenigerum (Accession number. EF025449)%} 83%
(213/256 bp) 2 4%2] AFAL 325k}, pTro-
1852419 AUE Tropilaelaps 18S A=} (241 bp)
= Tropilaelaps mercedesae (Accession number.
KP774529)2} 99% (241/242 bp)Z2 7H &2 AFA
S eIt} 3L, Tropilaelaps clareae (Accession
number. AF544013)} 99% (240/242 bp), Tropilaelaps
thaii (Accession number. EF025477)2} 98% (236/241
bp), Tropilaelaps koenigerum (Accession number.
EF025475)2} 95% (230/241 bp)Z 4F2] A5A4S &
AstATE F7IA LS &4 ARE Tropilaelaps 5
o] A9 Az DNA= Tropilaelaps mercedesae
2 3T 4 AU A= DNAY F7|MES 42
accession number MH719215 (COI), MH725269 (18S)
2 Genbanko] Aj20] =2t} H = %3 DNA
= —20°Ce]| H@sie] A Q79| < DNARA A}
g=igict.

Table 1. Information of Tropilaelaps-specific primer for specific amplification

Target Using Name of primer Sequence of primers (5—3") Reference
Detection primers Tro-COI-F GGAGCCTCAGTTGACCTAAGAAT
Tropilaelaps P Tro-COI-NR GTAATAGCTGCTGCTAGGAC
(COI) Nested primers Tro-COI-NF GGATTTTCTTCAATCCTAGGAGC
prt Tro-COI-NR2 TGGTAATCTAAGTAATAATAAAATTGCTGTGA
This study
Detection primers Tro-18S-NF TGCTTTTCCATTTAACTCGTGC
Tropilaelaps p ) Tro-18S-R GACACAAGGCATCCATGCTG

(18S rRNA) Nested pri Tro-18S-NF2
ested primers Tro-18S-NR

ATGGAGAAAAAAAAACGCATCAGG
TCACAACTCACATCAATTTCCAC
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HXIo| A= =l

Tropilaelaps 0| &

Tropilaelaps °] FRAS] Aol A & Ao
AHEE Tropilaelaps £°] primer =2 A&
0 4 HIME BASAT E DNAZA AL
" Z} Tropilaelaps E°] FAA9] AQ=2g DNA=
10X 10° EAE 10x 10° 247 A4 543}e]
Tropilaelaps £°] PCRE| FH o2 AL ARE-
% PCR 7]7]+= GENECHECKER™ (Genesystem Co.
Ltd., Korea)E AR89 ™, 2 x Rapi : Detect Master
mix (Genesystem Co. Ltd., Korea)E& AR-3t & 10
pLE 2435 PCR 2712 Pre-denaturation 95°C,
30% ©]3%9] Denaturation 95°C, 1% - Annealing
58°C, 3% - Polymerization 72°C, 1£& 1 cycleZ 3}
o, & 50 cycles 35T} Tropilaelaps £°] PCR
o EA4E A4 3149 FF DNAY Crit= 53l
ZF IS Akt A IAAS A FHeR
B 1Z} Tropilaelaps £°] PCR A& T3l 44
Crit& W3t Tropilaelaps 501 7349 ZAE
geshe ol AN

Tropilaelaps 0| X XI0| &1 2|3t nested
PCRO| Mg

12} Tropilaelaps £°] PCROJA E0]&Q HEo| &
A=A 2 PCR A=l A= 2Z} nested PCR
S A83to Tropilaelaps 0] FRAALe] £AE &9l
&} 3FIct. E3L, 12} Tropilaelaps £©] PCROJA]
Zo] &21% PCR At=o|%= 2%} nested PCRS &
8to] Tropilaelaps 0| FAAE A&l stLzt st
T}, Nested PCR 12} Tropilaelaps £°] PCR At
== D.Wof| 1008 A% H, FHoz2 ARSI
Nested PCR A& Pre-denaturation 95°C, 30% 9|
%o Denaturation 95°C, 1%-Annealing 58°C, 3%-
Polymerization 72°C, 1Z%& 1 cycleZ 3}, F 50

cycles 35131t}

ol

oo oY,

24 A\IEZ5H Tropilaelaps®l E0I
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R 38

o WA $1E FUESA 42 DNA

]

FE513 o, ol FPLE ARSI Tropilaelaps
Eo] PCRE 233} th £ 9] Total DNA U A3}
+ Tropilaelaps 5°] ALY A4 A= &3l &
H U 2R3}= Tropilaelaps®] 45 counting <213}
w3} Sict,

1X}Hoz B A2 Y Tropilaelaps®] EAE 3+
Au| st o2 A |sITh. #2E Tropilae-
laps+= HobA W=E 10ut2] Q] Tropilaelaps©| X DNAS
FE39 oW, Tropilaelaps £°] A% PCRS E3 10}t
gof] A5z Eo| f-Axe EAE At 19}
2lof| 2235 Tropilaelaps E°| AR EAE 53l
B Y ER5}= Tropilaelapse] 5 counting® <+ QL
At

Zt B9 A|2oA :E%H DNAE AHEg Tropilae-
laps £°] PCROIA 53 E Crit= A5l & DNA
o 23 Tropilaelaps 5] FAAY] £A445 ALt
0], ARVE BA%} Tropilaelaps 1912}0] S5
= 5o 347 #AE vlwsto] B9 1 gof xgHd
Tropilaelaps®] vF2|5~E AFE 4= AT

HHozHE &% DNA €9 1 uLol|A Tropila-
elaps £°] A% PCRE 53 SHH Tropilaelaps E°)
SRR Y] B4 & DNA €94 100 uLoj] Zgd &
EAE ALbsn ol AHEE B & I mL 5
200 pLof| ZFHE FAFo|m, thA] F ¥ -8 1 mLo|
Z4H EAE ALLsTh ASH SR Tropilaelaps
1upg]o] sjFst= A4S Hlwste] S 1g &
Tropilaelaps 2] 7AA|<= (unit/g) & AAFE = AUt

=PI gn

Tropilaelaps £0| X XIC] HE3H| =l

E Ao A A Tropilaelaps £°) primer A5
9] AEIHAS st} Tt Tropilaelaps £0)
COI ¥ 18S F4A}+9] detection primer®} nested prim-
er, & 449 AEIAE A% 344 Tropilaelaps &
o] &% DNAS &3l E<lstalon, COI 18S A}
9] detection primer2 5ZEA|Z] Tropilaelaps £°] &
DNA9| Crgt= B3l A% 3AA ¢ JHASE &
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Fig. 1. Detection limit and quantitative regression equation of Tropilaelaps-specific gene. This shows the detection limit and quantitative regres-
sion equation of Tropilaelaps-specific ultra-rapid PCR. Recombinant DNA of each gene was serially diluted from 10° molecules to 10° mol-
ecules and used as a template. A and B represent detection limit of Tropilaelaps COIl-specific detection and nested PCR. C and D represent
Tropilaelaps 18S-specific PCRs. E and F represent quantitative regression equation of Tropilaelaps-specific PCRs, COI and 18S gene.

skt

Tropilaelaps E°) primer H52 10° 22} =20 ot
2 B A& 7Fsstged, col ¥ 18S 317}
Eo| ¥Z DNAZYRE ZXF 7} Crgte 3 ¥
A @ e dojuglon], AL 22t
0.99587F 0.99512 =2 AL 3Feld 4~ 9t
(Fig. 1).

Tropilaelaps 0] FAXS] A=k 3 PAL AlA|

=

of

HARRRE S

=
PCRE B3l 549 Cratd st Tropilaelaps &

H DNAZRH Tropilaelaps E9|

o] A BALE AAFSHE ) AHEEIIT,

d
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o
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Japan)& AMESt] EA1E ERI8H4TH(Fig. 2). Tropil-
aelaps= 53¢ o2 SIS 2517 vl AE3
on, uF FoAE I EHE 37 v ojH K
TS EHY 78F Y SofETE B A2 7|2
Q13| TropilaelapsE 2= Z o] AJH KT} Tropilaelaps
9] 37)1= B 299}t v|wsted, 0.51 mm X 0.90 mm
2 SR dnlF st B A RRRE EAE
BRI3t Tropilaelaps N B EokA 1utg]e] 3gsh=
Tropilaelaps 5°] FAAFS] B2 S +HsHST

Tropilaelaps 10T}2]| A F&3F DNA+E 200 uL
9] Elution buffer (Qiagen, Germany)l] %2, o]
% 1 uLE AHE3tY Tropilaelaps £°] PCRE& 3
3T, Tropilaelaps E°] PCROJA &AH ZF Crgt
(26.09/18.23 cycles; COV/18S gene)= Tropilaelaps &
o] A7) ZF H7F g Aol tiYdste] Bo] xRt
S FSAT 1L B -4 3.0x10%(COD),
9.9x10° (18S) EA}=0]H, 200 Lol % 6.0 10°
(COI), 2.0 x 10° (18S) E-AF7}F EA)5}H, 1ute]of] 245}
£ fA2F = 6.0x10° (COD), 2.0 % 10° (18S) EAR=
2 A= gl

2 \IS 25 H Tropilaelaps E0| ST X0 M
e

Zy B o2 HE FE5H DNAE Tropilaelaps 59|
PCRE 35t Fo| fAAY] BEA+E AT

A 7 g A R2EE SHH Crgl2 EF DNA

of oJs) AAE 2z} Tropilaelaps Eo0] FAALQ] A
3 AA N dUsEA Tropilaelaps E°) FAAL] EAl=
£ ATt B3 S A 28R ol A E
Ao % 2 S H88t Tropilaelaps 5°)
AR} g Y53

Tropilaelaps £°] PCRS 3l £213 $~¢of A
A B9 A7 BFoA Bo] AV HEES
QI8tH o, Z+ Tropilaelaps 5] F7A PCROA|
BE Cr 32 BF Aol dYste] Fol FHAY
A Aol 7Hestt. A4te fAA 2R
Tropilaelaps 1°t&] ol s Fsh= FAR} =2 A4lsto]
B 1 g EA51= Tropilaelaps®] 5 counting®
4 Q%I (Fig. 3, Table 2).

T ARG ofYzg dF B AAAE
Tropilaelaps £°| A7} SRAE GO, of-¢ &L
Fo| Eo] At AT HEEO oF T2 W
dHt 5 9 Bl A9 DNAZRE FZ5 PCR
AHE2 2% nested PCRO] A-g3to] 1 FZAEE A
sRlstg o, A9 Axet o) vg B FF
A & AHEo T 285t Tropilaelaps®] S°] F4
28] o RE ZRlstgitt.

2 AoA HojRes A2 22 HaolA A
L A A T ATE SIstelen, B Al
v B AFEY Tropilaelaps® EAE A3 +
719l o At Algolw, HE9 &7 4517l
o 2 A& B

AN foh %

Fig. 2. Observation of Tropilaelaps under a microscope. Tropilaelaps and Varroa destructor collected from same hive debris were compared in
size under a microscope (Olympus; SZ61, Japan). A: Hive debris, B: abdomen, C: dorsum. The left is Tropilaelaps and the right is Var-
roa destructor. The magnification of the microscope were X 13.4 (picture A) and X 30 (picture B, C). The size of Tropilaelaps was 0.51
mm of width and 0.90 mm of length.
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Fig. 3. Detection for Tropilaelaps-specific gene from hive debris and adults. This shows the results of the Tropilaelaps-specific ultra-rapid
PCR of DNAs extracted from hive debris and honeybee adults. The Cr values measured by Tropilaelaps-specific PCRs were assigned
to Tropilaelaps-specific quantitative regression equation and the molecules of Tropilaelaps-specific genes could be quantified. A shows
the fluorescence graph and the melting analysis of Tropilaelaps COI-specific PCR. B shows the Tropilaelaps 18S-specific PCR. Positive
Tm value of COI-specific PCR is 75.41°C and 18S-specific PCR is 77.68°C.

Table 2. Tropilaelaps-specific quantitative detection of from hive debris and honeybee adults

Tareet Samples Cr values Tm values DNA molecules Count of Tropilaelaps
g P (cycles) °C) (molecules/pL) (unit/g)
Yongin 33.55+0.97 74.75+0.16 3.1x 102 0.51
Suwonl 3434+562 74.80+0.40 1.8 % 10 031
Hive debris Suwon2 26.88+331 7491+027 22x10* 36.18
Suwon3 32.63+833 75344031 55%10? 092
Suwon4 28.03+3.87 74914027 1.0x10* 17.36
cor Jeju 10.08+2.17 0.00 - -
Honeybee adults Suwon 42.10+4.80 75.56+0.98 - -
Yeosu 4331£3.00 75.23+0.97 - -
Positive 13.34 7541%0.16 1.0x10° -
Negative 37.99 76.85+0.80 - -
Yongin 29.84+5.10 77.02+0.48 13x10° 001
Suwonl 25724125 77.18+0.46 2.1x10* 0.11
Hive debris Suwon2 21.16+0.86 77.18+£0.46 49%10° 245
Suwon3 2593+4.15 77.72+0.40 1.9x 10* 0.09
Suwon4 24.79+4.61 77.18+0.46 4.1x10* 021
188 Jeju 37.82+9.84 7734+0.16 55%10° -
Honeybee adults Suwon 35.14+4.19 77.07+0.40 3.5%10! -
Yeosu 40.19+1.50 76.20 +1.40 - -
Positive 12.44 77.68+0.16 1.0x10% -
Negative 34.38 76.26+£3.05 - -

24 AIZ0IMOI Tropilaelaps E0| &
23t nested PCR

IOl golg

—

B AR A Tropilaelaps E°] AR EAE
215k}, 12} PCR 4AHE9] 23} nested PCRES &
5ty Tropilaelaps E°0) SRAAE 31514} d14iTh.

Nested PCRS] &2 7} 12} Eo] PCR AHEL D.W
o 1008 3]A5to] ARE-SHETE.

12} PCROJA] F&o] ZelH 2 AR DNA i
ZA3l= Tropilaelaps E°] COI ¥ 18S A%} 25
22} nested PCRES £3f 71 ZZ B2 t}A] I8 4=
ARen, SZo| HA| AUAY w|F Tropilaelaps
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Fig. 4. Confirmation of Tropilaelaps-specific gene amplification by nested PCR. This shows the results of the Tropilaelaps-specific nested PCR

of primary Tropilaelaps-specific PCR products. Nested PCR could detect to a tiny amount of Tropilaelaps-specific gene and confirm the
amplification of the Tropilaelaps-specific gene. A shows the fluorescence graph and the melting analysis of the Tropilaelaps COI-spe-
cific nested PCR. B shows the Tropilaelaps 18S-specific nested PCR. Positive Tm value of COI-specific nested PCR is 71.90°C and
18S-specific nested PCR is 74.98°C.

Table 3. Confirmation of Tropilaelaps-specific gene amplification by nested PCR

Target Samples Cr values (cycles) Tm values (°C) Detection judgement
Yongin 13.13 71.67 +
Suwonl 12.25 71.67 +
Hive debris Suwon2 11.44 71.67 +
Suwon3 12.16 71.99 +
Suwon4 12.21 71.67 +
CoI Jeju 40.12 71.67 +
Honey adults Suwon 14.19 71.67 +
Yeosu 12.15 71.34 +
Positive 13.18 71.90+0.24 +
Negative 0.00 0.00 -
Yongin 746 75.56 +
Suwonl 8.21 75.23 +
Hive debris Suwon2 8.20 75.56 +
Suwon3 742 75.88 +
Suwon4 7.39 75.56 +
188 Jeju 33.79 75.23 +
Honey adults Suwon 742 75.56 +
Yeosu 17.80 75.23 +
Positive 13.23 7498+0.14 +
Negative 42.82 71.83+£2.06 -

o] FHA7 AEEHd B JAQ] DNAJAE 2
2} nested PCRS 53| Tropilaelaps E°] FAA}S] &

A5 g1 4= 93tk (Fig. 4, Table 3).
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Supplement Fig. 1. Sequence analysis of Tropilaelaps-specific gene for design the specific primers.
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