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Abstract |

Tracheal mite (Acarapis woodi) is an internal parasite that is parasitic on the bronchus of adult bees
and sucks fluid from the trachea. Since its first report by Rennie, it has been spread throughout Europe
and in some Asian regions, with adjacent Japan and China reported in 2011 and 2012, respectively.
Korea detected specific genes of A. woodi in 2015, but only one of 99 samples has been identified
and the being of A. woodi has not been confirmed. In this study, we established a specific nested PCR
method to confirm for detecting low-copy number of A. woodi-specific gene in bee samples. As a
result, A. woodi-specific COI gene was amplified in 15 of 23 samples, and they were judged positive
by melting point analysis and sequencing analysis. Although we could not observe the existence of the
mites in bees, our results suggest that tracheal mit might exist in nature.
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7125l (Acarapis woodi)= 19199 F=19] £}o| 20116, 2L 201240|| 7]ELojo] ZA7} B1E

EMoA Edo] HArE o Lo, A 7S
1921 Rennie®)| &34 Tarsonemus woodi®] 4L
% Acarapis woodiZ HF 1t} (Lindquist,
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71&sNe AEE B (Apis mellifera) 4A|9] 7]
0] AehL, 1L Folx AL weov ]
Ast= WE 7)Aot Zo] 125~175 pm, YH]
60~84 um=, BH-§-of (Varroa destructor) 37]2] <F
1120 =0t} o]52 Y A WA 7|2 JY
st Agsirtrl, g ARES 98l 1247 &4
9] 7|1ZL g o|Fdtth YA 7|2 5~79 &=
3, JA7F H7)71A] oF 208 0] 48 FTh(Pettis and
Wilson, 1996). 7| &£-&ol= EH9| 7| &S 97| i
of HgIFolUY HE FFshe Aol ik Hsfis)
I, HE Al R vtolg Ay B w24 &
€% o Uk E3F A4S E9 AHS EHY 1
= £0]3 B9 oFgt 9 A4S op7|ste] A= F
9] AP o]&th(Sammataro et al., 2000).
itz o2 Fofo FQlof gt 7HE dukE el A
WS FEjeH Aotk (S 5, 2015). 53] 7l

£ ARE E olsS AQdstd 71 Weollvt £
517] wzofl, B9 7|E2 wEste] 24 o RE o
o = ok B 7|22 koA Heek A |
A o] e 2Pt =Ry, o] BEs sjREn
Zdolut AAANE& AMEshe] AR (Sammataro,
2006). L&} o] Y-S Au|H o] AR AEst
I AEHQ Halol Bashy] g B 7HHsta
et 24 o] @ E i

Polymerase chain reaction (PCR)H #A| <J5H3]
AT 9 A B Adgor SEEHL Y
Adyioltt. 212y 135 X3sh= YRbEQl PCRS
10084} o]ste] 22 FFof tisjA FFo] oHaL,
FEZHY stejete FE90] nlu|ste] weo] X33t
7357F dAgiTt. o] Besty] $15ke] 12} PCR AF
EL $3 207 AP} nested PCRHS Z-EA|FTH

2 dqte EHAAL BHE o83t 73l
Eo| FAAE FAsA, 71281 Fol A=
FH31E PCR 7|59 $HA AAPES DASHAC,
Nested PCRYI-S: F0]2] 23o] aj M= 22 4
o] NIl FeE SHoA RS 7HY o] B
He 3% 7|53y AAI7E EIsis o SRt
A AREE o Sl WEL AR gl Y&
7|t vloltt.

o

SAAE

XNSE Y AA (Apis mellifera)$t 5 (Bee
debris)> 77|= 49, ZdE 75, A& BE, Ad
BA &AL AF 5 A 117 Ngozly +HES
o, £YE A ZEL —20°ColA Esim 2 A
of| AR&-5}F3IT.

JIZS0H XXt & X Recombinant DNA XI&}

HEF DNAE ARESH7] 9l5te] 7|89 So] &
AAE 453t Genbankol] EilE 7|3
AR} ZF, n]E2ZE 2o} DNAS|| $J%|3}= Cytochrome
oxidase subunit I(COI) A A} (Accession No.
HQ162656)E 7|22 AT FAE AA s
AT 7183l COI F-AA= 299 bp 27|15 7HA|H,
AW-2992} HE5F3ITH AW-2999] /S 215t 671
9] long-nucleotideS A5} (Supplement table 1)
FB A2} 2L (Bionics, Korea), 3BAIE AA 34
= T8

ESH AW-2995 HAG =23 DNAE A2sto
pPAW-COI299¢]2} FHstgon, §AE A7I4EY
sequencing £4]& 2]} (Bionics) 7|30 1L
fr FARAE HA g ¥ 8IS

JIZ 20 HEE {48t 50| detection primer &
nested primer &H|

Negolel So| $uRE A2 AT o
primer %2 AA|517] $5F], NCBI (National Center
for Biotechnology Information)®] Primer-BLAST &
2IaHS ARSI B0y & £ 78S
EHZ, ZZ7ALN (Tropilaelaps clareae)] A
o 7R 4 AT 710 So|Hes Fa
4 0+ detection primer (AW-COI-F/R) ¥ nested
primer (AW-COI-NF/NR)E A A3} th(Table 1).
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Table 1. Primer sequences of A. Woodi-specific detection or nested primer pairs

Name of primer pairs Sequence (5'—3")* Amplicon size (bp)
Detection primer AW-COI-F CTGGTTTAGTTGGTCTATCAA 209b
clection prime AW-COI-R CCCTGTTCCTGAACCTTTTG P
Nested primer AW-COI-NF CGAATAGAATTATCAATTCCATCC 217b
P AW-COI-NR TTAGAGAGGATAATAAAAGTCAAAATC P
*NCBI Accession No. HQ162656
JIE80H £0I detection PCR % nested PCR| 1.5% agarose A7|QE5 o8 BA3t5 00, 72} DNA &
X™MxXAH ZAHE 9] densityS Image J program S 2 Z%J31o] z}

X717 fste] 71280 5ol
o 50| PCRY E42&

E0] detection PCR ¥ nested PCR
—4 “‘Oﬂ/ﬂ detection primer®} nested primer2] %%
FEE F317] st 2+ 7| &3 §© primer %9
FFTFEE 0.5 uM (5 pmole/pL), 1.0 uM (10 pmole/
uL), 2.0 uM (20 pmole/uL), 4.0 uM (40 pmole/pL)L
2 24313}, Genechecker™ (Genesystem Corp.,
Korea)7|7| & A&, A =& DNA pAW-COI299
1.0x10* BEAE F3 22, 2 xRapimix (Genesystem
Corp., Korea)ol| 2t F%=2] primer 42 o] W3-
T % 10 L7} H=S 245t 21%& PCRE 49
Sttt o]uf detection primerE ARE-$H 2114 PCR
Z7AL Pre-denaturation 95°C 30% £, Denaturation
95°C 2%, Annealing 55°C 2%, Extension 72°C 2%
£ lcycleZ 3} F 50 cycles©] 2™, nested primer
£ A3 2314 PCR AL detection PCRIF &
A3t} Annealing =5 50°CE 3lo] ®ESAIHTH
ESE 7| E-&ol E9] detection PCRTI} nested PCR
o 33 BHew 242 Togt. LU PCR
(Temperature-gradient PCR)¢| 73t 717191 PTC-
200 Peltier thermal cycler (MJ Research, USA)E A}
&3kl 55+10°Co] =94 ZF PCRY &47}
T =5 FESH 7 v A2 DNA pAW-
COI299 1.0x10° BAE FFo =2 AM3I% T, 2zt
9] E0] primer ¢ 5% 1.0 uM, TOPsimple™
DryMIX-HOT (Enzynomics, Korea)S ARE-3}o] 2|
% 20 uL PCR ¥Hg-Ho] Hg /A3t 4=

primer 9] £47Fs 25 FESIHL, o] A&
%114 PCRe| -&-5to] HEFsH3iT.

Detection primer (AW-COI-F/R)E AME-gt detec-
tion PCR-S AL 52°C, 54°C, 56°Coll A 43311
on, 7} ke & A 23 DNA pAW-COI299 1.0 X
10° BARE 1.0x10° A7 E P2 Ag38kY
1, Eo] primer? FFsT+= 2.0 uM, 2 X RapiMix
£ AMg3te] 2% 10 pL PCR BHs-do] HxE 24
39t PCR A& Pre-denaturation 95°C 30% ©]
%, Denaturation 95°C 2%, Annealing Z+ 52°C 54°C,
56°CoJ|A] 2%, Extension 72°C 2Z& 1 cycle2Z 3}
o] F 50 cyclesZ 4835} t}. A, nested primer
AW-COI-NF/NRZ ARE-3t nested PCRS TA2:
50°C, 52°C, 54°Co|A 438sl5 21, PCRY 242
nested primerE AMSSH RS At 7| E5ol &
o] detection PCR¥} A3t 2A35t%th PCR 24
2 Pre-denaturation 95°C 30% o|Z,
95°C 2%, Annealing Z 50°C, 52°C, 54°CoJ|A] 2%,
Extension 72°C 2Z5& 1 cycleZ 3} 3 50 cycles 4=

Aot

Denaturation

JI220H £0I detection &

=X
o

nested PCRC| A= SHA|

SuE HH2A solx, 718 go] So
PCR1} nested PCRY AEIAE =
o] 2§23 DNA pAW-COI299Z 1.0
10><100 HAMA| A4 3| A4% Zﬂg —71‘—
o, 2xRapiMix®} Z} primer
0}04 % 10 uL PCR HFgO 2 % gs}giu}. 27
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3

=

3.9 Ct (threshold cycles)
2 Tm (mid-point of melting temperature)%t2t 5+
E27E9] 3] 4] (regression equation) H AA A4

R)Z SHlaieit.

4 PCR2 7 37 EALEA F S0cyclesE AF
]_
U

SAAEZZRH JIZS0H S

FRE ANRESS AR FolAY LE9HA 4=
5 5% ol e HA FARE FEshleH,
DNeasy Blood & Tissue Kit (Qiagen, USA)2} 24| &
2(LN)E AHEE 54 542 53 DNAS 53191
o BN R GE AAT A 1HEE, SN EE
100 mg< 1.5 mL YAE o Y1 1.5mL A&
¥ € homogenizers *}*9*0}04 43 &, A zA
oA Atel= Z2EZFE whet DNA &2 W33}
Aok E3 GHE AATT EHAIRS B¥ 100 mg=
1.5 mL YAEg o] Y3 100 uL D.W.S E715H &
homogenizerg Ar&-sto] &4, AA A0 F71A s
of 187F BT AL 2ol SEL FAet0] =9
T}, 0] 13,000 rpmoA] 187+ YARES T AFSo
1.0 uLE 7|25 o] detection PCRE| Z7|7]4 =
R CECTLECR ERE PRI
ST RGO AYZXIDNAS A% T

71880l £9] detection primerE ARE-gt 1X} PCR
2 XRapiMix, FF5E 2.0 uM2] detection primerE
ol Bk 10 pL7}t =8 245kt 2314 PCR
Z7-& Pre-denaturation 95°C 20%
95°C 2%, Annealing 56°C 2%, Extension 72°C 225
1 cycleZ 3} & 50 cycles®] 2114 PCRE 3314
o}

o|% 12 PCR $Z4HEES 2424 1/1,0002 3
X5}o] nested PCRY Fo g2 AL oM, 2%
RapiMix, F5E 4.0 uM 2] nested primers 2] ®F
53 10 uL PCR Bhg-Ho] =& 2453 oju,
Z7L2 Pre-denaturation 95°C 20%
95°C 2%, Annealing 52°C 2%, Extension 72°C 2Z&
1 cycleZ 3} F 50 cyclesZ nested 2114 PCRS

% Denaturation

2 Denaturation

Y3t 2vh= Cgkd Tmgke] via 2 248 5
ste] 7150l 5ol AR et AR =S A
sttt

24
=2

=

S

JIZS0H S01 FMX &y 21t

715 £°| long-nucleotideE= A O2 Ab
&3t 2F 299bp 2719 7]&ESof Eo] COI A
2} Ao HE 3Holsith. AW-COI-FI/R19| 9J3t =
ZAHES 112bp A7]5 7HAAL, o]F FFLE AR
skl F2/R200 el AlHA| ﬁ% o= 214 bp, ZF3
© 2 F3/R390| 23 A= S o 299bp 27|15 7}
A= AL &2lslth(Supplement Fig. 1). TA4H
AW-2997} A pAW-COI299= AH-Z3]A} Bionics
o sequencing 24 9Fslgon, o= P
Accession No. HQ1626563} 100% YLx|3HS 32135}
%t} (Supplement Fig. 2).

JI2201 £0I detection PCR % nested PCRO|
g P Py |
Z114 PCRY | H&A]7]7] S8t F 29 71850

59| primer?] ¥4 F=E FH7] 95t 0.5 uM,
1.0 UM, 2.0 UM, 40 pM 2] HZEE 2 248t 21
2 PCRE A H3HATH(Table 2).

o|gHoE Zaoln|e] BEs} £L4E EAH
NN FYrleh B 5 9t Zeoluiel 47t 27
S HE2, et 8E ZEo] 7ksste] BE Cigho]
24}, Te A4 ABHE AL Zejold
of B4l tet el FE} glonz, 24
Z} == Cigk ¥ FE$934 2182 melting graph
o4 WS H S pitg molx] gk 2AL AF
23 AAs9 pAW-CO 1299 1.0x10® &2}
FHOZ AMEPYE ], detection primere= 2.0 uM,
nested primer= 4.0 uMo|A| 7} WE Ctgta; &2
HEFAES TP AL BAT % o] olE % 7]

F-2of] £o] primer?] 2|ZzAoZ Y3}

ue o
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Table 2. Summarization of data following concentration of each primer

Detection primer

Nested primer

Final concentration

Ct(Cycles) Final fluorescence Ct(Cycles) Final fluorescence
4.0 M 12.86+0.46 31550+ 17.16 12.63+0.94 269.50+13.18
20uM 12.62+0.58 276.25+8.85 12.71+£0.93 269.50+6.95
1.0 pM 13.44+0.61 241.50+8.89 14.06+1.33 24525+8.26
0.5uM 13.93+0.08 216.75+19.10 18.17+1.83 210.50+16.98
Tm values (°C) 72.55+0.34 71.94+0.81

Table 3. Summarization of data and detection limit of A. woodi-specific detection PCRs at each annealing temperature

Annealing temperature (°C) Ct(cycles) Final fluorescence Detection limit
52 10.73+0.58 203.3+27.10 1.0x10%
54 10.63+£0.47 200.0+16.52 1.0 102
56 10.78+£0.25 178.7+14.22 1.0x 10"
Tm values (°C) 72.09+0.38

Table 4. Summarization of data and detection limit of A. woodi-specific nested PCRs at each temperature

Annealing temperature (°C) Ct Final fluorescence Detection limit
50 1127+1.04 182.3+16.92 1.0x10°
52 11.03+£0.52 194.0+42.67 1.0% 102
54 11.92+0.66 194.7+£24 91 1.0x10°
Tm values (°C) 70.72+0.30

Detection primerE AR 2714 PCR Z3}, Al
AE A 2 EoA vy g FFAEO| T
= glom, 52~56°Ce| H{oA @2 PCRANEC] A
A=) 9Tt o]& vlE o 2 detection PCRE SALE
52°C, 54°C, 56°C9| Ctgt ¥ 333, A4S
7L 2 st A S LS WHSHSIThH(Table 3).

Detection PCR-Z 54°CollA 7H w2 Ctgl 714
L RS FAT S At HEYHRS 2E EHL
ToflA & Aol7t e, HE A= 56°CoA 7}
% $ate Glstdlch. Hehy S6CE TlEgel 5
0] detection PCRE] 2|3 A2 AAS}HT}

3HH, nested primerE ARE-8F 2= PCR 60°C
ojgtof| A 1 E FEANEO| BEE L, 50~54°CY] =
T HeoA Hoh @2 PCR 4kzo] A G o] &
E & nested PCRE &4 50°C, 52°C, 54°Co]lA]
Ctzk 2 F333%, HEMAE 71222 FF9 &
A2 =5 53T (Table 4).

Nested PCRE A= 52°ColA 7H8 W Cigh

< 7Hl= Ao 53 AETAE 7HRIthaL west
GO, 52°CE nested PCRE & 27 AH

=g

7] &-Zof] £0] detection PCRE primer &% % Z+
20uM (BF55E), T2 E 56°Co|lA, 181 7| &5
of £9] nested PCR primer &5% 4.0 uM (25
FE), 2% 52°Co|A wE Cgt} =2 HETA
£ 7H= AL AT EH, Z} primer Aol 23t =
14 PCROJA HAHZA SR ARSI

JI220 £0I primer?] A=3H| =H

5 &9 7185l Eo] primere] YA EE FH7}5}7]
At 249 2H A= 9 primer FEAA A
%3 DNA 8L 1.0x 10° B&2E 1.0x 10° 2247t
A A< AT AL 234 PCRY FFPO 2 ALE3}
Fom, olo gt HEA 9 S SHsHAT

(Fig. 1, Supplement Fig. 3).

_(
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Fig. 1. Detection limit in each A. woodi-specific PCR. Each ultra-rapid A. woodi-specific PCR was performed at optimal condition. pAW-

COI299 as template was diluted from 1.0 X 10% to 1.0 X 10° molecules/PCR, respectively. Panel A show detection limit for A. woodi-spe-
cific detection PCR. It was calculated regression equation (y = —3.4446x +38.072) and regression coefficient (R*=0.9984). Panel B
show detection limit for A. woodi-specific nested PCR. It was calculated regression equation (y = —3.0398x +35.935) and regression
coefficient (R*=0.9964).

S1, 83,85 ¥, Y2, Y3,
900 S6,S7, S8 YS1,YS2,
B, 11
=
E 600 5
° 5
N
300
\ — S2
0 T T T T T T T
60 70 80 20 70 90 90
Temperature (Degree) Temperature (Degree) Temperature (Degree)

Fig. 2. Detection of A. woodi by A. woodi-specific detection PCR. Samples of DNA extracted from each region were used as initial template

and performed by A. woodi-specific detection PCR. Panel A, Of the eight samples, S4 was only specific amplification. Panel B, Of the
eight samples, US was specific. Panel C, Of the seven samples, MI and G were specific. The four samples were measured to have val-
ues similar to the Tm value of standard DNA (72.10 £0.00°C).

7128l £ detection PCRE 1.0x10' &2} o} 2 Ve w2 AFAE 7HIE BoFUAch Tmke
o] A X o] 7153 HoFQo) Cghyt =3 B} 70.70£0.22°C2 =4 = %t} (Supplement table 2).
5 ARL3 3 Ale y= —3.4446x +38.072= AATE]

o, olo 2 AAAFE R*=0.99842 YER} &

SAMASZERH JI2S0H S0 |FMI A=

L AFAS HFTh TmIEE 72.10+1.04°CE =

A= et 7128 o] nested PCR EFF 1.0x 10" & Y 117 G 3" 7| ELo) 7 94 &
A olifo] AFAHor FEAS ISt Cigtat = H AT L FHCERE FE3 DNAE 7183l &
g B2 5 AR AL y=—3.0398x+35.935 o] detection PCRY] 3 o 2 A}8314t}.

2 A4dEgen, ojd g AAYAS= R*=0.9964 ZAHEH, 7525 50l detection PCROJA = S4,
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Table 5. Summarization of data to A. woodi-specific gene by detection PCR

The name of samples The collection site

A. woodi detection PCR

o Quantities
Ct(cycles) Tm °C) (molecules/uL)

S1 Adult Suwon 33.67 76.68 -

S2 Adult Suwon 7.17 77.34 -

S3 Adult Suwon 32.84 76.68 -

S4 Adult Suwon 33.57 72.10 1.3x10°
S5 Adult Suwon 748 76.68 -

S6 Adult Suwon 33.47 77.34 -

S7 Debris Suwon 3349 76.68 -

S8 Adult Suwon 33.65 76.36 -

Y1 Adult Yongin 40.49 7701 -

Y2 Adult Yongin 3591 7701 -

Y3 Debris Yongin 42.59 77.01 -
us Adult Uiseong 31.96 71.78 1.8x10°
YS1 Adult Yeosu 39.66 76.68 -
YS2 Adult Yeosu 36.81 7701 -

B Adult Boseong 37.69 77.01 -

11 Adult Icheon 38.02 77.34 -

Ml Adult Miryang 41.72 72.55 1.1%x107!

C Adult Cheongsong 0.00 78.49 -

12 Adult Icheon 0.00 0.00 -

G Adult Gangneung 30.73 71.89 2.1%x10°

0] Adult Ulsan 30.73 77.17 -

I Adult Jeju 39.75 0.00 -

2 Adult Jeju 0.00 76.84 -

Average Tm value (Positive control)

72.10+£0.00°C

Average Tm value (Negative control)

75.61+£0.34°C

Total Reaction time

18 min 6 sec/50 cycles

US, MI, G 47 Al&|A] PCR FZo] TEE T} o
2 #Z DNA (pAW-CO 1299)¢} §AFSH Tmge
o (Fig. 2), 171950l &% PCR AH&9] 7]
o = FF DNA2] PCR AH=(299 bp) T} -AFSH
2715 EQTHAFE BAAD.

gHH, 7]1&3° £°] detection PCR ZAItof|A 7]
E5o) Bol 827 $Z4 S4, US, ML, G Ctgk
< 3|4 y= —3.4446x +38.072 (Fig. 1A)°l] 3t
o, Z} Algoll= pulg 1.3x10° 22}, 1.8x10° £},
1.1x107" B2} 2.1 x10° BEx7F 2R3t Aoz =
A= itk (Table 5).

13] 233t detection PCRO|| &3t A3k= 2370 Al=
Z, 4709 NET A, UHA 197 AEe 2R 54
© 2 BHE It} Detection PCRO| &3t FEZAES
Z+7] 1,0008] 343} nested PCRY 27| FFPO2
ARERE 22} PCRE 5333514t

A1tE | detection PCROJA FAC =2 TATIIE
S4, US, MI, G 25 nested PCRO|A %3 DNAY
PCR AHE-2] Tm3k(70.60+0.50°C)3 -ARgHo] A=}
glolE] gl ®at olua}, 13} PCR (A. woodi-specific
detection PCR)A 2402 AAE Y 117] A&
oA F7t= FAE9 AHE HA o]= PCRY A+
T, Tmt FALE, A7 9500 o3t FF:4HE 27
¥ (217 bp)Y] 22 A H Ao|th(Fig. 3).

Nested PCR 23 = 8241} agarose gel Aol A
9] ZZAE o B E F3) HUstH o™, 9FA detection
PCROJA SZ =W 4719 A= (S4, US, MI, G)&}
11709 A]&(S1,S2,S83,S5,587,Y2,Y3,B,12,C, J2)
£ x3ste] F 15719 A&7 FHezE B EHUH
Y1,YS1,YS2, 119 Tm3ke ¥F DNAY FAFSH A
o2 FAEHNoY, 7t AP A7 FFol ot
SEAE oA 23gto] §lof g ew WSt
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Fig. 3. Secondary detection of A. woodi gene by A. woodi-specific nested PCR. Secondary PCR was performed using 1:1000 diluted A.
woodi-specific detection PCR product. Panel A, all Tms except S6 and S8 were identical with positive one. Panel B, Tm of Y2, Y3,
US and B were identical with positive one. Panel C, all Tms except U and J1 were identical with positive one. The 15 samples were
measured to have values similar to the Tm value of standard DNA (70.60 £0.50°C).

Table 6. Summarization of data to A. woodi-specific gene by nested PCR

AW nested PCR
The name of samples The collection site
Ct(cycles) Tm (°C) Final judgment*

S1 Adult Suwon 31.92 70.90 +
S2 Adult Suwon 30.97 70.90 +
S3 Adult Suwon 32.72 70.90 +
S4 Adult Suwon 31.86 70.57 +
S5 Adult Suwon 9.11 70.57 +
S6 Adult Suwon 33.71 81.79 -
S7 Debris Suwon 30.85 70.90 +
S8 Adult Suwon 30.85 80.24 -
Y1 Adult Yongin 31.68 7123 +/=
Y2 Adult Yongin 707 70.90 +
Y3 Debris Yongin 8.85 70.90 +
usS Adult Uiseong 7.08 70.57 +

YSl1 Adult Yeosu 31.72 70.90 +/=

YS2 Adult Yeosu 30.7 70.57 +/=
B Adult Boseong 7.73 70.90 +
11 Adult Icheon 31.68 69.91 +/=
MI Adult Miryang 9.25 70.57 +
C Adult Cheongsong 31.96 70.90 +
12 Adult Icheon 31.14 70.57 +
G Adult Gangneung 8.23 69.91 +
U Adult Ulsan 31.89 65.28 -
J1 Adult Jeju 30.95 65.28 -
12 Adult Jeju 8.21 70.24 +

Average Tm value (Positive control) 70.60 £ 0.50°C

Average Tm value (Negative control) 73.61 = 1.54°C

Total Reaction time 19 min 2 sec/50 cycles

*+: Positive, —: Negative, +/—: Positive suspicion

HTHAR v AA]). EF DNAQ] Tm#kd 2ol & Hel 2371 A=l thEt 7]iZ-8-°f Eo°| detection PCR &

S6, S8, US, J1-2 &4 0 2 A3 TH(Table 6). nested PCRE 4:35}0] ZE& o2 15709 kA, 470
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ATTATEMT'IC\‘AlCDICAGIHYTTCYM]E\AI&\MHTATMTTCTEH&TWYAE ACATGCTTTATTAATAATTTTTTTTATAGTTATACCATCAATGAT TGGTGEGTT TGGAM
~MATTACTATTCCAGTTAATAATTCTCTAG- TACTAG ACATGCTTTAT TAATAATTTTTTTTATAGTTATACCATCAATGAT TGGTES6TTTEGAA

~AATGAGTAGTCCAATTTATAATTCTCTAGTAACTAG ACATBCTTTAT TAATAATTTTTTTTATAGTTATACCATCAATGAT TGGTEAGTTTEGAM
TTGGBATBACAATTTATAATTCTCTAGT AACTAG ACATGCT TTAT TAATAATTTTTTTTATAGT TATACCATCAATGAT TGATGEGTT TGGAA
TYMIATWMHTATMTTCTEHEYMCTAGAumﬂﬂﬂYMYMIUI'ITHMNSIYAIWICMBSA”GI]Y-Y”EBAM

TATICCAATTTATGATTCTCTAGTAACTAG ACATGCT TTATTAATAATTTTTTTTATAGT TATACCATCAATGAT TGGTERGTT TEGAAM
BCA'VGYA(IWUXIYAGYEHH&ICYC‘AWYU COBBBCTTTAGTCT TTAATTTTTCTATAGAAATACCATCAATGAGTGAGBEEAT TGRAAA
HEYGHTYWYEAHTHEWW"SATMMATABBMIMICM " U:AMCIIACCMIEA"BAT&ET”MIHM

TTGATTAATTCCTATTTTTATCAATTETGTT6A- IHAKAUYQ:IDGMIMHM“Im"”M”"AHAHIYCICYMMYIATIM"H
TTBATTAATTCCTATTTTTATCAATTETGTTBA-TATATCATTTOCTOBAATAATAATA TAAGATTTTBACTTTTATTATCCTETCTAM:

TTGATTAATTCCTATTTTTATCAATTGTGTTGA-TATATCATTTCCTOGAATAAATAATA TAAGATT TTBACTTTTATTATCCTCTCTA:
TIGATTAATTCCTATTTTTATCAATTETGTTBA-TATATCATTTCCTCBAATAMTAATA TEASATTTTBACTTTTATTATCCTCTCTAM:
TTGATTAATTCCTATTTTTATCAATTGTGTTGA-TATATCATTTCCTOBAATAAATAATA TAAGATT TTBACTTTTATTATCCTCTCTAM ==
TTGATTAATTCCTATTTTTATCAATTETGTTGA-TATATCATTTCCTCRAA TAAATAATA TAAGATT TTBACTT TTATTATCCTETCTAMA:
TTGATTAATTCCTATTTTTATTAATTGTGTTBA=TATATCAT TTCCTCBAATAMATAATA TAASATT TTBACTTTTATTATCCTCTCTAA-
TTGATTAATTCCTATTTTTATCAATTGTGTTGA-TATATCATTTCCTCRAATAATAATA TAAGATTTTBACTTTTATTATCCTCTCTAMA =~
TTBATTAATTCCTATTTTTATCAATTETGTTBA-TATATCATTTCCTOBAATAAMTAATA TAAGATTTTBACTTTTATTATCCTCTCTAM:
TTGATTAATTCCTATTTTTATCAATTGTGTTGA-TATATCATTTOCTOGAA TAAATAATA TARGATTTTBACTTTTATTATCCTCTCTAAA
TTGATTAATTCCTATTTTTATCAATTETGTTGA-TATATCATTTCCTCBAA TAMTAATA TAAGATTTTBACTTTTATTATCCTCTCTAAA:
TTGATTAATTCCTATTTTTATCAATTGTGTTGA=TETATCATTTCCTCBAATAMATAATA TAASATTTTBACTTTTATTATCCTCTCTAM.
TTGATTAATTCCTATTTTTATCAATTETGTTEA-TATATCATTTCCTCRAA TAAATAATA TARGATT TTGACTTTTATTATCCTCTCTAM:
TTBATTAATTCCTATTTTTATCAATTBTGTTBA-TATATCATTTCCTOBAATAAATAATA TAASATTTTGACTTTTATTATCCTCTCTAM:
AAMTTATTAATAAAGCATGTCTAGT TACTAGAGAATTATAAATTTGATCATTASAAATA ACTGAGGATGBAAT TETAAT TCTATTCBAAA-~

Acarapis dorsalis isolate B4F7 cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial

Sequence ID: HQ162658 1 Length: 679 Number of Matches: 1

Range 1: 84 to 305 GenBank Graphics
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Fig. 4. Sequence analysis of 15 samples. Sequencing of 15 samples that was detected by A. woodi-specific primers showed specific amplifica-
tion using AW-COI-NF/NR in both directions, around 187 bp mutually identical nucleotide sequences were obtained. Panel A, the se-
quence comparison for 15 samples that proceeded in one direction. Panel B, A common sequence of 15 samples was 100% match with
the specific COI gene of tracheal mite. Panel C, The phylogenetic tree of 15 samples with tracheal mite, Varroa mite and Tropilaelaps
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Supplement Fig. 1. Artificially synthesized A. woodi-specific DNA. Using six A. woodi-specific long-nucleotides sequentially, the arti-
ficial synthesis were performed. The amplified products by AW-COI-F/R had a size of 112 bp (A), 214 bp when ex-
panded by F2/R2 (B). When finally elongated by F3/R3, it was 299 bp (C). It was produced as recombinant DNA and

Acarapis woodi cytochrome c oxidase subunit 1 gene, complete cds; mitochondrial
Sequence ID: KX790788.1 Length: 1804 Number of Matches: 1

Range 1: 184 to 482 GenBank Graphics

used as standard DNA.

Expect Identities Gaps Strand
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Acarapis wood isolate B1G5 cylochrome oxidase subunit | (COI) gene. partial cds; mitochondrial

Acarapis woodi cylochrome ¢ oxidase subunit 1 gene, complete cds: mitochondrial

Acarapis woodi mitochondrial CO1 gene for cytochrome oxidase subunit 1. partial ods. isolation source: dead Apis cerana japonica sample #1
Acarapis dorsalis isolate B4F7 cytochrome oxidase subunit | (COI) gene. partial cds; mitochondrial

Acarapis externys mitochondrial CO1 gene for cytochrome oxidase subunit 1, partial cds isolation source: healthy Apis cerana japonica
Acarapis externus isolate B4F9 cytochrome oxidase subunit | (COl).gene, partial cds; mitochondrial

Acarapis externus isolate Ae52 cytochrome oxidase subunit | (COI) gene, partial cds: mitochondrial

Acarapis woodi mitochondrial partial COI gene for cylochrome oxidase subunit 1. isolate A9

Tarsonemidae sp. BIOUG26737-G06 cytochrome oxidase subunit 1(COI) gene, partial cds; mitochondrial

Acarapis woodi mitochondrial partial COI gene for cyfochrome oxidase subunit 1. isolate £2

Acarapis woodi mitochondrial partial COI gene for cytochrome oxidase subunit 1. isolate E2, clone 15

Acarapts woodi mitochondrial partial COI gene for cytochrome oxidase subunit 1, isolate 1953, cione 5

Acarapis woodi mitochondrial partial COI gene for cyfochrome oxidase subunit 1. isolate 1953, clone 2

Acarapis woodi mitochondrial partial COl gene for cytochrome oxidase subunit 1, isolate 1431, clone 1
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Supplement Fig. 2. Sequence analysis of pAW-COI299. Sequencing of pAW-COI299 showed specific amplification using AW-COI-F/
R, 299 bp mutually identical nucleotide sequences were obtained. When compared with HQ162656, it was confirmed
that 100% match. Because the homology was 93% or less except for tracheal mite, it was judged to be a mite speci-

ficity gene.
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Supplement Fig. 3. Detection limits of A. woodi-specific detection PCR and nested PCR. Each ultra-rapid A. woodi-specific PCR was
performed at optimal condition. pAW-COI299 as template was diluted from 1.0 10 to 1.0 X 10° molecules/PCR, re-
spectively. Panel A, up to 10° molecules can be amplified, and quantitative amplification is possible up to 10" molecules
by detection PCR. Panel B, all peaks were similar (72.43 +1.50°C). Panel C, up to 10° molecules can be amplified, and
quantitative amplification is possible up to 10" molecules by nested PCR. Panel B, expect 10° molecules, all peaks were
similar (70.70 £0.22°C).

Supplement table 1. Six long-nucleotides for A. woodi-specific DNA

Name of long-nucleotide Sequence (5'—3")
AW-COI-F3 (50 mer) CTGGTTTAGTTGGTCTATCAATTAGAAACATTATTCGAATAGAATTATCA
AW-COI-F2 (58 mer) AGAATTATCAATTCCATCCTCAGTTATTTCTAATGATCAAATTTATAATTCTCTAGTA
AW-COI-F1 (67 mer) ATTCTCTAGTAACTAGACATGCTTTATTAATAATTTTTTTTATAGTTATACCATCAATGATTGGTGG
AW-COI-R1 (68 mer) ATATCAACACAATTGATAAAAATAGGAATTAATCAATTTCCAAACCCACCAATCATTGATGGTATAAC
AW-COI-R2 (67 mer) TATTAGAGAGGATAATAAAAGTCAAAATCTTATATTATTTATTCGAGGAAATGATATATCAACACAA
AW-COI-R3 (57 mer) CCCTGTTCCTGAACCTTTTGAAGAAATTATTGAAAAAATTAATAATATTAGAGAGGA

Supplement table 2. The value of Ct and Tm of A. woodi-specific detection and nested PCR

A. woodi detection PCR A. woodi nested PCR
Molecules of recombinant DNA*
Ct Ct
1.0x 108 10.78£0.25 11.03+£0.52
1.0x 10’ 14.11£0.16 14.83+£0.55
1.0x10° 17.19+0.15 17.53+0.60
1.0x10° 20.94+0.76 21.35+0.38
1.0x10* 23941097 24.05+0.19
1.0x10° 27.24+£1.03 27.29+0.66
1.0x10? 31.19+045 29.55+0.54
1.0x 10" 35.18+0.45 32.43+0.54
1.0x10° 35.73+0.52** 32.39+0.65**
Negative 0.00+£0.00 0.00£0.00
Average Tm value (Positive) 7243+1.50°C 70.70+£0.22°C
Average Tm value (Negative) 76.29+0.19°C 0.00+0.00°C
Total Reaction time 18 min 6 sec/ 50 cycles 19 min 2 sec/50 cycles

*quantities of initial template for both A.woodi-specific PCRs
*#*Cts of non-specific amplification
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