Journal of Apiculture 31(1) : 31~39 (2016)

=29 MuE HE

23] - 1l

33 FIE

Ascosphaera apis & Aspergillus flavus =% i

Ht
=
< [e] Ak
IR R
o M st

The Development of Rapid Detection Method against
Ascosphaera apis and Aspergillus flavus for On-site Diagnosis
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Abstract |

Rapid detection methods against Ascosphaera apis and Aspergillus flavus were developed for
Chalkbrood and Stonebrood in honeybee. Specific primer sets were selected which detect A.
flavus or A. apis based on 18s ribosomal RNA independently and were evaluated using real-time
PCR and Ultra-fast PCR (UF-PCR). As the result, Minimal detection time was reduced until 8 min
38 seconds for A. flavus and 12 min 57 seconds for A. apis under 30 cycles UF-PCR. The
detections of these methods show that even 10" (100 atto gram) molecules of DNA template could
be detected for Aspergillus flavus and that 10° (10 femto gram) molecules of DNA template could
be detected for Ascosphaera apis. Specific UF-PCRs are not only useful to confirm pathogen-
detection with naked eye, but be easy to handle a mobile PCR instrument in field. To monitoring of
Chalkbrood or Stonebrood in apiary field directly, applications of on-site pathogen detection would

be expected.
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o] Ultra-fast PCR system (UF-PCR)S 7|Ht o &2
312} 3+t UF-PCR-E SyBr Green¥} 7+ interc-
alating %33 ¥ =7} DNA Ato]ofl 4F}] & ojof 3 7
L7t ST = AS 7] YR Sol, o] B FEE
DNAS| ¢} 33 = AFd o= vjgstr] o,
PCRAHE O] 52§75 o] e 2 Bela, o
o] vl §9ko 2 A1 siei Ao] olet. &
g UREA © 2 ARE-8}= 100ul PCR-tube7} oFd 8 %
10ul PCR-chip2- A}8-5}7] 9]l PCR2] thermocycling©]]
A Hep g A =7} 7Fs51o, ok A4 PCRO]
7hsol =3t 8719 thEHARE FAlO AT
U= A = UK, 2013).
Ascosphaera apis®] 4<% 2] 7%, real-time PCR %]
i (Lee et al., 2006)2F LAMP ZIcHH (Lee ef al., 2011)
So] H1E 9o, A7 2] DNAZ Y€ real-time

PCR Z1ghilo] o)k e 1750] a7 glm, W%
AP 9L

o] 87 %|3lc} real-time PCR¥} LAMPRI g2 Wizt
[e]

oA et AL 7ke] HEH o 2 AdeA
O}, Ascosphaera apis®] real-time PCR H=H 2] 74

10°7}) 4=2=2) Ascosphaera apis 0] DNA E-2}7}4]
74 71%0] 715595 LAMP Qg o] 49
Ascosphaera apis E-0] 10°7]] 4=Z=2] DNA E-2}714] 21
e 7Rsak,

Aspergillus flavus 73212 LAMP A thH(Lee et al.,
2013)¥} Real-time PCR ZITHH(Bu, 2005) 5-0] H 1%
¢l o, LAMP ZItHH-8 1 AJ 7L, real-time PCR Z1HHH
S OFIATF30R A7t R B A o 2 A A Sl

7] B wi Sy gl A o] HEHES B
Real-Time PCR 7] ¥Fo| Lt LAMPZ |52} 2T S0l T,
o] 52 K AYAA AE-SL7 ol T8 RIEt
AR AP oL, a4 ARESEH ] ol =
Atell 2 Q B = AIZE, 7171 9] o] 54 Foll A RE=A]
LBFThAL 7] = o -, Wiy gl A a1 o] iy
o] fFARRE o] = AL EH Xt AN ES §A
of T HESh= -2 211 Aol

whehA], B A= 21491 Ascosphaera apis?) Asper-
gillus flavus’s: A0 50| FH2 HAE Fdko] 4
S 5= lom, Faddel Kot g7 A-8-A1717] ¢
SF AT S 2 AJY] W & &ol5HA sk,
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20159 129 A7) BRI SE A1 E
Loulsy ZelE §38 718 Ay AR S,
3 G2 MagNA lyser (Roche, Korea) 2 -4 5,
Accu prep Genomic Extraction kit (Bioneer, Korea) S A}
B-5to] GMA DNAE =42 5Hgl o, o]= &5

., —T0°Col A Bkste Aol ALg5teiT PCRA
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Table 1. Primer sets for detection of fungal pathogens in honeybee

Name of

GenBank PCR product

Pathogens primer DNA sequences (5" — 3’) ACCesSIon No. (bp) Reference
Ascosphaeraapis Asp 312 F TCT AAA ATG AGA GTG AAA D63696 312 Lee et al.,
(18s rRNA) 2004
Asp312 R CCT TCT TGA TCT ATT TGT TGG C
Aspergillus QPAsco F TTA GAG GGA CTA TCG GTT CT M&83264 230 Lee et al.,
flavus (18s rRNA) 2006
A. apis B3 ACA AGC TGA TGA CTT GCG C Lee et al.,
2010

S o)A F& o7 A2 Ascosphaera apis?} Asper-
gillus flavus®] 7+ 18s ribosomal RNA -F-AA}-52] A=
T DNATIS-S 7|0 S8t Aw Aol A 2hiials]
th(©] -5, 2004; ©] -5, 2006).

Ascosphaera apis—specific PCR1}
Aspergillus flavus—specific PCRE ¢|3%}
primer?| Mut

UF-PCRE 913t primerg-2 A A, 4 Al&sH oL
(BionicsA}, Korea), ©| & primer’d5-2 'H#] Real-Time
PCRZ ¥ 7}slo] A1Hs} it} Real-Time PCR-2 Exi-
cycler™ 96 (Bineer, Korea)2 AF8-31¢1 o0, 3252
pBX-A. apis, 2.34 % 10° molecules = pBX-A. flavus,
2.83 % 10° moleculesZ, Z} primer¥} = 5 pmoleZ 7}
7] AFESEE o, 23 2% 50~60°C gradient real-time
PCR-E& 5310 Z| a1 354k, Threshold Cycles (Ct value)
o] ZeFE 71&E 02 7} primer FRAES Hr)s)
of 215 7t WeUAel A% mejoluz Agstsct
(Table 1).

Aspergillus flavus—specific PCR}
Ascosphaera apis—specific PCRQ AZE 31|

Real-Time PCRZ Z} A =3 DNA £33 1 ng5g
10 ag (attogram)7}4] serial dilution3}o] %7] F& =
U2 d= AE gkt UF PCR 7]7] =
Genechecker™ (Gensystem, Korea) &2, 0] S A] 1 ngHF-
o 10 a7} serial dilutions}o] 28 4138 2135}y
B 5} o}, AF2-%F PCR mix+= SsoFast™ EvaGreen
(®Supermix (Biorad, USA)o| W, Aspergillus flavus 7%

of i 3t WS o 25 pmole ] o] E ARSI
11, Ascosphaera apis+= 5 pmole2] 3Zg}o]HE Z} PCR
of| AR&-3FATE - 42 F- 10ul 0] 31 & ™, UF PCR-
94°C pre-denaturation 1002 Z8J %, 94°C denaturation
102, 57°C annealing 102, 72°C extension 1024], 2= 30
cycle 3yt

=% DNA &X{ s[o|| Aspergillus flavus—,
Ascosphaera apis—specific PCR2| AZ 3|

A 23 DNA 82 1 ngX g 10 ag7}A] serial
dilutions}o], &2 X1 of w3t B AA o = HE5A] &F
< &89 HAA| DNA 1 ng} 37 DNA template =
AFg-SHeITh POR} A} 5412 %7] Fe o] 2

0 A AE T S Us) AT

Ascosphaera apis Z4H 24 AHE AH83H
Ascosphaera apis—specific PCR

Real-Time PCR-& %3} Ascosphaera apis©l| 7T 3%
7oz shold Ed o] AR DNAS &2 25},
711 ngS 5% 2 2 Ascosphaera apis-specific PCRS 4=
& 5}FQITh. ) 2O & Nosema ceranae®]] 7+
o] A4 DNAT AH85}5ict

S, Aspergillus flavus-specific PCR-2 Ascosphaera
apis°ll 7 ¥ £, Nosema ceranael| T AE E8&
U2 uSol 4 PCR S §UHE B2
oL PCR 243} 2748 27] Fae] 4% 7 A
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Aspergillus flavus—specific UF-PCR2| %A
HEANZH

Aspergillus flavus2) 18s IRNA §-H A& skt 2| =
3} DNA, pBX-A. flavusZ 7} PCRY 283 X 10° A=
T8 6 2 A8} 0.1, Aspergillus flavus-specific UF-
PCR2] %A]-& 2x SsoFast™ EvaGreen ®)Supermix
(Biorad, USA), 2.5 pmole specific primers (Table 1), PCR
HE-8-H-2- 5 10ul = 33

Aspergillus flavus-specific UF-PCRY} Ascosphaera apis-
specific URPCR] 2.1 2712 o215 S A]of lekal
IR} A3} A 24814 2.1, 94°C pre-denaturation 30
% Z18) 3 94°C denaturation 5%-1%, 57°C annealing 5
Z-1%,72°C extension 5%-1%%, Z 30 cycle2 5=3Y5}
At

Ascosphaera apis—specific UF-PCR2| #|A
HEANZH

Ascosphaera apis-specific UF-PCR&] A2 2x
SsoFast™ EvaGreen (R)Supermix (Biorad, USA), 5 pmole
specific primers (Table 1), BF-3- & & 10ul 2 3} T
Ascosphaera apis-specific UF-PCR®] &%= ZH2
Aspergillus flavus-specific UF-PCR 2] 141} FLUsHA|
245k, ZF SA|(step) 2] A HE0] 7He e
A= 217 SAstksint

- =9 ¢ 39
L ) Jeaeea—

21 % JE

Ascosphaera apis—specific PCR1}
Aspergillus flavus—specific PCRE 2|3}
primer?| Mut

Ascosphaera apis2} Aspergillus flavus 2] specific UF-
PCRE- 915101, A A AJ2HE primerd-5-2 HA| Real-
Time PCRE B 7}5}F0] AUsloitt. F7kol A 75
Ascosphaera apis®| 739, pBX-A. apisE-, Aspergillus
flavus ] 73-%-, pBX-A. flavus S A+-8-5F et

Aspergillus flavus UF-PCRO]| A-8-A]Z) & primer 4
=2 Asp312 FR, Aspl63 FR A. flavus-199 FRR, =+ A.
flavus-163 FIRA50| %1 o0, B 5 annealing &%=
S0.0~60°C 1910l 4] 233t ATHE Hol e oLt &
Z annealing =5 1ol+= A3¥ =, annealing 2=
500°Cof| Al 2|F AH=0] /%, 2|4 9] Ct (Threshold
Cycles) 52 118 3}o] Asp312 FIR%S Aspergillus
flavus®) UFPCRS: 913+ primer’y © 2 2% Au5t9)
Ch(Fig. D).

Ascosphaera apis2] UF-PCRo]| %]-8-A1Z primer %=
2 QP Asco FRR T+= QP Asco F/A. apis B3%-=°] A3
3 A2 Bo] 29101} 28 annealing LS 5}
+ A% -, annealing %= 50.0°Cof| 4] 2| F A=2] A
AeF, 21%] 9] Ct (Threshold Cycles) 52 11#3}o] QP
Asco F/A. apis B3 primer’3-2- Ascosphaera apis®] UF-
PCRS 913F primer’d © = A5} ch(Fig. 2).

Asp 312, 60°C
Asp 312, 57.78°C

'y

- A.flavus 199, 60°C

%
: 1o A.flavis'163, 53.33°C

i T T T T R e T e R T S TS

Fig. 1. Primer selection for Aspergillus flavus-specific UF-PCR. (Left) Lane M is 100bp ladder marker (bioneer, Korea). Lane 1; PCR was
performed with pBX-A. flavus using Asp 312 F/R pairs at 50°C, annealing temperature. Lane 2; same PCR at 55.56°C. Lane 3; same PCR
at 60°C. Lane 4; PCR using A. flavus-199 F/R pairs at 50°C. Lane 5; same PCR at 55.56°C. Lane 6; same PCR at 60°C. Lane 7; PCR
using A. flavus-163 F/R pairs at 50°C. Lane 8; same PCR at 55.56°C. Lane 9; same PCR at 60°C (Left). Fluorescence graphs of PCRs

using various primer pairs (Right).
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QP Asco F & A.apis B3, ——, ——
55.56°C | i
QP-Asco, 55.56°C — +,
R T TS T

Fig. 2. Primer selection for Ascosphaera apis-specific UF-PCR. Lane M is 100bp ladder marker (bioneer, Korea). Lane 1; PCR was performed
with pBX-A.apis using QP Asco F/R pairs at 50°C, annealing temperature. Lane 2; same PCR at 55.56°C. Lane 3; same PCR at 60°C.
Lane 4; PCR was performed using QP Asco F & A. apis B3 pairs at 50°C. Lane 5; same PCR at 55.56°C. Lane 6; same PCR at 60°C.
PCRs using QP Asco F & A. apis B3 pairs were slightly better yields and Ct values than PCRs using QP Asco F/R (on right) in same

conditions.

Fig. 3. Detection limit of Aspergillus flavus-specific PCR. In agarose
gel electrophoresis (upper) and panels in window (low), the
existences of taget gene (pBX-A. flavus) were well
recognized by Aspergillus flavus-specific UF PCR using
Asp312 F/R primer pairs. Lane M, 100bp ladder marker
(bioneer). Lane N, negative control without template. Lane 1,
Aspergillus flavus-UF PCR with 2.83 X 10® molecules of
target template. Lane 2, with 2.83 X 10°, Lane 3, with 2.83 X
10%, Lane 4, 2.83 X103, Lane 5, 2.83 % 10%, Lane 6, 2.83 X
10, lane 7, 2.83 X 10°, respectively.

Aspergillus flavus—specific PCRt
Ascosphaera apis—specific PCRQ AZ 1|

S Qboll &3t FFol 7 e A= M, HeA o
24 §5 9 S Wes)of 5 UF-PCRO| A,
Aspergillus flavus = Ascosphaera apis®| 1< A S
ot A}, 8 77 AZ T DNAS % 31 4delo]
212} 0| UFPCRS b2} A1 A|5}3ict.

PBX-A. flavusE £ 0.2 A5t Aspergillus flavus
So] A1) AZL, A2 283% 10 £AH100 a7}
Z] &, Asp312 F/R primer& AF&-3F 2| & 514
Aspergillus flavus-specific PCR|| 2J8f| 50| 7}5-9h=
H o= Ut} A 2.83 2AK(10 ag)ofl Thgh 47| PCRO]|

A= F3E0] FRIEA] o813 .1, o]+= agarose gel
77195 UF-PCRE| &30 =2, ¢4 A= 3t
(Fig. 3).

PBX-A. apisE 3 0.2 AE-3t Ascosphaera apis &
o] ALY AZL, 2|4 234 10" EAH100 ag)71A]
=, Asco F/A. apis B3 primer-2 AF&3E 2| 23}
Ascosphaera apis-specific PCRo|| 23] ZZ&o| 715312
Ho| 3=k 3k, 2.83 FAK(10 ag)o]l thgt 47| PCR
of| Al F35-2 BRIE]X] of 3} em, o] AA] H 7| Y
&1} UF-PCRO| Aol A &Qto 2 47 QA= At
(Fig. 4).

Fig. 4. Detection limit of Ascosphaera apis-specific PCR. In agarose
gel electrophoresis (upper) and panels in window (low), the
existences of taget gene (pBX-A. apis) were well recognized
by Ascosphaera apis-specific UF PCR using QP Asco F/A.
apis B3 primer pairs. Lane M, 100bp ladder marker (bioneer).
Lane N, negative control without template. Lane 1,
Ascosphaera apis-UF PCR with 2.34 X 10° molecules of
target template. Lane 2, with 2.34 X 10°, Lane 3, with 2.34 X
10%, Lane 4, 2.34 X 10, Lane 5, 2.34 X 10?, Lane 6, 2.34 X
10", lane 7, 2.34 X 10°. respectively.
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Fig. 5. Detection limit of Aspergillus flavus-specific PCR with
chromosomal DNA from honeybee. In agarose gel
electrophoresis (upper) and panels in window (low), the
existences of taget gene (pBX-A. flavus) were well
recognized by Aspergillus flavus-specific UF PCR using
Asp312 F/R primer pairs with chromosomal DNA from non-
infected honeybee. Lane M, 100bp ladder marker (bioneer).
Lane N, negative control without template. Lane 1,
Aspergillus flavus-UF PCR with 2.83 X 10® molecules of
pBX-A. flavus and 1 ng chromosomal DNA. Lane 2, with
2.83x10° and 1 ng chromosomal DNA, Lane 3, with 2.83 X
10* and 1 ng, Lane 4,2.83 X 10% and 1 ng, Lane 5,2.83 X 10?
and 1 ng, Lane 6,2.83 10" and 1 ng, lane 7, 2.83 % 10° and
1 ng, respectively.

M

=1 DNA ZX{f slo|| Aspergillus flavus—,
Ascosphaera apis—specific PCRQ AZ 14|

T QAR AL gIstel A8 EIE AR 5
2 8% Ex 452 Ao, o] ol%= A 7]
wA o chgpe] I o) S0A1S T ek
o] B FXA| S| EA Stoll Aspergillus flavus-specific
PCR} Ascosphaera apis-specific PCRo| Z}2} E0] 4] 11}
RIS §75H= A AT

Asp312 FR primer’d-2- AM2-31 2| A 3}% Aspergillus
Sflavus-specific PCROY|, Aol AR &2 Aoz
Skl % 9] 1 ng chromosomal DNAY} A 2F5} %
PBX-A.flavus S Z9t5}0] Z17] DNA =3 & &2 Ag-5}
T pBX-A. flavus= 10° E-AEE 10° B2}7kA] 8] 4]
stof 2}7] ARg-sE o, A7) o] =7 ol A Aspergillus
Sfavus-specific PCRS-, 323 DNA &3}lo| ¢lo] AA|sH
L2 A3Fg )T 2 RO, 24 283x10' &
ZH100 ag)2] specific targetS: 0|24 02 FZA|Z T}
A A], | AFFQ] 283 E2K10 ag)e] Eo] 7| A ef thst
7] PCROJ A F-3-2 1% A] of35}5] o, o] =

%17] %52 UFR-PCRO| Zof A 590 2 47| Q1] =]
AtH(Fig. 5)

S}, QP Asco F/A. apis B3 primer’d-& AF8-3F %] 4]
3} Ascosphaera apis-specific PCRE] 78-9-, & 2] 1 n;
chromosomal DNAY} 4 &F5}HE] pBX-A. apisS @L‘S}

Fig. 6. Detection limit of Ascosphaera apis-specific PCR with
chromosomal DNA from honeybee. In agarose gel
electrophoresis (upper) and panels in window (low), the
existences of taget gene (pBX-A. apis) were well recognized
by Ascosphaera apis-specific UF PCR using QP Asco F/A.
apis B3 primer pairs with chromosomal DNA from non-
infected honeybee. Lane M, 100bp ladder marker (bioneer).
Lane N, negative control without template. Lane 1, Ascosp-
haera apis-UF PCR with 2.83 X 10° molecules of pBX-A.
apis and 1 ng chromosomal DNA. Lane 2, with 2.83 X 10°
and 1 ng chromosomal DNA, Lane 3, with 2.83 X 10* and 1
ng, Lane 4,2.83 X 10% and 1 ng, Lane 5,2.83 X 10? and 1 ng,
Lane 6, 2.83< 10" and 1 ng, lane 7, 2.83 % 10° and 1 ng,
respectively.

o] 7}7] DNA 33 © 2 A}-8-3}9) th pBX-A. apis= 10°
Bl 10° 2R 34 sto] 2] ARgstelom,
A3719] A0 A Ascosphaera apis-specific PCRS-, &
4 DNA &3}o] glo] AAIgH 22 A3 Fig. ) =2
2], 4 283 x10° E-&K(1 fg)2] specific target7} A 7 &
o] o g FZ¥lo] ZRlE it Eo] 7|4 283x10'
£AH(100 ag)©]3}+= agarose gel 17| G504 e 5=
o] &I A] of5}31 0w, UF-PCRE] o A= 2.83
x 10° E-ZH10 fg), 2.83 X 107 E2K1 fo)E ojofd o=
T skoq o 5H A tHFig. 6).

A primer’g& AHE-RE 2| A SHE Aspergillus
Sflavus-specific PCRY} Ascosphaera apis-specific PCR-2
30 3] 4.2] UFPCR ZZ10] A4 3
Hojxglon, 247] =470
B Solg FZo] 715 5HE ol et shu, B o
DNA7Z} 32st5 2o A3 (Fig. 5)0l A1, Aspergillus
flavus-specific PCR- 34 ©] DNAZ} $li= 374 o) 4] 9]
ARi(Ee. 37 7le) Y5 e ATHE Rl Aol st
o, Ascosphaera apis-specific PCR<- £ 2] DNA”7} 3¢
T 2L AR (Fig. 6014, 20 DNATH 91t 2
ofl 2] A1) Fig. 4ol vl 5Fo] 1006 520 ko %
22 1ol gch. o] A2 target DNAS] 526 of
50} QF212] URPCRE 1 WIZHE7} THE-S KofFl

Ao 2, 53] target DNAE 55517 A=3 W7l

ot target =E S-S

219 target gene O 25
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Fig. 7. Specific detection of Ascosphaera apis-specific PCR with
Ascosphaera apis-infected honeybee. In agarose gel
electrophoresis (upper) and panels in window (low), the
existences of Ascosphaera apis in honeybee and pBX-A.apis
were well recognized by Ascosphaera apis-specific UF PCR
using QP Asco F/A.apis B3 primer pairs. Lane M, 100bp
ladder marker (Bioneer). Lane P, Ascosphaera apis-UF PCR
with 2.34 X 10° molecules of pBX-A. apis. Lane N, negative
control without template. Lane 1, with 1 ng chromosomal
DNA from Ascosphaera apis-infected honeybee, Lane 2,
with 1 ng chromosomal DNA from Nosena ceranae-infected
honeybee, Lane 3, with 2.83 X 10° molecules of pBX-A.
Sflavus, respectively.

Hoto], W=7 A1 Ascosphaera apis-specific
PCROJ A=, 94 7H3 2] w2 oFo] X4 DNAE A&
5}al, AF-8-3}= ZF primer?] 9= 5 pmole = AFSF 274

stz shlt,

%3t UF-PCRo|| A g7 =0 o3t T2, 2
PCRAHE 9] #17] 50l gt u&%Oﬂ H|ato], SA5F
9] target DNAE SEAI A 7, Wt vigdshA] oF
50] ERI= It o]i= UF-PCRE] ol A & -5/
A S WESH= 20| agarose gel A 7] 5o 4] PCR
AHEE A Sk Aol vlste] 108]~1008] &2
Ho] =202, P EE Fed s S, A4
o 4= Qe Bebd W, e Aol AR
o] A alj PCRAME 2] %17] G50l 3t gl 5= &
3%k A o & s 9l chFig. 6)

Ascosphaera apis Z4H B9 ZHNE At8ot
Ascosphaera apis—specific PCR

Ascosphaera apis©)| ZYQE A 02 3ol % i of A
Ascosphaera apis-specific PCR2] 3842 213} 3Tt
2| A 3} Ascosphaera apis-specific PCR-2 QP Asco F/A.
apis B3 primer’y-2 AHE-3F Zo|w, DNA 3 02 7}
A& Hol| 4] chromosomal DNAE <==+-2]5}o] A&
31l aL, th 20 2 A %3} DNA pBX-A. apis 10° E-2}

Fig. 8. Minimum time of detection using Aspergillus flavus-specific
UF-PCR. UF-PCR were performed using Asp312 F/R primer
pairs, after 30 sec pre-denaturation, under conditions of 2 sec
denaturation step, 1 sec annealing step, 2 sec extension step in
each cycles. Total 30 cycles were completed on 8 min 38 sec.
Lane M, 100bp ladder marker (bioneer). Lane 1, Aspergillus
flavus-UF PCR with 2.83 X 10° molecules of pBX-A. flavus.
Lane N, negative control without template. In agarose gel
electrophoresis (upper) and panels in window (low), the
amplifications using Aspergillus flavus-specific UF PCR
were well recognized by naked eyes.
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Fig. 9. Minimum time of detection using Ascosphaera apis-specific
UF-PCR. UF-PCR were performed using QP Asco F/A. apis
B3 primer pairs, after 30 sec pre-denaturation, under conditi-
ons of 5 sec denaturation step, 5 sec annealing step, 5 sec
extension step in each cycles. Total 30 cycles were completed
on 12 min 57 sec. Lane M, 100bp ladder marker (bioneer).
Lane 1, Ascosphaera apis-UF PCR with 2.34 X 10°
molecules of pBX-A. apis. Lane N, negative control without
template. In agarose gel electrophoresis (upper) and panels in
window (low), the amplifications using Ascosphaera apis-
specific UF PCR were well recognized by naked eyes.
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