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Apis cerana honey for developing the beekeeping industry

Study on characteristics and functional analysis of
in Korea
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1. d7/ieaAe) Fle
7F A =81
1) A7HEe] 71e

ARE s AAA 7IR7F 249350 FeitE B o}UrE *4‘1, >4 FEE
Fot DRI AR ARESE Qlon QIF7E 2 AR
A AT S JAF7IHFAO)Q] 1993-2013H Afo] HE E"Jo AE E¥ AAARCER
7,3009 9] EHo] 160%tE w0 HES Ailst Qlot.
tEA Al =oFEBW(Asian honeybee, Oriental honeybee) £ EZEdolaly &
2= MelEH(Apis cerana)s ©-&5tH, U= 8o1E &, 57470l Wil At Rt
A. cerana ceranag N=ATR] 719 37~1997 o] =sto] EFE A4t o] &aligitH(Oh
et al., 2016). 1990t Zo] oF 28,0000 7}LollA] 300,0009H9] AjafBHo] AMQFE] gt
(2= 1),
g, G &EH(Apis mellifera)g ©]&sts Faatd2 19009 = xof guo] =A= AR,
1970t S¥HRE  Apgo] sojdo] mef Fatart F7hstel 20149 71E 19,9035 7T,
AlZE2015)2 AgAsich J2]1 20129 71E A gEEY
of ost HE A4t 26,6290 = oF 230044 (S, 2010)0 Dot U= FESH=

O

3§ -
2 5THE NI A n C b

RN LN

(TR

JANNIIHRY

SOHEIHIY

WOOH] LA OSOT ud G 03 o8 OF o8 oo 10 12 13

HE =8
I 1. W BEEH(Apis mellitera)t M BB (Apis cerana) FE-s7t(YP%)9t BEp (2
H]@ (SUSAAIZE 9015; FAOstat, 2016; Oh et al., 2016)

FeEHo FUYrdoz kg2 Atdu|Fo] HJujdoz ZHAsHi, 20093 ol AffEH
o] G4t VAT AEES [FHst YE5-aorR oy (KSBV, Korea Sacbrood Virus)?] TiiA§o
2 Qleto] shEEste 2 9715 woith 1 ZAwh 20124 7]E AjfEEe oF 28,0000 7},

300.0008F20lA 4,0000] 7F7, 149172202 st 343 Ao, B ANY EF 5
of A WBYAAI 26927F F EFTL 208E(L1%)0.R FEEo] A AP ol
S A% AolTHE 1),

B 1. 2Y SFEEH(Apis mellifera)at REH(Apis cerana)l] HE YA

de 2000 2002 2004 2006 2008 2009 2010 2011 2012 2013

OFY.

°° - - - - 26,327 22,272 23,982 20,936 26,629 -

By

R

fed - - - - 1,256 756 345 202 298 -

By

A 17,741 20,000 15,651 22,939 27,583 23,028 24,327 21,138 26,927 25,000
(=" E&AAIZH  2015; FAOstat, 2016; Oh et al., 2016)
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AMAEES HE Feaden go] 2y, Ha Aibdo] ARG A|FoA HujE= ESE
< 15](2.4kg)o]l 40~50THEo =,
AX 7Rl Add. 712 59 S4A
0] =2 X% (American foulbrood) 5 &7 3| of
Bi=, HEY, UZ 5 Zgotr]oret ofyet -2juet =, 42 & SOMAlot A
M= FA o]&E 1 QtHOh et al., 2016). FEGE APEE2 20417] £ =W =40l
AR FeEEEn g 71 2,0008 o] AArE 7HA= stue] s Ev EetgAte R,
olF EE, ASdlor & 7HRIE 7HAL AT (Jung, 2014).

U #AZIES 20109 o], msf tiAiog FEFotRuy YWAXAlS UbAsHAAL,
T 7HEAdEer Asto U9 & AAAE +&5UH. £ FEEoHFmE ] AT ol

=]

ra o— Z](_ o
o 7% WS 5 AABAS BUA

HolLto], B9 71444 Sof,
925t 2 g2, A,

ol
A
=
o

U oldsteias ol@% A=A N2 171 elat
o] A48 1 9c},

@A £ETL 2ol Alstn, Wold xlo] &bt gon, WuRA, od, AY S chud
ol &so] et LalA 9lo] AlEWeto] ohet 17 RAAEORE Bo| o|gEof it

(Oh et al., 2016).

SHAIGE obAl, FU SE5EL EEE] oA GREWe] os) giEE WEY vad &5
B 199 SAo OfF At BEFS BE, 2 AGE/A|ER PAEE EEEO YR
et B=ol mEsPt sof Al goh, 1EA 1w sHYulE Fa5H AZshs aulRtEo)
012 WAIo)E BEG BRSo| o, EFE0] 3t AuAtSe] ASAQl 574 AP
L B3 @so] gt

S, oRE AEAQ WHos Anw b ofs) AAEE EEEB S Ty AR 4
ge GAst 43 AFPRC o2 2 WUk ohel, EEE, BB, AR o2
geloR PWsly] otk AL ol§ste] UR UMY Er UIGEFE M 2L P
QA W WO W] ofFt AvlAte] BAL EFETo] Al HAIE WopEA Lokt Wglo]
g2 9lc

oot gridoz ¥ AR HIWSOIME ohertEe b st s,
UMF(Unique Manuka Factor), MGO(Methylglyoxal), NPA(Non-Peroxide Activity),

TA(Total Activity level) it #o] At=4t HEQ 1§ 57445 WstA HolHE vigez 7
Fofstal, 1 715/dol digh BotE ASAer FHstol A AA AvAEY A HOHE
AL QAL o] OHRZHEY =2 JHAoE S5t =4 AEE = A AAlr 258 & A
+ 7I8ke ZARo(2d 2, 3).

Z, Ul 2H[ARE0] 23 Qe 71EQ EEE gigt auAkskd ojulxlof gt ZjAlo] st
Aot QIAl9) &tfe} ofulx] Vi Ul EEE AYAPARR] 4of VR AR ¥Rio] QU
53], ESEHN AGEEY Aolo] thgh Jest FEIT BANst, 4] EHoN EZE AHA|

o tigt olslie} ofulx] aFAto] EX|o o] 2ojmof gict. AHsl @elo] BAME ofo|dlE|Elo] Y
gelofo} EEE AR AR Ao o 2 9rt.

ole} o], AjHOR we P EEBo| FUHoR ALH ARAL 2HE7] YA
. ObestEel ojoh ol mets AAuts uigoz & Eo] g AAE
2ol 754 ok 2eln Alold AJArEe] BAMES Ed) AulASo 24
o

guRe] AL Sol AU Agolct.

30 ox rr
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L L RLH |I i}
|

Manuka Ef
Honey E
. s
O 2. UpR7HE A8 B4 O 3. v SA SRl T UMF 12
Tetd 2 A9 SEx=(0E 4) 4 ARSELL e AleiEEe] BEEd, ¥t / AY 3
o] 54 5 Y2 TUL vlmsto] AATL FBAY 54 W 2% 5 52 uE Frletw,
E5To] £ AAEL xo] WAME| Ax) @, AldE / ARE B 2

129 7ieh7], &

=z
o = -

F QA4 52 wofstel A9 £0 ANS(FTAXE 450y, BEAY 550l 52 3
29 55 o)) cfat WANSY AZAAY 2B AAlste, ATeRPS|NA W Ao
HFAAE 2-3704) EFE] 4R U SHS PASL, EFE 0 WA TG 12T @
o Foto] 4TS APSHL, 7 A9 0 AUNSY AAD A4S EFBY YREHL
nFEs}sto] AljuACelS Ut AIEES AL, AlE BESY EFEY J15A g 7]
% data FE3IL, EFE A BUL ST U3 o a0 B W) V&2
Mrsto, 5% A ofo] L ES 2ol YMA EFEY YRS YAIH, BaHA, Ae)2
a5, APEAN 5 chAl BAA BAstel B71M WHoIN EFE] AF ZAMYL
A=, E5 8] A ofo]HE|ES AWA 0| T A AR L AWF 4 9k BAE Y, =
T, AR 59 fgstel B 142 9% FA), T 180 ZHKI7E AglA EAjEA] o
=% AANQ BAC MHEFHOPIY HF 4EY AY 5 2YstuAl stgc

WY NS AMEEZEY  EZREULY  ezagos
YUNSEA  AEUSNEN  Jia7E

=» =



T L 2AAE Belo] ofst Ao LR
Bo] o|otElolE xE2 Ve aaue Waalgo] ofs) FRBYS U= Al
3 2AQ ofEAlAA Bal(UAY 5, 2016)/ AU WEL o] &% Wahd A4 olF
H 2REA0 S, 20100 AR QAT EERS hor § /5PATE o]2olxA]
QroIth MQIHETo] Cfst BAWIL AEOIOFEOIAA AEZAG] 2E(20%0]5}), Aw

N8I, HYBE F2 CI2 3 Cl30) BASHULUES A8sle] B0l olfoin D
Tk olek e FALE AT RAM0l EFFAS A8 4 SRl et @) B
Qstth 7)E0] 2 AjejBEe] AbSols WU, WELS Sof 48 Zio} GhE xj2jA
P50l ol &=t 22y, 21MI712 SojM Y AiiEEel A7]et *“Eﬂoﬂ He PP
£o] /g0l 22 o]&E 1 It} (Oh et al., 2016).

20189 =0l a&ASANA EFH gt G5ty ANYd A
wstgion], AE U4 U A RS S04 2 AANE vtk Y B
o7 d7 Frto] =UEY ot MAEH Feed (P RJEA FAHO
Choi, 1986), dAAH]2Z(Yim & Jang, 1990), 0]EZ=2]o} DNAH|W (Kim et al., 2009)
5O 2T A SPLYAU, § FU| e BRI B Aol e AT 43

= O

ojltt. mHdM= FeEES ez 0}77}*14 T2 5 2 SATE 574
5P1 olg B¢Y +EsHeE S 2 71]%% Adste A7t A Lee et
. 2005 Lee et al., 2014). StA|RF, ZfEE S oz ¢F 2 Aqls O] FOlA]A]

O*O}Otﬂ T Bt 4 Ro] g vluZAet A £33 AFsioh

2 WAoo TSE L= Choi (1973)7F 2300]%0] WYL 7|=sto 2 A&
o, o]& Lee (1996)= 198%, Paik (2000)= 200%, Ryu (2003)= 555%9] UYL A
2sto] AAlsHITE. 7 &l u (2007)0f <Jsfl 565%-2] "WAAlZo] F=tt. 5

|

-
Ao, 2} eedof ojgr Al &H.:j
=]

LA Bue) Aol Y B o] ol olAlA] el
2015~201790] SHFAAIFROIAN Bud "1ugA Fag AT SIULATEA =4

71% NEToM = AZIE Bdoly shEdogM o] &IHAIVE w2 TEAE 208(22: 8

5 S8 128)2 ARSI AVIY QRNE AALE DA, AT, ol FE 4B

Bo) MaAo] 158 Sof ANT AR, AlejEHo] 2QUYAA BN UEF]E A

EA 9l Mz wo gist A7 7P o2 o] AMokdr AJAof 9ict.
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o2 FAHA 3
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ARE 3718, AUAL Uei) 495 B0 948 FYHCHAL 2011).
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D 75.0 + 2.4 1455 + 1.6 347.4 £ 1.3 567.9 + 3.2
E 74.7 + 0.9 148.8 + 2.1 346.5 £ 1.6 570.0 £ 2.4
Al 74.5 + 1.9 149.8 + 3.3 350.6 + 3.9 574.9 + 6.7
29 4EEE &8 HEY GAUAE ES7IRHAIRE Eat £ BEUAY
o 4717t S571% ESTHE, 3 T8Izt
o (A 5 5398 (RERY T BN (B F HE9EH (MY S 4508
A 735 £ 1.6 1545 + 1.6 340.5 £ 3.2 568.5 + 5.9
741 £ 1.4 1548 + 1.5 3459 + 2.5 574.8 + 3.2
765 £ 1.6 157.2 £ 1.5 3435 + 1.6 577.2 + 2.1
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342.0 £ 3.2
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27 (2019) B712(C) Ah=E FEEE
6/15 21.9 31.0 £ 1.2 346 £ 1.9
6/16 22 31.1 £ 0.7 33.9 + 0.6
6/17 21.7 31.8 + 0.4 33.3 £ 0.7
6/18 20.8 30.6 £ 0.6 33.4 £ 1.3
6/19 21.4 302 £ 1.1 32.6 £ 1.9
6/20 22.7 298 £ 1.6 31.3 £ 2.2
6/21 22.1 29.7 £ 3.4 33.3 £ 2.2
6/22 24.2 30.6 £ 3.5 32.7 £ 1.6
6/23 25 31.6 £ 2.1 332 + 1.4
6/24 25.2 30.9 £ 1.6 32.2 £ 1.1
6/25 25.6 29.7 £ 2.1 31.6 £ 0.9
6/26 25.5 30.6 £ 1.8 32.1 £ 2.1
6/27 25.5 28.0 £ 0.5 32.5 + 1.8
6/28 24.7 29. 6 + 2.0 33.3 £ 2.1
6/29 23.1 30.1 £ 2.8 32.8 £ 1.8
6/30 23.9 30.4 £ 2.1 33.0 £ 1.5
7/1 23.9 298 £ 1.6 32.2 £ 2.2
7/2 24.4 29.7 £ 2.4 32.8 + 2.4
7/3 24.1 31.2 £ 3.1 33.1 £ 1.7
7/4 25.4 31.1 £ 0.7 32.4 £ 1.5
7/5 27.6 30.8 £ 1.9 32.8 £ 2.2
7/6 29.7 29.8 £ 1.5 332 + 14
7/7 26.7 29.5 £ 3.2 33.5 £ 0.9
7/8 25.1 30.1 £ 2.9 32.9 = 2.1
7/9 25 30.5 £ 2.3 32.8 + 1.8
7/10 22.7 29.9 £ 2.1 33.1 £ 2.0
7/11 21.9 30.1 £ 1.9 32.2 £ 2.3
7/12 23.6 30.2 £ 2.9 334 £ 1.3
7/13 24.9 30.5 £ 2.6 32.2 £ 1.8
7/14 25.9 29.9 £ 19 33.1 £ 2.2
7/15 23.8 29.7 £ 2.0 31.2 £ 1.9

242 £ 1.9 30.3 £ 0.9 32.8 £ 0.5
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£ 12. T=2AE 700 54 AAEEy FeEE o U Uieke
X B#7]2(C) e FeEd
5/1 20.2 254 + 338 331 £ 14
5/2 20.3 27.1 + 42 341 + 08
5/3 21.8 272 = 39 275 = 0.8
5/4 20.2 26.7 + 2.2 30.7 + 0.3
5/5 16.0 253 + 6.6 299 = 1.0
5/6 194 257 = 1.1 287 £ 0.9
5/7 20.7 272 + 29 305 + 06
5/8 19.9 285 + 32 279 £ 0.7
5/9 14.2 29.2 + 36 303 £ 05
5/10 14.4 269 + 40 298 £ 1.3
5/11 16.5 252 + 35 301 + 1.7
5/12 14.3 27.1 £ 26 300 = 1.1
5/13 16.1 259 £ 19 292 = 1.0
5/14 19.3 263 + 33 295 £ 22
5/15 16.1 280 + 43 272 + 08
5/16 16.7 278 + 44 283 + 09
5/17 19.1 283 + 338 296 £ 1.2
5/18 19.1 276 £ 50 302 £ 0.8
5/19 13.0 283 + 49 275 £ 0.9
5/20 14.4 272 + 43 302 + 14
5/21 174 273 + 22 314 + 1.1
5/22 18.5 282 + 338 30.1 + 0.9
5/23 20.1 30.1 = 45 298 £ 15
5/24 171 313 = 35 322 + 1.2
5/25 16.6 28.7 + 4.1 284 + 0.7
5/26 16.2 278 + 46 312 + 2.2
5/27 174 272 + 49 321 + 1.7
5/28 18.7 317 = 26 324 + 20
5/29 20.7 323 = 3.1 332 + 2.2
5/30 22.6 298 + 45 315+ 14
5/31 21.2 312 + 36 302 + 1.9
18.0 £ 2.5 28.0 £ 1.9 30.2 + 1.2
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T 14, opAILLE A

(71 oP7RAILER Reh] AEE Y] S r A S (M STt WP &)
- AAHEEY G oA Tt ] (5~6)0l 5L TtALz £HE S4TF(5F

) A% BF FUHES & 14, 160] R

- ZAPIZE BSF Al EEO] B 2P RAE 10.1-10.6kg02 F He0lA

W5

- FREH AL PRI D] A 59 29T skt 122~17
Aol WA g PAZNYEE Lepy

- 59 179 ol g0l 14K 02 PASIVYEsL Fastol 59 272649 19 A
ol BRLAZE ANEAFAM L O] A5t A WY

alzd

- =B Fe op7RAILER Jiet] oA FEEEo] vlE) doido=

12ig wolon, ol AjefEgo] YEB | s opHALE HEE
b e wolzu), B3 29 oMAIUR Aeb] AgE R AeEEuc)

AR dEgotmyel wo] 2] IFL vlF Auolr|E 3

() oPIAIUR Jlebr] rEao] B el E(X 2ulalL olmA)

o
- B 49 oHAILR s |(69)ol 5Y TR 5HE B A%
Y U RS B 150 Yehd

- AR B¢ FREE W BT PAE 36.2-61.7kg0 2§ HHolA

L L

0.

M5
- 4G WP FJS17E B 0l 2L 5BF RE A7 ZASHAR, oAl
LFRL Zlelet 12917201 7 B2 of 20keZtA] $AVE 571 R Bl

o] Solot g AT

SR 59 179 elgols Koe PATI dactsta, 5 27968
19 Afolofle A% BRolA AL ZIEAHAMR O Zashe 398 BY

p71(58) AAELEY FLFOGew) F8AEE S FAEEEE)

o 29 2(ke) 22Y
o 5/2 5/7 5/12 5/17 5/22 5/27 6/1 L=, b=
8.4 8.6 8.9 9.1 9.1 9.0
1 8.0 8.7
(+0.4)  (+0.2)  (+0.3)  (+0.2) (0) (-0.1)
12.5 12.8 13.0 13.2 13.1 13.0
2 12.0 12.8
(+0.5)  (+0.3)  (+0.2)  (+0.2)  (-0.1)  (-0.1)
12.4 12.6 12.9 12.9 12.9 12.8
3 12.3 12.7
(+0.1) (+0.2)  (+0.3) (0) (0) (-0.1)
7.2 7.2 7.5 75 7.6 7.5
4 7.1 7.4
(+0.1) (+0) (+0.3) (+0) (+0.1)  (-0.1)
5 06 9.8 10.0 10.1 10.2 10.2 10.2 0.0
' (+0.2)  (+0.2)  (+0.1)  (+0.1) (0) (0) '
50.3 51.2 52.4 52.9 52.9 52.5
A 49 313)  (+09) (+12) (05 (0  (-0.4)  °L6
9.8 10.1 10.2 10.5 10.6 10.6 10.5
B + BEHA 23 + 2.4 + 2.5 + 2.4 + 2.5 + 2.4 + 24 10.8 £+ 2.4
* 2 (+0.8)  (+0.1)  (+0.3)  (+0.1) (0) (-0.1)

31



E 15 oAU A|(5Y) IR EUY 7Y 2A B

. 229 FA(ke) 233
" 5/2 5/7 5/12 5/17 5/22 5/27 6/1 A"
43.0 47.8 49.2 56.3 57.9 60.9
1 32.5 49.7
(+10.5) (+4.8) (+19.6) (+7.1) (+1.6) (+3.0)
44.9 45.9 45.6 52.9 64.7 68.3
2 35.3 51.1
(+9.6) (+1.0)  (+#20.2) (+#7.3) (+11.8) (+3.6)
39.9 41.6 48.1 62.4 63.2 60.7
3 32.8 49.8
(+7.1)  (+1.7)  (+19.6) (+14.3) (+0.8)  (-2.5)
40.9 40.4 42.3 54.7 60.5 58.4
4 38.2 47.9
(+2.7)  (-0.5)  (+18.7) (+12.4) (+5.8)  (-2.1)
41.8 43.0 44.8 50.7 57.7 60.4
5 42.2 48.7
(-0.4)  (+1.2) (+13.5) (+5.9) (+7.8)  (+2.7)
2105 2187 230.0 277.0 304.0 308.6
Al 181 247.1
(+29.5)  (+8.2) (+11.3) (+47)  (+27) (+4.6)
42.1 43.7 46.0 55.4 60.8 61.7
362 49.4 +
He =+ BEHAL 4 +19 +£31 +27 +44 +£31 +38 1.2
(+5.9)  (+1.6) (+18.3) (+9.4) (+5.6)  (+0.9) '
E 16. OZFAIUR 78] (59-69Y) AliEEe] BT (bEd) SHANE EAEAEERE)
on 22 27 (k) 22
v 5/22 5/29 6/5 6/12 SAYF
115 15.1 14.7
1 10.8 13.0
(+0.7) (+3.6) (-0.4)
115 13.8 12.9
2 10.8 12.3
(+0.7) (+2.3) (-0.9)
8.2 12.2 12.4
3 7.6 10.1
(+0.6) (+4) (-0.2)
7.6 98 9.6
4 7.2 8.6
(+0.4) (+2.2) (-0.2)
8.4 98 9.5
5 7.9 8.9
(+0.5) (+1.4) (-0.3)
472 60.7 59.1
A 443 52.8
(+2.9) (+13.5) (-1.6)
9.4 12.1 118 108
WH + BEHEI +8-198 +19 t 24 t 22 T,
- (+0.5) (+2.7) (-0.3) 20
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E 17, OIS JJE)(59-69) FRBE $RY(GED) FPANE BTRAGUHE)

wo 219 2A(ke) 219
i 5/22 5/29 6/5 6/12 SAES
34.3 37 35.2
1 31.6 34.5
(+2.7) (+2.7) (-1.8)
35.7 36.9 37.2
2 33.8 35.9
(+1.9) (+1.2) (+0.3)
32.7 32.9 30.2
3 32.8 32.2
(-0.1) (+0.2) (-2.7)
30.6 30.1 29.8
4 31.8 30.6
(-1.2) (-0.5) (-0.3)
31.7 33.3 34.5
5 32.0 32.9
(-0.3) (+1.6) (+1.2)
A 162.0 165.0 170.2 166.9 166.0
) (+3.0) (+5.2) (-3.3) '
32.4 33.0 34.0 33.4 33.2
%ﬂ_ + E—x‘v_—iﬁi]’ + 09 + 2.0 + 29 +3.2 '
(+3.2) (+0.6) (+1.0) (=0.6) 21
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i 710) EESA £ @ e
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6A] 8.4 3.3 £ 0.6 10.0 £ 1.0
TA| 9.7 4777 = 47.1 18.7 £ 2.5
8A] 18.5 180.7 + 119.2 171.0 £ 40.1
9A] 24.3 326.3 + 162.1 481.3 £ 1074
10A] 27.1 495.0 + 58.6 937.7 £ 48.0
11A] 30.6 801.7 + 63.1 1141.3 + 114.5
12A] 33.1 649.3 = 85.6 1471.7 £ 32.1
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X0 R (Aradrena sp.5), 0.8% WO1E 'S § (Halictidae sp.1), 1.0%
X0 R (Andrena spod). 0.5
I FiAndrena spd), 1.5%

of 2 5 (nd
| 2B B A mellfera),
% AR (Ceratina japonical; 1. 56.01
o 75, ArE7]oA o] HE

& FHEE, arens), 15.4%
LR, ignitus), SR

U E R (Eucera sp.), 52.8%

Tatal 15

WP E T mellifera)

B PHCHESA, carana)

L 0H] 3 iCerating [aponical

= i (Andana sp)

U8 Slandrena sp.2)
i 85 {andrena sp.3)

M Anidiana spd)

47 iandiena sp5

= Halichidas sp 1)

VabE S F Halictidae sp.2)

Yo ]

SHHEE arens)

98 ZWranthophom plemipes)

0 B (Eucara sp)|

G MR ity

a3 76. At myoA 9 HE ks g

2 (Bombus sput), 1L

0 3% 5 (Andrena sp.3), 33.3%

D) #Bombas ignitus),

O 32 5 (Andrena sp. 1), 1110

Total 18

I 77 =HAGTRoA 9]

o

HawR

HBombus 5p. 7}

T HiBembut ignitus)

Ot 41 (Andrena =p.1)

WO R Redrens: ap.2)

HAndrana sp.3)
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223 g A 9S WeE BR
. | 5t e o .
=(Order) 1HFamily) o 7RA| 2 4] &(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana AfEd 15 13.2
Hymenoptera Apidae Apis mellifera GdEEH 64 56
Hymenoptera Apidae Bombus ignitus sS4k 5 4.4
. Ceratina 19 Ty A
Hymenoptera Apidae Jjaponica A2 GANEE 2 1.8
Hymenoptera Andrenidae Andrena sp.1 o EH = 16 14.0
Hymenoptera Andrenidae Andrena sp.2 o ZdH = 4 3.5
Hymenoptera Andrenidae Andrena sp.3 ofj&dH = 3 2.6
Hymenoptera Andrenidae Andrena sp.4 o= 1 0.9
Hymenoptera Andrenidae Andrena sp.5 ojZdE 1 0.9
Hymenoptera Halictidae Halictidae sp.1 notEEHE 2 1.8
Hymenoptera Halictidae Halictidae sp.2 NopEH= 1 0.9
Al 37 6~7& 115 114 100
%24 AYBEO)N xAlE WS YIARE 5
st o
%(Order) 3HFamily) e o RA 4 u]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Ag}‘iggﬁgg& g5z 1 1.7
Hymenoptera Apidae Bombus arens Z5oddy 2 15.4
Hymenoptera Apidae Bombus ignitus Suhy 3 23.1
Hymenoptera Apidae Eucera sp. LAY 7 53.8
Al 1t 34 4% 13 100
£ 25 Aol 2AME BE WERes SR
. o 5oy o L .
= (Order) 1HFamily) o A 4> H]-5(%)
(Scientific name) (Korean name)
Hymenoptera Andrenidae Andrena sp.1 o EH = 2 11.2
Hymenoptera Andrenidae Andrena sp.2 o EHE 4 22.2
Hymenoptera Andrenidae Andrena sp.3 o EH = 6 33.3
Hymenoptera Apidae Bombus ignitus sS4k 4 22.2
Hymenoptera Apidae Bombus sp. Hoed= 2 11.1
Al 31} 24 5% 18 100
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@ Mg 25 1A DL Yot d £AH2020/5/20) (2™ 79~82)
- OIS 705} S oM AU Robinia pseudoacacia), R&|(Rosa multiflora),
U Stephanandra incisa) 3%0] Tigh Y-St RAFS AAIE
- ORI B0 2 BE oF 30muje], oF 167m BojAl 37 koA RALS
AAY

- AY e} F4HURL 7F Ao 2 HE oF 30mue], oF 116m EojAl FetofA
ZAMS AR

ORI AILL

AF OPRALE

L :
A 30mifEl) s e
n ¥V Wl
&

<Y
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3t 3~44 S5Fo= opefstA uEREen, AoA 2t

=
5RES/T S TRT ASAA L AT R R oA
£e HEHES Mot oz WY
ORI BAbak Aol AAFE A A B RS BB 5
#rls] e ulgg Uepd
ol 7} £0] AA Yol ThE Aat £ opAILFR] i3t 7t Fo] ME
AololA 71Q1E Zo2 AtRd
gelel YA2EY 9 3 AT L PEE LA W3 e vIEE e
e 7t B0 A4 Weo] BE Az AR
el opLAUR Jlal T BE ARAE F AEE oy Bl Az

ol g2 AER st

a

a

r=

}01

0§ 2 ¥ R (Andrena sp.1), 1.7% MNEEF(Andrena sp.2), 0.9%
BOHE S B (Halictidae sg

= 2 E A mellifera)
L] (A, cEran
28 EUA meilifera), W O} 4 R Halictidas sp.)
89.7%
tr= 105}
e fatal= i 3.1
Total 117 m Of-E HFlAndrena sp.2

T3 80. OpHAUROIA Y] BB WAEF T

80



W EE (A cerana),
21.4%

UR-E A mellifera),
57.1%

A=

1% i 2 7 {Andrenidae sp.)
of 97 (Andrenidas sp), 22.2%
+ 2 i (Nomada 5p.1)
RO} 348 5 iHalictidae sp.). 33.4% TR R R (Nomada sp.2), 22.2% Bl
42t B F(Momada sp2)
R R iNomada sp.1), Of £ # - {Halictidae sp.)
1.1%
Total 9
n 7 28 FiHylasus =p.)
03 82, RpURolN0 WE WalEs A
B 26 oAU £AlE WS WolEs 58
sty 29
= (Order) 7H(Family) L WA 4] -&(%)
(Scientific name) (Korean name)

Hymenoptera Apidae Apis cerana A= 7 6.0
Hymenoptera Apidae Apis mellifera IR ] 105 89.7
Hymenoptera Andrenidae Andrena sp.1 OfEHE 2 1.7
Hymenoptera Andrenidae Andrena sp.2 o EH = 1 0.9
Hymenoptera Halictidae Halictidae sp. NOpEH = 2 1.7
Al 31} 3~44 5% 117 100
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T 27 A £ BE U5 58
1H(Fami oy =9
2(Order AP IS H]2(%
( ) ly) (Scientific name) (Korean name) Hil= &%)
Hymenoptera Apidae Apis cerana A= 3 21.4
Hymenoptera Apidae Apis mellifera = 8 57.2
Hymenoptera Haggtld Halictidae sp.1 HOpEH= 1 7.1
Hymenoptera Haggtid Halictidae sp.2 NOopEH = 2 14.3
Al 21t 2~3% 4% 14 100
£ 28 FAURN ZAE WS YsEE 5
sl o
=(Order) H(Family) C a8 A4 H]-8(%)
(Scientific name) (Korean name)
Hymenoptera Andrenidae Andrenidae sp. ojZHE 2 22.2
Hymenoptera Apidae Nomada sp.1 gt = 1 11.1
Hymenoptera Apidae Nomada sp.2 Pl = 2 22.2
Hymenoptera Colletidae Hylaeus sp. o] EH & 1 11.1
Hymenoptera Halictidae Halictidae sp. HNOEH = 3 33.4
Al 43} 44 5&E 9 100

SE R
13 83, AffEE Y FEEE oMAURERM Y AMTHEERS
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29 84, AiAEEY FeEEY A Ro MRS

® 7715 7Ee 252] 597 WAAIY WekrEA £AH2020/5/8) (1 85-93)
- ORI 7Hat A A& Rhododendron spp.), 13N Staphylea bumalda), 2215
U Haeagnus — umbellata), — BaPFR{Chaenomeles  sinensis),  BIH=]40]
(Cardamine leucantha), oW |5Z( Chelidonium majus) 6501 5 SEAF ZALS
AR
- PRURLE Bxro 2 9E oF 248m QoA F2toA ZALS AIA|S
- O7|EZ1} ujUe]do]= BAFo 28E] oF 30muje], AZa} YuhFs Bxro 2 HE]
oF 40mU9), B2 URE BAC2RE 60mUel 2 Foldl Fetoq £at

2 A

ojLpesol B

B
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o
N o
o
 f
U
<
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oz
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g
19
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- UAARE WSkREA T4 F AEEo] U] nAUFRON 20.8%, AHOIA
13.9%, o7 EB0A 12.5%2 LR Vel Bl @uhts, ojuajolol
]

- GRBUL DAUDAA 70.8%, BHOIA 27.8%, vlLk]olo]A 15.4%,
B 2RO 15.0%, of7|SEo)A 12.5%2 LERT ¥ ool A s
e ghe

- O A2 8 R gekEEo] BA| Ao RE AFOIA 53t 10-204 27502
7bg et et o, olutedolol 33t 4-94 9%, WelALbRol Lut
7-9%4 9%, BIHIROA 37} 484 8%, of|EB0IA 31t 4-54 6%, LALD
ol 23t 4% 4502 Uehd

- 5Y% 7)E JlET 258 5970 AP R} QFREY BE TAUR0A
Pbg e HEie Reon, 1 0] A%, oSBT vlis &S HEH

o
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%Fimn“'?ﬂ'lf"‘ ™ DOHE R Mt p 49, 0 4%
o &1 1 N il 5 sbendas o 51, 1 1w

AT EGE e O 4%
HE|Z g apperhindemy, 8%

S42NEYE vssunmn 0

SHETHE arens), 25% _
“E"Mm:-h#
LT ke g e

&g B Ancirenidee wp 0 a
OERNE S haliciomled, 1TR

I R degactaliee g0
WS B Namada i 11 E“‘m

415 & Magachilidae s 1, 048
nlﬂ?nlm-m:.a 044 FEERNomads .5 255
THE B R Mepachics w11, 045
b :
: -
URRNEYL e 117N - 5343
Total 238 et o
a7 87, ABOIAY W Yo gy
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Y EIdE A malldes

il fiferal

oS EEA cerana

m FHE Y B aegachibdas sp

EESNE'EIC pponma

B EC0E T EiHakchdss op 1)

w0 E Hiakctadss o)

Total 8

13 88. o7 EEONAMY EE Wetrd A/

aTesgya maliara

s TEIHEEC pponse

FEE S A mellifera)_J

i B OETAmegds guadnisanata
1)
BT FiApkles ap

mET A Apdes 52

A ERE (L appendodats

S2TE wnitus
R TR pambur wp

HETRibombus sp 2

0 & 'g RAndieredas 1p 1

ol &% 'S BiAndrersdaes 1p 1

K OFR 8 Erialichias sp 1)

EOhE R #{rslctdse 102

o EObE R Eiraetdse g )

EoHE W F{Halictides 3. Th 2008

- RO0R S Eslatdse spd)

2 T .L‘EHE'E-E'..ﬂ.HJ w1
B3k B acticas 3

agk o8 % LIC wparies)
[ %1
- Total 15

a3 90, mahjRolAo] e WatEs A
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W B'BiA melliera)?

YRR Andrenidas sp £ 26 ¥

1.5%

O SR onbt e 3 Pt B S actician i 1) 11 5%

AR R Malicticlse wp 21 3 F= 15 % A ndrenides 5
B Halrticlaw 1p ), 1 s

5 'S W Ardierads
L
Total 26
a2 91, oja]goloAe] e weEs v
B 29. ARA mAME HE YIS TR
oy REE
=2 (Order) IHFamily) o (Korean H]-&(%)
(Scientific name) Eas
name)

Hymenoptera Apidae Apis cerana NI e 33 13.9
Hymenoptera Apidae Apis mellifera GdEEH 66 27.7
Hymenoptera Apidae Bombus arens arens E59gy 6 2.5
Hymenoptera Apidae Bombus terrestris Al S Hrd 1 0.4
Hymenoptera Apidae Bombus ussuriensis Loy 1 0.4
Hymenoptera Apidae Ceratina flavipes R OPRSREE 6 2.5
Hymenoptera Apidae Ceratina japonica PR N B} 76 31.9
Hymenoptera Apidae Ceratina sp. LA EEHF 2 0.8
Hymenoptera Apidae Nomada sp.1 ety = 1 0.5
Hymenoptera Apidae Nomada sp.2 ety = 1 0.5
Hymenoptera Apidae Nomada sp.3 ety = 1 0.5
Hymenoptera Apidae Xylocopa appendiculata oj2] s et 11 4.6
Hymenoptera  Andrenidae Andrena halictoides 1 Zofj&2d 4 1.7
Hymenoptera  Andrenidae Andrenidae sp.1 ofjZHE 1 0.4
Hymenoptera  Andrenidae Andrenidae sp.2 o EH = 1 0.4
Hymenoptera  Andrenidae Andrenidae sp.3 ofj 2= 3 1.3
Hymenoptera  Andrenidae Andrenidae sp.4 o EH = 1 0.4
Hymenoptera  Andrenidae Andrenidae sp.5 o EH = 1 0.4
Hymenoptera Colletidae Hylaeus sp. ojg]ZdH = 1 0.4
Hymenoptera Halictidae Halictidae sp.1 HOopEH= 8 3.4
Hymenoptera Halictidae Halictidae sp.2 HopEH= 4 1.7
Hymenoptera Halictidae Halictidae sp.3 HOopEH= 1 0.4
Hymenoptera Halictidae Halictidae sp.4 NoEH = 1 0.4
Hymenoptera Halictidae Halictidae sp.5 HNoEH = 4 1.7
Hymenoptera Mega(éhlhda Megachilidae sp.1 7HdE = 1 0.4
Hymenoptera Megacehlhda Megachilidae sp.2 7HE = 1 0.4
Hymenoptera Megacéhlhda Megachilidae sp.3 7HE & 1 0.4

Al 51t 10~24& 27% 238 100
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30, ol golol s EAME WS YakEE

o

=
T

sty o
2(0rder)  HFamiy) 0 i AR E1E)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera oF2 B 4 15.4%
Hymenoptera Apidae Ceratina japonica S PN 3 11.5%
Hymenoptera Andreemda Andrenidae sp.1 Of Z2H = 1 4%
Hymenoptera Andreenida Andrenidae sp.2 ofjZdH = 2 7.7%
Hymenoptera Andreenida Andrenidae sp.3 ofjZdH = 4 15.4%
Hymenoptera Andreenida Andrenidae sp.4 o Z¥H & 7 26.9%
Hymenoptera  Halictidae Halictidae sp.1 HnopEdH= 3 11.5%
Hymenoptera  Halictidae Halictidae sp.2 HopEH = 1 3.8%
Hymenoptera Halictidae Halictidae sp.3 HopE2H= 1 3.8%
Al 31} 4~94 9% 26 100
£ 31 DEGRAA ZAE UE YolEF 35
sl o
%(Order) aHFamily) e e RS H]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A2 B 5 20.8
Hymenoptera Apidae Apis mellifera deud 17 70.8
Hymenoptera Apidae Eucera sp. LAZHE 1 4.2
Hymenoptera  Megachilidae Megachilidae sp. 7HE = 1 4.2
A 23t 4& 4% 24 100
£ 32, BejauRolA AAME ER WA 58
sl o
%(Order) 3HFamily) o i RA 4 u]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera =g 3 15.0
Hymenoptera Apidae qu;é?]?ggﬁ ia B 2 10.0
Hymenoptera Apidae Bombus ignitus sy 4 20.0
Hymenoptera Apidae Bombus sp.1 HAaddE 5 2 10.0
Hymenoptera Apidae Bombus sp.2 HadE= 1 5.0
. C@Faf]ha 1Y oAy
Hymenoptera Apidae japonica A2 GANEE 3 15.0
. Xylocopa =4yl
Hymenoptera Apidae appendiculata ojg] ety 2 10.0
Hymenoptera Apidae Apidae sp.1 =HE 2 10.0
Hymenoptera Apidae Apidae sp.2 =HE 1 5.0
A 13} 7~94 9% 20 100

88



B 33. 7| FENA RAME HE WEEE 35
sty 29
=(Order) 1HFamily) L 7RA 4] -2(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A2 B 1 12.5%
Hymenoptera Apidae Apis mellifera Fe=d 1 12.5%
Hymenoptera Apidae Ceratina japonica RIRCRUSN I EIS:] 3 37.5%
Hymenoptera Halictidae Halictidae sp.1 HOpEH= 1 12.5%
Hymenoptera Halictidae Halictidae sp.2 NopEH = 1 12.5%
Hymenoptera  Megachilidae Megachilidae sp. 71 HE = 1 12.5%
Al 31} 4~54 6% 8 100
B34 wafRdA ZAME U2 $EEE 3R
a9 e
2 (Order) HFamily) o 7RA| 4 4] -&(%)
(Scientific name) (Korean name)

Hymenoptera Andrenidae = Andrenidae sp.1 o= 1 6.7
Hymenoptera Andrenidae = Andrenidae sp.2 o EH = 2 13.3
: Ceratina 1Y oy
Hymenoptera Apidae Japonica A= gAEE 4 26.7
Hymenoptera Apidae Nomada sp. A= 1 6.7
Hymenoptera Halictidae Halictidae sp.1 HOopEH= 3 20.0
Hymenoptera Halictidae Halictidae sp.2 NOpEH = 2 13.2
Hymenoptera Halictidae Halictidae sp.3 NopEH = 1 6.7
Hymenoptera Halictidae Halictidae sp.4 HOpEH= 1 6.7

Al 31+ 4~84& 8% 15 100

T3 92, AEEY By
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g 93. KHEH%HH’} FeEde AFUT RolM9 AERFRG

@ %71= b2 B5e 597 DAARY WehREA RAK5/28)( 2% 94~100)
- OPRAIKR, Am7], e, FRUR, ojukegolo] thet WakRE A £ALE

1\11\]8}
- oMURE GRG0l AMFA REE uehl gFozwe of
1.74km, 1.78km oAl oA ZARS AAI

- AMd|= BAbo 2 WE oF 279m, 645m, 955m EojXl 37 oA EARE

}\I}\]

- eob F4pps 7F ¥Ako 2 RE| oF 645m, oF 279m EolAl FtollA RALS
A

- ool o2 RE of 30m ez 2ojil E%Oﬂ/ﬂ ZEAFS AATY

T e — T

oL e

T 94 H71% JPEE 250l 597 $EREY £AH2020/5/28) CIYLANE U SIx]

4 & AEEL] v &2 AFE 7oA 17.8%, =4
4.3% 2 e 9t opZFAIUR, =g, iy ol oA=Lt
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G EEL OIAIUFOIA 62.5%, AFB7]oA 55.9%, oA 25%, =4
LRolA 14.3%=2 UERd BF ojuegolol = UEREA] =

g AlEE e Uetaze] AR oz e Agr]oA 20 4645 TEOR
P st U o n], op7FAIUR oA 23F 2~44 4%, B0l 22t 2~4
& 4%, F2UT 20 2~3% 4%, ujy2|golold 1at 1~24 2% c 2 UEhd
Ao AiEE deEE o HE Uihse =8 (Apidae) 2%,
notZHiHHalictidae) 3502 SI=(0d 95)

54Ee/Y 471 7HEE 558 5970M = AiiEEy e BF
DIoA 7P 2o MEAHS BYon, 1 9 ZHAUROAME HuA 2o
MSAHL "ol 7oz mris

S
2

N

T v a

OPZRAILF oA = Qi dnt SolEol o, A2 o] AUtz SlIsHA] 53
ol 7t 9 MA R0 g 2y} T oppAILRo] tiet 2 §o] e
AtoloflA 71RlE Aoz AtRdEREAI0N oA UtRE SFo 2 REH
L7km 01 ol ol 2419

~

NI oA 5} 5 B AT F ARRE ) o Ee] Aao
e Alge sy

- RRUT 4] opMAIUR Jjet & TEY YUAE2HO| THRS e
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VB R Nomats 5 | 1S

TEEEA mellifers)

53.9%

=19

== H?.:{.ﬂ. mwellifera 1
14.1%

BOHE S ThHabictidee 5001
A2

EoEESoubcndse .1l

Tolal 14

W
s

13 96. mpuURolAY EE getrd A/

Total 24

a2 97, opMALFRO 0] WE B
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Total 16

5 98. Ao EE Yetes /3|

DR S B Hbcrdae ap 1) 11 1%

EOHEE BiHabctidee sp B, 6 THR

Total &

23 99. njugolofMe] deE getes /3]

%35 AMEUlolA AAME WS WolEE B8
oy 2
2 (Order) HFamily) o WA 4 4] -&(%)
(Scientific name) (Korean name)

Hymenoptera Apidae Apis cerana A2 B 6 17.8
Hymenoptera Apidae Apis mellifera deud 19 55.9
Hymenoptera Apidae Bombus arens E5ddy 1 2.9
Hymenoptera Apidae Nomada sp. gt = 1 2.9
Hymenoptera Halictidae Halictidae sp.1 HOpEH= 3 8.8
Hymenoptera Halictidae Halictidae sp.2 NoEH = 1 2.9
Hymenoptera Halictidae Halictidae sp.3 HOpEH= 3 8.8

Al 21} 4~6% TE 34 100
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= 36, 25UpRo|A EA}

i
nE
i

sty o
%(Order) 3HFamily) e e B ES H]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana AfEd 2 14.3
Hymenoptera Apidae Apis mellifera deud 2 14.3
Hymenoptera Halictidae Halictidae sp.1 HNOopEH = 4 28.5
Hymenoptera Halictidae Halictidae sp.2 HOopEH= 6 42.9
Al 21} 2~3%& 4% 14 100
[ 37 OAIGRAN RAE W2 weles 58
st o
9(0rder)  BFamily) 0 e ARE ER(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera = 15 62.5
Hymenoptera Andrenidae Andrena sp. 1 ofZds | 3 12.5
Hymenoptera Andrenidae Andrena sp. 2 ofEds 2 2 8.3
Hymenoptera Andrenidae Andrena sp. 3 ojZdE 3 4 16.7
Al 21t 2~4& 4% 24 100
£ 38 oA ZAtE 9B PAEF 58
sl o
= (Order) T (Family) e R WA 4~ H]-5(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera Fe=d 4 25.0
Hymenoptera Halictidae Halictidae sp.1 NopEdH= 2 12.5
Hymenoptera Halictidae Halictidae sp.2 NOpEH = 4 25.0
Hymenoptera Halictidae Halictidae sp.3 HNoEdH= 6 37.5
Al 21} 2~44& 4% 16 100
E 39. Y| goloA mAbE HE 9ets S5
sl o
2 (Order) 1HFamily) e Bk ZHA 4 4] -&(%)
(Scientific name) (Korean name)
Hymenoptera Halictidae Halictidae sp.1 HNOpEH = 2 33.3%
Hymenoptera Halictidae Halictidae sp.2 NOpEH = 4 66.7%
Al 13} 1~24& 2% 6 100
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X 5 ML) vlge oA ol A
9739,

SHel o7 AU A R]), 22,

16.7%, &
FAGTANE Uehta] e
oA 35.1%, PREONN 20%, FAUpRolN 14.3%5 e

- WA ey WatEsy 7
gefol 4 9.9%2 Lhehd
2E{0]A] 97.2%, OPRAILE(RA2])0lA] 96.1%, OPFHAILES
171014 75%2 vl @A Ee ulge wyon, 1 9

ECE
- gEEYe 2
(2720l 75%, %47
A Al29 W bistaxo] M| LA 2 AojA] 31t 6~10& 11502
71} chobelz] LiERdon], St 20)A 33t 454 55, 2AZO|A 21} 44
4%, A7AHONA 23t 34 3%, OMAILR(EAROIA 23} 3% 3%, opAILt
o} 24 2502 Uephd
sl o] 4 Al Eat LR T ophA]
o
325

5, S2YolA 2} 2
Me=de] AEEE2
9]

=
-1 O
ozHy

_| o

(Aol 13k 2
/T AR E AT
LR At 7oA HluA =2 ASdS Hole= Zlo=
© eEEu ElEley,
o 7¥

£
7o Abg
OPZFAIR(A A =] )0l A]
o]\_ 7} ZS__J A—]/\] ‘:”Eoﬂ E}% 723_]7_} = OPJV\]L}Toﬂ LH?_}
AroloflA 71919 o2 AR HENYA|DoA oAU At
Atz

_|Z

=

5
E]K] QFOEA|THEAYC 2 R
G402 wol B

slstx] 23t
° =
Al 1:| 10
}‘\j =
22X 7HR|S U

oX.

L= 1
o] W

o
580m ©JAF @olx] ILofA] ZAME)
L REy R
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- o7PAILR e} e
Hayol ke A2
- 224, YR B ALY
oF 720m o’} Bol3l FolA ZAME) P8Ol &L
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FE B YA mellifers), T5.0%

3% 102, OVMAIUR(2FOZRE 140mAD)olAS WE Yok E Ayl

TE B EA mellifera),
56.1%

LRdsEYc

23 103, ORI UGR(E7G 22 R E] 500mol4; BofAl X)of|M Y] EE getrs /]

97



BiiEE

T T Re——— g NS
Do S S Malicndes 100, 36% I

2EBDA mellifera), 351 SRl
i ) g SI0ME 'S W

EE A

Ex  Total 111 :
O 104. A oxQ] HE Bats /gdH]
R DO sevaria, 2.9%

BoRES

3 105 SEHOA 9 EE Wit gy

HEFAWGIC japonical, 150%

3 106, GAHAAM Y EF Fehts g
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BEEBTA. mellifera)
20.0%

i 3j

HEANEEC pponical. 50.0%

i

Total 15

1107, A Q) HE

FEHERRTH aerana), M 6%

O B hriranides wp. 1), 14 7%
EOEER Halicndas sp.2).
14.2%

erudae ol
IHE SR Halictides sp T L%

Total 7
a9 108, gHURoAe] Hy Wehts 1Ad]
B 40. O GH(E AR, B2 RE oF 500mol/d)olA AR HE Wil E TR
; &g =3 2 A o)
=(Order) ZH(Family) (Scientiﬁco name) (Koreanoname) 7R H1&(%)
Hymenoptera Apidae Apis cerana A= 4 16.7%
Hymenoptera Apidae Apis mellifera IR ] 18 75.0%
Hymenoptera Apidae apggéi?gifaz‘a oj2] s utd 2 8.3%
Al 13} 2& 3% 24 100
99




H 41 oA GEH(EA ], B4R RE oF 140m)olA RAME HE ©@eits T
. sy 2y ~ o
=r(Order) ZH{Family) (ScientificO name) (Koreanoname) ZiAlS H1E&(%)
Hymenoptera Apidae Apis mellifera deud 74 96.1
. Ceratina IRERETI® IR REY
Hymenoptera Apidae Japonica A2 GAEd 2 2.6
Hymenoptera Halictidae Halictidae sp. HOpEH= 1 1.3
Al 21} 3& 3% 77 100
B 42, A oA At HE Yt E T
5] e
2 (Order) HFamily) o 7RA| 4 H]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A B 11 9.9
Hymenoptera Apidae Apis mellifera deud 39 35.1
. Xylocopa =yt
Hymenoptera Apidae appendiculata ojg]serd 4 3.6
Hymenoptera Andrenidae Andsrgnlldae o EH = 8 7.2
Hymenoptera Andrenidae Andggnzidae o EH = 10 9.0
Hymenoptera Halictidae Halictus aeraria 2] aopEdE 14 12.7
Hymenoptera Halictidae Halictidae sp.1 HOpEH= 5 4.5
Hymenoptera Halictidae Halictidae sp.2 NoEH = 7 6.3
Hymenoptera Halictidae Halictidae sp.3 HNoEH = 8 7.2
Hymenoptera Halictidae Halictidae sp.4 HNOpEH= 4 3.6
Hymenoptera Halictidae Halictidae sp.b NopEdH= 1 0.9
Al 37 6~10& 11% 111 100
B 43, ZEHA 2AME E5 U2 F 35
sty =9
2(Order) 1HFamily) o ZHA 4 4] -&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera oFE 69 97.2
Hymenoptera Halictidae Halictus aeraria  <-2]xopz2y 2 2.8
Al 21} 2& 2% 71 100
H 44, JZHNA 2ATE E5 LI F B
. s} 2 . 9
=(Order) #H{(Family) (Scientifig name) (Koreanoname) 71l ul&(%)
Hymenoptera Apidae Apis mellifera GdEEH 15 75.0
: Ceratina R B
Hymenoptera Apidae Jjaponica By 3 15.0
Hymenoptera Colletidae Hylaeus sp. oz EdHH 2 10.0
Al 21} 34 3% 20 100

100



A

# 45, AR RAME EE Yo S B

feign:] %Eg

. =N 2N A O (0
=r(Order) TH(Family) (Scientifig name) (Korean name) ZiA H1E&(%)
Hymenoptera Apidae Apis mellifera F2EH 3 20.0
Hymenoptera Apidae ]gi’)z;aé;gg U 2GR 2 2 13.3
Hymenoptera Halictidae Halictus aeraria Ste| mopEd 9 60.0
Hymenoptera Halictidae Halictidae sp. HOpEH= 1 6.7
Al 21} 44 4% 15 100
5 46, FpURolA A WS welEE 58
. o e i o
=(Order) 2H{Family) (ScientiﬁcO name) (Koreanoname) ZHAl 81&(%)
Hymenoptera Apidae Apis mellifera Fe=d 1 14.3
Hymenoptera Andrenidae Andsrgnfdae ojZHE 1 14.3
Hymenoptera Halictidae Halictus aeraria  F-2]BofZ2d 2 28.6
Hymenoptera Halictidae Halictidae sp.1 HNOoEH = 2 28.6
Hymenoptera Halictidae Halictidae sp.2 notZEE 1 14.2
Al 31t 4~54 5% 7 100

© g T2T IS4 AN B Y254 £AH2020/6/15) (2 110~113)
ur
o

- SRR, AR AR 2%50] Oigh YetEaAt RARS AAS
- YURE SR FHE oF 217m EolRl dHM RALE AAIY
- QEATURL B0 24YE] oF 330m QolXl oA RAME AAIF




it A&
AH2020/6/15) ChARRAE 2 97|

l~>1

- AN YeEsd 14 5 AAEEe uge whiRold 12.50%, 2
PR

oA 46.2%2 LERFOD QuBEe WLbRolA 18.80%.

- Al MR WatEEY) AR PYORE WRA 23 34 4502
Folelglon] ARAFURIAL 19} 24 3502 Uerd

FET B ARIRY % SSEY 25 w2

w0 medlifera)
m O EiA cerana

B RBombis arens arens)

ROHR R (Halichdae sp

© Total 16

a8 111 Fy-RoA o] s Welty /g
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TR E A, melfitera),
30.8%

n=4

M EE{A corana),

46.2%

(2]

feige:| ™
%(Order) 3HFamily) e e B IES u]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A& 2 12.5
Hymenoptera Apidae Apis mellifera GdEEH 3 18.8
Hymenoptera Apidae Bomgggnirens E5ddH 2 12.5
Hymenoptera Halictidae Halictidae sp. HOpEH = 9 56.3
Al 21t 34 4% 16 100
%48 YERAWUPOIN mAE WS WolEE 5
sl o
%(Order) 3HFamily) o i A5 u]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A= 6 46.2
Hymenoptera Apidae Apis mellifera IR ] 4 30.8
. Bombus arens ool
Hymenoptera Apidae arens =54 3 23.1
Al 13} 2& 3% 13 100
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TEAEE Yol sd 4 & AEE vla2 tiFUROlA 39.7%, Ul=
SFEONA 26.8%, SUHoIA 27.1%= Wehd BHH, GEFOAME UERLA]

- FEBWO hELFRO|A 58.8%, O]ZHAZ o)A 70.1%, 2Ujo|A 67%, B
ABO|AL 26.7%2 UEhd
- O AEE BE ehEe] AA Y2 tIFURoIA 31 3~44 bEo R,

Ol=d8olMe 21 24 3%, YEROIAN 24t 3~5% 65, SlollA 23 24 3

59701]*1 B oFEx T EURol A
Fom, 0= AgoA e %S M$/4g Hole= A

N
Ml
N
o
v M
rulo _||-u
9. _E

rl

- YAFAME FPEU Ao, qehEEY AVVFL A
- ol YAR) OjF A BEY FRER HBE HoloA] JAF Ho=

=]
a
- QEURE of2H SR BANTEH JXE e

L0 R A Malictclae sp 1), 0.5%

HERD Bil), BLS%
BEEERA me E]
BT R R A caran
TR B cevana), -
0T = BiHalictus aeraria
it FEERN mellifera), 58.8%
(me T8 v L
1IN
IHE R & Halicdas sp
7 R Megachilidas sp.i

a3 115 dEURoAe] WS YakEE 2]

MRS (A cerana),
26.8%
=261

w TESHEEA cerang

TFE B (A meflifera),
TOLT%

(=68

23 116, Oj=47-goA e B5 Yetts #+/dy]
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- :"5'-;_:‘ A mall fara

B HEDTME BiCeating japonica

2eE T HA. mellifera),

m O EiCerating flavipes)

- 2f 202 EiHalictus asrarnia)

7€ R (Megachilidae sp. 1),
013;1;]}3 m BEBH (Apis mallifera)
m MEES (Apis cerana)
YR (Megachilidae sp. 1)

=8 (Apis mellifera),

69.8%

{n = 67)

total 96
> 3y
I 49, hEURIN RAME 9 PP BR
59 =9
=(Order) 1H(Family) N ik B H]-&(%)
(Scientific name) (Korean name)

Hymenoptera Apidae Apis cerana AefEd 79 39.7
Hymenoptera Apidae Apis mellifera IR ] 117 58.8
Hymenoptera Halictidae Halictus aeraria 2] moped 1 0.5
Hymenoptera Halictidae Halictidae sp. NoEH = 1 0.5
Hymenoptera  Megachilidae Megachilidae sp. 7HE & 1 0.5
Al 31t 3~44 5% 199 100
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£ 50. 0l=9780lA =AbE 2=

HlslI1lx RS2
Iets 55

et o
2 (Order) HFamily) e R 7RA 4 u]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A2 B 26 26.8
Hymenoptera Apidae Apis mellifera oFEud 68 70.1
Hymenoptera  Megachilidae = Megachilidae sp. 7HE = 3 3.1
Al 21t 24 3% 97 100
E 51 BARN mAbE WE YIRS 5R
- | 5o 2 o .
=(Order) 1H(Family) o 7HA 2 4] -&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera FEHH 4 26.7
. Ceratina 19 DpE e
Hymenoptera Apidae Jjaponica RIRCR N ] 2 13.3
Hymenoptera Apidae Ceratina flavipes  RUOPZA|Zd 1 6.7
Hymenoptera Halictidae Halictus aeraria 2] a o 1 6.7
Hymenoptera Halictidae Halictidae sp. 1 HOpEH= 1 6.7
Hymenoptera Halictidae Halictidae sp. 2 HOopEH = 6 40.0
Al 21} 3~5&% 6% 15 100
E 52. SUfoflA mAME HE YIS TR
. . oo Er L o
=(Order) 1H(Family) N 7R 4 4] &(%)
(Scientific name)  (Korean name)
Hymenoptera Apidae Apis cerana A2 B 26 27.1%
Hymenoptera Apidae Apis mellifera Fe=d 67 69.8%
Hymenoptera Meggghlhd Megachilidae sp. 1 7t E & 3 3.1%
Al 21t 34 3% 96 100

H
=

Aop ore
D2 119, B ok EU0) R LR e] UL E RS

L

i
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120. RfefE=

a9

AH2020/6/23)

A2} 854
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i

TEE A
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(2" 121~
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ARy wetEsy 14 5 AUl u]ge WhiRoA 7.7%, R
£ 62.5%2 UERGO0] QFREw e whiRolA 92.3%, tj5LtLo]

A 37.5%2 UERE. (OY 122~123)

Shpmol ohEUbRolA AlejEuat Ry o WE Warsol AURE

sholsta] 24

rlo

AN
69 U ZUE AT IAOIH AjeEEo] hEURAA FREALC
2o HEHE YL HAAOT, YURAHE HEYL Bolk Zoz
A2

QAEUPE o154 224 BANZEH RS e
LR AE Ao 2Ee] AuFSo] WAL Yol sl

2 HRI%7F Aol
ol 3xPAEO] WSt AL 5t

M EE(A. cerana),
T7%

=1}

YRR SN mellifera)

B2 E "R cerana)
n=-12)

Y Z2EU(A mellifera), 92.3%

a8 122, Ju-FoA 9 25 gehts gy

mEEE A mellifers

HEE LA mellifers),

37.5%

TPHE E{A. cerana), =%
B2.5%

{15 3
BEE BiAL cerana)

O3 123 hALROIA ] HE WetEs 2dul
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I 53 WURoA RAbE W Wl 55
sty o
= (Order) 2HFamily) e ik TRA| % u]-2(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A2 B 1 7.7
Hymenoptera Apidae Apis mellifera F=ud 12 92.3
Al 1t 14 2% 13 100
I 54, OAURON ZAME 9T WoleE 5R
sl o
%(Order) aHFamily) C o b K H]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana Il 15 62.5
Hymenoptera Apidae Apis mellifera d2Ed 9 37.5
Al 1t 14 2% 24 100

SprEd 2AH2020/7/8) TSR LA

a
o=t aE

e
()
B
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© Je= AAITE A 854 BAAMEZE WetEEd £AK2020/7/8) (23

1

25~126)
guue 150 et WelE A £ALE AN

Qu Pt $go2Re 382m Woldl TH AAHE ANY
Sojutrof e AiEd et Jeede ve2 AEEe 8.5% 2, FeEde
3% 72.3%=2 YERS

S 45014 AP EEn B o) WS WelEEe B 15, w02
4%, ol 2502 Vehd
£ UL ARIE BAOIN RBEI} PRy B DR ot
XS Holk 7oz mtE

=

7

‘Imie

fo

e a

mubeo] Wele g 74 5 AlEEto] e Euo] ujs] e ujeg tehd
© 7 Eof A4 UE 22 50| MSE AololA JIA HOR AlRE

w2
_E

Y

HEE BiAndrenidae sp 0}, 2%

W B BT R Cantag jEponical, 1% 58 A renddas £p.21, 2.1%

DOHEE S Halictidae spd]

BobEE FiHalclicdes .

EOTH R Halctidee 5. T,

m P EERA mellifera
m TFEFE BiA carang
DO SR (Hal
3o E 2 (A corana), =
m Z0HR R (Halichdas 5p

H

55. DmjLpRolq &b

B.5% (nad
TFEESA mellilera), 72.3%

fa 34

23 126. SoUROA 9 H5 Fopts dH]

i

st o
%(Order) aH(Family) e e A H]-8(%)
(Scientific name) (Korean name)

Hymenoptera Apidae Apis cerana A2 B 4 8.5
Hymenoptera Apidae Apis mellifera deud 34 72.3
Hymenoptera Apidae Ceratina japonica Q] E R} A 1 2.1
Hymenoptera Halictidae Halictidae sp. 1 HotEHE 1 2.1
Hymenoptera Halictidae Halictidae sp. 2 NoEH = 1 2.1
Hymenoptera Halictidae Halictidae sp. 3 NOoEH = 2 4.3
Hymenoptera Halictidae Halictidae sp. 4 notEEHE 2 4.3
Hymenoptera  Andrenidae Andrenidae sp. 1 o EH = 1 2.1
Hymenoptera  Andrenidae Andrenidae sp. 2 oj 2= 1 2.1

Al 31} 3~44& 5% 47 100
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-

® %71= 1T 25 597 WANBE YHRFY £AH2020/7/9) (1

a3 127. A7 E

N

127~129)

PEE 252 597 Wake sy £AH2020/7/9) PYBAXNE L 97

RO Y] A=Y vle2 40.1%2, FFEE 27.0%=2 e
RAFUFOAM B FER s Wﬂ RaCES % 2 3%, ofsEEa
3%, Mo 8%, JieEat 4508 Tyst £/ WUstEFo] RyFy
D2 M35t Zlog moE

& 71 718 S35 5970 Rl tiste] AefieEat &
eEE BF w2 Aeds Holn), AefimEe] de/dol deEE R dA

o e o Ueng
BZFURE o158 SR VAN F AATUT PP HeHo]




PHUE B iMagachilidas 1p, 0.9% Y ENEECerati i\
ﬂ-"-%?l‘l‘llmubmlll‘}l ez iCerating ppanica),

mu-g.mn'riﬂiw"”“ 0 31, i,

o RiMylocapa app

L E 0| B Epoaius apT), B3
DR FiHalictidan s

das &p. 4], DTN

aFE B A, mallifera),
21.0%

inc il

PR (A cerana),

40,09

Total 2232

st
2(0rder)  ZH{Family) oo A e wem)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A= 89 40.1
Hymenoptera Apidae Apis mellifera GdE Y 60 27.0
Hymenoptera Apidae Ceratina japonica I 2 0.9
Hymenoptera Apidae Epeolus sp. 1 gt adHBo| 5 2 0.9
Xylocopa
Hymenoptera Apidae appendiculata oj2] s utd 5 2.3
circumvolans

Hymenoptera Colletidae Hylaeus sp. 1 ojg]ZH R 9 4.1
Hymenoptera Colletidae Hylaeus sp. 2 ojg]ZH R 4 1.8
Hymenoptera Colletidae Hylaeus sp. 3 ojlg]ZdH = 4 1.8
Hymenoptera Halictidae Halictidae sp. 1 HopEH = 2 0.9
Hymenoptera Halictidae Halictidae sp. 2 HopEH= 8 3.6
Hymenoptera Halictidae Halictidae sp. 3 HOopEH= 2 0.9
Hymenoptera Halictidae Halictidae sp. 4 NoEH = 4 1.8
Hymenoptera Halictidae Halictidae sp. 5 NoEH = 2 0.9
Hymenoptera Halictidae Halictidae sp. 6 HOpEH= 7 3.2
Hymenoptera Halictidae Halictidae sp. 7 HNOopEH= 3 1.4
Hymenoptera Halictidae Halictidae sp. 8 HOopEH= 1 0.5
Hymenoptera | Megachilidae | Megachile culpturalis = Z7H 9 4.1
Hymenoptera | Megachilidae Megachilidae sp. 1 7HE = 4 1.8
Hymenoptera | Megachilidae Megachilidae sp. 2 7HE = 2 0.9
Hymenoptera | Megachilidae Megachilidae sp. 3 7t E & 1 0.5
Hymenoptera | Megachilidae Megachilidae sp. 4 7HE = 2 0.9

Al 43} 74 (0]A)) 21& 222 100
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A=) I I .
3 130, 29 A2 e o
v 2 gt % : v
JohE 54 £AH2020/8/20)
ASERE
p _lg

Pk
mic)
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O FE= AAT AR TEAEE WS

130~131)

- ZFEUS 1350 High UEtEd RAME AAE

- 7HEUR s S 2 RE oF 289%km Eoj7l ofA

- }éur% ofAqo] oFE-EH L 377hA], 100%2 UERGOon j

5
- 89 3% YU AAF sAIEloA FEYURo] diste] FeEEHTto] w2
HEAg welon], ke Aaols Brsta Mool MErt Lt
UR] e 7o mof ofg WYS olBA BEy WAL § rREYo
As/do]l w2 A== HudE
m BEEE (Apis mellifera)
FE2H (Apis mellifera),
100.0%
=30
total 37
07 181 FHEURoINe) WE Wete s 14|
E 57, 15UR4 AAE U YR 55
YHFamil sty oz}
2(0rder)  leemyo S8 e AR u8)
) (Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera el 37 100%
Al 17 15 15 37 100%
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03 132, V)% JHER 258 597 WEEEA AAH2020/9/15) hATUAE L YA

® F71= 7Hge 552 597 BEAEE Yehsd £AH2020/9/19) (2
132~139)
e, =4, 271 3 450 dih get2s Y 2AE BAY
Mg 3o 2 R oF 952m, oF 284m Holxl oA RALS AAIE

BALo 2 WE] OF 452m QoA FolA RAME AlA|E

™~
)
==

a2 n
jZ:
off rr rr rlo

BAro 28E 1.57km BojZl oA RAMS AA|SH
99 F+ A= 7HEw S5 5970 dEEdol HY, S, 284,
AR 2% Asshes AL UEd

ol

AeEEe UL STl 2 H54e uglon iy UY A3 50 et
M=o} AfejEgo] g Hd ulg) £ o2 Aad
WL S 7hed WUNS B B Mol B2 AR Aol
Ao cfet o] e Mawet AFlolA WAL e AeEue)
el Ee Fo| Moe xololA 7|95t o2 Arg

(o]
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EN0EYE (Lasioglossum sp. 1),

LEZMEE (Ceratina japonica), 1.1%
(m=1)

1.1%
=1 G2 TH (Apis mellifera),

19.1%
(n =17}

m BEEY (Apis mellifera)
m A2 EE (Apis cerana)

LR BAME Y (Ceratina japonica)
MY EE (Apis cerana), EWO0HEIEF (Lasioglossum sp. 1}

78.7%
in =70

total 29

13 133, HEolM 9] E5 Fepts FdH]

YEZLYEE (Ceratina japonica), ENOEYR (Lasioglossum sp. 1),
1.3% 1.3%
=1 =1

L= 24 (Apis mellifera),
36.7%

{n = 29)

2B (Apis cerana),

m AEZE Y (Apis mellifara)

60.8%

(n = 48 m M2 EY (Apis cerana)
UZAMNEE (Ceratina japonica)

ZNOEET (Lasioglossum sp, 1)

total 79

13 134, SVHollM 9 E5 Feprs dH

UBRTHEE (Ceratina japonica),
9.1%
n=1

Ti2iZE (Apis cerana),

9.1%
n=1}

H=2 B (Apis mellifera),
81.8%
=9 m M2 EY (Apis cerana)

m 2=EEY (Apis mellifera)

Y2 EHMEY (Ceratina japonica)

total 11

23 135, 28A0AM 9 BE Fekrs ]
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A SHIWOEE (Lasioglossum apristum),

6.7%
(n=1)

LYK RE (Ceratina japonica),

6.7%
(n=1]

nopgaf 2y (Ceratina flavipes),
6.7%

{n=

U==EH (Apis mellifera),

80.0%
n =3}

a2 136, AFolM e W

oAz

Bone o o2

=
o
AL,
=
2

total 15

ot g

eH
==

=2 EE (Ceratina japonica)
=

£ 58, OOl mAE UE WoHEF BR
. | stoy e o .
2 (Order) }HFamily) o 7RA| 4 H]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A B 70 78.7
Hymenoptera Apidae Apis mellifera deud 17 19.1
Hymenoptera Apidae Ceratina japonica IR N 1 1.1
Hymenoptera Halictidae  Lasioglossum sp. 1 ZHUHEHE 1 1.1
Al 21F 3% 4% 89 100
£ 59. SholA EAbE 9 YA 8
ines! o
2 (Order) 7HFamily) e Bk ZRA 5 H]-5(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana AefEH 48 61
Hymenoptera Apidae Apis mellifera e EH 29 37
Hymenoptera Apidae Ceratina japonica U 2GR 1 1
Hymenoptera Halictidae Lasioglossum sp. 1 S HOpEH= 1 1
Al 21} 3& 4% 79 100
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23

2 (Order) HFamily) o 7RA 4 u]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A2 B 1 9.1
Hymenoptera Apidae Apis mellifera Pl 9 81.8
. Ceratina 19 3} R) A
Hymenoptera Apidae Jjaponica dEgAEd 1 9.1
Al 1t 2& 3% 11 100
E 6L AFIN EAPE WS WHEE 5
YHFamil sty ¥
2(0rder) Tamily e = MRS EE(%)
) (Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera ey 12 80
Hymenoptera Apidae Ceratina flavipes HOpPSREE 1 6.67
Hymenoptera  Apidae Ceratina japonica SIRCRU S B 1 6.67
Hymenoptera Hahgtlda Lasioglossum apristum — I-SHj1mo}EH 1 6.67
Al 11} 3% 4% 15 100

M=

FEeEE
23 137, Ayt FEEdy HE(ER), FF(ER) RoMY MBEFRS
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Aef =

23 138, Ajedat FEEEY SMENMY UL SRS

2=
a8 139, AlfeEa Feede] =%

RET BEREE

23 140. JLE AN A et Sd £AH2020/9/16) T T A4

o =2 v

e
)
)

o
=




O FE= AAT Y 854 TAAEE YIS d £AH2020/9/16) (23
140~149)

- S0, 284, A4, 0lFARAo], 1ok, BAYE, Aol 650
gt BIAEEY ZAE A

- 284, Dol BFO 2R o 915m Holxl ReoA FALE AAY

- ), B E, ARl 0| ZAEAo| ol Pt B30 2REl oF 200m
ol "ozl R mAIE MAIZ

1>

=38 U3 48 5 AdiEEe] vlg2 S04 17.1%, &4l
1.1%, 1otajollA] 30%, e E=ollA 4%, 7Hof oA 5.9%= LtEt
7f& 2780l et n]g&RABolo| A= UEUA] ks

2 SO 77.1%, FEA A 33.3%, 7N A0l 25%, D)=
oA 15.4%, aotalox 70%, TAFzolA 92%. ZHofH oA

r X
g —

=

M oQ L 2 g
=
nE

3

~ T ot
> R oz
Mo KU O

o o
o2

o

—_

HJEL
Xoge O

Jo ok

oy

Yohngo) A pHozE SR 23 4% 6502

Ueben S7iolA 31k 34 4%, Zi&RAYololA 21t 34

ZRAolo| A 23t 34 5%, aot]olA 1t 14 2%, g =0llA
23} 24 3%, MM = 21t 65 115 o2 YEetd

- SH0A AidiEE Y FEEE @ HE YehrE 2 notEEuk(Halictidae)
153+ ojg]ZdaH(Colletidae) 1£02 sHol=l(T12] 141)

- 2eAoA AlEE FEEE 9 BE WitE 2 =¥ (Apidae) 352t
o 2" v Andrenidae) 1£0 2 sHol=l(™ 142)

- M&EFAoloN FeEE o E5 WetrE2 EHuk(Apidae) 151} ALOME
HiuK(Halictidae) 2502 sholel(Td 143)

- ojR2uAolo) A QLB o W WelRFe BHik(Apidae) 153 0o}
ZH M (Halictidae) 3502 SHQI=E(O™ 144)

- wopoA = AEEL FeEHS AYsh HE WUehtEo watdE
TWAEA] A28 145)

- ZHAH oA AfEEa FEEE 9 HE WelrE 2 ¥ (Apidae) 451
nopEH K Halictidae) 5502 &Ql=E (1

- BYYIOIN A Eun gREY o WE YskEse noipuy
(Halictidae) 1502 shol=l(Tad 147)

N
opi
=

|

ol r

Flo

- 98 S d9E A M Aieda deEE 2F S0
M 2 A Ben, 1 9 284 1ok, EdgdedA s 47
A2 A<

- Jh&Rrgolet njm R RAYolo A = e Ert o, MEEY A
D2 ISR XY

- Ol 4 Y Ao XpoloA Zdd Zloz ArrHET AFoA TR
Aol nj=&EAols BF2RE oF 200moly BojRl A RAMS
AATE)

- e Ve BEAE S AiEE Y el dego] g2 HER E
A

- AT alupe, g, oMol AiEEe] et AfuEEol W
HAl= gokod, did 2ERE @8 Adesto] 722 224 REAEEA
o] 7tR S EHH
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EN0REYE (Lasioglossum sp. 2),
2.9%
(n=1)

Ol2| EHF (Colletes sp. 1),

2.9%
=1

W= (Apis cerana),
17.1%
(n = 6)

m Q5= 2H( Apis mellifera)
T ;
%= BH( Apis mellifera), a 222 (Apis cerana)

T71% ENOEYE (Lasioglossum sp. 2)
= 2e) s H2|[ZEF (Colletes sp. 1)

total 35

23 141 S7HollM 9] E5 eprs dH]

022 (Andrena sp. 1),

11.1%
=1

UEEBH (Apis mellifera), n PR EE (Apis mellifera)
33.33% m MW EL (Apis cerana)
fi=c s 5EET (Bombus sp. 1)

s FHER Bombus sp. 2)

2S¢ (Amegilla florae),

22.2%
n=2)

HEY (Amegilla florae)

s YR (Andrena sp. 1)

TH2HE Y (Apis cerana),
{8%¥E (Bombus sp. 2),

11.11%
11.11% w=1
=1 HERYS (Bombus sp. 1),
Hats total &

=1
I 142, 28A0A 9] B5 Yetts 8]
ENR0IEYER (Lasioglossum sp. 1),

41.7%
(n=3

L= B (Apis mellifera),

25.0%
n=13)

m Z=EE Y (Apis mellifera)
A= 22 Y (Ceratina japonica)
m O SH WO (| asioglossum apristum)

EROFREF (Lasioglossum sp. 1)

UEEIHEE (Ceratina japonica),
16.7%
n=2

N FH|ROFEE (Lasioglossum apristum),
16.7% total 12
n=2

13 143, 7i&EAolo A o] EE el H/dH]




SHOMER R (Lasioglossum sp. 3), YEEH (Apis mellifara)
T.7%

fn=1}

15.4%
[n = 2)

n ¥=2BE (Apis mellifera)

U= RE (Ceratina japonica)

B SEOMEER (Lasioglossum sp. 1)
SECHEYE (Lasioglossum sp. 2

=Rolad= e 2 z
SHOFEE T (Lasioglossum sp. 2}, SECREF (Lasioglossum sp. 3)

38.5% UEAWEY (Coratina japonica),
= 23.1%
{m=3)

SNOFE TS (Lasioglossum sp. 1),

15.4%
n=2)

23 144, ]=&8rgolo o] EE wetty FH/d]

total 13

n HF=EY [apiz mellifera)

n BHEY [Apis cerana)

M2 E (Apis cerana),

30.0%
n=3

QEEE (Apis mellifera),
70.0%

=T}

“total 10

3 145, dop oA o) EE el /]

R0 (Halictus aeraria), 11.8%
LEEE (Apis mellifera),
= 5.9%

1]

-2

EHRDREE (Sphecodes sp. 1), 5.9

=1

OfE] =4 (Xylucopa appendiculata), 5,9% NS (Apis cerana), 2943

(=T (n=13)

ERDOREYEF (Lasioglossum sp. 3), 5.9%
n="1

SHOEEES (Lasioglossum sp. 2), 11.8%

=2 WA S (Ceratina flavipes), 5.9%
=1
(Cerating sp), 3.9%
SROFEER (Lasioglossum sp. 1), 5.9%
inb japonica), ose total 17
m="n UEBA T (Cerating japonica), 5.9% ata

n=1]

23 146. ZioqMoM o] E5 eprs FdH]



B2 (apis cerana),

1.0%

in =1}

FEEE (Apis mellifera),
92.0%
o= 23}

SN OHER (Lasioglossum subopacum),

1.0%
in = 1)

iAapiz melhfera)
B [Apis cerana)
=mao

£ (Lasicglossum subopacum)

total 25

a3 147, SN HE Yakts /3]
£ 62 SH0IA EAHE U YoEE 58
1HFamil sty ™
20rder) o oe e AR 81R%)
y) (Scientific name) (Korean name)
Hymenoptera  Apidae Apis cerana AiEd 6 17.1
Hymenoptera  Apidae Apis mellifera Fe=d 27 77.1
Hymenoptera Haggud Lasioglossum sp. 1 S HotEdH = 1 2.9
Hymenoptera ~ Ollctid Colletes sp. 1 SEIEINE 1 2.9
A 31t 34 4% 35 100
%63 2RHA mAbE WE WolEE IR
sl =
2 (Order) 2HFamily) e (Korean THA| 4 v]-2(%)
(Scientific name)
name)
Hymenoptera Apidae Apis cerana A B 1 11.1
Hymenoptera Apidae Apis mellifera IR 3 33.3
Hymenoptera Apidae Bombus ignitus A=) 1 11.1
Hymenoptera Apidae Bombus ussurensis $32]H9dH 1 11.1
Hymenoptera Apidae Amegilla florae Slzd 2 22.2
Hymenoptera  Andrenidae Andrena sp. 1 ojZdH= 1 11.1
A 21} 44 6% 9 100
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I 64. jBERoloA RAIE EHE Histz =

sty ™
2 (Order) HFamily) e Rk WA 2 4] -&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera oy =y 3 25
Hymenoptera  Apidae Ceratina japonica U 2GR 2 16.7
Hymenoptera Halictidae Lasioglossum aprisum T =vj oy 2 16.7
Hymenoptera Halictidae Lasioglossum sp. 1 SHoHEEH= 5 41.7
Al 21} 34 4% 12 100
65, UlFERAoloA KA WS WHEE 5R
5t =9
=(Order) 1HFamily) N 7HA o 4] -&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera deud 2 15.4
Hymenoptera Apidae Ceratina japonica IR s 3 23.1
Hymenoptera  Halictidae Lasioglossum sp.1 S HOPEH= 2 15.4
Hymenoptera  Halictidae Lasioglossum sp.2 S HotEdH = 5 38.5
Hymenoptera  Halictidae Lasioglossum sp.3 EHNOEHE 1 7.7
A 21} 34 5% 13 100
£ 66 wotelold mAtE WS WolEE A&
Ex: e
2 (Order) }HFamily) o 7RA| 4 H]-&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana AefEH 3 30
Hymenoptera Apidae Apis mellifera e EH 7 70
A 1t 14 2% 10 100
£ 67. FYFYROIA 2AE WS PeEF BR
5oy =
= (Order) 1HFamily) o WA 4 4] -&(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A= 1 4
Hymenoptera  Apidae Apis mellifera Fe=d 23 92
Hymenoptera Halictidae Lasioglossum sp.1 SHOpEH= 1 4
Al 21} 24 3% 25 100
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H 68. /AW oA ZAIE HE dglalEx =

Ju

ke =3 7

IHFamily

p)

s
2(Order) = T we)
) (Scientific name) (Korean name) ES
Hymenoptera Apidae Apis cerana A 1 5.9%
Hymenoptera Apidae Apis mellifera =254 5 29.4%
Hymenoptera Apidae Ceratina flavipes JopldRy gy 1 5.9%
Hymenoptera Apidae Ceratina japonica IR PN B 1 5.9%
Hymenoptera Apidae Ceratina sp. LR EH S 1 5.9%
Hymenoptera Apidae Xylocopa appendiculata ojz] syt 1 5.9%
Hymenoptera Hahgtlda Lasioglossum sp.1 SHNOHEE = 1 5.9%
Hymenoptera Hahgtlda Lasioglossum sp.”2 S HOHEE = 2 11.8%
Hymenoptera Hahgtlda Lasioglossum sp.3 ZHotEdE s 1 5.9%
Hymenoptera Haligtida Sphecodes sp. 1 SHjRnotEEH = 1 5.9%
Hymenoptera Haligtida Halictus aeraria Ste] mopEy 2 11.8%
Al 21 6% 11% 17 100

148, ofgEYlo] TAFHAR), Tojel(2e®) oMol AURED

4 @ : : Y
A= e
23 149. FEEd] olASur|(YR), MERACl(LER) XM MBEFES
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A EE (Apis cerana)

T2l &8 (Apis cerana),
100.0%

total 13
2% 151 AFRoHe] B2 e )
M B (Apis cerana),

n FEEE (apiz mellifera)

s e F Y (Apis cerana)

YEEE (Apis mellifera),

B9.5%
fn = 51)

a9 152, pEEO|H0 WL WEESE P4

B 69. Aol A mAME HE WIS R
sty o
2(0rder)  vHFamily) e e AR 81R%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana A= 13 100
Al 1 14 15 13 100
2 70. FERAN 2AMH HE Yds T
sty o
%(Order) H(Family) e e A u]-8(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis cerana NIl ] 6 10.53
Hymenoptera Apidae Apis mellifera PR 51 89.47
A 1t 14 2% 57 100
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182 AbSHILEROIA 7.19%, SHILROIA 16.7%, HUFR RO
Upepd

Ngw we wetegol A pHoRL ASULRolA 33 64 9%
o2 JPg ciorsbll UERdon] SHURoAE 23 24 3%, Wb ao)A
19} 14 2502 Uehd
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FHMOFRYE (Sphecades sp. 1),

3.6%
et wEEY (apis mellifera),
7%
nopEEE (Halictidae sp. 2), n=2)
10.7%
=3 ) "
AT
J

HOpEEE (Halictidae sp. 1),
10.7%
n=13)

WEER (Andrenidae sp.),
T9%
(m=2y

DR (Andrenidae sp. 1),
50.0%
=15
OfREF (Andrenidae sp. 2),
3.6%
n=1

770 156, AFEHjLERo 0] W

ot

YEEE (Apis mellifera),
16.7%
n-1)

peE

.l’/—

/

!

EHOERUF (Lasioglossum sp.).
66.7%
{n=4)

total 6

a2 157, SUjURoAe) WE

SR0HEE Flasioglossum
sp:1), 5%

SWeHE Y Filasioglossim
sp.2). 4.8%

n=1j

222 & (Apis mellifera), 61.9%

2% 158, WU RAe] We

=
K3

oS RHURY (Nomada fubvicornis jezocnsis),

3.6%
tn=1)

SROEEE (Lasioglossum sp,

36%
(=13

n =R (Apis mellifars)
« D= REHRE (Nomada fulvicomis jezoensls)
» EAOREER (Lasdoglosum sp)
UE2F (Andrenidae sp. 1)
U EZEF (Andrenidae sp. 2]
NRERF (Andrenidae sp. |
» LOR2ER (Halictidae sp, 1)

u LOFEER (Halictidae sp. 2)

ng

e 2 DOF2ER (Sphecodes sp 1)

total 27

77gu)

(Apis cerana),

16.7%

n=1

= YEEE (Apis mellifera)
uAfei 2 (Apis cerana)
st

W=

REF (Lasioglossum sp.)

Yotes g

T2 (Apis cerana).
23.8%

= THELZ S (Apis cerana)

o Y25 E Apiz melliferal

FI2 E R Lasioglossum =p.1)

S EOZE SR Lasioglossum =p2}

total 21
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1. SISOl A £

2
=2

HlslI1lx RS2
Iets 55

. s =3 7R
=(Order) 1HFamily) o u]-&(%)
(Scientific name) (Korean name) Eas
Hymenoptera Apidae Apis mellifera e EH 2 7.1
. Nomada fulvicornis = o xjorel Y
Hymenoptera Apidae jezoensis u] S= S el = T 1 3.6
Hymenoptera Halictidae Lasioglossum sp. 1 S HOPEHE 1 3.6
Hymenoptera Halictidae Halictidae sp. 1 HnopEdH= 3 10.7
Hymenoptera Halictidae Halictidae sp. 2 HNOPEHE= 3 10.7
Hymenoptera Halictidae Sphecodes sp. 1 SHjRoEZEHE 1 3.6
Hymenoptera  Andrenidae Andrenidae sp. 1 o EHE 14 50
Hymenoptera Andrenidae Andrenidae sp. 2 ojZdH = 1 3.6
Hymenoptera Andrenidae Andrenidae sp. 3 o EH = 2 7.1
Al 31t 64 9% 28 100
72, SHIUROIM ZAME HE Wt 35
H(Fami st =9

%‘ Order . . 7 f\_] A H]S(%

( ) ly) (Scientific name) (Korean name) fill= &%)
Hymenoptera Apidae Apis cerana NIl s 1 16.7
Hymenoptera Apidae Apis mellifera FEE=H 1 16.7
Hymenoptera Hagghd Lasioglossum sp.1 SHOHEEH= 4 66.7
Al 21} 24 3% 6 100

B 73 MURROIN ALY BR PEEF 5R
513 2
=(Order) 1H(Family) N 7R 4~ 4] &(%)
(Scientific name)  (Korean name)

Hymenoptera Apidae Apis cerana A= 5 23.8
Hymenoptera Apidae Apis mellifera deud 13 61.9
Hymenoptera Halictidae Lasioglossum sp. 1 SHotEdH= 2 9.5
Hymenoptera Halictidae  Lasioglossum sp.2 SHotEdH= 1 4.8
A 1t 14 2% 21 100
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a2 159, A7|E 72 25e] 597 4t

e JtEE 8%
159)

- HUE 150 dieh getesd 2AE A
- g wxto 2 HE oF 681lmoju WojXl oA RAFS AA|E
- shpRo] Wt 54t 1 5 Al Bl v g2 8.3% R, YEEdol g

29.2% 2 e
- WURel WS $etEEe] AR FYORE 37 54 10502 Uehtou,
el B e FPEy o W2 YiTHe FUU(Apidae) 45, NOILET
(Halictidae) 1%, of 2y} (Andrenidae) 3502 &ol=(2xd 160)
69 U Z7|E JhgT BEe] 597004 A EEa Ry nE YR
AZ2HN destes A2 UEY oZIUR Zet & 524 ddA =
Mol 7HRlE =gt
- FEEEEy ZF2 AdEE AA ViAeE 2 59 A4 oA v
Aoz Wi

-

HUruE
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FHEHGRE (Andrena hikosana),
b,

4.2% (n=1}

FHM 2 (Andrena dentatal,

21% In=1) \

Y YYRE (Nomada ginran),

QMO Y (Lasioglossum transpositumy,

EHAHE (Bombus psaudabai:alensis],_/_-’
/

24% (n=1) -

21%  (n=1}

1% (n=1)

E9E Bombus ignitus) _/
21%
n=1)

WEER (Andrena sp. 1h
10.4% (n="1]

A
kS

\
\

%515 (Bombus ardens ardens),
37.5%

(n=18)

w HEEE (Apis mellifera)
w T EE (Apis cerana)
EFEE (Bombus ardens ardens)

2 (Bombus ignitus)

[z 1 R |
=

H
=

lat

= FHA IR 2 [Andrena dentata)

w | WL (Andrena hikosana)

| ssfe|gal=E (Nomada ginran)

ITZ R (Bombus pseudobaicalensis)

O 2 (Lasioglossum transpositum)

total 48 o
» RER (Andrena sp, 1)
25 160. "huprolAe] Hs ety 3y
£ 74 WURolA mAbE WE WolEE 3R

sty 3] s H]-&
=(Order)  wH{Family) e i U

(Scientific name) (Korean name) E %)
: . . 29.2

Hymenoptera Apidae Apis cerana A2 B 4 %
Hymenoptera Apidae Apis mellifera Fe=d 14  8.3%
Hymenoptera Apidae Bombus ardens ardens E£5dd 18 32/(;5
Hymenoptera Apidae Bombus ignitus Sdrd 1 2.1%
Hymenoptera Apidae Bombus pseudobaicalensis AR I 1 2.1%
Hymenoptera Apidae Nomada ginran slgs]e| gty 1 2.1%
Hymenoptera Halictidae Lasioglossum transpositum ol ek p op2H 1 2.1%
Hymenoptera And;" eenld Andrena dentata ZHAl ol &2 1 2.1%
Hymenoptera Andar eenid Andrena hikosana 5| Ao 2 2 4.2%
Hymenoptera And{: : nid Andrena sp. 1 ofEHE 5 1%4
Al 31 54 10& 48 100
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Vg CRFSAl LEd oo W RolA L 23} 34 3502 Yeid

LR} AN FRE R ARLE I lon], B A

e slstAl 27

AYANA L 71eF g3t RO opyae AuTFo] Uepd

120 A AATL) AV 2Y
_1

gsln S xl
Aol Eﬂ et Aawst omgtﬂgq 9}04 5] 4o Aoz alad
YU = %}H%J %k%ﬁ‘ﬂu H”‘Qii(n 82)ol] H]é}o:] Rjejzo] HUls’}%o]

R a
69 T JUE AP AN G Bl MR} IS BANZ A
WS It oIS Jfat 3 2R BANER

Sl Zow et R
=
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E5HH (Bombus ardens ardens),

2.3% f
{n=2)

L= (Apis mellifera),
95.3%
(n=82)

T HZHE 102 Y (Lasioglossum hoffmanni),

2.3%
(n=2)

= 2B (Apis mellifera)

SHE Y (Bornbus ardens

ardens)

= A 71E U0 Y Lasioglossum

hoffmanni)

total 86

a3 163, Pu-RoA 9 EE Welts /gH]

TARWEY (Seladonia aeraria),
25%
=3}

HTUARY (Hylaeus koreaensis),
10.2%
(n=12)

total 118

2 (Apis mellifera),

REF (Andrena sp. 1),

0.8%
m=1)
DO RE (Andrena kaguya),  “HITIEE (Andrena dentata),
13.6% EV L
(n=18) (n=4)

v

e
e

® BB (apic mellfers)

HETHROPE ¥ Lasioglossum vulsum)

r

n

EHFORE (Lasioglossum duplex)

n B EHa 2| YT I pomada ginran)

= FHA R (andrena dentata)

= DO RS (andrena kaguya)

= HEES (Andrena zp. 1)

w | EER (andrenasp )

o ETRMITY (Hylseus koresensis|

» TETOHEE (Selaconia deraria)

CEPHTOEY 1asioglossum vulsum),
1.7%
in=2)

FEHZFTRE (Lasioglossum duple,
085
=1
EHEH YRR (Nomada ginran),
0.8%
n=1)
715 EE (Andrena parathosica),
3.4%
(n=d}

23 164. QFH0M ] BH Feprs dH]




75 JILROA]

sty o A Yl
=(Order) 1H(Family) e =9 g F&l
(Scientific name) (Korean name) Eas %)
Hymenoptera Apidae Apis mellifera FeE= 82 9;;3
Hymenoptera Apidae Bombus ardens ardens E5dd 2 2.3%
Hymenoptera  Halictidae Lasioglossum hoffmanni JLHI7MS oY 2 2.3%
Al 21} 34 3% 86 100
£ 76, YA RAPE BB YEE B8
5ty 2
=(Order) 2HFamily) N ZRAla BlE(%)
(Scientific name) (Korean name)
Hymenoptera Apidae Apis mellifera Yemd 39 33.1%
Hymenoptera Apidae Nomada ginran sgs|g] a2y 0.8%
Hymenoptera Andrenidae Andrena SIS o2y 3.4%
y p parathorasica orlmrl== ’
Hymenoptera Andrenidae Andrena dentata 7HA] o & 4 3.4%
Hymenoptera Andrenidae Andrena kaguya Jojofj &y 16 13.6%
Hymenoptera Andrenidae Andrena sp. 1 O & = 1 0.8%
Hymenoptera Andrenidae Andrena sp. 2 O Z&H = 35 29.7%
Hymenoptera Colletidae Hylaeus koreaensis Aol Ay 12 10.2%
Hymenoptera Halictidae Seladonia aeraria Ste] mopay 3 2.5%
Hymenoptera Halictidae L asfz/z%zs;um L Emyobey 2 1.7%
Hymenoptera Halictidae Lasioglossum duplex SZdAZo|lZEH 1 0.8%
Al 43t 6% 115 118 100

ULE YER S
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168)

oF
A getesd 8 AT "2 32
2

o
- 79 & %71 % 1BE 25

A=
ol o HEHL Holk oz Wy

- BYRURE opAIUE et 5 BEY UAAE 5
o HzHol ke A2z 3ol

(=1}
2719 (Megacpulje sp. 1), 7F2l' 2= (Megachile sp. 1),
1.0% =3 3.1%

He|=4E (Xylocopa appendiculata),

/ 1.0%

(n=1)

E5H 9 (Bombus ardens ardens),

5
3.1%

(n=3)

k=3 (Apis mellifera),
59.2%

(n=58)

a3 168, RgFURoAe] He

m 7f 2§ Z E (Apis cerana)

u Y EE (Apis mellifera)
E5H YL (Bombus ardens ardens)

= 272l (Megachile sp. 1)

m 7} H 2 (Megachile sp, 1}
oj2|=ere (Xylocopa appendiculata)

325 7gul
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577, BRREUROIN ZAE WS Y2 R

sty o
%(Order) THFamily) e 3 AAE B8 (%)
(Scientific name) (Korean name)

Hymenoptera Apidae Apis cerana A2 B 32 32.7%
Hymenoptera Apidae Apis mellifera de= 58 59.2%
Hymenoptera Apidae Bombus ardens ardens E5ddy 3.1%
Hymenoptera Apidae Xylocopa appendiculata oj2] sutd 1 1%
Hymenoptera Megace:hlhda Megachile scuplturalis 4719 1 3.1%
Hymenoptera Mega(e:hilida Megachile sp.1 7HE = 3 1.0%
Al 21t 44 6% 98 100

al
LA ZOA Az

R =
- 5 3259 Y250l 3 28

QAR AL 225 0]4k]
HE 2 oujg hxle

- 3R olA AN PIES

219 49 20471K] 178]9] Z2A

o
Aajo] Zelgjo] o]
7102 AtrH

&°] g5t & 789 Kﬂ’\]o}
- A&
AbE

A HU-TOll A 3%,

SPAILFROIA 3%, FAURolA 14%

3A19 (7 715 71t
% 895(2E
1t 24350

FE’E
ru}& °

T4L RA Fgstol AMeAEEY FLEE v

o HEAEE 0*9# 3 %L” T AEde] vle2 HURROIAM 24%,

Zo|A 14%, AFUFOIA 21%, AFE7ILRollA 18%,

of71 &= 13%, ZuiollA 27%,

oA 9%, Dl=HSolA 27%, d2EHUTOIA 46%, WHFolAf 3%,
Lol A 42%, LRl 9%, E'JJ?U#OHH 38%, Aok ol A 30%,
=7HollA 47%, B =olAl 4%, WA 19%,

- ol & AMAH 7HAIe7L

dollAl 10%, Ab=oflA]

L00%, FHEAN 8% Ueht o1 QRAZ0] A HE hsHE we
Aol (n<30) AT HBYL AUK 02 FY}]
1

ol ZE Aldsty, AEEo] dests RS 15%0]4d)2 AE7],

EUR, SZAEUR, S), Suf, o2, olFHArEo R Botbd
oIS lat (5UE S/l AAERE AT, DURLR, S, 5
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FUROIA 71%, wlu=gololAf 15%,
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He] oA 15%, ’\J%WIUrTOﬂH
2001M 13%, G4

A 75%, ZOROlA 70%, oA 34%, S2EA 97%, ZHSUF-OlA 37%,
HAEolM 65%, dExFUHFA 31%, Tu-FollA
73%, UM 57%, TEFOA 27%, AIFHAA 33%, FHUFA
2%, 25 UrTOﬂ/ﬂ 37%, aotfolA 70%, S7HOIA 49%, FF oA 80%,
HZollA 79%, =&AdollA 60%, £FAolFOAA 20%, FEE0AAN 5% L
EfLt s W ?Oﬂ gist M5 7hsdS wel

Aol 29%, ol=

141



- B A7E Foto] o EFE ARMAIC] AXE BUAZ 89F(2E: 565,

ol & AU AAIZIT Aof (n<30) FEZH M54 ARA0 = ZFop]
ol 792 Aelstn, B0 M st UA(M]E 15%0] )L ob7tAlL}
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2 yepg
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2 ORI, WA, OPISE AZUR AURR AL, oI, 4
AW, DFUR, W, FAUL, P, 22, iU, WUR, AR,
S PEUS, Jhoin, AUUR, AP, TUUL, EUL, AR, BUR,
sfuleb], SEUR, UL, SUR, &9, 224, BA, S, Lok, ZHY
2, BNYZ, olnSuy], HRAgol, A%, Ao Uehd

- A2ATHERIA FHEE BERAA Ao] HlE 2EL WURE, FURE
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¥ 515 §4kresidual DNA)Z WEo| Zso] H5oLT 9t BE DNAS Fsfol, 5
2 naked DNA fragment®] Jejz Z£xstct. o]= HE-SHXAHPollen DNA)Q} L&23517] ¥5Hy
AVl gojz | el HEoA SRS B o] Adafste Zhdl T 9] /o] wWAYst
ol
AA

Lﬂ

(Sugar)° Al2AQl AFEFS4(Sugar cane = cane)] 7] 12] 1 AJEHEQ(Beet)] B
E TH% wafste] 1o RS AN AiET. BYARAA Algste deie
99.99%0]4}o] o]&9l Sucrosezt gt

AFE Eo AgES EEY Al fE d¥=S FYstel E¥E0l o %=
(Nectar)t o] AAsHA stal, of5 £A JFAQd Eolct. ojdf st} H o8& (Natural
honey)2 %‘ﬂ*col Za(Nectar)Z A5, ARSHL £/GA1 EE2H JAY &2 7RIS
AuA got 24 d AR I AF(A)E AV RE A, HasHdaid Yol ¥
TE2 B oz AY ol AAFEE 2AE ARVt " Zokdch 2y A Re A

J(Beet sugar)S oA 555t A& Beet AFFEZ, 4719 Hazdda AR et
BIHofA, **04%* T TS5 FrHTE Jlol Tl FE7E Aol EAA H A

Ul AR rrE 28 AFSTRE AEEA] et ek = AAre] EEd of AEA
A e Ee AFGR AR fAAPE dEET, ol Ay Be AFGES A=) ot

A% 02 dste 2] Telsolet @ slol
al A

= A= A} A s R A2 e JHEsh] Ysto] EEA ol AR RAAE

22I5tolof S100), of AEWE 20 BAR HEa7| 9sto] PCRo| B 4 Sk 2702,
ae} 2 g ZTslolo} it

M| o FEE TeL AF GHADNARE 22s17] 9stel, 71 w0E of2] DNA
BUE Heol B WAL 2T YA TR RUAE Racfed $9UE L 2

o2 7|thstal CTAB (Hexadecyltrimethylammonium bromide)E %t

Aot ol <uf Yo EAfshs ek DNAQ #2joll= Fafst, i%*]ﬂol 7e‘ﬂ W A&7t
wosiohe SO wio] ootk BH, AREL 9 olel 9AA 55 7
iNtRON A} kit &) & HE|A A7 SAA} Bejo] ALs5to] Hoto 2
A A& DNAS #2jsp7]of 2lag9] HoM W2 of2gg o &’iUr(l%‘ 178).

_l;
Hi
rlo
o —
H1
|ru
N
>
nE
ﬂhH
2,

oj2] A|3§AIQ S AA DNA isolationof| A 7P de] ALEE 1 Qlonf, I 7HEAut A& dog
W2 71E7F AlESt Ho] Q& affinity columng o] &sh= 7102 Waks A 1, ¥Es
A2 2 AFEsE7] 9sto], HEoA] DNALAW o2 HEAIZ 4 9l Avt 2718 £|XgtelA HA
t}. o] "t “dEoA ZtF DNA £ 7]E9] 7j¢ "yt 22 oujrt gloy, 7 g2

olstet Zoyet.

@D EZEo| o A2 DNA Ea]2 93t &|A binding buffer 7§t
H59] 5|1t Ao binding 53-& Ast7] Y3t /A9 binding buffer?] 4+& &
ot 1 45E AFstAtHH 179).
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100 EQIAGEN = iMtRON = EtOH
90 4 B86.5
~ 80 - Fia
=
- 70 4
&
= o0
i
e 50 1
ot 35.8
- a0 -
8 28.8 304 7.2
& 30 :
20 —
10~

25% 50%
Concentration of honey
a3 178. EEo] FRAR £F DNAQ| 8]40fA QIAGEN Af, iNtRON AR9]
DNA isolation kitS¥} Ethanol RA¥HO] v

Amp Peak

00
H .
E s 9
! |
300
¥ T 1] - T " ¥ Y Y
-] b | L] [r) b ] ]
Cychos Tormgres atus e{Deg.C)

J% 179. DNA binding buffero @2 EBojA ZE A HE
100ul Zof 1089 At&FL4 Eo]QAAF AHAFDNA(PSC)S 21 500ulQ] Z7] The %=9] GnHCI binding
bufferg 21 g]4H pScofl tigt PCR ampliconJ 5343t o] ampliconSold &9lE flgt 52 9

51
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H 81. DNA binding buffero]] & ¥HZojA =S

AL 2o 24

MNo Sample Ct{Cyclea) DA = XL T (OC)
1 S GuSsSCMN 1 27 .00 K= & ]
2 = 26 9 5. 70
3 3 2. 95 ="
25.96x0.03 1.5x105
-1 Al GuSCMN 1 2625 W= & ]
5 = 27 95 FT5.T7TO
(=] 3 29.99 TE5.0
28.056x1.52 T . 3x102
ra Sh Gl 1 25.95 V=1 10]
8 = Ze 01 Te.O3
25.98+20.03 2. %105
o9 10 7 pSC 210,90 Ta.36
10 105 psSc 26_92 TE_35
5. 860x0.27
Ne Semple  Ct[cyde) ONA¥AY  Tm
1 SMGAHCI, 1137 764
A Posk 2 SMGHCL 233 761
Fa— 23364000 LeallF
: / ! 3 BMGnHC, .30 (.9
¥ f & &M GnMCE, 2138 T3
. o 134106 Lhaph
s ' 1 5 107 RS 20:36 76
V4 | & 10°PSC 28.08 T
[ 75.984
/] J \ Ne Sample  Cicyel) ONARAS  Tm[
— =3 1 SMGWSCNT 2700 7.7
fre TPl ] 1 26 757
" 3 3 26,95 157
" - 1686:001 15105
' "] 4 AWM GuSCN § 16,15 .7
— 5 1 1185 5.7
il " J 6 1 2998 5.7
I ‘ (T 18.0621.52 1.0
I 7 MG 25.95 7
I 8 2 26.01 16.0
j'l 15.88:001 2500
i J l 5 107psC 2050 763
- (- 10 103p 26.9) 16.3
75 86

3 180. DNA binding buffero] w2 HEM FHFHAARY 8] 3 o] HTF

100ul B0 1089] At&t4s Eo] GAAH AjZEDNA(pS)E Eil 500ul9] 7t7] TFE %9] GnHCl binding

0|

buffer& 21 3|44 pScof tet PCR amplicon?] %3411} o] amplicon So]4 &l 9|t
SAEA I U $AE

®@ EZEof 95 A= DNA (residual DNA) 22]2 95t 2|A wahing buffer 7f&
X% DNAZF binding® affinity columng A|Aste] £AHE DNA9] 4= g =o]7] st
wahing bufferS, Ethanol®] $t2F, 10mM, 15mM, 20mM Tris-HCl (pH 7.6) =2 A|Astst
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7] 9lsto] BEDNAS AHESHY AL, o] initial template2 5t £0| primerz

5
PCRE 2asi9ict. of 2o wet 2)5o] washing buffer 221 HHSATH 1Y 181

Amp Peak
i ' |
v O
10 -
§ ’4 s o1
£ I e
} LB -
"o ™
10 —— -6 -
" - 0 " 3 J P -
Cymces T ewrngres abum e Teg 1
Buffer Z=41 (B0% EtOH) Ct cycle DMNAE K= Tm
1 FE 1 10mM Tris-HCI (pH7.6) 2525 T6.03
PE 2 26.16 T6.03
257120406 34105
3 A 15mbkA Tris-HCI (pH7.6) 2520 76.03
4 A2 25.24 76.03
5 A3 2525 7603
25.23x0.02 4. Fx105
& B 1 20mhd Tris-HCI (pH7.6) 2523 7603
7 B 2 20mbA Tris-HCI (pH7.6) 2523 5. 70
8 B 3 26.76 570
25.54+0.44 3.8x1085
9 1x10 7 Positive DMNA 21.23 76836
10 1x10 5 Positive DMNA 2711 7T68.306
70300

T2 181. 80% EtOHQ| Washing buffer2/do] ©}2} 3]4E= DNAYQ Ctgf ¥ Tm3t

PCR ZZ Jjn& E5lo] of&h22 80%2 VAt 99 =5 10mM, 15mM, 20mM
Tris-HCl (pH 7.6)2 W3tA]7] bufferZ column< washing &to] 42 3]4% DNAA RS
initial template®2 5}0f A4 £0] RAAME S-EA1ZI. 0]9] Ct (Threshold cycles)gk
o2 olad DNAS AFstden, 8R4 1Hns &ot L& AlgoAd 559 PCR
amplicono] AtRp4 RRAM] Eo]AQl AHEds Slstitt.

ofm
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Amp Peak

s
—i
10
- 7.9
s 1-6,8
=0, -
; .
12
b
: L
: C ;" ;_ 'lh.‘ ™ ';. W
Cycies T eeapese atam ot (B
Buffer == (85% EvOH) Ct cycle D AR K== Tm
1 PE 1 10mbA Tris-HCl (pHT.5) 2427 75.85
2 FPE 2 +80%5 EtOH 26.07 75.85
4.931105
3 i 15mbA Tris-HCI (pH7T.6) 2426 75.85
4 o2 2519 75.85
5 P 25.22 75.85
24.89+0.45 5.9x 105
[ B 1 20mbkA Tris-HCl (pH7.5) 25.20 75.85
rd B 2 25.21 75.52
8 B 3 24.90 75.85
24.90+0.43 5.9x105
=] Txi0 7 Positive DMNA 20.26 T6E.51
10 1x10 S Positive DRA 27.18 765.18

F5.917x0

T 182. 85% EtOHO] Washing bufferxAo] we} 3]4E= DNAYO Ctyf ¥ Tm3t

PCR ZZ Jg=& E35}o] ofet28 85%& 1AStY €9 =2 10mM, 15mM, 20mM
Tris-HCl (pH 7.6)2 $¥3}A|7] buffer® column washing 5to] 92 3]45E DNAA| R0 A]

Agas Sol SRR FEHASS HAL 4 glon §ARA IYLE Fotol BE A
20]4 F%9 PCR amplicono] AlFas SAAH] Solsjel AEUS Hlsiy

[e]

® EFE0 Fa9 27 DNA 2215 9t 24 Elution buffer 7I'd

ZF= DNAZ affinity columno|A] 3]4517] ¥t 2]A Elution buffers 2z 489] 2| A
ZFo 2 10mM Tris-HCI (pH 9.0), TE buffer (10mM Tris-HCl, 0.5mM EDTA, pH 9.0)
DWE AREsHIT. ol= BEDNAS AHESHaL, £0] primer2 SZA[71 PCROJA A& 275
AR stETH 2 183).

i.‘ZDQL‘
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Amp Peak

bt T
! _— - »
-
} = 1-6.8, 10 -
20 7 >
200
e e %o = = -
Cycihen 1w o wrTepag oL
Elution Buffer =24 Ct cycle DMAE Ao Tm
1 | B | DA 25,16 TEe.03
2 D2 A 26.20 7503
25.521 0.5 —
3 A 256.T5 76.03
3 A2 10mbA Tris-HCI {(pHS.0) 25.20 TE.03
=1 A3 26.13 7603
ZS.Sii 0.4 S
=7 B 1 25.20 75.03
+0.5mkh EDTA
8 E3 25.20 F6.03
25.1310.0 R
9 T T O Positive DA 23.11 TH.68
10 Tx1T05 Positive DA 30T TH.03

FTE.06x0.2:=

12 183. Elution bufferxAof wet 3l4%E= DNAYO CtZr & Tmgt

PCR £Z 1z & E5lo 10mM Tris-HCl (pH 9.0), TE buffer (10mM Tris-HCI,
0.5mM EDTA, pH 9.0)2} DW= elutionsto] A2 3]4H DNAR|BOA] AL E0] &4
AP FEHUSL HAT 2 99100 §HEY TYLS Sstol BE AR0A SEH PCR
amplicono] Ag44 MR Solsjel A2 eelstyrt

LI5S LS

2 AEZF A9 binding %€ Ts}] Yste] AEE 0159 binding Y S 275
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Amp Peak

B2
B1 00
g L
Ip2
Ip1 |
E Pa2 o
Pa1 -
;’__m V2
- V1
PE 5
P1
°3 " = ‘ P ‘ - = = =
Cycles Terngeed ot um e{DegC)
Ct =
= A=
column (Cycle) Awver. Ct Tm (°C) DMNA b=
1 probio 23.51 7570
2 2525 24.38+1.23 75.70 8.3x10°
3 viralGene 24.40 76.03
4 2350 2395+0.64 76.03 1.1x108
5 pathogen  25.26 76.03
6 2522 2524+003 7570 4. Tx105
7 Intron-pla 25.20 75.70
8 2434 2477+0.61 75760 6.4x105
9 biosolution 24.30 f5.70
10 2427 24.29+0.02 75.70 8.8x105
75.80+0.16

73 184, EZEof 9% ZF= DNA (residual DNA) £2]& ¢Jst Z|A affinity column Algt
100ul o 1089] AlEF44 E0| S AR} RAfARSDNA (pSc)E do =1 500ul®] 5M GnHCI binding buffer&
ARg-sFo] 57FA] ThE columng 5ol &]4% pScol tjgt PCR amplicon?®] 5=343} o] amplicon £0]/d

olg 93§ I n
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:::;:1 ; c:m Tm(C) DNA S A} Amp Peak
1 1(0.6ml) 24.07 76.18 1.0 x 10° 2} . I
2 2(0.6ml) 24.10 76.18 9.9 x 105 ’ ' }‘ -
3 3({0.6ml) 2410 76.18 5.9 x 10° . |".
4 4{0.6mi) 2483 76,51 6.1 x 10° I |'-'I A I |
5 5{0.6ml) 24.08 76.51 1.0 x 108 e [ ¥
6 606m) 2483 76.18 6.1 x 10° l .|| I-'
7 7i0.6ml) 24.06 75.85 1.0 x 106 2 ) IJf il
B 8{0.6m) 23.14 76.18 1.9 x 10 TR |'|
s 9(0.6mi) 23.14 75.85 1.9 x 108 L J
10 10{6enl) 19.12 75.85 26x10 4_') - L
76.15+0.24 e T

a2 185, Mutgl 1%

100ul 2] 1089] Atehs:

AHgstel 15 107} columng E3f &4 pScol thst PCR amplicon?]
golg 97 gaRa s

column, 107]of] 9J3t Zt= DNA (residual DNA) £2] @ A2F PCR
E0] 9/ X} R RIDNA(pSc)S Y1 500ule] 5M GnHCI binding buffers

ZZ 2 M1t o] amplicon 0|4

® E5B0| 89 AHF DNA

Sigrid tensty

J

1

P =~

587023

o =
Tetmpes atur e{Theq C)
= A=z aF Cti{cycle) Aver. Ct T (TC) DMNA 5AR
1 O 1l 24.228 24 29000 F5.70 8. 7x10 5
2 24.29 Te.03
3 O .Sl 22.30 22.31+=0.01 Te.03 3.2x10 ®
-3 22 32 o7
5 Tl 2222 22 24+-0.02 603 F.dx10 &
[=3 2225 Te.03
v 2ml 2042 20.35+0.07 F5.37 T 2T
8 20.25 Te.03

a3 186. EE Agdo] T 94 DNA #Ab4 vl

3.8ml EFof 38ul 1 x 108 pSC & 211 3.8ml9] 5 volume2 2 DNA binding buffer&

S3rlS (0.6ml(0.1ml EA|&), 3ml(0.5ml ZA|F), 6ml(Ilml BA]R), 12ml(2ml
=A8)E columno] 52HA|A 2]48t pScof| tigh PCR amplicon®] Ct 3t9] Wats 5%
oA Eelstgion gAY E 55to] amplicon?] So]4d &l Felstgidt.

41 o]

162



® EFE Al of4/EUH

717]

Sl AO

2E&2 Y|

of Abg2:
BV

3t

al

5
I

DNA9] &
dE2 945k, olg Zddf binding k= WS AX 2
187~188).

Peak

[o-

-’ w3
Cyches
Ct cycle Tm

MEm) 1 2 3 Ave.xDEV 1 2 3 2 ;’:
1 0.1 2516 2416  24.18 24.50+047 7651 76.18 76.51 76x1
2 0.5 2416 2218  22.21  22.85%093  76.84 75.85 76.18 Z3 %1
3 1 2225 2141 2217 22281075 7651 76.18 76.18 3.3x 1
4 2 2240 2112 2042 21.31:082 7618 76.84 76.18 6.2 % 1
5 01 2942 2943 2919 29.15:003 7585 76.18 76.18 3.6% 1
6 05 2742 2808  27.16 27.45:044 7552 75.85 76.18 11 %1
7 1 26.11 2613 2617  26.14:002  75.85 75.85 76.18 2.6x% 1
8 2 2514 2515 2419  24.83:045 7585 75.85 76.18 6.2 x 1
9 107 2232 2113 2120 2155:055 7618 76.51 76.51
10 105 2808 2813 2818 2813:004  76.18 76.84 76.51

76.15+037 76212037 76.28x0.15

13 187. EEAIRTO| ©2t ofed DNAYY &4d€ DNAO| theh Ctgf % Tm3t vl

AF columnEyt & 345 DNAA| 2L initial templateZ
ool wE AlRIN AgAS S| QAT FEHASS HoY
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A Peak
ENEY Ctleyele) Aver.Ct Tm(C) DNA X3 ——1
1 Odml 4% 241900 50 870 W F
2 .29 76.03 i s ——1
3 0Sml 2230 22310001 7603 32u0° o
4 23 757 | CEE:IT
Sl 2R 200 T 340t | Hanl— I|'
6 0.5 76.03 3 .'
7 om0 035800 53 1207 fl i
8 2028 76.03 /
758703 J \

33 188, 92 A=Yl tet 848 DNAYYY
X 23ol wet chops 84412

20|

A 515 DNAZ 84t ggoz 2

a5 Bo] AP 2222
A =9 amplicono] A4

572 93 ¥ PCR

HEo) AYe] BF DNAS Eofsiof, o5 0]

717 DNAX 2 2451910}, 2} DNAAIROIH 25 Al

o3 4 9lolon] §YEA TLE o] BE A2
SAIRR] SolRQl A2ele g 4 9ot

() CTABYat & aHdlo] 2He DNAR2]He] v]a

shEpAlAt] oz 2 2y CTABY & wHAl oS

a Pealk
p = =]
| [ [B—
-
= - T B -
-
P 1 -t
- e - “ec i = -
Towrmrry afm e Teeg O
Sr NS A= Ct DMNA =2 X Tm
: o7 24.31 75.70
! . 24.39 76.03
oLD 5 - 26.04 76.03
24-9':;3-8 5.8x10 S 75.92+0.16
% M 2523 75.70
= 2 35.36 76.03
N 5 M3 26.13 76.03
=N 25.542i0.4 T 75.92+0.16
. P— 23.41 L6036
= 13105 371.11 76.36
g Megative 40.09 A

% 189. DNA =2

W4 2t 2149 DNAY vla
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Old+ CTABE At&sh= D
5 DNAE +

AR dEA Bt SEEASE AT 4 ol gAEY JHLE Fote] RE
=4 PCR amplicon®] A4 AR SolRQl AbadS =Helstel

st wdolch PCR

NA Z2] Bgolo], New

() el £5% Alzo dhet £ wAo) 55 DNAREHO A8

B339 QA AL 2

VS|
S

At

@)
LR

He eto

rok

op %
ol

| AN

() NFH% AR 18

0N AR R NGRS 1§ §

Genbanko]] Y= A}E:
QAR

719 St

o] itk B

B 82. GenBankof E1% AR 4l AjEks

T 8 7k 746.8127), 33.1687]0] o]23lon], 7} AlE

&g glol ot A2 27} Yops) 2 4
V8 fede Fdstdnt

QAo oJ3 AFE TH A} ZrbHel A
Aol U cloleflolx 74

B Ao A JRErst EEE A 2oA] A
DNA 2] #o] og Afgaea SO

A=A 5

At} o] thFAI =M

A B2 75t o0, QlagenAbt 7iest 24 channel vacuum manifolder

2 Beta vulgaris), NEp(Saccharum officinarum)®] 115

THSHTHE 82).

229] nuclotide AHO] 4

Ao 14 SHAE Hejst

AT e
Beta vulgaris Saccharum officinarum
746,8127} 33,1687

Genomes Genomes
Assembly [ 10 | Assembly 0
BioCollections o BioCollections 0
BioProject BioProject
BioSample BioSample
Genome n Genome 0
Nucleotide Nucleotide
Probe Probe
SRA 852 SRA [ 669 |
Taxonomy [ 1] Taxonomy [ 1]

(W) Afgas, AFRS 18

SR 222 93t specific primer?] A

GenBank9] AtE}Z(Beta vulgaris), At&r44~(Saccharum officinarum)]

sto] So|x metolo| 47 I

Wig A

Azt sg o,

o151 T 83~84).

o K—]x]- K%ioﬂ 171
O]+= YUIPCR ¥ &1 4 PCRE AMSSH Ay W

AR EFE Alrd] A& 7teEe o
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al

I 83. AFEFR2 Eo] A&ES Q3 detection primer ¥ nested primer
Amplicon
Target gene Primer name Sequence (5°—3°) Tm (°C) .
size, bp
Beet-cp-F CAGGATCAGTCGGGTCTTC 56.95
Outer 378
Beet-cp-R CTGTCTTCCACCCAATGAATCG 59.32
Chloroplast
DNA
Beet-cp-NF | TAAACTCTACCGATGATGTAGAC 55.11
Inner 200
Beet-cp-NR | TAGAAAACTTTGAATTAGCAAGAAA| 53.93
Beet-mt-F CTCGCTTTATCTCTTTCTACCGG 59.07
Outer 250
) ) Beet-mt-R GAAATCTCCTTCAGGTTCAGTCG 58.71
Mitochondria
DNA
Beet-mt-NF GAATTGCTGCTTGAAAGTTTTC 55.38
Inner 196
Beet-mt-NR CAATTCTTCCTATTCTCCTGC 54.06
B 84 AIFFR9 So] RAA A& 9 A Ag Zato[H(1A)
Amplicon
Target gene Primer name Sequence (5°—3°) Tm (°C) .
size, bp
Cane-cp-dF | CACCGCAATTATTTTTATTCTGAG 50.4
Outer 378
Chloroplast Cane-cp-dR GAACATCTTGAATCCGGTATTC 51.5
DNA
Cane-cp-nF CTAGGGCAACTATCTTGTCC 53.2
Inner 200
Cane-cp-nR | GGATAGGGTATTTCTATATGTGATAG 49.8
Cane-mt-dF GGAGGAAGACTCGGCATGAA 58.2
Outer 250
Mitochondria Cane-mt-dR CATGTTCCCGAGTTGCAGAG 57.4
DNA Cane-mt-nF CCGGTGGTGTGGTACGTAGT 60.7
Inner 196
Cane-mt-nR AGCCTTGCTTCCCATTGTCA 58.1
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primer5-2 ARSI At 14 PCRE ARGSh ¥ I H7oA, 53] A9
SA(chloroplast)?] DNA«= thg fAAMA o] H|5te] 0)¢ P2 So] EAE HOl o, o]
+ A AlEA sajo OHE*FJ 2900 A=A e A2 2 EXflshe Aoz siA= It
by, EZE0 FHREO] e AME-E 5ol OW}E 55517] Yotol BAARI primer?] A %
A, 22 Bt 40(1;0}9-11:](& 85).

Primer name Sequence (5°—3") Amflf:“ Accession No,
Beet-mt-F CTCGCTTTATCTCTTTCTACCGG
250bp
Beet-mt-R GAAATCTCCTTCAGGTTCAGTCG
BAGOOO24
Beet-mit-nF GAATTGCTGCTTGAAAGTTTIC siidb
P
Beet-mt-nR CAATTCTTCCTATTCTCCTGC
Beet-g-F ATG TGTAGT GCC CATATTTG
315bp
Beet-g-R GCATTATGAGGAGTGTTTAGTAC
— = _ - EF101866
Beet-g-nF AGC GCTTCTTCATTCCAAGA
160bp
Beet-g-nR. CCTTGG TAG GGAATG GAA GG
GenBank Accession No. BA000024%} EF10186604 AA|, ARtsE 2114 PCRE AFESH Ad 4l

H7he 267) & AlROIA AR 19 QAIRl] FES RASIA 0D, 87 AR 2HE AR Eo] &
ARf0) 528 slsiodrt.

1) Genomic DNAO| &A= AR S0] f7HAF A& ¢ AP Genomic DNAO] EAJs}
+= RADP Z|£23DNAS #8002 st PCR Auts Etf2 A=A AAJsto] AFRFEQ EolqRAL &
Foll o]&st= W,

2) Mitochondria DNAY]| EAjot= AT 50| 98K A& 9 Jed AFRFE Mt DNAO| Exfjsth=
SMALO] RAFDNAS 2302 3t PCR AT So|RAR B
of o]-&sh= W,

U
Hm
)
fru
oX
ot
o
mo W
. ©:
od, o©
ol
on
Q.
S
oft
ol
—a

3) Chloroplast DNAG] ZEAJsH A9 Solg31a 44 L A%: A1 Cp DNAS] EAfet &
Ao AEYDNAS 502 & PCR 212 B2 FFIA AAlstol AP Solfart 3]
olg e .

919] V| EF DNAS AHGsl Aol A ofafel 2k,
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@ G.DNAO] EAfst= AT S0l77AL (pTOP-Beet-RdDP, pBR)

pPBR contained E.coli culturest 2 Intron plasmid DNA extraction kit AF&-5}o] DNA £2]
sldct. Purity 1.89] 71ng/ul®] Al&E 40ul (2840ng)E Hind IM(Enzynomic) 2 37°COjlA]
overnight §-2-A]7]11 80°Cof|A] inactivation A]A Z|&X 02 M35}t A|Zich TH] 0|5 ODZ2
A st olF #A Aol st 2.14 x 1010 A2 AXE I 10ul DNAS}
11.4ule] DWE Alof 1x101002 @& o 108j2 serial dilutionsto] PCRE £:38stgitt oldf
0.5ul 5ul 3ul DW, lul DNA9] =’dx}
pre-denaturation 95°C 30sec, denaturation 95°C 3sec, annealing 53°C, extension 72°C 3
sec 2 50 cycleQ] =70 2 A35Iict 1 AutR y=-4.1534x+38.8819] 3] HAlS A& 4 9lojct

10uM  primer, 2xRapi detect masterl,

(R2=0.9995; & 86, 1 190~192).

B 86. AFEE Eo] A& Genomic DNAES o|8st qPCRY] Ctif ¥ Tm3t
DNA EAt4 | 1R} Ct (Cycle) | 2&} Ct 3x} Ct Aver.xStdev Tm
(Cycle) (Cycle)
1x10° 34.01 35.86 34.79 34.894+0.93 80.03%+0.19
1x101* 29.94 30.99 30.86 30.60%+0.57 80.25+0.19
1x10° 25.94 26.88 25.81 26.21+£0.58 80.25+0.19
1x10° 21.94 22.91 21.83 22.23%0.59 80.25+0.38
1x107 17.88 17.98 17.96 17.94%0.05 80.03+0.19
1x108 13.98 14.82 13.81 14.20+0.54 80.47£0.57
40.00
35.00
30.00
25.00
w
% 20.00
“ 1500 = y=-4.1534x+38.881
_ R? = 0.9995
10.00
5.00
0.00
0 1 2 3 a4 5 6 7

DNA molecules(1x10")
AR 5o] A2 Genomic DNAS o]-&<F gPCRO Ctf W Ao et

J e

3] HEX(Regression analysis)
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Unknown Wi #([ina W [On # s & [une # [Un7 ¥ [ung ¥ [Una W [unfo
— — —_ =
Ci{Cyclas) 20 17.88 2194 2594 2994 34.01 3687 D00 4287 Ew]
TmiDeg. Ch 8047 80.47 B0.£7 9014 8014 79.81 0.00 §0.92 0.00
Detection | | | i | il ] 1] i
Amp Melt Peak
300
240 00 ﬂ
180
§ )
= I \ 800
E E 2
B E -]
i.% 2 120
300
m }
L T T T T a T T k T
50 70 & 0 0 70 &0 o
Cycles Temperature{Deg.C}) Temperature{Deg.C)

73 191, AP AR Eo] Rjx3 Genomic DNAS o]&3F gPCR (1x} Alg)

Unknown
CiCyclas) 20
TmiDeg. C)
Defedion

Signal Intensity

Bz  ®[uns  F U4 W [uns W [ume % [Un7 ¥ [Ong = [Ung @ [Unid
17.98 2781 2688 30.00 3586 o.00 0.00 o.o0 o.on
80.14 7881 B0.74 B0.14 781 o.0o 0.oo o.o0 o.oo
L] i L] ] 3 ] B ] B
Amp Melt Peak

240

=00 ﬂ
130
2
£ L e
= i
— [
= =
2 120
w
=00
&0
10 . &0 : 7o : a0 : 20 &0 : 7a & ©
Cycles Temper alure(Deg.C) Temperature{Deg.C}

3 192, B AT 5ol AEE Genomic DNAE o]83F qPCR (2&} A &)

@ Mt DNAO| EXjsh= AT S0]73AA} (pTOP-beet-mt, pBM)

PBR contained E.coli culturedt & Intron plasmid DNA extraction kit AF83to] DNA &
2]519itt Purity 2.159] 146ng/ul®] A|25 20ul (2920ng)S Hind HI(Enzynomlc) 2 37°Cof
A overnight §1-2-A]7]1L 80°Cof|A] inactivation A]AH &R 02 MP3}t A]71 &, ODYPCE A
5gitt. o]= AR AAtAlo] tiYdste] 1.32 x 1010 EAR~E AAMEIYICE 10ul DNARQF 3.2ul
o] DWE Aloj 1x10100.2 9kE © 108f& serial dilutiondte] PCRE 4885t} ojnff 0.5ul
10uM primer, 5ul 2xRapi detect masterl, 3ul DW, lul DNAQ] =3} pre-denaturation 9
5°C 30sec, denaturation 95°C 3sec, annealing 53°C, extension 72°C 3 sec Z 50 cycle9]
27102 Adstytt. 1 Ang y=-4.2983x+40.182 3 HAS AAUCHR2=0.9972; ® 87, 12
194~203).
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H 87. AJEFE Eo|SAA}F A& Mitochondrial DNAE o]85F gPCRO] Ct3f & Tm3f
DNA BX}4 | 1R} Ct 2X} Ct 33X} Ct Cto] & U QXR} Tm
(Cycle) (Cycle) (Cycle)
1x10° 34.32 34.18 37.96 35.49%+2.14 79.79%£0.27
1x10* 30.29 32.11 34.01 32.14+1.87 79.69£0.10
1x10° 26.30 27.25 29.18 27.58%+1.47 79.69%0.10
1x10° 22.32 22.37 23.21 22.63%x0.50 79.69%0.10
1x107 18.32 18.33 18.28 18.31£0.03 79.69£0.10
1x108 14.28 14.45 15.32 14.68+0.56 79.69%0.10
40.00
35.00
30.00
o 25.00
> 2000
< 1500
10.00 v =-4.2983x+40.182
- 00 RZ =0.9972
0.00
0 1 2 3 q 5 6

DNA molecules (1x10 ")

T3 193, AFE AFERRR Eo] &g Mitochondrial DNAES o] 83t qPCRO] Ctyf ¥

gl

EM(Regression analysis)

#rtao] oijet
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Unknown P [Um Mz Mo Mie  Flins Rl ¥ Vo W [um oo
CiiCycles) 20 13.98 17.88 2194 2504 29,94 40 a7 0.00 4287 D.oo
Tm(Dag, C) 80,30 8047 8047 0047 9014 8014 1oE 0.00 50.02 .00
Detection i ] | | i | ] i i |
Amp Melt Peak
300
= |
0 2 900 4 i
E 180 E‘ 153
: g 600
i : -4
B ® %
':En 120 'E" i |
300
50 Bl
il 2 40 60 7 il @ €0 70 50 il
Cycles Temperature(Deg.C) Temperature{Deg.Ci
T2 194, AFE AR Eo] Rf&g Mitochondrial DNAE 0]83F gPCR (1A} A&)
Linknown 2 |un1 ird !unz I3 Iuna 2 1un¢ 2 |un5 [ |Unﬁ W |un? i |uns ~ |un9 I |umn
ChiCrcles) 20 1445 18.33 223 2705 221 418 3615 0.00 3718 4300
TmiDeg. C} 7981 7081 7981 7381 7981 7943 7943 0.00 7285 T288
| Detection | B | | | B It g E |
Amp Melt Peak
300
240 £y an n
'3 | |
215 B 2 \
é | g ( | / E g 50 !
E N E i
H AR e f 3 § I
& 1204 —1 ,' & ' ‘i i
i | 1Y .
[ 'l [ | |
} |'I |I| | | a0 i i
I i [
} / Il / i / ‘ :
£0 ! IJ 1 J |
o Al / |
1/ 7
Bl i _71'_/#_’7‘ """" | \
a EIEI d«IC' =) ?:] BE= QID Al TIEI SI& 9‘5
Cycles Temperature{Deg.C) Temperature{Deg.C)
T3 195, A AFERFR Eo] xj&&F Mitochondrial DNAES 0]83F gPCR (2&F A&)
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Unknown ™ [UnT ¥ [On2 Rl WMo Fls  Floe  W[om Fliee R Moo
Ci{Cycles) 20 1532 1328 A 2918 4.m 3756 oz 3708 4567 3rTz
TmiDeg. C} 79.85 7963 74.53 79683 7953 TOE3 JO.54 Faoe 7537 7276
LI I U I T T U N T S
Amp Peak
M
I N |
=004 |
240
130 i'
& 2 |
g g o €001 | |
£ £ 2 N
E §1ZD b2
7 120 7 | |
“ Ll
501 /| \ ‘I||'.
| \
0 L ! J ; i g ! ; , . a ’} = -
- 20 40 &0 7o a0 a0 &0 7 =] =0
Cycles Temperature{Deg.C) Temperature{Deg.C)
T3 196, e AFERFE Eo] Rjx3F Mitochondrial DNAS 0]83F gPCR (3&F Al¥)
® E0] primers9]| 9J3t AEFa-, AR 2-detection PCR ¥ nested PCR
MEE TRt AtEkpg Eo] AFRFRQ Eo] detection primer % @ nested primerd-Sof
oish 2]A PCR 21 e-dotal, 1 9ge, A 52 AARIGTHIE 197~200).
“ Ct Tm Result
300 4 N
- . 8 12.47 78.82 +
£ 7
i'an' 6 7 16.10 78.82 +
120 5
4 6 18.12 78.49 +
501 =
of = = — - - 5 22.09 78.82 +
Cycles
1200 4 24.97 78.49 +
10204
950 /\ 3 28.03 79.15 +
840 N—¥
5 = / \ 2 29.95 79.15 +
-~ 004
5 L
¥ 1 30.76 78.82 +
2404
0] I W 7 A A A VAN G 0 31.71 78.82 s
o T T T T T T
&0 85 70 75 ) £ 2] ]
- N 8.53 74.86 -

T3 197. A= AFERFR E0] detection primero] 9]31 PCRO] Ak w7}

HREYLEE 53C, 23 X 100 $AIA 3B 4 o U 2 Ageg uot
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- Ct Tm Result
7 16.44 78.32 +
6 21.05 78.32 +
5 24.04 78.32 +
4 28.06 78.32 +
3 32.01 77.99 +
G 36.03 77.66 =
1 38.04 77.66 +
0 0.00 0.00 -
----------------------- N 0.00 0.00 -
@ “ 5 N

}%P—‘?- £o0] detection primero] 231 PCRO] Ak w7}

57C, 2.3 x 101 ¥APIA] 588 4 o] ]S e URES Rt
360 i
w82 > Ct Tm | Result
g
g - Positive | 13.16 78.97 +
E w0 P /*v Sl
; Honeyl 40.70 T72.76 -
Honey2 34.68 77.99 +
Honey3 33.72 72.76 -
Sugarl 28.75 77.99 < o
Sugar2 31.87 78.97 +
Sugar3 33.83 79.30 +
Negative 43.59 76.68 =

Temperature(Deg.C)

N P M H1l H2 H3 S1 S2 S3 M

T 199, AGEY; AFGE Ao 2RE AR 17 fAAEES Hgt detection PCR
Honey?2, Sugarl, Sugar?, Sugar3oA] positive?} -S-AFst Tm3to] S 00, Ao
1 Ag=ollA £&% DNAZF AFRSS 1.7 fAALS AjeRls?] 95| nested PCRE A
23joic},
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m e |
e aga
i w H2.H3 - Positive 12.92 78.64 —+
¥ e /
i“’“ S1.82.83 / Honeyl 38.75 77.66 3¢
120 /
o Honey2 | 10.97 78.3.2 4
" R » ) Honey3 | 1391 | 78.64 -
Cycles
1200
2050 Sugarl | 10.04 78.64 +
0
w0 Sugar2 | 12.00 78.64 -
. H2.H3, s
= 00
® $1:8S2.83. Sugar3 11.01 78.64 +
o N1
b s s e i . S Negativel | 33.84 | 78.64 i
o - - ¥ ¥ ¥ T
&d &5 1o TS B0 85 a0 &5 % !
. Negative2 | 44.73 0.00 i

P M H1 H2 H3 S1 S2 83 M N1 N2

37 200. AFFET AR YOI AR AR RAIRRR] &2 Y3t nested PCR
Honeyl& KﬂS’Jé = AlRoA positivee} FARE Tmgto]

SRR RIBES Foto] ZF AlroA FEE DNAZL AFRSE 10 94AKY zfekelstedcy

N 108

e 8 9.47 +

g 7 13.46 76.20 +

10¢ +

» 6 17.13 76.20

102 3 10.14 75.88 +
101

4 23.08 76.53 e

3 25.05 76.20 +

2 29.03 76.20 +

1 32.02 76.20 +

\ 0 40.79 69.07 +

Spmriligen, N 38.91 70.37 2

I 201, AEE A4 0] detection primer?] A4 Hot
Hery

55°C, 1.0 X 101 BAPIA] ZZ3t 2 9Jo] OfS =© uj7tz 2 W}
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Negative,

Positive Ct

Sugar-honeyl

Sugar-honey2 eyt

Sugarl Positive 10.14 76.53 +

Sugar2 .
Sugar- | )08 75.23 +
honeyl
Sugar- | 5540 75.88 &
honey2 o o
Sugarl 19.11 75.56
Sugar2 20.09 76.85

P2 Negative 40.03 71.67 -

73 202, AlOFE AAS HFORNE AFRL 18 SAEA 35S

B X2 positive?t §AKSH Tmgto] £, AlQFBaH Mk
1.9 9IRS Aels] olstol nested PCRS AlsJaliry.

2J5t detection PCR

20|14 558 DNAZ} Algf44

Signal Intensity

Negative

Positive

l Sugarl
‘ Sugar2

Sugar-honeyl
Sugar-honey2 Positive

33 203, BT AFAS Y

J

02 AL

ct | Tm
13.21 79.29 L
::f:;; 12.33 73.29 +
::ng:‘; 13.23 73.96 +
Sugarl | 12.15 73.96
Sugar2 9.90 73.29 +
Negative 35.16 70.37 -
17 fRIAe] A& ¢ nested PCR
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£ AlROIA positiveet At Tmglo] S7slo] A4 So| $AAlY] FE02 B

et

(3) 7B ok &
(1) AAto AMEE = 2Ed
Genbanko]] H1= oAU (Robinia pseudoacacia),
(Castanea sp.)9] 1.9 S XA} A= ZF 5 0847Y, 50471, 7877}0f o]2ZTHE 88).
ARFs17] 8t molecular cloningS X185t 00, 7]&0] &
YU So| AAA HuS Busig o

SAR HEE 7|90 2 ®& DNAS
ng SR Ao} Aolg Hol:
Genbankof] 5=39tH 1™ 204~207).

E 88. GenBankol] H1% 3% WY

L

29] nuclotide HH9] &

o ol £58) Aofd £ 9
SRRt Tt dlolefuol A 7%

LR (Prunus  serrulata),

o5 sl

9

O L HLF e
Robinia pseudoacacia Prunus serrulata Castanea sp.
5,0847}f 50471 78771
Genomes Genomes Genomes
Assembly Assembly Assembly 0
BioCollections BioCollactions BioCollections
BioProject BioProject BioProject
BioSample 106 | BinSample 251 BioSample 1]
Genome Genome Genome 0
Nucleatida 5064 Nucleatide E3 Nucleotide 77
Probe Proba Probe
SRA B | 25 [N (1]
Taxanomy II Taxanamy II Taxonomy II
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RO PRGSOl CRSOFERITNE, COrmEEEin. ST
m“m : [ L SRS et e G LR B T
= o e e -
ey | PR b TR ey el B
S Fageni s Nt e [ e p—
B bl o T w:n'-'-;gn:-q-a:- PR e
“':I‘ 1 EE'::‘ E II'Ir:Ii!'IIItLI'IHIFI.IE IIE::ﬂ1F:E:1!iE§ﬁ-I:EEIE e
1 . m
e L [T rlr: n 1 (R} |=F| II'l‘ ||:|.|||ﬁ= : [} liHIH:‘Iﬂ 13
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=2 AAHY 6}5
= T T o i

2 EL A4

T2, JAR O 2 HEoA BFZ DN
(residual DNA; AfoFEo| 3hS3h AFERR

Ate Al weld 2 ol
DNAZ&Yo] B} 37 58
5, 6, 79)2 ol 112 57},

S(Castanea sp.), 259U (Tetradium sp.), <

stk

710] Bt} ZolstH, of HL,

AlEA fARE 5)e e ﬂ%%eﬂ
PCRo|| 25t 3 Al2Y5HH, & TA|oflA] et &
S U 2 R e
Z WU (Prunus sp.), °F7HA]oHRobinia pseudoacacia), Bt

85 Hsto] 7p

o]

e

2 9 Aol 2

=mO
1=
=

)

B (Kalopanax sp.)S

EESDEE

AR A4 240] 7F chloroplast DNA (cp DNA)=
KU985054 (Prunus sp.), KJj468102 (Robinia pseudoacacia), MH998384 (Castanea sp.),
MG975304 ( Tetradium sp.), AY393733 (Kalopanax sp.)2] B71M B2 £A5t0], PCRAZof| ALE
& 4 A 7 BEAE LRY 7MY RS Aougit. AtAat BRdat Ul %#%‘%
9l op7A] U2 So| §1xF SAMDCEo| Lajoln, W% Eo] $IA} legumin Eo] Lajolw,
WUR Eolg4lAL ITSI-5.8 rRNAS0] Zato|ujol tigo} Z71H0 oph| UL So| i}
rpoC250] Zeto|d, YWty o] R4} atp I Sof Zefolt, Yupe S0 544} ndhF-rpl32 £0]
naloli2 IR0 g MASHY 1 Akl o Hrtstgion, O @ MuURet S11R9

tmL-tmF So] Zetoloj2 HAste] ey o HoHATHE 89-90).

SAR} 22 95t specific primer?] A1

NCBIOJA] ZAXG 00, 7t accession No.:

bl

ISNE=S

I_EI E
o]7tAl L.
v a 2

89, ORI, R, WU o] F55 I3t Primer] nuclotide %
Target Target Primer ;o Tm Amplicon
Sequence (5'—3") . i
nectar gene name (°C) size
Aca-cp-F AATAGATCCAATTTTGCGGAA 53.8
O} A L} hloroplast 704
7t l, ,}_'_ Chioroplas Aca-cp-R TTGAAGAATGTTAAGGTAGACAA 53.6 04bp
Robina " SAMDC in | Aca-PCR-F CAGCAGAGGCAGAGTAGAC 50 [
pseudoacacia | | o\a Aca-PCR-R ATTGAAGTTGGCGGAGGG 57.0 P
CC-cp-F GATTTGTTTTGTTAATCTTACG 45.2
Chloroplast P 362bp
aipo CC-cp-R CGCCTTTTATACGGCCTAAT 53.1
=T Legumin in CC-leg-F CGTGATGGATGCTATTTACG 51.6
Castanea sp. enomic 313b
9 ONA CC-leg-R TGATCTCTTGCTGTTCCAAA 51.9 P
Lo Chioroplast Pruchlo-F GGTGTACTCTTTCTTCGAGT 52.0 205b
=T P Pruchlo-R GAAGTTGATAAAATACAATAC 410 P
Prunus ITS1-58S | Prugenom-F CCGTGCGTACAAACGAACA 57.1 -
serruata (RNA Prugenom-R TTCAAAGACTCGATGGTTCAC 53 1 P

TUAEE 24U AZS & AgsP7] Hotof, U] TiaA TeE AEE(4, 5, 6, 79)2 Y
o] 57 ARE ALz MASHETE ol YW Prunus sp.), OFA|OK Robinia pseudoacacia),

YH I Castanea sp.), S Tetradium sp.), S Kalopanax sp.)S0]|)tt.
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B 90. AZE T AEd FF= A AT PCRY

o Name Sequene (3'-3") ﬂﬁ;ﬁphﬂg Target plant Amgzh:on Reference
Pruchlo-F GGTGTACTCTTICTTCGAGT

1 3C Primis 5p. 05ty Thissmdy
Pruchlo-R GAAGTTGATAAAATACAATAC
AcasiaF GTGGTGCAACA44ATATCTAGA e

) W Rauw,f:aa'fdw Who  Thissndy
AesiaR AACGATTTGTTACCGAGCTT o
Castanza F CCATGGACCGTATICTTCG

] 81°C Costomznsp. 286bp  Thissmdy
CastaneaR AGAGGGCAATATGAAATTATG
Tetradum-F CGAGAATAAAGATAGAGTCCT

4 SEC Deradirsp. 430bp Thissmdy
Tetradum-R TTAMGGTCTTGGGAGGGA
Kalopana-F ACGAAAGAATCGAATATCGA

5 FC Kalopemovsp. 433bp Thisstdy
Kaopana-R GCGAGTTTCAGTATGAATAATT
Pruckio-F GGTGTACTCTTTCTTCGAGT

] SC Prunss sp. 76bp  Thssmdy
Prachio-R1 AAGAAAAGATTGTGCGTTTA
ArasinFl AGTAATCTTGTCATCTTTCT i

7 g PmRAL o T
AcziaRl AAGTTTCATATCCGAAGCA e
CastmeaFi AATCTGAGTTTTGCTCACA

8 ST Costmzasp. 235bp Thusmdr
CastaneaR1 CACACTAALAGGCTTATCT
Kzlopam -l TTTGAAGAACTGATTAAGT

g 4¢C  Kapanavsp. 200bp  Thissmdy
Falopana-R1 CGAAATTTTAACTGCTACT

* 219 U2(Prunus sp.), °FIA]oHRobinia pseudoacacia), ®t(Castanea sp.), 248U Tetradium

sp.).

U Kalopanax sp.)Y

* NCBI accession No.: KU985054 (Prunus sp.), KJ468102 (Robinia pseudoacacia), MH998384 (Castanea sp.),

MG975304 (Tetradium sp.), AY393733 (Kalopanax sp.)e] @7]AdojjA Ak

(th AR 24 SEGAA 222 primerS9] detection PCR

OM7HA] l%% o] FAIAF SAMDCE 0] Zeto]], @ Sof {AIAL legumin S0 Lefolty, St
T SOl RAIAt ITS1-5.8 rRNASO] Zefoluje} tgof 271402 op7tA] U So] {AIA rpoC2S
| Zeto]t], s So] {AA} atp [ So] Zeto]df, b7 So|{ A} ndhF-rpl32 So] Zejo]n
o= BRI IS 7R R BUtslolon, 1 9 Hueet 47| tml-tmF o] Zefoji g
Avgsted B R WS BT 208~210).

o
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180 10
5 105
ém- 104
" 108 :
10° y p
Jotenseensivesiiody Ao ud o i asspiiassas l ...........
] % lII:I 1'5 *'1'.'| "‘:‘- ?:u 3;5 fu 4'5 E]
Cycles
Peak
1300
40- 1061047

1.0 X1¢? ’

] 65 ] 7 ] 8 ] o
Temperature(Deg.C)

37 208. 214 =30 stof|A] op7pA] LR So] metolui(Aca-PCR-F/R)] RIZE




10° 104 10° 10 10!

00
500 4
240
108
107 1081
irso- 108
=
|| == |
104
o 10° !
102

{111

101
804 /
10 s &1 70 80 50

les Temgeratus eifieg.C)
a4 210. 218 &4 stollA giug o] Zeto|uf(Prugeno-F/R)Q] P14 E

T
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Ct (cycles)

20

b}

T
ﬂHi
E
rO
>~1
>|
s}
=
)
L
oA
rok
o 1

y=-3.2877x +39.436

R?=0.9843
0 1 2 3 4 5 6 7 |
molecules(1.0x10")
a9 211 &R 27 stolA oA|UR Eo] mato|ti(Aca-PCR-F/R) &g
/32 % 53°CoflA FIa¥et 214 PCROJA 102 2AMHA] S8 = A2 A & o} =2 AZA
= M= Aoz fuElt.
v =-3.9467Tx + 47.8B60
R*=0.9974
1 2 3 3 5 & 7 8 3

DNA molecules (10® molecules/ «f)

33 212. 318 23 spofA] Pk 5ol Zefo]H(CC-leg-F/R) 3

EXLE 60l A1 214 PCROJA 100 $APHA| ZEHL 32 S 4 9lov], 102 ¥4}
7] BFROE FEY 4 glo £ YL ROty BHHL
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SR 56°Col|A] AIsYst £ 114 PCROJA 101 BAWIA] o2 FEg= 718 E01g 4 9lo]
=2 AP EQoty HHE It
S0
45 ¥ ——3.1401x+37.522
R2—0.9974
40
35
A2 30 -
= -
B o2s .
5 20 -
Bt
1is =
10 -
=
O
1] 1 2 2 El = o 7 s 9

DINA copy ( loglOom)
a9 213, A& 274 spojlA] YRS So] meto|tf(Prugeno-F/R)2] F7/d

=
D AR D AL SRR OE B 15
AT 9 AfgSs 18 SAAIE AU, ol 2E8tte] Susti, ol st} 71 Uz
7}

z2o|RSS AEste], 2 AL FAIA] dieh FRES AESIATHIE 214, & 91~98).

T promoter
M3 forward20 peimer | seolic
Mi3 pUc fwd prlme"r ."I | Eeomt e
lasZa '_-' __Cane-cp-F
11 origin 5 " l!l 7 1o
= o . f!.r\-_\_ :___ _'f.'.lrrr-cpudF
o ﬁ = Calw-cp-nF
«M‘ ‘Cane-cp-nkt
AmpR promoter & ‘::\_ma:}c
“T K " "-.\\'..".-IHE'-G-D-“HE
ApaLTteses) -Il:lil- R 4 \.C'-IHE-C'-HFE
R !, Cane.cpR
?"b b, At T £
- el bl
Ampicitiin ":{'E,% A Hamatiea
ﬂ{&ﬁ.;:;,- ) I"'. "t:E-;-Rr-:m-r
i Y Bearomag
m‘ [} | Sip€ primer

"u,'f" 13 reverse prime
W13 pUC rev prim
I'Ia-I: pramoder
AL
T3 214, BEEREN AlEeS 118 0 XAH9] AR DNA 22, pGEM-Cane-cp-seq ¥ 7 primers9] ¢JX]
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B 91. 2524 pCaneCpo] st E& PCR & primer

Ampli
Primer name Sequence (5°—3%) mspiz::on Accession No.
Cane-cp-F GGATTAAATGGTTCCGAACCTG 1 N849913
LA (141.151bp)
Cane-cp-R TICCGAAAAAACCCCGGGTA x P
I 92. %3274 pCaneCpo] thst Detection PCR & Nested PCRY] primers
Primer name Sequence (5°—37) Amplicon size Accession No.
Cane-cp-F GGATTAAATGGTTCCGAACCTG
271bp
Cane-cp-R TTCCGAAAAAACCCCGGGTA I.N849913
Cane-cp-nF CTAGGGCAACTATCTTGTCC (141.151bp)
137bp
Cane-cp-nR GGATAGGGTATTTICTATATGTGATAG
B 93. AIES-2(Beet) EE2A0] i3t Detection PCR @ Nested PCRO] primer<(1)
Primer name Sequence (3°—3%) Amplicon size Accession No.
Beet-mt-F CTCGCTTTATCTCTTTCTACCGG
250bp
Beet-mt-R GAAATCTCCTTCAGGTTCAGTCG
BA000024
Beet-mt-nF GAATTGCTGCTTGAAAGTTTTC
196bp
Beet-mt-nR CAATTCTTCCTATTCTCCTGC

T 94, AR Q(Beet) BE2A, pTop beet RARP3159| st Detection PCR X Nested PCRQ] primerE(2)

Primer name Sequence (5’ —3%) Amplicon size Accession No.
Beet-g-F ATG TGT AGT GCC CAT AIT TG
315bp
Beet-g-R GCA TTA TGA GGA GTG TTT AGT AC )
EF101866
Beet-g-nF AGC GCT TCT TCA TTC CAA GA
160bp
Beet-g-nR CCT TGG TAG GGA ATG GAA GG

B 9. AlESS 2224 pCaneCpo]l Tt Detection PCR @ Nested PCRO] ¥HS =71

PCR condition for detection & nested PCR

Pre-denafuration 95°C 30sec
Denaturation 95°C 3sec
Annealing 55°C 3sec o
Polymerization T2°C sec

* Beet-mt primerS AF2sh= AFEFE2(Beet) B&E2Al0]| T3t Detection PCR & Nested PCRY 271% 9] met

Qs

ol
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I 96. AR BEEA, pTop beet RARP3159] Tfigt Detection-, Nested PCRO] ¥F2-A71(1)

Clondition for detection & nested PCR

Pre-denaturation LS Rt I0sec
Denaturation Q5= 3sec
50
Annealing 535 3sec cycle
Polvimerization T2 3zec
B 97. AR 3524, pTop beet RARP3159]| tist Detection PCRO] ¥H2-A71(2)

PCR condition for detection PCRO1TPCR)
Pre-denaturation O 5 30sec
Denaturation LS St Isec

50
Aannealing L L 3sec cvecle
Polymerization T2 3sec
B 98. ATS-2(Beet) =4, pTop beet RARP3159] Thst Nested PCRO] ¥FS-x71(2)

PCR. condition for nested PCR(2™ PCR.)
Pre-denaturation S5 30sec
Denaturation o5 3zsec

50
Annealing 575C 3sec cycle
Polyvmerization TZ5C 3sec

(W) AR 9 Alkd @AM Oigt A3 PCR
SE8)9 AT 9 LS 19 SHAE BEAEE DNAZ Sust, old] distel 74 Uzt
majolpE S Adslel, 7t 1.9 SRR Chst HaFAS Alaistol, 1 pizk, AEA 52 Htsielrt
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Amp Peak

Signal intensity

DNA molegules{Tx 10

a3 215.

108 - 100
0 P %0
Tormp e alu e D, C)
S
"1
v=_03T04x + 11389
7 ".__ = =3 eoR]
& T
s C.
4 T
3 -

]
¥

o
Lh
=
=)
5

21 25 a0 5 -

Ct cvche

HZE7A pTop-beet-RARP315%} Beet-g primero] 2]st Beet-specific Detection and Nested PCR9]
Whe U A
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(2) A E5E)

3 E 2
O A ESE Ay 4R 24 U AR 58 BA0| B
O BB 33 T 5B 4%

B o] 1xhd, 2419 @ 3xhd TR 7|7t MAE BE X|2S 202149 79 12 AR|E A2
stack EEW ARt 20189 119-12%0] 2074 Alazt 27|l Faslglon(izHe
2018-0010]14] 2018-0207}x]), 0|2 1xhd A2 EAJSIGICE 0|5, 20194 120] 187] Al27} 7
7]choll 4R Oni(Al &S 2019-0012E 2019-01871K]), o] 187] AR 2Abd Alz2 EAst
o} mebd, 1, 28hantA] gad ARl & 2k 387 0|9t 4, 20204 8UNE & AU
10709] A&7t 2712 FaElon, & A9 2408 FaA1F0] 20209 8% 19Y0]7]9, o]F 10
7R} Alm(Al @2 2020-0010014 2020-0107FK])ofl Tisto] 3xhd A-LE 48 Zoln], o]5 A&
=2 A 3R Alez SASIRITE FAAR & A9 FrAIFCI7]Y, olF Alad] AFAME W
5l A2, TGRS R 3709 2A i oz}, & wpAS] AAuto] ohE, Aled o FEA
et w=ho] opiE Zlo2 o JE7|df, ARAIGE 7HEA Qe r stal, AA|, e
RES HS/HZ S, A= FTef7E ofd =H9jRhs ZIASIRITHA o] AAIR).

o _I

A= 3850f tigh dUdALRS H27]do] 275t +94sklon, 1
AAlstoy, of e“i?j*} 2o} vlashy] gfste] 2 ARo|A ZidE FAIAE FAre) At
|

® 22 AT EFE ARo] ofat AE 32 29| Lo (HPLO)
WEo) A EERSU) RS AYF Bo] 23t ophilohaolN W2 opux| 2, Zel)
BT 52 52 ot @ Zolt2 216)

0.03-
280 nm
Oftan |~ &b
Hajal O =E
|
{:’:} |
|
| I| EHSE
ﬂ Gﬂ JJ"'"-' ur'l e . P PR T ||' S | I'. O N, i F . Dr?')llol':
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Minutes
33 216. HPLCO] 2Jst o}7A|oH2e] BAofA] ofBA|AAL F2jAl, mi-Aldu2jo] vk (A2

a

[e)

&31%S)

HPLCO] BAdx71&, Waters I class, HPLC 7]7|5 AFRst9 o, AHLS Halo C18 (2.1+100
mm, 2.0 um)o]r, AYrl 30°C, 5245 = 0.4 ml/min, 2AUFL 2 yirlo|t], 7+ AZufALL

280 nm, °]-zAFE (A) Acetonitrile, (B) 0.1%H3PO4E <A TR 5%, 2 min & 5-50%, 2-30 min
o] £7102 xI3¥stoic}, 9Jo] MM W IEL ofEA|AAL F2JAl, mypAlde]o] TREAIS Aby] A
N 23} 2ol AZRAZ] Zo=, oFA[oFR(M)O] Alsw 7t BESA0] tisto O}H*V*Ll %
S BluA =2 FRFe, TAN OB o] e W gpdo] EATE o Iis U
EFRL QItHKim 5, 2019, unpublishedolq T7] A% % 12 9jatol 9183
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2 3 5B HPLCRAES HoPuEol A8olud JAs 2o £102 HPLCENS
Alagsiglon), g7 AlRol chet HPLCO] $AAIe Tat 2ol

HPLCO] X %x7
- 717]: Waters I class (Waters Corporation)
- Column: Halo C18 (2.1x100 mm, 2.0 um)
- Column temp. : 30°C
- Flow speed: 0.4 ml/min
- Injection dose : 2 10
- wavelength: 254 nm

o] AR (A) Acetonitrile, (B) 0.1%H3PO4S &2 5%, 2 min ¥ 5-50%, 2-30 min®] 271
ATl A0l S 2sAl, E5BY AlE 3220 WRoleks T

| ot Z1ERel 920l A4 ApAte] ATolAlS EE uh gl

Eﬁ_‘

5 2gdo] 2 AN AL BEEE 5 0l thro] BEEBNE)] 2508 B9
gloj 91ex] ojx: Ruxo] £A.
2) 341 o] B8 2Ao| gl olsto] EEEO] BAS WY 4 QA ojR: BEY Wle] 7|E

y

3) B £ I0yo] AIE FR0| S BS )2 AL AL, U G BUREL
Uerd 4 QA off: 300 AlE S84 A2 2ye] U3

1) E5E| P BEStD, HUYE ST 20l 3 £ SV} ol: B £5EE Y

WIS ST 559 488 3| sk, 4Y B Plel 9892 9
B GEYALA, F/O ration, HUF. BL5H 40| Sl YUE ABsiont, 5300 &
£ 199 82 oL AEE LYSACHHPLC 5)

w3 EF O] RRE0] Qb A AN $AS 5 EFBY B WhPHS F7sigon A
A5t} AEFSS E0] detection PCR & Nested PCR 211 AFETES

Awo] gt FIUAE 5o WREloloF stof, Bute] et
2ol

E+€~l R

B, APgolN Aulxio] HEte wolo} sig 4 9)

m[o

1) W A 283, Glucose %), F/G%, 0|, M=, Ba5las 5,
2) ©e Hzlole EUAAR: HPLCO) ot Siate] A, Sasgiean] A,
3) At WOl EEB AL vt 944 Bolet st AE,

4) 2u)xle) M 923 ST Whololx e Tojgi8o] 9l So Izolck
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AN ES=9 susts Fot7] Hste], Ul Ro9f EEQl oFtAlokEY] Swet At
HA AESH = st & Aoltha 99)
W 782U EER)
1+ (Premium) 1 (Special) 2 (Standard)
20% 0|5} 20%2=3F ~ 25%0|5} 25%Z&= 1t

(B, && A0 = 20%0]512 X 8)

-OFZRAjOF, 2HE: 1.5 O] 4t -OFZLA| O, 248 1.5 O] -OFZEAJOf, 2HE: 1.5 O]
- &5} 1.3 04 - 78k 1.1 ~ 1.3 0|3t - &z} 1.1 Ojot

HMF (mg/kg) 3 o5} 3 &1} ~ 30 0|3} 30 =1}
LULIo| ULk Ol =HO|E Ztn Qlonf O] YurEel gO|E Zth 9o
2z SsEE 5 02 Hele= o g 3EEE 5 O2 feeZ Qs
ot Z23fst 20| g E = =

1+,1 820 oH“EII E2

il

d=

(@ wEel 32 Mol 3

2w nQo| Mg JX|D Ye B o @A
- OfPtA|Ok: No. 1 ~ No. 2 = e ?lof] ZEE|X| e HS F
- #E:No.9 No. 10 L b2 ame vaelo Ly
_ =mb - - c=: No. &b A ol

|:|9-l' No. 1 No. 10 _ Ei}: Na. 1 ~ No.10 = T A i')

o

EZEY 53312 2751] ¢stel, obhAlolEe] 533 2uE 710, 1 984

@ 712 42 240 2t EZEY 55 715 B8 54
se|A Alx: £H5FE Glucose §H%), F/G%, &), M

1) & A A1
2) 85 HSI89e BN HPLCO ol Be] 4, BAEAdAY] 2.
3) L) Fol: BT AWIALY) vt 944 Bolet ARt A
) S99 49 943 532 D7hIOIS 2 910490 315 Solglosl
o2 B4 EEE AR 4RO BAZuet 3, 7 22 Yol BAstL
AR W /|00 AUE 42 E 43), 14T 497) T AlRo] oE 28T YL
17.4%~ 22.4% =2 UEPFOW, 7 = 177} AlB= —,—l"ﬁ_—ﬁc, 2Fo] 20%0]5t= &&= 9ict

HMF(mg/kg): F4E A& 5 27l HMF(mg/ke)9] Z7J0llA 20-30 mg/kgl =, 17l 30
mg/kg o 02 FAE|QITHE 42). 3HH, o] 37| A|59] SRRl BT 20% oJotR, AlRR AlE
2 HE2 V1Y 50 A= gaE 4 ok

DOI’

W/EEF% (F/G%): & A9 B 71824 2uH® 42 & 43), Bod & 401 ESE Al
=0 thet FE|(F/G)= 14004 1.60J5t= HERE. v‘i—*i O ESE Almo] wg/EET%
(F/G%)=, Fes8Y seTF7IE(R 48) & Hotd=(1.3 oY )% &, =% 1+(=2j0]d)

J'
il LI
FE0R WRHC T2, of Y52 /G AV HY EFE2 BYE 4 Uk 4ot

2 9% WY 9ol Er.

ol
=]
¥9,
2

o] 220 Me: o] AREL, E5E0) ooz dlstel, AE 45e 35 oA
e} 240l W] MEeolo} & Zo2 WL,
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SAEOIUAH] (k) ESE AR0| IFH B2 7|REA0] AR 42 E 43)0)H, RE AT} -
24.0 (%o) o]5t2 EA |} o] ofE =3 o] &

SFWYIES MY, BT 1+(Z20|Y)FE WL

ol 2E0I, MPAFS IR AR AR AITASS 1Y 0] SHAFUULY) (k)] FO
2 HYAoolRE WYsPl: gl 2oz Bud
() ATpEAL 43 AT R SE 9Y BE

2 WAL A A S92 AT EFEY 54 L /IS5 $HATS SE2 sgon, 55 2

AT L "ESE 48 D /1Y BAT BUY L AF 71F 4972 9stel oflet 22

=
- Alade 3 w4

« A EZE Ao AMEElE 2UUY {AAL HloHHo]A A&
- 289§ 3% OPRUE, WUE, HyF) 15 |AAE 4A 9l Hlojefs}
- 289 389 1§ RAA AES Y Bo] matojn} AA A AE
- 799 o] majojoio] Fxjz} K12y
- Nested PCR ZIg8S st nested primer A7 & A4

- zdlQ Eo] nested primer?] %X 3} X153

* AEF AlQJoO 2 APOFE] AJoFE mpiHd Jfjdlh:
- AFE AlRS] 2yt HAret RAAE HAY Hlw

« ESE U AR IdRF AAE Sl AR R ARSS R AR S
- B AE AR 25
- AN A AR G RAA] gt HlojEjHo] A 15
- RS Y AEas0] 16 AR AES 9 Zajoln] A
- BESE NR2RH AT W AReS fAIA AE
- Nested PCR %1382 93t nested primer A7 2 A¥
- AJRFR 9 AJERS4s Eo] nested primer?] &g} X153

A7 26 @ A, Qe A% S} RSl o S
E5E xmofﬂ U3 LYY 5), 4B E5F Ao ge
0] A% § A2 Abo] waiRlel met, ¥ A7o) FHo| %
29| u&ﬂﬂ”i 271 340l &R 9100, o FAVE 7 LA

ig

2

o[ﬂ

¥Q hm
_Q opt rlr

LA O] 48 At g
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(5) A48 Zxt
(7D AAESE d52 Y RART A 7 o
O EZET AGEAN AFFES U AR S 15 &
Q EZE] -39 7t2 DNA (Residual DNA)Q| &4 BaH

BRAS

)
>~
>,
M
ic)
cE
Y
=
=

ol A “EFBN TR SR a4 Belwol, 94 Ijold, 22 2 ot

2 Ugstel 22 =28t AR Zolth ol 20214 7k ARYFAIA] © EF B
5. DNAS) B I 45e] 29T 902 $agslon, 2014 9§ § i
A AR 5L Wolth =R by 7Hasl W8S MaEt Zollel, Bet aofstel & B nAl
7|Ratsic

i

EEBolA AE DNAY B2|2 9 abgo] A|xat
Optimization of practical protocol for residual DNA from asian honey
290}

ol AR A4 EE 9799 So S8 H -
IO Agas B AGS 45o] AHEESS %%a}h ol 3ol RS AAE B3
£98 ok SRI9) PRSI, 240l St 49 K 499 A 250 25 HRE. A2
NG44 Ei AP0 BAR DNAZ AHSE AZIPPOIN Boll RS 2ol ol Jujge] £

522 7% 1 ZA1Z woi%) gsiol, BolH RE AAlY] 24RAHL 0 FRsih B A7k wan 4
ESBIM AR GAAIE 22lol7] 95t} DNA affinity columng AMgste 2/He] 27152 Helslel Bz

wejHoz o] RS 7|digich

Agol| ofeh AlFEE AAEY 7RIS 37| gEAIZ1AL Q710 AtdEE AdEE w95 2sh] flsto Has
¥4 AH](Isotope ratio mass spectrometry)?] ZAAFH0] da] ARRE|0o] YT}, o] HOHH*% 2R Uo] EtAEU A C13
o C172] 897 v Gk Ah 7Lasiet 30 598 Gol RS 29 4 U AW ol A
SI7]7HACAC)IIA e U CAEE= 8sll Ue WHoz A=, ARg-shil &’lotﬂ UM o] WS Sl AFFEY]
TS 313l QJTKS. Kim et al., 2018, B. Kim et al., 2018, H. Sung et al., 2018).

T} o] BAEALY] FAES AlFad Mol 3t AQFET} APEEN] B0l E Sastgiol, AgRe A
ol ©J3h AlFE ARV TR ojATk: Zol LAROD, 0|2 AT AL B BETAL A glo}
A9 9B e g At ol

& PCR (Polymerase Chain Reaction)o]] 93t 4% Eo] fAA] ZZ2H2 2 7|&A ZH g HoRQjon|(Ed
Hhol2|A A& 5), of 1 U] AgEo EAloh: 20| AFRFES So] {4 g
A RAl7Hresidual DNA)O| oigh RAA} S5, AlR-E A5 RAIA] S5 50

Aol Hgd 4 % 2e o gitt.

HE9 The R4 A Kresidual DNA)R HE Ao Fofl YH e+9] ek F7AHPollen DNA)Q} &= o
2, %% DNAQ =7F5(Naked DNA fragments)S s, ]% 74 DNA (Enviromental DNA, eDNA)9} 22 of
o] Az HEg Sojet HEo] WFEM oJsto] DNAZE fhg AlEj2 BA|E= Zlog AZIEW Qlch
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lo

AtFE AMREE AR ARAIR Al Be AFRY £7] B 25 waliste] A Axags AR
99.99%0] 412} g%(ol%sr Sucrose}2 714l 7102 A oItk of AN Aas B AYROO] T
ZHDNA)E A9} 4% AAE 7], Ho =ete DNAS of2 =u|&folet & Zlojo}

o

O m
Jo
L

o
o

NOFEL AL EE AP0 HYES B0 A9Ix02 FI5fe] B RO P 2102, o] THol
N4 B P99 1. QAR 7o) BAHet 2735901, Su2Fe EAISPA H, ol PCRO o3t 5ol

=
5E0A £7] 5% DNA (Initial template DNA)2 AH-84 & Ql= 525 £29 Jolet & Zot.

FE(PCR) ZAOIH A 303 e BB 15 94 41 war)

) it
L5g 4 gl DNA 48240l & Zolch

HBoA] DNAQ] £4Hall =2 310 xxlo] Hajo] 2

A2 Fol, HEg W47] I3t CTABY 41§, aho] #4] 1
2 B PAE 912 Hslel, 3PSl DNAS 4elep)

Ho}oq thro] BA|g7t W5k OLKS. Gregorio

et al., 2015, S. A. Jain et al., 2013), & HL9] 2H0Q] XE2OXA}O] Lalalo= J2] o8strtet 4 goict
3t | affinity columno]] @3t DNAQ] &422]H2. column Y membrane filter9] glass-fiber7t, 1 8%= %9 2710

A], negative chargeS Z]+= DNAQ] phosphate backbonext 4174 AgEl= HAE 0|83t 7102 =S AFESHA|
A=te A &aliE DNAS 7P 27 2208 4 Qb= AR oz A2st A9 DNA 422y 5 7P 22 A
Sjo] gfou], oPg. SEAE, U b 54 52 GO st Be slESo] L, Bkl 2851 ok

¥ ol wHo| Hol/AlME WHe 93t AlAa Sof A3 PCR U A}B9 So] A2 PCRo A1La}7] %lstol,
8204 affinity columng ALS3HE AH5 DNA a4 e 3Ha}sl9om, o2 W] tjs 5% DNA 2ajgoz A
oAt stoict.

SER R
pGEM-sugarcane-cp (pSc) plasmid DNAS|AS E35F Eo|QXA} AESHA: AekEofA] DNA isolation 2|AAR7AS
5|

Qtotd 1At pGEM-sugarcane-cp (pSc) plasmid DNAS 94X EAE do]Z 1 QIAquick PCR purification kitES
o]-g5fef DNAE isolationsto] 2]%l DNA copy 48 do] & ¢t v]wsto] A xS Yoottt

I

o] AJAoA ALE3t= pSce AFEFRS EEAO] YJX]SE maturase K (matK, GenBank accession No. LN 849913)
SRAto|H, o] Eo] 7A&5P7| st primer = Cane-dF 5-CACCGCAATTATTTTTATTCTGAG-3", Cane-dR
5 -GAACATCTTGAATCCGGTATTC-3" 2 AMR3SIITHB. Kim et al., 2018).

PCR ¥F29Ho. 1yl 10pmole primer(F, R), bul 2x Rapi:Detect Master mix (Genesystem, Korea), 2ul &2, 1ul
pScE €%, 10ul reaction volume® & THE91 0™, PCRY A7 &7]¥HA 95°C 30s, 95°C 3s, 55°C 3s, 72°C 3s&
leycle2 & 50cycleS Genechecker (Genesystem, Korea)s ARR3to] 4388519t o] & Ctgrel wHater Tm 3,
dCt10 ZEE ol &sfo] Easfeict.

&3t &(Lysis buffer)?] #Ash HWEL 7|2K0=2 H840lH, oF 20% (w/v)9] »+2dFE Het w2
Glucose, Fructosesd WEFo|t, B9 £70 Tz}, & 59 11 gA 59 H84d 485 thh 2ok 9
ot HE9 IR DNAS w2lsh7] 9ste] HES AAs| &olAlZ Bart 9lon, FAlo o] ZHF DNAZ A9

DNA-binding fiberd]] 8402 2& & St ¥d& 2/4dsto{oF T o ll‘—} ol5 23 2719} A2 thE Chaotropic
agents AMESIY] 1 @84S vlwsilth & Aqs Qub HEs 284 ol 8sliAl717] Ssted, B SR
ZRS »88519l o], o]2 7]¥to g Guanidine £1S A&} s1oict

Guanidine 891°] £Ajo] w2 DNARZ] &3} & 100ulo] 1x 108 pSC 1lul A7} S GI buffer (5M GnHCl, 30% IPA)%}
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GSI buffer (5M GuSCN, 30% IPA)?} QIAGEN Kit AF2-5t0 DNA E2jst1 1 3]4-8-2 v sttt 1x 108 pSC lul&
& A2 100ulof] A7Fst & Z¥2ho] bufferS 500ul A7}stal, VortexerS o] 8sto] A Hoj& = QIAGEN columnd|
FojZ& 11 13000rpmoflA] 30s =0t AAlE 2] 513t Washing buffer 700ulE columnof 211 13000rpmof|A] 30s 4]
2] 3ttt 3 DW 50ul® Elution 3193 1 GI buffer, GSI buffer@t 8] w5}7] ¥l QIAGEN kitZ AF2st sample 17§
* kit U} 50ul Flution bufferS AM23lo] DNAS 29ic}. o] & Iul o]&s}o] PCRal] ZnS BAs}oIC

DNA binding column®] Agr: AA affinity column A2 $5f 5719 M Z2 T2 AZ9] columng thAto &2 E100ul
o] 1x 108 pSC 1ulE A7t & Gl bufferS 500ul Y1 & Aoj& S 57 T2 columnof ¥1 13000rpmojjA] YAl E 2]
sloict AH-L duplicate® AlA]5}99 .20 washing buffer2 washing ¢+ & 50ul 3’DWS 0]85}0] Elution 3H3ict.
o]2A AL S0ullH 1ulS AFgelo] PCR sfo 1 Azte Bajsigich

Washing buffer?] A4l AX washing bufferAAS 5l washing buffer A9t BE v]ws}t7] 5 E100ulo] 1x
108 pSC 1ul2 A7} & Gl bufferg 500ul Y1l & Ao]& 5 P columno] @1 13000rpmoflx] YAl&a] stict.
washing buffer A, B2 washing ¢ $ 50ul 3DWZ o]&3}0] Elution 3ttt o]ZA| AL 50ulofA] 1ulE A}
glol PCRE slo] 1 2T BAsC

DNA Elution buffer A%: A& Elution bufferA2 <J3 3'DW, Elution buffer A9} BE v]w3}7] Y5 E100ul
o 1x 108 pSC 1ul2 A7} & GI bufferZ 500ul €1 A Aoj& & P columno| 21 13000rpmofjA] YAlE2] 5}
9t}. washing buffer A2 washing st & 50ul 3'DW, Elution buffer A, BS 0]83}0] ElutionS 3ttt o]Z A
22 50Ul 1ulg A8Slo] PCRE slo] 1 Ztg #4igict

Ant 9 na
PGEM-sugarcane-cp(pSc) plasmid DNASIAS £4F Sol9aat #&4): 1 x 1011 B4 pGEM-sugarcane-cp
(pSc) plasmid DNAZ 10" serial dilutionse] 09, 108, 107, 106, 105, 104, 103, 102, 101, 100 ¥AR:, T2]n
negative (DW)2 % 107§9) |22 %14 PCRS T}Sa} o] 2385t9ich. Ak okt Zeh(E 100, 23 217).

pSco] &3 1x102 02 UeFon] §4erL g 76.05C Ack. of A7g olgstol A Adeto] A
it 712712 xARHACE O At y=-0.2856x+12.8790.2 Al2|A =2 7]197] g Wej9l -0.25~-0.33 ot 50 =2
AL ZHR2=0.998)S AUTE o]2 HHAHo] ALESHSICE

B 100. pGEM-sugarcane-cp(pSc) copy 4o T2 Ctz}, Tm3), dCt10%r

pSC molecules Ct(Cycle) Tm(°C) dCtyy (cycle)
1x10® 17.13 76.51 3.07
1x107 20.20 76.51 3.97
1x10° 24.17 76.18 3.99
1x10° 28.16 76.18 3.00
1x10* 31.16 76.18 2.99
1x10° 34.15 76.18 3.96
1x10? 38.11 75.52
76.05+0.41
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> s = | .
| [ r.’ | %
g 5 I.' [ III; i JII E’ .
i 120 : II .'II 'II ¥ | ll % 3 ¢ ."0-_
1T 111 .. | 1 2 y=_0.2856x + 12,873 e
N —trT 0 "1 2y R®=0:993
e _1"7-_' o _J._f _______ | o 1 50
® Cycles “ " .‘.lclmnrlllib;;Ill:I I -.
A B
3% 217. AFERLE0| QAR A& DNA (pSc) £& copyao] @2 x4 PCR

A, pSc £ copy 4 10" serial dilution]] T3t &4 |2t PCR amplicon?] S0l &Q1& st =54
J2H2 B, pSc serial dilutiono] tiet Ct 32 Sdto] FFAde AP/dstel 24wt 7187] 2Akste] 71&
R2=0.9989] At 42 olo] A2pAo] Al sty st

Guanidine hydrochloride (GnHCl)Jl} guanidine thiocyanate (GuSCN) 2% 8|1: DNA binding bufferd] AHE-
3l= chaotropic agent?] =57} =242 Adtzo] &0} ¥ 10| T2} chaotropic agent & UJEAQ] guanidine
hydrochloride¥} guanidine thlocyanateg AFRSHo] Aso] HtE ottt 7 =to w2t 2719 AlEE A
st on QHoA dolE xjx3Ee] DNA copy2o]| T2 Ctyl vlwS 9sto] 2702 Ajx3F DNA A|=2eb &
gPCRE 4:3¥stgith. Axk= 5Mit 6M GnHCl Ato]o] dl4d SAAL copyss 1.6x106 @ 1.2x1060.2 §ast Ato]
£ HOJA] AUTHH 218, & 101).

% 101, GnHClY] =0 we} 225 DNAS] Ctg}, Tmgk, dCtlozr

No Sample Ct (Cycle) DNA At Tm°C

5M GnHCI1 23.37 76.03

2 5M GnHCI2 23.34 76.03
23.3610.02 1.6x10°

3 6M GnHCI1 24.30 75.70

6M GnHCI2 23.38 75.70
23.410.65 1.2x10°

5 10’ PSC 20.36 76.36

6 10° PSC 28.08 76.03

75.98+0.25
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Amp Peak

Signal infensify

= o - ™ 5 “@
Cycles Temperatn oileg.Ch

23] 218. DNA binding buffero]] ©2 EojA A= SXA} A&
100ul Eo 1089 At&tsss E0] QXA A AZDNA(PSc)S 21 500ul9] 77| th2 %%0] GnHCl binding buffer

S 23 94 pScoll thet PCR amplicon®] $-%=5/41 0] amplicon S04 29l 3 §78+4 22

i

=]

GuSCNe 2 A|&% binding buffer®] 73-¢- 5M2] GuSCN binding bufferz 3|4 GAA}] BA}4(1.5x105)7F 4M
9] GuSCN binding buffer® &]4% SXAIY] BAFN7.3x104)8C}) worch Z2{u 5M GnHCI binding buffer2.c}
o saPdolA] oottt oo columnyE 0|83t £hF FAAL E2lHolA= 5M GnHCl binding bufferg AME-g 4
RSIICHE 102, 13 219).

No Sample Ct(Cycle) DNA &Af Tm (°C)
1 5M GuSCNI1 27.00 75.70
2 26.94 75.70
3 3 26.95 75.70
26.96+0.03 1.5x10°
4 4M GuSCN1 26.25 75.70
5 2 27.95 75.70
3 29.98 75.70
28.06+1.52 7.3x10*
7 5M GI 1 25.95 75.80
8 2 26.01 76.03
25.98+0.03 2.9x10°
9 10 7 psSC 20.90 76.36
10 10 ° pSC 26.92 76.36
75.86+0.27
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J

Cycles " = ,.:.Tﬂrlpnlmunﬁmr_; “
% 219. DNA binding buffero|] @2 EoJA T4&3HAL A& vl
100ul Eo 1089 AlEFsS E0]SAAL AAZDNA(PSc)E 21 500ule] 7+7] tf2 =%9] GuSCN binding

buffers ‘g1l 8]4% pSco] tjeh PCR amplicon®] 53411} 0] amplicon £0]7d &9l3 Y3t A1

DNA binding column 4A: k& DNA 22|94 column®] DNA A5 55ttt oo dx} ujofA AlHE]
+ gilica membrane based column 57FA|S ©]85}0] DNA binding capacity 9] X}o]S &Hl&t3itt. 57f 3Ate]
columne 4.7x105 ofA] 1.1x1062 3|4 E+= BEARIF AFo]E& Ho] columno] oAl 02k DNAS H2] A] £
sHA a2{Efofof sh= =g RISt

X 103. DNA binding column AZ 7t 8|1

Ct

column (Cycle) Aver. Ct Tm (°C) DNAEX}
1 probio 23.51 75.70
2 25.25 24.38+1.23 75.70 8.3x10°
3 viralGene 24.40 76.03
4 23.50 23.95+0.64 76.03 1.1x10°
5 pathogen 25.26 76.03
6 25.22 25.24+0.03 75.70 4.7x10°
7 Intron-pla 25.20 75.70
8 24.34 24.77+0.61 75.70 6.4x10°
9 biosolution 24.30 75.70
10 24.27 24.29+0.02 75.70 8.8x10°
75.8010.16
Amp Peak

L | I

0 a0 20
Temper st eileg.C)

DNA binding columnA|Z 7t H]ul
100ul Eof] 1089] AlEkaa Eo]9AA} AASDNA(PSc)S 21 500ul?] 5M GnHCI binding bufferg A}&3ko] 5
7] &2 columng E3fl 2]% pScoll tigt PCR amplicon®] 55413} o] amplicon Sol/d &91E 93t 84

ERRLE:
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Washing buffer AX: 3]4E= DNAQ purityS ¢l519 columno] DNAES 73?}/\]5"_ 5 o}2at 7ro] washing
buffer9] 2743 WA 2lE= DNAYO]| $gtsS &Rlstitt. washing buffer= Hat oHZ2 HdEof 9loH
ofeZS 80%2 WSt B9 w5 WopAZlS O oH22 85%=2 175t HY %EE HohA e of A=
Y &=} oHZY st g PCRAYTY Alo]E BOJA| AQTHIE 104~105, 18 221~222).

X 104. Washing buffer &4 ®g}o] @2 3]4t= DNAY

Buffer =4 (80% EtOH) Ct cycle DNA&Z At Tm
1 PEI 10mM Tris-HCI (pH7.6) 25.25 76.03
2 PE2 26.16 76.03
25.71+0.46 3.4x10°
3 Al 15mM Tris-HCI (pH7.6) 25.20 76.03
4 A2 25.24 76.03
5 A3 25.25 76.03
25.23+0.02 4.7x10°
6 B I 20mM Tris-HCI (pH7.6) 25.23 76.03
7 B 2 25.23 75.70
8 B 3 26.16 75.70
25.54+0.44 3.8x10°
9 Ix10’ Positive DNA 21.23 76.36
10 1x10° Positive DNA 27.11 76.36
76.03£0.2
Amp Peak
0w
i Ll
X, )
. 14
J\
5 - i w

721 221. Washing bufferz/dof m2} 348 DNAYY Ct3t & Tm3t

PCR ZZ Jjng Esto] ofeheg 80%2 1Xstl H9 ==& 10mM, 15mM, 20mM Tris-HCl (pH 7.6)= s}
A1 buffer2 columng washing 510 A2 3|48 DNAAROA AtRfpy o] SAAPE SEEUSS &I &
Ao gEEA 1us Sotol ZE AlgoA 52" PCR amplicono] AfF4a fAIR] SofAQl A=
grolstct.
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B 105. Washing buffer &4 Halo] T2 3]4E+= DNAY

Buffer 48 (85% EtOH) Ct cycle DNAZ At Tm
1 PE 1 10mM Tris-HCI (pH7.6) 24.27 75.85
2 PE2 +80% EtOH 26.07 75.85
25.17+0.9 4.9x10°
3 Al 15mM Tris-HCI (pH7.6) 24.26 75.85
4 A2 25.19 75.85
A3 2522 75.85
24.89+0.45 5.9x10°
6 B 1 20mM Tris-HCI (pH7.6) 25.20 75.85
7 B2 2521 75.52
B 3 24.90 75.85
24.90+0.43 5.9x10°
9 1x10’ Positive DNA 20.26 76.51
10 1x10° Positive DNA 27.18 76.18
75.914+0.2
Burmps Peak
. Py gpe— ...
R N imi=
E |':ll E ¥-5,8 -
o . Illl
1, 3 -;,'Iu -
________ vz /(N \
- =3 i ar. T .m.—-';“l_* =

T3 222. Washing bufferzAo] w2} 3]45+= DNAYO] Ctzr ¥ Tm3t

PCR £ZZ T &5} ofehE-S 85%= 1A o}_ﬂ 9] =2 10mM, 15mM, 20mM Tris-HCI (pH 7.6)2 ¥
AlZ] bufferZ columng washing 5to] A& 3]4% DNAA|BOA] Al pg Eo] SHAP S2E]|912-S 2QIgh
Aglen gHEA 1us Foto] Ze AlgoA S5H PCR amplicono] A4 RAIAN] S0]AQl Az
srolojgirt

DNA Elution buffer A1%&: column affinity®o] Opx]at ©AI91 DNA elution buffer AALS ¢J5to] 10mM
Tris-HCl (pH 8.5), TE buffer(10mM Tris-HCl, 0.5bmM EDTA, pH 8.5)¢t DW7t] elution &3S v|wstgct 1
A 7HA] ¥ wRofA PCRO| ©hE FFolN 2 AOlE & & YUATHET, I1-7). £S5t F9 pHE A7|dol &
Zo] J&" 10mM Tris-HCl (pH 9.0), TE buffer(10mM Tris-HCl, 0.5mM EDTA, pH 9.0)2} DWQ] H|w oAM=
PCR A% Zx} 7k & o] Atole & 4 QUITHE 106, 23 223). Elutiont DNAGAS of2] £9 7|7|= st
e st ot et A2 =Xl %tthdata not shown).

mo 4> Lot
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B 106. Elution buffer &4 W3to|| k2 3]4E]= DNAYF

Elution Buffer Z&-°d Ct cycle DNA A= Tm
1 DI DW 24.27 76.18
2 D2 DW 24.31 76.18
24.29+0.02 8.8x10 °
Al 24.31 76.18
4 A2 10mM Tris-HCI (pHS8.5) 24.30 76.51
A3 25.22 76.18
24.61+0.43 7.1x10 °
6 Bl 24.28 76.18
7 pOmMTrisHC (pHES) 2420 75.85
8 B3 24.23 76.18
24.24+0.03 9.1x10 °
9 1x10’ Positive DNA 20.75 76.51
10 1x10° Positive DNA 28.20 76.51
76.25+0.2
Amp Peak
. 10— o

T3 223. Elution bufferz/Aof we} g)4E]= DNAYO] Ctt & Tm3

PCR £Z J2ju & E5}o] 10mM Tris-HCl (pH 8.5), TE buffer (10mM Tris-HCI, 0.5mM EDTA, pH 8.5)2} DW
2 elutionsto] @2 3148 DNANROA Alg44 Sol QAR FBHUSS AT 4 gdglon] g4y 17
12 Sojo] BE

o *

A2014 FEE PCR amplicono] Algas §iAl0] Solxlel AF2US aelslg
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B 107. Elution buffer &4 W¥Hato| T2 3]4E= DNAY

Elution Buffer =4 Ct cycle DNA &A= Tm
1 D 1 DW 25.16 76.03
2 D2 DW 26.20 76.03
25.68+0.52 3.5x10°
3 Al 26.15 76.03
4 A2 10mM Tris-HCI (pH9.0) 25.20 76.03
5 A3 26.13 76.03
25.83+0.44 3.2x10°
6 Bl 25.20 76.03
7 gy OmMTHSHCL(PH9.0) o5 75.70
8 B3 25.20 76.03
25.19+0.01 4.8x10°
9  1x10’ Positive DNA 23.11 76.68
10 1x10° Positive DNA 30.11 76.03
76.06+0.23
Amp Peak
n
St PPy
-
J\
s =] e "= -;“‘w“';.‘mn -
T3 224. Elution buffer2/dof we} §)4E]= DNAY] Ctt & Tm3
PCR 2Z T2z & E3}o] 10mM Tris-HCl (pH 9.0), TE buffer (10mM Tris-HCl, 0.5mM EDTA, pH 9.0)2} DW
2 elutionsto] ¥ 9j4H DNAA|ROA AfFea o] RAAP SEElgS AT 4 vl sAEA ey
=5 &5t BE AlgoA 524 PCR amplicono] A4 A0 0] Eo]XQl 4tzelg Rlstyich
48 = AQ
ZeAoz o AAtY AAF DNAS Hoj&il QfAlcz St RAYDNAY E4 mato| S o]&sto
AR ZF A glaad HESke WHeR BN 7MY A-sH RSt Qe RAA 2eEE
sttt
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+ YA ZHRDNAY] 4Haly

(1) 2 2mlS 50ml tubed] ©1 Gl buffer2 10mle 91 587t Vortexers AF25t0] Aojzr}

(2) G bufferet B 2 Ao} 89 REZ affinity columno] SatAIZIck,

o] M column extension accessory?} QIAGENALS] QlAvac manifolders vacuumof A7Zsto] AMEsHH & ¢
247 columng E3A|Z 2 9lct

(3) 700ul washing bufferS columnof] 21 13000rpmoj|A] 30sec ¥AE2] stk

(4) Collection tube°] G731 washing bufferg A|7{gt & columng collection tube2t 2 & 127F
13000rpmo.2 YrHalste] ¢FL-S Jajzct

(5) columnZ- collection tubeo]A| #2jgt & Bt¥ 1.5ml microcentrifuge tubed] =t

(6) 50ul 9] 3&} FA2 column®] AEat tipo] DA 97 sto] WPZE & 187F Az|sH}

(7) 13000rpmollA] 187F YAlEalslo] Holx 50ple] DNA LA 3|43t} o2 &l & A HF
microcentrifuge tubed]] @1 -20°C0]l W2sto] PCRO] ARg3ict.

« AEDNARRI0] AHRE]E A0F U 1 54

(1) DNA binding buffer: 5M guanidine hydrochloride (GnHCl), 30% isopropyl alcohol
(2) Washing buffer; 10 mM Tris-HCl pH 7.6, 80% ethanol

(3) Elution buffer; 3x} B4 554
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© o) E5% Aol o3t & sAlo) A5 DNAZEMO A8

2 ahe g8gelo] E5E AR 4850  wAolN 203 EEE AR 2000%, (hE§ WE AR 2001F 5 5
800i%0] EEE U thx WE ARZ ABalsit o WEO| ARO)N ARDNARY U sHEGAAle) DNAZ 24
Hejshe 218 A e Alolglot, & dAolAl et ‘o] EFE Alzo] it & wAl) £ DNARE
of Ag o4 AAE YHS Gstol, cro] WE ARSE Y vlaA W2, A7, PCRo| 7HsE 2] DNA
o 225).

ypH

o U=
=2 Y alsk A
S &5 298 4 0

21 225, O3] HE A|go] st DNA 2] ¥/ o2 Vacuum manifolder?] &
Vacuum manifolder (Qiagen)= 24 A29] 712 AF851 00, DNAEZ] S AHS AZASHL 5 ml 049 DNASHE

o 2uz v

=2
zagl AL o] Qo] AUL EpA|Z 2 9loih

o=

= BRI AAGE EEN T DNAZH(EREACcR A 5 202l A 2RFY EEMES

o [e] (o]
DNA-binding- &3} 5]A5}ef, o] affinity column %ﬂl*li’lﬂi 299 IEo| bindingAlZl &, AHE&Ao =z
AM|A5EaL, Elutiong9of binding® DNAES &ojujof

‘|>’ mlo ﬂ
Olr
i3
oL
=
=)
_CL

8IS Ao] FuA7E WAL PilRe] B A0 ofst B2 Wo] Bo] ALSE|D], £ TIoIAL 24 Ao
Vacuum manifolder (Qiagen)7} B] A tj&f2] §8-Z A Aol FFA1A 4+ 9170, DNA-binding §-2o]] 5]4A|71
HEAle W AR &S Ao S22 of ARSI o8, Elution 845 A0 SaAA e o225 Al
ofsto] WARL] YHS MBS

AFEH Vacuum manifolder (Qiagen)= 24 Afdojut, StAEQ] &9l AJAAIE 96 channel ( B: 24x4)&
AHERITH, 53] 2709 Alee 43E 4 QIS ez et

o]l
S
ol

= A2 AH23 DNAR2] A

274 1014 OF 30%-141710] £ RE|9L00, 96 channel ( Fi= 24x4)S AF&FICHA,
urk 582 2% 4 92w ie

ot

r
U
[u}

njo

M

rif,
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O MRS dgoz MY AR A4 AF 94

ofefe] =72 & WA "EFEL T RAALE o] 88 ARFES 15 RAR] A% o], de] &8E7] Yot A
vt 248 =335} A]7] Zo|t}. o]= 20219 o] “Food controls”X|of] “Ultra-rapid qPCR for the detection of
residual DNA in honey adulterated with sugar beet’?] Al502 £ FQloH, JF X0t =& Q0oF ML
& HUAo] 7]sgit

azlo

11T RN TTTT777771700007777777771177777777777111777177777777111171777777771111111111777777

Qo
O T4 F9U4 ug BH(SCIRALS HAZT AR B(AIFR)S PHsle o ALREIT, T2} RS Heos
N WES HeEa) Ao ofeich ol 971t E4 AT FUEL AHHSPCRIS ol8dlol AL S

Aoz A HaEoM AR RAAE AEshe S 7idstict. 24 R7A1R1 RdDp (RNA-dependent DNA
polymerase)2 PCRZ ZZ5}1, A4 % AF2-2 nested PCROJ| A85}19ict 1 x 101 RdDp £0]A Rjx3 & DNAE=
1x} PCROJA A% |9 00, Nested PCRE 18T} Lre 40] B2 eRAlish 2 ojoir} PCR £71& 95°CollA 30% E9F
AP #d 3 95°CollA 3% Hd** 59°CollA 3% 27, 72°CollA| 3% 39 503 dsllon, & vhe ARk 198 51%0]
It} Nested PCR &L 95°CollA] 30& AP ¥4 &, 95°CollA] 3% W4, 57°CollA] 3% %H 72°ColA 3% %]

508jdolglon], & whS A7k 21% 13%0]9ich RdDp-specific PCRO| Tt & 9hs A7k ¢4 248 malsiol
412 4zo]9it. l 2 FROIA A B A T30 A8 A AT HH {ARE 97) AEON HEEA
ok

E3t 730 ABE F 1070 FAY = AEiste] SCIRAC] A-8-51¢it}. SCIRAYZ 107]9] &S & HA B= w51
O1}, nested PCRQ] ZAut= 107 & F ABZ|A AR QAR ASE ) Teby 22]9] detection ¥ nested
PCR AJARL2 Of9- QIZISIGI O 0 AR AtFo g A4 AfPEEOA AlE Kﬂol A% A5 fAIXHRdDp)E W=
0 R BRI 2 oith FO2 o] WS YRS ARIES BUsh 2 4 9t BB B oz A8

& 901 7.

1. Introduction

747}}\}9] o]ig% 7P5\_}\]71 B O

a 2 Tu o
’E} iT S 1071 A2 F 6915 ARSI Wk 2227t B4 o4t 'ﬂl &’12'34 $ﬁ°§$4% AAIs}] %’4% o

ofﬂ
ro
L
o
ox
Ui
ol
N

o
=2

hH

Py

O EHA $UL U1 RA(SCRA)S B4 24 213} ¥2)(AOAC, 1990)olA] A 1 8
3 & FR3 7120]U, o] B4 7122 01 W bro) $230] Al Y AY A3 UPsHA oo
=3

=
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S 59 DNA 79 FES ATGo1o] B9 AT w7 59 SFFerT 9t ofel w20l o[Folg. 38
A HolElE Rt S8 J1ER SASIYH12437)
§ ool o2 % P} AP A7ol4 92| AHGEID], PCR FHE

PCRE The, Sol 2 2=z 913 clofet &
7} e 54 gAxle) WES BN 4 A

d 58 4 e AARY tfo]3z AU A 7|9 PCR A ARI0] 7w Qlet
(10,11,12). & AtofM= BARE ofo] 32 A3 7|8F PCR AJARLS 3l 2522 TH DNA #7tof Hofsh= 54 /A
Val

olg|sh &X] A|ARIONA A2 Y2 FAL & 9= 5ast FAlo|t. detoz g FAS Fofl Sold TE AEt

B]E0|H ZE A3 PHE 4 9ok, et AR 88 SET 7 v|So|x YT PHskL 40 Aol 2 S0 £

2H QAAIY] FEL 5ot 212 o) NS Ul 5 BA QNG U} P 25T 4 P 7129

nested PCRS AMS31900, AEFE.00] ZH2 DNAZ o|@slo] AlhRosl 29l B8 7A%stn Qs o 552

=oict.

2. Materials and Methods

2.1 Samples

2018 5E] 202097HA] Apis ceranad] osfi A 73709 EEE AWES &l °] Algse =4 571 HE
Aol 2= o, AlEE A BHoA A AIYAIZD 7152 it

2.2 DNA extraction

K81 AR AlReto] Bo] Qi Aeto] AR B L& DNAZ Ralaloitt. hehs], 7ho € 2umx] ohg eikel
9 olamem $382 F9ots DNA 28 959 10mLE B AE 2mLo] A7kstn & sttt 19 ohg o] 8oy
2 2o ST AP oS A A WYL BFN 750 uL2 ARSI, AUS AxBlsto] AH UF
2 9Hs| APIE ¥ Sa42 85510 592 PCRY| 7] 71AR ALSEC,

2.3 Recombinant DNA and primers for sugar beet-specific gene

Beet 0] {AA[Ql RNA ©F/4 DNA F¥a4(RdDp) 315bps #AM] ZEsfote] A& DNAZ A|xseict
pTOP-beet-RdDp_315(12)2 HHH Ax% DNAE 349 TP 41417 DNA %A 7|E(Intron)S AHg3lo} A
391k, DNALS BamHI (NEB, UK)0.2 Etistol Maati? ZEDNAR AM8319ion), RDp G54t 245 matolo] 4
1} nested PCR Zato]t] & M5ty 1531%ct,

pTOP-beet-RdDp315S Z2&0 2 Al8sto] 7% A|AEIT} nested PCR A|AEIQ] ZFw 2 Bt PCRo| that kA of
£702 A28t} 214 YA PCR (UR-GPCR) AJABI|A] Zefo|of 3 Abgsto] 158 Zajoly U 54 PCR
= Z2AIBITHE 108).

Table 108. Information of primers for the detection of sugar beet

Amplicon Tm

Use Name Sequence . Reference
q size (bp)  (°C )
Detection B _RdDp315 dF  ATGTGTAGTGCCCATATTTG . . 2]
5 5

PCR B RdDp315 dR  GCATTATGAGGAGTGTTTAGTAC
Nested B _RdDp315 nFI TAGCATTCTGCTCCCCAAAC .

151 57 This study
PCR B RdDp315 nR1 CCTAAATGGGTTGAGGGTGA
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2.4 Detection limit of sugar beet-specific detection primers in UR-gPCR

A& nojno =g £45H7] Yol 1 x 108 ~ 1 x 100 #AH2] pTOP-beet-RdDp315 1 pL.g ZEolsh= & 9H3 54
10 pLojA] UR-qPCRS 4388519t vRe 2322 2310 2524 5ulo] 2x Rapi Detect mix(Genesystem C., Ltd.)
2 1pL9] 72 A& noto](B_RdDp315 dF/dR, 10pmol/pL)E Zgetyct.

UR-qPCR-& GENECHECER(Genesystem Co., Ltd., Korea)e A}83}o] 95°C, 30 s 9 pre-denaturation &,
denaturation 95°C, 3 s, annealing 59°C, 3 s, polymerization, 72°C, 3 s. 2] 508]X& 28851} 72+ AHAEL 71H7]

ke =it

olo

2.5 Detection limit of sugar beet-specific nested primers by UR-gPCR

Nested PCR Zzto]Ho] Zte & &Qlst7] Yol 1 x 108 ~ 1 x 100 EA}9] pTOP-beet-RdDp315 1 L& x3lst= &
uke 21 10 pLoj]A] UR-qPCRES 43885t9ict. ve 2822 oplo] =24 5y[9] 2X Rapi Detect mix(Genesystem
C., Ltd.) ¥ 1pL9] ZF nested primer(B_RdDp-315nF1/nR1, 10pmol/pL)S &&tst3ich

UR-qPCR-& GENECHECER(Genesystem Co., Ltd., Korea)s A}83}od 95°C, 30 s 9 pre-denaturation 3,
denaturation 95°C, 3 s, annealing 57°C, 3 s, polymerization, 72°C, 3 s. 2] 508]X-& 28851} 72+ AHSL 7]

Gy

2.6 Detection of sugar beet-specific gene in honey

UR-qPCR Zo|A] &3t 1pLo) DNAS 2ol 10uLY & 9hg FujoA 2= Qlct. Bk E8E2 20l 574
5pL9] 2X Rapi Detect mix(Genesystem C., Ltd.) ¥ 1uL9] ZF nested primer(B_RdDp-315nF1/nR1, 10pmol/uL)S
asHs19itt UR-gPCRE 2 X Rapi Detection Master Mix(Genesystem Co., Ltd.)?} 374 GENECHECER(Genesystem
Co., Ltd., Korea)E Al8sto] 2385|9100y, PCR E¢20f AfgE So|d majoln| 491 B_RdDp-315dF/dR2 75t
1 & BulE2 [0pL2 A5 PCRE 95°CollA] 30% 59F pre-denaturationdt S 95°CojjA] 3% S0 ¥4, 59°Co]|
A 3% SoFEA, 72°COIN 1% 59 580 505712 =9Itk 5B PCR A2 1000 s4s1ict. YAE PCR
o 23y5lo] H|E So|q 9xxle] 5= solsloick. 54 PCRE 100X 34 ZE8 PCR AH29] DNA 1.2 E35}
Z dke =) 10pLoj|A 4335 T}t UR-gPCR-S GENECHECER(Genesystem Co., Ltd., Korea)S A2t 95°C,
s 9] pre-denaturation &, denaturation 95°C, 3 s, annealing 57°C, 3 s, polymerization, 72°C, 3 s. 2] 508]&
A

S 2askik. 7 ARSL 7] el

2.7 SCIRA
SCIRA®t UR-gPCRZ HlasP7] &f3fl 73749 & Mg & 107hE 7A9= d¥sty, g7l sig Al=o it
SCIRA A2 27stoich

3. Results and Discussion

3.1 Sensitivity of sugar beet-specific detection primers by UR-qPCR

UR-qPCR2 pTOP-beet-RdDp_3155 1 x 108 ~ 1 x 100 £A}&2 ¥4 5]Xst & B_RdDp315 dF/dR Z2fo|t{ = £4~3Y
Elon i 10709 #AME A28 4 AU o] PCR A|AH2 H]E So]A QAARI RADpo] A A[H] 107]717]
AT £ 98 Hr 2 0] UZtstyich DNA BA19] Ct 2 13.42, 17.28, 20.24, 23.57, 27.37, 29.76, 33.05, 36.63
ojoltt. PCRE ¥hg B0l Az F4 240l gt Atoly I A|Adlojn], #A4 ZAut PCR AFz9] Tm 3>
80.20£0.180]9{t}. ZF DNA ZAtol| tifeh Ct 3ta S285HH y = -3.2575x + 39.8239 3] HAo] Ab&E] o] Eof A=
A Pl JAIAY] 25 AR 4 QY. S A4 R2+= 0.9985% ARTE[ITH I 226).
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pTOP_RdDp315

molecules Ct(cycle) Tm(C)
1 x 10 13.42 + 0.08 80.41 + 0.24
1 x 10 1728 + 0.84 80.41 + 0.24
1 x 10" 2024 + 1.41 80.30 < 0.17
1 x 10 23.57 + 0.47 80.19 + 0.08
1 x 10 2737 + 0.35 80.30 + 0.17
1 x 10° 2976 + 0.54 80.04 £ 0.17
1 x 10° 33.05 + 0.13 7997 + 0.17
1 x 10 36.63 + 041 79.97 + 0.17
80.20 + 0.18
40
35 ®
[ ]
30 ®
t ()
25 o
V20 °
a °
| 15
u [ ]
e 10
5
0

DNA molecules(1 x 10 n)

Fig. 226 Sensitivity of sugar beet-specific detection primers (B_RdDp315 dF/dR) in ultra-rapid
quantitative PCR

UR-gPCR was performed with the B_RdDp315 dF/dR primers and pTOP_beet_RdDp315. The template was
10 times serially diluted from 108 to 100 molecules. UR-gPCR was performed using GENECHECER
(Genesystem Co., Ltd., Korea) under the following conditions: pre-denaturation at 95°C for 30 s, followed
by 50 cycles of denaturation at 95°C for 3 s, annealing at 59°C for 3 s, and polymerization at 72°C for
3 s. Plotting of the Ct value for each DNA molecule yielded a regression formula of y = —3.2575x +
39.823. The regression constant R2 was calculated to be 0.9985.

UR-GPCRO] AIRJAIZHS 198 51%2 7]E9] Real-Time PCRO| w|s] @A13] ottt o] Zube 2o Lahe AxE
DNAZ £@02 Agsto] B2 Zoltt. Tafit 20| o gfol H“Oﬂ OJAls QS 23stel pGEM-cane-cpS AHE
Sto] 33% &2 1 X 107°A] 1 X 100 2415 3]Aste] UR-qPCRS 438513 TH11). Ct gfo] oF 1 cycle ZHAshH= 24&S
DAGYAY FET I 33% B LEoIA AT 1 X 102 BAES 2RI 4 AACHEO|EE DA, TepA] St o] §A
AF 2% wrEe AR Bo) MEY 4 glnkn wUskuct

3.2 Sensitivity of sugar beet-specific nested primers by UR-gPCR

Nested PCRo]] EojAdo g A7d mefol] RdDp_315 nF1/nR19] QI =L =H0l5H7] o] PCRE £38stqitth. Z|of
107]9] AP ZFR|E9ith. UR-gPCR A|AHI0A B_RdDp_315 nF1/nR1 Zato|H+= Q75 108A+2] RdDp -SAA}
= ZAE 4 AU of nested PCR2 E3F &0 107] At9] F&0f] sl =2 H=S Bt AE2E9 Tm
e TO3=021010Ck 8714 y - 34046 + 94672 2 DNA W ] Ch C1 8 Eolef 29l o] 44
R2= 0.997=2 AAEIQICE o] &4 PCRL 218 13%7F AQLj9jon] A& PCRECE oF 18 22% L ACH ™ 227).
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pTOP_RdDp315

o eules Ct (Cycle) Tm (°C)
1 x 10 12.48 + 0.07 7728 + 0.19
1 x 10 15.48 + 0.08 7728 + 0.19
1 % 10° 18.47 + 0.10 77.06 + 0.19
1 x 10 2244 + 0.07 77.06 + 0.19
1 x 10 26.08 + 0.40 77.06 + 0.19

3
1 x 10 29.61 < 0.39 76.95 + 0.19
1 x 10° 33.26 + 0.04 76.62 + 0.19
1 x 10 3534 + 0.04 76.95 + 0.19
77.03 + 021

40
35 ° L]

? 30 °
25 . ®

y 20 °

| 15 ° ®

U 1o

e
5
0

8 7 6 5 4 3 2 1

DNA molecules(1 x 10 n)

Fig. 227 Sensitivity of sugar beet-specific detection primers (B_RdDp315 nF1/nR1) in ultra-rapid

quantitative PCR

UR-qPCR was performed using the B_RdDp315 nF1/nR1 primers and pTOP_beet_RdDp315. The template
was 10 times serially diluted from 108 to 100 molecules. UR-gPCR was performed using GENECHECER
(Genesystem Co., Ltd., Korea) under the following conditions: pre-denaturation at 95°C for 30 s, followed

by 50 cycles of denaturation at 95°C for 3 s, annealing at 57°C for 3 s, and polymerization at 72°C for

3 s. Plotting of the Ct value for each DNA molecule yielded a regression formula of y = —3.4046x +

39.467. The regression constant R2 was calculated to be 0.997.

3.3 Detection of sugar beet-specific gene in honey by UR-gPCR

A J-E 2o UR-gPCRg ARESHO] AR SolA f404F A% WS A&t 2ol wofsh 2+
230z AHEsto] UR-qPCRE o5ttt 24¢ Tm 39| H¢l= 660l 81=7A]0]0, 16719] A&
olgel Ct = 7ML R AE2 30AlZ ol Ct 3t 7HtH& 2). F¥Aoz Ct o] 30
Real-Time PCRZ 72t A= sP7] of7]oll AR ez 57709 &2 EAE & ltH2d 228, &

SRS
104012
olgold
109).
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Amp Peak

Lane Sample Ct (Cycle) Tm (°C)
1 1 x 10° of pTOP-RADp315 29.43 79.95
2 1 x 103 of pTOP-RdDp315 33.40 79.95
3 1 x 10° of pTOP-RADp315 36.51 79.30
4 1 x 10 of pTOP-RADp315 39.35 79.30
5 1 x 10 of pTOP-RADp315 4131 79.63
6 20-32 0.00 0.00
7 20-33 0.00 0.00
8 20-34 0.00 0.00
9 20-35 0.00 0.00
10 No template 0.00 0.00

79.63 £ 0.29

Fig. 228 Detection of sugar beet-specific gene in honey sample by ultra-rapid gPCR

Ultra-rapid qPCR was performed using the B-RdDp315 dF/dR primers. The Tm value of the recombinant
standard DNA was 79.63 = 0.29, and the Ct and Tm values of all samples were not measured. Lane 1-5:
recombinant standard DNA; lane 6: 20-32; lane 7: 20-33; lane 8: 20-34; lane 9: 20-35; lane 10: no
template. Electrophoresis was performed to identify PCR products with a size of 315 bp. A: Amplification
graph and melting curve analysis graph: B: 1.5% agarose gel electrophoresis of UR-qPCR performed for
40 min at 50 V; M: Marker (100 bp DNA ladder, intron); C: Ct and Tm values of each sample.
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tfefA] JE3E PCR A= &olsl/| 9Jaf Nested PCRS 23851 L}. PCR AF= UjoJ= Nested PCRY| AJeE =S

d5l|5H= 2A150] &R)517]0), 1A} PCR AFE-S AA3] 8]A5to] 28Hnested PCR)Q] £7] 7182 AR5} whetA

UR-qPCRS 53 92 M=2|22 1008) 8Msto] PCRE ®Z210 2 AF&51T) Ct U Tm 3L 7% PCRO] ]3

%7 PCROJA B7taldct. 2 33} 404 & £ Ql%o] 7% PCRZ 20-347] AZof ofgt Ct Y Tm 3}

2351ct J2U Tm @ Ct 3H2 oF tiao] A< 72t 77.37 9 29.499.004, 151 bp2 Hol:= EE% Q]

7 Abol|A] ofAtel= PCR AH20] 37]9} v]asto] akstgirt

Nested PCRE 428t # 1] So|x faixte 97hie] 4Zolx Z2ET o] B7le] 271E Tmat Cigitt. 97he} 442
% 18-16 % 18-172 247} 9.51 % 8.739] 0laPA] & Ct 2k UEhAYict E5t Tm o= v]EE ¥Ze)2o] o

WA Ct g2 3357] ojdez &9 Ewss 24sPIde UT A2 Zloz adh(® 109, 13 229).

Table 109. Detection of sugar beet-specific target gene in honey

Detection PCR Nested PCR Stable
No. Sample Ct (Cycle)  Tm (C) Result Ct (Cyclo) ’l;m Result 13:;[?(1)36
©) (%o)
1 18-01 0.00 0.00 X 0.00 0.00 X
2 18-02 0.00 0.00 X 40.48 76.54 X
3 18-03 0.00 0.00 X 0.00 0.00 X
4 18-04 0.00 0.00 X 44.42 73.08 X
5 18-05 0.00 0.00 X 43.31 76.15 X
6 18-06 0.00 0.00 X 38.10 75.38 X
7 18-07 0.00 0.00 X 33.46 76.54 X
8 18-08 46.46 81.46 X 28.45 76.54 0
9 18-09 48.52 0.00 X 0.00 0.00 X
10 18-10 0.00 0.00 X 0.00 0.00 X
11 18-12 0.00 0.00 X 42.35 0.00 X
12 18-13 0.00 0.00 X 30.50 77.50 0
13 18-14 46.10 68.25 X 0.00 0.00 X
14 18-15 0.00 0.00 X 31.46 77.17 0
15 18-16 42.76 66.93 X 9.51 77.17 0
16 18-17 42.12 77.83 X 8.73 77.50 0
17 18-18 0.00 0.00 X 39.94 73.93 X
18 18-19 0.00 0.00 X 44.76 0.00 X
19 18-20 0.00 0.00 X 0.00 0.00 X
20 19-01 46.00 68.18 X 45.37 75.52 X —26.1
21 19-02 0.00 0.00 X 24.13 77.50 0 —26.4
22 19-03 34.31 78.97 X 10.37 77.50 0 -27.0
23 19-04 0.00 0.00 X 45.22 0.00 X —26.8
24 19-05 0.00 0.00 X 44.74 75.52 X
25 19-06 0.00 0.00 X 0.00 0.00 X
26 19-07 0.00 0.00 X 42.39 75.19 X —26.3
27 19-08 40.15 68.18 X 44.29 0.00 X
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28
29
30
31
32

33
34
35

36

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

71
72

19-09
19-10
19-11
19-12
19-13
19-14
19-15
19-16
19-17
19-18
20-01
20-02
20-03
20-04
20-05
20-06
20-07
20-08
20-09
20-10
20-11
20-12
20-13
20-14
20-15
20-16
20-17
20-18
20-19
20-20
20-21
20-22
20-23
20-24
20-25
20-26
20-27
20-28
20-29
20-30
20-31
20-32
20-33
20-34
20-35

0.00
46.05
0.00
0.00
46.11

45.12
44.11
48.46

44.40

0.00
0.00
0.00
0.00
0.00
0.00
44.99
0.00
0.00
48.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
67.52
0.00
0.00
68.50

68.50
68.18
0.00

68.58

0.00
0.00
0.00
0.00
0.00
0.00
68.18
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

46.83
0.00
43.45
46.55
43.39

46.62
45.31
44.30

43.96

0.00
43.06
48.29
0.00
0.00
0.00
0.00
0.00
21.08
42.94
47.39
0.00
47.40
34.52
0.00
38.27
38.19
0.00
0.00
47.51
44.49
41.51
0.00
0.00
0.00
38.09
4147
0.00
41.01
41.58
39.29
44.51
38.31
43.56

29.49
44.12

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
77.32
0.00
83.55
0.00
0.00
77.34
0.00
74.07
74.72
0.00
0.00
77.01
0.00
0.00
0.00
0.00
0.00
75.37
74.72
0.00
74.39
75.37
77.34
74.72
74.39
0.00

77.34
0.00

—26.3

—27.2

—26.1

—22.8

211



73 20-36 0.00 0.00 X 38.31 77.01 X -26.9

w3o] Apis melifera B4 A0|E GAT Zab} QlojgriAla DA, Lejo] Zuke #E A2 nested
PCRO| A3 Shiato] RO 0]30] AR 9HALS FESHE }218S T2ak%ck 18]} Nested PCRO o
At wWilo] glooz % et APt Wag ol

3.4 Analysis of SCIR

FTAIZARTH T2 4A7E2 AAEE] B -22%015t, SFEEQ] HE -22%01 oIt HARE A=t 4
A= 19-01, 19-02, 19-03, 19-04, 19-07, 20-06, 20-09, 20-17, 20-30, 20-34%ct. Zro] HQE -22%0|A] -27%0O|
T} BE MEL Codex AFS S5 T2lLt 19-02 2 19-03 ME-L nested PCRE AF&3to] AFES. §AALZ
AEE

4. Conclusion

UR-qPCRE AFSFO] %7 DNAE AMgoto] AMGRe] §4 fAAE AZohs o ARSE T

7€ 89| CTAB. PCRE o] 8¢t THg RAAL A% B2 ofA] JHUE]A] oottt o] W2 H|E Sold {AALES S55t
1 Asst 2 917 5kt Nested PCRE 1A PCRO] 29 slolatit. E5t Q2]o] ATt nested PCRO] 0]
DNAS ZAE & Qa2 EolRglt.

O PCR Al~R3) A8 & 2 A8 AlZtoltt. RdDp-specific PCRO} 438 AlZte 88 245 ZFsto] 198 51%
E3h nested PCRE 213 1320 43E|9lo, A17} ‘—Hoﬂ =0 l A =2 71 4 9. UR-qPCRE 7lt—1
QPCRECY w2 oh2 24 7|39 it de T

B0l Clofel E 14 7145} 8 29 4422 25T A ok AU,

Amp Peak
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Ct

Lane Sample (Cycle) Tm (°C)
Amplicon of pTOP-RdDp315 at 1 x
1 4 10.50 77.01
10
Amplicon of pTOP-RdDp315 at 1 X
2 3 10.52 77.01
10
Amplicon of pTOP-RdDp315 at 1 X
3 2 10.54 77.01
10
Amplicon of pTOP-RdDp315 at 1 X
4 1 11.54 77.01
10
Amplicon of pTOP-RdDp315 at 1 X
5 0 10.53 77.34
10
6 Amplicon of 20-32 38.31 74.39
7 Amplicon of 20-33 43.56 0.00
8 Amplicon of 20-34 29.49 77.34
9 Amplicon of 20-35 44.12 0.00
10 No template 41.42 75.05
77.08 +
0.13

Fig. 229 Confirmation of sugar beet-specific gene in honey sample using nested PCR

Nested PCR was performed using the B_RdDp315 nF1/nR1 primers. A 100X diluted amplicon of UR-qPCR
(Fig. 3) was used as template. Lane 8 (20-34) had a Tm value of 77.34, consistent with the Tm value of
pTOP-RdDp315, and a Ct value of 29.49. Electrophoresis was performed to identify PCR products with
a size of 151 bp. A: Amplification graph and melting curve analysis graph: B: 1.5% agarose gel
electrophoresis of UR-gPCR performed for 40 min at 50 V; M: Marker (left: 100 bp DNA ladder, Intron,
right: 1 kb DNA marker, GeneDirex); C: Ct and Tm values of each sample.
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Supplementary Data

RdDp315-specific detection PCR RdDp315-specific nested PCR
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Fig. 230 Detection of sugar beet-specific gene in honey sample
With B_RdDp315 dF/dR primers and the DNA extracted from sample as template, UR-qPCR was
performed using GENECHECKER under the following conditions: pre-denaturation at 95°C for 30 s,
followed by 50 cycles of denaturation at 95°C for 3 s, annealing at 59°C for 3 s, and polymerization at
72°C for 3 s. After detection PCR, the 100 times diluted PCR product was used as template for nested
PCR, which was performed using 10 pmole/pL beet_RdDp315 nF/nR primers under the following
conditions: pre-denaturation at 95°C for 30 s, followed by 50 cycles of denaturation at 95°C for 3 s,
annealing at 57°C for 3 s, and polymerization at 72°C for 3 s. P: 102 molecules of pTOP-RdDp315; A:
sample 18-08; B: 19-02: C: 20-08:; D: sample 19-03; E: 18-16; F:18-17.
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fjo

Standard protocols for molecular detection of specific genes originated Sugar-cane or Sugar-beet among
residual DNA in honey

Abstract

A B 2530 Al S EsP] Ydll SugarCane £0]& 4% PCR ¥ nested PCR E+= SugarBeet S0|A]
71% PCR ¥ EojA] ¥2]9 ZkE DNAO| th3t nested PCROY| tgt B& T2 €28 AA5IYIT} Aoty T2 &Zof wat
Kim et al. (2021). SugarCane £0]& 7A% PCR Y/%% SugarBeet E0]A 7% PCRE & AZof|A E2]E DNA
AZS %7 Bl=s]o g ARRsto] £33 ot 73 o2 SugarCane-specific nested PCR &/F =
SugarBeet-specific nested PCRE 27| B1&23]0 2 =5t 29| X} 2+&E PCR(Detection PCR) AlZ9] 1/000
s|qol0 2 4sigick. olefet £R9) PCRO thet 21710] A2 Ei Aot LAY A7 7o) B ABof chat AR
Aet A AMAls] AE AT ARk T2 EF2 £ ZHR DNA 242 9ot & yios de] A Jlog
7]t_tct.

A e

HEoe gdet EX19 RARHDNA)PE 2 o] BEE 1 Qlon], W0 ok fAIRMS vkst &8 159 {44
¥ =2 AU tE fAAL 223 SN feld oldE fAA & B0 HaEs Ailste A AREE e

AZA|Q] s40] ol A =} (Ruppert, K. M., et al., 2019).

R

ol AR & 7MY W2 AL eERAIAL (pollen DNA)OT, o] 52 TifF 2hro] FEj= HEo] ZdE|o] QloL,
7 Q9] & EdfiE]o] DNAEALS] FEf(naked DNA fragments)2 Zh=
(Residual DNA)z2} sttt

=Ho] EE3 Alste oA Bo] B Al a2 At &
T2t WRE, oMokE, gEY AR diY shEek HE W 28 a2 e IFE B
2020).

Ngas 25 T AYRQ Mg s ShSoldl AlPEEL, el BB (Natural honey)ol 71X18 37 gl 9)

o0, 53] ) 5 R oppAoPE R chet A2lg 27 S| ok

ol
=

A2 Sucrose 0] 99.99%2 BAE A2 =2 S5 ARSHL Qo AR 27 AlgA Al e 37
T AT B2l S 24 AIAL ZARsAL, ofsh FAIMES ARIAl Hs Aoz, of Mol A, AFRY Al

Al Lp-pAAte tR2 AAEY 0139 g AR AE AlE 2-(EE)d AR fo

H

AopRo] AZOJA, o] NS Aot €3, Suel Asad Ti A9 100 HEE We Folg
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o, ol FAAES Eeef EEA] sl A e Algo] 1z AREA ot

<l PCR7129] ¥ 353)7319] PCRo|| 24]710] A~ QE|E 2000dth &8tof| vlsto], 508]49] PCRE 10200l =5t
= 220 o]2tHKim, et al., 2020, Kim, et al., 2019: Troung et al., 2021a,b). 0o]3 Al&A-2 A&= 2X}89] PCR
S 438¥61=, & 1R} PCRAMZO] Tfgt PCROI nested PCR (2X} PCR)7HA] 304 o|Ujof] F &3t 4~ QJA &0, nested PCR
o] &g-2 0| So] fAAt tish Y/ (sensitivity) ¥ = /d(accuracy)S B o2 = 4 QA =AU
(Kim et al., 2018a; Kim et al., 2018b; Trong et al., 2021c).

& A Al J AR Eo] RAAY] SE/E A5 HRet ol2f(Kim et al., 2018a; Kim et al., 5, 2018b),
chget HE Al AL dAME S AR Autsg vigoR, AlRas RAA I AR fARR A R AdE
gt 12}, 2&F PCRY& HEA 0= Aefgt Zlojtt

o] MYHS AR HABY| TS 9Igh BB QA HA] BEO2, i AEH protocol AISHLA g
SRR

T HE 859 44
b DU 30l UER HUA. 88 3 BE WA 102 AYTLD ol M oPHINE. U2
Ak Sol9lon), 25 E5U) ) A = Bolgith

F3H 100% AtFEolet B7]H AMYES HE Fuistion, AlRfae Eo] PCRAAMA HE RS eQlsiYich 1
Q] B Axlo] APt ogle HEESE Alg2 AREEATHSupplement Data).

A g RAAE B #EE4(standard DNA)

AFErS Eo] PCRYO E&EA(Standard material) 24 AL I9SAAE RS plasmid,
p-SugarCane-cp (pSC)2 AR5HACE o] R|x3F DNA: APR42x(Sugar Cane, Saccharum officinarum) €24
o] Y&R|st maturase K (matK, GenBank accession No. LN 849913) SAAIS pGEM-Vectoro] BAfst 1oz
(Kim et al., 2018), A4S HY9 DNAS #3oz,  cloningd =2told, Cane-cp-F
(5"-GGATTAAATGGTTCCGAACCTG), Cane-cp-R (5'-TTCCGAAAAAACCCCGGGTA)Q] ZZ% 698 bpe] DNAS
223} 5t Zlo|tHKim et al., 2018a).

@)

AJERO 119 9MAIS 3t A2 (standard DNA)

AFERFEQ Eo] PCRY9 ®E&FEA(Standard material)24 ARSI SAAE RS plasmid,

p-SugarBeet-mt (pSB)E AFE3519ic}. o] A2 DNA= AFEIELQ 0]EFtdjolMitochondria)of] $JA|gt 250 bpQ]
S XM AXHGenBank accession No. BA000024.1)E pGEM-Vectoro] &Ajst Z1o|cHKim et al., 2018b).

E3H pTOP-Beet-RdDp315= AFEFRE29] genomic DNAY| 2]X|3F RADP (RNA dependent DNA Polymerase:

GenBank Accession no. EF101866) SXAS EFAfjst Aj&3F DNAZ, AIRFEQ 1.8 QXA AZo| & T2 B5 S

A2 AREE]QlC

A=2.99] genomic DNAE Al A|£3Hg % naked DNAZ $4j€jo] Aelo] RHRe}, ol AlFEe] A5
£ EoJsl= oA mitochondrial DNA %+ chloroplast DNA Et} =2 2g2 22]g|7]o] #2542 RERy]
ATt

M, AR 2RY ARA AEAIY RRAE ARSI, AlRRee AEAY 2715915 ARSI AEA
9] 3% DNA, & Genomic, Mitochodria, Chloroplast DNA= Q| &7|, ajof met I 471 th2h, A2 A}
9 2Nz Chloroplast DNAE AUiA oz Ul A40]t, ol HEQ thF DNA § ooz 7P W
2 FAE 71551
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Add @2 mojogs F AR LR RUARE PCREHSP] Y AE&(IAF PCR) Zejo|nz
Cane-cp-dF/dRo] ATZESIC EFH 1AF PCRAFES AEEsH] 93 27 PCR (Nested PCR) Zefotiz
Cane-cp-nF/nRo| A& QI

Table 110. Detection- or nested primers for amplification of sugar-cane specific gene

Detection Cane-cp-dF 5 CACCGCAATTATTTTTATTCTGAG

271b
PCR Cane-cp-dR 5’ GAACATCTTGAATCCGGTATTC P
Nested Cane-cp-nF 5’ CTAGGGCAACTATCTTGTCC 1370
PCR Cane-cp-nR 5’ GGATAGGGTATTTCTATATGTGATAG P
AL

929 13 304 552 et Zelolojs
yEe ge maolHs & AIRO 1% MRS PCRAES)| o3t ZEL(1A PCR) majojrjz
Beet-mt-dF/dR o] A¥E|ict. o] AL E&ESACp-SugarBeet-mt (pSB)E A&, 14} PCRAMES R|ZZ5}7]
913 24 PCR (Nested PCR) Z2fo]o{= Beet-mt-nF/nR 7F AHE|QcHE 111).

31, pTOP-Beet-RADp3ISE AFF S 1§ $7A0] ERBUZ MBS 29, AYPS 13 3AA1S PCREE
5171 Yt A=8(1xF PCR) Ze2fo]H= Beet-RdDP-dF/dR o] A¥E|glon], 1A} PCRAEZ AMEEsH] Yt 2&t
PCR (Nested PCR) mz2}o]Hj 2 Beet-RdDP-nF/nR o] ALt E 112).

Table 111. Detection- or nested primers for amplification of sugar-beet specific mitochondrial gene

Detection Beet-mt-dF  5* CTCGCTTTATCTCTTTCTACCGG

2500
PCR Beet-mt-dR  5' GAAATCTCCTTCAGGTTCAGTCG P
Nested Beet-mt-nF 5° GAATTGCTGCTTGAAAGTTTTC (o6t
PCR Beet-mt-nR  5' CAATTCTTCCTATTCTCCTGC P

Table 112. Detection- or nested primers for amplification of sugar-beet specific RNA depent DNA
polymerase gene
Detection Beet-RdDP-dF 5° ATGTGTAGTGCCCATATTTG
PCR Beet-RdDP-dR 5 GCATTATGAGGAGTGTTTAGTAC
Nested Beet-RdDP-nF  5° AGCGCTTCTTCATTCCAAGA
PCR Beet-RdDP-nR  5* CCTTGGTAGGGAATGGAAGG

315bp

160bp

Aea B ARTE 1§ AR 552 Y 2104 PCR 9f 24

AR 9l Ao 310 Xzt AES Qs 214 PCRE 1) Cane-specific detection PCR, 2) Beet-specific
detection PCR, 3) Cane-specific Nested PCR, 4) Beet-specific Nested PCRY| 4% PCRZ A O 2 AA|oh=
Zolct.

Detection PCROJA] 7% DNASOIS, BZ DNA Ei #2AIRo]d Eejd DNA 8018 Algsigion], @
Nested PCROJA] 23 DNAZRL2 5t PCR AEE 1/1000 = 1/100000.2 3)AMsto] 7 M 1 0 AlE5}
o
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234 PCROA 2t 7i8 PCRO] £ 10 wol9lon], 554 2 0] 538 DNAZ 1 10 dola, olo] PCR 55
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Figure 231. Beet-specific, quantitative detection PCR with 10-fold diluted standard DNA,

pSugarBeet-mt (pSB)
Beet-specific quantitative PCR were performed with 10-fold diluted standard DNA, pSugarBeet-mt
(pSB). Panel A shows amplification curves, N is negative control using no template. Panel B shows
Apex of each peak (dF/dT)

temperature (Tm) of each PCR product. Panel C shows regression analysis. Regression coefficiency

analysis of melting-point. indicates each mid-point of melting

was calculated, as R2 = 0.9943. Panel D comprised the number of molecules of initial template,
Threshold cycles (CT) in each PCR. In the range of 103 - 108 molecules of initial template show

acceptable quantities for quantitative analysis.
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Figuré 232. _aCane—épeciﬁ_c detection_ PCRs-with 8 residuaoi DNAN from 8 diﬁr‘erent honey

The conditions of temperature/incubation-time in cane-detection PCR were 95°C 4 sec, 55°C 4 sec, 72°C
4 sec (50 cycles). 10 pmole Cane-cp-dF/dR primers were used in each PCR. Lane 1 (positive control),
1 ng standard DNA p-Cane-cp (pSC) was used as initial template: lane 2 (positive control), 0.01 ng pSC.
In lane 3-10, residual DNA from each honey sample was used as initial template. Left-high,
amplification curves of 10 PCRs; Right-high, CT and Tm; Left-low, melting-point analysis; Right,
peak-curve ((dF/dT).

Cane-detection PCRE 95°C 4 sec, 55°C 4 sec, 72°C 4 sec (508]K)9] 27104, §8EA Aa7A] & 248 22%7}
AQrE]9lon, positive controlQ! lane 13t 2= Ct (Threshold cycles)7t 247] 9.20 cycles, 16.13 cycles2 UER}
22 AFdS Hoxth Tm (Temperature of Mid-point)2 Zt7] 77.99°C, 78.64°C2 &X & o], & £o] PCR
productdES HoFATHA= 0.65°C).

JHH, BEAIEQ] DNAS 7|A 2 ARES lane 3-109] B, S53A0A Ct o] 23-26 cycles #5002 S5 &
Holu}, §AZMoA £50] Z7to] mhe FP7HEo] 72717} positive control?l lane 11} 20] 173} B135] JLEE]
o, §3ZMA T lane 1, 2 (TmE+ 78.32°C)2t lane 3-10 (Tm : 75°C- 76°C)2 £H35] ThE TmZt o2 AAME] it

Cane-detection PCROJA], o] RS lane 3-109] PCR AtzS0] H]Eo] 228 UER|Y 9JoH, o] PCRAIE=
= Agarose gel H7|¥&o= ISt 233).
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Figure 233. Agarose gel electrophoresis of 8 different cane-specific detection PCRs

10 cane-specific detection PCR products were separatedly migrated in 2% Agarose gel, 1xTAE buffer, 50
volt, 45 min long. Left DNA size marker shows 100, 200, 300, 400 bp, etc, right DNA size marker
indicates 250, 500, 750 bp etc from lowest band. As positive control, 271bp long-cane specific PCR
products were shown in lane 1 and 2. In lane 3-10 non-specific PCR products were shown
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Figure 234. Beet-specific detection PCRs with 8 different residual DNA from 8 honey

The conditions of temperature/incubation-time in beet-detection PCR were 95°C 4 sec, 59°C 4 sec, 72°C
4 sec (50 cycles). 10 pmole Beet-RdDP-dF/dR primers were used in each PCR. Lane 1 (positive control),
1 ng standard DNA pTOP-Beet-RdDp315 was used as initial template: lane 2 (positive control), 0.01 ng
pTOP-Beet-RdDp315: In lane 3-10, residual DNA from each honey sample was used as initial template.
Left-high, amplification curves of 10 PCRs: Right-high, CT and Tms: Left-low, melting-point analysis:
Right-low, peak-curve ((dF/dT).
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Beet-detection PCR2 95°C 4 sec, 59°C 4 sec, 72°C 4 sec (503]A)9] £7A, gHEM La7tx] £ 268 1157}
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F7450], 22 50| PCR AEds BRIt AR 0.33°C).

., 8% HEARS DNAS 7|AZ ARESH lane 3-109] 4R, SE25400|4 Ct glo] 45 cycles 0]$9] £FO0 =7
29 % Holuf, gATAA 229 F7to] thE FEd= 712717t positive control9l lane 13} 29] 1710} #5
F2Ld, 13 2A0A] lane 1, 2 (TmH+ 80.97°C)¢} lane 3-10 (Tm B% EALA] &4<; 0.00°C) &935] =

ol oy

=
B

Beet-detection PCRO|A], o] EAZFSE lane 3-109] PCR AFE-50] H|E0] £Z9<& UER|1 9) 0T, o] PCRAFE S
< Agarose gel H7|F& 0= SISt 1 235).

Figure 235. Agarose gel electrophoresis of 8 different Beet-specific detection PCRs

10 beet-specific detection PCR products were separatedly migrated in 2% Agarose gel, 1xTAE buffer, 50
volt, 45 min long. Left DNA size marker shows 100, 200, 300, 400 bp, etc, right DNA size marker
indicates 250, 500, 750 bp etc from lowest band. As positive control, 315bp long-beet specific PCR
products wete shown in lane 1 and 2. Non-specific PCR products were shown in lane 3-10.

87 BEA|=29] Cane detection PCR producto] T3t Cane-specific Nested PCR
Cane-specific Nested PCR2, =24 8% HE A|goA] A& DNAE E2]stal, ZH7] Cane Detection PCRS 48
ofal, 1 PCRAMESS Z7] 1/10000& gAste], s|AM 1 0S FP0=2 ARESH Zlo|ci(1d 236).

Ol

223



Amp view [weo, | name [ oo [ Tm [ Tyee | comyno. | goup [ Resuit | color
3] 1 Ukl 1621 AR LN Pl A - 1R
160 o - k2 1840 T3OE LMK Tl A =
o 3 Unk3  EL26 7308 LK rll A -
i a 4 Unkd 2122 7243 LMK rll A - =
20 (8] 5 Unks 2225 7ATE LW pal A -
g o & ks 1935 7472 LMK rull A - 1
£ o ) Lnk? 2225 7276 UMK hl A - ]
E fa] a w2004 7i7E LMK nl A -
5 o] 9 [ R = s B < B 1 Pl A -
L o 10 UnkiD 2907 7143 UK Tl A - I
Peak

1200

1060
9:04
840
T4
i
4EC

Signal intensity
dF IdT

L S mcm 1 2| |
T2

a0 & =0 a5 an as & & 7 5 Es a5 a0 25

Figure 236. Cane—speciﬁé Nested PCRs with 8 different Cane-specific Detection PCRs
The conditions of temperature/incubation-time in cane-nested PCR were 95°C 4 sec, 55°C 4 sec, 72°C 4
sec (50 cycles). 10 pmole Cane-cp-nF/nR primers were used in each PCR. Lane 1 (positive control), 1
ng standard DNA p-Cane-cp (pSC) was used as initial template: lane 2 (positive control), 0.01 ng pSC.
In lane 3-10, each 1 pd of 1/10000 diluted Cane Detection PCR product (Fig. 2). Left-high, amplification
curves of 10 PCRs:; Right-high, CT and Tm; Left-low, melting-point analysis; Right-low, peak-curve
((dF/dT).

Cane-Nested PCR& 95°C 4 sec, 55°C 4 sec, 72°C 4 sec (508]A)9] Z7o|A, §REA g7tx] & 245 22%7}
AQE9 0, positive control?l lane 13} 2= Ct (Threshold cycles)7} 2t7] 16.21 cycles, 18.40 cycles2 UEfLt
Aok S Hojzx91 11 Tm (Temperature of Mid-point)2 Z47] 72.76°C, 73.08°C2 £4&]of, 22 Eo] PCR AFZYS
HARQIHAR= 0.32°C).

Cane-Nested PCR9] initial template=, HBA|£2] DNAE 7|Al2 A}83t Cane Detection PCRY] lane 3-10 AFZ-S
7] 1/10000 8]44gk )40 1 peojion], 2+ #A2 Cane-Nested PCRO] lane 3-10& 43314 sttt Lane
3-10& SETAI0NA 19.35 cyclesoll Al 29.07 cycles7HA] Thst Ct gho 2 S2E S wolon], F=M9| FER7} lane
1-29} SA}619 1, SATMoM T L50] Z7tof 2 47t wo] 7]-27]7} positive controlQl lane 11} 20] 7713}
02 SAlslA UERdth 1 32Mo)A lane 1, 29] Tmzt B9l 72.92°CF SASHA] %48 712 lane 6 (Ct, 19.35
cycles; Tm, 74.72°C)% o]t}

Cane Nested PCROJA] LEPY £74%15-2 lane 3004 lane 107FA] &5 AR 50| SAXIY] S35 LFERYLL QJ9)
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Fig. 237 Cane-specific Nested PCRs with 2 dlfferent Cane- spec1f1c Detectlon PCRs
The conditions of temperature/incubation-time in cane-nested PCR were 95°C 4 sec, 55°C 4 sec, 72°C 4
sec (50 cycles). 10 pmole Cane-cp-nF/nR primers were used in each PCR. Lane 5 (green line), lane 6
(blue line) were performed with each 1 p¢ of 1/10,000 diluted lane 5, lane 6 PCR products, respectively,
as initial template in Cane Detection PCR (Fig. 2), Left-high, amplification curves of 2 PCRs: Right-high,
CT and Tm: Left-low, melting-point analysis: Right-low, peak-curve ((dF/dT). In peak-curve of lane 6,
double peaks were observed.
3, Cane Nested PCRO] 7} AF25& A7|9502 el 137 bp 2719 Alekas Sol fARte] ofp g Sig 4
Ut} wtA| o] Cane Nested PCRY PCRAFES2 Agarose gel A7]9-5.02 PCRo| XX oJst TAS Rj&Qlst
AtHFig. 238).

Figure 238. Agarose gel electrophoresis of 8 different Cane-specific Nested PCRs

10 cane-specific nested PCR products were separatedly migrated in 2% Agarose gel, 1xTAE buffer, 50
volt, 60 min long. Left and right DNA size marker shows 100, 200, 300, 400 bp, etc from lowest band.
As positive control, 137 bp long cane specific nested PCR products were shown in lane 1 and 2. Also,
137 bp long PCR products were observed in lane 3, 4, 5, 7, 8, 9 and 10, except lane 6.

Cane Nested PCRO] &A7F50f 9Jst WAL lane 62 A|ISt lane 394 lane 107}X] 2% 9FAJo]9i oL}, PCRAMZC]
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7} laneo] Ojgh gt 7fE EA 0 B 50] o= A Al oA 23t 137 bp 2719 A4 o] RAA}T AteS
olsh= Zlo] et WS st a4Ent & Aol
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Figuré 239. %eet—shpeciﬁé Nested PC-RS wﬁh 8 different B
The conditions of temperature/incubation-time in Beet-nested PCR were 95°C 4 sec, 57°C 4 sec, 72°C 4
sec (50 cycles). 10 pmole Beet-RdDP-nF/nR primers were used in each PCR. Lane 1 (positive control),
1 ng standard DNA pTOP-Beet-RdDp315 was used as initial template: lane 2 (positive control), 0.01 ng
In pTOP-Beet-RdDp315. lane 3-10, each 1 pd of 1/1000 diluted Beet Detection PCR product (Fig. 4).
Left-high, amplification curves of 10 PCRs; Right-high, CT and Tm; Left-low, melting-point analysis;
Right-low, peak-curve ((dF/dT).
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Figure 240. Agarose gel electrophoresis of 8 different Beet-specific Nested PCRs

10 Beet-specific nested PCR products were separatedly migrated in 2% Agarose gel, 1xTAE buffer, 50
volt, 45 min long. Left DNA size marker shows 100, 200, 300, 400 bp, etc, right DNA size marker
indicates 250, 500, 750 bp etc from lowest band. As positive control, 160 bp long Beet-specific nested
PCR products wete shown in lane 1 and 2. Also, 160 bp long PCR products were observed in each lane
of lane 3-10.
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Supplement Data

Supplement Figure 241. Cane detection PCR products with residual DNAs from 8 different 100%
adulterated honey.

10 Cane-specific detection PCR products were separatedly migrated in 2% Agarose gel, 1xTAE buffer, 50
volt, 60 min long. Left and right DNA size marker shows 100, 200, 300, 400 bp, etc from lowest band.
As positive control, 271 bp bp long Cane-specific Detection PCR products were shown in lane 1 and 2.
Also, same sized bands might be observed in lane 3, 5, 7 and 8. Howerer, it is very hard to clear
decision based on this kind of Cane detection PCR (1st round PCR). Using Cane-specific nested PCR (2nd
round PCR), all 100% adulterated honey samples were determined as clear positive (detection of 137
bp-long cane specific gene).
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Supplement Figure 242. Beet-specific Detection PCRs With residual DNA from 8 commercial honey

products

The conditions of temperature/incubation-time in Beet-nested PCR were 95°C 4 sec, 59°C 4 sec, 72°C 4
sec (50 cycles). 10 pmole Beet-RdDP-nF/nR primers were used in each PCR. Lane 1 (positive control),
1 ng standard DNA pTOP-Beet-RdDp315 was used as initial template: lane 2 (positive control), 0.01 ng
In pTOP-Beet-RdDp315. lane 3-10, each 1 pd of reisdual DNA from 8 commercial honey. Left-high,
amplification curves of 10 PCRs: Right-high, CT and Tm: Left-low, melting-point analysis: Right-low,
peak-curve ((dF/dT). Based on Tm value, lane 3, 5 indicate as positive, and lane 7 might be positive
(amplification of beet-specific gene).

Supplement Figure 243. Beet-specific Detection PCR products using 8 commercial honey products

10 Beet-specific Detection PCR products were separatedly migrated in 2% Agarose gel, 1xTAE buffer, 50
volt, 60 min long. Left and right DNA size marker shows 100, 200, 300, 400 bp, etc from lowest band.
As positive control, 160 bp long Beet-specific Detection PCR products were shown in lane 1 and 2. Also,
same sized bands were observed in lane 3, 4, 5 and 7 (positive).
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Introduction
2 Bo| Lo To|L} Al20] Bu|2 E Alojol Mol AASHE MY WOt 2Ao|CHMartin, 1979; Codex
Stan, 1981). St 749] o]l o] B7Iste] At | bl AlEoz 2] ARRES] o ZAupxoz B
7§7<1]7S1 AF719] mAo|E|ict (Soares et al., 2015 Al-Waili and Boni, 2003; Viuda- Martos et al., 2008; Wang et
. 2002). B9 FE2 UY AE F9 22 22 AMUET(F Z7HE dFY > 45%), tHEE2 oY AlE 59 EoA
*J)“J%E}. Monofloral 158t £4, 3l#H7d E& ooty £42 78z AR M8 Ee g AReh 2 &5t
of 2458 #A0 2 SItKSoares et al., 2015; Prosser and Hebert, 2017 Ahmed and Othman, 2013; Yaghoobi
et al., 2013). o3t 9L AH|AIS 20| 1 A|AF AL.goj|A 22AI5H ARS ok=rHCroft, 1987; Swallow and Low,
1990; Abdel-Aal et al., 1993: Bogdanov and Martin, 2002; Doner et al., 1979; Tosun, 2013: Guler et al., 2008;

Sorkun and Dogan, 2002).

2ol olole ThRE B YNA] Aldo] S84 AER AFEHITE ABES AolL Agstel 27120 el )
vro APEE 4 ik It o] WS A% BRol oieh 438 ASslet B ARle] WR® dirkSoares et al.

Al
2015). E3t, 271204 22]F DNAE Argsto] BoA 54 Al 52 A&ste A2 & 7|99 Aozt 248 gt
Al 4 ol WRio R tREQlon, AR os Boi £7FF25E DNA £2] 282 THAI717] et o] BHio]
W]t Cheng et al., 2007; Waiblinger et al., 2012; Soares et al., 2015).

FoIME Tl 28| UAAe} BEO] B AEE FAT 2 o WAL SR} S1HT A4 Aol
X29] DNA 92 2750 A2 lste] 7} B EoA
| $yg Mgolol 4yrlon Uy 3%

Materials and methods

Selection of major nectar plants

Eo] A AFS Qe HZ(Prunus sp.), A-2H%7](Robinia pseudoacacia), ¥H(Castanea sp.), st o &0
ol{Tetradium sp.) ¥ mjotxKKalopanax sp.)o] *oh AlES AESHA o] AlZ2 TISRAIZIE Z7HR|H Sh=ollA] 22t
49, 59, 69 U 720] B QAL Y3t Fo BS FIACL

Honey samples

B71Hgt . Fa7golA 4428 77 U] 2 5719 HAE AES e FAlIA AMFsHATHEH, a4, & 30). F
20710] AES 2Asle] A2 x40) HYH AF0l Agaiech W, He ujEy), ¥ L Dol araliad) che 4749
JYHel Tyl 2B TYsiict,

zo
=
Q

s -l

R =

Table 113. Collection of natural honeys for nectar sources identification

No.  Collection date Number of sample Expected major nectar

1 April 22, 2019 5 Prunus sp.

2 May 30, 2019 5 Robinia pseudoacacia

3 June 30, 2019 5 Castanea sp.

4 July 30 2019 5 Tetradium sp.; Kalopanax sp.
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Primer design and standard DNA construction

noto|HE 5719 BA Alg9] FEA DNA A& ¢Ja AAEct NCBI 48 #35: KU985054(Prunus sp.),
KJ468102(Robinia pseudoacacia), MH998384(Castanea sp.), MG975304(Tetradium sp.) ¥ AY393733(Kalopana)?]
Q=4 DNA ThiS Abgatoict

£ mato]t] tJARIS 95l Clustal X WA 2.0(Larkin et al. 2007)1} AEstict. 5719 A& Zato|i XS & 31
of uehfoick. 57l B4 429 Qo=RE A FZH DNA TS TA 224 Wae Agslel Zehaoc
pBlueXerno] A1lste] EF AIx% DNAS 7A3i9ic. 3, oy o] ezt 358 2spy] 98] 54 PCRS
Holl he ZetoltE AASHATHE 114).

Table 114. Primers for detection of seasonal nectar plants

Length Annealing Target Amplicon

No. Primer name Sequence (5°-3’) (Mer) temperature Target plant gene size Reference
1 Pruchlo-F GGTGTACTCTTTCTTCGAGT 20 nth -
o rpl32 .
Pruchlo-R GAAGTTGATAAAATACAATAC 1 53°C Prunus sp. 205 bp This study
2 Acasia-F GTGGTGGAACAAAATATCTAGA 22 R b . . I-p0C2
obinia
AcasiaR AACGATTTGTTACCGAGCTT 20 58°C pseudoacaci 299 bp This study
a
3 Castanea-F CCATGGACCGTATTCTTCG 19 c atpl
° astanea .
Castanea—R AGAGGGCAATATGAAATTATG 21 61 C Sp_ 286 bp ThlS Study
4 Tetradium'F CGAGAATAAAGATAGAGTCCT 21 d tmL-th
° Tetradium .
Tetradium-R TTAAAGGTCTTGGGAGGGA 19 56°C Sp. 430 bp This study
5 Kalopana-F ACGAAAGAATCGAATATCGA 20 K 1 trnL-trnF
o alopanax .
Kalopana-R GCGAGTTTCAGTATGAATAATT 2 57°C sp. 435 bp This study
6 PmChIO—F GGTGTACTCTTTCTTCGAGT 20 nth _
o 132 :
Pruchlo-R1 AAGAAAAGATTGIGCGTTTA 20 53°C Prunus sp. p 176 bp This study
7 ACaSia-F 1 AGTAATCTTGTCATCTTTCT 20 R b . . rp0C2
obinia
Acasia-R1 AAGTTTCATATCCGAAGCA 19 50°C pseudoacaci 187 bp This study
a
8 CaStanea—Fl AATCTGAGTTTTGCTCACA 1 9 C ath
o astanea .
Castanea-R1 CACACTAAAAGGCTTATCT 19 s1°C sp. 235 bp This study
9 Kalopana-F1 TTTGAAGAACTGATTAAGT 19 Kal trnL-trnF
o alopanax .
Kalopana_Rl CGAAATTTTAACTGCTACT 19 49 C Sp_ 200 bp ThlS StUdy

Note: primer pair No. 1-5 were used for detection PCR, and primer pair No. 6-9 were used for nested PCR.

DNA extraction

Soares et al.(2015) @ Kamo et al. (2018)9] wrHo] Tizt DNA 225 Qo & AlEoA 272 E
7 Q20 B 10mE ALY BEo| WL S24 20mIS Jlslol 302 9 Belyalart. o e 2
ml2 27t O, NS 40°CoflA 102 &¢F Qldloldsta, 8= $18l 22 0tth FE-E ARSI 27F+ 11,000
XGOlA] 105 =0 YAIEa]sl . AFZOMS vl 245190}, DNA 22]- DNeasy Plant Mini Kit(QUIAGEN)ZS A}-85}c]

Aol 27t ol WS 400100) §) §FA0] AR Tk, kel G2l HI=S Ale 12 GOt wEY

sttt AIZGA ROl Tet DA a8ttt oo g 7F & AEo)A 80ple] DNA £o12 it DNA 5=
+= Biophotometer(Eppendorf, Germany)s ARgsto] &A%

7t ®A Al.g0] olojA DNAS £%3517] ¢J5lf DNeasy Plant Mini Kit(QUIAGEN)S ARESISICH A|2ES HR|A A0]A
Safelo] B2 o1, AEAR] MM T} C}T 2L DNA B3] HAkE Assieirt

i1
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PCR performance

A2 AMZo|A E& DNA S22 95t PCRS 95°C(58), 35%7] 95°C(30%)-54°C(30%)-72°C(30%) & 72°C( 78). Al
oF AccuPower® PCR PreMix(BIONEER, Daejeon, Korea)?t 71&9] PCR 7|AS Ar&st9CT.

B MZoA B Alg9 EojA9l AES 93 A PCR-E GENECHECKER PCR 7]74|(Genesystem Co., Ltd., TjA,
3H2)QF 2X Detect Master Mix A|2F with Fluorescent Dye (SYBR green; Genesystem)S AF2-5to] £38E]QiTt PCR
2712 958C(30%), 50871 955C(4%)-///=C(A%)-725CAR)SH 7 mefo]t] 9] ofdy] L& Gofet 2%
oA BrtE AT AFAN o R WAt AES Holr] Yol WFESUT. 2 Zato|t] o AFAos AH ofdY 2%
+ & 310 YepfItt. A& PCROJA 8 Zxke] PCR A3/d2-& 5008 slAsta, 5E0] At &lstr] 9ol
nested PCRZ Jgt DNA 3oz AREsIICh 7b mafoln] 0] ofdy 2w & 310 Yot ok PCR &7
95°C(30%), 35 Ato]Z 95°C(3%)-///°C(3%)-72°C(3%)%ct.

Standard curves for calculation of DNA copy

7t BA AE9 xjRg DNAE=  2.91x108oA  2.91X100(Prunus sp.), 2.83X1080]4 2.83x100(Robinia
pseudoacacia), 2.84X1080]|A]  2.84X100(Castanea sp.)o=2 108 A& 3SAECH | 2.72x108  ~
2.72X100(Tetradium sp.) & 2.72X108 ~ 2.72X100(Kalopanax sp.) AF2/ul, 7+ = 29| 1S PCRo|| AFEsH9TH A&
S 925 98] PCRS 38] 23451900t 7t A2 A%0] BF AL DNA 530] £7] 12| logl0z} 529 3
% Ct gt Alolo] BAS Jutoz ARt

Results and discussion

Standard linear regression for DNA quantification

AzS DNAOJA] 7 EolA] mefolt} o] &2 Mgt 525 9ot £7] DNAY oM &5 Bo{%9l0H, Prunus
sp. Robinia pseudoacacia, Castanea sp., Tetradium sp. @ Kalopanax sp. 22t 2 DNA. Prunus sp., Robinia
pseudoacacia, Castanea sp., Tetradium sp. ¥ Kalopanax sp.9] A& 3]H. DNA 7A&2 y = -3.6341x + 45.049,
R? = 0.996; y = -2.9661x + 37.786, R* = 0.997; y = -4.3563x + 52.247, R* = 0.9934; y = -3.9773x + 48.259, R
= 0.9985 % y = -3.5549x + 43.6, R* = 0.9939, 2}t of7]A x W y= Z£7] DNA 710 49| logl0 & 529 s
Ct gtolct.

Determination of plant compositions in natural honeys

20719] & A= nTof|A Prunus DNAQ] Zx|7} UERSOH, 5~7€0] 4R B XZ0|A] Robinia pseudoacacia,
590 28 ] AE F 270, 69 U 620] 2T L B4 FRAERol 2120} FEE) W BRapdA
DNA&= 64570 & 2702 70 AiFl A SojMet &5t 22fy Tetradium®| DNAE 2& AEN HEEA] oF
UOT(# 115), Tetradium®] Al &2 AT Ao EXSHA] 4= 4 .

Table 115. Detection of seasonal nectar plants from honey samples

Samples collected Samples Samples collected Samoles collected in Jul
Target plant in April collected in May in June P y
= 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Prunus sp. + + o+ o+ o+ + o+ o+ o+ o+ + + o+ o+ 4+ + + o+ o+ o+
Robin l a + o+ o+ o+ o+ + + o+ o+ 4+ + + o+ o+ o+
pseudoacacia
Castanea sp. S . Yo+ o+ o+ o+ o+ o+ o+
Tetradium sp.
Kalopanax sp. - - - + -+ - + Lo+ o+ o+

Note: (*) number 1-5 indicate the 5 different honey samples collected in each time. (+) and (-) indicate the

positive and negative detection, respectively.
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Figure 244. DNA quantity of targeted plants in honey samples

DNA copy of each targeted plant was the average number of five samples collected in each month. Plant
compositions increased from April to July, by contrast the DNA amount of each plant showed a
decreased trend.

Confirmation of commercial monofloral honeys
2129 05 SR JUROR AISEE B Z BoME 2 4 9 A5 PCROIM Y 2 e
PCR Al=& ARESHo] 2385 24 PCR(ZLH 52)0flA RI=] I} 5=} A7|F 59 o Hes vAgh Auf, 5EE

19
o
fol
H1
rlr
ot
i

< Subrel 2HlUor ol tAote] 271R7Y, S Wb B2 7HA] tid S (BB S sp. Al9f)f 27t
2 gyo] ul&sion, 5719] #A4 A-(Robinia pseudoacacia, Castanea ¥ Kalopanax)o] ¥5- &0l AEEIch
(& 116).

ZF A89] AlZxX DNAYO| m=2W wHZEo| Prunus DNA(1.39X10571H1/10mlE)7} 7F @okil, Robinia
pseudoacacia (1.07x10271/10mlE)7F  A9ich. ©=rA o] &2 Prunus®t Robinia pseudoacacia nectar2t
Prunus®] J2ES S35t 7o 4 oich Aoz B 5] A|7)= 4Y 6140 Zu|LUo} AT oFIA|op Zo] uhfst=
X715tk
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Table 116. Plant composition detected in the commercial monofloral honeys

Target plant

Monofloral honey

Cherry Black locust

blossom Chestnut Castor aralia
Prunus sp. + - +
Robinia pseudoacacia + T i
Castanea sp. - + +
Tetradium sp. - _ )
Kalopanax sp. - + I

Note: (+) and (-) indicate the positive and negative detection, respectively

02 oy & 2o ohl & Fo] A2E RAIS HIoy, AL t*=7] E(Robinia pseudoacacia)?] Kalopanax sp.
(1.65 x 06 AFE/10 ml B) @ © Y2 DNA 99] Castanea(5.99 x 105 AF), Robinia pseudoacacia(6.09 x 104
A1), o102 5.3 x 103 X2/10 m o] 2 Prunus DNA. 2 2ok ol ¢ 786 AR 4 SIAIE Sl
AT 4 S= B 2900 WEolA e DNA o9 52 4L/go] YEtHt. gHH, mupAt E(Kalopanax) &2 7FAE

ol Castanca)o] DNAVE S415F8 DNA 972 224 A(Kelopanaxy| 71 Wakee), of Ak 5ol 2npis 2
o] R Jjeiet 69 ohao] B AN A0 U1 245)

mO
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Figure 245. Confirmative detection of nectar plants in commercial honeys

The presence of Prunus, Castanae, Robinia pseudoacacia, and Kalopanax DNA (A-D) in commercial
monofloral honeys of Cherry blossom (Pr), Black locust (Ro), Chestnut (Ca), and Castor aralia (Ka), was
confirmed in nested PCR. The accuracy of amplification was seen by the similar melting temperatures
in the florescent curves and amplicon size in electrophoresis images of sample DNA to recombinant DNA
(P) of each targeted plant, amplicon sizes were indicated by the arrows. “M” and “N” are 100 bp DNA

marker and negative control without DNA template, respectively.
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Figure 246. DNA quantity of plant compositions in commercial honeys

%} Lk o
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DNA copies (10%)/10 ml honey

Quantitative PCR was performed to calculate DNA copy of each targeted plant existed in 10 ml of each
commercial monofloral honey.
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SUaLAMES(PCR) 7|8 722 €9 Mg 7I¥ES
=35
1

i
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¢

olo] £ A7oINE 54 Aol B4 213 DNAS A3 ARSI WS ILsual slgion, olg Agslel 54
2 A% 2 B2 SUSIAC 944 AlY B BO) 452 944 Ao chet ulga B B 244 B
DNAS] A FZo] o L=t dxdo] weE Ajz 7fd® PCR AJARIQI Ultra-rapid real-time
PCRUR-GPCR)$ AF§510] PCR *$50] £R5)% ARHS Boplgirt

MATERIALS AND METHODS

Maize samples

FAhs ol et WE Sapol £ ERL HEHA LA 1o AES oA sl
Krl, Kr2 % Kr322 mAJ5I3l1, 5710 52 HIEFOA 245t Vnl-Vnb2 BA[SIICE o] HEFA 249 Al
= % HIEEAol 27H(Vnl, Vnd), Ql=4to] 27}(Vn2, Vnd), Ef=4to] 17H(Vn3)o]Qit.

Corn syrup samples
KaroO Dark Corn Syrup(Ach Food Companies, Inc., Oakbrook Terrace, lllinois, United States)2 242~ DNA

o A& 2% = Aadoll ARE it

Honey samples
#2290 QU Z7igEae] 5UE YA MY 4 B 2ot 9uAd dE ¥ A Aue
37.305103, 127.0349300]ct. 2019'H 494 25%0] A2 tf2 X|ojA 6709 AMES LAIBISUCH ME2 NatdofA
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Nat9= A=} O 7119 &4 A & AS2 HEY Quang Ninh/] Hai Ha A[29] 37] R|[Go|A] FZE[QiTt.
o] 22U+ &5 ARl ZAfoll £ 2o] W A 2% (20199 49 28%) B2 FESI, o] 371 AE2 Natl
ol Nat3o& A=t A x]ou o 9 A AmL AR 21556810, 107.718089(Natl), 21.555293,
107.721179(Nat2), 21.553936, 107.718523(Nat3)o]ct. o] AH MEL2 244 A|Ho] A7HE HO] EASIE st 24
A2 AREEQC: UWAl 7719 AdE B AEE 221 4% <IAJolE  https://www.ebay.com %
https://amazon.como]A] LQJsion] 7k AZ0] AO|E JI+= T Slaf ZFUT FAE 29 A iRl
UK1(F=), Ne2(UI'Z), Pol3(ZHE), Pord(Z 252, USH(U]=), Cab(ZHLt}), In7(Q1%=)olct. of2igt A &2 74
2l UR-qPCR #A2 B|AESH= O] AREE|QIT

r_&F

Production of adulterated honey

Sagt %Oﬂ TR 0 944 A AR Akstel Ba0] AQ 2 AT HAE AS Natd (7]t
29, F2)olA 55 DNA U 2712 DNAS &5te] UR-GPCRO] AF&5te] 944 DNAZ QLA] 2113t Th8 o] AY
Zof O} ZAIYKARO, U]R). AW 24 Zo A7kl A of B vl(v/v) 217 4/180%). 3/2(60%).
2/3(40%), 1/4( 20%), 1/9(10%) X 1/19(5%)2 M =3td AMgstRAon],. o5 o BA2 22 AdulofA Adu6o]itt.
7} 2420] 4ol B AE Smio] Bl £42 9Jgt DNA ol ALgEgict,

Specific primers for the detection of maize DNA

zejo|t}= 7l DNA(gDNA), U] EFE2]oF DNA(mtDNA) % A=A DNA(chNAH dE2 st 2AE. e
Ez2jo} DNA (NCBI £5 H3: DQ645536), B=A] DNA (NCBI 45 H3$: X86563.2) U Al DNA (NCBI £EF H3:
XM_020543305.1) T A E-& GenBankoj|A] ZAA5EY Clustal X WA 1t é Hotgith 2.0 E4 meto|o] gARI37 o2
AAlRE So] meto|t] HE2 & 19| AAsiitt. &4 AE Kr19] S5% DNA TS TA 2219 1383 ARE-sto]
ZAD|E pBlueXemd| 41lsto] 44 PCR 202 AFRE #BZE AR DNAS A5ty

Table 117. Primers for maize DNA detection

. ' Length Amplicon

Primer name Sequences (5-3") (mer) NCBI reference size (bp) Reference
Zeachlo-F CTTAGATAGAAAAAAAAAAATAC 23

cpDNA 254 This study
Zeachlo-R CATATATATTCTTCTTTTTCTTC 23 (X86563)
Zeamito-F TGAAGGAAGGGCGGGCTGA 19 mDNA . This study
Zeamito-R TCTCGGCTGCTGTCCTTACTC 21 (DQ645536)
Zeagenom-F TCTATAAGCTTTGATTCCAGGG 22 2rs
Zeagenom-R TTGCTCTCCGAAATGACACTAT 22 DNA

This study

Zeagenom-F1* CTGCACATGAGTTGAAATCG 20 (XM_020543305) 10
Zeagenom-R1 AATCTTGTGCAACTTCATGAA 21

Note: “*” primer pair Zeagenom-F1/R1 was used for nested PCR.

DNA isolation from maize seeds
DNA #2]ofli= DNeasy Plant Mini Kit(QIAGEN)E AF&SIRT}. S44 SAE WA AiofA FE2 Bafot AEUA]
9] X|Alof| w2t DNAS #elsigict. 2 AZo|A 5 100ue] DNAS A%}

[solation of pollen DNA

DNA E2]& ol Aof AFEH methodd, 395 HFA|A DNeasy Plant Mini Kit(QIAGEN)E ARgstgict. <
fnle} B¢ U2Y Frol W 08 Dniol $742 Whkslck §o42 165 5 2AYsln o Y2 32 o)
35 9 Am2 XSG ERTL AUCHH 108 Fo wysin ARuloldsien, ojr §uE 2ol
ivert-mixelSIF} T2 C1g EUEE 1000 x gol] 102 59 Wiweletn 4501 3T} WA olol 22
S AHEoto] dA] Aioa B2 24 otal, 400u02] i ¢5H(DNeasy Plant Mini Kit)& 7ok, &39F
oA 30 F2t Aol sttt EAke AMAEUAS 22 eF0 Tt 23wl 2 AE0A ¥ DN
LSoj= 100 plo] it
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Purification of residual DNA

QIAquick PCR Purification Kit(QIAGEN) XM= EojA] Zt& DNAS £2]517] ¢Joff £2AEQITH & bmlE €288 &8
of] @1 5M oY HAMA(Bio Basic, Canada)at 30% o)A T 2uh8-8 wdkst= A3 o0 25mlE £]E 2o 30ml
2 7higeh £3=S 30& Fo EEAJGHL 40°CY fx0A 102 59 QFHoldsii, ojff REE 270ttt
invert-mixstth. 202, =2 11,000 x go|A 52 5ot HAEelstil 45U M2 92 FEE &4t
»e] AH(QIAquick PCR Purification Kit)S AFE5to] k& DNAS 2416H 30& =91 10,000 x go|A YAIE2]519)
ot AN 2 &2 HAle 71EY AIRYA Ao Tt £e85] . opx[2og 7 AlEoflA] 100u°] DNA &5 Aqict.
DNA &S ThA] AIsto] 32 B2 HAs] AAsIA. Batke ARAAY Ao oep 23E9lon Z& Mas
QIAquick PCR Purification Kitof]A] &9t 7t AB=ZojjA] 40 oto]322]Eje] DNA £oS ATt DNA =h=
Biophotometer (Eppendorf, Germany)S AR23to] ZAAXSHYICT.

o]

PCR protocol

Zu4 Ax7F PCR (UR-gPCR)& GENECHECKER® Model UF150 Real-time PCR system (Genesystem Co., Ltd.,
Daejeon, Korea), 2x Rapi Mix, §3E572 SYBR green( ()28 S ARGt £359lt). 2t vhg 29t=9] RO
10pl0]1 o0, 5ul 2x Rapi Mix, 2ul9] Zeto]t] (ZF mafo]uj= 10pmol) ¥ 2|0 3ule] DNA §Z30]9lt}. gDNA 52
2 9Jst PCR &7 95°C (30%), 95°C (2%), 55°C (3%) ¥ 72°C (2%)9] 503]A ©o]9ict. mtDNAQ} cpDNA Z-2of tjjst
PCR =712 genomic DNAS} SAFSI O} annealing &=+ ZH7h 614Cet 484C3ict.

5008 8]4% PCR AFz2 o]&5to gDNA 552 913t Nested PCRE o5to] &9] 422 =lsiitt. Zato|n]
# Zeagenom-F1/R1 (& 1)2 AR5t PCR 2712 95°C(30%), o]ojA] 95°C (2%), 54°C (3%) @ 72°C (2%)9] 50 A}
0] Z0]9t}t. Nested PCRO] At Sanger BH2 Al2sto] A7|AEEA-E 9)2|51% tHBionics Co., Ltd., Korea).

G4 117 DNA 529] 9IS ZARGHL £7] DNA EA| & AlMkE Yot & 3412 /5] Ysll UR-qPCRE
2.85 X 108 AFE/100flA 2.85 x 100 /ul(gDNAAFEZLA], = 2.87x108 2A/ul ~ 2.87x100 EAH|/ul(cpDNA) ¥
2.72x108 ZAFA/ul ~ 2.72x100 BAIR/ul(mDNA) 108) @14 8|4t A3 DNAS AL&stol 2885194}, 7t PCR &
APrEo 2 2985H logl0 £7] DNA ARZat s AAIRE 271(Ct) Atel9] #7AlE YEH = ZF &% DNAQ] A9 3lHE

etk

RESULTS

Specific amplification of maize DNA

gDNA, mtDNA U cpDNA ZE2 9|5t Eo] mefo]oj= 87 K9} 944 WolA|e] AEolA PgAolgiT). SE0| ki
i Z4a0] HolHutt 34| th2x] dgten], Zf DNA 5229 27]= 72 A7]1950l 25l 275 bp(gDNA), 297

bp(mtDNA), 254 bp(cpDNA)=Z Q1L CH 1™ 247).

Krl
Ki? | | | Kr2-3,Vnl 5

I vl | ,~[Kr1-3, Val5
H

.
R K | | [ v | |
- | Krl q : { |

"f“ - | | N | \.nS N . | |

......... vas i N | } k o) Val s |
_ — 1
wa T — a - [re— o P—-—
Krl Kr2 Kr3 Val Vol Vo3 Vod Vo3 N M Krl Kr2 Krd Vol Va2 Va3 Vid Vo3 N M . e "
- e s an b e i E_m""" as - an e - == by Krl Krl Krd Vol ¥l ¥od Ved Vo5 N M i
200 by THIDD s o ——— —— — i

200 bp
Figure 247. Amplification of the genomic, chloroplast, and mitochondrial DNA from maize variants
PCR was performed using 30 ng of the total DNA of samples Kr1-Kr3 and Vnl-Vnb5. The amplification
of gDNA (A), mtDNA (B), and c¢pDNA (C), shown by the fluorescent curves of Ct values and peak melting
temperatures, was confirmed by gel electrophoresis with the expected bands of 275 bp, 297 bp, and 254
bp, respectively. “N” indicates a negative control without a DNA template and “M” indicates a 100-bp
DNA marker.
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nefo|i+ 22 24 2.85x10071] /ul, 2.72x1007H/ul @ 2.87x1007H] /ul2 gDNA, mtDNA & cpDNAES
% 9lgltk 9] 271(Coet £7] DNA 7] 2 Aole] BAS Ueihe 5 A3 8 AXT DNAY 94 5
/\}%—é_} ZEZ5 7]9to 2 oh2ut o] AAE It v = -3.2156x + 37.706, R* = 0.994 (gDNA); y = -3.2305x + 40.427,

= 0.9816 (mtDNA); y = -3.489x + 46.139, R?* = 0.9843 (cpDNA). 0714 x X y= 212k £7] DNA AR 49] logl0
e—: 8% Ct giolck 341 E = 10(-1/slope)- 12 A1gsto] 7 4] 7je) Zjolo} 439) 55 282 112.89% (DNA)
103.96% (mtDNA) & 93.47% (cpDNA)o]| it

2% e
wlo o

JO_n}l

Maize DNA detection in natural and adulterated honey samples

UR-GPCR AJAEIS gDNA, cpDNA, mtDNAS ZEs}0] S44 Ao H4 & 10%2 2450|419 BojA] 254
DNAES A& 4 Tt 371X] A DNA (gDNA, cpDNA, mtDNA) & 2448 Al =27 10%0]|A] 80% 2 571302
T gDNAQ] o] ™A} S7}15t 1 & 5mle] DNA copy &= 14.82421.11 copy= S7f6tch 2¥2F 2478 + 827 71
ojn], A & HE Natd-9 % 5%°] =+20llAe 530] HolA] oottt eHd, 7iehr] S44ito] Babd Z2YdA
AMEer AAEAE Natl-3) dmioJX = gDNA Qo] 7~47+14710 2 529 10% HefolA A=A 248).
AYHO2 S50 2120 Bo| Qi BoJH PCR AIAHS 944 AR A4 5= 10%4 2522 15T 7154
cH2% 249). Teiut ZjatN7 |0l 44 2R b FolA RIFR BolA PCR AlARS ]2 20%

4 Aol Al BS AR
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Figure 248. Quantification of the maize gDNA in natural and adulterated honey samples

DNA copy number was calculated based on the PCR Ct value, and the amount of the total target DNA
was calculated for 5 ml of the honey sample. The gDNA copy number in corn syrup-adulterated honey
gradually increased when the concentration of the adulterant increased from 10% (Adub) to 80% (Adul).
Meanwhile, the natural honeys (Nat1-Nat3) collected from apiaries kept nearby the corn field show the
quantity of corn gDNA as high as it in the adulterated honey with 10% of corn syrup. Maize DNA was

not detected in natural honey sample Nat4-Nat9 and adulterated honey with 5% of corn syrup.

240



Amp Peak Amp
. i | Natd
- - | . | — ‘Nats
B | PJ20%-100% —| i= [
[ 100%— - i /| Nas
. Nat9
g T e T s 10% ; £ No DN
b | 60% 5%
| 40% | . Pk
) L1
x = - -y o o % .
Rl Ty " - 10%
C Amp Peak
B 1 TR
|
|
P—
P
“ |
£ &
H | s [l
}, Natl i Nat3— | |
[ Nat2 -/ |
.l'll i IJA \
Nat3 Natl— ||
/ I N i1\l
gt o Nat2— ||

" e ) ) ™ rampmamemuey

Figure 249. Amplification of the maize DNA from natural honey and adulterated honey samples
Fluorescence curves show the amplification of maize DNA (using the primer pair Zeagenom-F/R) from
100% corn syrup and honey samples adulterated with 20%-80% corn syrup (A). The amplification curves
show a limit of detection at 10% of corn syrup adulteration, and negative detection was seen from 5%
adulterated sample, natural honey Nat4-9, no DNA template (B). The amplification curves also showed
the presence of the residual maize DNA in the three natural honey samples (Nat1-Nat3), collected in the
region from corn flowers (C). “N” and “P” indicate the negative control without a DNA template and

positive control with maize recombinant DNA, respectively.

mtDNA ¥ cpDNA 7% Zite N2 T2 24-30] A7MH & AlZof| tisf oMYA o]X] Q9rony, DNAQ] %S E4-50]
ot BaF A BojlA 2 Aot giglEyTh mtDNA 54| £+ 10%~80% =w&0] A7H EolA 22 dmlg
29~9671, 3719] A B ABZoj|A] bmlY 59~4907] Hejo|ict. B<E0] 491 B AB29] cpDNA HA| £ 238~13577)
ol v A & AE Sml 305~8540]tH( 2 250). WafA] mtDNAQF cpDNAQ] 2 2&=0] 41¢ B2 A&Este
JapAQl Bio] ofd Zlog WHEQICh
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Figure 250. Quantification of maize mtDNA and cpDNA in natural and adulterated honey samples

DNA copy number was calculated based on the Ct value, and the copy number of target DNA was
calculated for 40 pl of the DNA solution isolated from 5 ml of honey. DNA copy number for mtDNA (A)
40%,
20%, and 10% corn syrup, Adul-Adub, respectively, and three samples of natural honey, Natl-Nat3.

and cpDNA (B) was calculated for 5 adulterated honey samples that were mixed with 80%, 60%,

The 5% adulteration sample and natural honey Nat4-Nat9 were negative detected with Maize DNA.

1.1. Identification of corn syrup adulteration in commercial honey samples
77§0) YA MEoA] 944 DNAQ] EAf= gDNAQ SEo ofs] SQIE|9itt. 44 gDNAL 77) A= 5 67h0l4
AZ]9ITHAE In7 A|2), 73 251 A). 2] nested PCROJAE 7] A5 R50l4 244 gDNAY| EAjE Hoj%9l
o d&9 I &5 255 2Ast AUt o WE(192 bp)7t A A7|YE olufR|of] EANSITHH
251 B).

Nested PCR 4129] @7]4G £4 2k, 77] Al29] DNA &7]X 2 NCBI Hojefdo] (e 51 XM_020548728,
2 S2)014 @e 244 DNA G7IM AT 100% 454 2 100% Y3t 202 Uehgurt. §, mDNAS cpDNA
& 77 4719) AlR(Pol3, USS, Cab, In7)e} 6719] AlR(USHE Mgt BE AlR)olA ZAEEIC).
A B
Amp Peak Amp b
T T . —— . L
Nez-—I UK1, Pol3, :::::“PUB'
- —I]" Pord4, USS, USS, Ca6,
E Pord | i 57 L
s - In7—
I —Ne2, P
uss —n
el In7T—
I { \
UK1 Ne2 Pol3 Pord4 US5 Ca6 In7 M UK1 1:4:*2 Pol3 Pord US5 Cab ;:‘;um; P

275 bp
Figure 251. Detection of maize DNA in commercial honey samples
The results of gDNA detection showed that six out of the seven samples contained maize DNA (except
for sample In7) (A). Nested PCR data using the 500-fold diluted PCR products showed the presence of
maize DNA in all seven samples: the sample In7 had the lowest DNA amount that could be detected only

192 bp

by nested PCR. The presence of a 192-bp band on a DNA gel confirmed accurate detection of the maize
DNA (B). “N” and “P”
recombinant DNA, respectively.

indicate the negative control without a DNA template and positive control with
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22 bmlo] =0l Z2fH 5 ZhF DNAQ] DNA SAM| &5 7Alttet 21 25 U8 AE9 554 gDNA SALA|
24 20-80% 944 AlZo] 4191 E S gron] fojujd Aol Goich MAT MBI 02 Ao Yect
(& 118).
Table 118. Amount of maize DNA in honey samples
gDNA  copy
No. Sample Type Origin number/S ml of Adulterated
honey

1 Natl 47 £ 14 -

2 Nat2 Vietnam 41 = 19 -

3 Nat3 7+0 -

4 Nat4 0 -

5 Nat5 Natural honey 0 -

g Eztg South Korea g :

8 Nat8 0 -

9 Nat9 0 -

10 Syrup Corn syrup USA 9187 £+ 2509 -

11 Adul 80% adulteration 2478 + 827 +

12 Adu2 60% adulteration 1160 + 415 +

13 Adu3 40% adulteration South Korea 379 £ 136 +

14 Adu4 20% adulteration 123 £ 70 +

15 Adu5 10% adulteration 14.82421.11 +

16 Adu6 5% adulteration 0 +

17 UK1 United Kingdom 21 + 25 -/+

18 Ne2 Nepal 1 £1 -/+

19 Pol3 . Poland 76 £ 15 -/+

20 Por4 pommercial “pom gl 13+6 T

oney

21 US5 USA 2 +£2 -+

22 Cab Canada 42 £ 0 -+

23 In7 India 0 -

Note: “+” and “-" indicate adulteration and no adulteration, respectively.

Quantification of residual DNA and pollen DNA in natural honey samples

AAB(GEmS 2t AIROIA £2JE Fob2t 2712 gDNA, mtDNA, cpDNAS] 95 ARISIIC). 1 27}, 2712 gDNA
o] o} 5HE DNAS| it 84 B9k, cpDNASH mtDNAY] 9 Afolofl 2 Afo]7} Gigick. 2712/Akg a0 gt
gDNA 7] 4= Natl, Nat2 9 Nat3 AB2of tiof 27+ 2x105/5%101, 6x103/4x101, and 2x104/7x1000]cH1H
252 A). mtDNA EA| £=7Xx103/4x102, 2x101/5%101, and 6X102/4x102 (Figure 252 B), cpDNA EA| =
9x104/2x102, 2x104/8%102, and 3%104/3x1020]QTH 2™ 252 C).

3719] AEo] theh loglO(E7H: DNA AR2 4) off logl0(%Fo] DNA AR2)9] ¥la-2 7w, D] EZE2jor I A5A] DNA
of sl 27+ 3.51 + 1.34, 1.12 £ 0.33 % 1.79 £ 0.310]dck. 2% 2golA ﬁ% ol &4 AlRS AVIsH ThE
DNAS]J fo] Z7Fsto] AR DNAO] tfgt 27k DNAY ulgo] gad 4 Qlot.
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Figure 252. Quantification of residual DNA and pollen DNA in natural honey samples

DNA copy number of genomic DNA (A), mitochondrial DNA (B), chloroplast DNA (C), and total DNA
isolated from 5 ml of honey was calculated based on the Ct value of amplification for three samples of
natural honey (Natl-Nat3). The error bar indicates standard deviation for 3 independent PCR

experiments.
DISCUSSION

92l 244 AlRlo) A7lE Bl 2L 93t M2 7T A4 PCR WS JRsioich Al-o) Yot 9k g
o] $44 T DNAE 2420|410l Bo] 7 DNA 83 57117 244 2o| Aleke Aol AiFg Ao B
st o] £go] Bk 3t 130/12C9) 3EQ) Bha 914 uleS ALEStel C4 ABoH AAHE B20] 49l
B a0 2201 of FUL MY S ahio] ol U 4 S AU DATA, G54 )

EARO 2 AFEAAE W 4 Gkt 51 & 2 AoJelKim et al., 2018
01370 clolel 3 B SHSH AT 4 o WS AR EY B FUUL v BAT 54 44
Ale] gy Aze A

B 4304 15 Naked DNAZ 250} B3 717t 59 DNA 237h W 2 9ick. o] AolA] $44 Al3)
oI DNA B2 201 B4 W £ X 2 asfollolee o)
WES PP ofick wabd Allolt Zo] AT A7)%t 944 AU FRE W
8019 2 5ich £41 2 B 844 712 DNAC| 5L 5 DNAC) 712
golske o] £80] 2 4 9tk

DNA 7}] 4= A% DNASY el 2l 55 A3 310 42 AHgsto] AN 92l 240 Alxg Satao)
©2 AH§3L, %] AJo]Z gto] gDNAQ] 2.85 ALl !

DNA®| 5%& 40217 o402 23 4 9ok wahA i

22 The WK 4 Ok 2 EF MY 97 24 8L F A4 BE HF DNAY BHES ST ] G

e
of Ad = AEd 2wl 4% ' AE 1Y v ¥ & 4 oAtk

o Aol AHGH UR-qPCRS 44 DNA 25 913 ARt efo] o2 HojZxglon, PCRY 503182 ghashs
o Rst o 2029] A14790] YSEICh PCR 450] 1417 308 o)} Ze2ji 7129 The Real-Time PCRE AHE3)
o o

g mpuch of 5e) J1 W3kt T3, PCR R3S FuIstR BB Sl uol7|S DNAS A8 gAlsl] Slat ket
m2EZ2 71E AAREPCR AAHS G 24T ZEB0 offe} T2 o] uls) 244 AF B2l A2
o A5 AR5 F AZS A EL 4 Ak

mﬂ

Q013IR, o AROIME B2B0] ol B S48 FYN] ol 4% AH 44 DNA §Y3If Fste A2
2 S PR oIk o] WEe EYR) 20% ol S44 A £Y BS WY 1 81T} UR-GPCR Al
S92 A3 2 DNA W] % PCR A58 944 A€ol 3718 249 2840 7|ofelsi). HEoA naked &
24 DNA®| Solxe] 252 2480 A18T C4 42 F 33U ¥ o Fask)
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Supplement Data

Table 119. Commercial honey samples used to test the UR-gPCR system

Desig Type Weig | Origin Link of website
nation ht
Healthy Raw Orgfmic https://www.ebay.com/itm/Healthy-Raw-Organic-Unfiltered-African-Ho
UKI1 | Unfiltered African | 800g | UK ney/1738176129822var=472505559038 &hash=item2878564ab6:m:m_yJ
Honey h8I oNgEvs0qCtRQADQ
: : : https://www.ebay.com/itm/Wild-Himalayan-Cliff-Honey-From-Butwal-
Ne2 g(ﬂi:y Himalayan  Cliff 300g | Nepal | Nepal/183637908200?var=691090702334&hash=item2aclaclae8:m:m
MXrSwCVX7uHSHF cOBNEBw
Pure, Raw, Organic, https://www.ebay.com/itm/Pure-Raw-Organic-Unheated-Honey-2018-Fr
Pol3 | Unheated Honey 2018 | 1.2kg | Poland | om-Wild-Fields-of-Poland-1-2kg-2-651b/2832588276242var=583857993
i i ash=item al :m:mxrfm6-160ksYkLsaL6q60w
From Wild Fields 929&hash=item41{38ab368 fn6-160ks YkLsal.6q60
Portuguese HONEY Portuea https://www.ebay.com/itm/1-bottle-500-gr-17-6-0z-Portuguese-HONEY -
Por4 | Raw Pure Natural | 500g 1 g 2Ra7v;—911u6re—N31\t;1/§zkl—(\;éildzﬂov;er—"l;ofp—Down/ZO1910069574?hash=item2f0
Wildflower ¢ gg W2gXYyw!
Nature Nate's Natural
453.5 https://www.amazon.com/gp/product/BOOCMQD282/ref=ppx_yo_dt b
0 - . . _yo_dt_b_
USS IIJOOfﬁ zur}‘; Raw & | USA | 4in title 001 s00%ie=UTF8&th=1
nnitere oney
453.6 https://www.amazon.com/gp/product/BOOKF3PR 14/ref=ppx_yo dt b as
Ca6 | Dabur Honey g Canada | i "iiic 003 s00%ie=UTFS&psc=1 -
1 . https://www.amazon.com/gp/product/BO7N9573X7/ref=ppx_yo dt b_as
In7 | Patanjali Pure Honey 250g | India in title 002 s00%ie~UTF§&psc=1

Table 120. Sequencing result of seven commercial honeys

Sample Sequence (5-3") NCBI reference
CTGCACATGAGTTGAAATCGGAAATAGTTGTCCTACCTGTCAAGTGTGATACT 100% similar to the
CATGACAATATTGTGGAACAGAACTCCTCATGCAAAAAGCGTGATCTTGAAGA 7, o & o o

UKI1-In7 TAACAATACTACAGATGTATCTACCGAGTCTAATGATGAGGGATTAAATCCCA Y p

AACAATTACCATTTCATGAAGTTGCACAAGATT

(XM_020548728)
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B5274 pCane-CpES AESHY detection PCRE 43888t & 7t ¥12-5-3 1/10000.2 34519
AteRaZs Eo| nested PCRE 43885t lane 1-4= Ctgfo|A 12ke] Eo] target7} ]2 2 Hojxort
Lane 5= A4} 17]19] pCane-CpE template® detection PCRSH AFH=-2 74o] 1/10002.2 &) A5}
of AfF44 50| nested PCRg 983t 7102, o] £50] =4 o] ZAt0| tjstol= 55X OM

F2 HoqRltt. sh, ke Aly Ml EFE Aleslk BF S/dW e e RAA 24E)
ER LR R
Amp FPeak
00 4
e S
55
300 | LE

Temperastur e{Deg.Ch

T 257, stEASAlE 47 A2 th3t Beat-specific Detection PCR

#3527 pBeet-RARPE AHERT lane 1-5& CtHoIN A2 TmEaAM FdS BoiFilt.
AERIAE M EFE AlRE TmaAold SHRERS e f4x £48)2 Boifdd

&

L oo

T 124. SFEFESAlS 47 Al=o] T3t Beet-specific Detection PCRO] £A

WwthhHM#,E~
i]

e

SEample el cmrcle) Ear "%
A1=x10F of p TOP-R AT 315 2o 43 T oS
I=x10° of p TOP-F AT MN315 EFE A4 T RS
1=10? of p TP B AT T 15 SFa8_ 51 T S
I=x10! ofp T OP- R A3 1S5 o 35 k=N 1o ]
I=x107 of p TOP- R AT M31LS #1351 T 5S
1 vl fom total S0 vl I A i=solate
= = =i e e s e
1 vl Ffrom total S0 wal DTV A i=solace _
a = 1 oo EH LoCa e ] o AT
1 vl from total S0 wal I A a=solate
A 2ml honey | S e T
1 vl from total 50 vl DTV A a=solate e o0
d 2l honess &1 7 ] 2
o termyplate Lo s e ) O e

T 63 020

250



#3274 pBeet-RARPE AMESH lane 1-4= 2% 574 3719 S&tas Wadlow, Akt 14
9] pBeet-RARPS template® detection PCRSI lane 5= E0] ZZ2AES & 4 P/t shH, s
g Als Ml ESE Aeve SHREES s A4 248)2 29590

O 258, $HERAS]R| S 47) Al=of TSt Beet-specific Detection PCR AFE29] X179

pBeet-RARPE A25t0 detection PCRES 4885t &, 7+ WhS-E-8 1/10000.2 3]A 5t
o] nested PCRE 438519t lane 1-5& Ct7 oAl TkF9] £0] target’t 92 Ho|&
F 5ol Tmg BoiRlth ¢Hd, 2tege] Alg /) ESE Ala % lane 82 5%
Aol & AFFRS Eo] SR EAT S BolRglon, UtA] 3% Alas &
+ AR 2dE)E Boaith

7(
Ta'=z
E
=
|
912'31, 257

tZ}, Tm

I‘

Skeixed
o™
=)

L

Amp Peak

00
12,345 €
[ S
300 4 2
j I S—
] o - — - e -

40 &0 70 ) S0
Cyches Temperature{Deg.C)

=
T2 259, stEA3A|E 47 AR theh Beat-specific Nested PCR
T 125. SHEFSAlS 47 Al=o] T3t Beet-specific Nested PCRO] B4

I are Sample L ey S s Iy B T g ey ]
a1 Ax10Y of p TOFP-FREAEN»5135 A SO T
= Ixi0” of p TP -EFEdAdipsS1S A 52 TTIOL
= AT of p TP B AT 31 S A _S4 FF AL
-5 1x10T of p T OP- KA RS 1S5 18 5= T OL
= 1100 of TP BAT N 31S LD S3 FF_FA
= 1 wl From total SO wl DN izolate =
=1 2351 o L=

d 2l haoness =1 =
1 vl from total S0 wul DTS isolace
- HAFT S5 A0
d Pl hormess =9= 2H ~F
A 1l from total 50 ul DN asolate i
EL e 2l bhuorress =] S PESH 2o a4 Fr. 3
E 1 il from total S0 wual NS asolace
= 5= S =i B Lo e o]
e INo toermplote 51 4= TS OS

T OB =0 13

251



T3 260. HE-A3AE 47 AlB0] T3t Beet-specific Nested PCR AFz9] X7|d=
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7b Cane D-PCR ZFEDNA 1ul, cane-cp-dF cane-cp-dR
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4) 7+ AleY PCRY &7 @ &0 2 95°C 30 sec £,
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I 264. SEERlA AleE EFE AR(2270)0 tist Al 50| fAA 55
= 2278 EEE A2 tjdto] Cane-specific Nested PCRO.Z AN 1.6 O XA}O] £
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o
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% 2070 ESE AR S AFESEO] Beet-specific Detection PCRS $385t0] AFRSEQ 1.6
ARpe] 228 x1s¥5t9c). o] ZutE W} B3] 517] 9J5t0] Beet-specific Nested PCRS
ssiglont, 87) AlR(SL, S2-1, S2-3, S4-1, $4-2, $4-3, S5-1, 13-1)2HE] AJB0 o]

12 v O

o
=IO 5}ols
ARE S5S FAsHIAT.
A P N 1.2, —
N of3.4.5
o
i..—, 1 i
3 2 — i f 1 "
i 3 Ll e
. | ]
4 & | II|
5 T %
“ w .'II L]
/ .-'I /
i 1 T e e ) [ efenns
= 5 ™ "
Cyehen T ]
N, 15, — P
w17
12
g
=
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xww-v A g l-mf--imn

17 266. el AlsE ESE A7) et AFRE S0l &

B

O
T
A
T
o
T

ﬁ.‘.

= 2V EEE A|l2S AFE-819] Beet-specific Detection PCRES 488510 AFEFRQ 1.5 &
AR 228 xefstict. o] Aufe B} BY35| 517 9J5to] Beet-specific Nested PCRE 4
ol o], AR Eo] SR 555 sl

o112 "
o A 15\ '||-— P, 17 e = p— o — P
N o | %
% 15— : T I | gue : :
1 | \ 19
: 5 Il e = d e
b 20, 0
I\ \ e — ol
B — = — P17
» w| s —of ]
” 1 v
I - :
/ — R
} S .
ST sy Ve A >
olo|A Alee ESE AlR(2670)0] tist AFSF% 50| RAA 5%
= 2067 EEE A B S AF25t0] Beet-specific Nested PCRZ AR 171.8 SHALO] =&

AR 55 Bl

4345}19itt. Beet-specific Nested PCRS 87§ A]&(S1, S2-1, S2-3, S4-1, S4-2, S4-3,
-1, 13-)2 28 ARRY S0 §
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Signal sty

FPeak

Sy o

=]

) T By S
T anpra r ot L o f Do)

03 268, ARPOIN ATH EFE AZ2N] h ALY So] SAt 5

e

227 EEE A 8BS ARE5}0] Beet-specific Nested PCRZ AFRFRQ 1.9 QX AtO] =2

E
o w
= 551, Beet-specific Nested PCR2 AFFE-9 E0] fAAF 552 &RIsIqict

) 24 530 TAHIPY Fpe

(1) 24 ESE 4% B4 9 Alw &w 20| Hal

gugsls 53 2 £58 44

2 TRle] 1hd, 23R @ 3Rk 3HRle] 7170 AT BE AlRS 20219 79 19 @2 elst
act EEE A= 201849 119-1240) 2070 Al87F 710 A4Eor(A|aHs 2018-0019
A 2018-0207}7]), 012 1A A8 2 A5t o], 20199 1220] 187] A&7} ZA7]cho] 4]
Qlom(A 283 2019-0012F 2019-0187}1x]), o] 187] |2t 2xPd Al22 EAlsor) watA, 1,
2RRANA] HAE K20 & 2k 997 olgith Bt 20201 8UVE & AR 107h9) A=} 57}
2 maolon), ¥ we] 23k EAIHo] 20204 82 19%0]7]d], ol 10749 AR 2HS
2020-001014 2020-0107Hx))0] thato] 3xhdl 178 Lastgion], olS AlBSS 3ahd Alae $4
soith FAEL 2 Txle] E8AH0)7]), o] Alzo] M EALS Yele AL, Jelguel Bt 37
o] 2] % ofje}, ¥ TA0] QAT T2, HFE Bo| TAK 9co] Pt keeto] I Zoe
oAFE)7]ol, QIRARTE FHEA oo atu, dletd, FEAl AS wEE W EAR st KloE 2
col7t obd ERkojake J)xfatuat stk

126, $E¥elo) 90z e EEE AR BY A4 U BIYR

BI|CHE = A2 HAlZ] AlEZ = H| 3
2018-001-2018-020 2018.11. ~2018.12. 20 1XHE A=
2019-001-2019-018 2019.12. ~2019.12. 18 2RtE A=
2020-001-2020-010 2020.08-2020.09.10 10 3AtE A =
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2 127 HEefolld ES= Aleol ¥t A4 A WA E (Hede] Als )
RETES o _ .
No. 2016~ = ARG | AYLA] | A | R ogF2d Aol 7 H]
1| 2018-1 | 47]= =44 |2018.11.30 2%] |9 o}FIAlo}, yREE I X
2 | 2018-2 | A7|= =&+ |2018.12.10 40L o}Al, %t} 2 X
3| 2018-3 | 71z At | 2018.12.04 30%] lkg [o}7FA]o}, #Hal, HE, 370 X
. of7FAloL, A%, A,
4| 2018-4 | A7)z A |2018.12.10 3 cas X
5| 2018-5 | 7A7]= <=t | 2018.12.06 20L | o}7FA]o}, ¥F o), Atst | o]71Y
6 | 2018-6 | 7]z = | 2018.12.02 30L | o}Z}A|o}, u8F SR, &sh | o7
7 | 2018-7 | A7) ==+ |2018.10.12 12kg 1kg AR, Zst X
8 | 2018-8 A8 o84 |2018.12.04 25] et (BES) X
9 | 2018-9 A5 o8 |2018.10.25 6% FSgels X
10| 2018-11 | & o | 2018.11.15 145] 4%] el = Le) 2 kel X
11| 2018-12 | &8 A+ | 2018.11.01 30%] 155] dk ofAist X
12| 2018-14 | %8 B2 |2018.11.15| 2.4kg(15%) | 14 AHID B 2o} x
13| 2018-15 | &8 B2 |2018.09.30 20 Z3ge) X
14| 2018-17 | ==& APAL | 2018.12.01 80L 40L agel X
. . o}7tAlo}, H,
15| 2018-19 | ==& ApEAL | 2018.11.07 2005] 100%] A3 2 0B (L} 2L o) X
16 | 2018-20 | =& 554} |2018.11.05 205L 10L s} o]7]d
17| 2018-21 | HE APFEAL 2018. 84kg 2.4kg E3geis o7
18| 2018-22 | =& ApPEAL | 2018.11.30 4kg Lo o1 X
TErD
19 | 2018-24" | %% &H=,} |2018.11.20 80%] 2%] st 0] Oiziﬂ
20| 2018-25 | & F5 2018.11 20kg 2kg ZSgels X
No. | MEMz | AT2A | gogd 2nd su Hig Huzze 5 £z APE
21 U001 | 2piontn | 2000130 | 20100210 | 12%207F i & =0 Zook
| N | zome2in | 20090212 | 20101218 32 Az 42gs
Bk 010003 | 2p10.12.03 | 20191203 | 20191218 g % HZLE
g 018-004 | 291120 | 20191122 32T e gEs
3 018005 | 20101120 | 20600120 | 20101218 35| & i2gs
6 | 008086 | zo10.1015 | 20191022 | 20101210 Sg] 45 T
3 | W | gz sy | SSE9 oe. xt B il A
1 NEILE WAL | 5 i iy (A2 THHE 3E(0j
e TRTIHY e 5)
% | mems | oigi02s | oo06i0 | w0 | 6 g | PG E. RS je i
20| 201080 | 90171025 | 20191225 | 2020.01.03 (FHAlCH . 2% faggs L3 ?ﬁﬁ?g
30| N0 5p191028 91210 TUE'EE-}EES SE(E) Heigs
| e | i 91210 Gid B 2
G 2008-012 | 201008 30 0101210 I 30 Y E g R
k] 010013 | 2019.10.27 2010.12.10 350 ¥
3| W | pioan 201012727 | 1120kg (508)
3 W05 | z0191125 | 20091128 | 20101216 lkg g gg
3 | 018016 | 2p10.0.10 1019.12.10 I
3 008017 | 20100005 | 2009025 | 20191210 | 300%] 1230ks 2
38 MS-ME | 20101120 | 20191120 | 2019.42.10 150ke
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No. Al=s | ajZ s e gag g i ez 5 1= AE
£l 2020-001 | 20101107 202008 11 zhat
40 2020-002 | 2016110 | 20200804 20.08.11 g st 50
41 2020003 | 20120210 | 2020.08.04 20.08.11 2% =
4 2000-004 | 20190210 | 20200804 | 20200811 pi-d ESi]
43 2020-005 | 2010.10.02 | 20200816 | 20200824 ORfst
44 2020-006 | 2010.10.05 | 2020008.12 | 2020.08.24 Opfst
45 2020-007 2020.08.24 Opist
46 2020-008 | 2010.0928 | 20200805 | 2020.08.24 Opdat
41 2020-000 | 20191005 | 2020.08.13 | 20200824 Opds
48 2020010 | 20191012 | 20200816 | 20200824 Opdish
(W) Fegels Sdto] +8 EF5E0 itk E¥E 24U g7 4
FFegelod Aleet BESE Ala 4850l tieh YRHIALS 27|l a4dstol edstion], 124
o oofl AAlstH, o] LuFHAl Autet Blwst] flsto] & mAoA JiEE RAR HARe] Auke
A2 Aol AAIsHRITHAE 128).
# 128. M qelE &dto] Aad ESE AR 7IE v 4
No. i=2kd Tl (%) HatE(%0) (%) SH|(E/G) HMF (mg/kg) Eka-H] (%a)
1 2018-001 200 60.7 43 158 33 -262
2 2018-002 204 603 435 159 31 -26.6
3 2018-003 176 500 41 1358 5.4 269
4 2018-004 165 634 44 148 26.0 -26.7
3 2018-005 165 644 48 146 243 -26.8
6 2018-006 174 582 53 20.7 653 -26.1
7 2018-007 178 60.7 45 131 6.9 -269
8 2018-008 21.0 610 47 159 i) 260
[ 2018-009 124 303 48 146 13 236
10 2018-010 204 YT 47 1.50 38 264
11 2018-011 12.6 603 43 145 6.9 2358
12 2018-012 169 614 43 144 235 245
13 2018-013 190 387 51 136 36 251
14 2018-014 192 625 49 133 28 =233
15 2018-015 201 631 47 142 36 =263
No. Az SR (%) Hatg(ve) e (%) SHIEG) HMF (mg/kg) Eb2H] (%)
1% 2018-016 183 594 52 134 8.0 46
17 2018-017 204 376 51 147 24 247
18 2018-018 214 619 44 144 6.6 255
19 2018-019 204 602 46 1755 72 -26.6
20 2018-020 200 374 47 132 22 =251
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Ne. NEHS LEoigk (90) | HEHE(%) XH(00) CH|(F/G) HMF (mg/kg) | EtH] (%0)
21 2019-001 18.6 60.6 43 1.53 26 264
2 2019-002 216 608 47 136 41 254
23 2019-003 178 383 54 142 37 267
24 2019-004 184 59.8 5.0 136 25 245
25 2019-005 200 613 43 147 26 E=L7
2% 2019-006 211 634 48 14 32 245
27 2019-007 221 387 47 151 16 252
28 2019-008 186 603 48 139 25 2359
2 2019-009 210 60.4 49 143 23 258
30 2019-010 204 628 43 147 47 242

No. AEHE FEEE (%) Halg(%) AHS(%0) SHIF/G) HMF (mg/kg) EhH| (%)
31 2019-011 19.0 642 5.5 138 24 253
32 2019-012 193 605 54 138 23 254
33 2019-013 183 387 46 139 27 253
34 2015-014 28 603 48 140 34 261
35 2019-015 193 63.6 50 151 25 254
36 2019-016 238 66.4 53 142 31 358
37 2019-017 208 376 47 141 26 246
33 2019-018 34 07 49 138 5.8 257
No. NEHE | cEETo) | H8T Xz | eEe | iy
(mg/kg) (/o0
39 2020-01 19.0 59.6 46 1.58 35 -26.2
40 2020-02 20.4 60.1 48 1.54 3.1 -25.8
4 2020-03 18.6 584 53 1.58 4.0 -26.4
42 2020-04 174 58.6 5.2 1.51 32 -25.7
43 2020-05 17.3 60.2 53 1.48 3.6 -26.1
44 2020-06 18.2 60.1 49 1.52 4.2 -24.6
45 2020-07 20.3 57.2 46 1.57 3.4 -25.1
46 2020-08 19.3 578 50 1.52 39 -25.2
47 2020-09 17.8 59.2 56 1.51 2.8 -24.0
48 2020-10 18.1 60.3 4.7 1.51 32 -251

& A 71 e BE AlR(1ARE 2070, 2”RE 1871, 3ARA 1071; 5 48)of thigt & 7]

wo] Amoln TRt 7 U§HE WIS & 4 otk 5 SRUTIN  17.4%014 22.4%717

NS EE Blusty] FAA Yol Algled, FH|(F/G= tiftol 14904 1.60l5t2 LEh:,

HMF (mg/ke)o] %% oizte] AlRoA 23] &2 ol SE9io, Tt 5.0 me/kg 0lsie] 4]

2 ERE HAgHEat] (%) BE AlRA -24.0 (%) Olste FFEUCY, A8 Alw Als

AP ABAY S o Aer Alust o H]Fo], HAFHd4an|o] 502 HAYAIY RS W5}
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o g %a.ﬁ o oFAlTt 7S x710 2 HPLCEAS X85t
(o, 4571 A5 O PLCS A . 73 FPLCA ook £ MR T W51 20

ol
o
;R

HPLCJ |XRA
- 717]: Waters [ class (Waters Corporation)
- Column: Halo C18 (2.1x100 mm, 2.0 um)
- Column temp. : 30°C
- Flow speed: 0.4 ml/min
- Injection dose : 2 g
- wavelength: 254 nm
O] =AFS (A) Acetonitrile, (B) 0.1%H3PO4S A TH= 5%, 2 min & 5-50%, 2-30 min®] &£7102 XIsist

£ SHIA 22 2 ESEAR tistel 2859100, 059 HPLC 4

02 Rl 2 A BEEE ARON £F Ee A9H
A ofstlon, HPLCEH o2 B5E9 Al SHEA
. %‘Uﬂﬁﬂ AHO e, Uh% slastal JukE 7]tiote Zlol #d

2
o

> mo Hu B

""I‘U

@ e5E eFEel Aelgy vl 9 7)E ok
& AR AL 9 E) U2 § P £8U A SUFDE, AN, TRAresiduel
DNA) @ gH2 9AIA} (pollen DNA)Z LEh L Qlct.

xk2 9 A xHresidual DNA)= AAEYULS Q158 4 9l AFoFE WRof| 2
SH2 97t (pollen DNA)E EEE & o F 3
EJE]o] A BZ A}RE 2 912 Zolc}.

oiKHU}K] W= X g 98 3A9] AEe- 9 XA residual DNA) ¥ 32 9%} (pollen DNA)= 2% DNA
ol U RNAtole] A2 Ml B ARV} D 9lou], Selx ABOR 4Tl DNAS
JAIBHL QIEHA 7, A, A 5). T2, 2217} DNAAIOIA ol SAH(EE Alejab)o] Leht
o= ZYE50], DNAZF A48 71s/d2 itk & Zott.

g Alm SEEAoY, FEgt AEYEA(TAEA) £8Ql HE 5 HeR(Total Pheno
Content: TPC)i= A5+ A2EUH Aot ESE0] 79 HER+ Caffeic acid 5 U4 718 &
o2 MR, ESEode 557 YHTPC)o] oF 300 mg/kg of honey?} g-5-9 o2, /N8 &

O] Caffeic acide= 9F 40 mg/kg of honey W7} 23 7102 EXE|Qict

MiceS o] &8t s2AFNAN EFES HAAAZ 4%, 20g/kg of mice/day aF0|0], 10}2] miced] T
AI7F 10gHilol7]ofl, stafe] miceoAl HAAIA 2 e EFEC &2 0.2g (200mg)o] & Zo|.
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o £FoA k2] miceoA] 4Y AHAAZ £ Qe FHERTPC)Q] &2 9 60 microgram
(ug)/dayolt, FH=F % 7IEEA0lH Al =42l Caffeic acide] Y2 2 8 microgram (ug)/day
2 7tk o] Jule] Caffeic acid?t 9] @2 ARt HEyf 2ol 352 4% doll gt &t
7} Caffeic acido] QJgt gut=2 37 712)A 2 Zojch.

270 of
O -
geslo] ol AR 2 S et Zzte)] Aela)

559 EES AGSIL Utk AL o) TR0 gl ey )
S5 Ue wud uf oIk ol iR AlZol et 558 BL EEe T4 S8 4RSS
BIg HoR At i A YRS w02t PRt WS 2 AFFE0 Fojslo]
o] Al
=)

2lzyo] Jlislt AB2LL Ssk aloick. o] A EEY 20| WAElolo} 0|2 BEZ E5To]
A Y 202 2aRelstn Sadtel, ATSHRNNSY § MBS DHT 4 ok AFAN)
x 54 E= AFED)oIU} 23T 2 92 Zoltt

() A 3B B Pl AN

2 TR 3R] @RolN TP e BRBO HUHL NS LS LA wjegt 2
Az 94 WAl EFE U 3 459 ofe] RAKHE
S AWISHIA Ak oS BAHES WAl oA

1) 5B 571 o Aol 2729 W) vlgo] St M B WIS 9lstel HF 7
o gel Aol Basteh ApuEIAE & S2l220ke) T ste) AlRES AAslel FRYRU =
L ARYR S SO AL 25D Lol A2 T Al Qo AHEAE N4 1)
7t 8U Aol B30} AR 80U 7KL 9k o] HAMS 3t A 2.2 95t
o=, A2 A AR U 212, AR)S AL, 129 BAFL o2 3, 0|2 Axfstolo}

2) £520) SES BT 4 At UY Ak BEN T JIme) 3 E5Bo| AAle] o
A Bo| obdg BET 2 9l BEA W7 |Ho] Bastol, ol J1He] A HAF Sat AT
Ao} Ch2, Aeidole} & Zlojck. @A) AFuBe] oAl ARYZ UL Eb ATFTEY 59 A

all o
ofl
b
d
%0,
lo
L
S~
=3
i
=
)
oL
>
=)
rr
)
Jp-
)
kd

900, 3, J7]e] BEMete 2
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o] AR ojdh EEBLO MAIK} AH|A} U Zy|o] Y

& g HE 2273
53 £ Qe 24 Gt o] edu]ojof ok, AgHEof thsto] AlSehiL Qe pESRE, /2
gH], HMF (mg/kg), BasH94H] 55 12fstojof & Zo|ot. g AA 9 59| A& =%
B3] B =YY 59 AAtroA AJdEsEL QloLt, o] UuF AAto= Z3tE o] QIA] ot
EZR0| ZAHALS Ysto] A tfoto] shia] =9] Tfojof & Zio|nf, AlF3] ARE 1L A3 ojof
3t Zlolct

o) 2AF ESEO 53 71F 44
(1) 718 H& &40 93t EZEY] 537158 AF
SEIE AL FA Ao st BAHAE S5 T ojof 5tn, AJARR] Thart Q1A
AZYOl|A] AB]ALQ] AMERS dhoto} EHiE] 4 9t FQIGHANH
1) g2 Me: 253, Glucose TH%), F/G%, 0], Mz, BHAEHYEAH] 5,
2) B89 Aol AR HPLCO oJst sHfe] J7f, A 5Yd 4] 54
3) ABAIALY] ol ESE AIMALY] thpvt 45t Fojet QAshe Ak,
4) ABJALQ] MEi: Q45 52 WUtoloj =2 JLofe]Lo] Q18 Fo| I7iolct

Fohg 2797 Sletel, A f40l BB opfAoREe] S35 Zaig W
B

£ 129 3h= g% FOIM A 59 EE WY 7=l

L [e2Ne)
S04 srs 1+ (Premium) 1 (Speaial) 2 (Standard)
20% 0|35} 20% =1~ 25%0| 35} 5% 23}
4+ (%)

(T, A% TOj A|0)=20%0/512 3{3)

e

poymeou  OPHIOLEE 150y O7HAIO, W1 15 0|4 Of7AIOL, W15 0|4
-k 13014 -~ 13009 -1 0/
HMF (mg/kg) 30|st 3 24~ 3095t V2L

S o o ZHEELAO|ZH, EE2EHYE, A EHENOL A[D|OFE, H2010[41, of0| E2f= F9
== Ol Ex

=
=
=4& % S8== 09t

« BR: ZAERWILY T A 2013-175 (2013.12.30.)
* HMF (Hydroxymethyl Furfural: SFdEX]4)
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5130, 93 % 5RO N8 59 e 9B WY S1E)
sand #@x 1+ (Premium) 1 (Special) 2 (Standard)
20% 0|3} 20%Z=1t ~ 25%0|5} 25%Z= 3t
(Eh, 232 HOjAO= 20%0]01= 5

alet/m s | -OFFLAJOF, BHE: 1.5 O & -OtFpAjOF, 218 1.5 Of & OfZFAjOF, 2HE: 1.5 O]
s - &5} 1.3 0|4t - &8k 1.1 ~ 1.3 O)gt -xﬂ .1 ojgt
HMF (mg/kg) 3 03} 3 Z3F ~ 30 08} 30 =3}
2glo] Qubxel #0|E 2m glonf WOl Yubxjel HOlE 2w glo
2F 0| L=, se=2 5 O #elez 2 2z 5522 5 OE HPle =z figh
s g3 20| gl 233t o gl
dEAE a0 wc 2 2 20 A B 2 11 53 s g
U DR MBI YL LG pn e T (6 9Bl e Meel Y
4 = - OI7HAI0k: No. 1 ~ No. 2 Rt i < Slof Exteix| 22 Ze N
o= - &E:No.9, No. 10 T ek ' 52 22 Hasol U
= EEeNad =Na. 1D _ 23k No. 1~ No.10 25
o En0| FHe E 4 9 E@o| ©
i o gt 2
* HMF (Hydroxymethyl Furfural: SFAgXx]|3)
I Y& o FEA FAste] BH ofga) 2tk 94, e dEs e e ud ¥ 120
d). {AHA), 2(BF)2] 3HAR Lo AlRdstal Qlon, 22(%)= 20%0]5t, 20%-25%, 25% RIT=
7t Sue USSR ok Ao s A & AR SEAEE WEV] Hsto] ALt ojghs HEZ
AZAIZ]AL Qlon], AP Djehs HE (L2 =52 AUste Aol 5 E(eedd Wa)& AlY
ot A0 Hloto] Bt 52 AAFS Hol7]| thFof, BAtE&0] WA T BH, n]ghad g to] A
Arste] FR(AR)AZIe Aol E} AAVdol =t &Aoot sHd, HES F5(R)AT|e A2
HMF(mg/kg)] £R]5 =0l A0 UERFOD, o]z 43| E2] HA QIH HEo 550 Ak
7tobs WHo R ARREQICE T 1Ur %4 7]=k YHste, HMF(mg/kg)] £A1E =0|A] &L ¥

E5%0] %0, STslo|n o] 28RS of9A] Astolor & AL B W] WE 7| R Ao
5 E5% A R0 Ofg 228 S0 17.4%014 22.4%7H7) 2 Uehdon], 48%)
AR 5 177 AR 288030 20%0l5t2 AT 38, B4 Al £ Ve HMF (mg/ke)o]

=3 =
S04 20-30 mg/kgO.2 LEROD, w3t 1 30 me/kg oo ST of I Az
2RI BE 20% olslolglor), AE2 AR WEL /1Y S5 Yoivt A, € E
ES J

S29] e Sl Aot Saetld £ Are wg/ZET% (F/G%)0] F Jloloh. & wAof EE

A9 Adte, Ao W1 BESE Al dieh Ju|(F/G)e thR2o] 1.40A 1.60|5t2 Lt

4 Al o] /2 =F% (F/Gh)e, Fe589 SeWe7IE(R 46) & Fetd=(1.3 9]

% ‘4%3}‘33, EF HZud)eS T2 4 e aold 22a, ESEY] 4w 2Ad At Sv

e £ ARe g0] 223 Aerpd ol o] Ak 52, EFw| uggeies

Qlstod, EE} TARI o] AgEojop & Jlojn, ol2feh tefd2 Suete] Ak %2 Bt oY

Al she 847t E otk MYEEAANE =Ho] HAL 9ls BAEHUELE| (k) ESE AR Eﬂé}
HE 71EEAY BM, 2 Alet -24.0 (%) oJ3t= é‘éﬂ?iﬁ}. ol ¥ ISR

Agot, BF 1Hz2od) g T2 & e &0 ?z_‘%ﬂ— ANz ASAE dBARSS ¢ Zlez ’\‘

[ AN
A v A2stole, HFAEH U] (%)9] FFC2 ATAETY Al RS TS I= ot
1 e
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H
SEEH0l E 2 9l 242 Ao silon, Eet AFE o5 FAstaAt st S402E R
417 Hresidual DNA) 2493 =gA712 1 WS P3| AASHY

QU £5E AlESH.2H0| WRoleh BRolA HAH AYE Zo] o3t o loFR] AEE
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