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O €&FH7|zt 2 d57] CO; % Hloly 423 2 dugF Aoz
COy= Wl7] Fol= <F 390ppm (2F 0.04%)2] e T2 EAst o fr7|&9 A4,
/‘3%9] SE, A= TE Foll 95ty vEEoXIth &+ (bee colony, #E) WF-A CO,
= 29 UAEEHAAGAA AU gl ot njE&E . Nagy & Stallone(1976)e] 2]
O}Eﬂ 9)719] Yre eyl B3 (Winter cluster, grouped bee-ball, #E)WH-2 CO,9 T==
FEAATE Qdolgt g, CO, w&9 257 dHT AA d5S AASEATH

3719 280 vz AHAHO it BE AEFE YR otdus vrxE 4% BT
(bee colony, #&H)2] HEARE FAHSI=H FES AE7F 2 F IS Ao AsHT 0
gt 257 CO, =7t iz ¥ FBASAY fAG sE22 Yehdy 1 dstEol
ggd B (bee colony, #EH)C] HAL = I E oA B 4 At & COFEE 1
A2 B (bee colony, #E)S] HEARE AT = e S Asdy B F dg
257 CO, v=2 HE 0.1%0014 A &F 4%= Jebgon iz Wl FEASde]
749 0.05%E UEFATE mEbA FeASd i COY ¥E 0.1%E A4 ¥E52 A3

of o AEARE I & F v AN E A 0.1% °let= Herte A5 &
T (bee colony, ##He] AHES FH3= Aoz HAAHSAY. 57 EH A7}
Z~F(hive entrance, £37)°] %o #3]% Fgo] TAs7| = St o] W F7]Y ZF°] A

5, B (bee colony, )0l At Asle F¢E TF A7 Wzl srtlA =
24202 2¥(hive entrance, & S{) AL HA wo] EAE Fol AHAE Al A F

“PQF B (bee colony, ¥ AHAZ AF(hive entrance, & 51)01 3| = g3e] At
A g7 e) BEgFo® Bt (bee colony, #E) W CO; $57F 558 o2 o4fdn

I% 25 €%7) BEE AY B7Y &5 dolE &4
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2% 26 ASIENCI(N FRASA) o
RS 29 AA Wud @ﬂ A A WS e E?iEP

2 AFoA AAMCutel~E AXsta B gk A ot (bee colony, #E)NA A
o] A¥E 2% delH9 B (bee colony, #E) WFolA ZHE &3 dolEH o el
- fFARSHAl el s AS gl ole Bl 2EE &f7] st eSS
258k ol g AFol oA UEte Aol REFH Aer FASAY. 1y dix
T 5, B (bee colony, #EHo] AF3HA v Wl FEASA Wil XA AAdA =
AE U= R R 259 &9 Aol m FARH UEEgt o] FES 259 &
= "ol 3 @G e ZIAVE ZEstEA BAEkE 93 A 1o ARAAE FH
HARE o} B R = EetTh % AAY SAZS HA 2 BASA AZ A
AT dA dot olHF AAE HFo HS w BAY g JAd=F9 o] B
ZORE AtmdT

5" & (bee colony, #&)<S A3 =& & (bee colony, #&HIA 0.83 ~ 0.90 mVe]
Aol HASAT. ol MA e 27 A Fhol Aol wjEl ZoE AGEHM, FT AF
A BAT Ao B Aow HIT F£HH HolEY AFHEE o), o) Ho)

Elo] A Al s dlolEl7t B (bee colony, #8H) Wl AWk Aol ofjt A 1A AT



st7] st AAME B, AAsks AAY AAVE teEA 288 o2 Alsd

B AL FES IAA AR Fo® dFARE PFF JALFH IFOoE AL
AES S SFAA AL OR UNH of uw 230 - 270 Hzel B o] ATk el
A . exE 2] AF AFBE, 2BL Azt A4, A4 JAe Ans:
A, EaHAANA REA E7) Ao o7 AFo] AT wEtA ASUAE HEY 9
AHeT & FETE, At oz & ou|rt e dAel7] Wil % £4S A A
B9l Ao £i7 Qo] FrbATiA ¢ §4% ANS ATY Ao AR

A7) A 3 EREEE 24 Abe
SRR Ex, ANEA AT
. o] 7} ﬂx s 12
X =) =1L - T
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= _ .
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o et

¥ 2 €57 AXEZE #toll W& A3 I ZXALE &
2) A A57] AS dolg £4 ¥ duzEF Ao =4

o] A7+ B (bee colony, #EHe] dso] FHEo B+ (Winter cluster, grouped
bee-ball, #xk)7} A =™, olo] we} srldAE 2o Sols FAA7 L &5 A5
7] fate] Hole} A4 FFstAl At ole FEV(EEML FAR 34 A4St &

M-S B (bee colony, #&&He] Al
< AAANT7] A% Aolth. o] A7] ¢35 dHEES FEVI(EER 99 Ut £¥
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AR 5 2B WY FRSL /1T LT LN A AP NRE AUVL =
EIANE AW BhRE FBBIe] FG 5ol AE obhAeh FRIIEEE ol7

(bee colony, #EH)] AHES HFAE Eosg e Aol 534 olw 71 T8 A
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Aoy 39 9Y ol 7HA = U= FEFES A Wol riEe AIFS werie ¥
HE Ha, 3¢ 289 o]Fol= V|2 WEte] 93 Qlo] BE B (bee colony, #E#F)°]
0C o] e 2&5& AHF o= Yyt ole 97|57t &7t § (bee colony,
R0 Aol wet %*Tf (bee colony, #Ef)e] A5o] &HalA|7] AlZtetal o]d &5
ol QEF ARl Fol2EE fAske Ao E ATETh
THE SHAAe] dHolH F o ATs HlustA S
35 ﬂﬂ T W&o wat FEASE W
3t A w3 Q7|2 =9 FAH vYEetwd. e A
wol 30 ~ 34CE %11‘6‘}3%{— AFES Ul 293 3¢
ol 97| 2=e) WslEo] uwlg Fow, FFAFY WHEE =
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440 o942 e ¥4 B (bee colony, ##) WF 2571 35C olFo= &Ephe
FEE A BASATE olu FE = E5<A(swarming fever, fH#)o] A= Al7]o]7]
] Zo B+ (bee colony, #E) WHLE7F 35C oo g A&EHE A B U gde
MATEET A FAEE GAZRA AEHQ0 #FH 2X7F Hasith F8A
7} & (bee colony, #&H)e] /WA <ol wvls| FaL 4+
EH d(swarming fever, Hig#)o] LdAste] 94 %
st7] AlApT R 7]E9 ARYHEE 28-S FHle)
= HYEHE }7%1 H=w oledk A4
S FA I E3<d(swarming fever, Hi&#)o
B (bee Colony, e Ay e Aulko]s}
colony, #EH)°] AAHe A& ofrdt. g 2 o
(swarming fever, H#&#) WA= 7M 83 9480 & 2
e A 7}°ﬂ W2 ZF A AR AL HERE FE Ao|AT HERL =
o
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B2 (bee colony, #Ef)o] A7t
px¥o] EE(Swarming)S 3HA =HHA
xds
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§ BRAe 2903 Lo Utk APRe FEsl) w2 Bpdol WA A5 )
ZE AASE AANAOR BEdo] ARHIE AThE AYelA Ue 2P AL
ShATHE 525, W@ A). mebd 35Colde] eEst A&dor fAE W A 0 ALg
Aol WAL Fote] A AnstE FneEFHS AASAOH FF AATIv] s 4
Wl A% BI1TE Bl FRAA UF LEBAL zdsE AAE TS 9
AnE TR 24 H87 LE Aol BE YnelE Ao 2AS FWl A48 B §
o} £EQ1 30 ~ HCE VFOE 9| LEE AT & UEE HE Ao FHS FUL W
oF £E7} 30T ol3tE Welzke A% AgAelA nenae 37 e dudh o 4



LHEGOH Fol dE MAFIE 543 FZaste] B (bee colony, ¥E)o] 335
=G B MASFIE a3t o] gAFER S7 e T A E A
3BColAe 57t A&HE A$ BEHd(swarming fever, #H&E#) WA 7154 o]
255 G5, FEASE WHe FaHE 9, ddEy

Zo o] RTINS FrEAFa, Aldsuper, #iE T 712G AX), AEH 9 Fo
i Z oFE AFee 5 BEEd(swarming fever, HiEH)-S WA=
T7F ZAEstd EE 9T+ AFA U = AFEHA
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19 28 A AFY) BT FAY W3 BF

FAE 29 3 l B (bee colony, #EH)] AERr/1E Adst=d Qo] 2L WA =R
2H-gstal ok A 27)ddl= Holet Ao Fuo] AKHORE o|Fo|X = AlZ|olth. A
7} st Ak 9 Solyf Eirdaes FA S Aol 7] wied FAVE ZAste A
< 2t B (bee colony, #§E¥) ol Wwddotd LA b 2 A87F 2 Aot =3 |
o]9] REAV|E HotstE=rsE T80 @ Ao Bt

=2 A olo] W& FopEgo] WAty
A 155 ol TastA Ao Ax Foll B2 7o ¢
o) AH}?}EEW B (bee colony, ##£)2] A|go] ofsly o] A= & (bee colony, #&F)
= Al BASHA He=d, o] @<= Hetst=d oM E (bee colony,
of 4% 4 =3 I A E7F 2 Aot AR EA A5T] 274 349

27 dolElE BAY AT FAE Holg FrE WE Asn AAHOR At 4
g ngom A%HoR Holrh amHE AL e T AU

B3 (bee colony, §E)S] AFo] ol FE o] Tojxm Fule] WU Eo| Asfstr] A
Aag A HolEzt AXE ous B AXA ek ol Edo] FHGE FRNEBE
FRETh A5 AARE WY 2T WYL L 5 b AR A4887] Bt
A AFWEC] Belt AT FobE T AWe| AMFIF Fkehm, Holo Ameel
B8] ed wolg TRFAFIE BT (bee colony, #E)S FAL A&H oz Zas
FARE ATe BT wep ol @ ARl FaFANA A% FAAFAZ WA



AooReA FAdEe FeEH Y do] RN 2REE Yol dEG Bue Ae
el dubzom FgErlodM s Fdd e Ee] WSt EEo| fUHT] AZT
ANA Ee Aoy 44, sdd FEErke] HHE "Haste HoE AYAdY AVE
AT AP B2= AdavE ZAUs A4de 53 A =0l g48id dge=
T4E HBES ¥BF WiAdA AAste S AP wref g Ado] AAduH A
A EoM FRE dE2A A EAHT] g2l o] ARe ZEEA dSste] x7]
BEAR S AAsts Aol AL FHolA v FEsit A= ZRV0RER 54
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2 FEASY WE dusEs AFA AY BT dEETF 80%E =343 49 16
d ~ 17990 60%E A3y o] FE& ALY 25 ~ 70 % BAE FANASG. 713H
A5 E Fast AFAY B AEFES FEASY Wi dHEEE vlustds o &
A Wi AdsEs 97 dUsEe dFs A ¥e o2 FHEY I8y &
B (bee colony, #&#Hvitt Oh& IS YUehdo] W& 3 Zoldirle ot ¥
A7y 7 73 239 ¢ o2 B (bee colony, #EH) HIs|A GFEAFSA WRo AT
FE=7F dAIZ @A Jelsh o) d olfE BAVF AEFE A4S fAGE 90 B
é}fﬁ 3 ddEsEs 2529 Wl ste AEe Uetded, A7 A REE fAS e



WEWo zditFol &ale LEHUAR WA Ascosphaera apis A BHE fF3Fo]
ZoEs Aoz F2 Jduart A 2B Wo] wAdth MEHLS o] o3 AW
olER HFuiFErF AW a9 A oA w9 Fas7] wwol FEASAY R
AEE7 MEY ZdoRE uldd Aoz FAHEHTE A Flores 5 (1960)0] w=9
0T THd2ENA FUEErF 68%Y o B3 0.95%2] chalkbrood(®™ 54, Ascosphaera
apis)7t HASIH oY HUFETF 87% o W WA Eo] FH 7.75%=2 UEWTh wEkA dF
3 3 AAFow wMEY 7dw" B (bee colony, ##)20 3 % (bee colony, #&Ef)
o HiEE7E B A vehd AoE FAHSAY. AA| Eo] AztE 2E52Y 13¥ °ol%)
A EE gk 23 g2 F7 (bee colony, #E)2] Aos=ol vt =A Ueto
H 97] FEo g FFFS g A ol WslEo] Z AIFES BHIYth ols FAIE st
o 7|50l Holxl Zlo] Ao E FAHY Wd] AUFEIF 52 s Yo W&
el ZAEEATE JARJAE STH= A

o] Al7lolle= FUVI(BEE) =115 st B (bee colony, &)l Aol QT == A
71017] W&ol FAE Fogity, Edo] gAE FHSIH FHY FAHEQ] sucrose(Rg;
e BHol &23FE4o o3 MM/, inversion)FF oz 3tz oz W3lsle] glucose
(&%) fructose(FHoz E3l=a, dHe 7l A& &3 43 5Fanning behavior, fiE
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Fie AFTEEFLE AASs FAH ot ol 2=E &E7] AT 2R gAEs
7

19 30 £4 A7) AA BLY Co, ¥zt B

& B (bee colony, #&)# vlutAS Wl L5 &2 4% o139 CO; sZo] 2
H B (bee colony, EEHONA 49 19YRE 49 24U7HA] 63 A= Ve o] Eo]
olHE AIE o]l & ofx¥ AH HhXE HEFHAT. o] Al7]el] 2¥H F (bee colony,
BEHO A 3 E8-<(swarming fever, p#EE)o] TSt B SiE FEeta 4
HAE 3le Aol WARKE)S &3l dFHAeH, A5 49 259 74 9o A (TR
HZ FAsATE 7] B+ (bee colony, #&EHAIA A3 A3} HolHE Tl EE4d
(swarming fever, ##&#)3} COs=2 AV AT G A= AL AU durs o

TFE Ao 2y E}E B3 (bee colony, #EH)3} H] ge w 1

2o g5 QlFZAQ BEA(swarming fever, HEH) FES B3] 1 A3 S BA5t CO%
o Feddel 2% a(swarmmg fever, &)} 4&7417} A= AQAA vpebd dort o
3 FE

a9 31 A ALY 2% dHoly 4 dx

ZA A5 2L Holy B4 Az 58 B (bee colony, #EH)S A3 2E BT (bee



colony, #&&f)olA 0.83 ~ 1.00 mVe] &5 WA S¥e] WAl Yehus olf+ AlA
o) 271 4 ol W2 Zloz Busy 59 AA tutol W) 29 MM BYo] Bed
Aoz HAY. dF7]|eh VAR 250 WEltel FARE WaEe YeElllaL AlA e 3+
57} ol WigkEo] #Fo] oY ugl= siHo] oAtk
Al 7] % AN EZRL ZAAY T
ABHAALE 20C o = 71571 A
& A e ° P ‘Iﬁ_i 214
}‘\_]_’%/\] =1 i — = O A = L
co, gk S7t Holgt A5 B
A 30T 43t
Abgd gl fob | HALE 30T olet A% | B £A HA, &% 597
! A3 HAEE 25T vIRl Wd & 54 209
=g
27 T AGRA, 28 8
2 AZF HA L& 35T o4 ’ » "
Ag:;HA] Buol wa # A b 35C °|4 wew a4
i ) W F F209
el
FEELR . EEER] g A B3
i 2o HAG 52 Q3o | o0 ! e
A71A 7 ”401 Ta s
. Hol B3 ¥ .
™ =olu)r ™ =
'_IO]E—F%":I_I _H% E‘H]Iﬂ‘% Zj]—i o] 2T
CO, &&=9 A, 7V AA
A FA Aol wrE aF B4, 87 %A
4% ©1%) H2E A7
w2 29 FAT Aa | REF FE T B BTER
® 3 A A7) AM E2F gol BE ATH & AN 2F
3 FEZIEEM A5 doly £4 B dadF A =4
T Hohe DU oA ABt 2w 4QDRE AR o] {X R} F
ot AF=e AfoxE Sdol= F8 BAdAEER <4HR AUy, WsuRE H%‘S}Ofl
B2 opd "ol =o] Jistett. S5do] Aual 6do] HY Wby ol Jidtsted #E7|7F
A& o] WZol M= e FEertlM= o AZlel AlEo] HA7|el ol2xF o
AAFE O3 F F YES AF B YL 2HHT Yok o] Ay FHd
oo AUe FUeety] Sske] W Fo] 9| (forager bee, field bee)e] Fusl BB
d(swarming fever) WA Z & & T}



I8 32 97 FFRAALGEI)T FEY 25 vm B4

o] Al7l& 7157t wg et FHe AERE PP Eo] FHt B (bee colony,
BEHO Aol M= FAE w$ Attt FEASA HRE oA 2ol AR 59 27Y
LA AANE ATt HALE+E= 25T, HE 36.5C o]dS Yeld oy FHU2os= UA=R
3BT olHE FASIATE T2 o]& obHd LASAIFE LHAZHA 2571 7+ @A U
Elue Zle st o F3ho 25C olst= Wevbe A5 A9 sidth oebA o] Al
7l 25Colat2 WHITH BA7F FstEAAY 4bgho] SHH Zo 2 fAdo] 7hed A
o2 HT 2W B (bee colony, ¥ 49% 8- H(swarming fever, SEH)Z 13}

ol
ool YA RH] FFRWER FHE AASAT. I F 59 18Ye] WYY
FEE Fa 98T oo WAL 5 239 A Agre] FAHAUT. o o] B

[—}_

%) olF BEA7} oF3lE o] thE B (bee colony, #EH)| Hlsle] ¢ & 2% WIS JehY
ATk Abge] AFHES 1% 59 23Y olde| 25EF RHU UIexe A fAR MEE
Holg7} o)A 2S Yehdd 5¢ 27d o4 Alge] 23CE YEAT 1 o]F2& 30T
o’d& FAATE olv FHT(EER) FHAE Aol gI7] W&o HolE 3 %
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DateTime Temperature Humidity CO2 Sound Weight
2018-04-17 10:40 31 68 1.289 0.86 36.49
2018-04-17 10:45 31.2 67 1.016 0.86 36.47
2018-04-17 10:50 314 67 1.212 0.87 36.42
2018-04-17 10:55 314 68 1.173 0.87 36.44
2018-04-17 11:00 31.6 65 1.047 0.86 36.45
2018-04-17 11:05 31.6 67 1.148 0.87 36.48
2018-04-17 11:10 31.8 68 1.083 0.87 36.45
2018-04-17 11:15 31.8 67 0.935 0.86 36.4
2018-04-17 11:20 31.9 68 1.102 0.86 36.39
2018-04-17 11:25 32 67 0.981 0.86 36.42
2018-04-17 11:30 32.1 67 1.126 0.87 36.43
2018-04-17 11:35 32.3 70 2.124 0.87 36.3
2018-04-17 11:40 33.1 72 4.808 0.87 35.31
2018-04-17 11:45 34 62 1.961 0.87 34.38
2018-04-17 11:50 34.4 55 0.394 0.86 34.52
2018-04-17 11:55 34 51 0.177 0.86 34.67
2018-04-17 12:00 33.5 47 0.19 0.86 34.8
2018-04-17 12:05 33.5 54 0.239 0.87 34.94
2018-04-17 12:10 332 55 0.306 0.87 35.2
2018-04-17 12:15 333 52 0.296 0.87 35.31
2018-04-17 12:20 33.1 52 0.322 0.86 3542
2018-04-17 12:25 32.9 52 0.335 0.87 35.55
2018-04-17 12:30 32.7 58 0.392 0.86 35.59
2018-04-17 12:35 324 49 0.185 0.86 35.61
2018-04-17 12:40 32.3 48 0.186 0.86 35.66
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DateTime Temperature Humidity CO2 Sound Weight
2018-04-26 10:05 30.1 61 0.679 0.87 37.61
2018-04-26 10:10 30.1 59 0.496 0.86 37.64
2018-04-26 10:15 30.2 59 0.513 0.87 37.63
2018-04-26 10:20 30.3 59 0.515 0.87 37.53
2018-04-26 10:25 30.3 61 0.658 0.86 37.49
2018-04-26 10:30 30.3 61 0.635 0.86 37.5
2018-04-26 10:35 30.3 61 0.7 0.87 37.47
2018-04-26 10:40 30.5 59 0.629 0.86 37.45
2018-04-26 10:45 30.6 58 0.608 0.86 37.42
2018-04-26 10:50 30.8 58 0.698 0.86 37.38
2018-04-26 10:55 31.1 56 0.839 0.87 37.45
2018-04-26 11:00 314 58 1.546 0.86 37.24
2018-04-26 11:05 323 59 1.682 0.88 35.81
2018-04-26 11:10 32.7 55 0.804 0.88 35.79
2018-04-26 11:15 329 46 0.172 0.88 35.88
2018-04-26 11:20 32.7 35 0.095 0.87 35.92
2018-04-26 11:25 32.7 41 0.104 0.88 35.95
2018-04-26 11:30 32.5 41 0.147 0.87 35.89
2018-04-26 11:35 323 36 0.097 0.87 35.91
2018-04-26 11:40 323 38 0.137 0.86 36.06
2018-04-26 11:45 32.1 37 0.133 0.87 36.07
2018-04-26 11:50 31.8 46 0.248 0.87 36.06
2018-04-26 11:55 31.7 51 0.44 0.87 36.07
2018-04-26 12:00 31.6 46 0.145 0.86 36.08
2018-04-26 12:05 31.6 52 0.38 0.86 36.04
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DateTime Temperature Humidity CO2 Sound Weight
2018-04-28 11:05 31.2 42 0.196 0.87 35.85
2018-04-28 11:10 31.2 44 0.209 0.87 35.85
2018-04-28 11:05 31.2 42 0.196 0.87 35.85
2018-04-28 11:10 31.2 44 0.209 0.87 35.85
2018-04-28 11:15 31.3 39 0.114 0.87 35.88
2018-04-28 11:20 314 42 0.207 0.87 35.87
2018-04-28 11:25 314 41 0.174 0.88 359
2018-04-28 11:30 31.4 42 0.184 0.87 35.87
2018-04-28 11:35 31.6 38 0.132 0.87 35.88
2018-04-28 11:40 31.6 34 0.085 0.87 35.88
2018-04-28 11:45 31.6 38 0.157 0.87 35.89
2018-04-28 11:50 31.6 37 0.13 0.86 35.84
2018-04-28 11:55 31.7 37 0.155 0.87 35.83
2018-04-28 12:00 31.8 37 0.362 0.87 35.85
2018-04-28 12:05 324 47 1.023 0.87 34.68
2018-04-28 12:10 32.9 46 0.54 0.86 34.66
2018-04-28 12:15 33.2 41 0.318 0.88 34.5
2018-04-28 12:20 33.1 35 0.104 0.88 34.47
2018-04-28 12:25 33.1 34 0.126 0.88 34.49
2018-04-28 12:30 33.1 38 0.198 0.87 34.44
2018-04-28 12:35 33.1 35 0.111 0.88 34.49
2018-04-28 12:40 33.1 41 0.235 0.86 34.49
2018-04-28 12:45 33.1 45 0.308 0.87 34.44
2018-04-28 12:50 33.1 47 0.363 0.87 34.45
2018-04-28 12:55 33.1 48 0.328 0.86 34.44
2018-04-28 13:00 33 48 0.306 0.87 34.45
2018-04-28 13:05 32.9 50 0.358 0.87 34.5
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@ dlolElHo] 2~ HA

¥ il N800
S rd_serging_date TIMESTAMP
@rd_node_id INT{13)

S od_peraer_faatn CHARH)
Viot_ce_node_node id BT{11)
¥iok_ct_node_iot_ct_ste_Sit=_ID MT{11)

¥ sile_ID INT{11)
<+ Sike_Mame VARCHARIAD)
- Gile_Perind INT{11)

" site_digp_prder INT(11)
< CAE_ID VARCHARIH)

by |

¥ did MT{11)

o di_sersirg _date TIMESTAMP
+d1_rode_jd INT(11)
+d1_sermor_type TINFINT{4)
“ri_data_count INT(4)

>l _dats_awg DOUBLE

¥ node_jd NT{LL)
bt B e T
@ rt_geraing_dake TIMEST 4P Sirwid CHARED
N . : % nodie_rame VARCHAR(AD] b
11 sermar_ype TINYINT(A) ' e CHARL
G rt_germer_claka DOUELE .b S nede e _srder INT(11)
* iot_sl_rd_rd_J 0} ' it _ct_ste_Ste_iD LY
 iot_ct_rode_nace_d BT{L1)
¥ iok_ct_node_jok_ct_site_Site_ID INT{11) |

# hl_id INT(10}
# hi_gensng_dabe TIMESTAMS

@ hi_node_id INT{21)

2 hl_s=nsor_bype TINY INT(4)

< hi_data_csunt TINYINT{}

2 hi_data_swg DOUELE

2 h1_deta_mim DOUBLE

< hi_data_mae DOUBLE

Zhi_data_soen DOUBLE

2 hl_data_close DOUSLE

¥ igt_ct_rode_node_id INT{11)

¥ iok_ct_node_jot_ct_sbe_Ste [0 BNT(11)

A

d1_dsta_min DOUBLE

il _slata_ma DOUELE

»d1_data_open DOUBLE
d1_dsts_dose DOUBLE
Fiot_ct_node_rode_id INT(11)

Vit _ct_node jot_ct_site_Site_ID INT(11)

! h4_d INT(11)

& hd_gensing_date TIMESTAMD
b _node_id INT{11)
h4_sensor_bype TONVINT(4)
< h4_data_count TINYINT{H
& h_data_avg DOUELE

2 h4_data_min DOUBLE
h4_dats_m ax DOUBLE

2 h4_data_spen DOUBLE

2 h4_data_close DOUBLE

¥ iot_ct_rode_node_d INT{11)
P iok_ct_rode_iof_ct_ske _Ske [0 INT{11)
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7l & F-2HODOA)

+000195(ZigBee ID(10),DipSwitch ID(1), % 5(2),2 % (3),42(3),C02(5), 571 (3),Dummy(5),CRC(1),

N AR

ZigBee ID : ZigBee FE°]
DipSwitch ID : ZFAFef|A] K
T EHEY AN =28
:(x - 400) / 10

. x / 100

b rfo ©

a
=
o
KN
=1

I LONG ID(#2Z4)
at7] fsf F-efshi ID




CO2 : x * 10
FA s x /100

CRC : STX~Dummy7}#| ¢] Hex#tS &
- 0x30~0x3F9] 3= 714

T Eg ko] Heke] HIERE HEE + 0x30

@ AVR 7]t A Ao 7]

BERZ STALE WIR A A R ASAGYA ALE A & A7
0 o] g% Af71E st

A A+= ATMELA}S] 8bit MCU~7]wHe] ATMEGA128S w <l
Atk MEE AojrleAE S WiFe 2%, F5, CO2 %E, 283718 AATIOZ
ZA435ta YRl FAZAL AT LS FASAL =3 &F /9 BHAAME
Linear motor & &3} ?“6‘3—8}9}1:} w3 Gateway Ax&be] BALS A=

=
Zighee S22 & o] 83 F4 DatadlEe FH3A=.
e
53 53 53 53 5%
DAQ DAQ DAQ DAQ DAG
LTE Modem
Gateway

LAM

Server FC
Interface

a9 78. AA| A|A¥ Block




©® =74 DAQ &= 44

AA AA7E Tl SHH= F52 a3 2o
o 384 Sd=2% Bl
In -20 ~ 50°C +0.3°C
ec
Out =20 ~ 50°C £ 0.3%C
8= 10~30% Rh £3%
o2 0~50,000ppm(5%) +100 ppm el
28 0~3000 mv 10 mV miv
24 0~350kg +100g
O™ 79 7 AX e A9
Q 2%, 55 54
B AlzHoAM A 2555 S-S fls) SHT-30-ARP-BE o] &35 o, AlAd
A Z9 =+ Analog 7S ATMEGA1289] ADColA] dg o= whol As A2 E T3l
<=9t SR kst A ST

SHT-30-ARP-B

Temperature & Hurnidity Sensor
Analog output module (DFM-E)

Features

= Fully calibrated, Lineanzed Temp
compensated sensor

- Wide input ; 24~5.5V

- Low power consumplion (2178, 2Hz)

- Analog voltage output

- Small foot print 2.5 x 25 x 0 9es(Spirs)

Humi Specifications

Application
- HWVAL - Measurement
= fustomatios = ‘Weather station
- Humidifiers - Daita Logger
- Medical - White Goods
- Automation - Consumer Goods

Temp Specifications

Firi 0-1OFERH Fange 40135
Aceusncy | 23RN 1010 STRAN ) — A (10 o $5°C |
I8 251 | s cogRH Other Rangs | +13°C { Dthwer Rirags §
Hysbaresis HOA%EH B 25T Resclution 14kit
Resoboticn pE = Beaponse time =25 (riE)
[E—— v < 3 (63
I9 80 =%, & A4S A% AN A9



C02 24¢ ANAE g An) %7 S40) JPse COZR AFE Agsigon,
o] AlFS UARTZY o2 Datagte] ¥ = o] ATMEGA12894 UART F4lS ©]-83}

Ultra Low Power Carbon Dioxide Sensor

OO7IR Is an uitra low power (3.5mW°], high perfomance C0y sensor, ideally sufted for battery
operation and portable nstruments. Based on patented IR LED and Detector bechrology and
innovalive optical desigrs, COFIR & the lowest power NDOIR sensor awallable, Optional
termperature and humidity sensing are available. COZIR is a thind gereration product from Gas
Sensing Solutions Lid - leaders in IR LED {0y sensing.

With measurement ranges of 0-5%, 0-20%, 0-60% and 0-100%, COZ7TR Wide Range sensors
are sufted for process control applications such as diving, industrial safety and automotive.

s Litra-low Power  3.5mW

s Measurement ranges from 0 to 100%

& 3.3 supply.

= Peak curent cnly 33ma.

= Dptional Temperature and Humidty Cuput

COZIR™ Wide Range Sensor

Specifications

General Perlumaie
Wtarma -up Tame < i
Operatiog { omditians TFC to 50T (Sandard]
-25°C o S9°C (Extended rangs)
0 b 89% EH, non-condersing

Recommended -3 be £ T0°C
T2 Measimreieit

Seennamg Hethod Horrdispershee infiraned (NDDR ) abooeption
Patented ol
Paterted Solkd-stabe soure and detectns
Sl Pt Eiftuion,
Mranurement Rasge - 57%, 0 20%, D-60%, 0 100%
ACcracy &70 ppm +{- 5% of reading”

| Mon Lincarity < |%of F%
I .= o i, S I

=50 mbar o 10 bar®

Response Tines 4 mecn 8o 2 ming {user Configursbls)’
Reading refreshes bwice per second.”

1% 81 CO2 54L& Y3t A A¥

A 2~"lo| 4= Condenser MicrophoneZ Al-&-3}
, Microphoneoll A/l &8 == A& E FZ3lo ATMEGA1289] ADCE JHgo =z it
obA &g FVE BAFEE ST
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e
1o
Ve
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ol
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5. Specifications

e— o _ 'MS?:;.“WW Model No. Table

ol 1K+ | Lage Wiee Type Pin Type
impacance : 46 + 2dB CMT=766 CMP-T68
Slandard power supply ! 44 + 20B CMT-TE4 CMP-TE4
Sensitivity reduction -40 + 208 CMT-760 CMP-760
SN ratio -38 + 2d8 CMT-758 CMP-T58
Directivity 36 + 2dB CMT-756 CMP-T56

1% 82 253748 Microphone?d A9
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HES 74 485 flsiA= Load cell# HE& AMPE |83t &%=+ Analog 4
3 & ATMEGA1289] ADCZ ¢jgwro} A 348 sl FASHA T

LCE-D1 Load call

wiood [omosion resitance and long ferm stablity

wCompuct and biotiful Srichure, sasy 10 install
wApplsd 1o relabed slectronic scabe such o amall-sited slectson
platiorm scale. porisble scale, efic

sOptional messerement range:1- S0k

T
=

— Exce [ Red)

Msnal urmrerm &0ty

Rates Leag) DAV \%\ Sig+ | Green)

 Proformance e |

weral Precwon , om Exc-  ( Black }
[rearty-Fynenn srepeaiabi fy |

Samutwty 20 Sig- [ White)

[ — S Oe ;

Crmep (30 min) B2 ITNF SO0

S - © Instaletion Disgram

It Resiszanos 000

Cutpus Resntarce ¥030 7

rniaton Retanos P e
[Woking Ervweomrsees. |
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TNINI A8 BHT

RW-5T01A Load Cell Amplifier

8810

Wiring Terminal

(I} load cell Exc+ W1: voltage zero adjustment

. W2 voltage full-scale adjustment
|
g load cell Sig+ W3: curant zero adjustment
load cell Sig- W4: current full-scale adjustment
@ load cell Exc- K1: voltage output option

{0-5V or 0-10V)

K2: zero adjustment range
option (coarse or
fine tuning)

(3 load cell shield
B power supply 24Vdc+
@ current cutput +

(8 voltage output +

@ power supply & common
® shield

Technical Data
Power Supply 24Vdc (18-27Vdc)
Max Power 4W (when parallel connedtion load cell 4 pcs of 35000 and output 20ma4)
Wiring Mede screw-type wiring teminal
Met Weight 100g
Dimengion 11525833 mim ) (LxWxH)
Warking Temperature Range -10°C 10 50°C
Storage Temperature Range -20°C to BOC
Humidity 85%RH, no condensation
Load Cell Sensithvity Range 2.0mViv £ 10%
Voltage Zero Adjustment Range precision: 10%F.5., extension: 40%F.5.
Voltage Full-scale Adjustment Range 10%F5.
Current Zero Adjustment Range 10%F.5.
Current Full-scale Adjustment Range 10%F.5.

Precision better than 0.3% F.5.

Temperature Drift better than 100ppm

Load Cell Excitation \Voltage SVde 5% (for load cell with excitation voltage 5-12V)
Load Cell Excitation Current <E0mA

Signal Output 0-5Y or 0-10V and 4-20mé,

Voltage Output Resistance =5k}

Current Output Resistance <5000}

a9 84 FA &3 AFE-& Load Cell#t AMPE A9



FX5A1S 93 Zigbee Module

Gatewayohe] FAgals fsll & AzwloM= Zigbee WAs HEston, AHES
Zigbee Module2- chipsenAte] ProBee-ZE20SDC =el-& AL-g3tth WA <He|Ur) 3
28 292 30m W2 FHAFAe] 7Fed AlFolth

Probee-ZE20S Integrated 2,4Ghz, |[EEE B0Z,15,4-2003 compliant transceiver
ZigBee Pro Certified

ZigBee Core: Ember EM357

E34J: +BdBm (Boost mode)

M -102dBm @1% BER (Boost mode)

Tx Current: 45mA@3,3v (max, )

Ax Current: 3ImA @3,3% (max,)

Sleep Current: Sleep Currentt = 2ud

EHMNH2 1,0 km (0,62 miles) @ 3,3V, +5dBi Dipole Antenna
ELEHSUE SHE8: CHIE 1/3/5d81. U.FL, RRSMA, Chip 2FEILE
UART Signals Support: UART_TXD/RxD. ATS/CTS. DTR/DSA
E Analog Inputs

17 Digital Inputs/Outputs

RoHS Compliant
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Sensor data record amount estimate

For an Hive : 1 sensing data/ 5 minutes, 5 sensor/ 1 Hive 7}4

/hour 12 60

/day 300 1,500 * 24 hours
/month 9,000 45,000 * 30 days
/year 110,000 550,000 * 12 months
/Syears 550,000 2,750,000 * 5 years

¥ 15 $AHE raw data F 9=

For 20 hives, 10 sites 2}® oF 59719] raw data WAL oFste] HAE Wy
Summary table 7432 $]3F record amount estimate

time span & FHd 5doA HA 1YE 400 & of HH3 doly F 4AHA
(GEF 1 data, sh}e] AAME 7EC =)

1 day 300 24 6 1

1 week 2,100 170 42 7

1 month 9,000 720 180 30

1 year 110,000 8,600 2,190 365
5 years 550,000 43,000 10,800 1,800

¥ 16 &3 HE raw data F 9=

Ao Holy s 7] - A HlE7] ¥ o= HolH Request sk HojF



view data < 2 weeks = use raw data = max 4,200 data min

view data < 6 months = use hourly data = max 4,300 min 340 data

view data < 2 years = use 4 hourly data = max 4,400 min 1,000 data
view data > 2 years = use daily data = max ?? min 720 data

Default : 1 month / 1 year

time span o] W& A Y HlolE= 4 A &stH HdsA WAL =S F

WP dlolEHulo]l2~ AA/ doly wlo]1# o] A

Ho) raw data 57l thste], A3 indexE FASHHE, 283 A Hee Ut
3 #dsted shube] HlolEo| ZE Hive dlol¥ A#: I0T_SD_RT

Zh3t data size S =Y 4 J == unsigned integer - 4bytes - 409 ©]4}, unsigned
tinyint - 1byte - 256, timestamp=5bytes A}-&-.

AZH, 99 summary table 7+4 : IOT_SD_H1, IOT_SD_H4 , I0T_SD_D1 %
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- DashBoard : @AAHIA 48412 olde] A ElolE|e} 7144 HolEE Wmalo]

z¥ad.

- Time Series analy51s chart :
T Ut XYS do

HEs vl

- Single Factor Variation chart :

W, Az, BEGS LY >

- Hive Status Combination chart :

oJEE BT

- Rawdata Table :

A

1% 97 Dashboard
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AAE Ol o] 41 %

1% 98 Time Series analysis chart

1% 99 Single Factor Variation chart 1% 100 Hive Status Combination chart
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.~ Fighee: 30-45ma[Sesp: i)

- gl 1méA

~ Bk 03mA

T CPU: 1540 mi,

— C02 Senzon 1.5md

—  Load cell: 3 mA

. . |

Batbeny: 3.6¥ x 2 = 72 194h

19 123. [batteryE Z &3 4H] A|2H

1xpd 5o A83F 48] A2~dEe 99 Battery(19Ah)S 7|F o2 ofg %9 o] 1
TY A= Aol Thsdled, A A AdE B HrdE e SHHFE M4
7] A% z=a9A B 55 §sho] Battery w@A HA 6740l de AHEE
HEE AAE FAskAH
ERE o] F AR A mHRl HEe fd ASHoR LnAxEY Ae 5 A
Foll thete] A& o 2 HAH 3 ek st HEI & A&k
Batterys | Battery@(mA) | LHEFmA) |  AH2AIZHHours) | AM2@(Days)
19000 100 190,00 8
19000 30 63333 26
2EA
19000 10 1,900.00 79
19000 5 3,800.00 158
38000 100 380.00 16
38000 30 126667 53
4EA
38000 10 3,800.00 158
38000 5 7,600.00 317

29 124 WEE Y AHAE 9 AFEAZL 9=
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B, S SR R Vil oy

> 20 ~ 50C + 03T

&= 10 ~ 90% Rh + 3 %

CO2 0 ~ 50,000ppm(5%) +100 ppm

et 0 ~ 80dB +5dB

A 1 ~ 50kg +100g

® 25 7} AAel SR3E
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MIC Sersitivity - 44 dBV,/Pa (Lirear Scale : 00063V 1Pa)

MIC_SPL = MIC_volt x (1Pa/0.0063V)
CIX|S 2t > Ol = MY }

0 - - ~ - —
o vd SUSdespLEHRIZ B

ABC Refevance Volrage
Analog Vol = Digitel Valee x —/rqrmnm

Analog Yolt = Analog Valt — dr of fset

!

EEECERER

MIC dB SPL= 20 x logL0{MIC_SPLD.00002]

Peak_max = max|Analog Voit)
Peak min = min{Analog Valt)
V_pp = peak_max = peak_min

!

S= Ho| HY A

'\.I'_rrm.:%ﬁ'!'!

[

MIC : MAKSELE
MIC Gain : B0GB (Linear Scale - 1000)
MIC_wolt =V _rme/1000

a9 132 28 53 #A4 2

S A= EAo S o5 7|7l A=W, nlo]lmr) &S 7R
GPE 2 Y3 Fr) vlo]laZRE ZEHE mAE W AlsE HEo A
s 53 FZHA "o olgEA FZHE AL A3

g Ao MIC o =dwe CMA-4544PF-W o], -44dBV/Pa 2] SensitivityS
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1) Load call spec.

Rated Load s 1008y
Senmittvity : 104 10%ar iV
Z)AMF Gan. = 128

32 ADC bir resolution = 24

."- MP/ADC Board

waight 1ﬂ %128 xz—H—AI:IC valug
g F
l.“; 1 v

Bmv Y 1zg " m® APCvalue

hll’sﬁ.r

apply median fitter
apply calibration funcion

O9 133 A AR AL HA

FA AAEEDE FAC w2t Aol watH, A3} WHsl= gt WHslE
7HH 2o & FAe= A o2 SYHHn, RrAdERE SYEHE A2 dAge
=% 9 HAEsE o MCU= %i?ﬂt} MCU& 419 bAE S T3 77
E ALrst. FA @ A £%7), 2rAde EAES 1t Al4tE i
Abgd 2248 Ho 100Kg 77}21 ZAE, 2.0+/-10mV/V 2] sensitivityS 2=
}.

Amp/ADC o] =& HX711e]™ Gain 128, 24 bit resolution E5A4& zta Ao}

0 25% AlA
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| 2o 2w Sy
ATmega128

T Koo
e

RH =—l254)26. e M0 100 Vo
R TS
¥, 5 W W
T[C)= - 66875 + 21875 1 -5 :
fel ! Ve TR

0% 134 £4E AR 24 7y

255 AlA e md & SHT30-ARP o], dlolE|¢lEd Al&d HRE FastH
Mol A% L% W9 UelAE +/- 035 el eAE e
Humidity Sensor Performance Graphs Temperature Sensor Performance Graphs
SHTI SHTIO
e e
I" - = emal olemance: P
Y — el ilecancy ’
A '
/S A S N S (R U S '
“I\ /
£
0 . —
0 10 20 W 4 S B0 TO B0 S0 0
SHTI0 Reekative Humidity {%RH)
Figure 2 Tolerance of RH at 25°C for SHT30 Figure 6 Tempesature accuracy of the SHT30 sensor

a3 135 &% 23 9=
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SHT-30-ARP-B

Temperature & Humidity Sensor
Analog output module (DFN-8)

Features

- Fully calibrated, Linearized Temp
compensated sensor

- Wide input : 2.4~55V

- Low power consumption (217w, 2Hz)

- Analog voltage output

- Small foot print 2.5 x 2.5 x 0.5am(2pins)

Humi Specifications

Application

= HWALC = Measuremeant

- Automotive - Weather station
- Humidifiers - Data Logger

- Medical - White Goods

- Automation - Consumer Goods

Temp Specifications

Range 0-100%RH Range -40-125"C
AoouT +3.0%RH( 10 to 90%RAH ) +0.3%C (10 to 55°C )
=5 pecesy
& ) +4.5%RH[ Other Range ) £1.3°C ( Other Range |
Hyiteresis 20LB%AH @ 25°C Resolution L4bit
Resohution 14bit Response s =24 (T63)
Response trme tme < Bs [t63)
2= =0 o5
% 136 2E, & 58S A% A4 29
o] 2kt EkA Al A
| olstsiets S5 yu S oy
ATmega 128
o :ﬂ A ?j
CO2 Sensor UART = &
apphy Digital filter (mean,52)
% 3 coz A gt A u
l apply median Tilver
1) C02 sensor spec.
Messurement Range - 0-5%
2 Calc
€02 ppm = Sensor Value weight = 10
Type Range Units
COZIR-A Upta I% ppm I 00631 = 631ppen
—
COZIR-W Up ta B5% ppmy'10 Z01200 = 12000ppm = 1.2%

RS
& oA

Speintif-W-100
Mind® - 100

a4

Al
2 E¥sEh MCUE

137 oj4tsletd = A
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Ultra Low Power Carbon Dioxide Sensor

COTIR b5 an wulkra low power (3.5m0), high performance C0 senson, ideally sulted for battery
operation and portable instruments. Based on patented IR LED and Detector technology and
innowakive optical designs, ODFIR fs the lowest power MDIR sersor available, Optional
terperaiure and Fumidiy sensing are available, COZIR i 3 third generation product from Gas
Sensing Solutions Ltd — keaders in IR LED COy semsing.

‘With measurement ranges of 0-5%, 0-20%, 0-60% and 0-100%, COZIR Wide Range sensors
are sufted for process conbrol applications uch as dhang, industrial safety and automotive.

»  Ultra-iow Power  3.5mW

¢  Measurement ranges from 0 bo 1008
w13V supply.

&  Peak current only TimA

»  Optional Temperature and Humidity Outpat

COZIR™ Wide Range Sensor
Specifications
General Perfonuance
Warm-up Time < s
Oyprerating Condilions TPC 1o SO0°C [Standard]
-25°C by 55°C (Extended range]
[ o 95% RH, nonCondersng
EBecommended % o -30°C o + 700
K2 Measurement
Senianng Methed Hon-dispersve Infraned {NDIR) atsorpbon
Patented Goki-plated optics

Pabenited Solid-stabe sounce and detector

Sample Hethod Diffusion

Heasurement Range
ACCuracy

D0-5%, 0-210% 0-60%, 0- 5 00%

210 ppm +/- 5% of reading”

| Man Linearsty < 1% of &

Pressure Dependence 0.13% of reading per mm Hg in nonmal abmospheric condiions.
!n"":h"" masn 950 mbar to 10 bar?

Respoise T 4 secs i 2 mins {user Configerable]”

Reading refreshed twice par second.”

% 138. CO2 S S AT A A9

a3 139 7] &3 2

- 130 —

rr o



RE7I Y&
S|HAF 37|
=g Pz E =F
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FE =dre MGIS olm, PWM(Pulse Width Modulation) 4o 2 252 =%
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MG90S =

Metal Gear Servo

MGY0S servo, Metal gear with one bearing

Tiny and lightweight with high output power, this tiny servo is perfect for RC Adrplane,
Helicopter, Quadcopter or Robot. This servo has metal gears for added strength and
durability.

Servo can rotate approximately 180 degrees (90 in each direction), and works just like the
standard kinds but smaller. You can use any servo code, hardware or library to control these
servos. Good for beginners who want to make stuff move without building a motor controller
with feedback & gear box, especially since it will fit in small places. It comes with a 3 horns
(arms ) and hardware.

Specifications

= Weight: 134 ¢

s Dimension: 225 x 12 x 35.5 mm approx.

* Stall torque: 1.8 kgfom (4.8V ), 2.2 kgfem (6 V)

= Operating speed: 0.1 s/60 degree (4.8 V), 0L08 sf60 degree (6 V)
= Operating voliage: 48V - 0.0V

* Dead band width: 5 ps

PWM=0range ( ) —
Vece =Red (4 ) —
Ground=Brown (=) —

1-2ms
Dty Cycle
48-6V |
Power
and Signal = X
20 ms (50 Hz)
PWM Period

Position "0" (1.5 ms pulse) is middle, "90" (~2 ms pulse) is all the way to the right, "-80" (~1
ms pulse) is all the way to the lefi.

a9 142 2H Y A 2 AT
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O B4l Z2EZ
DAQ$} Gateway Alo]l Al FoF2 ofge} 2t

Dad_n Gateway

1. Request
2 Request

AT+UC=LongID, || Door CMD ||Spur|:EMD || CRLF|

Response

# Door CMD {1Byte) - 1{Open) 0{Close)
# 5pare CMD (SByte)

Communication : Zigbee, ASCI

1. Response

AT+UC=LongID, || Board Address, ” BH, || Temp, ” MIC, || ooz, ” Weight, ”me.fl Door |5pa.re, || CheckSum || CRLF |

# Board Address (1Byte): 1~n

#RH [2By1e) : Relative Humidity, &x) 45% 3 45

# Temp (3Byte) : Temperature, ex) 25.2°C =40 <+£52
i MIC [3Byte] : ex) 60.2dBSPL 3 602

#C0Z2 (58y1€) - ex) 1650ppm —> D0165

# Weight (4Byte) - ex) 52.2Kg < 0522

i Power (2Byte) - Battery Voltage, ex)3.1V = 31

1 heck_Sam =0x34 birees
# Door (1Byte) : State, O(Closed) [ 1iOpen) for Fier) )
# Spare (1Byte) : TRS Chack = TRE.Check Sum + TRE_BUF|
# CheckSum [1Byte]

T T TR e k_Sum & iF) *

I% 145 SAZEEF

Weight : 57
Power : Ao A<t

Door : & 74 *Hej

@)

©c 00 0 0 0 0 o0
@)
©)
[\\]
i)

Door CMD : & 7| @&

2=
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LTE 2
Zigbee 2 E

WIFI 2 &

LCD 3+
e A%

Gateway L5
13 151. Gateway W3 +A
Gateway:= AR 53 9 x4 mEZ [EC266liteS 2835901, Zighee RE-S DAQ
o} B41& LTERF S 4Aue} §4l& at=d ol&drh

a9 153. IEC266lite =&

O A¥=

Gateway 2|¥

13 154. Gateway 93, W{ A&

A AR 31 2EOAQH AR B3 2 A% wE(Gateway) A%
DAQ$} Gatewaye A&3td, &%, X%,
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LCD tzZ@olo) HAHEAS &3,

)
180620 142840 | 3.5 |Close | 0f25
180620 142901 | 3.5 |Close | 0f23
180620 142920 | 3.5 |Ciose | 0/23
180€ HH.‘M} 15 |Close | 0f25
133001 | 35 |Close | 019

¥

Ll e e e A AR 1 01 B

T 167 (222|713 | 1740 | 154 | 190620143021 | 3.5 |Close |22
I | | -
— : —
| : | -
1 3 | ] i
[NOW] 2018/06/20 14 :35?42 [2018{06§20 14:30:21]
300013ES2 T

[BEGIN] 2018/06/20 13:29:54

AA Tlubo] o] A%

Q AFdstw

h, b

a3 157 A71ggn AX
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a9 158 AHEHF 4A

0

[NOW] 2018/05/23 14:12:11
[BEGIN] 2018/03/23 13:40:39

9 159 B3 AX
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Mo L] AH Temp mic  COz  Waight Update PWA Door
1] 1 270 | o0 |1e0szaisniot] 3.5 [cpen]ope
2] 1560 | 156 | 180523141122 | 3.5 |Cpen | OIS
3 1000 16,5 | 180523 141142 | 35 |Cpen | OfiS
4] | 960 | 148 |180523141202] 3.5 |Open | OIS
5 1600 | 14.% | 180523141022 | 3.5 |Cpen | OfS
& | oon1aEss |60 | 23:0 | 66,04 - 640 |- 156 | 180623141042 3.5 jOpen 015
7 i -y g oot 2
! : } -
8 i ¥ z
=
9 2

[201E{05/23 14:11:42)
20001351 S
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metA DAQ & AdY F2o] Jhestes AAEHS ZAE AA JEHE Gateway=

A%AFE Aol H s
BEE 7S 78 § HEHHE T3 3.5V, 55~60mA E 210mW HEe] Hgo] AH]
He %AsAn. AW XL-205F 3718 WEE A4 A9, G6V x 15AN) x 3 =

l
162Wh ¢ ¥ Fgo| 7Festth. webA 162Wh [ 210mW = ¢oF 32d, & 3719 A

A% olgsl 2Y A% TF AHed dHolth ASANE F O AT THoE |
A olelsl o] HEE FASE Fa BEEC avWAL B2 ST

= ZOAE (GEY doHAE T3

AVR °F 18mW

HX711 (Loadcell AMP) °F 4.5mW

Zigbee AL FAIA 135mW

(T4 A 37mW)

(&9 -8/2 A 0.006mW)

Humidity-Temp Sensor °F 1.05mW

MAX9814 (Sound Sensor) °F 10mW

CO2 Sensor °F 3.5mW

PW step down converter 210mW x (1-0.9) = 2ImW

¥ 2 T8 FEE LnAY

FREDS DRSS ul, oF 193mW FE2 dsgo A4 SHA 210mW A
=0 zuAgolgieh 1TmW F=e] Zpol 11 9o RE D o 93 HoE Ho|
o, AREs BHNA F83 HS Zighee REO] 7PF & A 4AuH RIolgdE H

A Falol olHAA e FA VL B
/2 Al FEHE A8 HEE st Aoj7l dest, ol¥A AHysE st A5 of
&= z

- 2HAE (FE59 HolHAE Fa, AAl 54)
AVR °F 18mW
HX711 (Loadcell AMP) ok 45mW -> 2F 1.5mW
Zigbee AL FAIA 135mW
=/ v/ 0.006mW
Humidity-Temp Sensor °F 1.05mW
MAX9814 (Sound Sensor) °F 10mW
CO2 Sensor °F 3.5mW
PW step down converter 60mW x (1-0.9) = 6mW
etc (FH F-3%) 17mW

¥ 27 AXY3 = ¢ 20y
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TAAA S ZFE7])9 Zighee RES HYthe mEg AL3)
57.056mW = 152.944mW 7} Ak® & Foldd 4 th

Zighee BES A% Tt REZ HEA Gatewayst T4l
2ol BAAY FAAE FH3] Bulste] SRS TSR OH, o9} Zo] F

2 A e AR ARTIIEE olde) 2T

o
oM
o
N
N
Do
=
3
=
=2
X

210m\W

‘ 57mW

| | [

I I |
50s 100s

19 165 Zighee BE AETR A, It RE A &H|HY X

(50/150)*210mW + (100/150)*57mW = 108mW

162Wh / 108mW = ¢F 62.5¢

XL-205F 37MM&E HEz2 d924% H$, <
d =

o, dA BEd HE&dyn F E A=

g B A

rete Aoz

ol

5

i

THAG AW BEo 2% 3fo]
THASL AW Hes 25 glolA ofel 22 X9 A7) AT

e | mmx

REssT [ ff - T g

S Version 1 e |f Version 2

waae s |

2% 166 FHAT A ex o] 1=

ReferenceE A3k Versionl, 2 + ¢ 55 AEQ &% AolE HYPT L AAE
AbEGHol = Betal zol7h v WUdlEs & A=}
= 12V Aol AdYSs ol 5V, 33V 2y
Heo] ool o, ofdd o] &&= Al
ZAoR HAT AWAe HEJAE o i)
3.5V~4.5V M2 FHow, 5 HMAE HEo o
Z AMZ 7S A AD HES AAFHNA

:L
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HIZOE W [ HE) 2 AFA®R u-vz (AIHE) EE

- PCBE SO EHY T= HE0|
TEHe2I|HE E

. XH SAg nso= AN YAY
HHez E0 &

-
E
E.
=

¥

r
£
£
H

a9 167 ANAY 2= A= AL 7=

S 4] o™, Versionl, Version2 L&
£ Drying Oven o 21 A3

Drying Oven ¢ &% Ao Azt F

om Ane ofzhe} 2ol 2 e

Versionl DAQ Version2 DAQ Multimeter TX4S
27.8 26.9 26.8 26.9
30.8 29.2 29.3 29.3
33.3 32.0 319 31.8
359 34.5 34.5 34.6
38.9 37.3 37.0 37.2
41.6 40.1 39.8 39.9
44.4 42.9 42.5 42.6

# 28 25 SAFY AUE & #A
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=24 S84 H

45
43
41
39
a7
33
33
3
29
27
23
1 2 3 - 5 ] 7
—a="\ersionl DAQ  —s=Version2 DAQ  =—s=Multimeter TH4S
a8 169 &= SAHF vl =
Multimeter 25 7|F Jeljo TX4S 25 7|F Jefz
a5 45
43 43
” & .-
39 15
a7 37
35 15
31 3
28 20
27 27
a5 3
i 27 29 32 35 E 40 43 269 203 JLE 346 IT2 3o 426
=p="Ye0ON1 DA =—s=Version? DAD =e==Multimeier e WEREIONT DAL ——VESIONS DAL ———THAS

I9 171 5 SA#] 494 &<l 8=
=7 Azxe By 27t &% zjo] e T RW, Vizk Multimeter / TX4S <}

9
= 1.6% W9 o7} o™, V2ol Multimeter /| TX4S <F+= 0.2%= U] =tol7} A=
Aoz &l HIUTh
Multimeter-V1 Multimeter-V?2 TX4S - V1 TX4S - V2
-1.0 -0.1 -0.9 0.0
-1.5 0.1 -1.5 0.1
-1.4 -0.1 -1.5 -0.2
-1.4 0.0 -1.3 0.1
-1.9 -0.3 -1.7 -0.1
-1.8 -0.3 -1.7 -0.2
-1.9 -0.4 -1.8 -0.3
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Bt | -1.557142857

3 | -0.157142857 | 1485714286 | -0.085714286 |
X 29 &5=A F v
SHT30-ARP &% AlA = HIoJEAEC| +-0.3 9] accuracy & Zr3 ol Yo &
g, 9 APS B3] Fes] E Ay} Version2d] &=AAE g 23 ¢t S0l
ZAoz HQlth
h &g AlA HZE
A5 AAY T2 gRlsr] Y8 9E DAVt 29 AE o8& 2 Tl A
dg S dojFAth
I} 22 7|
i ) o DAQ
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T FFA 5= 53l WU oS s A T

a
A A gl Dataghl Al COZ AlA groll et AHstA ol &4 Eart 9o,

e UL Al LT LARREA L |

61 CO2 — 24002 33 OOz

% 177 o]A3ter A AA Q] o|AEA

ol dddeEE CO2 AlA gro] dubxo=m WHE YHolA 05~3% A= kol vt
oF B} AHE B0l wet 0% WolHA 9% watel YFE WA @ Aok AA
el HdA ] 5%7F 28 EH = do] B HAUh
Specifications
General Performance
Warm-up Time < 10s
Operating Conditions 0°C to 50°C (Standard)
-25°C to 55°C (Extended range)
0 to 95% RH, non-condensing
Recommended Storage -30°C to +70°C
29 178 olabstea AN Y Ad E LHT WS
S AlAe) A exsh gxof Wolol met e exE A YFE vAA A4
Zor Bdsty F&Eo deiA WRHAoR AYde AP oF FEo T
CO2 AA el grol Wsts J&sIA oy mueAl Wstes Jdoy AA sidol d&Fe
2 A5 ofd oz BUHUT T A BAYE AAE FFHA ALF
§ % wA el ostel ol ¥ BREAe Sel shelch o) met AMY wE A
of @& wiE g oldEzte]l oiEo] E¥HYo] I Hx viE Y 3 EHE 7 5o
BAH WY FFEL FANAT = AT vEe FAL Ad FF WY %A
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Spectrometry)f ol ol&] HAEH HA FEE < Jdoy(Padovan ef al, 2003), AFFE3} A
dAEo] £ EFEY A, AEH =S orlsta Aot =S SAFA AR B4
< a7ke 71717 87 E = A, Al dEe Ak 1 T S

o] oJHue A T ARl o, AFES o Hu 43 tijte] 8 FEH I 9l
thKim et al, 2017).

DA, IEZ AR WA Hge] RFH ABFF FAAE e F glom, Heol of
NYBE A2 AFBE AFEF FAA} FRD F doE BHe, AGE g
KAAANE AE2A ol EA o] At

dutxlo g7 Myre]l HA= 1 ppb (part per billion) FFo 2 F3P= 1 2w (CODEX,
2001, ppbe] =Foldt M¥ 1 gram T 1 ngd *& ouistt. $+H, Inge] DNA+= 3kb
DNAZ} 10® M(EAH7F 2A)8ts Fo =z, A FR=E PCR 7|2 10 £x12] DNAE A ZF
AES F 7@ 5, 2017, 25vFe Adss FAA7E A’ ZIRETA o F &

o] PCRE FF3l= AL 53] 7bFestelet A5 = ASUTH

HAAE PCRE ZFE A

Jo

, BEE B ARE AT ALE dEAA g af
g 1l 9l e m(Sobrino-Gregorio et al, 2018), A&x¥ nx o] HAZ X A

B g FAA7E A" dEA HEHE AL, s £9S Agsta
5

SHS Bo] FthLaube et al, 2010).

fose v

Eodpe, nER AAE A 1 Auow wEod AU¥d HRT 4 b xv|wo
g olg% F1A AN

APRET A AR EAE JFeta, © yolrl, o] A A
R (@) )
= R

AlFEAEH 07 A A S A 3 s T

2 FAREE Alg4ax(Sugar Cane, Saccharum officinarum)®] G=A o £ 3% maturase
K (maf, Genbank accession No. LN849913) A& A&stith. AR /9 FAA
(mak)= A9 N @ F Sugar cane seeds; Foix, 71&-; 2018.6)2HE &t
ot AtgEs AoA FE3 DNARRE maK FHAS S3FAZ oW, o] Atdas
I A1 =3 DNA pCane-Cp-matE A|&3te] A7 de 2%
e BA BEEHE ALESETHE 3D
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PCR

primer Sequence (5'->3') Reference
product
Molecular  Cane-cp-F  GGATTAAATGGTTCCGAACCTG 698bp
Cloning* Cane-cp-R TTCCGAAAAAACCCCGGGTA
Detection  Cane-cp-dF  CACCGCAATTATTTTTATTCTGAG 71bp This
PCR Cane-cp-dR  GAACATCTTGAATCCGGTATTC study
Nested Cane-cp-nF  CTAGGGCAACTATCTTGTCC Top

PCR Cane-cpnR  GGATAGGGTATTTCTATATGTGATAG

3 31 Specific primers information of Saccharum officinarum chloroplast gene

* Primers for molecular cloning of Saccharum officinarum-specific mafK gene on

chloroplast.

2 AFNA AH8E A" A59 DNAE, AR e AT A8A siekde; 949
100%; 7= 9Ad8: 2018, 4. 13 A=)z Ax3 80% (w/v) £Hox, CTAB
(hexadecyltrimethyl ammonium bromide)s} % DNA-binding column (Qiagen, Germany)< <1
AANA FEAT FY 10 miolA 20 pl 2] DNAEN S dglom, o]F 1 uWE PCRe 3
o2 A3 E PCR ¥FgH-S 1 pul primer €9 (ZF 10 pmole), 1 ul DNA &, 5 ul 2x
Rapi:Detect Master mix (Genesystem Co., Korea), 2 nl 7S 24 £3sle], & 10 ul
[reaction®= ZA3IATE. 114 PCRE Z7|WHA 95C 30x% o]Fof, HA 95C, 3% - &4
55C, 3% - =% 72C, 3%E 1 cycdeg 3o, % 50 cyclet  GENECHECKER™

(Genesystem Co., Korea)& AR&3te] 434313 T

HH o, Ao AFH ARFS AF FAAE B 2345 PCRAA Z3Hoz FEA

ANeH, ol AR Afo FAAE @A A= DNA pCane-Cp-matz 53+
PCRAF=3 Tmgk, PCR 4H&Eo] A7]olA dAete], LT DNAM Lol SZH A= 3
A ATHTHE 189).

SO
¥
X
l
Y

A B Magative )
gy Positve

T —= | Spadl
Sugarl

Sugarl

[ f
| |
Positive— | f | |

Seed———= || | .

Sugarl I + | f s
Sugar? | |

1 |
Megative i
| )

el bmnaiy

o

|

|
|I _' | bl |
I { )

13 189 Amplification of S officinarum-specific maK gene with DNA from sugar
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Panel A. Fluorescence graph of S. officinarum-specific PCRs with DNAs from sugar cane
seed (Seed), pCane-Cp-mat (Positive), and samples 1, 2 (Sugar 1, 2) of sugar using primer,
Cane-cp-dF/dR. Panel B. Melting temperature analysis. Tms of PCR products from sugar
are estimated on 74.58 and 75.88°C, respectively. Panel C. Agarose gel electrophoresis of
PCR products. Lane M is DNA size marker. Expected size of S. officinarum-specific PCR
product is 271 bp-long.

/\]_olzg NEZE ABHIT Y ASF(EZIAL, AFEE 90%, Z3E 10% 2259

Hl -12%)5 A3ty oH, & 10m = /\}%-01-04 DNA®] F%, PCRe =1 9 A2
F/L/\]L,] 7499} Y34 st o™, AE3 DNA pCane-Cp-mat2 AMEGS=9] Bx13 3%
=4 E AT

AN e

2 o
N
o
é
E1~
%
=
o] o
e
Qo
=
(‘D
S
’U
B
&1
HU
r&ﬂ olN ol

| I Negative Prsitive
A rd o B M Seed
;o = | | Honeyl
_ | | | Honey2
- [ |
I.' | |
i‘ Fasitive— | - | |
Seed—||—u
! Honeyl———+ / " | |
o Honeyz—1—— f |
Megative I: T k) |
[ | bl |
f { | | \
| | |
! [
Tm. = . rml-“ul "

1% 190 Amplification of S officinarum-specific mafK gene with DNA from sugar-honey

Panel A. Fluorescence graph of S. officinarum-specific PCRs with DNAs from sugar cane
seed (Seed), pCane-Cp-mat (Positive), and samples 1, 2 (Honey 1, 2) of sugar-honey using
primer, Cane-cp-dF/dR. Panel B. Melting temperature analysis. Tms of PCR products from
sugar-honey are estimated on 75.23 and 75.56°C, respectively. Panel C. Agarose gel
electrophoresis of PCR products. Lane M is DNA size marker. Expected size of S
officinarum-specific PCR product is 271 bp-long.

A 9 MElo A Z2ZH PCRAFE O] Al 189 maK G714 EAA A Eelstr] 9
3l nested primerE AFg3d Al PCR Z2Z & $33tgth. =, detection primerE AF£3k 1
2 PCR 4HEES Zb7] SH/52 10008] 314354 nested PCRY FP oz ALg3lY o,
nested primere] AF8-g A% PCR 24 2 =42 13 PCRY 534
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AA o7 A&y HAEEA F=H DNAE maK 5o PCRZ FZA]71 13 PCR 4H&E
2 Z7] nested PCR& &l AFs] FFHHJoHW, A4 REFEHEZ AET
pCane-Cp-mat®] PCRAFE-3 Tmgk @ DNA Z7|olA AXEE HoFo], Hid PCRAEES
2 55 AR 379 maK FRAAG o] FERJIFATHH 19D).

A C

g bmrrany
i

)

Oy Tarmper shusDege e

a9 191 Amplification of S officinarum-specific gene with DNA from sugar-honey and
sugar by using nested PCR

Panel A. Fluorescence graph of S. officinarum-specific nested PCRs with DNAs from sugar
cane seed (Seed), pCane-Cp-mat (Positive), and first PCR product of sugar-honey (Honey
1, 2) and sugar (Sugar 1, 2) using primer, Cane-cp-nF/nR. Panel B. Melting temperature
analysis. Panel C. Agarose gel electrophoresis of nested PCR products. Lane M is DNA size
marker. Expected size of S. officinarum-specific nested PCR product is 137 bp-long.

Fu B AN FFE PCRiEC] AR Ao maK 9714 E<S 7H=A 2o
23] 3t7] f8to] 2k PCRAM=E S Wi d714<E 2AH& s3sdth

AE Zr PCRAEES HrIMEEL A EA(alignment analysis)ag o™, ALRS44=, A}
= A8 FFEEd(Cane-Cp-mat)oll A F35H EE PCRAHES, oA4le] AAglo]
T AETT 179 maK @71 EE BAFHATHIE 192).

&

RRERRaRE

Cane-cp-nF
CTAGGGCAACTATCTTGTOC
ok ok .

[
o
S
S|
sy
Shigar
e
Forrd
S
Harey i
g i
Swned i
[
Sugar_o
Snadd_n
Sncl_R.
Swnel_di

e T:'ru:m:-:mmﬂfl
Cane-cp-nf =

ane-cp-df.
GEATAGGGTATTTCTATATGTGATAG GAACATCTTGAATOCGGTATTC

% 192 Alignment for sequences of PCR products from each samples
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DNA sequences of the PCR products from seed, sugar-honey and sugar were aligned. All
sequences were identical with mafK (Genbank accession No. LN849913).

Sk, B Ao A" 234 PCRE, PCRES Hu w27 43513 st 543 PCR
Wiiolth, I8 EE B AFoA ARbeteE AR 5o maK PCR (S officinarum-specific
mafK PCRYel dA de] AHg=a = duk PCR7I7]o) viZ H82 4 A=A &Alsty
7, 4k PCR7ZIZIE AHES AMET %01 matk PCR& 33ttt o5 95t Ak
PCR ~7]17]%] BioneerAte] ExicyclerM 96 Ab&3tlem™, PCRY A& AccuPower® 2X
GreenStarTM qPCR Master Mix (Bioneer, Korea)g 7|8 o 2 %34 PCRY A9 54
primer£< AH&3FthTable 1). €4k PCRe] A& Z7|WA 95C 5% o]Fof, WA 95C,
30x - &4 55T, 30x - T3 72C, 30xE 1 cycleZ, F 40 cycles F3y3Ath

Y YO0 ol

AFRZAN, Ao A, ALE, HEEo &8 DNAE 44t PCR A= Ao
2 FEANE o deH, o ARTF AFo FAAE @AY Ax=F DNA
pCane-Cp-mat2 %39 PCRAE3 Tmit ¥ PCR 714 dA|sted 5Lg DNA

Aol 2Ed Aog WHHUL ol AGFs Ho
Qe Wols 47 U Agzel AR Arse] 16
vshe Zlolth( 193).

Jo
=
N
ﬂl
ol\
A
>
i)
>

Posime
o o e
signeyl
= If"r". Money?
= Wi Sugerl
- Hegative I"n,". Sugar?
™ 1
N Posiiie———+ h L)
S iy
N Honeyl / \
HoneyZ '
N Sugarl ) e
- Heaat =
3
R _ . N
I S T R R W & & A % % A R A A & @ B R R R @ B
[ Cnke ] [ trvoerm ]

1% 193 Amplification of S officinarum-specific mafk gene with DNA from seed,
sugar-honey and sugar using conventional PCR
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Panel A. Fluorescence graph of S. officinarum-specific PCRs with DNAs from sugar cane
seed (Seed), pCane-Cp-mat (Positive), sugar-honey (Honey 1, 2) and sugar (Sugar 1, 2)
using primer, Cane-cp-dF/dR. Panel B. Melting temperature analysis. Panel C. Agarose gel
electrophoresis of PCR products. Lane M is DNA size marker. Expected size of &
officinarum-specific PCR product is 271 bp-long.

AEAHoZ, AygAlo g AYskdlt ALFEo ZFdle= AR 179 F7AE PCR W
02 HAEY F Y= AHEE B A= 45T F AT o= Tt of=nE Hxo B
olyel, &4 AH(Corn syrup)s<S A3 A}

22 waE 5 9e Aol Al
o
=

2) NBF(Beta vulgaris) 28O Z AZH ALYEIA ARFE TH FAAL]

AE

A4 AFE FAES BEHEE PHe B2 d2n(CPICHE EYZ 3 EA-IRMS
(Elemental Analyser Isotope Ratio Mass Spectrometry)®¥ 3} LC-IRMS (Liquid Chromatography
Isotope Ratio Mass Spectrometry)Ho] =2 AF&E 3l o, o]Llo] SCIRA (Stable Carbon
Isotope Mass Spectrometry), FT-IR (reflectance-Fourier Transform Infrared spectroscopy),
NMR  spectroscopy, HPLC-ECD (High Performance Liquid Chromatography with
Electrochemical Detection)® o] A& #EH o= B uFHY (Elflein and Raezke, 2008;
Bertelli ef al, 2012; Rios-Corripio et al, 2012; Sobrino-Gregorio et al, 2017).

a3y, C4 2Bl AVESS(Saccharum officinarum) e 2o 82 AyAkmE ARFE ol A,
gaF59dan, & d¥Cgol -11% FFo 8 ZAHHo] AAEIe FRo| £93 wd, C3
ﬁxél

2Bl AV’ E-(Beta vulgaris)e] AE oz AAE ARFE O] A -22~-30%°.2 =
I kol AAEHR FASH o, BAFHAARE AFES ol o3 AR AldE HES

E715F Ao = delA AT (F T, 2010).
= Bli_l‘:;
o8 BAHAL, IS Al HuE A

olg3te] & L

SERNL =
A He oln BRyFEJQom(Jain et al

KeN A
fH1AE A=A = DNA Eg9H3 PCR
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2013), & 520 =Z rice syrup¥ rice molassesS AFE-3 ALFEOA ST A EA FHA
CR ®®o] A= Hl dok(Sobrino-Gregorio et al, 2018).

i
ey
M
ok
=
bas
rlr
g

o}uu DNA 33 BAUCEE PCRO| S FFo| /5 BE HoiFw Qov, B8l 2
% PCRE 408)70 o] 4ol A= DNA F%o] A&slol Mg=s urh 303 & AUTHA 5,
2017, o] B MPAL B £z AAE AW ARIAE, EF o] APow Az
ANFBAAE ARSES B BT 0§ U7 230 golgs AR @0, PCRS ¥
B 1 2AE 9FT 5 AL oleks AS4e ol FU

Wepd, B AFE UgEst 2 PRES A830d, 152 448 dgelAs, 1gn
o8 AHET AYBAIAE U HEAY LH A4 EAZ FHT £ AL AL D
Holor, @A ASHD Y AGE BN Ba Fdan SAYL P g
AT AFES RFOR Y AFBAA AR 1 FAA EAS YFSHA
Ak

SAAEE A7IHstael A 2008 9€ 3 A AE AR ARFE I 20083 84 119 jh=
Sl

B FABE AR ADE AARSA, AA ARE ARE A okSugar Beet
seed, E7]4%, 20184 39; obAlo} FRIF] BoE A3ttt AYT HokelA VEZEY

o} 9B {AANES ZZAIA molecular cloningstg o w, AZ3FH DNAE pSugarBeet-mtz}
Bt olo] @AE FAA A7 EL Genbankol RiuE AlRE mEZ=gol §-A
ZHAccession No. BA000024.1D)<} 100% ¥AHS FRIstH o, B AFoA EF 5o 74
A2 A8 AT

AL ARES AR ARYFEOA DNAS FEF2 AWZAA Cetyl Trimethyl
Ammonium Bromide (CTAB)®} phenol/chloroform &3-S Alg3le] 5 A= CTABH
< o] &3t (£ 5, 2014). o] <F&std, E Imlol 30«1 10% SDSe}F 341 proteinase K
(20mg/mDE ¥ 11 37°C waterbatholl A 1A17+5<F A X3 & 100 «]1 5M NaClS w11 &3}
Fom, o] 80 ul CTAB/NaCl fS %‘—7}6}1 &3t & 65T oA 1087 XA AT 700
«1 phenol/chloroform (24:1)& F7}stal &g &, 12,000 rpme2 A-2oA 1837 dAE
gttt 19 H, F5H 99 ;43}04 A28 tubeol| A, 0.68] %o 1sopropanol£ g3
T %, 15,000 rpmOE 2o A 15487F dAEe st A5 dE AASAT. A Imle]
75% ethanol& 7}ste] ZofE H, 5&3F A8kl 15,000 rpme® A 204 1583 AA4E
gl FSHE AASFHT. DNA L 3087 AAd= 3 100 «1 TE bufferol]l 83lA#
o, DNA £<4-& Biophotometer (Eppendorf, Germany)E %3 %5 =433 -20T ol A
Hasiy AE-SFRA T

AR 1F AR AELS 9siA 234 PCR 7]17]<l Genechecker 11 (GENESYSTEM
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Co., Korea)& At&3t31 o™, PCR AL Z7|HA 95CoA 30% APt & 95C HA 3
%, 53C &4 3%, 712C T 3%E 1 cyceZ 3921, F cycle = 50 cycle2 A A3}IA
. ZF PCR ¥+g42 7] DNA &9 5 1ule FIo= ARG oH, ARY 1f #4
2}4] AEs el AH-&-E primer+ Forward primer:
5’ -CTCGCTTTATCTCTTTCTACCGG-3’ , Reverse primer:
5’ -GAAATCTCCTTCAGGTTCAGTCG-3" o|H, Z}7} HF&% 1uMZ ZA3A T

ANZHN, AT AFE AlRoA FEH DNAE Tl AMgEd AMRF 2§ F3d47F 3
FOR Qe FAY  YUoW, ol FEIH, §H B4 % ol A795E T
of ART T AAANL PFT 5 AATHIE 19
A
350
300 — T ™
Positive ]
?:d:- ; ]
E .| Negative 7 7 /;/
i'":' Beet Honeyl 7 ¥ ;:’
" Beet Honﬂl/ / /;’ *
u:l 1 i » _Fﬁ:l 0
Cyekes
B
1200
1080 4
B0 "-.I
3"E Negative —»| | lI I“—Pﬂilllle
5 0 | I', 'I‘J—Bet‘l]:lunﬂz
L IlI '|I | ||
304 | | RS
20 /% /| #———Beet Honey1
1204 VAN W/ B N
0 e :'"'jl AN - -
&l 65 T 75 ED Bs 50 85
Tempadamia{Deg.C)
D
Ct Tm
C R Result
(cycles) (C)
N P M H1 H2 Positive 1211 79.95 +
A Negative 39.86 7243 -
- “
pr—— — Beet Honey 1  32.09 78.97 +
- Beet Honey 2 4291  78.64 +

13 194 Detection of sugar beet-specific gene using DNA from sugar beet honey.

Panel A is the fluorescent graph of amplified target gene. Panel B, a peak graph of Tm
against detection of sugar beet-specific gene in honey. Panel C, Lane M is the DNA size
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marker (100bp, 200bp, 300bp); lane N, non-template; lane P, PCR with pSugarBeet-mt as
positive (250bp); lane H1, PCR with DNA from sugar beet honey sample 1; lane H2, from
sugar beet honey sample 2. Panel D shows each Ct (Threshold Cycles) and Tm (mid point
of melting temperature) of PCRs.

pSugarBeet-mt:= AFEE 1H G741 E(@250bp)S ©AG ST ER, BB A o 9
3 AgHdos ZAH %E} v g ARy EXrE JE3] AL Aok o

-
BAsle] B AHHOE

£ d&34ste] Z17] PCRe FH o= Agetl o, o] Ais
UERN SAth DNASFZE 37 ol A } F 1g25¥ 100«12] DNAE & 53192, PCRo| A&
H DNAE 1u1E, ol A= 10 mgolA & =3 DNAoﬂ AT olF 7] BFAA o
Y3k, & 1goll EAs= AR i% Tz EAFE AtE A
Axp, AFFE AR 19 A$ 819 x 10° BA, AFYE AJF 29 A% 149 x 10! 2=

%

ok
0
Faets oz AdE A

oAF AFE ol EAGE AR Th

AT AgEe] EANE UL 4 3 Fe AT
19 195).
A B
30
. N L —] w
! i N -
107 P - 2w
L 4 yAaTAA / 10 LI
i‘ 10° B & S 10
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DNA molecules (2.1 x 107)
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DNA .
Holecules Ct (cycles) Tm (C)
210 x 10° 1247 78.82
2.10 x 107 16.10 78.80
210 x 10° 18.12 78.49
210 x 10° 22.09 78.82
210 x 10* 24.97 78.49
210 x 10° 28.03 79.15
2,10 x 10? 29.95 79.15
2.10 x 10° 30.76 78.82
2.10 x 10° 31.71 78.82
N 8.53 74.86

1% 195 Quantitative detection using pSugarBeet-mt against sugar beet-specific gene.

Panel A, the fluorescent graph of amplified target gene according to the serially diluted
initial templates. Panel B, a peak graph of Tm. Panel C, the regression line according to
the PCRs of panel A. And S1 (Sugar 1), S2 (Sugar 2) and H1 (honey 1) were indicated.
Panel D shows each Ct and Tm of PCRs.

AT B A S| AT
S5 Hee B FYHUEA ool AT Mo

2} ST

of YT 3§ FHAe] DNAYH
B4 5 otEs A/9FoE

A

L ] e
i = Puositive —;’#_.f
E N?gath'e—/i_y'
Eu- Beet Sugar 1——— v

FA
o | Beet Sugar 2 = 7=
: 2 /{ .
10 P P4 £ 53
Cycles
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1085

55 1y

man Paositive —"l ' \

" Negative —.—l—. |

=01 Beet Sugar 1 —F I| ."
|l

dF [T
-

:L Beet Sugar 2 JJF \ r"
|.~.::- I _.)".I ._"_:'[\_ I I
&0 &5 T TS B0 -1 =0 55
Temperatima{Dag.C)
D
Ct Tm
Result
(cycles) (C)
Positive 11.48 78.49 +
Negative 14.43 83.11 -
Beet Sugar 1 31.16 79.15 +
Beet Sugar 2 34.03 78.16 +

18 196 Detection of sugar beet-specific gene using DNA from sugar by sugar beet.

Panel A, the fluorescent graph of amplified target gene. Panel B, a peak graph of Tm
against detection of sugar beet-specific gene in sugar. Panel C, Lane M is the DNA size
marker (100bp, 200bp, 300bp); lane N, non-template; lane P, PCR with pSugarBeet-mt as
positive (250bp); lane S1, PCR with DNA from sugar beet sugar sample 1; lane S2, from
sugar beet sugar sample 2. Panel D shows each Ct and Tm of PCRs.

7 e 0.5g2FE 100«19] DNAE g53t3 o, PCR AH8-E DNAE 1u1=2, o= A
mgel A 5% DNAo| sjgdnh ol& 471 FFAl thdstel, 47 050 EA)she
fr AR EAFE ﬁ]ﬁO}MEEﬂ, MEF Ag 19 A9 136 x 10° BAs} M
725 145 x 10° £45 WASH: ez A=A

v

O]

WA AFRF - Ay AEds gelshr] 8 1Ad o2 FF9 PCR 4=
= ASEste ested PCRE S 2 A3t FHOo2ZE AR Eo] primerE AFg-31o]
ZZ3l PCR 4HES 1/10002 34 0}04 AHE3EA T Y3 Genechecker 11 7171& AFE-3}
AeH, nested PCR 218 7|4 9B5TANA 30x 33 3, 95C WA 3%, 57C &4 3
Z, 72C F3 3%2E 1 cycleZ 3FHTh =3 Ct gte]l 30 cycle ©o]4Y 49 SR 0A

Q
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fol HBold FXog ZAHol fFaASA ¥t #HE F cyce T 30 cycle® A3}
Atk 2+ PCR Wkg-Al& A7) DNA €9 F 1418 FIoZ Agsigon, AEFEYL A

()
sl7] f8) AF8&¥  primer= Forward primer: 5’ -GAATTGCTGCTTGAAAGTTTTC-3’
Reverse primer: 5° -CAATTCTTCCTATTCTCCTGC-3" o|¥, Z+7t HF&% 1uMZ ZH ’8}
At

A3 Z+= A" (Beet Sugar 1, Beet Sugar 2)3} & (Beet Honey 1, Beet Honey 2) A 5ol A
FTE3 g0l YR dVIAES B SEEHS e, ol FESA, 3 24 9

o
tEs ANGFAA FEARC] AGE LF FAAYLS FFT & AATHIY 197

gt rlr

A B
Ll 1200
10Ed
300 - TR (R
- e B4 Honey Sugar 2 " | s Positive,
g Positive————————»~~ = f Beet Sugar 1
" : . S e ™ ,' il", =—Heet Honey 1,
§.~;. Beet Sugar 1 ,_,.f’ e an [ 1] BeetHoney2
E - 380 I 14
Beet Slgarzﬁ—r 24 I L\
= Beet Honey 1, 2_.-r:':—.-—_p / \Egath 1204 j \\
! ] H |:- |-\. ] ."~ X L:‘l‘: -.'I-I 'I:l I-I 5I:l
Cycles Tﬂwﬂ“ﬁmﬂr
C
D
N P M H1 H2 S1 S2 Ct (cycles) Tm (C) Result
— Positive
13.35 78.16 +
- 4 @-—-— .. (P)
o Beet honey 1 20.38 7783 +
(H1) i .
Beet honey 2
(H2) 20.28 78.49 +
Beet Sugar 1
(S1) 14.33 78.49 +
Beet Sugar 2
(S2) 17.26 76.84 +
Negative _
(N) 0 0

1% 198 Detection of sugar beet-specific gene using nested PCR.

Panel A, the flourescent graph of amplified target gene through nested PCR. Panel B, a
peak graph of Tm. Panel C, Lane M is the 100bp size marker (100bp, 200bp, 300bp); lane
N, non-template; lane P, PCR with pSugarBeet-mt as positive (196bp); lane S1, nested PCR
product with DNA from sugar sample 1; lane S2, sugar sample 2; lane HI1, from sugar beet
honey sample 1; lane H2, honey sample 2. Panel D shows each Ct and Tm of PCRs.
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Hop B3 ART A" AR AAE ALY AMRE fAA HES Y 7]
PCRE &3 A4t PCR 4H=S AAStH F71AAEE&4 S TR Th AFGSF Aot A
T Ag, AIRE AlFEo|A FZF PCR 4FE3} nested PCRS FZ3 A& PCR 4t
Megaquick-spinTM Total fragment DNA purification kit (iINtRON, Korea)E o] &3} A
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Sanger sequencing

& RS AT, AT Ao ABT M AGT B
N AEE ZE4 2eglo

} A 2HGenBank accession No. BA000024.1)¢}
25 100%9] dAE Hol AMRE 5 A e gl E3H Nested PCR product
= o] &3 dArIAE EANAE 69A FUIALER] ofuldY Ado] EAP o, e
99.2%% YERRTh ol Foll, A7 AMRSF Aot AMRER Hd", AMRR EolA A
DNA+= AMR- AoH, 159 AAARHS AX AT
R A e - 4571 F ARF A RS L

i, X5 DNA= AEE & &< S9sati(ad 199
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64
BAOODO24.1 AAGARRGTAGCTAGGCTTCCT GAT GGTAT GAAAGAARTAGATCTTAGTGCTTTAGACGACCTAG
Sugar beet seed ARGAARGTAGCTAGGCTTCCTGATGETATGAAAGARATAGATCTTAGTGCTTITAGACGACCTAG

| T PR

Sugar beet sugar AAGARRGTAGCTAGGCTICCTGATGGTATGAAAGARATAGATCTTAGTGCTTTAGACGACCTAG
Sugar beet honey AAGAARGTAGCTAGGCTTCCTGATGGIATGAAAGAAATAGATCTITAGTGCTTTAGACGACCTAG
Nested PCR Product anGAA-GTAGCTAGGCTTCCTGATGGTATGAAAGAAATAGATCTTAGTGCTITAGACGACCTAG

65 115

BAM0D24.1 ARGGARGEAT TGCT T I CT CACCCETAGGCGCATTAGACTGARTTAGTIGITIGITITGGCATITIC
= e e

Sugar beet seed ARGGAGGATTGCTTCTCTCACCCGTAGGCGCATTAGACTGARTTAGTGTTTGTTTTGGCATTTG

AGGATIGCTTICTICTICACCCETAGECECD - - B e L Tl

Sugar beet supar ARGGAGGATTGCTTCTCTCACCCGTAGGCGCATTAGACTGARTTAGTGTITIGITITGGCATTIG

R W e e e ey e e

Sugar beet honey ARGGAGGATTGCTICTCTCACCCGTAGGCGCATTAGACTGAATTAGTGITIGITITGGCATITIG

Nested PCR Product ARGGAGGATTGCTICICTCACCCGTAGGCGCATTAGACTGAATTAGTIGTITIGITITGGCATTIG

173 199 Sequence alignment about PCR product from seed, sugar and honey of sugar
beet.

BA000024.1 is Beta vulgaris subsp. vulgaris mitochondrial DNA, complete genome from
Sapporo, Japan. Sugar beet seed is DNA sequence of its PCR product. Sugar beet sugar,
Sugar beet honey and Nested PCR product were generated in this study. All of the
detected DNAs were confirmed to be mitochondrial genes of sugar beet.

ditd oz AREE = PCR7IZIONA 2 &R A82 5 A=A AFstaal, &yt PCRY)

7191 PTC-200 Peltier thermal cycler (MJ Research, USA)S Al-&3}e] AMERFE: 11 DNA =
25 AYsYPt. PCR 212 x7|HA 95T oA HE &gk & 95C WA 30%, 53C &
A 30%, 72C S 30%E 1 cycle® 3o, F cycle £ 40 cycle2 AAsAch 7zt

PCR HF&-olo DNA &9 = 1418 FFOoZ AR od, AT 1H FHA49 HAES
238 AF8-¥ primer+= Forward primer: 5° -CTCGCTTTATCTCTTTCTACCGG-3* , Reverse
primer: 5° -GAAATCTCCTTCAGGTTCAGTCG-3’ °o|H, 7+t HF&s % 1uM2 A3
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AR Aok Abg
F2AH(2500p) S 29I T z =
£ 196bpe] band® BAY 4 YATHARMAA. o] e AT 3
= #ode, 4 ARe ZL fAFozH Uit PCRIVGIAE & Ao 223 4
8715 RoFATHIH 200

N P M 1 2 3

1% 200. Conventional PCR of sugar beet-specific gene in seed, sugar, honey.

Lane M is the 100bp ladder size marker (100bp, 200bp, 300bp, 400bp); lane N,
non-template; lane P, amplification of PCR with pSugarBeet-mt as positive (250bp); lane 1,
PCR with DNA from sugar beet seed sample; lane 2, from sugar beet sugar sample; lane
3, from sugar beet honey sample. Sugar beet-specific gene were well amplified with
different DNA of sources using conventional PCR.

KeN
=
T2 5ol AEE F Aee THT AolH, ARF

PCRY & o] &3t 5ol A& A7, S HE
2 RydE ¥ deydlain e al, 2013
Sobrino-Gregorio et al, 2018), ©] At APAOE AMSE BEYCE AAE F

% b | Ll
Pelom, B AT ol nxe] AAHFYE AN HLE AR Az AFTo|A 3
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I Azx Es AANR "HEIJNA ANBF(Beta vulgarid) Ev ABTT
(Saccharum officinarum) 1§ §2AA A&SH FE&

B go] A FTYBEPNA ATE AFE 4 HE ARE FAARE GAT A
olm, 7% 13 9 28re] HUWL A gste] AT ARIA Z47] AT Er ARss

FFesdoAAM A ANes 9 #d AERE v ZUHE 32).

= Hzg X CH| HMF EtAH|
a7} T
NO. A=B %) ©%) %) (/) (mg/kg) (%) 4l
1 OH AFIt&F 322 66.1 0.0 0.00 - -125 nid=,
. Beet sugar + )
T |rvertase 22.4 76.0 0.2 1.24 6.8 25.7 S
_~ Beet sugar + - o| oA
2 2 | ertase 22.1 77.2 0.6 1.26 7.0 25.6 ol 5 gtd
_~ Beet sugar + B =
3 |hvertase 22.1 774 0.4 1.25 7.2 25.9
3 Unknown (1) 18.4 69.3 6.7 1.55 492 -24.0 oM
-1 Unknown (2) 217 68.7 40 1.54 8.0 -27.2
4 -2 Unknown (2) 21.7 68.0 4.0 1.54 7.9 =272 oM
-3 Unknown (2) 21.9 66.4 4.5 1.50 89 =273
-1 Of7}A|OtE 20.2 72.2 3.0 1.57 0.5 -25.2 M2ss
5 -2 Of7tA[otE 213 67.2 2.0 1.55 0.1 -254
-3 O}FtA|O}Z 20.9 71.0 2.8 1.57 0.7 -25.8 MN2ss

E® 32 T FEsHAAA ATH A5E L
2 HAo A= 2t A RoA AR T e ART ILfF FAAE A=) flste 24 AR
ZRE FE DNAE FE3tdor, ol& 1 Cetyl Trimethyl Ammonium
Bromide (CTAB)2} phenol/chloroform &3-S ALg3sle] & AA|st= CTABHE o] &3
o (¥ 5, 2014). o] 2 <F<&3tA, F Imlol 30«1 10% SDS9} 3 x1 proteinase K (20mg/mD)=
Y 37C waterbatholl Al 1A 75 A X3 3 1001 5M NaCle Y11 £33t o, o9
8041 CTAB/NaCl &94& Fristal &3 &, 65CeolA 1023t AXAIHY. 700 «1
phenol/chloroform (24:D)-& F7Fetal &3 £, 12,000 rpme2 A -2oA 123F A4 E2f st
At FEH &ANks FHstel MEE tubeolA, 0.68f %9 isopropanole Wi £ &,
15,000 rpme.g2 oA 153t dAEestr Fede AASAT. A 1mle 75%
ethanol& 7}3le] =& ), 583F A A8k 15,000 rpme 2 Ao A 1587F A4 &3t

&

DNA &<4-2 Biophotometer (Eppendorf, Germany)E %3l  %& SA3sta -20ColA ®E3
st ALE-3FA T

AR f FAA dE

o
do
=Oé

A zZ14 PCR 717190 Genechecker 1I (GENESYSTEM
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Co., Korea)& Arg3tgom, PCR 212 =714 95CA 30= Aayg &, 95C WA 3
%, b3C &4 3%, 72C T 325 1 cycdeZ 3t¥ oM, F cycle = 50 cycle2 HA3H
. ZF PCR ¥+g42 7] DNA &9 5 1ule FIo= ARG oH, ARY 1f #4
2}4] AEs el AH-&-E primer+ Forward primer:
5’ -CTCGCTTTATCTCTTTCTACCGG-3’ , Reverse primer:
5’ -GAAATCTCCTTCAGGTTCAGTCG-3" °|H, Z+Zt HEF&s5E 1uME A3t

R
ol
-

AR AR AR HES A"l primere  Forward  primer:
5> -CACCGCAATTATTTTTATTCTGAG-3’ , Reverse primer:
5’ -GAACATCTTGAATCCGGTATTC-3" o]t}

No. N=3 NEE 1% 9% NgEE g Sk

1 ot 2t SHE I Fig. 1) ol d(Fa: Fig. 1)
-1 Beet sugar + Invertase L (E D Fig. 2) (E 2 Fig. 2)
2 -2 Beet sugar + Invertase (& Fig. 3) & (& Fig. 3)
-3 Beet sugar + Invertase % (E D Fig. 4) &M (E D Fig. 4)
3 Unknown (1) SH#E 1 Fig. 5) %M (X Fig. 5)
-1 Unknown (2) O (& Fig. 6) 23 (&2: Fig. 6)
4 -2 Unknown (2) 29(®2: Fig. 7) =3 (&2: Fig. 7)
-3 Unknown (2) =241 Fig. 8) =23 (&2: Fig. 8)
-1 OFZFA|OFE M (E D Fig. 9) UM (X Fig. 9)

5 -2 OfFtA|OtE (& Fig. 10) (& Fig. 10)
-3 OfFtA|OFE Sd&E 1 Fig. 11) M (E D Fig. 11)

£33 8% FREFIN ATE AREAA ARFHARE 18 AR 22 A

M olejol £EsgoL, 7 ARl
Aabs B B A AA ST

- 174 -



A& 19 AEd3t:

At Aeas
_‘_ Megative Tfl_- ::::::
. ! |
r [l
| | et | [ e
} ragative— N |
N M1 = ;'I = | | |
" N - I} i | i
ASE s
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
AR 1 33.96 77.50 32.86 72.64
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

1% 201 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 1
APRFS A fRAE AR 1elA = Tmgte] negativest s o =2 AMRSF I3 4H2]
HEo] obd Aoz AR AMEFFY 1f FHAE 2% PCRAA Alm 19 Tmgkol
positive®} AR Tm#ts FAsA U, AAde] REgto] o] HE: A3 oJiloz AR

3}
.
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A& 2-19] A==k

Mg A
SEAtIVE — - Positive
3 ; e -'lll T Sample2-1
| e = = _ |
B : * Pesitive —-f'll : | |
!'i | E Hegative —— - o | |
| | AR i Samplei-1-—= I,l [ E | |
= g I g | |' |
| | A
............................. ll il
. " . . - " . “" - ."..b " " " " . . " . * Cyiies ? - -;man ﬂE;ﬂtlr "
AE N s
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
Alg 241 26.30 84.50 9.27 73.61
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

13 202 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 2-1
ARSI A= AR 2-12 Positiveet ARG Tmgks A3t ART 1/ #§3
2ol A= A FAdolgta B ARTs AR If FAAE 2-19] 13 PCRAIA &3
A3 s Aoy}, A4H 23 PCROIA positive®t A TmzkS dAste] AR 1

r AR AE A3 Fdoer B4,
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A& 2-29] A=Ak

Arte At
a1 __-Positive
- | Plegat -. F Sample-2
: i i
ﬁ - 5 - Pasitive -,-'I . | I||
1. - S | . !
. Al 22 } ) ' ‘ |
) " : il
= i I
— RN
AE g
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
AR 2-2 29.05 76.50/83.50 16.07 73.61
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

13 203 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 2-2
ARl 1 FAHA=E AR 2-20]4 Tmake] 76.50°C (negative AFak) <} 83.5C (positive
AgHoz ZRHel AFE Tf F0A FH Moz B ARSEF TH fAAE A
8 2-29] 1#F PCReA SAZAHAE At o, dAs&5HE 23 PCRAA] positiveet AFSH
7!

[e]
= o
Tmgts At At 1/ A HAE 23 P42 34,

- 177 —



A g 2-39 HAEZdH

AR At
A = . egative __ __Paositive
_z | T Sample2-3
[ = pogitive . |
i - i Megative e . . ||
: NEEE = Samp e.:-3—|.—- | : | |
|- ; |
= " ::' ol , Il'
= fanam ._.;" ...................... .'I l,
AE s
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
A& 2-3 28.19 84.50 21.05 73.61
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

713 204 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 2-3
AR I fFRAE AR 2-30A Positive$t F-ARE Tmgks @38t AFRE i
Axel A% AT dHold ek ARGF] 1§ FHAE AR 2-39 13 PCRAA &
AABRE Felstg o, A& 23k PCRoIA positivest A Tmgks @At Aleks<r

T4 §AAe) A% AT FHow WA,

- 178 —



A& 39 AEd3t:

AR At
S ] | Nugative — _Poaitive
. F i i | | —5ample3
= r I,:_:/.- ! N .II
i R s A O NN |
| | i Sarnpled —-If { = |
i |
B3 . { | [ 1|
: % [ } H
«—— WS _..-".l | z.-' | ) | L
AE N s
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
AR 3 - - 12.10 73.94
Positive 9.02 825 12.10 73.94
Negative - 77.05 24.90 71.99

13 205 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 3
AR 3 FRAE AR 34 Tmgkol ZAHA ool AT TH-FHAS] HFo] of
Heha #g ARsge] 4 #4448 AR 39 13 PCRAIA S42TE Haton,
A4® 23 PCROIA positivedt GAMG Tmaks &Aste] Algsd 14 Fdxe] 742

3 FHow B,
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A& 49 =43t

ALEFE
e MEES
- Megative e _-Positive
,. |
F - 4D | |
st |
,. L .r 1] [
. NEa—A " / |
] ™ I
N T - ¥ ,I | II
M @ 48 ® W W @A W a: .-.r:l- oo M W @ = W s s -rm-“":‘-.'-'l
AR g
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
AR 41 30.89 76.50/83.50 27.82 70.37
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

1% 206 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 4-1

APl 1H FAAE AZ 4-1014 Tmzgke] 76.50C (negative -FAFEHSE 83.50°C (positive
FTARDCE SA8E o] AMRST If F3A T Ao E Ad ARSTY If fFHAE
A& 4-1¢] 1z}, 22k PCRAA 5 SAAAE gl
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A& 4-29] A=Ak

A Atgr:
| [Megative - - _ Positive
- P — | | ~--Sampled-2
Ir‘: : f-l. Positive -'.I | I|
]— o H .‘\leglatn-;—l:—- g™ |
| = AR 4-2 § pampled- T - .
i S |
) n | & [ |
- I
e
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
AR 4-2 30.91 76.50 31.70 70.37
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

1% 207 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 4-2
AP 1 FARAE AR 4-2014 Tm3ko] negative®} f-AMSFo 2 AVRFE 31 H--F7 A9
AZo] ol A AR f fAAE AR 4-29 1A 2% PCROIA BF 54

A7t st
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A g 4-39 HAEdH

AEE AEaa
Megative = Bositive
:. ﬁ-!' Sampled=3
- . i
. w1 | | |
1i lesed [ 1
il Negative1——# ™ [
1~ i Eampled-3———=| ®
H. Mg 43 / 'I | J |
= - I.' | » | |l. |
L ! i
[
AP RS
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
AlZE 4-3 32.25 77.50 28.61 71.34
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

13 208 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 4-3
ARSI f FHAE AR 4-3914E Tmgkol negativeet SYTOE AMRF AFHFAA
o FEol ohim Ak AFEFe TH FAAE AR 4-39) 13 22 PCRAIA 2% &
dA3E gl
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A& 5-19 HAEZd3

ElO
ARE At
Magative e e -Positive
| P r— L o [~ samples-1
N 4 P«':l!-i'.ll\.l&--.-'::llr .. | ||
r\-—_ - nga?iu;.'—.. |
!: o AE &1 E Sampleﬁ-l—:f:- _;__ ‘
- . Ill:lll R |
) N |
¥ dL! i ) [
----------- ; -l_ — T I - “l &1
AE N s
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
A& 5-1 2742 84.00 12.97 73.61
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

13 209 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 5-1
AFRe] 1 FHAE AR 5-1S Positivest AR Tmate FA4ste] AR uf 2
Aol A% As FAolga B ARFFY i AR AR 5-19 13 PCROIA &4
Ae St ok, d&H 23 PCROIA positivest fAHR Tmake FA4ske] AR5
fr AR HAE A3 FHoE BA.

al
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A& 5-29 HAEdH

(= =]
sk Mg
- Megative. — _ Positive
1 = =] il | T Sampla3-2
r I
- L 2% Pciltwe—-:': | ||
Megative— i | |
. f Eamplas-2= | .
1 RS . |
. : ; . |I |
) | 1 o
: N [l
s== P [ —— | R N— || l,
AT A
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
A& 5-2 28.31 84.50 11.05 73.61
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

1% 210 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 5-2

NERE

I FAAE A8 5-201A Positives} AR Tmgks FAdste] AMRSF I+
IF FAAE AR 5-29] 12} PCROA]
st o, A% 2% PCRAIA positivest AR Tmiks @Akl AR
FHo= A,

e

A3} Aoleha T AgLse
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AR 5-39] AE&Zd 3}

N A
pegative. —  Positive
| ‘ll samplai-3
-. L _ |
~ g F‘:l:iti'\.'n 1_.': | .|
i s — : H
’ o ||
H
AT g
Ct (cycles) Tm (°C) Ct (cycles) Tm (°C)
A& 5-3 31.83 76.50 20.96 71.02
Positive 9.02 82.50 12.10 73.94
Negative - 77.50 24.90 71.99

1% 211 Confirmation of B vulgaris and S. officinarum specific gene in honey sample 5-3
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