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Standard Protocols for Molecular Detection of
Specific Genes Originated Sugar-cane or Sugar-beet
among Residual DNA in Honey
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m To distinguish between natural honey and adulterated honey, standard protocols for SugarCane-
specific detection PCR and nested PCR or SugarBeet-specific detection PCR and nested PCR
against residual DNA isolated from honey were established. SugarCane-specific detection PCR
and/or SugarBeet-specific detection PCR were performed with residual DNA isolated from
honey samples, as initial template. Then, SugarCane-specific nested PCR and/or SugarBeet-
specific nested PCR were also performed with 1/10,000 part of dilution from 1°' round PCR
(detection PCR) products of same honey, as initial template. Every, each materials or reagents,
and experimental conditions for this kinds of PCRs were described in detail with case-studies
for 8 honey samples. The proposed protocols would be expected to be widely used as standard
method for the analysis of residual DNA from honey.

LGS Honey, Residual DNA, sugar-cane; sugar-beet, Ultra-rapid PCR, Nested PCR

N =2 (pollen DNA)C|™, o] 52 Wi SF22] FHiz HEo]
ZeFEle] Qlot, 1 919] Z12 Zs=o] DNA £449]

HE = thofet &4 9] 5-HZHDNAYF Y Eo] BE el (naked DNA fragments)Z ZFRE7] &, o] §-42=
)1 glon, Helo] 3 FHAE HlEste] B 139 & HE| 7 A2} (Residual DNA)ZH 9He, 45 44
FAZ 2 B G eE 2 282 A # b HEWE oy thE Ao AR E| I Utk (Wang er
e mBE FAA T EHol HES Ailshs Il al., 2012; Zheng et al., 2019). BHo] HE-S APAlsh= 1}
AEEE e YEA S &2o] dol A Hot(Ruppert oA deo] Bz AEAE9] e AALHA HE
et al., 2019). ol & FA2 F 7P B2 A2 SFERAt U F2o] &m, Zo] = Al7]of whet HEE, oo}
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&, R £AR Y SMEEE HE W 4 £+
H RS Kol St T ShE DNAS] B4 {3
o]g5}to] shE o] ARS A%3kal Utk (Bell et al., 2016;
de Vere et al., 2017; Baksay et al., 2020). At A" &
£ AR A o5 e AFFEEL, WA HE
(Natural honey)2] 7H& 2] &35k 9.2
T8 HEQ oA opdE] it A=E A i
o}, A8 Sucrose O] 99.99% 2 EAE AR =
=g Aol glovt, Aol Axrt AEA] AR
=7 T AR BeE 4, AlF, 245t o]t
AHgS AXA == A=, o] JA A A=,

50| ABA| 15 TR AAEY, Inje)

T

=0

07 FREH ARFE A ZolA, BlofA AEES A}
oAl =, SR AR B AFE 15547
Sk HER EUHY, o] AAAES HEY HEA
Ofsf] A4t HE AlFell I = XR=A e

2 PCR 7]%9] ¥HH.& 35374 2] pCRo] 24]7t0] 4
L= 20009 ZHe] H|Gko, 503]4 2] PCRS 10+
tof] &msh= 50 o2t (Kim et al., 2019; Kim et
al., 2020; Troung ef al., 2021a, b). ©]A LA HALx
22| 9] PCRE +5t=, = 12 PCRAFE] Hi?t PCR
91 nested PCR (22} PCR)7HA] 308 oJujo] ¥ad 4= 9l
Al =101, nested PCR] E-§-2 Fu|eke] Eolgzdzte] of
oF T (sensitivity) 2 A& (accuracy)S HIFH o2
= 2 A HAth(Kim er al., 2018a; Kim et al., 2018b;
Trong et al., 2021c).

2 A= AR AR o] §Ak
-2 S o] (Kim er al., 2018a; Kim ez al., 2018b), TF
A2 HAPE S A8 AEE oY
AP §AA W AR 7] A E AR
12} (detection PCR), 2%} (nested PCR) PCRH=
-84 05 A2t Aolt), o] AAHE AlFET HAE
S Q% HEY fA% HA| 350%, B A

24 protocol 2 A A|5tA}F STt

ZEHO
o1 H=

1. L HE 8F9| +%
oA it 8F2] HES S-S 8F T 65

208

2 Tt Ao = AFEH ool A4tE ofFtAloPEE,
g, ke sollor, 282 ESH oo A4t E
TEo| Ut 3, 100% AFFECl 37| AlFES
T st om, Al o] PCR AAPIA HE off
£ ZRlIsiaitt. 11 9] 2 A4txlo]| HAPE oj=ld HEE
T A7 7 AFEE| A TH(Supplement Data).

2. N5 0] REXE

(standard DNA)

Sfe XS

Aetaeg= Eo0] pCRY Q] EFE4 (Standard material) =

A AP 18-S A plasmid, p-SugarCane-
cp (pSC)E AHESHATE. o] 2T DNAL A4
2] 912
maturase K (marK, GenBank accession No. LN 849913)
FHAE pGEM-Vectordll HAHSH A o2 AMgF4= A
Oto] DNAE FE 22, cloningd Z&o|H, Cane-cp-F
(5'-GGATTAAATGGTTCCGAACCTG), Cane-cp-R
(5-TTCCGAAAAAACCCCGGGTA)2] 5Z% 698 bp2]
DNAE SE3RRt Aotk (Kim er al., 2018a).

(Sugar Cane; Saccharum officinarum) 8

3. MR 1] |EKE

(standard DNA)

efet BESY

BFE74 (Standard material) 2

7S FARE plasmid, p-SugarBeet-mt
(pSB)E AFESIRI. o] A9t DNAE A PIEZEE
2]o}F(Mitochondria)oll #1218+ 250 bp2] 772t (GenBank
accession No. BA000024.1)5 pGEM-Vector®]l A+ 7
o|th(Kim et al., 2018b). T}, pTOP-Beet-RdDp315+= At
F7-9] genomic DNAC] $]%]2t RADP (RNA dependent
DNA Polymerase; GenBank Accession no. EF101866) 5
AZE GG A2 DNAR, AFRR 15§47 A&
of = FFEHE AGE A

A9l genomic DNAE A® A X3 F naked
DNAE Z4f&of Aeo] ZHrHt). ol= AFFES] I
F25 E8sh= g4 mitochondrial DNA E+=
chloroplast DNAETH =2 =82 £ 2] ¥ 7] o]
A e = A
HH, AP

pi

AP 5°] PCRY S
A AP A

=
pu—

FFEdE
= A7 Az AEA 9] FeRE
ARESHH, Al AE Y] 2717915 AR A

i 1
S22 9] 3% DNA, = Genomic, Mitochodria, Chloroplast
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HENM ALY 1] ST HE

DNAE &, &71, Beo] whet 11 57 2, = A

TEo] B M| L] Chloroplast DNAE ATZ] o 2 o9

/\/\O]Dﬂ O]‘— 1:}]-@-_,] Z]— DNA ]-EH;Q'E_E 7};(01_ ]%]_
2 BATE 71551

4, HEANROM TR

dEo] RE e
+ FUFCE 1 mLo Eofl 1ng ©lste] o] 2=,
spectrophotometer2] 260 nm IFFlA 7HdE wj2212]
A=A QA AeFw|z] et B e 7] S5(2021)2] v
He 72O 2 mLo “*%011*1 5 DNAS E2l5td
1% 1 uLE Z detection PCROl initial DNAZ AR8-SH3L
o}, oF&otH, HEA RS 5H1FS] DNA binding buffer (5
M guanidine hydrochloride, 30% isopropyl alcohol)°ll &
SIAZ1AL, °]E 700
puL washing buffer (10 mM Tris-HC1 pH 7.6, 80% ethanol)
2 AET S, 50 uL THTE BEA 7= Aol

SHxt (residual DNA)2| £2|

5 5742} (residual DNA)
°f 1n

7] &8l A1Z] F, affinity columns

F ARs 1R HEAE

= (1%} PCR) Z&}o]HZ Cane-

cp-dF/dRO] AR E] et ESH 12} PCR A2 AHS-=5}
7] 9%+ 22} PCR (Nested PCR) Z2}0|H 2 Cane-cp-nF/
nRO| A= 1T (Table 1).

+~ p-SugarBeet-
mt (pSB)= A}A‘lﬂtﬂ 17<} PCR 222 H Z3517] 915k 2
2} PCR (Nested PCR) Z2}o] ™= Beet-mt-nF/nR7} A18F
=] 31tk (Table 2).

T3F, pTOP-Beet- Rde315% *}%*”
TEHE ARGt B9, AR
5t7] $1t HE-8 (12} PCR) HE}OME Beet-RdDP-dF/
dro] ALE Y om, 12} PCR A= AFEsH7] gt 2
Z} PCR (Nested PCR) Z2Ho]H 2 Beet-RdADP-nF/nR©] A1
=] QITh(Table 3).
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Table 1. Detection- or nested primers for amplification of sugar-cane specific gene

. Cane-cp-dF 5'CACCGCAATTATTTTTATTCTGAG
Detection PCR 271 bp
Cane-cp-dR 5'GAACATCTTGAATCCGGTATTC
Cane-cp-nF 5'CTAGGGCAACTATCTTGTCC
Nested PCR 137bp
Cane-cp-nR 5'GGATAGGGTATTTCTATATGTGATAG
Table 2. Detection- or nested primers for amplification of sugar-beet specific mitochondrial gene
. Beet-mt-dF 5'CTCGCTTTATCTCTTTCTACCGG
Detection PCR 250 bp
Beet-mt-dR 5'GAAATCTCCTTCAGGTTCAGTCG
Beet-mt-nF 5'GAATTGCTGCTTGAAAGTTTTC
Nested PCR 196 bp
Beet-mt-nR 5'CAATTCTTCCTATTCTCCTGC
Table 3. Detection- or nested primers for amplification of sugar-beet specific RNA depent DNA polymerase gene
. Beet-RdDP-dF 5'ATGTGTAGTGCCCATATTTG
Detection PCR 315bp
Beet-RdDP-dR 5'GCATTATGAGGAGTGTTTAGTAC
Beet-RdDP-nF 5'AGCGCTTCTTCATTCCAAGA
Nested PCR 160 bp

Beet-RdDP-nR

5'CCTTGGTAGGGAATGGAAGG

209



PCR< 1) Cane-specific detection PCR, 2) Beet-specific
detection PCR, 3) Cane-specific Nested PCR, 4) Beet-
specific Nested PCRY] 4& PCRZ A4 0 &2 A Als}
= Zlo|th. Detection PCROIA 3 DNA 892, ¥F
DNA E= FEA|=oA £t DNA 892 ARE5IC
™, ¥ Nested PCROIA 5% DNA-82 siiid PCR 4t
59 1/1000 F= 1/100002.8 3]A5ke] 1 349 | L
£ ARgsHT. 2114 PCROIA ZF 71 PCRO] S
10 Lol o™, S5 2 uLol ¥ DNAS 1 uL Yol
a1, o]o]l PCR 7ol T Primer &, 5 forward primer®}
reverse primers Zt 1 uL (10 pmole/uL) A= 211, o]of 5
L 2 x Rapi:Detect Master mix (Genesystem Co., Korea)=
ol & 10pL=E 2453t

2l CRO] FAI, &2 2 9 AIZtxAS
&3 5 QA FSITh AME S 9 AR 1 &
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2 53°C 24 4% (beet-mt-detection PCR),

A 4% (cane-detection PCR; cane-nested PCR),
57°C &4 4% (beet-RdDP-nested PCR), 59°C &4 3%
(beet-RdDP-detection PCR)OIA] B} %2 2SS
Hol oot v, dett dit 3820 =E 4%
14 PCRE BT -85tH 2 PCR S350l & 2o

Holz] ¢fgtom, g2 AA ot ct @ #aE
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thermal cycler (MJ Research, USA), 18] 1! Exicycler™ 96
(Bioneer, Korea)E AH&5to] AFF/ANY 4= 115 DNA
SES Aokt PCR 2712 271914 95°Col|lA] 58
ZYet & 95°C WA 30%, 55°C 24 30%, 72°C &
30%E 1 cycleZ SI9.2H, ¥ cycle T+ 40 cycle2 A
gotct. 2 PCR HHe 42> DNA 89 5 1 uLE T3
2 A}8519. 2™, Cane-specific Detection or nested PCR
9] Cane-cp-dF or nF/dR or nR , Beet-specific Detection or
nested PCR 2] Beet-mt-dF or nF/dR or nR< Z} 1 uM (]
T2 ZAoto] FQAL, AccuPower™ 2X GreenStar™

qPCR Master Mix (Bioneer, Korea)< A8+t

a
2ot S uE

1. Beet-specific Detection PCR2| £0|4 3 MM

EZE4 p-SugarBeet-mt (pSB)E AT 3|45t 211
<4 PCR= o8st3itt. 349 EFE4-2 initial template
2 2171} 5ol £AE FolRlol= 5ol FEEAH (Ct,
31.71 cycles; Tm, 78.82°C), initial template 10°~10° B2}
TR Tt Aol A= AT (Fig. 1).

2. 87l HEA| 2| THF DNAO Chst
Cane-specific Detection PCR

HE W AFSS L A2 EAskEA] RE 7t
2]7] fIsto], =l 8F2] BES 3okl HEA R A
-gotolct. HEolA 7 DNAE E25H11 (Kim et al.,
2021), ©]= DNA®] st Cane-specific Detection PCRS
Yot (Fig. 2).

Cane-detection PCR< 95°C 4 sec, 55°C 4 sec, 72°C 4
sec (50°]40) 2] 20l|A, R HRTHA] F 24+ 22
27} 28521 positive control?] lane 13 2= Ct
(Threshold cycles)”} Z+7] 9.20 cycles, 16.13 cyclesZ 1}
B} 2 HFAdS BTt Tm (Temperature of Mid-
point)E Z}7] 77.99°C, 78.64°CE ZA o], -2 Eo]
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5 480
360
240
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0 =
60 85 70 75 80 85 %0 95
Temperature(Deg.C)
(D)
DNA Ct (cycles)

molecules cycles (°C)

2.10 x 108 12.47 78.82

2.10 x 10’ 16.10 78.80

2.10 x 10° 18.12 78.49

2.10 x 10° 22.09 78.82

2.10 x 10* 24.97 78.49

2.10 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

Fig. 1. 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 analysis of melting-point. Apex of each peak (dF/dT) indicates each mid-point of melting temperature (Tm) of each
PCR product. Panel C shows regression analysis. Regression coefficiency was calculated, as R?=0.9943. Panel D comprised the number of
molecules of initial template, Threshold cycles (Cr) in each PCR. In the range of 10°~10% molecules of initial template show acceptable quanti-

ties for quantitative analysis.

PCR product¥<S HAFSoHAH= 0.65°C). ?l’l?i, HEA]
22| DNAZ 7|A 2 AFRS! lane 3~109] ¥

%@# 4011*1 2= 9] F7t fﬂrt 37
positive control] lane 13} 29] A3} B3] FEEH,
o] 223X lane 1, 2 (TmEHwF 78.32°C)&t lane 3~10
(Tm: 75~76°C)-& EH35| TFE TmZEC & AL Qi

Cane-detection PCROIA], ©] SHZE2 lane 1, 2€ Al
9]t lane 3~102] PCR AHE50] HIE0] S-E90-& LFeR
a1 9loH, o] PCRAMEES Agarose gel 7|95 02 &
oI5t (Fig. 3).

3. 87l HEA|=2| THT DNAO| CHet
Beet-specific Detection PCR

ME Y AR 18§27 EASHEA ofnE 7}

2] Sk, 4] §50] WEE Aalel BEARE A

Bololtt. HEA X7 DNAE =26t (Kim ef al.,
2021), ©] DNAE (Cane Detection PCRJJr Ze Az of
3t Beet-specific Detection PCR< 55T (Fig. 4).
Beet-detection PCR-2 95°C 4 sec, 59°C 4 sec, 72°C 4
sec (50217 ] oA, §HEA A=TA] F 26 11
z7t 285909, positive control?l lane 17} 2= Ct
(Threshold cycles)”} ZY7] 33.45 cycles, 30.40 cycles=
v EFEZ 0 =17t ASet Ao|9x] oilo] &
O} Tm (Temperature of Mid-point)= Z+7] 81.13°C,
80.80°CE Z4H o], 22 5o|] PCR AHEHS HolF4]
th(2H= 0.33°0). 4, 8% m%ﬂliJ DNAZ 7|4 & A}
23t lane 3~109] Qi =, SEFA A Ct Fol 45 cycles
o|F9] #Eo g FTHH X Holu, g 2=
7t T2 FFAEO] 7]2717} positive control] lane
13 28] 27230} 27 5] F-2E ™, 234014 lane 1, 2
(TmET 80.97°C)¢} lane 3~10 (Tm 25 4 =2 -2
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o o 3l & A
|87, 40|, g3, 25
Amp
Wiew ]\Ne... | Marne | Ct ] Tm | Type I Copy No. ] Group | Resultl Color
300 o 1 Urk1 920 7799 UMK Hull A - 1R
—— 0 2 Unk2 1613 7864 UMK Hull A - e
2 0 3 Unk3 2615 76,68 UMK Ml A +
2 0 4 Urk4 20004 000 UMK Ml & - R
E o 5 Unks  23.06 7603 UNK Ml A + N
T fu} 6 Unké 2616 75.37  UNK Hull A +
3 s} 7 Urk7 2516 7603 UMK Ml A + | N
o} 8 Unks 2613 7570 UNK Mull A + N
s} 9 Unka 2522 7537 UMK Mull Y + e
o 10 Urk10 2513 7505 UMK Hull A + 1
Peak
1200
1080
960
% 8404
g 5 720
B = 600
= 5
g 480
@ 360
e e R e e
1204 K
0 T —— T T T
60 65 85 80 95

Fig. 2. Cane-specific detection PCRs with 8 residual DNA from 8 different honey. The conditions of temperature/incubation-time in cane-de-
tection 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, melt-
ing-point analysis; Right, peak-curve (dF/dT).

Fig. 3. Agarose gel electrophoresis of 8 different cane-specific detection PCRs. 10 cane-specific detection PCR products were separatedly
migrated in 2% Agarose gel, 1 X TAE 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, 271 bp long-cane specific PCR products were shown in lane 1
and 2. In lane 3~10 non-specific PCR products were shown.

0.00°C)2> E 5| th2 Tm 22 ALTE I 4, 87| 'HEA|R29| Cane detection PCR productoil
Beet-detection PCROIA], o] SAHFELS BEEEHS A CH#t Cane-specific Nested PCR
25t lane 1, 25 AT, lane 3~102] PCR ﬂ%o] HIE

Cane-specific Nested PCR<, 5] 8% HE AR o)A %t
i+ DNAE £4]5taL, ZH7] Cane Detection PCR (Fig. 2)&
488511, 71 PCR AH252 ZH7] 1/10000& 3]4l5}], 5]

o] THUS UEHIL 9lem, o] PCRAMEES Agarose
gel 17|95 22 ZRI5Hth(Fig. 5).
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Fig. 4. Beet-specific detection PCRs with 8 different residual DNA from 8 honey. The conditions of temperature/incubation-time in beet-de-
tection 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).

Fig. 5. Agarose gel electrophoresis of 8 different Beet-specific detection PCRs. 10 beet-specific detection PCR products were separatedly
migrated in 2% Agarose gel, 1 X TAE 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, 315 bp long-beet specific PCR products wete shown in lane 1

and 2. Non-specific PCR products were shown in lane 3~10.

Al uLE FP o2 AHESH Zlo]th(Fig. 6).
Cane-Nested PCR< 95°C 4 sec, 55°C 4 sec, 72°C 4
sec (502]70) 9] A, SHEA LB F 2441 22
27t 28 =% 2H, positive control?l lane 17} 2= Ct
(Threshold cycles)”F Zt7] 16.21 cycles, 18.40 cycles=
e S HolF9lA, Tm (Temperature of Mid-

point)2 Z}7] 72.76°C, 73.08°CE &3 H o], -2 Eo]
PCR AF=%1S HoFTh (A= 0.32°C). Cane-Nested
PCR] initial templatet=, BEA| 2] DNAE 7| X2 A&
St Cane Detection PCR (Fig. 2)9] lane 3~10 AF=-& Z17]
1/10000 3]Agt 3]49H | projglom, &2 A= Cane-
Nested PCR ] lane 3~ 102 4~3517| 5ttt Lane 3~10
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Fig. 6. Cane-specific Nested PCRs with 8 different Cane-specific Detection PCRs. The conditions of temperature/incubation-time in cane-nest-
ed 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 pL of
1/10000 diluted Cane Detection PCR product (Fig. 2). Left-high, amplification curves of 10 PCRs; Right-high, Cr and Tm; Left-low, melt-

ing-point analysis; Right-low, peak-curve (dF/dT).

2 ZEF/A0A 19.35 cyclesOllA] 29.07 cycles”7HA] THYF
grcegte %ﬂ;'i—% %quitq SE°] FHi7F ane 1,

Ao 2ol Z7to] ue 3
B3 Eo 71e717}t positive control®] lane 17} 29] 1A
I vl FARSHAl UrERt T, 3] 234014 ane 1,22] Tm
L Bl 72.92°C2t FAFGHA] -2 12 lane 6 (Ct, 19.35
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Fig. 7. Cane-specific Nested PCRs with 2 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 5
(green line), lane 6 (blue line) were performed with each 1 pL of 1/10,000 diluted lane 5, lane 6 PCR products, respectively, as initial tem-
plate in Cane Detection PCR (Fig. 2), Left-high, amplification curves of 2 PCRs; Right-high, Cr and Tm; Left-low, melting-point analysis;
Right-low, peak-curve (dF/dT). In peak-curve of lane 6, double peaks were observed.

Fig. 8. Agarose gel electrophoresis of 8 different Cane-specific Nested PCRs. 10 cane-specific nested PCR products were separatedly mi-
grated in 2% Agarose gel, 1 X TAE buffer, 50 volt, 60 min long. Left and right DNA size marker shows 100, 200, 300, 400 bp, etc from low-
est 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.
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Fig. 9. Beet-specific Nested PCRs with 8 different Beet-specific Detection PCR. 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 con-
trol), 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 puL of 1/1000 diluted Beet Detection PCR product (Fig. 4). Left-high, amplification curves of 10 PCRs; Right-high, Cr and Tm;

Left-low, melting-point analysis; Right-low, peak-curve (dF/dT).

Fig. 10. Agarose gel electrophoresis of 8 different Beet-specific Nested PCRs. 10 Beet-specific nested PCR products were separatedly
migrated in 2% Agarose gel, 1 X TAE 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 were 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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Fig. S1. 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, 1 X TAE 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 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 de-
tection 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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Fig. S2. Beet-specific Detection PCRs with residual DNA from 8 commercial honey products. The conditions of temperature/incuba-
tion-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 uL of reisdual DNA from 8 commercial honey. Left-high, amplification curves of 10 PCRs; Right-
high, Cr 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).
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Fig. S3. Beet-specific Detection PCR products using 8 commercial honey products. 10 Beet-specific Detection PCR products (Supplement
Figure S2) were separatedly migrated in 2% Agarose gel, 1 X TAE 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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