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Abstract |

We could detect the specific gene of sugar beet (Beta vulgaris) from honey produced by sugar of
sugar beet using the ultra-rapid real-time PCR (UR-gPCR). In our knowledge, it is the first report in
the world that PCR detection of sugar beet-specific gene from adulterated honey. Through
extracting the DNA (using CTAB method) from sugar and honey of sugar beet and using the UR-
gPCR, sugar beet-specific DNA sequence could be amplified quantitatively until 10° molecules of
initial template. By using nested PCR and DNA sequencing, its specificity was confirmed. DNA
sequence was matched 100% with mitochondria gene of sugar beet. This finding that trace DNA in
adulterated honey could be genetically analysed, would be used as a decisive evidence for the
authenticity test of honey.

Key words: Sugar beet, Beta vulgaris, Adulterated honey, Detection, Ultra-rapid real-time PCR

M = Fourier Transform Infrared spectroscopy), NMR

spectroscopy, HPLC-ECD (High Performance Liquid

A AFoFEY} AAES s HhH LS Bl AT Chromatography with Electrochemical Detection) 5-©]
A4 H|(CPYCHE ET 2 3 EAIRMS (Elemental  AFFE BEH o= & 315 SItkElflein and Raezke,
Analyser Isotope Ratio Mass Spectrometry)5] 2} LC-IRMS 2008; Bertelli et al., 2012; Rios-Corripio et al., 2012;

(Liquid Chromatography Isotope Ratio Mass Spectrometry) Sobrino-Gregorio et al., 2017).

ol 2 ARE-E AL glom, o] 2]o] SCIRA (Stable e, C4 A=l AP Ea(Saccharum officin-
Carbon Isotope Mass Spectrometry), FT-IR (reflectance- arum)©] AZ O 2 AAME AFFE O] -, T aw Y

*Corresponding author. E-mail: bsyoon@kyonggi.ac.kr

213



214 AECIRE IR

- ™Al - Truong A Tai - RS

ZH], & dUCglo] —11% £Zor =

o] RO =37t ¥, C3 A&l AF--(Beta
vulgaris)©] A8 0 &2 AJALE] AJOFIEEO] H Q- 22 ~ —
30%C= 57 = 1L gho] HAET} fAFsEof], &

AF7HA] ALt o) A& Fol AAkE Aol
A AP s AP AL #AARS) HE 2 Ths
SHA] 982 A 0.2 AZYE R, Aere ARg-sho] A4
AR A o] 5 A AR HES HEol =

7ket Aol 2ol Siet.

e, A" ARERE ARFE Ol A = ofU L, Rt
HE A SHERAAE o]&sto] + " A=
HAE3FL A} 3F= DNA 22|31} PCR 53512 ofH]
B 1% ¢ 6™ Jain ef al., 2013), 22 Z4 S 2 rice
syrup} rice molasses 5 AHE-FH AFFE O A Bl A&
A FAAE HES o = PCR Yo AAE B

2} EH(Sobrino-Gregorio et al.,2018).

3, PCR (Polymerase Chain Reaction) of 2]t
DNA ZE7]%0] 2AS A5l ntet, b
DNA %3 22}7ho 2 12 PRo| oJ3 Z:%0] 7153
& HOjT 9o, 58] 2314 PR 40331 04
ol = DNA % o] Al4E]o] e S mr}
S 1%THA 5,201, o] 2 )
O A E AZ Aol A =, B3 0]
AtFE oA = AP B A
Z=u|EFolete ZhEgtthH, PCR
P+ U Aoleh= 7 d=

b, 2 At W=7 2 PCR
OhH, 1= 2 GA|E Aol A, 12| ar
Attt o A=A O AL A A
o 4 S AE 7IHsHA =, A A

o ofN T

oy
o,
rlo

-

o4
ot
lo
RO

o
Kl
Jo

Mo
£ ofn
N

i o ijﬁ H 2o

O E 2
ob MU > ooy
o 1 o o b 2 X
R oE R

S~
e
[
2,
M
o
~
%
o
fru
ol
ol 1E
~ I
2,
o

i
2
o)
1o
>
ol
o
k=l
Jo
o
)
_>#‘
o 0
Y
=2
il
jinss
N
o
k]
D)

SAA RS 71 etael A 2008 94 3 A=
B AR ARFET 20089 8 11 RF=f 55 ol
A o2 AP ARE AR SR, A A=

= AFEFE 2 9k(Sugar Beet seed, E] 7] Ak, 201814 3¢;
ofAlo} FH[F] Tl ARE-SFITH AP A St
Al mEZE o i FHAE 5H A A molecular
, | 25+l DNA= pSugarBeet-mt2};
BrEstAh. oo FAEH FHAAF AL
Genbankof R 1% AMEF o] E Z T 2o} {2 A}
(Accession No. BA000024.1)2} 100% ¥ =€ &Hls)
Rom, & Ao A E 5o AR AR

A AT AR AJOFEO A DNAS) 2%
2 AHEAIA| Q] Cetyl Trimethyl Ammonium Bromide
(CTAB)£} phenol/chloroform &3-S AR8-31o] =&
ARG CTABHS ol 43191t} (& 5, 2014). 0] %
oF<£:3}H, - 1mlof| 30wl 10% SDS2} 3ul proteinase K
(20mg/ml)E g 31 37°C waterbathoi| A 1A]7H5¢F 2 A
3} 5 100ul SM NaCl-S & 11 3k} 0.1, o] of] 80ul
CTAB/NaCl 898 715111 331 5 65°Co|| 4] 105
ZF A %] A1 Z Tk, 700ul phenol/chloroform (24:1)2 7}
st A1t %, 12000 pm .2 420 A 127k ¢14]
e e A R R e S = Sl I =
tubeo]] A, 0.64}] ¢F9] isopropanol& ¥ il &3 &,
15000 ipm & 2 A 20| A 1587 A4kl 45
N2 A AsF et ol 1ml2] 75% ethanol 7}5}o

clonings} i S

15574 9] o
718 3057 A A% 100wl TE buffero]] 8-3)41 2

© i, DNA -8-28-2 Biophotometer (Eppendorf, Germany)
£ B9 SEE ST —200Co] A Baste] Ag

AP 1 9ARF A2 91314 2114 PCR 7]
Genechecker II (GENESYSTEM Co., Korea)S A}
2819051, PCR 2712 7] 914 95°Co] A 302 A
3} B, 95°C WA 3%, 53°C T4 3%,72°C £3 3%
£ lcycle® 314 2.1, 5 cycle == 50 cycle= 75}
91T}, 7H PCR ¥HS-2) 2 417] DNA £ 5 1012 7
om AgBAO AT G A% EE 9
3| AF8-5 primer+= Forward primer: 5 -CTCGCTTT
ATCTCTTTCTACCGG-3 , Reverse primer: 5 -GAAAT
CTCCTTCAGGTTCAGTCG-3 o], Z+7}F 2| &%
luME. 24514},

VARS

_



215

AR BolMe ST AHE
A B
360 1200
1080
300 ryr 960
gz 240 Fosiiye / 8401 Negative —> <+«—Positive
2 . £ 7201 =
% 150 Negative / % 600 Beet Honey2
E Beet Honeyl / / 480 1
120 3
%’ Beet Honey2 228 ] Beet Honeyl
0T [ 7/ 1T 7Z 17711 SN N
_________ / / 120
0 T T T 0 y y T y T -
0 10 20 30 40 50 60 65 70 75 80 85 20 95
Cycles Temperature (°C)
C D
N P M H1 H2 Ct (cycles) Tm (°C) Result
a—— Positive 12.11 79.95 +
» A e
‘ o Negative 39.86 7243
ppo— — Rl BeetHoney I 32.09 78.97 +
Beet Honey 2 4291 78.64 +

Fig. 1. 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 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.
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Fig. 2. 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 HI (honey 1) were indicated. Panel D shows each Ct and Tm of PCRs.
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Fig. 3. 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.

A B
360 1200
- 1080
= gzg Honey Sugar2 Positive,
g 240 i = 720 . BeetSugar1
E 180 e E 600 ‘p—Beet Honey 1,
= Beet Sugar1 = 480 | Beet Honey 2
g 120 / 360 \
A Beet Sugar2 PV o g g | A i (g ey ey s e
60 / Negative| 120
Beet H 1,2
et 'GG__Q!IGY'_:W:__ i AT S ren 0 ! ! . ) ! I
0 5 10 15 20 25 30 60 65 70 75 80 85 90 95
Cycles Temperature (°C)
C D
N P M Hl H2 S1 S2 Ct(cycles) Tm(°C)  Result
. Positive (P) 13.35 78.16 +
LB N JE— Beet honey 1 (H1) 2038 7783 +
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 -

Fig. 4. 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 H1, from
sugar beet honey sample 1; lane H2, honey sample 2. Panel D shows each Ct and Tm of PCRs.
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BA000024.1 AAGAAAGTAGCTAGGCTTICCTGATGGTATGAAAGAAATAGATCTTAGTGCTTITAGACGACCTAG
Sugar beet seed AAGARAGTAGCTAGGCTICCTGATGGTATGAAAGAAATAGATCTTAGTGCTTITAGACGACCTAG
Sugar beet sugar AAGAAAGTAGCTAGGCTITCCTGATGGTATGAAAGAAATAGH IUITF\‘:TCCTTTAGACGACCTAG
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65 125
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Sugar beet honey AAGGAGGATTIGCTTICICTICACCCGTAGGCGCATTAGACTGAATTAGIGITIGITTIIGGCATTIG
Nested PCR Product AAGGAGGATTGCTTCTCTCACCCGTAGGCGCATTAGACTGAATTAGTGTITTIGTTITIGGCATTTG
Fig. 5. 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.
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