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Table 1 Rice primer set information
IR AGH SR R A 514 & AR 145 (5°—37) sleh K E/bp B9 R B K E/bp

PDL FWP AGAGGAGATTGACAGATGGC 20 81
RVP CAAGATCCATGTGAAGCTTCAG 22

rbel, FWP GGAGTACGAAACCAAGGAC 20 109
RVP AGTAGAAGATTCGGCAGCT 18

G0OS9 FWp ACAGTATAGGCACCTAGCTG 20 30
RVP ACTGAGGGCTAATTAATCCA 20

SPS FWP TGGCCCACCGACTTACACA 19 86
RVP TTGGAGGAGTTCGGGGCT 20

1.6 LR SRCA MR MK RF& 4G

SEHF ¢ SRCA J B sk &R 20 pl, f24%
MgSO, (20.0 mmol/L.)3 wL,dNTPs (2.5 mmol/L.)5
wL, 10xThermoPol Reaction Buffer 2.0 wL, 1F JZ [7]
19 (1 pmol/L) 1 wL, KKA MR DNA 4 1 pL,Bst
DNA %4 (8 000 U/mL)1.5 pL, JCH £ 8 1K
4.5 pL,EvaGreen 2634kt 1 wL, # KK DNA £
BT 94 CHAMEF, S P 3 min, JITA KN K &
IRE WS EvaGreen 7263l F) 72 )6 & 1 PCR
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W15 RN B DNA , 3R 75 1 B i b8 58
JiE G S5 A&l 2 iR TkiE 2 HIKGE 5 O R
) CTAB J7 i 3 BUROKR BRI 1 5 KOS 1T i
M DNA, B T 8 3% 9 DNA 2571 5 kB 1 59KGE
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VEVKGE 1~3 Sk RAY 3 TR i DNA $2 30800 & R Y
CTAB R sl 2 2 WOAOK B T /9 DNA AR i P 5 Ikl 4~
6 P R AR LA Y DNA 42 B0 & o R CTAB Ik
1) JR OR M TT A DNA BAR I 2T
2 1R DNA B El
Fig.2 Template DNA glue diagram
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o
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Table 2 DNA mass concentration and purity were determined

. P PN |
RR Iy &
JR % WK ng- mL! 28 % (A snso) JR % R ng- mL! 28 % (A snso)
CTAB (% i) - - 25.63 +1.72 1.70 £ 0.07
e LA S DNA #2507 & (Bt ) 35.87 £5.39 1.91 £0.07 45.53 +9.55 2.04 +0.06
7 kX 7] & “NucleoSpin Food” 68.07 £2.40 1.99 + 0.04 79.77 £5.73 2.00 = 0.06
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) C BB K, 6 KOR B3 T A B DNA A v
HA PDL 51415 GOS9 514y 7= 4= ¥ 1 45 ) | SPS
S RY S5 50T Re R KO I AEm T4k
P b R P B DNA B B G 8 0 P, B
PR AN T & & DNA $2BGL 5] & 42 B DNA R
EE =N = W X (BN S P/ = N
I A DNA gk B /0 5 1) DNA L 3 il 5]
X SRCA 2Ly & 9 i VE .

7R 3 G HOAY DR Ok DNA R A7 52 ) 525t
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SRCA J W BF,PLD SPS .GOS9 51 ¥y %t K Ak 1
SOk BE I BN DNA 72 9 #4814 . PDL
SR Ct EE/N,GOS9 511 Ct {E % K orbel.

TP KRR I (1A D) R s 3G 4528 | [H it
G R s SRR LT HE 3 A
Y, PLD 519 HAT R4 B 54

% 3 SRCA 3|k
Table 3 Screening of SRCA primers

PN E A EE SRSl
PLD SPS rbel G0OS9 PLD SPS rbel G0S9
CTAB(#it) - - - - - - - -
R Ae XA & (it ) 14.858 17.661 - 19.177 16.805 - - 20.654
B k3 7] & “NucleoSpin Food” 11.622 15.168 - 17.357 14.510 18.322 - 21.246
TE AR 3 AR Cu (a3 E, =" 7m R R 2R

2.3 SRCA R M &4
TSR 92 56 SRCA VE47 e ik &2 5 ) v

HEE Ry 62 °C, 2 4y Ce (B e/, BA i iy
fit 1% 'k ;Bst. DNA A B 09 e 3 W it 1.5 pl;

it SR aE 3 s, 4 Mg%m%j]HEj:z 3 dNTPs Wi il 5.0 pl.
pL, 2T Co B/, 734 R B vy 5 24 S L
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B E | et |
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060 L P 530050 i P T I
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(c) (d)

()M AL BN ZEZ 4720 508 3,2,4,5,1 wh; (b)) 2 B2 B i A1k, #2822 & 47 20 B 62,6361,
64,60 °C;(c)Bst DNA RAR ARG MO, LKA 247508 1.5,2,2.5,10,5 pl; (d)dNTPs B (9 44k , ith £ A
EEAIY A 5,6,4,7,3 pL;NTC o BIHExTIE

E 3 SRCA RE#EHRSERMEGMRK

Fig.3 Optimization of SRCA reaction system and reaction conditions
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WA 4 7R SRCA ¥ MG 2 BRI 250, & BEAT I 20, 0 &5 3R B USRI 1w 51 )
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1. AGAGGAGATTGACAGATGGCTCGATATCTGTGATAATAACCGCGAGCCTGTTGGTG

AGAGCAAGATCCATGTGAAGCTTCAG

2 AGAGGAGATTGACAGATGGCTCGATATCTGTGATAATAACCGCGAGCCTGTTGGTG
AGAGCAAGATCCATGTGAAGCTTCAGTACGAGAGGAGATTGACAGATGGCTCGATA
TCTGTGATAATAACCGCGAGCCTGTTGGTGAGAGCAAGATCCATGTGAAGCTTCAG

3. AGAGGAGATTGACAGATGGCTCGATATCTGTGATAATAACCGCGAGCCTGTTGGTG
AGAGCAAGATCCATGTGAAGCTTCAGTACGAGAGGAGATTGACAGATGGCTCGATA
TCTGTGATAATAACCGCGAGCCTGTTGGTGAGAGCAAGATCCATGTGAAGCTTCAGT
ACGAGAGGAGATTGACAGATGGCTCGATATCTGTGATAATAACCGCGAGCCTGTTGG

TGAGAGCAAGATCCATGTGAAGCTTCAG

B 4 SRCA#iEmikESNFELERSH
Fig.4 Analysis of SRCA amplified electrophoresis and sequencing results

(FWP), 21 (648 2 ) 1 51 ) (RVP) 1 ) ] B 4P T
G, B FA) R B B R 82 bp., BEALIRINIT 51 K
4 bp, =Y S A B H 0 R E R B 2
LW, SRCA B4 14 7 ¥ 5 KoK PLD 48 X UL g R
i
25 H#RMEIRE

5 AT T, 5 Rl ROKOME SRR R D B T
K55 F 0 S B e Al OB SRR S (R OROBE
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2k, B R & A4 38 SO, e Sy M 45 2R R,
PO EA R RR R, TR T RORBER oy
% 7E
2.6 REFERKEHRIKXK

i & 6a AT, 24Kk DNA & ik %l 8.45x
107~8.45x10" fo/ L B, AT 4G I £ KK DNA (9285
PrHIfET, H CoEZE B K 25 DNA Ji vk o
8.45x10° fo/uL B, AT 7= A 4 1 it 2k, B oK & 2B
PoyhRON Bk 5 1 R AR 84.5 fef
pl, BT RORBER A T A B R v, K
DNA R fiff (1) BR300 7 5, SR AT LA R A1
R, anEl 6b itz , KoK DNA Ja i H J32 110 % 4L
5 CtEFAELIERR, LN y=-2.209x +
27.438 (R’=0.995), &iHREW], ZIriEki ok
DNA BA R R,
2.7 ANI#EB ALK

&l Ta Ry 21 MR AL 6 56 148 AR 6] A 43 gl R
KR B S5 6 SRCA 45 R %, X b A
TAB P ROK A K A ) 5t it A1 (0.5% ,1% ,2%
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Fig.5 Specific test

5% ,10% ,20% ,50% ) $E 17 P74l | X 1R A KR & 1 K
KMEI A AT e AR, 1B 00 R L S X R
Ct {5 0 F :50% (9.981),20% (12.340),10%
(14.510),5% (16.122) ,2% (18.435) ,1% (21.055) ,
0.5%(0) , Ji i b 50%~1%0} , 77 A58 655, H
Ct {EZ Wi K BB L BIAE 0.5%0F , £ 77 4 5k
5L UL R BB IX 2 0.5% 1945 D R 1 Al LA il
2 1% MBI B, 1205 1 1T DA I 3] i % o
KM BTN 1%, N 7b fiR B
R 40 55 L L A Ce (2R P G R R, HE ST O 2R
PEJT R y = 6.618x+7.651, H16 R % R?=0.993, £k
PR R R UF, AHEH T Sobrino—Gregorio S5 i 512
Hf PCR ARG U 94 2 vh RORBEI (G K20 2%~
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5%) , S 9¢ ' SRCA REUE B &, A SRCA K
M5 ik BERE P B 5 /M DNA R BE(60~120 bp) Bk
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Fig.6  Sensitivity analysis
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Fig.7 Artificial simulation detection of adulteration and detection limit

3 #Zi5itie

W9 5 ORI b oKk &9 . s
YIBIFFAE S DNA $2 IS 573G (1 32 2P R0
FE TR BRI FE R CTAB UU3E 2 AT ULTE DNA 1)
PR B o A A9 DNA B IR Fe 5 ™ 5, 1 HL b
FWAR LU FR | 32 ORI R BEAR  PBS 2% vhil
EA IS pH (E Y B ORI WA
TG PE T AR A5 DR SR PBS 28 i R AT R
AL BRI PEAG 3 A DNA $REU 6 4 Ho 45 R %

B, Tk R &5 “NucleoSpin Food” ) DNA 12 B4
R, HERE T B BT R D ROR R Pk 2
) 356 2 [r) A 2 SC P 9 0 SRCA R 0 AR 490 T it 3 1Y)
KA BG4 PR SR SE D O B P 51, 3 ) i
a1, 45 R KW A8 KoK PDL 9 %5 5 1 2 A |
W5 RO b, SR R E 5 Y
R R4

ABF G T SE 5 SRCA HA SE S AG I
B O JORME I 1 T vk | RS IR R B %07
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PRI F) ROk DNA 19 2 858y 8.45%10" fe/pL,
N TP SR R 3R W1, %05k AT A A 1
T 2 IR 28 190 10 FORME IR 53, E ST I 26 O 7
My = 6.618x+7.651 (R>=0.993) , ] b T 52 iF PCR
AL A5 B8 EE A 2%~5% ,SRCA HA3 5 i 1) R
s, Hh SRCA AT 474 DNA F BK B 60~120
bp 5% /5 B 2L 1) DNA, B i 7F 5 % 15 D A ) B 2K
o 7 gk A AR ME RS AT 109% AR ) 05 28 48
Rt 2007 6 B AR 2 A B . 25 b ridk
SRCA AR H T 42 th 0y e Al , A R 4f
R S PR R S ) R . BB 2.5 h,
FEIF A, Rl 5 45 O i PR B ARG P AL 1 —
R

& % x #
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Abstract In this study, It combined saltatory rolling circle amplification (SRCA) with fluorescence technology to estab-
lish a real-time fluorescence SRCA technique for detection of honey adulterated rice syrup. Three DNA extraction proto-
cols were evaluated, four specific genes of rice (PDL, SPS, rbcL, GOS9) were used as target sequences to design
primers, suitable primers were screened, amplification reaction conditions were optimized, and a method for detection of
honey adulterated rice syrup was established in combination with fluorescence technology. The results showed that the
sensitivity of the established real-time fluorescence SRCA method for the detection of rice DNA was 8.45x10' fg/pL, and
its good specificity was confirmed by the specificity evaluation. The linear relationship between the logarithm of the pro-
portion of adulteration and the Ct value was established in the manual simulated adulteration detection test, and the lin-
ear equation was y=6.618x+7.651 (R*=0.993), which can accurately detect the components of rice syrup in honey down
to 1%. The method is sensitive, with low detection limit, and can quickly and accurately quantify the adulteration of
honey with rice syrup, which provides a new idea for the rapid quantitative detection of honey adulteration.

Keywords adulterated honey; deeply processed food; saltatory rolling circle amplification (SRCA)



