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PRS0 1R AR B R A A R 4 DL 59
it PCR A Eb , ddPCR R 0] 78 A g2 57 A o il £ 11
A4 T X IR ¥ DR AT 4 %) e &, HANSZ PCR
9 B PCR & B4 &R 52w, H w8 F 58 UF
SEHAE R AR ARG I 7 T 5 AT E R A P 3R i
xi}sE)lijj[IS—ZO]o

H T ddPCR $ AR 1Y A i 48 B E 6 I OC B
FE T War ks DNA 26 %5 $5 DKo o b 7% 16 o PR b
IS8, Y TR0 bR L IR 95 DUERCTE AN W] 3 )
Wb Z R[], L 28 A ] — by Rl [) 2 412 7
T AF 7R B 25 5, UL S B0 A5 (1) A DNA #5
DU HGE B ASRBACFR BLIE 1Y I 20 40, H R, 72 N
FH ddPCR £ A & s Al A i B AR A 52, K24
K WL Ak BIVSE I ) PR 5 it 4 405 DNA



344 oE g

ol

2024 R 124

JiT i vk BE (DNA Jit & 4% £ 5 DNA #8 D1z 6] iy
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DNA #2 Bk 5] & DNeasy Blood & Tissue
Kit, 78 Qiagen 2>l ;2x i X £ ¥ PCR Hiik
TR A R IO A G A 56 B Bio—Rad 2
Al 51 SR et s A R A

il 2B F PCR A QX200 £ 48, 2 [E Bio—
Rad /A 7] ;Nanodrop 2000 435656 11, € [# Ther-

mo Scientific 2~ 7] ; 2L SV BEAY , 78 [F IKA 2~ F]
BDHL, TEE Eppendorf 23 Al L5404 K F-,
Sartorius 2> A ,
1.2 Hmbl&

PRI 500 g [AIFE  FI) HTRE AL AE A 8 )
BT 65 CHLFR TP LT 48 b, BE 11 PR M R 20 R
Jei HTEH SRS AU Bt AR, 3 60 H i 5 20 °C
HERAEEHL,

DIASHREE 0.1 mg B H K- HERA FR &2 4 A
Ty ARG A R AR A o 25 0 PR B A B (M /AR )
53504 0.05%,0.1% ,0.2% ,0.5% ,0.8% ,1.0% ,5%,
10% ,20% ,30% ,40% ,50% ,60% ,70% ,80% #190%
R AR B FEA BB 10 g 55 23 AR IR
10g 4 M FER GR KA SH CER
P BRIA P ROR AR i DL ST B AR AL R
A= PRI 2R AT A TR R AR PRORE S 2 PR R B R
R
1.3 DNA #RE

B 100 mg M KRSy, Al DNeasy Blood &
Tissue Kit (Qiagen, 78 [E )] &2 MU0 #
WCRE A B DNA, 38 3 19 B R i 58 e el ik A
DNA 1 58 % Ve F il i 43 56O 11 NanoDrop ND-
2000 (Thermo Scientific, 3¢ [F ) #& M DNA ) Jii &
R JEE Kl 54 J A5 FEAS DNA F B 2 50 ng/pl,
T =20 CLRAF#HI,
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AR S B P DA L - LBl & R (A CTB) 1
REIED BT R S | AR BT Ok B e e
T FE M HRAG BR A /)G, 5T ) W3R 1,

x1 SR F

Table 1 Primer and probe sequences used in this study

5] 4 IR 4 J75 (57-37) EF 90| KE
Beef-F GTAGGTGCACAGTACGTTCTGAAG ACTB 96 bp
Beef-R GGCCAGACTGGGCACATG
Beef-P (HEX)-CGGCACACTCGGCTGTGTTCCTTGC-(BHQ1)

Duck-F TGTTACAGGAAGTTACTCGCCT ACTB 134 bp
Duck-R GCGGAAGATACAAAAAGACACT
Duck-P (FAM)-TCCTGGTGTTAGGTTGTAAACGCTTG-(BHQ1)
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ddPCR JZ B EARFLUA 20 wl, {27 :2xddPCR
supermix (no dUTP)10 pL, I FiF51 ¥4 1.8 pL
(10 wmol/L) , # 4 0.5 wL (10 wmol/L) , B DNA
2 uL(50 ng/pL) Al ddH,0 3.9 pL, b3k 5 4k
ORI 0 A B HEAT S0 A6, IF 6 B8 % 96 fL R
o, EESETT PCR 9734, PCR W FEJFNF .95
CHAEPE 10 min; 94 CZE % 30 5,60 Cil k Fil 4
fit 60 5,39 G ;98 CH LG 10 min, 10 CH#~
FE o SN S 388 3 0 12 BSR4 T AR 2 )l 132
., K FAM/HEX XGH i 7 R E M 5 5, %
BB 1 Sl ik R0 B e 8 Sk A 5 4 A
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KH 1.5 ik ddPCR Rk &, 435 L4
FIHG ACTB KA (09 51 W FIEREE X 2R A W8 IR 8%
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P& DUBCHE TR 55 40 S R B i, AR5 2% Ren
SIS T e 51 A — A [ 18 5 K (i3 2400,
FLHEKE DNA $5 U1EK A9 5 4 Shy PR J5 o 4355, A7 BR.
MU, 7R TS PR RIAR PR TR A TR TR S PR R A TR 1
i o T 7 Nl /AN W g = A
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My _ Cyp _ Gy Qr
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b My T My 53500 R TR A RS g P A
Y BT & 5 Qn AT Qp 43 51 2R ddPCR A I i i) S
ACTB 4= ACTB Wy ¥ VUKL €, R Cy 5300 S A
o Sk 4 S PR R A P R R R R 1 6 DL B,
R E RRR BT PR R R RS SRR (PR DL
PR) i 48 DLECRT DA o e e 1, Rtk #E— A4
[E %€ 1 ddPCR K & &~ ,CB/CD /& — 14~ 4k,
B2 ML R BU(K) JHIL, Bk AT LR
%—E:I{x%
U A S R R K, AT B
3K 10% ,30% ,50% ,70% ,90% (1 1R 45 A kE DNA

FEMREAT dAPCR A5, TH3 e 40 280 K (17
BRI AHXT AR 2% (Relative standard deviation,
RSD); i 53 #5354 51l 20% ,40% ,60% F1 80%
IRA WFEIEAT ddPCR I, AR 4 A5 K {635
TR A FE PG I8 1 i 50 8, JF 5 SEPR 1T L
BN, B E KRR o o v AR e P L R AR
w6 YK,
1.8 EELMSEE . QNRMNEZRNE

iz ] ddPCR 46 I 8 (] 51 12t 53 4003 0 1%,
5% ,10% ,20% ,30% ,40% ,50% ,60% , 70% , 80% Fil
90% IR A KL, R 1.7 38 K {4
A5 00 B DR 4 DRSOG4y TR Bt 0 K, 0 B 0
R BRAE Z 0] A 2tk OC &, PPAL T & ddPCR 5 ¥
(5 i 2k [ R RS IR R o A3 A R
0.05% ,0.1% ,0.2% ,0.5% ,0.8% ,1% Fl 5% R4
IAEEAT ddPCR A, B 7 it 8 ddPCR J7 3 ik
T PR (Limit of detection, LOD) #1 %€ £ FR (Limit of
quantification, LOQ), i1 % RSD, Jf L1 RSD <25%
VB 8508 BRI B IR . bR B R i
SR 3K
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FIH ddPCR 773 % 85 19 16 17 48 P e LAl
st RS Y5 R B oy EAT S A, IR AR I AE R S
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KL AR DNA (mtDNA) 52 —Fh 73z 7 &
AR Bl IR M B R T A DNA B ad 521,
SR, (1T mtDNA 7€ )9 21 SR A {4 8] A7 75 $5 DL
S HT mtDNA BRI J5 2 3k LLFE 7R Al 45
Phy Kz 0 B st v 3 DR R R A3 S AT UE R
HP AH T mtDNA, B4E DR DNA $C A X
ETETF R P42 O o sk D i B 2 L
AT LA ARG (1 B DUAZ L ACTB AR b 630
LN

A= B g X R D E M R 9 AE 10 B
HEWIKEY DNA IEH, LI ddH0 N7 [T
W8 #E4T ddPCR A, pi &1 1l 0, 25 B % BEAITEE
FOBR R Bl eb 15K S BUAOR , Re E RS E
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DL PR 5 2 43 8053 51 10% ,30% ,50% , 70%
90% MR & A DNA itk il ddPCR k5
S0 5 S 4R ACTB JE K45 DUE, 73 K H .

(b)

ddPCR 7 £ WIE4 (a) RS (b) ACTB EE S| R MR MK
The specificity of primers and probes targeting beef (a) and duck (b) ACTB genes verified by ddPCR assay

2 "l K E R Y{E R 0.16,RSD H 2.16% .
AT, AEAS R BSR4 IR BT bR K B AR AR
FE, R K (ECEES PO RN 4 P SR B DL B L
4R R IR BT B

R2 BHARESHARMNESAZES KENUE

Table 2 Determination of K value in the meat mixtures with different proportions of duck

o 11 5 5 2 2/% RN SR VI oF N E - & R i) K ik K 6T 18 RSDI%
(copies/pL) (copies/pL)
10 146.17 209.17 0.16 0.16 2.16
30 360.67 138.75 0.16
50 110.73 18.57 0.17
70 339.17 24.10 0.17
90 503.50 9.02 0.16

AT HE— B AE K E R T AR e 4y
FX; 4 AT R R E (20% ,40% ,60% A1

80% ) IR A N FE#EAT ddPCR A, L3555k
B (K=0.16)1F Jy [H & (A 1 5R A A R A g 1y

K
i
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SIEL WNER 3 B K 5 TR G AR rh s P 5T A
SRR LSS E AR B, AR 22V A 0.01%~
1.55% , V34 0.47% , K% b5 HE A 22 34/ T 3%,
] R A T 100.01%~105.30% 22 6], %45 R F W,

PITESE A A5 10 K (B 55 0 R /48 TR TR A R A v g
PR LA ARG i o R AR M, T N
XoF A R T R P oy AT A, R A
KN My M=0.16xQ1/ Qs

®3 KEREREMEEMILIE (%)
Table 3  Verification of accuracy and stability of the K value(%)

KR E 5 Hoks A

R R E A R (A & 4 £) 2,3tk £ H8 AR £ RSD SR

20 21.06 +0.35 0.06 0.30 1.66 105.30
40 41.01 = 1.14 0.01 0.03 2.78 102.53
60 60.93 £ 0.35 0.93 1.55 0.57 101.55
80 80.01 = 0.02 0.01 0.01 0.03 100.01

23 EREMEHEENE -~

X P 5T 4 5 B 1% ,5% ,10% ,20% , S L R=0.9996

30% ,40% ,50% ,60% ,70% ,80% Fl 90% i) i £ P& = £

32 FTEL #ESE 10 ddPCR Jr 6 7 B Rk AT 4 =g 6o

RIS UM B RSP RO B A AR 5P & 2 aof

WA R BRI e 2 o, EE |

1y P R 53 HTE 196~90% S5 B Y, 47 42 2 4

S5 BLUF HISERBO(R?) N 09996, 5 FI T4 okl . T %0 w0 w0 s 1o

8 P 5 i LS {E

2.4 LOD # LOQ M E

B3 1 PR 5 i 43 5 R 0.1%,0.2%,0.5%
0.8% , 1% F1 5% MR & R FE iz FHE 237 1Y ddPCR
D5k AE m A XA TR AT (£ 3), 450
7N IR A AR S PR BT i 4 BOPE 0.1% 19 K
ATh R 1 e A ), 3R W] B ST ) ddPCR J7 i
B R ek H LOD N 0.1% ; 2 M8 [ b £
P ML B 2 BRifE CAC/GL 74-2010 K | % 52 il
et Ak A R I R B LR 11 5 A R T B o R
JriERNMEN] ), IR A T 70%~120% RSD <

Actual duck content/%
B 2 ddPCR FikEE# N4 A RS IR M 5 8
g
Fig.2 The linearity range of the ddPCR assays

for quantification of duck derivative in beef

25% A ARG 45 S AT SER YR P RE e S ) 5
HATEE 0.5% Lk LK, BIRCR R T 70%,
RSD #J/NT 25% , 45 ] 5232 S Bl P, 26 B BT e S 1)
ddPCR J7#: 19 LOQ } 0.5% .,

F 4 ddPCR AiE#& MR (LOD)fE = R (LOQ)iF 1k (%)
Table 4 Evaluation of the LOD and LOQ of the ddPCR assays(%)

i Iﬂ‘b’ﬁi‘é}iﬁi "f’ﬁylﬂ}ﬁi‘h\iﬁé“iﬂ'}{ﬁ(iﬁ A Rp—— RSD S
AR 18 + A7E £)

0.05 E o — — — —

0.1 0.02 +£0.01 -0.98 -980.00 50.00 20.00

0.2 0.16 £ 0.05 -0.04 -20.00 31.25 80.00

0.5 0.37 £0.08 -0.13 —-26.00 21.62 74.00

0.8 0.80 +0.01 -0.00 0.00 1.25 100.00

1 0.99 + 0.06 -0.01 -1.00 6.06 99.00

5 5.04 £ 0.06 0.04 0.80 1.19 100.80
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Hu AP AN 2R T R A PR 2 boel products _____
A A PSS 44 1 AT 55 T HABE  HALH ﬁgfgfﬁizmﬁ
A R B R R L B A, T 1 2 P A 1 ik - L
10 28 PR PR S 4 A R , ek . .
44.87% M1 18.21% , H 1E 452 i 73 2= h =& BH o b 3 ok 0 0
Mo BHIEER B, ALY ddPCR JrikiE 4 P, 0 0
FH X8 24 1A K E AR i o A 47 R S P . o
R 6 4 B 0 0

7 Elabii 0 44.87 +3.85

3 #Hit 8 ENY ] 0 0

A G HE ST T — R AT AL A0 2 T ddPCR 9 4 1 B 0 0
AR B2 P S S R R T L LA 2R A 10 +1 P 0 0
I g 26 DL A% P ACTB 4y 8003 B4 i 19 5 490 1 P 0 0
WREF B BB b L R R R K 12 THE 0 0
ddPCR 152 ) DNA % 0K 2 L 1 5 4 ey 74 1 R 0 I820=41
FOMHC B T G 0T 45 5 (D AP " j:; ’ ’
4> B DNA BT JE DNA R R E S 6 . 0 0

DNA $5 DB =[] 1 26 7 G 22 (57 W A pm i il £
RIS R 2 . WAEEIR SRR T E M A
Jii 2 43 BUORT ddPCR SEFR A5 1) DNA #5 DUE 2 (1]
MR, HHERBM NS4 KW ZEM KR
0.16, #H bt 7 19 2 PRI r B8 01 i 4 1) 2 2 D)
NI B My My = 0.16xQy/ Qy, FAE TS P i 43
N 190~90%3 Bl P9 4 BAT B 2P C R (RS>
0.99),LOD #1 LOQ 73514 0.1%#1 0.5% . A&7k
B AR S PR R B O B 20% ,40% ,60% Fil
80% T, Far il 45 A 4 X% 2 <1.0% , RSD<3% ., 7F 16
03 TH AR A= RURE A v, 2 0 Bl R 0 R R A,
B AR AAE , Hrb— 13 25 PR B A v R 5P
eIk 44.87% EWNE TEEBM, &bl
WL, AR R 5T 8 ST A9 FE T ddPCR H2 A 1 4 1A A s g
PR R R L A R e B M
PRSIV, 7R 4R R SH I A T e T 3 M

P A ORI I T
2 £ X Wt
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Quantification of Duck Derivative in Beef Based on Droplet Digital PCR Technique

Ma Xiaoyu, Xu Huili, Wang Zhengliang", Yu Xiaoping
(Zhejiang Provincial Key Laboratory of Biometrology and Inspection and Quarantine, College of Life Sciences,
China Jiliang University, Hangzhou 310018)

Abstract In this study, we developed an accurate and reliable ddPCR-based method for identifying and quantifying
duck derivative in beef. Single—copy nuclear gene ACTB encoding a B—Actin was selected and used as the target to de-
signed specific primers and probes for both beef and duck. In order to transform the ratio of DNA copy number to the
mass fraction of targeted meat, a fixed constant (transfer coefficient) was introduced, which was designated as K. Based
on the relationship between the known mass fractions in simulated meat mixtures and the actual DNA copy numbers
measured by ddPCR, the K value was calculated and validated. A quantitative formula was consequently established and
applied for quantifying the content of duck in both the artificial duck/beef-mixed samples and commercial beef products.
The results revealed that the established ddPCR method was highly specific for the detection of duck—derivative in beef.
The K value was 0.16 and hence the quantitative formula was established as MyMy=0.16xQ/Qs, where My and My refer
to the mass of duck and beef, respectively. Q, and @y refer to the copy number of the target gene detected in the
ddPCR assays, respectively. The linear regression was established within the duck content of 1%-90% with the correla-
tion coefficient (R?)=0.99. The limit of detection (LOD) and limit of quantification (LOQ) of the established ddPCR
method are 0.1% and 0.5%, respectively. When the artificial mixed samples with the duck content of 20%-80% were
detected, the absolute errors were all <1%. Duck derivative was detected in two out of 16 commercial beef products,
with the content of 44.87% and 18.21%, respectively, which were inconsistent with statement on the product labels. In
summary, the ddPCR method developed in this study demonstrated good specificity, sensitivity, accuracy and applicabili-
ty for quantifying duck derivative in beef, could provide technical support for the quality and safety inspection of beef
and beef products in China.

Keywords droplet digital PCR; beef; duck derivative; quantitative detection



