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Quantitative Detection Method for Ovine—derived Materials in
Meat Products using Single Copy Nucleus Genes by Droplet Digital PCR
ZHAO Xin, CHEN Rui,LIU Na, WANG Yiheng, LIU Shuang, LI Ruihuan, WANG Yong,LAN Qingkuo "

(Biotechnology Research Institute, Tianjin Academy of Agricultural Sciences, Tianjin 300381, China)

Abstract : GeneBank was used to search single—copy nuclear genome sequences of 15 animals including cow,sheep, goat, pig,
horse, donkey, chicken, duck, goose , turkey, dog, cat, rat , rabbit, mink , etc. A pair of internal reference gene primers and probes
were designed based on screening for interspecific conserved areas common to 15 animals applied bioinformatics. A pair of
species—specific gene primers and probes were designed based on screening for sheep and goats are common, but separate
from other animal species.Based on microdroplet droplet digital PCR technology ,internal reference gene was used to correct
specific genes of sheep species, a scientific and accurate quantitative determination method for sheep—derived components in
meat products was established. The results showed that the method has good specificity and universality. The minimum
detection limits of internal reference genes and sheep species specific genes were 32 and 26 copies/pL, respectively. The
mean deviation of accuracy of the simulated added samples was 8.66% , and the deviation of accuracy meeting the
requirements of the digital PCR method should not be more than 25% , indicating that the results of the quantitative
determination method had high accuracy.
Key words: single copy; nucleus genes; internal reference genes; sheep species — specific genes; droplet digital PCR; meat
products
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FAJ7 22— 6T 35 W A Oy T & 4% T BUAE . Bl
F4y THEWF 00 5 i T ARk, (R #0 7 PCR (droplet
digital PCR,dd PCR) % AR 7E A il & 5 b 5 18 40 2 v
RN FH . R BCF PCR J& il ik PCR 4 14 il
BEICAE S B A B3 IS P M R T R e S e
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rrzl,

AT P A1 732 4l FH 2ok 44 DNA A5 Sy #0035 1A
HEAT IR I B B % 8 5 RN R B S L £RBr AR DNA
LA AR R g B 223805 7 =X M PN 22 5 DL AT Sfe 119 785
RAGERI AT (LA DNA 19985 DUEfEAS
[i5) 49y el 2L 20 00 4 i 5 P A X T % 31 PR 2 DNA A5 1]
SR, BAFTEAR AR S B e, ik Bl e
YRR AL ) S AR B ST, S T I A R T AR
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6 DNA SRJE A 3k T o UL A% SR, 197
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Premix Ex Taq( Probe qPCR) &% TaKaRa 2\ #];
S e RiEAE T AYEARERAR,

QX-100 %% %5 PCR ¥ 3£ E Bio— Rad 2%
F]; ND - 1000 NanoDrop #% Mg & 111 & %L € &
Bio—Rad/\ 7] ; Allegra 21 R Centrifuge 75 38 ¥ 75 55 0>
Pl 2EE BECKMAN \H] .
1.2 XWHE
1.2.1 5195800t Y5 GenBank Rl H1 2
EiT:O RS I SR TTIE SO NI AR (I [ D @ L 17
B SHAE 1S RhEh i iR EE R A )T A, ny AR
PG E 255 AT ik 15 Fhsh ¥y Hog R e 4R 57 XA,
L7 FH Beacon Designer 7 #5044, it — Xt =5 IR
AT RIS 15 F 3Pyt DNA ; [REF 5347 5 15
AR A A HORE Ay 3l ) Ay R S DI, iR
Th—XJ R T W AR B, RBP4 “E I DNA,
SIAERE B B AE T AY TRAERAFE A, 5
YIRERE P A ILER 1,
1.2.2 RS RYSIeE  BUCRF DN B4 LR 2H SR AR AR 7 7K
Ve e , B R A R T 1 Ak g dH SURIR VT , 55 L2
200 mg Fy/NEE, TR W A T8 bk vh , SRS 2 22
AT P B R AR AL, LRI , L S A 4
AR 1k o
1.2.3 DNA BHz 9 $2HC I 100 mg 2 AL A 40 21
FEATAA 2 mL B5.048 , 2 BEAR S0 56 25 il 1) 3l 4 25k
DA £ 5 B ) A J7 Bk R HR S I 4H DNA'Y )
NanoDrop #ZFR 25 I g A Hh #E A7 2 1R & 2 09 T 2,
AT H Al S5 54 B0 4 2 DR 2H i B0 e e BB R 2H
DNA, HX 100 mg fEMIFEARTLA 2 mL 204, SR
AR TR A A L ] 2H i B R 6 2 BCEL R 2 DNA
B2 mL R 2 mL 25048, 2 IO ) 4 i
TR PR 2H SR BGRAUR & SR BOEE R 2H DNA
1.2.4 4R80T PCR KR RIS #£ 20 plL
PCR Jz W & & b, A1 45 2 x dd PCR Supermix for
probes TR K 10 wL, FFUFS I AEREN £ 1 pl, B2
A1 pL, TCH ALK RNE 20 pL, IR 55 B0 H
INOFERE TR A Ay, Ul A2 =, [ml e S5 iR
RAFRARRALE AN 70 pl, 35 LA AR
AR e AR O . TR 40 W AR i 0T L /0N
LFERE Z=ECF PCR 96 LI N H, 170 °C BT S 7E
PCR A " H GG, PCR {SUCH #5822 C /s,
TEHRZ=E R :95 °C, 10 min; 40 cycles (94 °C, 30 s,
60 °C,1 min) ;98 °C ,10 min,
1.2.5  Jrifrsm A A R AR AL N T

# 1 PCR 3IWHAEREFF

Table 1 PCR primers and probe sequences
R F19F51(5'-3") Ji BRI
GE-F.5'-AATGATGCACCTTGTGAAGATGA-3'
eSS GE-R:5'-CCCCTCAAAACCCAGTTCTCT-3' 66 bp
GE-P.5'-FAM-AAAAGGCATTTGGTTGCG-BHQ1-3’
OA-F.5'-AGGTTGCGCCATGCTGTAG-3’
FIREER OA-R:5-CAGGACTTCTAATTTCGCCAGTAAC-3’ 77 bp

0OA-P.5-FAM-AGGAGGAATCCCCATCATCACGGC-BHQ1-3'
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PERL T 55 30% (S2:30% - +70% XS , -8
PR SY B 10% (S3:10% A +90% M5 1)) |, U5
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F D1 DAL B AGE I PA) ol oy v 5 P53 B #05* PCR
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Fig.1  Specificity of sheep species—specific genes dd PCR
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WA R, B LAsh Wy IR A W B DNA Sy B84 4
A FH GRS RS N A 5 DL ECE e, ELBHAAE RO 5 B
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23 FEMRSEEAEEERMIK

T FH 26 TR o3 R o A U 1) s o 2 R ) 1l ks
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0.05 ng/ WLk B J7 ¥ 5 B FR , PN 2 5k DR IR ARG Y BR
h 32 AEE DL, 2R i A S R DR e (At B Dy 26 A4~
I,
24 WEHFE BASRPFEREERDHEITHEE
FAERGE

W 5 0y 07 138 A DU ORE o, SR FH BT 22 37 9
T £ PCR E B 7 Wk 35T 35 IRME il 3 7 R A,
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Table 1  Quantitative limit test of internal reference genes
]?ig/ EL% 1 B C;pleb/”“L) 5 P ULTH3 SDr RSDr( % )
50 1350.000 1333.333 1350.000 1344.444 19.437 1.446
10 268.667 273.667 271.667 271.333 5.745 2.117
5 132.000 138.667 141.667 137.444 5.593 4.069
1 26.467 24.667 25.733 25.622 1.016 3.965
0.5 13.167 15.000 12.933 13.700 1.142 8.338
0.1 3.127 2.693 2.863 2.894 0.239 8.249
0.05 1.743 1.490 1.690 1.641 0.158 9.603
0.01 0.611 0.596 0.610 0.606 0.062 10.279
0.005 0.413 0.531 0.547 0.497 0.167 33.557
0.001 0.408 0.298 0.346 0.351 0.178 50.859
F2 R LA R PR
Table 2 Quantitative limit test of sheep species—specific genes
e ROyl e SDr RSDr(% )
50 1276.667 1216.667 1236.667 1243.333 30.414 2.446
10 245.000 249.667 251.333 248.667 3.391 1.364
5 124.667 134.000 128.667 129.111 4910 3.803
1 23.800 26.467 23.967 24.744 1.609 6.501
0.5 13.533 12.333 12.867 12.911 0.546 4232
0.1 2.447 2.350 2.497 2431 0.125 5.131
0.05 1.337 1.353 1273 1.321 0.107 8.121
0.01 0.646 0.433 0.463 0.514 0.119 23.088
0.005 0.517 0.503 0.700 0.573 0.250 43.630
0.001 0.591 0.381 0.290 0.421 0.505 120.070
200 e e e e e e B 73.65% (£ 3) . SHIRFIEAT MR ECT PCR & i
OO Lt Ll i T R 2 9 6 5 7 8 A7 o 5
3 = - A P& ESE S Sh A9 B P, 5 0 I 0R: & 19 1E
2 10000 T B A 22 YR Sl 6.72% . 8.97% . 12.70% . 9.70% .
g <000 5.21% , A BE AR 25 B A M AR MENL B 25% , 75 & %
= ) F PCR ikl 2 H6 ma 2ok .
0 25 WEHRKENER
-5000 THEFRE S bR 28 X FRE S A bR T AR 2, (H R
0 50000 100000 ~ 150000 200000 SXERE SRS FEAT PR AN B AR TR, B AN AE T B Y
800 Erent Rumber S 1A P AR L, — bR AT A 0 1 326
610 B WCERBRIRAG N CCER G A" S 70 BhriE
= COREEESE N R AR B AR T RR AR A 2R TR
2. 480 wg WF mT o PSR 100% ,BRTE“ TR A P A P IRE i o
ém ey vl EPEVES A A < 100% o SR JHASHF I8 BF 2 57 14 1
S o T um THCT PCR 52 BRI 5 392 6 T AN [R) o 3 5 L8 1A
& 160 P AT 2 PR A B DU R, G A I 45 S 5
BERE A BREE bR T B P TR B S R AT A N L, 56
R YT UEAS TR G T 37 7 vk 38 M . 2807 PCR 56 IE,
B2 NS A A I A A0S PCR 91625 PREECRELEF R RGP F L — S N R AR S

Fig.2 Generality of internal reference genes dd PCR
90% MG ) IR 43 & = 11.27% ,S4 (30% “E A +
35% B + 35% MG R E R 4 & &= 32.91% , S5
(70% 1A +15% $E A + 15% 5 ) P50 il 70 75 ik

2EURE RS B 95.11% L BRIE IR G A AR
TR S AR i v 2R TR MR B4 S Y4 8 Sl 63.06%
FITEE ST 77325 A 485 SR 5 T B A AR B AR T R AR AH
5, a5 13k 4,
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Table 3  Results of method applicability verification
. B E ) ¥ D1 % ( Copies/ wL) RSD SR
=) SV [‘1 M A SD
FE A (%) AU | ) ¥ DS (%) (%)
FEPR 190.00 195.00 197.00 194.00 3.61 1.86
S1 70 74.71
N 259.00 264.00 256.00 259.67 4.04 1.56
EIR 90.60 92.00 91.87 1.21 1.31
S2 30 R 32.69
NZ 296.00 257.00 290.00 281.00 21.00 7.47
E IR 32.00 27.00 28.67 1.53 5.33
S3 10 R 11.27
NZ 243.00 256.00 264.00 254.33 10.60 4.17
FIE 92.00 90.80 91.93 1.10 1.20
4 30 3291
HNZ 273.00 284.00 281.00 279.33 5.69 2.04
S 189.00 192.00 178.00 186.33 7.37 3.96
S5 70 73.65
NZ 248.00 252.00 259.00 253.00 5.57 2.20

4 ARBITOESL IR ECT PCR 7k
AT B AR i bR RS AR T o 35 i LU XS 5 2R
Table 4  Comparison of results detected by dd PCR

and commercial sample the label ingredients

B BERARR TR FRASERIENA ‘“”‘“(E%ﬁ)ﬂ
1 FRE KAEGETT S 85.10
2 AR KRBT ERARA 67.32
3 FRAE  REHET E 98.63
4 AR KRR CERARA 62.78
5 AR Ry CERIRANA 72.67
6 FAR KRR FH 100.95
7 FRP KA ES| 99.24
8 FREP RAET ESA 91.63
9 FRNE O KRBT ERAIRA 67.21
10 FER$  KAEET  FRAWMA 45.32

3 Hit5H&iL

ARWFFEARYE GenBank i Hh 20 A i 44 (40 5 (1l
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FZAEINZH DNA AHXS T2k A DNA 75 A ] 2H 21 6] A
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B O0RE AR 2 Bk i )R BR , b I R A5 59 1 L 32 IR
fHESIATfE

A ST FH ¥ $ 7 PCR 32 AR 19 48 %o 5 i J5
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