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Abstract: Objective To provide technical support for combating adulteration of plant-derived ingredients, the
detection application of non-directional screening of plant-derived ingredients in food was realized. Methods Modified
CTAB, SDS, and kit methods were used to extract genomic DNA from various plant-derived foods. Quality,
concentration, and purity of the obtained DNA were compared. Using the RbcL gene in the chloroplast genome of plants as
a barcode, 30 plant species were selected to verify the universality and specificity of this primer. Combining the second-
generation high-throughput sequencing with DNA barcode technology, species identification of four mixed plant samples
sold in Shandong Province was performed. Results DNA extraction using the improved CTAB and kit methods removed
the interference of polysaccharides and polyphenols, which was an ideal effect, whereas that of the SDS method was poor.
The DNA concentration obtained by CTAB method was higher than that obtained using the kit method. This method had a
good performance in universality and specificity of 30 selected plant species. At the genus and species level, the
identification rate of plant species in mixed samples was high. The detection rate at the species level was 98%, and
resulted in non-target matching. Conclusion The RbcL gene can be used as a barcode for plant species identification.
The discrimination rate is high at the genus level. At the species level, detection rate was high and discrimination rate was
low. To provide a foundation for the advancement of DNA metabarcoding method in the field of identification for plant-

derived components in food, the method can be further improved by increasing the barcode length.
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Table 1 ~ Plant-derived sample components
FEA G AR Fe bR IR () 43 )
B1 ZIRH ZRE
B2 ZRRALE ZHE A4
B3 B 5 BB LACANEEPN
B4 EeR YY) B ROK R B

1.2 W WCBC

SR P 1 :117.0 g/L NaCl,20 g/1 CTAB,
200 mL/L =33 WA G SE P e — 30 MR % i, 100 mL/L
LY LR — B UE L pH 8. 0.

2 .50 g/L + e KLU BR AN .

extraction method; RbcL gene; high-throughput sequencing;

PEH/ 22 i T 230.0 g/L SDS, 50 mL/L
SR PRSP e — BRI WL, 100 mL/L £ —Ji Y
TR BRI L PH 8.0,

TE 2% W | (pH 8. 0) : 10 mmol/L Tris - HCI,
1 mmol/L EDTA *2Na,

10x HL Yk 2% vl 9 : 108 /L Tris, 55 /L i iR ,
20 mmol/L EDTA - 2Na; ffi JFI i 10 3555 B¢ .

CTREVE -3 mol/L,pH 5. 2,

1.3 FEUER

B PCR X (32 ABI A H]) , NanoDrop 2000¢
AW A ] W43 6 BE T (36 B ThermoFisher 24
H) L m i RO L E Eppendorf 28 &) ) , BE K
1% & 5t (35 [E Spring Scientific 2 /) ) , 42 ¥ % 4 #H
(£ [E Nuaire 2\ )&,

1.4 Fik
1.4.1 FEF A DNA $#H

FIFH B K CTAB 3% . SDS % (il 1 & % 4 5l %t
30 i B —FH PR PEARE A R AT B N 41 DNA $2HL .
1.4.1.1 MR CTAB

HEB PRI 0.5 ¢ RFIUAE &, R0 DF IS I e B &
BOET . A 1.0mL 2FZp T 0.4 mL
g I, 54501820, 65 ‘Ci ¥ 40 min, 20 °C
12 000xg #§.L> 15 min, W B 2 75 — 85 00 2 08
A SRR Al 1 - ST VU R RIS, 20 C
12 000xg &5.L> 10 min, W B F 35 2] 5 — 85 1 B 08
o A SRR 2R 4], 20 °C 12 000%g £
O 10 min, W FE R 5 —Hi s 08 . A
0. 6 B EE 0. 1 AR 3 mol/L LR
W, R mENRA), 20 CERFE 2 h LR, 12 000xg 25
L 10 min, 3% 3. A 0.5 mL 70% £ %, B
BIR 4. 12 000xg B0 10 min, 3 3§ . T4 DNA
PLUE. 100 L K5k TE 28 w7 it DNA .
1.4.1.2 SDS¥#:

HEB PRI 0.5 ¢ FFIUAE A, S0 40 DHIS IS e B &
BT, A 1.0 mL 2E/Z Mo 1,70 C
IR 2h, 12 000Xg B0 15 min, WH 3G 5 55 — 8
BB . A 1 R IR TR 19y, 4% 2 ENR &)
12 000xg 50> 10 min, % L2 KM ZE—HE 0.
A1 A5 AR A T — (5 — S SV W, e 2 1
BIR 47,12 000xg B0 10 min, 557 b2 KA 2 — 3
B0 ML IR TR — 5 B 4% 22 1
B 50,12 000xg 5.0 10 min, %8 2 KA ZE—
B0 A 0.1 5 RBUY 3 mol /L £ 1R 81 7 Wi AN



AR AR

—1008—

CHINESE JOURNAL OF FOOD HYGIENE

2023 4E%0 35 55 7 W

2 A5 95% S BE L FEATIR S, 20 CHEE 1 h,
20 000xg #5.L> 10 min, 5 EiH . A 0.5 mL 70%
CEEF W VE U DNA UUUE . 12 000xg 0> 10 min,
F BV, T DNA ULIE. fin 100 pL /K& TE 2% ot
W DNA,

1.4.1.3 KK &k

i FH QIAGEN A7 4 3k [R 4 $1 B 77 &, 42 iR 3k
G UL 542 I DNA
1.4.2 DNA ¥ 5 i i 46

DNA P B F T R FH 58 A0 43 6 06 BE VL T 5
{# F§ Thermo NanoDrop ONE £ 2 43 #AL % 3 Fh 5
AR DNA BE S B 6T A AR 3 A/ A, 1 HE
A & DNA 2l
1.4.3 PCR¥ 357k
1.4.3.1 HYiEH 5197 5

ARG R ALY 8 51 %) RbeL™ 47 8 J5 15 31
430 bp ZEA7 4, IEM 5 # R 5" -AATCTTCTACTGG
TACATGGAC-3" ,i¥i[a 5| ¥}y 5'-TCATCATCTTTGG
TAAAATCAAG-3',
1.4.3.2 PCRRNAKR 5 RN Z4

Jo AR R RR R 25 wL, HoP L BE S DNA
(10~100 wg/mL)2 pL, 64 H 519 (10 pmol/L)
% 1 ul,Taq DNA B4 HE(2.5 U/pL)0. 2 pl,dNTP
(10 wmol/L)2 pL, 10xPCR Z& ¥k 5 pL, £ 5 T /K
R E SR 25 wL, AT AR A 20 0 R A
DNA R A& BRI 1T PCR ¥4 .

JZ R 28295 °C(5 min) —95 ‘C(30 s)—56 C
(30'5)—72 C(30s),35 MG ;72 ‘CHEAH 10 min;
4 “CHRAE -
1.4.3.3  HIKK

il & 2% 19 B IRBEEE IS , I ARk 2 B (855 4L
Yeft ) ) BAWSE N 0.5 wg/mL. ¥ 8 L PCR 9" 1%
FEYIAN AT 2 WL ARG R IRIR A SRR TR R
5 wL B DNA Marker,9 V/em 8 1 , H Kk 2 3B % 45
RFIE RS BEEM 2/3 Ab o B AR AT B H Tk

FERIFIE SR
1.4.4 Fe K48
1.4.4.1 B—RY)EEREA D P K53 M

PCR ¥ 34 3k 45 (1 7= ¥ 17 Sanger 7 DNA ]
¥ o WP A TAY TR L) B A R 2 &
JPF 6 58 L. M 45 5 R DNAMAN 34 47 1
XiF 4 HT o
1.4.4.2 JRA Y EMEREAN F K5

RbeL 5194 14 J5 ¥4 £ SCE 9647 W0 ) 43 47, I )
A AR TR (R By A BR 2 J I3 F 15 58
Ao A REAR Y I S DNA BEHLIT W, A 2 430 bp /)

FBSCPE 41 B i A7 F AT I %, Hlumina Miseq ™/
Hiseq™ 15 31 (1 it 4 AR B8 S 28 8 55 32 31 ( Base
Calling) 7+ # % 4k J5 45 W )7 J¥ %1 (Sequenced
Reads) . 2K JH Cutadapt(v1. 18) &5 544 X I ¢ J& 4
Bo4E dE AT M8 e b B, R gplots 3.0.1.1,
RDPeclassifier 2. 12 FF 54 XF BT A )7 51 i#£ 47 OTUs 4
st A AR B gLt .

2 H#R
2.1 BN DNA $2HUT vk Lok 25 2%

YR CTAB ¥ .SDS ¥ DL KR & i 3 Aoy
PR BORY KK 4 PR AT DNA ¥ 5 ali BEAG I, H 4%
KUK 2, HE2ATFN, MR CTAB ML $2HL DNA
J B DNA WK BT, Aygy/ Ay 0 F 1.7~1.9,
SDS % 2 UM DNA ¥ B4 i, {0 DNA i i 4% 2%,
Ango/ Aso IR T 1.7, AT BEAEAE AL 10T \RNA VML

F 2 3P ITEEIRIULE R4 DNA JR A K vk 5 4G

Table 2 The quality and concentration of DNA extracted
by 3 methods

- Aseo/ Argo DNA/(mg/L)
P [ils g DS I LIWJ [ig E‘ SDS il f%‘ll
CTAB ¥ &k CTABE: &
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B PR A R Al A 1 B R Y 1

B En kA
T 5

—1009—

F A5 2% 75 e P80 DNA 46 3% . 370 & vk 2 B
DNA Jit i e 4, A,/ Asge 7T 1. 8~1. 9, DNA 4l i 5%
e, (ELV EE AR T A 2 by vk
2.2 Jrikim HIPESE R

KGR NE JFO R 30 R SR EEY
) JE K ZH DNA Al 15 gl 4 55 40 DNA S B,

FIFH RbeL 5141347 PCR ¥ 84 J5 0 Tk A6 T |, 56 3iF 1%
D5 % IS L S5 R UL 1. BESE SR, 30 F
T 5L I 458 5 RbeL 5140 PCR 718 )5, ¥ n] 3k 45
430 bp & A7 K/ 2, 152 5 v 1Y) 2l i 5 TR 4 42
PR BRG R B B, R, %5 X SR
W R 30 FikE B oy 38 A R A

M 1 23 4 5 6 7 8 9 10 111213 14 15 16 17 18 19 20 21 22 23 24

M 252627 28 29 30 31 3233 34 35 36 37 38 39 40 41 42 43 44 45 46

TF : M : Marker(DL2000) 5 1~30: £L/N G0 RERE R Bk L0 S0 8 R EOR N TR T AT R KA Y R BT 2R LB E
AR B BB NE R B b SRR AR TR B SR R A O AR AT HL UK S5 2R 31 ~45 0 L R S NS RS T R
SH OB S 0820 85 7 R 2H S AR R AT HL UK 45 2R 5 46 BT XS BY

1 PCRIEE ARk

Figure 1 Electrophoresis of PCR amplification results

2.3 JiiEFR SRS

XF 30 FAE Y 9 PCR 7 4 )5 5138 ik DNAMAN
B TP BG40 A — Bk, 45 2R T 0L, 30 A [
Y Fb i R R 5 P — EOPE R 15 2 100%, 4 T
35.24%~99.77% Z 0] (3% 3) , NI i 07 ik ol LA
B W TE v v B2 30 FAs 4 W b
2.4 RGNV EREAD T 53 A
2.4.1 WP RBAEGEI bt

XF 4 ARSI Fr ik RN R AT B R A I 5
IS, B1.B2 B3 B4 HEA 8 7 i A ROF
HISH5r 5 51773 .50 274 .42 675.45 527(K 4)
2.4.2 OTU LM KWk it

OTU (operational taxonomic units) S RG K
PR B AL A 0D O TR TR T A, N A
H— R PTBENG k. 4 DHEARRED
Pk Az 24 4~ OTU, W3k 5CRAPAUER T F B
51 OTU),

FIFH ete3 package 23 il B N AEA 43 2 R GE4H K
REARE o U FEALE A 7] 530 25K < domain () |
phylum([7) .class(Z9) (order( H ) family (%} ) . genus
(J&) .species (Fl) MW FpFp 2 G2 it UL KT 2. 7EFPK
ST PUAS REAS Y 4 R A ) 2 5 Jm K T A AL B

B2.B3.B4 3 IS H 1.2.3.5 WA, {H & B3,
B4 FEASTE B K -t 7= A4 T AR H AR 9 A DTS, 41 4
B4 %5 H A% AL .

3 it

ASCHFGE T B it A R 1853 IR R 1) i A
AR CTAB 3% .SDS 3 DL RGR I &7 3 FF DNA
RWOT BT T .. MUHEAERZH . THZ
Wi 22 W, Z2 05 09 BRAL T BT 5 DNA AR R LA BOE LA 43
B LR CTAB AT 2 L BR 2 2, AT 42 /&
DNA [ 55 i IR & . 2245 30 Fkl P04 Fhodt iz R
PEATIE AP EE S PR IR 3 it — B b7, Rbel 5%
TE 1 AT A 25 5 ) A W 58 BT o5 S 1 30 Fl A ) W b
SCHR Az 18 09 FE 3 T 51 ) AL 45 matK | RebL (1TS2
trnH-psbA 55 | 3% 1% ] % B 5% 25 R R B IS S A5 W
DNA 4B/ 1951 %4 matK  RebL, W 8 1 25 1F 5%
45 B L W A% T 09 matK RebL ITS2 trnH-psbA 551
PR N 75. 0% ,100% . 100% .91. 7%, H I,
A B 53 1 57 1 O 2 A AR H At A ) 38 ] 75 1 )
A7 B E JF HEAT 380 I PE R S LR R 2D A Y
975 Wl

AN S INAAE T ER 4 &SRR



2023 4E4f 35 454 7 1

CHINESE JOURNAL OF FOOD HYGIENE

—1010—

o — - - - - - - - - = = = = = = = = = = = = = = = = = = = — W
ogo6 001 — — @ @— @ - - - - = = = = = = = = = = = = = = = = = = = = — g
€6'¢6 §I'68 001 — @ — @—  — - = - = = = = = = = = = = = = = = = = = = = = A
S1'C6 LO06 8€'T6 001 — - - — — — - - = = — - - - - - - - - - — - - = — (A=
S¥'16 ¥8°68 ¥8'68 9.06 001 — = — — — — - - - - — - - = = = = = = = = — - - = — 3KV
0€°€6 €506 6916 LO'€6 €506 001 — — — — - - = = — - - = = = = = = = = — - = = — ETi4
9L°¢6 0£°06 19°S6 SI'C6 ¥868 19C6 001 — — — - - = = — - - = = = = = = = = — - = = — ke
8T°6€ 00°0¥ €S'1¥ v¥LE 16 9¥'8¢ TTI¥ 001 — — - - = = — - = = = = = = = = = — - - = — N &
I8°LE ¥9°6€ 000 6T°8€ ¥T6€ 600F 656 S¥F16 001 — - - - — — - - = = = = = = = = — - - = — I B
TTI6 1968 €506 8€°68 1968 9L°06 0£°06 9€0F 9S°LE oor — - -  — — - - = = = = = = = — — - = - — e
0076 €506 ¥8°S6 8€T6 LO06 8ET6 1€66 SE€I¥ 096€ 0£06 001 — —  — — - - = = = = = = = = — - - = — R4
6606 7S°96 8£°68 19768 1968 L0006 SI'68 96'8C £99¢ 0£06 8¢68 001 —  — — - = = = = = = = = = — - - = — W
676 ¥8°68 €TL6 ¥8'C6 6606 19C6 €TL6 TLOF 80LE 6916 €TL6 8668 001 — — - - = = = = = = = = — - - - — b
€6°€6 SF'16 9L°E6 LO'E6 6916 ¥8T6 6976 SS6E 9T'8E 0€06 69F6 006 LO96 001 — - - - = = = = = = = — - - = — I
T6'v6 ¥8°68 €TL6 ¥8'T6 66°06 19T6 €TL6 TTOF 80LE 6916 €TL6 8€68 €86 LO96 001 — — @ — @ @9— @ @— — —  —  — — — - - = — YHW
LO06 ST°68 0£°06 0£°06 9L06 €506 €506 I80r LS8E #8T6 9L06 8€°68 6606 ¢CT'l6 6606 001 — — — — — — — —  — — - = = — WZ
LOE6 66°06 9L°€6 LO'E6 TTT6 8E€T6 006 S6'8€ #HLE LO06 0076 6606 19°S6 SI'86 19°S6 9L06 001 — — — — — — —  — — - - = — o]
0€°06 SI'68 8€68 LO'06 8£86 9L06 0£06 9¥'6€ #6'9¢ 1688 LO06 1688 €506 9L°06 €506 LO06 0£06 00 — — — — — —  — — - = — — 34 38
SI'S6 LO'06 9¥'L6 LO'E6 TT 16 ¥8T6 €TL6 SHOv SLLE SY16 9FL6 1968 LL'66 ¥8'S6 LL'66 TT16 8€'S6 9L°06 001 — — — — —  — — - - = — $
SP'88 ¥8°T6 ¥8°98 66'L8 $8°98 TT'88 TT'88 90°8¢ 90°8¢ 8988 <TT'8S 197T6 SH'88 SI'68 S8 1688 66°L8 198 Tr8s 001 — — — — — — - - = — Lyl
9L°L8 T6'T6 TU'88 LO'LS 66'L8 €S'L8 66°L8 SS6E€ OV0F €S°L8 TTSY SH16 66'L8 66°'L8 66'L8 8E68 66°'L8 0£'L8 TT88 SI'S6 001 — — —  — — - - = — Y
LOL8 SP'16 €SL8 1998 €S48 LOL8 LOL8 SS6E T¥'6E €SL8 LOL8 SP'16 0€L8 TT88 0€L8 1688 66'L8 ¥8°98 LO'L8 19°S6 SI'86 001 — —  — — - = = — KE
1998 TT'16 €S°L8 66'L8 0€L8 LO'L8 TT'88 S9'8E 6ELE $8°98 TT'88 9L°06 66°L8 £€£98 66'L8 SH'88 S'88 1998 9L'L8 69'V6 696 T6¥6 001 —  — — - = - — A
LO'L8 TT'16 9L'L8 1998 €S°L8 LO'L8 0€'L8 SS'6E 1¥6€ 9LL8 0€L8 TL'I6 €518 66'L8 €5°L8 SI'68 66'L8 ¥8°98 0€L8 8€S6 8€'86 LL'66 6976 001 — — - = = — ¥
0€°€6 L006 9L°06 6916 0£06 SI'T6 St'16 86'LE 1L9E LO06 SP16 1968 SI'T6 LOE6 SI'T6 868 19°C6 LO06 CT6'16 TT'8S €SL8 9L'L8 1998 €5'L8 001 — - = = — 4
TTI6 ¥8°68 TU16 1968 1968 TT16 6916 600 87'8E SI'86 6606 €506 6916 €506 6916 0£€6 0£06 8¢°68 6916 ¢T'88 0£°L8 LO'L8 0¢€'L8 0€L8 #868 001 — —  — — B¥w
S6'6T 19°68 0€°06 0£06 €506 LO06 LO06 660F T0°6E 0076 0€06 0£06 €506 TTT6 €506 +¥8T6 TT'16 ¥8°68 9L°06 ¥898 0€'L8 LO'L8 TT'S8 LOLS 0£06 €Tv6 001 —  — — 21z
PT8E TY9E 61°6€ 01'9E $TSE 06'9€ €T6E 6606 0£€6 0£9E 8L8E TT'9E 90°8E S6LE 908  88°9¢ 19°9¢ 1T'SE 90°8€ €S°9¢ 108 06'9€ ¥8°SE 06'9€ 1T°SE SI'8E 0S'LE 001 — — fay
9v'¥6 0£°06 8€T6 LL'96 6916 LOE6 SI'T6 09'8€ 819 6606 8€T6 0£06 ¥8T6 ¥8°C6 ¥8T6 TT16 LO'E6 6606 LO'E6 9L'L8 ¥8°98 LE98 €5°L8 LE98 +¥8°C6 TT'I6 6606 ¥'SE 001 — “y
10°8€ T8'9E L8'LE LOOE LY'SE LTLE LE6E 9€06 LOE6 S6'LE PI6E TTIE €L°9E $T8E 96°9¢ 0€9€ SH9E TS SE vT'8E PP LE L8LE 18°LE 9L°9€ 18°LE L9°SE TE8E 0SLE 8€86 L¥'SE 001 E\[/IZ

W Al W B WH R WA J & WE MR fE HE W WA YEW WE L MR 8 BN ¥\ KT O\ KE &Y #¥h &7 5% BY a1z Wik

9p/s1ueld ¢ jo uostredwon aouanbas Lousisisuor) ¢ a[qR,

%ol X N 4 X8 — (16 L7 0l L fife (4 T ek O€ € 2F



B PR A R Al A 1 B R Y 1

BB A —1011—

4 MPEEER

Table 4 Sequencing data information

BEAR 4 R ATRT 5 2 Bk 5 R /bp B BRI /bp KA /bp
Bl 51773 20 109 249 388.41 210 462
B2 50274 19 525 458 388.38 238 440
B3 42 675 16 556 106 387.96 215 432
B4 45 527 17 682 100 388.39 244 439

25 BEAROTUH A S 1T S ) Fh 13 B

Table 5 Sequence number statistics and species annotation of samples OTU

OTU %i %% Bl B2 B3 B4 YA R B
OTU3 48 576 5058 | 282 d__Viridiplantae; p-__Streplophyla; (:__norank_Slreptop'hyl‘a; o__Lamiales;
{__Pedaliaceae; g__Sesamum; s__Sesamum_indicum;

0TU1 226 44 346 93 0 dffViridiplan.tae; p__Streptophyta; cifnorankfst'rep')lophyta; o__Fabales;

{__Fabaceae; g__Arachis; s__Arachis_ipaensis;
d__unclassified; p__unclassified; c__unclassified; o__unclassified;
OTU19 3 0 0 0 . . . .
{__unclassified; g__unclassified; s__unclassified;

OTUS 8 3 208 6781 d__Viridiplantae; p__Streptophyta; c__Liliup'sida; ul__Poales;
{__Poaceae; g__Avena; s__Avena_occidentalis;

0TU4 ) 29 | 924 28 681 d__Viridiplantae; p__Streptophyta; ¢__norank_Streptophyta; o__Fabales;

f__Fabaceae; g__Glycine; s__Glycine_max;

B> S5 R GLLH

81 g \ {/f”‘ ‘\% ‘
(2 )— —@

Viridiplantae  Streptophyta norank Streptophyta Lamiales ~Pedaliaceae Sesamum  Sesamum indicum
[iEEvE s AR WA RPIRRTY EIRIER BB IR ZRk
99.99% 99.99% 99.98% 99.51% 99.51% 99.51% 99.51%

B2/3 2% R G AL

£ \ o ‘ﬂ\
(B2 } W— a
- p A 4
Viridiplantae Streptophyta norank Streptophytal Fabales Fabaceae  Arachis ~ Arachis ipaensis
iEk//E BRI s BRI HH =2 AL R Tk
100% 100% 99.91% 95.48% 95.48% 95.40% 95.40%
Lamiales Pedaliaceae Sesamum Sesamum indicum
EIRIEH HIREL  BURR)R 2
4.43% 99.51% 4.43% 99.51%

B37r J5: ARG A

(B3 ) A A
O/ | 4

Viridirl;lantae Streptophyta |norank Streptophyta Fabales  Fabaceae Pisum Pisum sativum

TP T BERRLY) | W SRR HH SR i 5% Yt
99.96% 99.94% 96.83% 96.83%  96.83% 91.77% 91.77%

—

Glycine Glycine soja
(E AE

NN
4.73% 4.73%
Liliopsida Poales Poaceae Zea Zea mays
e AAH AAF K4 78 5 P/
3.11% 3.11% 3.11% 2.26% 2.26%
BA45 285 R G
Y

Liliopsida Poales Poaceae Avena  Avena occidentalis
Mz g e
17.85% 17.85%

P
r Y

ik R P AAH AAR
@%‘ 20.75% 20.72% 20.72%

Viridiplantae ~ Streptophyta O{;za Oryza sativa
WA B PR K
100% 100% 1.94% 1.94%

pe

Fagales Juglan‘daceae Ptergcarya Pterocarya stenoptera

norank Strepioptytal  FSLH WIAL Bl {7

WEWHEIREY) | Y030, 1.03%  1.03% 1.03%
79.25% ® °

Solanales Solanaceae Lycium Lycium chinense

i H AR AR

2.03% 2.03% 2,03% 2.03%
; )
Fabales ~ Fabaceae Glycine Glycine soja
A 2R KEE =
75.30% 75.30%  75.30% 75.30%

Bl 2 oyt RGBT BAR

Figure 2 Taxonomic system composition tree
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