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Utilization of ITS Gene Barcodes for Identifying Plant-derived Functional
Ingredients in Health Food Products
QIU Xibin
[Fujian Inspection and Research Institute for Product Quality/National Quality Supervision and Testing Center for
Processed Food (FuZhou) , Fuzhou, Fujian 350002, China]

Abstract: [Objective]l A molecular biology identification method to detect common plant-derived functional ingredients in
health food products using genetic barcodes was developed. [Method] By means of retrospective investigation, 5 common
health food raw materials in China, i.e., American ginseng (Panax quinquefolius), Dendrobium candidum, rthodiola (Rhodiola
nobilis), wolfberries (Lycium barbarum L.), and ginseng (Radix Ginseng), were firstly tested for functional ingredients using
the best extraction method on the target DNA. A stable, efficient, and accurate PCR reaction system was constructed with
primer sequence designed based on the conservative characteristics of ITS2 internal transcribed spacer and components of each
substance adjusted and optimized. Molecular identification on health food products of various forms was tested using the
developed method. [Result] The innovative application of a modified CTAB method afforded successful extraction of the
target DNA in health food materials as well as products at commonly formulated dosages. The PCR amplified with the
detection sensitivity on nucleic acids of American ginseng, D. candidum, and rhodiola reached 1 ng-uLfl, and of wolfberries
and ginseng 0.1 ng~pL71. [ Conclusion] By using the ITS gene barcodes obtained through the DNA extraction and PCR
amplification, the key functional ingredients from plant materials such as American ginseng, ginseng, D. candidum,
wolfberries, and rhodiola rosea could be identified for authentication of health food products in the forms of pills, tablets, and
concoctions.
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KA. MEYR/AF; Ster-ilGARDII Advance 4=
Y4t . 3¢ [ Baker A A ; HVESO = K 18 4 -
H A% Hirayama 23 & ; DNA #e4i{%: FEER KR BHE
vy UV-2550 503 G T HA B A Wl
ULTROSPEC 2100 PROAZ i% £ 11 i I 4% . 3 [ 38
HLA A A s CR22G IT B R VR B0 Ml . H AR Hitachi
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Table 1 Information on test materials

Fe LB YSE R PR !
Serial No Species name and number Product State Place of Origin

1 P21 American ginseng 1 3 K Powder 2 ¥ ¥ Kunming, Yunnan

2 P22 American ginseng 2 2% Medicinal materials B JpiT 156 Raohe, Heilongjiang
3 P23 American ginseng 3 #j}4 Medicinal materials Jn%K Canada

4 P24 American ginseng 4 A Decoction pieces  MRiE T Qinghe,Jilin

5 P25 American ginseng 5 X F Decoction pieces FE US.A

6 A %1 Ginsengl fitf i Fresh products # #RIE A Tonghua Jilin

7 AN 22 Ginseng2 fitf i Fresh products HMIL R Yanji Jilin

8 AN 23 Ginseng3 fi iy Fresh products # MK 11l Changbai Mountain, Jilin
9 A 24 Ginseng4 fif iy Fresh products HIRYT % Raohe, Heilongjiang
10 AZ5 Ginseng5 X F Decoction pieces Bt 2= New Zealand

11 Fi42 71 Chinese wolfberry1l Z#f Medicinal materials P %41 Inner Mongolia

12 4272 Chinese wolfberry2 Z#f Medicinal materials 7 H Ningxia

13 HiAd 73 Chinese wolfberry3 i}t Medicinal materials H N BER Longnan, Gansu

14 HiAd T4 Chinese wolfberry4 2j#4 Medicinal materials 11175 H ¥ Rizhao, Shandong

15 HiAd 75 Chinese wolfberry5 2j#4 Medicinal materials YL & Xingtai, Hebei

16 kB FifiHl Dendrobium candidum] KK Powder I FEFH Shaoyang, Hunan

17 #kJ% 41’2 Dendrobium candidum2 2} Medicinal materials WL R & Tiantai, Zhejiang

18 #kJ% 41’3 Dendrobium candidum3 2} Medicinal materials 2 7*1¢ Ninghua, Fujian

19 Bk} Fi f#ft4 Dendrobium candidum4 ) i Decoction pieces I~ V4R Tian'e, Guangxi
20 Bk {2 Fi k5 Dendrobium candidum5 X Decoction pieces 2 X111 Wenshan, Yunnan
21 215 K1 Rhodiolal X Decoction pieces P51l %442 Xing'an, Inner Mongolia
22 21 5¢°K2 Rhodiola2 Z#f Medicinal materials HHIL Y Yanji Jilin
23 2] 5tK3 Rhodiola3 i}t Medicinal materials VUjH7 1% Tibet Lhasa
24 215t K4 Rhodiola4 X Decoction pieces HIRYT % Raohe, Heilongjiang
25 #]5t K5 Rhodiolas X Decoction pieces HR %M Lanzhou, Gansu

JE#E . P& [ OXOID A w5 Tag DNA Polymerase (5
UL '), MgCl, (25 mmol'L ™), dNTP mixture (25
mmol'L '), 10X BufferZ ' W . 2XSanTagq
PCR Mix FIE M (& ¥ 44k ). 100~2000 bp DNA
S FEPRUE Marker D, 6 X Loading buffer 1 4S Red Plus
%R YL {655 W H bbi-lifesciences corporation; —+ 7 %5
= IR A8 (CTAB). 1+ = i 5t 1 iR &0
(SDS). &M% (EDTA). ®Z Mk
MR | =R Y g R TP A B L I PG Bl
T KRipka RE (ATCC 25922).
WFSE R I ITS2 J7 S Jy %5 S il 514, LA
FLAZ A W) 18s-DNA N2 B R g0 i S A 25t . & 4E

AETAEY TR (LE) REARAFREGR, 519F
G0 3.

1.2 REHE

1.2.1 % A4 DNA R 7 kb & Mm 4L

583 1 L3R UL AE YY) DNA $2 07 :4F R Of
@£ b AR 4 DNA $SEERBY SRl 7, EEAFELIT
3FR, BRI 3 RE AR,

(1) fE5h8 2% SDS %

B FAL B E 2585 1 BB IR, N 10%
PVP-40 #y A J5 3 S U RO K o % B WA YO
B, AT mL AR 1 (25 mmol-L ' Tris-HCI,
10 mmol-L ™' EDTA ) Ft/MR4A), A 2 mL $ B2 vh
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Table 2 Information on health food products
e Y F7 Bkl SR T B b i
Serial No Name of health food Dosage form Target plants claimed in the ingredient list

1 VUit 2 % ' American ginseng buccal tablet Ji 71 Tablet 7472 American ginseng

2 2% A American ginseng buccal tablet Ji 71 Tablet P2 American ginseng

3 P72 = LK% Panax quinquefolium and panax notoginseng capsules Ji#%E Capsule P2 American ginseng

VS - s

4 Pﬁau{l:x/ q{;tfqi:]lfg ;;nm:ium and wolfberry fruit soft capsules el Capsule P#¥ 2 American ginseng

5 72 =-E 11 JIlR¥ American ginseng and panax notoginseng oral liquid IR oral liquid 7672 American ginseng

6 R2Z VW2 L iR Ganoderma lucidum and American ginseng oral liquid I i oral liquid P6¥£ 2 American ginseng

7 NS iR Ginseng Extract Oral Liquid I i oral liquid A% Ginseng

8 NS IR 11 ]R3 Ginseng Amino Acid Oral Liquid I i oral liquid A% Ginseng

9 ANZ =% Ginseng and Sanqi Buccal Tablets Ji 51 Tablet A% Ginseng

10 N0}, Ginseng dropping pill L7 Pills N2 Ginseng

11 A E A E BRI IR Jujube Amino Acid Oral Liquid IR oral liquid Fi4c ¥ Chinese wolfberry

12 FUNF AL IR #E Maca medlar capsule % Capsule HyALF Chinese wolfberry

13 FILRMIAC - Amino acid medlar tablet Ji 5 Tablet HyALF Chinese wolfberry

14 B fis M A SRz P 771 Donkey hide gelatin and wolfberry granules Wik 7] Granule Hi4c ¥ Chinese wolfberry

15 AR 1Lk A Hik: Senshan Iron Sheet Granules 5 Granules Bk 7 41§t Dendrobium candidum
16 FUALZ K S A2 Nine Immortals Zun Rice Dendrobium Maple Juice Ji 5 Tablet S £ 5t Dendrobium candidum
17 Bk [z 2 F1HRI Dendrobium candidum oral liquid I i oral liquid Bk 7 41§t Dendrobium candidum
18 R A i R Jinyu Dendrobium Oral Liquid IR oral liquid B JZ £1 5t Dendrobium candidum

TG S

19 iiﬁfjuﬁ(fa:dilﬂxierican ginseng and astragalus capsule 2% Capsule #kBL At Dendrobium candidum
20 215 R IRHE Rhodiola Soft Capsule JKi%E Capsule 21 5K Rhodiola
21 215 K V572 DI Rhodiola and American Ginseng Oral Liquid i oral liquid 41 5K Rhodiola
22 21 SORAEHU DR Rhodiola extract oral liquid IR oral liquid 21 5K Rhodiola
23 21 5 R #E Rhodiola Capsule Jii#E Capsule 41 5K Rhodiola
24 £ 41 50 R A Shenglian Rhodiola Capsule FL7 Pills 41 5: K Rhodiola

&3 5I¥F5

Table 3 Primer sequences

JrB ElEVEAR 519¥51 (53D

Fragment  Primer name Primer sequence ~ (5'-3")
ITS2-F ATGCGATACTTGGTGTGAAT
ITS2
ITS2-R GACGCTTCTCCAGACTACAAT
18S 18S-F CCTGAGAAACGGCTACCAT
18S-R CGTGTCAGGATTGGGTAAT

W2 (0.2mol-L ' NaOH, 1%SDS ), 75 °C 7K 30 min,
RS IEART A . A 1.5 mL #EHZE ppik 3 (3 mL
KAC, 0.575mLHAC, fi7KZE 5mL) 0 °C JiE 10 min

FAVLTE . 4 °C, 12 000 rmin ' B0 5 min, H
Ho MASERBUE -5 mE [V () v (RI%
i) =24:1], F4MRA), HCE A%, 12000 rmin ' 25
0 10 mine, BBV, A S ERBEAS SR, |’
5], ZFIRCE 30 min, 12 000 rmin ' #.0> 5 min, 3F
3%, A 100 uL TEIFE#, -20 °C A%

(2) K CTAB %

WM 2 g BF 10 mL B0 4 H, 65 ¢ Hil#A
() 2X CTAB $2 HUZ% Wil 2.5 mL J2 3 3k 2 % 100 pL,
T 65 CAKIEZSE 2 h, W H S, 8000 rmin ' &
> 5 ming B L VWM B BE 5 mL, 20 °C YLUE 1 h,
8 000 r-min ' B0 5 min; HUHLIES B 5 2 mL EP 4
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B, HEANA 65 °C FHE 2 X CTAB $2 HUZE #h i 600
uL K Fi L O WE 16 uL, BT 65 °C 24 20 min, H[H]
WY, BN SE RS -S EE [V (R5) :
v (Sekl ) =24:1], HifE13R %7 5 min, 12 000 r'min '
B0 15 ming B VE WO SR L-20 C BUA 5T
B2, —20 °C YL 2 h, 12000 rmin ' B5.0 15 min; B
DUUE H TG 7K 600 pL %5 %, B J5 im A & B 1200
uL K% 3 mol-L ' i e #M ¥ i 60 uL, RAJ, ®-20 C
PLYE 1h, 12000 rmin ' &4 15 min, 4% DNA 5
WEEAREE2~3K; VIS T37 CHAERT
1 h, HZE BT, BJENICHEK 200 pL % i
20 °C B H&H .
(3) k&

HUE B 250 T 5 T-20 C IKAR % 40, BT
JIR R TR P E AR, PRI 30 mg B
1.5 mL EP &, FLUAIR 56 A0 B4 BT & 1d B A3 F
FREREL, B2 100 uL TE P 2% i

K B3k 3 FELEC DNA (7%, FE51HIR
I A 5 H DNA R B i B, sl id s HoAe
22 405 260 nm F1 280 nm (1) W YL AE Asey F Asgg, FF
PL Aggo/Agso A LEAB T 25 R LAl B o 1] st %5040 R
SPSS 26.0 PEAT/rMrAb B, 2205 2253 Mt oE , A A/
B RRIRTE 0.05 K25 0, DIk R
WOy,

122 BHEZPCRIKZMGE IR Tk RHEEMN

AR B 58 o ST BC R R YR R
FH 3 1519 ITS-F F ITS-R $EAT 1TS2 F BL 4% B i 4

(WZ K 18S [ ). PCRAKZE (50 uL): 10X PCR
buffer5.0puL, dNTPmixture ( 10mmol-L ™) 1.0puL, Tag
DNA Polymerase (5 U-uL ™) 1.0 uL, fdf Jf] 28 P % 3=
SRR I AT 44, MgCly (25 mmol L)
BIEEH 3.0, 4.0, 5.0uL, 54 F &R (10 umol-L ")
ISR 0.50, 1.0, 1.5, 2.0 uL, AT DNA ¥ it
2.0, 2.5, 3.0 uL, ddH,O b ZE 50 uL. JZ B
i A 6] GB KR BE (52, 55, 58 °C), R R H
(50, 55. 60 s) #4758 B 5 R 6X
Loading buffer ¥ i 5 DNA LR 2], T 1.5%
BN WEBE A AR, HUES 140V, B[] 45 min, 37
wapsp g aifh)s, AT AEYM TR (Big) Biha
RS FIIN R, I 1B 46 %l S0 BF B2 0 1 25 B 5
Yy RAR T B X, AT ARAF A A TE R P 81 . T2l
AT % E RS (http://www.tcmbarcode.cn ) 7% #%,
Jf7F GenBank (¥ % ( https://www.ncbi.nlm.nih.gov )
H i i BLAST ( Basic Local Alignment Search Tool )

Ik T A R A, LA R TA S B T ik 0 HfE
e 75 IR RBUE M E b, PR EE 0 25
) R FH Je A 3 By A B DNA,  fiff A% 1R 25 1
e Z 100 ng-pl ', FEREEE 1, 0.1, 0.01, 0.001
ng-ul ', KRS I DNA B RVE HBHGHTT PCR S
N, B Tk R R
1.2.3 BRI Am TARAE R oA A TR P A 2 09 2
HFAREE M A= T 22, EinT
W, St EeR . R, fRal . I, BT RIS
AR, MEGXT DNA =4 —E IR, HACR MR
55 A B R GE N, X DNA B9 52 B0 b — 2 /4 1A
ME o N2 AN [R) 3 28Y rh B SR FH A8 D s ML AT AR AN
[, BEXT DNA A48 B A R mys2m . o A4l or
T E i B 7R 780 SR A 1 ABGE A, R T R
WA T/ ™ i, Ea g . ST, B
I 11 B v R AR B BRSO 1 52 1) LA 2 55 DNA A 3R
o B 1.2.1 TP B e A O U R PR
T ) R M DNA SRR LAl 7k o XL A
LR, B R RS T 20 °C ¥R VR 2 h JE EUN
WAM R K E T EP B, B4 g TELOEBATEN
3 min AT EFFRBF SR . TR, BRENE
YT-20 CRE2h G HEMBREMRMAK, B2g T
B 10 C T A ER R R R gk, Dk
Wi H 10 mL T 15 mL & .04, 15 000 rrmin | ¥ 7 25
O, F BIERUIES P 2EW TR .08, BAEH
Ja HEAT SR SR . [RIE,  ARE AN [ 550 7R ) A AN
MO, e 2 E BE O [R) R TR B fE
DNA R8T ¥k . 76 PCR S0 RIFEE T 1T, MR4EAS
[F S50 A DR A B A P RR A, 458 1.2.2 PRSI R Y
PCR R R AT HE AL

2 ZRE55T

2.1 3 DAN $REU5 AROEL 5

F A SR W, 15500 2 TR AR 4R U 1 LY
25 FiAE ¥ DNA R BT, (% TR EY
DNA 5345 K A 05 T4 i AR, B A i B 2 Jig
FE 3 PPk AR o TR A BRI DNA 15358 R
Rm Tk, HaiERAaZ RN, %
AR GV N A A W 3 =, A EA T R TR
PRV U B X AR SR , FE 2 HAG WA AR WA
AUy T AT N S AR MR . [, FEHREL
Y AU A DNA B, $REOT B0 B 2R A
FBRAE N 5 S A PR Ag £ & P DNA B S35 2 0o it
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WA pE L, TR R CTAB %42 1
B DNA A,go/Asso TH 1 297 1.80~2.00, i W % Fli%
T T EUCAY L 4] DNA 44 5, & RNA, &
FiL BSR4 ML, 35t A .
22 PCR¥EFAENEIRUERR
22.1 PCR R4k F 643 5 B R K

3 3 o S5 AR F FR AN [R) B 43 VS e DA R R AR
RUREE R AR M A G RER . AR BB
M A& Z >4 : 10X PCR Buffer 5 pL, 25 mmol-L”' MgCL,
4puL, 10 mmol'L"' dNTPs 1 uL, 10 pmol'L™' B4 I F
Wiss 2 L, 5 U-uL' Tag DNA i 1 pL, #%4% DNA
S5uL, ddH,O #ME 50 pL. W FEF: 95 °C, 5 min;

94°C 90s, 52°C 50s, 72 °C 1min, 35 PMEH; 72 C,
5min, 4 °C, oo, H 7P PCR ™Y Ik B L
K1, Z5RE8xR, WHESZHR1000bp,. ASHN
800 bp. ML FZIH 750 bp. LI 5 K%M 800 bp. £k
KA fit2 0 500 bp, H15 U —3 . M4 PCR K
(AR JEHE, MgCL, MR I 52 i 3R G B i G M, 3
24 Y =i, i T3 B AR Y DNA iR 32
BB S AR TR TR, RO B IR B N BER
EUWH 24 Bl Ll 2B 7= R 9 % B R s I R B R O 2
DNA & 22 W IE B i — & 5 o [, 76— Y F
N RS A TR RS | 4 s VR s Rl X428 4l
AL BA XS I R el A — 2 AR

%4 T RE773% DNA IR E
Table 4 DNA extraction by different methods

FE AR SDSTL i RCTABYZ: (5 SiilktPN
Wyl Traditional alkali cracking method Modified CTAB method Kit method
Species 4l B ol B/ il (X3
Purity Ajg/Aggy  Yield/ (ng-pL™) Purity Ajg/Agsy  Yield/ (ng-pL™) Purity Aje/Agsy  Yield/ (ng-pL ™)
P21 American ginsengl 1.35+0.04 ¢ 363+8.19¢ 1.85+0.04a 814+4.16a 1.504+0.06b 494+1.53b
V422 American ginseng 2 1.31+0.03b 494+6.110b 1.844+0.03 a 831£10.15a 1.544+0.04 b 481+557b
P23 American ginseng 3 1.224+0.04 ¢ 424+252¢ 1.86+0.04 a 865+9.54a 1.7240.03b 4541+6.56 b
P24 American ginseng 4 1.33+0.04 ¢ 322+557¢ 2.06+0.10 a 868+3.51a 1.59+0.03 b 4784+6.03 b
V425 American ginseng 5 1.43+0.05¢ 422+4.16¢ 1.944+0.04 a 787+2.65a 1.58+0.23 b 489+8.39b
AZ1 Ginsengl 1.37+£0.03 ¢ 315+3.06 ¢ 1.85+0.05a 896+1.00 a 1.45+0.05b 500+5.86b
ANZ2 Ginseng2 1.34+0.04 ¢ 321+9.24¢ 1.86+0.04 a 807+2.08 a 1.5240.02b 504+1.53b
ANZ3 Ginseng3 1.21£0.02 ¢ 322+4.36¢ 2.05+0.04 a 853+7.77 a 1.45+0.05b 481+7.02b
ANZ4 Ginseng4 1.32+0.03 ¢ 378+3.79 ¢ 1.84+0.04 a 803+3.51a 1.46+0.05b 484+2.52b
N5 Ginseng5 1.35+0.04 ¢ 348+5.57 ¢ 1.91+0.06 a 807+5.13a 1.58+0.06 b 4894+2.52b
#4c 1 Chinese wolfberry1 1.63+0.03 ¢ 573+£4.04 ¢ 2.04+0.05a 806+2.00 a 1.41+0.04 b 621+9.62b
M4 12 Chinese wolfberry2 1.74+0.02 b 540+6.35¢ 1.88+0.03 a 759+4.73 a 1.67+£0.05b 601+1.73b
¥4 73 Chinese wolfberry3 1.59+0.06 b 565+0.58 ¢ 1.85+0.03 a 780+5.86 a 1.43+0.05b 594+1.53b
#i4c ¥4 Chinese wolfberry4 1.64+0.03 ¢ 589+3.46¢ 1.844+0.04 a 794+3.06 a 1.474+0.06 b 6131+9.45b
HyAL 15 Chinese wolfberry1 1.73+0.03 ¢ 582+4.16 ¢ 1.95+0.04 a 774+2.08 a 1.54+0.04 b 606+5.51b
Bk 2 41 ffH Dendrobium candidum1 1.55+0.03 ¢ 362+10.44 ¢ 1.9940.04 a 827+231a 1.68+0.05b 49949.02 b
B 52 £ 512 Dendrobium candidum?2 1.524+0.02 ¢ 486+2.08 ¢ 1.86+0.05a 815551 a 1.661+0.05 b 4811+3.46b
Bk 2 A1 f#t3 Dendrobium candidum3 1.33£0.03 ¢ 424+513 ¢ 1.95+0.04 a 870+3.79 a 1.71+£0.07b 457+5.03b
Bk 7 41 fft4 Dendrobium candidum4 1.34+0.03 ¢ 320+6.66 ¢ 1.94+0.04 a 858+7.81a 1.71+£0.06 b 4794+10.01b
Bk [z £1f§#t5 Dendrobium candidum5 1.474+0.05 ¢ 429+6.51 ¢ 1.90+0.05a 793+4.73 a 1.641+0.04 b 504+3.51b
2 5tK 1 Rhodiolal 1.40+0.06 b 382+9.87 ¢ 1.88+0.04 a 886+2.89a 1.46+0.02b 512+1.73b
2150 K2 Rhodiola2 1.2840.07 ¢ 329+5.57 ¢ 1.90+0.06 a 807+5.03a 1.50+0.07b 509+4.51b
215 K3 Rhodiola3 1.254+0.04 ¢ 330+2.52¢ 1.984+0.03 a 846+6.08 a 1.624+0.05b 4861+4.04 b
2] 5t K4 Rhodiola4 1.35+0.04 ¢ 383+3.51¢ 1.86+0.03 a 8001833 a 1.58+0.08 b 490+4.16 b
2] 5tK5 Rhodiolas 1.34+0.04 ¢ 348+8.50 ¢ 1.94+0.04 a 810+5.77 a 1.63+0.06 b 488+8.39b

IR A /NS T RERNFIRR 0.05 KT 2R R

Those with different lowercase letters on same indicator indicate significant difference at 0.05 level.
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M: DNA Marker;CK: %% [ N:FIPEXF G, A & 1—10: THEES 265 B 1-10:. A2k C 1—10: MIlZZi44; D IE 1-10: 45K
i E B 1-10: 25 Ao

M: DNA marker; CK: blank; N: negative control; Fig. A 1 — 10: American ginseng; Fig. B 1 — 10: ginseng; Fig. C 1 — 10: Chinese wolfberry; Fig. D 1 —
10: rhodiola; Fig. E 1 — 10: D. candidum.

B 1 ITS2 EEHF5F B PCR =4I KE
Fig. 1 Electrophoresis on PCR products of ITS2 specific fragment



996 A3 ARk IR

o538 4%

PEPES | BRI AR, TR R MR TR A
kR L AN 2 TR, VRS . B A
FH DL S 4T 5 R DNA )5 i RN 1 ng-ul s 4

VR

100 bp
250 bp

500 bp
200
2 000 bp

| — [ — —

0,01 112 000 ol dacid 6

FoF 5 N2 1 DNA J7 i R4 R 0.1 ng-pl ' Ik,
YT IERR AR 254 o DNA 2B B R B, B AL
K CTAB EAE AR EE T B9 DNA SRR FE ik

(=

o

M: DNA Marker; ki 1 — 8 Jy 7532 DNA FiW)%, KK h: 001, 0.1, Ingpul s kil 9 — 16 8k % it DNA JREWIE, KIKN:
0.01. 0.1, IngpuL s JKi#i 17— 24 H 05K DNA FREWE, KUCh: 0.01. 0.1, 1ng-puL ' ¥kl 25 — 30 KUK T DNA JFHIKIE, ik
J: 001, 0.1. IngpuL s 9Kki& 31— 36 H A2 DNA JEKEE, #&K%KH: 0.01. 0.1, IngpuL s

M: DNA marker; Swimlane No. 1-8: American ginseng DNA mass concentrations at 0.01, 0.1, and 1 ng~pLil; Swimlane No. 9-16: D. candidum DNA

mass concentrations at 0.01, 0.1, and 1 ng'uLil; Swimlane No. 17-24: rthodiola DNA mass concentrations at 0.01, 0.1, and 1 ng~pL71; Swimlane No. 25-30:

Chinese wolfberry DNA mass concentrations at 0.01, 0.1, and 1 ng- pLil; Swimlane No. 9-16: ginseng DNA mass concentrations at 0.01, 0.1, and 1 ng- pLil.
2 REELBER
Fig. 2 Sensitivity of assay

222 A FITS A B 512 7] e 3t 9 25 A A 40 iR 1
R H R BRRR B M AT
W PCR =W SRR M T, XS HREE K BE 5 R
KA E, PSR R AM R E RS
( http://www.tcmbarcode.cn ), [F]7E GenBank 45 /72
( https://www.ncbi.nlm.nih.gov ) H i f§ BLAST ( Basic
Local Alignment Search Tool ) 7 i #4745 R K&, &%
A5 TR R R B W45, BLAST 255 LA 3.
[, HE— 25 XF 1TS2 A& A T 4 T K-2-P i
HMNIRGEREWN (K 4), WA T AR 5K
25 Fh2Gbf, K E W R i B S04 FR R AR T HR
1o HREIR, DNA FIE % i B A [] 4
AP RORILE, B o3 0 5 e A R A o)
KRR L, SRS R A RN B X R AR R ) A
PRIAS TR] it i 1 e B8 2R R e R s el 1 K e S e 1 oA
(7] 4 o 14) 2 % O ARG T o AP 3K TTS2 ke PRI ik 2 A v
DNA 5B 1 B4 1 R AR BIRE 1, AN [6) D )
FRRE S 1 A () 10— B0 LR () At b i) T

HEME, & TR A R %
23 RMIRBREPEVEERSHEE
2.3.1 R TR & 89 DNA 2 3

V4 i b B S T AS 7 ) 4l B R CTAB ¥ #E 47
DNA #2H, 5% s, &S ATH, RARRE
) CTAB L4 LR & b DNA 2l A 22 5%, H
R R BORCA (R ) RO SEBEEITE 1.70~1.90, U
W42 B (K 21 DNAZEEER R, & RNA FIEE 100
Fi T4 e B BAR . R M e, 4R 1.50~
1.80, L5 PR 7E T g 48 1 700 76 Tk B vty AT ISR
kL, TR T2 0 vk 46 VE F (A3 4 %) DNA 1)
RSy, WASPEEAEA T IR, W, X
57 AL DNA A3 B A B R &, (B DNA
PEWOR e Hali iR JE AN, Re S Hr & i 2
WERY T T2 S5 R R A . P iR 5 X & 115
HIJRT 200 ng-pl ', 85T PCR KM e (R 225K .
2.3.2 BRI ARAE R S A9 HL M R P A

IR DL ITS @519, R 2.1.2 Frfifb iy


http://www.tcmbarcode.cn
http://www.tcmbarcode.cn
http://www.tcmbarcode.cn
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
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Sequences procuzing significat ignenis:
Saweatil

168 Aazozn A gere, aremizen sz, 5 izt ial Ak 02, el =3 ToaTios smane” & a0 263 Thosaial AA Jene, comphn TRE
sloapan 1 A UEE e NA KO B LA IS el A S AR S E G

‘Saquencas producing signflcant alignmants:

Tk A1 Hitw Susezend 0

1} Ascnmants i = .
M llal ey | C R
Saas Sone Cuvs vwiw banl

Pnstalpliy

Segsrssin

roczomal SHo gene Dankl onue (AT A0F 100N 00 A0 G0R

BB PAR S 1

E nizomal S gene paa

g IR A0R ADOE 00 1000 MATRRAR DTS 1

1E AW 00

THIELE,

gk - . MW 1S UL WGUUN AERAIRIE T L
L Bamsopiapaiks s (448 s WM 10N LU GLUN alERCT LG,
‘Sequences profucing grificant aigrmes:
Falrt A o Sencer
i3 Algnmants i 5 o
Nescsian Maz | e eyl - | T emsahn
e Iant

L prmim tarha TR I} LY. oL UGN, IEMGSCTRFSSelns
.7 Veiiiag ERIERRE T il s it ; : ; [ ; LU 95T AUUEOTEIEREE |

L or #\5% g MO

¢ Dozl scaueoce b Tansked SMmecs T AT m% on

T Lpoam ttanun 5 1 st WA, o sequence, sl FansEIFeN SpaTet 7, corolels sequenze 3t 5% nbanm N e, partal seuence M mE 0D 0601% STREHKESIEY |

Sequenaes producing skmicant slignmeniz:
el A1 How Seecedy

€
S S| v ot s b frkin
TRIIT PORSTR [T BRI E 72 88 D% DeSd 100.00%
dutn cabnan wabeh s seirarhi g BB (L COICH1 PATE; mEnA 30 3 9% 2eET S28R%
17| PEEDUCTED: Shalcnecels oo ucaits Cricas sonithy cnng (oot n Kingee SELELOC1) Tanacitsananl e nENG TR OITE AR Ae3S A512%
M PREDITED: #ragen 143 nEHs TR OATR RN e
M PREDKTEL: S 250l ok2 et Taning poaten knes BELE ILOC 100236/, Tansant van ant X2 NS TROATR AR e

SaquAneas prEdCIng Sigrflean: Algrmes:
Sukwl. AF thrw Sl 0

G Akgnmoms.

Leszrphon

I Erosiole acbda woucher 20420,

[T oot oo o 1105085 bl SN Gene . Al sachience. mlam TSI Spare i, STEile saqieete: aod e mbn chosra A Ces pnal s D TEE A0C% 00

A, AZ; B, Ti¥Z; C, Ml T: D, BREAOM: E, 45K,
A: ginseng; B: American ginseng; C: Chinese wolfberry; D: D. candidum; E: rhodiola.
E 3 F%IBLAST LLXtE

Fig. 3 BLAST comparison on sequences

Chinese_woltberry3Longnan Gansu
Chinese_wolfberry4Rizhao_Shandong
Chinese_wolfberry2Ningxia
Chinese_wolfberryllnner Mongolia
Chinese_wolfberry5Xingtai Hebei
Ginseng5New_Zealand
GinsenglTonghua Jilin_
Ginseng2Yanji_Jilin
Ginseng3Changbai Mountain_Jilin
Ginseng4RaoheHeilongjiang
RhodiolaSLanzhou Gansu
RhodiolalXingan Inner Mongolia
Rhodiola2Yanji_Jilin
Rhodiola3Tibet Lhasa
Rhodiola4Raohe Heilongjiang
American_ginseng_4Qinghelilin
American_ginseng 2Raohe Heilongjiang
American_ginseng_3Canada
American_ginseng 1Kunming Yunnan
American_ginseng SU.S.A
Dendrobium_candidum1Shaoyang Hunan
4| Dendrobium_candidum2Tiantai_Zhejiang
L‘ Dendrobium_candidum3Ninghua Fujian

Dendrobium_candidum4Tiane Guangxi

0a Dendrobium_candidum5Wenshan_Yunnan

————

El4 ITS2DNA ZEEEMER NI RELEH
Fig. 4 Neighbor joining tree of health plant materials constructed using ITS 2 DNA barcodes
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Table 5 Purity and yield of genomic DNA of health food materials
S~ ELodr 1
A S T RUBR BT & FRHIY)  S0%  DNAJRHEI
Target plants claimed in the ~ Purity ~ DNA concentration/
Health food No Name of health food . . . -1
ingredient list Aze/Asgo (ng'pL )
SRR WS & s 1.8 561
American ginseng samples 1 American ginseng buccal tablet American ginseng :
TaVESHERE2 KEFEZZH WS L9 497
American ginseng samples 2 American ginseng buccal tablet American ginseng :
PEEES A3 ke 3 TS |54 269
American ginseng samples 3 Panax quinquefolium and panax notoginseng capsules American ginseng :
VISR FREMAC TR 2 e
TS k4 - . IR
Panax quinquefolium epimedium and wolfberry fruit soft . . 1.55 341
American ginseng samples 4 American ginseng
capsules
PHFE S HHREES FivES =LK [fpee 137 206
American ginseng samples 5 American ginseng and panax notoginseng oral liquid American ginseng ’
S hlkee REZVEHZ LR s 133 219
American ginseng samples 1 Ganoderma lucidum and American ginseng oral liquid American ginseng :
ANZ AR NS R Nz 137 252
Ginseng sample 1 Ginseng Extract Oral Liquid Ginseng :
Ntk NS HERR IR Nz 139 200
Ginseng sample 2 Ginseng Amino Acid Oral Liquid Ginseng :
NSRS ANB=LE&H ANz 176 578
Ginseng sample 3 Ginseng and Sanqi Buccal Tablets Ginseng ’
Az fkilkE4 NS A Nz 1.80 622
Ginseng sample4 Ginseng dropping pill Ginseng :
AL T AL FOL AR IR HIAC ¥ 152 13
Chinese wolfberry sample 1 Jujube Amino Acid Oral Liquid Chinese wolfberry .
MRS T2 TR IR R MRS T 156 456
Chinese wolfberry sample 2 Maca medlar capsule Chinese wolfberry .
MR T A3 AT Mk 1.90 389
Chinese wolfberry sample 3 Amino acid medlar tablet Chinese wolfberry ’
MIAC T it ke4 Bl JR A A UL 571 MIAC T 179 420
Chinese wolfberry sample 4 Donkey hide gelatin and wolfberry granules Chinese wolfberry :
BB A 1 AR BTk B Be A it |84 s65
Dendrobium candidum samplel Senshan Iron Sheet Granules Dendrobium candidum .
BB A Rt A2 FUAEER AR ] B B A it 197 500
Dendrobium candidum sample2 Nine Immortals Zun Rice Dendrobium Maple Juice Dendrobium candidum :
B A RIS BB} 1 IR PZE) 166 270
Dendrobium candidum sample3 Dendrobium candidum oral liquid Dendrobium candidum ’
B e A Rt R4 HEE AR IR PZE 154 339
Dendrobium candidum sample4 Jinyu Dendrobium Oral Liquid Dendrobium candidum :
BB ATIIGVES o R 2 -
B HOARES Dendrobium candldum American ginseng and astragalus RIEA i 1.36 205
Dendroblum candidum sample5 ’ Dendrobium candidum :
capsule
LSRR PERPEL YRR % SRR 138 220
Rhodiola samplel Rhodiola Soft Capsule Rhodiola ’
ZLFRBERE2 LS RVEFES L R RPN 1,40 252
Rhodiola sample2 Rhodiola and American Ginseng Oral Liquid Rhodiola :
2L RS L AR 1 TR AHR 153 403
Rhodiola sample3 Rhodlola extract oral liquid Rhodiola )
LSRR AR SNIE LR 177 580
Rhodiola sample4 Rhodiola Capsule Rhodiola :
LR BERKES FELLSR AL HB=SN 185 625
Rhodlola sample5 Shenglian Rhodiola Capsule Rhodiola :
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D 100 bp
250 bp
500 bp
750 bp

1000 bp
2 000 bp

250 bp
500 bp
750 bp
1 000 bp
2000 bp

M: DNA Marker; CK: 25 (A%, N: BIPEXTIE; P PHYEXT MR, Al — 12: PHEESALRARES; Bl —8: AZlkEf; Cl—10: #Efn

MHIERAE S DI —10: Z05E R AR .

M: DNA marker; CK: blank; N: negative control; A1-12: American ginseng samples; B1-8: ginseng samples; C1-10: D. candidum samples; D1-10:

rhodiola samples.

5 BRI S RS ITS2 EE PCR =48 Kk E
Fig. 5 Electrophoresis on PCR products of ITS2 genes in some health food products

T2 e SN A PCR 3 BERIUR R AT, UK %A
[CH (ATCC 25922) E R BAMEXT IR | JC F& i 2l 7K il
P (YR R 2 O BB R T 8E , UM R (A
A2 FH KLY DNA FE N BHPEXT IR B T 918 . Pr
FE SR 18S NS JERRN ITS2 LR ¥ By 34 . [A)
i, #43 1TS2 JEH PCR =4 Hi B 1 4571 {3 B 14 25 5 DL
Bl 5. RO ST TR, 3o i
£ i R AG T %o R L 6,

454 PCR WK IE, W LIS S IR CTAB
PR B BB RARFR N . NS M. P
BB A R KO B OB R ST

PEHH) DNA, £ ITS2 JEH A R h, BRI B
LF B9 o UEWIRE T T I B TS 1k R B A R
TE A 18 PR £ v A A R 0 B B B i A X
JOF 1) U1 A S v, T S L) S 4 7R R AR
w5 O AR 22 e, X — B AE D IR ™
db P B RS A, o T ARV B 1Y
50%, VEEATES™ it i AETEAE ] T A AR ) JEORHA PT RE
B Jo ., #F PCR =94 h ik My, )7 i i3 GenBank
B4 FE A BLAST Lbxd, [ B2 5 o 25 41 DNA %%
TR PEABAR R X He, S5 SR 36 7 TR o

2 7 Al LLFE 1, BLAST HLXF45 58 5254 DNA
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Fo6 Mot FREERIFEMENITER
Table 6 Origins of some health food products
. PCRy™ 4 . jik VSR TR
FRAE L i s PRf it 27 Electro hore,s_;sql/;i?ﬁf iz(fj;;ifﬂajne No of
Health food No Name of health food P &
PCR products
FEVESHLRE3 TivE s =L KISA, VkiE% 55, 6

American ginseng samples 3

PGS RS

American ginseng samples 5

N v

Ginseng sample 1

BB A1tk AR2

Dendrobium candidum sample2

B Bz A1 AR A3

Dendrobium candidum sample3

Panax quinquefolium and panax notoginseng capsules

TavEZ =L IR

American ginseng and panax notoginseng oral liquid

NS i
Ginseng Extract Oral Liquid

JUANRER A}

Nine Immortals Zun Rice Dendrobium Maple Juice

B B 10 IR

Dendrobium candidum oral liquid

Fig.5A, Swimlane No 5. 6

FISA, ¥kiESi59. 10
Fig.5A, Swimlane No 9. 10

KI5B, VkiEgT1. 2
Fig.5B, Swimlane No 1. 2
KI5C, VKiEH 53, 4
Fig.5C, Swimlane No 3. 4

EISC, WkiE455. 6
Fig.5C, Swimlane No 5. 6

LR RAEREEL L1 R KISD, VkiEg 51, 2
Rhodiola samplel Rhodiola Soft Capsule Fig.5D, Swimlane No 1. 2
ZLFRBERE ZLS R 1 I Kl5D, K& ~5. 6
Rhodiola sample3 Rhodiola extract oral liquid Fig.5D, Swimlane No 5. 6
x7 HiAREEREEANFEXER
Table 7 Genome sequences of health food products
70
A GenBank 4 #ii i DNAKTEIA
BRI GenBank Database DNA Barcode Database of
TR ih 47K it BRREE) . . .
Name of health food Target plants claimed in the Chinese Medicinal Materials
et prans e BLASTS 245 R  GenBukBR% o FAIMBE  Scoreff
ingredient list L HIBLE . LR
BLAST identification L GenBank Login . Sequence Score
Similarity/% Best Fit o
results Number similarity/% value
M54 Tifts Tt Tt
HEAH i e 9 HQI12440.1 HE 1000 4700
American ginseng buccal tablet American ginseng American ginseng American ginseng
%.é o W’% . #“i. . 97 MG217889.1 m{% . 98.5 410.0
American ginseng buccal tablet American ginseng American ginseng American ginseng
w5tk o "
WIS~ Lk s 55 it
Panax quinquefolium and . . - 98 EF190460 L 98 403.0
. American ginseng Codonopsis pilosula Codonopsis pilosula
panax notoginseng capsules
TSR TS . . .
PIFEIE Pkl P w5 wits s
Panax quinquefolium epimedium and . . . . 97 KM036297.1 . . 99.1 460.0
. American ginseng American ginseng American ginseng
wolfberry fruit soft capsules
Y z/{:, [:] i N
2 = LR TS i s
American ginseng and . . s 99 HQ112363.1 s 97.6 425.0
. - American ginseng Raw sun dried ginseng Raw sun dried ginseng
panax notoginseng oral liquid
RZWHEZ R . . .
KNS B TS mits s
Ganoderma lucidum and . . . . 99 MG217889.1 . . 100.0 440.0
. . L American ginseng American ginseng American ginseng
American ginseng oral liquid
AR A R A& 1% %
Ginseng Extract Oral Liquid Ginseng Panax japonicus % KX674924.1 Panax japonicus 97 4350
NSRERIIRY o A2 9 EU592017.1 A2 97.4 470
Ginseng Amino Acid Oral Liquid Ginseng Ginseng ’ Ginseng ' ’
ABELAH A A A%
Ginseng and Sanqi Buccal Tablets Ginseng Ginseng 100 MG2I8783.1 Ginseng 1000 #50
NS A& A& A&
Ginseng dropping pill Ginseng Ginseng 100 MG283292.11 Ginseng 100.0 80
FEZ AR IR HfeF MY i
e . . . 98 1Q320160 i 99.8 4120
Jujube Amino Acid Oral Liquid Chinese wolfberry Chinese Chinese wolfberry
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pofint
FEH
R GenBank 4 /i DNAZ A4
K BN
AR RS B4 B RRRT GenBank Database DNA Barconlie‘ Database .of
Name of health food Target plants claimed in the Chinese Medicinal Materials
getplans claim BLASTUE 44 . GenBankE g% " FFSUAHLE  Scorefd
ingredient list S HLEE . s tE LR
BLAST identification . GenBank Login . Sequence Score
Similarity/% Best Fit L
results Number similarity/% value
oA 3 i fitc fitc
iR Mﬂf ! # * ! 9 1Q320155 f * ’ 99.4 410.0
Maca medlar capsule Chinese wolfberry Chinese Chinese wolfberry
AR HAe fite fite
v ” 4 + i # 4 il 99 1Q320172 # 4 il 100.0 4150
Amino acid medlar tablet Chinese wolfberry Chinese Chinese wolfberry
I fe AT 51 HAT HIRT HIRT
AARILARELT "~ "~ 08 1Q320160 "~ 98.9 4160
Donkey hide gelatin and wolfberry granules Chinese wolfberry Chinese Chinese wolfberry
PRI BR BBk BB OZE OZE
Senshan Iron Sheet Granules Dendrobium candidum Dendrobium candidum 7 Q76839 Dendrobium candidum 987 4570
PRIEES RS ' S S
AFERRRCER et NG NG
Nine Immortals Zun Rice . . . . 98 UJ89765 . . 99.8 461.0
. . Dendrobium candidum Dendrobium nobile Dendrobium nobile
Dendrobium Maple Juice
BRHHR) H R PLZa ZE ZE
Dendrobium candidum oral liquid Dendrobium candidum Dendrobium candidum % Q82313 Dendrobium candidum 1000 20
I i i i 3 i R i
AEEMOEE KEEmR el 97 YQ78411 el 100.0 459.0
Jinyu Dendrobium Oral Liquid Dendrobium candidum Dendrobium candidum Dendrobium candidum
PR AT S IR , y . .
lfeiﬁbiu?rniiandidlinm(ierican inseng and BBl R 99 D53678 R 98.2 423.0
’ ginseng Dendrobium candidum Dendrobium linawianum Q Dendrobium linawianum ’ '
astragalus capsule
ARRRIE AHK AHK AHK
Rhodiola Soft Capsule Rhodiola Rhodiola % AY345716 Rhodiola 986 4800
ARSI AFR R R
Rhodiola and American Ginseng Oral Liquid Rhodiola Sedum chauveaudii 100 EU392006 Sedum chauveaudii 94 4580
AL RAA R AR aFK aFK
Rhodiola extract oral liquid Rhodiola Rhodiola % ABO88628 Rhodiola 96 4770
(iRt Sigiy AFR HFRR HFRR
American ginseng buccal tablet Rhodiola Sedum bulbiferum 4 AY332897 Sedum bulbiferum 987 4810
EHES TR AFR AFKR AFR
American ginseng buccal tablet Rhodiola Rhodiola % AYSHT12 Rhodiola 90 4690

Score: ) HIVCACAL{HE «

Score: Discrete matching value.

RICADE I e 25 SR — 3. WSS RRE, T
PEHLR) 24 g & b, A 7 Rl SO E AR A 3
NP2 S SRS RA—8, FEEURES .
AWSHERTES, UM BERAS, UasaH
fit . HEAREERB AR, DRk RIS
KRBaRK,

3 itk

PRAE & P AR, 2o T I R AR
A M AT 30 5 DO v SRR i A ROy, AR
o e R A S BOGRAR AT RO o Y TR I, S PREp AR E
AR A I T F A ORI AR TE, XXt
DNA (9§ U AR T 2RI o 1248 CTAB 2B
R T2 A, TRl IR RE G A AL TTIE 2 0, 2

— Rl R Al B ICEE R T 9 . D4R 2 K X R L
J5 38 T T 3 TR R 00 s R DR R K I T Y
BF g TR T A g A ) R A )
DNA ZEBEANTE], P B VE #y 5RO 55 i3 5 CTAB 7
ISR T RO A R s S IR E A,
TS0 T DNA BITTTERCR

WG EEN DR . R 7). BRSOk )
G WA AT, W T B R, I
IR AR, MR T CTAB#REE:, )5 #ar
PCR SR A ZR % O f B i v A 4 42 e U 1 o
Oy TR SE T I AR AR 1 5y FAE W2 %, R
S B UCTT B 1 S [9] 57 28 7 DNA $2 B E:
A, I g ST R R AR R I vk, T DL Sk
e RE R e, BAE KNS
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(EE= A

9 38 4

JSE AR . T BLAST £ 5 o) 34 5 91 L % 47 i 4 48
RTH, hEEBZREYHARG AL (NCBD) IF
K R BB — 2 2 ) KA T — 255 W 9 L X
o R A A A TR T B 1 T A R 1
R v 4 LR R A R AT LR, R A 2
] B IR A5 L, DA T Bl 0 1 BB 6 A ) 91 ok U
ST R ; P25 5 DNA ST 50
JIE S —ANIE T P 2 b )l e 5 9 DNA 60669, il
Mok, SRR T 2 b B e R B,
AT F T I DA 2% B0 2 AR 8 S 1) A B P R A R
P B0 4 6 5 2 R 1 45 S BB 5 [ B ad FH Y BLAST L
X 45 g VB BRI o 2 5 T T AN [ ) 2R A e o
HA— @A, R — A s BOUAS S A
5 A0V RT X AR U T s M A b
FEMEME MR, S B AR BRER R, I
BEA BB Y M NA B Z B BUIR

VEAES, AR fd e b b iz 2 DR S T B A op i B
09 S BT [ T AR, A SR i i T
A5 ek o 5 A0 40 R A o D A 400 4 R
SR AT, SRR X AR P T e e i R
B 5 32 FH 95 5 B PCR e A o 35 o e 2 2 4
A 9 DEABORE S 23 W, ¥ SR B T A
gt PR R BRI o 7 R B e Dy T, T
JE& (9 53 W7 £ DL AR B s S SR, TR L
SR €0 335 o 006 5T 3 o AR O A A A v
S G AR A S e Y, g Sl R VR
S i s s ™, LA I 2 o R 2 B A b
BB IR 78 JL % 5 B A B AR PO AR5 Bl SR e A 4k
V5 WAL SR I B M, T 2 16 3 A G 30 G ) Oy
Ve, MPRA CER T B AR AL T
W R TR EUR AR 6 TR RE SR AL ROR 1R
R AR S . % T AR AL 27 Tl 16 0 5 4 i % 412 K
R bk, O VAR IR S 6 T K I Ak 1A
PRI BT, JF & U E T 5 R &
P R RO A R B R A R, AR
O3 W 2 R R SO R i PCR R 1 &
B 2 Fl RT-PCR ¥EAR TR L SR PR iF 7,
F W T RS O R S O R 9 SR R
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