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TCM: A Gift To The World
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 |Introduction of TCM barcode system
 Innovations and related technical content

» Applications



Could you identify these medicinal plants and traditional
Chinese medicine?




Serious confusion of Chinese herbal medicines

v Overall value of Traditional Chinese Medicine industry: 2 trillion/year (2020)

v More than 10,000 Species were used in TCM, some with identification difficult
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The prescription is ture,the medicine is false.

Food Safety News { }
‘]%\llgl Retailers Ordered to Stop Selling ‘Adlulierated’ and

slabeled’ Herbal Supplements
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Pending to be investigated

v" DNA barcoding is a new technique that uses standardized DNA sequences of an
organism to determine its identity. It uses 400-800bp-long short sequences, which
conserved among most species but with enough variability to divide related species. In
animal kingdom, Cox1 was the most used sequence, and among plants , MatK and
rbcL were the most used barcodes traditionally



DNA Barcodes
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TCMbarcode System

oz | English
DNA BARCODING SYSTEM FOR

o A pub“cly ava”able On_line DNA IDENTIFYING HERBAL MEDICINE

Identificati atabase Documents

barcoding system for identifying herbal

DNA Barcoding System for Identifying Herbal 2014.01.05
: Medicine Barcode Bulletin Vol. 4, No. 2 —
- - ot s December 2013
In order to develop DNA barcoding system for identifying 20131226
herbal medicine, Chinese government initiated International .. .
= 3 % 2 Training course of Medicinal
S&T Cooperation Project and National High-tech R&D Plant Resources
Program (863 Program). Professor Shilin Chen as a PI with his 20131205

team has selected and compared different candidate barcodes = :
Kunming Declaration

- Store and collect DNA barcode sequences e

October 2013

More »
- » B Documents
of herpal materials kdentificution
: 3 Sample Collection % ldent'lfylng Medicinal Plant
s Species
-Chen S, Yao H, Han J, Liu C,
DNA Extraction & Song J, Shil, Zhu Y, Ma X, Gao T,

Pang X, Luo K, Li Y, Li X, Jia X, Lin

» Publish DNA barcode sequences I =

Users can query their sequences on the DNA barcoding database FCR Amphiication an... =
for traditional medicines (http://www.tcmbarcode.cn) to easily Comparative analysis of a large
: e . dataset indicates that internal
determine the species identity of the query sequences. The Sequence Assemble = tianacribed spacer GTS) should
procedures only require pasting the sequences queried into the... S p S
* Analyze DNA barcode data | ==
More » Species Identificati... e

GenBank

FRICP:665869878
Copyright 2012 www.tcmbarcode.cn | All Rights Reserved  powered by sy-my.net



TCMbarcode System

v" 11thousands of species, 40 thousands of standard Medicinal plants Medicinal animals
sequences of TCM are included;

v ITS2 is selected as the core DNA barcode for l
medicinal plants and psbA-trnH is selected as the ITS?2 psbA-trnH CO|

supplementary DNA barcode;

v COl is for medicinal animals;

v" NOT ONLY medicinal plants and animals, their
close relatives, inferior substitutes, adulterants,

~300 thousands of species, 1 million of sequences
and counterfeits are also included:; (Not only medicinal plants and animals)



TCMbarcode System

v How to identify species using TCMbarcode system

Identification page for
USRI IS - Medicinal plants (ITS2)

DNA BARCODING SYSTEM FOR

IDENTIFYINGEBALMEDICINE | | o Medicinal plantS (prA-trnH)
* Medicinal animals (COIl)

I n p ut q u e ry Se q u e n Ce Medicinal plants [[TS2] ] Medicinal plants [psbA-tmH] Medicinal animals [COI]

With the exception of 5.8S and 28S, the second internal transcribed spacer (ITS2) of nuclear ribosomal DNA was the core barcode for identification of :

medicinal plants and its adulterants.

ki Query sequence should be
Identify using BLAST o e e Ionger than 50bp
» FASTA or only DNA format
Is accepted
Results > Case insensitive

Species Similarity Alignment



First postulated that ITS2 as DNA barcode for identifying

medicinal plant species

> First reported in 2009

CBOL and Third International Conference for
DNA barcode.

. . . OPEN G ACCESS Freely available online @ PL.oS
» First published in 2010 & =
Validation of the ITS2 Region as a Novel DNA Barcode for

ITS2 as a novel DNA barcode for identifying Identifying Medicinal Plant Species
me d | Cl na I p I a nt S pe C | es. Shilin Chen'*, Hui Yao', Jianping Han', Chang Liu? Jingyuan Song'*, Linchun Shi', Yingjie Zhu', Xinye

Ma', Ting Gao', Xiaohui Pang', Kun Luo?, Ying Li', Xiwen Li', Xiaocheng Jia', Yulin Lin', Christine Leon®

> PNAS 2011 ;j We therefore propose that ITS/ITS2 should be

ITS/ITS2 should be incorporated into the core E incorporated 1nto the core barcode for seed plants.
barcode for seed plants. PNAS 2011




ITS2 has high efficiency and stability in the identification

of traditional Chinese medicines

» Efficient identification of related species  » Effitively identify adulterants from traditional

, Chinese medicines
* Rosaceae (1410 samples), Compositae (3490),

Leguminosae (1507), Euphorbiaceae (1183),
Rutaceae (300).

* 6172 samples from roots, rhizomes or skins.
« 4385 samples from whole plants, flowers, fruits or seeds.

W+ W- Relative Ranks, », P value Result

ITS2 matk W+ =703, W-=0,n=37, P<1.139 x 107 ITS2 > matK

ITS2 rbcl W+ =703, W-=0,n=37, P<1.137 X 107 ITS2 > rbeL

ITS2 rpoCl W+ =703, W-=0,n=37,P<1.133 X107 ITS2 > rpoCl

matK  rbel W =620,W-=46,n=36,P<6479%106  matK> rbcL

matK  rpoCl W+ =655 W-=11,n=36,P<4.174 X 107 matK> rpoCl

rbeL  rpoCl W+ = 359, W- =106, » = 30, P<0.009 rbel > rpoCl




The identification of ITS2 is of universal

applicability: 48,000 samples

» Species diversity

¢ 11,000 species.

¢ 217 families, 1,251 genera.

» Accurate result

e Confirmed by experts from
Kew Garden.

¢ The sample number is more
than 10.

» Official calibration

¢ Control from CAIQ.

¢ Rechecked by others
inspection offices.

ﬂﬁlﬁ}i‘ﬁlﬂ@@@

Beijing]InstitutelForddrugControl (B (enter‘
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Shensben Tenting Center of Medical Devices
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» Multiple Check

Analysis:
e BLAST
e Barcoding Gap
* Phylogenetic Tree

Ten official inspection
departments agreed
that DNA barcoding
is suitable for the

identification of TCM.

Current Opinion in Biotechnology (2014) :
ITS or ITS 2 showed the highest discrimination rate.

with I'TS2 at the species level was 92.7%. He ez al. and
Selvaraj er al. [9,18] also analyzed multiple genomic
barcode regions and came to a similar conclusion that
ITS or I'TS2 showed the highest discrimination rate




Construction of DNA barcoding identification

system for herbs

» Framework of DNA
barcoding identification
system

¢ |[TS2 as main sequence
e psbA-trnH as assisted sequence

RZEDNA R

Iy 1%

LEL N 1}

MALZIR R 0

¢ Pre-processing
e Extraction for DNA
® PCR amplification

® Obtained DNA barcoding
sequence.

¢ Judgement

Herbal materials

? Identification platform
for herbs

¢ The largest DNA barcoding
professional database for
herbs in the world(1.02
million sequences, 2016)

www.tcmbarcode.cn

A P s
DNA Barcode Library 0047

Japanese Pharmacopoeia

ONA Badog Sytom | 00679
Medicinal Materials ONA 54%
Barcode Database >

SRHONAKBRERRSE
(2015) 46h

PHUONARRBEERIE
(2016) 1025

0 20 40 60 80 100 120
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» Software system for
identification

¢ Software for assembly

e Software for DNA barcoding
of herbs




Standard DNA barcodes of Chinese medicinal materials was

incorporated into Chinese Pharmacopoeia

v Published a book DNA Barcoding for Chinese Medicinal
Materials

> (PEHIHE ) 2010, 2015FHk kA >(PEAHEPAMDNAFZBIRERS )
PZAMDNAFEB FEEEZIESIRN

v As a routine method in Chinese pharmacopoeia
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Chinese Pharmacopoeia 2015




Introduction of standard DNA barcodes of Chinese medicinal

materials in some developed countries and regions

> Trained experts from British Pharmacopoeia » Trained the staffs of Hongkong
Commission. Health Department.

=» British
w0 Pharmacopoeia

BP 2017 - New monographs, DNA barcoding chapter and
unlicensed medicines information
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> Assisted the American Pharmacopoeia Commission
in compiling standards for the identification
of herbal medicines.

AURDPHUEZ

Bk HHER

REVBLYBHETRATOHIR

(=) BABAZK:BFRBLLEHANOKE - RFPH

VROAFHACUANLRA  ARBRAKFRLRNNFERAAL -

Roundtable: DNA Methods for the Identification of Botanical Articles - Potential
Role of USP Standards

Thursday, May 26, 2016
os:om.-ox:oo pm. EST
USP, Rockville, MD




A renaissance in herbal medicine identification: from

morphology to DNA

> A renaissance in herbal medicine > PNAS (2011):

identification: from morphology to DNA ITS2 is often much easier to amplify and sequence than ITS.
P. M. Hollingsworth ( CBOL{E4IE=EE )
SL Chen et al Biotechnology Advances 2014 Tes i el one can s oo

half of the region (just ITS2) (9).
This partial region is often much cas-
ier li h

e primers

! lxg‘-‘i’:&‘ entire_region, but can still provide
Pharmacopeia No. of crude herbal drugs such that
dvertently
(Pharm) ples. This Author contributions: P.M.H. wrote the paper.

1 to some The author declares no conflict of interest.
sample See companion article on page 19641,
the study ‘E-mail: phollingsworth@rbge.org.uk.

PNAS | December 6, 2011 | vol. 108 | no. 49 | 19451-19452

Chinese Pharm. 510 505 99.0
» Nature (2017):
Japanese Pharm. 154 148 96.1 ( )
IMPLAD'’s plant barcoding technology has also opened a new
Korean Pharm. 161 159 98.8 q .o 1 G . A
avenue for identification of traditional Chinese herbal medicine.
Indian Pharm. 52 50 962 Ilﬂlllre ettt IMPLAQ resgarci.'ners ha\fe propos.ed.
HItHNE | | o oo s 2re
U.S. Pharm. 42 40 95.2 i | e
dm tification. By analysing and comparing
research worldv\.vide attention. IMPLAD's plant
European Pharm. 187 184 984 — - :a,::;d;:::j::zfli::-:t:;ia;:::;p:::f Nature 2017
G‘:‘;ﬂ:‘;.;‘._.“.‘........ tional Chine_se herbal medicine.

> Genetic identity card of herbs safeguard the usage of drug in the clinic application from its origin.



Applications

Applications of TCM barcode system to
promote the safe use of herbal medicines

v" Seed and seedling identification for
farming: planting correct herbs

v" Herbal supervision :control the sales of
adulterants and substitutes in the
medicinal material market

v Material control in the pharmaceutical
Industry

v" The identification of herbal medicines in
pharmacy

v" The supervision of herbal medicines in
customs

v" Endangered herb protection

DNA Barcoding
for Herbal Medicines

TCMbarcode
http://tcmbarcode.cn/en

18



Applications in China

v Widely used in more than 100 TCM companies in China, including X+ /JGroup. #£ % Group . H I&Group
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Applications in world-wide

CCCCCCC

Tsumura&Co, Janpan : Identification herbal medicine for TCM

A\
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Unigen, USA : Identification of 7000 herbal samples | o

KKKKK

Amway, USA: DNA barcoding system for food supplements in Amway

British Pharmacopoica « American Pharmacopoica

vV V VY V

Mississippi University. New York Botanical Garden, University of

Macau

TSUMUWRA & CO.

THE BEST OF NATURE AND SCIENCE




Achievments

o National Science and Technology Progress
o The Natural Science of China association of Chinese Medicine

o Ministry of Education Science and Technology Progress Award

¥ gy

o Cited by PNAS(IF10.7*). Mol Biol Evol ( IF 10.5%)
v Curr Opin Biotechnol(IF 8.5%)

Second Prize

First Prize

First Prize
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It Was The Time For The Identification Of Chinese Medicinal
Matenials To Enter The Era Of Large-Scale Standardized
Pt FEBBER / aterials To Itn er Into The Era C Arge ale Standardizec
Gene Identification
Google  pnabarcode - I

[HTML] Validation of the ITS2 region as a novel DNA barcode for identifying medicinal plant species
S Chen, H Yao, J Han, C Liu, J Song, L Shi, ¥ Zhu... - PloS one, 2010 - dx plos.org

[HTML] Use of ITS2 region as the universal DNA barcode for plants and animals
H Yao, J Song, C Liu, K Luo, J Han, Y Li, X Pang, H Xu... - PloS one, 2010 - dx plos.org
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