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Introduction

Traditional Chinese medicine (TCM) are
widely used in China for thousands of years.!'%!
Chinese medicinal resources are unique health
resources, the most original scientific and
technological resources, and cultural and
ecological resources with great economic
potential.®# Chinese medicine has been recorded
the sources and applications with accumulated
abundant clinical experience over a long
period, that the earliest historical literature
shen nong ben cao jing at Eastern Han Dynasty
(25-220 C.E.).58 Currently, more than one-

third of clinic drugs are from Chinese medicinal
plants in China, such as Compound Danshen
Dripping Pills (CDDP). Even in face of the
battle against the novel coronavirus pneumonia
(coronavirus disease 2019, COVID-19), Chinese
medicines also show potential medicinal
value against the virus.[”#

In terms of both economic value and volume
of medicinal plants trade, the annual consumption of
Chinese herbal medicine exceeds 400,000 tons
in China®which isalsowidely acknowledged to be
the world’s biggest exporter and importer
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of medicinal plants. There are more than 11,000
kinds of Chinese herbal medicine which
accounts for one-third of flowering plants
in China also an important part of biodiversity
in China even the the world.'”’ However, due
to overexploitation, the sustainable
development of medicinal resources
has become an urgent problem. Many plant
species were endangered which has been
recorded at the Convention on International
Trade in Endangered Species of wild fauna
and flora (CITES),"" such as Glycyrrhiza uralensis
(Gancao), Panax ginseng (Renshen), Saussurea
costus (Yunmuxiang), Cistanche deserticola
(Roucongrong), etc? On the other hand, the
cultivation of Daodi medicinal materials for
thousands of years also caused problems that
cannot be ignored, such as breed confusion
(caused by unwise introduction and lack of
selective breeding), germplasm degradation
(the reduced plant resistance of stress, disease,
and insect pests, etc. or the unstable quality
of drug) and succession cropping obstacle (cannot
grow the plant in succession on the same piece
of land). Both the problem of wild and cultivation
TCM resources cause the quality decline of
medicinal materials or counterfeit drug use
rising which poses a risk of clinical applica-
tion."*!4 That is the bottleneck we meet for
sustainable utilization of TCM.

The preservation and research of TCM
germplasm resources is the key step to solving this
problem. With the preservation of germplasm
resources became the common strategy around
the world in modern time, both in-situ or ex-situ for
maximum conservation of diversity, including
medicinal species diversity, ecological type
diversity, chemical type diversity, etc.!
In-situ conservation such as protected areas,
nature reserves, and conservation corridors,
etc. is considered to be significant ways to save.
Ex-situ conservation such as botanic gardens,
seed banks, and tissue culture collections
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is widely used to protect wild plant species
from extinction.!'®! Ex-situ conservation act as
a backup within national and international
facilities for thousands of species for global
agriculture and plant diversity.""'® The methods
depend on the species and the desired storage
time, generally that clonal crops in vitro library,
and seed-bearing species in botanic gardens
or seed banks. Because seeds contain relatively
complete genetic diversity in species, are
easy to collect and stored long-time in small
space, in practice one approach, the seed bank
is used for the maintenance of most ex-situ
which is more efficient and economic estimated
to cost as little as 1% of in-situ conservation.

The establish of the specialized national
seed bank for TCM

In recent years, the CPC Central Committee
attaches great importance to the development
of TCM. In response to the State Council
policies, two new seed banks were built by The
Ministry of Health and the State Administration
of TCM. They were designed to preserve the
seeds collected from the Fourth National
Resource Census,!'” and further to support
and promote the TCM industry for the
national Medical and Health System. “The State
Bank of Chinese Drug Germplasm Resources”
located in the rich diversity place Sichuan is
the largest one.?” (Figure 1)

According to internationally recognized
standards of long-term storage of dry seeds,
the germplasm repository was running in 2017
after five years of construction. It has been devoted
to preserving Orthodox Seeds (increased
longevity with increased drying at threshold
water contents between 0.03 and 0.07 g HZO’l
DW) and Intermediate Seeds (desiccation tolerance
between orthodox and recalcitrant seed or
short lifespans no matter how they dried or
cooled).”'Except for Recalcitrant seeds (cannot
extend storage life by drying and the threshold
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Figure 1. The pictures of the State Bank of

Chinese Drug Germplasm Resources

water contents between 0.20 and 0.30 g H,O'!
DW) which conservated in the bank in tropical
south Hainan using cryopreservation.'?224

The core warehouse

The core warehouse is the key facility to
realize long-term conservation of seeds which
is located on the underground basement, up to
500 m?. It has 3 long-term cold storage rooms
(-18+2°C, Relative Humidity (RH)<45%),%> 2
medium-term cold storage rooms (-4°C+2°C,
RH<45%),1 short-term cold storage (4°C+2°C,
RH<40%) room and 2 drying rooms (15°C+2°C,
RH<50%). As different from -18°C from
common banking conditions, the kinds of storage
room can be used not only for seeds which will
be researched and utilized in short-term but
also for the preservation of the intermediate seeds
which are not resistant to sub-zero temperature
and dehydration. By November 2021, we have
stored 13,263 seeds from 2,597 species of
Chinese herbal medicines.

Tissue and DNA repository

DNA repository includes 8 ultra-low
temperature freezers (-80°C) for DNA samples
of different germplasm. Tissue library used

for propagation of tissue culture plants, for
which long-term vegetative medicinal plants
are polyploid cannot produce seeds, such as
Pogostemon cablin (Guanghuoxiang),?® or have
short-lived seeds, such as Dendrobium officinale
(Tiepishihu), Bletilla striata (Baiji) from Orchid.?”

Botanic Garden

The botanic garden of Chinese medicinal
plants which are located on the campus which
is a part of the ex-situ conservation system.
There are 105 families, 200 genera, and more
than 1,000 species of medicinal plants grown
in the garden. As a part of the National Medicinal
Botanical Garden system, 109 species of the
phenology of migratory plants are being
observed and recorded. The germplasm nursery
has also been established for endangered
medicinal plants and cultivate excellent
varieties.28-30]

Greenhouse

A greenhouse was constructed to precisely
control the environmental cues, such as light
intensity and quality, temperature, humidity, and
CO, concentration during the plant growth
period.®! In where we provided a platform to
explore the underlying mechanisms of quality
formation of traditional Chinese medicine
regulated by environmental cues.®? In addition,
the speed of breeding short-day traditional
Chinese medicinal plants, such as Carthamus
tinctorius L. from planting to harvest 3 months
can be easy to implement.

The national research platform for TCM
resources

In addition to preventing mildew and
deterioration, seed storage requirements are
higher than grain storage. The purpose of seed
storage is to prolong the life of seeds, main-
tain vigor, and preserve the genetic integrity of
the original germplasm. Based on the State Key

7 1 atiufi 1 unsrau - dguieu T 2565
Vol. 1 No. 1 January - June 2022
2022 £ 1 A £ 6 A1



SO JCaCacCacCac

Msanemsunndunudululsemelneg  Thailand Journal of Traditional Chinese Medicine #E & E 24 %

Laboratory of Southwest Chinese Medicine
Resources and the National Top-class Discipline
of Chinese medicine, an important national
platform has been built for germplasm
preservation and innovation.

As the first order of business, we are
focused on the extensive collection of TCM
germplasm resources. In addition to wild
species of TCM, semi-wild species, proximal
species, cultivated species, and new varieties
created artificially in production should also
include. This collection and preservation of
the medicinal value of the various species and
the potential genes for breeding.’®*

Safe and efficient storage is the key to
the seed bank, which is directly related to
seed germination, seedling growth, yield, and
quality after storage. There is not a lot of
referential biological data of Chinese medicinal
plant seeds. For the endemic species or the
cultivated varieties, there are rarely reported on
the stored seeds. Domestic researches mostly
served agricultural production, lacking systematic
researches on the physiology of dormancy
type*¥ germination characteristics,*> %! storage
behavior,?"38 longevity,®” vigor testing®” and
renewal for banking seeds.

Especially the storage characteristics,
which are strategies to adapt to geographical
and ecological environments during plant
evolution, and cannot be classified according
to plant taxonomy without a clear phylogenetic
model.*!! Generally recognizing, explore and
defining the seed storage behavior can help us
preserve correct seeds more efficiently.

Although the improvement of cryogenic
storage technology and equipment, seeds can be
stored in cold storage for a longer time, but still
cannot completely stop the seed deterioration
process, seed vigor will eventually decline
and lead to genetic variation.*?43 Therefore,
the safe storage period is shorter than the
seed longevity. At present, comparatively little
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is known about how the influences
of fundamental evolutionary forces of genetic
drift, mutation, selection, recombination, and
gene flow during the storage.*¥ We need to
measure the germination rate at regular intervals
(10 years or 5 years). FAO/IPGRI recommended
that the germination rate of renewal standard
should be 85% or 15% reduction for
regeneration, and the minimum critical value
should be 65% germination rate.*® For TCM
seeds, some kinds have a low initial germination
rate, the Salvia miltiorrhiza for example the
germination rate only about 50% which is
quite different from the crops. The physiological
and molecular mechanisms of seed deterioration
during storage are helpful to establish renewal
standards by further research.[%

The significance of TCM banking seed

The practice of seed preservation began
with the cultivation of crops, so the earliest
seed banks were established for crops.*”!
Modernized seed bank was built a century
and a half ago as a specialized and long-term
seed storage institution, according to the general
rule of Harrington: “When the storage
temperature is reduced by 5°C in the range of
0~50°C, the seed life will be prolonged by twice.
Every 1% decrease in water content between
5% and 14%, the seed will last twice as long”.4®!
With the original purpose of protecting human
agricultural civilization and food security, they
practice different varieties of seed preservation
began with the major food crops, vegetables,
fruit, and other cash crops.*” For example, the
Plant and Animal Genetic Resources Preservation
Center, founded in 1958 in Fort Collins, Colorado,
USA, is the world’s first national modern
cryopreservation seed bank. More than 500,000
crop seeds have been preserved. The Svalbard
International Seed Vault was established
in Norway in February 2008, which has
amount total of 14,000 seed samples for
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the future by now, responding to the growing
impact of global climate change on world
food production (https://www.seedvault.no).
In China, National Crop Germplasm Bank
was established in November 2002, aiming
at mid-term preservation and seed supply
distribution of food crop Germplasm
resources.

With the aggravation of the irrational use
of resources by human beings, the ecological
environment is destroyed and more and more
species are threatened from extinction.5%°!
The Millennium Seed Bank (MSB) at Royal
Botanic Gardens Kew, UK, wasbuilt to preserve
wild plant seeds all over the world.®? It is the
richest point in biodiversity which has
conserved 39,841 species from 351 families
by May 2020 (https://www.kew.org). In China,
TheGermplasmBank of Wild Species(GBOWS)
was established in Kunming in January 2007
by Academician Zhengyi Wu of the Chinese
Academy of Sciences Kunming Institute of
Botany. By September 2021, 85,046 portions
from 10,601 species of plant seeds have been
preserved, accounting for 36% of the total
number of flowering plant species in China
(www.genobank.org). They contributed positive
work in promoting the wildlife germplasm
resources conservation which species was
endemic, endangered or economic, ecological
and scientific value in China.>®

The State Bank of Chinese Drug
Germplasm Resources is tailored specially
for the TCM, which has a different purpose
and meaning from the other existing seed bank.
The hierarchical target is protecting the precious
endangered and endemic species for biodiversity
or genetic diversity, and building a national
research platform for TCM germplasm
resources. The ultimate goal is to ensure the
production and supply of basic medicine
materials and make the sustainable
development of TCM resources. (Figure 2)
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The State Bank of Chinese Drug Germplasm Resources

Figure 2. Content and significance of seed bank

construction

Protect the unique medicinal resources for
biodiversity

The State Bank of Chinese Drug Germplasm
Resources particularly focus on the 800 kinds
of common use and 200 kinds of Daodi medicinal
materials among 11,000 medicinal plants in
China, especially the most commonly used
species as the National basic catalog of Chinese
medicine which we focus on includes 604
species of 129 families of flowering plants.
The overall target is to conserve 50,000 seeds
in 10 years cover 90% of commonly used
Chinese medicine and 30% of medicinal
plants. With limited distribution, some genera
are only distributed in Asia, such as Bletilla
striata (Baiji) and Pinellia ternata (Banxia). Even
some genera are only distributed in China, such
as Rehmannia glutinosa (Dihuang) and
Fucommia ulmoides (Duzhong), etc.
Conservation of these seeds not only make an
important role in medicinal value but also has
great value in biodiversity.

Protect the variety of material for genetic
diversity

Genetic diversity is the total of all genetic
and chromosomal variations in all individuals
within a species.® It is manifested in the
variation of genes or chromosomes in different
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individuals of the same species, including the
genetic diversity of different physiological,
biochemical, growth, and development functions,
maturity, resistance, as well as the karyotype
of chromosomes, DNA base differences, etc.®

The evaluation of the germplasm resources
differences from that of crops and cash crops.”®

In addition to yield and resistance, the content
of effective ingredients, authenticity, and

optimal harvesting time of medicinal materials
should also be considered.””! Therefore, the
collection and preservation of TCM germplasm
bank should not only collect as many different
species as possible but also carry out the
extensive collection of genetic diversity of the
same species. It has unique characteristics of
Chinese medicine, a far-reaching impact on the
development of TCM, and is imperative and
irreplaceable.

Protect the ecological environment for
ecological diversity

The characteristics of ecological environment
such as climate, sail, topography, and community
ecology are closely related to the growth and
quality of medicinal plants.”®*® Medicinal
plants were distributed in various ecological
environments with rich ecological diversity.
601 Tt is recorded in The Notes on Materia
Medica Classic that “all medicines have their
environment”, indicating that Chinese medicine
has always attached importance to the correlation
between ecological environment and the
quality of medicinal materials since ancient
times, and the concept of “Daodi medicinal
materials” has a long history®!! The preservation
and research on the germplasm resources
of Daodi medicinal materials are beneficial to
clarify the influence of ecological factors on the
production process and secondary metabolism
of medicinal materials,'®25% which has positive
significance for improving the green cultivation
technology of genuine medicinal materials
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and protecting the ecological environment of
genuine producing areas.!*¥
Outlook

The State Bank of Chinese Drug Germplasm
Resources for traditional Chinese medicine
(TCM) in high-profile contemporary arises at
the historic moment. It’s set up to protect
endangered TCM resources and the irreplaceable
important significance for genetic diversity.
Maximizing the diversity of medicinal species
is not just part of global biodiversity conser-
vation, but also provides the material basis
for good varieties breeding. It is the key to
improving the quality of Chinese medicinal
materials, solving the obstacles of the TCM
industry, and then conducive to resources
sustainable utilization.

The biological mechanisms of seed
deterioration, genetic integrity, and critical
value of reproduction and regeneration should
be deeply explored in further research. The
theoretical basis for monitoring and warning
of seed vigor and technology of maintaining
storage tolerance needs to be improved either.
We will be unremittingly committed to these
aspects of research and looking forward to
more international exchanges and cooperation
sincerely.

References

1. Feng W, Liu J, Huang L, Tan Y, Peng C. Gut
microbiota as a target to limit toxic effects of
traditional Chinese medicine: implications for
therapy. Biomed Pharmacother. 2021;133: 111047.

2. Liu J, Feng W, Peng C. A song of ice and fire:
cold and hot properties of traditional
Chinese medicines. Front Pharmacol. 2021;11.

3. GaoRR, Hu YT, Dan Y, Hao L], Liu X, Song JY.
Chinese herbal medicine resources: Where we
stand. Chin Herb Med. 2020;12(1):3-13.

4. Lei D, Wu ], Leon C, Huang L-f, Hawkins JA.
Medicinal plants of Chinese Pharmacopoeia

and Daodi: Insights from phylogeny and



Neanemaunndunudululszmeineg  Thailand Journal of Traditional Chinese Medicine # & % E 24 %

10.

11.

12.

13.

biogeography. Chin Herb Med. 2018;10(3):269-
78.

Zhao Z, Guo P, Brand E. The formation of Daodi
medicinal materials. J Ethno-
pharmacol. 2012; 140(3):476-81.

Pan MH, Zhu SR, Duan WJ, Ma XH, Luo X,
Liu B, et al. “Shanghuo” increases disease
susceptibility: modern significance of an
old TCM theory. J] Ethnopharmacol.
2020;250:112491.

Pan X, Dong L, Yang L, Chen D, Peng C.
Potential drugs for the treatment of the novel
coronavirus pneumonia (COVID-19) in China.
Virus Res. 2020;286:198057.

Ni L, Chen L, Huang X, Han C, Xu J, Zhang H,
Combating COVID-19 with

integrated traditional Chinese and Western

et al.

medicine in China. Acta Pharm Sin B.
2020;10(7):1149-62.

Zhu W, Wang L, Liang P, He Z, Yan G.
Analysis of the status Quo and future
prospects of Chinese medicinal resources
sustainable development. World Chin Med.
2018.

Schippmann U, Leaman D], Cunningham AB.
Impact of cultivation and gathering of medicinal
plants on biodiversity: global trends and issues:
Biodiversity and the ecosystem approach in
agriculture, forestry and fisheries. Rome: FAO,;
2002.

Wijnstekers W. The convention on international
trade in endangered species of wild fauna and
flora (CITES) - 35 years of global efforts to ensure
that international trade in wild animals and
plants is legal and sustainable. Forensic Sci Rev.
2011;23(1):1-8.

Yan B, Hou J, Cui J, He C, Li W, Chen X, et al.
The effects of endogenous hormones on the
flowering and fruiting of Glycyrrhiza uralensis.
Plants. 2019;8(11):519.

Han J, Pang X, Liao B, Yao H, Song J,
Chen S. An authenticity survey of herbal

medicines from markets in China using

14.

15.

16.

17.

18.

19.

20.

21.

22.

DNA barcoding. Sci Rep. 2016;6(1):8723;
doi:10.1038/srep18723.

Cunningham AB, Long X. Linking resource
supplies and price drivers: lessons from
traditional Chinese medicine (TCM) price
volatility and change, 2002-2017. ] Ethno-
pharmacol. 2019;229:205-14.

Li DZ, Pritchard HW. The science and
economics of ex situ plant conservation. Trends
Plant Sci. 2009;14(11):614-21.

Wei X, Jiang M. Meta-analysis of genetic
representativeness of plant populations
under ex situ conservation in contrast to wild
source populations. Conserv Biol.
2020;35(1):12-23.

Abeli T, Dalrymple S, Godefroid S, Mondoni A,
Miiller JV, Rossi G, et al. Ex situ collections and
their potential for the restoration of extinct
plants. Conserv Biol. 2019;34(2):303-13.
Cavender N, Westwood M, Bechtoldt C,
Donnelly G, Oldfield S, Gardner M, et al.
Strengthening the conservation value of ex situ
tree collections. Oryx. 2015;49(3):1-9.

Huang LQ, Sun LY, Zhang XB, Guo LP, Wang H,
Li M, et al. Brief introduction to progress of
national census of Chinese medicine resources
(pilot). Zhongguo Zhong Yao Za Zhi. 2017,
42(22):4256-61.

Liu B, Guo Z-y, Bussmann R, Li FF, Li JQ,
Hong LY, et al. Ethnobotanical approaches
of traditional medicine studies in Soutwest
China: A literature review.] Ethnopharmacol.
2016;186:343-50.

Walters C. Orthodoxy, recalcitrance and in
between: Describing variation in seed storage
characteristics using threshold responses to
water loss. Planta. 2015;242(2):397-406.
Ballesteros D, Sershen, Varghese B, Berjak P,
Pammenter NW. Uneven drying of zygotic
embryos and embryonic axes of recalcitrant
seeds: Challenges and considerations for
cryopreservation. Cryobiology. 2014;69(1):
100-9.

7 1 atiufi 1 unsrau - dguieu T 2565
Vol. 1 No. 1 January - June 2022
2022 £ 1 A £ 6 A1



SO JCaCacCacCac

Msanemsunndunudululsemelneg  Thailand Journal of Traditional Chinese Medicine #E & E 24 %

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ballesteros D, Pence VC. Survival and death of
seeds during liquid nitrogen storage: a case
study on seeds with short lifespans. Cryo Lett.
2017;38(4):278-89.

Lin L, Ma ], Ai Q, Pritchard HW, Li W, Chen H.
Lipid remodeling confers osmotic stress tolerance
to embryogenic cells during cryopreservation.
Int ] Mol Sci. 2021;22(4):2174. https://doi.
org/10.3390/ijms22042174

Food and Agriculture Organization. Genebank
standards for plant genetic resources for food
and agriculture. Rome: FAO; 2013.

He Y, Peng F, Deng C, Xiong L, Huang ZY,
Zhang RQ, et al. Building an octaploid
genome and transcriptome of the medicinal
plant Pogostemon cablin from Lamiales. Sci
Data. 2018;5(1).

Mweetwa AM, Welbaum GE, Tay D. Orchiseed
storage for germplasm preservation. Acta Hortic.
2006;760:629-35.

Prest JM. The Garden of Eden: The Botanic
Garden and the Recreation of Paradise. Yale
University Press, 1990.

Maunder M, Lyte B, Dransfield J, Baker W.
The conservation value of botanic garden
palm collections. Biol Conserv.
2001;98(3):259-71.

Volis S. Conservation utility of botanic
garden living collections: Setting a strategy and
appropriate methodology. Plant Divers.
2017;39(6):62-9.

Seal CE, Daws MI, Flores J, Ortega-Baes P,
Galindez G, Leén-Lobos P, et al. Thermal
buffering capacity of the germination
phenotype across the environmental enve-
lope of the Cactaceae. Glob Change Biol.
2017;23(12):5309-17.

Zhou T, Wang L, Yang H, Gao Y, Liu W, Yang W.
Ameliorated light conditions increase the P
uptake capability of soybean in a relay-strip
intercropping system by altering root
morphology and physiology in the areas with

low solar radiation. Sci Total Environ.

Ui 1 atiuf 1 unsau - dguieu T 2565
Vol. 1 No. 1 January - June 2022
2022 £ 1 A F 6 AR

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

2019;688:1069-80.

Yang Y, Sun M, Li S, Chen Q, Teixeira da Silva
JA, Wang A, et al. Germplasm resources and
genetic breeding of Paeonia: A systematic review.
Hortic Res. 2020;7(1).

Baskin JM, Baskin CC. A classification system
for seed dormancy. Seed Sci Res. 2007;14
(I):1-1e.

Xu H, Lantzouni O, Bruggink T, Benjamins R,
Lanfermeijer F, Denby K, et al. A molecular signal
integration network underpinning
Arabidopsis seed germination. Curr Biol. 2020;
30(19):3703-12.e3704.

Long RL, Gorecki MJ, Renton M, Scott JK,
Colville L, Goggin DE, et al. The ecophysiology
of seed persistence: a mechanistic view of the
journey to germination or demise. Biol Rev.
2015;90(1):31-59.

Ellis RH, Roberts EH. Improved equations for
the prediction of seed longevity. Ann Bot.
1980;45(1):13-30.

Ellis RH, Hong TD, Roberts EH. An intermediate
category of seed storage behaviour?I. COFFEE.
] Exp Bot. 1990;41(230):1167-74.

Probert RJ, Daws MI, Hay FR. Ecological
correlates of ex situ seed longevity: A
comparative study on 195 species. Ann Bot.
2009;104(1):57-69.

Davies RM, Newton R], Hay FR, Probert R]. 150-
seed comparative longevity protocol a reduced
seed number screening method for identifying
short-lived seed conservation collections. Seed
Sci Technol. 2016;44(3):569-84.

Visscher AM, Latorre Frances A, Yeo M, Yan J,
Colville L, Gomez Barreiro P, et al. Comparative
analyses of extreme dry seed thermotolerance
in five Cactaceae species. Environ Exp Bot.
2021;188.

Hong TD, Ellis RH, Astley D, Pinnegar AE, Groot
SPC, Kraak HL. Survival and vigour of ultra-dry
seeds after ten years of hermetic storage.
Seed Sci Technol. 2005;33(2):449-60.
Walters C, Wheeler LM, Grotenhuis JM.



Neanemaunndunudululszmeineg  Thailand Journal of Traditional Chinese Medicine # & % E 24 %

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Longevity of seeds stored in a genebank: Species
characteristics. Seed Sci Technol. 2007;15(1):1-20.
Shoemaker WR, Lennon JT. Evolution with a seed
bank: The population genetic consequences of
microbial dormancy. Evol Appl. 2018;11(1):
60-75.

Engels JMM, Rao RV. Regeneration of seed crops
and their wild relatives: proceedings of a con-
sultation meeting, 1995 Dec 4-7, ICRISAT, India
| Clc. ICRISAT, Hyderabad, India. 1995.

Sano N, Rajjou L, North HM, Debeaujon I,
Marion-Poll A, Seo M. Staying alive: Molecular
aspects of seed longevity. Plant Cell Physiol.
2016;57(4):660-74.

ETC Group W, Barcelona GRAI, Rugby ITDG:
Sustaining agricultural biodiversity and the
integrity and free flow of genetic resoures for
food and agriculture. Rome: Food and Agriculture
Organization; 2000.

Harrington JF. Seed storage and longevity. In:
Kozlowski, TT, editor. Seed biology,
insects, and seed collection, storage, testing and
certification. New York: Academic Press; 1972. p.
145-245.

Colville L, Pritchard HW. Seed life span and food
security. New Phytol. 2019;224:557-62.

Food and Agriculture Organization. The second
report on the state of the world’s plant genetic
resources for food and agriculture. Rome: Food
and Agriculture Organization; 2010.

Ebert AW, Engels JMM. Plant biodiversity and
genetic resources matter! Plants. 2020;9(12).
Griffiths KE, Balding ST, Dickie JB, Lewis GP,
Pearce TR, Grenyer R. Maximizing the
phylogenetic diversity of seed banks.
Conserv Biol. 2015;29(2):370-81.

Wade EM, Nadarajan J, Yang X, Ballesteros D,
Sun W, Pritchard HW. Plant species with
extremely small populations (PSESP) in China:
A seed and spore biology perspective. Plant
Divers. 2016;38(5):209-20.

Nybom H. Comparison of different nuclear

DNA markers for estimating intraspecific

55.

56.

57.

58.

59.

60.

61.

62.

genetic diversity in plants. Mol Ecol. 2004,
13(5):1143-55.

Uzuner H, Bauer R, Fan TP, Guo DA,
Dias A, El-Nezami H, et al. Traditional
Chinese medicine research in the post-genom-
ic era: good practice, priorities, challenges and
opportunities. ] Ethnopharmacol. 2012;140(3):
458-68.

Wang R, Ren C, Dong S, Chen C, Xian B,
Wu Q, et al. Integrated metabolomics and
transcriptome  analysis of flavonoid  biosynthe-
sis in safflower (Carthamus tinctorius L.) with
different colors. Front Plant Sci. 2021;12.
Sheridan H, Krenn L, Jiang R, Sutherland I,
Ignatova S, Marmann A, et al. The potential of
metabolic fingerprinting as a tool for the mod-
ernisation of TCM preparations. ] Ethnophar-
macol. 2012;140(3):482-91.

Chen SC, Poschlod P, Antonelli A, Liu U,
Dickie JB, Rejmanek M. Trade-off between
seed dispersal in space and time. Ecol Lett.
2020;23(11):1635-42.

Fernandez-Pascual E, Mattana E, Pritchard
HW. Seeds of future past: Climate change and
the thermal memory of plant reproductive
traits. Biol Rev. 2019;94(2):439-56.

Yang X, Tian X, Zhou Y, Liu Y, Li X, Lu T, et al
Evidence-Based study to compare Daodi
traditional Chinese medicinal material and
non-Daodi traditional Chinese medicinal
material. Evid-based Complement Altern Med.
2018;2018:1-12.

Dan Y, Wang JB, Li JX, Ma LN, Xiao XH.
Strategy for research on quality identification
and ecological environment related of
Daodi herb. China ] Chinese Materia Medica.
2012;37(17):2672-5.

Chen ], Wang J, Wang R, Xian B, Ren C, Liu
Q, et al.

transcriptome

Integrated metabolomics and
analysis on flavonoid
(Carthamus
tinctorius L.) under MeJA treatment. BMC

Plant Biol. 2020;20(1).

biosynthesis in safflower

7 1 atiufi 1 unsrau - dguieu T 2565
Vol. 1 No. 1 January - June 2022
2022 £ 1 A £ 6 A1



Msanemsunndunudululsemelneg  Thailand Journal of Traditional Chinese Medicine #E & E 24 %

63. Zhao K, Li B, He D, Zhao C, Shi Z, Dong B, 64. Qi L, Zhong F, Chen Y, Mao S, Yan Z, Ma Y.

SO JCaCacCacCac

et al. Chemical characteristic and bioactivity An integrated spectroscopic strategy to
of hemicellulose-based polysaccharides iso- trace the geographical origins of emblic
lated from Salvia miltiorrhiza. Int ] Biol Macro- medicines: Application for the quality
mol. 2020;165:2475-83. assessment of natural medicines. ] Pharm Anal.

2020;10(4):356-64.

7 1 atfuf 1 unsrau - dguieu T 2565
Vol. 1 No. 1 January - June 2022

2022 £ 1 A E 6 AWM




IMTAITNT LL‘W‘V]?j LLNU:;P‘UGLUU?Z LV]ﬂ\lVI‘c’J
Thailand Journal of Traditional Chinese Medicine

FEFEHES

gnsAmaasuHosidiwomstsus:Tasuoinnswensningddioonumaasnisuwnsguwudu
2g10808U; NMSIaaVSUIMISLEDWUSWBAUUTWSIULHOBIA

19122, indiaulae?
WMovUJUANTNAN LS IINUNAAUNTNEINTEWAUIUN AR TUAMNIREN TH M INEIAENI TUNNE WAL UIRIA

EMENFENTVAITNT NNTINGIAENITUNNEUAUT DI

unAago: ey tiufiazifusnuionudAnayulnsiuldachedeiy Jefinsdafssunmstaiugivaunsuwisnalul
A.A. 2017 unanuifazuuzianuduanuaznssisindendnlunsdafiviioiug masdafuidaidouazasiugnssn ins
g vaungnuenand 1udu maamumuﬁifmLﬁ'mﬁumimmmme%’ﬂmt,ma'ﬂL%aﬁuﬁ:ﬁm;gulwﬁu mﬁﬁmﬁ'mﬁumq
va9ndniuguazszaznanfivasadslunmsifivinuwdniug FadunuidAalumseyindnnumainnaianiediniw
ANEVANNRANENIRLENTIN WazAEvaInNranemsinaingt uieaduagiefeina [ddomsuarsaniafuaniiusing g

NINTY LﬁaLﬂumiﬁﬁfuméumﬂ%w%fwmﬂi‘vmmsLmeTLquﬁuaﬂwﬁqﬁu

maAy: enayulndu nIwenswugnITy: swimawmaaugie: nafusnnszerens mslduselevdagedeiu

-

WSuRavauuNADIL: LiHde: pengchengchengdu@126.com

7 1 atiufi 1 unsrau - dguieu T 2565
Vol. 1 No. 1 January - June 2022
2022 1A E 6 AHM




MMTANTNT LL‘W‘V]?j LLNUEP‘HGLHU‘IZ L‘V]ﬂ\l‘VIEJ
Thailand Journal of Traditional Chinese Medicine

FEFEHEAS

SO JCaCcaCacac

R CE

— AP RIR T R FI B X . B X 2R SRR R S

BRY,
| R 2 R TSI 5 A R 2 K
LG, A2

THE. B 7RSI o 24 5T B R A0 0 DR A7 1) [ R e 24 B R VR PR T 201 TAR - At AR ST AT 7 I 5K o 24 o 8 U
FER RIS, AT RORIR R BARALSUE SDNARE . A S @B A A, Wi T E S 2R R R
PETE T 250 BRI 5 AR A BT IR L 5 B R PERRE T . R T A 5 e AR AR O T R A, DA 2
TAEX TR A ZRENE . BRI ZREEMA S SRR EEE S AR S EZIMITRSR S &1F, N TR
B 24 B 1 A R SR DOk )

KRR hey; MR, My KR, AIRFgAA

BIREH: #: pengchengchengdu@126.com

7 1 atfuf 1 unsrau - dguieu T 2565
Vol. 1 No. 1 January - June 2022

2022 £ 1 A E 6 AWM




