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 محمدحسيه ميرجليليدکتر   : مدرش
 استاديار فيسيولوژي و اصلاح گياهان دارويي

شبکو  ملي پژوهش و فناوري گياهان دارويي کارگاه آموزشي و عملي
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2010
2011

201320252050

2000

َشت ميليارد

َفت ي ويم ميليارد

ميلياردَفت 

شش  ي ويم ميليارد 

شش ميليارد

وٍ ي ويم ميليارد http://www.un.org
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2050-2000 2000-1990 1990-1950 1950-1850 1850-1650 1750-1650 قارٌ

0/18- 0/07 0/69 0/72 0/64 0/34 اريپا

0/75 1/49 2/04 0/62 0/45 0/37 آسيا

0/84 1/65 2/42 1/62 1/1 0/09- آمزيكاي لاتيه

0/76 1/04 1/24 1/89 3/26 0 آمزيكاي شمالي

1/96 1/76 1/73 1/87 0 0 اقياوًسيٍ

1/72 2/49 2/57 0/84 0 0/05- آفزيقا

0/84 1/42 1/84 0/77 0/47 0/29 جُان

مقدمٍ.  ..

سبلاوٍ جمعيت جُبندرصد رشد تقزيبي 

 سلامتي اَميت حفظ امىيت غذايي
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طة سىتي .  ..
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گياَانارسشمىد در متاتًليت َاي ثاوًيٍ تسيار اس استفادٌ .  ..

محصًلات  
دارييي

آفت کش 
طثيعي

روگُا ي طعم 
دَىدٌ َاي 

طثيعي

اساوس َا ي 
مًاد تُداشتي

http://www.google.com/url?sa=i&rct=j&q=essential oils&source=images&cd=&cad=rja&docid=QeyNgBiAE9_GMM&tbnid=HYwWY8iAx_0FkM:&ved=0CAUQjRw&url=http://mysticnaturals.com/blog/2012/09/24/essential-oils-for-the-cold-flu-season/&ei=9zwXUqasGpPu0gW_u4H4CQ&bvm=bv.51156542,d.ZG4&psig=AFQjCNERo0sILByRl92ywdquXd0EhZyTsA&ust=1377340992345558
http://www.google.com/url?sa=i&rct=j&q=Syrup menthol&source=images&cd=&cad=rja&docid=y0RlIn2Hdwil6M&tbnid=5vapJe3sXYL-vM:&ved=0CAUQjRw&url=http://apteka.framar.bg/30027076/%D1%81%D1%83%D0%B4%D0%B0%D1%84%D0%B5%D0%B4-%D0%B1%D1%80%D0%BE%D0%BD%D1%85%D0%BE-%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%BB-%D1%81%D0%B8%D1%80%D0%BE%D0%BF-20-%D0%BC%D0%B3-%D0%BC%D0%BB-150-%D0%BC%D0%BB-&ei=xzYXUpmwO8it0QX5r4Fo&psig=AFQjCNGiQ1qy3tds0L-8PwScQWdfTZmAfA&ust=1377339442471474
http://www.google.com/url?sa=i&rct=j&q=Azadirachta+indica&source=images&cd=&cad=rja&docid=o0A1raYxVCFl_M&tbnid=IG3AMO5gCEkHdM:&ved=0CAUQjRw&url=http://www.motherherbs.com/azadirachta-indica.html&ei=aTkXUvr-Haeo0QWF3oCYBA&bvm=bv.51156542,d.ZG4&psig=AFQjCNG-a69EixmTd8XfeAJUxoMH8a8E1g&ust=1377339961575021
http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=JfsSwFh_C5ll3M&tbnid=rPHNbD86aKA3BM:&ved=0CAgQjRwwAA&url=http://saffron.com/cons_guide.html&ei=TDsXUq6CGdKShQePhYDwAQ&psig=AFQjCNEzsnQpVAUAc_Jk1c3ybTa3De0oig&ust=1377340620504003
http://www.google.com/url?sa=i&rct=j&q=essential oils lemon&source=images&cd=&cad=rja&docid=Zc-cGzELJpbvSM&tbnid=tlj8wWPXJN8MkM:&ved=0CAUQjRw&url=http://shop.justlifeshop.com/florame-organic-lemon-peel-essential-oil-10ml.html&ei=MT4XUueGFOql0wX4qIDIBA&bvm=bv.51156542,d.ZG4&psig=AFQjCNFwYZOuSRd50ETX4x48jNYlritkYw&ust=1377341340119001
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متاتًليت َاي ثاوًيٍ .  ..
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متاتًليت َاي ثاوًيٍ .  ..
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.. . ...



محصًلات دارييي اس مسيزَاي متاتًليتي . ..
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ياکىش َا

متاتًليت َاي ايليٍ

  شيميبيي بب   ياکىش
ياسطٍ آوشيمي  

(  متببًليسم)

 مًلکًل َبيسىتش   :
قىد، اسيد آميىٍ، 

اسيد چزة، 
...وًکلئًتيد ي 

مقدمٍ.  ..

ثاوًيٍمتاتًليت َاي 

مسيز متببًليکي ثبوًي

 بب يسن  تزکيببتي
پبييهمًلکًلي 

 وقش غيزضزيري در
بقب ي حيبت گيبٌ

10
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تزيس متاتًليت َاي ثاوًيٍ در گياَان.  ..
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Function

Defense

Herbivores/Predators

insects

mollusks

vertebrates

repellence

deterrence

toxicity

growth inhibition

toxicity

growth inhibition

Inhibition of

germination and

growth of seedlings

Microbes/Viruses

bacteria

fungi

Competing 

organisms

Attraction

 pollinating insects

 seed dispersing animals

 root nodule bacteria

 adapted organisms

UV-protection

N-storage
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گزيٌ َبي عمدٌ متببًليت َبي ثبوًيٍ

تزکيببت ويتزيصن دار تزکيببت فىليتزپه َب

Alkaloids

Morphine

Codeine

Vincristine

Vinblastine

Galantamine

Camptothecine

Flavonoids

Phenolic acid 
derivatives

Rosmarinic acid

Anthocyanins

Thymol

Carvacrol

Citral

Ursolic acid

Betulinic acid

Taxol
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Compound Use Plant species
Cost

US $/Kg

Quinine Antimalarial Cinchona ledgeriana 500

Berberine Intestinal ailment Coptis japonica 3,250

Shikonin Antibacterial Lithospermum erythrorhizon 4,500

Sangunarine Antiplaque Sanguinaria candensis 4,800

Codeine Sedative Papaver somniferum 17,000

Ajmalicine Antihypertensive Catharanthus roseus 37,000

Ellipticine Antitumour Orchrosia elliptica 240,000

Morphine Sedative Papaver somniferum 340,000

Camptothecine Antitumour Camptotheca acuminata 432,000

Taxol Anticancer Taxus brevifolia 2000,000

Vinblastine Antileukemic Catharanthus roseus 2,000,000

Vincristine Antileukemic Catharanthus roseus 4,000,000
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(تزداشت اس طثيعت)تاميه گياَان دارييي .  ..
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(چگًوٍ؟)ضزيرت حفاظت اس گًوٍ َاي دارييي در خطز واتًدي .   ..
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(کشت ي تًليد در سيستم َاي سراعي)تاميه گياَان دارييي .  ..
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ي مىاتع آبسراعي سميه َاي محديديت 
 تزداري اَميت تيًتكىًلًژي ٌ ٍ َاي  پايدار ي مؤثز در تُز اس عزص

وياسَاي غذايي ي دارييي  تأميه سراعي ي 

https://www.e-education.psu.edu/meteo469/node/167
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




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ۀ





(Molecular farming)، (Metabolic engineering)  

Ramachandra Rao and Ravishankar (2002); Palazón et al. (2008)

ۀ
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Micropropagation of medicinal plants
Endangered plants

High-yielding varieties

Plant cell tissue and organ culture
Cell culture

Hairy root culture

Transgenic plant/organism
Metabolic engineering

Molecular farming
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Micropropagation of Thymus persicus - an endangered and potent natural 

source of anticancer pentacyclic triterpenoids from Iran

Micropropagation of medicinal plants
Endangered plants



25

In vitro cloning of Thymus daenensis Celak subsp. daenensis – an important and

endemic medicinal plant from Iran



Micropropagation of medicinal plants
High-yielding varieties
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(Plant cell culture)

Totipotency
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Catharanthus roseus
Carew et al. (1966)

mg/l(Smart et al. 1986)

Fugita et al. (1990)mg/l

-Matsui

-
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Taxol

Taxus baccata

Wani et al. (1969)

Christen et al. (1989)

mg/lTaxus baccata(Srinivasan et al. 1995)

Ketchum and Gibson (1996)mg/l

Mulabaghal et al. (2004)mg/l

T. maieri
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Digitalis lanata

Digoxin

Hildebrant et al. (1959)

mg/lDigitalis lanata(Hagimori et al. 1990)

Reinhard et al. (1996)g/l
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Panax ginseng

Ginsenoside

Shibata et al. (1965)

Kim et al. (1980)

(KGC)Choi et al. (1994)

g/l
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Phenylpropanoids Alkaloids Terpenoids Quinones

Anthocyanins Acridines Carotenes Antraquinones

Cumarins Betalaines Monoterpenes Benzoquinones

Flavonoids Quinolizidines Sesquiterpenes Naphtaquinones

Lignans Isoqunolines Diterpenes

Phenolenones Tropan alkaloids Triterpenes

Stilbenes Purines

Tanins Indoles



Industrial production in plant cell cultures

Company Product Plant source

Japan tobaco and 

Salt Pu. Co.

Svoda Co., Moscú

Mitsui Petrochemical Ind. 

Ltd.

Yamaguchi Co.

Nattermann, RFA

Nitto Denko Corp.

Mitsui Petrochemical Ind. 

Ltd.

Mitsui Petrochemical Ind. 

Ltd.

Phyton Inc.

Nitto Electric Ind. Co. Ltd.

Nippon Paint Co. Ltd.

Shiseido Co. Ltd.

Mitsui Chemicals Ind.

Mitsui Chemicals Ind

Ubiquinone 10

Ginsenoside

Shikonine

Taxol

Berberine

Rosmarinic acid

Ginsenoside

Purpurine

Taxol


Anthocyanins

Anthocyanins

Pigment

Berberine
Arbutine

Nicotiana tabacum

Panax ginseng

Lithospermum erythorrizon

Taxus media

Coptis japonica

Coleus blumei

Panax ginseng

Rubia akanae

Taxus brevifolia

Datura inoxia

Ipomea batata

Euphorbia milii

Corydalis ambiqua

Coptis japonica
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Optimization of the culture system:

Selection of cell lines with high production
Optimization of growth and production media
Addition of biosynthetic precursors
Induction of secondary plant metabolic pathways using elicitors.
Increasing the release of secondary compounds from cells

Species Compound     Culture Age Content          Content     Productivity           Improved 

(Weeks) %            improved     mg/g/week           productivity

Coptis

japonica
Berberine

Plant 260             3                                       0,083

CS           2           13,2                                            44

x 4,4                                         530

Lithospermum

erythrorhizon
Shikonin

Plant 312          1,53                                 0,048

CS            2          12                                        60
x 8                                    1250

CS: Cell Suspension

Two examples comparing the metabolite content and productivity between the plant and the
cell suspension culture
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Pour 250 ml distilled water into a 2 l beaker

Add all heat-stable components (use stock solutions for efficiency, accuracy, and 
convenience)

Bring total volume to 900 ml

Measure and adjust pH

Add sugar

1

2

3

4

5
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High auxin:cytokinin ratio: root          Low auxin/cytokinin ratio: shoot

Intermediate levels: callus

Nutrient
agar

Auxin

Kinetin

Ratio:151500.003

Callus
Roots

Shoots
No 

growthPlant 
tissue
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CPA

2,4-D

IAA

IAA-L-Al

IAA-L-As

IAA-Gl

IAA-Ph

IBA

NAA

NOA
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-

-

BA

BAP

2ip

KI

-

-
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pH

(Elicitation)

(Immobilization)

(Biotransformation)
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(Synchronous culture)

DNA
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Coleus blomei

Catharanthus roseus

Chrysanthemum cinerariaefolium

Capsicum frutescens

Morinda citrofolia

Vitis sp.
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Catharanthus roseus

Nicotinia tabacum

Beta vulgaris

Digitalis purpurea

Chenopodium rubrum
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(2,4-D) 

NAAIAA 

GAABA

Daucus carota

Oxalis linearis

Daucus carota

Portulaca sp.  

 Nicotinia tabacum  

 Morinda citrofolia
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Coleus blumeiSalvia

officinalis

Capsicum frutescens 

 Vanilla planifolia 
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Morinda citrofolia
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ADigitalis lanata

Catharanthus roseus
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(Matricaria chamomilla)

Citrus limon

Thalictrum minus

pH

pHpH

pH
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(Elicitation)

(Elicitors)

(As, Cu, Cd)

Papaver somniferumBotrytis
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(DMSO)
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(Immobilization)



Immobilization systems

•Inert matrix:

•Gelling agents:

Polyurethane
Glass fiber

Alginate (1-2%)
Composition: Glucuronic acid+ Mannuronic acid
Gel with Ca 2+ (0,2-0,3 M)

Carragenins (3%)
Polyssacharide polysulfonate
Gel with K+ (0,3 M)

Agarose (3%) Tº gelification 35ºC
Agar (2-5%) Tº gelification 45ºC
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Microencapsulation in alginate of a Taxus baccata cell culture

(Immobilization)
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Thebaine

Vindoline

Digitoxine

Ferulic acid

Isoeugenol

Codeine

Substrate Plant cell

Papaver somniferum

Catharanthus roseus

Digitalis lanata

Capsicum frutscens

Capsicum frutscens

Spirulina platensis

Product

Codeine

Vincristine

Digoxine

Capsaicin

Vanillin

Morphine

Biotransformation
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(Batch culture)
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(Continuous culture)
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Catharanthus

roseus

Coleus blomei

Lithospermum

erythrohizon

Panax ginseng

Taxus baccata

Vincristine

Vinblastine

Shikonin

Rosmarinic acid

Saponins

Ginsenoside

Taxol
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(Agrobacterium rhizogenes)
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(Panax ginseng)

ۀ 20

(Ginsenoside)







مويينه ريشۀ کشت سيستم از استفاده مزاياي  
خارجٖ اکس٘ي کاربرد بِ ً٘از عذم  

(ّستٌذ گرا افق بٌذٕ شاخِ دارإ) گراٖٗ زه٘ي فاقذ  

ًَرٕ ت٘وار بِ ً٘از عذم 

بالا رشذ سرعت   

ٕطَلاًٖ زهاى هذت برإ دارٍٖٗ ترک٘بات تَل٘ذ در بَ٘ش٘و٘اٖٗ ٍ شًت٘کٖ ثبات دارا  

جذٗذ ثاًَِٗ هتابَل٘ت بْبَد برإ خارجي ژنهاي اًتقال اهکاى   

دارٍٖٗ گ٘اّاى در ثاًَِٗ هتابَل٘تْإ تَل٘ذ برإ هٌَِٗ٘ رٗشٔ کشت با ارتباط در هتٌَع تحق٘قات

Shimomura et al. (1991); Hashimoto et al. (1993); Rao et al. (1998); Murthy et al (2008)



کشت سلَلرٗشِ هٌَِٗ٘کشت ٍٗصگٖشوارُ

پاٗ٘يبالاَّاد1ّٖ

رٍز 14تا  0/7رٍز 7تا  2بَ٘هاضزهاى دٍ برابر شذى 2

ه٘کرٍهتر 200تا  40هترساًتٖ  10تا  1اًذاز3ُ

بِ َّرهَىً٘ازهٌذ ٍ پ٘چ٘ذُ سادُ ٍ فاقذ َّرهَىکشتهح٘ط 4

حجوٖبِ حجوٖ درصذ  10تا  5حجوٖبِ حجوٖ درصذ  10تا  5کشتاٍلِ٘ تراکن هادّٓ 5

بَ٘هاض پ٘چ٘ذُ ساختار اًذام هاًٌذ اها هَرفَلَش6ٕ
حساضّإ با سلَل 

ٗا هٌفرد ّإ از سلَل هخلَطٖ 
حساضدَٗارُ سلَلٖ هجتوع با 

ّترٍشىآًَ٘پلَئ٘ذ -بٖ ثباتّوَشىاٍپلَئ٘ذ تا پلٖ پلَئ٘ذ -باثباتشًت٘کٖثبات 7

هَارد برٍز برخٖ ٍالذ در شبِ٘ گ٘اُ تَل٘ذتجوع 8
ترک٘ب جذٗذ

ٍالذگ٘اُ اغلب هتفاٍت ٍ کوتر از 

اغلبزٗادسازٕ تَل٘ذرّا 9

ل٘ترگرم هادُ خشک در  200ل٘ترگرم هادُ خشک در  30بَ٘هاض تَل٘ذٕحذاکثر تراکن 10

حساضحساضخ٘لٖ برداشتحساس٘ت 12

حواٗتبِ ً٘ازهٌذ هشکل ٍ آساىادارُ کشت هذاٍم13

پوپاشقابل٘ت آساى با پوپاشقابل٘ت هشکل بذٍى بَ٘هاضٍ اًتقال جابجاٖٗ 14
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p-NOS npt II (neomycin phosphotransferase II) t-NOS p-CaMV 35S sqs 1 (squalene synthase ) t-NOS

HindIII PstI XbaI NotI EcoRI

1.5 Kbp800 bp

pBIs SQS1pRi A4

vir

TL-DNA

TR-DNA

ori

npt II

sqs 1

Agrobacterium tumefaciens

strain C58C1 (pRiA4) (pBIs SQS 1) 

Kribi et al. (1997)

TR-DNA

TL-DNA

pRi A4

vir

TL-DNA TR-DNA

rol A rol B rol C aux 1 aux 2 ags

Agrobacterium tumefaciens

strain C58C1 (pRiA4)

Van Larebek et al. (1974)



Acetyl-CoA

Farnesyl pyrophosphate (FPP)

Mevalonic acid (MVA)

Squalene synthase (SQS)

Squalene

2,3 (S)-Oxidosqualene

Phytosterols
Sitosterol

Stigmasterol

Lanosterol

24-Methylene cholestrolCampestrol

C1 Oxidation (-OH/=O), C2 Oxidation (-OH), C26 Oxidation,

C22 Hydroxylation, δ-lactonization between C22 and C26

Withaferin AWithanolide A

O

O O

OH

OOH

H

O

O O

H

O

OH

OH

H

Withanolides

??
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TL-DNA TR-DNA

rol C

(Palazón et al. 1998)

(Bulgakov et al. 1998)

aux1 aux2

(Palazón et al. 1998)

(Nillson and Olsen 1997)

ags

(Palazón et al. 1998)

(Nillson and Olsen 1997)

(Martin et al. 1990)

rol Brol A

(Chiriqui et al. 1996)

(Nillson and Olsen 1997)

TL-DNA

rol A rol B rol C

TR-DNA

aux 1 aux 2 ags
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Plant Material (in vitro)

Agrobacterium

Infection of the leaf by needle

Culture of the leaves on MS medium

Subculture of the leaves on MS 
medium with claforam (500 mg/l) Hairy root formation

1

2

4
3
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MS 

mg/l
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Selection of hairy root line

Subculture of hairy root line 
on MS solid medium

Subculture of hairy root 
line on MS liquid medium

Shaking of hairy roots in 
shaker (100 rpm)

1

2

3

4
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mg/l
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A4 root lines SQS root lines 

M M M

rol C  gene 

534 bp

C (‒)C (+)

M: 100 base-pair ladder

  واکنش انجام) هيسباى نوونه به شده وارد هاي شى رديابي
PCR)



A4 root lines SQS root lines 

C

(‒)

MMM

ags gene

C 

(+)

M: 100 base-pair ladder

347 bp

  واکنش انجام) هيسباى نوونه به شده وارد هاي شى رديابي
PCR)



SQS root lines A4 root lines 

MMM C 

(‒)

C 

(+)

M: 100 base-pair ladder

350 bp

aux gene

  واکنش انجام) هيسباى نوونه به شده وارد هاي شى رديابي
PCR)



C 

(+)

C (‒) MMM A4

195 bp

SQS root lines SQS root lines 

SQS gene 

  واکنش انجام) هيسباى نوونه به شده وارد هاي شى رديابي
PCR)



rol C aux sqs ags

A4L26 + + ‒ +

A4L30 + + ‒ +

A4L39 + ‒ ‒ +

A4L61 + + ‒ +

A4L112 + ‒ ‒ ‒

A4L115 + ‒ ‒ ‒

A4L144 + ‒ ‒ +

SQSL27 + + + +

SQSL48 + ‒ + +

SQSL78 + + + +

SQSL84 + + + +

SQSL135 + + + +

SQSL139 + ‒ + +

SQSL143 + ‒ ‒ +

  واکنش انجام) هيسباى نوونه به شده وارد هاي شى رديابي
PCR)



agsauxrol C

Ri Plasmid A4

pBIs SQS

  واکنش انجام) هيسباى نوونه به شده وارد هاي شى رديابي
PCR)
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ۀ

SQSCRL135

SQSHRL139

A4CRL26

A4HRL112
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0

1

2

3

4

5

6

7

8

0 1 2 3 4 5

A4HRL112 A4CRL26 SQSHRL139 SQSCRL135

ۀ

ۀ

ۀ

(Palazón et al. 2003)
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(Ocimum basilicum)

(Bais et al. 2002)

Solanum chrysotricum

(Caspeta et al. 2005)

(Echinacea purpurea)

(Wang et al. 2006)                  

(Azadirachta indica)

(Satdive et al. 2006)                                             
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درهٌِرٗشِ ّإ هٌَِٗ٘ ترارٗخت گ٘اُ در  سٌ٘تازفسفات فارًس٘ل دٕ شى  ب٘اىاًتقال ٍ 

(Chen et al. 1999) برابر  4 تاآرتو٘سٗي افساٗش تَل٘ذ 

(Salvia involucrata)گ٘اُ دارٍٖٗ هرٗن گلٖ از إ بِ گًَِ چالکَى اٗسٍهراز اًتقال شى 

  (Lee et al. 2004)برابر   12تا  آپ٘جٌ٘يافساٗش بَ٘سٌتس فلاًٍَئ٘ذ 

 

س٘برٕ سٌگ رٗشِ ّإ ترارٗخت ج٘ي در سٌ٘تاز اسکَالِي شى ب٘اى هطالعٔ 

Seo)برابر   2/5 تاترٕ ترپٌَئ٘ذّا تجوع افساٗش  et al 2005)

ش٘رٗي ب٘اى از إ گًَِ رٗشِ ّإ ترارٗخت در سٌ٘تاز اسکَالِي شى ب٘اى اًتقال ٍ 

(Lu et al 2008)  برابر 2/6تا رٗشِ ّإ ترارٗخت در  گل٘س٘رٗسٗيافساٗش تَل٘ذ 



(ها اندوفيت) زي دروى هاي هيکروارگانيسن

Plant-Associated Microorganisms (Endophytes) as a
New Source of Bioactive Natural Products

Endophytic microorganisms are to be found in virtually

every higher plant.



These organisms reside in the living tissues of the

host plant, and do so in a variety of relationships ranging

from symbiotic to pathogenic.

“Microbes that colonize living, internal tissues of
plants without causing any immediate, overt
negative effects”.

(ها اندوفيت) زي دروى هاي هيکروارگانيسن



Endophytes may contribute to their host plant by producing

a plethora of substances that provide protection and

survival value to the plant.

These compounds, once isolated and characterized, may also

have potential for use in modern medicine.

Novel antibiotics, antimycotics, immunosuppressants, and
anticancer compounds.

(ها اندوفيت) زي دروى هاي هيکروارگانيسن



The potential for the discovery of new drugs that may be

effective candidates for treating newly developing diseases in
humans is vast.

Among the approximately 300 000 higher plant species

that exist on the Earth, each individual plant of the billions

that exist is most likely a host to one or more
endophytes .

Novel natural products, and the organisms that create them,
offer major opportunities for innovation in drug discovery.

(ها اندوفيت) زي دروى هاي هيکروارگانيسن
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ها اندوفيت از شده جداسازي طبيعي ترکيبات از هثالي



ارزشوند دارويي ترکيبات هنبع ها اندوفيت



"Mother Nature does not work with single compounds. 
It's the family that gets the job done,“ 

Gary Strobel

ارزشوند دارويي ترکيبات هنبع ها اندوفيت



ها اندوفيت علوي سابقه
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ها اندوفيت علوي سابقه



ها اندوفيت جداسازي در استراتصي

It is important to understand that the methods and
rationale used seem to provide the best opportunities to
isolate novel endophytic microorganisms at the genus,
species, or biotype levels.

Plants from unique environmental settings, especially
those with an unusual biology, and possessing novel
strategies for survival, are seriously considered for study.



Plants that have an ethnobotanical history (used by
indigenous peoples) and are related to the specific uses or
applications of interest are selected for study.

These plants are chosen either by direct contact with local
peoples, or via local literature.

Ultimately, it may be learned that the healing powers of
the botanical source may in fact not be related to the natural
products of the plant, but rather to the endophyte
inhabiting the plant.

ها اندوفيت جداسازي در استراتصي



Plants that are endemic, having an unusual longevity, or
have occupied a certain ancient land mass are also more
likely to lodge endophytes with active natural products than
other plants.

Plants growing in areas of great biodiversity, it follows,
also have the prospect of housing endophytes with great
biodiversity.

ها اندوفيت جداسازي در استراتصي
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