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Abstract: Medicinal plants are important raw materials for Chinese medicine industry. The yield and
quality of medicinal plants are affected by diverse factors such as heredity and growth environment.
Plant microbiome has attracted increasing attention for its positive role in the growth, development, and

secondary metabolites accumulation of host plants and the related studies have been reviewed in detail
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except the works around the microbiomes of medicinal plants. In this paper, we summarized the

microbiome diversity of medicinal plants and their effects on the secondary metabolites of medicinal

plants since 2010. Furthermore, we discussed the potential application of microbiome in the quality

improvement and ecological cultivation of medicinal plants.
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Table I Examples for microorganisms that colonized in medicinal plants
Microbiome  Host plant Location Bacteria Fungi References
classification
Rhizosphere  Salvia China Proteobacteria, Acidobacteria, Ascomycota, Basidiomycota, [18]
microbiome  miltiorrhiza Gemmatimonadetes, Zygomycota, Chytridiomycota,
Planctomycetes, Actinobacteria, Neocallimastigomycota,
Bacteroidetes, Verrucomicrobia, Glomeromycota
Firmicutes
Cannabis sativa America Pseudomonas, Xanthomonas, Neodidymelliopsis, Penicillium, [19]
India Bacillus, Saphylococcus Aspergillus, Acinetobacter
Panax China Proteobacteria, Actinobacteria,  Ascomycota, Zygomycota, [20]
notoginseng Acidobacteria, Chloroflexi, Basidiomycota [21]
Bacteroidetes,
Gemmatimonadetes
Taxus cuspidata China Proteobacteria, Acidobacteria,  Ascomycota, Zygomycota, [22]
Actinobacteria, Bacteroidetes, Basidiomycota, Chytridiomycota
Planctomycetes, Nitrospirae,
Chloroflexi, Gemmatimonadetes
Adenium Australia  Actinobacteria, Proteobacteria,  Ascomycota, Basidiomycota [23]
obesum Cyanobacteria, Planctomycetes,
Verrucomicrobia
Aloe dhufarensis Australia Sreptomyces, Sphaerobacter, Acremonium, Ascotricha, [23]
Actinomadura, Rubrobacter, Ceratobasidium, Rhizopus,
Sphingomonas Orbiliaceae, Hypocreales
Cleome Arabian Sphingomonas, Ilumatobacte, Aspergillus, Paecilomyces, [23]
austroarabica  Peninsula  Mesorhizobium, Ohtaekwangia, Preussia, Alternaria,
Solirubrobacter Teratosphaeria, Acremonium,
Corynascus
Phyllosphere Hamamelis German Sphingomonas, Microcyclospora, Capnodiales, [24]
microbiome  virginiana Methylobacterium, Massilia, Uwebraunia, Xenosonderhenia
Herbaspirillium, Kineococcus,
Deinococcus
Achillea German Sphingomonas, Leucosporidium, Septoria, [24]
millefolium Methylobacterium, Massilia, Filobasidium, Tetracladium,
Herbaspirillium, Kineococcus, Sragonosporopsis
Deinococcus
Calendula Egypt Enterococcus, Lactococcus, [8]
ofcinalis Leuconostoc
Chamomilla Egypt Rhizobium, Pseudoxanthomonas, [8]
recutita Pseudomonas, Flavobacterium,
Arthrobacter
Endosphere ~ Dendrobium China Xylaria, Fusarium, Alternaria,  [25]
microbiome  spp. Colletotrichum
Casuarina China Diaporthales, Saccharomycetes, [26]
equisetifolia Pleosporaceae
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Table 2 Examples for microorganisms affecting the production of bioactive metabolites in medicinal plants
Bioactive compound Therapeutic properties Host plant Microorganism References
Alkamides Immune activity Echinacea purpurea Endophytic communities [42]
Artemisinin Treatment of malaria Artemisia annua Piriformospora indica, [43]
Azotobacter chroococcum
Apigenin-7-O-glucoside Immune regulation =~ Chamomilla recutita Bacillus subtilis, Polymyxa [44]
THC, cannabinoids Antibacterial, Cannabis Enterobacter cloacae, [45]
compounds, terpenes antimycotic, Citrobacter freundii,
antiplasmodial Pseudomonas putida,
Comamonas testosteroni
Sesquiterpenoids Antimicrobial Atractylodes macrocephala Pseudomonas fluorescens [46]
Active components Anticancer Taxus Cytoosporaabiotis, Penicillium  [47]
minioluteum,
Morphine Alleviation of pain ~ Opium poppy Acinetobacter, Marmoricola [48]
Alkaloid, dendrobium  Immune activity Dendrobium candidum Mycena [49]
polysaccharides
Dragon’s blood Activating blood Dracaena cambodiana Fusarium [50]
Glycosylated flavonoids Antioxidant Cephalotaxus harringtonia Paraconiothyrium variabile [51]
Berberine Antimicrobial activity Coptis teeta Microbacterium [52]
Carbazole derivatives Anticancer Lychnophora ericoides Actinomyces [53]
Ginsenoside Anticancer Panax ginseng Paenibacillus polymyxa [1]
Terpenoid polyketides  Antithrombus Salvia miltiorrhiza Seed-associated microbiome [2]
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Table 3 Examples for bioactive phytometabolites producted by plant microorganisms

Bioactive Therapeutic properties Host plant Producing microorganism  References

compound

Maytansine Anticancer Putterlickia verrucosa Actinosynnema pretiosum  [58]

Rohitukine Anticancer Dysoxylum binectariferum Fusarium proliferatum [59]

Huperzine A Active acetylcholinesterase Huperzia serrata Penicillium [60]
inhibitor

Vinblastine and  Anticancer Catharanthus roseus Fusarium oxysporum [3]

vincristine

Camptothecin Anticancer Camptotheca acuminata ~ Fusarium solani [4]

Taxol Anticancer Taxus cuspidata Pestalotiopsis [5]

Agarospirol Islamic, buddhist, and hindu Aquilaria malaccensis Penicillium polonicum [61]
ceremonies Pantoea dispersa

EOs Antimicrobial, ilyonectria ~ Leptospermum scoparium Bacterial [62]

liriodendri and

neofusicoccum luteum
Surfactin, iturin, Inhibit pathogenic
and fengycin

Ligustrazine Functions of the pain

Bacopa monnieri

Ligusticum chuanxiong

Bacillus [63]

Bacillus subtilis [64]
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TP ASS &, AP 1625 (biochemistry)
5 A T IS P B A3 B SR RE IR 9, X5 A A R
CRE =R A G, B2 i 25 AR 1
A3 B A, LA R Sh 2 AR Y T
Jo 2 G Y R RS A A S
3.3 WEYRHAREDRERG =~
& B91ERALE

TP AR S TIUAE AN B B A] 7 A U A A
FEY, AR LU g RS AR S5
I AR By A Y A ) T DL 2 <5 R R0
(WEE RN FARS VE RS S Y i, sl
A 1R 1) 2R 0 52 M A R 0 A ) A 1) 8 IR
e (R - TN A2 TR =2 (8] e A A o) 56 R 52 4 ) S5
AP ) A SR A A DG EE R 3R 58, i
T 5% MRAR 49 B4 AR = 4 7 A R BRARLOT g,
TP TEAR L8 N A &7 AR A (AR R i
Yy, BRSNS AR, SERHE
AR T YRR IR TE 8 — 1> Uv ) 2 Ak g
PR LLE N PRI AR AL, ARAP R ) 5032 6 R T AR 2%
BT AR A, XAV IR P FR N “cry
for help”®®1, Xl FALH AL & F T 25 Al
Yo b, BRI IR A A T YA
Gh, WHERB YOS AEN TMAY .. £8
(285 FEAE D R A= A ™ 1 (AN B T | 217 56 7E 25
FIAE Y A R TP AR 2 2 iR e 3 3 rp, A
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IR 25
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WA BRI AT, R B — R YT
B RS A A WY LA Dy RN R) 1k B4 HE A
RS S B R TR, iksh, 25
) A A B e B 3k P G TR B AT RS
SO A L DR AR 55 P R (%) AR B A PR S i 1
b Fe, IR AP RR T 2R BB 2 T B I RAR PR
YR SR TEIR Ay T L, SRR
25 A & R AR N 456 BUE YR Vs 2 e it
FTIEE o AU REE VAR S A0 A 7 T e —
Aw AW TR I7E:, Al B A ) B TR 4H 1Y
PR, [FIARE T 25 A o
Y R EE P TEI, X EWE
WE AR, . VR ST % v 24 e 1 F
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Fp#t (good agricultural practice, GAP)Id 2 H il
) () A 22 () R - S AR A AN AR A
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