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Correlations of endophytic microbial community with main
active components and yield of Stellaria dichotoma var.
lanceolata in different habitats
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ZHANG Fang', DONG Wenfei
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Abstract: [Background] Stellaria dichotoma var. lanceolata has an important medicinal value,
and its quality can be evaluated based on the total sterols and total flavonoids. [Objective] To
explore the endophytic microbial community characteristics in the root of S, dichotoma var.
lanceolata growing in different habitats and the relationship of the microbial community
structure with the main components and yield of the medicinal herb. [Methods] We employed
the high-throughput sequencing and conventional determination methods of medicinal materials
to analyze the characteristics of the endophytic microbial community in the roots of S
dichotoma var. lanceolata in different habitats of semi-fixed aeolian sandy soil (SFA), lithosol
(LI), and loessal (LO). [Results] The dominant endophytic bacteria were Actinobacteriota and
Proteobacteria, and the dominant fungi were Ascomycota and Basidiomycota. The dominant
endophytic microbial genera varied depending on the habitats. The content of total sterols and
total flavonoids was higher in the LI habitat, while the dry weight per plant and the dry
weight-to-fresh weight ratio were higher in the SFA habitat. Spearman correlation analysis
suggested that there were rich endophytes represented by metagenome_g norank f 67-14
(endophytic bacteria) and unclassified p Ascomycota (endophytic fungi) showing significantly
positive correlations with the main medicinal components and yield of S dichotoma var.
lanceolata. [Conclusion] The endophytic microbial taxa associating with the key active
components of S dichotoma var. lanceolata have a broad research value in species
identification and extraction, strain culture, and secondary metabolite analysis. This study
provides a theoretical reference for the development of high-quality medicinal materials in the
suitable producing areas of S. dichotoma var. lanceolata.
Keywords: Sellaria dichotoma var. lanceolata; habitats; endophytic microbial community; active

components; yield; correlation analysis
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Fx1 TRIERREPEHRELHESU

Table 1 Statistics on the number of a pearl plate
heads of Sellaria dichotoma var. lanceolata from
different habitats

b B IR B ()

Individual Number of the pearl plate heads (individuals)
No. SFA LI LO
1 24 21 4

2 22 18 6

3 17 17 7

4 21 24 6

5 19 19 4

6 20 19 5

7 21 17 4

8 20 16 5
Average value 20.5a 18.9a 5.1b
RANG 7R RER D E

Different lowercase letters indicate significant difference.

1.2 EERXFIFNEE

BERRAN G vhi , b AR EAE AL T A ]
o £ KT HRSL L D118 RAR 25 4 8 2l TR
BARWFFTH L 5 25 T XA, PR A Rk H
A PR/ H); DNeasy” PowerSoil® Pro Kit, Qiagen
/). Honda 4% 2 8 75 I UEMLIR G 2, FRMF-

R BT AN LT, Rifgoo
M 45 B2 5] 3 NanoDrop2000 #8443t
J£it, Thermo Fisher Scientific /A ; MiSeq
PE300 i & 5-F- 5, Ilumina 23,
1.3 HmREES

B ABAEIARBEM A 10 mL 0.1 mol K;PO,
ZZ PR (pH 8.0), TRGUVEM, HE 2 K, Wik
J5 AR BB A 50 mL BHETE L, A
20 mL K3PO,4 2% 1Pk, 875 IR e 7% 10 min (454 .
160 W, 30 s/30 s), PEiIEBIMR B 70% £ 1
Yk 2 K, CEARBEE A T80 cCuk A fEI Y,
1.4 $EFRNE

W 10T A B PR AR S A AR T JE PR, BB

WREG M T8, IBCE- 3 5 RIS P Bk 256 T
(dry weight of the root biomass, RBs), #Z%& 1}
. (dry-fresh ratio, D:F). # X\ T 2544 b3tk 23k
40 HWm ARG, 2%k FREV L,
FREVRSESI R T80 0.5 g BT AR, A
15 20 mL, A IREL 20 min, B35 EHE0
BEESS, Ml s, % o-BE B E N
XFREA, AR TR 546 nm A0 &
A, TS [ AR 5 R 8 B (total sterols,
TSs)f i . ZHZEPRYLECPN ik, FREUR S
MART 2.0 g ETEOET, A 95%M LB
25 mL, #iRT 250 WA HEEL 0.5 h 5B LS
W, R VURRYIFEIA 95%/) Z % 25 mL, #
FEEC 1S min 5% HIEWR SHT—0ORE, #ES
ORI, A2 B AR E MR I UE 22 R 5 Y
Fik, VP T xS, AR e K
496 nm AbME W EAE, THE AR AR B S0 A
5 il (total flavonoids, TFs) % o
1.5 S@ENF

FrHC 1.0 g FEIUAE &, R DNeasy®
PowerSoil® Pro Kit #2HUHEY) DNA, F*H
NanoDrop2000 ## 3 &t 43 )6 o6 B i+ 2k 17 # A<
DNA 2103 Fv BEARI , PR 1%03ntHEp e e
HL KAl 32 DNA B 5238, 0 RE S X 45
BUHAT barcode 4RSS H1EAT PCR 714 . N A=
YA 16S rRNA BERP I #E V5-VT X1 P
wEl, %514 799F (5-AACMGGATTAG
ATACCCKG-3")H1 1392R (5'-ACGGGCGGTGTG
TRC-3"), %5 5514 799F (5'-AACMGGATTAG
ATACCCKG-3")#1 1193R (5-ACGTCATCCCCA
CCTTCC-3"); NAEFLH ITS §" 8356 ITS1-1TS2
X #5149 ITSIF (5'-CTTGGTCATTTAGAGGAA
GTAA-3") #l ITS2R (5-GCTGCGTTCTTCATC
GATGC-3")*, iy i 335 A P e 2 BHE AT B A
AR AR S
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Figure 1 Rarefaction curve and venn diagram of endophytic bacteria and fungi in the roots of Sellaria
dichotoma var. lanceolata from different habitats. A: Rarefaction curve of bacterial community. B: Rarefaction
curve of fungal community. C: Venn diagram of bacterial OTU. D: Venn diagram of fungal OTU.
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x4 W ] (Chloroflexi) M1 B& #F W 11 JPILEREUNY 36.33%, ARESTRILH AR R
(Acidobacteriota)ds, H AU TR E  NEH AR B2 (& 2B).
A
100 100
o Phylum o W Genus ,
- W Actinobacteriota b W Pse a_zdonocar dia
2 m Proteobacteria 2 m Variovorax
g 60 W Chioroflexi g 60 W Promicromonospora
E W Acidobacteriota _g [m] Unclassiﬁeq_f_Alca!igenaceae
g i m Firmicutes g 40 Lechevaherz.a
Z W Bacteroidota = W Mycobacterium
g Myxococcota g Nocardioides
2 20 W Planctomycetota E 20 @ Unc!assiﬁedifiPseudonocardiaceae
W Bdellovibrionota [ Spi::mgomonas
Unclassified k norank d Bacteria Kribbella
m Others m Others
0 0
C
100 100
= 80 Phylum ~ a0 Genus
2 W Ascomycota ) g M Unclassified_k__ Fungi
= m Unclassified k Fungi 3 m Unclassitied o Hypocreales
£ 60 W Basidiomyota g 60 m Titaea
= W Mortierellomycota G M Unclassified_o__Helotiales
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W Mucoromycota W Monosporascus
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0 m Others 0 I Others
>
FUSECERY VNS
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AN AT . C
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Figure 2 Community composition of endophytic bacteria and fungi at phylum and genus levels in the root of
Sellaria dichotoma var. lanceolata from different habitats. A: Relative abundance of bacteria at phylum level.

B: Relative abundance of bacteria at genus level. C: Relative abundance of fungi at phylum level. D: Relative
abundance of fungi at genus level.
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.
—_

“
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W E SFA LI Al LO X 3 Ff Ak B 5]
AZIRRHF B BR 20 T3 . TEEE B FEA
S (K 4). R BE(TSs) & E7E LI
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M 8 i (TFs) & 1 5 242 JE 14 [ ] (Proteobacteria)
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Figure 3 Community composition of endophytic bacteria (A) and fungi (B) at species levels in the root of
Stellaria dichotoma var. lanceolata from different habitats.
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Figure 4 Main active components and yield of Sellaria dichotoma var. lanceolata from different habitats.

*: P<0.05; **: P<0.01; ****: P<0.001.
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44 Amycolatopsis nigrescens CSC17Ta-90
(P<0.01) A1 3 K K W & 19 K 4 2K F
(unclassified g Nocardia) (P<0.05); 5 TFs # i
FOE M O M N A 4 B & Pseudonocardia
kunmingensis (P<0.001), 3 1EMEAE DGR
K w B W Kk 4r K M (unclassified
Pseudonocardiaceae) (P<0.05). FERRFT 14 )@ AR
4y 2% Ff (unclassified g Acidibacter) (P<0.05) %
Kibdel osporangium phytohabitans (P<0.05). [F]H,
WA 5L E LR M E FAHDCHA uncultured
bacterium g Kribbdla %5, £Z5540#7, metagenome
g_ norank f 67-14. PR EIER w RIrIEF
(unclassified g Mycobacterium), Pseudonocardia
kunmingensis & ZF AT & & B9 K 53 25 b
(unclassified g Bacillus)Z54R 42 HHAR NN 1R 7] fiE
SEFC A ROy B A i BT ) B S
BRSNS R S M 2R
BNy TR LE 7, g5RE, 5
TSs F1 TFs ¥ W FH EAMAH XMW L HEHA

Oidiodendron maius (P<0.05, P<0.01), {¢5 TSs
BEFEMEMNERRAFEBETE A
(Penicillium bilaiae) (P<0.01) . P. nodositatum
(P<0.05) K& W M W H B Kk 20 & #
(unclassified o Hypocreales) (P<0.05), Mi{¥ 5
TSs I 3% IEAH G N 4 @ J& Pochonia sp.
(P<0.05); 52454 RBs .35 E A G LB il
F(Aspergillus terreus) (P<0.01), HEHEIIAL
25 Fi (unclassified g Penicillium) (P<0.01) .
Phaeoacremonium rubrigenum (P<0.05) 2 1% #
'] W) K 43 28 B (unclassified p_ Ascomycota)
(P<0.05). Zia o, FHEiHF®E RS O. maius R
A BB AR I R S 24 b A O o3 1 AR N
wo, s S S EE WK R
(unclassified g Penicillium)7R 7] §E /& ¢ #F 4R 4¢
M 77 e B EEEAR P FLA

Li BT, 2kt TSs. TFs. RBs il D:F
PR SSATE FEEOAR S E FRBE SR RS, R
LI TER S N A S | JEFR AR U T
HAHEZ AWM, 1T Penicillium 55 Aspergillus
S5 N A FLTR SRR 24 61 o ot 5 7 B E AR
A, JLHJ unclassified k  Fungi X HAFhEE, &
RN N A L SCHESRT
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Figure 5 Correlation of endophytic microorganisms in phylum-level of Sellaria dichotoma var. lanceolata
with main active components and yield of medicinal materials. Acti: Actinobacteriota; Prot: Proteobacteria;
Chlo: Chloroflexi; Acid: Acidobacteriota; Firm: Firmicutes; Bact: Bacteroidota; Plan: Planctomycetota; Myxo:
Myxococcota; Bdel: Bdellovibrionota; Gemm: Gemmatimonadota; Verr: Verrucomicrobiota; Nitr: Nitrospirota;

TSs: Total sterols; TFs: Total flavonoids; RBs: Root biomass; D:F: Dry-fresh ratio; Asco: Ascomycota; Basi:
Basidiomycota; Mort: Mortierellomycota; Glom: Glomeromycota. *: P<0.05, **: P<0.01, ***: P<0.001.

3 WwhEE®

AR AR IR, o AR IR 2544
AR IE R S TR A E R R
2R AR A BRI A 58 57 ek o AR ) A A TR A 2L
J 25 A ARG VR R B T OGERAE
WY EH GRS B R A GR 1), AR

Az B8 A SR - AR AR PR AT B2 5 | AR AR SE AR
AR TR R 22 S B R PO, AR &
B, AFAEB S A B, ARSI N AR TR
IR AL AN AR R, AR ST DACR TR T )RR T
wOT RO B L, ke R IR W R
(Pseudonocardia) . 7 % W Bt K 43 2K Fh
(unclassified f Alcaligenaceae)% N 4E M . A1
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VIR B A AR RS AT, RAESIAR N AR RS AR 43 2K B P R A R 2R
W €45 5 (Euphorbia hirta)fi N 70 25 1 46 BRINAE R BN T SCEE A B VR o Mo = QB 1 9 2B T
R T, XS HTE R RN R R P S S 4R . oA R R G % Ui
RO AW & L S PT L E P BAT B O6, BB TR A R Y, TERE R Fnbid: R
(Alcaligenes faecalis) BHU12 ZfE#rHi iy BRI 51, ABFSETE L1 Al SFA A 4540
G — R E LR AR, REA RSO SRS N R I B R R A R B R AR
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IR R Unclassified_g_ Nocardia
—= Amycolatopsis nigrescens CSC17Ta-90
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& ISR Unclassified g Phyllobacterium
s B Unclassified”_ g Microbacterium
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[ Unclassified g Nocardioides
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SENNN Promicromonospora aerolata
f NN Devosia yakushimensis
(— Unclassified {  Comamonadaceae
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Figure 6 Correlation of endophytic bacteria in species-level of Sellaria dichotoma var. lanceolata with main
active components and yield of medicinal materials. RBs: Root biomass; D:F: Dry-fresh ratio; TSs: Total sterols;
TFs: Total flavonoids. *: P<0.05, **: P<0.01, ***: P<0.001.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



XNESH F | FEERREARAEFFHZFERESAMEERTRS . FEREXMST 273

Spearman correlation heatmap

|

Paraphoma chrysanthemicola 0.6
Mortierella alpina 0.4
Paraphoma sp. 2

Pyrenochaeta sp. i
Leptosphaeria sclerotioides -0

Titaea maxillilormis
Unclassificd Dactyloncetria —0.2

Unclassificd k~ Fungi —0.4
Unclassificd g Aspergillus —0.6

Apiotrichum montevideense
Pyrenochaetopsis decipiens
Unclassificd_o__ Xylariales
Unclassificd o _Agaricales
Vishniacozyma dimennae
Unclassificd f Nectriaceae
Unclassificd_ ¢ Sordariomycetes
Unclassificd g Fusarium
Alternaria chlamydosporigena
Unclassificd_o__Glomerellales
Unclassificd g Paraphoma
Gibberella avenacea
Unclassificd f Ceratobasidiaceae
Cadophora sp.
Unclassificd_g__ Alternaria
Filobasidiunt sp.

Unclassificd_g_ Monesporascus
Monesporascus sp.
Cladosporium delicatulum
Unclassificd_o__Sordariales
Qidiodendron maius

Pochonia sp.

Natipusillaceae sp.
Spiromastix sp.

I;:miciﬂium bilaiae
Unclassificd o Hypocreales
Penicillium nodositatum
Phaeoacremonium rubrigenum
Unclassificd_p__Ascomycota
Unclassificd Penicillium
Aspergillus ferreus
Mortierella elongata
Penicillium steckii
Purpurcocillium lilacinum
Aspergillus udagawae
Unclassificd_g__Scopulariopsis
Tinctoporellus epimiltinus
Podospora pyrrﬁrmis
Neocosmospora rubicola
Unclassificd o Helotiales
Endophragmiella achromatica

i .

M unm

=
w
w

D:F TSs TFs

7 MUKFERECHAIRAEESAMEEZBHR S RmEMEXME  RBs: fUEYR; D:F: T
TSS : 4%’\% @; TFS: lé\ﬁ@ﬂ

Figure 7 Correlation of endophytic fungi in species-level of Stellaria dichotoma var. lanceolata with main
active components and yield of medicinal materials. RBs: Root biomass; D:F: Dry-fresh ratio; TSs: Total sterols;
TFs: Total flavonoids; Difference significance: *: P<0.05, **: P<0.01, ***: P<0.001.

YRR, a4y L S AR, A S ARG AR S AR P L DL T TR
AR, 7 LO AN EETEE WIMRA T, BN EREE
[ Variovorax paraxdoxus, HR#EIZEBEARSEHIE  (Hypocreales), Titaea FIZZMEH H (Helotiales)%
TREL R, Variovorax AN B FTREAEAR RAEK WIZEELRJE2EHE, FlokoF- P 3 B Bl A 5 i AR
MEBHHEAEERFENEER, SAPRIE b, W07 SFA AR EREH . DK
S, Variovorax il R 2R IE Y R K- 1 & H (Agaricales) ELI# H M AR 32, 1 LI
BARBE, EH . MERAERMEFT FEZE  ASELIAER HRSZEYH K& O. maius % 3,
PSS LO 435 LA Titaea maxilliformis 2524 32, X467
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A0 T BE AR S A AN ] AR B 38 S 2R K AR R A |
A, 2B TR 22 (Doritis pulcherrima)
A TS AL, A THEARA SRR AN
HR B E R AR R E R H ek R
(Malania oleifera)ti L3R T 112 BRNERE
B AR Sk R N A BRI M 2R B
FRZ I, R R TR R IR
b3 PR RN A SRR R T 2SR AR 1
(Bletilla striata) A~ /] 19 P9 A= LR BEVE D), 1A RS TR
HECAIHA IR H, X 545 L1 A% MR,
% B 7 A B P A TR R A 2 LR SR AR B TR
B, FROWIE T A EFRIEEOAR . B
ST M2 AT 4 11 2% (Bergenia pacumbis)
oo IR H 1 — PR N AR BT (Helotiales
sp. BL73), HAEWE M1, &Rixmtk
RE” A B A WG P A A, an sk L IR
WG UK . 528 | MG B3 1B 1 ik
FERRT,

LB, ARSI NG metagenome_g_
norank f 67-14. unclassified g Mycobacterium,
Pseudonocardia kunmingensis } unclassified g
Bacillus % N A= i S LS SAZG M LS B . D
Pl i S = i IEAH ¢ . Metagenome g norank
f 67-14 S J@ 2k i 1) - 2 | B
(Solirubrobacterales) T 19 £ 67-14, 5% &
norank_f 67-14 7E XAk (%) ik 2 £h 5 v AH X 3=
&, THAES G R FEEE S, 7R
W XA N EEF R FC, AW LT AR e
K LR AT X, SFA A= 3 i B T B Il ik
1A DT AR BN T XA, 209 A AR TR AR AR
SR N e FEAR AT RE R R L 15 S 0 4
W S JE6 I A O norank £ 67-14 15 4R 4E
E P AL B S R NIRRT . AT R
(Mycobacterium) &k F i 2w 10— 2840
8 RS R LR IR PR R TR (B A 2

NN, B & 5 2 A & (Bacillus) . [
14 J& (Azotobacter) #1111 o [X 4 J& (Burkholderia)
SRR 25 AR A K EE AR PR 2 1
EATE S AR bUA: R, e £
o529 SR AR A2 35, [) st oS ke 1) ol B A 40 Rz i
FeorSEE P

AMEFE R BN, B SEEHAR AR I EC TR T 19 2
T Pseudonocardia kunmingensis X} 24 4 ki 2 i F1
EHEBEMNREMER. HREH, EIEE
(Artemisia annua) N 4= 1) — Bk IR i R KR
(Pseudonocardia sp.) YIM63111 BEf5175 574 7
YT PN A AR 2 A A R )
15V E R O diiE . Bitk, A5 rT4EE0Z
R PR TE B 5 AR PR 4 Fh A T R Y . AR SR
th, unclasssified g Bacillus i 2 #2551 F1 48]
T E R T YR, R KM e TR R ]
(Firmicutes) £ #1 T i J& (Bacillus) it — 25 T RE 41
W, VF2 AT R Re g i K ny i, B
. WA LB iee, WEGH AR
(Atractyl odes macrocephal a) it &£ N A= 4 i %),
NI R = < I A N =
(Micromonosporaceae) (14 i F 1 i 25 £ iy 1 i 4%
FIZG M T E TR, %R A )
2, BE AR P E T IS hUAE R, U E R
BT Pt BRI B & A B Y, 25 ARSI Y
3R AR TR, LR SFA AR BT RAENE T2
TP e, LI ASR7E TRk AR, 1’
AT BB AN N A B ZER AR v, S AR S Y 2R
KA R T AEH o LRSS 2 BRI 8 T o
A3 T 24X (Al phaproteobacteria) 1 5 1§ AU & |
P A R LA R B A W ORI R R RE T, BRI
Jz W T AR E ARG, A R B
PEBGZ IR N A A TR A TR 57, USRI o FLAC Y
R )6 AR IE

AT LI, RN ERE O. maius i
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RS T M R AR S R, B R EN
JE# 5 % (P. bilaiae)Fl P. nodositatum & A 4 i
H K472 Fh (unclassified o Hypocreal es)ts i} 3
P T 29 R B R, 1T Pochonia_sp. {2 18
BT 2k B . O, maius J& T LR A KA
AL AR (ericoid mycorrizal, ERM)E. [ , % R
L A ) BLAE #L BY 4E B} (Ericaceae) 1 & Hg B
(Diapensiaceae)fE 4 H ™, A IE 2 N 2L B AR
WAL ATTEARSEW] L1 A58, A, O. maius &
)8 THSEA MR R, Wi —P Rk, A
SERIL, TR 47TM-1 BRI IS M Y nt 2
JERA 8 B SR R RE ), LR SR W I 5 (e
TEMMAERD, IFH, FEEETESHER
WS 0 B LA, 2 AR Rl A 2T AR 2R 5 )
B-1,4 WHIEH /K A oAy 04 28 W 25 B 187 B 431
MFF4 5 55 InaCC F16 WMRTERFERGL T, BE

T A (4T A R T, BRI T H &R
B 5 K 22 808 e B TR I 1 S A 4 4 Sk,
MATHERSOEENXR, A TiE— 28K
Ko FH-FRETTAERE B SRS, qe
A BT R IREE AP R A YR, AR I
T T AR H ST A N HAA PR A, (4
B . E M L MRS ERIS MR ARSE Z R G
Yy, HAPUEE . PUR b SR s, v]
Tz BN BT PR . Aol b Tolk 7 1ar, 1569
R SEEAR N A AR T H TR T BT B | B 4
TEYEY) B AR R A — iIPE .

AHFERIN, HEESEEA 250 T R 03 A
KMHEEE TMEMESRE BRI LEERE, P.
rubrigenum  F1H AR 4328 1Y 3% 1 E B X 2
M AR o Hh 25 I8 15 25 s 2 b2 A
W i 2 W ELR S RE A B E R H A& M A
Ry, anmsdas . SEE. AW, THNERMZ
JIRAEHOT, Horp + il B AR 3 VIAR DG ) =2
AWz —, WK AEY R A E YT,

BAR R BEA T RARIE M T — R EE I,
FF I R BEAR M3 AR B 2R 259, RN R A5 5
AR LA 5 BLRE T BB A= A A i 5
WA, HAT Mo E R, NAEEEREE
25 MR L S — RN AR U, 2R
FUAALREF= A AL e 1728 . BB G 22524
PRIEPEY R, i H AR A P A K A i
P AE EL Y, WFSY R B, AL P. rubrigenum
M K (Aquilaria sinensis)fy 25 H2 BT P 4=
B, REF AR 2R PUEIE MRSy, T i T
g AT A o (AR DU G i AR SR,
X N A BT 2 75 FIAR S8 25 M 7 B 2 IRl A
PR, Ml — SRR,

REFERENCES

(1] BEHKRE, K228, PR AT U ARl o) AR R K
T 25 b AT B [T, H R 2 2 A, 2007, 32(4):
277-280.

HUANG LQ, GUO LP.
accumulating  and

Secondary metabolites

geoherbs  formation  under
enviromental stress[J]. China Journal of Chinese Materia
Medica, 2007, 32(4): 277-280 (in Chinese).

(2] fa&ty, £, e, BHITA, s, S,

A S S 2 E (D). P 2 Rk, 2020,
45(2): 290-302.
HE DM, WANG H, CHEN JL, LAICHANG JS, YAN
ZY, HUANG LQ. Microecology and geoherbalism of
traditional Chinese medicine[J]. China Journal of
Chinese Materia Medica, 2020, 45(2): 290-302 (in
Chinese).

[3] TEIMOORI-BOGHSANI Y, GANJEALI A, CERNAVA
T, MULLER H, ASILI J, BERG G. Endophytic fungi of
native Salvia abrotanoides plants reveal high taxonomic
diversity and unique profiles of secondary metabolites[J].
Frontiers in Microbiology, 2020, 10: 3013.

[4] MAGGINI V, MENGONI A, BOGANI P,
FIRENZUOLI F, FANI R. Promoting model systems of
microbiota-medicinal plant interactions[J]. Trends in
Plant Science, 2020, 25(3): 223-225.

[51 ELLM, ¥rem, Mfed, £7H, Bk, sk, Xk
23, FEPE RIS AR N AR BRI FEE e B R ).
Hh [ 2 2R, 2021, 46(19): 4930-4935.

WANG HY, JIANG DQ, KANG CZ, WANG S, LV CG,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



276 WA

FiE Rk

Microbiol. China

(9]

ZHANG Y, LIU DH, GUO LP. Research progress and
prospect  of
Atractylodes lancea[J]. China Journal of Chinese Materia
Medica, 2021, 46(19): 4930-4935 (in Chinese).

PANDEY SS, JAIN R, BHARDWAJ P, THAKUR A,
KUMARI M, BHUSHAN S, KUMAR S. Plant
health[J].

endophytes from medicinal plant

probiotics—endophytes pivotal to plant
Microbiological Research, 2022, 263: 127148.
OBERHOFER M, HESS J, LEUTGEB M,
GOSSNITZER F, RATTEI T, WAWROSCH C,
ZOTCHEV SB. Exploring Actinobacteria associated
with rhizosphere and endosphere of the native alpine
Leontopodium nivale subspecies
alpinum[J]. Frontiers in Microbiology, 2019, 10: 2531.
WILSON D. Endophyte: the evolution of a term, and
clarification of its use and definition[J]. Oikos, 1995,
73(2): 274.

UROZ S, COURTY PE, OGER P. Plant symbionts are
engineers of the plant-associated microbiome[J]. Trends
in Plant Science, 2019, 24(10): 905-916.

medicinal plant

[10] POOLE P, RAMACHANDRAN V, TERPOLILLI J.

1

[12] EZE 252 bl 2x. e NRILAIE 25 - =

[13] %5 .

Rhizobia: from saprophytes to endosymbionts[J]. Nature
Reviews Microbiology, 2018, 16(5): 291-303.

1] D, AR, skal, W28, ERH, BTE NE

(RS R=R7/E 90 s e Biek: N X0l =0 )= P2 1) A o
W E 25 K 2E 4], 2015, 29(6): 4-11.

MA Z, TANG CC, ZHANG C, HU ZB, WANG LL, LI
WK. The relationship between endophytes and host
plants: implications for research on geoherbalism[J].
China Industrial Economics, 2015, 29(6): 4-11 (in
Chinese).

: 2015 4F
M. bt v B 2GR i, 2015

Chinese Pharmacopoeia Commission. People’s Republic
of China (PRC). Pharmacopoeia-part III: 2015
Edition[M]. Beijing: The Medicine Science and
Technology Press of China, 2015 (in Chinese).
CTREPREARX P ELEG ) Afi)]. +h
E 2545 4, 2020, 28(23): 124.

QIN YL. Announcement of the regulations on traditional
Chinese medicine in Ningxia Hui Autonomous Region[J].
Journal of Traditional Chinese Medicine Management,
2020, 28(23): 124 (in Chinese).

[14] wHEHL, s, XIER, TR A FHRATRIHL

AR A E ST #2424, 2019, 25(16): 120-127.

HUANG QK, SHEN L, LIU ZX, KAI GY. Pollution-free
cultivation of Sellaria dichotoma var. lanceolata[J].
China Industrial Economics, 2019, 25(16): 120-127 (in

Chinese).

[15] 2=, s, LS B A= Urmsil o B Hp 2 TEPEF 75 ).

[16]

FRELZY, 2018, 49(22): 5259-5263.

LI J, AO L. Study on anti-inflammatory activities of
alkaloids from Sellaria dichotoma[J]. Chinese
Traditional and Herbal Drugs, 2018, 49(22): 5259-5263
(in Chinese).

Iﬁ%? 2. ARSI 25 BRAE F 5 I IR
1. e B2, 2012, 27(3): 43-44.
WANG XF, YOU HL. Study on pharmacological action
and clinical application of Bupleurum chinense DCJ[J].

N5

Journal of Hebei Traditional Chinese Medicine and
Pharmacology, 2012, 27(3): 43-44 (in Chinese).

[17] ZHANG W/, CAO Z, XIE ZC, LANG DY, ZHOU L,

[18]

[19]

[20]

[21]

[22]

CHU YK, ZHAO QP, ZHANG XH, ZHAO YS. Effect of
water stress on roots biomass and secondary metabolites
in the medicinal plant Sellaria dichotoma L. var.
lanceolata Bge[J]. Scientia Horticulturae, 2017, 224:
280-285.

REN F, DONG W, YAN DH. Organs, cultivars, soil, and
fruit properties affect structure of endophytic mycobiota
of Pinggu peach trees[J]. Microorganisms, 2019, 7(9):
322.

TRAE R, BEAR, SROCEE, oA HREENI R
W AR )] TR EZEAGE, 2012, 34(2):
126-127.

ZHANG XL, ZHAO DH, ZHANG WY, WANG YH.
Methodology study on qualification of total sterol in
Stellaria dichotoma L. var. lanceolata Bge by ultraviolet
spectrophotometry[J]. Ningxia Medical Journal, 2012,
34(2): 126-127 (in Chinese).

BPRYL, ELL, RIR, HEK, FEH, B, 2.
TEHRHITEK . ARUR L ™ ﬂﬁﬁﬁ&?éﬁaéﬁiﬁ
Hh FE B 252, 2023, 40(7): 894-902.

LI ZK, WANG H, SONG L, FENG L, LI YQ, YANG Y,
PENG L. Origin characteristics and correlation analysis
of Sellariae Radix based on inorganic elements and
effective components[J]. Chinese Journal of Modern
Applied Pharmacy, 2023, 40(7): 894-902 (in Chinese).
A, Ik, F‘]i, EJ“LW KRR T RERAX R
SEEA G BEIE R RO B i SRR ST (D). IS [ R [ 2,
2015, 26(6): 1463-1465.

ZHOU L, WANG YM, ZHOU D, LUO YL, ZHANG XH.
Effect of drought stress on effective components of
Radix Sellaria dichotoma[J]. Lishizhen Medicine and
Materia Medica Research, 2015, 26(6): 1463-1465 (in
Chinese).

WANG L, LIN H, DONG YB, LI B, HE YH. Effects of

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



XEH F | FEERREARAEEFETHERESAMEEZRYRS . FENEXMESH 277

endophytes inoculation on rhizosphere and endosphere
microecology of Indian mustard (Brassica juncea) grown
in vanadium-contaminated soil and its enhancement on
phytoremediation[J]. Chemosphere, 2020, 240: 124891.

[23] SINGH S, PANDEY SS, SHANKER K, KALRA A.
Endophytes enhance the production of root alkaloids
ajmalicine and serpentine by modulating the terpenoid
indole alkaloid pathway in Catharanthus roseus roots[J].
Journal of Applied Microbiology, 2020, 128(4):
1128-1142.

[24] BRIGHAM LM, de MESQUITA CPB, SPASOJEVIC
MJ, FARRER EC, PORAZINSKA DL, SMITH JG,
SCHMIDT SK, SUDING KN. Drivers of bacterial and
fungal root endophyte communities: understanding the
relative influence of host plant, environment, and
space[J]. FEMS Microbiology Ecology, 2023, 99(5):
fiad034.

[25] 5K, BRPH, REZE. AR S &S A

SN ZREPEREE 1. ASHF5E, 2020, 32(6):
10-16.
ZHANG YG, CHEN DQ, ZHU GQ. Diversity of
entophyte communities from Ginseng under the effect of
plant development and different cultivation patterns[J].
Renshen Yanjiu, 2020, 32(6): 10-16 (in Chinese).

[26] 48 Je, SR, HIEHL. AR SR ARG R

Kb 25 FH A W 0952w [0]. 2222 4R, 2017, 52(2):
214-221.
CUI JL, GUO SX, XIAO PG. Interaction between
endophytes and host plant and the role of endophytes in
genuineness analysis of medicinal plant[J]. Acta
Pharmaceutica Sinica, 2017, 52(2): 214-221 (in
Chinese).

[27] SYED B, PRASAD MNN, RAO HCY, RAKSHITH D,
MAITHRI B, KAVITHA KS, AZMATH P, KAVITHA
HU, HARINI BP, KUMAR K, ZAREI M, SATISH S.
Actinomycetic symbionts inhabiting Euphorbia hirta L.
with antimicrobial potentials[J]. Journal of Biologically
Active Products from Nature, 2015, 5(6): 419-426.

[28] RAY S, SINGH P, SINGH J, SINGH S, SARMA BK,
SINGH HB. Killed fungal pathogen triggers antifungal
metabolites in Alcaligenes faecalis for plant defense[J].
Physiological and Molecular Plant Pathology, 2023, 125:
101996.

[29] B AR EL, FEAGL, RIME, —Fh N A RE i vh i vk
S AR R QTR : 0], B4R, 2000, 40(4):
406-414.

LYU ZT, QI WH, LIU ZH. A procedure for developing
selective isolation of Pesudonocardiacetes from soil

samples[J]. Acta Microbiologica Sinica, 2000, 40(4):
406-414 (in Chinese).

[30] FINKEL OM, SALAS-GONZALEZ I, CASTRILLO G,

CONWAY JM, LAW TF, TEIXEIRA PJPL, WILSON
ED, FITZPATRICK CR, JONES CD, DANGL JL. A
single bacterial genus maintains root growth in a complex
microbiomel[J]. Nature, 2020, 587(7832): 103-108.

(311 Fitgmn, KA, A, XA, PR HAEhR

MR AR U 2R T[] AR 2 REE, 2007,
15(5): 456-462.

KE HL, SONG XQ, TAN ZQ, LIU HX, LUO YB.
Endophytic fungi diversity in root of Doritis pulcherrima
(Orchidaceae)[J]. Biodiversity Science, 2007, 15(5): 51
(in Chinese).

[32] £3, £, E0ik, F==3E, BEEE, BRPhE 53

RN AE B WL T[], B A5 54D,
2018, 37(9): 3859-3866.

WANG Y, WANG J, WANG SH, LI YQ, YUAN XL,
CHEN ZH. Diversity of endophytic fungi of Malania
oleifera Chun et Lee[J]. Genomics and Applied Biology,
2018, 37(9): 3859-3866 (in Chinese).

[33] XB3CHE, BN, kA, EAM, kb, O B

B MR N A= FL T 2 BEMERE 5 (0], WP 2% 3k, 2019,
38(11): 1907-1917.

DENG WX, ZHAO ML, LI YM, WANG ZL, ZHANG K,
ZHAN FD. Diversity of endophytic fungi associated with
Bletilla striata roots[J]. Mycosystema, 2019, 38(11):
1907-1917 (in Chinese).

[34] MANTZOUKAS S, DASKALAKI E, KITSIOU F,

PAPANTZIKOS V, SERVIS D, BITIVANOS S,
PATAKIOUTAS G, ELIOPOULOS PA. Dual action of
Beauveria bassiana (Hypocreales; Cordycipitaceae)
endophytic stains as biocontrol agents against sucking
pests and plant growth biostimulants on melon and
strawberry field plants[J]. Microorganisms, 2022, 10(11):
2306.

[35] OBERHOFER M, MALFENT F, ZEHL M, URBAN E,

WACKERLIG J, REZNICEK G, VIGNOLLE GA,
RUCKERT C, BUSCHE T, WIBBERG D, ZOTCHEV
SB. Biosynthetic potential of the endophytic fungus
Helotiales sp. BL73 revealed via compound
identification and genome mining[J]. Applied and
Environmental Microbiology, 2022, 88(6): €0251021.

[36] HUANG XF, WU XL, TANG XC, ZHANG ZM, MA JR,

ZHANG JC, LIU HJ. Distribution characteristics and
risk of heavy metals and microbial community
composition around the Wanshan mercury mine in

Southwest China[J]. Ecotoxicology and Environmental

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



278 WA

FiE Rk

Microbiol. China

Safety, 2021, 227: 112897.

[37] VAGHELA N, GOHEL S. Medicinal plant-associated
rhizobacteria enhance the production of

pharmaceutically important bioactive compounds under

abiotic  stress conditions[J]. Journal of Basic
Microbiology, 2023, 63(3/4): 308-325.

[38] LI J, ZHAO GZ, VARMA A, QIN S, XIONG Z,
HUANG HY, ZHU WY, ZHAO LX, XU LH, ZHANG S,
LI WIJ. An endophytic Pseudonocardia species induces
the production of artemisinin in Artemisia annua[J].
PLoS One, 2012, 7(12): e51410.

[39] FHMAZE, BRI, i, mARNAdTE S8 5

TR AR 4RE, 2019, 38(12): 3680-3688.
YANG HR, CHEN PX, DAI CC. Isolation and
plant-growth-promoting ability of endophytic bacteria in
Atractylodes macrocephala Koidz[J]. Chinese Journal of
Ecology, 2019, 38(12): 3680-3688 (in Chinese).

[40] XBFH, AIE, sKEZ. /AR A 1 7Y i
JE[J]. H=W9RiE, 2021, 43(6): 583-596.

DENG Y, YU LY, ZHANG YQ. Research progress on
the family Micromonosporaceae[J]. Amino Acids and
Biotic Resources, 2021, 43(6): 583-596 (in Chinese).

[41] YABUUCHI E, KOSAKO Y. “Sphingomonas’-Bergey’s
Manual of Systematics of Archaca and Bacteria[M].
Colorado, U.S.:John Wiley & Sons, 2015.

[42] 5K HEAE, NSE I, AL BE AERI A M) TR AR 5 BIF 5 0E R[],
BIHI2AR, 2021, 40(6): 1299-1316.

ZHANG YH, SUN LF. Research advances on the
mycorrhizas of Ericaceae plants[J]. Mycosystema, 2021,
40(6): 1299-1316 (in Chinese).

[43] ZHAO XB, LIU XT, ZHAO H, NI YX, LIAN QG,
QIAN HM, HE BP, LIU HY, MA Q. Biological control
of Fusarium wilt of sesame by Penicillium bilaiae
47M-1[J]. Biological Control, 2021, 158: 104601.

[44] SOEKA YS, ILYAS M. Production and characterization
of cellulases derived from saprophytic fungi Penicillium
bilaiae InaCC F16[J]. IOP Conference Series: Earth and
Environmental Science, 2020, 591(1): 012015.

[45) AITEDR, BRT0%, #RIKF, BwE, i, AE.
FoIE R FA PR (R T DS YOS B (D).
Wp2#3%, 2018, 37(5): 541-554.

FU DL, CHEN YX, GUO QF,MAO LH, FEI J, QIU JZ.
Research progress on metabolites from Aschersonia and
its teleomorph (Ascomycota) [J]. Mycosystema, 2018,
37(5): 541-554 (in Chinese).

[46] AMR K, IBRAHIM N, ELISSAWY AM, SINGAB ANB.
Unearthing the fungal endophyte Aspergillus terreus for
chemodiversity and medicinal prospects: a
comprehensive  review[J].  Fungal
Biotechnology, 2023, 10(1): 1-33.

[47] EL-HAWARY SS, MOAWAD AS, BAHR HS,
ABDELMOHSEN UR, MOHAMMED R. Natural
product diversity from the endophytic fungi of the genus
Aspergillug[J]. RSC Advances, 2020, 10(37): 22058-22079.

(48] #5teE, Xbs, WRfETs, GRIEUN. ~RLIRPAHY) SR N A

A TR (D). SRR I 5T &,
2021, 33(2): 331-341.
JIANG YT, LIU Y, CHEN DL, LIANG HQ. Research
progress on endophytes from semi-mangrove plant
Hibiscus tiliaceus and its metabolites[J]. Natural Product
Research and Development, 2021, 33(2): 331-341 (in
Chinese).

(491 /N, JRIHESE, BREH, SRR, 25 MmN AR IR 2

BEPEWT 5T 0 R (0], R 2 o R A, 2015, 50(18):
1563-1580.
TAN XM, ZHOU YQ, CHEN J, GUO SX. Advances in
research on diversity of endophytic fungi from medicinal
plants[J]. Chinese Pharmaceutical Journal, 2015, 50(18):
1563-1580 (in Chinese).

[50] KAUR R, SAXENA S. Penicillium citrinum, a
drought-tolerant endophytic fungus isolated from wheat
(Triticum  aestivum  L.)
growth-promoting abilities[J]. Current Microbiology,
2023, 80(5): 184.

[SITLIUJ, LI TX, CHEN T, GAO JQ, ZHANG X, JIANG C,
YANG J, ZHOU JH, WANG TL, CHI XL, CHENG M,
HUANG LQ. Integrating multiple omics identifies
Phaeoacremonium rubrigenum acting as Aquilaria
sinensis
sesquiterpene accumulation by inducing plant host

Biology and

leaves  with  plant

marker fungus to promote agarwood

phosphorylation[J]. Microbiology Spectrum, 2022, 10(4):
€0272221.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



