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Diversity, community structure, and ecological roles of
endophytic fungi in Erigeron breviscapus
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Abstract: [Background] Erigeron breviscapusis a famous Chinese medicinal plant, while little
is known about the diversity, community structure, and ecological roles of endophytic fungi
(EF) in this plant. [Objective] To reveal the diversity, community structure, and ecological
roles of EF in E. breviscapus. [Methods] The high-throughput sequencing of the ITS region was
performed to profile the fungal community in the roots, stems, leaves, and flowers of
E. breviscapus in Yunnan. FUNGuild was employed to predict the ecological functions of the
fungi. [Results] A total of 540 operational taxonomic units (OTUs) were obtained from
12 samples. All of the OTUs were assigned into 188 genera, 114 families, 55 orders, 22 classes
of 5 phyla. Only 14.45% of OTUs were shared by the four medicinal parts, and the unique
OTUs were the most in the roots. Ascomycota and Basidiomycota were the dominant phyla in all
the samples. The EF in the roots and flowers were dominated by Ascomycota and Basidiomycota,
respectively. Didymella was the dominant genus, existing in all the four organs. Other dominant
genera were Filobasidium, Cystofilobasidium and Plectosphaerella. The dominant and unique
genera of EF varied in the four organs of E. breviscapus. The alpha diversity analysis showed
that the roots had the highest richness of EF, while there was no significant difference in the
diversity of EF among the four organs. Principal coordinate analysis indicated that the EF had
similar community structures between leaves and stems, while the composition of EF in roots
was different. FUNGuild prediction revealed that saprophytic fungi accounted for a high
proportion in the EF of different samples and contained a large number of undefined taxa.
[Conclusion] The EF of E. breviscapus has significant differences in community structure
among different organs and demonstrates organ specificity. The findings provide a theoretical
reference for the further development and utilization of EF resources in E. breviscapus.
Keywords: Erigeron breviscapus; endophytic fungi; species diversity; ecological role;
high-throughput sequencing
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k] 2% 4k [Erigeron breviscapus (Vant.) Hand.-
Mazz. JLA AR A2, Il PR b 32 0 ik i 8
PR IR, BAETT S B A =ik S AT A,
HAB SN AMEEmE . HXITREN
WE9E F B Th TR Y B R R R . 25 A
TSR AR B RS, T HNE
T 5 T BB 5T H AT BR T Al B 55 A Rh U
T B SR B4 K 2 B0 Y1(99%) v A Al $55%
S 2CH A 25 00 AR W S ) BT (microbial - dark
matter) FIELA G SR UEDIE B R EE , T E 520
ST S5 A6 P9 A EL BRI S5 A AR MR PR (i
JH 7% 5 DR 2 v 3 A 00 P R AR O 9 A A LA 0
LS BT 2 ol A5 1 5 2
RENIR ) ez — 0 T (B R S |
Y17 R 5 Kk B Fic 4> F (internal transcribed
spacer, ITS)HJ4" 3 , I8 52 W HL P 21 R H A
WIRETE IR AL, s R

AT R ITS J7 81 i w5 38 il 5 v
DL 7 AR A BT S AR A 4, it
SIATIT SAEN A R A L TR AL RN T e
T, 020 B BT 3546 N A L A R A 2
SUR R S AT FRE RN AR D RE , DU R 2 2 3
PRSI BE R | 3240 AR )6 U R L
TR P BT TR B2 T e 5 R B35 B 2l

1 MR5r%

1.1 #

1.1.1 HERE
JTRAAYREN T 20224 1 HREAEZHA

2L ] N 7 P B KT 3% 46 B FE L Hb (24°40'25"N,

103°46'24"E), £ 4 MTRAK A~ HLA T

WIACA R RAE 80, B RAE 10 PR H R4

B HEARFE Y, MR 1 B T BERE PN (] S 56

%, fE 24 h IARBRAE S
1.1.2 EFRE. TERATMNE

00 BT K 57 2k Oy o By B A b B IR
(potato dextrose agar, PDA)RG F Bk (g/L): 4R
200.0, #Z#BE 20.0, HM 5.0, ZlE 20.0,

HiPure Soil DNA 207 & , Magen 23 7l ;
Q5" High-Fidelity PCR Kit, New England
Biolabs /A7) ; AxyPrep DNA #E ¢4 B 7 2
Axygen Biosciences 2\ Fi o

KRR, FEEEAEARA A ;
HLVIER KA, i RS A R A\ /A
SR R E.OHL, Labogene 23 w5 HELIKAY
FIBEIE % 280, dbtiss—A#s) 3 ABI Step
One Plus 2Bt PCR £%;,
7] ; Illumina NovaSeq 6000, Illumina 23]
1.2 Mo

FH B R KU KT S AE AR IS, K 32 AR
25 MRS 4 AL, BEASERALEE 3 ANER
4, 43R R1-R3,S1-S3 . L1-L3  F1-F3.
RIGET 75% (R H0 L B % 3 min, G
K ML 3 K, FHET 5% NaClO ¥ i H i
Pk 2 min, JCREZKMYE 3 Uk, FHJCTA BELAE Tk
A3 o IR 4 B 5 3 R 35 ARG T A T 4 21
PeRm e R SR A —8. AR R
e, WARR GG, TS N4 LR A
DNA [H$2H.
1.3 ITS XEHERSBEENF

% JH HiPure Soil DNA #£BUXH] &, SRy
W] BT SAEAE A P S DNA, T 0.8%3
PEWEE RS FL DK U H: o it . B HCEC ITS1-1TS2
XY, FrASI1%0 ITSIF (5'-CTTGGTCA
TTTAGAGGAAGTAA-3")FI1ITS2R (5'-GCTGCG
TTCTTCATCGATGC-3")"! i Fi] Q5" High-Fidelity
PCR Kit #47 PCR JZ)Jii. PCR A& : Q5
High-Fidelity 2xMaster Mix 12.5 uL, 1F. &[5]

Life Technologies 2
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#)(10 pmol/L) 1.25 pL,dNTPs ZH & 200 pmol/L,
DNA #i#z 30 ng, ddH,0 #M& 25 pL. PCR Jx
I £51%: 95 °C 5 min; 95 °C 1 min, 60 °C 1 min,
72 °C 1 min, 33 PME#F; 72 °C 7 min, PCR§~
B R 2% B R W BRE R L UK AR DU, R
AxyPrep DNA & e $& Bl G kA7 aidl, Iff
H1 ABI Step One Plus SEHF PCR RS TE & .
AAL IS B9 1S FARPEARERAELE Tllumina NovaSeq
6000 V-5 FHEAT AT, H T R B A= )
P A BR 2 B 58
14 HFELIEFEMSH

JR IR K @ 1k FASTP v0.18.0 $EFrid g,
BRSPS R, KRB FLASH v1.2.7 # 4 k 17
PH%, 28 QUME #F 53 A it AR 4o I8 A1 o St Bk
FHU BT UCHIME B3k ad g i A A5 15321 5
JF A reads 50, K F UPARSE (v9.2.64)$%>97%
LSRR 2Ly OTU, il R 5% ggplot2 £
(V22D hFhF R R Wt g mek-F
i (rank abundance) i £k . 3 hli@ L R HFH
pheatmap f,(v1.0.12), Venn Diagram 11(v1.6.16)

x1 REAEEEVNFERG

2t Pl = AR AN BLE . 8 QIIME v1.9.1
714 Shannon 5% . Simpson $§%% . Chaol 5%k
T ACE #5%. T OTU fiyyfp 2R, 1)
R 157 Vegan 1(v2.5.3)#173EF Unweighted
UniFrac #0509 3 A5 73BT (principal coordinates
analysis, PCoA). FUNGuild v1.0 HF#EWr N4
B AR E IR R T AR AL I kA B
Bl B f4 % NCBI, i H4i'5 A PRINA901262,

2 BRS04

21 AREALEEENFERDHT

K HATRAE 4 A RIE LU 12 S it
11 I1TS JFAnymdmE e, R raw reads
1553 799 % (3 1) J5tti T AL BEA T XU F4% |
Jo s 5 o A A AR B S R AT R AR B
i1, F3R45 1 549 371 % clean reads. £:1d overlap
ZH AR RIS IR tags BCH M 1370 251, 2=
Fine & A5 AR5 = BT i tags 0H S 1361 589,
FEAAE SOEEALE 78.14-93.75 Z 0], PR
AT 211-474 bp Z Al W FEHE Qo EAMK T

Table 1 The sequencing results of endophytic fungal communities in Erigeron breviscapus
Sample Raw reads Clean reads Raw tags Clean tags Q20 (%) GC content (%)
F-1 134 496 134 186 118 109 117 420 94.24 44.89
F-2 129 738 129 458 115722 115074 94.67 44.01
F-3 132 601 132 295 120 541 119913 95.36 44.54
L-1 120 257 119 878 101 058 100 416 92.98 47.15
L-2 132 481 132 238 120 517 120 070 95.24 47.22
L-3 136 268 135 847 115914 115270 93.32 46.95
R-1 120 539 120 394 113183 112618 96.29 46.89
R-2 137 132 136919 129 026 128 513 96.35 46.17
R-3 121 651 121 448 114792 114 204 96.24 45.19
S-1 126 281 125 581 103 602 102 872 92.05 45.67
S-2 136 002 135493 118 249 117 535 93.76 43.90
S-3 126 353 125 634 99 538 98 781 90.98 45.72

F. L. RFISZPHIFARAE. m. ML 25 -1,

22 M-3R 3 ANEEREN

F, L, R and S represent flowers, leaves, roots and stems, respectively; -1, -2, and -3 represent triplicate samples.
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90.98%, FEAK GC & HTE 43.90%47.22%Z
] (% 1),

A T 1 2 ) 2 S e R A v g o ) 3
TREE, Wil 1 R T S5 A0S [l 22U o A B
Mgk, LRI ESm BT, ZIFHEM
PR I T g2, R AR SR I Y
TR, R O A SRS P T
YFh

Rank-abundance HH £k A] B ULz BUEE A 4 Fif
ZJEMYSE . B 2 25K 8N, KT
oty T 0 AR A EL I R 2 A il 2 9 R v L A
%, ORI SAEH RN ZE v g A B R KT
FAE, HFh oA b5 .

22 [EHRAEER OTU 747

KR I KT AL A [ 4 S A0 N AR B R 1Y
OTU A Fph A 5, i1 4k B K o & B,
12 AL 3] 540 4~ OTU, Hrp 4 444!

250
= —F-1-1
— —F-1-2
. F-1-3
200 =1 1T
—L-1-2
L-1-3
2 150 R-1-1
v R-1-2
—R-1-3
100 —=8-1-1
—85-1-2
—S-1-3
50
0L : : ‘ .
0e+00 2et04 4det04 6et+04 8et04
Number of tags sampled
1 EHAETEERFEMZE F. L. R,
SATMFIRAE . ML ML 2K Sope: SEERNLINF Y
YR H
Figure 1 Rarefaction curve of endophytic fungal

communities in Erigeron breviscapus. F, L, R and S
represent flowers, leaves, roots and stems, respectively;
Sobs: Observed species.

I OTU e H N 78 4>, 16, W, HRAZE4 A
HEEE R OTU ELH 25108 75, 26, 148 Fil 87 4>
(K 3), FERETRAEA RIS E TN A EH OTU

WA —EZES . SHLEEERTH, 4 M4

Rank-abundance distribution curve
Sample
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—F-1-2
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= 0.01f [=1-3
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g Sy S8-1-1
 1e-04} R g
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s e e

le-05} . S
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Rank

2 (JEHRNEEEYF Rank-abundance FhZk[E]
F. L. R, S/MAIFRIE. M M. 2%

Figure 2  Rank-abundance curve of endophytic
fungal communities in Erigeron breviscapus. F, L, R
and S represent flowers, leaves, roots and stems,
respectively.
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F 4 26 S
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&3 (T=HEAFELHELE OTU 477 Venn E
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Figure 3 Venn diagram describing the OTUs
distribution across Erigeron breviscapus and their
tissues. F, L, R and S represent flowers, leaves,
roots and stems, respectively.
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LULHJE N 524, 48, . AR A L PR A
J@Ar R 21, 4. 26 F1 174~ CAUEH,
WA A B B A B2 B JE (Bullera) . BRI H B
(Mycosphaerella)F1 Hormonema iX 3 4~ J& ,
I Hp A 2% 400 5 JE (Cadophor a) | i #5451 &
(Crocicreas)ix 2 )& , AR A Dactylonectria,
Thaumatomonas #15 {125 J& (Staphyl otrichum) ix
3R, ZEr o %G 182 1 e (Neofusi coccum)
Hr FC A% 11 J& (Spegazzinia) Fl 4 14 & (Trametes) i
3R . XL AT <1%.
23 (RN EEREEHEK

HE— B LA OTU 1R F 5k
TTREVR A BT, XS P 3| T 5 M) 22 4

A 100~

4 55 4N H 114 FF 188 4NJE o W Fh 4 A e &
EIRE, TEITKY LA 4A), fT2=tEAR R4
(4 N AR BT (AR 248 -3 B 1] (Ascomycotay)
FIHH ¥ ] (Basidiomycota), {HfEEAH L E R,
T HER ] E AR LT S5 AR Hr 2 AE X = 8
ik 92.99%, TMAEAEHPF-RIAHXT FBEAL 7 31.62%.
P18 [ L 7R KT S AE 10 A8 P B A X 3 B A
68.33%, MITEM Hh-F-YHEXT F=FEAL R 4.86%.
BRAR H R 3 S BB 3 V- XA 2 B2 IR 1.66%51,
AT T E BN 1%,

TEJE K- L (&l 4B), I =sqbmaieh A
FL# i3 J& i Cystofilobasidium (32.50%) . £k 2
#3175 & (Filobasidium, 29.36%). 7EMH {3 s N

E— Unclassified
B Chytridiomycota
~ 80} B Mortierellomycota
s B Glomeromycota
§ Basidiomycota
= 60 - B Ascomycota
5
=
o 40
=
=
& 20f
0
F-1-1 F-1-2 F-1-3 L-1-1 L-1-2 L-I-3 R-1-1 R-1-2 R-1-3 S-I-1 S-1-2 S-1-3
Samples
B 100 Unclassified
| B Others
B Fusarium
= 80
) | Rhodotorula
ot B Epicoccum
5 60t - . W Stemphylium
-g Sampaiozyma
< B Cladosporium
© 40 B Cystotilobasidium
= B Plectosphaerella
ke Filobasidium
e 20t
B Didymella
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4 EHALEERZENQFME®B)IKFELHS

0 F-1-1 F-1-2 F-1-3 L-1-1 L-1-2 L-1-3 R-1-1 R-1-2 R-1-3 S-1-1

S-1-2 §-1-3

F\ L\ R\ Sﬁ%u%ﬂ_‘—\‘ﬁ\ l]-l-\ *E\ %

Figure 4 Distribution of endophytic fungal communities at phylum (A) and genus (B) levels in Erigeron
breviscapus. F, L, R and S represent flowers, leaves, roots and stems, respectively.
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W [ 98 52 J& (Didymella, 58.12%) . £k 3% )&
(Plectosphaerella, 11.59%). HHh 3 e Ik ok
4% 2% W J& (Unclassified, 34.87%) . k5% )&
(29.19%) . WBETE)E (22.83%). ZH s N
LR B TR (50.41%) . WIELTE)R (17.13%) M
Kl 4B m] ELUHLA ), R 5T JR A2 25 - 2135
oA, (HEZEEALT AN AL T, &8
Py o JE ) B E A AR R R A glrh T
Cystofilobasidium == %2 5 58 T L 21 21Ek 5T
J& L E R TARAI 2, X s 2 S
H B I A 2 S

TN AR PR AR B Top30 (1)@ 2516l 1)

o A REE AT RIS i (K 5), 4R BoRTE
JEAY- b, MR AT RS —28, RITAHE
LU RETE S50, AR ARG A Sy, FE VR 45
15 HAH LA TE 2 5
24 ETEAEEEZHMTH

X AT 38 AEAH W) 45 2H 21 b i) DN A TR B R
17 o ZFEM 50T, Chaol #5501 ACE 84 F %
SRR E RS, T Shannon 544 #1 Simpson
FEELR G AR BRI 0 T BE R ST B, BB
ZFEPE#E . SR Tukey HSD (Tukey’s honestly
significant difference)fs 3o X} #-#8 E i L& I
B, il & B b (K 6). 4R R,

C

———

-
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F. L. R, SOl de, M. MR, 25

Figure 5 Heatmap of endophytic fungal communities at genus level in Erigeron breviscapus. F, L, R and S

represent flowers, leaves, roots and stems, respectively.
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Figure 6 Alpha diversity index of endophytic fungal communities in Erigeron breviscapus. F, L, R and S
represent flowers, leaves, roots and stems, respectively. Different lowercases indicate that there are
significant differences in Tukey HSD test at 0.05 level. The same letter means no significant difference.
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HH(PCo)FIEE — FHh(PCo2) /> BB B T OTU 7K
LA BEIS 25 R AR AR Y 25.46%F11 18.47% , i
TSR T 43.93%0977 Z 5TER(E 7).
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Figure 7 The PCoA analysis of endophytic fungal

communities in Erigeron breviscapus. F, L, R and S
represent flowers, leaves, roots and stems, respectively.
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A &€ B B (undefined saprotroph)4: 251

7 Pathotroph

B Pathotroph-saprotroph
Pathotroph-saprotroph-symbiotroph

M Pathotroph-symbiotroph

M Saprotroph

M Saprotroph-symbiotroph

Symbiotroph

M Unassigned

F. L. R, SOMZRAE, M, MR, 25

Figure 8 Trophic modes of endophytic fungal communities in Erigeron breviscapus. F, L, R and S
represent flowers, leaves, roots and stems, respectively.
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Relative abundance (%)

® Unassigned

—_— N
o O
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o
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Samples

9 [=EHNEEEEE FUNGuild ¥4 52

B Endophyte-lichen parasite-plant pathogen-undefined saprotroph
W Animal pathogen-endophyte-fungal parasite-lichen parasite-plant pathogen-wood saprotroph
Animal pathogen-endophyte-lichen parasite-plant pathogen-soil saprotroph-wood saprotroph
B Animal endosymbiont-animal pathogen-endophyte-plant pathogen-undefined saprotroph
B Endomycorrhizal-plant pathogen-undefined saprotroph
Animal pathogen-undefined saprotroph

= M Animal pathogen-plant pathogen-undefined saprotroph
F . Undefined saprotroph
L Animal pathogen-endophyte-fungal parasite-plant pathogen-wood saprotroph
M Leaf saprotroph
- [
£

F. L. R, S/AFRIE, . MR =

Figure 9 FUNGuild detailed classification of endophytic fungal communities in Erigeron breviscapus. F, L,
R and S represent flowers, leaves, roots and stems, respectively.

RERVLEIBMI S, B2 THEMZET . BA
Sl D TR - P A TR - LR A AR - D D TR - R

J5t 8 H: Fi(animal pathogen-endophyte-fungal parasite-

plant pathogen-wood saprotroph)4: 25 I E i 21 Bk
SUIE EE TR RN, B
H M Ji§ A B (leaf saprotroph) M RE 1) & ¥ N
Cystofilobasidium, FZE /AR FAEH, Bl
AETE, BVFIHXFEEA 3.74%., Hapd
BIIRERET- AR 8 Gt R 10%.

3 WREER

s EREAYZ R FENHX Z —,
Hh g5 220 . Ff . W RN RER .
AT T ALK H = 8 KT 3846 7 Hhar
T X AR TG IRNH 2 |, sl Y 4 1 5
B8 RS S5 AR B0 5 AR H o B B R LT 25 AR
M “LLTKT FAE E A S b [ 5 b bR
BTGRP T E SN AL EAEY £
FEE . BETE 45 RS T B A RS
VRIS

JT A ZREY 71, M Rank-abundance Hff
AokFE, KD N BRI A ZE A

X FE HAr A5 o N OTU [ B Fp A
MAEHARE, 4 DARZHEAIA R OTU
BHEALA 14.45%, ARSI MA OTU K H
w2, GG R —2, PCoA stz LRI, M
PR AL Y TN A2 LR AT VR Al A A 2 2 L B
Wi 22 5 o 5 2R 202U 9 A LR 3 AL )
FEAE— & FEBE A ARAIYE o 3X AT REZ H T 4b |3
ST 5T FR T e B ISR, a AR N AR
PR TE S M A ks U S — T T, AW i
HleEkAE, M HZEBUIME, BT AR E
FEMAE, M5 ZEHE R BV AT RE RN A B
W R AR RN Z — . ZFPELHE, «o
ZREME TR, AR AY ACE 8% % Chaol 5%k
Bl e . 22 M, SRR ARER N A R
T H A B Sy . HABESE A R, R
T AL G oy B B 3715 R KT 22 AE AR 43
BRI N A B RS R Y e 2 T
RE S5 AR B o] PR 4 A G, TR AN 3 2 [a] 1 22
FHACAFAEVY Z2 08 T D) (J I RS LA B AR s 7 3
Y (rhizosphere exudates), ‘B AT HARERJE ) H
mIRHE A Rk . A EICR, AR TNE
LA e i 5 AT,

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



4822 (YIS Gk

Microbiol. China

TN A FL DA B IR 4540 32 18 EF0E . A
HAGRE L IR IR EAR TR %
ML B RS TR IR T, 41
B R E R S A A - B B M A
Fh, ITRAENAE B WERE AR TRV, A
AT SAEH LR, NAEREILETT. B
B AR, B —aMAS 2 E 4. 5
R 3, R E RIS AENE R
AR BRSO A B R P % — 1T AT
M, TG SR AT S48 N AR LT B V% 0 2 3
54H 7 AR 22 NEMWNAER, i gsi)E
(Alternaria) . §k {0 5% &8 (Fusarium) Jly kT 2548 N 4k L
LR Ao RE) 55 4~ H 114 4
B 188 NEAIN AT, R R A TR AL
IR TR FR AT AN AE eI . Hrp
DA W I B f 7 | 2R P TR s gLkt
J& o SR TRATAET 2240 & AL A Th 2 R 3
Alternaria 1 Fusarium, {HHSF 25540 % = B 15 /)N
T 10%. 3X AT RE 2 Hy T 50 18 1 I B0 2 1)
AR R, PR E AR L Y L
Z BRI

FUNGuild 5T FL 3 18 S50, i LU
ZRAE TR A3 2 AR I B ) b B R A 1 AR S R
B ZAB AR E IR 5, KR A
)75 5 S AH DB AE SR — 25 . ARt
71, FUNGuild HIReRHM 45 R ok, AT=sieA
[ ZH 2 s DA R R AR (R AR LR E OB TR )
RERRE. HizffFowsi R —3, Wang EPUEM T
[ P L 25 F A 07 = F-(Sophora  alopecuroides)
PN R 2R, XN A AT 43R 15 4
AZRTReRE, Hr A B S hiE
NI A 22 A (A A AR PR, L TR A A ) R S () Bl
WIn R 2R A s =, B AE . AR RLE
JR AR e ] 2 ] i A e RA RRIR A
W . Tl I b 2 BT S A6 4% el 4 R 7R

KA ARFINRERE, HAX FREH>10%, LAZE
A i 2, Ho AT GE 28 58 Y A RS B
RANGE IR, ARt — A2

WAL, JATETEIT AP, KT —
S H A N A R . INTE R AL G A H
B A H R th LR Bl e e o i
— M R IR R RS FIKSE- A Didymella
bellidis, MV.F# 152 J& R 2 %O R 2 S i A )
6 SRR, R e PR A 5T O T ELAT T B A A
FME . EAERPFFERY], D. bellidis AT #0424
(Bellis perennis). Z5#(Camellia sinensis), 41
(Angelica gigas) 55 £ Fi il 4 & A= i B 2224, 56
T B B i i T, H R 3l A S
& 18L& 0 40 A2 5% 98 (Allter naria alter nata) 2 4 fir
;P AR BAS AL PRI T WA
JeIE , IR IR KT 3 A0 M B IV AR R T A
RFRABSE o

KT S AEAE W) LA B LU 2R A0 S )
FE, VAT 3 2R X4 B ¥ 517 (scutellarin)
HRFE . AT, LERHE T SSIEEY
FERIZERE SO 38R o Su ZEPO B Fz v 43 585 1
—FRH TR R Filobasidium magnum, Hik
P VR BB K )1 B B2 2R (nobiletin) 48 5 A Bl B i 28
Wit 220 AR 7E LT 3846 £ K (scutellarin) f{;
W R VR AME AR RS2 4R850 . LA EAHFSEST 2%
s HUFE GG . MY SO SR TR o
PR, TR Ay O 06 AR A5 o R0 7™ B Il P 2 LT
2R R TR
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