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Abstract: The distribution and diversity of endophytic fungi in different tissues of Lycium
ruthenicum in Xinjiang were analyzed for providing scientific basis of exploring the interaction
mechanism between endophytic fungi and their hosts under saline-alkali and drought conditions,
and for screening and developing beneficial microbial resources for growth promotion, disease
prevention and stress resistance of the host. Community composition and difference of endophytic
fungi in different tissues of Lycium ruthenicum were compared by ITS high-throughput
sequencing technology, and ecological functions of the fungal community were predicted by
FunGuild database. In total, 354 058 high-quality endophytic fungal sequences were obtained,
involving 291 OTUs, belonging to 9 phyla, 19 classes, 34 orders, 50 families and 60 genera. The
analysis of alpha diversity index showed that diversity and richness of the fungal community in
roots and fruits were comparatively high, while that in leaves moderate. The fungal diversity in
flowers was the lowest, and the richness in stems was the lowest. Ascomycetes were dominant,
and their relative abundances in flowers, leaves, fruits, stems and roots were 86.85%, 72.36%,
75.97%, 84.44% and 85.02%, respectively. Alternaria was predominant, distributing in different
tissues including flowers, leaves, fruits, stems and roots, and accounting for 85.41%, 69.79%,
47.07%, 79.94% and 36.97%, respectively. Other comparatively dominant fungi were
Cladosporium, Acremonium, Neocamarosporium, Phoma, and Thecaphora. The relative
abundance of the tissue-specific genera in each tissue was less than 1%. Many endophytic fungi
had the functions of promoting growth and strengthening stress resistance of the host against
extreme environments such as saline-alkali and drought. The composition and relative abundance
of common and specific fungi in different tissues were quite different. FUNGuild software
platform analysis showed that the relative abundance of pathotroph-saprotroph-symbiotroph fungi
was the highest, accounting for 85.41%, 69.84%, 47.24%, 79.98% and 37.09% in the flowers,
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leaves, fruits, stems and roots of L. ruthenicum, respectively. In the fruits and leaves there were
some opportunistic pathogens with relative abundance more than 1%. There were more
saprophytic fungi in roots. In conclusion, L. ruthenicum contained abundant functional endophytic
fungi, which were quite different in composition and ecological function for different tissues. In
addition, there were a large number of unidentified species with undefined function, which need

to be further investigated.

Keywords: endophytic fungi; niche; community diversity; ITS rDNA; FUNGuild
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Table 1 Alpha diversity index of endophytic fungal communities in Lycium ruthenicum
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Sample name Tag number OTUs Shannon index Simpson index Chao index Ace index
H (flowers) 72 693 170 1.111 0.275 179.261 179.768
Y (leaves) 69 248 206 2.292 0.515 207.562 207.688
G (fruits) 68 497 229 3.36 0.755 233.2 232.153
J (stems) 73 698 176 1.575 0.388 171.577 175.067
R (roots) 69 922 209 4.198 0.888 220.667 220.662
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Fig. 2 Distribution of endophytic fungal communities at phyla level in Lycium ruthenicum.

i
l
|
|

 Thecaphora

H Others
Kickxellomycota

B Mortierellomycota

@ Blastocladiomycota
Monoblepharomycota

B Mucoromycota

7 Rozellomycota

B Olpidiomycota

B Basidiomycota

B Ascomycota

15
1.0
0.5
0
0.5
1.0

ois

Olpidium
Stemphylium
Neophaeosphaeria
Penicillium

Mucor

Fusarium
Neonectria
Schizothecium
Dactylonectria
Aspergillus
Microascus
Neocamarosporium
Paraepicoccum
Acremonium
Phoma

Pleospora
Alternaria
Plectosphaerella
Clonostachys
Vishniacozyma
Vanrija

Gibberella
Issatchenkia
Pichia
Pseudogymnoascus
Schizophyllum
Paraphaeosphaeria
Cladosporium
Glugea

Candida
Monosporascus
Xanthophyllomyces
Pleurotus
Lepidocollema

Phylum

| Ascomycota
I Basidiomycota
1 Mucoromycota
I Olpidiomycota
I Rozellomycota

Fig. 3 Heatmap of endophytic fungal communities at genus level in Lycium ruthenicum.

EMER 1259



MEHE F /BROCTRANANEERFFRHERKRESIRES T

Research paper

(69.79%)FIHL I BA H B Thecaphora (3.09%),
Wb MR Alternaria (47.12%) . Fifl)E
Cladosporium (19.42%) . BB EJE Thecaphora
(1.10%)FIEL AR EE & Pichia (1.07%), 259 A%k
¥sHU)E Alternaria (79.96%)FIEHAWE Cladosporium
(1.09%), HRH AR Alternaria (37.04%) . A%
T JE Acremonium (16.36%) . Hri1 4 H R
Neocamarosporium (12.44%). 25 S %2JE Phoma
(3. 12%) /N & Microascus (2.00%). Hi AT
WL, FESRARIRC A [ 2H 2 L T A s 2H R S AR =
AP S, AR TP B e = T HABH L, H
AR RIS, MAEH N A LA E R R A —E
B FPE, BEA AR R B B S A 3
24 ERWIEAEEEREHEMAELE ST
T RE (B 4) 7R 1 B My RS AL i A [6) 4
ZUEJE K F RN A U A, A7 FLIE OTU
112 4>, BEHEY Alternaria J& B F AT F
JEd g, AE . L R ZEAR T 5 85.41%
69.79% . 47.07%. 79.94%F1 36.97%. BREHH
Cladosporium (19.38%) . M) Thecaphora (2.61%) .
MRH ) Acremonium (16.36%). Neocamarosporium
(12.44%)F1 Phoma (3.12%), HAIA JEHIXF
JEXIR IS 1%, & 2HUMAT & 1A F BE 25 oK
il 1%, cHEd, WA Crprovalsa, R
Candida .

Gliocladiopsis . Chaetomium . Monosporascus .

Keissleriella . Lepidocollema
Coniophora . Xanthophyllomyces . Saitozyma
Mortierella, WA Aspergillus. Cryptococcus Fl
Ramicandelaber
25 BERMIENEEEFEN PCA K
UPGMA B 5

JF OTU /KF-1) PCA 43T (El 5)FM, W
A LGRS RS T 1 (PCHFTE RS 74T 2
(PC2Y3 BT 39.52%F0 30.09%M 2% bk o7
Bk, WEIERB, AN IR ZH 20 it ] PN A TR AV
ZESRFE S ANHBRE M TR . =g
BRo AR 250 63 MM G, S A 725 1

1260 EHIEIR

SRR, AR ECR A RN ISR IR Ry 5 R AN
OITESE . S, IREAGE, RS
K

4 BRWICALEEREE OTUs 2 FEE
Fig. 4 OTUs distribution Venn diagram of
endophytic fungal communities in Lycium ruthenicum.

PCoA-PC1 vs PC2

0.3 ”
0.2 s H
oY

5 |
S 0.1 J
3 R
o
£ 00

-0.1

03 -02 -0.1 00 0.1 02
PC1 (39.52%)

5 BRUIEAEEREFEEMS O
Fig. 5 The PCA analysis of endophytic fungal
communities in Lycium ruthenicum.

X FRSRAAC 2 A 2 21 N A EL TR B b 2 4 R
HATJER R I CR I BRECHE B 70 M (18] 6), 45
5 E W 3 Bral REEAR — S AR L RS 0.05
ARISE, FRAE 3 AR, 4B RAIEER N —3, M
ARG, 225 AN 5 SRR 4% )7 A — 4%
or3Z, MR,



H5RieX

22 August 2022, 41(8): 1254-1267

Mycosystema ISSN1672-6472 CN11-5180/Q

Il Ascomycota

Il Basidiomycota

Il Rozellomycota

] Monoblepharomycota
[ Mucoromycota

[1 Olpidiomycota

[ Blastocladiomycota
W Kickxellomycota

1 Mortierellomycota
I Others

T
0 0.25
Relative abundance in phylum level

0 0.05 0.10 0.15 0.20
Unweighted unifrac distance

6 ERMICAEEERERMMER LR

T T 1
0.50 0.75 1.00

Fig. 6 Similarity tree of endophytic fungal communities in Lycium ruthenicum.

26 ERWICALEER%EHN FUNGuild
IhREZERF T

K FUNGuild X B AL AS [ 20 2L A
RV HEA T DR TN 4347 , AR A E TR S BB R
RITEAR AR i i R R B, BRI
[Fi] £ 2 v A B - 8 A= - 2L A 8 57 8 (pathotroph-
saprotroph- symbiotroph) P AE LI B R A AH X =F
BEfRm, AL REREE 7), 6. 0.
B BRI AR FEEE 4300l 85.41% . 69.84% .
47.24% . 79.98%F 37.09%. HK AARLKE RN
RERE, 2390 13.14%., 25.08%. 29.10%. 16.71%
Fl 32.22% o B A v B - 0 R - 3k A i R T

(pathogen-saprotroph-symbiotroph) 2 fg #¥
(16.36%) . M FIIL H355 #7778 (pathotroph) L) BE
BEGT AN 3.34%F1 1.45%) « R HHE-JE A 5 7
4 (pathotroph-saprotroph) I BEFE(3.58%) . A H
P -3 2R 35 37 7 (pathotroph-symbiotroph) ) G
(19.42%) . FEFIM 85 A 7 35 7 (saprotroph) U B
FEOT AN 1.28%F01 9.69%) . FeriHl- LAk 5 5
7 (saprotroph-symbiotroph) I BERE(1.07%) 4k, H
8 FR I RE R BEAE AN R L 2L b 7 U3 B (A X
FHE<1%).

XA i R AT TE A0 B W R A 2 ) R
OrREE R LR LI (K 8), FARA R A [ 21

[l Pathotroph-saprotroph-symbiotroph

B Unassigned

[ Pathotroph-symbiotroph
Pathogen-saprotroph-symbiotroph

[l Saprotroph
Pathotroph-saprotroph

I Pathotroph

M Saprotroph-symbiotroph
Symbiotroph

1.00 — —

3 075 - B
g
el
5
2 050 DO N
o
2
=
& 025

0

Y G J
Sample

7 BRMICAEEEEFREAM

Fig. 7 Trophic modes of endophytic fungal communities in Lycium ruthenicum.

EMER 1261



MEHE F /BROCTRANANEERFFRHERKRESIRES T

Research paper

Group

Endophyte

Dung_saprotroph
Fungal parasite
Undefined_saprotroph

Ectomycorrhizal

_[ Unassigned

' Plant _pathogen
| | Animal_parasite-fungal_parasite

Plant_pathogen-soil_saprotroph-wood_saprotroph

Animal_pathogen-soil_saprotroph

!1.5

1.0
0.5

Animal_pathogen-endophyte-plant_pathogen-wood_saprotroph 0

Animal_pathogen-endophyte-fungal parasite-plant_pathogen-wood_saprotroph
L | | |Plant_pathogen-wood_saprotroph

Group

Fungal_parasite-undefined_saprotroph HH

] Null | ]
- | | | Animal_pathogen-endophyte-epiphyte-plant_pathogen-undefined_saprotroph B=r
Y
Wood_saprotroph
Endophyte-plant_pathogen

Dung_saprotroph-undefined saprotroph-wood_saprotroph

Animal_endosymbiont-undefined saprotroph

. Leaf saprotroph-plant_pathogen-undefined saprotroph-wood_saprotroph

GRYH)]
B8 ERMICALEEREESIIRE MR AL RE

Fig. 8 The ecological function prediction clustering heatmap of endophytic fungal communities in Lycium

ruthenicum.

LN A L U SE0E Y 324 25T REJE animal
pathogen-endophyte-plant pathogen-wood saprotroph
(Bl i - P A LT - 0 it o - A B I A
W), RHEBER Alternaria J&, TE46. M. R,

SRR AR 000 98.33% . 93.15%

66.45% . 96.00%F 54.65%. HA animal pathogen-
endophyte-fungal parasite-plant pathogen-wood
saprotroph (B4 Ji B - PN A= 5L - L TR A A TR - A1
Y Vi R - A R A L) A S TIRERY Acremonium
JEAEAR H AT £ A 24.14% . H A endophyte-
plant pathogen (N4 LT -H8 ¥ [ ) A A5 T RE
1) Cladosporium J& 78 5% vh (1) A X 3 2
27.39%. HAHAE S IREMNS F BEAE AR R 418U
o7 BRI B < 1%), b (e ki
YA RKORE - RTHE Epal M e SRR
Wy Bk v A5 Al 7 T K 4% 6 AR T (Bai et al.
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2021)AJ ectomycorrhizal (#FA: AR ) A HA 5~
K e B AN AR AL T | 0 G LT R i 53 0106 3F
FIRE(FER M 2021)fY dung saprotroph (3
J& A F) . wood saprotroph (A5 & A= BL R )& 3
REZRHE
3 W

IR R BTN A LA 5 Sh A AT e R iR
IR NI , A SRR 2, I
AT 2 v A A 6] 39 45 38 ) Bt P (Khalmuratova
et al. 2020; Hosseyni et al. 2021), HIFHIFT I
R ER A MY, A AR SR T R 06 . T T 45 5E
PE, HARNW R —E Na'Fl ClJE AR A
RO RS 2020). PR RS ERK PR
AL R, S T AT R A X E AR
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P, fedk 7RI IR A FUK o3 B, HERER
SRS B AR RIS

fe A I P A R R, PR AS [ ZH 2L
HEVE ZFEE L A AR FEE R R, BA
HAF TV WA BRI RN B A0 32 75
(HENA L A2 T, FhEE L ARy AR bS5
%R K 152 (Gopi & Jayaprakashvel 2017).
TEARWETE D, AR tp B R 5 T HAZH 2R
BAWEMHAE ., T EESEFENMEY 2
FEPE, M E 45 g, XA P AR TR A R )
K, BORH BA P W R RN (Ren ef al.
2019) RIEAENEERERFHISE, AT
HREFZELHE T KREWEFRY R, XU HTFE
AR L A B Pt TR e B SR R R
FMAC R P & E & AL T R 20
ATRE IR . IR . dEE R A E T A E =Y
T R TGRSy, o AR ELE AR T RAFAAE K
W (EBEMEE 2021), FARAMALHL E o o
55 R BAE AN N A2 LAY Chao Fll Ace & B 45
BT, MAENAEERE Shannon F1 Simpson
ZHEPERREOUAR T25 B A BN A R e o) 17
YL HZRAL, X n] RE S AE . V-1 e T 2548
BAMXTE R RTRA G, P AEREAE S
T R X SO EE R HE AR RN, SE T R T AR A
AR LRI B B R R SE 2020),

Xof BB SR M AT AN [R) 2 4L A TR R 7 2 AR
AR TR, MR, 25 of | FEFSR g
THEFEMNERER, AWRAHZL OTU iefE
170-229 4~ Z [0l J@/KF- b, BROUCE s A s
Gh, EFERE . BVHRE . B R E
25 R AL RO TR R 5 (H X LE R TR AN [R] 20
P I 2 R ANAR T T2 25 AR A, e
W 340 2 30 R SR AT S A AR K A 4 3
JEBI A LR, BRI E AL, (B AT AR
AEAE—SEF R AN P A RRR AL T R
FHTE IRl 2R, RS o i D 7 45
A EXPE R T — SE G SR AL IO — SR X

B R TE I A8 PN AR T A T O i 2l AL
RAACHT 5 A+ AR

ORI AR H LN AR L AT OTU %L
124>, A OTU %Y 38.49%, AHXS 424
T ) N RS AR LA, AEA R HLUPRY & L
TWHIN 36.97%-85.41%. HEHS 6J8 ELEH 4 A1 55
UL AEAE L EAENA NS, T
A A WL B LTz, [R] B 3 2 AR )
FRIRE , R R R, L
ANBEURH , SR NEEWRG LN T
2020) . (HAEX — L5 P WSS B R
(Mohamed El-Bondkly et al. 2020), 275 (Yuan et
al. 2019). F'HHE(Khalil ef al. 2021)FIZAT(F 2
%5 2019)5F YBF5E ThE RS 18 8 N A2 EL TR fE
FRAAR A TR 5 A A [ ORI R ) B
(Palanichamy et al. 2018), MEILMIACEHARK
TR E R R, XA B RS fil B 7E N 1Y N
A2 EL TS T W 0 Y A O (3 R R
2017), MeAb, HAb—SENA R, RS
RIS J | B e AT s | =25 R A AN R R
S HAE A | U U A A
ST HE (Fotso et al. 2018 ; Palanichamy et al.
2018; AN A5 2018; 5K M H % 2020; Hosseyni
Moghaddam et al. 2021; Yadav & Meena 2021),
Br T AL RSN, 12 RS AN R H 2L b S A
SN O EL SR, JUHOE R S A N A
HEERMIE Z T HADA 2L, o] g I o RS rh
SR E AR KR MRoT R  AEET
S SRR | RN GE A R SRR Y
RAFE N AE A AR AR AL T E IR Y BT (Nguyen
etal.2021),

I XoS R A A 0 P9 A T R A 8 A T
% 2 B P A0 45 TR AR FL I (mycorrhizal fungi) . [l
ERIEAD Piriformospora indica. REE N4
H.I# (dark septate endophytes, DSE)FIAK % g
Trichoderma . BETELRE: Hortaea werneckii 25HAth
— LU £ A U (4 1RSF 2019). PR R AN
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I ) A A TR RN 3 R A VR T AR
T 7E BB SRARACAR AR N AR ILE TP AF A2 1) DSE
H.1# , N Alternaria . Cladosporium . Acremonium .
Microascus . Fusarium . Phoma . Aspergillus .
Pleospora .. Schizothecium ., Neonectria. Olpidium
1 Penicillium irfc(Han et al. 2021), DSE HEF 2
— S TR AR TR R B | e 2 B YA o
2R 200 P S L ) B, LA B S T o
22 MR A L (U R 55 2020). DSE FLIA
AR, RS P T R e S
¥ RO | AR TS YL IR BTN S A 3R o WA A
SEHEA R B, BAT R PUSEERE ), 7EMNE
PR35 T AT DA ol 38 48 9 09 A KR 00 %5 (Gonzalez
Mateu et al. 2020). FAMNERMIFLA A FLH L
B RAMEE MR EL R, IFE RIS ME R FLE S
TEYIE B S A= A B8 18 25 4 v & A i dh
TRME RE ) BEA R -8 T HTSE 2021). {H H AT
XS FL TR B2 R A AC T FR L BT 5 S M RE Y
YERPIELA R = |, F5EEH TR A
FUNGuild JHREFRIIES R on, MRSRAMIAL
o - T A - A SR B R AR R R . S
WAL, FURECRBCE Ry E 2R “AAF R
TEUNRE FR I Z R B E 3R 7, RET
IR, WA ThREZRENE, LIS I A £
HEEMAL(RIm et al. 2021), TEAWFGEH, 1h
PN TR A 70 LR O E S B W IR - N A
] - L D - AR JB S A I TR A LA UG B A
PRI ATE o RS Al PR — 2O WA B
AT, WEEAE . RN RS, TR
) 2H AN [R) A A7 40 T AN R) 1) €, A
YA L P RNAETE, HYHHLUET )5 %
B AR T RB(REFFSE 2020), — & A1 N (A
FEE . PRI AN A LR RV R A A ) H n] BE
AR R R (K AT AT 2017), oA B EES RERF
FERH, R LIRS AT SR R = 1%
M AAFEOR R, X A RE S R A TR B R R
TR, AR SRR E S R U GEA 455
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2018) . ML H AR =F B = 1% 09 5 A L Fh 2
Bz, mTHEPEELEFEM Y 2
(Ning et al. 2021), TWitR5 &AL, EK
WA EAE I R, AR R A LS e
P E AR PN SR N A B (RG4S 2019). 1B
FunGuild f&3&F 2.7 1 SCHR 48 X B B o) sE ik
A7 @i, 3 N A5 S AH X8 2> (Nguyen et al.
2016), HFEEMAEYFIREE 2%, TEAR
WEE . R R RS FE AL 5E RN F R,
173X 4 22 SR R P SE 4 TR, Fr AR AR RE4E 4
Hf5 B BRI T RE L N L R AR B2, Hin
BB BRI 3 KEFRIIRESTE,
TR PR R A R E AR IR A FRilE— 24 .
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