MOl B 22 BF 5T 2022, 35(4): 9-22
Forest Research http://www.lykxyj.com

DOI:10.13275/).cnki.lykxy}.2022.004.002
WERINEEEE SH M T EFHE

K =i ax k21 YT EEARB2 1 N 1 3 5 Wz 1™
BB, SEEEERT, TEEMRR, R, TR, ZEAR, AR
(1. o EA L R SEE A bR AR 15 PSR BFE BT 50Hl R O AR R T 905 . L5 100091 2. LR Bl 22
R SENTRE, R 100085; 3. LRSI, 7 101400)

FEE: [ B9 ] R R 52 0 A TR 7 25 0 2 ORI 22 ME Pk 2 T A 2R S (R A A 0 A ) e R ) R A
[ 773% ] KA el S P AR FE G LB ek, X 6 MCE M A B R S LR A (i) R (&
TRz ) AR A LR RFE AT T 2R BT, [ &R 16 Rl SR S8 KO 2 2 41E 36 A ik
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HEOAE T R SR A W 2 2R T T RR A 42
18, WA ERVE D VA% O ZRE, i A A
VWS NHLSE, S HREMYALZAERKES .
EAEN . AR ST AR L VE P, BRI
WAE LR MRS, R R A TR
SEAgERR D REFIHLH] A SLAt

EM L ( Castanea mollissima BL. ) J& T5¢
3%} Fagaceae %E)& Castanea fY), it %
s fhz — (>3 500 4 ) M9, EREFEZEMNZS
e RPN et AR Il R B v oA A
B, RO, BAR, FIHTIEREAR, AR
AT RS E SR A E AR L 2RI R SR N A B
P Z AR ERTS, (AR AR 220k B TR
ML C. satival', i 26 1A W AL RE T K F Xy
AR EA N MEEENIREARZ, JUHAER T
AL E LAHGEAR I . % TEREAR TR S N A
P TS S B i A R AR R AR BB

S, BATTRA TS &1 il 00 1 Sl A AR s
FHORGE G H LU B WY T FREORT, DI [E
B (gL PRARBCE . RETHL . BARAL. %
IR IBAEE ) 6 A ARSI R, 5
FE T AR AR SR SRS | 2R DA B Y A A L
TEVE LN AR, Dy SR AR B 9 AE FC R 20
PR SRR, 1 A AN A R SR IR ST
A= AR FH B A

1 Mpbfe s &

PR R SLH AL

2020 4F 9—10 H FEH 5 )™ R UL 6 S
ARSI R, R R AR PR
BELORLA . RIS IARE (1), HEdh
BT THBE AR, AR 8~48 /NRHE L IZ fiy
B, T4 CTCE, FFAEME 58 U A T
AbBE (RZPRREEIC S o B HR TR )

1.1

*1 WMERLHERREER
Table 1 Collection information of chestnut fruit samples
A Hh A GLiE

Cultivars Locations Latitude and Longitude
el RS R T I P B 118°6'49"~118°37'19" E, 39°57°15"~40°27'48" N

BIRLL WL AR BN T A 7 B 119°10'~119°568" E, 29°35'~30°05’ N
FHRMEE U PR PNl 123°22'~125°42' E, 39°43'~41°09'N

KA LR BT 117°58'~119°40' E, 29°57'~31°19'N
R MANIEY AR 116°41'~117°30" E, 27°35'~28 °41'N
ZARE AR Rl 116°20'~117°59' E, 35°38'~36 °28'N

1.2 RILHESTE

ALY AR AT . RIEETE . 418U 4R
P 73

FE AT - S B R T TG H MR R T R R A A
TORMAE AR, hREEE AR O ). AR
FRBEHLI 18~30 FifdFEtR e, #1530 3441, H
el 6~10 ki, [AfhFh 3 B AAEYFHEE .

T AL 75% K R H 3 min,
2%NaCIO IR 5 min, 75 % ;R 3 min,
ToHAKIEVE 3 )5, IR MK 4R B Ak SR TH K
5y o BURE — I YR 5E S5 B TG 7K 100 pL ¥k A
PDA Pz, LIS B2 SIS

WA A TWHEET, TEFE M40
fill b, RS HLU IR T (AR ) AR A

PIEAH o FEMGE AR, SRCH T Bl ALY
AR B BUAT A g 35 REIR 2 B I O il 227 O £ B
B

WHE e R AR — DAY~ E R R A
R PRI BB 51 PR T 75 OB AL (38
ke, RKEBETRHUERARATR), md T JLED
JEFERL (295 mm), BRI RAPIGY, —0hH
TSR NA AL, 75— TT U AR TR
T -80 CH T ¥ md Wy o AR A
e, HBTAEAR R AN EE , ANTRIZLAN RV A
i, WFEHLI MO T (KIS TE 3k +
70% LBHEGE 1K + TRUKIFGE 2 ).

BRIGIERL 6 Al 2 NHE B3 A
HAE, 336 MR, AL ST ILIESC.
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1.3 DNA ZEXF0ITS F ¥ iE

FFAER TR N A B AL 1Y 36 ASHE 3L A
ZH DNA m2 2 BB U i Aboul-Maaty %5 A 1)
CTAB 3£, 1% F-80 °C B KL &A1 KHEL 50 mg
MATCwE S, A SR T 2 mL &0
B, JEbuginA 800 uL F 65 °C WiduK 2% CTAB

(0.1%B-Fi L% ) #BGR (HkiH ). 6 mol.L™
NaCl 5k 2 #: i 5 mol.L™" NaCl ik . Hofts A5 5§
A%, 50 L 1 x TE ZE k% DNA, DNA ¥
1 NanoDrop ND-2000 43¢ (Thermo Fisher
Scientifific, Waltham, MA, USA) Il 5 , ¥ i & k&
Ja 38 b st 4 R 8 W 64T PCR §734 & lllumina
MiSeq SE-AMF, P HIX N ITS1, 5194 ITS1F

(CTTGGTCATTTAGAGGAAGTAA ) FIITS2R (G
CTGCGTTCTTCATCGATGC) ',

o1 B R IR A M R BE K 2H DNA SR H
B ) CTAB JE AT HEIRUS, ITS P 14514 K
ITS1 Al ITS4 5l ITS5 Al ITSAM 13 52
A TR R AR
1.4 Miseq FREES

TFAHLEEE raw data £ QIIME1 (v1.8.0) @9
A4 4 Barcode J7 5l F 43 HE A, {f F Pear

(v0.9.6 ) X g EEATIL U8 . PiEE, KBRIT4r
EAEF 20, SABMIIL, SRS, PHE
B} i /)N overlap % & & 10 bp, f5HEL%N 0.1, Hf
FE 5 Vsearch (v2.7.1) ik 2B KE/NT
230 bp B E%1), F#HE Gold Database %t /% H
uchime J5 i b X 2 B itk & K 7 51, JE 18 clean
data, #tF Unite 04 2P e xF iR e, A
Vsearch ( v2.7.1) % {4} uparse % 1 % i 5 4]
Ph 97% J3 5 A5 AL BE K] 4373 25 #. 56 ( Operational
Taxonomic Units, OTUs ), #IfH QIIME1 (v1.8.0)
BAF AT o ZHE P4 B0 B (424 Shannon,
Chao 15%0), A5 beta ZHEVEIEBIMERE, 25
4 ANOSIM gl a2 A28, XA TET T NMDS
EEEZ 4R B8, H Phython (v2.7 ) 3k
17 LEfSe 4341, & HFEAS [F] 43 FE AKX REAR 45 4
25 A W E M 2SR . Miseqill 7 4dE C 1
£ NCBI ( SUB9969166 ).,

1.5 NEEENEASBEFRSTEE

LB TR ELR 1573 MEA (90 mm
L), RRML7~8 AL, FHRHZ) 350 e, 25 C
RigR B R AR K 5~7 d, BRHUAE 216 M R 15 37 2k

MM TP ERalifk 2 & LLERR T A4 23500 i
NG RATG, BOTEECH 6 (6 4N EFh) x2 (24
LA ) =12 4RI TRTEIE SR XT R — BT
PRI 23 B AR T IS 2 it ge i h, BT
Hk ik B R TS 1 AR T T2 RO
FHE EETE A A 28—

o3 T U8 MR ITS J¥ 1 78 NCBI (1) BLASTn
L5 RO MRIYE (1dentity>97% ) . 7 3 R
( Coverage>75% ), I-Z% 7 W is R G
WREEIES . REKEWWHE (ML), BRT
T, WA BRI AY , EEEN S
S HANKEFS WL NCBI 5515 . OM574649 -
OM574769,

1.6 1EESSitoHHh

EEEFR DT S Hrdl R T OTU Wb B S
it = JE 4% 5L 1l Weighted Unifrace I 2 %5, i /i
R (v3.6.0) HfFxtyfp e Atk &, NMDS &,
FREH T 7B IEFR N A BRI 2
R AN ZE R BT I, AR P55 7E Excel ( Office
2016 ) St MrIE . BT S 7e MR R BB iF
G et , 4 P4 Tl S A 3 oA
Wb PR S LA A P s LA S e, AR IEDE
IR FHARNT B

2 HERHH

21 WMERIREAANNEERASHN

S P MR T IR S, 6 AR SR AL
F 2 23R 36 A B3k 4R 3 229 205 4%
A RPN, FEARFE SR> 27 025 % fx
% 268 176 45, V-3 89 700+52 015 (mean+SD)
75, R ER OTUs 1 557 14,

M SR SN A E R RIS AR 70 F | m 2Rk

(#2), 36 MEAT, Chao f85GEHIN 185.74+
31.24 (FHRMRIERFCERAL ) ~343.67434.96 (K
I A 35 5L A B 47 ) ; Shannon $5 %3t Bl 4 1.86+
112 ( B F5THAL ) ~4.97£0.48 (IR
WAL ). AT MR AL a, RAEAHE S
FHRFEM Chao F5%0F1 Shannon F5%% .

FT ANOSIM 4 1] 2= A6 50 19 NMDS J5 553
Hrir) Beta ZHEMZE KR (K 1A-B), ShFiFn4l
ZURE RN AE L BE S MR A B RIS, SR ]

( R=0.6864, P=0.001) F414H ( R=0.1907,
P=0.002 ) WA= E R B EES F A B 2R 5
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Table 2 Alpha diversity index analysis of endophytic
fungal community in chestnut fruit

based on Turkey test

et il ESEIEA RreHH p
Index type  Cultivars Kernel Shell
FEEEE  238.06£27.91 185.74£31.24 0.997
KMl 287.79+33.67 318.43+28.91 0.002”
BARL 287.71£51.97 209.31+68.44 1.000
ChaoffiZt ZILRIE  281.70£20.99 247.51+49.65 1.000
RITARFE  343.67+£34.96 232.12+42.89 0.935
#MiFF 297.81494.09 282.77+90.39 0.003"
FHEREE  4.64$0.23 2.05:0.57  1.000
KA 4.21+0.68 3.96:0.29  0.469
FBIRL 4.34+0.32 1.86x1.12  0.632
Shannonf§ %1 "
ZILRFE  4.2120.69 3.55+0.14  0.006
RIFHIE  4.68+0.36 2.33t0.19  1.000
#MalHFE  4.97:0.48 3.57+0.23 0.283

T R EUE TR T B E bR 2

7 (P<0.01)

s RN REA ) B R

Note: The values in the table represent the mean + standard

deviation; ** means there is a very significant difference between
samples (P<<0.01)
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W, YRR ERE R 7.7% (K 217). 38440
(Kl 29), MAHFERFFEHTIETHHN
Sordariomycetes ( “F- ¥ #H %f 4= & 43.00% ) . %
£}:44 Saccharomycetes (“F-IJHHXIFFE 15.10% );
203 RHITH (K12 B}, [BHL7ERF Sporocadaceae
FIRRT R (11.59% ) 7 T45—; 350 4@+
(B 2J8), FE 134 @ F- A 3= 5 o i it
1%, FEHIEZ B8 Pestalotiopsis. &zt
J& Metschnikowia. 11 J& Fusarium. 7 % J&
Penicillium ., &R :EE & Debaryomyces %5, H
il £ EfE Pestalotiopsis -0 %) = B it &5
(8.95% ). 6 PHREEAMFPRIILTT 103 4> OTUs
(37 ), 4K HEEEE 4 Dothideomycetes .
ML B 40 Archaeorhizomycetes il — 13 1& 44 40 11
HHE, bR T T 92% LU
FRFRE (£ 3), ZNHLA 6 > H R ER
hEEL, Hib 3 ANHA&fE T H Pleosporales., i
5 H Capnodiales il H Botryosphaeriales
1) 3= B i P 85%, A& AT H W HIE F I RS
(55.34%); 3H'", Git# 19 FHRT 29 4
BRI EEFRE, HhFERT 5% MRk 7 4~ FEKR
T 2%mE A 54 . B K¥ L, &
Cladosporium 1 F £ i = (1 5.83% ), HK K4
%] % s i )i Botryosphaeria (3.88% ).
M TR SRS ] A P A B A S F AR TR . A
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Beta diversity analysis of endophytic fungal community between cultivars (A) and

tissues (B) in chestnut fruits
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] ki
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
MR FHRIRE R0 BRI KT ey ko MR PPRIRE KL TR FRLARE KU ey o
= Ascomycota = Unic i idi i = Dothideomycetes = Unidentified
= CI idi y . T
u Ol "

100%
80%
60%
40%
20%

0%
R PHRIOE KL TR A RITHR A A
= Unidentified

« Debaryomycetaceae  « Nectriaceae
Aspergillaceae i

= Sporocadaceae = Glomerellaceae s Hypocreales_fam_Incertae_sedis

= Saccharomycetales_fam_Incertae_sedis = T
« Cystofilobasidiaceae « Valsaceae Plectosphaerellaceae
Wallemiales_fam_Incertae_sedis . = Tii
= Sporidiobolaceae . = Diversi
= Mortierellaceae
Phacidiaceae i c ;_fam_Incertae_sedis
oi
= Glomeraceae = Pichiaceae
= C
[o]
Onygenales_fam_Incertae_sedis = Others

s Lecanoromycetes s Ascomycota_cls_Incertae_sedis

Rozellomycota_cls_Incertae_sedis

Orbiliomycetes - i Chytridi

= Olpidiomycetes

= Exobasidiomycetes Dacrymy

%
LR E SRR KL B ALBCE RIGHRE EC] ki
L Fusarium Penicillium
D Co
c Candid:
- T
Phomop: Plectosphaerell Wallemi Xenoacremonium
Acremoniu m Discosia & Diaporth Sporobolomy.
c Diutina Diversis pora
s
u Ci c
cr Hannaell

T BAERRPANEE>1% (F) WMHIGETET, <1% M3 EEZ R RIS IR others,

Note: Units with relative abundance >1% (inclusive) in each taxonomic class are counted, and all units with relative abundance <1% are merged

into others.

B2 WERLSEMRA[ANEEERFEESHT
Fig. 2 Analysis of endophytic fungal structure in different cultivars and tissues of chestnut fruit

Fo PRI, R4, BARL. ZRIARIE R R
WSE AL T 55— FNes i &, AR X A4
N 76.74% F15.07% . 85.33% #15.59%. 90.15%
F13.98% . 57.96% #123.71% . 87.51% £14.56% .
84.73% fl  3.28%. Ut S+ M W ]
Mortierellomycota. ¥k % 7 [] Glomeromycota.
% 2% W |1 Rozellomycota Ll K % B I
Chytridiomycota 73X 6 i F s %5 5 4 — i =
BE o AT 4 AT IR HR e o SR, filn
FHRMCE . K20, BRI AR ILACSE A D EE
B | ] Mucoromycota FLIE, fifHe LI 3= IR AR
A EHNIZE (B 290), 270908
TR ) L T 2 A L B S RN R TR BE v Al A 2k
B, Hh e RN R SRR, AR PSR R
FEHNN 29.47% . 52.91%., KL S F P
P EEEN (39.21% ). ZEFCH A (32.52% ) F
U2 75 24X Eurotiomycetes ( 16.36% ) 4., FE
LA AN LAZEC R A ( 36.62% ), B RELH

(13.68% ) FIERH-4Y Tremellomycetes (18.82% )
KE. ST (46.93% ). FEFEEHL (22.09% )
FRRERE A (12.19% ) FLBH 2 28 AR 52 A B 41 34
. MPHAMZES, [EEFEHNER (59.56% )
B R X 32 B 3 60%; MR KESER ([ 2
Bl), el ZR AR T AT AR S A e R L
FERMXT R e, A RS 11.71% .
18.41% #1 36.90%. i #R5cFt Nectriaceae, /N
5¢F} Glomerellaceae W 43 51| 2 FJ 4 A 58 1K 41
1, BT A A R e i 2R, LA
BE43 5 9.43% Fil 23.62% . 27.14%; J& /K I
(FE2J8), UMXTEE>10% BF, KRadhg
Mg 25 % B J& Metschnikowia ( 20.98% ) . i #1 /&
Fusarium ( 20.23%) M #& % J& Penicillium
(12.22% ), EBWRZF AmIEEE Colletotrichum
(27.14% ) F1 Guehomyces ( 12.93% ), Z=1lit
N Z B 1E Pestalotiopsis ( 18.19% )
H 5B Penicillium ( 11.30% ), IR 52 i Ky
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Fig. 3 Analysis of endophytic fungal OTUs in different cultivars and tissues of chestnut fruit

UL E1fE Pestalotiopsis ( 29.76% ) H1% %4 Ji
J% B J& Botryosphaeria ( 14.27% ). i (L - =F
AR AR S, B A & B AR = B2 3 HE 10% L
To MELFR PR FEERT 5% MEA 51, &
T EJE Penicillium (6.64% ), F AN Z
L ffl)J& Pestalotiopsis ( 5.15% ). FF 7= A SEAH X
FERT 5% WEA 314>, sril&dtlE Fusarium
(8.64% ). #1255 % J® Phomopsis ( 7.60% )
M2y Wt @ Metschnikowia (5.59% ).

222 REMRGNAEAALRESE REAHRRNIE
KA b P A TR R O 2 R ES A AR AL, fEL]— )
W, BRFRETTFEERERA (7213%) /N TR
5t (88.61% ) b, P H AL TR 3 BEAR I B =

®3 WERLMMELZNERE OTUs RBEHST
Table 3 Analysis of dominant groups of endophytic
fungi OTUs shared among chestnut fruit varieties

IyZEETT A PSR AR
Taxon Number Dominant group Relative abundance

%) 3* Dothideomycetes 92.23%
Pleosporales 55.34%

H 6* Capnodiales 24.27%
Botryosphaeriales 5.83%

Unidentified 10.68%

Mycosphaerellaceae 9.71%

Pleosporaceae 8.74%

Cladosporaceae 6.80%

A 19” Phaeosphaeriaceae 6.80%
Botryosphaeriaceae 5.83%

Didymellaceae 5.83%

Lophiotremataceae 5.83%
Unidentified 19.41%

Cladosporium 5.83%

Botryosphaeria 3.88%

& 29 Curvularia 2.91%
Phaeosphaeria 2.91%

Sphaerulina 2.91%

e ROk BT LIRS JE T T S ARG S o G
**** RIS TIL3E 103 OTUs 19421

Note: “*” represents the number of current level taxons from the same
taxon at the upper level; “**” represents the abundance relative to
shared 103 OTUs

TR (K 2); HKFELE (K 2), ETHNE
ARAL PN FEEY hEE, HRT
(58.69% ) JE: R (27.24% ) 1y 2 f%, WMilEFE
PWAERKW T (21.99%) &K% (8.27%) Wik
31%; ERHZm (K2), 16 MR 5 1
M 1%, MEEFEEAEAHERA T EE RS
(9.95%), BIfL7aPfERhmFE RS
(18.73% ). J@AKF- L (& 2), 17 A J@AHxTF A
B 1%, SiERIE L E#JE Pestalotiopsis .
# JH B J@ Colletotrichum., #§ 7 B¢ + J&
Metschnikowia . #jftlJ& Fusarium %5 .
B E . o0, MATEE>
0.5%, FIH T &5 B oK1 1Y B BEDS o A 1
(R 4), BRI EERE Z
W TR, ISR N E &R
W RS BIAT 2. 7T RS4GRS T ik
ZITMmAm g, NEATHH 1M EREE
Cronophorales, R &M A0 R ALHLEHRE, 1]
DN 13, HEH . 2i4% H Russulales,
21 4F} Russulaceae . Bl Malasseziacea .
VLK Mycoacia J& ; TiisseH L5040 1 H ARl
MHEEHY A FRE, SEFH . AEFH
Sporormiaceae, fH J& & & # | i3
Rhodosporidiobolus J& =& i o
223 REMRADFEFBUHEFFE 2R
YIMZY 51 LEfSe o (K 4), HIERIRE
R RATEAE] 73 B oKV EAFAE 351 22 S e
A FPRE . K LDA score>4 J i 5 S ¥ 4 7,
IR TR BT TR IR T T, KPS 58
4. HR H G4 ORN EERE AN, JE K CF Y ik A6 R
Fusarium. H§#7:LE)E Metschnikowia . 11 H[ G
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+JE Meyerozyma FIfE [ FI ¢ EEE Debaryomyces — siili HR[CEEEE Meyerozyma caribbica il Fusarium
DL R Bk S B #2571 7 Metschnikowia sp.. I guttiforme, 1 SEREPS al i %ot 50 F 5 (4] 1] 22 5
WriE W FIEELRETE Debaryomyces hansenii. RFILL A WEFEW,

®4 WERTARBLEZNEER OTUs B LS

Table 4 Analysis of dominant groups of endophytic fungi OTUs shared among chestnut fruit tissues

qigmt #A i1 A EIEAS T O i AR AP KH B X E

Tissue  Number Phylum  Relative abundance Tissue Number Family Relative abundance ~ Tissue Number  Genus Relative abundance

RA 2 Mucoromycota 0.50% Russulaceae 1.53% Mycoacia 1.01%

Rt 0 N . Entolomataceae 1.02% Arthrobotrys 0.51%

. 0

e %A x A Malasseziaceae 1.02% FE.mOIom.a 0.510/0

7 X . " ibroporia 0.51%

“Tissue  Number Class  Relative abundance Meruliaceae 1.02% ) i o

o o Filobasidium 0.51%

Tremellomycetes 2.55% Periconiaceae 0.77% Geminibasidium  0.51%

P Olpidiomycetes 1.28% Dermateaceae 0.51% - o7 Kazachstania 0.51%
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Fig. 4 Analysis of differences in endophytic fungal community among chestnut fruit tissues
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Table 5 Isolation results of cultrable endophytic fungi from chestnut fruit
I E NCBI741 5 #el FHR Z 1l PN PN TR
Isolates NCBI Number HE WK S S 2 a
Alternaria alternata OM574649/0M574650/0M5 81 19 — — — —
74651
A. chenopodiicola OM574652 — — 1 — — —
A. tenuissima OM574653 5 — — — — —
Apiognomonia sp. OM574654/0M574655/0M5 — 63 3 — — —
74656
Aspergillus aculeatus OM574657 — — — —_ 1 —
Aspergillus japonicus OM574658 — — — — 2 —
Aspergillus niger OM574659 — — — —_ 1 —
Bartalinia robillardoides OM574660 5 — — — — —
Beltraniella portoricensis OM574661 — — — —_ 1 —
Botryosphaeria dothidea OM574662/0M574663/0M5 4 — 1 34 118 —
74664/0M574665
B. wangensis OM574666 — — — — 6 —
Colletotrichum fructicola OM574667 - — — — 1 —
C. gloeosporioides OM574668/OM574669/0M5 — — — 168 6 3
74670
C. siamense OM574671/0M574672 - — — — 7 1
C. yulongense OM574673 — — — 1 — —
Coniella castaneicola OM574674/0M574675/0M5 — — 43 53 74 —
74676
Coniella sp. OM574677/0OM574678 14 — — — 5 —
Curvularia eragrostidis OM574679 — — — — 3 —
Cylindrium elongatum OM574680 2 — — — — —_
Cytospora spp. OM574681/0OM574682 — 1 — 2 — —
Debaryomyces hansenii OM574683/0M574684 - — — — — 3
Diaporthe australiana OM574685 — — — — 7 —
D. cotoneastri OM574686 — — 1 — — —
D. eres OM574687/OM574688 3 — 5 — — —
D. eucommiae OM574689 — — — — 1 —
D.hongkongensis OM574690/0M574691 — — — 2 35 —
D. nobilis OM574692/0M574693/0M5 — 67 — — 2 —
74694
D. phaseolorum OM574695 — — — — 10 —
D. pseudophoenicicola OM574696 — — 3 — — —
D. ternstroemia OM574697 — — — 1 — —
Discosia rubi OM574698 — — — 1 — —
Eremothecium coryli OM574699 5 — — — — —_
Flammulina filiformis OM574700 — — 1 — — —
Fusarium avenaceum OM574701 - — — 1 — —
F. chlamydosporum OM574702 3 — — — — —
F. fujikuroi OM574703 — — — — 1 —
F. oxysporum OM574704 — — 1 — — —
F. proliferatum OM574705/0M574706/0M5 44 — 1 — 2 —
74707
F. redolens OM574708/OM574709 — — — — 3 —
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Hxks
Iy B E NCBIF 415 #el FHR Z1l R R4 B
Isolates NCBI Number B MREE MEE [T 1l AN
F. solani OM574710/0M574711 37 _ _ _ 20 _
Gnomoniopsis daif OM574712/0M574713/0OM5 — — — 103 138 8
74714/OM574715/0M57471
6
Gnomoniopsis sp. OM574717 1 — — — — —
Mucor lusitanicus OM574718/OM574719 6 — — — — —
M. racemosus OM574720/0M574721/0M5 252 — 1 — — 1
74722/0M574723
Neopestalotiopsis clavispora OM574724 — — — — 350 —
N. saprophytica OM574725/0M574726/0M5 — — — 11 2 —
74727
Nothophoma quercina OM574728 5 — — — — —
Ochrocladosporium sp. OM574729 - — 1 — — —
Penicillium aethiopicum OM574730 — — — — 1 —
P. citrinum OM574731 - — — — 2 —
P. commune OM574732/0M574733 — — — — — 5
P. expansum OM574734 — — — —_ 1 —
P. glabrum OM574735/0M574736/0M5 41 — 153 — 47 1
74737/0OM574738/0OM57473
9/0M574740/0M574741
P. mallochii OMb574742 - — — — 6 —_
P. polonicum OM574743 — — — — — 1
P. rolfsii OMb574744 — — — — 2 —
P. simplicissimum OM574745 — — — — 3 —
P. spinulosum OMb574746 — — 32 — — —
P. thomii OM574747/0OM574748 — — — — 25 1
Pestalotiopsis mangiferae  OM574749 - — — — 5 —
Pestalotiopsis microspora ~ OM574750/0M574751/0M5 — 1 1 92 10 —
74752/0M574753
Pestalotiopsis versicolor OM574754 — — — — 1 —
Pestalotiopsis vismiae OM574755/0M574756 — — 1 — 5 —
Petriella sordida OM574757 2 — — — — —
Phacidium faciforme OM574758/0M574759 " — — — — —
Phacidium lacerum OM574760 — — 1 — — —
Phoma herbarum OM574761 2 — — — — —
Phoma sp. OM574762 5 — — — — —
Phomopsis sp. OM574763 8 — — — — —
Pseudogymnoascus OM574764 — — — — — 1
pannorum
Pseudopestalotiopsis theae OM574765 — — — 1 — —_
Pseudoplagiostoma sp. OM574766 — 5 — — — —
Trichoderma koningiopsis ~ OM574767 3 — — — — —_
T. reesei OM574768 — — — — 1 —
Xenoacremonium recifei OM574769 - — — — 1 —
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Fig. 5 Distribution of cultrable endophytic fungi from chestnut fruits in different taxonomic classes
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Table 6 Distribution of culturable endophytic fungi among chestnut fruit tissues in different taxonomic classes
Er] it RA I'] Rt R J& Rt RW
Class Shell Kernel Phylum Shell Kernel Genus Shell Kernel
Sordariomycetes 55.99% 11.66% Ascomycota 71.34% 19.52% Apiognomonia  16.29% 2.15%
) Diaporthe 12.36% 8.57%
Dothideomycetes 11.55% 0.52% Zygomycota 8.59% 0.51% Mucor 8.59% 0.51%
Zygomycetes 8.59% 0.51% Basidiomycota - 0.03% Alternaria 8.34% 0.21%
Eurotiomycetes 3.20% 6.98% - — Neopestalotiopsis 6.46% 0.02%
. B e RA Gnomoniopsis ~ 5.05% 0.11%
Leotiomycetes 0.41% 0.10% Family Shell Kernel Coniella 4.37% .
Saccharomycetes 0.19% 0.27% Gnomoniaceae 21.34%  2.25% Colletotrichum 3.50% 0.28%
Agaricomycetes . 0.03% Diaporthaceae 12.36% 8.57% Fusarium 3.38% 0.09%
. o o
Sporocadaceae 8.76% 0.38% 5 Ft’enlcnl;]um ) 2;20//” gggo//”
= = o o otryosphaeria .98% 0.03%
oEljer g-;:” Kfr?el Mucoraceae 8.59%  0.51% Pestalotiopsis ~ 2.09% 0.36%
PI?osporaceae 8.40% 0.21% Pseudoplagiostoma 1.45% -
Diaporthales 40.13% 10.82% Schizoparmaceae 4.37% - Cytospora 0.33% -
. Glomerellaceae 3.50% 0.28% Phacidium 0.31% 0.10%
Xylarial 8.78% 0.38%
yiariaies ’ ° Nectriaceae 3.38% 0.11% Phomopsis 0.28% --
Mucorales 8.59%  0.51% Aspergillaceae 320%  6.98% Debaryomyces ~ 0.19% 0.09%
; Bartalinia 0.17% -
Pleosporales 8.57% 0.49% Botryosphaeriaceae 2.98% 0.03% bhoma 0 17¢y: 0.07%
Pseudoplagiostomataceae 1.45% - . e e
Hypocreales 3.58% 0.11% Valsaceae 0.61% - Trichoderma 0.1 20/" -
o Pseudogymnoascus 0.09% -
Glomerellales 3.50%  0.28% Phacidiaceae 031%  0.10% Aspergillus 0.07% -
. Debaryomycetaceae 0.19% 0.09% Cylindrium 0.07% -
0, 0, N
Eurotiales 3.20% 6.98% Didymellaceae 0.17% 0.24% Curvularia 0.05% -
Botryosphaeriales 2.98%  0.03% Hypocreaceae 0.12% - Discosia 0.02% -
. Pseudeurotiaceae 0.09% - Pseudopestalotiopsis 0.02% -
Phacidiales 0.31% 0.10% ;
Hypocreales incertae sedis 0.07% -- Beltranlellla 0.02% - .
Saccharomycetales 0.19%  0.27% Beltraniaceae 0.02% . Eremothecium - 017%
i o Nothophoma -- 0.17%
Leotiomycetes incertae sedis  0.09%  0.00% Microascaceae - 0.07% Petriella - 0.07%
Physalacriaceae - 0.03% ; . o
Agaricales - 0.03% Y : : 00 Flammulina ) 0.03%
Pleosporales incertae sedis -- 0.03% Ochrocladosporium - 0.03%
Microascales - 0.07% Saccharomycetaceae -- 0.17% Xenoacremonium -- 0.02%
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Community Composition and Differentiation of Endophytic
Mycobiota in Chestnut Fruits

LV Xing', DOU Gui-ming', WANG Hui-hua?, LI Ru-hua',
JIANG Ze-ping', LI Zhi-peng®, YAN Dong-hui'
(1. Key Laboratory of Forest Protection of National Forestry and Grassland Administration, Ecology and Nature Conservation
Institute, Chinese Academy of Forestry, Beijing 100091, China; 2. Department of Food and Biological Engineering,

Beijing Vaocational College of Agriculture, Beijing 100085, China; 3. Beijing Huairou District
Landscaping Bureau, Beijing 101400, China)

Abstract: [Objective] Exploring the composition and diversity of the fruit endophytic fungi community is the
basis for understanding the functions and mechanisms of fruit healthy microbiome. [Method] The diversity
and composition of endophytic fungal communities in healthy fruit and its kernel (cotyledon) and shell (in-
cluding seedcoat) parts of six chestnut cultivars were analyzed using high-throughput sequencing techno-
logy and traditional tissue isolation methods. [Result] A total of 3,229,205 high-quality sequences were
generated from 36 samples of fruits and 2 tissues of six cultivars, and 1,557 fungal OTUs were annotated,
belonging to 10 phyla, 38 classes, 97 orders, 203 families, and 350 genera. In chestnut fruit, Ascomycota
(average relative abundance 80.40%) had the highest abundance, followed by Basidiomycota (average rel-
ative abundance 7.70%), and the dominant class were Sordariomycetes (average relative abundance
43.00%) and Saccharomycetes (average relative abundance 15.10%). The shared fungal taxa among spe-
cies was enriched in Dothideomycetes with abundance >90%. Among chestnut fruit varieties, Ascomycota
was also the most abundant group in each variety, with a relative abundance of 57.96%~ 90.15%, fol-
lowed by Basidiomycota(3.28%~23.71%); At the class level, the dominant groups changed. The relative
abundance of Saccharomycetes fungi (39.21%) was the highest in Maobanhong varieties, while Sordario-
mycetes fungi were the most abundant group (29.47%~59.56%) among the other five chestnut cultivars.
Among the fruit tissues, the kernel tissue had higher unique fungal diversities than the shell, and the
unique dominant groups of kernel tissue were all Basidiomycetes, especially the Russulales of Tremello-
mycetes. LEfSe analysis showed that there were significant differences in community composition or popu-
lations in the shell and kernel tissue, with Fusarium, Metschnikowia, Meyerozyma, and Debaryomyces
fungi having significant dominance in kernel tissue. A total of 2346 effective strains were obtained by artifi-
cial culturable method, which belonged to Ascomycetes, Basidiomycetes and Mucoromycota. Except for
yeasts that need special medium to be screened, the dominant fungal groups on fruits and tissues ob-
tained by artificial culturing methods were similar to the results of high-throughput sequencing technology
in terms of community composition and abundance. [Conclusion] Chestnut fruit has abundant endophytic
fungal community composition and population diversity dominated by Sordariomycetes and Saccharomy-
cetes, but the community-building species are mainly from Dothieomycetes. The endophytic fungal com-
munity composition is significantly different among chestnut fruit cultivars. Chestnut kernel has a richer di-
versity of exclusive endophytic fungi than shell part. There is a obvious differentiation on the composition of
endophytic fungal community between chestnut kernel and shell tissue. This paper is the first systematic
report on the compositional structure of endophytic fungi microbiota in chestnut fruit, which provides a
basis for using chestnut healthy microbiome to prevent and control fruit diseases and to understand the nut
fruit microbiome.

Keywords: chestnut fruits; endophytic fungal mycobiota; diversity; kernel; shell; culture-independent
technique
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