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AP F R EREDBEZEARK
ESTHREST T

=H===1 2ZEwEx k1 T=1 AheE2 2= NV R | Yart e | gHE AT
KREE, EEEN, ABRKNT, FEAEEEC, EOONES, BROEEY, g
(1. UMK R G R AR R B PRI, SO 5P 5500255 2. SRMIA42¢ 0, SiN St 550025)

TZE: [ BE ] Rkt Fh7 N YRR A R e, E R AR E R . [ ik ] ARG
8 K% 75 1 R e e 0 AR X A e e 9 A G A W RV LR AR PR AT A0 A, TR ST FAPROTAX il
FUNGuild %86 e AT D e ke . [ R 1 AL FpF rh Loy 2R A L0 40 bk (31T 118 ), tR#JE N
7 E (Aspergillus) (30% ); #1424k (1116J8), H, HHEFMEFERE (Solibacillus) (47.18% )
N EARIE . mE T RS 141 S E R OTUs, BT 611101 )& ; 442 4141718 OTUs, FJE T 24 1]
313 )@ . 1EJB K, Fh 0¥ ELE 8 N Apiotrichum ( 31.28% ) Fil7& 1 F) [ B# £} J& ( Debaryomyces )
(26.07%); EHMERE EENKAMEE ( Pseudomonas) (16.66% ) FFLIT# )& ( Lactobacillus )
(9.68% ). TNREERLE R R : HEUMEMANY . (2iinE FAYER . RakmE B H3s . s
TR W REE A5 A L) S BUR TR A DML RES R . A AL RE IR L LA K IR R AUV B TR
HE, [ ] HAR T NS 2R 2R DRI AT AEBOR T, XS E YR AR KR B A Y,
[ IS AR FE30 4 B B 2 A 25 DIRE T, 308 R J5 S2 A TR AN -1 AR 2 DA s oy R SR AL A R D

KR mE Y ATEERRE SRRME; AR TIRE
FhE 45 2K5:Q938.1 XERFRERD: A

YN A ( Endophytes ) 15— Brak
FITAS B B A TG AR M R A I A AL S sl B B v, A
SRR B R, IS E 15 B B
) — 2 SR, R AR T — P
MR AR, KA A A R R Rl R 2 O
HAEEE2E, Aol Tl A4k BAT eI R F T

i R ST, LR RN
fEmfGt , LN £ 5 2R,
TR EEAREZFEEMAE, GEMARIIRSE

(==, K. B @K%, Rl
(LS ST U AN E K (o0 - SN S AV AW 1K N o
T WL JE A HEAS R (Alternaria ) . B

ks H Y. 2022-05-10 EEHY . 2022-06-27

X E4HS:1001-1498(2023)02-0050-11

#J@ (Cladosporium ), ##& ( Penicillium ) %8,
WL s A ZF A R (Bacillus ) R T
J& ( Pseudomonas) . {Z i J& ( Pantoea) %§U;
TP N AE TR RIS 4R 2R sz 2R B S
AR R BRI, AkEY SRl SRR R
BT FE . M B E RO AR AR A, R R
B, FhrrERE IR S A B SRR A A
IS AE NI SRR I e TR, X SRR IR
AR 1 AP R AR TR, YR A AR
AR, BeE A CIEA . AR
ARV ) SEEER (P E . $E e
Yo A A W SRR I 2 ) SRR A

SATH. EFAARSEIES (32260003, 32060011); HMAH 2K QI # AR 3235 H ([2020]6005 ); S5 A2 iRl dt ik

BH (GNYL[2017]009)
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KRN g B0 BRIk 2 AN, R AEE AR
P AT LA AR 50 R A A3 AR [ sl AR DL A £k
B, NIRRT AR ARG, AL
BTG SRR . R R, FhFrhay Rk
% (Phoma herbarum ) D603 w] VLA &AE #F}
SIS S IRy, LRSS A & RS
RO R, FFHERTA MRUE AR A 250, Fh
TR — L5 S R S PR AR 3% 07 . SR
KNG MY E, SRS IO 2 e
FERE . BRI, TR AR G R T i 4
BRI RERT LA BhFRATT T b {geRe, Bl kA
YR, JFFE RS R A G A g
EL7/ 8

¥4 ( Eucommia ulmoides Oliver ) J&3& [E4
ARG, VERZ5E, BATRER . HEos
By BEIMBESEZGEVER s FRAPSR L w2y
A EE AR, BAPIRSE S, 2T
RS . DIREE S . AR E A OL Rk AT
s B, AR EAS R A SUR AR E E N A
WEYD, I HaX Sty S51E EERE . A gy
MBI E AR EA G, MIRSEmto R, FhApf
TR R rr ) B B EAE S R R ) 24 3 M i3 BE
FHOCU®, Dong A5 1t FREFT A A Kz v 40 P 75 4
FRAZ I E IR B T RE A IR TR R R A8 R
A3 RS R B 2 RS P AR A A OET Y, SR
4RIk, REZBOHCHE @ & D TEMRPR . 25,
i, XA R A DGR P A A A DA S 3
IIRery TRz Hb o i, ARAFFREE G5
BRI i 2 I B AR A A e R A B A
DRV 2 LSS ) AN Z AR R AT IR 5T . R, A
FUNGuild il FAPROTAX ¥ & AT U BEERE .
368 I B AR B BN 4 T A4 s A A= P A TR
EALS A Z e, W REFRIE AT LAy B8 3R AT SR TR
PR, IX 2 B R 455 R A TR AR U
Y, FEFAMMCHEED R, RS E
N A B I S REWF 9% DL SR i i s R e ik 2 %
WA .

1 MH57%

1.1 FhFabiE

FEAPERSER A BRPYE DOR T TR EL R, b
ah T S BT AE A BHAR T, A 4 °C uKAR R AT A
o At oREH LR, FRELS g Fh 18 T-Hedr

o, AR TCR 28 RO AR T vbise, 75%
AT RS 7 30 s, 5% MR AR M IEFT I 7 3~
5min, 75% A5 EE 30 s, ol ICHE ZE 18K
Yk 5~6ik, fEICIE &M BT, DLAs PO,
W e J5 — U PR Rl 1 TS TR K Uk A 1) PDA Ry 53k
LB B335k AR IS, DAGRIER KRR
1.2 HEBEESRF

121 RAALABGLS B EHENS B
S350 F PDA R 536210 MS B3R5k, r B i ik
KA (1) AL ED . A — R K 1)
T 7 B ABFER B AR ,  ELE2CAE PDA B 3% 5L A
MS ¥ O — 8 T IC T T 0 LA/
M, B H 3R 2] PDA KR53 3E . MS 55373, R4
WEYI O HHEEE A R, SR E 3N EE; (2) 1
BEURAT A . BOGRTH K 5 R FRER 5 g, T
TENNAE 5 mL () JG T8 2818 7K /Y TG B8 AFF 6k b 78 20 F
B, BABLE T IMES), IR 107, 1072,
107 B, 43 HL 100, 200 . 300 pL i B
WA T PDA KGR, A 3 EHEE, BT
25~28 °C FRigE 5~7d. fFmizzik, HERE
NGNS PR 22 7% 2= PDA SEMR, R B 22 T 4l
A% o3 85 R Y T AR AL A T Al

122 AAWMBGLS B WENS BT
i LB, NA. 4B EAMEEFRER, a8y
PR G B UR AR A . UK T K S AR &
59, BAEIMA 5 ml 10 B ZE 18 /K 1) TG B iF ek
T, A LE RIS, KRR
107", 1072, 107 B, FF 4 me i 100, 200,
300 pL B IR A T LB, NAL 4 R B A RE:
F¥h, KR EINEE, BT 25~28 € T
7% 4~5d. RIEFBFELS (KA. AR, Bif,
FMEDEEE | BT BEWES), HPLPRER
HLAT 22 5 00 A0 38 1 1R PR 4 AT O Al Rl ik s 4P
alifk.

1.3 HFEE

1.3.1 DNA##I, PCR¥ ¥R N ZB%HHERE
K2 DNA 2GR & (b AR Y HE AR A IR
NE]) MBS ZH DNA SBGRF & (b E %
LAY ER G BRA T ) HEAT B A0 B 1Y DNA
P, 40 16SIDNA 51 ¥ . 27F ( 5'-AGAGTT
TGATCCTGGCTCAG-3') #11 1 492R ( 5-GGTT
ACCTTGTTACGACTT-3'), HK ITS5[4. ITS1
( 5-TCCGTAGGTGAACCTGCGG-3' ) #il ITS4
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( 5-TCCTCCGCTTATTGATATGC-3' ), PCR &
RRZR (25 uL): 514 ITS1 AL ITS4 ¥4 1 L,
2 x Tag PCR Master-mix & 12.5 yL, ddH,O 8.5
uL, ZHFE/H 5 DNA 2 L, 405 PCR i 444
95 °C Witk 5 min, 92 °C 454k 30's, 50 °C Bk
30's, 68 °C #Efi 2 min, k35 MEIR, 78 C iE
fif 8 min, HE PCR FUWAc4: 94 C #i8E: 5 min,
1 MEH, 94 °C 251 1 min, 50 °C 1Bk 1 min,
72 C #EMP 1 min, 2 35 NMEH, 72 C ZEfH 10
min®4, Z G 1 S5 19 PCR 7= 9t 47 Bh g Al ek
JE LR AGI A% J 2% 3 R AR S A R A BR A
AT

1.3.2 ol HESH HPNREEER ITS
16SIDNA ¥ 34 )7 51, 2 F T X% J5 & Fifi NCBI
( http://blast.ncbi.nim.nih.gov ) #£17 blast kb X,
1SRRI e 81, TR R4

14 SE=EUF

141 % DNA# K . PCR¥ # % lllumina
MiSeq 5 BEHIUR A/ N—S R, 23R
[T S i W I I 1 D 7 = B X 1 U3
B, IR ATLRHELET, HALRE 3/ EE,
A BRS T AR A BT -80 °C vkFERAE, HIT
A DNA $&BCFT = 8 f U o 5L DNA A9 2 g 2
DNA #2871 & ( FastDNA® SPIN Kit for Soil )
P UL BERAERR T 21T o S8R IE N 41 DNA fh$2
i, FH 1% Byt B B A H PRS00 e 2 7 32 P 40
DNA. PCR ¥ 3 43 il ¥ F ITS1 X & 1 51 )
(ITS1F, 5-CTTGGTCATTTAGAGGAAGTAA-3'
MIITS2R, 5- GCTGCGTTCTTCATCGATGC-3')

FIZHE S|4 (799F, 5-AACMGGATTAGATACCC
KG-3'#1 1 193R, 5-ACGTCATCCCCACCTTCC-
3'). XJH 20 mL Ay PCRZWIKZ : 5 x Buffer
4 uL, 2.5 mmol-L™" dNTPs 2 uL, £~ 1FE [a] Fl
[ 5% (5 umol-L™) 0.8 yL, rTaq £ X 0.4
uL, BSA 0.2 pL, #% #i DNA 10 ng, ifi 5 #b
ddH,0 % 20 pL. Hp# PCR Y MW ES5. 95 C
3min; 95 °C 30s, B K 55 C 30s, 72 C
45s, 35MEFR; 72 °C 10 min, 10 °C B 2 H
1k 4 PCRY ™ 0 451F: 95 °C 3 min;
95 C 15s, B kifiE 55 C 30s, 72 C 45 s,
13 /MEFR; 72 °C 10 min, 4 C {#£4¢. PCR {¥:
ABI GeneAmp® 9700 #, 5| PCR f=4#) % I
Mok EH AW BE AR AR A H

( www.majorbio.com ) lllumina Miseq “F- & #E17 5
SliTRrealll)5 8
142 RisHELm (] Qime2 F A i
DADAZ f7fi 4 Xof Jir A ¥ it 114 4 358 Ji s I 91 3847 o
. LM PR R R ARG, T OTU
( operational taxonomic unit)., #EH OTU A{L
FMEFF T Unite ( Release?.0, http://unite.ut.ee/
index.php ) B /ZEHEFTHEXT, 4344 OTU 4
FEREE . ETYMERGEE, KERER o
. RRFURBEERE R A (kingdom ) 7K F-1Y
OTU K HAEZMITFH, 2 U — 1k
OTU K HAb SR 4= ik
1.5 ZHEMESH

fi Fil Qiime2 Fl Excel #1115 4 A< Alpha
Z AR B, B A R -4E 94 45 £k ( Shannon
diversity index ) . Y- +5 %% ( Simpson diversity
index ). chao1 #§%%. ACE #8415 .
1.6 AETINEEFERE

HLH P RESEHE 0. >R FUNGuild ( http://
funguild.org ) Al PEXT LRV AT D BRI RS,
B {5 BE s B 0] fiE ( probable ) AR AT fE ( highly
probable ),

D RESAE T : R FAPROTAX $# %2
( http://www.ehbio.com/ImageGP/index.php/Ho-
me/Index/FAPROTAX.html ) X 4l & ¥ ¥4 #E47 T fit
R,

2 HERHHAM

AP FRUE MBS R AR
255 15 37 1 AR AT R AR R - TR R 0 A A
(F1) KU RHASEERELEGER
A%k, WIAKEENIIT. 54, 8H . 10F,
11 )8 . 18 Fh. FEIKE, FAhFh—Frh A 855 B
AR 34M]: F#E] (Ascomycota ) (87.50% ).
$H ¥ 1] ( Basidiomycota) ( 10% ). &% ]
( Mucoromycota) (2.50% ), Hrh, FHEHE ]
( Ascomycota ) b EEMRAE T, HK NHTH
Il ( Basidiomycota ) . 7 40 /K -, % 1§ X
( Eurotiomycetes ) & £ AL #H w4, 5k
52.50%; H: K M HEHETH 44 ( Dothideomycetes )
( 22.50%) . %% 5¢ W 49 ( Sordariomycetes )
(12.50% ). =49 ( Agaricomycetes ) ( 10% )
VIt 2.50% 1 E#E49 ( Mucoromycetes ) .

2.1
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gAY, Ll )E (Aspergillus) (30% ). %
¥ )8 ( Alternaria) ( 12.50% ) i £ ZAL#JR ,
Bl J5 2 7 LR 10% B9 %5 JE  ( Penicillium ) |
W% R ® 8 ( Talaromyces) .
( Bjerkandera) , 1% % J& ( Cladosporium )
( 7.50%) #1152 il # /&

W g W s

(7.50%) ¥ W EFKF B, il s
( Aspergillus fumigatus) ( 12.50% ) . 5 #% 1
( Alternaria alternata ) ( 10% )

ORI e R

IR # ( Talaromyces amestolkiae ) ( 10% ) 5 4

—EE

( Arthrinium)

F1 M FEEFRNEERNARMNERER
Table 1 Composition of culturable endophytic fungi and bacteria from Eucommia ulmoides seeds
[Es I 2 [ i A
Classify Phylum Class Genus Spices Number
FE% 17 Mucoromycota LM Mucoromycetes NTEERIEE R Cunninghamella  Hilff1/N e 4RI C. echinulata q
& W A. westerdijkiae 1
HhE A. flavus 2
i1 72/ Aspergillus Hi 2% A. fumigatus 5
J il 2 A. versicolor 3
IR A. lentulus 1
HUHE 4N Eurotiomycetes :
fiH IET % P. glaucoroseum 1
HEJE Penicillium AT % P. chrysogenum 2
;. N E A P. hordei 1
HE FEE "
fung Ascomycota IR 8 Talaromyces SOKRETHETC R B T. amestolkiae 4
ki) % J8 Cladophialophora & KA 7Ii%E C. carrionii 1
YN EERS T A. tenuissima 1
M AR Alternaria N
LHEM AL A. alternata 4
FEFETR 44 Dothideomycetes
W [f|ffJ& Periconia MitE B HE P. elaeidis 1
k1% % Cladosporium it # A #% C. halotolerans 3
TEE 8 Arthrinium FiZE 1t A. arundinis 3
F:7¢H 4N Sordariomycetes
e Y A#JE Trichoderma MERAR % T. arenarium 2
#1771 Basidiomycota <> 44 Agaricomycetes 1% 1 )% Bjerkandera JHE T B. adusta 4
o P. huizhouensis 10
Peribacillus =) il 8
filt 5 1 ZF f AT B. proteolyticus 4
AT R Bacillus
AT Bacillus sp. 1
C. firmus 14
T ; 2k o o Cytobacillus
M REEEI S AU R 4 B HIFF C. gottheili 2
Bacteria Firmicutes Bacilli
M. indicus 4
Metabacillus . .
M. litoralis 1
AR LI FAAT I S. silvestris 53
TR JE Solibacillus N
= T HEZERIFF R Solibacillus sp. 14
unclassified Paenibacillaceae  P. bacterium 31
FAPA o s BN AR T S 142 Bk, SE 49 ( Bacili) ) 1H ( # 8 #F & H

T 1717 (JEEEHTT (Firmicutes ) ) 140 ( ZEH#I4T

(Bacillales) ) 586 J& (& 17 KE/E) 115
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(F2DKREM). 640 ET, LEFHATERE
( Solibacillus ) Lk 47.18% AN £ B i i ff
B, HUWCHZFZEHFTFHFL (Paenibacillaceae ) 1
— KER/ (21.83%). Peribacillus ( 12.67% )
1 Cytobacillus (11.27% ). TEFPKF-, FRbktIE
AT ( Solibacillus silvestris ) ( 37.32% ) 1£
AN E AR A LR, KRBT ER
( Paenibacillaceae ) ' — kK & Jg ( 21.83%) .
%58 25 fFF B ( Cytobacillus firmus ) ( 9.86% )
A — L 3 ZF AT T ( Solibacillus sp.)
( 9.86%) W zZ . W& 4 , Peribacillus
huizhouensis ( 7.04% ) il
Peribacillussimplex ( 5.63% ) L 45455 Ll
o 38 I ARAT R A D TR A O 2R
Yol Ak A e = PRy A L A B 3 AR A 34 3507 51
4391k 64 368 4. 40 121 %, K JE N 234,
376 bp, A NAEHEIHA 141 4> OTUs, 43

(a)
Cryptococcus_ f_Tremellaceae m1.07
Ramophialophora = 1.09
Cladosporium = 1.10
Cutaneotrichosporon m 1.13
Curvibasidium = 1.16
Aspergillus m1.46
Penicillium jm=1.69
Ganoderma jm= 2.00
Rhodotorula jwss3.03
Unclassified_p_Ascomycota jmsm 3.18
Kernia jwem 3.87
Unclassified_k_Fungi fmem4.73
Leucosporidium |mem 4.89
Others |m—12.23

Debaryomyces 26.07
Apiotrichum ’ ’ pm31.28 |
0 10 20 30 40
LIRS
Relative abundance/%
1

Fig. 1

fE617. 1549, 38 H. 76 B, 101 J&. 7EITK
V., WAEBERE T FEE] ( Ascomycota) |
2 7 ® '] ( Basidiomycota) . #f & B ]
( Mortierellomycota) . % 2% W ]

( Rozellomycota ), Ek#%R|] ( Glomeromycota )
MASEHEHE 6 KK, H, FHET]
( Ascomycota ). ¥ [] ( Basidiomycota)
FERHTT, 05 e 47.56% Fil 46.91%; 18
K, FEAMFRE Apiotrichum. 5 F) [CEE L 8
( Debaryomyces ) 1 Leucosporidium %5 15 11
#Jg , Hrh Apiotrichum (31.28% ) FIE L) [G %
L& ( Debaryomyces) ( 26.07% ) i 4 %1
B, mEBEMRBE (K 1a), HeBAJmm
Leucosporidium. Kernia. & % J& ( Penicillium )
BN o 30.04%. HOULJE N BE A& )R
(Alternaria) (0.87% ) /5 ¥i% = Ll

(b)
Deinococcus p 1.04
Microbacterium  1.08
Comamonas p 1 .26
Aquaspirillum m 1.48
Gordonia m 1.67
Macellibacteroides jm 2 36
Brevundimonas pm 2.55
Variovorax pmm 2.76
Azoarcus jmm 3,21

Norank_ f_norank_o_Chloroplast jmm 3.83

Sphingomonas | 8.22
Lactobacillus jwe 9.68
Pseudomonas | 16.66
Others 44.19

0 10 20 30 40 50
X2

Relative abundance/%

HefMFHNEESR (a) AR (b) ABEMNBEFAREENFEE

Community composition and relative abundance of dominant genera of

endophytic fungi (a) and bacteria (b) in E. ulmoides seeds.

kAR N AR AN I 442 4> OTUs, £045
24717, 4644, 117 H. 193 %}, 313 JE. 7EI1K
o, NAYE)E T2IE R ( Proteobacteria )
J£ B2 W |7 ( Firmicutes) . Ml T ® [
( Bacteroidota ) . £k ] ( Actinobacteriota )
FIEE 407 ( Cyanobacteria ) %5 24 k2%, Hir, 1k
BT EE NI ( Proteobacteria ) 1S BE
I'] ( Firmicutes ), 73] /i [t 52.49%7F1 17.22%;
bt 5 AT 1] ( Bacteroidota ) ( 10.72% ). Ji
28 H '] ( Actinobacteriota ) ( 10.55% ); 7E 47K
S, Lhoy-E I 499 ( Gammaproteobacteria )
(33.68% ), a-“ZJEFT4N (Alphaproteobacteria )

(18.81% ) MILHU; TE@AKN-, FrAfF %
9 1 B0 10 1% J®  ( Pseudomonas ) . FLAT 14 &
( Lactobacillus) . H§ Z B £ i W &
( Sphingomonas) . [ %N # J& ( Azoarcus) 5
13 R R R, B AR H IR S
( Pseudomonas ) ( 16.66% ), HX HFATHE
( Lactobacillus ) ( 9.68% ) . #4 & B¥ . il 14 )&
( Sphingomonas ) (8.22% ) (K 1b).,

Zr LRI, SARGEIRARLG, R
R BEAT T 22 Fh 2RV A AL A b7 P AR LR RN
YEA

MR 530, 2 Tl A i 35 R #f
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FEERETERET] (Ascomycota ). $HFH ]

( Basidiomycota ), {HH: & HoAIR]; i &y
KM AME EFEEPEZTIEFE]
( Proteobacteria) #1J& B 1% ['] ( Firmicutes ) ,
AT 35 E 25 B 22 RER ] (Firmicutes ) 1Y
41 NI TN G Ol s T VO = B e 7
., kR AR T EE ( Penicillium ). %58
( Aspergillus ). #iffi%J& ( Cladosporium )
AL 3E I 0] R SR AR AR, IF RIRE R AR b 7
(FZ1FE 1), B4, DLLgERAET AL, &l
0 PP VR AR R BB A T AR R B T AR B s SR T
Pho B, 2 7k ras & e in 4 T A 4 s At fip
HH S PN A B 0 2H RS RN 2574 o

2.2 HFFREY SN

E a Z R B0t , Margaleff5 %k . Chao
1F1 ACE i R - M AE W REVE £ &, (A
K, FEEME . Shannon Fl Simpson 154 R
AP REVE B Z A MRS, Shannon $5 54 {H i
K, ZREMEBGE, T Simpson FE5UE BN, £
PEARK . 78 97% ARITE TR, A3#r AL fvRh 1Py A
AR P AR A B ) 2 REPEFR B (2 2). o ZREMESR
BOorraE R, SEGEREFREALL, Sy
PRS2 () Z RS %% Shannon 253 1l FE 4
AR AE T TE L 1) Rt A A Rh 7 S E R I
FERZ AR

x2 MMMFRNEERFMEEEHNSHENE

Table 2 Diversity of endophytic fungi and bacteria in E. ulmoides seeds

s A5 Culture %5 7= Non-Culture
LY Margalef Shannon Simpson ACE Chao 1 Shannon Simpson
H.1# Fungi 9.26+1.14 2.9410.28 0.98+0.01 59.83+15.14 59.67+15.18 2.3910.2 0.20+0.03
4l B Bacteria 2.80+0.13 2.66+0.21 0.91+0.04 233.30+85.79 223.01+84.83 3.9310.2 0.06+0.02

2.3 i (T TFREYEEThRE BT

f#i F§ FUNGuilds 7 & X KL b7 ) B B 255
M E R M AR R H T, Hr,
110 4> OTUs 8 i Bl i3 8, 5 77 AU 4 45 ) A= A
( Saprotroph) (95 OTUs, 82.97% ). B -iE
He-FH: 71 (Pathotroph-Saprotroph-Symbiotroph )
(18 OTUs, 6.10% ). 5% ( Pathotroph)
(12 OTUs, 2.41% ). EUw-IEH:#1 ( Pathotroph-
Saprotroph ) (7 OTUs, 6.60% ). J& A -3tk &l
( Saprotroph-Symbiotroph ) (6 OTUs, 0.63% ).
A4 7 ( Symbiotroph ) (4 OTUs, 0.34% ). %
Jp5-4L 4 %1 ( Pathotroph-Symbiotroph ) (3 OTUs,
0.83%) . B - A4 -3t 4 A ( Pathogen-
Saprotroph-Symbiotroph ) ( 1 OTU, 0.11%) 8
K, BRAREZBE (unknow ), Frfg H A B
B B A E LEAH (Undefined Saprotroph )
( 48 OTUs, 33.83%) . #H %%k I i ( Plant
Pathogen) (5 OTUs, 0.49%) . 1% J5 &
( Animal Pathogen) (5 OTUs, 1.28% ). AKJi
JE % (Wood Saprotroph ) (4 OTUs, 0.45% ).
HH2E W (Fungal Parasite ) (20TUs, 0.27% ).

#4H 5 (Dung Saprotroph ) (2 OTUs, 0.21% ).
M\ K B AR ( Arbuscular Mycorrhizal fungi) ( 2
OTUs, 0.06% ). +3EJE4 1 ( Soil Saprotroph )
(1 0TU, 31.28% ). #i4< ( Lichenized fungi)
(10TU, 0.16% ). s ( Ectomycorrhizal
fungi) (1 OTU, 0.07% ) 10 25/ B IHAESSHE .
WAL, 2R SIS I B W T AR
X J& A4 W ( Fungal Parasite-Undefined
Saprotroph ) (4 OTUs, 1.51% ). W4 H-Hi &K
J& AR TR - IR A T R U ZE T ( Endophyte-
Litter =~ Saprotroph-Soil  Saprotroph-Undefined
Saprotroph ) (4 OTUs, 0.48% ). W4 H-H¥
5 5L ( Endophyte-Plant Pathogen ) (2 OTUs,
0.21%) % 212%, 31/ OTUs 7 FUNGuilds %t
P e R BRI R R N D BE . AR E, 1E OTU
HKE B AT N B SRR E A b T AR E X
JEATH (48 OTUs) . tHYHJETE (5 OTUs) .
PR (5 0TUs) (& 2a), FEEAKF-, ¥
Fh R Y iR B Apiotrichum (131.28% ).
FIRBELEE ( Debaryomyces ) (26.07% ) 434l
J& TR A= B ) - B AR TR OB AR, I
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N
4

2 B o% %36 &

(unknown )

(Amnal Pathogen)

od Saprotroph)
i

fi- i
(Arb scular Mycorrhizal)

i (Emomycorrhlzal)

L[] (Fungal Parasite)

Hi¥)95 5% (Endophyte-Plant Pathogen)
| N I -7 5

b

-
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Community Composition and Ecological Functional Analysis of
the Endophytic Microorganisms in Eucommia ulmoides Seeds

ZHANG Qing-qing', DONG Chun-bo', SHAO Qiu-yu', LU Ying-xia®,
DONG Xuan?, LIANG Zong-qi', HAN Yan-feng'

(1. Institute of Fungus Resources, Department of Ecology, College of Life Sciences, Guizhou University, Guiyang 550025,
Guizhou, China; 2. College of Tea Science, Guizhou University, Guizhou University, Guiyang 550025, Guizhou, China)

Abstract: [Objective] To reveal the microbial community composition and diversity in Eucommia ulmoides
seeds and enrich the related microbial resources. [Methods] In this study, the diversity of endophytic mi-
croorganisms in E. ulmoides seeds was analyzed by traditional culture method and high-throughput se-
guencing technology, and functional annotated by FAPROTAX and FUNGuild database. [Results] A total
of 40 fungi strains (3 phyla and 11 genera) were isolated from E. ulmoides seeds, and the dominant genus
was Aspergillus (30%); 142 bacterial strains (1 phylum, 6 genera) were isolated, of which Solibacillus was
the dominant genus (47.18%). Through high-throughput sequencing, 141 fungal OTUs were obtained be-
longing to 6 phylum and 101 genera; 442 bacterial OTUs were obtained belonging to 24 phylum and 313
genera. At the genus level, the dominant fungi were Apiotrichum (31.28%) and Debaryomyces (26.07%);
The dominant bacterial genera were Pseudomonas (16.66%) and Lactobacillus (9.68%). The results of
functional annotation showed that fungi mainly degraded organic matter, promoted the growth of host
plants and the absorption of soil nutrients by host, improved soil microbial community structure and Patho-
gen community. The bacteria mainly consisted of chemoheterotrophic, heterotrophic, fermentation. and ni-
trogen fixation bacteria. [Conclusion] E. ulmoides seeds carry a variety of probiotics and potential phyto-
pathogens, which have important effects on plant growth and development. In addition, a number of bene-
ficial functional bacteria were isolated in this study, which will provide microbial resources for the sub-
sequent artificial control of seed microbiome to enhance plant health.

Keywords: high-throughput sequencing; culturable method; diversity; ecological function
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