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Analysis of community structure and diversity of endophytic fungi in corn
from different areas of Shandong Province
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Abstract: To determine the distribution, community composition and diversity of endophytic fungi in
corn plants in Shandong Province, corn leaves were collected from 52 regions in Shandong Province.
The endophytic fungi were isolated and purified using the separation method of leaf tissue. The commu-
nity composition and diversity of endophytic fungi were analyzed with internal transcribed spacer tech-
nique. The results showed that 857 strains in 25 genera were obtained. Among them, Alternaria was the
most abundant with 583 strains, accounting for 68.03% of total strains, followed by Fusarium with 71
strains, accounting for 8.28% of total strains. Alternaria was dominant genus of endophytic fungi in
most regions of Shandong Province, while Fusarium, Colletotrichum and Curvularia were dominant ge-
nus of endophytic fungi in several regions. There were significant differences in different areas of the
colonization rate, the colonization rate of endophytic fungi varied from 12.50% to 100.00% and the aver-

age colonization rate was 76.15%. Diversity index and evenness index were the highest with values

HEGIH AT (2018YFD0200603 ) , 1 7R AL BE24 BEAR MV AL B1FT T2 (CXGC2016A09, CXGC2016A11)
* M {E1E4 (Author for correspondence) , E-mail: zbsli3@163.com
Wik F 191 2019-05-14



256 i A7/ AR S 474

of 1.74 and 0.97 in Lingcheng. The Margalef’s index was the highest with value of 2.22 in Laiwu. Clus-

ter analysis showed that the 52 geographic area could be classified into five groups, and the yellow riv-

er basin area had a higer colonization rate. The results indicated that the endophytic fungi from corn

plants are abundant in Shandong Province and there were significant difference in the diversity in dif-

ferent regions.
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B WF 9% S (Kaul et al., 2012; Shukla et al.,
2014) , [RIHHEL I T Al AU €0 B s AR A 0 U g
(S£12 5 5% ,2008; 5 ¥ 55 ,2012) o FEHPI N A BRI
BRAEARARRHEY R, JE A 28T, B4
A 2801 & 290 ZFhARARHEY) T & A NAE
LA (f1 /b8 5%, 2006)

BT 2 EAEY RS ORI A [
YA B R 2RO E . RBESE(2012)
MR H W SR o 25 4R 15 3 328 Bk N AR LA
S5 SCAE (2016) DA B 1) 11 75 R F 3R A5 839 #k
P AE ELTA 5 4 SCEE 4 (2017) DA I B v 43 B 15 3|
SRR T 1948 1Y 3 822 Bk N AE FLTR 5 R e B 4%
(2019) FEHT 5 I /N A2 B v o 53 89 21 44 A1
J& 63 Fh N A B, Horh AR A L E H 5 H
I K P A TR B B 5 S AR T AR A A TR (S
A 2012; De Abreu et al.,2017) , F K RN A&
Y Y S LA O 2F MUAT B8 Bacillus sp., 2 i
FF T E AT B AR A2 A fE 07 (b 545, 2004 5 VT8
A 2016) s XIPESE (2011) WF5E K IR, F K Fh 719
HE DA BT A 0 TR R TR a5 A A — g s, JE AR
PR N AR AR T O 3w B L) R T A
P ESRER,MMWERZEATE 3. &K%
(2012) JF & 1 24> oK b P e A A K N A B
IRESE, LB e 1S A E N AR B, Ho
P JE b % W @ Penicillium VBE M5 10 )& Alternar-
ia k)R & Fusarium , WFFE S5 K38 s A HLA
BEve BA — @ A LR EFPE , BRI A B

(EAE R E N

H HIDG K A LR 1) ZREEF RS 7E R R
JEE I TT R, Bl 2 B zs () N X AN AR S X R K
AR LR RGEMEWTIE . L, AWFSE LLILAR A 52
AT BB K I G2, X oK B B A B
AT B il Gl T SR TR AR L E N
BRRRS A3 T AS ) 1 X5 2K P A EC I A 22 RETE A
FEE AL, WAL AR TR A B IR A, 3465
ANTR)Hb DX K N A B RIS S M 2 RE 22 5, D
1Ay U5 5 o BRI 22 3 1 T K DN A TR 9 DR B
HER
1 MREHE
1.1 ##

HEECRE A 22017 4E 7 A R A2 8 A, BLRT
TEAE K /N W 3 ) w3, |l AR
LA IS E R R REN ER HEE
S5 52T HRARRE A, B M X TR 1A SR A AT
FEAS SR A 5 B AL 1E B 5 oK 10 8k, R 5 B AR
TEAE L, AR IR ORAE , 2 0] 5250 % 5 A7 T 4°C vk As
PIAFI, 2 d 9 58 L AR L 3

B 7 6 . o B4 T4 % B (potato dextrose agar,
PDA ) 55374k F i Th £ 55 200 g 44 20 g IR
17 g, Z£17K 1 000 mL, 121°C & JE K 14 20 min, ¥
HZE40°C, %

F= BRI AL LS : Ezup #E 3 EL A 3 [ 41 DNA
TR &, A T A TR () By A PR 75
BRI A E a4l . SW-CI-2FD & TE G,
I 4R T 05 & 28 23 KR A IR B 5 LDZM-
8OKCS 57 3 & 1 ZE PR K i 4 , L Hp 22 = 97 s i
]~ s DYY-6D B KA, AL TS —AU AR 52720 A4
A, 55 [F Applied Biosystems 2\ ] 5 BE B AR 43 B
255,52 Gene A F .

1.2 A&
121 AAEALHGH B AL
VEIUHTEE gt HE TR B R KIS UE , KB



24 ZAEATAE RS AN I X 0K N AR R RIS 2E AN 22 R AT 257

W K 2R i R R T K 43, E T . T T
fE& L#AE, BT 18 oKk 8y i K o 2 em
I IE TG/ INS, Ak B K BERLZE I 2 B, B b X 10 Bk
Tk, S E R R (2012) BT VA 8 ORI
TN 75% RS IR 30 s, SR IG5 A 1% (A R
BR R IR M9 S min, T K T R 3 U, FH G T W K
YR TK 53 e b oK 7 U AL 0.5 em® A /N, Bifi
BLBE 2 B 32 Fh B PDA K555 3 L, % & R IR
(2012) By J7 e AT I 2 o1 g Ak 19 2 Al fb iy 2R
LR 75 o
122 AAAHGARTEREREE

K FH N 5% i 8] B X (internal transcribed spacer,
ITS) PN 3 M H R AT @ 45 o #% 1 Ezup A2
LA DNA $2 BU2R0) S5 20 BREE BON A4 LR Y B
DNA, LA ITS1(5-TCCGTAGGTGAACCTGCGG-3")
1 ITS4 (5-TCCTCCGCTTATTGATATGC-3') & 5|
Yy, HE B I DNA #£47 PCR Y14, 51985 i A= TR
Y TR i) ey A BR A /A . 25 uL PCR &
% :Buffer 1 2.5 pL .10 pmol/L | F #5194 1 uL.
HiFi i} 0.25 uL .DNA 47 1 uL .dNTPs 2 puL .ddH,0
17.25 pL. PCR W 254 : 93 °C #1481 3 min, 93°C
AEVE 45 s,57°CIE k45 s, 72°CHEAH 1.5 min, 357§
I, 72°CHEH1 10 min, 4 CIRAF . i PCRY 1S = P38
A T A TR (g ) e A BR A R A 700 % o
HH EditSeq 1 Chromas # {4 Xt 15 91 #4753 B, B 4k
15149 ¥ %) 38 32t NCBI 1) BLAST #2 /% 5 GenBank H?
() AB LU 50 R AT LLXT, ff HT MEGA 5 #47 & 4t i
AR e 8 LA A B Lk b B SC &R IR 0 F 5
o
123 AAE LA GRIELIE L 57

K A A 2RV K v P AR TR A TR AR O 5
SR AR 73 85 38k LU 35 43 15 5 P A B0 TR A9 A 35
B 5 R 2R SR 8 (H ) $8 5000 B 9 A EL TR A R
W ZREVE RS 51 BE R B0 (E) 43 B e T W b
I EE R & BEAR R (R) 7 M e v W b i =
WRREE . B =FE AZ NAR ELER G 1 412N
Hegl/ 40 RE S 20 2L H B0 100% 5 A X B R =FE i rh
o3 5 B B AP N A LA Y TR AR B 3 ) Y B TR R

%&(XIOO%;HE—iP;lnPi,EEP kRyE RN N A E
BEFR 20 BB, PR AR Fh PN A LR A B AR 4

Hl PR FUR IR R BB 5 535% 5 E=HY/InS , Ho 'y
SRR AL, S AN EHG R=(S-1)/InN, Hrh Sy

T FE RN N A FCE AN B, N R AR EUTE R AR
S WAEERRR SR S S 517
BHEAT 30, 1 SR N A LR R AT DU O AR
o, SR 5 >R AR AL -3 R 2534777 7 (unweight-
ed pair-group method with arithmetic, UPGMA ) 53 #7
AR EL R AR LU (Clarke et al.,2001).

2 BER55H

2.1 AEMREKRAEEFFEEBNREEE

ARWFFEN AR A 52 4> 1T B oK rp 3 43 g
P2 857 BRIN A ELR , 23 Bl SR g T 25 4 e, e oy
B B 2 0 AR AR | SR B 3 583 Bk
TR AR, o5 L TR AR Y 68.03% 5 HLUR A ik ) R L 3t
STESEITURRBEARR , 5 S R RE 8.28% ;5 1 /N AFE
J& Glomerella . %3 5¢ {1 J& Ochrocladosporium | K J&
J& Magnaporthe . 15 22 #1 )& Arthrinium . ¥ 11 J&
Corgnespora Fl A& B J& Beauveria , #5 H 3 25 1 1
R (E 1) .

N[5 11X 3 2 3 N A L e AN (], P S I
Hh DX A3 2 B0 A N AR R S 2ol S8k, 4
AR 550k . BERIE I & Setosphaeria 1 ¥k .5 7 1
J& 1Bk 58 Aspergillus 1 ¥k, FLUR R 7R i b [X 3t
GBS R SO K, A B RS FJE 45 Pk VR 1R (BT
BRI & Epicoccum 4 ¥k . % B YR B AN E
DX 5 B A N A LA A SHRLL R, b2 e
Hor B S EEAR LR 1R I B B 48K, 430
ek fl)E 3k A E AR (K1) .

AN TR Hi DX 73 B 3 A AR LR AP A R], H JoAg
WX 2 HTAE , 508 T I E &
BRI B JE 25 1R B HESE IR Diaporthe /NERIEE &
Leptosphaeria . 5 it i 70 J& Exserohilum. 75 %L1l X
MBS 2] 1R N A B, N2 B 3PS e 1 1Y
S (1)

S T] M DX K A A TR E B R TE 12.50%~
100.00% Z[8] , SF- B2 R0 76.15% 0 HABIR AR
IS A BN SETEAE 22 4 Hh XY RN AR
FLTE I 52 5 R ABLE 90.00% LA |, 2% B W§EE 04 Fre
Hb DX T 2K N A LR B R AR TE 30.00% LA T, I
M IX A P A ECRRT A B R B R 12.50% . HE
27 A3 DX 114 T K A A TR S L R AE 37.50%0~87.50%
ZI (1) o BT i BRI AR ST | %A
b DX P A R T R



258 SN/ T 4 416
70 - u SRR Alternaria = SETIE B Fusarium w BRI R Setosphaeria w BB Penicillium
6 = BB Aspergillus = RIEE B Colletotrichum  wBHUR Curvularia = BB Cercospora
A 8 {EREEJB Epicoccum = Bi#1)d Cladosporium o B)R Nigrospora = PBFRAR Bipolaris
- O HUBEJR Pleosporales = [6] BE5% )8 Diaporthe NAFER Glomerella = J5eHU& Ochrocladosporium
E=} 1 r
= ] =/NERIETE B Leptosphaeria E5EHJR Chaetomium wZRBR Phoma " %R Gibberella
Z 10 = RFIEHB Exserohilum = R Magnaporthe w535 HUR Arthrinium = BH1JRB Corgnespora
5 = BB & Beauveria
g
2 30
i
20 - i
& i T
10 1 I
0 = . — .- - — - -
T e e e e e e
R E L N R g bR e e RS R RRE E ot R
S A SO e ST 32 B e S BRI BSOS M S e S FE S Ea Sy
Eoos Ramdo=es OEReE Bawen tlCk  AKME SR ERES Ca O o RS By
i =5 4a = = W ” “
BxZ BSRESHEET TR EVE Y BT TRrREke m £
ol
¥

Bl WHRERERME EXRMFAEERNEEHEN

Fig. 1 Community composition of endophytic fungi in corn leaves in different regions in Shandong Province
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Fig. 2 Relative frequency of endophytic fungi in corn in different regions in Shandong Province
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Table 1 Diversity analysis of endophytic fungi in corn in different regions in Shandong Province

i ZHME WYEIREL FEERE i ZRME BLERRE FEEIRE
Location TEEL Evenness Margalef Location TREL Evenness ~ Margalef
Diversity index  index index Diversity index index index
[ 3% Lingcheng 1.74 0.97 1.33 i {5 Huantai 0.80 0.58 1.00
3K JE Laiwu 1.68 0.86 2.22 4R35k Zoucheng 0.79 0.57 1.06
5¢[H Mengyin 1.58 0.81 2.08 BT Xintai 0.76 0.69 0.83
Jokft Wudi 1.53 0.79 1.76 113% Waulian 0.74 0.67 0.96
P H. Feixian 135 0.84 1.61 # HL Caoxian 0.74 0.67 0.96
J577 Shanghe 1.35 0.84 1.38 J&FT Zhoucun 0.74 0.67 0.96
£k Yuncheng 1.33 0.96 1.86 B H Juxian 0.72 0.52 1.11
{33k Rencheng 1.23 0.77 1.61 “F-BH Pingyin 0.64 0.92 0.91
JKE R Jiaonan 1.20 0.67 1.70 %M Yanzhou 0.63 0.57 0.74
34 Qihe 1.17 0.73 1.48 i B Qufu 0.63 0.45 0.88
i1k Zhanhua 1.16 0.65 1.43 ¢ I Wenshang 0.60 0.86 0.51
YT7K Yinshui 1.15 0.83 1.54 13k Zhucheng 0.56 0.81 0.72
YT Yiyuan 1.13 0.70 1.36 llfi ¥R Linshu 0.44 0.40 0.71
43°F Dongping 1.05 0.96 1.24 HJJ 5 Jimo 0.39 0.56 0.32
Ji¢ M Jiaozhou 1.02 0.63 1.31 47k Donggang 0.38 0.34 0.51
F4F Jiaxiang 1.01 0.92 1.12 #3F Chiping 0.36 0.52 031
[ Tengzhou 1.01 0.92 1.12 # [T Zhangqiu 0.33 0.47 0.43
1B} Juye 0.99 0.61 1.15 7K Sishui 0.33 0.47 0.43
Z&11 Taishan 0.97 0.88 0.63 B Yucheng 0.30 0.27 0.59
f# 1L Huishan 0.97 0.89 0.96 1545 Daiyue 0.26 0.19 0.74
WiEZ Qixia 0.95 0.86 1.24 Ilf ##] Linqu 0.18 0.27 0.32
“T*BH Ningyang 0.87 0.79 1.12 3P4 Laixi 0.00 - 0.00
% B Jif Dongchangfu 0.85 0.77 0.67 7% 4 Longkou 0.00 - 0.00
A3, Feicheng 0.84 0.52 1.18 1% Boxing 0.00 - 0.00
{5 %% Gaomi 0.80 0.72 1.03 i Gaoging 0.00 - 0.00
78 FH Haiyang 0.80 0.72 0.76 % . Angiu 0.00 - -
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Fig. 3 Cluster analysis of endophytic fungi in corn from different regions in Shandong Province
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