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Screening and Identification of a Wild Soybean Endophytic Fungus YD-25 and
Its Anti-heavy Metal Activity
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Abstract: In order to enrich the endophytic fungi resources of wild soybeans and explore the biological activities of endophytic
fungi of wild soybeans. An endophytic fungus strain YD-25 was isolated from Glycine soja plants and identified by combining
morphology with molecular biology. The optimum growth conditions of the strain were determined by controlling single factor
variable experiment and orthogonal experiment. The growth promoting effect of the strain was determined by comparing the
plant height of the soybean seedlings in the intracellular, extracellular, and control groups. The ability of the strain to resist
heavy metals such as copper, lead and cadmium and the enzyme activity of the cells under heavy metal stress were deter-
mined. The results showed that the YD-25 colony was white at the beginning, and later turned into orange, the mycelium
branched and sporulated. The strain was identified as Epicoccum nigrum. The optimal pH of the strain was 3. 0, and the opti-
mized culture conditions were soluble starch 4% , yeast dip powder 0. 5% , KH,PO, 0.15% , MgSO, 0.05% , and cultured
for 8 d. The extracellular product of YD-25 strain had a good growth promoting effect on soybean seedlings, and the growth pro-
moting rates on 4th and 6th day reached 15.4% and 18.1% , respectively. At the same time, it had good resistance to heavy
metal cadmium, lead and copper. Except for the SOD activity of Cd** stressed YD-25 strain, the enzyme activities of YD-25
strains under other heavy metal stresses were increased in different degree with the increase of heavy metal concentration.
Keywords: Glycine soja; Endophytic fungus; Promoting growth; Heavy metal tolerance

MY B (endophytic fungi ) A 78 A 7%
SRR A3 B B 4 30 B BE A A T B 9 A4 4 41
o SRR PN, ELXHAE ) R 2 B I IR A — 2
B REBANEEHZA RS ERNTh AL
i SR R B AS T2 5 1 e — i L Bk B
JHBO B PG T I8N A L 5 1 32 A 3
FERE R, — 7 T AE A K5 8 o = A B AR AR
I RE A O AR e 1 S AP, S — )y T AT
DAMATE 5 B0 0 P9 I BOT T A B 2R KT T B2 3R )
JiR© L A — Rk A W 9 AR ELTE 7E 1898 4F i Guerin
Al B Sk B v Ay B AR, & 1993 4 Stroble
VKOS PR AL B B AL AP Ay B I T — bk
BEAE P S RS0 N AR BT , A AR BT A S i 0T

s HHA:2018-11-27

B 2R N BRI, MR 2
AR RILT I A RN & A 1 Fhaliss 2
DA ECR AR P A B R T = A —
Mr, HRTE R A 100 27 R EEES . H
HIAE Y N A LR R A58 A MITRIE 26, O T H TR )=
IS it — 224

B A= K 5. ( Glycine soja Sieb. et Zuce) &= KT 1Y
IRA SR, FRE R B LR AR R R 2
fEI T B A R TR IR 4 o S A R T UL
B 90% ), HL) 32 43 A7 T W75 1 L 9 P 1 58 A
A XY, B AR BA EE s 2R
R 2R AL 50 2R KA A A B B T
PUE AR DU BE | L Kb B F A5 00 58 PR 5 1 N

BT : [ [ REHEIES (31270369,31600314) 5 I RRFEHA T4 (F16-205-1-50)
E—EEEA BT (1994 - ), 4, B, TP HGER GBI HCEY A E-mail: 269580564 @ qq. com,
SRR : A (1969 — ) , 22, i+, Hk2 , 30 I VEUR 5 B I BUE P4 F5E . E-mail :malianju@ 163. com,



244 B WIS R R R A R YD-25 B0 e M OHU 4R IS T ST 259

Bt e AR b R AR S R SRE
e BF A R T B AR B S R R A, B
FERW AR G B e b, R B N A R 2
FEVE S B AR R N AR W 2 AR PR HL B A, HLR
T AERG A PR L DU &R Sk
PRI O BB O 43 s B A K
AR, IR A 2 i PR AT IR 5T, 3T S
AR TN AR LR AR AN B A SE B R (L A
B AR N T AR RGBT T AR
BRI U A AR S AR A= e P AR R B4 Y
A R PR AT TS B A R N A T AR ) S A
FASCHTFE AT a8 o Xk T 5 <5 s Mol 3 #) T 5 Xk R
WEADE R TP N AEEEA S ARSI AR
FLNAECR YD-25 S WFFEXE G, SR T HA KT 4y i
A LRI B B S b R A RE T, & 70T K B
AR N AR ELRE BT, TR A (4 I (L

1 HRSHE

1.1 #sl

111 HkE  45917T 2016 F12017 4E459 - 10
H 07748 vk BH T T 07 3t X R 42 3 1 TG B S 0
TR SRR A KRR, L ALK TR Y ) B 4048
L 12 h N T L AL e

L2 4k I 4% 2 A A b S KR 5% 3k
(PDA) : Hh452 200 g FHZHE 20 g JfE# 15 ~20 g,
7K1 000 mL, pH [ 4%, 121°C K 25 min; 45 B4
IR W ARG o5 5L B8 5 200 g, i A B 20 g, K
1 000 mL,pH [44%,121°C K 25 min,

1.1.3 X5 EpEERZH DNA P dh 238550 £
ITS [y 44345 4y (1TS1 | ITS4 ) [ Tap mix i 55 24 /iy
KA EF il A T A TR A R A F

1.2 Fik

1.2.1 FAXRSAAALRA S BoL RAHALUHL
o PR A RSB R IAR 22 2 A
K gk Asi g U T Y K A28 -, P JC R K i —
e, AR A, 435 H 0. 1% T oK i
WOREIE R 25 ~40 s, FHERZK vk 4 Ik, 0K s
— VR MR 1 TG TR 7K X8 A U A T AR R 4R Sk I TR R
W, FHICHE BY J) RS 115 AR L 25 | 55 2 40 59 il i
£0.3 em WTIEAHLHLE T PDA K5t I, &
FEREE A 28 C et 7%, B £ 42U Ak K
WO R I, JF S X R B ig e, & TG
e DR FH T v i A 32 Bk i 2H 29 e ] PR ) o e 0 2%
W22, T PDA B2 5 rh i AL AR 3%, L 2 8
FREEN B IR LS — 2, 4C R g 5 R & H o
1.2.2 YD-25 spir JEAHUEE  NAEHEM
TEA LS EEAFERVE R/ B IE SRR TR
B T TS, WAHTIEENEE

RBUE R, FLRR A R FR AR == e, TR T WEIE
B, 2 M E R S E T T %

T HEYRYE PR A b R B R 1 22 T PDB
Rigp R rh B s %, WU TR 2200 s T o w btk
DA R VKR T 22 T I B, il P I o o &L PR 57 A1
I, RN R TR RE . RAEE 4] DNA
PO & (T4 TAEY B A BRA R i
Bt DNA, F - 20°C {§ 47, 4> 5% L ITS1 (5'-TCCG-
TAGGTGAACCT-GCGG-3") H1 ITS4 (5'-TCCTCCGCT-
TAT-TGATATGC-3") 2y L iE 51 W) A1 F W51 9, 47
PCR P M4, £ E BigA TAY TREBRM AR
FIHEAT 3 80 6F L 0 A AR B 0 ) B X 45 S R
MEGA 7.0 iy RG LB
1.2.3 YD-25 kA KE&H4 ik

(D EMRA KM e PRERE 2 = 80 mL
PDB #5523 120 romin ' 28ClEIRE %53 d,
IMATCE TG, R G T3 T4 3T 0 s o
Mo DL PDB 8537 58 o FE Al 55 97 5, 150 mL HEJE R
e 80 mL HERN K 1% | [RS8 451557 10 d,
KE—LFE S G5 VR AE, B4 3 AP AT, S PRE BT
e P UEACHR AT ME T 2 18 5 T AR B, Bl g il A0 G
B KPP 22 ,40°C LT FRE L IR 4 T

(2)Hidi pH e L PDB 85 325 0 I fili 5 57
3,100 mL HEJE R & 50 mL, pH 735 1,2,3,
4,5,6,7,8,9,10, 11, 12 ( #ij 5 4 18 5 A & 26 i & s
Nf, AU BORBOE pH 2 13 F1 14 Zh3E) | 1225
B R1% , 543 NF17,120 romin ™' 28CHE:FS d,
M P22 T3,

(3) FodE IR TR DI S8 A8 PDB $5 35
FOR LA IR, 150 mL HEJE R i 80 mL, 433l
TN 2% 1 48] % 0% FLBE R0 | H &5 B RN AT s v
WAE AR R IR , AP iy 1% , B340 3 1~ F47,120
remin ' 28°CHEFR 8 d, HETH T A A 20 W K AR A1k
JE ) PDB B2 34 23 (xS 22 T

(4) Fodm A RTE LIRS #i AR PDB 5597
R RIS SR, 150 mL HEJE R 2 80 mL, 4351
JA 0.3% 1 B: 2 Fy . 2 H R 4 A E L KNO, |
(NH, ) NO; YENAS R EIR, #efp ity 1% , 54 3 4
47,120 remin ' 28°C K5 FE 8 d, B TN A A A
Wi S AN A R R PDB 3% 55 54 25 0T BRI o
W2 T,

1.2.4  BEH3THRAEMA LIRS E A PDB 1
FRIEJy FE R B IR, SRR (1% ~ 4% ) AZ IR
(0.1% ~0.5% ) .KH,PO, (0 ~0.2% ) MgSO, (0 ~
0.08% ) KCI(0 ~0.1% ) , #4975 N 4 KFIER
.

1.2.5 YD-25 e M Aesh = A Kek hmlg  H2
Fh YD-25 | PDB K gR3E i3 8 d (iR 7850



260 X =5 B 2 2 4
AR =Y, IR 2, T Kk a, mA T UENCE T 22 ,40°C lEIRMET, M E w2 T,
A BER K AT B A R ,8 000 remin T By, B E T (2) X} EEBE SOD (CAT 1GR3 Fp

WAER MNP R AR 2 o R R H UE R 0, 1
FAN =P RAT 5 o 5 KB IR K G401, 150 mL
WHKFSAMA T mL YD-25 Py  JfAh =4, DLk
IKEEFR R GRS A I Bl 3 AT, B
AT 3 A . 3 DR SRS R R R 2,4,
6 d, kR m (i B MR S 2 Dm0 B ) L o
B,

LR (%) = D)/ Dh g, x 100%
1.2.6 3 # &4 /% YD-25 BArtg#h

(D)X 22AERKrsm DL PDB 3 500 5Ll
Brgedt  H CuSO, JHATRE -5 Co® " MR B, BE B
514 0,0.10,0.20,0.60,1.00,1.25,1.50,2.00,
2.50,3.00,3.50,4.00,5.00 mmol - L ™" &b B, 43 Fif
1% YD-25 B2, BN 3 ANEAT4H,120 remin ™' |
28°CHHIRIGSE 8 d, JH CACL, JH 797 3E Cd* " ik,
BB 494 0,0.5,1.0,2.5,5.0,7.5 mmol - L'
6 NALER; ] PbC,HoO, 85 5555 2k Pb " He &, 8
W4y 514 0,0.5,1.0,2.0,3.0,5.0,5.5,6.0,6.5,
7.0,7.5,10.0 mmol - L ~"12 4N 4bF, K252 )71

3
A p—

1
The morphology of colonies( A .B), hyphae(C) and spores(D) of YD-25

Fig. 1

92

IR E

R 4 B 69 YD-25 BBk ) SOD CAT i
Pk, Pb> T /8 0,1,2,3,4 mmol - L' Cd** ¥
BEA A 0,1.0,1.5,2.0 mmol - L™", Cu®* ¥k & 45 51|
70,1,2,3,4 mmol - L™", # 4 4b¥) 15 4L it (SOD,
superoxide dismutase ) 5% F S8 Fb Al 35 DU a0 mae i e
WM, 3 S8 AL U (CAT catalase ) R I 584066
gk I,

2 #ER5H5H

2.1 YD-25 BHHIEE
2,11 WAFEE  YD2S RARAERE R IR
TRV WIS 0 00 T 32 72 S A B (0, TP o R 22
RIGLLE, W22 R HUIR, VR BE I R — B AR R SR

180 WL2Ir 30, AT T RN EIE (A 1) .

%
O

2.1.2 HFAMFEE  YD25 Hkk 16SIDNA ¥
51125 BLAST JE [H 5 HU X, 25 B B 25 p g, il 2256

BkE R B ER T ( Epicoccum nigrum) , K [F] I 2 15
99% , FEFCF AR KM434160. 1, #)F MEGA 7. 0 %k
A YD-25 RE L FEM (K 2)

15 x 40

YD-25 % (AB) H%(C) J8F (D) B

42[ Fusarium oxysporum (JF807394.1)

401 Fusarium oxysporum (KJ584546.1)

S3UL Fusarium oxysporum (KJ584546.1)
Fusarium oxysporum (KU863663.1)
Fusarium oxysporum (GQ121302.1)

92
38

62

56

Fusarium oxysporum (KU528856.1)
Fusarium tricinctum (KJ598867.1)
Nigrospora oryzae (KF998977.1)
Colletotrichum truncatum (KP748196.1)

Colletotrichum gloeosporioides (JQ356541.1)
Colletotrichum gloeosporioides (LC194222.1)

ol

Penicillium funiculosum (JN676124.1)
[ YD-25

Epicoccum nigrum (JN088232.1)
Dothideomycetes sp (KX909022.1)

99
87

0.10

E2 YD-25

Acremonium hyalinulum (KF800181.1)

EHRRZREH

Fig.2 Phylogenetic tree of YD-25 strain
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1 2% 0.30% 0% 0. 08% 0. 05%
2 3% 0.20% 0. 10% 0. 08% 0%
3 1% 0.10% 0% 0% 0%
4 4% 0.50% 0.10% 0% 0.05%
5 3% 0.30% 0.20% 0% 0.02%
6 4% 0.20% 0% 0.05% 0.02%
7 2% 0.10% 0.10% 0.03% 0.02%
8 4% 0.30% 0.15% 0.03% 0%
9 4% 0.10% 0.20% 0. 08% 0.10%
10 3% 0.50% 0% 0.03% 0.10%
11 2% 0.50% 0.20% 0.05% 0%
12 1% 0.20% 0.20% 0.03% 0.05%
13 1% 0.50% 0.15% 0. 08% 0.02%
14 3% 0.10% 0.15% 0.05% 0.05%
15 1% 0.30% 0. 10% 0.05% 0.10%
16 2% 0.20% 0.15% 0% 0.10%
K, 0.3197 0.3563 0. 3456 0. 3625 0.3708
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Ky 0. 4054 0.3758 0. 3706 0.3678 0.3675
R 0. 0857 0.0195 0. 0367 0.0134 0.0102
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T HATIRIZ RIS . RME P 3 A4 1K R BB 6 A AL
Hu A i 4 JE T e b ) AR R A RNE SR R
Y LIERRTE R, SOD 2 LWk i B % 00
FHE—Fh O3 i , 308 520 0 B 2R W Al AR b ™ 2R 1
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