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W OE. ARG K% 3 W AR (Evernia mesomorpha) 3R A, R A R E)k, 55 %
ROHMNEALRA  BIHBEHSINESR TS B354, A5 R RAFARLBTH,RA-F
BT IERE TR T O RN AAR O R R RASE, ERANOCHRNEAFLIFETTER
1T (Ascomycota) & % B 49 (Sordariomycetes) , 2 P & # FF-3,FF-4 % % 4% % H 8 (Hypoxylon
Sfuscum) , %k FF-7 4 & &A% & B (Engyodontium albwm) , 8 % FF-2 # 3 A # & (Hypoxylon
sp. ), B 2k FF-6 h % A 8 B (Xylaria sp.), B # FF-9 % £ % 8 B (Chaetomium sp.); B #k FF-2
(Hypoxylon fuscum)F= FF-6(Xylaria sp.)¥) 5+ % B i & (Lichtheimia ramosa) B ¥ W VE B ; &
¥ FF-6 5 ¥ INE E % B (Plectosphaerella cucumerina) H ¥ ER . L% ,FF-6 Al m REH @
EREWF BARBORREF.RKXEEA 7.00 mm, #k FF2.FF-6 A2R DB RAHR

AR AT A .

KA AN A R LTS I 1 s AL W B i

HESES:Q 949. 32
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YR PN BE S 4 O A AR I R Y T
8 BRI AR ATRAE 19— R E W, A P I A7
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L1 gtk

BilE 3 3 R AR T 2015 4F 8 AR HARIER
MU L IX, B AR B AR AR A AR R S A S
4 CLRAF,7 d WAEFRSEEE (R D,

5 FhdE BT 2 18 /R B 2 Kot A 8 (Lichtheimia
ramosa) ¥ J\ 25 2 9% B8 (Plectosphaerella cucumeri-
na) Gk J1 8 (Fusarium sp. )\ Pythium capillosum W3
PR (Achlya ambisexualis) Y i W AL I 78 K % Hl
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Table 1 Collection information of specimens
HERS SREEH k4 K& R SRAE BB
No. of sample Collection site Northern latitude East longitude Altitude/m Collection date/ (4F-H-H)
15003 BRI R 51°6'31" 125°7'1" 445 2015-08-15
15004 BT RS 51°6'31" 125°7'1" 445 2015-08-15
18027 N qup =] 51°%51'8" 121°51'54" 710 2015-08-18

L2 WEirs

L2.1 MKNAERGBEALLEE HMHHE
B - PR BL R A b A AR, T 1 SR A HEAE G op i T
RIS T — D EEARY  TE LR ERE & 55
PG 5 min, MRE 3R EHEKRERE H 75562
By YE 30 5,3% NaClO B EYRE 2 min,75% 2. 8%
FRREUE 30 s, THEK WP 3 K, |5 . TE WKL |
BRTEMH. NEERSH BREEEEMREKR
XL ZE W 3 mm X3 mm f/hk, BF PDA [E
IREEFRFL R, AR 3 L, RGBT 20 C
ERFE R, 5538 7~15 d. MBICRNEHEEAT
AR, WA R AIEE., WA R EA
Ak < SR R bR 22 VI B B L SUR 2K i R 24 1)
A 2 mmX 2 mm /N S BRI B O — BT IR
Hrp TS I LIS  ARE R EES A
2R, DL T AR KB A AN IR, R UG 2
W2 R i — R A AT AL 5 0
WEE 3RU L, HRBR R —-4ibEk. NAEE
HAGE 0 BRI N A R o (SR8
FOREFREHITR G I A s R, B
Fe2 B AMAE (Laica DM500) T #£47 BB 43 1F
HIVERFN P AR .

L2.2 WAERERNSTEERRERE ST W
A FLPH R DNA S5 DTG B P 3R Pk UGS B 2,
BT 2 mL B0, A 100 pL 2% (Aidlab 25
&), 2 min,12 000 r * min ' B.L> 5 min; B 2 L
Fi55 50 puL Chelex-100, B TH A 2 mL B8, &
#8 15 min,12 000 r » min ' B4.0> 3 min; B 3548 3|
DNA %% ,4 CHEAES . ntDNA ITS X PCR
. Mix 25 ;;.L(ﬁ dNTP, buffer, Tag ), DNA
2 ul, 31 ¥ ITSAITSIF £& 1 pl, ddH,0 21 ul,
PCR R R 25444 95 CH A 3 min, 94 C A
30 s,54 ‘CiB & 30 5,72 CIEf#H 1 min,.35 MEH; &
J& 72 "CEEf# 10 min, JFFME H F1g3E N EY L
ATE . KRR ITS JFF #T K IEE. #5323
GenBank 1347 BlastN 7E2R L3, 88 5 H— 20
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R B R P51, i@ i BioEdite /4 A Y Clustal W
X5 B R B BOF A AT LU 6 MEGA 6. 0 3
Neighbour-Joining(N-D¥E W R E X B .
L2.3 HEBEEATLHE R AR R
FEik R A A B TS . O 5 AR
JEEE B R T PDA SFAR A 2R, 6 BRINAE TR
“BFIET3 BER T AR &, IR R R 20 mm,
PRSI BE B AR/ T 10 mm; DL R W R E
WA X IR 1, LR B R BT H F6 515
PUI 5 16 7% P AR L KU 14 5P A4 g PR PR of R 207
IR RS h 5 A ARl A~E 4, 54
FUFE 6 T YA HE S [l —Fiie I B A s pe i 4
4 (Al~A6,B1~B6,C1~C6,D1~D6,E1 ~E6) %t
M8 1(A7,B7,C7, D7, ED MR 2(F1~F5); 4 # A
YR 6 REE BT 20 CTHERESF 15d. R
J5 U B X UR S U 90 BE A B RN, LASE A S B
BARR/IMET B 5B N A LRI B SO R
L3 BRI

TR B ST SERE R RN 6 IE E X0 Y
M, FI A SPSS 17. 0 #44, R BN R 07 22 0 i
6 A [m] B R BB T 1 M [ 1 25 5 1 KR
2 HEHR5SW
2.1 NEHEWENIBELEELRGERE I

M3 3 BCACRE i 3R B Ak 6 BRINZEE
W, #ltnic i FF-2,FF-3,FF-4 ,FF-6 \FF-7.FF-9,
XTENTHATEEE S (8 DR S E WL, &t
GenBanl #4222 , K75 19 6 Bk N A B 1TS /75
HATZEUXEHERZEEW . A& 2 a7, FF-
3.FF-4 5 Hypoxylon fuscum —EH K 98% , FF-7
5 Engyodontium album —F1H R 99%0 , 458 B %
W ELTERS S W%, FF-3 F1 FF-4 T O 558 o AT
(Hypozxylon fuscum) sFF-7 T 5z Sy A 13 6600
HH (Engyodontium album) ;T FF-2 5 Hypoxylon
Sfuscum FEHN—FH:H 95% . FF-6 5 Xylaria frustu-
losa [T 5| — 2Pk 95%,FF-9 5 Chaetomium stru-
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marium JFH—BHEN 9476  ARYE GenBank H¥f 4 1Y
BTN, HARRX 3 BRI % B B (Hoypoxy-

lon sp.) & 8 B B (Xylaria sp.) M T % H B

(Chaetomium sp. ) (5% 2),

B1 6%AEEHAERS
Fig.1 Colony morphology of six endophytic fungi

76 FF-2
82 Hypoxylon fuscum JN979424
10 FF-3

91

0
B() FF-4
Hypoxylon fuscum  AF201715

Xylaria cuneata KP133346
’— $%

Xylaria castorea IN225908
99 %‘_I:D)(ylariapr/morskensis TX160062
57 FF-6
100 Xylaria frustulosa GU322451

99 | FE-7

100 [ LEngyodontium album HM214540
Kngyodontium album LN808974

98 FF-9
Chaetomium strumarium JQ796877
99 Achaetomium strumarium AY 681204
Schizophyllum corrurume KP326577 AMEE Outgroup
—_—
0.05
B2 sHNEREENRLXTE
Fig. 2 Evolutionary relationship of six endophytic fungi
o i
*2 RRRANERERER LA
Table 2 Classification status of endophytic fungi isolated from Fvernia mesomorpha
iz s B # & B R/ B * S —BE
Strain number Order Family Genus Closest related taxon/ Accession number Identity/ %
FF-2 Xylariales Xylariaceae Hypoxylon Hypozxylon fuscum/AF201715 95
FF-3 Xylariales Xylariaceae Hypoxylon Hypozxylon fuscum/AF201715 98
FF-4 Xylariales Xylariaceae Hypoxylon Hypozxylon fuscum/AF201715 98
FF-6 Xylariales Xylariaceae Xylaria Xylaria frustulosa/GU322451 95
FF-7 Hypocreales Cordycipitaceae Engvodontium Engvyodontium album/HM214540 99
FF-9 Sordariales Chaetomiaceae Chaetomium Chaetomium strumarium/JQ796877 94

2.2 A ECEH DG R R T

BHITEHUAT, TR N 7. 00 mm, 5 HE 5 BRE

¥ 5 Fs I ER RS 6 MR A HE BE
PP IRE A B, i 1B 3.4 AT, 2 BRI AE A
XoF 2R M SR B B, T 4 AR A
RURABT, PHEXS FERBSTE F6 Xt 5 Al
TEREYAMARR. Bk FF-2(Hypoxylon sp.)
HZMEEE " EHE NI AT . RERKH
5.00 mm, 5HE 5 BREAFIX IR F1,A7 A L3, #5810
E2 S E (P<<0.05), ME R H E (8 3A-
AD ;s Btk FF-6(Xylaria sp. ) 5 ZBEE WL A4 W]

FIXT R FLLAT AH SR 5 huiG 22 53 B 2 (P<0. 05),
IDEERR B B (B 3A-AL) ; PHAERT IRESTH F6 X &4
BRET A WP AW, TR RN 2.00 mm, 5% ]
A7 ML, fEBUE 2 5 B 2 (P<0. 05) , I SR BA
B (& 3A-FD) , Btk FF-3,.FF-4 . FF-7 FF-9 5 &8
WEEATEFEIAW  MEABCR A B (B 3A-A2,
A3.A5.A6). HILATAHL, Btk FE-6 X 2 KR ™
A BB BT SE AR, I ROR S 4T

B bk FF-6 078 N800 W 7 AR B P s, s
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BN 4.00 mm, 5HE 5 # @ FXT AR F2.B7 b
BB R R (P<<0. 05, MR & (J
3BBL) ; AR IR H F6 Xt 8 NS0 = 4
BL&y, JE K 2. 00 mm, 5% B8 B7 AH L, #5HT
TE 25 8 (P<0. 05) , AR B B (B 3B-F2);
Eitk FF-2.FF-3 . FF-4 FF-7 FF-O X% A EREY
JCHA B AEHUAAH I, M ERUR A B B (& 3B-BI,
B2.B3.B5.B6), LA, Ekk FF-6 X 8 NEERK
A S B R IR RUR AT,

6 RPN A BT I R T B I R Y A

AT B, FE U P22 5 A B 2 (P>0. 05),
TR AN B f 5 A B PR B 5T 0 F6 X I A 4R T
B PIPE AR 2 3 S 5000 L B, I B ORI . (1
3C.D.BE).

DR ai AR, U TS TR R AR e T oA
HEEET, NAERERENETUERRAE EE SN A
R R — R EE WA AT EER.
FI-2 il FF-6 3R HE M EGE AR e, A2
o EAE YT iA T P AR PR AR .

3 HNERBESRERENFRITIFER
Fig. 3 Results of plate confronting test between 6 endophytic fungi and pathogens
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mIREENE M
Fig. 4 Activity of endophytic fungi FF-2 and FF-6 isolated
from Evernia mesomorpha against plant pathogenic fungi
3 ifig
P TR EL TR SRR G B 6 5 | 7™ B R A
T 3 AR E o™ . B B 60X 2 3 A By
PR B R AR R K HR AR B XA T RERSA
—ELE. MEEHKFHER, RREAFHLE
B EZ AMTNE R, FRESA RN EYBIE
AU 22 R 28, B OB IR 2 738 BT 5T i URARL,
X S (AR 22 A 1o AR HR BN A S8 B UL 7 1k, I I -4
TR EY IR TR B2 R RE . HY
WARFEKRERB - YFEE 20, BRZAME
KA BB . MBI Th 4B 3K 751 6
PRNAERE FF-2 Hl FF-6 70 PR IR 5 e 22 B
H 0 A BT L BTN 3 T 2 U R BOR

HBR FE-6 X RN TR HIRCR S 43X 2 BRI Y
ERFETTEMTEZMWRREAEYG. KN
A T EA W S A0 DA e T Y A Y
K BRARIFFR B IR, R Fe R & A
RETRZREM.
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BEMREREMAFN S EHIEREE

T BRAH WoEmL, T N

(2R R¥ R NEE BEER/R 015000

B E.00 5 AL (Botrytis cinerea) AR , R A -FR 5T F E, TR T RE AL
B £3% 64 a1 AT B 56 A Bk (Botrytis cinerea )R FERZA R, SR AW A5 BN 75
HATRRME , P 30 BT B R ERARBARZERRER, > BWMEH 40.00%, H P 3 k¥
Ham i YMS.FQIO.FQI1 # &3 & Ak R A R A RES W H B ALZAE 1.5~3.0 om, @it
AT EARE Y SR EREN L BT T BT EL, SR ERAEHR YM8 A F M H
(Bacillus licheni formis) ,FQIL0 % 4& 3 F#.4F # (Bacillus brevis), FQL1 2 %Ik 3 8 8 (Bacillus
cereus) ,

AR B KEEN s TEPUAN T 5 T 1

hESES:S436.412.173  XEAFRIRAE:A  XE4S:1001—0009(2017)06—0122—05

T K B S 2 F B W 1] K 78 & 7 (Botrytis bEAEE, ESMEYESE 12 EMMVHAERE
cinerea Pers. )52 {)—Fp i MR F, Z W E TG THEMKELZWEREST TSI HPH 6 £%
FR M ERE, REMEN R AL EF TR R IRHRIAE 20%~40% ., FEINRBE R X,
FEEZ Y, TR E R E & A TR W 5 R 30 1 7% 4 SRR e = 1096 ~
XA R4, U HA B8 2 W B X DL K R M % 30%% , PEE s 3 AR 4 7 e it K B e e B v A B
B 2 A (1979 s AR B BAL L /J\ﬁlJ SR, %Fﬁgh’é’ﬂ% TREHE.GERR
o EAF RS RE R AR A RS AR, B, 00 LOIARAE,
413703219@qq. com. REFMKEROGIE KB EERELES
HEEeTH:AZHTALEIEPRESARES I HTNE ?ﬂ]JEKHH‘I‘ETHE”FHﬁ—ﬁ%%ﬂ%ﬁﬁfﬁ%?iTﬁ
BARE(NYTI5-B3): A EFTE3m e a2 wmnan Y. BB KRS AL R DkmE s, — 5 50 i

(HTXYZY13005). B NRREAETRERFZZMRER =L TIY
K78 H 1 :2016—09— 29 P R E L IR R R KB E R 2 E

Abstract: Six strains of endophytic fungi were isolated from three samples of Evernia mesomorpha by scraping
cortex method, which were collected from the Great Hinggan Mountains. Taking five pathogenic fungi as
antagonistic indicator, anti- pathogenic fungal activities of six strains were studied by the plate confrontation
method. The results showed that based on the morphological observation of colonies and ITS sequence analysis,all
six strains of endophytic fungi were classified to Sordariomycetes, Ascomycota, Among them, strains FF-3 and
FF-4 were identified as Hypoxylon fuscum ,strain FF-7 was identified as Engyodontium album ,strain FF-2 was
identified as Hypoxylon sp. ,strain FF-6 was identified as Xylaria sp. ,strain FF-9 was identified as Chaetomium
sp. »strains FF-2(Hypoxylon fuscum)and FF-6(Xylaria sp. Yhad inhibitory effect on Lichtheimia ramosa. Strain
FF-6 had inhibitory effect on Plectosphaerella cucumerina. Strain FF-6 had the obvious inhibitory activity against
pathogenic fungi,which could form an obvious antagonistic strip. The maximum width observed was 7. 00 mm in
the experiment. Strains FF-2 and FF-6 were expected to be candidated biological control fungi of plant pathogenic
fungi.

Keywords : endophytic fungi of lichen;ITS;inhibition activity; biological control
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