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K
P
SO

WE: T E SR & SRR T P9 AR P 0 R0 R 2H Ak R LR AR ) 4 R T A2 R 4 O T T R R AR Y
AR IEE W B alifb NERI ST (Arabis alpine) 2 £301FF ( Chenopodium ambrosioides ) WiFhH 4x I i & 4R AE P Fh
THA R, AT RFREN T A A5 xt Ho A7 4 Ao L RE 1, I 38 % 9 AR A7 5 AN W) B2 4 R
BEFRdE AR R BRI E MR RS Ry, SR E R /NER T I8 5T P Fh 8 4 IR E R P AR
TR RN ZEFE I B 4 0  FEAE Aa HO SAZE e RO A v PN A TR Y S BE RN 2 R TR B4 0 74, 0%
42. 0% 1 0.78 1. 35 G A T I A AL S PR BEAR ) PN A TR 1) 8 B R N 2R, B A TR Pt e 45 3R I, (R A5
PAR B TE & IR PR RIS 28 0 MR TR LU B4 i, A B BRI SR B A B B A Y 38 o S /DN il o A
W 9 PR 5 B LA B T bk FXZ2 AT 3% 40 mmol/L Pb** .60 mmol/L Zn> F1 220 mmol/L Cd*, X S& i #k Al fE7EqE &
YA R R 4 8 BT R h R A EEEH

KR FIEBEEEMY; T, NERN; 2% B8RS

FESES: 939.99 XEkFRIRED . A XEHS: 1000-4440(2017)01-0043-07

Diversity and heavy metal resistance of endophytic fungi from seeds of hy-
peraccumulators

CHU Long, LI Wei, LI Xin-ya, XIONG Zhi, LI Hai-yan
(Faculty of Life Sciences and Technology ,Kunming University of Science and Technology, Kunming 650500, China)

Abstract: To understand the population composition of endophytic fungi (EF) from hyperaccumulators seeds as well
as their possible ecological role in host plants’ heavy metal (HM) tolerance and accumulation,the culturable EF from the
seeds of two HM hyperaccumulators Arabis alpina and Chenopodium ambrosioides were isolated and further identified based
on their morphological characteristics and molecular analysis.The HMs tolerance capacity was assessed through the growth
rate measuring on PDA plates which contained different contents of HMs. The results showed that both the diversity and the
colonization rate (CR) of EF in the seeds of two hyperaccumulators were lower, and the most dominant EF in them was dif-
ferent, too. The CR of A. alpine and C. ambrosioides were 74.0% and 42.0% , and the Shannon Index of them were 0.78

and 1. 35, respectively. They were lower than those from the plant growing in non-extreme environment. HMs tolerance tests

YRS 1 5. 2016.03-30 indicated that the isolates of dominant genera/species showed

ESTE . 1% H AR AT H (31360128 31560566) better HMs tolerance capacity than that of the other genera/
B0 Je(1989-) B LA & A BiL B9 s species isolates ( with higher ratio of resistant isolates), and
T 16K P9 A T 2 RE M R A A T RE L (Tel) some of them showed Cd toxicity excitatory. The result of mini-
18213461423 ; ( E-mail ) 769945807 @ qq. com, 7 mum inhibitory concentration ( MIC) tests indicated that the
Sy R — strain FXZ2 could tolerate lead, zinc and cadmium as high as 40

WIAES . B, (Tel ) 13888082968 ; ( E-mail ) 13888082968 mmol/L, 60 mmol/L and 220 mmol/L, respectively. These

@ 163.com strains may play an important role in improving host plants stress
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tolerance and affecting their HM accumulation.
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i AT R AN 0T B RO AR I A U o
H AL e ek AR T 2 AR L S 3
A% DNA SESEHAA(E . AT AR R,
FERLY)- S L B S R PN A T P T e B AR
TR, -5 R IR 18 2 A 50 R A 5i A i
EARNE ORI T R 5 AR, RE P
i ERLPINS BT VB 0 AT A ik , (e
AR R B R ROR Y FERT I A P R AT R
B, = A A/ MERE T RERS [R5 S AT B P Rl
SR A RAEY) IR IT WBHE AR A
Pyt RIS A SR AR /N AE R T I
Ir AR LR R R, 75 B AR AE T S X B
BB 7R se b, BE 2 fe e AR Xt
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VR STt B BT, AE AR PR Al T
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WP R R YA RO T — L B
AR A IR PN A R R, Il A AT T
ELAE R, TR 5 AU — L8 200 | 2R BT
APERTIZNBE . BIANZE f BRI N A2 LR Epichloé,
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RE AN AE . T I, AT 0T 1 b B 4 Jed e o 4

hyperaccumulator; seed; endophytic fungi; diversity; heavy metal tolerance

HEW)/NE R T LRI I b P AR L A S
R RYUEATOI T, it — PR A & R
T R R 52 N 5 A 07 T A] BE A4 TR 9 AR ORI R
SEDIRERE XHAEFIHLEIFT T At

1 ARSIk

1.1 #HRRE

FFES T 2014 4F 11 AR A A Mg &
BB AR R X, Hoh /NERI T (Arabis alpi-
na) K FBA] SRR S0 HE (L4 260287177, R
2 103° 37" 34") , 1fi + 91 I¥ ( Chenopodium ambro-
sioides ) >R F PR b 5507 5 e (U265 26°34'32", 7R
2£103°36'50") . FERRANSRAE A, BEHLLE B FR A )
15 ¥k, 0 R AR Al 7 R 4 ik B HERE & (2 AR
RS 2 (6] 2 /0 AARE 8 m) . REARAE S ST Bk
NSRS I ERRSEAT S, T AR B
B HAIRE S RAE T 4 COKFEIEAE 2 d WAL TRSE
B i T E AR AT I AR F AR TR
1.2 NEEEMNSBE4L

AR FRRE I RE A o BEDLRE A 50 kr L, 7E A
HaK T Wy T, 3 T VR T R T R T L AR
] 75% 1) Z FETE Yk 2 min, Jo K 0P Yk 3 WK 6%
NaClOVA TR SE 2 min , TEHR K ik 3 WK, B F JC
UEAC B T K4y K 2R TE T S AR T 2] PDA
(Potato dextrose agar) A% [ (90 mm) , EEIIL 5 %7 ,25
CHFR 60 d, B RILEL , 15 7210110 ULl SV Fil A &
WA BRI 2l A IR, [R] B 38 g Ve R
WA I 2R T e AR,
1.3 NEEFENETE

A LB Y S5 28 R FHTE S Mo AR 2 AR A
B TEIET, R R IE A M RS
PSSl A K R R TR B R 2 A S [R] BT 2 A
( Morphotype ) JFiEAT IR # 1% 37 , 2 Jm W 45 5w V5 E
A eGP IS R T AR
RUGEA TR IR S 1 SRR 37 5 0 AR 7= i ak
PRI Z S AT TC A A b A R A AL D i —
B AT TR E R S ke 3 = R R b B
(CTAB) 8K PowerSoil 1857 & 42 B £k DNA , I H)
FHEE M 59 1TS1 #1114 %F H: £ 17 18S rDNA
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P3P P4 1% S AR S F VKR I Sy B Y
S 2k B AR TARY TREE RA BT, B
S| NCBI( hitp : //www.ncbi.nlm.nih.gov/) 0
JEHNHEAT HOXT AR ARARLRE 7 35 R LA K R AR TR S
FRIE A 2 TR BRI 0 e v,

14 E£EEENE

RS T ERATE, ZREa YRR,
FHASRBIEE 53 100 Hffi 45 . FREL I M 0.5
g, A 4 ml HCI-HNO,(/AFIH3 = ) IREGWEIET
GIFRFHATIH AR - 80 CIHf# 30 min 100 °C {Hfi# 30
min 120 C KSR 1 h FF4H, LA 1 ml HCIO,
J&F 100 C A T 4RZEH A 20 min J5, 120 °C FHH
fitt 1 h, G = 2K EAZE 50 ml &4,

W R IAE S TE A SRR T oh i T s, 280K
PV LL 25 BRAE S 2 TS T, SR o0 R Ml R T R
A B TEIR T4 65 CF T4 48 h BE i &
FEWEEH . PRV AR FE S 0.2 ¢ A 5 ml
HNO, (R 65%) T 110 °C 44 F i 2 h, %
HUGMA 1 ml H,0,( Fi 40 30% ) 4kSE AR RE 00
W1 b BR =K E AR 50 ml &Y,

FIFH e SIS o' B X A b B
FESPEAT P Zn™ FI CA* S EDE, AR 3
WHE
1.5 HEEFRESENURER/NMMIGIRENE

L Pb(NO,),.ZnSO, - 7H,0 1 3CdSO, - 8H,0
3 S & Pb* (9.66 mmol/L) . Zn* (46.20
mmol/L) I Cd** (0. 50 mmol/L) B PDA 1% 3& 5, {3
SRR . AP A BUTR A 43 2 BT P B AL R R Y
172 BB #E, 76 PDA AR LiGfk)s , G R 4T fL4%
WHEENSAT T HA2 4.4 mm BB S, 43 91455 2]
SEEEMATESIEN PDA L ,25 CH3R 6
d, BRI YE AR, RIS 3 ANEE A
PRIRRAEAS T 4@ O30 1 AR OGS A K 303 -0 A %
A AR I 50% (1 TR R 2 S 43 A T 52 TR AR

W ) 4 S oM ) TR RV RS 43 i
B AR 4 JE W B A 1) PDA AR | (Pb Zn: 1
mmol/L 10 mmol/L 20 mmol/L 30 mmol/L £ 80
mmol/L; Cd: 1 mmol/L, 10 mmol/L 20 mmol/L. 30
mmol/LZE 220 mmol/L) ,25 C¥53: 7 d J5 , WAL B bk
AR E SR & 5 PDA A AR, IR
THEAJE PDA AR B A KA XTI, Al E 3
AN RAT 5 T 4 TR R B R 19 S /N0 v B (R

g J0 A TR AR A K R B AR ) 2
1.6 HESHITHH

P A LT ) S B R AT LA L) 2 2 TR Y
SR RS B A 5 T LA A ) R e A 2 B
PLIAEE , 2R B (H ) W] DL BB A A ) P A
TR IR 22 REVERE BE A3 0045 LA B 8 SR
RE FH = 5 N A R R ) b 7 B30 K B b T B
AHXT A B AR (% ) = FE i H 40 8 21 B9 3 A oy A4 B
PP AR 7 2 B ) S TR ARG 2R S 1 =
- X PixInPi, JUH Pi SR SR A 4 B Y B B
A B ARE R T S, AERIME R E(CS)
AT DL B 4 =2 ) P A TR S 2 R ) AR L
B, ¥ Sorenson REAXITH . €S=2/(a+b) ,H
Hh R PR SR A B P A B R, e S —
PRI N AL B O Fh IS8, b & 5 —Fh A N 2 &
PERFP2SE, AR AR K HUOR (V) = R TR E 2 )m W
18T TR T ELAS/ TR AE G T 42 J8 TPl T B9 TR V% B
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2 4 R

21 NMNEEFHMIHFTFRNEERTEER
MR T B A FRIT AR 100 Kifh— 4y 245 )
WAZELTE 80 #k, Horh /BRI T 51 Bk, LIFIIT v
29 Mk, HEFEHE 4 1R 74.0% 1 42.0% . T WL
FE T d I VR REAG G 09 P Al B X TG TRV B
FURMHEEEBIIC, B 70 B9 B 09 T bk 4 A b1
AR LA
22 MEEFMIHTFANEERENERSHELE
Fior B 210 80 #R N AE HE I 9 MBS
A ( Morphotype ) , Horf 6 MES BRI H i H LA |
PRI AT ORI TR AR E S5 1 4 5 S A8
BEF6LJE (Alternaria) FLARJE ( Cladosporium ) /NN %E
BR5CIE ( Plectosphaerella) . 25 5. %% J& ( Phoma ) AL
#1008 ( Catenophora ) F1 < JH 1# J& ( Colletotrichum ) .
MHA 3 MESEME AR T E A s 2 5
P TCTEANE A2 AT, 28 18S tDNA-ITS 75
NCBI LR FFAIEAT X IR R BLEA 170545 e 51 8
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PRE ( Epicoccum nigrum) | RICHIE ( Peyronellaea) vl
HEFR L& (Ramularia) , FATH T %558 0 AR T 516
S5 KT291417 KT291418 F1 KT291424
TEX 9 Moo, LITTR-F oA 7 F, /N
ERGTTRI A 5 B, A 3 Bl (3c 870 | R R Bk
P LA S AR ) R B A7 7 T PR AR AR vh S PR A A
YA SAISERE, A B MR 2 5°h 57. 5% .25. 0% |
10. 0%, FIATT K/ IMERIT R N A= HL TR 1Y 2 R0
BN 1,35 A1 0. 78, T AHIME 25 0.5,
23 FMEEEEYRTENESESE
INAGFE TR IR AR AR S S 2 A I

X1 2HBESEYMRERETIEESESE

SR SRR 1, /MERIT S LIRS YIRE S
B3 FESE TS B ESHY ESE B
I FHEL, P fme I EHRT H F A S 2
Bl FE EBR Y 1.7 45, & s AR LT iR
ERAr A LR 7.0 £5 LA B A s AR /INME R T
bR B4 L RR A 8.0 £517, LT A MR fh Hh
L ERA T R R R TR R Ay, AR
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(GB15618-1995) —ZArifE, J& T mEis 4L,

Table 1 Content of heavy metals in two hyperaccumulators and soil

H 4R & (mg/kg)
wE)E INEFIIT (A, alpina) +IIF (C. ambrosioides)
HP b 0T 55 +-35 R 135 LB A +-4e
s 98.90 27.37 2 132.40 27.23 25.71 4276.18
B 502.19 408.03 29 700.00 915.55 733.39 18 500.00
%% 10.95 10.28 5.81 22.72 4.39 8.89

24 NEEFENESERERES/NMNIGIRE

£ 0.5 mmol/LIYFAMMA T , A1 32. 4% 19X TH
PRC1T BR) BIAEXT AR BRI 50% , I BTy
THE, HoAp REERE 4 R, SCHER S B, B R
1 BRI SN FETRRR 1 R ()R Curvularia) | 53 50 5
K T AR 1Y 57. 1% 21, 7% . 33.3% . 100. 0%
TEIXEETR AR >k B /NERGTT Y R BITBR TR B A FXZ2
AR A K T 2 Gk 124, 1%, 36 0 50 75 B 2y
A TMIAE 9. 66 mmol/LAYHTHI 46. 20 mmol/ LAYEE
AT SR BT AR A R IR
T 50%,

FFHUPEZE S AR FXZ2 14T Fe /DN 300 il e 2 00
FE S5 R s LY BE B0 Sae /NI RV B 43 1A 40
mmol/L .60 mmol/LF 220 mmol/L,

3 0

JE BH A8 S MR P RE i T AR TR R, B
BEE TE ERED RIS R X R AR R RE
JE RTI R TR 2 25 PR R A5 1R i AR AR i AR ] 7 HEAR
WFFEH /NIRRT R 9 O 9 o B 4 IR R B AR A
Tl PN A= L TR I R B R 53 01 R 74 0% 11 42. 0% , 5

L P g P A 0 N A LT Y R R AR AR, 2
W AR T AR i AR A ) N A FLTA R TR, FR A7)
TERTIARE S v & BBV RER™ 6 FhAE I N AL B 1Y
SEFLRN 59% ~75%" "), Xing 2 4t v [ 5 g
CIREARAE Y N AR TR Y 5 FE N 26. 2% ~ 58. 7%,
Bezerra 25" J B VG - FAR 355 v A 40 P9 A ECA 1)
SEFHAEN 42.22% , T AE AR v R B AR R MY
WA L 8 B AR RS . A KT A BE A/
TER S R T P9 A B AR R 87. 8%, I
R4 0 3 2 e A B L S BAGHY bR 4 S B A )
PN A LT I A2 B R 1 3K 96. 88% ~ 100. 00% , 5 5
B A ARAT S ARARL, P D 4 R S A A b1
AR ELRR I 2 FE P I T AR R L
W M AR A 0 N A LT 2R ORI 3 /Y
MR 4 i DL4E Y N AR LR Y 2 RS B A
2.96~3.76, FERHEE AW Colobanthus quitensis F N
EEWEEZPEERERE AR 1. 440 X R E
SIETG YRGS AR FEEN MY S HE R E
H N A B AR A AR b X RTREE
T 48 & im0 LI U E YA SRR AT
BRI B RV T A A0 PN A TR R 2%
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BB A, AR KB, AR A KR
BEARAL, PR R B SR R 7 v P A TR A AR R
AR (ARIME R BN 0.5) , XTI AR BB A
HATA], %] BB o T R A ) Al A AP R
R 4 Al S B AR TR TR,

A R YUEIT A R R  FEm e AT A
32. 4% IR P MR B B U B S JE Pk . i AE
XUEH PR, 2B 36. 4% F1 45, 5% W kK
VT SR BAE R g R s Bt A0, P AR b 28 H I B bR FXZ2
F FZT2-26 ok A REFIERTE , X R 54 )8 E 5%
TR b O DS B AR 1) B 4 B B e A 23]
R, sCHEfLR S A N A EEE Y B
BIFTT L R, A S 2 B 10 i R PR BE 8 b 5 3
i FAEYITE IR B P, ek AR K T R
B BR P A Ay P A L A 1 4l D A b R A BT 4
TR | A e S BRFER TR TR R T AR S | 9 PR A%
ILh 5 W 5 S LA A I A B R
Lleds 26 38 K B, 5 P9 A PR ER B8 BT AR E631 458k
B =R AT LR R Y A B, ARG
Hh S5 /NI A T S 5 SR B, PR B ER TR B R FXZ2
SRy BE RS R B AP, H A AR A B
g, Foe /NI A R T 3K 220 mmol/LL, 45 3 AT
2 T T 5 ) SR A R T A2 T AR . 61 40 Babu
SFUOT N TR R R 40 S 1Y LB B Bk PDR-28,
REASTI A2 11. 6 mmol/L Cd*, Zafar 257 P Ik i
JBE KA Tl 5 7K 5 B ask 1 A FH e 43 B8 1350 0 B TR TR
FREENS T 2 44. 5 mmol/L Cd* , MWipEIEA" K
By Cd™ Tt 52 B8 71 5 & WO B AR Paecilomyces lilacinus
(1) /NI R BE 4R 200 mmol/ L,

25 BTk BT BR B B A BE TR R/ NE RS ST A
TR F 4 RS A B A 4R
BEEARE S (HHOE SR AE s A R E it &
& @ W etk MO AR A 1 5 T R O, OF AL
FER IR R Ak i A v Bk T A e B O
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HEL PR A A0 B B R SR PR PR 45 2 i
FAJRHIE " A I & B, AN R R R A T R
U TR, B [ — AR A A [R) ik , Ho 48 bt
MRy 2 SRR K, HIL, X SRR 4 R P bL
Tl AT RESE AN AR Z RN EATTAETE A AR Y
BIMRVE T, TR MR T 7 =5 A8 90 A T 4 J Tif 32 1 R

FURAEAERT, MEAh AR TE b FAE X Y 25 7 i T
Bk G1-29 , R B B4 1 R B b, FATTIA Y iX
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A AR AL B ROR Y SR W 2 e
IR (e R Nl 7 1 R W - 1 i 08
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