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ZHEALE Alternaria MR TEE Fusarium JpRFEEFE . 555k 37. 5520 F1 18. 5000 EE T4 BB B0y W4k
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1.3.2 oTaHF% < FHERE DNA #1
G PR EC DNA, DL B8 514 1TS1(G5'-TC-
CGTAGGTGAACCTGCGG-3") 1 ITS4 (5'-TC-
CTCCGCTTATTGATATGC-3") 8l ¥, ¥ 14
ITS ff5F X, PCR =8 H 10 g/L BUig b
U5 o PR VKRG I 3% 5 p ot 4 30T B A W) BB A IR
A . K BT 45 ¥ 8 #E GenBank ' BLAST
XF i MEGA 6.0 #4777 51 43 #1 » SR F 48 35 %
$¥: (Neghbor-joining) 1 000 X E&Z H R H# &
SR B W IR TSRS R E R .
1.4 NEERSHMEST

K FH 43 8 4 2% | Shannon-Wiener £ Ff 1 45
B350 B i B AR 8 K53 A R R P AR LT
(4 Z2 R DA B A A e e

2 HEXRH54M

2.1 BEERNEEERSS
T 3 DA R 245 A [a) 4l A 10 3 435 A~ i

I w2 2R S e 3 Oy B AR B N AR BT 3 822 Bk,
Hor AR 4329 834 bR ZE 1177 Bk .AH 1521 Bk Ak
290 tk; & 411 Bk = 2 782 Bk Bk R 629 k.
2R PRI V% 1Y 35 FR R AR AP R 43 ol 116 MBS
R T 5 VR IR R B G 2 R A KR AE 4 00 WL R 1
GIEN
2.2 BETENEEES FEYFETE
GEATE A EE A E B 5. 8S rDNA-ITS JF
G534 K D AR U R 2 2 A B AR B N AR B
X538 55 a2t Hodr, 33 A% B Aok
19 A B EKE .1 A FRKE T AR,
TEH W42 KF B DOAEE L H Moniliales S 4
PR BE L 5 R E R Y 70, 69 05 7E R 43 JK
- b i B 46 BE Dematiaceae (5 5L B PR 5L & 1
38.41% ;s 78 J& K V- | DL &2 4k L J& Alternaria
FHRAL T B Fusarium R O35 SERE, 0 5 5 B
RECHEL Y 37. 5520 F1 18.50 % (& 2)

AG,,

AG,,

Elh AHBKENAE YT, G Rt ZEFRNA S .1.2.3.7.8,10,17,18.19 F B HNEEE A is the abbreviation of au-

tumn, Y,] and G are the abbreviation of leaf, stem and root, respectively. 1,2,3,7,8,10,17,18 and 19 are the serial of endophytic fungi i-

solated. F#[d The same below.

1 4 ERNERRE
Fig. 1 Purified fungi isolated from Houttuynia cordata Thunb
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Table 1 Colony characteristics of several endophytic fungi isolated
[ - F = A SR 4 1 [] P RHAE
Strain Tissue Season Characteristic of colony
- * TR VR R 22 R B 6 B AR KR A B 6 TR 22 BU% L TR IR
AY, Leaf Aut The surface of the strain is pale yellow when young and then turns orange when mature,
~ca utumn with dense mycelium and massive colonies.
i T BEA AR R RGO B HLEE "ERE.
AY, Leaf The surface of the strain is dark green when young and then turns blackish green when ma-
_ea Autumn L . . . .
ture, with intensive mycelium and massive colonies.
Ay, T B 0 T AR £ 22 90
3 Leaf Autumn Blackish green colonies grow in concentric rings with dense mycelium.
AG1, it % W22, RORTETE . T 22580 W BE
17 Root Autumn Little white mycelium grow adhering to the wall and colonies shape flake.
Al E # & 1 ORI R AR AR P
13 Stem Autumn White colonies are radial and thicker,and they grow fast.
I * WiEVINE A A SR LG, W 2 IR A REE .
AG25 Root Aut The surface of the strain is white when young and then turns pink when mature, with rela-
00 utumn tively dense mycelium and slowly growth.
w. M % 4 A . SRR A (L
DS Root Spring Dark brown colonies are fluffy and thicker,and they grow fast.
STar ES & WEZEBOMBR, HLKE, ARTE,
D Stem Spring Black powdery colonies grow fast and mycelium ware gray.
XJs. £ 52 KA 228 il B R8T R .
62 Stem Summer Myecelium are gray and white and brown colonies are relatively thicker.
W o WEBE K A6, 52N B 6, 2HURAeERK.
XY Leaf S The surface of the strain is gray when young and then turns black when mature with radial
_ea ummer growth,
o u W22 1 VR SR BN IR R L IS A R
XGgr Root Summer White mycelium are dense and the raised flocculent colonies are shallow pink with a little
purple.
40 - 37.55
2351
° (=]
X830 rF
o=
¥oost
BT 0L 18.50
=
R 15T
2 - 8.58 8.35
= 10 ' s26 53
5 2.59 . 2.75
. Lo 0.39 1.02 0.73 0.37 0.10 0.86 |_| 0.86 |_| 0.16 |:| 0.44 [] |_| 0.55 167 "
R 3 3 ¥ = 3 a 3 B
F§ 88 FFFE i E s 8Efs gk
T PRI S Y S E SRS EEYEEEeyos
S = S = = & § 9 g £ A 3 T z o 2 ¥ 3 =
f3 ST i EffiTietiiEoiyi
- S ) ~ ], &% PN M N 8 -~ .~ S o Qo
¥ n x® RS FE N N = & 5§ & U 3 = =z S
A2 Y K R 38 O~ M E = 3 O K 8 &
5 N T R S E m y < 3 5 & S ]
Mwﬂfﬂimf‘m @W%M% O § p E E 3 3
w8y g 25 2@ Oom oy opom BSOS
oo = B g m o g% I
T E R KE # ¥ o= =
E EER = oe 2y WELL
= AL >
; = £ = 5 B =
- xR
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2 BEENEEENAN

Fig.2 Composition of endophytic fungi isolated from Houttuynia cordata Thunb
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2.3.1 RREFH hE2 M. ZFNEHEK
WRIRZ . O 2 782 Bk BT 629 B3 411 Fk.
MEC B T s R T . B F 0y B AR B N AR R SR
WZ N 4 ADEBFEFN 13 AR KT R N9

M@, 153 AFAT AR N A B AR LSS
WA )R (Alternaria) UL H A Z T8 50 &
AR T A 2 ZE . BRI 2 I ik
T B (Fusarium) s 533124 22,14 %6,19. 12 % .7
TZE Rk & 8 (Epicoccum) s R 15, 90% ., I
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b ANTR] 25 14 f I e A AT R €8 A LA
ME.FEZ2NETMEE (Acrostalagmus) . [ ¥
FHEMIE (Ampelomyces) F1 DU 43 K% 1 J& ( Tetra-
cladium) ; E 75 ) B 572 B J& (Chaetomium) | M 55

& (Phyllosticta) 135 5 J& (Gibberella) ; Fk 2=
M2 v 4t J@ ( Trichothecium) F K % J& (Tri-
choderm) (3 3) .

M Shannon-Wiener Z K PEFE B (H') K 5 .

Fusarium sp. G39

99 [ Fusarium oxysporum f. sp. ciceris
Fusarnium proliferatum

49 Fusarium fujikuroi

Fusarium sp. Ecu311
Fusarium oxysporum
Gibberella moniliformis

Fi i b inans

Fusarium tricinctum

Nectriaceae sp.

53 Colletotrichum coccodes

31

61

Colletotrichum circinans

Colletotrichum higginsianum

Ch ivm sub.
1 Trichoth £ rosewm
oy Trichod a sp. G20-12
Acr Ia I Ibus
a4 Plec b lla c
98 | Colletotrichum pisi
Clad. G cladosporioid:

o Cladosporium sp. SS-S12
az | Cladosporium ossifragi
74| Cladosporium sp. 2-12s

Penicillivm atramentosum

Tetracladium sp. AS5-2

Ampelomyces humuli
Epicoccum sp. HS-1

44
Epicoccum cf. nigrum XSCG06

Epicoccum sp. OUCMBI101238

32

Phyllosticta caprifolii
Epicoccum sp. OUCMBI101181
Phoma sp. 4 BRO-2013

az

Phoma exigua

Rhizopycnis vagum
Alternaria dauci

Lo Alrernaria tamaricis
‘Gb Alternaria sp. PAO7
2 | Alternaria sp. MKIN-2013
Al ia arbor s

29
Alternaria populi
Alternaria sp. JGLJ1-2-1
Al i issima
| | Alternaria sp. OUCMBI101134
295

a Alternaria sp. HLLT_3
Alternaria solani
Alternaria alternata
Alternaria sp.6293

Alternaria brassicae

C, basidi sp. AG-Fb

Aspergillus ruber IBL. 03114
Ascomycota sp. Papochf 08

B3 ETFITS FHHLEM

Alrternaria sp. DoF22
Epicoccum sp. MLM2

Epicoccum nigrum
Fungal sp. HP1C.
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Fig. 3 Phylogenetic tree constructed with the program Neighbor-joining (NJ) based on ITS sequences
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FE S5 B . 1517 -

BAE TR B E Y 1,88, WA )
FETHNERRZHEERANK -BGEEN TS
FEFR R R R . o 1. 38, BRI S s i
(F2),
2.3.2 ARFIALLR AR R RRE A U0 B
AR BT 834 tk.SRJE T 16 & s 2B ar B ih
L177 #k SRR T 13 @ s M or B th 1521 #k. 5k
BT 7T AN E AR 290 BRLRE T S A
b USR8 3 8 (Fusarium) S E, } 26. 98%,
M ZE A Y UL 8B (Alternaria) N
L5k 45, 43%.39. 93%.59. 66 %, 38 HE
J& (Alternaria) JJ %)@ (Colletotrichum) | g
W& (Fusarium) .25 5% J& (Phoma) N A 1EAS [
A 1 o [ O [ 2 P 6 e A S SR B SN

BA @ WHRAL M., R gia 3 55
8 )E (Acrostalagmus) . ¥ %5 4 )& (Ampe-
Lomyces) F1M 35 8 J& (Phyllosticta) ; T 3 Vi i )&
(Trichothecium) . K% J& (Trichoderma) % H I\
P BRI (R 3.

M FEVEFR BRI BEAS [R) 4 2L 1
ZREVETE B ZE N K., R Shannon-Wiener £
REVEFE B (H' = 2. 06) il Margalel =F & & 5 %%
(R=1.55)fg . W] i JJg REAR v N 22 L B 2
FEPEA £ 8 B fm . MR S s B A
0.80, {£M Shannon-Wiener £ £ ¥ $8 % . Mar-
galef F 5 JF 98 50 S ¥ ) & 48 BOdw AR, 20 00
1.17.0.49.0.73(F% 2),

®2 BERENLEEEESHENESN

Table 2 Diversity indices of endophytic fungi from Houttuynia cordata Thunb

Wk I SRAERFH] Season HZA  Tissue
Fungi #  Autumn % Spring ®H  Summer M Leaf 2X Stem f£ Flower & Root
k%% Strains 629 411 2782 1521 1177 290 834
J& Genera 9 13 14 7 13 5 16
LS55 Shannon-Wiener index(H") 1. 87 1.93 1. 83 1. 55 1. 90 1.17 2.06
FEERE Margalef index(R) 0. 86 1.38 1. 14 0.57 1.18 0. 49 1.55
W& 880 Evenness index(E) 0. 85 0.75 0. 69 0. 80 0.74 0.73 0.74
R3 ARAETHAREKAEGREENEERREZENEN
Table 3 Composition of endophytic fungi isolated from different tissues
of Houttuynia cordata Thunb in various seasons
N A T RAEMH - Season 2141 Tissue
Fungi F Autumn % Spring B  Summer M Leaf 2% Stem f£ Flower # Root
THELIE  Alternaria 25.76 28.22 41.59 45. 43 39.93 59. 66 12.11
[k Jm Epicoccum 15.9 13.87 6.15 11.18 10. 2 — 4.56
Hil# A8 Colletotrichum 11. 29 — 4.67 7.3 5.52 5.52 1.08
WA HE B  Fusarium 13.35 22.14 19.12 16. 44 18. 44 5.17 26.98
HEJE  Penicillium 6. 04 7.3 1.11 3.22 2.12 — 3
EXE%EE  Phoma 5.41 2.92 9.81 8.68 8.16 19. 66 4.08
INREEIRFE)E  Plectosphaerella 5.41 1.95 0.79 — 1.78 — 516
RuiflJE  Trichothecium 2.23 — — — — — 1.68
KEJE  Trichoderma 4,45 — — — _ _ 3.36
BB R Acrostalagmus — 3. 65 — — 1.27 — —
M LR Ampelomyces — 1.46 _ _ 0.51 B _
K JE  Cladosporium — 3.65 0.65 — 1.53 — 1.8
e g Aspergillus — 2.92 0.97 — — — 4,68
PO fL)Ed  Tetracladium — 0.97 — — — — 0.48
i T g Ceratobasidium — 2.19 0.29 — 0.51 — 1.32
IR B Rhizopycnis — 1. 46 0. 54 — — — 2.52
EicHE  Chaetomium — — 7.87 4. 54 — 10 14.51
5858 Phyllosticta — — 1.19 _ 2.8 o -
TEIE  Gibberella - - 4.85 - 5.95 7.79
KXW ERE Fungal sp. HPLC 10.17 7.30 0.4 3.22 1.27 — 4,93
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SAETMAHIME LSRR FEEME
ZE AL d5e R, R 0. 745 37 2 RN B 2R B A AL P
0. 61 BTN 2= AL B AR, O 0,55, M
0 JE R 2H L[R]3 AT 1Y N AR LT TR YA M R
M 5EAERIME RS 0. 83 2K 5 R AH
LA, 0. 44,
3 3t #w

AT R R AR h o A5 B 3 822 RN
B B2 5. 8S rDNA-ITS J# 414 T
Y 5E B R M E R 55 N I A AR TE 3
AWST 7T AHNTAE 19 ADw . sk G (Alter-
naria) FPEAFHE (Fusarium) R H B, i
AT o R P 2 ECF B 0 N AR LR, HL 2 AR
B A I B) 55 R 2R B S A SR A R R BN
—E W EmATE . R bR 5 8 2R ) 2
AH S 3, AR A A 22 ST 1 T R A K A L X
b5 P JR e A0 2 R — R 2 RO AR B T T
I B 3 07 o AR e g v Y AR AR P, T AR
AL TR BB/ 2 R T AR N R 22 B A TR R IR TR
X FLBE A WORAE . A8 T4 8545 2 0 N AR L AL
i N 2N 1 B s 3X 5 AR 0 A AR I TR A
—ERRHFEGANNAEERS R LS
KN Z TR B B IR S R AR K A
A P ) L T AN T 48 L A A1 19 LT AT ok B AR AL
H sl f 104 R R AR RN

Z 53 b, Shannon-Wiener 22 # 1 45 44
FHARAS S V& 22 FEPE 10 R A5 2 50 B2 48 R R
WY R AR AR E B ARG A R
N AR FLIE Z R KOT 28 3 v A R B AT
X B AR BT By o [ ki A v, Y
A REERES AR RIE AR ENCR, B
I PN AR 3 o D OC F £ JUE B PN AR TR 22 R M Y A
I W TC VR 5 A b X R 22 R AR EO0) L
Ry UG b B S £ U R N AR L TR RN 2 AR A
TR AL T 22O () Ml DX A S, AR A TR 2 AT R SR
A LR, FLZE IR AT R A Ja TR AR T AN [a) b 858 £
JI A A LR 2 R R R I BB AR L b Ry ik — 2P
Vi) Y 10 R R 55 PN A TR AE B O &R L R O R TR R
BEE HLA
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Diversity of Endophytic Fungi in Houttuynia cordata Thunb

CUI Wenxia' ,CHEN Rui' ,ZHANG Fenghua' ,CUI Zhonghua® and LI Qinfan'

(1. College of Veterinary Medicine, Northwest A&F University, Yangling Shaanxi 712100, China;

2. Animal Disease Prevention and Control Center, Lintong Shaanxi 710600, China)

Abstract The composition and diversity of endophytic fungal taxa in Houttuynia cordata Thunb was
analyzed. Endophytic fungi from different seasons (autumn, spring and summer) and different parts
(root, stem, flower and leaf) of Houttuynia cordata Thunb were isolated by tissue expand method.
Strains were classified by morphology and similarity of internal transcribed spacer (ITS) sequence.
Composition,diversity of endophytic fungal community were analyzed by the isolation rate(IR) ,isola-
tion frequency(IF) ,Shannon-Wiener biodiversity index (H') and Margalef richness index(R). 3 822
strains from Houttuynia cordata Thunb were divided into 19 genera,55 species,of which Alternaria
and Fusarium were predominant, respectively accounting for 37. 55% and 18. 50% of the total. The
endophytic fungi of summer were the most among the 3822 strains. The Shannon-Wiener biodiversity
index associated with roots was the highest (H'=2.06). The highest Sorensen coefficient was detec-
ted in spring and summer(Cs=0. 74). Among the different tissues, the highest Sorensen coefficient
was in leaf and flower(Cs=0. 83). The endophytic fungi in Houttuynia cordata Thunb have abundant
diversity. Meanwhile, there were some notable differences between distribution and composition of the
endophytic fungi isolated from different seasons and different parts of Houttuynia cordata Thunb.

Key words Houttuynia cordata Thunb; Endophytic fungi; Dominant population
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