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solanacearum. [Methods] The endophytic fungi were isolated from the roots, stems, and leaves of the
healthy patchouli using the tissue isolation method. The taxonomic structure and biodiversity of the
endophytic fungi from patchouli were explored based on the morphological traits, and fungal ITS
region sequence analysis. And the antagonistic endophytic fungi against Ralstonia solanacearum were
screened by double plate antagonistic method. [Results] In the results, 313 strains belonging to
30 genera of endophytic fungi were isolated from patchouli. The dominant groups of the endophytic
fungi were Alternaria (28.75%), Phompsis (23.00%) and Colletorichum (11.82%), respectively. In
addition, there were some rare fungal endophytes taxa such as Biscogniauxia, Eutypella, Gibellulopsis,
Neosartorya, Neofusicoccum, Talaromyces were also isolated. The colonization rates and the isolation rates
of endophytic fungi in patchouli stems and leaves were higher than those in roots. However, the diversity
index of fungal endophytes in roots (2.64) was higher than those in stems (2.00) and leaves (1.97). The
similarity coefficients of fungal endophytes between stems and leave, roots and stems, roots and leaves was
0.35, 0.20, and 0.19, respectively, indicating that the species composition of fungal endophytes in patchouli
roots, stems and leaves were not very similar each other. In addition, 16 strains of endophytic fungi showed
the antagonistic activities to Ralstonia solanacearum. Among the 16 strains, GHXR07, GHXR27 and
GHXR29 showed the best antagonistic activities, and they were identified as Talaromyces sp., Myrothecium
roridum Tode and Talaromyces wortmannii (Klocker) Benjamin, respectively. [Conclussion] The
endophytic fungi in patchouli were very diverse and their distribution showed the tissue specificity, and
the antagonistic strains against Ralstonia solanacearum were also demonstrated.

Keywords: Patchouli, Endophytic fungi, Diversity, Ralstonia solanacearum, Biological control
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1.1.1 [ETEK:

( )
2015 11 30

50 cm
(20 °C 55%—80%)
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Table 1 The colonization rate and isolation rate of
endophytic fungi in different parts of patchouli

Item Root Stem  Leaf Total
176 112 114 402

Numder of tissue segments
97 102 108 307
Numder of tissue segments
with fungi
98 104 111 313
Number of fungal strains
55.11° 91.07° 94.74* 76.37
Colonization rate (%)
55.68" 92.85" 97.37" 77.86

Isolation frequency (%)

(P<0.05).
Note: Different small letters indicate that the comparison
differences in the colonization rate or isolation rate are significant
(P<0.05) under the different parts of patchouli.

(Phomopsis) 28.75%
23.00% ( 2)
19
(Alternaria) (Corynespora)
32.65%
12.24% 10
(49.04%) (Colletotrichum
17.31%) (Diaporthe 15.38%)
12 (50.45%)
(17.12%) ( 2

23 TEBFTERMALEERR S HEFMEM
15

Shannon-Wiener (H)

H 232 H 2.64
2.00 1.97
3 (E)

0.72) 0.74) E
(0.66)
« 3
3
(€

(Cs stem-1ea=0.35) (Cs root-stem=0.20)

(Cs root-1eat=0.19) ( 3 Jaccard

30

(Glomerella) 5

3 (Nigrospora)
24
(Botryosphaeria)
(Chaetomium) (Eutypella) 3
(Annulohypoxylon)
(Biscogniauxia) (Cladosporium)
(Guignardia) (Magnaporthaceae)
(Xylariaceae) 6
15 ( 2

24 EEHEREENMT ETNEERERBN
ik SEE

16 (
4) GHXRO07 GHXR27 GHXR29
2.8
1.1 3.0cm GHXR07 GHXR27 GHXR29
ITS-rDNA GenBank
KX870936 KX870937 KX870938
GenBank
ITS
BLAST
GHXRO07 ITS LSU GenBank
Talaromyces
97%  99% ITS
(1) GHXRO7  Talaromyces radicus
LSU
( 2 Talaromyces rugulosus
Talaromyces
GHXRO07
( 3A) Talaromyces
sp. GHXR27 ITS

Myrothecium roridum (HQ115647.1)
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R2 EER E. HAALEEMMBEARGENSBHNE, %)

Table 2 The taxa of endophytic fungi in patchouli roots, stems and leaves (relative frequency, %)

98 ) (104 ) a1 ) 313 )

Species of fungal Root (98 strains Stem (104 strains Leaf (111 strains) Total (313 strains)
Absidia 1.02 0.00 0.00 0.32
Alternaria 32.65 49.04 6.30 28.57
Annulohypoxylon 0.00 0.00 0.90 0.32
Aspergillus 2.04 0.00 0.00 0.64
Biscogniauxia 0.00 0.00 1.80 0.32
Botryosphaeria 0.00 0.96 0.00 0.32
Chaetomium 0.00 0.96 0.00 0.32
Cladosporium 0.00 0.00 0.90 0.32
Colletotrichum 1.02 17.31 17.12 12.14
Corynespora 12.24 0.00 0.00 3.83
Diaporthe 1.02 15.38 2.70 6.39
Eutypella 0.00 0.96 0.00 0.32
Fusarium 5.10 0.00 0.00 1.60
Glomerella 1.02 0.96 1.80 1.28
Gibellulopsis 1.02 0.00 0.00 0.32
Guignardia 0.00 0.00 13.51 4.79
Macrophomina 1.02 0.00 0.00 0.32
Magnaporthaceae 0.00 0.00 1.80 0.64
Monocillium 1.02 0.00 0.00 0.32
Myrothecium 4.08 0.00 0.00 1.28
Neosartorya 1.02 0.00 0.00 0.32
Neofusicoccum 0.00 0.96 0.00 0.32
Nigrospora 0.00 3.85 1.80 1.92
Paecilomyces 9.18 0.00 0.00 2.88
Penicillium 7.14 0.00 0.00 2.24
Phomopsis 6.12 9.61 50.45 23.00
Xylariaceae 0.00 0.00 0.90 0.32
Talaromyces 9.18 0.00 0.00 2.88
Trichoderma 2.04 0.00 0.00 0.64
Rhizoctonia 2.04 0.00 0.00 0.64

*3 TEBR. £ HPRNEEENSHM

Table 3 The diversity of endophytic fungi in patchouli roots, strems, and leaves

Divesity index Root Stem Leaf

Number of fungal strains (N) 98 104 110

Number of fungal species (S) 27 15 16
Shannon-Wiener Shannon-Wiener diversity index (H") 2.64° 2.00" 1.97*
Evenness index (E) 0.66" 0.74* 0.72°

- Similarity index-root (Cs root) 1.00 0.20 0.19

- Similarity index-stem (Cs siem) = 1.00 0.35

- Similarity index-leaf (Cs jeaf) — — 1.00

(P<0.05).

Note: Different small letters indicate that the comparison differences under the different parts of patchouli are significant (£<0.05).
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*4 BERHERENEENT EEALEERENK 99% 3
Table 4 Somt.a antagonistic Patchouli endophytic fungi Talaromyces wortmannii 98%
against to Ralstonia solanacearum
C Q) ( 30
Strain No. The relative radius of inhibition zone* (cm) Talaromyces wortmannii (Klocker) Benjamin
GHXL17 0.2
GHXL12 0.2 3 2*‘?3 —%ﬁﬁf&
GHXL26 0.2
GHXS16 0.2
GHXRO06 0.4
GHXRO07 2.8 30
GHXR16 0.6 76.37%  77.86%
GHXR17 0.2
GHXR19 0.6 2.32
GHXR26 0.3
GHXR27 1.1
GHXR29 3.0
GHXR33 0.5 [35-36]
GHXR35 0.9 [(37-38]
GHXR36 0.5 )
GHXR37 0.9
* = - .
Note: *: The relative radius of inhibition zone = the inhibition zone
radius — fungal colony radius.
99% 4 Myrothecium roridum [35.39-40]
82% ( 4)
( 3B) (41) (Biscogniauxia)
Myrothecium roridum Tode GHXR29  ITS (Eutypella) Gibellulopsis
Talaromyces wortmannii (KF984827) (Neosartorya) (Neofusicoccum)

Talaromyces wortmannii CBS293.53 (KF9848273
Talaromyces wortmannii CBS391.48 (KF984829)
Talaromyces variabilis CBS385.48 (NR_103670)

99! Talaromyces variabilis CBS385.48 (JN899343)

Talaromyces radicus KUC1679 (HM469413)
GHXRO07 (KY643686)

Talaromyces allahabadensis DTO245E3 (KF984864)

99, Talaromyces islandicus CBS338.48 (NR 103664)

Talaromyces islandicus CBS338.48 (JN§99318)
Talaromyces loliensis CBS643.80 (NR 103680)

99! Talaromyces loliensis CBS172.91 (KF984887)

100; Talaromyces phialosporus CBS233.60 (KF984895)
Talaromyces scorteus NRRL1129 (KF984892)
Talaromyces tratensis CBS113146 (KF984891)
Talaromyces atricola CBS255.31 KF98485%)
Talaromyces rugulosus DTO19315 (KF984831)
ogly Talaromyces rugulosus DTO249-C9 'gKC797646)

76 Talaromyces rugulosus CBS371.48 (KF984834)
|:T alaromyces piceae CBS435.62 (KF984793)
100 Talaromyces columbinus DTO189A5 (KF984794)

Trichocoma paradoxa CBS788.83 (IN899398)

86| 77

98

0.02
1 ETF ITS rDNA F5I#2 8 GHXR07 RF L E R
Figure 1 Phylogenetic tree based on the ITS rDNA gene sequence of GHXR07
Trichocoma paradoxa CBS788.83 (JN899398) (1000
) GenBank

Note: The phylogenetic tree was constructed by Neighbour-Joining method; Trichocoma paradoxa CBS788.83 (JN899398) was used as the
out-group; The number in each branch point indicates the number of trees from 1 000 bootstrap replications in which the branch occurs;
Scale length represented genetic distance. GenBank accession numbers were shown in the parentheses.
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Talaromyces amestolkiae RPeD1 (KX555605)
97 — Talaromyces ruber IFO5857 (LC026247)
Talaromyces funiculosus éKP784§ 13360

74

Talaromyces funiculosus Q5
Talaromyces flavus CB
98! Talaromyces flavus NRRL.2098 (EU

73;T¢ alarom[vces kabodanensis CBS139564 (K'Y 129843
Talaromyces viridulus TFO33089 ( B04722%)
Talaromyces purpureogenus D116-124 (LT558946)

Talaromyces funiculosus 14R-2-F01 (KX958062

891 Talaroniyces funiculosus 14R-2-F06 (KX958026

Talaromyce shelicus CBS352.66 (FJ430763
83— Talaromyces helicus CBS35%.4§0 gFJ4)30762

96

Talaromyces bacillisporus N 025 (AF033388)

Talaromyces rugulosuys SG2 %JX86391 )
90 85, Talaromyces ru§ulosus ]éKF88093 )
74 GHXRO07 (KY643687)
51 Talaromyces rufulosus (KF880954)
71-Talaromyces rugulosus (KT215331

3
Trichocoma parac)oxa IAM14601 (AB047220)

—_

0.01
B2 ET LSUrDNA F3IHi2 GHXRO7 R4 & i
Figure 2 Phylogenetic tree based on the LSU rDNA gene sequence of GHXR07
Trichocoma paradoxa 1AM14601(AB047220) (1000
) GenBank .

Note: The phylogenetic tree was constructed by Neighbour-Joining method; Trichocoma paradoxa 1AM14601 (AB047220) was used as the
out-group; The number in each branch point indicates the number of trees from 1 000 bootstrap replications in which the branch occurs;
Scale length represented genetic distance. GenBank accession numbers were shown in the parentheses.
[46]

[47-48]

[49]

[38]

El 3 MEEE GHXR07 (A). GHXR27 (B). GHXR29

(O EERBFRS
Figure 3 The colony and spores morphology of endophytic
fungi GHXRO07 (A), GHXR27 (B), and GHXR29 (C)

a b c .
Note: a: The front of the colony; b: The back of the colony; c: (32.65%) (12.24%)

Spore and hyphae. 0.5

(Talaromyces) 30

24

[41]

[16-17,42]
[50-51]

[41]

[38,43-45] (49.04%) (17.31%) (15.38%)
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thecium roridum
97 rot}}zlecium ;}orihdum CBIS3I3] .5 I6(61 1 I5647§
s AN L9003 TAY254150)

o T AL (PN 5) R

M
Myrothec{um atroviride wb256 (AF455507
100| Myrothecium verrucaria BBA71017 gABO 003

77, GHXR27 (KX870937)
82;2 grg%ﬁec’“’" rorigum 019989384 155)

¥
A/* theci; z ja BBA70749 AJ301999§

O otheetim gramineum LCY1TT (KF414681)
Myrothecium gramineum BCC9458 (FJ825374)

yrothecium muatdl%u@églggég? 2?2653‘2152)

100

85 Myrothecium inun
Myrothecium cinctum BBA69182 (AJ301 9[;
99 Myrothecium cinctum ATCC18947 S‘ Q1359972
Fusarium oxysporum ATCCMYA-4446 (FJ172291)

0.02

4 ET ITS rDNA F3I#EH GHXR27 RER B
Figure 4 Phylogenetic tree based on the ITS rDNA gene sequence of GHXR27
Fusarium oxysporum strain ATCC MYA-444618S (FJ172291)
(1000 ) GenBank

Note: The phylogenetic tree was constructed by Neighbour-Joining method; Fusarium oxysporum strain ATCC MYA-444618S (FJ172291)
was used as the out-group; The number in each branch point indicates the number of trees from 1 000 bootstrap replications in which the

branch occurs; Scale length represented genetic distance. GenBank accession numbers are shown in the parentheses.
Talaromyces barcinensis CBS649.95 §N899349)
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3
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J
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s pupiies SUNIRI
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100
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44.95 (JN 3‘%‘()357)

94
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T4l 2 é’?zg i
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rool s i GBI baso
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71 Talaromyces wortmannii
Trichocoma paradoxa CBS788.83 (IN899398)

0.02
5 ET ITS rDNA F#93 #) GHXR29 R4t 4 & #
Figure 5 Phylogenetic tree based on the ITS rDNA gene sequence of GHXR29
Trichocoma paradoxa CBS788.83 (JN899398)
) GenBank .
Note: The phylogenetic tree was constructed by Neighbour-Joining method; Trichocoma paradoxa CBS 788.83 (JN899398) was used as the
outgroup; The number in each branch point indicates the number of trees from 1 000 bootstrap replications in which the branch occurs; Scale

length represented genetic distance. GenBank accession numbers are shown in the parentheses.
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