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Table 1. Sampling site

Site Sample growth years/years Longitude Latitude Altitude /m

Hunchun (¥ %) 5 East 130°30705” North latitude 42°51741" 138

Changbai (K 14) 5 East 126°25729” North latitude 41°4322" 1086

Fusong ($L42) 5 East 127°33°20" North latitude 42°0309" 848

Jingyu (35 5%) 5 East 126°08°11” North latitude 42°38°16" 384

Jian (£ 22) 5 East 126°17 24" North latitude 41°15°31" 328
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globispora syn. » FEHEHA T % 2 BE A 119 L0 2 1715«



R 2E A UVES R RV S0 S 2 R /R A 4R (2015) 55.(3) 333
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Figure 1. Phylogenetic tree of endophytes in American ginseng. Numbers in parentheses represent the sequences” accession number in
GenBank. The number at each branch points is the percentage supported by bootstrap. the ‘1,2:::34” on the right of the figure are the

numbers of isolated microorganisms. Bar, 10% sequence divergence.
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x2. AEFESHEREDBLEESR
Table 2. Isolation and identification result of endophytes in American ginseng
Number Category Species Similarity / % Pattern of bacteria number
Bacillus amyloliquefaciens 99 JF460751
Bacillus vallismortis 99 KF818642
| Bacillus Bacillus methylotrophicus 99 JN700123
Bacillus subtilis 99 HQ711983
Bacillus tequilensis 99 KC851839
Bacillus pumilus 99 EF178456
Pseudomonas oryzihabitans 99 JX082200
Pseudomonas geniculata 99 HQ857772
2 Pseudomonas Pseudomonas veronii 99 KF484676
Pseudomonas fluorescens 99 1Q782497
Pseudomonas hibiscicola 99 KC172017
Agrobacterium radiobacter 99 AM181758
3 Agrobacterium Agrobacterium tumefaciens 99 FR828334
Agrobacterium rhizogenes 99 EU420078
Enterobacter cloacae 99 JQ038222
4 Enterobacter Enterobacter ludwigii 99 HQ242714
Enterobacter hormaechei 99 KJ437476
: Serratia Serratia liquefaciens 99 CP006253
Serratia plymuthica 99 KF465827
Penicillium daleae 98 DQ132832
6 Penicillium Penicillium dipodomyicola 98 GQ161752
Penicillium citreonigrum 98 EU497942
7 Cladosporium Cladosporium cladosporioides 98 HM148049
8 Lutetbacter Lutetbacter rhizovicinus 99 NR042197
9 Sporosarcina Sporosarcina globispora syn 99 AM237400
10 Microbacterium Microbacterium arborescens 99 IN644505
11 Streptomyces Streptomyces laceyi 99 AY094367
12 Lysobacter Lysobacter antibioticus 99 FJ930928
3 Colletotrichum Colletotrichum coccodes 95 AJ301984
Colletotrichum panacicola 97 GU935869
14 Aphanoascus Aphanoascus terreus 97 AB861677
15 llyonectria Llyonectria radicicola 98 KF156312
16 Acremonium Acremonium alternatum 98 AAUS7674
17 Alternaria Alternaria brassicicola 98 KF542551
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) 23. 5% 38. 4% F1 28. 6% , ¥ 5= UL R 10 5 8
(Pseudomonas) 3 L 95 J& » 57 1% b P9 A2 6L B 8
23.5% » £ % UL 25 4 W8 (Bacillus) AR 510 14 8
(Pseudomonas) F1¥> 55 K B (Serratia) R AL # g ,
By izt A P TR R R 22. 2% .
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E 2. AFESANEME 16S rDNA RSt (L #
Figure 2. 16S rDNA phylogenetic tree of endophytic bacteria in American ginseng. Numbers in parentheses represent the sequences” accession number
in GenBank. The number at each branch points is the percentage supported by bootstrap. The Arabic numerals (1) , (2) ,++.. (24)’ in the brackets

are the numbers of bacterial strains, and others after those are the specific names Bar,2% sequence divergence.

79 (25)LIyonectria radicicola (KF156312)
0.1 99 (31)Acremonium alternatum (AAUS5T674)
39 (32)Colletotrichum panacicola (GU935869)
0 99 [ (27)Colletotrichum coccodes (AJ301984)
(26)Cladosporium cladosporioides (HM148049)

(34)Penicillium dipodomyicola (GQ161752)
97 (28)Penicillium citreonigrum (EU497942)
93 (29)Penicillium daleae (DQ132832)

(30) Aphanoascus terreus (AB861677)

(33)Alternaria brassicicola (KF542551)

B3 FAFESHERE ITS REHLH
Figure 3. ITS phylogenetic tree of endophytic fungi in American ginseng. Numbers in parentheses represent the sequences’ accession number in
GenBank. The number at each branch points is the percentage supported by bootstrap. The Arabic numerals €25) , (26) ,+--.. (34)’ in the brackets

are the numbers of bacterial strains, and others after those are the specific names Bar,2% sequence divergence.
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®3 AESHERESEEBUHSHEREI
Table 3. Distribution of endophytes in American ginseng at the colonization parts
Hunchun Changbai Fusong Jingyu Jian
Number  Species (2 (K1) () Gl ) (44
Root  Stem Leaf Root Stem Leaf Root Stem Leaf Root Stem Leaf Root Stem Leaf

1 Lutetbacter rhizovicinus 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0
2 Bacillus amyloliquefaciens 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0
3 Bacillus vallismortis 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 Pseudomonas oryzihabitans 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0
5 Sporosarcina globispora syn. 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
6 Microbacterium arborescens 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
7 Enterobacter ludwigii 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 Streptomyces laceyi 0 0 0 0 0 0 0 1 0 0 0 0 0 0
9 Agrobacterium radiobacter 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0
10 Pseudomonas geniculata 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
11 Bacillus methylotrophicus 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0
12 Enterobacter hormaechei 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0
13 Bacillus subtilis 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0
14 Agrobacterium tumefaciens 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
15 Pseudomonas veronii 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0
16 Enterobacter cloacae 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
17 Serratia liquefaciens 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0
18 Lysobacter antibioticus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
19 Pseudomonas fluorescens 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0
20 Pseudomonas hibiscicola 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
21 Serratia plymuthica 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0
22 Bacillus tequilensis 0 1 0 1 0 0 1 1 0 0 1 1 0 0 1
23 Bacillus pumilus 0 0 0 0 1 0 0 1 1 1 0 1 0 1 0
24 Agrobacterium rhizogenes 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
25 Llyonectria radicicola 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
26 Cladosporium cladosporioides 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0
27 Colletotrichum coccodes 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
28 Penicillium citreonigrum 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0
29 Penicillium daleae 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0
30 Aphanoascus terreus 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
31 Acremonium alternatum 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
32 Colletotrichum panacicola 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
33 Alternaria brassicicola 0 0 0 1 0 0 0 0 0 1 0 0 0 0
34 Penicillium dipodomyicola 1 0 0 0 0 1 0 0 1 0 0 0 0 0

‘1’ stands for existence ‘0’ stands for non-existence.

ANFE PGSR N ERE MR E 4. A
[F) 77 b (9 VG 3 A AR N AE R IR R B 2 e 0
1R 17 J& 34 Py 2R B IR VGV 2 R0 9y
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Figure 4. Clustering analysis of endophytes in American ginseng
of different producing area and the colonization parts. The ‘1,2--
347 on the left of the figure are the numbers of bacterial and

fungal strains, while the ‘I, II, *=*VIII’ are the numbers of class

group.
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Table 4. Types and ecological index of endophyte in American ginseng of different producing area

Number

Hunchun (3 %)

Generic name

Changbai (K )

Fusong ($L#4)

Jingyu (35 52)

Jian (#£22)

© 0 NN AW -

10

Bacillus
Pseudomonas
Agrobacterium
Enterobacter
Serratia
Penicillium
Cladosporium
Luteibacter
Sporosarcina
Microbacterium

Streptomyces

SO O O O = O = = O = W W

Lysobacter

(=)

Colletotrichum
Aphanoascus
Llyonectria

Acremonium

S O O = = O O O O O = W o= N NN~

-0 o o

Alternaria

o
~

Category

~

13

1. 6924
0. 6598
0.7692

Species
2.0685
0.7838
0. 8581

Diversity index
Evenness index

Dominance index

4
1
1
1
0
3
1
0
1
0
1
0

0

°C o = O O

14

1.8191
0.7320
0. 8367

=R« R e B e = B S I e T e N NN V)

AN OO OO0 =0 0 0 OO0 OO N = =NN

K=l

1.7351
0.7536
0. 8148
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The community structure and diversity of the endophytes
in American ginseng

Xuezhou Liu, Zhiling Zhao, Shaobin Li, Lianxue Zhang , Yixin Tian , Furen Sun
Jilin Agricultural University, College of Traditional Chinese Herbs, Jilin University, Changchun 130118, Jilin Province, China

Abstract: [Objective] To clarify the composition of endophytes community in American ginseng, to know the differences
of the endophytes community structure of different producing area and colonization part, and to grasp the resource situation
of endophytes in American ginseng of Jilin Province. [Methods] Endophytes were separated with tissue explant and
identified with 16S rDNA and ITS sequence analysis, by combining the cultivation forms. Moreover, ecological index
analysis was conducted for the endophytes separated. [Results] Endophytes in American ginseng root obtained included
13 genera and 26 species, endophytes of the stem obtained included 10 genera and 18 species, whereas endophytes of the
leaves obtained included 9 genera and 16 species. Bacillus and Pseudomonas were advantageous genera in the endophytes
in American ginseng, and the species contained occupied 17.6% and 14.7% of the total endophytes respectively.
According to the diversity index (H) , Hunchun > Jingyu > Fusong > Ji’an > Changbai; according to the evenness
index (J) , Hunchun > Ji’ an > Jingyu > Fusong > Changbai; according to the dominance index (D), Jingyu >
Hunchun > Fusong > Ji’ an > Changbai. [Conclusions] Endophytes in American ginseng were characterized by
abundant genetic diversity. The structure of the endophytes community in American ginseng was complicated, there were
differences of the endophytes community structure of different producing area and colonization part, the community
diversity of producing area with high altitude was decreased.

Keywords: American ginseng, endophytes, isolation, identification, diversity, community structure
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