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Abstract: [Objective] To investigate the community structure, diversity, and plant-growth-
promoting functions of endophytic bacteria in the protocorms of Epidendrum sp. and mine the
core bacterial groups associated with the seed germination. [Methods] We collected five samples
including three types of protocorms (germinated on MS1 medium, pine bark, and rotten oak
leaves) and two types of substrates (pine bark and rotten oak leaves). High-throughput
sequencing of the 16S rRNA gene was employed to compare the diversity and community
composition of bacterial communities under different germination conditions. The conventional
method was used to isolate the endophytic bacteria from the protocorms germinated on pine
bark and rotten oak leaves (i.e., from symbiotic seed germination), and the growth-promoting
potential of the isolates was evaluated. [Results] A total of 2 735 operational taxonomic units
(OTUs) were obtained from the five samples, belonging to 876 genera, 453 families of 41 phyla,
among which Proteobacteria and Actinobacteria were the dominant phyla. The results of
principal coordinates analysis showed that there were differences in the bacterial community
structure between the protocorms of Epidendrum sp. and the substrates, and the community
structure of endophytic bacteria in the protocorms germinated on the MS1 medium was closest
to that on pine bark. Functional prediction indicated that the endophytic bacteria in the protocorms
germinated on rotten oak leaves had higher nitrogen-fixing ability than that in other types of
protocorms. Nineteen isolates were obtained from protocorms geminated on pine bark and
rotten oak leaves, belonging to 16 species of 12 genera. Tumebacillus flagellatus, Bradyrhizobium
cenepequi, and Weizmannia ginsengihumi were the common species in the protocorms
germinated on pine bark and rotten oak leaves. Pseudomonas koreensis and W. ginsengihumi
had the potential of solubilizing phosphorus and producing indole-3-acetic acid (IAA) and
siderophores. [Conclusion] The Epidendrum sp. protocorms germinated in different
environments harbor rich endophytic bacteria. The endophytic bacteria isolated from the
protocorms from symbiotic seed germination had plant growth-promoting functions, such as
fixing nitrogen, solubilizing phosphorus, and producing IAA and siderophores. This study
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provides a scientific basis for mining the microbial resources related to seed germination of

orchids and studying the interactions between orchids and microorganisms.
Keywords: Orchidaceae; seed; symbiotic seed germination; plant growth-promoting bacteria
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Figure 1

The inflorescence, seed, and symbiotic germinated protocorms of Epidendrum sp. A: The

inflorescence of Epidendrum sp. B: The seed of Epidendrum sp. C: Protocorms ex Situ germinated on pine
bark. D: Protocorms ex Situ germinated on rotten oak leaf.
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Figure 2 The rarefaction curve and the bacterial community compositions of the protocorms and substrates.
A: The Shannon curves on OTU level. B: Bacterial community compositions of protocorms and substrates on
phylum level. C: Bacterial community compositions of protocorms and substrates on genus level. Epi:
Protocorms in vitro germinated on MS1 medium; Epibark: Protocorms ex situ germinated on pine bark;
Epileaf: Protocorms ex situ germinated on rotten oak leaf; Bark: Pine bark substrate; Leaf: Rotten oak leaf

substrate.
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Figure 3 The diversity of bacterial community of the protocorms and substrates. A: Sobs index on OTU
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Table 1  Plant growth-promoting properties of the isolated strains
Strain Substrate Taxonomy Similarity = NCBI accession IPS OPS IP SP NF
(%) number
Epi0928-17 Leaf Bacillus mycoides 100.00 OR999871 - - + - -
Epi0908-2 Leaf Bacillus tequilensis 99.93 OR999881 - - - - -
Epi0928-21 Leaf Bacillus toyonensis 100.00 OR999869 - - -
Epi0928-16 Leaf Bradyr hizobium cenepequi 99.70 PP024262 - - + +
Epi0928-11 Bark Bradyr hizobium cenepequi 99.71 OR999874 - - - + +
Epi0825-2 Bark Cohnella zeiphila 98.96 OR999885 - - + + -
Epi0825-8 Leaf Cupriavidus pauculus 99.93 OR999883 - - + +
Epi0825-1 Bark Mycolicibacterium aichiense 99.22 OR999886 - - - + +
Epi0928-18 Leaf Paenibacillus favisporus 99.93 OR999870 - - + + -
Epi0928-2 Bark Paenibacillus taihuensis 98.87 OR999877 - - + -
Epi0928-6 Bark Priestia aryabhattai 99.93 OR999876 - + + +
Epi0825-7 Leaf Pseudomonas koreensis 99.78 OR999602 + + + + +
Epi0825-5 Bark Rhi zobium dioscoreae 98.52 OR999884 - - + + +
Epi0908-9 Leaf Rhi zobium favel ukesii 99.48 OR999880 - - - +
Epi0928-8 Bark Tumebacillus flagellatus 99.62 OR999875 - - + + +
Epi0928-13 Leaf Tumebacillus flagellatus 99.71 OR999873 - - + +
Epi0908-13 Leaf Variovorax paradoxus 99.07 OR999878 - - + + +
Epi0908-1 Leaf Weizmannia ginsengihumi 100.00 OR999882 + + + +
Epi0928-14 Bark Weizmannia ginsengihumi 100.00 OR999872 + + + +

IPS: Inorganic phosphorus solubilizing; OPS: Organic phosphorus solubilizing; IP: IAA producing; SP: Siderophore producing;

NF: Nitrogen fixation. The qualitative assays of selected strains, + represents a visible production of related substances, —

represents no production of related substances.

BTS8Pk, BRI AR R IR R oy B AR
15 11 B o il I 1 25 A FF 1 (Tumebacil lus
flagellatus) . &7 %5 18 A= Hi 8 14 (Bradyrhizobium
jicamae) 1 A 2 i 78 + 80 /% 2 [C 1A (Weizmannia
ginsengihumi) k9 28 2 A4 1 &% IR BRZE AT 5 55 Y
A 2 R AT, AR ZF 4R 141 (Bacil lus mycoides)
(OTU1561). FeHhiZF a1 (Bacillus tequilensis)
(OTU1899). Bradyrhizobium cenepequi (OTU69).
i B B K 25 AT 1 (OTU1680) Al 4+ 38 7 I T
(Variovorax paradoxus) (OTU2451)7¢ i i 12
J7 v G I 2 — E R 75 100.00% 1% 1 OTU
75,

M 19 BRAMGA TR BR D, i 1E AR A5 [ A oML
bR 3 bR FEMEADLBER PR 4 Bk, 77 TAA BIbE

12 ¥k, PR IR 14 BEFIEI A 9 Bh.
rh i [ {1 A if 7 (Pseudomonas  koreensis) Fll A
28554 + B % 2 K (Weizmannia ginsengihumi)
[N A AR . 77 TAA I A m ThfE
3 Wik

T =71 e S A ) 5 B A 3 B ) — A
T2, BRI EMAY 2R
YITERDF i R R L R R R E DY AR
K, XFRPF AR WAL OB ST 2 TR o0,
X2 RHEY) , X ORI R AR W A A
HRRE T A1 LU H T LRGP RS A
Y, RIREGGR SR &P B
AP B IR B SR L L B A
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