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B E: A Z(Cymbidium goeringii) 2 —  EHA R HEF I T NMAGHAE 2L, b THLHYZ
ﬁ&% REBHA LR THARS, RESMADG LA X ZFEA LAALH AAT T 3 X 3]
SR, BRAAEMADERELAZTITAEFTZEA. [B6] SWFARZRZANL
i f?%éﬂﬁi 5% LD, AKAZOAIRTREZLRE. [HX] REZHELAT. RLTF
Fo KM@ F AR LR E, FIRARARANG, FHATHHEHERAAGRERE, [HER] RLH
EERANBAEDFERSHBERTRERLNGEZF0, AZRANALBAORE I ATHE
I7 (Basidiomycota) . ¥ % B 11 (Ascomycota) #= ¥ & & 11 (Glomeromycota) , . ¥ #+ 4 3k & & #+
(Glomeraceae). % 3FLH# #+(Polyporaceae)#= f 32 & #+(Ceratobasidiaceae), ¥ AiZA AR L E
¢4 2413 AR A 1 (orchid mycorrhizal fungi, OMF); KW A 48 494 % 11 4 B4 & [ (Firmicutes)-
# & 11 (Proteobacteria)#= #A4F H 1 (Bacteroidetes), H##+4 F KK E (Eryszpelotrlchaceae) .
Cyclobacteriaceae F= B4 BRAF & #(Acetobacteraceae); WA+ & ¥ %11 A4 7+ & 1 (Euryarchaeota)
Fa 3 & B 11 (Thaumarchaeota), % F+ 4 4h & & # (Natrialbaceae); ¥ 2 vA FLHF ¥ 6ot 9% & A+
(Caulimoviridae) ) E. & ZAR & W A 1 09 9 f6 /2 KEGG 438 & £ Z-45 2 4 3 37 % 4X.34 (metabolism)
Fa i 45 13 & A L (genetic information processing) P K i@ %, PHI 4k F 2B R 7, %hRE
(Fusarium/Gibberella). E J& 7t & (Magnaporthe)#= W & /& (Aspergillus) =T 48 A 5 4 & 2 £ 5 R
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Abstract: The terrestrial Cymbidium goeringii is of high ornamental and economic value. With
the habitats being destructed, most terrestrial orchids are endangered. The roots of Orchidaceae
plants maintain a symbiotic relationship with microbes from seed germination to flowering and
fruiting. Therefore, the endophytic microbes of the roots play an important part in the life cycle
of terrestrial orchids. [Objective] In this study, we analyzed the composition and potential
functions of endophytic microbes in the roots of wild C. goeringii, hoping to provide a
reference for artificial conservation of this species. [Methods] Metagenomic sequencing of
wild C. goeringii roots collected from Kunming City, Baoshan City, and Dali City in Yunnan
Province was performed, and the species and functions of species were analyzed. [Results] The
abundance and diversity of microbes in roots of C. goeringii collected from Baoshan City were
higher than those in samples from Dali City and Kunming City. The dominant phyla of
endophytic fungi were Basidiomycota, Ascomycota, and Glomeromycota and the dominant
families were Glomeraceae, Polyporaceae, and Ceratobasidiaceae, among which
Ceratobasidiaceae fungi were the major orchid mycorrhizal fungi (OMF). The endophytic
bacteria were dominated by Firmicutes, Proteobacteria, and Bacteroidetes, as well as
Erysipelotrichaceae, Cyclobacteriaceae, and Acetobacteraceae. As for the endophytic archaea,
the dominant phyla and family were Euryarchaeota, Thaumarchaeota, and Natrialbaceae.
Caulimoviridae dominated the endophytic viruses. These microbes were mainly involved in
Kyoto encyclopedia of genes and genomes (KEGG) pathways of metabolism and genetic
information processing. The annotation of pathogen-host interactions (PHI) database suggested
that endophytic Fusarium/Gibberella, Magnaporthe, and Aspergillus may be the potential
pathogens of wild C. goeringii. [Conclusion] In this study, the main groups of endophytic
microbes in the roots of wild C. goeringii in three regions of Yunnan Province were identified,
and the colonization of Glomeraceae was found for the first time in C. goeringii. Moreover, the
functions of the endophytic microbes were analyzed. The result is expected to lay a theoretical
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basis for the conservation of wild C. goeringii, mycorrhization of artificial seedlings, and

disease control.

Keywords: Cymbidium goeringii; endophytic microbes of roots; metagenome; KEGG database;

pathogen-host interactions database
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R
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=M AE TR, R, T
24°08'-25°51'N, 98°25'-100°02'E Z [f], J& Tk
25 B 11 O R 2 XU, T B 2 2 L
AMRER S R X, TERAE IR 2E 5N . HiEZE
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ZAFE S I A AR R P AIEH . )
il DIAMOND #4415 &2 J¥ 41| 5 NR meta ¥4
(ftp://ftp.ncbi.nlm.nih.gov/blast/db/FASTA/nr.gz) i
fTHXF(BLASTp, E value<107), ¥EHU E value<
min-evalue'® () L X285 ST RN 402, 4Tl 34
P LA RS 1 B 2 S e 45 b TE 45 93 8K F B
I ARABL P R 22 S5 12k

i DIAMOND #44 # % ¢ 41l 5 KEGG %4
J% (http://www.genome.jp/kegg/) I PHI %4 /&
(http://www.phi-base.org/) ¥ J¥* 51 i 17 ELXT, 15
3| KEGG %A 2 (5 55 PHI B 4 P Jit
YIRS B,

2 EREG5M

21 BIEFRIERFIIER

FHEEITE 3 M55 56 398 700 4%
JRIRFEA, d P8 BTA S AR A2y 55 879 752 4%
HRUFHN, AT b H(clean) 30 99%,
51 i AL Qa0 N 98%, i AL Q0 FXI R
94%, GC & FHIHN 37.5%, s Fisss ik
A ORI i s, BRI S RS (3R 1)

PEAAT O %6 J5 343K 45 108 178 A4~
HEM, FHEAESHN NSO FHER 659, H
HR RN B REAS (CGRY 4) Fl2R AR 1 T 1Y

=1 FEZREAENMEYEEFABNFHE
Table 1

FEAS (CGRY 3)H B AR A XL Tk B B W Y
FEA(CGRY 1), X AfF>500 bp RUE ST T
T, FEAS Y T B 32 HE (open reading frame,
ORFs)H %t H N 150 836, SE#& [N AH K
68 713 4>, [itH 45.55%, AEE K P43
BN 46.35 Mb, KN 307.26 bp, HEA
GC T it ol 49.94%. AT L, 3 SH XFHEAC Y
AT I A Y e B R AR R, BRI S
SEREIER P, ] TS S 4 B o
22 BEREANEMEDIRERSH

BAEA AL E )P 5 7E NR meta 203 %2
PEATYIRERE . ARRW] 3 DMEEART AR 94%
()P g T %01 (unclassified)Fh 2 , 4%—5%[1) 91
P& T 40 7 (bacteria), 1% ¥R E T EAZ LY
(eukaryota), 0.1%—0.2%HI¥)FIE T (viruses),
0.01% ¥y J& T 1 6 (archaea) (] 1A).

XF FE B e R Y 20 S EBESEAT IR 328, H
R FB R HAth (others). Z5HREKH], WRPHY
P TN ERE R ] (Firmicutes, 1.83%—2.27%),
AL ] (Proteobacteria, 0.96%—1.54%), UFF
W ] (Bacteroidetes, 0.77%—1.02%), HF 1]
(Basidiomycota, 0.40%—0.43%) 1 ¥ %& I
(Ascomycota, 0.31%-0.37%) (Kl 1B). WEZHH)
it # B A % BR & Bl (Erysipelotrichaceae,
1.03%—1.15%), Cyclobacteriacea (0.73%—0.98%),
B BR ¥ B Bk (Acetobacteraceae, 0.47%—0.54%),
ZEAAT 8 B (Bacillaceae, 0.29%—0.40%)F1 LR
B R Lactobacillaceae, 0.30%-0.37%) (Kl 1C).

Data of endophytic microbes of Cymbidium goeringii roots by metagenomic sequencing

Sample Raw data Clean data Clean (%) Q20 (%) Q30 (%) GC (%)
Read Base (Gb) Read Base (Gb)

CGRY1 60901 956 9.14 60 187 184 8.72 98.83 98.23 94.18 36.93

CGRY3 57719 326 8.66 57 277 600 8.37 99.23 98.33 94.40 38.90

CGRY4 50 574 820 7.59 50174 472 7.31 99.21 98.39 94.59 36.69
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B Caulimoviridae
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s B Mucor circinelloides B Staphylococcus aureus
=S . B Aristotelia chilensis virus 1 B Polyporus grammocephalus
§ ‘ ® Marine gamma proteobacterium B Rhizophagus irregularis
= ® Uncultured bacterium B Lactobacillus rossiae
_§ Burkholderia mallei u Bacillus isronensis
s u Lichtheimia corymbifera Acetobacter malorum
'% u Lactobacillus brevis u Cecembia lonarensis
E ® Rhizopus delemar u Clostridium innocuum
m Botrytis cinerea m Unclassified
B Rhizoctonia solani

CGRY1 CGRY3 CGRY4

1 HFEHAREMEDEZREXFEE R 20)

Figure 1 Relative abundances of endophytic microorganisms of Cymbidium goeringii mycorrhiza (top 20).
A: Kingdom. B: Phylum. C: Family. D: Species. CGRY1: C. goeringii from Kunming City; CGRY3: C. goeringii
from Baoshan City; CGRY4: C. goeringii from Dali City.
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Figure 2 Relative abundances of endophyte of Cymbidium goeringii samples at the family level (top 20). A:
Fungi. B: Bacteria. C: Archaeca. CGRY1: C. goeringii from Kunming City; CGRY3: C. goeringii from

Baoshan City; CGRY4: C. goeringii from Dali City.
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