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Abstract: Holcoglossum kimballianum is a rare and endangered orchid, and its wild populations are in urgent need of
conservation. Endophytic fungi and bacteria are important to the growth and development of orchids. In order to assess the
diversity of H. kimballianum endophytes and the impact of sampling methods on the endophytes, high-throughput
sequencing technology was used to study the diversity of endophytes in fresh and silica gel-dried roots of H. kimballianum
in ex-situ conservation. The results were as follows: (1) The species compositions of endophytic fungi and endophytic
bacteria were distinctly different in fresh and silica gel-dried roots of H. kimballianum. There were total of 6 phyla 46
families 51 genera of endophytic fungi and 15 phyla 105 families 178 genera of endophytic bacteria annotated in the roots
of the H. kimballianum. After silica gel-dried, the endophytic fungi of the H. kimballianum had total of 6 phyla, 88
families, 116 genera, and the endophytic bacteria had total of 21 phyla, 154 families, 336 genera. (2) Endophytes in
the roots of H. kimballianum in ex-situ conservation were of richness and diversity of endophytic bacterial community was
much higher than that of endophytic fungal community. After silica gel-dried, the o diversity indices of endophytic fungi
increased and the 3 diversity indices decreased, while the a diversity indices of endophytic bacteria decreased and the 3
diversity indices increased. (3) Significantly different fungi Psaihyrella candolleana and Colletotrichum tofieldiae only
existed in the endophytic fungal communities of fresh roots. The significantly different bacteria in roots of fresh
Hocoglossum kimballianum was Marseilla, and the significantly different bacteria in the silica gel-dried roots included
Beijerinckiaceae, Xanthobacteraceae and Bradyrhizobium. (4) Co-occurrence network analysis revealed that the
dominant species and interaction patterns in the endophytic communities of the roots of Hocoglossum kimballianum were
changed after silica gel-dried. In summary, different sampling treatments can affect the community structure of the
endophytes in the roots of H. kimballianum , and it is advisable to use fresh root samples when studying the endophytes of
orchids. The results provide an endophytic data basis for wild populations conservation and artificial cultivation of
H. kimballianum, and also provide a reference for sampling methods of endophytic microorganisms in orchids.

Key words: Holcoglossum kimballianum, endophytic fungi, endophytic bacteria, fresh, silica gel-dried, diversity
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BRGNP SRR BUEWAHEAEN, X
SO Y LE R R AR g B RS 3R T
A4 % FH ( Compant et al., 2019; Escudero et al.,
2019) , ik 6 5548 P AH 5C B9 S A= W B I G PR o ALY
T W BE ( Marchesi et al., 2015) . 40 B FNEL &40
YA R 0 R B N A BT R S R
Geny At B EAE ], A T BN AR T R R
A T S B B a4 B B B, A T T R AR
48 2H 2R 2 Y A A T B 4 A N B TR 2
WA B 2 RHEY AR B 2R E R T
WAERRE, BN 2 PHEYAE K R & BT
EUERIOCHEN R B S 5 AR IR R L 2
ANFERER Y A B 2, DA R B 22 R A 09 A=
o AR TE 4 DL KX 0 R A 0 7 4 (5 RS A
2014; Li et al., 2021), &5 # % (2019) N F 2
( Gymnadenia conopsea ) & F H 43 &5 I £ 0 H &

( Ceratobasidium ) , ¥ 1% W ¥k 5 F = Fh 7 17 L 15
72, R EREW] AL T2 Fh ¥ ek 25 10 JE B Ho
LA i . B SCRE(2020) 38 3o AT AR i
PINEp LS ( Paphiopedilum spicerianum ) JRBRZE T4y
25 RS TR ( Tulasnella) , & BEAT AL 2 A1
REBE OB, X AR N A B RETE =R
MAEKET M EAWKMRIEEH, HATE25%
I, CHGE R E WL 2 B Y R AR B A 69 J& |, 73 5l
KB T #H T W ] ( Basidiomycota ) . % & ']
( Ascomycota) X E5E ] ( Mucoromycota) f¥) 50 £l ( F
KA, 2021)

W Ah 2R 4 N A= T R AT KA B Y
A AT, 36 SE A 5 79 PN A 40 B0 22 B A 0 AR
KA WA EE AR UEE R, Tsavkelove 45
(2007 ) W5 3% W PN AR 20 T RE A 2E =2 R ) b - i
R ICHEICEEM Z AR A Y ibhia K AERK R E S,
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H A, T 22 BHAE 4 AR 58 41 TR 45 44 RN ) R i TA R
IEH AR (Kaur et al., 2021 ), MZRHEY H 40 ES
HE Y 20 TR R T2 JE T 1T ( Proteobacteria ) | 4k
1] ( Actinobacteria ) F1JEBETH [ ] ( Firmicutes ) , A~ [A]
149 PN A 4 TR 28 A O 22 AT ) B A () R T T A
YEF, Faria % (2013) #F 55 & B, 2K 2 04T & &
( Paemibacillus ) BEAE I Cattleya loddigesii %11 W4
£ M2ZJE (Cymbidium sp.) MR H 4355 H AR J88 74
J& ( Rhizobium ) RE % fift W% PR %5, Bk &b, Tarkka 55
(2008 ) BFFE R, 22 BHE Py T AR Hh £ 7 TR AR 4l B 2
P& ( mycorrhiza helper bacteria ) , € 5 F# #3 E 5 458 55
PEZEG T TR MR TR Y 6 R T 22 4 K A
HERAR BB TE 15 T A b A AN AR A o R AR
Ak, DN IR S2E A7 9 A= K B 38 i e 306 1 (A Tl 552
2019; Wang et al., 2021) . KL, Jinsi 22 BHAEY N 4=
G IESE 78 2 FHE Y 09 AH ST Wi o b A5
Ap E

B 5 22 (Holcoglossum kimballianum ) 3 J&
F 22 W B} ( subfamily Orchidoideae ) J5 {8 2% ji% ( tribe
Vandeae ) 18 7& *% J& ( Holcoglossum) , 534 7E 1 E A9 =
LA S i) 2R H B AR AR LD AR e B4 T L i
—MAE 1 000 m LA b BHARE T ME, Jifs
SEYCR EN (WS ) LB AR R kw5 OR AP, A, X
FIREE 2 FEE P ERGE KT Y
PRV 55 D T X AR A A A T % BIF S A
H., H4h, Harrison 55 (2016) £ X HE 8 W A MUY
A BIFFEAE R A B Sy 7 {8 B AR Ml 28 0 R T RE e T
PRADT I XA AT RE 2 5| AR N B WU E V& Al R
ARk, PRI AT SR ITS A 16S (o i W 1 44
AR T5 %, R4 Al T 225 6 N A e T R AR A
VA AR L TR N AR A0 TR RV SR T IS SR (1)
R T 22 MR N AR T 2R AR (2) IR
AR S TR T N A R REVR I 22 55 (3)
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SRR FWIRE AT B T ARG A TUAL B, % e AR A
BT -80 CUKAR LR IUM A W12 DNA, 5 T8
MWARTERUL PR A BE e b T4 72 h, &L 4
AL PRE ST 8 UK,
1.2 R EYZH DNA IREL . PCR ¥ & X EH
# % HiSeq M FF

8 Fl QTAGEN PowerLyzer 25 & X AR 1A=
2 DNA #EATHEE, WA B L4 Barcode M4
519 (1TS5-1737F ;: GGAAGTAAAAGTCGTAACAA
GG F ITS2-2043R: GCTGCGTTCTTCATCGATGC ) ,
N AE 40 B Bk PR AiY Barcode YRR R 51 W) (1M1
CCGCGTGNRBGAHGAAGGYYYT #1 rC5: TAATCCT
GTTTGCTCCCCAC) #£47 PCR 471 ( Bellemain et al.
2010;Yu et al., 2013) . JZMiF2J¥:98 C HiAEHE 1
min; #EA 30 P HEIEIR[98 C 10 5,50 C (FLH) |
55 °C (41#)30 5,72 °C 30 8] ;72 CHEfI 5 min, JX
MAK Z (30 pL):2 X Phusion Master Mix ( New
England Biolabs) 15 pL, Primer (2 pmol - L") 3 pL,
gDNA 10 ng, #M7E H,0 % 30 wL, 8 FH 29% He B i Bt
BHEE RS AT L KR I, PCR 7= 9 e [l i 4 £ S
JH TruSeq® DNA PCR-Free Sample Preparation Kit £
FE ) & AT SCEA 2, AL Hlumina HiSeq 2500
PE 250 V- & #4700 (b st it R BOR A WA R
NCIDIS
1.3 B

7 %5 P8 #% 25 Barcode F15| %) %1 I, 146 H
FLASH ( Version 1.2.7) #47PF% , 15 3] Raw Tags &
i fastp 2K Xt Raw Tags #1748 15 21 5 ot
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R I S Ry el NP el G S I S & &
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97 % Y — B M X B A7 A 5 19 22 Effective Tags i
TR 15 5] OTUs, X 4 B4 A =i 19 OTUs A3
F 51 % A Qiime X4 (V 1.9.1) 1 4 Blast Al
Mothur 5 ¥ 5 B B 8085 & Unite 1 41 13 245 72



994 |1 I G/

43 %

Silva FEATHI R RS HT , BT T4 FEAS IO RE V& 4L
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FCIR ( Didymella ) 76 T 1 J5 £ FEAE R L, HA R a0
Aporospora M A& | M2 J& (Aspergillus ) 9t V] H & .
TR AREE TR J& ( Pseudogymnoascus ) | 21 %% J& ( Russula )
FEERS R (Alternaria ) 5 7E 108 J5 =F FEE G n ) i
/NI A 2k e R A e A 28 S TR S T AR R A
A%, XS E R E AR N AR TR
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WA NE R A 123 MR OTUs, FE SRR T
TR T (47 4 OTUs) , 1 F R 1AL A 10 4
OTUs ;2 M4 1) OTUs 1A 61 A4, Hih 4 21
A~ OTUs J& TFH#H 17,8 1~ OTUs J& THF I,
X R E B R AR R N A L R
e 2R A5 B R AR v ) — 6 TR 2R R Y [R] N
A TORH 2B BT ) LR R G R 7 AR
BN FESRE T TR,

TE PN A 20 T D7 T B 4 I R T 22 AR N A A A
VERER 15 1] 105 BL 178 J& , b A R i T TR 42 8
A 18.21% , 5 3 1] ( Cyanobacteria ) #3 X} 3= BE hy
1.78% , J5 BE TR [T AH X 2 5O 1. 41% , B2 T 1]
(Actinobacteria ) # X} 3 S~ 1. 14%, #LFF 1 ']
( Bacteroidetes ) MEBEMA] ( Spirochaetes ) | iR FT- B [
( Acidobacteria) 825 &[] ( Chloroflexi ) By AH X} 3=
8T 1% 5 M2 e 118 5 19 487 iR 22 R 3 Y
MRNEAREA 21 17 154 B 336 J& , B BT 1A
XFFERE R 48.71% , JEBET ] ( Firmicutes ) A X} 3 &
H8.31% , T T TAHXS FBE Ry 5.67% , SUFF B 1]
( Bacteroidetes ) fHXTF=BEN 3.41% , Wi e [ VAT 35
9 2.58% , WRBE AT B AT B 1T M A 925 R T
(Nitrospirae) LR B [ TIIAHXT FEMRT 1% (K 1.
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BRI & ( Paracoccus ) FIVZ 1A & ( Pantoea ) 75 11§ )5 +F
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OTU % H 1y 46 %k, Mk 8 m BE ik W b £ 5 B2,
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ZAEMESI AT A B, OB B A A AR R N AR
WY B 2RIk o T Ak e T e 48 Al = AR A
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Table 1  Changes of absolute abundance of the Top 15 endophyte genera in roots of
Holcoglossum kimballianum before and after drying with silica gel

YA L BEERARAL  THRARREAD RN BEERARAL  TURARRELL
Endophytic fungus MRHo.F MRHo.D Endophytic bacterum MRHo.F MRHo.D
HH B Penicillium 721.25 589.38 BIEH B Massilia 339.25 256.75
/NIRRT )& Psathyrella 37.00 0.00 WA R B Sphingomonas 159.88 2 867.63
Fil #5708 Colletotrichum 31.38 0.00 R B Pseudomonas 113.00 571.63
Aporospora 24.00 56.38 WATF 8 Enterobacter 60.63 79.88
SRR E B Epulorhiza 20.63 6.50 5% ] Cyanobacteria 58.13 38.38
Keissleriella 11.38 6.88 1 HEF} Enterobacteriaceae 46.13 192.25
KA & Cladosporium 3.38 170.25 ZH & Pantoea 45.63 422.63
88 Aspergillus 3.25 9.50 B4R R Sutterella 40.50 42.75
BRIV EE Fusarium 2.50 77.13 F AT B Methylobacterium 31.50 635.88
AR EE B Pseudogymnoascus 2.38 7.25 W EINEE Serratia 27.63 178.25
213 )8 Russula 1.50 8.50 5y XK B Mycobacterium 25.63 321.88
fiff jz T3 i Scleroderma 1.38 1.63 Humatobacter 18.50 71.00
HER AR Alternaria 1.38 3.75 MR BE Rhizobiaceae 14.88 359.38
Solicoccozyma 1.25 3.25 Rubrobacter 13.25 2.13
TP IFE )8 Didymella 1.25 0.63 HHIBRE B Staphylococeus 12.38 140.75

T T AT BRI AR E AR A ERR

Note: No genera are identified for Cyanobacteria, Enterobacteriaceae and Rhizobiaceae.

WRHTIS B AR EIR B BB 2 5. ik — 201
e A SR IS A AR R AR AR LT S N A
WREE A 22 57 54T NMDS 2087, 36T Weighted
Unifrac i NMDS 437 & 81, 5 fif J 1 8 45 i il =5
ZRNAERE S AEER RO R X, i
RIS N T A5 A R 2 AR DN A LT A R R R
) B ZFEVEHE BT W 35 M 25 5, AR W) b 2 i B
WMEA W EAR,
23 ERBEMNERLEHSN

SIS A T R T A R T 2 AR R N AR
ELI S A0 R B B AR SRR,
FIFH Metastat F1 LEfSe 43 #7 i % H A7 1 % 1 22 5+
AR, MetaStat 73 A7 2 W], i I T4 RS, 450 0T
R R N A R R 2 T R E I H A
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a, b, c. Histograms of relative abundance of endophytic fungi phylum, family and genus in the fresh and silica gel-dried roots of Holcoglossum
kimballianum respectively; d, e, f. Histograms of relative abundance of endophytic bacterial phylum, family and genus in the fresh and silica
gel-dried roots of H. kimballianum respectively; g. Venn diagrams of endophytic fungi OTUs in the fresh and silica gel-dried roots of H.

kimballianum ; h. Venn diagrams of endophytic bacterial OTUs in the fresh and silica gel-dried roots of H. kimballianum.
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Fig. 1 Histograms of relative abundance and venn diagram of endophytes in the fresh

and silica gel-dried roots of Holcoglossum kimballianum
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© —test 1 —test

kimballianum ; b, e. Endophytic fungi (P, =0.409 5), endophytic bacteria (P,_ .,

=0.008) Chaol index in fresh and silica gel-dried roots of Holcoglossum

=0.090 58) Shannon index in fresh and silica gel-dried

roots of H. kimballianum; ¢, f. Endophytic fungi (P, =0.546 2), endophytic bacteria (P, ., =0.786 6) Simpson index in fresh and silica

gel-dried roots of H. kimballianum.
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Fig. 2 Differences of alpha diversity indexes of endophyte communities between the fresh

and silica gel-dried roots of Holcoglossum kimballianum
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a, b. Endophytic fungi (P,

t —test

=0.074 24), endophytic bacteria ( P

t —test

=0.727 26) in fresh and silica gel-dried roots of Holcoglossum

kimballianum based on Weighted Unifrac B diversity; ¢, d. NMDS analysis of endophytic fungi, endophytic bacteria in fresh and silica gel-dried

roots of H. kimballianum based on Weighted Unifrac distance.
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Fig. 3 Differences of beta diversity indexes of endophyte communities between the fresh

and silica gel-dried roots of Holcoglossum kimballianum
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a, b. Significant differences in endophytic fungal taxa before and after drying of the root samples of Holcoglossum kimballianum based on

Metastat analysis; ¢, d. Significant differences in endophytic bacterial taxa before and after drying of the root samples of H. kimballianum based

on LEfSe analysis (¢. LDA value distribution histogram; d. Cladogram).

E 4

EMEE=NHEERTERENEREYHEZEERSITE

Fig. 4 Endophytic fungi and bacteria species with significant differences detected between
the fresh and silica gel-dried roots of Holcoglossum kimballianum
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a. Network diagram of endophytic fungi in Holcoglossum kimballianum fresh roots; b. Network diagram of endophytic fungi in silica gel-dried

roots of H. kimballianum ; ¢. Network diagram of endophytic bacteria in H. kimballianum fresh roots; d. Network diagram of endophytic bacteria

in silica gel-dried roots of H. kimballianum.

BS5 EMEEZNHERERTERENEFFELRENKE

Fig. 5 Co-occurrence network diagram of endophyte communities detected in the fresh

and silica gel-dried roots
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