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distribution area of Anoectochilus roxburghit (Wall.) Lindl. in Wutong Mountain of Guangdong Province
were studied by the high-throughput sequencing and non-targeted metabolomics technologies. The results
show that 905 genera of fungi in 401 families of 15 phyla are annotated from rhizosphere soil of core
distribution area of A. roxburghii at an altitude of 875 m, 860 genera of fungi in 385 families of 13 phyla
are annotated from soil of non-distribution area of A. roxburghii at an altitude of 775 m, and 890 genera of
fungi in 407 families of 15 phyla are annotated from soil of non-distribution area of A. roxburghii at an
altitude of 675 m. There are no significant differences in species richness and evenness of fungal
communities between rhizosphere soil of core distribution area and soil of non-distribution area of A.
roxburghii, but there are significant differences in community structure and species composition. Except
for unknown fungal genera, the relative abundances of Metarhizium Sorokin, Dactylella Grove , Mortierella
Coem., Saccharomyces Meyen ex E. C. Hansen, Oidiodendron Robak, Trechispora P. Karst., and
Pseudophacidium P. Karst. in rhizosphere soil of core distribution area of A. roxburghii are higher than
those in soil of non-distribution area of A. roxburghii. The co-occurrence network analysis result shows
that Metarhizium , Penicillium Link, and Tolypocladium W. Gams may play important roles in maintaining
the structure and function of the fungal community in rhizosphere soil of core distribution area of A.
roxburghii. A total of 1 886 metabolites are obtained from rhizosphere soil of core distribution area and soil
of non-distribution area of A. roxburghii, and 1 089 metabolites are identified by positive ion mode,
among which 561 metabolites are annotated; 935 metabolites are identified by negative ion mode, among
which 528 metabolites are annotated. The significantly up-regulated differential metabolites in rhizosphere
soil of core distribution area of A. roxburghii mainly include N6, N6, N6-trimethyl-L-lysine, pachymic
acid, 14,15-dehydrocrepenynic acid, 3-isopropylmalic acid, cholest-4-en-3-one, citronellyl acetate, and
decanoic acid, and the metabolic pathways enriched by these differential metabolites are mainly related
with amino acid and lipid metabolism, which can provide carbon and nitrogen sources for A. roxburghii
and its mycorrhizal fungi. The correlation analysis result shows that there is a closely positive correlation
between contents of significantly differential metabolites and relative abundances of major fungal genera in
rhizosphere soil of core distribution area of A. roxburghii. In summary, there is a close interaction between
non-mycorrhizal fungi and mycorrhizal fungi in rhizosphere soil of A. roxburghii, which affects the growth
and development of A. roxburghii through the nutritional flow of carbon and nitrogen sources, thereby
driving its vertical distribution.

Key words: Anoectochilus roxburghii (Wall.) Lindl.; soil fungus; soil metabolite; correlation analysis
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M4 (llex nitidissima C. J. Tseng) 55, T3 LI R 41
B L F Y
1.2 &
1.2.1 HEXEALERHFE T202148 19 H,
TR 1] — 350 A )T 7 2H AR AL | B3 o 1 — B
GREBO X (K 875 m) Fl 2 442k 2 R4y
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M, EFEHL 2 FIRED 3 rp 23 ] BE AL B R £ 38 7y
At 5 AMECTC T T8 22 B R AL B i, SRS
KEWAT T FRE 0~5 em )2 13, HH Y
2 g, AT KE M2 mL HRAFE, S RV W ZUM, 53
ABEA Anor2 Fil Anor3 4, BRI HIR4E 6 >+ 1
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Groenew. et Boekhout) . R%EJ& ( Trichoderma Pers.) .
W AR & (Archaeorhizomyces Rosling et T. Y. James) |
&8 W B ( Metarhizium Sorokin ) . # ¥ 1 &
( Oidiodendron Robak ) . %+ J& ( Saccharomyces Meyen
ex E. C. Hansen) . # % J& ( Penicillium Link ) .
Pseudophacidium P. Karst. | ik 11 % J& ( Mortierella
Coem.) .58 J& ( Tolypocladium W. Gams) P45 7
J& ( Dactylella Grove ) FllAH K& fL 56 J& ( Trechispora P.
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0.95%F1 0.94% , F 2K & T F2EB '] ( Ascomycota) |
H 7 Il ( Basidiomycota ) Fl #% 4 % 1]
( Mortierellomycota ) ; Anor2 £H % 2 21| (A0 345 181 J& A Tt
FEkE e FRE ARGER. S OER . Y RER.
Lauriomyces R. F. Castafieda, Cadophora Lagerb. et
Melin . Pseudophacidium . Cladophialophora  Borelli |
Phialocephala W. B. Kendr. FI &5 B J& , A0 X =F & 7
A 14.88% .5.05% .3.21% .2.92% .2.69% .1.77% .
1.34% .1.30% \1.27% .0.94% 1 0.92% , EE R g T+
PER T FHF T TRIE 2578 1] ( Rozellomycota ) 5 Anor3
MU E BRI OC R TR JE A I B R s R R R R
E.H & E. Serendipita P. Roberts & F g
( Coniothyrium Corda ) . 4 8 #] W J& ( Clavulinopsis
Overeem ) . Paraconiothyrium Verkley . &% & T J& .
Phaeoacremonium W. Gams, Crous et M. J. Wingf.\EHE]
58 (Aspergillus P. Micheli ex Haller) . %5 £ % J&
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Table 1 Major fungal genera identified from rhizosphere soil of core
distribution area and soil of non-distribution area of Anoectochilus
roxburghii ( Wall.) Lindl. in Wutong Mountain of Guangdong
Province and their relative abundances

AR/ %Y

J& Genus Relative abundance"

Anorl Anor2 Anor3
JRBEIR T & Saitozyma 10.76 14.88 9.46
AREEJE Trichoderma 3.39 3.21 5.25
AR B & Archaeorhizomyces 3.02 2.69 7.91
LB S Metarhizium 2.88 0.92 1.56
WRY AR Oidiodendron 2.60 0.24 0.29
B BE R Saccharomyces 2.17 0.01 0.01
HRR Penicillium 1.97 5.05 5.09
Pseudophacidium 1.77 1.30 0.15
YU B/ Mortierella 1.62 0.17 0.44
R Tolypocladium 1.10 2.92 1.14
FatE I8 Dactylella 0.95 0.28 0.43
HEEfLE S Trechispora 0.94 0.35 0.03
Cladophialophora 0.62 1.27 0.97
JEFCREB Coniothyrium 0.53 0.86 2.40
Paraconiothyrium 0.49 0.22 1.76
% & Aspergillus 0.49 0.83 1.21
Phialocephala 0.48 0.94 0.59
Cadophora 0.34 1.34 0.64
Phaeoacremonium 0.29 0.23 1.38
Lauriomyces 0.20 1.77 0.18
PBIHIEE Clavulinopsis 0.17 0.12 2.34
Serendipita 0.09 0.12 3.05
Meliniomyces 0.08 0.78 0.08
5 DU B & Wickerhamomyces 0.02 0.02 0.75

D Anorl ; MR 875 m B4R 4% 040 A IXARBR £33 Rhizosphere soil
of core distribution area of Anoectochilus roxburghii ( Wall.) Lindl. at
an altitude of 875 m; Anor2: K 775 m B4 2 AR /04 IX + 15
Soil of non-distribution area of A. roxburghii at an altitude of 775 m;
Anor3 . MK 675 m B4 2k % 3E 204 X £ 3 Soil of non-distribution
area of A. roxburghit at an altitude of 675 m.

Cladophialophora , #1 %} - F& /1 WA 9.46% . 7.91% .
5.25% .5.09% .3.05% ,2.40% .2.34% .1.76% .1.56% .
1.38% .1.21% ,1.14% F1 0.97% , F E R )& T T H#
I HHFHEITAEEET ] ( Mucoromycota)
212 XEARHAE o SHKERB SHBELN «
ZREME M S S (3 2) Il Wilcox 2557 1 35 PEAG 10 245
RN . Anorl  Anor2 Fl Anor3 4 B R ALK o ZFM:
F84( Shannon 8 %% . Simpson $5 %l Chaol +5%1) A8
XA/ HAE 3 A A ANAFAE 0 35 22 7 B 3 2k
AR FLTRRE VS M) A T T AN ST REARRL

B R EE R (3R 3) R Anorl 415 Anor2
2 Anorl 25 Anor3 ZH DA & Anor2 45 Anor3 Z4H[H]
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) Unweighted Unifrac 8543514 0.39,0.44 #10.45,
p (E43 514 0.003 9.,0.000 2 1 0.000 0, 72H 3 £ [i1] i)
P AR SS I A 22 R

Anosim ZMTE5E 8 (3 3) B8 Anorl 45 Anor2
4 Anorl 415 Anor3 ZH DA S Anor2 215 Anor3 41 [H]
B R B350 0.295 4.0.538 9 F10.409 3, p {E 551
47 0.031.,0.004 F10.002, R 3 21 [i] Y 4[] 2 5 45 &
ERTHNESR,

SR BF A0 o A AR PR R SR A
X HE TR A R T B R S R AR A
oL, (ERE I S5 AL T A 2 A 3 AT
2.1.3 XBAWEZWILE A TH—-LMREL
2RO AR XAR B 38 5 E 43 A X 4 18 LB RV )

R2 ITHEERALESE=ZOPHRRELENESFR LR HEF
W o SEESN

Table 2 a diversity analysis on fungal communities in rhizosphere
soil of core distribution area and soil of non-distribution area of
Anoectochilus roxburghii ( Wall.) Lindl. in Wutong Mountain of
Guangdong Province

o ZFEETEEL  « diversity index

41"
Group” Shannon 5%k Simpson Fa¥ Chaol #5%%
Shannon index Simpson index Chaol index
Anorl 6.543 0.954 2 101.529
Anor2 6.420 0.945 2 082.533
Anor3 6.625 0.942 2 227.964

D Anorl; VK 875 m A 4:4R 22 A% 0043 A KARPR 13 Rhizosphere soil
of core distribution area of Anoectochilus roxburghii (Wall.) Lindl. at
an altitude of 875 m; Anor2: V4K 775 m [ 42k 2 koA X 1+ 1
Soil of non-distribution area of A. roxburghii at an altitude of 775 m;
Anor3: Mk 675 m M4: 2k 2= 4k 73 4ii X 13 Soil of non-distribution

area of A. roxburghii at an altitude of 675 m.

RI ITHEEALEE=ZOATRRAETESEI X L EERE
&M B SHEMER Anosim 5347

Table 3 B diversity and Anosim analyses on fungal communities
between rhizosphere soil of core distribution area and soil of non-
distribution area of Anoectochilus roxburghii ( Wall.) Lindl. in
Wutong Mountain of Guangdong Province

B Z MG BT Anosim 437
i) B diversity analysis Anosim analysis
Groupl) Unweighted Unifrac TE P {8 R1H p {8
Unweighted Unifrac distance p value R value p value
Anorl vs Anor2 0.39 0.0039 0.2954 0.031
Anorl vs Anor3 0.44 0.000 2 0.538 9 0.004
Anor2 vs Anor3 0.45 0.000 0 0.409 3 0.002

D Anorl ; #FK 875 m FI4 2R 22 A% .0 00 AT X AR PR 4358 Rhizosphere soil
of core distribution area of Anoectochilus roxburghii (Wall.) Lindl. at
an altitude of 875 m; Anor2: ¥4k 775 m 42k 22 JE /046 X 14
Soil of non-distribution area of A. roxburghii at an altitude of 775 m;
Anor3; WK 675 m A4 2k 22 4370 X 3% Soil of non-distribution
area of A. roxburghii at an altitude of 675 m.

B 22 2, I MetaStat 2 47 8 35 25 R 16
JERYTHBE, 25 R UL 1, 255 R bR R I g A,
Anorl HHAEXTFEEE T Anor2 1 Anor3 N ZE R H
JRA SRR R  RTe IR R LRI AR 7
J& MRS L E R Pseudophacidium , Ferp | SRAE T J& A1
WA B TE Anorl 45 Anor2 41 18] % 7 B 3 ; Anor2
ZHH AT & F Anorl Ml Anor3 HIW ZE R HEH

WA Oidiodendron
404 1 FLIH Unidentified Dothideomycetidac sp.

- MUBEFLTAJE Trechispora

HIFLI 1 Unidentified fungus 1

*

- ’seudophacidium
-- FE 514 1 A1 FLIH Unidentified Helotiales sp.
{UH-H AL Unidentified Tremellales sp.
Unidentified fungus 2
olypocladium
Meliniomyces
auriomyces
TS 494 AL Unidentified Archacorhizomycetes sp.
T EK T 8 Saitozyma

TAHITU# Unidentified Hypocreales sp.

*
* o

§ Penicillium

441 FLTH Unidentified Sordariomycetes sp.
AHITTIH3 Unidentified fungus 3

*
*

Paraconiothyrium

ABEIE Trichoderma

—_ 4

WA 8 Clavulinopsis

* HIFLI#4 Unidentified fungus 4
G YR IB, Wickerhamomyces
* JE5EHE I8 Coniothyrium
u 4L H R 105 Unidentified Trechisporales sp.
A58 Aspergillus
oY
v§ Té; vé’ Anorl Anor2  Anor3
Sy -2 -1 0 1 2
Y?c Y?c Y?O Zff Zscore

@, p<0.01; #; p<0.05; : p>0.05.
Anorl : MK 875 m MY 4x 2R 22 #%.0 4317 IX HR PR + 3 Rhizosphere soil of

core distribution area of Anoectochilus roxburghii ( Wall.) Lindl. at an
altitude of 875 m; Anor2: MK 775 m MY 448 2% 4B 434 X £ 4 Soil of
non-distribution area of A. roxburghii at an altitude of 775 m; Anor3. WFR
675 m [ 4 £k 22 dE /0 A X £ 3 Soil of non-distribution area of A.
roxburghii at an altitude of 675 m.
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Fig. 1 Heatmap of differential genera of fungi between rhizosphere
soil of core distribution area and soil of non-distribution area of
Anoectochilus roxburghii ( Wall.) Lindl. in Wutong Mountain of
Guangdong Province



F5H e, S TR R E AR ) ARG L1 42 4 % I B4 A SR Sl R -4 AT 51
531 Rf J& | Meliniomyces Hambl. et Sigler | Lauriomyces (Pers.) Roussel ) JBHRF & ( Tulasnella J. Schrot.) (7%

FE R ER 1 JE 5 Anor3 41 P AH XT3 % & F Anorl Fl1
Anor2 4 1Y 2% F W & A F % )& . Paraconiothyrium | R
g R EJE  Phaeoacremonium Serendipita | L
B | E v DU % B & ( Wickerhamomyces Kurtzman,
Robnett et Bas.-Powers) J&5c% & Mth & & ; Ho, &
2 JBLE Anorl 405 Anor2 ZH[8] L) X% Anorl 405 Anor3
ZH 8] 22 S5 W B 3, Paraconiothyrium 7F Anorl 4 5
Anor3 2l (8] 22 S 4 2 3%, LB B B 7E Anorl 415
Anor2 4[R2 3 0% G758 JBIE Anorl 45 Anor3
2 7] 22 S 35

A, M0 %S B & ( Bjerkandera P. Karst.) (K7 J&
( Cladosporium Link) . E5¢ i J& ( Chaetomium Kunze) |
® JH J& ( Colletotrichum Corda ) . fi ¥ W /&
( Ceratobasidium D. P. Rogers) % /] i J& ( Fusarium
Link) A4 2 & ( Gliocladium Corda) /N J& [ Mycena

% .

. B[] Mucoromycota; @: #HI%EE[] Mortierellomycota; @: F2EH ] Ascomycota;

W JE ( Nemania Gray )  Joh#L A & ( Pezicula Tul. et
C. Tul.) AR 715 % J& ( Podospora Ces.) FIAili L 1 J&
( Rigidoporus Murrill ) 45 7F 4 2 == 1.0 43 A IXAR B £+
SRS A DX A AL A I 3 (EAR XS R TR A 2
A% 3 A AR B 55 5 AR 3 A X 4 g ] O 2
5

214 XHEARBEFZERAMBSH Z5R(K2)
7R : Anorl (Anor2 1 Anor3 2H B # B VK 3 & A= ) 2%
TSI 151,162 F1 151 AS3EHE, 3 4 B RE VR 3L
KM 28 B LT B AR TR T A TR T
B ER R 1T E 2516 1], Anor2 F1 Anor3 ZH H
WAER L R AR M2 LR A AR W m T B,
Anorl 5 HAWTE R BAE R % H 5 BAE £ S
AT w2 SR R T R R S SR
Anor2 5 HAWTE R BAE R % H 5 BAE £ S

: B 2511 Rozellomycota; @ $HF (] Basidiomycota.

1-8. fi# )& Dominant fungal genus: 1. SRS Metarhizium Sorokin; 2. T 85)& Penicillium Link Meyen ex E. C. Hansen; 3. Z530%)& Tolypocladium W.
Gams; 4. JF R R Saitozyma X. Z. Liu, F. Y. Bai, M. Groenew. et Boekhout; 5. TR R Archaeorhizomyces Rosling et T. Y. James; 6. K
Trichoderma Pers.; 7. Serendipita P. Roberts; 8. BB HE Clavulinopsis Overeem. AN[FFT AR R & | 77 £ 4812 B4 8 14 - 5 A0 b = 13 sk vy
Different nodes represent different fungal genera, and the larger the node, the higher the average relative abundance of the fungal genus. R A EFARERSE N
IEAHSE, W (2R /R Tt 5K The red lines between nodes indicate positive correlation, and the blue lines between nodes indicate negative correlation.

A TR 875 m BY 428 22 4% 0 43 A7 IX AR PR 13 Rhizosphere soil of core distribution area of Anoectochilus roxburghii (Wall.) Lindl. at an altitude of 875 m;
B: UK 775 m #4422 450 A7 X 13 Soil of non-distribution area of A. roxburghii at an altitude of 775 m; C: V3 675 m BY4: 2R 2 AE 434 X £ 3 Soil

of non-distribution area of A. roxburghii at an altitude of 675 m.
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Fig. 2 Co-occurrence network diagram of fungal communities in rhizosphere soil of core distribution area and soil of non-distribution area of
Anoectochilus roxburghii (Wall.) Lindl. in Wutong Mountain of Guangdong Province
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TR 775 m )42k == AE 504 X 13 (Anor2) 41 D) St
R 675 m (W42 4R 3 A X -4 ( Anor3) 21 P 445 2]
1 886 FPACI, 1E B F AL % 2] 1 089 A,
Hrpr 561 A5 2033 8, KEGG . HMDB I LMSD
Bl e o SRR R 354 428 1 113 Fh; 118 TR 2
FEF] 935 R, Hoh 528 RIS 445 B 1 R
KEGG .HMDB Al LMSD # 4k % 43 51 1 B 1] 188,420
131 b, FERRIA 1 089 RIS & I8 B A2 g
AL A 319 B, R e LR EAL &4 175 F, A HL
e S AT 146 B B HLAAE S ) 131 F 282K
TEA1 99 B WSS S HLAE G4 50 B AT AT IR I
FLAIY 47 B, LW 0d SR A 40 B, A HLA AL
B 27 P ORIRE AR R XA AL &Y 9 i, e
FALGY T Bl HABAL AP 39 B,
2201 RERMBARSHT 2T LS R
.5 Anor2 HAH I, Anorl YA 136 Fh 1
P8 31 AR, 38 167 B, Horh ) BRI 0 22 AR
FE N RSN B S (25 Fi, 10 B EIE (15 F
TR RN BEREREN LG (18 B2 A EE 16 Fh
TR AP R AT A (11 A3 R LU 8 R R
P RR G (11 B, 1 B L 10 AR )
Anorl 2H5 Anor2 4 IETJ/}E‘%TQ%EETE(VIP) HEA Y
10 (1 22 AR A B FEERIBR 3 B 2 R 2R ML &
Yy, TR L~ E R N- L -4 2 S-Htr -
L-rm B R 4 Rl ML S HLA A, DL Rl
TR RAUH S ISR R IR AR AR ; (A
BETE Anorl ZHFPe 25 E 3R, Hodth 9 Al IsH #2404
F M, 5 Anor3 4IAHEL, Anorl 4RI A 103 Fif
98 .96 RN IE, 3L 199 B, Hodb R E ) 22 AR

Yy FEZNNRBRSAR B AL 4 (38 i, 22 i E 3R 16
FIOR R A BLIR M HAT A= (22 i, 17 b B 5 A
TIE) AW E Y (12 F,S B EVE 7 FF ) |
R BE R WAL & (12 B, 4 Fh L8 8 B R IE)
Anorl 25 Anor3 #H[E] VIP {HHE B 10 092 F A0
Yk 3- SN EESE R R 4- RS IG -3 -1 TR 5
P AEZSTRAN 14, 15~ Bi il J R 5 Fh i 5 A2 i ot
AW, D7 % W — R Nl A 2 ol SO A5 5
Yy, 2R A N TR AN A 2K B 2 R R S B AR R AL &
AR eI 4 T e RS 4 TR AR R 75 A T A R
FRAE Anorl ZH il & TS, Hoft 7 R G Xtk
B Eif,

PEPE Anorl 405 Anor2 4H 18] UL & Anorl 45
Anor3 ZHI] VIP {HHE# i 10 1) & 2 22 A, [5)
23R Anorl 405 Anor2 4018 LA &2 Anorl 405 Anor3
2R e [ AR Y 2 22 S AR 22 00 B LU XS 5B T
RO A AT 3 26 T i 2 25 AR, 45 R L
4, FREIR ARG LA REETR 14,15~
JI BB HRTR 3 AR IR ANZRAR B S, LA K A B i A
N6 ,N6 ,N6——H I Z FR[F] & Anorl 215 Anor2
1B PA K Anorl 205 Anor3 41 10) A9 i 25 ol i) i 3 25
S, HIFE Anorl 41 28 1] — S0BURE
RIS 78 TR LR 4 Anorl 415 Anor2
HIE] L K Anorl 205 Anor3 ZH[8) B & kit B E 2R
R, HITE Anorl 1P 25 T8, 3-SR R
PR A—JIELHS M —3 — ] | £ TR 7 55 T 1 IE 28 TR 4 Fof g I
N &Y B SRR Anorl 415 Anor2 4 [H] LA
K Anorl 415 Anor3 2 [H] %) I & i bt 35 25 A
Y, 78 Anorl P ¥ 2 B, (HIX 4 Rk & W7
Anor2 415 Anor3 4 [ AFFE 2257

ZER(F 4) AR BN Anorl A5 Anor2 4 [8]
167 Fh2 AR o, A5 35 R 0 52 10 T 1%
FHIEIIZ (ROC) T 7 BT AL (AUC) 2 1.00, HATH)
e ST VAR P, LT RS R | R A i 9 2 A
NHFRAE — 3 0] 22 A5 B0 (FC) 8K, B7E Anorl 4 h
BENWEE LI, Anorl 415 Anor3 ZH[A]AY 199 Fh
25 h A 32 MR B ROC T2 AUC
{E 4 1.00, HA B & 0 FI0 o o v, Hrh AR Z R D -
AT TR R A i 8 2 AU TE IR T [ 22 S AR AU
REITE Anorl b i 2 B0 B 3 B, A3 B3RP
RETR A BB ARG 22 S8 IR D% b — R nl
VER X I3 4 R 22 %00 43 A IXAR PR - 3 53R /3 A X+
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Table 4 Information of major significant differential metabolites between rhizosphere soil of core distribution area and soil of non-distribution
area of Anoectochilus roxburghii (Wall.) Lindl. in Wutong Mountain of Guangdong Province"’

p1H p value VIP FC u/D AUC
1RG4 Metabolite Anorl Anorl Anorl Anorl Anorl Anorl Anorl Anorl Anorl Anorl
Vs Vs Vs Vs Vs Vs Vs Vs Vs Vs
Anor2 Anor3 Anor2 Anor3 Anor2 Anor3 Anor2 Anor3 Anor2 Anor3
2R Benzenoids
FrHEE Vanillyl alcohol sk * 2.99 1.68 16.00 7.12 U U 1.00 0.92
JE 14 T T Butylparaben o 0.29 2.38 1.27 0.18 D 0.64 1.00
R ZE B Pterosin B wok 2.89 0.44 0.13 0.67 D 1.00 0.69
ZEHHBE Dihydrocapsaicin * ok 1.55 2.19 0.52 0.33 D D 0.92 1.00

8B AIZEAE B L &4 Lipids and lipid-like molecules

3-SRV AE R s s 1.06 2.57 1.32 2.25 U U 0.86 1.00
3-isopropylmalic acid

40§ I — 3T * ot 1.43 2.37 1.45 2.07 U U 0.83 0.97
Cholest-4-en-3-one

ZFRAE S Citronellyl acetate - sk 1.73 2.57 2.36 4.68 U U 0.92 1.00
TE 2418 Decanoic acid * ok 2.13 2.35 14.14 3.15 U U 0.89 0.94
14, 15— Sl R . . 1.98 2.34 2.15 2.67 U U 1.00 0.97
14, 15-dehydrocrepenynic acid

ARG 2 AR R s * 2.44 2.12 8.23 9.20 U U 1.00 1.00
Taurochenodeoxycholic acid

TREER Pachymic acid s #* 2.23 2.15 366.20 590.06 U U 1.00 1.00
e E Lactucopicrin ok 2.70 0.73 0.21 0.59 D 0.97 0.72

WE2E KL L5 B Carbohydrates and carbohydrate conjugates
D-Hi%iB% — R D-saccharic acid ok 0.96 2.32 2.49 11.12 U 0.69 1.00

HHLZIEAY) Organoheterocyclic compounds

WIME Caffeine ok 0.96 2.49 1.35 2.60 U 0.86 0.97
ZE i — W L T4 R 18 Trolox Hok 2.65 0.96 0.32 0.58 D 1.00 0.69
FHUR X HATHED) Organic acids and derivatives

N6,N6,N6— = H 3E—L- 1% R * ok 1.74 2.03 2.13 3.09 U U 0.83 0.97
N6,N6 , N6-trimethyl-L-lysine

%08 Betaine ok * 2.62 1.55 0.39 0.50 D D 1.00 0.86
L-AR R L-glutamic acid sk 2.60 0.21 0.30 0.93 D 1.00 0.58
N-Z Tk -L- 452 sk 2.59 0.10 0.13 1.18 D 0.97 0.58
N-acetyl-L-valine

S—RRAF -L- it e R ok 2.49 0.41 0.18 0.73 D 1.00 0.61

S-adenosyl-L-homocysteine

IR E AR B AL 5% Phenylpropanoids and polyketides

FERLH Polydatin ok 2.69 0.49 0.22 0.69 D 1.00 0.69

R WG Scopoletin ok 0.75 2.36 0.84 0.49 D 0.78 1.00

25K Chalcone ok 0.15 2.20 0.96 0.19 D 0.64 1.00

F#H 11 Baohuoside II * * 1.85 1.82 0.52 0.44 D D 0.89 0.86
A= s M FHATT 2E ) Alkaloids and derivatives

MEMEHR Arecoline sk 2.65 0.07 0.18 1.00 D 1.00 0.56

i B Trigonelline * * 2.09 1.60 0.60 0.63 D D 0.89 0.89

DVIP, 25 B Variable importance in the projection; FC; 255454 Fold change; U: 134 Up regulation; D: F# Down regulation; AUC;
ZARHE TAERRIE R T 7 BT FL The area below the receiver operating characteristic curve. Anorl: V4K 875 m [ 4 28 2% 4% 0 43 A [X R B 1= 4
Rhizosphere soil of core distribution area of Anoectochilus roxburghii (Wall.) Lindl. at an altitude of 875 m; Anor2; WK 775 m 42 2 dE A X
3¢ Soil of non-distribution area of A. roxburghii at an altitude of 775 m; Anor3: ¥4k 675 m F4: 4k 2% 9E 4317 [X. 13 Soil of non-distribution area of A.
roxburghii at an altitude of 675 m. * ; p<0.05; =*x* . p<0.01.
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222 E3E R FEEFARM SR E R 5T
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Table 5 Metabolic pathways of major significant differential metabolites between rhizosphere soil of core distribution area and soil of non-
distribution area of Anoectochilus roxburghii (Wall.) Lindl. in Wutong Mountain of Guangdong Province'’

et 1 u
L4 Metabolite Metabolic AL 1515 i Metabolic pathway P] value
pathway 1D
Anorl vs Anor2
IEB F#1X Positive ion mode
N6,N6 , N6~ — W He— L~ i 5 R map00310 1 L&A Lysine degradation 0.011
N6,N6, N6-trimethyl-L-lysine
4-IB {47 — 3-8 Cholest-4-en-3-one map00984 R [ R f# Steroid degradation 0.124
SRt -L— = e R map00270 212 e 2R PR A 2 R G BF Cysteine and methionine metabolism 0.124
S-adenosyl-L-homocysteine map01230 IR EY A R Biosynthesis of amino acid 0.375
HHEET8 Betaine map00260 H& /R 2R3 mis i Glycine, serine and threonine metabolism 0.180
map02010 ABC #%iZ{& ABC transporter 0.455
T LB Trigonelline map00760 JHFR FAH B AL Nicotinate and nicotinamide metabolism 0.284
1 B F AL Negative ion mode
B ELWE Vanillyl alcohol map00627 G FEZE PRI A% Aminobenzoate degradation 0.027
map01120 AR FAEE i) 3 A= 90485 Microbial metabolism in diverse environments 0.721
Anorl vs Anor3
IEBTFHI Positive ion mode
4-IB{$§ 47— 3~ Cholest-4-en-3-one map00984 R [ R f# Steroid degradation 0.023
map01120 AR B i A2 90 A 5T Microbial metabolism in diverse environments 0.405
R R %5 B Scopoletin map00940 IR BEAE WA B Phenylpropanoid biosynthesis 0.232
HH=2H8, Betaine map00260 H A& R 2 E IR &R Glycine, serine and threonine metabolism 0.400
map02010 ABC #%iz{& ABC transporter 0.631
N6 ,N6 ,N6— = Fi 3 — L-#i 2 ik map00310 W PR A7 Lysine degradation 0.400
N6,N6, N6-trimethyl-L-lysine
A ELBR Trigonelline map00760 P P22 T P 2 1 35 Nicotinate and nicotinamide metabolism 0.405
1B T3 Negative ion mode
WHER Caffeine map01065 P L1 2R AN T A5 A9 AR R A2 40 6 B Biosynthesis of alkaloids 0.001
derived from histidine and purine
map01060 TR A H B B Biosynthesis of plant secondary metabolites 0.027
map01120 AR B i A= 90 A5 Microbial metabolism in diverse environments 0.466
D-Hj % R D-saccharic acid map00053 PoIh I B2 A B2 108 Ascorbate and aldarate metabolism 0.020
1EZ4MiR Decanoic acid map00061 N R A= )45 W, Fatty acid biosynthesis 0.380
B HEE Vanillyl alcohol map01120 AR EE 9 3 AE A8 Microbial metabolism in diverse environments 0.466

D Anorl ; K 875 m (4R 22 4% .04 A XARFR £ 3 Rhizosphere soil of core distribution area of Anoectochilus roxburghii (Wall.) Lindl. at an altitude
of 875 m; Anor2: ¥4k 775 m R4 2% 2= 3E 43 A X 3 Soil of non-distribution area of A. roxburghit at an altitude of 775 m; Anor3. V4R 675 m 4
28 22 4E 434 X £33 Soil of non-distribution area of A. roxburghii at an altitude of 675 m.
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HIZEREL  Correlation coefficient

Tric: AN%BEJ& Trichoderma Pers.; Arch: W HF§ J& Archaeorhizomyces Rosling et T. Y. James; Meta: £RfB B J& Metarhizium Sorokin; Oidi: ;&
Oidiodendron Robak; Sacc: BEBEJE Saccharomyces Meyen ex E. C. Hansen; Pseu: Pseudophacidium P. Karst.; Mort Wi fE )@ Mortierella Coem. ; Dact
[R45761)E Dactylella Grove; Trec: HKEFLEEJE Trechispora P. Karst.; Para: Paraconiothyrium Verkley; Phae: Phaeoacremonium W. Gams, Crous et M. J.
Wingf.; Clav: SABIHI B JE Clavulinopsis Overeem; Wick; Jak 7i I M g £ J& Wickerhamomyces Kurtzman, Robnett et Bas.-Powers; Sait: JiFsBR 5 &
Saitozyma X. Z. Liu, F. Y. Bai, M. Groenew. et Boekhout; Peni; 7% J& Penicillium Link; Toly. 3% & Tolypocladium W. Gams; Laur; Lauriomyces
R. F. Castaiieda; Cado: Cadophora Lagerb. et Melin; Clad: Cladophialophora Borelli; Phia; Phialocephala W. B. Kendr.; Coni: JE7C 2% )& Coniothyrium
Corda; Aspe: HNZEJE Aspergillus P. Micheli ex Haller; Meli: Meliniomyces Hambl. et Sigler; Sere: Serendipita P. Roberts. 1; 7 ¥ Vanillyl alcohol ; 2
RS 2 TR Taurochenodeoxycholic acid; 3: R R Pachymic acid; 4: IEZ$PR Decanoic acid; 5: 14,15 S5 4% R 14, 15-dehydrocrepenynic
acid; 6: N6,N6,N6——H I—L-§1 %z N6,N6, N6-trimethyl-L-lysine; 7. ZFERHF W Citronellyl acetate; 8: 4—fH {4 -3~ Cholest-4-en-3-one; 9:
3-FA SRR 3-isopropylmalic acid; 10; FXZE B Pterosin B; 11 [ 5 E ¥ & Lactucopicring 12; FEALHF Polydating 13 253 — H JE 9 4% FR B8
Trolox; 14: KEHBAK Arecoline; 15: HHZZHK Betaine; 16: L-AZ R L-glutamic acid; 17; N-ZBE-L-%2 R N-acetyl-L-valine; 18 S—RRT—L—=2F b
H R S-adenosyl-L-homocysteine; 19 i ELHH Trigonelline; 20; 75 I Baohuoside II; 21. S M Dihydrocapsaicing 22 WIHEA Caffeine;
23. D-Hi% M R D-saccharic acid; 24 JEIA14: TR Butylparaben; 25 Z5 K %5 NS Scopoletin 26 : 28 /K Chalcone. £1( R 55 /R IEAH &, 1 [
EERRMAE L Red dots indicate positive correlation, and blue dots indicate negative correlation. * : p<0.05.

A Anorl vs Anor2; B: Anorl vs Anor3. Anorl; V9% 875 m A8 4 28 22 10 40 A1 X AR P 1 358 Rhizosphere soil of core distribution area of Anoectochilus
roxburghii (Wall.) Lindl. at an altitude of 875 m; Anor2: 4K 775 m 11 4: %k 22k 4347 X 43 Soil of non-distribution area of A. roxburghii at an altitude of
775 m; Anor3; 3K 675 m R4 4% 22 AE 4904 X 13 Soil of non-distribution area of A. roxburghii at an altitude of 675 m.

B3 I'ZEEALUEEZZZOSGRRELESESIHAX T ERELZRRIEVNEESTERBHEMNEENHEXEST
Fig. 3 Correlation analysis on the contents of significantly differential metabolites and the relative abundances of major fungal genera
between rhizosphere soil of core distribution area and soil of non-distribution area of Anoectochilus roxburghii ( Wall.) Lindl. in
Wutong Mountain of Guangdong Province
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