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Active components and main pathways involved in fruiting
body development of Lanmaoa asiatica

LIU Jiayan', YANG Xiaomin', CHEN Youyou', CHEN Pengzhi', LU Wei',
WANG Chengfeng', LIU Xia', ZHANG Shirun', DONG Jie', LI Zongju"

1 School of Life Sciences, Yunnan University, Kunming 650500, Yunnan, China

2 School of Ecology and Environmental, Yunnan University, Kunming 650500, Yunnan, China

Abstract: [Background] The fruiting body formation and development of ectomycorrhizal fungi
such as Lanmaoa asiatica still unknown. [Objective] To identify the active components
regulating the fruiting body development. [Methods] We employed Three metabolomics
techniques including nuclear magnetic resonance, gas chromatography-mass spectrometry, and
liquid chromatography-mass spectrometry were employed to analyze the small molecular
components in L. asiatica primordia cultured for 8 days (Y8) and feral sterile fruiting bodies (Z0).
[Results] We found that each of the three analytical methods identified 451 and 473 compounds
in Y8 and Z0, respectively. A total of 362 significantly differential components were identified,
including 206 up-regulated components and 156 down-regulated components, which were
involved in 47 pathways. [Conclusion] We hypothesized that the deep transformation and
regulation of components were accomplished via nine main pathways. The significantly up-
regulated and down-regulated differential components such as bolegrevilol may play a regulatory
role in the development of fruiting bodies. The three methods used in this study complemented
each other, expanding the scope and improving the sensitivity of the detection. The results
provided some theoretical reference for deciphering the mechanism of fruiting body development
and exploring the artificial cultivation of L. asiatica.

Keywords: Lanmaoa asiatica; fruiting body development; metabonomics; regulatory substances;
regulatory pathways

254 I (Lanmaoa asiatica) hy 5 4 44 bt AR RAR, Iz s T

e AW 2 —, RE T4 HFEF
(Boletaceae)'" . H: 1S4 1R 75 K B Ak 3 01 €4
RAGLTA, B AR FRLL A Z UG A
PRI AR A, BT LLBARC TR, 22K
R LT e e S A WU 7/ TN = (9 Wy
A 25 FRAE 7 1T, A0 R A 4 PR A M v sk
VRO 0 R AR L SR v (e 2 e SR S 5'-#%
FFRRUEAT T 4047 VKB SEPUR I F 8454
M- TR TS ARSI T IZ B S A
H AR R AR A SR AR IR S T AT
BUA iz 2 55 7 A VB TE I L i T VR

FAF AR, AUEE R SN BT i X LS
B AT RS R A o A 55 A1 AR TR AR
HIE, EARRET S0npEmyE, WL
Helgsd gk . SEAHLHIAIT, A AT R T
A7 0 A 0 S R A A KR R A
B RE LA SE B TRk . A AR AL LR
Al R AT LUBETT S 20 IR N R, B — T 5T
AR EF SRR R, HHAELEE TR
AT RIS, NS4 R E S
B, ORI TR IR AR R,

AR AL BB 12 B T AR A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EEHE AR 220 BT SRR IO SRIR Y It S L 2 IR B ) By 4047

B MRS BT L AR E 1 R DR ) e T 4
JiE Y R AR AL 2 43 BT AR A e A 4
T AT BTN o1 BN AR AR AR K R B TR TS
YER . 1% IRl B2 F % (nuclear magnetic
resonance hydrogen spectrum, '"H-NMR). “H &
ji¥ (gas chromatography-mass spectrometry, GC-
MS) . ¥ A8 J& §i% (liquid chromotography-mass
spectrometry, LC-MS) =KV, LS04k K4l
i3k 8 d BB, X 2 R A
PO BRIEAT T 000, BRIV 22 s T
SR K A AR I B /N gy 5 o R U A
S EON Sy o R RN g YA D
N TGRS IS ARE o

P

1.1 ##

22 B SR A R B AR K AR BT A T
Mg, -G b B2 B P i o8 T 45 e 452,
WA RAE T o B K A i Bk 2 2 e A ) A A%
T R ARSI = RO PDA 5557 34
et A LR AR BT AR (& 1),

AR, iG] SO aRE-Fk
XY, Agilent Technologies 2\ ) .

MK PDA }igid(g/L): 78 PDA Rigitt
MU T Ry . BREREE 1.00, S1L%5 1.00, W%
g — A 0.50, fEREL 0.40, fHEREF 0.40, &5
R 0.16, VB, 0.10,

Bl

1 ZR4FETEGAREERSINERE A FI4Z0). B: Hi5F 8 d (YJ5H(YS)
Fruiting bodies and primordia cultured for 8 days of Lanmaoa asiatica. A: Fresh fruiting body
(Z0). B: Primordia cultured for 8 days (Y8).

Figure 1

1.2 A%
121 FFHEEE

T IR ST 4 8 22 % 4R I 1 954K ((20)
AR, BHY KA 1 emx1 em /NEE, 43
PR F IR Y PDA K3, 26 °Clas
Fr, TH 8 KUV LAk K 5 1y Jat 5
(Y8); # Z0 K Y8 I JH S 25 75 i 46 1
TR
1.2.2 'H-NMR #il GC-MS 4 #f

'H-NMR. GC-MS Y4B . L HLEEN,
Hil . B RE . e LE RS ESH S
FU Ik
1.2.3 LC-MS 2#f

Pl FRE 80 mg R THEMT 1.5 mL .0
B, A 800 uL 80% M FE, iWE 30 s,
—40 °CH#E 1 h; FHREHFES T 12 000 r/min,
4 °CEL> 15 min, FIEW-40 °CHE 1 h JF5 K
Bl B 200 uL BIEWBTHEREEAT, A S pL
140 pg/mL —GEURNERIE I NIR. FEALE HIE
LA PR A FR S R TR DN S5 5347 o
124 ZEFYRSH

¥ Ll E "TH-NMR, GC-MS & LC-MS %
A S A SIMCA-P 14.1 B4 7047 B0 56 1E
LYo, ARSI EU ik.
1.2.5 AT BER O

B EFY 'S A MetaboAnalyst 4.0 &
(https://www.metaboanalyst.ca/)[t") pathway analysis
B, A5 3 ) 4 3 1

Y8

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4048

(DGX7ES ik

Microbiol.

China

HRE5 M
WEmEELER

2
2.1

El 2A K 2B 4r51hEFE(Y 8) KT 34A(Z0)
1 "H-NMR %K, it Chenomx 5403 1% i
HATRIN; K

(A b Y0 I Rl e et B, X 5 U i

2C. 2D 4351k Y8 & 70 19 GC-MS K], %4
NIST14 %udg PEVE 712 —Kr R FIVLHD , XT #5045k

45000 B

HEATFEIN; & 2E FIE 2F 4351k Y8 Fl Z0 (1
LC-MS 1K, it MS-DIAL JF 7R, Xt
N8 o 3 PO A E SN 3 IR

A 45000
14500 44500
4 000 4 4000
13 500 4 3500
3000 - 3000 2
E Ed
2500 £ 2500 5
=z 3
2000 5 2000 5
b @
1500 413500
41000 41000
1500 4 500
—be el e 0 | I—TY 1

9.0 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15
Chemical shift (109}

10 05 00-05-1.0

9.0 85 80 7.5 7.0 65 6.0 55 50 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0-05-1.0

Chemical shift (10%)

4.6e+07 Y
4dee07 , soe-07t TIC: Z01
TIC: Y81 :
426407 TIC: 202
40007 TIG: Y &2 4.50:07F TIC=Z03
Epat TIC: Y83 SR
3.6e407 B i 4.0e+07f
3.4et07
3.2e+07
Se07f
, 30607 A3er0
8 280107 "
S 2.6e+07 g 3.0e+07f
£ 240407 E
< 22e+07 ﬁ 2.5e 07
2.0e+07
1.8¢+07 2.00+07
1.66+07
14e+07 1.5e+07
1.2e+07
1.06+07
8 000 000! LDeq7.
6000 000
4000 000 “ 2000000
2
'“00003 kl _‘ ol o ll‘_[.l o
2000 40.00 60.00 §0.00 100.00 12000 Time (min) 1000 2000 3000 4000 5000 6000 7000 80.00  90.00 Time (min)
E XIC, miz: 99.990 6-1 200,009 2 F XIC (base peak), m/z: 99.989 4-1 200016
5 273,145 2 Em; 2711295
21E6
2.0E6
1.9E6
1.8E6
1.7E6
1.6E6
2 2 I,SF:() .
i £ 14k 2731449
£ 5 £ 13E6
z A6 E \3ps| 4041037
= 3 1IE6
é‘ 1.0E6
5 % 9.0Fs
] o 4782328 200847 5 & e
5232475 7.0ES
B 6.0ES
317,115 2 ; 185,118 1
630470 SOES 484265 7 476277 4
4.0ES 2792319
UJ 336,444 0 3.0E5
2.0E5 248.963 6
\ — 1.0E5 &
0 0.0E5 = =
000 200 400 600 800 1000 12.00 14.00 16,00 18.00 2000 22.00 2400 26.00 000 200 400 600 800 10.00 1200 4,00 1600 I8.00 2000 2200 24.00 26.00

Retention

Q=51 meMl—cqQC-13 maML

& 2

Eim;;“«;msn
O3 ML I maML QU J2maML D03 miML— I8 maMi—C_I5 maML—0C 16 maML

ZHAMAERN =R FERE®Y

8)&¥$1¢2Z0)m%i%

Retention time (min)
i 2 B

1 ML — g2 ML — eqQC-F3 maML— QC 1L maML— QC 12 maML Q€ 0C 4 ML — QC IS maML— Q€

A: Y8 i) 'H.NMR 4. B:

JomaL

70 1

'H-NMR I%. C: Y8 /) GC-MS Ii%. D: Z0 ) GC-MS I E: Y8 ) LC-MS BB T F: Z0 Y LC-MS BL T
Figure 2 The peak spectra of Lanmaoa asiatica primordia (Y8) and fruiting bodies (Z0) detected by three
methods. A: "H-NMR peaks of Y8. B: "H-NMR peak of Z0. C: GC-MS peak of Y8. D: GC-MS peak of Z0. E:
LC-MS total ion peaks of Y8. F: LC-MS total ion peaks of Z0.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EEHE AR 220 BT SRR IO SRIR Y It S L 2 IR B ) By

4049

.80

0.
0.

0-'"H-NMR

2501G01UAE-;,
asoiAdoon| 3.

-,
au!ulcsoanLﬁma:‘n-N-oquch;p-,g auipun

as0[RyALL

50| ALY,
I <)o

2s0I[RW-a
I I 501>} -0 [N F-1-00304[F -1
' I ) N S N 111515569115
 E— I asojaeed-a
areydsoyd--asojniday-g-onje-a
asofeyas] -(+)-a
250U
N N N 012y
IS S IS S o)) (00
| apisowsig
09N[3 [A1aN
13Zp1epoIpAyIC]
pi509N|3-,0 LN
DiSOUIQRIE UISOIATY
m|8.(\‘mp{t£—'
ieydsotd-| -asourAdbuBL-0-;
o€ 3
o 3
DB JLEM
Bl
52 3iu13aNg

ploeouagng
Pioe diuopLBAIS

5 DL}
aieydsoyd-g-jongqiog
108q3g
UIDINSOUINSAII-§

Bl H||33!E3010?

o oI |aa|ﬂ&u:qd XospAy-d
e stoydsold

98 21|19,

LIE
PI3E d1uapian-y
PIoE Jiuap

iajoul’]
iprEfaou]
Xauowi|

eI  FAXOIPAH-Z-1
UAINUAY

foxy

[AXOqiEd-£-ajopu]
WeUUI0IPAH
ISIUTOWOH
ouedapeidag|

aoan|ny

Bl UOIR]ypaw-Z-51
50 J1UAF0I0N )

25y
OlIBDBPSXUJpKﬂ-P
OIpaUEIRPEIUSd ANOIPAY-9
AnAdpuaydAxoup -
LIAINGOUIPIUENT-f
GouuiE-t

ey Auayd-g '
unbjfopniaj-0-¢
dipe] <ylaw-
IEQISANOIPAY-€
UOLIAX0BP-£

2| 1208)-¢
) AYAXOIPAL-9]
LN Ay1aw-g et

uoj|nsaumpID | [Auayd dxouatu-
[l

SxompAt
{]

(dosdoxo-c-(|ua
1l N

ydAxoIpAyip-p)-

TE
t)-€]-5-Axolp

45) e

1A-§

0'-0U2130-Z- AX0IAY-g-(1)
()

1.00
8i
6

0.40

0.20

0.00

0.80
0.60

®  x
= =
z =z
= =z
£ 8

Z0-GC-MS
Y8-LC-MS
Z0-LC-MS

Y8-GC-MS

I I ouna|Ayuey,
| au!;slgqmc
= aeydsoyd-g-auipun
— Rt
L]
— Sijaka- ¢ g-aupi

| —
I S N N
au

1
ui

Py,
g

pLn opnasq
1011 P!

IWIEU0IN
puAd|AIE-N
SOUENFAPIWIP-TNIN
© S1SoU|

SOU|

quexodA
iSOUEND)

STERA]
UIPRLIZAXDI(]
1A
soydouow-g auisouapy
IS0UIPY
IUBX|AYIaW- L
PLINAYIAW-s
SOUIPEOTYIAYIAU-,C
PIAD] AYIWAXOIPAL-§
ISOUIPEANOIP- &
PUNATIRU-O~C

aui

0

]|

011] A S
{unéqﬁmd&n E:
]

101l
[ [011BI2ASY
i \m;qacha;(j

audolL
pIae U0y

ayia,

[OISOU-0A N
[oum:

ol
ydsoyyd- | jonuuepy

OB
Il by

o1
oulq - g-a[0pu]
[OUBAINJOWIOH

oUapoURS

102413 duajAlg
ourlg

i oursbu
B (osorsy
Y . 01108 -

g

T
] I )eydsoud- [-jonon|§-a
== [ [ |0110n]5-1
[ [oLnee

015 K- - ApowAxog ea-g
215420 WO [ASOUPE-§
idoeya

138 JIWN|FOIL
01,

d
sjosadig

Pt
UB[R|AUAL ]

n
] aul

(-
-
—B

i e

patw-
11 LLIO: -]Ikzaav]?midgu-u

an2)|A120k:
132

uo1y1a)
:@ig |&.{nmaw
uisAT

Jea-1
50441
jdord {n-1

uepe|Auayd-1
1UI0-1

U0 ALPAL-0)-T

uoIIAW-1

uisA|-1

eIn|3-

I
a8 atunn|E-1

1549-1

o
A AUB[R)O[IAI-T
LI

171
JwnunuFie-
Fap-

QA

auy

L BE
[t

B

=

nJm., -
[0IdONO-¢-
JoudjAanapJojaka-1+1
Joad|£anajos|
anajos|

;55 Foday

e annddiy
2410

o .
5 421 K195 -1 Suren| o
21|

aui
PIOE dIWEN|D)

weing
[EAALRINE-BUWWRD
quK}L/(u.lE!n;ﬁ-Eml%E{)

P

aut
aui
aul
aui
aui
aui

e

|
aui

[asl—— aui

|3-Bluwen
L0

Jn'a}i(uminp i
A

uoIy IS
]

SOUIE)

e JiLedsy

Aesrds

3N3{0sI0
sy Ay
i

ajf-g)

uijosdoxo-

ueydoid Ln- |-%xmp:{q- C
proe aue)n[§|£||nm—gf.?xmpﬁl|—{

PHSIY[AYIaL-|
LI2SOLO]
uejejAuayd-a

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4050 A 2 AR Microbiol. China

s
s ¢ 2 = 8 =
g g2 ¢ § g =
2 S =
lr\

auruedoyuey.
e

NMR

Y8-"H-NMR
Z0-'b
Y8-GC-MS
Z0-GC-MS
Y8-LC-MS
Z0-LC-MS

Y8 JF 71, Z0-LC-

Ig.ll! :!I]l!lﬂ d
Apheydsoyg
'-p,{uap}l:nm[&uaqd
3 A1y

waen,
s o108 |(|:uv N
s0on[FE-0-1€
wmm]ﬁn Mwav N
Ui AAWIPNN
uIoulouow
piae stuoEw [A13ouogy
aeeinFApagy
A1LQU0S A1)
A Areuapany |4y
aepixoqreaaujoutnb-g-Axo1pAyp-9°z Aoy
ajopuy
€ aproafiap
V [RUOpIIRIN
JuoprjoudpIAN

LC-MS method of Z0.

R B I . BRI, C

ZOSF 1. Y8-LC-MS

ureodiy
apepadea Sjeury
aunuuea-1
alea||.m|£do.ldm|

[MPLIOS|

bodies detected (Z0) by three methods. A: Acids and sugars. B: Amino

. Y8-'H-NMR: '"H-NMR method of Y8. Z0-'H-NMR: 'H-NMR method of Z0. Y8-GC-

auuol |||l.'|nwo||

A: RZEFIREE. B

Y8 JF Ay k. Z0-GC-MS
LC-MS method of Y8. Z0-LC-MS

- auLaABpE)
aouraapeEIo |Ang
jojIaBaj0g

€ g

[ | uivuajg]
aueRyg
uRInjOZUIE]
:mmau’ru-vu

QUOIISOYN[OPOUIOF !él)
=
W E
4 o
.. &
£V U910 W —_ ..
AABOUBNIY [AURIAN) E oo wn
unoig
[UETHTIETSY (_') 2: . ZI
® =L0
1 o ;5 -]
0 =R
- e S g2
I W o) (xoso(] A £ a2 -
1 e[E-(4)1 = o],
IEISA) '__,M* = =
A Y I N S M 1104 0[0.) (s 2L
I Y N o M 11030128009 .]_Q 5 O .
" R g 3
X f53
(=]
104y RN E
5]
>
O
@)

qeLy
uud:.n:"\uuv
ydwy

uigojunay
[GUEIENERT

UNSID; |.(ua|mu‘ 0]

1A1op 53 Lifampp\uutal -9'9.5'¢

RAERFERE(YS) R TS Z0) B4 R &

2L

alcohols and nucleosides. C

-um|nq1hmp.{q r
ap&qqyl:maq/\‘(wp‘{?

JUEN:D)

1
Y 8K T F7 1. Z0-"H-NMR

~.u:vp1 \d mul
urjout nb|.(uaqd|pq-
OURXIY |Kusd.m T

o
4

MR

)%, Y8-"H-NMR

T
aqdma‘:?wnmp'{!ppvg'f
[PUMIPRUOU-p"T

] I ;-uopu‘\d\d - [K\uws,lnﬁ)

ZOW I

Figure 3 Substances and their contents of Lanmaoa as

acids and their derivatives

zZ
bt
el
&

upSyPRIsowoy-(S)
] :mzu?mll‘u:ul \(\m‘f&)lz}m::m—s-(g}
O —— — B (51005 Ayiow-¢)-¢ wypaieao)[eSida-(-)

MS: GC-MS method of Y8. Z0-GC-MS

&3
MS

el: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FNEEHASE: A B 1 S iR R B I SRIBRA o S L 2 ZE3d s o

4051

HE 3 710, "H-NMR. GC-MS F1 LC-MS i%

3 FPIBOTIRAE Y8 IR 451 Rk EY), H

H 'H-NMR 37 fl. GC-MS 70 ', LC-MS 344 Ff
(M+190 Ff1, M—154 F); 7r Z0 thIF5IA 473 F
ey, Hrbh "THANMR 40 . GC-MS 89 Fi.
LC-MS 344 Fi(M+190 Fl, M—154 Fly, Xeefbs
W T BRI BRI
Pt RIS .
22 EFMRNSIER
2.2.1 'H-NMR H#ARSHFER

H "H-NMR ARG 3 4 22 59 5
wE HaTE, HE 29 FiERyE, He
FRANAE Y8 Wiz, P, Wik, NH
K L ANAE 20 R E]; SER . R A
MR . JREAPRSE 20 FHYIRAE Z0 rhil it Bl i
T Y8, BUAE, Y8 vs 70, A 24 R

A

o
o b

o
X

EN LI LN B e 101

Relatir

SO0
soocooo L
SEOOKEG

B 4 EF 'H-NMR K8 YS #1 20 ZR5YEEREEMESE
P<0.01;

Y8 HR ] ekl {UAE Z0 HAGIIE]; ek,

(G B ZERYFRN 82.8%) L (& & FJHh E
P, SR NERN T,
2.2.2 GC-MS H RS

GC-MS $5iAXf Y8 5 70 Myz= Yo M &
g SR nE 5 Fos, 247 62 s,
Her, 6 P RIS . FLBE. Z2R0E. BiThifn
B L LR R T G R R S R H I R ) A A
Y8 s 18 A (H EPIIEIE H =R . =
2R . RAWM . AR, BAR. 7o
iR, HmR . 3-MiAE R . o-FRE R . B
WSHR . D-FRIAZWE-5-BEIR . IRWENE . 5-WER IR
1. S-HEEPRAT . BIRTY . RIS, 3,6- —HI%E-
2,4-IRFLWEIORN N-Z W3- 2L 2LiE G (A Z0
HRIN R 22208 . HEEENE . THRIRSE 27 R
1E 70 s B s B A, SMA LR, Y8 vs
70 A 45 R (Y B2E R 72.6%) iR

-
| I Ya & o1 imni

Y8: JRkk, 70: Fozik; Bl {U¥E
*. P<0.05

Figure 4 Differential substances and their relative contents of Y8 and Z0 based on 'H-NMR technique. Y8:
Primordia; Z0: Fruiting bodies; [**|: Detected only in Y8; [**I: Detected only in Z0; **: P<0.01; *: P<0.05.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4052

(DGX7ES ik

Microbiol. China

4o

izt
Relative content (%)

A

Relative ¢

v %]
1 ki HK i

04 o ** o

wk
=W

IT*ii
1

B

* %

*k

¥ x*

X1 ** Ho i

e ek

0.4

0.2 wx [F3] [E#] L* [k *1 [%] **
il I

.
0.010

0.008

0.006 ‘
0.004 I l
n nnn

I | IL__]IﬂI *E **i

5 ETF GC-MSHAHYSF 20 ERMREEEMESE
FRRGIN R el AR Z0 WA, **. P<0.01; *.
Figure 5 Differential substances and their relative content of Y8 and Z0 based on GC-MS technique. Y8:

Primordia; Z0: Fruiting bodies; [¥*]: Detected only in YS8; [*%]: Detected only in Z0; **: P<0.01; *: P<0.05.

P<0.05

[%]

ok

2 “I

JdEs Z0: FEMAG S UFE Y8

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FNEEHASE: A B 1 S iR R B I SRIBRA o S L 2 ZE3d s o 4053

223 LC-MS HAH LR MR R VSRR ILIBUEE-6- B RO R

EETEOT Y8 5 20 MZERWRM TR Wpirs, W RTINS . 55
w6 pon, B FEEURINE 118 MERY R, MBI . IRAT-S- B A A .
T, Holt 59 MMIREE 20 PR AR E RSN WINR-3-Z W R R
W, Y8 vs. 20, LR FIHURMBIEH SRR A OGTE

> rel " U LSl Dl LN DS Il g
e v sk % & .

0.010
0.008
0.006
0.004
0.002
0.000

Rela

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4054 (YIS Gk Microbiol. China

Relat

6 ETLCMSEARAEBFHEATHYSHZ0ERSYRREBXEE A FHEMRMHATAEY .
RIS, B: MRZE. C. MRISFHANZE. D. WSS BERAIZATIE. Y8 JFEL; Z0. F32fk; **. P<0.01;

*. P<0.05
Figure 6 Differential substances and their relative content of Y8 and Z0 based on LC-MS technique (M+).

A: Amino acids and their derivatives, acids. B: Acids. C: Acids and other categories. D: Sugars, alcohols, and
nucleosides. Y8: Primordia; Z0: Fruiting bodies; **: P<0.01; *: P<0.05.
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Figure 7 Differential substances and their relative content of Y8 and Z0 based on LC-MS technique (M-).
A: Amino acids and their derivatives, acids. B: Acids. C: Acids and other categories. D: Other categories. E:
Alcohols, nucleosides and sugars. Y8: Primordia; Z0: Fruiting bodies; **: P<0.01; *: P<0.05.
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Figure 8 regulatory pathways of differential substances between primordia and fruiting bodies of Lanmaoa
asiatica. A: Regulatory pathways of up-regulation differential substances. B: Regulatory pathways of down-

regulation differential substances.
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Figure 9 Nine main regulatory pathways and the gene expression of 8 key enzymes in pathways. A: The gene
expression of 8 key enzymes between Y8 and Z0. a: Glycerol ester hydrolase (GEH); b: Phosphoglycerate
mutase (PGM); c: Beta-galactosidase (GLA); d: Glucose-6-phosphatase (G6P); e: Carboxymethylase (CME); f:
Glutathione synthase (GSHI); g: 5-oxyprolinase (OPR); h: Homoserine-o-acyltransferase (HOA). **: P<0.01. B:
9 main regulatory pathways associated with Y8 and Z0 differential substances. Substances in red are detected
only in fruiting bodies; Substances in green are detected only in primordia.
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Figure 10 Venn of substances of Lanmaoa asiatica primordia and fruiting bodies detected by three methods.

A: Primordia (Y 8). B: Fruiting bodies (Z0).
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