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resonance ('H-NMR) and gas phase mass spectrometry (GC-MS) were used to analyze the
metabolic components of mature fruit-body of fresh Tuber sinense and pine root. The "H-NMR
and GC-MS data were imported into SMICA-P software for multivariate statistical analysis, and
the differential metabolites between them were compared. A total of 64 and 45 compounds,
including threonine, mannobiose, fumaric acid, theophylline and epicatechin, was detected in
truffle and pine roots, respectively, among which, 25 compounds, such as terpenol,
I-cyclohexene-1-formic acid, glutamate, trehalose and betaine, showed significant differences,
and these differential compounds were mainly related to carbon metabolism and nitrogen
metabolism. Mutual complement of the two methods can expand the detection range. This study
provides a reference for exploring the symbiotic mechanism of Tuber sinense and its symbiotic
pine and developing Tuber sinense related drugs and artificial culture in future.

Keywords: Tuber sinense; Pinus yunnanensis; pine root; nuclear magnetic resonance; gas
chromatography-mass spectrometry; metabolites
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Fig. 1 A Tuber sinense fruiting body and its cross
section.
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£ 1 PERETEIAESZEMRRRE 'H-NMR 1§35A

Table 1 Assignments of 'H-NMR peak of Tuber sinense fruiting bodies and Pinus yunnanensis roots

FFy Emaw ez ity AR IR
No. Compound on Relative peak area
SL SG

1 Alloisoleucine 0.960 (d, /=6 Hz); 0.931 (t, J/=7.2 Hz) 0.461+0.068  0.069+0.06
st AR

2 Valine 1.015 (d,J=7.2 Hz); 0.994 (d, /=7.2 Hz) 0.355+0.064
G R

3 Isobutyrate 1.047 (d, J=6.6 Hz) 0.245+0.036
RTR

4 Ethanol 1.186 (t, J=7.2 Hz) 0.045+0.005
s

5 Cholate 1.288 (m) 0.886+0.203
JERRER

6 Threonine 1.333 (d, J=6.6 Hz); 3.579 (d, J/=7.2 Hz) 3.346+0.256  0.275+0.024

7 Alanine 1.480 (d, /=7.2 Hz) 1.125+£0.478  0.002+0.001
N

8 Citrulline 1.538 (m); 1.556 (m) 0.359+0.031
JRERR

9 Arginine 1.934 (m); 1.905 (m); 1.731 (m); 1.649 (m) 2.918+0.728
KR

10 Tiglylglycine 1.838 (s); 1.783 (d, /=3 Hz) 2.612+0.773
AR

11 5-Hydroxylysine 3.166 (m); 3.158 (m) 1.252+0.224
5- PR AR

12 Glutamine 2.464 (m); 2.437 (m); 2.156 (m); 2.117 (m) 3.266+3.266
A

13 4-Aminobutyrate 2.302 (t, J=7.8 Hz) 0.219+0.023
4-HI TR

14 Glutamate 2.373 (m); 2.340 (m) 1.033+0.366

15 Isocitrate 2.548 (m); 2.494 (m) 1.7514+0.505
SEFRBE L

16 Malate 2.681 (dd, J1=3, J,=15 Hz) 0.720+0.221
SR

17 Cystathionine 2.738 (m) 0.684+0.241
e Ak

18 Asparagine 2.959 (dd, J,=4.2, J,=16.8 Hz) 0.197+0.045
KA Wt

19 Lysine 3.015 (t, J<7.8 Hz) 0.224+0.016
R

20 Saccharopine 3.076 (m); 3.044 (m) 0.297+0.044
a8 AV

21 Homocitrulline 3.107 (m) 0.228+0.058
R AR

22 Acetylcholine 3.207 (s) 0.566+0.175
LA

—\
<
S
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4%l
23 Betaine 3.235(s) 2.312+0.278 0.073+0.008
(B
24 Glucose-6-phosphate 3.269 (t, J=6 Hz) 1.370+0.407
6~ A A
25 Cellobiose 3.742 (m); 3.725 (m); 3.335 (t, J/=9.6 Hz) 3.562+0.357
AR i
26 Glucose 5.236 (d, J=3.6 Hz); 4.650 (d, /=7.8 Hz); 3.829 (m); 6.611+0.781  0.240+0.053
A 3.536 (d, J=3Hz); 3.492 (m); 3.469 (m); 3.413 (m); 3.403 (m)
27 Glycine 3.554 (s) 0.795+£0.063  0.766+0.064
HAmR
28 Theophylline 3.564 (s) 0.769+0.144
S
29 Sarcosine 3.607 (s) 1.588+0.177 0.046+0.004
R
30 Mannose 3.655 (m); 3.652 (m) 9.024+0.430
HrERH
31 Ethyleneglycol 3.663 (s) 0.652+0.136
T
32 2-Aminobutyrate 3.682 (t, J=6.6 Hz) 4.087+0.193
2-BIET MR
33 Sucrose 3.825 (m); 3.781 (m); 3.774 (m) 8.715+0.556
34 Mannitol 3.873 (dd, J1=2.4, J,=12 Hz) 3.354+0.679  1.623+0.149
g
35 2-Phosphoglycerate 4.503 (m) 0.316+0.064
2-WERR TR
36 Epicatechin 5.026 (s) 0.007+0.007
FILER
37 Fumarate 6.524 (s) 0.025+0.008  0.117+0.006
IEHIZRIR
38 Tyrosine 6.897 (d, /=8.4 Hz) 0.038+0.006
RN
39 Phenylalanine 7.430 (t, J=7.2 Hz); 7.378 (t, J=7.2 Hz); 7.331 (d, J/=7.8 Hz) 0.120+0.065 1.55540.117
KN
40 Pantothenate 8.006 (s) 0.007+0.002
Rt
41 Proline 1.97 (m); 2.02 (m); 2.05 (m); 2.36 (m); 3.34 (m) 0.357+0.066
iR
42 Glycylproline 3.569 (m); 3.537 (m) 1.517+0.173
H Ml 2R
43 Asparate 2.82 (dd, J;=6, J,=12 Hz) 0.948+0.082
RAHAR
44 Fructose 4.099 (s); 3.808 (d, J=10.2 Hz); 3.793 (d, /=9 Hz) 0.508+0.047
b
45 Trehalose 3.45 (t,J=9.0 Hz); 5.20 (d, J/=3.6 Hz) 0.302+0.044
HESERE
46 Fucose 1.241 (d, J=7.8 Hz); 1.207 (d, J=6 Hz) 0.537+0.045
ek
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47 Arabinose 4.516 (d, J/=8.4 Hz) 0.127+0.021
(ETA(RE

48 Arabinitol 3.841 (dd, J,=3, J,=13.8 Hz); 3.667 (m); 3.641 (m) 0.962+0.078
[EA(RE

49 myo-Inositol 3.623 (d, /=8.4 Hz) 0.368+0.042
JUmE

50 4-Carboxyglutamate 3.707 (dd, J;=2.4, J,=11.4 Hz) 1.706+0.146
4RI A IRER

51 Gluconate 4.033 (s) 0.394+0.026
AR

52 Choline 3.21(s) 0.011+0.008
JIERE

53 O-Phosphocholine 4.148 (s) 0.438+0.031
AR FIE

54 1,3-Dihydroxyacetone  4.409 (s) 0.257+0.022
1,3- 32 BN R

55 Acetone N[l 2.225(s) 0.111+0.011

9k 1

. SL: HEBE; SG: R
Note: SL: Tuber sinense; SG: Pinus yunnanensis root.

10

A | 4o
MMM 2 ‘A.M \AJJ;_,_IL?\L__A_QJUJLM}L
28 27 26 25 24 23 22 21 20 19 18 1.7 16 15 14 13 1.2 1.1 1.0 09 08
t‘] 31
B
. . AV e
48 47 46 45 44 43 42 41 40 39 3.8 3.7 3.6 35 34 33 32 3.1 30 29 28
f1
C 27l
l rl wll.i“i x Iy ) l 2k L‘% il
86 84 82 80 78 76 74 72 70 68 6.6 64 62 60 58 56 54 52 50 48
f1

2 RERETFEAEKAMRIY 'H-NMR 35\ B

Fig. 2 'H-NMR identified spectra of water-soluble extract of Tuber sinense fruiting bodies. A: 6 0.8-2.8; B: &

2.8-4.8; C: 6 4.8-8.6.
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27 26 25 24 23 22 21 20 19 18 1.7 16 15 14 13 12 1.1 1.0 09 08

45/?\6 41 23 -3

46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27

.1 « I

3 MMRKAMIZEYY 'H-NMR 15\ Big
Fig. 3
2.7-4.6; C: 5 4.6-8.5.

Z S EGKE SR, 2568 E H VIP>1 DL
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*2 HERETFEERRIRE GC-MS IEREIA

Table 2 Assignment of GC-MS peak of Tuber sinense fruiting bodies and Pinus yunnanensis roots

e RERE RETE AR 3 B2 = Y D B LTI A
No. RT (min) Metabolites Formula m/z Relative peak area
SL SG

1 3.037 Propanoic acid N2 C;Hs0, 74.08 0.092+0.030  0.017+0.006
2 3.97 L-Valine %% CsH,,NO, 117.15 0.029+0.013
3 4.198 l-Alanine N& R C;H;NO, 89.09 0.059+0.032
4 4.44 Glycine H4% C,H;NO, 75.07 0.089+0.019
5 4.838 Ethanedioic acid Z, /i H,C,0, 90.03 0.033+0.005  0.013+0.006
6 7.418 Serine 22 % C;H,NO; 105.09  0.053+0.013
7 7.821 L-Leucine 544 ik CeH13NO, 131.17  0.006+0.003
8 8.44 1-Threonine R % C,HyNO; 119.12  0.066+0.021
9 8.908 Butanedioic acid g1 C4Hs04 118.09  0.490+£0.041  0.024+0.008
10 9.897 2-Butenedioic acid 7 FEEZ CsHgO4 130.1 0.092+0.010
11 11.641 1-Aspartic acid K| J4&Z R C,H;NO, 133.10  0.008+0.004
12 15.805 L-Proline fifiZ fR CsHoNO, 115.13  0.152+0.013
13 15.935 Meso-Erythritol 7 &E#HHEE C,H,,04 122.12  0.046+£0.019
14 17.51 3-Pyridinecarboxylic acid JH[& CsHsNO, 123.11 0.014+0.006
15 17.977 Pentanedioic acid J% /% CsHO4 132.11  0.005+0.002
16 18.422 L-Asparagine KABEI C4HsN,0; 132.12  0.035+0.018
17 19.514 Glutamic acid %% CsHoNO, 147.13  0.042+0.010
18 25.723 2-Keto-l-gluconic acid CeH,00- 194.14  0.079+0.005

2-fili 5 -D-H 2 R
19 26.857 1,2,3-Propanetricarboxylic acid C¢HgOg 176.12 1.741+0.864

1,2,3-N =18
20 27.185 Lysine #i 4 /i% CeH4N,0, 146.19  0.036+0.010
21 28.837 D-(-)-Fructose 4} CeH1,04 180.16  0.026£0.362  1.104+0.365
22 29.691 d-Glucose #j% CeHi,04 180.16  0.613+0.117  0.426+0.141
23 30.17 D-Allose B i CeH,,0¢ 180.15  0.111+2.784
24 32.395 Glucopyranose N7 25 1% CeHi,04 180.16  0.043+0.025
25 32.86 D-Gluconic acid #jZHE R CeH,,0; 196.16  0.012£0.006  0.015+0.005
26 33.042 Hexadecanoic acid A7H2 C16H3,0, 25642  0.032£0.005  0.032+0.020
27 38.103 Octadecanoic acid 512 C15H360, 28448  0.037£0.010  0.018+0.015
28 38.42 Glucitol 111547 CeH,406 182.17  4.838+0.027  0.025+0.009
29 47.856 D-(+)-Trehalose HF 3 C1:H»01 34230  0.187+0.019  0.023+0.008
30 48.669 D-Myo-Inisitol JJLA% CeH 206 180.16  1.262+0.004
31 5.501 Pentasiloxane - F 5 o fif 8U0¢ C,H36048is  384.84  0.001£0.001
32 17.72 L-Threonic acid 75 HHER C4HgOs 136.10 0.003+0.001
33 21.288 DL-Arabinose B[ {f15¥ CsH,0Os 150.13  0.009+0.003
34 22.459 Levoglucosan Pk CeH 405 162.14  0.001+0.001
35 22.57 Xylitol AR CsH 505 152.15  0.004+0.001
36 26.371 1-Cyclohexene-1-carboxylic acid C;H,00, 126.15 0.302+0.101

- h-1-F R
37 27.226 D-Pinito] FAf% C7H,,04 194.18  0.714+0.236
38 30.003 d-Mannose H g2 1% CeH,,06 180.16  0.073+0.025
39 30.447 D-Mannitol H & CeH,406 182.17  0.022+0.007
40 35.078 Myo-Inositol fIJLE CeH 206 180.16  0.133+0.045
41 35.709 2-Propenoic acid C15Hp50, 24038  0.009+0.003

—
<
N>
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4
43
44
45
46

44.695
46.29

50.194
44.057
46.214

1E % 5 B ST IR B
3-a-Mannobiose H i —HF
B-Gentiobiose JfiH %

Aucubin Bk
D-(+)-Cellobiose £f-4E —J
a-D-Glucopyranoside i & 25 44

BEY)
Ci,H0q, 342.40 0.050+0.017
C1,H5,0y 34230  0.052+0.017
Cy5Hp09 346.33 0.016:0.004
C1,H5,0y 34230  0.006+0.004
CyeHysOg 484.63 0.028+0.006

FE: SL: PEBE; SG: MR
Note: SL: Tuber sinense; SG: Pinus yunnanensis root.
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Fig. 6 Metabolites and their content of Tuber sinense fruit bodies detected by two methods.
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Fig. 7 Comparison of metabolites and their content of Tuber sinense fruit bodies detected by two methods.
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Fig. 8 Metabolites and their content of Pinus yunnanensis roots detected by two methods.

2.0
1.5 M 'H-NMR
SRR i i aems
155 06
ffg 0.4 ' I
%Eo'ziﬂii Iﬁ‘l . i . ﬂ . -i
= 0.05
S L il
§.§(1) ﬂ ﬁ r| T T .I - |II. \HF T T T \ﬁ IH It T T In T i i T T T T T
E9 M ERNNZERRRIRETIRES SR

Fig. 9 Comparison of metabolites and their content of Pinus yunnanensis roots detected by two methods.
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SL&SG(PLS-DA): Validate Model

A B Intercepts: R2=(0.0, 0.766), Q2=(0.0, ~0.114)
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Fig. 10 Multivariate statistical analysis of metabolites of Tuber sinense fruit bodies and Pinus yunnanensis
roots based on 'H-NMR technique. A: PCA score scatter plot; B: PLS-DA model validation diagram; C: OPLS

scatter plot; D: S-Plot; E: VIP value.
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Fig. 11 Relative content of differential metabolites of Tuber sinense fruit bodies and Pinus yunnanensis roots
based on 'H-NMR technique. SL: Tuber sinense; SG: Pinus yunnanensis root. ** P<0.01.
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Fig. 12 Relative content of differential metabolites of Tuber sinense fruit bodies and Pinus yunnanensis roots
based on GCMS technique. SL: Tuber sinense; SG: Pinus yunnanensis root.
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Fig. 13 Metabolic pathway of differential
metabolites between Tuber sinense fruit bodies and
Pinus yunnanensis roots. 1: Starch and sucrose
metabolism; 2: Alanine, aspartate and glutamate
metabolism; 3: Glycine, serine and threonine
metabolism; 4: Glyoxylate and dicarboxylate
metabolism; 5: Arginine biosynthesis; 6: Purine
metabolism; 7: Arginine and proline metabolism; 8:
Citrate cycle (TCA cycle); 9: Glutathione
metabolism; 10: Phenylalanine, tyrosine and
tryptophan biosynthesis; 11: Methane metabolism;

12: Sulfur metabolism; 13: Cysteine and methionine
metabolism; 14: Galactose metabolism.
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