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Areas in Yunnan Province by UHPLC-QE-MS Metabolomics
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Abstract: Non-targeted metabolomics method was used to investigate the differences of metabolites of Juglans sigillata
kernel from different regions in Yunnan. The metabolomic profiles of Juglans sigillata kernel were investigated by ultra-
high performance liquid chromatography-tandem mass spectrometry (UHPLC-QE-MS) with principal component analysis,
orthogonal partial least squares discriminant analysis, cluster analysis and metabolite and metabolic pathway difference
analysis. The results showed that a total of 305 metabolites were detected, with the highest proportion of fatty acids,
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shikimates, phenylpropanoids, amino acids and peptides, which were mainly involved in the metabolic pathways of
phenylalanine metabolism, flavone and flavonol biosynthesis, valine, leucine and isoleucine biosynthesis. A total of 185
differential metabolites were screened in the Juglans sigillata kernel from 8 producing areas (VIP>1 and P<0.05).
Indolelactic acid, xanthohumol and ketoleucine were identified as signature compounds of walnut kernel in Yongping
county of Dali prefecture. Syringic acid, dIDP and capric acid were found to be signature compounds of walnut kernel in
Gucheng town of Lijiang city. Coniferaldehyde was the signature compound of walnut kernel in Shangri-La city of Diqing
prefecture. Isoalantolactone, kaempferol, biliverdin were found to be signature compounds of walnut kernel in Yangbi
county of Dali prefecture. Vanillin was identified to be signature compound of walnut kernel in Jingdong county of Pu’er
city. Kaempferide, leucine and isoleucine were identified as signature compounds of walnut kernel in Dayao county of
Chuxiong prefecture. N-acetylphenylalanine, malonic acid and asparagine were the signature compounds of walnut kernel
in Changning county of Baoshan city. Dopaxanthin, 4-methylumbelliferyl acetate and undecanoic acid were found to be
signature compounds of walnut kernel in Fengqing county of Lincang city. These differences might have certain effects on
the antioxidant activity of walnut kernels. Similarity analysis from fingerprints showed effective distinction among Juglans
sigillata kernel from different producing areas. This study has provided information about the metabolites of Juglans
sigillata kernel from different producing areas in Yunnan province, and demonstrated that UHPLC-QE-MS technology is
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feasible for the identification of Juglans sigillata kernel.

Key words: Juglans sigillata; metabolomics; different producing areas; differential metabolites; fingerprint
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Table 1  General status of Juglans sigillata sampling site
TR R HEE OWHR R RokE TR
) () (m) (c) (mm) (d)
KELMAFE 9958 2526 1905 18 830 258
KRELMEHERE 9997 25.66 2200 206 1055.6 250
IaTRKE 9977 2431 1700 165 1506 292
THARAE 10083 2445 2083 183 1086.7 355
BVEHEIX 10027 26.75 2232 14.6 950 220
PRSI 99.66 27.37 1904 133 650 240
R AR 101.08 26.01 2150 14 631.9 215
FINHETH 9956 2493 1748 16 1100 253

1.2.2 FESRHIEE FRER 25 mg MR AES T EP 4
dr, i A ST ER, N 1000 pL 32 B MG (O 2
K =2:2:1CV/V) , & W hr L-2-50 8 TV 2 2
1 pg/mL), IREIR-S] 30 s, 2JIKAL 19 (35 Hz, 4 min),
PR F VKK S 5 min, B LTR 3 K, —40 °C
FE 1 h, BEER 4 °C, 13000 r/min #5000 15 min, B
i )EIE 0.22 pm PERE TR BRI . T
R A FIETIRG L QC FEA EALAI
1.2.3 UHPLC-QE-MS fCBH2H 224301 f83i% 5517
{#iF] Vanquish(Thermo Fisher Scientific )i =380 AH
4, 3% {Y , 18 i Phenomenex Kinetex CIS( 2.1 mmx
50 mm, 2.6 pmol/L) VAR L AT H b &7
TS ARG A KA, B 0.01% L2, B 4
NSRBI (1:1, V/V) o 3R A ES B BENG . 0~
0.5 min, 95% B; 0.5~7 min, 95%~65% B; 7~8 min,
65%~40% B; 8~9 min, 40% B; 9~9.1 min, 40%~95%
B; 9.1~12 min, 95% B, WaIAHTHE: 0.5 mL/min, #E
Wi 25 °C, BEMIEIEEE: 4 °C, PR 2 pl.

JEIE 4541 %1 Orbitrap Exploris 120 iYL e
W TE P i B A (Xcalibur, fEAS: 4.4, Thermo) #51il] T
AT %% . IR AL . RSB T 52
SRV EL: 50 Arb, FEI UKL GE: 15 Arb, B4
J&. 320 °C, AL, fullscan+ddms2, 393 70 F -
70~1200, 4= ms 43HE3: 60000, ms/ms Sy HEE: 15000,
NCE #3200 filf 42 fE B . 20/30/40, W55 8 JE: 3.8 kV
QEB THE) . —3.4 kV (g T4 .
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Fig.1

PCA scatter plot (A), OPLS-DA scatter plot (B) and

permutation test chart (C) of 8 groups of Juglans sigillata

kernel samples

S HIGEIANENG, vl ARk A 2aal %) ERIX 53
2.3 AEFHRSUZHM - ZE RIS
2.3.1 ZFCEYIS AT LB E A ARYE VIP>
1 H P<0.05 g9pRfE, 735 En VLT kX e PR
FEAS HLPITT . RN R U | BT S AR B L RN
KBEE . LRILTTE T B Ime T RURE AR 5k
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PRI BE Y 109 Fh 22 FACIH Y, B SR B
MR JLafi e 1 101 Fh 22 SR, 28N R ik B A%
MRA L e 122 Fh 2 AR, fR T B B
PR FEGHBE 1 114 Fh 22 SACUHY, e i RO B
BRI LE Y 00 Fh 22 R . R 2 BIRT 2R
R HMDB 4325, 3t 13 25 185 Ff, F A g 1y
iR . ZERIR AR IR . Z AR A2 ik G Lb e =, ik
F] 14% LI, HEEe ] GRRAZAM 00 2RSS
it KEGG #d/Z%t LIGC vs DLYP. DQXGLL
vs DLYP, DLYB vs DLYP. PEJD vs DLYP., CXDY
vs DLYP., BSCN vs DLYP., LCFQ vs DLYP [b454H
R TIEM E S nlE 2 Ui, ik B v
F 12 522 HARHE K WEMR . REEA RS
i £ #} ( Alanine, aspartate and glutamate metabo-
lism) , Sk A= 08 19 A= 96 8 (Isoquinoline alka-
loid biosynthesis) , & P iR £k F1 — ¥R 2 £k 19 1 15
(Glyoxylate and dicarboxylate metabolism), 7 N 42,
R4 i (Phenylalanine metabolism ), 2 i A & filil fis 1Y
94 % (Flavone and flavonol biosynthesis) , i 2

#2 ERY S
Table 2 Taxonomic analysis of differential metabolites
ok Kb (%)
REHZ LIGC DQXGLL DLYB PEJD CXDY BSCN LCFQ
vs DLYP vs DLYP vs DLYP vs DLYP vs DLYP vs DLYP vs DLYP
&IJifi% Fatty acids 29(22.14) 28(27.45) 21(19.27) 19(18.81) 29(23.77) 20(17.54) 20(22.22)
Shiki IFRMMAN L 28(21.37) 15(14.71) 28(25.69) 18(17.82) 30(24.59) 31(27.19) 21(23.33)
ikimates and Phenylpropanoids
. AIEMMEIK 20(1527)  20(19.61)  19(17.43)  21(20.79)  21(1721)  17(1491)  16(17.78)
mino acids and Peptides
Skt 14(10.69) 9(8.82) 1009.17)  11(1089)  11(9.02) 1109.65)  9(10.00)
arbohydrates
e s
Lipids and lipic-like molecules 12(9.16) 9(8.82) 9(8.26) 6(5.94) 8(6.56) 9(7.89) 6(6.67)
H: Wi Alkaloids 11(8.40) 8(7.84) 7(6.42) 10(9.90) 9(7.38) 9(7.89) 6(6.67)
BHLER K EATEY
Organic acids and derivatives 6(4.58) 7(6.86) 7(6.42) 6(5.94) 5(4.10) 6(5.26) 5(5.56)
AL A PIPolyketides 2(1.53) / 2(1.83) 3(2.97) 1(0.82) 2(1.75) 2(2.22)
PRI IE SRS
Phenylpropanoids and polyketides 2(1.53) 1(0.98) 1(0.92) 2(1.98) 2(1.64) 2(1.75) 1(1.11)
o AHLAME 3(2.29) 2(1.96) 2(1.83) 1(0.99) 2(1.64) 3(2.63) 2(222)
rganic oxygen compounds
o B 1(0.76) 1(0.98) 1(0.92) 1(0.99) 1(0.82) 1(0.88) (111
rganic nitrogen compounds
N i, TR ALY 1(0.76) 1(0.98) 1(0.92) 1(0.99) 1(0.82) 1(0.88) (111
ucleosides, nucleotides, and analogues
1524k A ¥ Terpenoids 2(1.53) 1(0.98) 1(0.92) 2(1.98) 2(1.64) 2(1.75) /
Bt 131(100) 102(100) 109(100) 101(100) 122(100) 114(100) 90(100)
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Fig.2 Metabolic pathway treemap plot
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Fig.3 Venn plot of differential metabolites
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HEIF B FIZ 12 ), LCFQ vs DLYP 454 1922 540
Wik 3 Fh(7- b ESE-4-H IREF L E . LRt
lR) o I a a1 2= SRk 23 Fh, B
L2 W E TR . SRR FIZ K . A PR X HATT A
Y. FEERFRNRE MG (3R 3) .

KAk R E DL Z Wy S AR T R S | B2
Fp A, b S eiE b A L . BLR PR AR
REMESE, X AR A EEAE AP, A, st
PP AR AT DAV A HLAR T AZ A IR I 1 e 52
Sk, I AAP M RrE R EY . R 3 A,
JEOR e R Ny . LSS R AR 3 PPN 2=

R, TEER | FI R 2 SR . sE e
KIS EAZAIRA B dadie s LS FAEREMEIH K
Wk EAZA H Fr iR T A BRAE NN VLT 3 X A Ak
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JoA A, FRERIHIE- S AU SRR . Sese &R T
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Table 3 Identification information of common and unique differential metabolites
LS
pik e HMDB/32% Bkt PREIE LJGC DQXGLL DLYB PEID  CXDY  BSCN LCFQ
(m/z) (s) Vs Vs Vs Vs Vs vs vs
DLYP DLYP DLYP DLYP DLYP DLYP DLYP
fgps TR H I
ESI Salﬁlranjétin Shikimates and 287.09 43.2 0.30 2.16 2.29 2.70 3.26 0.40 2.56
Phenylpropanoids
. AT R%
ESI Syringic acid Shikimates and 221.04 22.8 1.45 0.39 0.58 0.55 0.67 0.66 0.78
Phenylpropanoids
— HHLRA A
ESI Baltogen Organic nitrogen 132.10 26.7 0.80 0.35 1.37 0.56 1.82 1.16 1.24
compounds
AR BT A=)
N} >=
ESI Dogp;igiin Organic acids and 391.11 168.7 0.11 0.36 2.77 1.56 0.23 0.21 4.89
derivatives
. B BHLAT )
. DKk 27, HfH PPN
ESI Iﬁié}f%ﬁ Organic acids and 290.15 168.4 0.45 0.19 2.77 1.33 3.02 0.18 0.45
derivatives
R WU B AT AEY)
ESI Ij;;){;ucine Organic acids and 132.10 26.7 0.80 0.35 1.37 0.56 1.82 1.16 1.24
derivatives
P A L
ESI ?BZI:—E’E;FD&IT#%@E Nucleosides, nucleotides, 413.02 162.1 2.54 1.86 1.37 1.41 1.85 0.36 1.78
and analogues
+ IESER R R K
ESI Norleucine Amino acids and Peptides 132.10 26.7 0.80 0.35 1.37 0.56 1.82 1.16 1.24
P T 5 S
EST" I{;fcki%; Amin?a%%jﬂdgfz(ptides 132.10 26.7 0.80 0.35 1.37 0.56 1.82 1.16 1.24
P FERRFIRIN RS
ESI* ig:%‘glﬁfl” Shikimates and 193.05  157.5 0.45 / / / / / /
P Phenylpropanoids
BRI T
L REARAE IR
ESI Isoalantolactone L1p1dIsn ?)rllgcﬂgs-llke 233.15 180.0 / / 2.95 / / / /
ESI* FOATIRG Shikimates and 19506 1596/ / / / / 020
Phenylpropanoids
Ny g— BIAIZERE
. T - BRPAISAR ) 1
ESI 14BN Lipids and lipid-like ~ 285.18  207.8  / / / / / 1595
molecules
. 2R RE iR
ESI Pantothenic acid Fatty acids 220.12 447 / / / / / 2.05 /
o Gz RPIREREEA
ESI* 7-C B4R G Phenylpropanoids and 257.02 359.8 / / / / / / 1.74

4-methylumbelliferyl acetate polyketides
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g3
AL
. , kit fREE T LJGC DQXGLL DLYB  PEID CXDY  BSCN LCFQ
52 Wi HMDB/432k
et ey % (m/z) (s) Vs Vs Vs Vs Vs Vs Vs
DLYP DLYP DLYP DLYP DLYP DLYP DLYP
R TR R %
ESI” Xar;th?humol Shikimates and 353.14 322 0.03 0.09 0.20 0.07 2.66x107° 0.12 0.08
Phenylpropanoids
L Zs% FERMRARHER
ESI” Kaem/T\f/e;ide Shikimates and 299.06 204.1 2.10 0.22 2.20 1.64 2.63 0.31 1.87
P Phenylpropanoids
o B AHLER B AT A
ESI Mi}f %ﬁé%ﬁiﬁaci 4 Organic acids and 12005 787 040 003 040 049  128x10° 044  0.64
. v derivatives
U e LA NEBTAZENE 7T
EST 3_é;ﬂ?%r;;iﬁg‘cid Lipids and lipid-like 17506 862  0.14  0.50 132 141 0.55 069 132
propy molecules
. 2- SRR IR NEWiiR
ESI 2-Tsopropylmalic acid Fatty acids 175.06 86.2 0.14 0.50 1.32 1.41 0.55 0.69 1.32
g LTS
EST” S_Eég)ﬁjc\;};%ate ngﬁ%ds 129.05 78.7 0.40 0.03 0.40 0.49 1.28x107* 0.44 0.64
- -5 2 R g2 -4
ESI Ketoleucine Fatty acids 129.05 78.7 0.40 0.03 0.40 0.49 1.28%10 0.44 0.64
— B = 7y
EST” Mairgcwicid Fj;ji%ds 103.00 26.3 0.52 0.43 0.79 0.86 0.22 1.91 0.85
3-FRHENERR Kb EY
ESI 3-Hydroxypyruvic acid Carbohydrates 103.00 26.3 0.52 0.43 0.79 0.86 0.22 1.91 0.85
ESI 3-Ureidopropionic acid ~ Amino acids and Peptides 131.05 222 0.30 0.38 0.52 0.41 0.82 2.69 0.61
; XUH 2k BIERRFZ K
ESI Diglycine Amino acids and Peptides 131.05 222 0.30 0.38 0.52 0.41 0.82 2.69 0.61
- RAWEME BIERRFNZ K
ESI Asparagine Amino acids and Peptides 131.05 222 0.30 0.38 0.52 0.41 0.82 2.69 0.61
~ N-Z BRI AKMRMZ iR
ESI N-Acetylphenylalanine ~ Amino acids and Peptides 206.08 153.2 2.66 141 121 127 1.69 375 L15
- 31k 212 ER7IT
ESI Indolelactic acid Alkaloids 204.07 177.0 0.67 0.45 0.65 0.44 0.03 0.07 0.70
e SUIES
ESI” | Ok Lipids and lipid-like 189.08 1412  0.67 / / / / / /
Adipate semialdehyde
molecules
4R IR
ESI Capric acid Fatty acids 171.14 269.4 1.38 / / / / / /
- 2-FRILTENE R JRIIAR
ESI 2-Hydroxystearic acid Fatty acids 299.26 317.7 2.75 / / / / / /
S i ST 2
YA = N ﬁﬁm*ﬂﬂ:ﬁq%ﬁ
pr  ATEAEI-HRULMELRE Shikimates and 17705 1810/ 3.48 / / / / /
Coniferaldehyde .
Phenylpropanoids
. D-lifiE 2 BIERFZ K
ESI Proline Amino acids and Peptides 114.06 243 ! 0.60 / / / ! /
- Al B IS AW
ESI' | 7.Dimethylxanthine Alkaloids 179.06  108.9 / 0.80 / / / / !
; A5 AW
ESI Theophylline Alkaloids 179.06 108.9 / 0.80 / / / / /
25 FERIRFIRNE
ESI” Kaempforol Shikimates and 285.04 2513 / / 2.16 / / / /
P Phenylpropanoids
ey AP EEATAY
A ! YRS >N
psr ZPEMIECL2A M onicacidsand 20503 397 / / 154/ / / /
Homocitric acid Serivati
erivatives
e £ S
ESI” éﬁljirfnji; Lipids and lipid-like 323.13 132.5 / / 2.09 / / / /
molecules
. s AR
ESI Biliverdin Alkaloids 581.24 251.3 / / 2.08 / / / /
e S BRI 2
ESI Varilii;l Shikimates and 151.04 167.2 / / / 1.94 / / /
Phenylpropanoids
. ki TR
ESI Undecanoic acid Fatty acids 185.15 279.1 / / / / / / 1.12
Vi ST
ESI’ Bl rlalicd 22713 2228 / / / / / / 1.23
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Fig.4 Heat map of differential metabolites cluster analysis
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Fig.5 Pictures of potential markers of Juglans sigillata kernel from different producing areas
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T A MIER TR L TR, 2. OB, 3. SRo0aiR, 4. 1508, 5. 502, 6. FEAES, 7. AR W — 558 ik, 8. WKk 2/
2., 9. 2L B R TR, 1 3WRIEPTRR, 2. ACF-AUK, 3. RABRE, 4. P32, 5. 3-FIEPTRHIR. 6. I, 7. 3-H12E-2-51
FINR, 8. S-ARC IR, 9. MSTAR, 10. 3-57 IR, 1. 2-5 N IRR, 12. N- AR N, 13. ISR, 14. IR E
£ 4 RGOSR LIRS
Table 4 Similarity of fingerprints of Juglans sigillata kernel

o LIGC DQXGLL DLYB PEID CXDY BSCN LCFQ DLYP R
LJGC 1.0000 0.9852 0.9830 0.9595 0.9767 0.9600 0.9824 0.9683 0.9892
DQXGLL 0.9852 1.0000 0.9638 0.9672 0.9453 0.9821 0.9652 0.9620 0.9793
DLYB 0.9830 0.9638 1.0000 0.9635 0.9921 0.9442 0.9979 0.9842 0.9962
PEJD 0.9595 0.9672 0.9635 1.0000 0.9260 0.9728 0.9742 0.9833 0.9786
CXDY 0.9767 0.9453 0.9921 0.9260 1.0000 0.9156 0.9848 0.9597 0.9816
BSCN 0.9600 0.9821 0.9442 0.9728 0.9156 1.0000 0.9533 0.9644 0.9668
LCFQ 0.9824 0.9652 0.9979 0.9742 0.9848 0.9533 1.0000 0.9903 0.9980
DLYP 0.9683 0.9620 0.9842 0.9833 0.9597 0.9644 0.9903 1.0000 0.9902
R 0.9892 0.9793 0.9962 0.9786 0.9816 0.9668 0.9980 0.9902 1.0000
VE: RO
T A5 A B A P R IR LS 4% 2.3.2 o %3
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