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Abstract: Liquid chromatography-mass spectrometry (LC-MS) metabolomics technology combined with principal component analysis
(PCA), partial least squares-discriminant analysis (PLS-DA), and other multivariate statistical methods were used to evaluate the effects of lead
(Pb*") contamination on barley grains. In positive and negative ion modes, 50 differential metabolites were identified from Pb*" stressed barley
grain plants (GS1600) and control grains (GSCK). The results showed that Pb>" stress significantly affected the amount of lipids and lipid-like
molecules, organic acids and derivatives, organic oxygen compounds, and organic heterocyclic compounds in barley. Through KEGG pathway
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enrichment analysis, 16 metabolic pathways were identified, of which five metabolic pathways (citric acid cycle, glutathione metabolism, sugar
oxidation, dicarboxylic acid metabolism, and phenylpropanoid metabolism) were the key metabolic pathways used to produce differential
metabolites. The results showed that Pb*" significantly affected lipids and lipid-like molecules, benzene ring compounds, and organic oxygen
compounds in barley by affecting amino acid metabolism, carbohydrate metabolism, cofactor and vitamin metabolism, and biosynthesis of other
secondary metabolites after stress. These results indicated that Pb>" stress could affect the nutritional value and flavor quality of barley grains.
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Table 1 Mass spectrum parameters

ik Description Bk
2RTTE Scan type (m/z) 70~1 050
FHAAR Sheath gas flow rate ( Arb) 50
B AR Aux gas flow rate (Arb) 13
Fa iR E Heater temp/°C 425
EmERE Capillary temp/°C 325
"R A E(EAER) Spray voltage (+) /V 3500
" R (R AEX) Spray voltage (-) /V -3 500
S-Lens #/E S-Lens RF Level 50
ARABHE Normalized collision energy/eV 20, 40, 60
4#% (FullMS)  Resolution (Full MS) 60 000
2PE (MS2) Resolution (MS2) 7500
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Table 2 Identification results of important differential metabolites

Vi Risrdh 4k ®gatia/s  #Rk  VIP PLS-DA 424 %4 P value 4AF%k
1 2-ot s R 0.57 86.06 0.82 1.02 0.04 +
2 R LE 0.57 189.13 1.51 0.93 0.05 -
3 D-2-BA TH 0.57 104.07 1.39 1.05 0.03 +
4 ik B ER JVUBE 0.62 333.06 1.33 0.96 0.01 -
5 BRI B 0.73 141.02 1.40 1.07 0.05
6 FREA 0.81 133.01 1.15 1.02 0.01
7 FEB-D-raE ApER 0.88 212.11 1.06 0.97 0.02 -
8 5-32BEER LB 0.89 291.02 2.08 1.12 0.02
9 2-FEBRATALIERSE 0.98 172.06 1.61 1.08 0.02 +
10 IR 1.15 306.08 2.44 0.88 0.01 -
11 P-B-R B R B 1.24 251.07 2.08 0.91 0.00 -
12 ATALER 1.25 191.02 1.49 1.03 0.03 +
13 Sk | 1.76 662.10 1.44 0.94 0.01 -
14 EA LS 1.93 322.11 1.83 0.91 0.02 -
15 L-F) & 5B AR 1.93 320.09 1.56 0.93 0.01 -
16 7-&% 2.01 327.09 1.16 1.05 0.03 +
17 V2L M ARES 2.02 420.15 1.38 0.97 0.02 -
18 TR A —BR 2.07 641.19 1.15 0.96 0.04 -
19 3-9 AR F B4 g 2.19 329.09 1.09 0.97 0.05 -

20 ZE 2.31 439.22 1.36 0.96 0.01 -
21 hE 3 2.43 360.13 1.72 0.94 0.00 -
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g2
A5 RiftH 2 AR tgntia)/s R VIP PLS-DA 424 %E4iL P value 43T
22 YRR 2.49 159.09 1.56 0.94 0.01
23 3-% ek 2.5 132.08 1.47 0.94 0.01
24 34,5- =4 K wmEz 2.58 493.16 1.28 0.96 0.02
25 LI 2.66 203.08 1.10 0.96 0.05
26 6-F A ekt 274 125.02 1.01 1.03 0.03 +
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34 2t F = F B 3.19 165.02 1.81 1.07 0.00
35 4T B 3.43 163.04 1.58 1.06 0.03 +
36 4-72 3R IR 3.62 593.15 1.33 0.96 0.05
37 ALK 5.36 253.18 1.55 1.11 0.04 +
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39 y-J%, A B 5.74 250.11 225 1.16 0.00 +
40 LR%ET 5.83 331.08 1.09 1.02 0.05 +
41 Pkt 2 £ 5.83 329.07 133 1.03 0.01 +
42 N4-#2 e 5.84 314.04 1.18 1.03 0.01 +
43 3,5- = H AR 5.84 299.02 1.40 1.05 0.00 +
44 Hih =B 6.21 389.26 2.65 0.80 0.02
45 BE - E 6.35 393.28 1.07 0.97 0.05
46 A FE X 14889A 6.44 605.41 225 0.89 0.02
47 %85 o 6.55 45333 2.02 0.89 0.05
48 FETIT 6 6.65 43135 239 0.84 0.03
49 Hih BB 6.73 780.55 1.09 0.98 0.04
50 Hih AR 7.87 736.52 1.09 1.02 0.02 +
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Expression Profile & VIP of Metabolites
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Table 3 Analysis of key metabolic pathways
Pathway Total Hits Pvalue -In(p) Holmadjust FDR Impact Hits Cpd
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