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Non-targeted Metabolomics Analysis of Metabolite Differences
amongst Different Parts of Physalis alkekengi L. var. franchetii

JIN Yinping'?, LI Zheng', DENG Li®, ZHANG Hao"’

(1.Institute of Special Animal and Plant Sciences, Chinese Academy of Agricultural Sciences, Changchun 130112, China;
2.Jilin Agricultural Science and Technology University, Jilin 132101, China;
3.Jilin Province Qingmei Agricultural Technology Co., Ltd., Tonghua 134100, China)

Abstract: Non-targeted metabolomics techniques were used to analyze the metabolite differences in the calyx, fruit, stem,
and root of Physalis alkekengi L. var. franchetii (PAVF). The metabolomic profiles of PAVF were investigated by UHPLC-
Q-Orbitrap HRMS with PCA, OPLS-DA, HCA, and metabolite and metabolic pathway difference analysis. The results
showed that 1416 metabolites were detected, with the highest proportion of organic acids, alkaloids, and amino acids and
their derivatives. The results of multivariate statistical analysis showed that there were significant differences amongst
different parts of PAVF. The calyx contained high flavonoids, phenylpropanoids, and vitamins. The fruit contained high
organic acids, alkaloids, and steroids. The stem contained high terpenes, flavonoids, esters, and phenolic acids. The root
contained high sugars, lipids, and amino acids and their derivatives. OPLS-DA analysis identified 113 differential
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metabolites (VIP>1.7 and P<0.05), with the highest proportion of organic acids, alkaloids, and lipids, which were mainly

involved in the metabolic pathways of unsaturated fatty acid biosynthesis, citrate cycle, and pyruvate metabolism. Twenty

percent of the flavonoids identified were differential metabolites, and such components had the largest proportion of

variation among differential metabolites. This study may provide a theoretical reference for the composition differences and

efficient resource utilization of PAVF.

Key words: Physalis alkekengi L. var. franchetii; different parts; non-targeted metabolomics; differential metabolites
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1 0.741 C;H,,05 177.0761 2- SRR TR2-1sopropylmalate

2 0.830 C4HO;4 127.0388 # 2§ Maltol

3 0.843 C,HO, 103.0389 L.t 2.1 Acetoacetate

4 0.918 CgH,|NO, 176.0705 2,5- F JE-1H-ME % -3-3R 8 F lisMethyl 2,5-dimethyl-1H-pyrrole-3-carboxylate
5 0.929 C¢H,NO, 145.0493 D-2- 32 —-FRD-2-Aminoadipic acid

6 0.939 C,;H;3NO, 206.0811 4-CR I BER KL ) -3-5 25 T 24-(Benzoylamino ) -3-Hydroxybutanoic acid

7 1.365 C¢HgN, 08, 242.9664 3,5- (3L ) S wgmk-4-FH MERE3,5-Di(methylthio ) isothiazole-4-carboxamide
8 1.438 C¢H;NO,S 180.0686 PR I F LA FR Cyclohexylsulfamate

9 1.461 C¢H,;04P 289.0328 2- it SR FI 5 Ml -6- 5 iR 2-Deoxyglucose-6-phosphate

10 1.490 C,oH;,N,0 177.1021 1L 2% Serotonin

11 1.540 C,HgO; 133.0142 DL-3ERFRDL-Malic acid
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12 1.548 CH,0, 115.0037 JEHH R R Fumaric acid
13 2.092 C;H yNO; 286.1474 BB Piperine
14 2.379 C,H,;NOg 326.0883 Xt T = I 193 457 8 iR A cetaminophen glucuronide
15 2414 CsH,N,0, 155.0099 FLIE AR Orotic acid
16 2.624 C;H,,04 193.0707 %5 TR Quinic acid
17 2.808 C¢HO, 143.0338 JIGE - s S R cis cis-Muconic acid
18 3318 CH FsN,0  303.0722 5-ARFE-N-(4-( =5 3 FR L) BEME -2 -1 5-Phenyl-N- (4-(trifluoromethyl ) phenyl ) oxazol-2-amine
19 3.810 C,H,CINJO,  344.0969 4-%—5-@%%—2-%%%2-%%%-3(2H)-éﬁl(ﬂgﬁc)t_lcl)%io-s-morpholino-z-quinoxalin-z-ylpyridazin-
20 4.106 C,HgN,O;4 303.0709 L- R4 WEHEL-Asparagine
21 4.118 C,sH,50, 328.1385 i 5= Picrotin
22 4.132 CsHg0, 145.0494 5-F2Fk-4-FAE JE-5,6- S -2H- LI -2- i 5-Hydroxy-4-methoxy-5,6-dihydro-2H-pyran-2-one
23 4.133 C,;HyN,O; 375.1299 #i/f: £ B2 Vitamin B2
24 4.154 CioHsNsOgP, 4120443 Wi SRR B2 Deoxyadenosine diphosphate (dADP)
25 4.531 C,H,CIN,O 223.0421 4 HE-6-F4-3-H Bl bk 4- Amino-6-chloro-3-cinnolinecarboxamide
26 4.872 CsHgO5 143.0338 2-A /% 2 —fROxoadipic acid
27 4.906 CHgNO;  261.1245 HIF A AT R Phe-Pro
28 4914 CoH,; | N;0 178.0974 6-[(2-¥2 2. 3L) (H 3k ) & FE e 6-[ (2-Hydroxyethyl) (methyl ) aminonicotinonitrile
29 4.929 C3H,(N,O5 297.1093 a-RA GBI 2 iR a- Aspartylphenylalanine
30 4.947 CyH 0,4 165.0546 -7 L li#4-Coumaric acid
31 4.952 C,H0, 147.0439 % 17 % Coumarin
32 4.982 C,,H,,0, 341.0852 8,8"- —HIFR-1,1"-1%25%8,8"-Dicarboxy-1,1'-binaphthalene
33 5.025 Ci¢Hy N, 0,8, 367.0803 Mt B Pyrithioxin
34 5.026 C,,H,00, 413.1095 LR R FF iR Chlorogenic acid methyl ester
35 5.027 CoH sN,OP  337.0568 AICA W1 BRAICA ribonucleotide
36 5.082 CelyN,0,  307.1646 (2E)-N-( 4-LM‘§LET§.§2&(Y trioi%;mf ﬁ%ﬁ%)yﬁ;ﬁﬁ%ﬁgiw-(4-Acetamidobuty1>-3-
37 5097 CyH,CIN,O,  489.158 N—[4—(%”§L%)$§]-Nu[z-’s§-6-6( _1-4 Eﬁm%tﬁiﬁyﬁ%gi%]eﬂi%ﬁ e( ;?.enzyloxy)phenyl]—N'—[Z—chloro—
38 5.135 C,H,,0, 243.0663 4 FZ A2 BiPiceatannol
39 5.158 C,sH,,0, 305.0652 AETERA % Taxifolin
40 5.173 C,sH,,0 228.1384 1,3- - ZKFE-2-1N1i1,3-Diphenylacetone
41 5.174 C,,H,)NgO, 449.1681 dG-C8-AaC
42 5.193 C,sH,N;0, 287.1154 il Vb Nitrazepam-d5
43 5.196 C,¢H,7;NO, 256.133 4-Z A FE-N-[ (4-H E BRI ) W BE K1 4-Ethoxy-N-[ (4-methoxyphenyl ) methylene]aniline
44 5.258 C,¢H,;Ns0,S 386.1855 VMH
45 5.272 C, HsNsO3S  298.0965 5'-S-H -5 AR T 5'-S-Methyl-5'-thioadenosine
46 5.280 CHy;sNsO5  365.1688 Ip7G
47 5.317 C,3H;sNO, 446.2738 WLK
48 5.440 C,H,,N,0, 243.1126 nLh ik (g pR-6-32 ) FH lifMorpholino( quinolin-6-yl ) methanone
49 5.446 C,4H,,0, 277 1046 S~(1.2-FEHE-3-HIAET -3-4-1- 4% L;ﬂf)%%&fzgfniﬁ ,_%)-n]gihydroxy%-methylbut-S-en-1-yl)-7—
50 5.511 C,,HgN, 251.1541 FHKZ A FkDesmethylmianserin
51 5.530 C,;H,N,0 213.1019 T REERN N'-Diphenylurea
52 5.572 C,sH,NO 230.1539 NI1-XOA[2.2.2]74-2-7K F BEREN 1 -Bicyclo[2.2.2]oct-2-ylbenzamide
53 5.676 CsHoN,04 267.0753 3-FI-2-F5 -6 H L SR 2. l§ Ethyl 3-cyano-2-hydroxy-6-phenyl isonicotinate
s4 5.679 CLH,CINJO 2781019 2-[(38 )-1-(2-%%%)-3g;trur%ﬁ%y][ﬁgfﬁm%hly,i,ﬁ;ﬂﬁﬂ%dzi;[z( 38 )-1-(2-Chlorobenzyl)-3-
55 5.708 C,H;NO; 158.0823 N-Z BEAZ FRN-Acetylvaline
56 5.762 CyoH,5040 417.083 LN ZE1-3-0-a-L-ME A BT HLAA B 1 Tuglalin
57 5.781 CHO4 173.009 1,2,3-¥R ki = 2 1,2,3-Cyclopropanetricarboxylic acid
58 5.907 C,oH,,0, 209.0818 1-(4-F A 263 ) -2-TA i 1-(4-Methoxyphenyl) -2-propanone
59 6.013 C,H,,NO, 200.0702 2-H3E-2,3,4,5-P0 A -1,5- 4 FF B -4-[2-Methyl-2,3,4,5-tetrahydro-1,5-benzoxazepin-4-one
60 6.182 C,oH;3N,O.P  331.0461 2" ENUFE-5"- B R 2'-Deoxyinosine 5'-monophosphate
61 6.278 CeH 504 203.0524 WUEEInositol
62 6.347 C, HyN,OS  383.1139 S-(5"-JIH ) -L- 5 2K e & BRS- (5-Adenosy ) -L-homocysteine
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63 6.417 CyoH;30s 385.1769 A% R ZE3 Prostaglandin E3

64 6.520 C,H,0, 315.0514 5 B2 K Isorhamnetin

65 6.526 CyH,,0, 317.065 4= K Rhamnetin

66 6.683 C,,Hy3NO, 373.1827 Z S HE-d3Heroin-d3

67 6.731 C\H,CLN,O 3450616 N-(z,s-:%?c%%>-5-L%—1H-ﬂ%lﬂ%-2-Efﬁ%g%g;(iﬁ,es-Dichlorobenzyl)-5-ethy1-1H-indole-z-
68 6.890 CisHipN.O,8 353.0625 Methil_l EE—[%G [;i;:ﬁ%h%:ﬁ [)2[,23’ i?}]ﬁlﬁ&iﬁﬁ%ﬂ iéﬁ %ﬁﬁ fﬁroate

69 7.074 C,,H,N,0 225.1018 TH-M5]W-3- L (Mg -2-%5 ) F B 1H-Indol-3-yl (pyridin-2-yl ) methanol

20 7117 C,4H, 0, 345.0065 5,7- T FRHE-6,8- A FE-2-( ri-ertr}']iﬁiﬁf&i}?ﬁ@f&ghydroxy-é,&dimethoxy-z-(4-
71 7.478 C,oH,0NO, 316.2245 (2E,4E)-N-[2-(4- ¥ FFE 3L ) L%ﬁ;ﬁiﬁﬁéﬁiﬁ%ﬁ% 2eE,4E)-N—[Z-(4-Hydroxyphenyl)
72 7.750 CsH3,0, 281.2482 +/\B5%-9-45 i Octadec-9-ynoic acid

73 8.090 CgH300; 293.2125 13(S)-HOTE

74 8.143 CoH 50, 159.1377 T-fi#Nonanoic acid

75 8.297 C)3H3405 395.2764 2-(14,15-F58 —filk = JE3L) Hh2-(14,15-Epoxyeicosatrienoyl) glycerol

76 8.309 CeH,,04 203.0523 D-B & HiD-Tagatose

77 8.432 C4Hy50; 243.1965 (R)-3-¥2FE A 75 (R)-3-Hydroxy myristic acid

78 8.466 CyHsoNO,P 520.3488 PC 0-18:2

79 8.510 C,,H,,0, 331.2644 R FLIGTER £ TR Eicosapentaenoic acid ethyl ester

20 3.646 C,H,sNO 2522318 (2E,4E)-N-(2-F 2L R 3E) |‘Z‘Jb’%%—ZA—iﬁEﬁ}%eQEAE)—N—(2—Methylpropy1)dodeca—2,4—
81 8.658 C,HyNOP 4803085 LPC 15:1

82 8.711 C4H;,0, 279.2328 T FRR (C18:2N6T ) Linolelaidic acid (C18:2N6T)

83 8.735 C,;H;,0, 271.2633 LR Heptadecanoic acid

84 8.842 CoHyoN,OP  517.3355 SM 14:3;20/7:0

85 8.869 C4HyNO 228.232 1E 1 PUkE R N-Tetradecanamide

86 9.038 C,H,,NO,P 438.263 LPE 15:0

87 9.075 C,;H;,0, 325.2345 2,3- B - 12-H B+ = bR Y 5 2,3-Dihydroxypropyl 12-methyltridecanoate

88 9.091 C,3H,(NO,P 482.324 LPC 15:0

89 9.095 C, H;,0, 375.2501 MAG (18:3)

90 9.151 C4;Hss0,4 7233827 DGMG (18:2)

91 9.179 CH 605 211.096 C-(3FEE T -2 %ﬁ&%ﬂ;ﬁiﬁ; Tfﬁ;&gﬁgﬁjﬁ?ﬁéiiydroxybutan—2—yl s
92 9.274 C,,H;40; 363.2543 1a,1b- IR H I ZE1 1a,1b-Dihomo prostaglandin E1

93 9.297 C,,H;,0, 311.2371 TR N KRR Docosahexaenoic Acid

94 9.299 C,H;,NO, 346.2712 MV B 2, IR I Linoleoyl ethanolamide

95 9.302 C,6H;,0, 255.2329 FRE R Palmitic acid

96 9.337 C,HyNOP 5243702 PAF C-16

97 9.401 C,H,sNO 224.2002 (2E,4E)-N-(2-H KL L) 5%-2,4- — It i (2E,4E ) -N-(2-Methylpropyl) deca-2,4-dienamide
98 9.553 C,H,,0,P 467.2421 LPG 15:1

99 9.598 C4H,,N,0;4 459.1691 (5-L-A 4 BE)-L-Z MR (5-L-Glutamyl) -L-amino acid

100 9.619 C,sH;;,NO, 322.2711 #5448 (d18:1) Sphingosine (d18:1)

101 9.619 C,,H;,0, 3452048 J B Corticosterone

102 9.621 C,gH4,NO, 322.2712 FifEEPalmitoyl ethanolamide

103 9.709 C3Hy50; 4553536 REAR R Ursolic acid

104 9.714 C,¢H;;NO 256.263 +75BtHHexadecanamide

105 9.775 C,gH;60, 283.2632 TS g2 Stearic acid

106 9.797 CeH0, 127.0388 5-(ER 3L ) -4-F 8 k-2, 5- — S W i-2- il 5- (Hydroxymethyl ) -4-methoxy-2,5-dihydrofuran-2-one
107 9.909 CyoH350, 353.2655 FARFAR R i 1-Palmitoylglycerol

108 9.917 C gH35NO 282.2786 Bt Oleamide

109 9.950 CysHy, 205.1946 o-1%We fialpha-Farnesene

110 9.953 C,,H,;0,P 469.2578 LPG 15:0

111 9.997 CoHs N,OP 5193657 SM 8:1;20/13:1

112 10.396 CisHyNgO, 4313123 RKK

113 11.836 C,HO; 133.0143 L-3EHRL-Malate
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