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Metabolomics reveals the effects of capsule rot on the metabolites of
sesame capsules
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Abstract: [Background] Sesame (Sesamum indicum L.) is an important oilseed crop
susceptible to the infection by Alternaria alternata, which reduces the yield and subsequently
impacts the security and quality of sesame. [Objective] This study investigated the differential
metabolites and pathways in the sesame capsules infected by A. alternata, aiming to unveil the
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effects of this disease on sesame capsules. [Methods] Non-targeted metabolomics and
multivariate statistical analysis were employed to analyze the metabolite differences and
metabolic pathway changes in sesame capsules after infection by A. alternata. [Results] The
metabolomic analysis revealed a total of 247 differential metabolites categorized into 11 classes
in the capsule peel and seeds. Compared with the control group, A. alternata infection led to the
up-regulation of 126 and 231 metabolites and down-regulation of 27 and 118 metabolites in the
peel and seeds, respectively. The Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis of the differential metabolites indicated that A. alternata infection significantly affected
the amino acid, carbohydrate, and nucleotide metabolism in the peel and seeds, thereby
impacting sesame quality. [Conclusion] A. alternata infection affects the quality of sesame by
influencing amino acid and carbohydrate metabolism in the capsule peel and seeds. This study
provides clues for revealing the disease mechanism and managing this pathogen, thereby

contributing to agricultural sustainability.

Keywords: SesamumindicumL.; Alternaria alternata; gas chromatography-mass spectrometry
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Figure 1

Hp R Z MR B R 2EL; C:

Phenotypes of sesame peel and seed after pathogen Infection. A: The symptoms of sesame peel

(CKP) and seed (CKS) in the control group, as well as peel (TP) and seed (TS) after pathogen infection
(+Alternaria alternata); B: The changes of fresh weight of sesame pericarp after pathogen infection; C: The
changes in 1 000-grain weight of sesame seed after pathogen infection.
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Figure 2 Classification and proportion analysis of all metabolites in sesame peel and seed.
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Figure 3 Principal component analysis of metabolites
in sesame peel and seed after pathogen infection.
CKP: The sesame peel in the control group; CKS:
The sesame seed in the control group; TP: The
sesame peel after pathogen infection; TS: The
sesame seed after pathogen infection.
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Figure 4 Analysis of differential metabolites in sesame peel and seed after pathogen infection. A: Volcano
plot analysis of differential metabolites in peel after infection; B: Volcano plot analysis of differential
metabolites in seed after infection; C: Venn analysis of differential metabolites between peel and seed after
pathogen infection (CKP: The sesame peel in the control group; CKS: The sesame seed in the control group;
TP: The sesame peel after pathogen infection; TS: The sesame seed after pathogen infection).
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Figure 5 K-means clustering analysis of differential metabolites in sesame peel and seed after pathogen
infection. A—F: The cluster analysis of differential metabolites forming different clusters. CKP: The sesame

peel in the control group; CKS: The sesame seed in the control group; TP: The sesame peel after pathogen
infection; TS: The sesame seed after pathogen infection.
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Figure 6 KEGG enrichment analysis of differential metabolites in sesame peel and seed after pathogen
infection. A: Metabolic pathways enriched in the peel; B: Metabolic pathways enriched in the seed. CKP: The

sesame peel in the control group; CKS: The sesame seed in the control group; TP: The sesame peel after
pathogen infection; TS: The sesame seed after pathogen infection.
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Table 1 Differentially metabolites in significantly enriched metabolic pathways of the capsules of sesame

after infection by Alternaria alternata

oy ARBhEEE R AR wZiE7) XPRRLARFIE BT PE

Group  Classification of Metabolic pathway =~ Metabolite Mean of the Mean for P value
metabolic pathway control group treatment group

CKPvs. ZHEMmCH WEIR . SERIF L4 R L-valine 0.099 286 694 0.228 106917  0.001 195
TP Amino acid SERBRMWAEYG  #7EERR Citraconic acid  0.029 440 274 0.019877071  0.023 226
metabolism Valine, leucine and | 4% L-threonine  0.035 959 411 0.063 599729 0.008 980
isoleucine
biosynthesis
BEACE IR IR WUBEEFUEE — KA 4.460 051 180 0.132889772  0.014 302
Carbohydrate Pentose phosphate Galactinol
metabolism pathway D-#% W} D-ribose 0.473 913 783 1.338 561 518 0.015 776
P Lt p-f- FLHE R 0.087 243 651 0.205 800 643  0.041 350
Galactose D-galactonic acid
metabolism D-¥5 4% M D-tagatose 0.151 870 087 1.503 012 268 0.036 309
W% Lactose 0.027 694 170 0.127933 158  0.005 266
(Frgk)
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Group  Classification of Metabolic pathway ~ Metabolite Mean of the Mean for P value
metabolic pathway control group treatment group
AR CHEAE M AR C 0.036 104 521 0.146 327999  0.001 367
FRARt L-ascorbic acid
L-ascorbic acid and  ZHf#® Mucic acid 0.002 531 148 0.016 469 412 0.016 037
aldarate metabolism
[SlizezNawti) B-INE 2 Beta-alanine  0.006 226 167 0.033370519  0.000 150
Propanoate PRI Acetol 0.005 081 508 0.015303061  0.011 651
metabolism
C5— 34 —Jui il #rEEER Citraconic acid  0.029 440 274 0.019877071  0.023 226
C5-branched dibasic i #t-13 3L % 0.000 000 150 0.025 150 01 0.018 234
acid metabolism (E)-aconitic acid
HAhs M  p-Nam 3-MEMRI R 0.022 997 072 0.066 301375 0.000 017
Metabolism of Beta-alanine 3-ureidopropionate
other amino acids ~ metabolism N-Z.15:-B-TH Z iR 0.000 928 716 0.026 489 787 0.000 839
N-acetyl-beta-alanine
Fastm g L-TN &2 L-alanine 0.349 360 296 1.036 952602 0.020 022
Cyanoamino acid L-42 R L-valine 0.099 286 694 0.228 106917  0.001 195
metabolism B-TRIL-L- N R 0.047 719 485 0.340 051419 0.029918
3-cyano-L-alanine
CKSvs. 2 FERRH TEABRA G KALG MR Aspartic acid ~ 3.614 226 398 1.512286 699  0.000 068
TS Amino acid Arginine & TR Fumaric acid 0.315 877 993 0.829439196  0.001217
metabolism biosynthesis JRZ Urea 0.053 961 423 0.174 452518  0.003 385
L-JRE R L-citrulline 0.048 107 362 0.359 845131 0.000 383
WA, RE&ZEM  RKRAZR Aspartic acid  3.614 226 398 1.512286 699  0.000 068
A AR KAWL Asparagine  0.573 330 552 1.125 604 618 0.002 355
Alanine, aspartate & T2 Fumaric acid 0.315 877 993 0.829439196  0.001217
and glutamate ¥PHERR Citric acid 1452124837  7.964833992  0.000 019
metabolism BEFMR Succinic acid ~ 0.383 567195 2.816 087863 0.020 460
45T TR 0.644 594 348 2914309649  0.001 584
4-aminobutyric acid
HEmR . ZEMM KRAEER Aspartic acid ~ 3.614 226 398 1.512286 699  0.000 068
pix =N dw) p-H iR p-glyceric acid  0.252 133 043 0.724 615218  0.000 776
Glycine, serine and 4% Glycine 0.344 825 620 1.015307332  0.003 002
threonine L-77 2% L-threonine 0.251 630 656 0.458 942286  0.000 824
metabolism L-E5 45 L-homoserine 0.000 000 150 0.013333460  0.017 446
2-il TR 0.000 000 150 0.029 820 602 0.009 635
2-ketobutyric acid
2 Sarcosine 0.000 000 150 0.000 000 100 0.006 497
L 2.1 Glycocyamine  0.000 000 150 0.048 726 605 0.003 638
HEER . REBA LR L-valine 1.241 174 224 2.025330148  0.009 836
FSCRMR L-J7 %% L-threonine 0.251 630 656 0.458 942286 0.000 824
A7 I L2254 L-leucine 0.000 000 150  2.816287407  0.001 352
GEa)
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LR 1)
el ARIhE S AR5 3 f g NTRRALAG I AbFRAL A P (E
Group  Classification of Metabolic pathway ~ Metabolite Mean of the Mean for P value
metabolic pathway control group treatment group
Valine, leucine and ~ 2-Fl T & 0.000 000 150 0.029 820 602 0.009 635
isoleucine 2-ketobutyric acid
biosynthesis FrHERR Citraconic acid ~ 0.024 824 882 0.011278 781 0.000 129
BEACE LIETRFN —IRTR p-H AR D-glyceric acid  0.252 133 043 0.724 615218 0.000 776
Carbohydrate i FrHB2 Citric acid 1.452 124 837 7.964 833992 0.000 019
metabolism Glyoxylate and BEIABR Succinic acid 0.383 567 195 2.816 087863  0.020 460
dicarboxylate HE M Glycine 0.344 825 620 1.015307332  0.003 002
metabolism 7B Glycolic acid ~ 0.129864195 0303718221 0.000 975
R Oxalic acid 0.079 209 986 0.051255062  0.001 966
rP AR 2-methylfumarate 0.000 000 150 0.005 871587  0.004 623
IR R AR BEIAMR Succinic acid 0.383 567 195 2.816 087863  0.020 460
Propanoate 3-FREENR 0.008 109 518 0.026 976 444  0.002 485
metabolism 3-hydroxypropionic acid
B-TI% A2 Beta-alanine  0.011 602 165 0.097 823395  0.018 357
FHEN R 0.070 181 776 0.046 462 695  0.010 306
Methylmalonic acid
2-fil T R 0.000 000 150 0.029 820 602  0.009 635
2-ketobutyric acid
P Acetol 0.000 000 150 0.011 929883  0.011509
TP ERA & iR Fumaric acid 0.315 877 993 0.829439196  0.001 217
Butanoate BEIIMR Succinic acid 0.383 567 195 2816087863  0.020 460
metabolism 4-FHT 0.644 594 348 2914309649  0.001 584
4-aminobutyric acid
4-FR LT RN 0.012523 114 0.089 326396  0.000 159
4-hydroxybutyrate
(R)-3-323E TR 0.000 000 150 0.035921435  0.005279
3-hydroxybutyric acid
HpZFEmR A - RAFAPR Aspartic acid ~ 3.614 226 398 1.512286 699  0.000 068
Metabolism of Beta-alanine 4-FHIL TR 0.644 594 348 2.914 309 649 0.001 584
other amino acids ~ metabolism 4-aminobutyric acid
3N 0.008 109 518 0.026 976 444 0.002 485
3-hydroxypropionic acid
B-N %} Beta-alanine  0.011 602 165 0.097 823395  0.018 357
3-BEIKIN IR 0.022 205 039 0.063 938732 0.002 725
3-ureidopropionate
N-ZBt-p-N AR 0.000 343 504 0.053350281  0.016 907
N-acetyl-beta-alanine
FaA A L-#i %R L-valine 1.241 174 224 2.025330 148  0.009 836
Cyanoamino acid KA Aspartic acid ~ 3.614 226 398 1.512286 699  0.000 068
metabolism R AT Asparagine 0.573 330 552 1.125604 618  0.002 355
H&E M Glycine 0.344 825 620 1.015307332  0.003 002
B IE-L- N R 0.024 594 122 0.162919368  0.003 587

3-cyano-L-alanine
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