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Integrated metabolomic-transcriptomic analysis of mineral
contents from persimmon leaves of different varieties
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Abstract: Persimmon leaves are rich in mineral elements (such as Ca, Fe, Mn, Zn) which are
essential for human body. However, the composition and content of mineral elements are
different in different persimmon varieties/cultivars. In this research, an integrated
metabolomics-transcriptomic analysis was carried out to investigate the difference in mineral
contents from the tender leaves of ‘Diospyros kaki. HeiShi’ (HS), ‘Diospyros kaki Thunb.
Nishimurawase’ (NM) and ‘Diospyros kaki Thunb. TaiFu’ (TF), using rootstock ‘Diospyros
Lotus Linn’ (DL) as the control. The metabolomic analysis showed that 382, 391 and 368
differentially accumulated metabolites (DAMs) were obtained from DL vs. HS, DL vs. NM and
DL vs. TF, respectively, and 229 common DAMs were obtained by comparative analysis. By
RNA sequencing, 182 008 unigenes with 652 bp of mean length were annotated, and 2 598,
3 503 and 3 333 DEGs were detected from DL vs. HS, DL vs. NM and DL vs. TF, respectively.
After gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) enrichment,
9, 12 and 12 DEGs involved in mineral absorption were obtained from DL vs. HS, DL vs. NM
and DL vs. TF, respectively, among which 6 common DEGs with [log, (fold change)| of
1.34-6.15 were selected for qRT-PCR validation. A consistent trend of relative expression level
of each DEG with RNA-Seq data was observed, with |log, (fold change)| of 0.26—10.21. Base on
the transcriptomic analysis and qRT-PCR validation, it was observed that the tender leaves of
HS had greater level in mineral absorption, followed by NM and TF. In addition, the positive
correlations between the 6 DEGs and their metabolites were observed via the conjoint analysis.
Thus, the tender leaves of HS could be recommended for the production of persimmon leaf tea
rich in minerals.

Keywords: persimmon leaves; mineral absorption; transcriptomic analysis; metabolomics
analysis; conjoint analysis
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Table 1 qRT-PCR primers and their sequences for the 6 selected DEGs
Gene ID Predicted function KEGG pathway Primer sequences (5'—3")
DN41367 c2 gl Mineral absorption ko04978 F: AGCTAAGAAGAGTGGGCAAAG
R: GAAGGGAACCAAGACCAGATT
DN25744 _c0 gl Mineral absorption ko04978 F: CTTTCAACAGCCGCCTTATTC
R: TACACTCAAGCCCACACATAC
DN35062 c3 gl Mineral absorption ko04978 F: TCTATCGCTCGCCAGAAGTA
R: TCGGAAACAGAGGATCGAAATAAG
DN45693 c0 g2 Mineral absorption ko04978 F: GCTTGACCTCTTTCCCTTCTT
R: CCAACCCTTTACCAGTCTTTCT
DN51444_cl g2 Mineral absorption ko04978 F: CGGAGCGAGACTGGATAATAAG
R: GCTGGAGCTGACCACAAATA
DN51444_cl gl Mineral absorption ko04978 F: TAGGTCAACAGTGCAACATAGAG

GAPDH Reference gene

R: ATGGGATGGATGTCAAGTAACC
F: AGCTCTTCCACCTCTCCAGT
R: TGCTAGCTGCACAACCAACT
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Figure 1
metabolites from the four samples.
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The metabolome profiles of samples of DL, HS, NM and TF. A: PCA plot. B: Heatmap of the
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Figure 2 Identification and functional characterization of the DAMs. A—C: The metabolites accumulated in the
comparison of DL vs. HS, DL vs. NM and DL vs. TF, respectively. D: Venn diagram of the accumulated metabolites.
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Table 2 Unique compounds related to the pathway of mineral absorption

Index KEGG Compounds  Class Content of the unique compounds Fold change
pathway DL HS M TF HS/DL NM/DL TF/DL
and ko ID
pme0023 Mineral  L-threonine  Amino acid and 2.70E+06 5.73E+06 2.25E+06 2.88E+06 2.12*%*  0.83 1.06
absorption derivatives
pmb0829 ko04978 Phosphoric ~ Organic acids ~ 7.07E+05 2.44E+06 7.82E+05 9.31E+05 3.44%*%  1.11 1.32
acid and derivatives
pme1988 L-alanine Amino acid and 1.07E+06 2.22E+06 1.62E+06 9.77E+05 2.07**  1.52 0.91
derivatives
pme0050 L-tryptophan Amino acid and 2.20E+07 6.86E+06 6.97E+06 3.95E+06 0.31*%*  0.32%*% (.18**
derivatives
pme0009 L-serine Amino acid and 1.06E+06 3.27E+06 1.84E+06 1.81E+06 3.10%*  1.74 1.72
derivatives
pme0226 L-asparagine Amino acid and 6.35E+05 2.73E+05 2.63E+05 3.59E+05 0.43**  0.41** 0.56
derivatives
pmel210 L-methionine Amino acid and 1.01E+06 9.00E+05 2.34E+05 1.77E+06 0.89 0.23** 175

derivatives

** indicate the unique compounds obtained.
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Figure 3 The length distribution of the transcriptome sequencing data.
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Figure 4 The PCA diagram based on FPKM

values of the transcriptome sequencing data.
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Figure 5 Differentially expressed genes (DEGs). A: Venn diagrams. B: Up/down regulated DEGs. C:
Heatmap of the DEGs.
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Figure 6 GO enrichment of DEGs. A: DL vs. HS. B: DL vs. NM. C: DL vs. TF.
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Figure 8 Differentially expressed genes (DEGs) in HS, HM and TF compared with DL. A: DEGs from
RNA-Seq data. B: log; (fold change) of the FPKM for the DEGs from RNA-Seq data. C: Relative expression level
of the DEGs. D: log; (fold change) of the relative expression level for the DEGs. The date with different uppercase
letters and different lowercase letters indicate differences at the 0.01 level and 0.05 level, respectively.
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Table 3 The ninequadrant data of DEGs and DAMs

Gene ID Log, FC Meta ID Log, FC PCC Ninequadrants
DL vs. HS DN41367 c2_gl —-1.407 40 pme0050 -1.679 74 0.941 7
DN41367 c2 gl —-1.407 40 pme0226 -1.219 62 0.858 7
DN25744_c0_gl —4.818 74 pme0050 -1.679 74 0.859 7
DN35062_c3 gl 4.628 25 pme0009 1.631 24 0.921 3
DN35062_c3_gl 4.628 25 pmb0829 1.784 45 0.849 3
DN45693 c0 g2 3.140 99 pmel988 1.050 78 0.852 3
DN45693 c0_g2 3.140 99 pme0023 1.082 96 0.888 3
DN51444 cl_g2 2.211 53 pme0009 1.631 24 0.868 3
DN51444_cl_gl 2.484 34 pme0009 1.631 24 0.893 3
DL vs. NM DN41367 c2 gl —1.941 50 pme0050 —1.655 40 0.941 7
DN41367 c2_gl —1.941 50 pme0226 -1.271 69 0.858 7
DN25744_c0 gl -2.169 97 pmel210 -2.109 62 0.825 7
DL vs. TF DN41367 c2_gl -1.939 49 pme0050 —2.475 39 0.941 7
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