


































































Figure 5
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Figure 5. SlNAP2 regulates ABA-induced leaf senescence.
A, Elevated expression of SlNAP2 after ABA treatment. Three-week-old wild-type seedlings were treated with ABA (40 µM)
for 2, 4, 8 and 16 h. Data are means± SD of three biological replicates. Asterisks indicate significant differences from mock-
treated plants (Student’s t-test; *: P ≤ 0.05). B, Reduced expression of SlNAP2 in ABA-deficient mutants, sitiens (sit) and
notabilis (not). Data are means ± SD of three biological replicates. Asterisks indicate significant difference from WT
(Student’s t-test; *: P ≤ 0.05; **: P ≤ 0.01). C , Phenotype of detached leaves from 10-week-old WT and SlNAP2-transgenic
plants before (0 d) and after treatment with 40 µM ABA for 9 days (9 d). Young leaves from the top of the stem were used
and individually photographed. D, Chlorophyll content of control and ABA-treated leaves, determined using a SPAD analyser.
Data are means± SD from six leaves of three different plants. Asterisks indicate significant difference from respective mock-
treated leaves (Student’s t-test; **: P ≤ 0.01). E, RT-qPCR analysis of SlSAG12, SlSAG113 and SlSGR1 expression in control and
ABA-treated leaves. The Y axis indicates expression level (40 - dCt). Asterisks indicate significant difference from wild type
(Student’s t-test; **: P ≤ 0.01).
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Figure 6
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Figure	6.	Direct	regulation	of	SAGs and	ABA-related	genes	by	SlNAP2.	
A, Heat map showing the fold change (FCh; log2 basis) of the expression ratio of SAGs, chlorophyll degradation as well as ABA
biosynthesis and signalling genes in the following samples: 3-week-old SlNAP2-IOE seedlings (line IOE-L5) treated with
estradiol (15 µM) for 6 h compared to ethanol (0.15%, v/v)-treated seedlings (mock); KD-L2 and dKD-L4 lines, compared to
WT. Blue, downregulated; red, upregulated (as indicated by the colour bar). Data represent means of three biological
replicates. Asterisks indicate significant difference from mock-treated and/or WT plants (Student’s t-test; *: P ≤ 0.05, **: P ≤
0.01). Genes shown in bold are direct targets of SlNAP2 (see panels C – F). B, Subcellular localization of SlNAP2-GFP fusion
protein in epidermal cells of transgenic tomato leaves, visualized by fluorescence microscopy. Top, bright field; bottom, GFP
fluorescence (green) under bright field. Scale bar, 10 µm. C, ChIP-qPCR shows enrichment of SlSAG113, SlSGR1 and SlPAO (but
not SlSAG12) promoter regions containing the SlNAP2 binding site. Mature leaves (no. 3 - 5) harvested from 8-week-old
SlNAP2-GPF plants were used for the ChIP experiment. Values were normalized to the values for Solyc04g009030 (promoter
lacking a SlNAP2 binding site). Data are means ± SD of two independent biological replicates, each performed with three
technical replicates. D, EMSA showing binding of purified SlNAP2-CELD protein to the 5´-DY682-labelled 40-bp-long promoter
fragments of SlSAG113, SlSGR1 and SlPAO, containing the SlNAP2 binding sites. Lane 1, labelled promoter fragment only; lane
2, labelled promoter fragment plus SlNAP2-CELD protein, showing the retardation band (´bound probe´); lane 3, labelled
promoter fragment, SlNAP2-CELD protein plus 100-fold molar access of non-labelled promoter (competitor). E, ChIP-qPCR.
Mature leaves of 8-week-old SlNAP2-GPF plants were harvested for the ChIP experiment. qPCR was performed to quantify
the enrichment of SlNCED1, SlCYP70A2 and SlABCG40 promoter regions. Values were normalized to the values for
Solyc04g009030 (promoter lacking a SlNAP2 binding site). Data are means ± SD of two biological replicates, each performed
in two technical replicates. F, EMSA showing binding of purified SlNAP2-CELD protein to 5´-DY682-labelled 40-bp-long
promoter fragments of SlNCED1, SlCYP707A2 and SlABCG40, containing the SlNAP2 binding sites. For description of lanes, see
legend to panel D. G, ABA content. Three-week-old WT, KD-L2 and dKD-L4 plants were harvested and ABA content was
determined using UPLC-ESI-MS/MS. ABA content is shown as means ± SD of three biological replicates. Asterisks indicate
significant difference from the wild type (Student’s t-test; *: P ≤ 0.05). FW, fresh weight.
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Figure 7
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Figure 7. Fruit Brix value and soluble sugar content.
A, The content of total soluble solids (TSS) of ripe red fruits was determined using a digital refractometer. Values represent
the means ± SD of six biological replicates (Student’s t-test; *: P ≤ 0.05). The contents of fructose (B), sucrose (C) and glucose
(D) in the pericarps of SlNAP2 transgenic and WT fruits at different developmental stages, analyzed by GC-MS (n = 4). Relative
metabolite levels were obtained by normalizing the intensity value of each metabolite to the ribitol internal standard.
Asterisks indicate significant difference from the wild type (Student’s t-test; *: P ≤ 0.05, **: P ≤ 0.01). MG: mature green
fruits.
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Figure 8
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Figure 8. Model of SlNAP2 action in tomato.
During age-dependent and dark-induced senescence, ABA accumulates in leaves which leads to an activation of SlNAP2
expression; enhanced expression of SlNAP2 during leaf aging may also be triggered without the involvement of ABA. SlNAP2
activates SlSAG113, chlorophyll degradation genes such as SlSGR1 and SlPAO, and other downstream targets by directly binding
to their promoters, thereby promoting leaf senescence. SlNAP2 also directly regulates the expression of ABA biosynthesis
(SlNCED1), transport (SlABCG40) and degradation (SlCYP707A2) genes, indicating a complex role in establishing ABA homeostasis.
Inhibition of SlNAP2 leads to delayed leaf senescence and enhanced fruit yield and sugar content, likely due to prolonged leaf
photosynthesis, although a direct effect of SlNAP2 on fruit development is possible. Arrow-ending lines, positive regulation; T-
ending lines, negative regulation . The dashed line indicates a possible, but not yet experimentally confirmed interaction between
senescing leaves and developing fruits.
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