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Abstract 

The management of seed nutritional quality is crucial for improving the dietary value of staple crops. Recent 

studies have explored various cis-regulatory elements, such as the Legumin box and  Prolamin-box (P-box) 

which play significant roles in regulating protein and nutrient storage in seeds while Nitrate-Responsive 

Elements (NRE) are critical for nitrogen assimilation and essential for seed protein content. This manuscript 

discusses key regulatory elements and their contribution to seed nutritional quality, focusing on nitrogen 

uptake, storage protein synthesis, and relevant genetic modifications aimed at enhancing seed quality. 

 

Introduction 

Seeds are vital for human nutrition, providing essential proteins, oils, and carbohydrates. The quality of 

seeds, in terms of nutrient content, is largely controlled by the expression of genes involved in storage 

protein synthesis and nitrogen metabolism. Regulatory mechanisms involving cis-acting elements are 

critical in this process. These elements act as binding sites for transcription factors, ensuring precise gene 

expression during seed development. Understanding these regulatory networks is essential for improving 

seed quality through genetic engineering and agricultural practices. 
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Key Cis-Regulatory Elements in Seed Nutritional Quality 

 

Legumin Box 

The Legumin box is a cis-regulatory element that has been identified in leguminous plants, controlling the 

expression of legumin, a major storage protein. This element ensures that seed storage proteins are 

synthesized during the late stages of seed development, contributing significantly to the seed's nutritional 

value. The cis-acting analysis details for legumin box are reported from Figure 1 to Figure 6.  
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Figure 1: FASTA Protein sequence of Vicia faba legumin B 

 
Figure 2: FASTA CDS Nucleotide sequence of Vicia faba legumin B 

 

 
Figure 3: FASTA CDS Nucleotide sequence of Vigna unguiculata  legumin B 
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Figure 4: FASTA CDS Nucleotide sequence of  Phaseolus vulgaris  legumin B 

 

 
Figure 5: Upstream sequences and alignment of legumin B from Vicia faba, Vigna unguiculata  and 

Phaseolus vulgaris 

 

Legumin box
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Figure 6: MEME motif analysis based on alignment of legumin B from Vicia faba, Vigna unguiculata  and 

Phaseolus vulgaris 

 

Prolamin-Box (P-Box) 

The Prolamin-box (P-box) regulates the synthesis of prolamin proteins, which are essential for seed protein 

storage in cereal grains such as wheat, maize, and rice. These proteins are rich in essential amino acids and 

play a pivotal role in seed quality. The P-box mediates the interaction between prolamin gene promoters and 

specific transcription factors that activate gene expression during seed maturation. The cis-acting analysis 

details for Prolamin-box are reported from Figure 7 to Figure 8abc. 
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Figure 7: FASTA CDS Nucleotide sequence of Triticum aestivum LMW glutenin-1D1 

 

Prolamin-box
(P-box)
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Figure 8a: FASTA CDS Nucleotide sequence of Sorghum bicolor LMW glutenin-1D1 

 
Figure 8b: Protein Family analysis of Sorghum bicolor LMW glutenin-1D1 
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Figure 8c: Gene Ontology details of Sorghum bicolor LMW glutenin-1D1 

 

Nitrate-Responsive Elements (NRE) 

Nitrate-responsive elements (NRE) are critical for nitrogen assimilation, an essential process for seed 

protein content. These elements regulate genes involved in nitrogen metabolism, which affects the 

accumulation of nitrogen-rich compounds such as proteins in seeds. Recent studies have identified specific 

NRE sequences in various crops, such as Solanum lycopersicum, where these elements contribute to 

nitrogen uptake and protein synthesis. The cis-acting analysis details for Nitrate-responsive elements are 

reported from Figure 9 to Figure 12abc. 
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Figure 9: Identified FASTA CDS Nucleotide genomic sequence of NIR gene from Solanum lycopersicum 

 

>HG975513.1:87646224-87652263 Solanum lycopersicum chromosome ch01, complete 

genomeATTACATTTACGAATTTTGAAGAAGATCCAAGTGTTTTATTACTATTATTATTATAATTAAAATATTTAACATAATATTCACCTTTGTTCTATTTATTACAATGAGAATATACATGCATTTAAA

CCATGAAATGAGAACTCATATAATCGAATTTTACTTATTCTACATAATATTTTCCTGAAATATCTAAATTTGAAGAAAAAATTTAACAAGATTCCTTTGTTTTTTTTTCTTATAAGGAAAATAAAAATTC

TTATCTAGTGATCATATAACATCTTTGTATTTAGCTTTGTATTTTGGAAATGGAGGAAGTTGAATTATTGCTTATGATGTAGAATTCCAAGAATGCGAGGACAAGGAAGAGTGGGCTCCCGTCAAGTAGA

AAAACTGAGGCCAGCCAGTTAATTTCTTATCATCACCAATAGCCACACGCCTCTCTTACCCATTCATACTCCCAAAAGGGTACCCTTAAATTTACAAAATCACACCCCAAATATGCTTAGCGTGTTCATC

TGAAAATACTCGATAAAATTTATATATATATATATATATATATATATATATATATATATAATTAGCGAATATATAGAGATTTTGAATCTCTTGAATACAAGATTAGAGGTTGCCTCATCGATTTAGAATT

CAATATTCACCTTAAGGTTCCAACTTCACAATCTTATGCACTGGACCACGTTACTAATAACCAATACTTTTATAATTTTTCATAATTGCTCTCTTAACTAAATCATTTTTAAGAAACCTCAAAAATTACT

ATTTATTTATATTTCACCCATATCCAAGTTGTTTATTAAATAACTATACCATTTTATGTTGTTTTCTAGTATAATAATCTTAATTAATTCGGTCATTGCAATAACACATTATTTATAAATTTCACTTCAC

CGTATCCATTCCCTTTTTATGGTCACCTGACACCAACTTGCTACAATGTTTGAAAAGTGTAACGGTAAAAGGGAAAATTCTTGTCCAAACTTATTTTAACATTAACGACCCTTTGCAACAATCAAGAGTC

CACTAAACGTTTTGCCACACATCCATTTACTCCCACAGCTCTACAAAATGCTCTGACATCTCTTTTGCAACTTCCAAAATGGCATCTTTTTCTATCAAATTTTTGGCACCTTCATTGCCAAATCCAACTA

GATTTTCCAAGAGTAGTATTGTCAAGCTCAATGCAACTCCGCCGCAGACAGTGGCTGCGGCGGGGCCTCCAGAGGTTGCTGCTGAGAGACTAGAACCAAGAGTTGAGGAAAAAGATGGATATTGGATACT

AAAAGAGCAGTTTAGGCAAGGAATTAATCCTCAAGAGAAGGTGAAGATTGAGAAGGAACCTATGAAGTTGTTCATGGAAAATGGTATTGAGGAGTTAGCTAAGATTCCAATTGAAGAGATAGATCAATCA

AAGCTTACTAAGGATGACATTGATGTTAGGCTCAAGTGGCTTGGCCTCTTCCATAGGAGAAAGAATCAATGTAAGTACTCAACCTCAACTCCACACCATATGTAATAACTAACTCAACTATCAAAAGTTG

ATTCAAAATTTAAACTTTATAGATTCAGAAACTCGATATATACTATATGTTACGGCAATGACACTTGAGGGTTTAAATAATTTTAAATATGAATTTGTGATTAGATTTGATATCCAAATTCATAGTCAAA

TGTAAAAAGTTTTGACTCTCGAAATCTGAGCGATAACACACATAAATTGGAACAAAGTGAGTATTTGGTTTGGTAGTATAATTTTTCACATGCATATCTATATTGGGTTGAATCCATCATTTTTCACAAG

AACATCCGCCTCTATCACCTACATCTCAACCCTCCATATTACATTATAAAACACTGATTTTCTTTACCAAATTTGTGTGACCAGATGGGAGATTCATGATGAGGTTGAAACTTCCAAATGGAGTAACAAC

AAGTGCTCAGACTCGATATTTGGCGAGTGTGATAAGGAAATATGGAGAGGAAGGATGTGCTGATATTACGACAAGGCAAAATTGGCAGATTCGTGGAGTAGTGCTGCCTGATGTGCCTGAGATTCTAAAG

GGACTTGAAGAAGTTGGCTTGACTAGTTTGCAGAGTGGCATGGATAATGTCAGGAATCCAGTTGGAAATCCTCTGGCTGGAATTGATCCTGAAGAAATAGTTGACACAAGACCTTACACTAATTTGCTCT

CCCAATTTATCACTGGTAATTCACGAGGCAATCCGGCTGTTTCTAACTTGTAAGTCTTCCATACACAGAATATAGGTTTTCCTATGCTATAATCATTTTGTTGTGTGAGAAAATTAGAGTGGTTTCAATT

TGCAATGTTTGTAGGCCAAGGAAGTGGAATCCGTGTGTAGTAGGGTCTCATGATCTTTATGAGCACCCTCATATCAATGATCTTGCATACATGCCTGCCATAAAAGATGGACGATTTGGATTCAACCTGC

TTGTGGGAGGGTTCTTCAGTGCCAAAAGATGTGATGAGGCAATTCCTCTTGATGCATGGGTTCCAGCCGATGATGTTGTTCCGGTTTGCAAGGCAATACTGGAAGCTTTTAGAGACCTTGGGTTCAGAGG

GAACAGGCAGAAGTGTAGAATGATGTGGTTGATCGATGAACTGGTGAGTGATACATTGACCATTTTCATGCATATTTTGTCTTAAGTTTTAACAATTGGCCTCAACAAAGTTTTCTAATTTGATAGTTTT

CTGTAGCAAGTCCTACTTCATGTAATGGTGAAAACTGATTGAAGGGTATCTGTCACATGCCTTATCAGAATTTTCGTTAAACTTGCTCCAATTTCAACTAATGCAGGGTGTAGAAGGATTCAGGGCAGAG

GTCGTAAAGAGAATGCCTCAGCAAGAGCTAGAGAGAGCATCTCCGGAAGACTTGGTTCAGAAACAATGGGAAAGAAGAGATTATCTTGGTGTACATCCACAGAAACAGGAAGGCTATAGCTTTATTGGTC

TTCACATTCCAGTGGGTCGTGTCCAAGCAGACGACATGGATGATCTAGCTCGTTTGGCTGATGAGTACGGCTCAGGAGAGCTACGGCTGACTGTGGAACAGAACATTATTATTCCCAACATTGAGAACTC

AAAGATTGACGCACTGCTAAAAGAGCCTATTTTGAGCAAATTTTCACCTGATCCACCTATTCTCATGAAAGGTTTAGTGGCTTGTACTGGTAACCAGTTTTGTGGACAAGCCATTATTGAAACGAAAGCT

CGTTCCCTGAAGATCACCGAAGAGGTTCAAAGGCAAGTATCTCTAACGAGGCCAGTAAGGATGCACTGGACAGGCTGCCCAAATACGTGTGCACAAGTTCAAGTTGCAGACATTGGATTCATGGGATGCC

TGACTAGAGATAAAGACAAGAAGACTGTGGAAGGCGCCGATGTTTTCTTAGGAGGCAGAATAGGGAGTGACTCACATTTGGGTGAAGTATACAAGAAGGCAGTTCCTTGTGATGAATTAGTACCACTTAT

TGTGGACTTACTTATTAAGAACTTTGGTGCAGTTCCACGAGAAAGAGAAGAAACAGAAGATTAATAAAATTTGGATTAGATCATAATGATGGAATGTGCAATTATGTTTAGTGATTATGGAGGTATATAG

CTAAGAGCTGGTTTGAATAATCAGAAATATGTTGTGTTCATATCATTTATTGTACGATAAATCAACACAAACATTCCTACTTACCTGAGAATTATTACAAACTATATTCTTTTGAAGCAAATTGCATCCA

TCCTCCTCTATTGAACATTATTAATACCGTGTTGTTCCTTGTAACTGCAATATCATTTTTTTTTCCAGATGTCATGCTTCTTTGAGTCAGTTCTTGCAAGAGATTTGCTAGCAAAAACTGATACTCAGAA

ATCACTATGCATCGCGATTACATGGTTTCAATCTTTGTAGTTGCAAAACATGTTGCAGTGACTAATGATTACCAAGAGACAGCAAGAAAGAACAAAATTTCCTTGTTTCTTCAACTTCCTTCCTTCAAGA

ACCAGTTTTATTTTCTTTTTTTTGGCTCCCTGAAAGAATATACTAGAAAGATATTATATCTCTTTTATTTTCCTTATTCGTTTTTGTAAAAAAGGAAAAGAGAATTCAGTCTCTTTACAAGATATGGAAA

GGTTAAAATTGGAGAATTTGGTTTCTATAAAAAACAAAAGTCGGTAAATTTCTACCCAAAAACTATATAATTCTAATCCTAATCCATTAAGGAAACGAATTATAATCAACAAATTTTAATTCCTATCAAC

TTTAGGAAAGATGTTACCTTCTATAAATATAGTATCTTTTTCACGTCTCCTCATAGTTTTGCCTTACAACCCTAATCTCTTTTGTTCTCCTTAATTTCTTTCTCTTTCTCTGCTTTGATGGCTTCTTACC

AATGCAGCAGCCGTTGTTTATTGATCTTGTTGTTACTCTCTTCCTGTCTTCTTATTGTTTCTTCTTTCACTATAGCGAAAGAAGCGGTACCACTTGGTCCGTTTGATTCCATGTACAATTTAGGGGATGC

TGATTCTTCTTTGTCATCATCATCAGCTAATCATATTGCTGTGACCCTCAATTTGCCTTCTCCACAACCCTACACTCAAGAAGGCACTGAATTCGTAGAGTCTGGCCTGAATTTTGCGACCCCTGGAGCA

ACCATCATGAAACCCTTTTTCTTCCTCAAGAATGGCATCCCACCACCTTCTCAGTCTCATGACCCATCACAGATTGTCACATTCATGAAGGTCTTTTATAAACATTGCTTCAGCTTTCATGACTGTGGAA

AAAACAAGCTTCTTCAGAAGGCACTCATCTTTATGGATCAACCCAGCATCAACGACTACAAGCAGGCCTTCTTACATGGAAAATCTATTTCTGAGGTGTCCCATCTCGTGCCTGAAGTGGTGGAGACCAT

TAAGAATTCAGTAGAAAGACTCGTCAAAGAAGCTGAAGCAAAAACTGTTGTGGTTTCTGGAATTGTACCCATGGGCTGCTTTCCGGGTTATCGGACTCTGTTTACTGAGGGCGATTCAATTGACAAAAGC

AGATGCCACAAGGGACTGAATATGTTCGCAAAGCTTCACAATGATCACCTTTGGCAAGCAATTCTGGAGCTGCGTATGAAATACCCTGATGTTCACATCATATATGCAGATTACTACAAAGCGTTCATGG

ACCTTCTAAAGAACCATACCTTTCTAGGATTCAAAAAGAATACTTTGATGAAGGCATGTTGTGGCAGTGGTGATGGTCTGTTCAACTTTGATATGCAAAAGATGTGTGGAGATGACGGAGCTGCTACATG

TTCTGATAGGGCTTCTTATATACATTGGGATGGATTTCAACTGACCCCTGAGGCTTTGGAGAACCTGATTGATACACTCTTCAGCCATAAAGGGTTCATATTTCCAGAATCCAAGTTTGGAGAAGATACA

GCAGCATTAGAAGGGCATCATTCCAGGAACCATGGAGGAGTCAAAGACATGTCTTCTATTGTGAGGCATTTACTCTTCGTCTAAGATAGTTGTTTATGTTCAGTTACATCTCAGTAAATAGTATGGGTTC

AAAGAGTAGGCCCTGAGTGATTCATATATATGTACAGGGGAATGCCCCTCTTAGCTTCTGTAACAACTAACTATACTTTTGAGTTTTATCAAATAAATGTATCCTGATTTGATTCAAATATTATTCTAGA

GATGATTTAAATGCTTATTAAGTACCCTGTTTATCTTGTTGTGTTATCTTTCAACCTTATTCTTAAGCCAGAGATTAACAACTAAGGGTTTGACTGTTTGTAAGAAGCTTAGAATCAGAAAGGACTTAAA

ATGGTGGATAACTCAAATGCCCTCTTTACCAACTCAAACTTGGATTATACCAAACTTGGGTGCTCAAATAATCTATTGAATCTTCTTTTACCGTTCTGGTCTACTGTTTATCACATGCTCCACTTCCATA

CTTACCATCAAGGTTCCAATAATATCTATCTAAGATGACGTAAGAGACTGAACACAATGTCACCTG
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Figure 10: Identified FASTA CDS of NIR gene from Solanum lycopersicum 

 

 
Figure 11: Identified FASTA Protein of NIR gene from Solanum lycopersicum 

 

Identified Solanum lycopersicum NIR (Nitrite Reductase) gene
>FGENESH:[mRNA]   1   4 exon (s)   1113  - 3568  1764 bp, chain +

ATGGCATCTTTTTCTATCAAATTTTTGGCACCTTCATTGCCAAATCCAACTAGATTTTCC

AAGAGTAGTATTGTCAAGCTCAATGCAACTCCGCCGCAGACAGTGGCTGCGGCGGGGCCT

CCAGAGGTTGCTGCTGAGAGACTAGAACCAAGAGTTGAGGAAAAAGATGGATATTGGATA

CTAAAAGAGCAGTTTAGGCAAGGAATTAATCCTCAAGAGAAGGTGAAGATTGAGAAGGAA

CCTATGAAGTTGTTCATGGAAAATGGTATTGAGGAGTTAGCTAAGATTCCAATTGAAGAG

ATAGATCAATCAAAGCTTACTAAGGATGACATTGATGTTAGGCTCAAGTGGCTTGGCCTC

TTCCATAGGAGAAAGAATCAATATGGGAGATTCATGATGAGGTTGAAACTTCCAAATGGA

GTAACAACAAGTGCTCAGACTCGATATTTGGCGAGTGTGATAAGGAAATATGGAGAGGAA

GGATGTGCTGATATTACGACAAGGCAAAATTGGCAGATTCGTGGAGTAGTGCTGCCTGAT

GTGCCTGAGATTCTAAAGGGACTTGAAGAAGTTGGCTTGACTAGTTTGCAGAGTGGCATG

GATAATGTCAGGAATCCAGTTGGAAATCCTCTGGCTGGAATTGATCCTGAAGAAATAGTT

GACACAAGACCTTACACTAATTTGCTCTCCCAATTTATCACTGGTAATTCACGAGGCAAT

CCGGCTGTTTCTAACTTGCCAAGGAAGTGGAATCCGTGTGTAGTAGGGTCTCATGATCTT

TATGAGCACCCTCATATCAATGATCTTGCATACATGCCTGCCATAAAAGATGGACGATTT

GGATTCAACCTGCTTGTGGGAGGGTTCTTCAGTGCCAAAAGATGTGATGAGGCAATTCCT

CTTGATGCATGGGTTCCAGCCGATGATGTTGTTCCGGTTTGCAAGGCAATACTGGAAGCT

TTTAGAGACCTTGGGTTCAGAGGGAACAGGCAGAAGTGTAGAATGATGTGGTTGATCGAT

GAACTGGGTGTAGAAGGATTCAGGGCAGAGGTCGTAAAGAGAATGCCTCAGCAAGAGCTA

GAGAGAGCATCTCCGGAAGACTTGGTTCAGAAACAATGGGAAAGAAGAGATTATCTTGGT

GTACATCCACAGAAACAGGAAGGCTATAGCTTTATTGGTCTTCACATTCCAGTGGGTCGT

GTCCAAGCAGACGACATGGATGATCTAGCTCGTTTGGCTGATGAGTACGGCTCAGGAGAG

CTACGGCTGACTGTGGAACAGAACATTATTATTCCCAACATTGAGAACTCAAAGATTGAC

GCACTGCTAAAAGAGCCTATTTTGAGCAAATTTTCACCTGATCCACCTATTCTCATGAAA

GGTTTAGTGGCTTGTACTGGTAACCAGTTTTGTGGACAAGCCATTATTGAAACGAAAGCT

CGTTCCCTGAAGATCACCGAAGAGGTTCAAAGGCAAGTATCTCTAACGAGGCCAGTAAGG

ATGCACTGGACAGGCTGCCCAAATACGTGTGCACAAGTTCAAGTTGCAGACATTGGATTC

ATGGGATGCCTGACTAGAGATAAAGACAAGAAGACTGTGGAAGGCGCCGATGTTTTCTTA

GGAGGCAGAATAGGGAGTGACTCACATTTGGGTGAAGTATACAAGAAGGCAGTTCCTTGT

GATGAATTAGTACCACTTATTGTGGACTTACTTATTAAGAACTTTGGTGCAGTTCCACGA

GAAAGAGAAGAAACAGAAGATTAA

>FGENESH:   1   4 exon (s)   1113  - 3568   587 aa, chain +

MASFSIKFLAPSLPNPTRFSKSSIVKLNATPPQTVAAAGPPEVAAERLEPRVEEKDGYWILKEQFRQGIN

PQEKVKIEKEPMKLFMENGIEELAKIPIEEIDQSKLTKDDIDVRLKWLGLFHRRKNQYGRFMMRLKLPNG

VTTSAQTRYLASVIRKYGEEGCADITTRQNWQIRGVVLPDVPEILKGLEEVGLTSLQSGMDNVRNPVGNP

LAGIDPEEIVDTRPYTNLLSQFITGNSRGNPAVSNLPRKWNPCVVGSHDLYEHPHINDLAYMPAIKDGRF

GFNLLVGGFFSAKRCDEAIPLDAWVPADDVVPVCKAILEAFRDLGFRGNRQKCRMMWLIDELGVEGFRAE

VVKRMPQQELERASPEDLVQKQWERRDYLGVHPQKQEGYSFIGLHIPVGRVQADDMDDLARLADEYGSGE

LRLTVEQNIIIPNIENSKIDALLKEPILSKFSPDPPILMKGLVACTGNQFCGQAIIETKARSLKITEEVQ

RQVSLTRPVRMHWTGCPNTCAQVQVADIGFMGCLTRDKDKKTVEGADVFLGGRIGSDSHLGEVYKKAVPC

DELVPLIVDLLIKNFGAVPREREETED
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Figure 12: Functional Signature analysis of NIR Protein 

 

 
(a) 

>Arabidopsis
AGAAACAACTTGACCUTTACATTGCTCAAGAGCTCATCTCTT

>Spinach
ACATACAAAATGACCCTTAACCATGTCCAAGAGTCCCCTCTTA 

>Bean
GAGGAGGAAGTGACCCTTGGTAGCACCGAAGAGTCCGAGGAAG 

>Birch
TGTTTTTTAGGGACCTTTGGGGGTGCCAAGAGTCAAGTTATA

>Tobacco
GTAATATTAACGACCUTTGGAATAACCAAGAGTCCACTAACG

>Rice1
AGCCAGCATCTGCCCTTTTGAATTCGCCAAGGGCCGCATCTGC

>Rice2

TCTCAGCATCTGCCCTTTTGAATTCGCCAAGAGCCAGCATCTG

>Maize
TGCGTCTGCCTGCCCCCTTGAACTCCCCAAGAGCCAAGAACCA

>Sorghum
TGCATCTGCCTGCCCTTTTGAACTCCCCAAGAGCCAATAACCA

>Brachypodium
GCGCGGCATCTGCCCTCTTGAACTCCCCAAGAGCCAAAAACTC 
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(b, c) 

Figure 12: (a) NRE Sequences used for alignment. (b) Multiple Sequence Alignment (c) NRE element 

comparison Tree from 11 crops including identified Tomato NRE 

 

 

Roles of Nitrogen in Seed Nutritional Quality 

Nitrogen is a critical nutrient that impacts the protein content of seeds. The transcriptional regulation of 

nitrogen-responsive genes is mediated by NREs, which modulate the expression of nitrate reductase and 

nitrite reductase, key enzymes in nitrogen assimilation pathways. According to Konishi and Yanagisawa 

(2011), these elements are essential for coordinating the nitrogen uptake and utilization necessary for the 

biosynthesis of amino acids and storage proteins in seeds. 

 

Nitrogen Assimilation and Seed Protein Synthesis 

Nitrogen assimilation pathways, regulated by NREs, significantly influence the protein content in seeds. 

Genes such as NIR1 (Nitrite Reductase 1) are activated by nitrogen-responsive transcription factors, 

enhancing nitrogen utilization for protein synthesis. These regulatory mechanisms contribute to higher seed 

quality in crops like Arabidopsis thaliana and Spinacia oleracea. 

 

 

Genetic Engineering for Enhanced Seed Nutritional Quality 

Recent advances in biotechnology have enabled the manipulation of cis-regulatory elements to improve 

seed quality. For instance, enhancing the activity of the Legumin box and P-box has been shown to increase 

storage protein content in legumes and cereals. Additionally, the introduction of synthetic NRE sequences 

has improved nitrogen utilization efficiency in crops, resulting in higher protein yields. 
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Case Study: NIR Gene in Solanum lycopersicum 

In Solanum lycopersicum (tomato), the NIR gene, regulated by NREs, plays a crucial role in nitrogen 

metabolism and seed protein content. By modifying the promoter region of the NIR gene to include more 

responsive cis-elements, researchers have increased the seed's nitrogen use efficiency and protein 

accumulation. NRE barcode is represented in Figure 13. 

 

 
 

Figure 13: Solanum lycopersicum NRE 
 

Conclusion 

The management of seed nutritional quality can be significantly improved through the understanding and 

manipulation of cis-regulatory elements such as the Legumin box, P-box, and NREs. These elements are 

central to the regulation of protein and nutrient storage in seeds. Future research and genetic engineering 

efforts aimed at enhancing these regulatory mechanisms hold great promise for improving the nutritional 

value of staple crops. 
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