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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.

Keywords: Legumin Box, Prolamin-Box, Nitrate-Responsive Elements, Seed Nutritional Quality
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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>CAA27313.1 legumin B [Vicia faba]
MSKPFLSLLSLSLLLFTSTCLATSSEFDRLNQCRLDNINALEPDHRVESEAGLTETWNPNHPELRCAGVS
LIRRTIDPNGLHLPSYSPSPQLIYIIQGKGVIGLTLPGCPQTYQEPRSSQSRQGSRQQQPDSHQKIRRFR
KGDIIAIPSGIPYWTYNNGDEPLVAISLLDTSNIANQLDSTPRVFYLVGNPEVEFPETQEEQQERHQQKH
SLPVGRRGGQHQQEEESEEQKDGNSVLSGFSSEFLAHTFNTEEDTAKRLRSPRDKRNQIVRVEGGLRIIN
PEGQQEEEEEEEEEKQRSEQGRNGLEETICSLKIRENIAQPARADLYNPRAGSISTANSLTLPILRYLRL
SAEYVRLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNSQGNAVFDNKVTKGQLVVVPQNFVVAEQAGEE
EGLEYLVFKTNDRAAVSHVQQVFRATPADVLANAFGLRQRQVTELKLSGNRGPLVHPQSQSQSN

Figure 1: FASTA Protein sequence of Vicia faba legumin B

>X03677.1 Vicia faba DNA

CACRCGTTCTGTCACACGTGT TACTCTC TCACTGTTCTCCTCTTCCTATARATCACCGOGCCACAG
crrerccacrrcaccactrcaccactreacteacarreerreartas TrarreacTarcAcAs TeAC A -
PCACT T CC T TGO T T IO T T TACAAGCACA TG T TAGC AR CTAGC TCTGAGTTTGRACAGAC TCARCCAATGCCGG TTAGACAACATC AR TGIA
TTGGARCCTGACCACCGTGTGGASTCCAAAGC TEGTC TCACTGAGACAT GGAATCCARATCACCC TAGCTAMGAT G TGCCGGTG TGTCTCTTA
TCAGACGCACCATTGACCCTARTGGACTCCACTTGOCATC TTACTCACC CTCTCCACAG T TGATT TACATCATC CAAGGAAA GGG TGT TATT0
ACTTACACTTCCTGGTTIGICCOCAGACTTACCAAGAGCCACGTTCATCACAATCTAGACANGGAT CCAGGCAGCRACARCC TGACAGTCACCAG
AAGATTOGCCGATTCAGGAARGGTGATATCATTGCCATT CCATCGGGAATTOCATAT TOGACATATAACARTGGCGATGARCCECTTGTTGCCA
TTAGTCTTCTTGACACTICCAACAT TGCARACCAGC TTGATTCAACCOCARGAGTAAGTAATAGTGTAACTATACATTACAT TGTCTGTTATAA
ATTGTTCTAGAACT T TAMACTCART CARA T CGCATGTARATATG TG TT T TCAGGTATT T TACCT TG TTGEGAACCLGEAGG TAGAGTICCCTG
ARACACAGGAGGAGCAGCAAGRAAGACATCAACAAAAACATAGTTTAC AGTTGGACGTLGGGETGGACAGCACCRACAAGAAGAGGARTCTGA
AGAACAARAGGACGGTAACAGCET TTTGAGTGACTI CAGT TCAGAGT T T TAGCACACACATTCAACACCGANGAGGATACAGCTAAGRGACTT
COTTCTCCACGCGACARAAGGART CAAATCGTGAGAG TTGAGGGCAGTCTCCGCAT TATCAACCC TGAGGGGCAGEAGEAAGRAGAAGAAGARG
RGGAGGAGGAGAAGCAGAGAAGTGAGC AGGGARGGAATGGT TTGGAAGAAACCATCTGTAGTCTCAAGR T TCGTGAGRACAT TGCTCAGOCTE
ACGTGCAGACCTCTATANCCCACGTGCCGGTAGTATCAGCACCGCAAACAGT TTAACOCTTCCAATCCTCCGCTATTTACGCOTCAGTGCCGAR
TATGTTCGTCTTTACAGGGTACGTATAGTAT TAACTATT TAACCAAT T CTATAT T TCATATARATGAT TTT TTAATAAACTART CAATARCAT
GCATATGCATGTATGTATATGCAGAATGGTATATATGCTCCACACT GGARCATARACGERRACAG T THC TG TACGTGATARGAGGAGARGGAA
GAGTTAGGATTGTGAACTCCCAASGAANC GCAGT G TCGACAACAAGGT GACAAAGGGACAGT TGO T GG TGO TACCACARAACTT TGTGE TG
GGAACAAGCTGGAGAGGAAGRAGGATTAGAGTATCT TGTGTTCAAGACAAA TGACAGAGC TGCTG T TAGCCACGTACAGCAGG TG TTTAGGEOC
ACTCCTGCAGRTGT TCTTGCARRT GO TT TGGTCTTCGTCAGCHCCARGT CACAGAGTT AAAGCTCAGT GRAAACCHTGECCCTCTEETTCACC
CTCAGTCT

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

>CP03%353.1 Vigna unguiculata DNA
CCARCTCAGTAACTCACCTT CACTTACSTGTCTCT CTCTCACT CTCTTCT CTGCACTATARATCAC
2accecT6TeTTCTACATTTCACCARCCCCTTCARCACTTCCTTTACT TCAA N 777G TTCTTTGTCTTIG0ET
SCTGCTCTCEGCEAGTGCATGCT TTGETAGTAGCTCCAGCACCARCAGET TCARCAGG TECCAACTCARCAGC CTCAACGCGLT GRAARCCCGAL
CACCGCGTTEAGACCGACGGTEGTTTGATCEAGACC TGGAGCTCTAAA CACCCTEAGC TGCAR TETGCTGGOGTCACT GTTACCAGACGCATCT
TGTACCGCAATEECCTCCAGA TGO AT CT TACTCACCT TAT TCCCAGA TGATCATC GL TATCC AAGGTAAT TAATTCACAT TCATCAC TICTGA
TTGTTCTTATCTATGCT TATCTCATTGCACATTATAGCTAAAGTCGTTARCTTGTT TG TS TGEGGGTTACAGIARAGGGAGCACTTGGGCTTGE
ATTATCGGGATOTGCTGAGACGTATGAGGAGCCGGCGAAGGARTCTAG TTCGAGTT CGCAGAA GCCATCGEACAGCCACCAGAAGATTCGTCAG
TTCAGTCARGETCACGTACTC T TGAT TOCUOGG6GT T TOC TTACTGEATC T TCAA CACTGGC GATGARGC TC TIGCTACTETCACTCTICT TG
ACACCTCCAGTGAAGACAACCAGCTTGATCAARGTCCCAGAGTATSCGATCTTTAACT TCATT TTTCTTTCTTTCTTT CTTTCACAARTTGCAT
GAGTARAATATGTTCCTGTATATATGTAGGAGT TTTACCTT GGG TAACCOGGAT ATAGAGC ACCCAGAGGCAAT CARRGAACATCAGCAGCA
GCAGATGGAGGARGAAGG TGGCARCGTGC T CAATGECT TOGECARACGCT TT T TAGCACGABC CCTCARCATCGACGAAGACAT AGCARAGAAG
CTTATCTCTCCAGACGATGARATGARGCAGATAGTGARACT AGAGGAA GECCTCAGCGTEATCAGCCCCAAGTGGCAAGGACARGATGATGATS
AAGATGAAGATGACGACGATGAAGAT CAAGATGARGATGAAGATGAGT CTCGCCCT TCACGGE GACCARGC CATGGRAAGCETGTACATAARAA
GGAGGAAAAAGAGGT TGAACCTTATCC TCACGGARARCATG TCCACARAGAGGAGGAMAAGGA GET TCAAC CTCTCCC TCCCOGGAGECATE TA
CGCARAGARGAGGARANGGARGT TEARCCACTCOCTCCACGACGATCAAGACAT CACCAGCAT CACCATGATGAGGAC GAAGATGRAGRAGACA
AGCCTCB0GCTCECCECATACGAGGACCARCCCCAAGCCCCAGAGGAGARGGACACAGAGGCE TEGAAGAGGACGATGAATCAGATGAGTCAGT
GCGACACAAGACCCGOCACGAGARGAGTTGEARAGAACACAGACCAGCAGAAGAAGAT GTAGAARGAGGAGARGCACACGAAGARTGGGAGACA
AGAGAGCGCCATGGATCARRTGGGCT TEAGGARACAATCTGCTCCTCCAAGCTTCAACACARCATTGCTCGCCCTACAGGCGCTGACTTCTATA
ACCCTAARGOCGGTCECATCAARAACCTCAACAGCCARAGT TTCCCASCTCTCARAAAAT TCGGACTTAGT GCCCAGTATGTTGTCCTCTACAA
GGTACGTATATAACTGTTTGATTAARACATATGAGTAATGT GTTSTTGGTTAGTAA TGARATT TCTCTCGT TACGCAT TATATC GATGCAGAAT
GGAATCTACTCTCCGCAT TGGAATATGGAT GCARACAGTGT SETATAC GTGATCCGAGEECAR GEEIATCT TAGAGTGETGARC ARCGRAGGGA
TTGTGETETTCGACGAT GAACTARGGGOGGGACAGT TGC TT GTGETGCCACAGAACTTTATGG TGACGGAAGAAGC TGGAGATGARGGATTTGA
GTACGTTGTGTTCARGACARACGATAACGCCGTCACCAGCT ACCTGAAGGAGACGT TCAGGGCATTCCCTGCTGAGCT CAATATTTAC
AAGCTAARACAGAGTCAAGTCCATGACCT CAAGTTCAATGEARACTGEAETCCTTT GETCARC CCTGATCOCGTCTC

Figure 3: FASTA CDS Nucleotide sequence of Vigna unguiculata legumin B
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>ANNZ01023743.1 Phassolus vulgaria INA

ccAACTCACTTACGTGTCTCTCTCTCACTCTCTTCTCT TCCH Il cA CAACCCCTCTCTTC TA
cacrreaccaaccearTeaccacTrecrrreerracTrecT T - 5t 1 1 CTC TTC T TICICT T TGCCTROTGCTC
TTTGCCCOGGCATGOCTTGETACCACCAACT TGT TCARCAGGT GCCGARTCARCAGCCTCART GCGTTGARACCCGACCACCGCGTTGAGTCCA
ACGGTGGCTTGATTGAGACGTGGAGCTCTACACACCGTGAGCTGGAAT GTGCAGGC GTCACTTTTAGCAGA COCACCATATACC GCARTGGCCT
CCACATGCCATCT TACTCACCT TATCOCCAAATGATCAT TGOCGTCCARGG TAACT ARCTGC T CACACTCTARTCCTGCTTGEAGAT TATTATC
TATGTTACCTTTATCTCTTTGCACAT TATAGC TGAAGAGGGTACCTAGTTCATART CTGTGTT GTTTTGTT TGGTGAT TGACGT GAGCTGTGTG
GEGGETGCAGGAAAGGGAGCACTTGRACT TRCARTACCGGGATGTCCT CAGACG TATGAGGAGGCAGTGGA TGRATCTACT TCT TCGCAGARGE
CATCGGACTGCCACCAGAAGATTCT T CAATTCAGT GAAGGT CATGTAC TCTTGATT CCCOCTGGTGTTCCT TACTGGACCTACAACACTGGCCA
TGARTCTCTTATTATCGTCAGTCTTCTT TACACCTCCARCGAT TACARCCAGC T TGATCARAG TCCCAGAG TATGTAATCT TTAACT TAGAAGR
ACTTCATTTTTCT T T T TCACARG TTTCATGAGTARRATATATTCAT GTATACTAATTAATT TATAAT GGGTGCGT T TTTAGGAGT TTTACCT
TGCTGGTARCCCGGATATAGAGCACCCAGAGGCARTARAAGAACAGAR GCAGGTGEAGGARGAAGGTAGCARCGTGCTCOETGECTTORGCARA
CBCTTTTTAGCACGATCOCTOGRCATCGATGANGACATAGC ARAGARACT TGTCTC TCCAGAGGACGARAT GARGCAGATAGTGAARCTGRAGG
ATGGCCTCAGCGTGATCAGCOCCARGTGGCARGGACTACAAGATGAAGAT GACGAC GACARNGAAGARGAT GAAGATGARTCTCAGGGARAGCG
TGTGCACAAAAAGGAGGARRAGGARG TTGAACCTCTOCC TCATGGARAGCGTGTACACARARAGGAGEARARGGARGT TGARCC TCTCCCTCCT
CATGGAAAGCGTGTACACAAAGAGGAGGARANGGARGTTGAACCTCTCOCTCCTCATGGARAGCGTGTACACRAAGAGGAGGRAAAAGGAAGT TG
AACCTCTCCCTCCCCGAARGCATSTACACARRGAGGAGGARAAGGAGGTTGAACCT CTCCCGCACCGARAGCATTTAC GCARAGAGGAGGAAGA
GGAGAAGCCTCGCGCTCGCCGCACACGEGEACCAACCCCARGCCCTGGAGGRGARG GACACAGAGTGETGGAAGAGGAAGAGGARTATGATGAG
CCAGTGCGACACARGACCCGCCACGAARAGAGTTGEANGAGGATCARCCAGCAGAAGAAGTAGTAGRAAAAGGAGAAGCACAC GAAGAATG 56
AGACARAACAAAGTARAGACARAAACCSTGGATCCARTGGEGAT TGAGEARACAT TATGCACCT TGAAGCTTCARCACAACAT TGCTCROGCT TC
ATCCGCTGACTTCTTCARCCCTARAGCCGGTCGCATCAGTAACCTCARCAGCCTCACTC TCCCAGTTCTCCARCART TAGGACT TAGTGCCCAR
TATGTTGTCCTCTACAAGGTACATACTTCACT TCAATCATATATATAACACTTTTATT TTTAACTATGAGT AATGTCT TGTTTGATAGTTAT TG
AATTTCTCTCATTCTATCACTTATT TGAACATATGATAACAAGAATAT GAGCT TATAATATTGATGCAGAA TGGAATATACT CTCCCCAT TG EA
ATCTAAACGCARACAGTGTGATATACGTGATCCGAGGGCARGGACARG TTAGAGTGGTEARCAGCGARGGGATTGCAGTGTTCGACGATGARCT
ARAGARGGGACAGTTGCTGGCAGTGCCACAGAACTTTATGS TGGCGGAAGAAGC TGGARAACAAGEATTTGAGTACGTAGTGTT CAAGACARAC
CCCARCGECGTGACCAGCTACT TGAAGGACACGTTCAGGTCATICCOC GCTRAGGT TATTGCCARAATT TACARACT T TCACAC AGTGAAGT GA
GTGAGCTGAAGT TCGAAGGAAACTGGGEGECCCT TTGATCAACCCTGTT.

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

>ANNZ01023743.1 Phaseolus vulgaris_DNA
CCAACTCACTTACGTGTCTCTCTCTCACTCTCTTCTCTTCC NI C A CAACCCCTCTCTTCTA
CACTTCACCAACCCATTCACCACTTCCTTTGCTTACTTCCTTCAA

>CP039353.1 Vigna unguiculata_DNA
CCAACTCAGTAACTCACCTTCACTTACGTGTCTCTCTCTCACTCTCTTCTCTGCACTATARATCAC
AACCCCTGTGTTCTACATTTCACCAACCCCTTCAACACTTCCTTTACTTCAA

>X03677.1 Vicia faba DNA
CACACGTTCTGTCACACGTGTTACTCTCTCACTGTTCTCCTCTTCCTATARATCACCGCGCCACAG
CTTCTCCACTTCACCACTTCACCACTTCACTCACAATCCTTCATTAGTTGTTTACTATCACAGTC AL

CLUSTAL 0(1.2.4) multiple sequence alignment
Legumin box

X03677.1_Vicia_faba_DNA CCATAGCCATGCATGC TGAAGAATGTCACRCACGTTCTG- -~ -~~~ -~ - TCACACGTGTT 50
ANNZ@1023743.1_Phaseolus_vulgaris_DNA CCATAGCCATGCAAGC TGAAGAATGTCACEAACTC -~ - -~ - == — = -~ ACTTACGTGTC 46
CP@39353.1_Vigna_unguiculata_DNA CCATAGCCATGCAAGGTGAAGAATGTCACRAACTCAGTAACTCACCTTCACTTACGTGTC 60
Erresessssrss,n sernsssessses) s 2. wExzss
X03677.1_Vicia_faba_DNA ACTCTCTCACTGTTCTCCTCTT-CYTATAAATYACCGCGCCACAGCTTCTCCACTTCACC 189
ANNZ©1023743.1_Phaseolus_vulgaris DNA TCTCTCTCACTCTCTT-CTCTTC-§TATAAATQACAACCCCTCTC-TTCTACACTTCACC 103
CP@39353.1_Vigna_unguiculata_DNA TCTCTCTCACTCTCTT-CTCTGCAGTATAAATQACAACCCCTGTG- TTCTACATTTCACC 118
LEEaEREREEE K ¥ eEEE Exuesaefer  w wx. . eEEX Ex wxeers
X03677.1_Vicia_faba_DNA - - -~ ACTTCACCACTTCACTCACAATC - - -CTTCATTAGTTGTTTACTATCACAGTCACA 162
ANNZ©1023743.1_Phaseolus_vulgaris_DNA AACCCATTCACCACTTCCTTTGCTTACTTCCTTCAAC -~ -~ === e e oo 149
CP@39353.1_Vigna_unguiculata_DNA AACCCCTTCAACACTTCCTTTACT-—------ TCAAC- - - === -mmm oo 147
X03677.1_Vicia_faba_DNA ATG 165
ANNZ©1023743.1_Phaseolus_vulgaris_DNA ATG 143
CP@39353.1_Vigna_unguiculata DNA ATG 150

Figure 5: Upstream sequences and alignment of legumin B from Vicia faba, Vigna unguiculata and
Phaseolus vulgaris
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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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»¥13306.1 Triticum gearivum LMW glutenin-1D1 gene
GLTCCGGELEAGECTECGECEECGAGCEETCCGECCGECEAGEAGEACGEEELAGEEAGAGACERRGACE
LACBCAGAATCGECGEAATGTGEECTGEECTTETEACTTTAAGGCCTCCGARARCTATAGCCCAGTTCGRL
TTGGTGECCCTARCACACACAACACTTACGT TGGECCTARTCGCTCGCTCCTGOCCCTGCTCARRRTTTTT
TTTECTCCAGECTREEEECCTCTGI TOCACCCCCATCTATCECTCCACCTCCARACARAR M ARARATCTL
TCACTCCACCTCCACTCCARRAATATARAATTCTATCARTCCACCTACGCCTOGARARARGARATCTATC
ACTCCACCTCAGCATTEATGTCTCTAGCT TR TAGARACTGCCATCCTTTACATGTARRACGEATTCGATS
AGTCATGTCATGCTCTATAGACGTCAGTTCATCTTATCATCTTACAGGARAGTACRRAGTTAGTTITICTS
ARRAAGCAAMCCEAATATAGARGARCACTCCACACTCARGGCTTTACTAATCGAGCATATCCTARCAGCCCR
CRACATGATTGCARACTTAGTCATACACAAGTTTTGCCTTTCI TG TTACGECTEACAGCCTATACALGET
TCCARACTCGETTETARAAGTEATACTATCTTGATARGTST GETERGTCL
TATATAGCLAATATCGEGETTICTGTACTTTGTGIGTGATC
ATCARTATATCCARAAGTACECTTETAGCTAGTGCARACCTARCCCARTGTARCAARATARTTCR
GATGEAGCCARACAGAATTATTARLGCTEATGCAL A GAAGEARALGAGCTEETTCCTEEECTACTATALL
TEGGCATGAAGTATARRGATCATCACARGCACAAGCATCAGAACCARGCARCACTAGTTARCACCARTCC Prolamin-box
Ao R - CCTCCT OGO O T TECGECERCARET O TTEOGCAGETEELGE

CTAGATGCATCCCTGET TIGERGAGACCATGGCAGCAGCARCCATTACCACCACARCAGACATTTCCACE (P-box)
ACARCCACTATTTTCACAACAACARCARCARCAACTATTTCCTCARCARCCATCATTTTCGCAGCARCRD
CCACCATTTTGGCAGCALCARCCACCATTTTCTCAGCARCARCCAATTCTACCACRAGCARCCACCATTTT
CGCAGCALCAACARCTAGTTCTACCGCAACAACCACCATTTTCACAGCARCARCARCCAGTTTTACCTCT
ACAACAATCACCTTTTCCACRACARCARCARCAACACCARCAGCTEETGCARCARCARATCCCTETTETT
CLGCCATCCATTTTRCAGCAGCTARACCCATGCALGETATTCCTCCAGCASCAGTRCAGCCCTETEECAL
TGCCACAACGTCTTRCTAGSTCGCARATAT TECAGCAGAGCAGT TRCCATSTEATACAACAACARTCTTS
CCAGCAGTTGCOGCARATCCCCCAGCARTCCCGCIATGAGGCAATCCGTECTATCATCTACTCCATCATC
CTGCAAGALCARCARCAGET TCAGEET TCCATCCARTCTCAGCAGCAGCARCCCCAACAGT TEEECCRART
GTGTTTCCCAACCCCARCAGCASTCECAGCAGCAACTOGGGCARCARCCTCARCARCARCARTTSGCACE
GEETACCTTTTTGCAGCCACACCAGATAGCTCAGCTTEAGETGATGACT TCCATTRCGCTCCETATCCTS
CCAACGATGTGCAGTETTAATETGCCGT TRTACAGARCCACCACTAGTGTECCAT TOGECGTTGECRACCE

G T SR A LA TCTCTAGT AR TATATAA TTEEETCACCET TG TTTAGTCRATGS
ATATGTCGATECAGCEETEACARATAR L GTETCACACAATETCATETETEACCOGCCCARACTAGTTETT
TAAATTCTEARATARAATAR AR A TARACTTETATCARGACAATETTCATATTEECATTETGTEEATCICE
ATCTREATTGCCATGCTTGCARGT TCATAAGTTTEICTTTCCT TG CACAAGCECARCCTGETECCTTRART
TAATTATCAATGTACTGEAATARTCACTATTTARATATARTAGTGTCACTETARRRTTTGESTTRARCTC
TTTATTGGETTGEAGATTTGAGATCTTSTTTTTTATTGGT TTGTATCTAGTACCARCTAGTACCACTGEICT
ACAGTEACEATCACARCCAGTTTTGI TECTAATTATSTTTECTITCTTGCARRTACATTCATTGATTICTT
TGCATGTCALATTATTTGCCGAGARA AR TACCAGCTTTTTCT TGAACT TCACARACACCACTAGCTAGTT
AATTTGALMATARGCTECCAATTTATT TCCTTETATTTATACCCTTTACATCEAACCAGTACARTCATTGT

GCTAGCTAGAGARAREEAGT TECTEECACGTTCATGTCTAGAACTARATCAGACTEAATTGRAACTTCTTC
TTTACAACTAGCTAGGAGCAGRARLCTTACTGTGAATTGCACTTGATTATATTTGATTTTGTTTARGAGT
TACAGGGARRRATCATCARARRATGCCCTARAATATCTTATCGTARRATAGGT TCACCAGGAGATACAGT
CGCARGALLALRRARGECTCACCAGEAGATAGATGCTGCACATTATCATTTAGARATTAGACCARGAGRLL
TGTGEATTGECGGCTCATAATCTATARGACTATGAACAGETTGTCCAATCATTTAGAAATTAGATC ARG

A ATETGEALCTARACATATTARTGECTAGGATCATAT T TECACTSTGGERACT TRETATGOGCGECTCCR

ACATGOCCGT TEARRGCATTTTTTCCTCTGATGCACATATGARATATGACTGETCGALALCAGRARGLARLC
AGTERGATAATATCEATGCTTEEATET TETAMC AL A ATARACTTATTATATATATATCCARTCCACCGL
GOBEACGALCATCCTAGEAGCTTTICTCTCGGAGATCRARARGARACCARATETCCACGCCARCTECTTIC

TTCTCCATCTGATAR

Figure 7: FASTA CDS Nucleotide sequence of Triticum aestivum LMW glutenin-1D1
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>JRDDXV010000724.1:113478-115955 Sorghum bicolor cultivar Rio
chromosome 2 contig_423, whole genome shotgun sequence

T T IGG T T T T T AT C T TAAC TT TCT T TG TTCCT TGAACCCCCACTAT TGAGGATTATATTTGTAAGTTG
AR AT T TAT CAR TAR AR TTCTAGTAGG GGG TARAAC CETCATGTTTCCT CARARRAATTGOCACCA
AR T GEEAGT AR T CT T CARACT GAT AR A AGAT TCEGCACCCATGTTTCCATCACCTAGTACAACTOCAAAG
TEAGATAT AR ARG AAGCTACTGATRACTTAGCTCATAT TARCTARACTAARAT TTTAGCACTTCARAATA
GORTRTCC T T T O AR GET CAGACTCAAGCT TCAGAT CACACTGC T TAGTCTTCTAACARRAACACTTATCCRC
ATGTGETGEAT CACG T CCACT TGATAATGCTATCATCCCTAGTTGGGCTACCATAACTATTTATGACACA
TARAGCRAARGCATCCARGCTCTATCCAC ARATGCATGTTATCTTAACAATTCACATGATATTACATACT
AR TAC T TG AGAGCATT GeTAT GCARATOC T TTATG T TTACACARATTAGTGAGCTGCCTCAAGTTGTA
TATCGATCCATAGTATTCCAACAACT CATGCAACACTACAAATAAGTAACACAATATTATAGAGTTATTT
TTATGAAAAGCAAGAAAAGGACAATAATC TATTAGATTACCTAACCCAA
CACARACARCAAAATTAGTTGCACAARGE TOCACATCAACC TCAATACGTARAGTG

TTCTATTGCTACCATCARTAACCCTTCTGCT TAG TAG TATAGG TACCAARTCAGATCTGCARCATC .
artarreazaTocaacaac N - G777 T TECTTTCATGGCTCTAGTATCGRGCSC - Prolamin-box
TGCCTGCACACAGATAGGCGETT GCACCTGTGETCCACARACARAGCCATGARCARCARCATCATCCACAR  (P-box)
AARCAGCARCATCAACCACCACCACCACAACAACARCARCAACARCARCAGCATCACCAACARCTACAGE
ACCARCAACAAARAGTTCACATGCAGCAGARACAACAT CACCAACAACRAGATGTTCATGT TCATCAGCA
ACAAGAAGTCCATGTGARACAACARC CACAGCACCAACAACAACATCART GTGARGGCCAGCARCAGCAT
CACCAACAATCACAAGGCCATGGGCAACARCAAGGACAGAGCCATGAGARACAACATCAACARCAATTCC
AGGGTCATGAGAAGCCACAACAACCACACCAGCAACAATG TCAGGGTTATGTGCACCAACAGCCACCGCA
ACATCARCAATGT CAACAGGGCCAGGAGCAAC TACAACAGCAT CAATG TCATT GOCCARGAGCAGCCATTG
CAACAACCARAGCACTGCCAARAAGGG TG TGAGCAGCAACARRCTACAAGGTGCAGTTCTAGCTACTGTA
GTGGTAGCATAARTCTAAARAAT TGCCATGAATTCCTCAGGCAACAGT GCARCCCT TTGGTARTGCCTTT
TCTCCAAT CACAT TTGGTACAACCAAGCARCTGCCARG TG TTACAACAGCAATGTTGTCACGAGCT TAGG
CAGATCGAGCCACAATACCTTCACCAAGCGATCTATAGCATGACT CARTCCATART CCAACARCRACARC
AACAACCATGTGAGTTTTGTGGAGCT CARCTAGC TACTCARAGTGAGG TGGCGATATTGACGGCAGCGCA
GTACCTACCATCAATGTGTGGCT TGTACCACTCATGCTACCARAACARTCCATGTAGCAGTARTGATGCT
TTATTGTGGCTAGCTAGCCGT TATAGT CT TATARCGGTGTARAGCAATARA
ATGCCATACATCATGGTGT TTGGACAACGATATC TARATAAGAATACTATCTATAATGTGGCATGTGCCT
GTGGTGTCARCARCCTAGTCT TTGTGGTCATAGTAGATAGGGTAGT TTGTTGT TGAGCATGGTTGCGCAT
ATTAGTCAGTGTGTGGACATATGTGGCATGTGCCTATGGT GTGAGCGACCTGGTCTTAGTGGTCACGATA
GATAGGGTACTTTGT TGT TGAGGCAT TGGCT CCTART TGTARTCCTAT TTCTATGTACATAATCCTAGCA
TCTARGCATGTAGTTGGCCACARTCT CATGAT CAGCC TCTAGTGC T TTGGCACCTCGATATCTACCGTGG
CATGTGCATGTGGTGT TAGCARCCTAGTC TTAGTGGT CACARCAGATAGGGTAGTT TTCTGTTGGGCCAT
TGGCTCCTARCTGTAATCATATTTCTAT

Figure 8a: FASTA CDS Nucleotide sequence of Sorghum bicolor LMW glutenin-1D1
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Figure 8b: Protein Family analysis of Sorghum bicolor LMW glutenin-lljl |
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Co-occurring Term PR S% #Together #Compared
045735 | €2) @) nutrient reservoir activity 10,050.97 100.00 16,306 16,306
G0:0010431 0 @ seed maturation 231.35 0.11 18 782
O @ extraorganismal space 8,375.81 0.06 10 12
GO:0071215 o @ cellular response to abscisic acid stimulus 24345 0.04 7 289
50:0048316 ~ (E) @) seed development 60.60 004 7 1,161
GO:0070207 O e protein homotrimerization 63.94 0.03 5 786
G0:0043181 0 @ vacuolar sequestering 758.56 0.02 B 53
O © sequestering of zinc fon 32163 002 4 125
GO:0042735 0 @ protein body 3,769.12 0.02 3 8
co:0034214  (E) @) protein hexamerization 21.60 002 3 1,396

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

genomeATTACATT TACGAATTT TGAAGAAGATCCAAGTGT TTTATTACTATTATTATTATAATT AAAATATTTAACATAATATTCACCTTTGTTCTATTTATTACAATGAGAATATACATGCATTTARA
CCATGAAATGAGAACTCATATAATCGAATTTTACT TATTCTACATAATAT TTTCCTGAAATATCT AAATTT GAAGAAARAATT TAACAAGAT TCCTTTGTTTTT TTT TCT TATAAGGAAAAT ARRAATTC
TTATCTAGTGATCATATAACATCTTTGTATTTAGCTTTGTATTT TGGAAATGGAGGAAGTTGAAT TAT TGCTTATGATGTAGAATT CCAAGAATGCGAGGACAAGGAAGAGTGGGCTCCCGT CAAGTAGA
AAAACTGAGGCCAGCCAGTTAATTTCTTATCATCACCAATAGCCACACGCCTCTCTTACCCATTCATACTCCCAARAGGGTACCCT TAAATT TACAAAATCACACCCCAAATATGCTTAGCGTGITCATC
TGAAAATACTCGATAAAATT TATATATATATATATATATATATATATATATAT ATATATAAT TAGCGAATATATAGAGAT TTTGAATCT CTTGRATACAAGATTAGAGGT TGCCTCATCGAT TTAGAATT
CAATATTCACCTTAAGGTTCCAACTTCACAAT CTTATGCACTGGACCACGTTACTAATAACCAATACT TTTATAATTTTTCATAAT TGCTCTCTTAACTARATCATT TTTAAGAAACCT CAARAATTACT
ATTTATTTATATTTCACCCATATCCAAGT TGT TTATTAAATAACTATACCATT TTATGT TGT TTT CTAGTATAATAATCT TAATTAATT CGGTCATTGCAATAACACATTATTTATARATTT CACTTCAC
CGTATCCATTCCCTTTTTAT GGT CACCTGACACCAACT TGCTACAATGTTTGAAAAGTGTARCGGTAAAAGGGARAATTC TTGTCCAAACTTATT TTAACATTAACGACCCTT TGCAACAAT CAAGAGTC
CACTARACGTTTTGCCACACATCCAT TTACTCCCACAGCTCTACAAAATGCTCTGACATCTCTTT TGCAACTTCCAAAAT GGCATCTTT TTCTATCAAATT TTTGGCACCTTCATT GCCAAATCCAACTA
GATTTTCCAAGAGTAGTATTGTICAAGCTCAAT GCAACTCCGCCGCAGACAGTGGCTGCGGCGGGGCCT CCAGAGGTT GCT GCTGAGAGACTAGAACCAAGAGTT GAGGAAARAGAT GGATAT TGAATACT
AAAAGAGCAGT TTAGGCAAGGAATTAATCCTCAAGAGAAGGTGAAGATTGAGAAGGAACCTATGAAGT TGT TCATGGAAAATGGTATTGAGGAGT TAGCTAAGATTCCAATTGAAGAGATAGATCAATCA
AAGCTTACTAAGGATGACATTGATGT TAGGCT CAAGTGGCTTGGCCT CTTCCATAGGAGARAGAATCAATGTAAGTACTCAACCTCAACTCCACACCATAT GTAATAACT AACTCAACTATCARRAGTTG
ATTCAAAATTTAAACTT TATAGATTCAGAAACTCGATATATACTATATGT TACGGCAATGACACT TGAGGGTTTARATAATTT TAAATATGAATT TGT GAT TAGATT TGATAT CCAAAT TCATAGICARA
TGTAARAAGTTTTGACT CTCGRAATCTGAGCGATAACACACATAAAT TGGAACAAAGTGAGT ATT TGGTTT GGTAGTATAATT TTTCACATGCATATCTATATT GGGTTGAAT CCATCATTT TTCACAAG
AACATCCGCCTCTATCACCTACATCT CAACCCTCCATATTACAT TATAAAACACTGATTTTCTTTACCAAATTT GTGTGACCAGAT GGGAGATTCATGATGAGG TTGAAACTT CCARAT GGAGTAACAAC
AAGTGCTCAGACTCGATATT TGGCGAGTGTGATAAGGARATATGGAGAGGAAGGAT GTGCTGATATTACGACAAGGCAAAATT GGCAGATTC GTGGAGTAGTGC TGCCTGATGTGCCTGAGATTCTARAG
GGACTTGAAGAAGT TGGCTT GACTAGTTT GCAGAGTGGCAT GGATAATGT CAGGAATCCAGT TGGAAATCCTCT GGCTGGAAT TGATCCTGAAGAAAT AGT TGACACAAGACCTTACACTAATTTGCTCT
CCCAATTTATCACT GGTAATTCACGAGGCAAT CCGGCTGTTTCTAACTTGTAAGTCTTCCATACACAGAAT ATAGGT TTTCCTATGCTATAATCATTT TGT TGT GTGAGAARRATTAGAGTGGTTICAATT
TGCAATGT TTGTAGGCCAAGGAAGTGGAATCCGTGTGTAGTAGGGTCTCATGATCT TTATGAGCACCCTCATAT CAATGATCT TGCATACAT GCCTGCCAT ARAAGATGGACGATT TGGATT CAACCTGC
TTGTGGGAGGGTTCTTCAGT GCCAAAAGATGT GAT GAGGCAATT CCTCTTGAT GCATGGGIT CCAGCCGAT GAT GTTGTT CCGGTT TGCAAGGCAATACTGGAAGCT TTTAGAGACCTT GGG TTCAGAGG
GAACAGGCAGAAGT GTAGAATGATGT GGT TGATCGATGAACTGGTGAGTGATACAT TGACCATTT TCATGCATATTT TGT CTTAAGTTT TAACAATTGGCCTCAACAAAGTTT TCT AAT TTGATAGTTTT
CTGTAGCAAGTCCTACTTCATGTAAT GGT GAAAACTGATTGAAGGGT ATCTGT CACATGCCT TAT CAGAAT TTTCGT TAAACT TGCTCCAAT TTCAACTAATGCAGGGTGTAGAAGGAT TCAGGGCAGAG
GTCGTAAAGAGAAT GCCTCAGCAAGAGCTAGAGAGAGCATCTCCGGAAGACTT GGT TCAGARACAATGGGAAAGAAGAGATTATCT TGGTGT ACATCCACAGAAACAGGAAGGCTATAGCTT TATTGGTC
TTCACATTCCAGTGGGT CGT GTCCAAGCAGACGACATGGAT GAT CTAGCT CGT TTGGCT GAT GAGTACGGCTCAGGAGAGCTACGGCTGACT GTGGAACAGAACATTATTATT CCCAACATT GAGRACTC
AAAGATTGACGCACTGCTAAAAGAGCCTATTTTGAGCAAAT TTTCACCTGATCCACCTATTCTCATGAAAGGTT TAGTGGCTTGTACTGGTAACCAGT TTTGTGGACAAGCCATTATTGAAACGAAAGCT
CGTTCCCTGAAGAT CACCGAAGAGGT TCAAAGGCAAGTATCTCTAACGAGGCCAGTAAGGAT GCACTGGACAGGCTGCCCAAATACGTGTGCACAAGT TCAAGT TGCAGACAT TGGATT CAT GGAATGCC
TGACTAGAGATAAAGACAAGAAGACT GTGGAAGGCGCCGATGITTTC TTAGGAGGCAGAATAGGGAGT GACTCACAT TTGGGT GAAGTATACAAGAAGGCAGTTCCT TGT GATGAATTAGTACCACTTAT
TGTGGACTTACTTATTAAGAACT TTGGTGCAGTTCCACGAGAAAGAGAAGAAACAGAAGATTAATAAAATT TGGATTAGATCATAATGATGGAAT GTGCAATTATGT TTAGTGATTATGGAGGTATATAG
CTAAGAGCTGGTTT GAATAATCAGAAATATGT TGTGTTCATATCATT TAT TGTACGATAAAT CAACACAAACATTCCTACTTACCT GAGAAT TAT TACAAACTATAT TCTTTT GAAGCARAT TGCATCCA
TCCTCCTCTATTGAACATTATTAATACCGTGT TGT TCCTTGTAACTGCAATAT CATTTT TTT TTCCAGATGTCATGCTTCTTTGAGTCAGTTCTTGCAAGAGAT TTGCTAGCAARAACT GATACTCAGAA
ATCACTATGCATCGCGATTACATGGT TTCAATCTT TGTAGT TGCAAAACATGT TGCAGT GACTAATGATTACCAAGAGACAGCAAGAAAGAACAAAAT TTCCTTGTTTCT TCAACT TCCTTCCTTCAAGA
ACCAGTTTTATTTTCTTTTTTTTGGCTCCCTGAAAGAATATACT AGAAAGATATTATATCTCTTT TAT TTTCCT TATTCGTTT TTGTAAAAAAGGAAAAGAGAATTCAGT CTCTTTACAAGATATGGAAA
GGTTAAAATTGGAGAAT TTGGTT TCTATAAAAAACAAAAGT CGGTAAATT TCTACCCAAAAACTATAT AAT TCTAATCCT AAT CCATTAAGGAAACGAATTATAATCAACAAATTT TAATTCCTATCAAC
TTTAGGAAAGATGT TACCTT CTATAAATATAGTATCTT TTTCACGTCTCCTCATAGTTT TGCCTTACAACCCTAATCTCT TTTGTT CTCCTTAAT TTCTTTCTCTTT CTCTGC TTT GAT GGCTTCITACC
AATGCAGCAGCCGTTGT TTATTGATCTTGTTGTTACTCTCT TCCTGT CTT CTTATTGTTTCT TCT TTCACTATAGCGAAAGAAGCGGTACCACTT GGT CCGTTTGAT TCCATGTACAAT TTAGGAGATGC
TGATTCTTCTTTGT CATCATCAT CAGCTAATCATATTGCTGTGACCCTCAATTTGCCTT CTCCACAACCCTACACTCAAGAAGGCACTGAAT TCGTAGAGT CTGGCCTGAATT TTGCGACCCCTGSAGCA
ACCATCATGAAACCCTTTTT CTTCCTCAAGAATGGCAT CCCACCACCTTCTCAGICTCATGACCCATCACAGAT TGT CACATT CAT GRAGGT CTT TTATAAACATTGCTT CAGCTT TCATGACTGIGGRA
AAAACAAGCTTCTTCAGAAGGCACTCATCTTTATGGATCAACCCAGCATCAACGACTACAAGCAGGCCTTCTTACATGGAAAATCTATT TCT GAGGTGTCCCAT CTCGIGCCT GAAGTGGTGGAGACCAT
TAAGAATT CAGTAGAAAGACTCGTCAAAGAAGCTGAAGCAARAACTGTTGTGGTTT CTGGAATTGTACCCATGGGCT GCT TTCCGGGTTATCGGACTCTGT TTACTGAGGGCGATT CAATTGACAAAAGC
AGATGCCACAAGGGACT GRATATGTTCGCAAAGCT TCACAATGATCACCT TTGGCAAGCAAT TCT GGAGCT GCGTAT GAAATACCCTGATGT TCACAT CATATATGCAGATTACTACAAAGCGTTCATGG
ACCTTCTAAAGAACCATACCTTTCTAGGATTCAAARAGAATACT TTGATGAAGGCATGT TGT GGCAGT GGT GATGGT CTGTTCAACTTTGATATGCAAAAGATGTGT GGAGAT GAC GGAGCT GCTACATG
TTCTGATAGGGCTTCTTATATACATT GGGATGGAT TTCAACTGACCCCTGAGGCTT TGGAGRACCTGATTGATACACTCT TCAGCCATAAAGGGT TCATAT TTCCAGAAT CCAAGT TTGGAGARGRTACA
GCAGCATTAGAAGGGCATCATTCCAGGAACCATGGAGGAGT CAAAGACATGICTTCTAT TGT GAGGCATTTACT CTTCGT CTAAGATAGTTGTTTATGTTCAGT TACATCTCAGTAAAT AGT ATGSGTTC
AAAGAGTAGGCCCTGAGTGATTCATATATATGTACAGGGGAATGCCCCTCTTAGCT TCT GTAACAACT AACTATACT TTTGAGTTT TAT CAAATAAAT GTATCCTGATTT GATTCAAATATTATTCTAGA
GATGATTTAARATGCTTATTAAGTACCCTGTTTATCTTGTTGTGT TATCTT TCAACCTTATTC TTAAGCCAGAGATTAACAACT AAGGGT TTGACTGTT TGTAAGAAGCTTAGAATCAGAAAGGACTTARA
ATGGTGGATAACTCAAATGCCCTCTTTACCAACTCAAACTTGGATTATACCARACT TGGGTGCTCARATAATCTATT GAATCT TCT TTTACCGTT CTGGTCTACTGT TTATCACAT GCT CCACTTCCATA
CTTACCATCAAGGT TCCAATAATATCTAT CTAAGATGACGT AAGAGACTGAACACAATGTCACCTG

Figure 9: Identified FASTA CDS Nucleotide genomic sequence of NIR gene from Solanum lycopersicum
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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

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

>FGENESH: 1 4 exon (s) 1113 - 3568 587 aa, chain +
MASFSIKFLAPSLPNPTRFSKSSIVKLNATPPOTVAAAGPPEVAAERLEPRVEEKDGYWILKEQFRQGIN
POQEKVKIEKEPMKLFMENGIEELAKIPIEEIDQSKLTKDDIDVRLKWLGLEFHRRKNQYGRFMMRLKLPNG
VTTSAQTRYLASVIRKYGEEGCADITTRONWQIRGVVLPDVPEILKGLEEVGLTSLQOSGMDNVRNPVGNP
LAGIDPEEIVDTRPYTNLLSQFITGNSRGNPAVSNLPRKWNPCVVGSHDLYEHPHINDLAYMPATIKDGRF
GFNLLVGGFFSAKRCDEAIPLDAWVPADDVVPVCKAILEAFRDLGFRGNRQKCRMMWLIDELGVEGFRAE
VVKRMPQQELERASPEDLVQKQWERRDYLGVHPQKQEGYSFIGLHIPVGRVOQADDMDDLARLADEYGSGE
LRLTVEQNITIPNIENSKIDALLKEPILSKFSPDPPILMKGLVACTGNQFCGQAIIETKARSLKITEEVQ
ROVSLTRPVRMHWTGCPNTCAQVQVADIGFMGCLTRDKDKKTVEGADVFLGGRIGSDSHLGEVYKKAVPC
DELVPLIVDLLIKNFGAVPREREETED

Figure 11: Identified FASTA Protein of NIR gene from Solanum lycopersicum
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Figure 12: Functional Signature analysis of NIR Protein

>Arabidopsis
AGAAACAACTTGACCUTTACATTGCTCAAGAGCTCATCTCTT
>Spinach
ACATACAAAATGACCCTTAACCATGTCCAAGAGTCCCCTCTTA
>Bean
GAGGAGGAAGTGACCCTTGGTAGCACCGAAGAGTCCGAGGAAG
>Birch
TGTTTTTTAGGGACCTTTGGGGGTGCCAAGAGTCAAGTTATA
>Tobacco
GTAATATTAACGACCUTTGGAATAACCAAGAGTCCACTAACG
>Ricel -
AGCCAGCATCTGCCCTTTTGAATTCGCCAAGGGCCGCATCTGC
>Rice?2
TCTCAGCATCTGCCCTTTTGAATTCGCCAAGAGCCAGCATCTG
>Maize
TGCGTCTGCCTGCCCCCTTGAACTCCCCAAGAGCCAAGAACCA
>Sorghum
TGCATCTGCCTGCCCTTTTGAACTCCCCAAGAGCCAATAACCA
>Brachypodium
GCGCGGCATCTGCCCTCTTGAACTCCCCAAGAGCCAAAAACTC

(@)

[JCRT2409722 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 9490


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882

MT: Sequence Data Explorer
Data Display Search Groups Highlight Statistics  Help

E| % A T | | e | b VP50 2|4| Spedal~ | m | m
[w] Mame:
[w]1. Arabidopsis A G A AACAACTTGACCUTTA-CATTGLCTCAAGAGCTCATCTLCTT -
[v]2. Spinach A C AT ACAAAATGACCCTTAACCATGTCLCC AAGAG -TCCCCTUCTTA
[w] 3. Tomate TTAACATTAACGACCCTTTGLC AACAATCAAGAGTCCACTAAALG
[w]4. Tobacco GTAATATTAACGACCLC - UTTGGAATAACCAAGAGTLCCALCTAA-LCG
[w]5. Bean GCGAGGAGGAAGTGACCCTITGGTAGLCACCGAAGAGTCCLCGAGGAAG -
[w]8. Birch TGTTTTTTAGGGACCTTTGGGGGTGLOCLC - AAGAGTCAAGTTATA -
[w]7. Rice1 AGCCAGCATCTGLCCCTTTTGAATTLCGCCAAGGGLCTC -GCATCTGEC
[v] 2. Rice2 TCTCAGCATCTGCCCTTTTGAATTCGCLCLCAAGAGCCAGCATCTG -
[w]9. Brachypodium GCGCGGCATCTGLCCCTCTTGAACTCCCCAAGAGLCC AAAMAAALCTTC -
[w]10. Maize TGCGTCTGCCTGCLCCCCCTTGAACTCCCCAAGAGLCC  AAGAALCTLCA -
[w]11. Serghum TGCATCTGCCTGCCCTTTTGAACTCCCCAAGAGCCAATAACCA#
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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.

0

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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