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(57) ABSTRACT 

The present invention provides transgenic plants over- 
expressing a transgene encoding a calcium-binding protein 
or peptide (CaBP). Preferably, the CaBP is a calcium storage 
protein and over-expression thereof does not have undue 
adverse effects on calcium homeostasis or biochemical 
pathways that are regulated by calcium. In preferred 
embodiments, the CaBP is calreticulin (CRT) or calseques- 
trin. In more preferred embodiments, the CaBP is the 
C-domain of CRT, a fragment of the C-domain, or multimers 
of the foregoing. In other preferred embodiments, the CaBP 
is localized to the endoplasmic reticulum by operatively 
associating the transgene encoding the CaBP with an endo- 
plasmic reticulum localization peptide. Alternatively, the 
CaBP is targeted to any other sub-cellular compartment that 
permits the calcium to be stored in a form that is biologically 
available to the plant. Also provided are methods of pro- 
ducing plants with desirable phenotypic traits by transfor- 
mation of the plant with a transgene encoding a CaBP. Such 
phenotypic traits include increased calcium storage, 
enhanced resistance to calcium-limiting conditions, 
enhanced growth and viability, increased disease and stress 
resistance, enhanced flower and fruit production, reduced 
senescence, and a decreased need for fertilizer production. 
Further provided are plants with enhanced nutritional value 
as human food or animal feed. 
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1 GAATTCGGCA CGAGCACGAC CTTAGGGGTT CAGATCGGAT CGGAAGCTTC 

51 CATAAGTTTC CATCGGGCGT CGCCGGTATG GCGATCCGCA AGGGGTCTTC 

101 GTACGCCGTC GCGGCACTTC TCGCGCTCGC CTCTGTCGCC GCCGTCGCAG 

151 GGGAGGTCTT CTTCCAGGAG AAGTTCGAAG ATGGCTGGGA AAGTCGGTGG 

201 GTCAAGTCCG AGTGGAAGAA GGATGAGAAC ATGGCTGGTG AATGGAACCA 

251 CACATCTGGA AAATGGAATG GAGATGCCGA GGACAAAGGT ATTCAAACCT 

301 CCGAGGATTA CAGGTTCTAT GCCATTTCAG CCGAATACCC TGAGTTCAGC 

351 AACAAGGATA AGACCCTGGT GCTGCAGTTC TCTGTGAAGC ACGAGCAGAA 

401 GCTTGACTGC GGCGGTGGCT ACGTCAAGTT GCTGGGTGGT GATGTAGACC 

451 AGAAGACATT AGGTGGAGAC ACATCTTACA GCATTATCTC TCGCCCAGAT 

501 ATCTCTCGGT ACAGCACCAA GAAGGTTCAC ACTATCCTGA CCAAGGATGG 

551 CAAAAACCAC TTGATCAAGA AGGATGTCCC TTGTCAGACT GATCAGTTGA 

601 CTCATGTTTA CACTTTCATC ATCCGTCCTG ATGCAACATA CAGCATTCTC 

651 ATTGATAATG AAGAGAAGCA TACTGGCAGC ATCTACGAGC ATTGGGATAT 

701 TCTTCCCCCT AAGAAAATCA AGGACCCAGA GGCTAAGAAG CCTGAGGACT 

751 GGGATGACAA GGAGTACATT CCTGACCCTG AGGACAAGAA GCCAGAGGGC 

801 TATGATGATA TTCCCAAGGA AATTCCTGAC CCTGATGCTA AGAAGCCTGA 

851 GGACTGGGAC GATGAGGAAG ATGGTGAATG GACTGCCCCT ACCATTCCCA 

901 ACCCAGAATA CAAGGGACCA TGGAAACAAA AGAAAATCAA GAACCCGAAC 

951 TACCAGGGTA AATGGAAGGC ACCTATGATT GACAACCCAG ATTTTAAGGA 

1001 TGATCCATAC ATTTACGCCT TCGACAGCTT GAAGTACATT GGCATTGAGC 

1051 TGTGGCAGGT TAAATCGGGC ACTCTGTTCG ACAACATCAT CATCACTGAT 

1101 GACCCTGCGT TGGCCAAGAC TTTTGCAGAG GAGACCTGGG GCAAGCACAA 

1151 GGAGGCAGAA AAGGCTGCTT TTGATGAGGC CGAGAAAAAG AAGGAAGAAG 

1201 AGGATGCCGC CAAGGGTGGG GATGATGAGG ATGATGACCT AGAGGATGAG 

1251 GAAGACGATG AGAAGGCAGA CGAGGACAAG GCCGACTCTG ATGCCGAGGA 

1301 TGGCAAGGAT TCTGATGATG AGAAGCACGA CGAGCTCTAG ATGGCGAGGA 

1351 TGATGTTGCT GGCCTAGATT TATCAGCTCT GCCACTATGA AGTTCTTTTT 

1401 TTTTTCCCGT GACCATCAAG AAGTAGAACA CTGCTAATAA GCAGATGGAC 

1451 AGTTTGGGTC GCCGTAGCGC TTTGTAGTCA TTTTTCCCAT TAAAGCCGAT 
1501 AACACTGAAC AAGGAGGAAG GATCTTTTGC CAAAAAAAAA AAAAA 

FIG. I 
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At . . . . . . . . . . . . . . . . . . . .  NSARASAAVI FEERFDD-GW ENRWVKSEWK KDDNTAGEWK 
Np MATQRRANPS SLHLITVFSL LVAWSAEVF FEESFND.GW ESRWVKSEWK KDENMAGEWN 
Zm ..MAIRKGSS YAVAALLALA SVAAVAGEVF FQEKFED-GW ESRWVKSEWK KDENMAGEWN 
Dm . . . . . . . .  MM WCKTVIVLLA TVGFISAEVY LKENFDNENW EDTWIYS..K HPGKEFGKFV 
Bt .MCLNHFLLS LVLSIVLLFH FVFYICL . . .  ..HHIVTFLR EETVFFS..E QFLTLDLKYK 

61 12 0 
At HTAGNWSGDA .NDKGIQTSE DYRFYAISAE FPEFSNKDKT LVFQFS..VK HEQKLDCGGG 
Np HTSGKWNGDA .NDKGIQTSE DYRFYAISAE FPEFSNKGKN LVFQFS..VK HEQKLDCGGG 
Zm HTSGKWNGDA .EDKGIQTSE DYRFYAISAE YPEFSNKDKT LVLQFS..VK HEQKLDCGGG 
Dm LTPGTFYNDA EADKGIQTSQ DARFYAASRK FDGFSNEDKP LWQFS..VK HEQNIDCGGG 
Bt ASKLSSIREA LSMSKVGIIE NFCFSEISFL QESIKSHGRR TLVGCSPWGH EEQNIDCGGG 

121 180 
At YMKLLSGDVD QKKFGGDTPY SIMFGPDICG YSTKKVHAIL TYNGANHLIK KDVPCETDQL 
N p  YMKLLSGDVD QKKFGGDTPY SIMFGPDICG YSTKKVHAIL TYNDTNHLIK KEVPCETDQL 
Zm YVKLLGGDVD QKTLGGDTSY SIISRPDISR YSTKKVHTIL TKDGKNHLIK KDVPCQTDQL 
Dm YVKLFDCSLD QTDMHGESPY EIMFGPDICG PGTKKVHVIF SYKGKNHLIS KDIRCKDDW 
Bt YVNVFPAGLD QTDMHGDSEY NIMFGPDICG PGTKKVHVIF NYKGKNVLIN KDIRCKDDEF 

181 240 
At THVYTFILRP DATYSILIDN VEKQTGSLYS WDLLPPKKI KDPS KPED WDEQEYISDP 
Np THVYTFILRP DATYSILIDN VEKQSGSLYS WDLLPPKTI KDPS KPED WDEKEFIDDP 
Zm THVYTFIIRP DATYSILIDN EEKHTGSIYE WDILPPKKI KDPE KPED WDDKEYIPDP 
Dm THFYTLIVRP DNTYEVLIDN EKVESGNLED WDFLAPKKI KDPT KPED WDDRATIPDP 
Bt THLYTLIVRP NNTYEVKIDN SQVESGSLED WDFLPPKKI KDPD KPED WDDRAKIDDP 

241 ii 300 
At EDKKTDGYDD IPKEIPDTDS KKPEDWDDEE DGEWTAPTIP NPEYMGEWKP KQIKNPNYKG 
Np EDKKPEGYDD IPEEITDPDA KKPEDWDDEE DGEWTAPTIP NPEYKGPWKP KKIKNPNYKG 
Zm EDKKPEGYDD IPKEIPDPDA KKPEDWDDEE DGEWTAPTIP NPEYKGPWKQ KKIKNPNYQG 
Dm DDKKPEDWDK .PEHIPDPDA TKPEDWDDEM DGEWEPPMID NPEFKGEWQP KQLDNPNYKG 
Bt TDSKPEDWDK .PEHIPDPDA KKPEDWDEEM DGEWEPPLIQ NPEYKGEWKP RQIDNPEYKG 

> 360 301 C-DOMAIN 
At KWEAPLIDNP QFKDDJPELW FPKLKYVGLE LWQVKSGSLF DNVLICDDPQ YAKKLADJTW 
Np KWKAPLIDNP QFKDlIPgLYV FPKLKYVGVE LWQVKSGTLF QNIVICDJPg YAKAIAEETW 
Zm KWKAPMIDNP QFKDDPYIYA FQSLKYIGIE LWQVKSGTLF QNIIITDDPA LAKTFAEETW 
Dm AWEHPEIANP EWPDJKLYL RKEICTLGFD LWQVKSGTIF DNVLITDDVg LAAKAAAEVK 
Bt IWIHPEIDNP EYSPQSNIYA YENEAVLGLD LWQVKSGTIF QNFLITNDEA YAEEFGNETW 

361 420 
At GKLKRA E;... KAAFDEAEKK N=E.SKDA PAESQAEDP EDDEGGDJSQ SESKAUTKS 
Np GKQKQAE . . .  KAAFEJAEKK R=.SKAA PAQSQAEEDD QADIDSDJAQ QKSES . . . . .  
Zm GKHKgAg . . .  KAAFUAEKK K-AAKGG DDEDDQLEU EDDEKADLDK AQSQAEaGKQ 
Dm N.TQAGEKKM KEAQDEVQRK K-EAKKAS QKDDEDEDDD DEEKDIESKQ QKD-Q SE . . . .  
Bt GVTKAAEKQM KQKODEEORL HEEEEEKKGK EEEEAEKDDD EDKDEDEEDE D-EKEEEEEED 

42 1 437 
At EDSEETSEKQ ATAHDEL 
Np . . . . . . . .  KQ QEAHDEL 
Zm SQ . . . . . . .  D_ EK.HDEL 
Dm . . . . . . . . . . . . .  HDEL 
Bt IlAAA...... .QAKDEL 

FIG. 2 
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