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Restriction of Ca’" deficiency-like symptoms by co-expressing a Ca’"
transporter and a Ca2+-binding protein in tomato
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Abstract Here we focused on tip-burn and blossom-end rot
(BER) symptoms in the tomato plants expressing the
constitutively active form of Ca”'/H' antiporter (sCAX)
and/or a Ca-binding protein (calreticulin, CRT) genes during
their whole growth period. Conclusively we demonstrated
that CRT is able to suppress the tip-burn and BER symptoms
that were induced by sCAXI. Under poor nutrition con-
dition, tomato plants overexpressing sCAX/ showed severe
necrotic collapses in both roots and shoot polar tissues,
which are in accordance with Ca®" deficient symptoms
frequently observed in an agricultural cultivation of tomato.
Reciprocal grafting trials using sSCAX1 and wild type plants
revealed that the tip-burn symptom by sCAX! overexpression
is not caused by hindrance of Ca®* uptake from soil. We con-
structed CRT overexpressing transgenic tomatoes, and crossed
them with sCAXI transgenic plants to investigate the effects
of CRT on the symptoms of sCAX! transgenic plants. Co-
expression of sCAX1 and CRT significantly suppressed the
Ca”" deficient symptoms of sCAX/ transgenic plants. Those
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results suggest the model that Ca** homeostasis disturbed by
the overexpression of sCAX/ may be suppressed by the
co-expression of CRT.
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Fig. 1 Nucleic acid analyses of sCAX/- and CRT-expressing tomatoes. (A and B) T-DNA regions of sCAX/- and CRT-expressing
vectors, respectively. RB: right border, LB: left border, Pnos: nopaline synthase promoter, NPT/I: neomycin phosphotransferase
gene, Tnos: nopaline synthase terminator, Pcdc2A4: cell division cycle promoter, Aocs: octopine synthase transcriptional activating
element, Amas Pmas: mannopine synthase 2’ transcriptional activating and promoter elements, CRT: Zea mays calreticulin gene,
ags-ter: polyA addition signal from the agropine synthase gene, HPTII: hygromycin phosphotransferase gene, tAg7: polyA add-
ition signal for T-DNA gene. (C) PCR analyses of non-segregating sCAXI ‘FM9’ at T, generation. (D) RT-PCR analysis of CRT
Tamnara plants at Ty generation. The same amounts of RNAs (as an internal control showed at lower part) from each plant were
used for first-strand cDNA synthesis. (E) PCR analyses of F1 hybrid between CRT (To plant) and sCAX! (T, hemizygote plant)
transformants. Asterisks upon lanes represent the F; plants containing both CRT and sCAXI genes
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Fig. 2 Phenotypic characteristics of sCAX/-expressing ‘FM9’ tomatoes at T, generation. (A) Germinated seedlings of sCAXI-expressing
plants and wild type (WT) ones. Arrows indicate tip-burning and poor growth of primary roots. (B) Young plants showing dis-
tinguishable root development. (C) Main shoots of adult plants. Arrow indicates severe tip-burn symptom. (D) Plant shapes of WT
and sCAXI-expressing genotypes. (E) Set fruits of each plant. Pay attention to arrows indicating severe blossom-end rot symptom
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Fig. 3 Tip-burn symptoms on the scions of grafted seedlings using both genotypes. (A) One of grafted young seedlings. Each arrow
indicates scion and rootstock, respectively. (B) Tip-burning aspect in adult plants depending on grafting combination (scion/rootstock).

Arrows indicate severe tip-burn symptoms
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Female parent:
CRT (hemizygote) Tamnara

WT, no transgene, or CRT

Male parent:
sCAX1 (hemlzygote) FM9

CRTand sCAX1

Fig. 4 Photographic pedigree of F; hybrid combined with different genetic backgrounds (CRT-expessing Tamnara T, plant as female
parent and sCAXI-expressing ‘FM9’ T, plant as male parent). Arrows with different thickness in frames reflect the severities of

tip-burn or blossom-end rot incidence
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