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ABSTRACT. The effects of the fruit ripening mutant gene alcobaga
(alc) and color development mutants, old gold-crimson (og“) and high
pigment (/p), on yield and post-harvest quality of tomato fruits were
investigated. Five tomato hybrids were obtained by crossing near isogenic
lines with Flora-Dade background [Flora-Dade (alc*/alc* og**/og*" hp*/
hp*), TOM-559 (alc/alc og=/og= hp*/hp*), TOM-591 (alc/alc og*/
og® hp*/hp*), TOM-593 (alc/alc og**/og™ hp/hp), and TOM-589 (alc/
alc og/og® hp/hp)] with the pollen parent line Mospomorist (alc*/alc*
og*/ogt hp*/hp*). Hybrid fruit was harvested at the breaker stage and
stored on shelves at 15°C and 60% relative humidity for 16 days, and
then evaluated for firmness, development of red color, and carotenoid
contents. The different genotypic combinations at the loci alc, og® and
hp had no effect on fruit yield. The alc*/alc hybrid genotype significant-
ly increased fruit firmness and significantly delayed the development of
red color in maturing fruit. Simultaneous usage of og“*/og® and hp*/hp
promoted an increase in the red color and lycopene content of alc*/alc
hybrids, but did not have any additional effect on fruit firmness.

Key words: Beta-carotene, Fruit firmness, Lycopene,
Lycopersicon esculentum, Plant breeding, Ripening mutants

Genetics and Molecular Research 2 (3): 317-327 (2003) ©FUNPEC-RP www.funpecrp.com.br



M.V. Faria et al. 318
INTRODUCTION

The phenotypic and physiological effects of tomato ripening mutant genes have been
studied in near-isogenic breeding lines. Some of these ripening mutants alter expression of one
or more of the enzymes involved in fruit ripening or softening, and have been used in breeding
programmes aimed at improving tomato fruit shelf life (Tigchelaar et al., 1978; Kopeliovitch et
al., 1979).

The mutant alcobaga (alc) is one of several ripening mutant loci that inhibit normal
tomato ripening; it has been studied by tomato scientists in Brazil, as well as in other countries
(Leal and Mizubuti, 1975; Lobo, 1981; Lobo et al., 1984; Mutschler, 1984a,b; Mutschler et al.,
1992; Vilas Boas et al., 1999). The most evident effects of the homozygous genotype alc/alc
are a marked increase in fruit firmness, a much-extended shelf life, and inhibition of carotenoid
pigment synthesis; alc/alc fruit mature off-vine to a yellow color, which renders them unmar-
ketable.

Heterozygous alc*/alc hybrids are intermediate in firmness between their normal (alc*/
alc*) and homozygous alcobaca (alc/alc) parents (Lobo, 1981; Mutschler et al., 1992; Freitas et
al., 1998; Souza et al., 2001), indicative of partially dominant gene action (Freitas et al., 1998;
Souza et al., 2001). Heterozygous alc*/alc fruit ripened off-vine mature to a nearly normal red
color, without any apparent further deleterious effects (Leal and Mizubuti, 1975; Mutschler et
al., 1992; Flori and Maluf, 1994; Resende et al., 1997; Freitas et al., 1998; Vilas Boas et al.,
1999; Souza et al., 2001; Aratijo et al., 2002). They are slower in ripening than normal alc*/alc*
genotypes, and therefore remain firm for a longer period of time; their rate of red color develop-
ment during the ripening process is also slower than normal, but the fruit are still acceptable for
marketing (Freitas et al., 1998).

The alcoba¢a mutant can interact with og© (old gold-crimson) and /p (high pigment),
which are mutants that affect fruit carotenoid pigment contents (Aratjo et al., 2002). These
mutants increase fruit lycopene content, and therefore have a positive effect on fruit color and
nutraceutical properties. The /p locus is a monogenically inherited mutation in chromosome 2
that increases fruit quality and the quantity of carotenoid pigments, especially lycopene and
beta-carotene (Thompson et al., 1962). The old gold-crimson (og®) locus is a monogenically
inherited mutation, causing orange (old gold) colored petals and increased fruit lycopene content
(Thompson et al., 1967). Epistatic effects among the loci alc, og® and Ap have been described
(Aratjo etal., 2002) in the inbred background Floradade, and specific homozygous or heterozy-
gous combinations of 0og® and/or ip were found to contribute to color improvement of alc*/alc
genotypes. Some genotypic combinations reduced yield and fruit mass, but these could be back-
ground-specific, and might be overcome in hybrid combinations.

We examined the effects of alc*/alc on yield and post-harvest quality of hybrid tomato
fruit, and quantified the effects of heterozygotes at loci og® and /p on fruit yield and quality
traits of alc*/alc fruit, in order to determine the feasibility of the exploitation of these genotypic
combinations for developing extended shelf life tomato hybrids.

MATERIALAND METHODS

Five near-isogenic tomato lines in background Flora-Dade (Flora-Dade, TOM-559, TOM-
591, TOM-593 and TOM-589), differing from each other at the loci alc, hp and og®, were used

Genetics and Molecular Research 2 (3): 317-327 (2003) www.funpecrp.com.br



Yield and post-harvest of tomato hybrids 319

as seed parents in combinations with the Mospomorist line (pollen source), resulting in five near-
isogenic tomato hybrids (NIH). Flora-Dade is a standard open-pollinated cultivar (alc*/alc*
0g/og" hp*/hp*) from the University of Florida/USA. TOM-559, TOM-591, TOM-593 and
TOM-589 differ from Flora-Dade in being, respectively, alc/alc og**/og®" hp*/hp* (alcobaga),
alc/ale og</ogc hp*/hp* (alcobaga, old gold-crimson), alc/alc og<*/og" hp/hp (alcobaga, high
pigment) and alc/alc og*/og” hp/hp (alcobaga, old gold-crimson, high pigment). Mospomorist is
a Moneymaker-type accession, obtained by the Institut National de Recherche Agronomique,
Avignon, France, possessing multiple disease resistance and indeterminate growth habit.

The five hybrids were tested along with the two open-pollinated alc*/alc* og**/og**
hp*/hp* lines (Flora-Dade, Mospomorist), two long shelf-life hybrids heterozygous at locus rin
(rin*/rin) (Carmen F , Chronos F, ), and one normal (alc*/alc* og“"/og®* hp*/hp*) hybrid (Cynthia
F,). The near-isogenic hybrids had the genotypic constitutions: F (Flora-Dade x Mospomorist)
= alc'/alc* 0g**/og*" hp*/hp*= normal; F (TOM-559 x Mospomorist) = (alc*/alc og*"/og**
hp*/hp*) = heterozygous alcobaga; F (TOM-591 x Mospomorist) = (alc*/alc og**/og* hp*/hp")
= heterozygous alcobaga and crimson; F,(TOM-593 x Mospomorist) = (alc*/alc og*"/og®* hp*/
hp) = heterozygous alcobaga and high-pigment, and F (TOM-589 x Mospomorist) = (alc*/alc
0g/og¢ hp*/hp) = heterozygous alcobaga and crimson and high-pigment. Except for Flora-
Dade, all the genotypes had an indeterminate growth habit. The 10 genotypes were grown in a
plastic greenhouse from July through December 1999, in a randomized complete block design,
with four replications. Each plot was comprised of a single row with 11 plants. Plants were
pruned to a single stem with five racemes. The plant density was 3.84 plants per square meter.
Flowers were date-tagged at anthesis in order to determine the number of days between anthe-
sis and the harvest of the fruits at the breaker stage. Multiple harvests (17) were made, span-
ning an 80-day period from late September through December 1999.

Total yield (ton/ha), early yield (yield during the first 20 days of harvest), mean fruit
mass (g/fruit), and the number of days from anthesis to breaker stage (harvest), were recorded.
A sample of 12 fruits per plot was harvested at the breaker stage and, after being placed in a
chamber at 15°C and 60% relative humidity, was evaluated for rate of loss of firmness, and
evolution of red color during ripening.

Fruit firmness (N/m?) was recorded at the equatorial surface for each individual fruit
through a non-destructive flattening technique (Calbo and Calbo, 1989; Calbo and Nery, 1995).
Firmness readings were taken at breaker stage (day 0) and at 2-day intervals until 16 days after
harvest (d.a.h.). The same fruit samples were scored from 0 to 16 d.a.h. on a scale of 1 to 5,
according to estimated percent colored surface of the fruit. Percent colored surface at day 0 (=
breaker stage) was taken as score 1. Scores 2, 3, 4 and 5 corresponded to percent red colored
fruit surface from 20 <40, 40 < 60, 60 < 80 and 80-100%, respectively.

Non-linear regression models were fitted to the rate of firmness loss and to the rate of
red color development, over time. Fruit firmness over time was fitted to an exponential decay
curve, which was then used to estimate initial fruit firmness (= fruit firmness at the breaker
stage), and the number of days necessary to reach a fruit firmness of 4 x 10*N/m?. A logistic Y
= A/(1 + B*R¥) model was fitted to fruit color score data over time (X = number of days after
harvest; Y = fruit color score); scores for fruit color 12 d.a.h., and the mean number of days to
reach color score 4.0 was then estimated from the adjusted curve.

An additional sample of eight fruits per plot was used to quantify carotenoid pigments at
three different stages of on-vine fruit ripening - breaker, intermediate and fully mature stage
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(corresponding to fruit color scores 1, 3 and 5, respectively). Epicarp-free longitudinal slices of
fruit were taken from each eight-fruit sample, and blended in a Waring blender for 30 s (50 g
fruit sample: 50 ml of 0.05% Na,S O, solution); a 2-ml aliquot was pipetted into a test tube, to
which 10 ml of a binary petroleum ether/propanone mixture (97:3) was added; the tube was
vortexed for 30 s, and the supernatant solution was read in a spectrophotometer at 503 and 452
nm. Lycopene and beta-carotene contents were then calculated according to the formulas indi-
cated by Silverstein et al. (1994).

For all traits, contrasts among treatments were used to quantify the effects of the

background and/or the effects of heterozygous combinations at loci alc, og® and hp.
RESULTS AND DISCUSSION
Total yield

There were no significant differences among the genotypes with mutant genes alc, 0g*
and Ap, indicating that heterozygosity at the alc locus, alone or in conjunction with og“*/og® and
hp*/hp, had no effect on yield in the hybrids with a Flora-Dade x Mospomorist background
(Table 1). A lack of deleterious effects of alc*/alc on yield was also found by Flori and Maluf
(1994), Freitas et al. (1998), and Souza et al. (2001) in hybrid combinations, while Aratjo et al.
(2002) did find significant effects of these mutant genes on an inbred background.

Early yield

Hybrids alc*/alc, associated or not with og“/og* or hp*/hp, had a tendency to produce
lower early yields when compared to their NIH counterparts (alc*/alc* og“*/og“" hp*/hp*)
(Table 1). This is likely a consequence of the delay in the period necessary for the fruit to reach
the breaker stage brought about by the alc*/alc genotype. This tendency was not significant for
hybrids with genotypic constitutions alc*/alc 0g**/og* hp*/hp*, alc*/alc og*/og hp*/hp* or
alc*/alc 0g=log* hp*/hp (Table 1), but was evident in the hybrid alc*/alc og*/og® hp*/hp,
which had a significantly lower early yield (27.225 ton/ha) than that of the normal NIH counter-
part (43.025 ton/ha). While alc*/alc reduced early yield, heterosis in the Flora-Dade x Mospomorist
background increased it (+19.16 ton/ha) relative to the midparent, similar to what was found in
other studies (Malufet al., 1982; Filgueira and Leal, 1983).

Mean fruit mass

Background heterosis for mean fruit mass was negative (-3.5 g/fruit) and low in mag-
nitude (-3.12%), indicating a mainly additive gene action for this trait, as found by Maluf et al.
(1982) and Freitas et al. (1998). The heterozygote alc*/alc, associated or not with og**/og® and/
or hp*/hp, had no effect on mean fruit mass (Table 1). These results are similar to those of Leal
and Mizubuti (1975), Freitas et al. (1999a) and Souza et al. (2001). However, Aratjo et al.
(2002) reported that mean fruit mass was significantly affected, albeit in a different genotypic
background, by specific combinations at loci alc, hp and og; both alc/alc and alc*/alc nega-
tively affected fruit mass. Fruit mass of alc*/alc fruit was reduced by Ap/hp, but was unaf-
fected by Ap*/hp.
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Number of days from anthesis to fruit breaker stage

Normal background (alc*/alc*) heterosis was significantly negative (-3.4 days) for this
trait, suggesting partially dominant gene action in the direction of shorter time spans. Fruit of the
hybrid alc*/alc ogt/og®" hp*/hp* remained on the vine before harvest two days longer than the
fruit of its normal (alc*/alc* og=*/og®™ hp*/hp™) NIH counterpart; even though the difference
was not significant at oo = 0.05, it indicates a delay in the beginning of the ripening process due
to the genotypic constitution alc*/alc (Table 1). Differences among the four experimental hy-
brids bearing the mutant genes alc, og® or ip were negligible, with a maximum 0.4 day differ-
ence between these genotypes (Table 1), indicating that neither 0g“*/og nor hp*/hp had any
additional effect on the trait.

Fruit firmness

The F, hybrid (Flora-Dade x Mospomorist) had a significantly higher initial firmness
than the midparent (Table 2); background heterosis was +13.77%, in the direction of higher
firmness, an indication of some degree of dominance of the genes that control fruit firmness in
a normal (alc*/alc* og=/og*" hp*/hp*) background. At harvest (breaker stage), the NIH lines
bearing genes alc, og® and hp gave the highest firmness values, ranging from 8.02 x 10* N/m?
to 8.61 x 10* N/m?(Table 2), but these values were not significantly different from the NIH alc*/
alc* counterpart or the hybrid Carmen F (rin*/rin) (8.5 x 10* N/m?), currently the standard
long-shelf life tomato in the Brazilian market. Flora-Dade, an open pollinated line with an ac-
ceptable degree of firmness, gave the lowest initial values (6.81 x 10* N/m?).

Differences among the hybrids became more evident as the maturation process pro-
gressed: fruit of F (TOM-559 x Mospomorist) (alc*/alc og**/og* hp*/hp*), F (TOM-593 x
Mospomorist) (alc*/alc 0g<*/og*" hp*/hp), F (TOM-589 x Mospomorist) (alc*/alc 0g**/og*
hp*/hp) and F (TOM-591 x Mospomorist) (alc*/alc 0og“"/og® hp*/hp*) took an average of 4.2,
3.6,3.2 and 3.1 days longer, respectively, than the normal NIH F, (Flora-Dade x Mospomorist)
(alc*/alc og=/og™ hp*/hp*) to reach a firmness reading of 4.0 x 10* N/m?. Differences brought
about by 0g“*/og and/or hp*/hp, along with alc*/alc, were not significantly different from alc*/
alc alone (Table 2). This indicates a superior shelf life of the alc*/alc hybrids relative to the
normal alc*/alc* tomatoes, as also reported by Mutschler et al. (1992), Flori and Maluf (1994),
Resende et al. (1997), Freitas et al. (1998) and Souza et al. (2001), but no effects of og“*/og*
and Ap*/hp on this trait.

Fruit color

Flora-Dade fruits took 3.1 days longer to reach fruit color score 4 than Mospomorist
fruits (Table 2). Normal background (alc*/alc*) heterosis was negative, indicating dominant
genetic effects in the direction of faster color development. Fruit color was affected by the
presence of the mutant genes alc, og® and /p. At the 12th d.a.h., the highest color scores were
those of the NIH with the normal (alc*/alc* og<*/og=" hp*/hp*) genotype. The difference (-1.13
score units) between genotypes alc*/alc og*/og<* hp*/hp* and alc*/alc* og**/og®* hp*/hp*
indicates that alc*/alc had a significant effect in reducing the final fruit color score. This slower
rate of fruit color development in alc*/alc relative to alc*/alc* has also been reported by others
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(Piccinino and Scott, 1985; Freitas et al., 1998; Souza et al., 2001; Aratjo et al., 2002). The
genotype alc*/alc, in the absence of og“*/og® or hp*/hp, delayed the period necessary to reach
fruit color score 4 by 4.8 days (Table 2). This delay was partially overcome with 0g“*/og* or
hp*/hp in the alc*/alc hybrids, particularly in the genotype alc*/alc og“*/og® hp*/hp (Table 2),
which had a significant improvement of 0.57 points in the color score 12 d.a.h. compared to alc*/alc
oglog™ hp*/hp*. The improvement brought about by the og“*/og® hp*/hp combination reduced
the number of days necessary to reach color score 4 (Table 2). Beneficial effects of 0g*/og* and
hp*/hp on fruit color were also found by Freitas et al. (1999b) and Araujo et al. (2002).

Carotenoid pigment contents

There were no significant differences in lycopene or beta-carotene contents among
NIH lines at the breaker and intermediate stages of maturity (Table 3). In fully mature fruit
og*/og® slightly improved (P = 0.0612, Table 3) the lycopene content of the alc*/alc hybrids.
This improvement was reinforced by hp*/hp; alc*/alc og**/og® hp*/hp had the highest lyco-
pene content amongst all the NIH combinations (Table 3). The effects of alc, og® and sp on
beta-carotene contents were less marked than they were on lycopene. Nevertheless, alc/alc
0g/og hp*/hp had nearly significantly greater beta-carotene content than alc*/alc og*/og*
hp*/hp* (P = 0.0519; Table 3).

CONCLUSIONS

The alcobaca gene, in the heterozygous condition (alc*/alc) had no effect on total
yield or mean fruit mass, but it decreased early yields, due to the increase in the period neces-
sary for the fruit to reach the breaker stage brought about by the genotype alc*/alc. This
genotype had a strong effect on fruit firmness and color as the fruit matured; alc*/alc reduced
the rate of decrease in fruit firmness, and the rate of development of red fruit color.

The effects of alc*/alc upon some traits were modified by 0g“*/og® and hp*/hp. Nei-
ther og“*/og® nor hp*/hp affected total or early yields, average fruit mass, or the number of days
from anthesis to the fruit breaker stage. No improvement in fruit firmness during the fruit matu-
ration process was brought about by 0g“*/og® or hp*/hp in alc*/alc hybrids. However, simulta-
neous presence of 0g“*/og® and hp*/hp in alc*/alc hybrids overcame some of the deleterious
effects of the alc*/alc genotype on fruit color. External fruit color and lycopene contents were
significantly improved in the alc*/alc og**/og® hp*/hp hybrid, compared to alc*/alc og**/og*
hp*/hp*, and a similar tendency was found for beta-carotene.

The alcoba¢a mutant could be effectively employed by tomato breeders for the devel-
opment of tomato hybrids with extended post-harvest shelf life, especially when associated with
the color enhancing mutants old gold-crimson and high-pigment in the heterozygous condition.
Various of the alc*/alc hybrids studied in this experiment was competitive with at least one of
the commercial hybrids used (Cynthia, Carmen or Chronos).
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