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Precocious ovary development and altered gibberellin
(GA) and auxin levels in the ovary of the pat-2 gene-
induced facultative parthenocarpic line of tomato
(Solanum lycopersicum L.) Oregon Pride was studied.
Unpollinated ‘Oregon Pride’ ovaries showed marked
development with 2.78-fold higher GA content at an-
thesis and 10.48-fold higher auxin content at 2-3 days
before anthesis stage, than the ovaries of the non-
parthenocarpic line Patharkuchi at the corresponding
stages of the flower which might have triggered the
precocious onset of cell division and elongation in the
pericarp. Very low selfed and crossed seeds in the
fruits of Oregon Pride indicated that marked higher
GA and auxin concentration in the ovary leading to
anticipated ovary growth and parthenocarpy might
have resulted in impaired fertilization by either
enhancing ovule abortion or reducing the pollen tube
growth.

Keywords: Auxin, facultative parthenocarpy, gibberel-
lic acid, ovary, tomato.

PARTHENOCARPY, the alternative pathway to normal fruit-
set and development, has a genetic basis and in tomato it

*For correspondence. (e-mail: hazra.pranab05@gmail.com)

1439



RESEARCH COMMUNICATIONS

is known to be controlled by one or more recessive
gene(s)' . Among the different sources of natural parthe-
nocarpy, the Russian cultivar Severianin is of particular
interest because of its strong expressivity, its facultative
character and its simple genetic control®. The capability
of the cultivar Severianin to set seedless fruits with com-
plete locule fill under unfavourable environmental condi-
tions is mainly due to the par-2 gene™, which induces a
different protein in the ovary after anthesis'®. Three facul-
tative parthenocarpic lines, viz. Oregon Pride, Oregon
Star and Siletz have been developed in USA through
introgression of pat-2 gene from the cultivar Severi-
anin'"'?. The analysis by two-dimensional PAGE of in
vitro translation products of RNAs from flowers and ova-
ries before anthesis shows a differential expression asso-
ciated with par-2-induced parthenocarpy. Elevated
endogenous phytohormone levels have been observed
during parthenocarpic fruit set>'*7. The present work
was thus aimed at studying the precocious ovary deve-
lopment concomitant with assaying the endogenous levels
of gibberellic acid (GA3) and auxin in the developing to-
mato ovaries of both parthenocarpic and non-partheno-
carpic lines (wild type) at anthesis and pre-anthesis
stages, to correlate the endogenous phytohormone level
and low seededness in the facultative parthenocarpic
tomato line Oregon Pride.

Oregon Pride developed at the Department of Horticul-
ture, Oregon State University, USA, and received from
the Indian Institute of Vegetable Research, Varanasi,
India, was utilized in this study. Plants of Oregon Pride
along with the non-parthenocarpic line Patharkuchi were
grown in three plantings over 12 months in the rainy—
autumn season (June—October) under open-sided poly
sheds; early winter (October—March) and late winter (De-
cember—May) in the field at the Central Research Farm,
Gayeshpur, Bidhan Chandra Krishi Viswavidyalaya,
Mohanpur, situated at 22°57'N lat. and 88°20°E long.
with an average altitude of 9.75 m amsl. There were 20
plants in each planting. The site is in the Gangetic new
alluvial plains of West Bengal, India, with sandy loam
soil (organic carbon, 0.57%; available N:P:K, 257, 29
and 92 kg ha™ respectively, with pH 6.5). The seedlings
of Oregon Pride and Patharkuchi were produced on a
raised seedbed under low polyethylene tunnel. The
30-day-old seedlings were transplanted in flat beds. Seeds
were counted from all harvested fruits and averaged. Per-
centage of parthenocarpic fruit and seed/fruit was aver-
aged over 20 plants from each planting. Total fruit
weight, seed number and parthenocarpic expression were
recorded.

Ovary growth in diameter (mm) and weight (mg) was
studied by sampling five random flower buds/flowers
from each plants of both parthenocarpic and non-
parthenocarpic lines at four stages: S5 (three days before
anthesis), S; (two days before anthesis), 57 (one day
before anthesis) and Sy (the day of anthesis), and then
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averaged. Fruit set and parthenocarpic expression through
seed number/fruit was recorded when flowers were selfed
and mechanically cross-pollinated following emascula-
tion. Selfing was done in three environments by protect-
ing the flower buds on the day before anthesis using thin
cotton wad and then hand-pollination on the day of anthe-
sis. The flower buds to be cross-pollinated by three
widely divergent pollen parents, viz. BCT-115, CLN
2116 B and BCps only in early winter season were emas-
culated in the afternoon hours on the previous day before
anthesis and cross-pollinated in the morning hours of the
next day. These widely divergent pollen parents pos-
sessed marker genes, viz. BCT-15 (awt ¢ and sp), CLN-
2116B (¢ and sp") and BCps (aw, ¢ and sp'). Only
matured fruits resulting from selfing and crossings were
considered to record fruit-set percentage and seeds per
fruit.

Concentration of gibberellin (GA) and auxin (ug/g fr
wt) in the ovary of the four floral stages (53, S, S1 and
So) from the plants of Oregon Pride and Patharkuchi
grown in the rainy—autumn season, having highest
parthenocarpic expression was estimated by plant hormo-
nal assay.

Composite ovary sample of 200 mg was macerated in
95% ethanol. The macerated sample was kept in a volu-
metric flask for 3 days in the dark. The macerate was then
filtered under low pressure and cell debris was washed
twice with 95% ethanol. Ethanol was distilled-off under
low pressure to leave an aqueous residue. Next 100 ml of
distilled water was added and pH adjusted to 3.0 using
H;PO,. The residue was extracted three times with 50 ml
ethyl acetate using a separating funnel. The upper portion
of the separating funnel, i.e. ethyl acetate phase contained
auxins and GAs (acid phase). The lower portion of the
separating funnel, i.e. the aqueous phase contained cyto-
kinins (basic phase). The pooled ethyl acetate phase was
dried over anhydrous Na,SO, The conical flask/beaker
with the extract and Na,SO, was kept overnight. The
decant was taken the next day. The pooled ethyl acetate
fraction at pH 3.0 was purified by partitioning three times
with 5% NaHCOs3. The acidic substances were removed
from the NaHCOj fraction by adding H;PO,to obtain pH
3.0. Then the upper portion of the separating funnel was
partitioned three times with ethyl acetate. The ethyl ace-
tate extract was then dried over anhydrous Na,SO, and
kept overnight. The decant of ethyl acetate fraction that
contains auxins and GAs was taken.

Bioassay of GAj; was done through induction of o-
amylase synthesis in aleurone cells of wheat using GAj;.
As embryo produces GAj, embryo-less half of wheat
grains was taken for the bioassay and placed in different
petri dishes along with the test solutions (different con-
centrations of GAj; and control) and sample solutions.
The covered petri dishes were kept in the dark at 25°C for
24 h. The endosperms after 24 h of incubation were
crushed in Sml 0.5 (M) NaCl solution.. The crushed
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endosperm with NaCl solution was homogenized and
centrifuged and the supernatant was tested for o~amylase
activity with soluble starch (0.1%) as substrate. Then
2 ml of the supernatant was added to 2 ml of 0.1% starch
solution in a test tube, kept for 10 min at room tempera-
ture and then heated with boiling water for 5 min. After
cooling, two drops of iodine was added to each test tube
and OD values were observed at 620 nm wavelength
using a spectrophotometer. The amount of o~amylase
formed is directly proportional to the amount of GA sup-
plied over a wide range of concentrations.

Bioassay of auxin was done through wheat coleoptiles
elongation test, which shows a quantitative relation
between growth and concentration of the auxin. Viable
wheat seeds were treated with 20% formalin for 15 min
and then rinsed several times with sterile water. The
treated seeds were spread on a filter paper, covered with
another filter paper and kept in the dark. After 48 h, when
the shoots had developed the coleoptiles of 6 mm size
were taken, but 1 mm from the apical portion was dis-
carded. Indoleacetic acid (IAA) solution of different con-
centrations was prepared in phosphate buffer at pH 7.0.
Two sets of petri dishes for each concentration of [AA
along with one control set that contained only 3 ml phos-
phate buffer and two sets of petri dishes each for different
unknown samples were arranged. Ten pieces of coleop-
tiles were taken in the petri dish for each test. Then 3 ml
of test solution was added in each petri dish and the same
volume of unknown solution was added separately in dif-
ferent petri dishes, covered and kept in the dark for 24 h.
The growth in length for each concentration of IAA along
with the unknown samples was measured and calculation
was made according to increment of length over the con-
trol. The coleoptile length increment was recorded for the
known concentrations of IAA solution and results plotted
on a graph paper to draw a standard curve from which the
approximate values of unknown samples were calculated
by plotting their respective increments of coleoptile
length over the control.

Precocious ovary development (Figure 1 a) leading to
parthenocarpic fruit set was concomitant with persistent
style with the developed fruit (Figure 15). The expres-
sion was facultative in nature with seedless (Figure 1 ¢),
very less seeded (1-20 seed(s)/fruit) as well as normal
seeded fruits produced on the same plant in its total
growing span when all the flower trusses of the plant
were considered.

Maximum expression of parthenocarpy was related to
high temperature stress above the daily mean optimal of
24°-25°C during rainy—autumn season (Table 1). How-
ever, in all three environments, parthenocarpy in Oregon
Pride was manifested through enhanced ovary growth
rate at and before anthesis. In the parthenocarpic line, the
ovary was precociously the biggest in the high-
temperature condition of rainy—autumn followed by in
late winter season, but comparatively smaller in the early
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winter season when congenial temperature for fruit set
and development prevailed (Table 2).

The bioassays techniques may not quantify the hormo-
nal level accurately, but they could adequately address
the large difference between the parthenocarpic and non-
parthenocarpic lines of tomato serving the very purpose
of the study. In the non-parthenocarpic ovaries of
Patharkuchi, the lowest GA concentration (659 ug/g fr wt)

Figure 1. a, Precocious ovary development at anthesis. b, Partheno-
carpic fruit set with persistent style. ¢, Parthenocarpic seedless fruit.

Table 1. Percentage parthenocarpic fruit in Oregon Pride under three
environmental conditions
Percentage parthenocarpy Average
Season (up to 20 seeds/fruit) fruit weight (g)
Rainy season 100.0 36.12
Early over-winter 94.57 81.00
Late over-winter 98.20 57.41
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Table 2. Concentration of gibberellin (GA) in the ovary of Oregon Pride and Patharkuchi during rainy—autumn season

Average ovary weight (mg)

GA concentration (ug/g of fr wt)

Stage of ovary Oregon Pride Patharkuchi Oregon Pride Patharkuchi
So 98.57+7.82 5.04%+1.78 49320 17770
S 52.80 £6.78 455+ 1.64 24880 20290
S, 8.52+2.56 3.56 +1.35 2514 27803
Ss 291+1.52 2.65+0.78 920 659
Table 3. Concentration of auxin in the ovary of Oregon Pride and Patharkuchi during rainy—autumn season
Average ovary weight (mg) Auxin concentration (ug/g of fr wt)
Stage of ovary Oregon Pride Patharkuchi Oregon Pride Patharkuchi
So 98.57+7.82 5.04+1.78 677.30 4640.60
S 52.80 £6.78 455t 1.64 6410.00 1625.00
S, 8.52+2.56 3.56 £1.35 7510.00 2023.00
Ss 291+1.52 2.65+0.78 7610.00 726.00
Table 4. Seed set by selfing in Oregon Pride under three environments
Number of Number of fruits Fruit set Percentage Average
Season selfed buds developed up to maturity  percentage of seeded fruits seeds per fruit
Rainy—autumn 60 21 35.0 28.6 5.4%£0.82
Early winter 100 43 43.0 62.7 12.8+£1.46
Late winter 50 19 38.0 47.4 8.1+0.83

was recorded at .S; and the highest (27803 ug/g fr wt) at
S, and it decreased progressively and markedly during
further ovary development (Table 2). In contrast, the
level of GA increased progressively and significantly
during ovary development in the parthenocarpic ovaries
of Oregon Pride, being 49320 ug/g fr wt at anthesis
which was 2.78-fold higher than the non-parthenocarpic
ovaries of Patharkuchi. Contrary to this, the highest auxin
concentration (7610 ug/g fr wt) was recorded at S; of
Oregon Pride, which decreased progressively during
ovary development with the lowest concentration of
677.3 ug/g fr wt at So. However, in the non-parthenocar-
pic ovaries auxin content was the lowest (726 ug/g fr wt)
at S3 and highest (4640.6 ug/g fr wt) at Sy (Table 3). This
clearly suggested that both GA and auxin biosyntheses
were markedly higher in the parthenocarpic ovaries.
Ovary development in the non-parthenocarpic tomato
lines is generally triggered two days post-anthesis when a
mature embryo sac has been formed, pollination has
occurred and fertilization has taken place'®, which marks
the synchronous beginning of pericarp cell division,
elongation placenta growth and ovule development®. All
these processes, which ultimately initiate ovary growth,
were precocious in the ovary of Oregon Pride, which
suggested that in parthenocarpic lines the complete
machinery for fruit set and development is switched on
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before and independently from pollen shedding, pollina-
tion and fertilization, and correlates with the expression
of parthenocarpy in plants carrying par-2 gene®'>'°.

The results suggested the dependence of parthenocarpy
in Oregon Pride tomato on markedly elevated GA
concentration in the early stages of ovary development,
which agreed well with earlier works>™"?. GA may be
synthesized in the ovary itself, because genes coding for
GA biosynthesis enzymes (Copalyl diphosphate synthase,
GAy oxydase and GA 3f-hydroxylase) are expressed in
developing tomato fruits and flowers™. The par-2 muta-
tion might have increased GA,q oxydase activity in unpol-
linated ovaries, leading to a higher synthesis of GAy, the
precursor of an active GA'". A link between auxin and
GA level in the parthenocarpic ovaries of Oregon Pride is
supported by the partial dependence of orf 8 partheno-
carpy on GA activity”, and by a study with garden peas
suggesting that seeds produce a modified auxin which
stimulates GA production in the surrounding carpel
tissues™. It was also recorded earlier that tomato fruits
induced by the application of 4-chlorophenoxyacetic acid
(an auxin) also contain high levels of GA®.

Fruit set in Oregon Pride by selfing ranged from 35.0%
to 43.0%, the highest being in early winter season with
very low selfed seed ranging from 5.4 + 0.82 in rainy—
autumn to 12.8 £ 1.46 in early winter season (Table 4).
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Table 5. Crossing success in Oregon Pride in early winter season

Number of Number of fruits Fruit set Percentage Average
Cross combination crossed buds developed up to maturity percentage  of seeded fruits seeds per fruit
Oregon Pride x BCT-115 40 19 47.5 52.2 19.5 £3.62
Oregon Pride x CLN 2116 B 60 28 46.6 64.8 20.6 £ 1.39
Oregon Pride x BCps 50 22 44.0 55.2 18.6 £ 2.51

Average crossing success involving three pollen parents
was slightly higher (46%) than the selfing success (43%),
with marginally higher number of crossed seeds (16.2)
over the selfed seeds (12.8) under early winter season
(Tables 4 and 5). It appeared that marked higher GA and
auxin concentration in the ovary leading to anticipated
ovary growth and parthenocarpy might have resulted in
impaired fertilization by either enhancing ovule abortion
or reducing the pollen tube growth because pollen viabi-
lity did not vary significantly between the parthenocarpic
and non-parthenocarpic lines®’. However, a study on
pollen tube growth as well as anatomy of the ovules
could have fortified this proposition. Application of GAj;
(10 mg 1" on the days around anthesis impaired fertiliza-
tion in Clementine mandarin by either enhancing ovule
abortion or reducing pollen tube growth under cross-
pollination conditions™, thus supporting our proposition.
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