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shoe-shaped carpels which were entirely separated from
one another and consequently apocarpous at the time of
origin. Post-genital carpel fusion resulted in a common
style and stigma. Two matured siliquae (follicles) were
produced from each flower. In the Hef™ mutant flower
buds, three carpels arose from the receptacle of the
flower due to higher levels of meristematic activity of
floral meristem. The post-genital carpel fusion resulted
in the formation of common style and stigma over tri-
carpellary ovary. Since post-fertilization each carpel
developed into a siliqua, a single flower produced three
mature siliquae (Figure 1).

More than the normal number of flowers on a node
and carpels in a flower, are two of the phenotypes that
distinguish Hef mutant from other known inflorescence
and floral whorl modifying mutations found in plants
such as LFY, AP-1, AP-2, AP-3, CAL, CLV-1, AGL-2,
P1 and AG (refs 5 and 6). Hef phenotype differs from
that of CLAVATA mutants in Arabidopsis thaliana. In
Hcf mutant, the flower meristem size at the initial stage
remains normal. Increase in the number of flowers in
Hcf™ is perhaps due to formation of additional meris-
tems. The Hef™ does not demonstrate any kind of fascia-
tion which is a phenotype of Clavata mutants in differ-
ent plants.

It is possible to suggest that the floral meristem of
Hef™ plants must be exposed to endogenous distur-
bance(s) in its meristematic activity. Although there
have been numerous accounts of floral ontogeny and
histogenesis in angiosperms’® the majority of these
have been restricted to description of organ initiation
from floral meristem and so far few investigations have
devoted attention to the post-initiation phase of floral
organogenesis’. Thus the present mutant has important
significance in the analysis of the ontogeny and histo-
genesis of floral development in C. roseus.

Briefly, it is concluded that the Hcf mutant of
C. roseus shows higher level of activity in its floral
meristems due to the loss of Hcf™ function. The /cf gene
product must have a limiting effect on the development
of floral meristem into flower and later on the determi-
nation of carpel primordia. Further studies are needed to

Table 2. Inheritance of reproductive traits in crosses involving icf

hef (Hef) mutant and Acft hef™ (Hef") wild-type

understand the genetic control mechanism underlying
the variable expressivity in carpel formation in the Hef™
mutant isolated and reported here. The availability of
Hcf mutant opens the possibility of genetic engineering
of fruit size, carpel number and seed number in plants.
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Parents and Number of Hef" Number of Hef

crosses type plants plants X test®
Hcf' (P) 72 0 -
Hef (P) 0 87 -
Heft x Hef (Fy) 89 0 _
Hef" x Hef™ (Fy) 301 101 0.003
Hef™ x Hef" (F) 89 0 -
Hef™ x Hef" (F) 359 121 0.011

2x* was calculated on an expected ratio of 3 : 1; X* P > 0.05.
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Effect of Bacillus thuringiensis H-14 toxin was studied
on the adults and larvae of Aedes aegypti mosquitoes.
Incorporation of 1% commercial formulation of toxin
in the adult blood meal caused hyper-peristaltic move-
ment in the gut. As a result mosquitoes defecated in-
gested blood within 15-30 min. Similar effect of toxin
was seen when it was fed to mosquitoes along with 10%
glucose. The toxin in the defecated blood was active and
could Kill fresh larvae. It seems that this is a kind of
defence response against the toxin. Atropine sulphate,
which is known to reduce involuntary muscle move-
ments, was incorporated in the blood meal. Higher
amount of atropine sulphate in the blood meal of adult
mosquitoes caused low mortality, but its combination
with toxin caused significantly higher mortality. It is
suggested that due to arrest of peristaltic movement by
atropine sulphate, adults could not excrete the toxin
from the gut. Experiments were also conducted to de-
termine if the toxin causes a similar effect in the larvae.
Larval bioassays were conducted with and without at-
ropine sulphate. Addition of atropine sulphate did not
show any noticeable increase in mortality in the larvae.
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SEVERAL strains of Bacillus thuringiensis are toxic to mos-
quitoes and thus have been found useful as larvicide for
controlling the mosquito species. During sporulation it pro-
duces toxins which are concentrated in parasporal inclu-
sions known as crystals. These toxins are often very spe-
cific to the target organisms and exhibit a very low effect
on the non-target organisms’. It is suggested that its target-
specific toxicity is due to the presence of specific receptors
in the epithelial cells of the gut of susceptible mosquito
species. The toxins bind to the gut epithelial cells and in-
duce the formation of pores or lesions in the plasma mem-
brane, which leads to disruption of gut integrity and finally
death of the larva due to starvation or septicemiaz. How-
ever, the detailed toxicity mechanism in adult mosquitoes is
not known. Since B. thuringiensis toxin is a larvicide; most
of the studies are oriented towards its effect on the larvae.
With a view to understand its effect on the adults, we per-
formed experiments on adult female Aedes aegypti mosqui-
toes. It was interesting to note that the treated adults devel-
oped immediate hyperactivity of peristaltic movements in
the gut, therefore they defecated a lot of ingested blood,
thus exhibiting dysentery. We thought that if the toxin also
causes hyperactivity of peristaltic movements in the larval
gut, this may affect binding kinetics of toxin to the recep-
tors in the gut. As a result toxicity may also be affected. In
such a situation if atropine sulphate is incorporated in the
bioassays, which can reduce peristaltic movements in the
gut, it may perhaps increase the efficacy of the toxin. Atro-
pine sulphate is a very commonly known drug, which
causes relaxation of involuntary muscles in vertebrates.
Thus experiments were carried out to see the supplement-
ing effect of atropine sulphate with B. thuringiensis toxin in
larvae and adults of Ae. aegypti mosquitoes.

Mosquitoes used for the experiments were from a
laboratory colony of Ae. aegypti maintained in our insti-
tute since 1994. VectoBac 12AS was obtained from
Hoechst Schering AgrEvo Ltd. The ITU of the product
was 1200 per mg. The active ingredient in this product
was viable B. thuringiensis H-14 endospores and 6-
endotoxins crystals. Atropine sulphate was procured
from Sigma Chemical Co. USA (A-0257).

Four to five-day-old female mosquitoes were fed on
1% or 5% mixture of VectoBac (commercial product) in
fresh defibrinated chicken blood, using parafilm as an
artificial membrane’. Similarly other batches were fed
on the toxin along with varying concentrations of atro-
pine. The approximate dose of the toxin in the blood
was 12 or 60 ITU/ul for 1 and 5% concentrations, re-
spectively. The control batches were fed with defibri-
nated chicken Dblood containing only the atropine
(5000 mg/l) or BtH-14 toxin (5%) and blood without
any toxin and atropine. To visually demonstrate this
observation, circular Whatman’s filter papers were
placed at the bottom of the feeding jars, which con-
tained about 50 fed mosquitoes of both the batches in
the respective jars. Experiments were also carried out to
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determine the toxicity of atropine by feeding hungry
mosquitoes on 10% glucose containing atropine sul-
phate. Neutral red (0.1%) was mixed as marker dye for
detecting defecation spots with glucose or glucose and
1% commercial BtH-14 toxin.

Larval bioassays were carried out on serial dilutions
of the commercial compound according to WHO proto-
col*. Batches of III-IV instar larvae (20 larvae in each
batch) were exposed to serial dilutions of the commer-
cial formulation of the toxin. Some of the batches were
simultaneously treated with ten-fold varying concentra-
tions of atropine sulphate ranging from 0.5 to
5000 mg/l. Control batches were similarly treated with
atropine or toxin alone. One of the controls was without
any atropine or toxin. All the tests were repeated 4
times. The mortality was recorded at 2, 4, 8 and 24 h
post-exposure. Data were subjected to probit analysis’
to obtain LCsy and LCgg 9 values.

It was interesting to note that almost 90% of the fe-
males fed on the blood meal containing toxin defecated
ingested blood within 15 to 30 min after feeding. This
was evident by the blood droplets on the bottom of the
jars in which the mosquitoes were held for feeding. No
such behaviour of blood excretion during the period of
15 to 30 min was observed in the control batches, which
were not fed on toxin (Figure 1). Similarly, red droplets
on the filter paper were seen after 15 to 30 min, when
hungry mosquitoes were fed on glucose solution con-
taining toxin and neutral red. Mortality in the mosqui-
toes fed on 1 and 5% toxin with 0.5 mg/l atropine was
not very different (X* = 0.004, P = 0.56). Blood defeca-
tion was seen in the batches fed on low dosages of atro-
pine sulphate and toxin. When the mosquitoes were fed
on blood containing toxin and high dosages of atropine
sulphate (5000 mg/l), they did not feed to complete sa-
tiation. The feeding was stopped as soon as they had
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Figure 1. Droplets of excreted blood obtained within 15 min on
filter papers which were placed at the bottom of the feeding jars. a,
Control batch fed on normal blood. No droplets of defecated blood
seen; b, Test batch fed on blood and toxin mixture. Large number of
droplets of defecated blood seen.
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