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Table 1  Per cent infubition of photosynthesis by stmacine, hutachtor and
glvphosate in rice, maize, soybean and groundaut leaf discs

Concentra- Rice Mauarze Soybean Groundnut

Herbicde tion (ppm) (IET-7633) (VL-16} (Lec) (J1-24)
Simazine Q — — — —
3 — 25 33 -
6 —- 37 50 30
9 20 45 60 60
12 50 50 70 70
Butachlor 0 —_ —— _— _
8O 20 35 20 20
160 40 45 50 50
400 70 50 70 60
800 00 60 100 70
Glyphosate 0 e — -— —
80 — 35 60 —
160 30 45 70 —
400 40 50 80 20
800 60 60 100 60

Butachlor showed a decreasing order of inhibition in
soybean, rice, groundnut and maize at higher
concentrations. However, at 80 ppm the adverse
effect was maximum in maize leaf disks. Similarly
the total weed killer glyphosate showed the highest
degree of inhibition in soybean (80%). Inhibition in
these cases is mainly at the PS IT system through
uncoupling or inhibition of electron acceptance and
transport mechanisms as well as inhibition of CO,
uptake®.
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MEASURING the patterns and amounts of genic
variation in natural populations of diverse organisms
is the major thrust of experimental population
genetics' “3. Allozymic (allelic isozyme) variations
detected by gel electrophoresis have been used to
assess the extent of genetic variability in species
populations. Alcohol dehydrogenase (ADH, EC 1.1.1.1)
constitutes an important gene-enzyme system in
Drosophila because of its role in detoxification
and/or utilization of alcohol in the natural habitat of
the organism® Several field and empirical studies
have been made on ADH polymorphism in
D. melanogaster but information about this enzyme
in other drosophilids is scanty®~7. The present
investigation was undertaken to examine the extent
of electrophoretic variation of ADH in some droso-
philids.

Individuals of specics D. melanogaster, D. takahashii,
D. nepalensis, D. malerkotliana, D. bipectinata,
D. ananassae, D. jambulina, D. punjabiensis,
D. immigrans, D. busckii and Zaprionus indianus were
bait-trapped from Delhi, Rohtak, Pinjore, Jammu.
Hasimara, Bagdogra and Dhulabari (Nepal). Labo-
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ratory cultures of Z. sepsoides and Z. tuberculatus were
also employed. Wild caught males and F, indi-
viduals from species-specific isofemale lines were
analysed electrophoretically. In order to compare
electrophoretic patterns, individuals belonging to
different subgenera (Sophophora, Dorsilopha and
Drosophila) were included in the same gel. Each
horizontal 12% starch gel slab measured
15 x 10 x 1 ¢m and could accommodate 12—-14 samples.
Homogenates of single individuals were subjected to
electrophoresis at 250 V and 25 mA at 4°C for 3.5 h.
Gel slices were stained for the related and overlapping
enzyme systems ADH, octanol dehydrogenase {ODH)
and aldehyde oxidase (AO) by standard staining
procedures®™®. The gel slices stained for ADH
revealed three zones of activity due to non-specificity
and overlapping band patterns of alcohol-oxidizing
enzymes (ADH, AO and ODH). On the basis of

Figure 1.

comparison of gel slices stained for ADH, AO and
ODH, 1t was found that ODH and AQ constitute
the two anodal zones while the single cathodal zone
is true ADH. Genetic control of ADH electromorphs
or banding patterns in each spectes was interpreted
from the segregation patterns of ADH electromorphs
of parents, and F, and F, progeny of several single-
pair matings. The genetic interpretation of banding
patterns and calculation of genetic indices such as
allelic frequency, heterozygosity and effective number
of alleles were done following a standard source!®.
The log-likelihood x? test (G-test) was used to assess
whether the observed genotypes were in agreement
with those expected on the basis of Hardy-Weinberg
equilibrium.

The clectrophoretic mobility patterns of ADH are
species-specific (figure 1). The ADH zymograms of
three species (D. jambulina, D. punjabiensis and

Electrophoretic phenotypes of ADH in homogenates of single individuals of
drosophilids {a-m). In species polymorphic for ADH, band patterns in first and third slots represent
different homozygous genotypes (FF and SS) while that of the second slot represents heterozygous
ADH genotype (FS). Differential binding of coenzyme (NAD) causes two-band patterns in
homozygotes. a, D. melanogaster; b, D. takahashii, ¢, D. nepalensis, d, D. malerkotliana; e,
D. bipectinata, {, D. ananassae, g, D. jambulina, h, D. punjabiensis; t, D. immigrans; ), D. busckii; k,
Z. indianus; 1, Z. sepsoides, m, Z. tuberculatus.

Table 1 Inheritance patterns of polymorphic alcohol dehydrogenase electromorphs
in ten drosophilids. Genetic crosses were intra-species

ADH pheno- ADH phenotype

type of of progeny Test for

genetic No. of Sample Mendelian

Ccross matingg FF FS SS size ratios y i
FF x SS 2 — 46 — 46 — —

FSxFS 3 28 66 M 128 1:2:1 0.75
FSxS8S 2 - 38 4 82 1:1 ¢4}
SS X FF I — 27 - 27 — —

FSxFF 2 33 29 - 62 1:1 0.26
FSxFS 2 35 79 R} 152 1:2:1 0.47
SSx F§ 1 —~— 18 22 40 1:1 0.40

FF and SS are fast and slow electrophoretic variants represented by two-bunded

patterns; *Non-signilicant at 5% Jevel.
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D. immigrans) show  two-banded phenotypes.
Electrophoretic analysis of parents and progeny of
several single-pair matings in these species revealed
that the two-banded ADH phenotypes do not show
any segregation behaviour and thus represent a
monomorphic zone of ADH activity. In the other
ten species, the species-specific homozygous pheno-
types are represented by two-banded ADH patterns
of either faster mobility (FF) or slower mobility (SS)
(figure 1). Segregating two-banded (FF and SS, with
one band of each having the same mobility) and
three-banded patterns were observed in four species
(D. melanogaster, D. malerkotliana, D. bipectinata and
D. busckii). Genetic crosses involving segregating two-
banded patterns in these species resulted in three-
banded patterns in F; and a 1:2:1 ratio of
segregating two-banded and three-banded patterns
in F, progeny. The other six species showed two-
banded (FF and SS, with both bands of each having
non-overlapping mobilities) and four-banded pat-
terns (figure 1). In these species, genetic Crosses
involving segregating two-banded patterns resulted
in four-banded patterns in ¥, and a 1:2:1 ratio of
segregating two-banded and four-banded patterns in
F, progeny (table 1). The electrophoretic data for
these crosses are in agreement with monogenic
control of ADH pattern. Thus homozygous individuals
showing different two-banded patterns/electromorphs
are allozymic variants. The observed ADH 1sozyme
patterns are in sharp contrast to many other gene-
enzyme systems where a single band represents an
allelic isozyme or allozyme?. The present obser-
vations on ADH patterns in different drosophilids
agree with other reports on D. melanogaster, Le. tn
homozygous strains more than one¢ electro-
morphs/bands may arise because of differential
binding of the coenzyme NAD!1 71>,

The distribution of ADH genotypes, allelic
frequencies, observed and expected heterozygosity,
effective number of alleles and log-likelihood x? test
for fit to Hardy—Weinberg expectations at the ADH
locus in various drosophilids are given in table 2.
The ADH locus is ¢ffectively polymorphic in ten
drosophilids on the basis of the criterion that the
most common allele does not exceed 0.95. Except
D. busckii, all the species polymorphic at the ADH
locus show a fit to Hardy-Weinberg equilibrium and
do not reveal rare alleles. Most of the species show
occurrence of two common ADH alleles and high
heterozygosity value, The maintenance of two
common alleles at the ADH locus in several
drosophilids may be explained on the basis of
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balancing natural selection. However, both field and
laboratory studies on several eco-geographical
populations of these drosophilids need to be
analysed to assess the role played by evolutionary
forces in the maintenance of genic diversity at the
ADH locus.
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