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than, the ‘native’ state of a given protein. The molecular
chaperonins, a ubiquitous class of proteins, are believed
to bind to and stabilize the partially folded intermediates
in the folding pathways and thus promote folding by
decreasing the rate of off-pathway folding reactions!®#°.
Alternatively, the rate of folding reactions of a protein
can be affected by altering the rate of a limiting on-
pathway reaction. In principle, pro-sequences may
influence the overall rate of protein folding by either of
these two mechanisms. The latest findings of Baker
et al® indicate that the pro-sequence in alpha-lytic
protease increases the rate of folding by over seven
orders of magnitude by directly stabilizing the rate-
limiting on-pathway intermediate state'®. Whether this
is a umiversal mechanism for the action of pro-
sequences is not clear at the moment and this should be
an interesting area of research in coming years.
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Genetic differentiation at Adh locus in Indian
natural populations of Drosophila melanogaster
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Ten Indian geographical populations of D. melanogaster

collected along 20° N lanmdinal range revealed significant
clinal variation (3% for 1° latitude) at the Adh locus,
and Adh' allelic frequency correlated significantly with
increase in Jatitude. The data on interpopulational
genotypic and allelic frequency heterogeneity as well as
F¢r value of 0.25 revealed significant genic divergence at
the Adh locus. Patterns of ethanol utilization and ethanol
tolerance in Jarval and adult individuals revealed
significant genctic divergence. LCy, values revealed clinal
variation in the range of 9.25 per cent 1o 15.8 per cent,
L.e. southern populations of D. melanogaster depicted
significant lower ethanol tolerance compared with north
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Indian populations, The parallel occurrence of latitudinal
genetic divergence at the Adh locus and for ethanol
tolerance in colonizing populations could be maintained
by balancing natural selection varying spatially along the
north~south axis of the Indinn subcontinent. The present
data further support and validate the hypothesis that
occurrence of parallel or complementary latitudinal
clines across different continental populations provide
strong evidence of natural selection maintaining such
clinal variation,

CoLoNizING species populations offer excellent material
for micro-evolutionary studies!*2, Studies on biogeo-
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graphy, ecology and adaptive physiological traits in
plobal populations of p. melanogaster revealed that
Afrotropical populations constitute the ancestral popula-
tions which later colonized Eurasia and more recently to
America and Australia’?. Most studies on allozymic
polymorphism had been made on US and Australian
populations of D. melanoguster while Asian populations
remain unexplored®” 8 The Indian geographical popu-
lations of D, melanogaster have not been investigated so
far for populational, ecological, quantitative and
behavioural genetic studies. Recently, inversion clines in
Indian populations of D. melunogaster have been
reported %, But the data on allozymic polymorphism
are still lacking.

Natural populations of . melanpgasrer have been
found to be polymorphic at the Adh locus and generally
contained both the common electrophoretic alleles®.
The Adh-S and Adh-F allozymes revealed different
biochemical properties, i.e. the Adh-F allozyme was
more active than the Adh-S allozyme, but Adh-S
possessed higher thérmostability than Adh-F10-1t A
geographic trend in the frequencies of Adh® and AdhF
alleles at the Adh locus was observed in the form of
latitudinal clines in continental populations'?, How-
ever. such data are lacking for Indian geographical
populations. Since the gel electrophoretic analysis has
helped in elucidating the genetic structure of geographi-
cal populations of diverse taxa, therefore, it was consi-
dered to charactenze the extent of genic divergence at
Adh locus In latitudinally varying Indian naturg]
populations.

The natural food resources of most Drosophila
species consist of fermenting fruits. Since the larvae are
physically immersed in such media, they are required to
cope with short chain alcohols at various concentra-
tions'?. Thus alcohol dehvdrogenase (ADH) is known
to be imvolved in both the utilization and detoxification
of exogenous alcohols, Adaptation to ethanol had been
found to be a compiex process and the ADH induction
occurred in the juvenile life stages'®, The Indian
subcontinent represents a diverse array of chimatically
variable habitats and there 1s little information on
ethanol tolerance analysis in D. melanogaster popula-
tions. Thus, the present study reports ethanol tolerange
in ten Indian natural populations of D. melanogaster.

Methods

Isofemale Iines were established from population
samples of D. melanogaster oM ten Indian geographi-
cal sites {Cochin to Dalhousie; 9°58'N to 33°0'N,
Figure 1). Homogenates of single individuals were
subjected to electrophoresis at 250 V and 25 mA at 4°C
for 4 h. Three slices of each gel were stained for the
related and overlapping enzyme systems, Le. ADH,
octanol dehydrogenase (ODH) and aldehyde oxidase
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Figure 1. Map depicting collection sites as well as geographical
distribution of 4dh® allelic frequency in ten Indian populations of
Drospphala melanogaster. The frequency of Ad4h® allele 15 shown by
black area in each pie diagram. The places of collections and thesr
respective lalitudes are given in Table 1.

(AQ) by standard staining procedures!®, On the basis of
comparison of three gel slices stained for ADH, AO and
ODH, it was found that ODH and AO included the
two anodal zones while the single cathodal zone was
found to be true ADH. Isoelectrophoretic vanants
thaving similar electrophoretic mobility but differing in
thermostability) were screened by following the technique
of Trippa et al.’®. Temperature and time for the heat
treatment were selected on the basis of several
prehiminary experiments. The isoelectrophoretic thermo-
resistant (tr) and thermosusceptible (ts) vasiants were
examined in species individuals by heat treating the
enzyme in sitk in the starch gel slices for 12 min at
42° C. The electromorph patterns were compared in the
control and treated gel slices. Genetic control of ADH
panding patterns was interpreted from the segregation
patterns of ADH electromorphs of parents, F; and F,
progeny of several single-pair matings. The genetic
indices were calculated by following standard statistical
formulae!’. 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*8,

The adult ethanol tolerance was assessed following
standard procedures'®?°,  Adult survivorship was
expressed as the number of adults alive after various
time intervals. The LDgy values were calculated as the
pumber of hours at which 50% of flies had died and
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were estimated by linear interpolation. The ethano]
resource utjlization values were represented as LTs,
maximum/LT_, control, 1e. if this ratio was>1, the
ethanol vapours were utilized as resource and if this
value was <1, it represented stress. The ethanol
threshold concentration was obtained at LT, maxi-
mum/LTs, control=1. The larval ethanol tolerance
behaviour of geographical populations of D. melanogas-
ter was analysed by following standard method?!, The
relative numbers of the larvae out of a total of ten on
the two sectors of Agar petri plates (with and without a
particular ethanol concentration} were noted after
20 min for each ethanol concentration. Five replicates
were tested at each ethanol concentration at 20°C for
each of the populations. The threshold between attrac-
tion and avoidance after 20 min was calculated for
different ethanol concentrations.

Results
Genetic basis of ADH variation

The ADH electrophoretic phenotypes included segrega-
ting two-banded patterns (of either faster or slower
mobilities) and three-banded patterns at a single
polymorphic zone of ADH activity in D. melanogaster.
Species-specific  genetic crosses between individuals
having triple-banded ADH patterns produced 1:2:1
proportions of off-springs with alternating two-banded
variants and triple-banded patterns in accordance with
monogenic control of ADH electrophoretic phenotypes.
Thus, the observed ADH electromorphs were represented
by post-transiational or conformational isozymes, 1e.
homozygous genotypes depicted two-banded patterns.
The present observations on ADH electrophoretic
phenotypes agreed with earlier reports in D. melanogas-
ter that for some of NAD requiring dehydrogenases
occurrence of more than one electromorph in homozy-
gotes was due to post-translational differential binding
of NAD molecules.

Populational genetic structire

The data on observed and expected genotypes, sample
size, allelic frequencies, heterozygosity values and
apphcation of G-test for fit to Hardy-Weinberg
expectations at polymorphic Adh locus in D. melano-
gaster populations are given in Table 1. The allelic
frequency patterns at Adh locus revealed significant
clinal vartation (along South—North axis) among
Indian populations. The extent of clinal variation at
Adh locus was found to be significantly higher (3% with
1° latitude; r=0.96; b=0.036) and revealed significant
deviations from Hardy—Weinberg equilibrium at Adh
jocus 1n Indian populations. (Tables 1 and 2; Figure 2},
The genotypic as well as allelic frequency patterns at
Adh locus revealed significant interpopulation hetero-
geneity (75.82) and allelic frequency heterogeneity
(378.46) on the basis of contingency chi-square test
among the Indian populations. The data on Wright's
fixation index (Fgr=0.25) revealed significant genic
divergence at Adh locus in Indian populations (Table 2).
The statistical comparison of Adh allelic frequency
data in Indian populations of D. melanogaster with
those of other allopatric populations (Afrotropical,
Chinese, Japanese and European) revealed {a) consis-
tency of the direction of latitudinal clines on the
different continents; (b} the extent of latitudinally
related range of allelic frequencies differed significantly
at Adh locus among Indian versus Afrotropical
populations as well as Indian versus European popula-
tions (Table 3). Thus, the direction of latitudinal cline
was found to be similar among different allopatric
populations but the allelic frequencies differed
significantly on the basis of Student’s ¢ test (Table 3).

Cryptic variation

Indian populations of D. melanogaster revealed occur-
rence of wide-spread heat stability polymorphism i1n
addition to electrophoretic variation at polymorphic Adh

Table 1. Data on alcohol dehydrogenase (ADH), observed and expected genotypes, allelic frequencies, heterozygosities
{obs./exp.), Wright's coefficients (f), effective number of alleles (n ¢) and G-values for log-likelthood x* test for fit to

Hardy—Weinberg equilibrium ia ten Indian geographical populations of D. melanogaster
e e e e e e S 0 e e e g i s e P e e e e e e ey

Obs. and exp. genotypes Allelic freq. Het.
Population Latitude FF 88 FS Sample size F S Obs.jexp. f n,  G-values
Cochin 9”58 N 5/1 90 129/124.36  23/30.74 157 0l 089 015020 025 1.25 5.78¢
Madras 1304 N 8/273 128/12261  26/36.64 162 013 087 016023 030 143 1040°
Tirumala 13°40° N 12/3.79 113/10443  23/39.78 148 016 084 015026 042 136 20.30*
Hyderabad 17°20' N 10/3.83 60/54.29 17/28 87 87 021 079 020031 039 LI9 1320%
Nagpur 21°09' N 16/7.38 48/40.18 18/34 44 82 030 070  021/042 047 172 1R85L*
Bhopal 23°16'N 21/16.93 15/1045 18/26.6 54 056 044 033,049 032 197  583*
Rohtak 2894’ N 62/56 40 13/6.96 28/39 63 103 074 026 027038 0 162 §.54%
Saharanpur 79%58' N 78/70.57 12/5.61 26/39 81 116 078 022 023,034 034 {52 t1.72*
Dehradun 30°19' N 80/74.24 10,4 64 26/37.12 116 0RC 020 022032 031 147  875°
Dalhousie 33°N 90/84 05 10/4 05 25/36.90 {25 081 01X 02002 (32 (42 {092

*Significant at 5% level, F and S represent fast and slow electromorphs respectively.
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Tabie 2. Statistica! analysis of ADDH vanahdity in natural
pepulations of D, mefanogaster

Genetie mdices Values
Inter-population 4dh allehic {requency 318.46°*
heterogeneriy*

Inter-population genotypic beterogenerty 7582~
Wrnght's Fgp 2anahyas 0254
Regression coefficient of Adk% allelic frequency with 0.036%w

latitude

S S

*On the basis of contingency x? analyss,
**Siznificant atl 5% level
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Figure 2. Relationship of Adh® allelic frequency with lanitude in ten
Indian natural pepulations of D. melanogaster.
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locus (Table 4). In D. melanogaster populations, the
AdR® (tr) allelic frequency was negatively correlated
with increasing latitude. The statistical ¢ test cornpari-
son of electrophoretic ve€rsus cryptic vanation revealed
significant increase in effective number of alleles as well
as heterozygasity at .4dh locus in D. melanogaster
populations.

Ethanol tolerance in D. melanogaster

The intraspecific vanation for ethanol tolerance among
ten geographical populations of D. melanogaster was
found to be significantly different along the north-south
axis of the Indian subcontinent. The adult individuals
were analysed for their potential to utilize the ethanol
vapours in a closed system and the data on ethano]
utilization as well as ethanol tolerance of ten
geographical populations are given in Table §.

The data on larval ethanol preference behaviour
towards a range of ethanol concentrations (1 to 15 per
cent} are given in Table 5. The larval ethanol threshold
values varied from 6 per cent in Cochin populations to 12
per cent in Dalhousie populations. The larval individuals
of ten populations have revealed slightly lesser ethanol
tolerance than those of adults but the pattern of clinal
vaniation was found to be similar for both adult as well as
larval stages (Table 5).

The data on LT, max/LT,, control (which are the
measures of resource versus stréss) for ten D.

Tsble 3, Statistical comparison of Adh allelic frequencies of Indian versus other continental
populations of D. melanogaster

India Japan China Europe Alrotropical
N 6 6 6 6 6
F (Range) 0.13-0.82 0.50-0.93 0.57-0.80 0.92-0.94 {.01-0.38
{(Mean) 0.49 0.73 0.75 0.93 0.09
$ (Range) 0.13-0.87 0.07-050  0.20-0.43 0.06-0.08 062-0.99
{Mean) 05l 0.27 0.25 0.07 0.91
t _— 1.43 1.62 3.33 3.73*
Relerence Present study 24 25 22 22,23

N-Number of populations gnalysed; allelic frequencies range include mmimum and maximum
values; F and 8 denote electromorphs; t-Student’s ¢ test;

*Signilicant at 5% level.

Table 4. Patterns of cryptic allelic frequencies at Adh locus on the basis of post-electrophoretic heat denaturation technique in six Indian
natural populations of D. melanogaster

B R = ——— e — e T T —

Titumala Nagpur Bhopal Rohtak Saharanpur Dalhousie
tr ts ir ts ir ts tr is ir ts tr ts

AdhF — 0.16 0.05 0.25 026 030 0.34 040  0.37 0.41 0.49 0.33
AdRS D55 029 037 033 0.17 0.27 0.09 0.17 0.07 015 0.07 0.11
H& H* 0.27 0.59 042 .69 0.49 0.74 0.38 0.69 0.15 067 0,30 0.63
H-H )32 0.27 0.25 0.31 .32 0.33

ni& n; 1.37 242 1.72 324 .97 186 1.62 3.20 1 52 3.01 142 2.72
nJn, 1.77 1.88 196 197 1.98 192

M

H & n_are heterozygosity and effectwe' number of alleles on the basis of electrophoresis while H” & n, are such indices on the bass of post-
electrophoretic heat denaturation technique; n'/n, =ingcrease in eflecctive number of alleles; H'-H = ncrease in heterozygosity.

162 CURRENT SCIENCE, VOL, 65, NO. 2, 25 JULY 1993



T —

RESEARCH ARTICLES

Table 5. Adh allelic frequencies, per cent ethanol tolerance and ethanol utihzation (L.T,, max/LTs, control),
adult LC,g ethanol concentration and larval ethanol threshold values of ten latitudinally varying Indian
populations of D. melanogaster

Allelic frequency

lLarval ethanol

Adult ethanol Adult LCyq

Tolerance  Utilization

{threshold (threshold (LT,, max/

Population AdhF Adh® values) values) LT,, control) {ethanol conc.)
Cochin 0.11 0.89 6.0 9.0 115 9.235
(97 58'N)
Madras 0.13 0.37 6.0 10,0 1.17 9.8
(13°04' ™)
Tirumala 0.16 0.84 1.5 10.25 .20 10.6
{13° 40" N)
Hyderabad 0.21 0.79 8,0 10.4 2.00 10.8
(17°20' N)
Nagpur 0.30 0.7¢ 9.0 12.75 1.97 120
(21°09° N)
Bhopal 0.56 0.44 9.5 114 26 120
(23° 16’ N)
Rohktak 0.74 0.26 10.0) 13.25 2.81 i28
(28° 54’ N)
Saharanpur® 0.78 022 13.4 14.75 400 135
(29° 58’ N)
Dehradun 0.30 0.20 12.0 13.2 3.10 14.0
{30° 18’ N)
Da'l]lnus;ie 0.82 0.13 12.0 150 343 15.8
(33° N)
*Population sample from a winery.

melanogaster populations have shown latitudinal varia-  Discussion

tion (Table 5). The adult ethancl threshold values were
found to vary clinally in the range of 9 per cent to 15
per cent among ten Indian populations from south to
north localities {Table 5). The ethanol concentrations
up to 13 per cent served as a resource for north Indian
populations while a maximum of 9 per cent ethanol
concentration could be utilized by south-Indian popu-
[ations.

The LC,, ethanol concentrations were calculated
from mortality data of adults after four days of ethanol
treatment and LC,, values revealed clinal variation in
the range of 9.25 per cent to 15.8 per cent, ie. southern
populations of D. melanogaster depicted significant
lower ethanol tolerance compared with north Indian
populations (Table 5). Thus, the ethanol utilization
indices as well as ethanol tolerance threshold values in
larval and adult individuals were found to vary
latitudinally {Table 5).

In order to test whether Adh allelic frequency
changes and ethanaol tolerance potential are correlated
with latitude, statistical analysis of correlation was
carried out for all the ten geographical populations of
D. melanogaster. The statistical correlations were found
to be significantly high among latitudinal variation
versus larval and adult ethanol tolerance versus Adh
allelic frequency (Table 6). Thus, both the traits of
ethanol utilization and ethanol tolerance have revealed
adaptive significance and are being maintained by
natural selection mechapisms,

CURRENT SCIENCE, VOL, 65, NO. 2, 25 JULY 1993

The present data on clinal variation at Adh locus in
Indian populations of D. melanogaster further support
and validate the hypothesis that occurrence of parallel
or complementary latitudinal clines across different
continental populations provide strong evidence of
natural selection maintaining such clinal allozymic
variation* ~°. Latitudinal clines have been reported in
Australian populations®, Afrotropical populations?*-23,
Japanese populations?$, and Chinese populations®>.
The occurrence of clinal variation across diverse
biogeographical regions cannot be explained on the
basis of stochastic processes such as genetic drift and/or
gene flow since the continental populations differ
significantly in their evolutionary history as well as €co-
geographical conditions. The existence of paralle] clinal
allelic frequency changes at Adh locus provides strong
evidence for the action of latitudinally related environ-
mental gradients. The biochemical properties of Adh

Tahle 6. Correlation coeilicient {r) values between lahitudes and
biological variables (AdhT [requency and ethanol tolerance) in

populations of D. melanogasier
_______—-——-_________—-———-—-——_—-———-mﬂ-__—-—-——nw-m
Paramelers y

Latitude versus Adh* 0.96
Latitude versus ethanol telerunee (Aduit) 0.96
Latitude versus ¢thanol tolerance (Larval) 0.91
Ethano! tolerance tadult) versuy Adht 093
Ethano! tolerance (furval) versus Adh! 0.91
Ethanol toleetnce, aoult versuy larval 096
——— A e T eyl eniogspa e o S N o gl SRy Ry
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allozymes have suggested that temperate ot cooler
places could favour 4dkF while tropical or warm places
would select AdkS allelic variants?®. The observed clinal
pattern at Adh locus in Indian populations is in agree-
ment with the known higher thermostability of Adh®
variant. Hence, the observed higher allelic frequency of
Adl® in the South Indian populations could be
favoured by tropical environment,

ADH catalyses the oxidation of primary and
secondary alcohols to aldehydes and ketones respecti-
vely. Secondary alcohols are more toxic than primary
alcohols because secondary alccohols are oxidized to
ketones rather than less toxic aldehydes'®. Since strains
homozygous for the Adht allele show greater in vitro
ADH activity than do strains homozygous for Adh®
allele with both primary and secondary alcohols, the
fast allele may be selected against in the presence of
secondary alcohols!? The tropical region (southern
Indian localities) is characterized by greater plant
diversity compared with the northern region?’ and
hence result in the production of secondary alcohols
through fermentation of diverse sweet plant resources.
Thus, it is suggested that the abundance of secondary
alcohols in the southern tropical environment of Indian
subcontinent might exert selective pressure favouring
higher frequency of Adh® allele. On the contrary the
relative absence of secondary alcohols in the fly habitat
of the north Indian localities might bave favoured Adh®
allele. Thus, the observed clinal vanation at the Adh
locus 1n Indian populations of D. melanogaster seem to
be maintained by balancing natural selection varying
spatially along the north—south axis of the Indian
subcontinent.

The Indian geographical populations of D. melano-
gaster revealed significant genetic divergence in therr
potential to use ethanol. The adult longevity periods
were found to increase significantly at 1 to 9 per cent
for south Indian populations and 1 to 12 per cent for
north Indian populations. The ethanol threshold values
were found to vary clinally in the range of 9 to 15
per cent in the case of adults and 6 to 12 per cent for
larvae 1 geographical populations from south to north
locahties. The LC,, values revealed clinal variation in
the range of 9.25 to 15.8 per cent ethanol, i.e. southern
populations depicted lower ethanol tolerance compared
with the northern populations. The larval individuals of
D. melanogaster populations revealed lower ethanol
tolerance than those of adults but the pattern of clinal
variation was found similar for both the adult and
larval stages. The ethanol utilization indices as well as
cthanol tolerance threshold values in larval and adult
individuals were found to vary latitudinally in different
Indian populations. The present observations are in
agreement with other reports on the evidence of action

tolerance in some allopatric populations
both these traits have adaptive significance and are

of natural selection at Adh locus as well as for ethanol
28.29  Thus

being maintained by natural selection mechanisms.
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