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N-glycosyl bonds at the dimer site) which alfects the
destacking of purines at the dimer site will also affect 1ts
binding with photolyase. In fact, Sutherland and
coworkers'” have shown that both the phosphodiester
bonds internal to the dimer and the N-glycosyl bond
joining the pyrimidine base to the deoxyribose must be
intact for the PhrA photolyase to act. Breaking of either
of the above mentioned bonds will remove the
constraints imposed by the conmnectivity via sugar-
phosphate backbone. As a consequence, the pyrimidine
dimer will become f{lexible and adjust to a geometry
similar to that of the dimerized dimethylthymidine. The
structure of DNA under these conditions will be similar
to that described by Pearlman et al, which does not
predicc much destacking of the purines on the
complementary strand. Therefore such a nicked DINA
will not act as a substrate for the PhrA photolyase.

The model proposed above is mainly based on the
stacking interactions between a base of RNA cofactor
and the destacked target purines, which is essential for
the recognition of the dimer site by the photolyase.
However, other interactions between photolyase protein
and DNA and hydrogen bonding between RNA cofactor
and DNA backbone may exist and stabilize the photo-
lyase: UV-irradiated DNA complex.
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Drosophila busckii
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Genetic variation in some wild populations of
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Isofemale lines derived from two natural population
samples of D. busckii were analysed through horizontal
starch gel electrophoresis for genetic variation in nine
gene—enzyme systems. Five autosomal loci code for
dimeric APH, ODH, MDH, ME and AQ phenotypes;
as well as allelic variants are represented by segregating
single-band variants. Complex ACPH patterns are
controlled by a duplicate locus while polymorphic
esterase loci code for monomeric enzymes. However, o-
GPDH and ADH are controlled by a single locus each
and homozygous strains depict epigenetic twao-banded
phenotypes. Data on genetic structure at sixteen
polymorphic loci in two populations of D. busckii are
discussed here.
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ELECTROPHORETIC techniques have revolutionized the
status of empirical studies in population genetics,
systematics and evolutionary biology! 2. Electrophoretic
banding patterns can be transformed into allelic and/or
non-allelic genetic varations which are used to describe
the genetic structure of natural populations®*. Data
exist on the extent of genetic vanability in local,
regional and continental populations of D. melanogaster
but there is little information on D. busckii which is the
only known species of the subgenus Dorsilopha' >, The
present paper reports the patterns of genic variations
occurring at loci coding for glucose-metabohzing

enzymes and other enzyme systems in two populations
of D. busckii:
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Methods

D. husckii occurs in nature during December—-February.
Isofemaie lines were established for populations
sampled from Rohtak (Haryana) and Chandigarh
(Punjab)®. Homogenates of single individuals were
applied to a 12% horizontal starch gel slab (with a
capacity of about 15 samples} and were run electro-
phoretically at 250 V and 30 mA at 4°C for 4 h. The gel
slices were stained for different enzymes’. The genetic
basis, the nomenclature of banding patterns and the
calculation of genetic variability indices were followed
from other sources® *°. The enzyme abbreviations
include: alcohol dehydrogenase (ADH, E.C.1.1.1.1); acid
phosphatase (ACPH, E.C3.1.3.2); alkaline phosphatase
(APH, E.C.3.13.1); octanol dehydrogenase (ODH,
E.C.1.1.1.73): malate dehydrogenase (MDH, E.C.1.1.1.37);
malic enzyme (ME, E.C.1.1.1.40); esterases (Est,
E.C3.1.1.1}; a-glycerophosphate dehydrogenase (a-
GPDH, E.C.1.1.1.8) and aldehyde oxidase (AQO,
E.C.1.23.1).
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Figure 1. Representation of starch gel electrophoretic patlerns for
nine genc-enzyme systems in single individual homogenates of
D. busckii. Multiple zones of activity occur for APH, MDH and EST
while all other cnzymes are represented by a single zone of activity.
Single-band variants and triple-band patterns for APH, ODH, MDH,
ME and AQ recpresent homozypous and heterozygous genolypes.
Three-banded and five-banded complex ACPH patterns are coded by
a duplicate locus. Two-banded a-GPDH patterns are coded by a
monomorphic locus. Arrow indicates the direction of current flow.

Results

Electrophoretic phenotypes of nine genc-enzyme systems
are represented in Figure 1. Mulliple zones of activity

Table 1. Genetic control ol electrophoretic phenotypes at polymorphic enzymatic zoncs in D, busckil,

. el ekl Skl i il el il el i el

Enzyme phenotypes

S, Genetic - Testing the )

No. Zone Crosses FF FS SS Sample size Mendelian ratios ¥?

1. ACPH S8 x 88 — ~— 7 1
FS % 8§ - 8 10 18 1.1 0,22

2. EST-5 FSx FS 4 7 3 16 [:2:1 0.37
FSXx 8§ — 10 12 22 1:1 0.18
Ft x FF 12 . e 12 - :

3, ADH FSxFS 5 1 8 24 1:2:1 (.91
S5 x 85 — — 14 4 -
FF x 88 —- 30 - 30 - -

4, QDH FFxFF 26 e e 26 -
FS %88 e 4 6 {0 i:1 (0,40
FSxFF 18 14 - 32 t: 1 0,50

5 MDH-1 FF x F§ 14 16 — 30 I:1 0.03
FS x FS 7 18 11 36 1:2:1 (18§
S5xF§ — 8 12 20 l:] 0.80

0. ME FEXFS 3 5 e 8 I:1 (.50
FSx FS 4 9 3 1 1:1 (0.37
S5 XSS e — 15 15 s o

FF MM 88 M FS  MS

7. EST-2 FFxMM  — — — 17 -— — 17 - pmn
MSxMS  — 8 10 — — 22 40 1:2:1 (.60
FSxFS 4 — 8 — 12 — 24 1:2:1 1.32
MMxFM — 8 — 10 o — 18 1:1 (.22

8. APH-3 SSxFM e — — — 14 18 32 1:1 0.50
S5 X MS — — 9 — — H 20 [:1 (.20
FM x M 3 4 — 5 — — 12 1:1 0.49
MM x 88 — — — — — 9 9 —— —ee

9, AQ FF x §§ — — — —- 17 e 17 — -
FSxXFS 3 — 3 -~ g — 16 1:2:1 (.50
F§x 8§ — —- 4 — 6 — 10 1:1 040

*Non significant at 5% level. 8L no. 1 to 6 represent diallelic loci while Sl. no. 7 to 9 refer to Lri:lllcli:: loci. F, M, S represent fast,
medium and slow segregating electrophoretic variants {allozymes), FF, MM and S8 refer homozygous genotypes while FS, MS

and FS represent heterozygous genotypes.
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occur for three enzymes (APH, MDH and EST) while ali
other enzymes are represented by a single zone. The
banding patterns at different zones are independent of
each other. Gel slices statned for esterases revealed five
zones of activity. The EST-2 and EST-3 zones are
represented by segregating single-band variants and two-
band patterns while other non-segregating EST zones
are monomorphic. Genetic crosses revealed that segre-
gation patterns of esterase bands at polymorphic zones
agree with monogenic inheritance {Table 1). However,
a single polymorphic zone each for AQ, ODH, MDH-1,
ME and APH-3 is represented by segregating single-
band variants and three-band patterns. Genetic crosses
between individuals with triple-band and single-band
patterns produced about equal proportions of offsprings
with electrophoretic phenotypes like the parents. Thus
the segregation ratios of electrophoretic phenotypes for
these enzymes were found to agree with monogenic
Mendelian inheritance (Table 1). The banding patterns
did not vary with sex and thus the enzyme phenotypes
are coded by distinct autosomal loci. The single-band
variants and triple-band patterns at each segregating

zone represent homozygous and heterozygous genotypes
respectively and such enzymes are dimeric in nature,

Complex ACPH patterns 1n D. busckii mclude three-
banded and five-banded patterns. ACPH being dimeric
molecules, the occurrence of triple-banded patterns in
long term in-bred laboratory strains could only be
interpreted on the basis of a duplicate locus. However,
this suggestion needs to be verified by dissociation-
reassociation of ACPH isozymes. A single monomorphic
zone of a-GPDH is represented by two-banded patterns
while the single ADH zone depicted segregating patterns
of two-banded and three-banded phenotypes in single
individuals. Genetic crosses _involving different two-
banded ADH patterns resulted in three-banded patterns
in Fy and a segregation ratio of 1:2:1 in F, (Table 1),
Thus, ADH and 2-GPDH constitute conformational
electrophoretic phenotypes and are under the indepen-
dent control of a single locus each.

The data on distribution of genotypes, allelic frequen-
cies, the observed and expected heterozygosity, Wright's
fixation index (/) and log-likelihood ¥* test for fit to
Hardy-Weinberg expectations at nin¢ polymorphic loci

Table 2. Data on distcibution of observed and expected genotypes, allelic frequencies, heterozygosity, effective number of alleles {n,), Wright's
inbreeding coefficient {f) and G-values for log-likelihood »? test for fit to Hardy-Weinberg expectations at six loci In two natural populations
of D. busckii.

) Genotypes Allelic Freq. Heterozygosity
Sampie
Locus Populations FF FS SS size r S Obs./Exp. h, [£SE G-values
ACPH CHD 0 IX £28 146 006 0.9 0.123/0.113 113 =-0.09£0.01 1.20
(0.33)y (1647} (129
RTK 0 23 80 103 0.11 0.89 0.223/0.196 124 -0.14+0.02 291
(1.25) (2017) (81.58)
EST-5 CHD 20 44 30 94 045 0.55 0.468/0.495 1.98 0.05+0.01 0.27
(19.03) (46.53) (28.44)
RTK 13 44 28 90 0.4 056 0.488/0.493 1.97 (.01 £0.00 0.04
(17.42) (44.35) (28.22)
ADH CHD 4 6 94 104 0.07  0.93 0.057/0.130 1135 0.56 +0.03 14.99*
(0.51) (13.54) {89.95)
RTK 4 4 92 100 006 054 0.04/0.113 113 0.64 £1.03 18.39*
(0.36) (11.28) (88.36)
ODH CHD 14 40 46 100 034 066 0.40/0.45 1.81 0.11 £0.02 .17
(LL56) (44.88) (43.56)
RTK 10 50 50 110 032 068 0.454/0.435 L7797 ~0.04£0.01 0.27
(11.26) (45871 {50.86)
MDH-1 CHD 58 ) 22 130 064 036 0,384/0.461 1.835 0.17+£0.02 3.58
(53.25) (59.90) (1685}
RTK 40 42 20 102 060 040 0.412/0.48 1.92 0.14 £0.02 2.00
(36.72) (48.96) (16.32)
ME CHD 8 32 52 92 026 074 (.348/0.385 1.62 0.09+0.02 0.85
(6.22) (35400 (50.38)
RTK 16 40 48 104 035  0.65 0.384/0455 1.83 0.15£0.02 2.33
(1274) (47.32) (43.94)

*Significant at 5% level; all other values are non-significant. F and S represent allelic isozymes (allozymes/electromorphs). FF and S§ refer to
genotypes homozygous for fast (F) and slow (S) allelic variants while FS refers to heterozygous genotypes. The numbers in parentheses refer to
expected number of genotypes, (Exp, het. =1—-Xx?); n, =1/Zx?: f = (1 —obs. het/exp. het). S.E.= Standard error.

CHD, Chandigarh; RTK, Rohtak.
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Table 3. Data on distribution of observed and expected genotypes, allelic [requencies, heterozygosities, effective number of alleles (n,),
Wright's inbreeding coefficient {f) and G-values for log-likelihood y? test for fit to Hardy-Weinberg expectations at three loci in two natural
populations of D. busckii

Genotypes Iﬁ.llelia: Freq. Het.
Popula- Sample G-
Locus  tioms FE MM S8 FM FS MS SIZE F M S Obs/Exp n, f£SE  values
EST-2  CHD i) 27 9 18 18 21 99 024 047 029 0.57/0.64 275 0.10+0.02 470
(570) (21.87) (8.33) (22.33) (13.78) (26.99)
RTK 9 24 12 24 24 15 108 031 040 029 058/0.64 2.78 009£0.02  9.39*
(10.38) {17.28) (2.08) (26.78) (19.42) (25.06)
APH-3 CHD 0 6 30 £3 6 42 102 012 035 053 065/0.58 239 —-0.11+£002 20.19*
(147) (12.49) (2865} (8.37y (1297 (37.84) .
RTK 2 4 26 15 4 38 89 043 034 0353 064/05 242 -—009£002 18.89*
(1.50) (10.29) (25 (7.87) (12.26) (32.08)
AO CHD 28 0 24 8 56 0 116 052 003 045 055053 211 —0.05+£001 10.83*
(3t.37) {0.10) (2349) (3.62) (5429 (3.13)
RTK 28 — 32 — 64 —- (24 048 — 052 052/050 20 003001 OIS
(28.57) (33.53) (61.90)

F, M and S represent alleitc 1sozymes (allozymes/electromorphs). FF, MM and SS represent genotypes homozygous for fast (F), medium (M) and
slow (S} allelic variants while FM, MS and FS represent heterozygous genotypes. Number in parentheses refer to expected number of genotypes.
Exp. het. =1—Zx{; n,=1/%% f={1—obs. het,/fexp. het.). *Significant at 5% level, other values are nen-significant. The positive and negative .
values of Wright's fixation index (/) indicate deficiency of heterozygotes and excess of heterozypotes respectively. CHD, Chandigarh; RTK, Rohtak.

(Chandigarh: 30.43 N and 76.54 E;: Rohtak: 28.94 N and 76,38 E).

in D. busckii are given in Tables 2 and 3. Data on
genetic indices (number of alleles, allelic frequencies and
heterozygosity) for diallehc loci {ACPH, EST-5, ADH,
ODH, MDH-1, ME) and triallelic loci (EST-2, APH-3
and AQ) have revealed similarity in genic diversity
patterns 1n two natural populations of D. busckii
(Tables 2 and 3). D. busckii populations are charac-
terized by high heterozygosity at most of the
polymorphic loci; and the range of heterozygositics
observed at the various loci correlates well with the
incidence of number of alleles as well as allelic
frequencies distribution patterns. The higher values of f
at ADH locus mn both populations indicate sigmficant
deficiency of heterozygous genotypes at this locus. The
population samples of D. busckii have shown deviations
from Hardy-Weinberg expectations al ADH, EST-2,
APH-3 and AO loci out of sixteen loct analysed.

Discussion

A locus 1s considered polymorphic if the frequency of
the most common allele does not exceed 0.99;
accordingly all the nine loci in D. busckii populations
examined are polymorphic''?. The different gene-
enzyme systems in D, busckii have revealed contrasting
patterns of electrophoretic phenotypes. The occurrence
of two-banded electrophoretic phenotypes of ADH and
2-GPDH in homozygous strains of D. busckii signi-
ficantly differs from the single-banded phenotypes (in
case of APH-3, EST-2, EST-5, AO, ODH, MDH-1, ME)
which represent allelic isozymes (allozymes). The
present observations on ADH and «-GPDH concur
with other reports that in NAD requiring dehydroge-

CURRENT SCIENCE, VOL. 59, NO. 5, 10 MARCH 19%0

nases, more than one electromorph (conformational
180zyme) may arise due to post-translational differential
binding of coenzyme NAD*! 17,

Previous electrophoretic data on D. busckii are
limited to a singie study which revealed low amount of
gemic variation (1e. P=0.166 and H=0.044) m
laboratory maintained stocks of US populations of this
species® (Table 4). The present observations on the
extent of polymorphic loct (P=0.56 for both popu-
lations), allelic frequencies; and heterozygosity (H,/H, =
0.222/0.236 for Chandigarh (CHD) population and
0.234/0.244 for Rohtak population) mn D. busckii from
northern India differ significantly from those on US
populations (Table 4). The low amount of genic
variation (H =0.044) reported for US laboratory popu-
lations of D. busckii could be due to extensive
inbreeding in 2-10 year old cultures as well as
operation of genetic drift resulting in fixation of alleles
at most loci.

The mechanism for the maintenance of genetic
polymorphism has been argued on the basis of
selectionist or neutralist hypotheses'* ™17, According to
neutralist, the patterns of random genetic differences
between populations are expected while occurrence of

Table 4. Data on genetic indices in D. busckii populations.

il —

Populations
Genetic indices Chandigarh  Rohtak
No. of loci examined 16 16
Average no. ol alleles/locus 1.73 1.687
Proportion of polymorphic loct (P) 0.56 0.56
Heterozygosity (observed) H, 0.222 0.234
Heterozygosity {expected) H, 0.236 0.244

In US poputtion of D. busckii, P=0.166 and H =0.044 (.. ref. 5.
267
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uniformity has been taken as evidence of operation of
some type of natural selection. The present study
revealed similar patterns of genic variation at mne
polymorphic loct in twe natural populations of
D. busckii and this could be interpreted due to action of
some type of natural selection (Tables 2—4). The present
studies need to be extended to several ecogeographical
populations of D. busckii to assess the extent of genetic
variability in this species compared to the other
colonizing Drosophila species.
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Gasket-compression mechanism of
pressure-pulse generation by low-
velocity projectile impact on opposed
anvil set-up

A. K. Singh

Materials Science Division, National Aeronautical Laboratory,
Bangalore 560017, India

High pressure pulse is generated when a low-velocity
projectile strikes a tungsten carbide opposed anvil system
with pyrophyllite gasket and solid pressure transmitting
medium. A possible mechanism based on the gasket-
compression is proposed for generation of such pressure
pulses.

IT has been shown recently® that a high pressure pulse
of short duration 15 produced 1n the gasket region when
a low-velocity projectile stnikes a tungsten carbide-
opposed anvil set-up with pyrophyllite gasket and solid
pressure transmitting medium. Both the amplitude and
the duration of the pressure pulse depend upon the
momentum of the projectile. The experiments with
anvils of 12mm diameter face indicate that the
amplitude of the pressure pulse increases from 2 to
6 GPa and the pulse duration from 280 to 380 us as the
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momentum of the projectile (mass in the range of
5-10kg) is increased from 10 to 60kgms™'.

The pressure versus time data representing a typical
pressure pulse as derived from the resistance-time data
of a manganin gauge, are shown in Figure 1. Except in
the small regions near the start and the peak of the
pressure pulse, the pressure 15 found to increase linearly
with time, the nonlinearity being <5%. The rate of

pressure Increase can be varied between (.03 and

é‘ -Pm_r l. .' »
l R
E 3Iu : -
0] | '
I L
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0 , .
1 B : "-l
] * .
1 - ] ’
[ tm~ 100wms '

Figure 1. A typical pressure pulse obtained under impact loading. P,,
is the maximum pressure up to which the pressure increase is linear.
The peak pressure is 10-15% higher than P,
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