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ABSTARCT:

In heterogeneous environment behavior related witthabitat selection of pupation height may be
of great importance in determining the genetic strature of populations. In the present study wild
collected nine Indian altitudinal populations of cemopolitan speciesP. melanogaster, from low to high
altitude locality (219 m to 2202 m) were investigad for abdominal melanization and desiccation
resistance. Their laboratory populations reared atwo different growth temperatures (17 & 25 °C) were
analyzed for pupation height, abdominal melanizatio and desiccation resistance. Genetic correlations,
based on family means, were significantly high forboth abdominal melanization and desiccation
resistance, as a function of altitude. Present ingéigation evidence that habitat selection of pupatin
height and correlated changes in body melanizatiorconfers desiccation resistance in altitudinal
populations of Drosophila melanogaster.
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1. INTRODUCTION:

In all living organisms, physiological traits playmajor role in conferring adaptations under vagyin
environmental conditions [Hoffmann & Parsons (19®ij)lsma & Loeschecke (1997); Parkagthal. (2005)].
Behaviour related with habitat selection may begdat importance in determining the genetic stmactf
populations [Toylor (1976)]. Insect cuticle is amportant interface between physiological systent e
varying environmental conditions [Neville (1975n Drosophila, third instar larvae show a well defined
tendency to leave the humid food, searching fouitalsle pupation site [Grossfield (1978)]. The a®obf a
place to pupate could be of adaptive value becaupae remain immobile for several days and expésed
biotic and climatic conditions of the elected siseich as predation, diseases, desiccation etc., Tialtat
selection of pupation height is considered to ke ghimary factor for controlling the genetic vaiidp in
heterogeneous environment.

The role of body melanisation has been reportedtfermoregulation in beetles and butterflies [de
Jonget al. (1996); Ellers and Boggs (2004)]; and for confegrdesiccation resistance in altitudinal as well as
latitudinal populations of twd®rosophila species [Parkasét al. (2008a, b)]. However, it is not clear whether
species specific differences in body melanisatian @npact their stress resistance levels. It isegmly
assumed that populations have abundant genetiatioens in quantitative traits for adaptation [Hoéfnm and
Weeks, 2007)]. By contrast, there are limited datathe evolutionary responses of stress relatéts tia
tropical Drosophila species from humid habitats [Hoffmaeral. (2003)].
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In the present investigation, an attempt was madantlyse the habitat selection of pupation height
and correlated changes in abdominal melanizatiehd@siccation resistance in nine altitudinal popoites of
Drosophila melanogaster.

2. MATERIALS AND METHODS:

Wild living adults of Drosophila melanogaster were collected from nine Indian geographical sites
which were quite distant from each other and inetlithree low altitudinal sites (219 to 600 m); ghneild (761
to 1440m) and three high altitudinal localities 7070 2202m). From each collection site, aboutd303 wild-
caught individuals were obtained which were useadnieasuring segment-wise abdominal melanizatior Th
individuals scored for abdominal melanization, wesed to initiate the mass culture and ten isoferiaés per
population. Five replicates of isofemale lines fremch population were maintained at both 17 ° &°€5
growth temperature.

For scoring pupation height, 30 pairs were allofi@degg laying in long measuring cylinders at both
17 & 25 °C growth temperature for maximum time pdrof four hours to avoid experimental error duage
difference. After egg laying the parents were dided and the cylinders with eggs were put in BOfubators
at their respective growth temperatures. At the @nglupation time, the height of each pupa was oreasand
recorded. These measurements were made when dlirtreee had pupated but prior to the eclosion ef th
adults. Pupation height was determined as thertistan centimeter of each pupa from the surfadead. The
pupation height was considered to be zero whemdéapupated on the food surface. Five differentselaisvere
considered for scoring pupation height. Figure fgicts the variability of pupation height in thrdew, mid and
high) altitudinal populations dd. melanogaster.

Mass cultures of different populations were usedtamdardize experimental protocols for abdominal
pigmentation and desiccation resistance. Thesanpnary experiments helped in ensuring accuracy and
repeatability for all subsequent experiments domailéaneously for various traits in replicated sofale lines
of each population. For all cultures, transfersenmade with randomly selected forty pairs each igdiom. For
each population, isofemale lines were maintaine8l @as5 replicates because experiments requiredlsineous
analysis of pigmentation and mortality based degion resistance. All experiments were initiatedrsafter
collections and were performed with successive iggions.

P

High altitude population

Mid altitude population

Low altitude population
Food bascline

Figure 1: Comparison of pupation height in thresv(Imid and high) altitudinal populations Df
melanogaster.

The newly emerged adults were fedmmsophila nutrient media, that provides sufficient nourisimtne
during development, for a period of six days arehttheir segment-wise abdominal melanization wasest
The dark pigmentation on the abdominal segmerittdq5/") was estimated visually, and their sum was also
calculated. For each segment, 11 cases ranging@r@m dark pigment) to 10 (segment completely Heuwdre
used.

For measuring desiccation resistance, after sca@ggment-wise as well as sum of pigmentation for
each isofemale line, ten individuals were isolaited dry plastic vial closed with a plastic cap.e$é vials
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contained 4 gm of silica gel at the bottom of ewieth and covered with a disc of plastic foam pigeeur such
replicates were run for each isofemale line (n=diOnfiales and females). The vials were inspectedydvwaur
and the numbers of dead flies (completely immobiteje recorded. As the numbers of dead approachiéd h
vials were inspected after every 30 minutes intsrtitk all the flies died. Such experiments wewva ffor all the
altitudinal populations ob. melanogaster. The survival curves due to desiccation were basegooled data for
isofemale lines per sex per population andylvhlues were extrapolated from such graphics.

For establishing relationship among pupation heightbdominal melanization and desiccation
resistance, a small experiment was designed inhathiee classes of pupation height were selected.plipae
were removed carefully with the help of dissectimegdles from each class separately in differens Vialding
food and the individuals emerged from these pupare wubjected to pigmentation and desiccation assay

Statistical analyses:

For all the traits, isofemale line means (n=10J aopulation means (n=10x10) along with S.E. were
used for illustrations and tabular data. Genetisidaf two physiological traits (abdominal melatiaa and
desiccation resistance) was analyzed on the bégispeatability across generations. Climatic datadach
collection sites was obtained from climatologicakal book published by Indian Meteorological Deparitn
New Delhi (Table 1). In order to find a possibleklibetween altitudinal trait variability of physimical trait
with climatic conditions (Fax Tmin Taverage Toww RH and RK) we attempted simple regression analysis. The
usual correlations with family means, and simpgression analysis as well as all other statistcal graphical
operations were done with the help of Statistidasoe.

Table 1: Data on geographical and climatic variable, as a function of altitude for the sites of origi of
Drosophila melanogaster.

Population Altitude Latitude T max T ave Tey RH (%) RH ¢y
(meters) (°N) (°C) (°C) (%) (%)

Rohtak 219 28.50 31.40 25.12 15.00 68.50 3.00
Chandigarh 347 30.44 30.40 23.4% 17.44 65.00 3.67
Kalka 600 30.51 22.00 15.00 18.35 57.5b 6.86
Mandi 761 31.43 21.20 14.70 19.72 55.5D 6.75
Dharamshala 1219 32.00 17.10 12.10 24.14 52,20 410{1
Solan 1440 30.58 16.20 11.10 27.34 52.16 12.61
Kariaghat 1770 32.20 15.00 9.80 28.00 51.00 13.00
Dalhousie 1959 32.32 14.40 9.35 29.5b 48.50 13.90
Shimla 2202 31.06 11.65 7.82 31.24 46.00 15.10

Trax @and T, represent overall average of mean monthly maxiranthaverage values of ambient temperature
respectively.T,, andRH,, refer to mean monthly coefficient of variationtemperature and relative humidity
respectively

3. RESULTS:

Basic data on population mean values (+SD) fooatidal pigmentation of'% 6" and 7' segments of
D. melanogaster females from wild collected and laboratory reastdl7 and 25°C are given in Table 2.
Regression analysis of pigmentation score is gindfig. 2 & 3, which are showing a linear increaseng with
altitude. Segment wise comparison of pigmentatmores for wild versus laboratory populations showret the
score was low at 25°C in comparison with 17°C aitdl population. Slop values for wild and 17°C weteeper
in comparison with 25°C. In wild and 17°C, low taltlinal populations were having high pigmentatioare at
17°C as compare to wild whereas high altitude patfmris were showing high pigmentation score fodviil
comparison of 17°C for all the three segments sc@ope values for segment 5, 6 and 7 were sirfotawild
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collected laboratory reared populations at 17°Credethe populations reared at 25°C were havingrisiepe
values for pigmentation score.

Table 2: Data on female abdominal segment speciffigmentation scores and their sum (mean +
standard deviations) in wild collected samples (n€B75) and their laboratory progeny
[based on ten isofemale lines (n=10*10=100)] forme altitudinally varying populations of
D. melanogaster.

Rohta Chandig Kalka Mandi Dharam Solan Kariag Dalhous Shimla
k arh shala hat ie
Seg. 5 2.30+ 2.80+ 3.05% 3.10+ 4.30+ 4.65+ 490+ 5.50% 5.60+
1.08 1.22 1.28 1.33 1.52 1.68 1.75 1.79 1.88
Seg. 6 5.80+ 6.20+ 6.35+ 6.90+ 7.35+ 7.80+ 8.40+ 9.10+ 9.40+
1.72 1.82 1.85 1.99 1.99 2.18 2.29 2.30 2.43
Wild Seg. 7 3.10+ 3.70+ 3.90+ 4.55+ 5.45+ 5.95+ 6.20+ 6.90% 7.00+
1.26 1.41 1.45 1.61 1.72 1.90 1.96 2.01 2.10
Sum 11.20+ 12.70+ 13.30+ 14.55+2 17.10+3 18.40+3. 19.60+ 21.50+ 22.00+
2.40 2.62 2.68 .90 .05 35 3.50 3.55 3.73
N 58 75 63 37 34 72 30 48 55
Seg.5 2.50+ 2.90+ 3.00+ 3.50+ 3.90+ 4.40% 470+ 5.30% 5.50+
0.78 0.86 0.88 0.96 1.04 1.14 1.18 1.28 1.35
Seg. 6 6.00+ 6.40+ 6.60+ 7.05+ 7.50+ 8.00+ 8.60+ 8.70+% 9.10+
170C 1.20 1.28 1.30 1.37 1.45 1.54 1.60 1.64 1.73
Seg. 7 3.60+ 4.00+ 4.10+ 4,70+ 5.00+ 5.60% 5.90+ 6.50% 6.70%
0.93 1.01 1.01 1.12 1.18 1.29 1.33 1.42 1.49
Sum 12.10+ 13.30+1 13.80+1 15.25+2 16.40+2 18.00+2. 19.20+ 20.50+ 21.30+2
1.72 .85 .89 .02 .15 32 2.40 2.53 .66
Seg. 5 1.78+ 1.81+ 1.96x 2.20+ 2.50+ 2.55% 293+ 295+ 3.10+
0.73 0.75 0.82 0.86 0.94 0.96 0.99 1.04 1.07
Seg. 6 4.00+ 4.30+ 4.40+ 4.90+ 5.20+ 5.67+ 6.20+ 6.62+ 6.68+
1.10 1.15 1.24 1.28 1.37 1.39 1.44 1.57 1.58
25°C  Seq. 7 2.10+ 2.28+ 235+ 270+ 295+ 3.41+ 3.70+ 3.75+  4.00+
0.79 0.84 0.90 0.95 1.03 1.08 111 1.18 1.22
Sum 7.88+ 8.39% 8.71% 9.80+ 10.65+1 11.63+2. 12.83+ 13.32+ 13.78%2
1.55 1.62 1.75 1.82 .97 00 2.08 2.23 27

455



E-ISSN: 2321—9637
Volume 2, Issue 1, January 2014

International Journal of Research in Advent Tecimology

Available Online at:http://www.ijrat.org

10 (a) wWild-caught
° @, Segment 5,y = 2.04+0.002
“#._ Segment 6, y = 5.59+0.002
. Segment 7,y = 2.91+0.002
8
[}
5 7
Q
2
j =
£ 6
S
=4
£
s 5
o
4
3
2
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Altitude (meters)
10 (b) 17° C
"®.. Segment 5,y = 2.23+0.002
9 " Segment 6, y = 6.20+0.002
"A.. Segment 7,y = 3.33+0.002
8
g 7
3
c
£ 6
g
<
[
5 5
Q
a
3
2
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Altitude (meters)
7.0 (c) 25° C
6.5 R
"®._ Segment5,y = 1.60+0.001
6.0 TH.. Segment 6, y = 3.70+0.001
AL Segment 7,y = 1.89+0.001
5.5
[
S
(%]
n
c
S
s
c
[
£
(=2
2
1.5

200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Altitude (meters)

Figure 2: Regression analysis of population mean lees for pigmentation score of 5, 6" and 7"
segments of wild and laboratory populations oD. melanogaster as a function of altitude of
origin.
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Figure 3: Segment-specific regression analysis obpulation mean values for pigmentation score of wdl
and laboratory populations of D. melanogaster as a function of altitude of origin.

Regression analysis and positive correlation of s pigmentation score and desiccation resistance
with altitude is given in figure 4 (a) & (b) respiely. Genetic repeatability for both the trait@svfurther
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analysed in four more generation (G2, G4, G6 an{l &l the data on correlation across five genaratio
showed significant values at both 17 and 5rowth temperature (Table 3).
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Figure 4: Regression analysis and positive correlmn of sum of abdominal pigmentation (a) and
desiccation resistance (b) with origin of nine altudinal populations of Drosophila melanogaster.

Table 3: Data on correlation between family meansof abdominal pigmentation and desiccation
resistance across five generations (Gto Gs) in nine altitudinal populations of D.
melanogaster.

Trait Temp. | Gio | Giz | Gia | Gus | Gos | Gog | Gos | Gaa | Gas | Gas

Abdominal pigmentatior 17 090 091 0.88 0J86 0.9293| 0.90| 0.89 0.86 0.88
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25 0.94) 092 087 0.83 090 0.87 088 090 0.8570.8

Desiccation resistance 17 0.84| 0.8 0.8%5 083 0.88 0.82 084 088 0.8200.8

25 0.82| 0.84 0.8 08P 0.83 0.81 0/86 085 0.8130.8

Comparison of percent survival due to desiccatiesistance observed at hourly intervals in three
altitudinal populations ob. melanogaster at 17 & 25° C growth temperatures is depictedigure 5 (a & b

respectively).
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Figure 5: Comparison of percent survival due to dgiccation resistance observed at hourly intervalai

three altitudinal populations of D. melanogaster at 17 & 25° C growth temperatures (b & c).
Vertical lines show LTsq values.

Mean pupation height of five altitudinal populatioof D. melanogaster reared at 17 and 2% growth
temperature is depicted in figure 6 (a). Rangeugigtion height is depicted by vertical bars. Fad attitudinal
population, Dharamshala, percentage of pupae dt ehthe five height classes of the culture vial lof
melanogaster reared at 17 and 2% growth temperature are depicted in Figure 6 (r&spectively).
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Figure 6 : Percentage of pupae ob. melanogaster at each of the five height classes of the cultungal
reared at 17 and 25° C growth temperature(a & b); nean pupation height of five altitudinal
populations of D. melanogaster reared at 17 and 2% growth temperature. Vertical bars show
the range of pupation height. (c).

Data on mean values (+SE) on pupation height, pigate®n score and desiccation resistance in
control and selection lines (low and high) deriviedm mid-altitude populations oD. melanogaster from
Dharamshala (1959m) is given in Table 4.

Trait variability for Pigmentation score, desicoatiresistance and pupation height as a simultaneous
function of T, (mean monthly coefficient of variation of temperajuandRH., (mean monthly coefficient of
variation of relative humidity) in different altitiinal populations ofD. melanogaster is depicted in three
dimensional scatterplot (Figure 7 a,b, and c respay).
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Table 4: Data on mean values (+SE) on pupation héiyy abdominal pigmentation score and desiccation
resistance in control and selection lines (low ankigh) derived from mid-altitude populations

of D. melanogaster from Dharamshala (1959m).
Class Pupation height (cm) Abdominal pigmentaticors Desiccation resistance (hr
17° C 25°C 17° C 25°C 17° C 25°C
Control 7.70£0.25 5.30+0.16 17.30+0.52 10.65+0.32| 0.08+1.10 21.80+0.67
Low 3.7040.15 2.80+0.08 16.00+0.50 8.00x0.25 27085 20.00+0.61
High 11.0040.30 7.50+0.23 18.50+0.56 12.00+0.37 9621.25 23.30£0.72
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Figure 7: Three dimensional scatterplot illustrating trait variability [Pigmentation score (a); desication
resistance (b) and pupation height ()] as a simulteous function of T, (mean monthly

coefficient of variation of temperature) and RH,, (mean monthly coefficient of variation of
relative humidity) in different altitudinal populat ions of D. melanogaster.

4. DISCUSSION:

In the present studies, altitudinal population®ofmelanogaster demonstrate significant phenotypic
variation in the pupation height, sum of abdomipgmentation scores and desiccation resistanceeaetw
individuals within a population and also betweemudations. There is great deal of genetic varigbfior all
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the three physiological traits ID. melanogaster. Even wild caught samples showed considerable ti@mifor
abdominal pigmentation (40 to 50% higher S.D. vg)uihat could be due to having experienced variable
climatic conditions during development under fietthditions.

Present study reveals that altitudinal populatioh®. melanogaster from high altitude locations with
colder and drier habitat select for high pupati@ght and survive desiccating conditions signiftbafonger
than the low altitude populations with warmer andnid habitat which select low pupation height.

In conclusion, analysis dd. melanogaster populations from low to high altitude localities fearious
physiological traits demonstrate that pupation heigas substantial genetic variability which is jseb to
natural selection pressures under colder and ddeditions and has shown correlated selection resgsoon
abdominal pigmentation and desiccation resistambe. analysis of climatic factors has shown thatseeal
variations in temperature and humidifiz{andRH.,) can be responsible for maintaining genetic heeneity
in the three physiological traits related to thelravad water balance. Further investigation are eded several
species and populations of drosophilids and othsedt taxa in order to establish such pleiotrofieces of
melanism other than thermoregulation.
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