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~ RESPONSE TO STRESS IN SIX LINES OF DROSOPHILA MELANOGASTER
SELECTED FOR HIGH FERTILITY UNDER DIFFERENT ENVIRONMEN-
TAL CONDITIONS!

JERZY PALEOLOG?
Institute of Bfological Basis of Animal Production, Academy of Agriculture, Lublin

Summary. Response to selection under different environmental conditions and re-
sistance of selected animals to a stress were examined. Six lines of Drosophila melanogaster
selected for high fertility under optimal and restricted environmental conditions were

* treated with cold and heat. It was found that stress affected the fecundity of selected flies
in different ways. Stress response depended on the kind of environmental conditions. It
‘was inferred that high fertility is determined by different genotypes under different envi-
ronmental conditions and that stress resistance has genetic background.

Learning of the selection mechanisms of quantitative traits has long attracted
the interest of breeders and evolutionists. Geneticists establishing hereditary bases
of some trait often make that on the basis of its response to selection. An important
fact for such researchers is that selection for the same qualitative trait gives different
results and that transportation of an individual from one environment to another
involves many changes (Gebler 1978, Falconer, Latyszewski 1952, Van
Vleck 1963, Ford 1967, Parker, Bhatti 1982). An interesting problem is the exi-
stence of genetically determined resistance to stresses (Fuquay 1981, Young 1981,
Stott 1981). If fecundicity of animals selected under different conditions had at
least partially different genetic bases (Ford 1967),it could be expected that the respo-
nse of these animals to stress impulses is different too. Testing of this thesis was the
purpose of the present paper.

MATERI AL AND METHODS

A laboratory population of Drosophila melanogaster selected for a high fertility
under two different environments was used for the studies. Fertility was determined
by the number of pupae on the bulb walls 10 days after placing init of asingle pregnant
female. The environments differed from one another by diet, life surface and humi-
dity, i.e. factors having a fundamental influence on fertility, one environment having
optimal conditions, another — restricted. All the insects were maintained at the
optimal temperature of 25° - 26° C (Ashburner 1978).

Selected (S,0, S,0) and unselected lines (KO) from the optimal environment, as
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well as those (S;R, S;R and KR, respectively) from restricted environment were
subjected to a cold stress (15°C) in the sixth generation and to a heat stress (33°C)
in the eighth generation. The insects were stressed for 30 hours beginning with the
3rd day of egg laying. In the 16th generation, {wo additional groups of flies (20 insectsy
m each group) were selected from each of the lines $,0; 8,0 and KO a,nd one of them
was exposed to a cold stress, Whereas q,nother — to a heat stress. In the 18th gene-
ration, this was analogically made in relation to the lines from restricted environ-
ment SR, S,R and KR. Fourty insects from each line were subjected to fecundity
control in each generation. Selection intensity was 0.25. The data obtained were
treated using universally known statistical methods (Oktaba 1971).

RESULTS AND DISCUSSION

Selectlo in both environments a,ppea,red successful, though the response to it was
somewhat erent in each of them In restricted envxronment the fertility increase
till the elghth generation was systematic (neglecting stress response) then during
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Fig. 1. Fecundity of selected lines of Drosophila melanogaster expressed as deviation from the
control line (unselected)
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the next three generations the fertility declined, after which it again displayed incre-
ase tendencies. In optimal environment, fecundity abruptly increased during four
generations, after which it maintained at almost the same level (neglecting stress
response) (Kig. 1). In effecy of using a cold stress, the lines maintained in optimal
environment (5,0, 8,0, KO) did nof decline their fertility (Figs. 1, 2), which cquld
suggest that they have corresponding genetic reserves permitting to level the action
of a stresser (Hammond et al,, Orosco, Bell 1974). Lines selected under restricted
conditions (S,R, S,R) drastically reduced their fertility showing the lack of possibi-
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Fig. 2. Fecundity of unselected lines of Drosophila melanogaster

lity to counteract a cold stress. It seems interesting that the unselected line KR
(Fig. 2) did not only decline, but even increased its fertility. It should, therefore, be
suggested that in two different environments a high level of a given trait may be
determined by different genetic systems. These systems may differ in expression or
“silence’” of certain genes, different frequency and in the arrangement of major and
minor loci within additive genes, as well as in different systems of gene interacticn in
the development of phenotypes. Thus, Mackay (1981) observed changes in the size
of genetic additive variance together with changes of the environment. Hammond et
al. (1982) noticed that under restricted conditions, nonactive genes restore their
expression. Orazco and Bell (1974) displayed a large increase of nonadditive genetic
variance under conditions deviating from optimal.

The effects of using a heat stress were opposite. Lines selected in restricted envi-
Ironment (S,R, S,R) did not reduce their fertility, and the non-selected line KR redu-
ced it slightly (Figs. 1, 2). Fecundicity of lines selected under optimal conditions
(8,0 and 8,0) fell drastically while there was no response of the non-selected line
KO and its fecundity even slightly increased. These results confirm the suggestion
about different genetic bases of high fecundity in various environments and simulta-
leously suggest that genes considered favourable in one environment should not be
Such in another. This is in agreement with the data cited by Ford (1967). It may
also be suggested that there exists interaction between a stresser and specific set of
environmental conditions (Y oung 1981, Fuquay 1981). However, drastic changes
in selected lines at nearly undisturbed performance of unselected lines, as well sta-
tistica,lly highly significant, high value of the estimated stress X line interaction are
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against the treatment of that interaction as the main cause of so different stress

reactions.

In the sixtheenth and eighteenth generations the experiment was repeated again,
subjecting all the lines to cold and heat stress. The results are presented in Tables 1

and 2. Like it was previously

..

Table 1. Fecundity of the studied lines of Drosophila melanogaster under conditions of optimal

, insects selected in restricted environment (S,R, S,R),

temperature and cold and heat stress in optimal and restricted environment,

Restricted environment Optimal environment
line cold stress I heat stress optimal line cold stress | heat stress optimal
| temperature temperature
Unse .cted
KR 107.1 93.8 106.3 Unselected KO 128.7 66.5 124.7
Selected
SR 104.5 123.8 161.9 Selected S,0 152.9 48.9 158.7
Selected
F S;R 109.0 116.3 153.6 Selected S,0 161.9 56.8 162.4

Table 2. Fecundity of selected lines of Drosophila melanogaster expressed as deviation from the
control line under conditions of optimal temperature and cold and heat stress in optimal and
1estricted environment

Restricted environment Optimal environment

i timal
selected line cold stress heat stress i selected line cold stress | heat stress »
temperature | temperature
S,R —2.6 +30 +55.6 S,0 l +24.2 —17.8 +34'
S:R ' +1.9 +22.5 +47.3 S,0 +32.3 - 9.7 +37.7

in response to a cold stress significantly reduced their fecundity, though not so dra-
stically as in the first replication. Fecundity of non-selected lines KR did not differ
significantly, thus showing the lack of phenotypic symptoms of a stress reaction
(Stott 1981). Flies maintained under optimal conditions (KO, S,0, S,0) did not
show such a reaction, since the mean fecundity of stressed and unstressed insects
did not differ significantly. -

Under conditions of increased temperature, flies from restricted environment
(KR, S,R, S,;R) reduced their fecundity, but selected lines S,R and S,R were superior
to the non-selected line KR. Insects originating from the optimal environment (KO,
S,0, S;0) as a result of heating showed a drastic stress reaction, the fecundity in
selected lines being lower than that in non-selected line, which did not place in the
case of KR and S;R and S,R. .

In contrast to the first replication, the response to a heat stress also occurred 1D
the case of the non-selected line KO. It should be added, however, that as a result
of the thermostat breakdown the stressor was stronger than it was planned. |

Generally it may, however, be inferred that results obtained in the first and second
replications are in agreement, which suggests that stress reaction is different and
depends on the kind of the environment, in which selection was previously performed~
This situation is best reflected in the fact that selected lines loose their dominanc®
over nonselected ones, which seem to be less susceptible to a stress.
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CONCLUSIONS

1. Response to the same stress agent is different dépénding on the environment
in which selection of stressed individuals is performed.

2. Factor declining productivity of selected animals in one environment should
not decline it in another.

3. The expression of a stress reaction in the loss of dominance by selected lines
over non-selected ones is indicative of various genetic base for a high productivity
achieved by selection under different environmental conditions and of genetic deter-
mination of stress-resistance.
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REAKCJA NA STRESY SZESCIU LINII DROSOPHILA MELANOGASTER
SELEKCJONOWANYCH NA PLODNOSC W ROZNYCH WARUNKACH SRODOWISKA

Streszczenie

Badano odpornosé na stresy zwierzat selekcjonowanych w réznych warunkach srodowisko-
Wyeh. Stresem zimna i goraca potraktowano sze$§é linii Drosophila melarogaster selekejono-
Wanych uprzednio w optymalnych i niekorzystnych warunkach srodowiskowych. Selekeja
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ukierunkowana byla na zwigkszenie plennosci. Stwierdzono, ze reakcja stresowa byla rding,
1 zalezala od $rodowiska w jakim prowadzono selekcje. Mozna przypuszczaé, ze wysoka plennogs
jest uwarunkowana réznymi genotypami w réznych warunkach srodowiskowych, a odpornoss
na stres ma podloze genetyczne.

PEAKLIMSA HA CTPECCBHI LIECTU JIUHUWU DROSOPHIEA MELANOGASTER,
CEJIEKTUPOBAHHbBIX HA: INIOZOBUTQCTb B PA3IJIMYHLIX YCJIIOBHMAX
OKPYXAIOWEN CPE[BI

Pe3ome

HccnenoBanach peakilMs Ha CENEKLMIO B Pa3jiMYHbIX YCJIOBHAX OKPYXXAIOMIeH CPeAbl B CONPOTUBIA-
€MOCTb CeJIEKTHDOBAHHBIX XHBOTHbIX K cTpeccam. llects nunuit Drosophila melanogaster, cenexrupo-
BAHHBIX HAa BBICOKYIO IUTOZOBHTOCTh B ONTHMAJILHBIX M HEOIArONPHATHBIX YCTOBHAX OKPYXXAIOIUEH CPebl,
NOJBEPTAJIMCh BO3AEHCTBHIO X0J10/ja M BLICOKMX TEMIEPATYP. Y CTAHOBJIEHO; YTO CTPECOBI BIHMAIOT pa3iii-
HBIM 06pa30M Ha IUIOJOBHTOCTH CEJIEKTHDOBAHHBIX MyX. Peakuus HaNpsKeHMA 3aBUCHJIA OT YC/IOBHi
oKpyxarolel cpensl. IIpoBenéHnbIe HCCACNOBAHAS NO3BOIMIK NPHATH K BBIBOAY, YTO BBICOKAs ILION0-
BATOCTh ONpEeNSeTCs Pa3IMYHbIMA FEHAMH IPU Pa3JIM4HBIX YCIIOBHSAX OKPYXAIOMISH Cpeldsl U 4TO Co-
DPOTHBJIAEMOCTb K CTPECCAM HMMEET FEHETHYECKYI0 OCHOBY.



