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are also relevant to eukaryotes including humans on one-to-one basis (an extreme human example: an 
individual who commits suicide under a heavy environmental stress shows the suicidal gene 
expression effect as turned “on” while the normal gene expression effect for behavior is turned 
“off”. Such suicidal gene effect of an individual human being ranging from an intellectual to a 
politician is due to the profound stressful environmental stimuli having not been identified yet). 

Thus, the experimental approach facilitated in formulating two rules on gene expression 
effect.  However, both experimental and other hypothetical aspects discussed above provides the 
evidence that the normal gene expression activity of turning “on” (the two genotypes g3 and g5 do not 
cross each other) and/or turning “off” (two genotypes g3 and g5 cross each other) for an individual 
genotype depends upon the surrounding environment and that affects the phenotypic expression.  
That is the gene expression effect is temperature sensitive and the environment, thus, controls the 
transcription and translation processes in an individual’s daily life. 

Acknowledgment:  Appreciation is extended to Michelle Orr and Ruth Faye Richards. 
References:  Gupta, A.P., 1978,  Ph.D. Thesis, Harvard University, Cambridge. MA;  Gupta, 

A.P, and  R.C. Lewontin 1982,  Evol. 36(5): 934-948;  Gupta, A.P., 1983,  Dros. Inf. Serv. 59: 47-48. 
 
 

 
Evolutionary significance of temperature on gene expression.  

 
Gupta, Anand P.  Johnson C. Smith University, Department of Science and 
Mathematics, 100 Beatties Ford Road, Charlotte, NC 28216;  E-mail: agupta@jcsu.edu 
 

 
The experiment is designed to understand how the environmental stimulus such as the 

temperature affects the gene expression for a phenotypic trait that involves the process of 
transcription and translation leading to an evolutionary approach, using Drosophila pseudoobscura.  
 
 
Experimental Procedure  
 

Ten iso-chromosomal lines for the second chromosome of Drosophila pseudoobscura from 
Strawberry Canyon, 200 feet above sea level, California, were used for the experiment (Gupta 1978).  
These lines were maintained in half-pint milk bottles on Carpenters medium at 24C before they were 
used for the experimental work.  Heterozygotes (F1’s) between lines were created by mating pairs of 
iso-chromosomal strains at random (1  2, 3  4, 5  6, 7  8, 9  10) so as to reconstitute the variety 
of genotypes present in nature (the results for heterozygotes are not discussed in this paper).  For our 
purpose, we have considered the data on absolute viability percent only in parents.  [Viability is 
defined as the percent of fertilized eggs placed in a vial that reached adulthood (eclosion from the 
pupal case)] to provide the experimental evidence for the occurrence of gene expression 
phenomenon.  The fertile eggs collected varied from 6 to 14 hours of age.  For each parental 
homozygote, eggs were collected and cultured at two densities (40 and 140 eggs/vial) at the specified 
temperature.  Ten replicates were made at two egg densities and at three temperatures (14, 21, and 
26C).  Each vial contained 10-12 ml of Carpenters medium.  The results obtained at 40 eggs/vial are 
not discussed here as both the egg densities showed the same pattern from gene expression view-
point.  
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Results and Discussion 
 

Figures 1, 2, and 3 show on the x-axis the three different temperatures (14, 21, and 26C) 
while on y-axis is the viability (%) in strains of Drosophila pseudoobscura.  

 In Figure 1, there are ten different parental 
genotypes numbered from 1 to 10, each raised at the 
same time at three different temperatures.  The 
genotypes numbered 1, 2, 4, 6, and 9 produce more 
progeny at 14C but less at the other two temperatures 
(21 and 26C);  genotypes 3 and 7 produce higher 
viability at 14 and 26 but lowest at the 21;  genotype 
5 yields highest viability at 21 but lower at 14 and 
26C;  genotype 8 produces more viable progeny at 
26C but lowest at 21C;  genotype 10 yield the highest 
viability at 14 but lower at 21 and 26C.  The figure 
leads to the following important evolutionary 
information:  1) the norm of four genotypes numbered 3, 
7, 8, and 9 is of ‘V’ shaped;  2) while the norm of only 
one genotype numbered 5 is of inverted ‘ ’ shaped;  3) 
the two genotypes 5 and 7 cross each other when 
nurtured at a temperature range between 14 and 21 C, 
and between 21 and 26C;  4) the two genotypes 5 and 
8 cross each other when nurtured at a temperature range 
between 14 and 21 C, and between 21 and 26C;  5) 
the two genotypes 5 and 9 cross each other when 
nurtured at a temperature range between 14 and 21 C, 
and between 21 and 26C.  The evolutionary approach 
of genotypes numbered 5 and 7; 5 and 8; and 5 and 9 
demonstrates the phenomenon of genotype  temperature 
interaction.  Based on such facts one cannot predict the 
outcome of the phenotype developed from a genotype 
when moved from one temperature to another.  Thus, the 

development of a phenotypic trait of phenotype from a given genotype is temperature sensitive.  
These data provide the gene expression effect on the development of an individual fruit-fly.  This 
signifies that each genotype is different genetically and the genes differ in their expression from one 
temperature to another.  That is how the genes are expressed differently considering and analyzing 
the viability data for a genotype in question from one temperature to another.  Thus this figure 
demonstrates the presence of turning “on” for higher viability at one temperature, and turning “off” 
the genes for lower viability when raised at other temperatures for a given genotype.  (The selection 
of a genotype is best where there is no genotype  environmental interaction).  

For the present paper, the two genotypes 5 and 7 (g5 and g7) from Figure 1 are selected to 
explain not only the gene expression as turned “on” or turned “off” but also the process of gene 
transcription and translation towards the development of the viable progeny (viability) as a 
phenotypic trait. 
 
 

Figure 1.  Viability of ten genotypes of 
D. pseudoobscura (numbered from 1 
to 10), Strawberry Canyon, California, 
each raised at three temperatures 
(14C, 21C, and 26C). 
 



Dros. Inf. Serv. 92 (2009) Research Notes 39

 

 
 In Figure 2, when one takes into account raising these two genotypes (g5 and g7) at a 
temperature range between 17.1 and 20.6C, one gets two different phenotypic distributions 
numbered 1 and 2.  The viability range for phenotypic distribution number 1 varies from 22.1 to 
29.1%, while for phenotypic distribution number 2 ranges from 48.5 to 58.2%.  However, the mean 
viability obtained is of 25.6 and 52.1 percent for the genotype g7 and g5, respectively.  This provides 
the evidence for a significant impact of the gene action and less impact of the environment 
(temperature) in determining the viability.  It is interpreted in terms of the gene expression effect as 
genes turned “on”. 
 When one cultures these two genotypes at a temperature range of 23.3 to 25.3C (Figure 3), 
one finds that both have the same phenotypic distribution (both genotypes show the same mean 
viability of 36.3%).  That is one gets only one phenotypic distribution from two genotypes.  There is 
a little or no gene effect in determining the phenotypic trait (viability).  It implies the significant 
contribution of non-genetic factors (temperature effect) and less impact of gene action.  Thus, it is 
considered as the gene action turned “off”.  

It is evident that the gene expression effects are not only applicable to prokaryotes but are also 
relevant to eukaryotes including humans and plants.  It is interesting to note that all human 
individuals in the world share a common gene expression effect and that is stealing.  It is clear that 
each of us in our lives have performed the act of stealing.  For example: cheating (stealing the 
response for the question) on a test by student;  or a child takes away the food (act of stealing) from 
brother or sister;  or an academic made a photocopy (an act of stealing) for personal use not permitted 

Figure 2.  The viability data, illustrating the 
two phenotypic distributions numbered 1 
and 2, for two genotypes g5 and g7 taken 
from Figure 1 at the temperature range of 
17.1C and 20.6C.  
 

Figure 3.  The viability data, demon-
strating the only one phenotypic 
distribution, for two genotypes g5 and g7 
taken from Figure 1 when the temperature 
range varies from 23.3C and 25.3C. 
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by the Institution’s  policy and so on.  However, the extent of stealing behavior will differ from one 
individual to another and thereby causing a difference in gene expression for such individuals.  I 
name such a gene responsible for it as the “Stealing gene” [It is not yet known which gene (s) and/or 
the chromosome is responsible for it].  

The present subsection deals with the evolutionary inter-relationship of transcription and 
translation process for respiration required by an individual organism and an individual human 
including plant photosynthesis.  The scientific knowledge of gene expression plays an important role 
in an individual’s life ranging from bacteria to human.  For example, every living-being including 
aerobic bacterium needs oxygen to respire and in turn liberates the carbon dioxide into the 
atmosphere.  It is the plant that uses the liberated carbon dioxide from the atmosphere for the process 
of photosynthesis and in turn releases oxygen as a waste product and sugar (energy) to be consumed 
by a living individual.  It becomes clear that the processes of photosynthesis and respiration are 
interrelated.  However, nothing has been elucidated so far how the transcription and translation 
process (a process for protein/enzyme synthesis) plays an important evolutionary role to 
photosynthesis and respiration required by an individual organism or an individual human.  Figure 4 
demonstrates the relationship of transcription, translation, respiration and photosynthesis to an 
individual organism and an individual human.  Here, the transcription process is from DNA (gene) to 
mRNA while translation is from RNA to amino acid chain that leads to protein/enzyme synthesis.  
For example, a normal functioning of the transcription and translation process maintains the 
homeostatic temperature of a human-being as constant under any environmental condition.  However, 
any interruption at any stage causes fever (from low to extreme high) and could be fatal depending 
upon the degree of interference.  The process of photosynthesis releases the oxygen to be inhaled by a 
living organism and individual human for day-to-day activity in life.  In order to inhale oxygen and 
exhale carbon dioxide during respiration process, individual needs energy and that comes through the 
use of covalent bonds during the translation and transcription process.  The carbon dioxide thus 
released through the respiration process is absorbed by the plants for photosynthesis.  This completes 
the cycle of relationship between the transcriptions, translation, photosynthesis, and respiration, 
thereby fulfilling the process of gene expression effect required by an individual organism including 
a human for survival.  
 

 

 
Also, the Figures 2 and 3 obtained from D. pseudoobscura, Strawberry canyon genotypes 

(200 feet above sea level) confirm the findings of two rules published by Gupta (2009) for D. 
pseudoobscura, Santa Cruz Island genotypes (at sea level).  Furthermore, the genotypes from the two 
populations differ in their gene expression effect.  For example, 40% genotypes (Figure 1) from 
Strawberry Canyon population show the gene expression effect as of “V’ shaped, while only 28% 

Figure 4.  A model on gene expression effect demonstrating the relationship of the 
transcription, translation, respiration, photosynthesis to an individual organism and 
individual human. 
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genotypes from Santa Cruz Island show such an effect (see Figure 2, Gupta 2009).  This is due to the 
difference in existing environmental conditions encountered by these two populations even though 
both the populations were maintained in laboratory for several years. 
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Introduction 
 
 Mycotoxins are secondary metabolites of moulds, and their compounds have toxic effects on 
the living organisms.  The toxic effect of mycotoxins on animal and human health is referred to as 
mycotoxicosis (Peraica et al., 1999).  Mycotoxins may cause a range of toxic responses from acute 
toxicity to long term or chronic health problems, including immunosuppression and even 
carcinogenesis.  Many mycotoxins may be produced by one mould; in particular, many Aspergillus 
and Penicillium species can produce several mycotoxins simultaneously, depending on the 
environmental and substrate conditions (Stec et al., 2009).   
 Patulin (PAT), which gets its name from Penicillium patulinum, is one of the most well-
known mycotoxins. 50 lg/l of PAT in apple juice was considered a safe level by the World Health 
Organization (WHO) (van Egmond, 1989).   
 PAT is a potent genotoxic compound (Saxena et al., 2009).  In addition to this, it has been 
reported that patulin has carcinogenic features in mice (Wogan, 1965).  
 The adverse effects of patulin were studied in many animals.  There are some studies even in 
Drosophila melanogaster.  Reiss (1975) showed that patulin has strong insecticidal activities in 
Drosophila melanogaster. 
 But according to understanding the likely adverse effects of patulin, there are no studies of 
development stages of Drosophila according to the best of our knowledge. Drosophila melanogaster 
provides a powerful system in which to use genetic and molecular approaches to investigate human 
genetic diseases (Chien et al., 2002).  It also has many advantage for a model organism, because it is 
known as fruit fly Drosophila melanogaster has several features such as different ecological 
adaptation to the environment, transport giant chromosomes, simple food requirements, and having a 
lot of genetic variation. 
 
 
Materials and methods 
 
 In this study we used the Oregon-R strain of Drosophila melanogaster.  All experiments were 
carried out 25 ± 1C and approximately 60% of relative humidity.  The flies in stock and this study 




