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A SURVEY OF ALLELIC GENE EXPRESSION IN DROSOPHILA HYBRIDS 
Sarah Cavanaugh and Carlos A. Machado 

 
 
Abstract 
 
Hybrid crosses between D. pseudoobscura and D. persimilis can be obtained in the lab.  
However, the result is sterile males but fertile females.  Interestingly, the females, which are 
expected to be normal and to look the same, show physiological differences with the parental 
species, particularly in their metabolic rates, which are higher.  Also, levels of gene expression 
dysfunction relative to the two parental species are significantly different between the two types of 
female reciprocal hybrids.  In order to characterize mechanisms for these differences at the 
molecular level, two-directional crosses were performed between the species.  Then, a number of 
candidate genes were analyzed to determine individual expression patterns.  The most likely 
explanation for the difference in gene expression dysfunction between the two reciprocal hybrid 
females is imprinting, or parent-of-origin gene expression.  However, we did not identify any 
genes that exhibited pure parent-of-origin expression, but we did identify several cases of 
dominance and a case of co-dominance with preferential expression of the maternal allele, which 
may indicate partial imprinting. 
 
 
Introduction 
 
Two of the American species of Drosophila, D. pseudoobscura and D. persimilis 
diverged from one another about 500,000 years ago.  Hybrid crosses of these 
two species can be obtained in the lab, but they result in sterile males while the 
females remain fertile. Most work on the genetics of speciation in this species 
pair has focused on understanding the genetic basis of sterility in hybrid males 
(Dobzhansky 1934; Noor et al. 2001).  Hybrid females are fertile, and thus 
expected to be mostly normal.  Further, because the composition of their nuclear 
genome is identical, it is expected that females from reciprocal crosses should 
have similar phenotypes.  However, that is not the case. Though the hybrid 
females remain fertile, they show significant physiological differences with their 
parental species and among themselves, particularly in their metabolic rates 
(Machado in prep). More importantly, levels of gene expression dysfunction 
relative to the two parental species, which have been measured in adult flies 
using microarrays, are significantly different between the two types of female 
reciprocal hybrids. Female F1 hybrids with a maternal D. persimilis background 
showed more expression dysfunction with both parental species than females 
with D. pseudoobscura background (1193 genes vs. 80 genes, p < 0.0001) 
(Machado in prep).  
 
We want to characterize what could be causing these puzzling differences in 
gene expression at the molecular level. These differences may be due to 
incompatible cis- or trans-acting regulatory sequences, which control the 
expression of genes.  These are difficult to identify because the positions of 
these factors for any given gene are generally unknown.  Another likely 
explanation for the difference in gene expression dysfunction between the two 
reciprocal hybrid females is imprinting, or parent-of-origin gene expression.  At 



an imprinted locus one allele is transcriptionally silent, and all the gene products 
are produced from the other allele.  This process is typically dependent on the 
allele’s parent of origin.  Due to the fact that both hybrids have the same diploid 
genome structure, one would expect that the alleles would be expressed at 
similar rates.  However, the expression data from microarray experiments 
demonstrated that the F1 females more closely resembled the expression of 
either the maternal or paternal species at several loci.  This would indicate that 
allele specific expression is taking place, and thus would indicate possible 
imprinting.  
    
The term imprinting was first used to describe the complex behavior of the X 
chromosome in the dipteran insect Sciara (Crouse 1960).  In this example, 
“imprinting” was used to describe parent-of-origin effects in the context of the 
elimination of the paternal X chromosome from cells during spermatogenesis.  
Following this discovery, a number of eukaryotes were shown to exhibit genomic 
imprinting in the context of individual gene expression.  For example, genomic 
imprinting has been identified in a variety of insects such as the hymenopteran 
wasp, Nasonia vitripennis (Nur et al. 1988) and the coleopteran beetle, 
Hypothenemus hampei (Brun et al. 1995) as well as maize (Kermicle and 
Alleman 1990), and mammals such as sheep (Cockett et al. 1996).  Most 
recently, Gimelbrant et al (2007) identified widespread random monoallelic 
expression in humans.  In Drosophila specifically, parental effects have been 
recognized for over fifty years.  In 2004, Gibson et al. identified parent-of-origin 
effects on mRNA transcript levels in D. melanogaster using genomic microarrays.  
The authors stated that observed expression patterns could be due to either 
genomic imprinting or more general maternal/paternal effects.  However, 
Wittkopp et al. (2006) countered this finding by measuring allele-specific 
expression in inter-lineal D. melanogaster crosses and finding no evidence of 
“differential allelic expression between crosses that would indicate genomic 
imprinting.”  The authors instead attributed the gene expression patterns to trans-
acting maternal and paternal effect. 
 
In order to detect parent-of-origin gene expression we performed two-directional 
crosses: D. pseudoobscura females were crossed with D. persimilis males, and 
D. pseudoobscura males were crossed with D. persimilis females. We conducted 
these crosses using the single inbred strains from each species whose genomes 
have been recently sequenced (D. pseudoobscura Baylor and D. persimilis 
MSH3).  Because the genome sequences are known and publicly available, it is 
possible to determine which parental allele is expressed in hybrids by using 
reverse transcriptase PCR and then sequencing the products for regions with 
differences.  In hybrids, alleles can be expressed in one of three ways: dominant 
expression, in which only one species allele is expressed in both directional 
crosses; co-dominant expression, in which both species alleles are expressed 
simultaneously; or parent-of-origin expression, in which the expressed allele is 
either the maternal or paternal allele (Table 1) regardless of the direction of the 
cross.  We are most interested in genes that exhibit parent-of-origin expression, 



as they may be involved in potential hybrid incompatibilities. 
 
Here we present a gene expression survey in which candidate genes were 
amplified, sequenced and compared to the parental genomes in order to 
determine their expression patterns.  This information may give us insights into 
possible genetic links related to the observed physiological differences.  We did 
not identify any genes that exhibited pure parent-of-origin expression, but we did 
identify several cases of dominance and a case of co-dominance with 
preferential expression of the maternal allele, which may indicate partial 
imprinting. 
 
 

Table 1: Possible Expression Patterns 

Pattern Expressed Allele 
    
 H1 H2 

Co-dominance Pseudo & Per Pseudo & Per 

     
Dominance Pseudo OR Per Pseudo OR Per 

     

Parent-of-Origin 
1) Maternal 
allele: Pseudo 

1) Maternal 
allele: Per 

  
2) Paternal 
allele: Per 

2) Paternal 
allele: Pseudo 

 H1: hybrid offspring of D. pseudoobscura female crossed with D. persimilis male. 
 H2: hybrid offspring of D. persimilis female crossed with D. pseudoobscura male. 
 
 
Materials and Methods 
 
Generation of reciprocal Hybrid fly lines  
 
Hybrids were produced in the lab by crossing D. pseudoobscura Baylor males 
with D. persimilis MSH3 females and D. pseudoobscura Baylor females with D. 
persimilis MSH3 males.  Once larvae had emerged, the remaining adults were 
discarded.  Seven-day old F1 generation virgin adults were then collected, sorted 
by sex, and stored at –80 °C in TRIZOL. 
 
RNA extraction 
 
RNA was extracted from sexually mature adult females of D. pseudoobscura 
Baylor, D. persimilis MSH 3 and both reciprocal hybrid lines using a TRIZOL 
protocol.  Between 5 and 8 adults were used from each line and whole body RNA 
was collected.   RNA concentration was checked using a SmartSpec 3000 
spectrophotometer.  The extracted RNA was then cleaned using DNAse I to 
remove any possible DNA contamination.   



 
Gene Selection and Primer Design 
 
Candidate genes were selected for analysis in one of two ways. First, genes that 
are known to be expressed in adult females of D. melanogaster (Parisi et al 
2004, Arbeitman et al 2004) and that have been proposed as candidates for 
imprinting based on microarray studies (Gibson et al 2004) were selected to 
begin a survey of possible imprinted genes in our hybrids.  The D. melanogaster 
genes were blasted against the D. pseudoobscura and D. persimilis genomes to 
locate the homologous genes.  Second, D. pseudoobscura cDNA clones of 
genes that showed differential expression between the reciprocal hybrids in a 
microarray experiment were amplified by PCR and sequenced.  These 
sequences were then blasted against the published genomes in order to 
determine if the clones coded for annotated genes. 
 
The D. pseudoobscura and D. persimilis sequences were then compared, and 
primers were designed for those genes that showed several base pair 
differences.  The primers were designed so that they lie in exons of the mRNA 
and flanked at least one intron (Figure 1).  All primers were tested first in 
genomic DNA to optimize the annealing temperature and to ensure they would 
amplify both genome strains. 
 
 
Figure 1: Primer design schematic 
 

 
 
Representation of primer design method. D. pseudoobscura sequence (A) and D. persimilis (B) 
sequence. White areas indicate introns and colored areas indicate exons.  Red marks indicate 
where base pair differences between the two sequences might occur. 
 
For a complete list of genes and their primer sequences, see Table 2 in the 
appendix. 
 
RT-PCR Amplification and Sequencing 
  
Reverse Transcriptase PCR was performed using SuperScript III One-Step RT-
PCR System with Platinum Taq DNA Polymerase (Invitrogen).   The reaction 
cycle information for the RT-PCR reactions began with initial cDNA synthesis at 
50 °C for 30 minutes, denaturation at 94 °C for 2 minutes, followed by 40 cycles 
of PCR amplification:  94 °C for 30 seconds, an annealing temperature that 
varied from 58-60 °C (depending on the primer set) for 30 seconds, extension at 
68 °C for 2 minutes, and a final extension of 5 minutes at 68 °C.  Gel 
electrophoresis was used to determine the success of the RT-PCR reactions and 

Forward 
primer 

Reverse 
primer 

 
A 
B 



these samples were sent to the Genomic Analysis and Technology Core facility 
to be sequenced. 
 
Determination of allelic expression pattern 
 
The hybrid sequences were compared to the differences between the two 
genome strain sequences in Sequencher in order to determine which of the three 
expression patterns the hybrids exhibited. 
 
 
Results 
 
Primers were designed for over 73 candidate genes.  Of those 73, we were able 
to successfully amplify and sequence 42 genes by reverse transcriptase PCR.  
These 42 genes span the genome and have diverse functions (Table 3).  
Comparison of the hybrid gene sequences to the parental genome sequence 
enabled us to determine which allele or alleles were being expressed as mRNA 
in the hybrid individuals.  Figure 2 demonstrates the various patterns that were 
observed by comparing the sequence chromatograms of one polymorphic site 
between the hybrids and the parental sequences.  The majority of the genes 
examined showed a co-dominant allelic expression pattern.  However, not all of 
those genes displayed equal co-dominance or equal levels of expression 
between the two parental alleles (Table 4).  Six out of 42 genes exhibited co-
dominant expression but based on peak height in the chromatogram, a higher 
expression of the D. persimilis allele was observed.  Two other genes also 
exhibiting co-dominant expression showed higher expression of the D. 
pseudoobscura allele, based on peak height within the chromatogram.  One 
gene of the 42 showed co-dominant expression with higher expression of the 
maternal allele.  We also identified 2 genes that showed dominant expression of 
the D. pseudoobscura allele.  None of the 42 genes exhibited the predicted 
pattern of parent-of-origin expression.  See Table 5 in the appendix for the 
complete list of genes and their identified expression patterns.  Also, figure 3 in 
the appendix shows the chromatogram images of the eleven genes with 
expression patterns other than pure co-dominance. 
 
 
 
 
 
 
 
 
 
 
 
 



    Figure 2 a-d: Examples of Expression Patterns (Chromatograms) 
 
 
 
 
 
 
 
 
 
 
 
Chromatogram examples of one site of polymorphism in 4 different genes that represent the 4 
expression patterns seen: (a) is an example of complete co-dominance, (b) is an example of co-
dominance with greater D. persimilis expression, (c) is an example of co-dominance with 
maternal expression, and (d) is an example of dominance.  
 
 
 

Table 4: Genes demonstrating patterns of expression other than pure Co-dominance 

Gene name Chromosome Expression Pattern 

GA11597 3 
Codominant- pseudo 
preferential 

GA11947 XR 
Codominant- pseudo 
preferential 

GA15113 XR Pseudo dominant 

GA12831 XL 
Codominant- persimilis 
preferential 

GA10694 XL 
Codominant- persimilis 
preferential 

GA14215 3 
Codominant- persimilis 
preferential 

GA15774 3 
Codominant- maternal 
biased 

GA18520 4 Pseudo dominant 

GA17670 4 
Codominant- persimilis 
preferential 

GA20457 2 
Codominant- persimilis 
preferential 

GA17558 3 
Codominant- persimilis 
preferential 

Clone 4146 unknown 
Codominant- persimilis 
preferential 

Clone 251 unknown 
Codominant- persimilis 
preferential 

 
 
 
 

a d c b Baylor 
genome 

MSH3 
genome 

Baylor 
hybrid  
(H1) 

MSH3 
hybrid  
(H2) 



Discussion 
 
In this study, we set out to identify genes that may be candidates for causes of 
hybrid incompatibilities by examining their mRNA expression patterns.  Based on 
our hypothesis, we believed that these candidate genes might show parent-of-
origin expression.  However, our survey did not identify any genes with this 
expression pattern.  The majority of the genes tested demonstrated co-dominant 
expression. Therefore, because none of the genes show a strict parent-of-origin 
expression pattern but differences in total expression were observed (Machado; 
Table 6), it is possible that the observed asymmetric hybrid dysfunction in 
expression is the result of a different mechanism, like trans-acting maternal or 
paternal effects that start in embryogenesis but need to remain in place through 
adulthood (Rice et al 1979; Forquignon 1981; Malmanche and Clark 2004).  An 
expression study performed by Wittkopp et al (2006) attempted to identify 
genomic imprinting in D. melanogaster where differences in total expression 
were observed in offspring from reciprocal crosses, but they also did not find 
evidence of parent-of-origin expression.  According to this study, parental effects 
have the ability to alter total gene expression levels without affecting relative 
expression of the two alleles, and parental effects can change the number of 
transcription factors within the cell which would alter total gene expression. 
 
The observation that several of the co-dominantly expressed genes show 
stronger expression for one species allele over the other may also indicate the 
presence of differential allelic expression.  Differential allelic expression is 
defined as allelic variation in gene expression of non-imprinted genes.  The two 
alleles are not equally expressed at the mRNA level (Khatib 2007).  Recent 
studies have concluded that differential allelic expression is fairly common, 
especially in humans (Yan et al 2002; Lo et al 2003; Pastinen et al 2003) and 
mice (Cowels et al 2002).  A study by Pant et al (2006) analyzed differential 
allelic expression in humans and identified 31 genes showing expression of a 
favored allele in all heterozygous individuals examined.  This may indicate that 
some genes, reported to be imprinted, are actually cases of allele-specific 
differential allelic expression.  Further evaluation for differential allelic expression 
may elucidate phenotypic effects that cannot be explained by genomic imprinting.  
 
However, the observation of one gene with co-dominant but preferential 
expression of the maternal allele could indicate that partial imprinting plays a role 
in the observed asymmetric hybrid dysfunction. This observation is consistent 
with the idea of preferential expression which describes imprinted genes where 
both alleles are expressed but one is expressed more strongly in a parent-of-
origin manner.  Preferential expression has been reported for many imprinted 
genes in both mice and humans (Khatib 2007).  A study by Ono et al (2003) 
identified three possible mechanisms of preferential expression: 1) the existence 
of overlapping transcripts from other genes showing paternal or biallelic 
expression indicated by cDNA bands of varying sizes for a particular gene, 2) the 
existence of two promoters that can give rise to overlapping transcripts, and 3) 



the transition of the imprinting status of some genes from imprinted to non-
imprinted status.  Detecting further preferential expression may lead to the 
identification of possible cis-regulatory polymorphisms contributing to hybrid 
dysfunction.  Therefore, a more precise and quantitative method to estimate 
allele-specific expression needs to be utilized to determine if partial imprinting is 
common.   
 
 
Conclusion 
 
Despite the fact that no examples of genes with parent-of-origin expression were 
identified, we are unable to conclusively determine what mechanisms are 
contributing to the observed expression differences between the F1 hybrids and 
the parental species.  Further testing is required to determine if trans-acting 
parental effects, differential allelic expression, or partial imprinting has a greater 
effect. 
 
 
Future Directions  
 
A few of the genes showing co-dominant expression with stronger expression of 
one allele have been chosen to examine the expression of surrounding genes. 
We hope that this test might indicate whether or not the expression patterns 
extend to surrounding areas of the same chromosome.  Examining the 
surrounding expression patterns may indicate if chromatin structure plays a role 
in allelic expression rates.  Primers have been designed that will amplify genes 
found near the candidate genes.  By sequencing these products, we wish to 
determine if the same expression pattern extends to surrounding parts of the 
chromosome. 
 
Another option is to use newly available sequencing technologies (Solexa, 454) 
to sequence complete transcriptomes and obtain information on relative levels of 
species-specific allele expression as no quantitative PCR experiments were 
performed. 
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APPENDIX 
 
Table 2: Primer sequence for successful genes 

Dpse Gene Name Forward Primer Reverse primer 

Annealing 
Temperature 

(°C) 
GA11574 CTGAGCCATGCTCCGGACGCT GATTTTGGTCGCGTTCTGTT 59 
GA21581 AGCTGCGCAGCAAGAAGCGCCCC AATGATGGCCGCAATGTC 59 
GA11597 GAGCTGTATTTCTCGTTGTAT GGCACGATACTGTCAGACGA 59 
GA17780 GGGGCTGCTACGGCACGCCG CAGGATGCTGAGGACCATGT 59 
GA18475 AGGGAGCAGGCCAGGGGACCCA CGAAAGCTGGCTAGTGTGC 59 
GA11947 AGCATTCACTGCCCAATTTC TAGCTCCGGCATGGAGTTGAA (PS specific)  

TAGCTCCGGCATGGAGTTGAG (Per specific)   
59 

GA15013 AGCTGCGTCAACGTGATGT GTTTCTCATGTATATCCTT (PS specific)  
TCTATAATCTCGGCCAGGTGATC (Per specific) 

59 

GA15113 GCTCTGGATCAATTGCTGGT ACTGTTTGCTTATCTTTCCG (PS specific)  
GAGTGTGTGTGTGTGTGAAT (Per specific) 

59 

GA21207 GGACTCCGTACGAGGTGGT CCTGCAGCTGTCGTTTGAATTGCCT (Ps specific)  
CCTGCAGCTGTCGTTTGAATTGCCG (Per specific) 

59 

GA19365 TCATTCCAATTCAAGTGCT TGCTGGCTGGCATTAAAAAT 59 
GA10400 CCTCCACATTCCAGACGATA GATCCAGATCGGCGAAGAG 58 
GA11136 GCCGAGTGCAACAAGAAGTT TTGGGATGCTTCCGCCACTCT 60 
GA17491  TCAAATGAGGCAACCACAAA  CGAAGCCAATTCCACAAAAT 59.2 
GA13047 GACATCCCAACACGAATGC GAGATTCATGGCCGTGCCATAAGAT (Ps specific)  

CAGGTTCATGGCCGTGCCATAAGAC (Per specific) 
59 

GA11269 TTCGTTGTCAGCAAACGAGATCC AGTACTCTGGCGCAAAGGTG 58 
GA21508 AATCAACAGCGTTCTCTCC GACTCGCTCTTGGGGAAGTA 58 
GA12831 CCGCAGCCCATCAGACTAAGTGGT GCCGTCCTGCTTCAGAGTAA 58 
GA15341 CCGCTTCACGGACATAAACT ACGTCCTTGATGAGGACAGG 58 
GA17794 ATGCGAATTTTCACAGCATC CGCAATCTCAGACTCCCATT 58 
GA10165 ATGCCCAACGTCAGACTCTT CAGCATCCTTGCCCTTGAT 60 
GA20453 CGTCTGTCGTCGATTTTGAA GTGCTTACGCTCGGTCAGAT 59.2 
GA17558 CTGCCCGTAAGTTCCATGTT AGAACACATCACCGGGGTAG 58 
GA16452 GCAAGTGGACTAACCTCAACGAA CAGAACATCCTTTATTTCTCATTGTT 58 
GA10694 GAGTACATCCGAGGCCTGA GAATTTCGGCCACATTTCTG 58 
GA11174 CGATTACGTTGAATATTTGTGGA TTGAGGCTGGCTTAGGAAAC 58 
GA14215 TCGCACTCTGTCAGCATACAT ACGTTTGACTTTATTTTAGGAATGA 58 
GA14921 ACAACATGCCAAGCGACAT GCTCACCAAACGATTGGATATT 58 
GA15774 ATTAAAGTGCGCAACAAATG CTGAATCCTTCGGTCACCTG 58 
GA18520 GAAGCTTCAGCTGTTCAAATCA TTTCTTTATTCCAAAAGCCACTG 58 
GA20161 ATTTTCGGCCGAGGTTTT TTATTCATGTGGCATAGGAGCA 60 
GA20238 GATTGCCCTCCTTTCGATTT TTTTCGAAACACCACATCTACG 60 
GA12164 GAAACAATGACGGCAAGGAG AACCGATTTCCACAAGAGTTTT 58 
GA17670 CGGGCAAAAATGTGGTCTAT ATCGTGGGCATCACTTCCT 58 
GA20457 GCATTGAGTGCCTGAAGGAG ATCCTAAGCGCTGGCCTTG 59 
GA19832 TGGGTTTTCTTGCCCATAGT TGCAACGATGTTTAGCATGTC 59 
GA17565 GTCTGCTCTACGCCGTGAC ATATACCTGGCCCGGAGTG 58 
GA21120 AATCAAGCTGCCGAAGATGT CGGAGGAAATCAATCCCTTA 58 
GA15566 GCTCGCGTGATGAAAGTTCT CTGGCCTCACGTTCAGACTC 60 
GA19355 ATCCAACAATGTGGCGCTTT CAAAGGGATCGGGACTTGTA 58 
GA14839 ATCGCTGTCATCAGGTTGAG TTTTTAATTTCGCAATAGTTCTTAGAC 59 
GA15288 GCCGATGAGAAGAAGAAGGTT CTTGCCGGTGAGCATTTC 59 

Clone 4146 AAACGTGAAATTCGGAAGTG ACCAGAAGGAAAATGAGAGCTA 58 
Clone 251 AAACGTGAAATTCGGAAGTG CAAACCGACCAGAAGGAAAA 58 

 
 
 
 



Table 3: Gene Location and Description of Function (if known) 

Gene name 
Chromosome 
Location Function 

GA11574 3 serine-type endopeptidase activity. It is involved in the biological process proteolysis 
GA21581 XR ATP binding; motor activity 
GA11597 3 serine-type endopeptidase activity, involved in the biological process proteolysis 
GA17780 XL pyridoxal phosphate binding; transaminase activity. It is involved in the biological process metabolic 

process 
GA18475 3 cysteine-type endopeptidase activity. It is involved in the biological process proteolysis 
GA11947 XR unknown 
GA15013 3 unknown 
GA15113 XR unknown 
GA21207 3 unknown 
GA19365 XR unknown 
GA10400 XR unknown 
GA11136 XL unknown 
GA17491 3 unknown 
GA13047 2 unknown 
GA11269 2 translation elongation factor activity. It is involved in the biological process translational elongation 
GA21508 XL unknown 
GA12831 XL ATP binding; protein serine/threonine kinase activity; phosphopantetheine binding. It is involved in the 

biological process protein amino acid phosphorylation. 
GA15341 XL iron-sulfur cluster binding; NADH dehydrogenase (ubiquinone) activity. It is involved in the biological 

process ATP synthesis coupled electron transport 
GA17794 2 iron-sulfur cluster binding; electron carrier activity; oxidoreductase activity, acting on NADH or NADPH. It is 

involved in the biological process electron transport 
GA10165 2 heme binding; iron ion binding. It is involved in the biological processes: tricarboxylic acid cycle; electron 

transport 
GA20453 XR unknown 
GA16452 4 unknown 
GA10694 XL cathepsin B activity; involved in autophagic cell death; salivary gland cell autophagic cell death; 

proteolysis; regulation of catalytic activity 
GA11174 XL unknown 
GA14215 3 structural constituent of larval cuticle; involved in larval cuticle  biosysnthesis 
GA14921 2 unknown 
GA15774 3 unknown 
GA18520 4 translation elongation factor activity; guanyl-nucleotide exchange factor activity; involved in translational 

elongation 
GA20161 XR unknown 
GA20238 XR unknown 
GA12164 4 unknown 
GA17670 4 nutrient reservoir activity; alcohol dehydrogenase activity; involved in lipid metabolism 
GA20457 2 odorant binding 
GA19832 4 unknown 
GA17565 XL NADH dehydrogenase (ubiquinone) activity. It is involved in the biological process ATP synthesis coupled 

electron transport 
GA21120 4 acyl-CoA binding 
GA15566 XL structural constituent of ribosome. It is involved in the biological process translation 
GA19355 4 unknown 
GA14839 3 unknown 
GA15288 2 calcium ion binding; phosphopyruvate hydratase activity. It is involved in the biological process glycolysis 
GA17558 3 hydrogen-exporting ATPase activity, phosphorylative mechanism; involved in spermatid development 

Clone 4146 unknown unknown 
Clone 251 unknown unknown 

 
 



 
Table 5: Complete list of expression patterns 

Gene name Expression Pattern 
GA11574 Codominant 
GA21581 Codominant 
GA11597 Codominant- pseudo preferential 
GA17780 Codominant 
GA18475 Codominant 
GA11947 Codominant- pseudo preferential 
GA15013 Codominant 
GA15113 Pseudo Dominant 
GA21207 Codominant 
GA19365 Codominant 
GA10400 Codominant 
GA11136 Codominant 
GA17491 Codominant 
GA13047 Codominant 
GA11269 Conserved 
GA21508 Codominant 
GA12831 Codominant- persimilis preferential 
GA15341 Codominant 
GA17794 Codominant 
GA10165 Codominant 
GA20453 Codominant 
GA16452 Codominant 
GA10694 Codominant- persimilis preferential 
GA11174 Codominant 
GA14215 Codominant- persimilis preferential 
GA14921 Codominant 
GA15774 Codominant- maternal biased 
GA18520 Pseudo dominant 
GA20161 Codominant 
GA20238 Codominant 
GA12164 Codominant 
GA17670 Codominant- persimilis preferential 
GA20457 Codominant- persimilis preferential 
GA19832 Codominant 
GA17565 Codominant 
GA21120 Codominant 
GA15566 Conserved 
GA19355 Codominant 
GA14839 Codominant 
GA15288 Codominant 
GA17558 Codominant- persimilis preferential 

Clone 4146 Codominant- persimilis preferential 
Clone 251 Codominant- persimilis preferential 

 
 
 
 
 
 
 
 
 
 



Figure 3: Chromatogram images for all genes with interesting expression patterns 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For each gene, two or three sites of polymorphism have been chosen to demonstrate 
the observed co-dominance pattern and how greater expression was called.  The hybrid 
sequences are shown compared to the parental sequences.  For those genes that did 
not have useable chromatograms for all four lines, the written sequence has been 
included to demonstrate the polymorphic sites. 
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Table 6: Microarray expression data 

GA number Array ID Ps7F_rep1 Ps7F_rep2 Ps7F_rep3 Pe7F_rep1 Pe7F_rep2 Pe7F_rep3 H17F_rep1 H17F_rep2 H17F_rep3 H27F_rep1 H27F_rep2 H27F_rep3 

GA10694 Dp_00660_1 1080 837 1090 1110 910 1077 1438 1203 867 1462 1176 1637 

  Dp_00660_3 3771 2849 3710 3572 3170 3524 5014 4451 3293 5237 3968 5942 

GA15113 Dp_14374_1 704 532 527 652 674 643 453 546 264 531 621 632 

 Dp_14374_2 378 259 264 329 373 358 218 275 124 258 320 417 

  Dp_14374_3 375 281 272 330 354 335 248 277 173 304 322 442 

GA15774 Dp_18251_1 474 376 475 528 524 496 480 425 327 630 638 758 

  Dp_18251_3 1143 909 1029 1246 1194 1116 970 1056 712 1265 1307 1482 

GA17670 Dp_19409_2 13 11 6 21 19 23 37 45 23 48 41 79 

  Dp_19409_6 43 37 49 67 63 63 112 137 85 127 138 233 

GA12831 Dp_01515_1 635 643 592 619 606 527 558 475 307 563 598 639 

 Dp_01515_2 2014 2306 2025 1913 1816 1544 1698 1609 988 1744 1851 1735 

  Dp_01515_3 1799 1881 1899 1761 1738 1566 1595 1489 959 1769 1877 1685 

GA14215 Dp_18370_3 3 8 7 10 12 8 9 8 5 15 8 134 

GA17558 Dp_17133_1 6523 5330 6086 7394 7510 7427 13647 12670 7223 8266 7965 8882 

 Dp_17133_2 20740 16820 18046 24024 24739 22424 35901 36207 22377 24971 26717 29029 

  Dp_17133_3 9994 7708 8708 12023 12180 10711 15619 18980 9177 10662 12408 13577 

GA18520 Dp_01764_5 42 61 43 73 55 81 64 41 42 60 32 276 

  Dp_01764_6 10 9 4 14 13 14 24 18 15 24 15 418 

GA20457 Dp_05025_1 2376 2452 2416 2777 2724 2495 7595 7981 6474 7020 7195 7193 

 Dp_05025_2 8002 7943 8086 8961 8683 8179 15762 19828 15436 16626 19658 21953 

  Dp_05025_3 1695 1576 1636 1827 1701 1619 4492 5615 4181 4382 5340 4638 

GA11597 Dp_16406_1 738 778 712 122 123 115 761 908 615 1130 1369 1703 

  Dp_16406_3 599 597 626 105 101 103 795 726 592 1198 1144 1491 

GA11947 Dp_14173_1 72 63 62 67 57 56 85 109 69 103 109 221 

 Dp_14173_2 46 36 40 34 41 33 70 78 41 79 78 154 

  Dp_14173_3 173 160 164 129 139 135 210 257 184 241 271 413 

This data represents expression data from a microarray experiment.  Three 
replicates were run for each comparison.  The first set is data for seven-day old 
D. pseudoobscura females.  The second set is data for seven-day old D. 
persimilis females.  The third data set is data for seven-day old H1 hybrid 
females, and the fourth set is data for seven-day old H2 hybrid females. 


