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Finishing of DEUG4927010 

Abstract 

 The goal of this project was to prepare the DEUG4927010 contig—which covers the 

terminal 99,279 bases from the fourth chromosome of Drosophila eugracilis—for annotation. In 

the initial assembly of this project, there were 122 high quality discrepancies and 49 regions with 

low depth of coverage. Ninety one MNRs were present in low depth of coverage regions, and 67 

MNRs were found near highly discrepant positions. There were no low consensus quality 

regions. Overall, 29 edits were made to the consensus sequence by using ‘base counting’ and 

‘Illumina prioritization’ strategies, which are defined and explained in the High Quality 

Discrepancies (HQDs) section. Two potential SNPs were identified and tagged at positions 

98,587 as well as 98,764. Finally, a third highly discrepant position at 99,103 was found within a 

repeat element of the contig. Primers for this site were designed to determine whether variation 

in the base was the result of deviation in the repeat, a SNP, or a misassembly. This project is now 

ready for annotation. 

 

Introduction 

 Eukaryotic genomes are packaged into heterochromatic or euchromatic regions of the 

chromosome; this project examines the F element (dot chromosome) of the Drosophila 

eugracilis, which is predominantly heterochromatic. Heterochromatin refers to silenced regions 

of the genome that are highly condensed in a manner that suppresses transcription. Conversely, 

euchromatin refers to available regions of the genome that are less densely packed and can be 

accessed by transcription complexes. As a result, genes found in euchromatic regions typically 
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are more efficiently expressed than the same genes placed in heterochromatic regions. The 

smallest chromosome in the genome of Drosophila organisms, also known as the ‘dot’ 

chromosome or the ‘F element,’ is interesting because it is mainly composed of heterochromatin, 

enriched for silencing markers. However, genes found in these environments are still expressed 

as necessary for the survival of the organism. Therefore, the goal of this study is to map the 

genomes of fly species related to Drosophila melanogaster—such as D. eugracilis—to identify 

conserved regulatory motifs that might play a role in F element gene expression. The analysis 

could potentially allow for a better understanding of the gene regulation at work in the F element 

of Drosophila species. The D. eugracilis is valuable for this analysis because—based on its 

evolutionary history—it has fairly recently diverged from D. melanogaster. This allows for a 

more accurate representation of regulatory sequences shared between the species, as with less 

drift given the short evolutionary time. On the other hand, a more closely related species than D. 

eugracilis may not have had sufficient time to diverge, which means that shared elements may 

not necessarily be the result of conservation. Therefore, D. eugracilis hits a sweet spot.  

The initial assembly from the DEUG4927010 contig compiled reads from 454 

sequencing and Illumina technologies. The 454 sequencing reads have longer sequences, but 

they include multiple errors in regions with mononucleotide runs (MNRs). The 454 sequencing 

technologies are particularly prone to sequencing errors in MNRs that are longer than 5 bp. 454 

sequencing data is generated by detecting the intensity of luminescence that results with the 

incorporation of each nucleotide to the read. For MNRs, multiple bases can be incorporated 

simultaneously. In cases that exceed five bp in length, the intensity of light does not effectively 

reflect the specific number of bases that have been added. Conversely, monitoring the color and 

intensity of fluorescence as a result of base incorporation generates Illumina data. However, in 

Illumina sequencing, the dye is added to a reversible terminator nucleotide so that only one base 
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can be added at a time. The color detected corresponds to the addition of only one nucleotide, so 

Illumina technologies are more accurate in correctly determining the length of MNRs. Due to 

454 sequencing errors wtih MNRs, Illumina sequencing is used to more accurately determine the 

length of the MNR. With that said, reads from Illumina sequencing tend to be shorter than 454 

reads, which can result in misassembly and the misplacement of the Illumina reads. Therefore, 

finishing the contig—after combining Illumina and 454 sequencing reads—involves locating as 

well as analyzing errors in gaps, highly discrepant, low coverage, and low consensus quality 

regions.   

 

Initial Assembly 

 The initial Assembly View (Figure 1) included one contig, DEUG4927010, which 

covered the region of the Drosophila eugracilis dot chromosome between positions 810,000 and 

909,279. Figure 1 shows the preliminary view of this project after running Crossmatch, which 

was used to detect sequence matches. All three of the regions with discrepant forward and 

reverse pairs (indicated by red lines in Figure 1) were found in regions of the contig with highly 

repetitive sequences (indicated by the orange and black lines in Figure 1). This indicates that the 

discrepant forward and reverse pairs may have resulted from being mapped to the wrong repeat 

element. The green line above the assembly view tracks the number of reads found in that region 

and indicates high coverage, fairly uniform, throughout the contig. The spike in coverage seen 

near the final 10 kb of the contig most likely corresponds to a misassembly at the terminal region 

of the genomic scaffold that this contig was derived from (Figure 2). Overall, there were 122 

high quality discrepancies and 49 regions with low depth of coverage. There were no gaps, 

vectors, or low consensus quality regions detected within this contig.  
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High Quality Discrepancies (HQDs)  

The contig was first evaluated for High Quality Discrepancies (HQDs), which refer to 

regions of the sequence where three or more high quality reads—each with a Phred score greater 

than or equal to 30—disagree with the consensus sequence. The HQDs were found using a 

search for ‘highly discrepant positions’ in Consed and then scanned for MNRs. There were 110 

Figure 1: Initial Assembly View of Contig DEUG4927010 

The black and orange lines above the contig correspond to repeated regions. The green line at the top of the contig 
represents the number of reads found throughout the contig. The red lines below represent forward/reverse mate pair 
discrepancies. All of the forward and reverse pair discrepancies (red lines) in the DEUG4927010 contig were found in 
regions of repetitive elements (black and orange lines), which suggests that repeat elements may have resulted in 
mismapping of these reads.  

Figure 2: Spike in Coverage 

The green line tracks the number of reads found throughout the contig. The spike at approximately the final 
10 kb of the contig suggests a misassembly, which is typical for contigs that cover the terminal region of a 
genomic scaffold. 
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HQDs found through Consed, and 64 of these regions contained MNRs. Out of these 64 regions, 

26 positions in the consensus sequence were edited (Appendix A and Appendix C). The length of 

MNRs suggested by 454 sequencing technology is often erroneous, so HQDs were resolved by 

evaluating MNRs where possible. 

Of the 64 HQDs that were associated with MNRs, 40 regions had Illumina reads that 

completely or predominantly agreed with the consensus sequence; thus no edits were necessary 

in these regions. In these cases, the HQDs that were detected by Consed typically had multiple 

reads from 454 sequencing technologies that disagreed with the alignment of the consensus 

sequence. However, both Illumina and 454 sequencing reads generally had recorded MNRs of 

the same lengths. The discrepancy was typically due to only a few reads in disagreement with the 

consensus sequence or the misplacement of reads that agreed with the MNR length but were no 

longer aligned to the consensus sequence. Therefore, counting the number of bases in MNRs 

across all of the different reads was effective in evaluating these HQD regions. Since all—or the 

vast majority—of the reads agreed with the consensus sequence on the length of the MNR, there 

was no evidence to suggest that the consensus sequence needed to be edited. The term ‘base 

counting strategy’ will be used to refer to this method of counting the number of bp involved in 

the length of the MNR across all of the reads present at the region. An example of this strategy 

can be seen in Figure 3, which has an HQD spanning bases 38,844 to 38,850. Although 14 of the 

454 sequencing reads disagree with the consensus, all of the Illumina reads and the vast majority 

of the 454 sequencing reads agree on a sequence of seven T’s. Therefore, the consensus 

sequence was not changed. 
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In some cases, the length of MNRs indicated by 454 sequencing techniques did not agree 

with the length of the MNRs indicated by Illumina reads. Since the Illumina reads more 

Figure 3: Example of Solving High Quality Discrepancies by Counting Bases (38,844-38,850) 

All of the Illumina reads (highlighted in purple) agree that seven T’s (outlined by the red rectangle) should be aligned as shown 
in the consensus sequence. Fourteen of the 42 reads from 454 sequencing (highlighted in yellow) disagreed with the seven T 
length, but 28 agreed with the consensus sequence. Since the majority of the 454 Sequencing reads and all of the Illumina reads 
agreed with the consensus sequence, the seven T sequence was maintained.  
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accurately determine the length of MNRs, data from Illumina reads were used to determine the 

consensus sequence. The term ‘Illumina prioritization’ will be used to refer to this method, 

which places a higher value on Illumina reads for evaluating MNRs. An example of this strategy 

can be seen in Figure 4 for positions 2,503-2,509. Although the majority of 454 sequencing reads 

disagreed with the consensus sequence in this region, all of the Illumina reads agreed with the 

consensus and were ultimately used in the final decision.  

 

  

Figure 4: Solving High Quality Discrepancies with Illumina Reads (2,503-2,509) 

There were 22 reads from 454 sequencing (highlighted in yellow) that disagreed with the seven A length of the MNR (outlined by 
the red rectangle) and only 16 reads from 454 sequencing that agreed with the length for the MNR shown in the consensus 
sequence. Due to this disagreement, the high quality Illumina reads (highlighted in purple) were considered. Since all of the 
Illumina reads agreed with the consensus sequence, the seven A length of the MNR was kept in the consensus sequence. 
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 The other 26 HQDs that were associated with MNRs required edits to be made due to 

disagreement between the high quality Illumina reads and the consensus sequence. In these 

cases, data on the lengths of MNRs from Illumina sequencing were considered more strongly 

than data from the reads of 454 sequencing data for reasons described above. However, many of 

these regions involved Illumina reads that were misaligned with the consensus sequence, which 

may have resulted from being incorrectly mapped to the 454 sequencing reads. Both the ‘base 

counting’ and ‘Illumina prioritzation’ strategies described earlier were used when determining 

whether a change to the consensus sequence was necessary. For example, region 23,765 to 

23,775 shows 25 of the 31 Illumina sequences in agreement with a MNR of 10 A’s and were 

aligned with the additional A under a pad (*) on the left side of the MNR. Three of the 31 

Illumina sequences also agreed with an MNR of ten A’s but were aligned with the additional A 

under an pad on the right side of the MNR. Despite issues with misalignment among the reads, 

28 of the 31 Illumina sequences agreed that an MNR of ten A’s should be present in the 

consensus sequence. This MNR length disagreed with the consensus sequence as well as with all 

of the 454 Sequencing reads. However, since the Illumina reads are characteristically better at 

determining MNR lengths, they were prioritized in determining the consensus sequence (Figure 

5). Overall, 26 edits were made to the consensus sequence based on the list of HQDs determined 

through Consed (Appendix B).  
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Figure 5: Example of an Edit made to the Consensus Sequence (23,766-23,775) 

The ‘base counting’ strategy was used in order to determine that the Illumina sequences (highlighted in purple) agreed on 
an MNR of ten A’s, even though the Illumina pairs were misaligned with one another. The ‘Illumina prioritization’ 
strategy also indicated that the agreement of Illumina reads on an MNR of ten A’s should override the agreement of the 
454 sequencing reads on an MNR of nine A’s, given the higher quality of Illumina sequencing technology with regard to 
MNRs. Through the application of these two methods, the consensus sequence was changed from a pad to an A at 
position 23,766. 
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High/Low Depth of Coverage 

The contig was then checked for regions with low depth of coverage, which refers to 

sections of the assembly that have fewer than 40 reads. These regions need to be scanned for 

MNRs because they may not have the minimum number of discrepant reads necessary to be 

picked up by the ‘highly discrepant positions’ navigator. There were 49 regions with low depth 

of coverage that were listed by Consed, and these regions included 91 MNRs overall. Of the 91 

MNRs shown (Appendix C), 88 of these regions effectively matched the consensus sequence or 

had already been edited using the ‘highly discrepant positions’ navigator. However, there were 

three MNRs in these regions with enough evidence to change the consensus sequence. For 

example, the ‘base counting’ strategy was used to determine that the MNR from position 4,626 

to 4,633 had 27 of the 454 Sequencing reads in agreement with the consensus sequence. 

However, seven of the 454 Sequencing reads indicated changing the pad to a T at position 4,626, 

which was also supported by the two Illumina reads. The presence of these two Illumina reads 

was reason enough to warrant a change in the consensus sequence using the ‘Illumina 

prioritization’ strategy (Figure 6). However, this region falls at the very beginning of the contig 

and is preceded by a polyA run, so this alignment remains a hesitant prediction. 
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On the other hand, an issue with high coverage was seen at the end of this contig within 

approximately the terminal 10 kb of the assembly. This region of high coverage corresponds to a 

sharp peak in the number of reads (the green line above the initial Assembly View) as seen in 

Figure 7. This sudden rise in the number of reads mapped to the region can be explained by the 

location of this contig at the end of the genomic scaffold that it was derived from. The contig 

approximately comprises the final 100 kb of this scaffold, so misassemblies in this final region 

are expected. Reads may have been inappropriately placed at the end of this contig, straddling 

Figure 6: Example of an Edit Made in Region with Low Depth of Coverage (4,626-4,633) 

The low depth of coverage in this region became problematic due to the polyT run found between bases 4,626 and 4,633. 
Twenty seven of the 454 sequencing reads agreed with the sequence of 7 T’s and 7 of the 454 sequencing reads indicated a 
run of 8 T’s instead. There were 2 Illumina reads that also indicated a run of 8 T’s. Although they were few in number, the 
Illumina reads provided enough evidence to support a change in the sequence. 
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the end of the consensus sequence (Figure 8). To be placed at this location, paired reads need 

only match the base pairs on one side of the sequence, so a large number of reads that were not 

successfully mapped elsewhere tend to be misplaced here.  

 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 7: Increase in Depth of Coverage at Terminus of DEUG4927010 Contig 

The peak in depth of coverage, or the number of reads mapeed to the region, began at 98 kb and 
continued to the end of the contig. This may correspond to a misassembly where a large number of reads 
are incorrectly mapped to the end of the D. eugracilis dot chromosome. Figure 7 show the same data as 
Figure 2 albeit with a larger window.  

 

 

 

 

Figure 8: A View of Misaligned Reads Straddling the End of the Consensus Sequence 

The reads outlined in the yellow rectangles have sequences (written in red) that run past the consensus sequence. 
These are misplaced to the end of the contig because the first part of the sequence matches the consensus sequence. 
However, the consensus sequence ends before the terminus of the read, so the program accumulates indeterminable 
reads at this region, which ultimately results in misassembly with an increase in depth coverage. 
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Single Nucleotide Polymorphisms (SNPs) 

The contig was checked for gaps using an ‘N’ search string, for vectors using an ‘X’ 

search string, and for low consensus quality regions (Phred <30) using the ‘low consensus 

quality’ navigator. The final checks for this contig confirmed that there were no gaps, vectors, or 

low consensus quality regions in the contig; however, two potential SNPs were found. The 

contig was then checked for SNPs. SNPs are sources of genetic variation between individuals of 

the same species based on differences in a mononucleotide, or a single base. SNPs in the 

assembly were identified while scanning the contig for ‘highly discrepant positions’ or ‘low 

depth of coverage regions.’ SNPs are defined as 40-60% the reads in agreement for one base 

while the other 60-40% the reads are in agreement for a different base. One potential 

polymorphism was found at position 98,587 where 59 reads agreed on an A at the site while 60 

reads agreed on a C at the site (Figure 9). There was another potential SNP found relatively 

nearby at position 98,764. However, at position 98,764, 106 of the reads correspond to a G while 

71 of the reads correspond to T, which is a 60:40 ratio for the second SNP. There was not 

complete correspondence between the two SNPs. Of the 63 reads that contained the SNPs on 

both sides, 85% had correspondence between the two sites. In other words, 85% of the reads had 

an A at 98,587 and a G at 98,764 or a C at 98,587 and a T at 98,764. However, 15% of the reads 

were not coordinated in this way and had an A at 98,587 but a T at 98764 or a C at 98,587 but a 

G at 98,764. Both SNPs at sites 98,587 and 98,764 were tagged as a ‘polymorphism.’  
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Figure 9: SNP at 98,587 with 50:50 Distribution across Reads for A or C 

The purple highlighted reads correspond to reads with an A at the 98,587 site, and the yellow highlighted reads 
correspond to reads with a C at the 98,587 site. The placement of this position outside of any repeats, like transposable 
elements, as well as the even distribution across all reads for these two bases suggests that this is a SNP.  
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PCR Primers 

One final position on this contig—site 99,103—located near the end of the contig within 

a repeat element, requires more analysis due to a high level of discrepancy between reads. The 

site potentially resembles another SNP because there are a large number of reads with the base G 

at that position and a large number of reads that have an A at that position. However, there are 35 

reads with a G and 73 reads with an A at the 99,103 site, which roughly describes a 30:70 ratio 

instead of a 50:50 ratio. This ratio reduces the possibility of an SNP being associated with this 

site. The placement of this position within a repeat element also increases the likelihood that this 

trend results from variation of the repeat element. In order to determine the reason for these 

discrepancies, PCR primers were designed to obtain more data for this region of the contig.   

PCR primers were selected around the position at 99,103 based on the PCR product size, 

interchangeability of the PCR primer pairs, and melting temperatures. Primers were designed so 

that the PCR product was not shorter than 600 bp (for more practical and efficient wet lab 

experiments) but no longer than 1,200 bp (because PCR products should be kept as small as 

possible). Four primers were chosen for the degree of interchangeability between the two pairs 

so that four combinations were possible in which each left hand primer could work with each 

right hand primer (Figure 10). These were also chosen to be unique sequences so that only the 

region around 99,103 would be amplified. Finally, the primers were chosen to have as small of a 

difference in melting points as possible to allow for efficient and simultaneous annealing during 

the PCR protocol. The PCR primers used for this project are shown in Figure 11.  However, this 

involves a low priority check since the position in question falls within a repeat element.  
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Conclusion 

 After finishing the DEUG4927010 contig, the final assembly (Figure 12) appears 

essentially the same as the initial assembly because there were neither tears performed during the 

finishing process nor any gaps that needed to be joined. No gaps, vectors, or low consensus 

quality regions were present in this project. However, all of the highly discrepant regions had 

been checked, which includes high quality discrepancies as well as low coverage regions. The 

SNPs at positions 98,587 and 98,764 had been tagged as polymorphisms. PCR primers were also 

Figure 10: List of PCR Primers Possible for Checking Position 99,103 

The PCR primers used were determined by checking for a PCR product with a size between 600 and 1200 bases as well 
as melting point differences that were no more than 2 degrees apart between the primer pairs. Interchangeability 
between the left and right hand primers was also considered so that the 98,519 - 98,541 left hand primer could pair with 
both the 99,168 - 99,185 as well as the 99,210 – 99,230 right hand primers. Similarly, the 98,000 - 98,024 left hand 
primer was checked to be able to pair with the 99,168-99,185 and 99,210-99,230 right hand primers.  

Figure 11: PCR Primers Chosen for the Experiment 

The PCR primers that were chosen for the experiment are shown above and are the same as pair #7, #8, #9, and #10 
shown in Figure 10.  
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designed in order to better characterize the site at 99,103. Overall, the finishing step for 

DEUG4927010 has been completed and is ready for the annotation pipeline. 
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Figure 12: Final Assembly View  
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