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Abstract 

 For my project I chose DELE8596020, a region of the D. elegans dot chromosome. The 

project started with a number of high quality discrepancies, low consensus quality regions, and 

three gaps. I was unable to resolve any of the gaps, but was able to adjust most of the 

mononucleotide runs to a proper length. Further sequencing may be required in order to resolve 

gaps and other problem areas. 

Introduction 

 Heterochromatic DNA is typically associated with tight packaging and relatively low 

levels of transcription. In Drosophila melanogaster, genes in the small fourth chromosome are 

expressed normally despite being placed amidst repeat-rich, heterochromatic regions. Finishing 

the sequence of the F element of D. elegans may help clarify the mechanisms of such surprising 

gene transcription. This could be accomplished by comparison with the finished sequences for 

the F elements of other closely related Drosophila species. In order to produce the initial 

consensus sequence, reads were generated either via 454 pyrosequencing or Illumina. 454 

sequencing uses light signals from pyrosequencing to determine the number and identity of bases, 

but for long MNRs (mononucleotide runs), the brightness of the signal no longer corresponds to 

the number of nucleotides. Thus the goal of this project is to manually resolve discrepancies 

between 454 and Illumina reads, as well as other major problems in the consensus sequence such 

as gaps or low coverage areas. 
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Initial Assembly 

Figure 1: Initial assembly view of DELE8596020. Red lines correspond to inconsistent 
mate pairs. Orange lines signify uncomplemented sequence matches, while black lines 
represent complemented sequence matches across the contig. 
 In the original assembly (Fig. 1), there were 11 regions with low consensus quality and 3 

gaps, which were estimated to span about 424 bp in total. In addition, there were 366 highly 

discrepant regions, in which at least 3 discrepant reads had a quality score equal to or above 30. 

 

Gap Resolution 

Figure 2 Initial Assembly with gaps between individual contigs. Pink labels correspond 
to each individual new contig. 
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 The initial assembly noted the presence of 3 gaps. All gaps are spanned by numerous 

mate-pair reads, suggesting that the assembly has ordered the contigs correctly (Fig. 2). The gap 

between KB458596:1260000-1360000 and contig 1360002 was estimated to be around 400 bp 

wide in the initial assembly. The Search for String function (Fig. 3) was used at the ends of the 

contigs to search for any sequence matches between them. If a good match could be found, the 

contigs could be compared, realigned, and joined together to close the gap.  

Figure 3 End of contig KB458596:1260000-1360000. Example of Search for String 
function in use. Query string is marked with yellow in the Aligned Reads window. 
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Figure 4 Example of Compare Contig function in use. Contigs were selected from 
results from the Search for String function above and pinned together at the site P 
indicated by the blue box. A region from the middle of contig 136004 was the only part 
of the assembly aside from the original position that matched the string. 
 However, this method never worked, and in this case the gap was left unfilled. Figure 4 

shows the contigs match only for a few bases on either side of the string, and the alignment 

window shows that a large majority of the base pairs do not match up. The same process was 

carried out for the two other smaller gaps estimated to span roughly 20 bp. In these cases the 

flanking sequences were very repetitive and did not fit particularly well to any of the 

corresponding sequences that were found through Search for String. As a result, primers were 

ordered for all three gaps for PCR Sanger sequencing. Two pairs of primers were ordered for 
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each region in order to create four different PCR products, which will give stronger sequencing 

results than just a single primer pair. 

 In order to select primers, each side of the region of interest was marked, upon which 

Consed used an internal formula to obtain sequences for the recommended oligonucleotide 

primers. The melting temperatures do not vary too widely and are favorable for the PCR 

sequencing reaction. The ideal PCR product should be smaller than 600 bp, but in some cases, 

especially those originating from the gap between contigs KB458596:1260000-1360000 and 

1360002, products would reach sizes of up to 2.1 kb (Table 1). Although this will make the 

sequencing reaction difficult, these were the closest available primer pairs that Consed proposed. 

Primers for gap between KB458596:1260000-1360000 and contig 1360002  
Forward Primers Position Oligo sequence Tm 
KB458596:1260000-
1360000 

5631-5653 ctattaaactttcgaaatttccc 56 

KB458596:1260000-
1360000 

5694-5711 ttttggacgttcatttgc 56 

Reverse Primers   
Contig1360002 514-537 catcaatgagcaaaattgtattta 56 
Contig1360002 719-738 cacactgcactgttgacctc 58 
 

Primers for gap between contig 1360002 and contig 1360003 
Forward Primers Position Oligo sequence Tm 
Contig1360002 50727-50749 acatattgacattttgggaataa 55 
Contig1360002 50901-50919 tcgggctaacctttaacaa 56 
Reverse Primers 	   	  

Contig1360003 67-90 ccgttttaatacttattcgctacc 58 
Contig1360003 270-295 tgataagctgtaactcatcataatct 56 
 

Primers for gap between contig 1360003 and contig 1360004 
Forward Primers Position Oligo sequence Tm 
Contig1360003 4743-4761 ttatttgggtgggtcgtag 55 
Contig1360003 4938-4959 gcctgtgaaacaaactctacct 58 
Reverse Primers 	   	  
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Contig1360004 69-90 ggcagctatatgatggtttcta 56 
Contig1360004 292-311 caaagcttgcccatcataat 58 
Table 1 Primers for Gaps 

Low Consensus Quality 

Contig Position Analysis Change 
Contig1360002 48 Only 2 LQ 454 reads support A at 7114, HQ 454 data 

and Illumina support * 
A -> * 

Contig1360002 65 Only 1 454 read supports a T at 7132, Illumina data w/ 
no HQD supports 4A MNR 

T -> * 

Contig1360002 44093 Evidence suggests A at 51448, possible multiple 
misalignments, also linked to error at 44095 

T -> A 

Contig1360002 44095 Linked to error above A -> T 
Contig1360004 739 Only 2 LQ 454 reads support, other Illumina and 454 

support * 
A->* 

Contig1360004 3415 Area of TTA repeats, supported by HQ reads and most 
LQ read 

T->* 

Table 2 Low Consensus Quality Base Changes 
 Six base changes were made in eleven regions with low consensus quality (Table 2). Half 

of the changes were fairly unambiguous, but the others required more analysis to determine if it 

would be necessary to order reactions. Some of those analyses will be described below. 

Figure 5 Edits made to Contig 1360002 positions 44093 and 44095. The 454 read 
shown in the blue box above did span the whole region, and there were no significant 
discrepancies on either side of the MNR.  
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 In the situation shown in Figure 5, nearly every read appears to provide high quality reads 

on only one side of the green line, with the exception of the read indicated by the blue rectangle. 

Although the 454 read did span the whole region, due to technical limitations it wasn’t able to 

accurately resolve the MNR. There are also a high number of pads within the consensus 

sequence which seemed to have been caused by the program’s difficulty dealing with the long 

MNR of Ts. In an attempt to resolve the issue, the assembly was torn into two and rejoined again. 

This did not improve the sequence, so a sequencing reaction was called here as well. These 

primers do not give a product larger than 700 bp (Table 3), so the PCR sequencing reaction 

should be fairly stable. 

Primers for Contig 1360002 Positions 44093 and 44095 
Forward Primers Position Oligo Sequence Tm 
Contig1360002 43818-43835 accaatcgttttcggaga 57 
Contig1360002 43850-43869 caaactactgcgctcgtaga 57 
Reverse Primers Position     
Contig1360002 44506-44525 atttgttttgctcgcataat 55 
Contig1360002 44165-44190 cagtgtacatttagtgtacggtgtag 57 
Table 3 Primers for Low Quality Consensus Region 
 

Figure 6 Edits made to Contig 1360004 at position 3415. The * with the purple tag on 
the consensus sequence represents the location where the change was made from 
TTTA to TTA. 
 In another case, a region rich with TTA repeats was interrupted with an anomalous TTTA 

sequence. The consensus was edited to reflect the high quality reads and the T was replaced with 

a pad. Although there were fewer high quality reads than desirable, they were deemed sufficient 
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and the region not in any need of further sequencing. All of the reads came from 454 sequencing; 

there were no Illumina reads available at this location (Fig. 6). 

High Quality Discrepancies 

 Of the 366 high quality discrepant regions, 34 total base changes were made (Table 4). 

Contig Position Analysis Change 
KB458596:1260000
-1360000 

5606 HQ Illumina reads support 9A MNR, LQ 
454 reads support 8A MNR 

* -> A 

KB458596:1260000
-1360000 

6327 HQ Illumina reads support 9A MNR, LQ 
454 reads support 8A MNR 

* -> A 

Contig1360002 8363 Large majority of HQ Illumina reads support 
13T MNR 

* -> T 

Contig1360002 16556 HQ Illumina reads support 10A MNR, LQ 
454 reads support 9A MNR 

* -> A 

Contig1360002 18676 Large majority of HQ Illumina reads support 
10T MNR 

* ->T 

Contig1360002 19940 HQ Illumina reads support 10A MNR, LQ 
454 reads support 9A MNR 

* -> A 

Contig1360002 25178 HQ Illumina reads support 7A MNR, LQ 
454 reads support 6A MNR 

* -> A 

Contig1360002 27322 HQ Illumina reads support 8A MNR, LQ 
454 reads support 7A MNR 

* -> A 

Contig1360002 28282 HQ Illumina reads support 7T MNR, LQ 454 
reads support 6T MNR 

* -> T 

Contig1360002 28672 HQ Illumina reads support 12A MNR, LQ 
454 reads support 10A MNR 

*->A 

Contig1360002 28673 HQ Illumina reads support 12A MNR, LQ 
454 reads support 10A MNR 

*->A 

Contig1360002 30162 HQ Illumina reads support 7T MNR, LQ 454 
reads support 6T MNR 

* -> T 

Contig1360002 39342 Misaligned Reads, Data supports 6T MNR * -> T 
Contig1360002 44156 HQ Illumina reads support 9T MNR, LQ 454 

reads support 8T MNR 
* -> T 

Contig1360002 46999 HQ Illumina reads support 14A MNR, LQ 
454 reads support 12A MNR 

* -> A 

Contig1360002 47006 HQ Illumina reads support 14A MNR, LQ 
454 reads support 12A MNR 

* -> A 

Contig1360002 47080 HQ Illumina reads support 9A MNR, LQ 
454 reads support 8A MNR 

* -> A 

Contig1360002 47113 HQ Illumina reads support 9T MNR, LQ 454 
reads support 8T MNR 

* -> T 

Contig1360002 47429 HQ Illumina reads support 11T MNR, LQ * -> T 
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454 reads support 10T MNR 
Contig1360002 50748 HQ Illumina reads support 9A MNR, LQ 

454 reads support 8A MNR 
* -> A 

Contig1360002 50814 HQ Illumina reads support 10A MNR, LQ 
454 reads support 9A MNR 

* -> A 

Contig1360003 4364 HQ Illumina reads support 9T MNR, LQ 454 
reads support 8T MNR 

* -> T 

Contig1360004 384 HQ Illumina consensus supports T over C C -> T 
Contig1360004 475 HQ Illumina consensus supports 4A over 3A * -> A 
Contig1360004 618 HQ Illumina reads support 12T MNR * -> T 
Contig1360004 3073 HQ Illumina reads support 9A MNR, LQ 

454 reads support 8A MNR 
* -> A 

Contig1360004 4519 HQ Illumina reads support 8A MNR * -> A 
Contig1360004 10006 HQ Illumina reads support 6T MNR, LQ 454 

reads support 5T MNR 
* -> T 

Contig1360004 11704 HQ Illumina reads support 9T MNR * -> T 
Contig1360004 18122 HQ Illumina reads support 11T MNR * -> T 
Contig1360004 24218 HQ Illumina reads support 6A MNR, LQ 

454 reads support 5A MNR 
* -> A 

Contig1360004 24246 HQ Illumina reads support 8T MNR * -> T 
Contig1360004 30809 HQ Illumina reads support 10A MNR, LQ 

454 reads support 9A MNR 
* -> A 

Contig1360004 33186 HQ Illumina reads support 9A MNR * -> A 
Table 4 High Quality Discrepancy Base Changes 

Individually, all of the base changes needed were either as a 

result of discrepant 454 reads or misaligned Illumina reads. Due to 

technical issues 454 reads suffer in quality when dealing with 

MNRs longer than 5 base pairs. In Figure 7, we see that the reads 

shown, all of which are from Illumina, agree on the number of As 

in the run, but disagree on where exactly to place them, resulting in 

a discrepant consensus. This can be easily fixed by counting the 

number of nucleotides in the Illumina MNRs and then fixing the  

 

 

Figure 7 Typical Base change for a 
MNR at contig KB458596:1260000-
1360000 position 5606 
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consensus sequence to match.  

One point of interest is that every single base change made under high quality 

discrepancies is into an A or a T, indicating that A and T runs are much more common than G 

and C runs. This may be related to a relatively low melting temperature for the fourth 

chromosome, which could possibly be linked to easier access to the DNA for factors important 

for transcription.  

Figure 8 Base changes at positions 384 and 475 for Contig 1360004. Orange boxes 
correspond to reads with a C and a 4 A MNR, while blue boxes indicate reads with a T 
and a 3 A MNR. 
 One interesting area of note between positions 384 and 475 on Contig 136004 (Fig. 8) 

had two individual base changes that seemed to provide evidence of differing haplotypes when 

viewed in tandem. The orange boxes indicate reads that support a C to the left and a 4 A MNR to 

the right, while the blue boxes indicate reads that support a T to the left and a 3 A MNR to the 

right. The majority of discrepant reads did not contain a significant number of high quality 

discrepancies upstream and downstream of the region. While the correlation is minimal due to 

the low number of reads covering both regions, it was enough of a discrepancy to merit ordering 

sequencing reactions (Table 5). The primers were picked following the same procedure used for 

the region in Figure 5. Ultimately the region was not able to be resolved with Consed. 
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Primers	  for	  Contig	  136004	  Positions	  786	  to	  795	  

Forward	  Primers	   Position	   Oligo	  sequence	   Tm	  

Contig1360004	   62-‐80	   gcattattgcgatcatttct	   55	  
Contig1360004	   260-‐287	   ggctttacgggccatact	   58	  
Reverse	  Primer	   	   	  

Contig1360004	   425-‐444	   aggaaagagaaatcctgcc	   58	  
Contig1360004	   715-‐732	   cgtagaacaccggagaaata	   55	  
Table 5 Primers designed for region indicated in Figure 8. 

Figure 9 Region with ambiguous MNR length in Contig 1360004 from position 786 to 
795. Purple region in consensus sequence corresponds to the MNR with length varying 
from 10A to 12A. Yellow lines indicate that a misaligned Illumina read actually matches 
perfectly to the consensus sequence. 
  A second area of concern was a region with an ambiguous MNR length (Fig. 9), with 

high quality Illumina reads supporting 10 A, 11 A, and 12 A runs. Red bases in the left region 

initially appeared like misalignments, but they match perfectly to the consensus sequence with 

the exception of two extra As in the MNR, as shown in Figure 9. Due to the ambiguous nature of 

the region, sequencing reactions were called here as well (Table 6). These regions may also be 

part of a unique haplotype, especially considering their proximity to the region in Figure 8. 
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Primers	  for	  Contig	  136004	  Positions	  384	  and	  475	  

Forward	  Primers	   Position	   Oligo	  sequence	   Tm	  

Contig1360004	   1423-‐1445	   gctcccatagaaaccatca	   55	  
Contig1360004	   1059-‐1077	   tttaattttgattaatttcaataatgat	   56	  
Reverse	  Primer	   	   	  

Contig1360004	   1059-‐1077	   ctttaacttgatgcttcatttgt	   55	  
Contig1360004	   851-‐870	   aggaaagagaaatcctgcc	   58	  
Table 5 Primers designed for region indicated in Figure 9. 
 Single nucleotide polymorphisms were also a topic for potential analysis. However, none 

of the consensus sequences had enough evidence (base identity percentages) to definitively mark 

any SNPs. 

Low Coverage Depth 

Figure 10 Typical Region with non-discrepant MNRs. Blue boxes indicate MNRs with no 
discrepancies between the Illumina data and the consensus sequence.	  
 The final step in the sequence improvement involved 23 regions of score 10 with 40 fold 

or less coverage. Ultimately, no changes in the sequence were made following inspection due to 

the fact that a majority of the regions were either not associated with any MNRs or showed too 

few high quality discrepancies to merit base changes in the consensus (Fig. 10). Because the low 
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coverage areas were analyzed last, any significant MNRs had already been resolved in previous 

analyses. 

Final Assembly 

Figure 11 Assembly view of the final assembly 

 Because the gaps were left unresolved, the final assembly is very similar to the initial 

assembly (Fig. 11). Inconsistent mate pairs were left in because the primary goal of the project 

was to deal with MNRs, and pulling these pairs out could introduce more problems while being 

unlikely to resolve preexisting ones. 

Conclusion 

The DELE8596020 assembly started with many high quality discrepancies and low 

consensus quality regions. I was able to resolve a majority of these, but three gaps and a few 

problem areas still remain that may require PCR/Sanger data. No SNPs were detected in the 

sequence, and no Xs or Ns corresponding to vectors, gaps, or ambiguous bases were left in the 

consensus. Twenty four reactions have been recommended, but of these a few might be priorities. 

For instance, the gap between the first two contigs covers a significant area, and the region in 
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contig 1360004 at positions 384 and 475 provides minimal but possibly significant evidence of 

variation within the population.  
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