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All organisms on this Earth have some kind of genet-
ic material, with advanced ones having it in the form 
of ‘DNA’. A DNA sequence is made of four chemical 
compounds, namely Adenine(A), Guanine(G), Cyto-
sine(C), and Thymine(T) that form a double helix of a 
chain of base pairs.[3] Adenine only pairs up with Thy-
mine, while Cytosine only pairs with Guanine, and vice 
versa. DNA sequences are important because not only 
they can help us solve the mysteries of evolution, but 
also understand and potentially fix various genetic dis-
orders that may be caused due to random mutations, 
inheritance, or environmental causes such as UV rays.

Single molecule DNA sequencing is often erroneous 
due to the challenges of measuring DNA bases that 
are smaller than the wavelength of light. To get around 
this, PacBio circular consensus sequencing reads the 
same piece of DNA multiple times. From these multiple 
reads, a consensus sequence is determined, which gives 
us a close determination of what the actual sequence 
is--close, but not exact. These reads are most erroneous 
in determining how many of a particular base there is 
in a stretch of the same base (a homopolymer). A ho-
mopolymer stretch of a DNA sequence has only one 
type of base for a long period. For example, in an in-
credibly short DNA sequence AGGGGCTC, the GGGG 
part is a homopolymer. The technique that we imple-
mented for our research aims to provide better results 
for DNA sequences with error-prone homopolymers. 
exist to enhance the educational experience, quality of 
the degree program, and the value to the student.

In our algorithm, we first start by compressing each 
DNA read into unique base pairs and the frequency of 
occurrence of each base pair. This can be seen in Fig. 
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1. Then, for these compressed DNA sequences, we gen-
er1ate a consensus sequence using partial order align-
ment. A partial order alignment is a method of multiple 
sequence alignment by incrementally aligning sequenc-
es onto a growing sequence graph and using a dynamic 
programming backtrace to find the consensus sequence.

Fig. 1Fig. 1 DNA Sequence compressed into unique base 
pairs and frequency of occurrence.

After this, we globally align the compressed consensus 
sequence to every read. A global alignment consists 
of the two sequences aligned, and the alignment score 
which reflects how well the two sequences correlate to 
each other. Fig. 2 showcases what a global alignment 
looks like.

Fig. 2Fig. 2 Global Alignment of two sequences

Once we have all of this, it is time to expand our com-
pressed consensus sequence using the information we 
have from every read (the unique base pairs and their 
frequencies). We iterate over every global alignment and 
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try to find the frequency of a base at that specific loca-
tion (starting from index 0) and construct the expand-
ed version of the consensus sequence piece by piece. A 
question that arises here is out of the different number 
of frequencies that we have for every read, which one 
do we choose? We can choose either the mean, the me-
dian, or the mode of the list of frequencies. For research 
purposes, we do all three and compare the results of 
each of them. Once the expanded sequence is ready, we 
can globally align it to the original sequences and find 
the average score of our Homopolymer Compressed 
consensus sequence. A higher average alignment score 
means that the consensus sequence better represents 
the raw reads.

After obtaining our expanded consensus sequences 
and finding the average score of each of these consen-
sus sequences, we align all our sequences to the con-
sensus sequence that is obtained simply by their partial 
order alignment (POA).[1] The final step is comparing 
the scores of our expanded consensus sequences to that 
obtained by simple POA.

For data, we started by simulating DNA sequences out 
of A, G, T, and C by randomly picking each of them ‘n’ 
times, where n is the sequence length. From this, we 
generated ‘k’ mutated sequences. These mutations were 
generated using a 0.1 probability of single nucleotide 
polymorphism (SNP) which are mismatches in simpler 
understanding and a 0.1 probability of insertions or de-
letions. Using 25 iterations of random sequence gener-
ations with 10 mutated DNA reads for each iteration, 
we took the average score for each iteration for all the 
consensus sequences and plotted that on the chart. As 
we can see in Fig. 3, the regular POA performs slightly 
better on average than all our expanded sequences. 

Fig. 3Fig. 3 Results from Randomly Generated Base Pairs 

Since we want to target homopolymer sequences, we 
changed our data simulation such that it would cre-
ate mutations based on the Poisson distribution of the 
length of individual homopolymers in the original se-
quence to better simulate fact that errors are higher in 
homopolymer sequences. The results are shown in Fig. 
4, and we can see that our algorithm with median or 
mean as the average metric tends to perform much bet-
ter than the regular POA

Fig. 4Fig. 4 Results from Data Generated using Poisson dis-
tribution of Homopolymers.
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This work demonstrates a proof of concept that itera-
tive multiple sequence alignment (MSA) done in ho-
mopolymer compressed space can improve the con-
sensus sequence quality in sequences that have higher 
error rates in homopolymer sequences, such as the cir-
cular consensus sequencing data from Pacbio. We are 
now applying this to more sophisticated Pacbio sim-
ulated data as well as real sequencing data for which 
we have high quality ground truth. This work may 
contribute to single molecule somatic variant calling to 
improve cancer detection and research. This work was 
done predominantly by Saksham and Drew.
- Dr. Haynes Heaton, Computer Science, Samuel Ginn 
College of Engineering
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