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Introduc on: 

In the ever-evolving landscape of informa on storage, DNA-based data storage has emerged as a 
groundbreaking solu on that holds immense promise for the future. Unlike tradi onal methods 
reliant on silicon-based technologies, DNA data storage leverages the remarkable informa on-
carrying capacity inherent in the gene c code, allowing for unprecedented data density and 
durability. As the volume of digital data con nues to grow exponen ally, conven onal storage 
systems face significant challenges in terms of scalability and long-term stability. In response to this 
burgeoning need, DNA-based data storage has emerged as a transforma ve technology, offering the 
poten al to store vast amounts of informa on in a compact, environmentally sustainable, and 
remarkably stable form. 

To quickly describe the DNA-storage pipeline, the first step in DNA data storage is to encode digital 
informa on into DNA sequences. This typically involves conver ng binary data (0s and 1s) into a DNA 
sequence made up of {A, C, G, T} nucleo de bases. Once the informa on is encoded, the next step is 
to synthesize the actual DNA strands in the laboratory. The synthesized DNA strands are stored 
together in a test tube. To retrieve the stored data, the synthesized DNA needs to be read or 
sequenced. DNA sequencing determines the order of nucleo de bases in a DNA strand. 

In the next step, the sequenced DNA data is grouped or clustered based on certain characteris cs. 
This is o en necessary because errors can occur during the synthesis or sequencing processes. By 
iden fying and clustering similar DNA sequences, it becomes possible to mi gate errors and enhance 
the accuracy of data retrieval. 

A er clustering, the trace reconstruc on step involves recovering the original digital informa on 
from the clustered DNA sequences. In this step, we try to restore the original encoded sequence 
from the cluster of noisy strands. This process requires iden fying and correc ng errors, which may 
have occurred during synthesis or sequencing. 

In this project, we will be focusing on understanding and improving the trace reconstruc on step of 
the pipeline, which consists of using complex algorithms to recover the originally encoded sequence 
from a cluster of noisy copies of the same. DNA-storage research is very interdisciplinary, so expect 
to read papers ranging from journals such as Nature to AI conferences such as NeurIPS. While we are 
looking at this problem from a DNA storage perspec ve, similar problems exist in many other 
pipelines such as protein folding. 

Objec ve: 

In this project, we will first survey the exis ng literature to fully understand the state-of-the-art 
(SOTA) algorithms being used currently. Then, we will a empt to design our own trace reconstruc on 
algorithm. Our goal will be to significantly improve the accuracy, speed, or both, of the trace 
reconstruc on algorithms we encountered in our survey. 



Prerequisites: 

This is a CS project, so you do not need any knowledge of Biology or Chemistry for it. However, 
interest and enthusiasm to explore something new is a requirement. For programming, there is no 
fixed language requirement. Any one of Python, C++ or Java is sufficient. 

The algorithms used for this task are quite varied. There are very tradi onal algorithms, machine 
learning algorithms, and even some deep learning algorithms. We can choose which direc on to 
head in based on the interest of the par cipants. 

Expected Outcome: 

Students will be introduced to a very exci ng interdisciplinary field of study. Depending on the 
number of students par cipa ng in this project, we will try to produce between one and three of the 
following ar facts: 

1) A survey of the literature covering the DNA trace reconstruc on problem. 
2) An open repository of our own improved algorithm built upon our own reproduc on of the 

current SOTA. 
3) A paper/poster covering our own algorithm. The goal would be to eventually submit it to a 

reputed conference or journal. 

Depending on the quality of the work produced, we can u lize the DNA Storage wetlab within the 
School of Compu ng where we can perform prac cal in-situ experiments to evaluate our algorithm.  

 

If you have any ques ons about the project before signing up, you can email me (Puru, 
puru@u.nus.edu) during this semester, and I will get back to you in a mely manner. 

 

 


