
Dept. of Computer Engineering, college of Engineering, Pune 

Abstract: - GENOME is term used for genetic material of organism. It is used to 

encode DNA of organisms, or RNA of various kinds of viruses. It contains both coding 

and non-coding parts of DNA/RNA. Now a day’s GENOME is constructed for mostly all 

animals, viruses, and bacteria’s. These data is mostly used in medical research and as 

well as to predict disease like cancer, HIV and many more. GENOME is consisting of 

reads, these reads are very large in amount to manipulate and also to store and maintains. 

Sequencing machine produce output of short overlapping substrings, these substring are 

called reads. The sequence assembly reconstructs genome sequence of these reads. These 

genome sequences are long and continuous. Assembly software for Nest Generation 

Sequencing (NGS) must be a very accurate, fast and have a less memory consumption. 

We need to find out a set of algorithms used for more accurate work of NGS in genome 

assembly. For address challenges of NGS assembly, we use group of algorithms for 

finding overlaps and for graph simplification. Set of good algorithm delivers a good 

quality of solution. If any error is not handled by these algorithms it delivers a wrong 

output. Our work is focused on overlap finding and good graph simplification for 

achieving better result. These set of algorithms must deliver good solution quality of 

genome, which is used in genome research projects. 

Keywords – de novo sequence assembly, overlap graph, edge reliability, graph simplification. 

 

1. Introduction 

The term “genome” is used for 

represent/refer as cellular instruction set. 

Also it used to refer genetic material of a 

cell. A genome consist of chromosomes, it 

can be made from one chromosomes or may 

be more. Chromosomes consist of DNA i.e. 

deoxyribonucleic acid, and many viruses 

consists of RNA i.e. ribonucleic acid. DNA 

is consist of simple unit known as 

nucleotides and denoted by ‘nt’. 

Nucleotides have four types namely A, C, 

G, and T.  
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Decoding the sequence of 

nucleotides present in cell and represent it 

in the form of string, which is consists of 

letters (A, C, G, and T). These process is 

known as DNA sequencing process. This 

process cannot read whole sequence 

continuously, so to read whole sequence we 

break it in to small pieces i.e. DNA 

molecules which is used as templates to 

produce reads i.e. short sub sequences. 

Assembling reads into a long contiguous 

sequence which is called as contigs. Major 

problem is a reconstruct the genome 

sequence as it is as original from these 

reads. For these purpose various genome 

sequence assembly algorithms are used.  

The genome sequencing is process 

of reading sequence of base pairs (bp). Base 

pair is pair of nucleotides in special form 

like A-T and C-G or vice versa. Organism 

genome made up of base pairs, which is 

derived from two stranded of 

complementary bases i.e. forward and 

backward direction in DNA, this is a main 

part to the study of genomes in 

bioinformatics. The Whole – Genome 

Shotgun (WGS) sequencing machine is first 

techniques which is capable to read entire 

sequence in one pass [7]. These are two 

approaches for sequencing first De Bruijin 

Graph and second one is De novo assembly, 

which is build sequence without any 

reference genome, because of these it is 

used in our genome sequence assembler.  

For low cost and higher throughput 

Next Generation Sequencing (NGS) 

technologies are used in genome 

sequencing. Due to NGS there is a greatly 

reduction in experimental cost per base in 

microbiology. It helps to study organism at 

genome level, to deeply understanding of 

biological mechanism and genome 

regulation. Due to sequencing genome 

become faster, it helps researchers to study 

more on evolution of viruses and bacteria. 

Because, bacteria and viruses can adopt 

behaviour more easily also generate 

mutation easily at every step of 

reproduction, therefore there are more 

changes in DNA of viruses than the other 

organisms. Which can be handled by the De 

novo sequencing assembly. 

1.1 Motivation 

As per studying previous 

sequencing machines we noticed that the 

sequencing machines become faster and 

take a low cost for producing sequences. 

Every improvement each generation loses 

its accuracy in achieving their goals. But we 

have to maintain same good ratio between 

time, cost and accuracy. As a new 

techniques arrives the time and cost are 

reduced as drastically, but it fails to 

maintain the accuracy as like old techniques 
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like Sanger techniques. The new techniques 

are unable to get accuracy as Sanger, 

because of difference between 

methodologies. Our goal is not only 

achieving the accuracy but also on the low 

sized machines like laptops or desktops.  

1.2 Outline 

 To achieve our goal we present the 

GSA short form for Genome Sequence 

Assemble, we use De Novo Sequence 

assembly i.e. we rebuild the genome 

sequence without use of any reference 

sequence. These method helps to 

understand the organisms like viruses, 

which changes their behaviour frequently 

as compared to other organisms. Our 

assembler is based on the OLC assemblers. 

It have three stages as overlap, Layout and 

Consensus. In overlap stage we find 

overlaps using dynamic programming. 

Now in second stage of OLC approach, we 

construct the overlap graph and simplified 

it using edge reliability and native 

techniques. The third stage of our OLC 

assembler is Consensus, in these we 

generate contigs from simplified graph.  

2 Related Work 

 There are two popular graph based 

approaches for genome sequencing, one is 

De Bruijn Graph and second one is 

Overlap/Layout/consensus (OLC). These 

are number of assembling tools uses one of 

these approach like SSAKE [4], QSRA [5], 

and ALLPATHS [6].  

 The De Bruijn Graph have a 

conceptually similarity with overlapping. It 

have a K-mers for example string S: 

GGCGATTCATCG having all 3 – mers as 

GGC, GCG, CGA, GAT, and ATT and so 

on. Now K-1 mers are produced. For our 

examples it become 2-mers like L (GG) and 

R (GC) for GGC.[8] From all these we 

construct De Bruijn Graph. So in our 

example each edge in graph corresponds to 

input strings having length 3. 

 In Overlap/Layout/Consensus 

(OLC) approach we first find overlaps 

between reads in overlap stage. Then from 

that overlaps we construct overlap graph, 

then in layout stage we simplifies these 

graph. Now in last stage named consensus 

we generate contigs. Contigs are noting but 

long continuous reads. Next section 

describes the implementation of OLC 

assembler named as Genome Sequence 

Assembler (GSA). 

3 Implementation 

 The most basic objective of system 

is build genome sequencing form proper 

dataset i.e. FASTA file of living organism. 

Genome sequence assembler can produce 

large data in assembly process in terms of 
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memory consumption and running time. 

Sequence assembly uses OLC approach and 

obtain high quality solutions with 

combination of tailored algorithms. 

Sequence assembly can handle 

billions of bases. It uses de novo assembly, 

so it does not need any reference to produce 

original sequence.[11] Use of bloom filter 

for finding duplicate reads, is a good key to 

memory optimization. Misassembles in our 

genome sequence assembler is significantly 

less because of use of edge reliability 

algorithm for simplification of graph in 

layout stage.  

Our assembly technique can handle 

billion of bases on low power machine is 

acceptable time. It has advantages of bloom 

filter to remove duplicates reads, which is 

responsible for sequencing errors in 

assembly.[10] Rather than our genome 

sequence assembler produces less errors 

compared to any other tool. To achieve 

objectives we need serval method as 

follows. 

3.1 Bloom Filter  

These is a first algorithm in our 

system. In these we finds and remove 

duplicate reads with the help of bloom 

filter. Duplicate reads can occur multiple 

times in given input FASTA file, it may in 

forward direction as well as reverse 

direction i.e. reverse compliment of other 

reads. With the help of bloom filter we can 

reduce up to half of time and space to find 

and remove duplicate reads.  

Bloom filter introduced by Burton 

Howard in 1970 and known as space 

efficient probabilistic data structure.[9] It 

gives only false positive elements not false 

negatives, thus it have 100% recall rate.[3] 

In other words it gives ‘Possibly in set’ or 

‘definitely not in set’. Larger dataset gives 

large number of false positives.  

It gives false positive probability p, 

n as keys, having filter size m using k hash 

function. 

p = (1-e(-kn/m))k 

3.2 Overlap Stage  

In these stage we find the overlap 

between reads to construct overlap graph. 

In these graph, edges represent overlap 

between reads and nodes represent unique 

reads. 

3.2.1 Overlap Search  

Native overlap search in OLC 

approach having time complexity O(n2). In 

these we finds all possible overlaps 

between reads. Overlap search for each 

reads is completely different or independent 

from each and every read.[8] We use 
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dynamic programing to find out overlap 

between reads. In overlap finding, we find 

overlap between suffix of one read and 

prefix of another read. Figure 1 shows 

overlaps between reads. 

 

Fig 1 overlaps between reads. 

3.2.2 Graph Construction  

With the overlaps between reads we 

construct graph, with these we store 

overlaps. In these graph reads are 

represented by vertices and overlaps are 

represented by edges. Redundancy identical 

reads are not used in to the graph. Also two 

vertices share edges if and only if they share 

same overlap.[12] Edges in graph are bi-

directed to represent forward or backward 

overlap i.e. nature of overlaps. Reads are 

labelled with unmatched substrings which 

are remaining in the process of constructing 

graph. 

3.3 Layout Stage  

In these stage we try to simplify 

graph as possible as, to achieve a simplified 

graph for lower consumption of memory 

and faster execution of next stages. There 

are lot of methods available for graph 

simplification, we use edge reliability 

simplification techniques with combination 

of native graph simplification techniques 

like removing transitive edges, tips and 

bubbles. These method are described as 

follows. 

3.3.1 Graph Simplification using Edge 

Reliability  

In Actual, overlap graph is not 

suitable to work, because of its complexity 

and it is very tangled after construction. 

Also these are lots of simplification method 

and algorithms are present to simplify 

graph.[11] After it is reduced to simplified 

graph, which is transformed to a single 

contig for next stage. Graph is remain 

complex after applying simplification 

methods, to reduce these problem we apply 

edge reliability simplification before the all 

further simplification is done.  

In these simplification, we calculate 

reliability of the edges for each and every 

node upon information based on edge 

overlaps. After that we remove possible 

edge with low reliability to reduce 

complexity of graph. Removed edges are 

false edges, means edges which connect to 

reads of two different genome parts. 

Because graph’s complexity is reduced the 
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other methods and algorithms work 

efficiently for next simplification of graph. 

Edge reliability is calculated from 

theoretical estimation denoted as Pth(e) and 

experimental estimation denoted as Pexp(e). 

Theoretical estimation is calculated on 

information of overlap length as well as 

number of repeats distributed over repeat 

length.[13] Where experimental estimation 

is calculated from information of 

overlapping reads having k-mer coverage 

dependence. K-mer coverage dependence 

means dependence of number of k-mer 

found in all reads depending on the position 

of that kmer in overlapping reads. Thus the 

reliability of edge is as follows. 

P(e) = αPth(e) + βPexp(e),  

Where, 

P(e) is reliability of edge e, i.e. 

reliability of “edge is true”.  

α and β are coefficients depends on 

the uniform ability of read coverage, if it is 

high then β is decreased and α + β = 1. 

Pth(e) is theoretical estimation.  

Pexp(e) is experimental estimation. 

Consider an overlap between two 

reads is present due to repeat, then the 

boundaries between repeats and 

overlapping reads can be set by constraints 

as explained next. An edge can cover either 

overlapping part between two reads or 

covers fully any one read from both is 

known as true edge. Therefore constraints 

are start of read1 is less than the start of 

repeat and start of repeat is less than or 

equal to start of read2. Now second 

constraint becomes as end of read1 is less 

than or equal to end of repeat and end of 

repeat is less than end of read2, i.e. First 

one is (read1’s start < repeat’s 

start) and (repeat’s start is ≤ reda2’s start) 

and second constraint is (read1’s end ≤ 

repeat’s end) and (repeat’s end < read2’s 

end). As the result there is no repeat lead to 

overlap with satisfying these constraints. 

Theoretical estimation Pth(e) is 

calculated from following equation.  

Pth(e) = 1- ∑R Prepeat(R)  

Where,  

Prepeat(R) is probability of repeats R 

between position repeat’s start and end. 

Where it is calculated from distribution 

over the repeat length.  

∑ is Summation of the repeats 

which satisfy above condition.  

For calculating experimental 

estimation Pexp(e), we find number of 

repeats in all reads in each k-mer. After that 

we find coverage dependence of 

overlapping reads in K-mer.[14] If repeat 

part exists, then repeat coverage is high as 

two or more times than average. Now we 
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select the half value of that, then take 

dissimilar coefficient of k-mer having 

repeats and without repeats. Thus these 

value is approximate. 

3.3.2 Algorithm for graph simplification 

For all edges of each node in graph 

    Calculate edge reliability for all edges  

    for each node  

    If edges having less reliability 

         Remove edge with less reliability  

    Else if all edges scoring same  

    reliability  

         Keep all edges for that node End if  

     Return simplified graph for native  

     graph simplification techniques 

 

3.3.3 Removing Transitive Edges  

In these next step, we have to find 

and remove any remaining transitive edges 

from graph if it remains. For example there 

are four nodes between R2 to R6, but there 

is another direct edge from R2 to R6, which 

is transitive edge.[16] We use similar 

algorithm to overlap search algorithms for 

finding transitive edges. The example of 

transitive edges is shown as below figure. 

Removing of transitive edges helps to save 

space i.e. memory and simplification of 

ambiguous paths in next stages of system. 

The figure 2 shows the transitive edges 

present in overlap graph. 

 

 

Fig 2 Transitive edges 

4.3.3 Native Techniques for Graph 

Simplification  

After constructing graph and 

removing transitive edges, graph contains 

many ambiguous path for many vertices. 

These error is caused by the genomic 

repeats or sequencing errors.[14] We have 

chance to fix error but we have no solution 

for genomic repeats. To achieve good 

sequencing quality we need to do graph 

simplification. The errors are removed with 

the help of special graph structures. These 

are tips and bubbles. Tip is an end of path 

with only erroneous reads. These is very 

short and rare to overlap with correct 

overlapping, so we cut off length below tip. 

Following figure 3 shows example of tip 

and bubble.  

 

Figure 4.5 Tip and Bubble 
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Figure ‘a’ shows tip in reads and 

figure ‘b’ shows bubble present in graph of 

reads. A bubble formed by more than two 

ambiguous paths having same start and end 

vertex. In which one path is an erroneous 

path. It can be identified by checking length 

of paths in bubble. In these all path are 

smaller than some size, and one path is 

larger than these size. The size of these path 

is treated as cut off to find out bubbles. 

3.4 Consensus Stage  

In these we generate contigs to 

regenerate genome sequence. Here we try 

to regenerate genome sequence as possible 

as original. There are some gap are 

produced due to repeats in above stages. If 

gap are generated then output is generated 

as fragmented sequence. So we try to avoid 

these type of error in our system’s output. 

3.4.1 Generating Contigs  

After graph simplification we try to 

extract contigs from graph by traversing the 

vertices of graph, but graph have still have 

some ambiguous paths because of 

sequencing errors. Mostly greedy heuristics 

method is used to do that, but it result 

misassembles.  

But in our system when we reach 

multiple outgoing edges, then we stops 

extraction of contigs. We repeat these 

process on remaining graph. After that we 

locate branch vertices, and remove 

ambiguous multiple edges form that branch 

vertices. Because of these work we get non 

overlapping continuous sequence. Contigs 

are extracted from these sequence, each 

sequence have only one contig. 

4. Result and Discussion 

System is written in C. We use Intel 

i5-2450M CPU having frequency 250GHz 

with 4 GB of memory for implementing 

system as well as we use same system for 

getting results of our system. We use 

simulated data which is available on 

PASQUAL website.[1] We use s_suis and 

d_rerio dataset. At running time we can 

provide minimum overlap length, which is 

25 at default value. The following table 

shows the result of our system.  

In
p

u
t 

F
il

e 

        Chara- 

         cteris- 

             tics  

 

System 

Time of 

Execution 

(in 

Seconds) 

Number 

of 

Contigs 

s_suis 
PASQUAL 12.47 424 

GSA 11.09 417 

D_rerio 
PASQUAL 224.56 54146 

GSA 189.76 53967 

Table 1 Results comparisons 

The above table shows the result of 

our system with the better quality due to the 

decreasing number of contigs. Also it have 

slightly advantage over the PASQUAL in 

execution time also. We use same input file 

for both tools having name as “s_suis” and 
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“d_rerio”. Both files are read file in FASTA 

format and simulated which is available on 

PASQUAL website. Both have coverage 

and length as 30 and 100 respectively. We 

bold the efficient results, which are the 

results of our Genome Sequence Assembler 

(GSA) tool. We use Pasqual tool for result 

comparison because it is available with 

their simulated dataset which is used for 

testing of our tool. 

5 Conclusion 

We address some challenges like 

repeats and graph simplification in genome 

sequence assembly, which are implemented 

in our system. The proposed system is fast 

to capable genome sequencing of medium 

size base pairs. Use of bloom filter for 

removing duplicate reads gives better result 

and also consumes less memory for storing 

reads. Due to removing of duplicate reads 

there are less chances to occur errors due to 

repeats in subsequent stages of our tool. 

Our proposed system gives better accuracy 

because of good graph simplification and 

removing duplicate reads in first stage. 

From above results we found that the 

accuracy is slightly increased. 

Proposed system have integration of 

third party tools. Accuracy is more 

important than the speed of tool in genomic 

sequencing. That’s why our work provide 

guideline to improve solution quality, exact 

repeat finding and more sophisticated 

techniques for graph simplification in 

genomic sequencing assembly tools. 
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