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Genome Assembly using NGS Data 
Algorithms and Applications  



 Sequence Reconstruction and Euler Path 

 Read Clustering based Method 

 Phusion2 – the Assembly Pipeline 

 The Devil genome project 

 Genome sequencing and size estimation 

 Assigning contigs to individual chromosomes 

 Devil cancer genome assemblies 

 Future work 

Outline of the Talk: 



NGS Sequencing 

insert size 

Read 1: ACTTACGATCGGCTAAGTTA 

Genome 

Read 2: ATAGCTTTAGTCGTATCGGC Read Length: 20 

Insert Size:  61 

ACTTACGATCGGCTAAGTTACACCGTTACATTGCCGATTACGCCGATACGACTAAAGCTAT 

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TGAATGCTAGCCGATTCAATGTGGCAATGTAACGGCTAATGCGGCTATGCTGATTTCGATA 
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• Contig (from contiguous) is a set of 

overlapping DNA segments derived from a 

single genetic source. 

Contigs 

TTCACCGAAACGATCGTTAC 

ACGTACTACTTCACCGAAAC 
GTACTACTTCACCGAAACGA 

TACTTCACCGAAACGATCGTT 

CGAAACGATCGTTACGATCC 
ACGATCGTTACGATCCATCC 

TTACGATCCATCCCTACCGC 
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||||||||||||||||||||||||||||||||||||||||||||| 

ACGTACTACTTCACCGAAACGATCGTTACGATCCATCCCTACCGC 

Contig 

Genome 4 



Genome Assembly  



Repeat Repeat Repeat 

Sequence Repeat Graph  

Sequences 



Sequence Reconstruction 

- Hamiltonian path approach 

  S=(ATGCAGGTCC) 
ATG -> TGC -> GCA -> CAG -> AGG -> GGT -> GTC -> TCC 

ATG     AGG     TGC      TCC      GTC      GGT     GCA     CAG 

 

 

 

Vertices:   k-tuples from the spectrum shown in red (8); 

Edges:      overlapping k-tuples (7); 

Path:         visiting all vertices corresponding to the 

sequence. 



Sequence Reconstruction 

- Euler path approach 

Vertices:   correspond to (k-I)-tuples (7); 

Edges:     correspond to k-tuples from the spectrum (8); 

Path:      visiting all EDGES corresponding to the sequence. 

AT 

GT CG 

CA 

GC TG 

GG 

ATGCGTGGCA 
 

 

 

 

  ATGGCGTGCA 
 

 

 

ATG -> TGG -> GGC -> GCG -> CGT -> GTG -> TGC -> GCA 



Kmer Extension & Walk 



Base Quality to Filter Base Errors 



Read Pairs in Repeat Junctions 



Phusion2 Assembly Pipeline 

Illumina 

Reads 

Assembly 

Mate Pair Reads 

BAC Ends 
Supercontig 

Contigs ABySS 

Phrap 

2x75 or 2x100bp 

Base 

Correction 

AGPcontig 

Data 

Process 

Reads 

Group 

Flow-sorting Reads 

Map Markers 

SOAPdenovo 



Gap-Hash 

4x3 

  ATGGGCAGATGT 

    TGGCCAGTTGTT 

       GGCGAGTCGTTC 

           GCGTGTCCTTCG 

  ATGGCGTGCAGTCCATGTTCGGATCA 

ATGGCGTGCAGT 

  TGGCGTGCAGTC 

     GGCGTGCAGTCC 

      GCGTGCAGTCCA 

         CGTGCAGTCCAT  

  ATGGCGTGCAGTCCATGTTCGGATCA 

Contiguous 

 Base Hash 

K = 12 

Kmer Word Hashing 



Word use distribution for the mouse sequence data at ~7.5 fold 

Useful Region 

Poisson Curve 

Real Data Curve 



Sorted List of Each k-Mer and Its Read Indices  

 
     

ACAGAAAAGC 10h06.p1c 
ACAGAAAAGC 12a04.q1c 
ACAGAAAAGC 13d01.p1c 
ACAGAAAAGC 16d01.p1c 
ACAGAAAAGC 26g04.p1c 
ACAGAAAAGC 33h02.q1c 
ACAGAAAAGC 37g12.p1c 
ACAGAAAAGC 40d06.p1c 
ACAGAAAAGG 16a02.p1c 
ACAGAAAAGG 20a10.p1c 
ACAGAAAAGG 22a03.p1c 
ACAGAAAAGG 26e12.q1c 
ACAGAAAAGG 30e12.q1c 
ACAGAAAAGG 47a01.p1c 

High bits Low bits 

64 -2k 2k 
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 41       0        0        0        0 

R(i,j) 

Relation Matrix: R(i,j) – number of kmer 

words shared between read i and read j 

 41              37       0        0        0 

   0    37                 0        22      0 

   0      0     22       0                  0 

   0      0       0                  0      27 

   0      0       0      27        0         

Group 1: (1,2,3,5) 

Group 2: (4,6) 



Tasmanian devil 
Tasmanian tiger 

Tasmanian 

Australian 

http://z.about.com/d/geography/1/0/f/K/australia.jpg






Tasmanian devil 

http://z.about.com/d/geography/1/0/f/K/australia.jpg


Tasmanian devil facial tumour disease 
(DFTD) 

 Transmissible cancer 
characterised by the 
growth of large tumours 
on the face,  neck and 
mouth of Tasmanian 
devils 

 Transmitted by biting 

 Commonly metastasises 

 First observed in 1996 

 Primarily affects adults 
>1yr 

 Death in 4 – 6 months 

 

 

 



Reedy Marsh 2007 

Mangalore 2007 

Mt William 2007 or 2008  

Coles Bay 

Upper Natone 2007 

Narawntapu 2007 

Strain 1, tetraploid 

Strain 2 

Strain 3 

DFTD samples for sequencing 

DFTD originated here c.1996 

Area still DFTD free 

Unknown strain 

“Evolved” 

Forestier 2007 



Reedy Marsh 2007 

Mangalore 2007 

Mt William   

Coles Bay 

Upper Natone 2007 

Narawntapu 2007 

Devil Genomes Sequenced 

Forestier 2007 

Tumour 2 (53T) 

Tumour 1 (87T) 

Salem  - A female 

Tasmanian Devil lived 

Taronga Zoo in Sydney.  



Sequencing T. Devil on Illumina: Strategy 

Tumour or normal genomic 

DNA 

Fragments of defined size 

0.5, 2, 5, 7, 8, 10 kb 

Sequencing 

2x100bp reads short insert 

2x50bp mate pairs 

fragment size distribution
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Sequencing performed at Illumina 

Salem (91H) Joey (31H) Cancer 1 (87T) Cancer 2 (53T) 

Read Coverage 85x 40x 56x 84x 
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Devil – Opossum Homology Map Based on Hybridisation 

Results of Devil Paints onto Opossum Chromosomes 

X 

Opossum Devil 

Opossum chromosome images were taken from Duke et a. 2007, Chromosome Res 15:361-370 



Flow cytometry analysis of chromosomal mixture of devil and opossum  

Opossum  

Tasmanian devil  
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  Opossum Devil 

Chr Seq FC FC 

1 748 611 571 

2 541 484 610 

3 526 483 556 

4 430 423 450 

5 309 321 341 

6 245 296 277 

7 263 264   

8 308 321   

X 61 116 121 

Total 3431 3319 2926 

Genome size  





Table 1 Run ID, Template names, Number of reads and 
Chromosome size 

4972_1   chr1  IL20_4972:1  19.8  571 

4967_1   chr2  IL21_4967:1  20.0  610 

4971_1   chr3  IL30_4971:1  21.7  556 

4964_1   chr4  IL14_4964:1  7.26  450 

4969_1   chr5  IL17_4969:1  7.06  341 

4969_2   chr6  IL17_4969:2  8.59  277 

4969_3          chrx  IL17_4969:3  9.43  122 

 

Read mapping coefficient: 
 

e = Size_of_Chr/Num_reads_in_lane 

 



Perfect - Reads from 

the same library were 

mapped to the contig 



Acceptable - Majority of 
the reads were from the 
same library, but there 
were reads from other 

libraries 



Bad – mis-assembly error 
Majority of the reads in 
one region were from 
one library. But there is a 
transition from which we 
see a new library, i.e. 
switch to another 
chromosome. 



Unassigned contigs were placed by 

supercontigs  using mate pairs 



Chr_ID   Chr_size  Scaffolds_assigned  Bases_assigned Mb   

Chr1   571   6729   684   

Chr2   610   8381    740   

Chr3   556   7197    641   

Chr4   450   4817    487   

Chr5   341   3188    300   

Chr6   277   2844    263   

Chrx          122   2378    86.6  

Unassigned           440           1.23 

Scaffolds Assigned to Chromosomes 

using Flow-sorting Data 



Solexa reads: 

Number of read pairs:    650 Million; 

Finished genome size:     3.3 GB; 

Read length:    2x100bp; 

Estimated read coverage:   ~40X; 

Insert size:             410/50-600 bp; 

Mate pair data:    2k,4k,5k,6k,8k,10k 

Number of reads clustered:  591 Million 
 

Assembly features: - stats 

     Contigs  Supercontigs 

Total number of contigs:      237,291 35,974 

Total bases of contigs:       2.93 Gb 3.17 Gb 

N50 contig size:              20,139 1,847,186 

Largest contig:   189,866 5,315,556  

Averaged contig size:         12,354 88,254 

Contig coverage on genome:  ~94%  >99% 

Ratio of placed PE reads: ~92%  ? 

 

Genome Assembly Normal – T. Devil 



Solexa reads:   Tumour_87T     Tumour_53T 

Number of read pairs:   760 Million  669 M; 

Finished genome size:    3.3 GB  3.3 GB; 

Read length:   2x100   2x100; 

Estimated read coverage:  ~46X   ~40X; 

Insert size:            300bp   300bp; 

Number of reads clustered: 635 Million  603 M 
 

Assembly features: - stats 

     Tumour_87T Tumour_53T 

Total number of contigs:      532,584 612,288 

Total bases of contigs:       3.13 Gb 3.14 Gb 

N50 contig size:              15,908 14,632 

Largest contig:   109,065 170,831  

Averaged contig size:         5,882  5,567 

Contig coverage on genome:  ~95%  ~95% 

Ratio of placed PE reads: ~92%  ~92% 

Devil Tumour Genome Assemblies 



Salem (91H) Joey (31H) Cancer 1 (87T) Cancer 2 (53T) 

Coverage 35.58 28.80 40.49 33.14 

Total SNPs 615,084 646,186 758,023 738,793 

Het SNPs  524,040 371,412 465,630 462,722 

Hom SNPs 91,044 274,774 292,393 276,071 

Total indels  235,632 262,461 320,820  312,287 

Het indels  183,978 146,299 186,094 183,747 

Hom indels  51,654 81,120 / 

116,162 

134,726 128,540 

Variant calling : catalogue of variants 

in all 4 genomes 

*Data source: Illumina. Variants removed within 500bp of a contig end, Q(indel) < 30 and Q(GT) < 5. 



Homozygous SNPs 



Homozygous SNPs 



46039 Candidates 

40689 Base changed 

Homozygous Base 

Corrections 



51654 Candidates 

45337 Del changed 

Homozygous Indel 

Corrections 
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