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Experimental Overview
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de Bruijn Graph
Mycoplasma genitalium (K=100)

120 edges
84 vertices
- 52 appear 1x
- 28 appear 2x
- 4 appear 3x



  

Project Schedule & Milestones
●Phase I (Sept 5 – Nov 27)

● Complete code for the contig-optical map alignment tool ☻
● Test algorithm by aligning user-generated contigs to user-generated optical map ☻
● Begin implementation of Boost Graph Library (BGL) for working with assembly 

graphs ☻

Phase II (Nov 27 – Feb 14)
● Finish de Bruijn graph utility functions.
● Complete code for the assembly graph simplification tool
● Test assembly graph simplification tool on simple user-generated graph.

Phase III (Feb 14 – April 1)
● Validate performance of the contig-optical map alignment tool and the graph 

simplification tool with archive of de Bruijn graphs for reference bacterial genomes.
● Compute reduction in graph complexities.
● Validate performance using experimentally obtained optical maps + simulated 

sequence data
Phase IV (time permitting)

● Implement parallel implementation of the contig-optical map alignment tool using 
OpenMP

● Explore possibility of using the parallel Boost Graph Library.
● Test graph simplification tool on assembly graph produced by a de Bruijn graph 

assembler.



  

Contig Optical Alignment Tool

Goal: Find the best alignment to the optical map for each 
contig and evaluate significance of the alignment.

Optical Map
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Contig Optical Alignment Tool

Optical Map
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Goal: Find the best alignment to the optical map for each 
contig and evaluate significance of the alignment.
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Scoring Alignments
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Scoring Alignments



  

Levenshtein Edit Distance
(Wagner-Fischer Algorithm)

●  Similarity measure between strings   
●  Allowed edits: Substitution, Deletion, Insertion

a = “ACTGG”  b =“CTTCG”
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T 3
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● D
i,j
 : edit distance of a[0:i] and b[0:j]

● D
i,0

 = i and D
j,0

 = j
● D

i,j
 = D

(i-1),(j-1)
 if a[i] == b[j]

● D
i,j
 = min ( D

(i-1),(j-1)
+1, D

i,(j-1)
+1, D

(i-1),j
+1) if a[i] != b[j]

Substitution Insertion Deletion



  

Levenshtein Edit Distance
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● D
i,j
 = D

(i-1),(j-1)
 if a[i] == b[j]

● D
i,j
 = Min ( D

(i-1),(j-1)
+1 , D

i,(j-1)
+1, D

(i-1),j
+ 1 ) if a[i] != b[j]

Insertion
Deletion
Substitution
Match

Want to edit “ACT to “CTC” with minimum number of edits.

●  Option 1:  Edit “AC” to “CT” and Substitute “C” for “T”
● D(“ACT”, “CTC”) = D(“AC”, “CT”) + 1 = 3

● Option 2:  Edit “ACT” to “CT” and Insert “C”
● D(“ACT”, “CTC”) = D(“ACT”, “CT”)  + 1 = 2

● Option 3:  Edit “AC” to “CTC” and Delete “T”
●  D(“ACT”, “CTC”) = D(“AC”, “CTC”) + 1 = 3

Answer: Edit “ACT” to “CT and Insert C
A C T -
-  C T C

D(“ACT”, “CTC”) = D(“ACT”,”CT”) + 1 = 2

- C T C C G

- 0 1 2 3 4 5

A 1 1 2 3

C 2 1 2 2

T 3 2 1 2

G 4 3 2

G 5 4 3



  

Levenshtein Edit Distance

● D
i,j
 = D

(i-1),(j-1)
 if a[i] == b[j]

● D
i,j
 = Min ( D

(i-1),(j-1)
+1 , D

(i),(j-1)
+1, D

(i-1),(j-1)
+ 1 ) if a[i] != b[j]

Insertion
Deletion
Substitution
Match

Answer:   3  Edits
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Alignment Algorithm

Prefix alignment scoreMissed restriction sites Sequence Edit Distance

Chi-Square



  

Alignment Algorithm
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Alignment Algorithm



  

Evaluating Alignments

● Can evaluate how significant an alignment is between a contig and 
the optical map through a permutation test

● Permute the restriction fragments of the contig and determine the 
best alignment score of the permuted contig

● 500 samples from space of permuted contigs

●  Evaluate the probability that a permuted contig aligns better to the 
optical map than the original contig.



  

Validations/Results

Test 1:  
● Randomly generated optical map (small standard deviation), n=100
● 10 extracted contigs (both forward and reverse, no errors)
● 10 random contigs
● Permutation test off

 Result: 
● 10 extracted contigs mapped to correct location
● 10 random contigs mapped with poor quality

True Contig:

Random Contig:



  

Validations/Results

Test 2:  
● Randomly generated optical map (standard deviation up to 5%), n=400
● 30 extracted contigs

● Both forward and reverse
● 10% substitution error rate
● 10% false site / missing site rate

● 10 random contigs
● Permutation test on

 Result: 
● 30 true contigs aligned to correct location
● 1 of 10 random contigs aligned with significance (False Positive): 



  

Validations/Results
False positive with C

r
 = C

s
 = 12,500....

… becomes true negative with C
r
 = 5, C

s
 = 3

...but these constants introduce a new false positive.



  

Project Schedule & Milestones
Phase I (Sept 5 – Nov 27)

● Complete code for the contig-optical map alignment tool ☻
● Test algorithm by aligning user-generated contigs to user-generated optical map ☻
● Begin implementation of Boost Graph Library (BGL) for working with assembly 

graphs ☻
Phase II (Nov 27 – Feb 14)

● Finish de Bruijn graph utility functions.
● Complete code for the assembly graph simplification tool
● Test assembly graph simplification tool on simple user-generated graph.

Phase III (Feb 14 – April 1)
● Validate performance of the contig-optical map alignment tool and the graph 

simplification tool with archive of de Bruijn graphs for reference bacterial genomes.
● Compute reduction in graph complexities.
● Validate performance using experimentally obtained optical maps + simulated 

sequence data
Phase IV (time permitting)

● Implement parallel implementation of the contig-optical map alignment tool using 
OpenMP

● Explore possibility of using the parallel Boost Graph Library.
● Test graph simplification tool on assembly graph produced by a de Bruijn graph 

assembler.
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