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*Phase | (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 Il (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 Ill (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
seguence 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.




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

Optical Map
3 GG GA  TA CIG AlA G A TC GA &
1937 | 4713 | 9742 9241 3187 6977 11128 1245 | 3956
100 | 236 487 462 243 366 471 153 | 294
S C|C GC T|T CT AG CT 3
. 7713 2983 6732 | 12701 1453 :
°TGC TIT T ciT 3 reontig 2
1453 | 12701 . 6732 | 2085 | 7713 ., :
57 AIG AG AA Gc Jtontg2



e 0;: Optical restriction fragment mean length

e 0;: Optical restriction fragment standard deviation

e ¢;: contig restriction fragment length

x* scoring function for alignment of contig at position j of optical

map:
n - 0 2
Se=3 ( * f**)
o‘.
i=1 ¢
G G CG A C GA
1937 | 4713 9742 9241 3187 6977 11128 1245| 3956
100 236 487 462 243 366 471 153 | 294
CC GC T G CT
1327\ 10013 8932 1327 Contigl
C



o d;: edit distance at :th aligned restriction site

e m,: number of missed restriction sites of alignment

o (., (C,: constant weights

Alignment score:

n—1

S:SXQ—I—CTX?RT-I—CSXZCZI-

1=1

The best match is given by the lowest score.

G|G G|A TIA C|G AlA GJA C G|A
1937 | 4713 | 9742 9241 3187 6977 11128 1245 | 3956
100 | 236 487 462 243 366 a71 153 | 294

C|C C|T AT GIC T|T CciT G C|IT

1327 | 10013 | 8932 {327 -
cIT AlA ¢~ Contigl



« Similarity measure between strings
o Allowed edits: Substitution, Deletion, Insertion

a="ACTGG”" b ="CTTCG"

|- lciTiclcle
.012345
N 1
c B
T K

3 oo N

G B Substitution Insertion Deletion

. Di,j . edit distance of a[0:i] and bJ[O:]]
D, ,=iand D, =]
. Di,j = D(i_l),(j_l) if a[i] == b[j]

- D, =min (D +1, D,y *1, Dy, +1) if afi] = b[j]

(i-1),¢-1) (-1)



.D, =D
+ D, = Min (D

if a[i] == bJ[j]
+1,D,,*1, D, + 1) if afi] != b

(i-1).G-1)
(-1).G-1)

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

e 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

Insertion
Deletion
Substitution
Match

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

D(“ACT”’ HCTCH) — D(“ACTH,HCTH) + 1 — 2




* D = Dy
+ D, = Min (D

If afi] == b[j]
+1,D 1,D + 1) if afi] != b[j]

+
(i-1),3-1) .- 7" T D.0-1

Answer: 3 Edits

Insertion ACT-GG
Deletion -CTCCG
Substitution

Match



GG G|A TIA C|G A TI|IC G|A
1937 | 4713 9742 9241 3187 6977 11128 1245| 3956
100 236 487 462 243 366 471 153 | 294
ciC C|T AT GIC T AIG C|IT
? \ / n—1
132‘;’3!1_ 10013 A}A 8932 G|é$2? Contigl S =052+ C.xm, +C; X Z d;
=1
e S;; : Score of the best alignment of contig through ith fragment
with optical map through jth fragment.
e Find S;; by extending a previously scored alignment Sy ;
where 0 <i' < 1,0 < " < j.
, : - (Zi:k Cs — §=g Gt)g
St'j — ﬂgkggﬂﬁ CTX(E_k+j_I)+Cst£j+ g_f "Jf +S(k—1][f—1)
/ T Chi-Square /

Prefix alignment score

Missed restriction sites Sequence Edit Distance



2 Optical Map

Contig

- - e S;; : Score of the best alignment of contig through ith fragment

with optical map through jth fragment.




e Complexity: O(m?*n*) for m contig fragments and n optical
map fragments.

e Must double the number of fragments for a circular genome.
e Must try aligning a contig and its reverse complement.

e Reject any alignment of a contig fragment of length ¢ to an op-
tical fragment of length o with standard deviation ¢ if:

lc—o| > C,o



e 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

e 500 samples from space of permuted contigs

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

P (alignment score of permuted contig > alignment score of 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 o C,

5

Result: o (.
10 extracted contigs mapped to correct location
« 10 random contigs mapped with poor quality

Cs = 12,500

atching with standard deviation threshold: 5
ontig5 75808 1 19 35

QEOEXSelal (oG 1774,1 C ; T 1288,1 T ; C 8156,1 G ; C 1582,1 C ; A 6960,1 T ; C 3754,1 C ;
: T1415,1 A ; T 7223,1 T ; T 8010,1 C ; A 1719,1 A
205 C; T 1288 T; C 8156 G; C 1582 C; A 6960 T; C 3754 C; T 4155 C; G 4452 C;
TTCGCCATCCTCGCCTTGCAAGACTATTTCA
TTCGCCATCCTCGCCTTGCAAGACTATTTCA

Matching with standard deviation threshold: 5
contigl7 83389 1 92 102
251011
Random Contig: A8440,1 A ; A9851,1 G T 9971,1 G C 5105,1 C T 3447,1 G

7028 A; G 5009 G A 3718 AT 3385 T T 7096 C T 3052 A T 3081
AA
AG




Validations/Results

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

« Both forward and reverse

e 10% substitution error rate

« 10% false site / missing site rate
« 10 random contigs
* Permutation test on

o (U, =5

o (U,

Cs = 12,500

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

Matching with standard deviation threshold: 5
contig37 40185 0 373 380

4 2 67.7077 0.03 1
G 4232,212 A ; A 4988,249 C ; T 9632,482 T ; A 8667,433 C ; C 8217,411 G C 1560,100 A ; G 4026,201 T ; A 7448,372 C

242 A; A 3966 C; T 5335 A C 3225 T; A 7497 C; A 3945 T C 7861 A; G 2689 C T 2131 A; A 3294




Validations/Results

False positive with C = C_=12,500....

Matching with standard deviation threshold: 5

contig37 40185 0 373 380

4 2 67.7077 0.03 1

G 4232,212 A ; A 4988,249 C ; T 9632,482 T ; A 8667,433 C ; C 8217,411 G C 1560,100 A ; G 4026,201 T ; A 7448,372 C
242 A; A 3966 C; T 5335 AC 3225 T; A 7497 C; A 3945 T C 7861 A; G 2689 C T 2131 A; A 3294

... becomes true negative with C =5,C_=3

Matching with standard deviation threshold: 5

contig37 40185 1 204 210

9 1 0.430057 0.978 1

C 6456,323 A C 9258,463 G ; C 3879,194 T ; G 4775,239 A G 2810,141 7 ; A 2684,134 C G B003,400 A
3294 T T 2131 A G 2689 C T 7861 G; A 3945 T; G 7497 T; A 3225 G T 5335 A G 3966 T T 242

GCTGTA

CATGTA

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

Matching with standard deviation threshold: 5

contig39 49493 0 88 95

4 7 2.72827 0.046 1

A 9722,486 T ; C 7093,355 C C 1926,100 T ; G 8401,420 C ; C 9405,470 A ; T 8148,407 A ; T 9232,462 C ;
1991 C; C 5170 T G 3920 T; C 8B17 A; A B923 A; A 8023 C; T 4460 T T 2164 G G 2261 C; G 3764
TCTGCCATATCT

CCTCAAAACTCG

{3




Phase | (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 Il (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 Ill (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
seguence 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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