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Bridge Obsession Problem:

Find a tour through a city (located on n islands connected by m bridges)
that starts on one of the islands, visits every bridge exactly once, and
returns to the originating island.

Input: A map of the city with n islands and m bridges.

Output: A tour through the city that visits every bridge ex-
actly once and returns to the starting island.

Pregel River
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C.rean T
Eulerian CycgleProblem:
Finda c:)k@:n a graph that visits every edge exactly once.
C,\ro«ﬁ/
Input: A graph G.

Output: A c}de in G that visits every edge exactly once.

How o Solve
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# circuit is a global array
find_euler circuit
circuitpos = 0
find_circuit(node 1)

# nextnode and visited is a local array
# the path will be found in reverse order
find_circuit(node i)

if node i has no neighbors then
circuit(circuitpos) = node i
circuitpos = circuitpos + 1
else
while (node i has neighbors)
pick a random neighbor node j of node i
delete_edges (node j, node i)
find_circuit (node j)
circuit(circuitpos) = node i
circuitpos = circuitpos + 1

Eum%mt D m=+mn )

While (V |hes pos %m
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Hamiltonian Cycle Problem:
Find a cycle in a graph that visits every vertex exactly once.

Input: A graph G.

Output: A cycle in G that visits every vertex exactly once (if
such a cycle exists).
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Shortest Path Problem:
Given a weighted graph and two vertices, find the shortest distance
between them.

Input: A weighted graph, G = (V, E,w), and two distin-
guished vertices s and .

Output: The shortest path between s and ¢ in graph G.
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Greedy-SCS: in each round, merge pair of strings with maximal

overlap. Stop when there’s 1 string left. = minimum overlap.

Algorithm in action (/ = 1):

——Input strings ——
AAA AAB ABB BBB BBA

AAB




,Q \ . AAABBBA| «— superstring, length=7
N\ -
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AAA AAB ABB BBA BBB
'
AAAB ABB BBA BBB [/f(ﬂ"? >

AMAB ABBA” BBB \&0‘3‘“‘ %)(t’&qw)r

\ 24 CO g
AAABBA BBB
v V°°7

AAABBABBB — superstrlng length=9

AAABBBA <«— superstring, length=7
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Greedy-SCS assembling all substrings of length 6 from:
a_long_long_long time. [=3. Ws

ng_lon _long_ a_long long_1 ong_ti ong_lo long_t g_long g Time ng_tim
_long_ a_long long_1l ong_ti ong_lo long_t g long

ng_tip lon a_long long_ 1 ong ti ong_lo_long t
ng_time ng lon a_long long 1 ong lo

_long_ a_long long 1~~~
ong_lon long_time—g_Iong_ a_long long 1

long_lon long time g long_ a_long

long_lon g_long_time a_long

Foiled by repeat!

To Hxe ?mﬁef recals

long_lon ng_long_ _long_lo g_long_g_long_l ong_time a_long_1l _long_ti long_tim

long_time long_lon ng_long_ _long_lo g_Iong_t ong_long g_long_l a_long_l _long_ti
_long_time long_lon ng_long_ _long lo g_long_t ong_long g_long 1l a_long_ 1
_long_time a_long_lo long_lon ng_long_g_long_t ong long g_long_1l

_long_time ong_long_ a_long_lo long_lon g long t g_long_1l

g_long_time ong_long_ a_long_lo long_lon g_long_1l

g_long_time ong_long_ a_long_lon g_long 1

g_long_time ong_long_ 1 a_long_lon

g_long_time a_long_long_ 1

a_long_long_long_time

a_long_long_long_time
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Portion of overlap graph involving repeat family A
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Even if we avoid collapsing copies of A, we can't know which paths
in correspond to which paths out
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A better exempls

genome: AAABBBBA
3-mers: AAA, AAB, ABB, BBB, BBB, BBA

VAN

L/R2-mers: AA,AA AA,AB AB,BB BB,BB BB,BB BB,BA

Kew -

AAABBBBA

AB

BA

One edge per k-mer

One node per distinct k-1-mer
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Assume “perfect sequencing”: each genome k-mer (
is sequenced exactly once with no errors

Pick a substring length k: 5

Start with an input string: a_long_long_long_time

Take each k mer and split ‘l/on\g‘_
into left and right k-1 mers long ong_
Add k-1 mers as nodes to de Bruijn graph

(if not already there), add edge from left k-1
mer to right k-1 mer

C@l&\/mu@ ?/ouem : >
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First 8 k-mer additions, k=5
a_long_long_long_time

Last 5 k-mer additions, k=5

a_long_long_long_time
Finished graph
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class DeBruijnGraph:
""" A de Bruijn multigraph built from a collection of strings.
User supplies strings and k-mer length k. Nodes of the de
Bruijn graph are k-1-mers and edges join a left k-1-mer to a
right k-1-mer. """

@staticmethod

def chop(st, k): . .
""" Chop a string up into k mers of given length """ ChOp Stl’lng into k-mers
for i in xrange(@, len(st)-(k-1)): yield st[i:i+k]

class Node:
""" Node in a de Bruijn graph, representing a k-1 mer
def __init_ (self, kmlmer):
self.kmlmer = kmlmer

def __hash__(self):
return hash(self.kmlmer)

def __init__(self, strIter, k):
""" Build de Bruijn multigraph given strings and k-mer length k """

self.G = {} # multimap from nodes to neighbors

self.nodes = {} # maps k-1-mers to Node objects

self.k = k

for st in striter: For each k-mer, find left

for kmer in self.chop(st, k):
kmiL, kmiR = kmer[:-1], kmer[1:
nodeL, nodeR = None, None
if kmiL in self.nodes:
nodeL = self.nodes[kmlL]

and right k-1-mers

else: Create corresponding
nodeL = self.nodes[kmlL] = self.Node(kmlL)

if kmiR in self.n g i
RodeR = se17 nodes kniR] nodes (if necessary) and

G add edge

nodeR = self.nodes[kmlR] = self.Node(kmlR)
self.G.setdefault(nodeL, []).append(nodeR)
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Casting assembly as Eulerian walk is appealing, but not practical
Uneven coverage, sequencing errors, etc make graph non-Eulerian
Even if graph were Eulerian, repeats yield many possible walks

Kingsford, Carl, Michael C. Schatz, and Mihai Pop. "Assembly complexity of

prokaryotic genomes using short reads." BVIC bioinformatics 11.1 (2010): 21.

De Bruijn Superwalk Problem (DBSP) seeks a walk over the De Bruijn
graph, where walk contains each read as a subwalk

Proven NP-hard!

Medvedev, Paul, et al. "Computability of models for sequence assembly."
Algorithms in Bioinformatics. Springer Berlin Heidelberg, 2007. 289-301.



