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Genetic Algorithms, Operators, and DNA
Fragment Assembly

Machine Learning — To A ear

rebecca cs.ucf.edu

forrest cs.unm.edu

cb t1 .lanl.go

a id earls

estud di erent genetic algorithm operators for one permutation problem associated
with the uman enome Pro ect the assembl of NA se uence fragments from a parent clone
whose se uence is un nown into a consensus se uence corresponding to the parent se uence. The
sorted order representation, which does not re uire speciali ed operators, is compared with a
more traditional permutation representation, which does re uire speciali ed operators. The two
representations and their associated operators are compared on problems ranging from 2K to
4K base pairs (KB). dge recombination crosso er used in con unction with se eral speciali ed
operators is found to perform best in these e periments these operatorssol ed a1 KB se uence,
consisting of 1 fragments, with no manual inter ention. Natural building bloc s in the problem
are e ploited at progressi el higherle els through macro operators. This signi cantl impro es
performance.

genetic algorithms, NA fragment assembl , human genome pro ect, ordering prob
lems, edge recombination crosso er, building bloc s
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er iew of NA Mapping Process



S SE—
S
- _—
E—

%

%
= -

m—
E—

er iew of e uence Assembl Process



abcdef

i erent ragment

rders

c
d
e

| |

1 I

= bacedf

an Produce

ui

cbaedf

alent

onsensus

€ uence












010111001101011|010 Bit String
/A AL A AN
2 Key Values
3 4 5 (start position)

\\ A/\z

3 1 5

Do\

Intermediate Layout

Start Position

orted order epresentation for the ragment Assembl Problem. onsider a bit string
which produces the following integers ( ) 2 1 2. The fragment la out represented b
this indi idualis 1 4 2 with an intermediate (before shifting) ordering of 1 4 2. Because
the lowest e alue in the indi idual, 1, appears in the third position of the indi idual, the rst
fragment in the intermediate la out is . The ne t lowest alue, 2, is in the rst position of the
indi idual, and therefore, the second fragment in this la out is 1. The last e , which represents
the starting position, is 2, so the rst e in the permutation ordering is 1 (because 1 appears in
the second position of the intermediate la out). The nalla out continues from this position and
then wraps to the beginning.
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rder rosso erand dge ecombination. llustratesorder crosso eron the indi iduals
1 42 and 4 1 2. or edge recombination, The o spring begins with the rst
fragment in the rst parent, 1. n e amining 1 s ad acencies, we select because it has a shared
ad acenc in its list and the others do not. This shared ad acenc is , and so it is placed ne t.
Because it has a shared ad acenc , is chosen ne t, followed b 4. At 4, the ne t fragment 2 is
placed in the indi idual because it has more remaining ad acencies. This process continues until
the end, where is placed because it has not et been placed, ielding the indi idual 1 42






nformation on ata ets Names ATPK MATPK 1, B MM B,P B
MAP B dataset, AM LAM and and T e perimental data set. Bases number
of base pairs in the nown consensus se uence. o erage the a erage number of fragments co ering
an base of the parent. aps areas of the parent with no co erage. B and B1 ha e
errors introduced into the fragment sets at the speci ed rate.
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enetic Algorithm Performance on ragment Assembl Problem. ata set
name includes co erage in parentheses. Num ens Number of enerations, Num
Trials Number of itness unction aluations ( en Pop Trials since not all in
di iduals change in a generation), Num ontigs Number of contigsin A solution,
Num reed Number of ontigs in the reed olution, Num orted pre ious
results using sorted order representation ( indicates that this e periment was not

performed on sorted order). ther parameter settings rosso er ate ., pe
ciali ed perator ate . ,Pointswap rate .2, n ersion ate .4, Transposition
ate .4, caling actor 2. . Parent match computed for single contig solutions
and computed o er entire region of parent.
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Population mean and best tness plots. T pical run for B( ) data set.
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A Test esults for Two itness wunctions. Best score for the best indi idual,
followed b the score for this indi idual under the other function. ontigs the number of
contigs in the la out speci ed b the best indi idual. or data set ATPK with co erage
Parameters 1 runs, di erent random seeds, rosso er rate of
transposition, .2 in ersion.

, . point swap,

Mai 1e nc ion Mini ie nc ion
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AT
enetic Algorithm Performance sing the rder rosso er perator.
Trials Number of itness unction  aluations. Num ontigs Number of
ontigs found in the Best olution er uns.
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perator fre uenc in 1  generation inter als for e best indi iduals in population
for the B se en fold data set. The operators are displa ed in the order in which the appear

in the legend.






1. NP hardness follows from a straightforward reduction from amiltonian Path.

2. NA is a double heli comprised of two complementar strands of pol nucleotides. ach
nucleotide consists of a purine or p rimidine base attached to a sugar phosphate moiet . The
sugar phosphate is constant throughout the entire strand, but the bases ar . There are
four bases found in NA adenine (A), guanine ( ), ¢ tosine ( ), and th mine (T). rom
a computational iewpoint, each strand of NA can be iewed as a character string o er an
alphabet of four letters. The two strands are complementar in the sense that at corresponding
positions A s are alwa s paired with T sand s with s, althoughan of the letters can appear
in either strand. These pairs of complementar bases are referred to as base pairs.

There are di erent families of repeat se uences, each with di erent characteristic lengths and
degree of conser ation among the famil members. ome repeat se uences arise due to dupli
cated genes, as an € ample.

4. e used an elitist polic and sigma scaling with a cuto  alue of 2.
Ties in the sort are bro en arbitraril . e use a left to right ordering.
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