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= Computing Genomes | PS6, Problem &)
— Crash course in biology

+ Busy Beaver result!

+ Computing with Genomes

= Conclusion
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Final Exam Sneak Preview

Hamdouwt awailabl= now

Honor policy: you may disouss these prablems with
athiers and use amy resgunc=s vou want wniil the Final
Mo notes or ather resaurces may be used during the
final

ntent is to give you an ez what to expect on the final
and a chance to start thinking about some problems

- Don't etbermipt to memerize answers: need to understand
things since the achusl questions may be different
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Genome Assembly Problem

In order to assemble 3 penome, it s necessary to
cambine snippets from many reads into a single
seguence. The input is a s=t of ® gename
snippets, each of which i 3 string of up to &
symbols. The output is the smallest single string
that contains all af the input snippets 2=
substrings.
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DNA

= Sequence of nudeotides:
adenine (&), puanine [3),
cytosine | ), and thymine
[T)

= Twio strands, A must
attach to T and G must
attach to C
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Central Dogma of Biology
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+ BMA makes copiss of DNA sezments

*+ RMNA describes sequences of amino acids
* Chains of aming acids make proteins

* Proteins make us
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Human Genome

= 3 Billion Base Pairs
— Each nuclectide is 2 bits |4 possibilities)
-3Bpairs " 1byte/dpairs=T50ME "
+ Every sequence of 3 base pairs one of 20 amino
acids [or stop codon)

— 21 possible codaons, but 47 = 64 possible
— 5o, rezlly only T50ME * [21/64) ~ 250 MBE
+ Much of it [> 95%) is may be junk [(doesn"t
encode proteins, but some might be important)
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Human Genome Race
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Reading the Genome
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Gene Reading Machines

= One read: about 700 base pairs

= But._don't know where they are on the
chromosome

Read 7 | TACCCGTGATCCA

Rexi? | TOCAGAATAA
Read | | ACCAGAATACC |

Wi AGGCATACCAGAATACCCETGATCCAGAATAAGT
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Genome Assembly Problem

Read | | ADCAGAATACC
Remi 2 | TOCAGAATAA
Resi 7 | TACCCGTGATOCA |

Input: Genome fragments [but without
kmowing where they are from)

Cwput: The full genome
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Decision Problem

GA={<{|x.x ..., X, }, m > | whera
each x; is a string and
there is 2 string X of length m
that includes all of the x; strings
as substrings }

i we had 8 decder for {#d, canwe find the length of the
shortest common supersiringT

¥es. Try ol possible mvakesfrom 1, 2, -, Elxl
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Is (GA In Class NP?

A=< | x.X5 ....x_ }, m > | whera
each x; is a string and
there is a string X of langth m
that includes all of the x; strings
as substrings |

Yes. The string X is 2 pakynomial-verifisble certificate.
- Check it includes each substring
- Chedk its length is = m
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NP-Complete
A language B is in NP-complete if:

Z.There is a polynomial-
time reduction from ewvery

1. B NP
problem A € NP to i
v ?
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Possible Choices...
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By definition, =il must wark. Every MP-Complete problem
man be reduced to every MP-Complete problem.

In practice, some will work mach more essily than others.
Try ta pick 8 prablem “ciose” to the tanEet problem,

Is GA NP-Complete?

GA=| <{| x. %5, ..., X_ |, mt > | where
each x; is a string and
there is a string X of length m
that includes all of the 1, strings

as substrings }
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To Prove NP-Hardness

= Fick some known NP-Complete problem X

= Show that a polynomial-time salver for ¥
could b= used to build a polynomial-time
solver for X.

= This prowves that there is no polynomial-time
solver far ¥ [unless P = NP).
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Busy Beaver Challenge
Ruixin Yang
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