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Brief History of Genome Sequencing

* 1977: Walter Gilbert and
Frederick Sanger develop
independent DNA sequencing
methods.
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* 1980: They share the Nobel Prize.

* Still, their sequencing methods
were too expensive ($3 billion to
sequence the human genome).

Frederick Sanger

































The Newspaper Problem
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stack of NY Tumes, June 27, 2000
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stack of NY Times, June 27, 2000
on a pile of dynamite

this is just hypothetical
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so, what did the June 27, 2000 NY
Times say”




The Newspaper Problem as
an Overlapping Puzzle
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“Burning” Some Reads
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CTGATGA TACTGCTAG CTGTATTACG TCGTAGCTACG  ATGCATTAGCAA  GCTATCGGA  TCAGCTACCA  CATCGTAGC
CTGATGATG GACTACGCT ACTACTGCTA ATCAGCTACC  ACATCGTAGCT GCAAGCTATC  GGATCAGCTAC  CACATCGTAGC
CTGATGATGG TACTGCTAGCT GTATTACGATC AGCTACCAC ATCGTAGCTACG  ATGCATTAGCA  AGCTATCGG A CATCGTAGC

CTGATGATGGACT ACGCTACTACT 1 TACGATCAGC TACCACATCGY  AGCTACGATGCA ATCGGATCA  GCTACCACATC  GTAGC



No Idea What Position Every Read Comes From
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A LIMIT THEOREM FOR RANDOM COVERINGS
OF A CIRCLE

BY
LEOPOLD FLATTO

ABSTRACT

Let N, ,, equal the number of randomly placed arcs of length x(0< x < 1)
required to cover a circle C of unit circumference m times. We prove that
limg_,q P(Ny, . S (1/2) (log (1/2) + mlog log (1/a) + x) = exp ((-1/(m-1)!)
exp (-x)). Using this result for m == |, we obtain another derivation of
Steutel’s result E(N,, ;)=(1/x) (log (1/x)+log log (1/2) + y+o (1)) asx—+0,
y denoting Euler’s constant.

1.

Let C be a circle of unit circumference. Suppose that arcs of given length
a (0 <« < 1) are thrown independently and uniformly on C. The distribution
function of the number N, of these randomly placed arcs needed to cover the
circle C has been calculated by Stevens [9] who has shown that
(1.1) AN, sm = 2 (=" () )t -kar

05k51/x
for any positive integer n.
Using (1.1), one may readily compute the expectation E(N,) as

= -1
12) EN)=1- E (=1 0=k
1805 1/a (kd).“
(a derivation of (1.2) is given in [5]).
Unfortunately, neither (1.1) nor (1.2) is very illuminating, since the summands
undergo violent oscillations; therefore, it becomes of interest to study the asymp-

totic behavior of P(N, < n), E(N,) as « = 0. Using (1.2), Flatto and Konheim
[5] have shown that
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Sir William Rowan Hamilton (1805-1865)



Icosian game





































































The Hamitonian path problem is NP-complete.

CIRCUIT-SAT

SUBSET-SUM

Y
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polynomial-time algorithm to decide A

B ho>»> no






































































Nicolaas Govert "Dick" de Bruijn (9 July 1918 — 17 February 2012)






























Is the Graph for 4-Universal String Balanced?
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Some Ridiculously Unrealistic Assumptions

Perfect coverage of genome by reads (every k-mer
from the genome is represented by a read)

Reads are error-free.
Multiplicities of k-mers are known

Distances between reads within read-pairs are exact.





















Repeats in the human genome:

-Alu sequencs: ~300 bp long, repeated approx 1 million times in the genome
-LINE repeats: ~1000bp long, repeated approx 200,000 times
-approximately 25% of human genes are duplicated

=> Repeats and duplicates make up approx half the human genome



Genome Science (2008)
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De Bruijn Sequences—A Model Example
of the Interaction of Discrete Mathematics
and Computer Science

Combinatorics, graph theory, and abstract algebra
can all be applied to the same algorithmic problem.

ANTHONY RAaLsTON
SUNY at Buffalo
Amherst, NY 14226

Mathematics Magazine, 1982.






