Alsetws 0 Blombches




e (c

fW QML V\M\WL —/\\Aam)?/
Noyc -
o 1L ]
N%[ wj@& ?;u«%ﬁfﬁ EWQ%W
Prola/e/w\ 2 20,7, (0] f0) 10§
" Toot: DG, 4,423,

Fewcbcode
dank_ of Wﬁm

—

)OQIGZ" pore @/‘Eﬁrc/



Z:V\L‘/ (+ SVOF%d' [ovvm«\oﬂ

upeS seg nenR

How do we assemble
puzzle without the
benefit of knowing
what the finished
product should look
Input DNA | like?
(That's what the
Human Genome
Project had to do!)
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Input: GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT

Copy: GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
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Fragment: GGCGTCTA TATCTCGG CTCTAGGCCCTC ATTTTTT
GGC GTCTATAT CTCGGCTCTAGGCCCTCA TTTTTT
GGCGTC TATATCT CGGCTCTAGGCCCT CATTTTTT
GGCGTCTAT ATCTCGGCTCTAG GCCCTCA TTTTTT
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Although a large amount of computing power
would be required to perform the sequence similar-
ity searches necessary for assembly, such power is
already available. Using conservative and sensitive
overlap detection algorithms, it would currently be
possible to span sequence-tagged sites (STSs) spaced
at 100 kb at a rate of at least one STS pair per day per
100 mips (million instructions per second) worksta-
tion. With a cluster of 100 such workstations the
assembly of the entire human genome would take
300 days. By using less sensitive, but faster, overlap
detection software, this time could be reduced by
nearly a factor of 10. Note also that the power of
computer processors has doubled every 18 months
for many years, and this trend is likely to continue
(Patterson 1995). If contemplated machines such as
the 3-teraflop supercomputer planned in 1998 for
Lawrence Livermore National Laboratory (Macil-
wain 1996) were recruited to the task of assembly,
then the human genome could be assembled, in
principle, in 4 min.

Weber, James L., and Eugene W. Myers. "Human whole-genome
shotgun sequencing." Genome Research 7.5 (1997): 401-409.

(Bren  wmere.)

Weber's and Myers' argument that the ap-
proach is feasible relies primarily on a greatly over-
simplified computer simulation of the process of se-
quence reconstruction, which depends on incorrect
assumptions about the nature of the genome (e.g.,
that repeats are uniformly distributed) and of se-
quence data and ignores a number of serious tech-
nical obstacles. Tt needs to be emphasized that what
they have done was not an actual assembly of a
simulated genome sequence; indeed, they could not
do such an assembly, as software adequate to handle
data on the required scale does not exist, nor do we
have adequate knowledge of the sequence charac-
teristics of the genome to permit a realistic simula-
tion. Instead, they have idealized the process of as-
sembly by simulating the locations of clones within

Green, Philip. "Against a whole-genome shotgun."
Genome Research 7.5 (1997): 410-417.
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CTAGGCCCTCAATTTTT T
CTCTAGGCCCTCAATTTTT
GGCTCTAGGCCCTCATTTTTT
CTCGGCTCTAGCCCCTCATTTT
TATCTCGACTCTAGGCCCTCA From
TATCTCGACTCTAGGCC these
TCTATATCTCGGCTCTAGG
GGCGTCTATATCTCG
GGCGTCGATATCT

GGCGTCTATATCT |
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT

Reconstruct this
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CTAGGCCCTCAATTTTT
GGCGTCTATATCT
CTCTAGGCCCTCAATTTTT
TCTATATCTCGGCTCTAGG
GGCTCTAGGCCCTCATTTTTT From
CTCGGCTCTAGCCCCTCATTTT these
TATCTCGACTCTAGGCCCTCA
GGCGTCGATATCT
TATCTCGACTCTAGGCC

GGCGTCTATATCTCG 1
PR N R R R X

Reconstruct this
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- CTAGGCCCTCAATTTTT
CTCTAGGCCCTCAATTTTT
GGCTCTAGGCCCTCATTTTTT
CTCGGCTCTAGCCCCTCATTTT
TATCTCGACTCTAGGCCCTCA
TATCTCGACTCTAGGCC
TCTATATCTCGGCTCTAGG
GGCGTCTATATCTCG
GGCGTCGATATCT
GGCGTCTATATCT
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT

Coverage=5
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CTAGGCCCTCAATTTTT
CTCTAGGCCCTCAATTTTT
GGCTCTAGGCCCTCATTTTTT
CTCGGCTCTAGCCCCTCATTTT
TATCTCGACTCTAGGCCCTCA
TATCTCGACTCTAGGCC 177 pases
TCTATATCTCGGCTCTAGG
GGCGTCTATATCTCG
GGCGTCGATATCT

GGCGTCTATATCT 35 bases
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT

Average coverage = 177 / 35 = 5-fold



B&S (C- PP/V\O{/Q Lz :

o1 a\lf (;HOS%' pos Fednes
I
O\/QF [a%% %S
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TATCTCGACTCTAGGCC
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<::j’ TCTATATCTCGGCTCTAGG
—HGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT

TATCTCGACTCTAGGCC
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TCTATATCTCGGCTCTAGG
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Given set of strings S, find SCS(S): shortest string
containing the strings in S as substrings

S: BAA AAB _BBA ABA ABB BBB AAA BAB

Concat(S): BAAAABBBAABAABBBBBAAABAB
24

SCS5(5): AAABBBABAA
— 10—
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order 1: AAA AAB ABA ABB, BAAI BAB, BBA BBB

MAR ABZAABARBBARBR
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order2: AAA AAB ABA BAB ABB BBB BAA BBA
AAABABBBAABBA <«— superstring 2

Probler : ordur iwellss|
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Each node is a read \/9 z SJmiDSI J
/

[CTCGGCTCTAGCCCCTCATTTT ]\/ D

Draw edge A -> B when suffix of A overlaps prefix of B

rst-of

[CTCGGCTCTAGCCCCTCATTTT ] vl’ a&} verhces

A\

N JﬁGGCTCTAGGCCCTCATTTTTT ]
e )a\/ lengt of ovvlaP
b G w\ﬁ ZJ&
Nodes: all 6-mers from GTACGTACGAT
Edges: overlaps of length >4

e

Cowm\f\ Su s,
éT\?;ﬁng ACCAT



oe wa Wc:n
QVlSl’\— @{/% HOQLQ
e oX i€ o\/ef[cP

Mm @f’ﬁurﬁt(@g ﬁ - ’(’C&

Sh-oe

?m’o@n Zo NP-fk<L
P
[nsteed

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




,Q \ . AAABBBA| «— superstring, length=7
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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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56 b > read length
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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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