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Assignment 1: Chromosome Structures

Assigrment Dete: Wedneaday. Jan 30, 2010
Oue Date: Wednesday, Fet. 6, 2079 § 1:50m
Assignment Overview

W 1758 Esgrenent you well Aolie The over sl SIUCTLND OF he Qenomses of Several MmoOrTant sOetses ond Ther S0y 1N yoast Qenome 0 More Oelad As 4
PRININGEY, 3Ny QUETTONS ADOUT the assgrwent shoukd De posted 10 Parza

Question 1: Chromosome structures
Dowrioad the chomosome size fies for e 1080wing gencomes (NS these have Deon Preprocossad 10 only Inchucde masn Chromosomes):

1 Arabicopes thaers (TASI) - An mportant plant model spoces [rdc]

Z. Com (Zoa mays 87308} ) « The most widely Grown Orog in the world fefo)

3 € cob (Eschenchia cob K110 « One of the most commanty studhed Dacterss [rnfo)

4 Frat Py (Drosophia melarogaster, amdl] - One of the most important model species for genetics [Inio)

5. Muman (hg38) - s 1) [rdo]

6 Rice (Oryza st RGSPA0) - One of The Most IMpOortant COrops in The world [nfo)

7. Worm (Casrcr®abcita slogarm, coil) - One of the most imporiant snimal model species [efo)

B Yean! [Saccharomyces corpviniae, sacCerd| - an important echaryotic model 5pacies, alo ood 1or bread and beer [mio)

Using Theus Nes, make a Labile with the Icliowing irformation per specios:

o Queston 1.1, Toss genome size
o Question 1.2 Nurer of chromogomes
o Queston 11 Largest chromosome siae and name
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Second Generation Sequencing
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>60Gbp / day :
3. Image

Metzker (2010) Nature Reviews Genetics |1:31-46
https://www.youtube.com/watch?v=fCd6B5HRaZ8



lllumina Quality
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33 59 64 73 104 125
8§ - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)

I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)
J - Illumina 1.5+ Phred+64, raw reads typically (3, 40)

with O=unused, l=unused, 2«Read Segment Quality Control Indicator (bold)
(Note: See discussion above).

L - Illumina 1.8+ Phred+3d3, raw reads typically (0, 41)

http://en.wikipedia.org/wiki/FASTQ_format



Typical sequencing coverage

>

Coverage

Contig

Reads

Imagine raindrops on a sidewalk
We want to cover the entire sidewalk but each drop costs $1

If the genome is |0 Mbp, should we sequence 100k 100bp reads!?



Poisson Distribution

The probability of a given number of )\k

events occurring in a fixed interval of P(k) —r— 6— A
time and/or space if these events occur

with a known average rate and
independently of the time since the last

event. 0.40
| o 0.35}° | ® Am]
Formulation comes from the limit of the 63D o \=—4
binomial equation ' e A=10
< 0.25} P,
Resembles elllnormal distributioln, but ) 0.20 Loe
over the positive values, and with only & 018 e
a single parameter. ' s 00
0.10 RS e
Key properties: oost / & Fe o |
« The standard deviation is the 6 ol Laain® I . o .
square root of the mean. ‘ 0 5 10 15 20
 For mean > 5, well approximated k

by a normal distribution



Normal Approximation

99,7% of the data are within
fe 3 standard deviations of the mean >

95% within

2 standard deviations
68% within

<«— 1 standard —>

deviation

_
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Pop Quiz!




Exome-Capture Sequencing

Exome-capture reduces the costs

of sequencing

* Currently targets around 50Mbp of
sequence: all exons plus flanking regions

* WAQGS currently costs ~$1000 per
sample, while WES currently costs ~$250

per sample

* Coverage is highly localized around
genes, although will get sparse coverage
throughout rest of genome

-

il —— N

|

Exome sequencing as a tool for Mendelian disease gene discovery
Bamshad et al. (201 |) Nature Reviews Genetics. |12, 745-755



Beware of GC Biases
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Illumina sequencing does not

produce uniform coverage

over the genome

* Coverage of extremely high or
extremely low GC content will
have reduced coverage in lllumina
sequencing

* Biases primarily introduced during
PCR; lower temperatures, slower
heating, and fewer rounds
minimize biases

* This makes it very difficult to
identify variants (SNPs, CNVs, etc)
in certain regions of the genome

Analyzing and minimizing PCR amplification bias in lllumina sequencing libraries.

Aird et al. (201 1) Genome Biology. 12:R18.



Beware of Duplicate Reads

The Sequence alignment/map (SAM) format and SAMtools.
Li et al. (2009) Bioinformatics. 25:2078-9

Picard: http://picard.sourceforge.net



http://picard.sourceforge.net/

Beware of (Systematic) Errors
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Identification and correction of systematic error in high-throughput sequence data

Meacham et al. (2011) BMC Bioinformatics. 12:451

A closer look at RNA editing.

Lior Pachter (2012) Nature Biotechnology. 30:246-247



lllumina Sequencing Summary

Advantages:

- Best throughput, accuracy and read length
for any 2nd gen. sequencer

- Fast & robust library preparation

lllumina HiSeq

~3 billion paired 100bp reads

Disadvantages: ~600Gb, 510K, 8 days
(or “rapid run” ~90Gb in 1-2 days)
- Inherent limits to read length

(practically, 150bp) lllumina X Ten
_ Some runs are error prone ~6 billion paired 150bp reads
_ o 1.8Tb, <3 days, ~1000 / genome(SS)
- Requires amplification, sequences a (or “rapid run” ~90Gb in 1-2 days)

population of molecules

lllumina NovaSeq
Population-scale sequencing

Ira Hall
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Part 2: De novo genome assembly




Outline

I. Assembly theory
— Assembly by analogy

2. Practical Issues

— Coverage, read length, errors, and repeats

3. Next-next-gen Assembly

— Canu: recommended for PacBio/ONT project

4. Whole Genome Alignment

—  MUMmer recommended




Shredded Book Reconstruction

* Dickens accidentally shreds the first printing of A Tale of Two Cities

— Text printed on 5 long spools

It Was* thevhesthef b}esﬁn‘feﬁ';ﬂésya‘sm worstor of times, it was the agsge)bﬁm&dnmjtimshk dhe aféoofifdnlistmess, |..

It wag fhevhesthe of times, it was the n¢ worst of times, it was thE thge agewdfsiaadomwids [thevagethé fagéi s fieskishness,

It Was* ﬂhev:#sb&sd: bEsimésjritewait %zahehmmtref timaselt, it was the age of wisdom, i“ it was the age of [ifbolishness,]|...

It wag ]t thashist bEsinofsite}, Wowdhelveonsrsf tifitémeq it was the age of isdsdonit iagahthegagsf fooliStnlisispess, ...

It | wak thesbdwt bEstmédjnied, wtawdhd lweonsiref df times, it was the age ¢f ofimdedomt Wam&mg% agboofifduirsdsness, |...

* How can he reconstruct the text!?
— 5 copies x 138,656 words / 5 words per fragment = |38k fragments
— The short fragments from every copy are mixed together

— Some fragments are identical




It was the best of

age of wisdom, it was

best of times, it was

it was the age of

it was the age of

it was the worst of

of times, it was the

of times, it was the

of wisdom, it was the

the age of wisdom, it

the best of times, it

the worst of times, it

times, it was the age

times, it was the worst

was the age of wisdom,

was the age of foolishness,

was the best of times,

was the worst of times,

wisdom, it was the age

worst of times, it was

Greedy Reconstruction

It was the best of

was the best of times,

the best of times, it

best of times, it was

of times, it was the

of times, it was the

The repeated sequence make the correct
reconstruction ambiguous

* |t was the best of times, it was the [worst/age]

Model the assembly problem as a graph problem

How long will it take to compute the overlaps?



de Bruijn Graph Construction

* G = (VE)
* V = Length-k sub-fragments
* E = Directed edges between consecutive sub-fragments
* Sub-fragments overlap by k-1 words

Fragments |f|=5 Sub-fragment k=4 Directed edges (overlap by k-1)
It was the best
It was the best of It was the best was the best of
- was the best of
was the best of times was the best of the best of times

—> the best of times

— Overlaps between fragments are implicitly computed

de Bruijn, 1946
Idury et al., 1995
Pevzner et al., 2001



It was the best

N

was the best of

N

de Bruijn Graph Assembly

the best of times,

™SS

best of times, it

N, |

of times, it was

N

it was the worst

SN

was the worst of

times, it was the

After graph construction,
try to simplify the graph as
much as possible

S

the worst of times,

S

worst of times, it

it was the age

the age of foolishness

~

was the age of

the age of wisdom,

S

age of wisdom, it

S

of wisdom, it was

>SS

wisdom, it was the




de Bruijn Graph Assembly

It was the best of times, it

v

it was the worst of times, it

of times, it was the

After graph construction,
try to simplify the graph as
much as possible

the age of foolishness

it was the age of

the age of wisdom, it was the




The full tale

... it was the best of times it was the worst of times ...
... it was the age of wisdom it was the age of foolishness ...
... it was the epoch of belief it was the epoch of incredulity ...
... it was the season of light it was the season of darkness ...
... it was the spring of hope it was the winder of despair ...

wisdom ;
I_) foolishness worst

it was the

winter of despair

I—> spring of hope

incredulity

beliet
epoch of
light
season of <
d

arkness




E. coli (k=50)
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Reducing assembly complexity of microbial genomes with single-molecule sequencing
Koren et al (2013) Genome Biology. 14:RI101 https://doi.org/10.1186/gb-2013-14-9-r 101



https://doi.org/10.1186/gb-2013-14-9-r101

Counting Eulerian Cycles
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Generally an exponential number of compatible sequences
— Value computed by application of the BEST theorem (Hutchinson, 1975)

—1

W(G, t) = (det L){ T (re 1)!}{ 1 am,!}
ueV (u,v)EE

L = n x n matrix with r,-a,, along the diagonal and -a,, in entry uv

r, = d*(u)+1 if u=t, or d*(u) otherwise

a,, = multiplicity of edge from u to v

Assembly Complexity of Prokaryotic Genomes using Short Reads.
Kingsford C, Schatz MC, Pop M (2010) BMC Bioinformatics.
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Chromosome Size

Assembly Complexity of Prokaryotic Genomes using Short Reads.
Kingsford C, Schatz MC, Pop M (2010) BMC Bioinformatics.



1000
2 o)
0’\ -

5800 — 1.071509e+301
» - x! { ) - A
5 )
‘g 2600‘4 v wn n 7 8 9 -
D n cos og 4 5 6 x
=
o
Q o tan Y | 2 3 -
e
o 400 Ans EXP X' 0
- 2
3
E S RN Y L9 (v _ 4
- |
P

It is believed 74% of the mass of the Milky Way, for
example, is in the form of hydrogen atoms. The Sun

contains approximately 1057 atoms of hydrogen. If

you multiple the number of atoms per star (10%7)
times the estimated number of stars in the universe
(10%3), you get a value of 1089 atoms in the known
universe. Nov 5 2017

How Many Atoms Are There in the Universe? - ThoughtCo
https.//www.thoughtco.com/number-of-atoms-in-the-universe-603795

Assembly Complexity of Prokaryotic Genomes using Short Reads.
Kingsford C, Schatz MC, Pop M (2010) BMC Bioinformatics.
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Finding possible assemblies is easy!

However, there is an astroenoemical genomical number of
possible paths!

Hopeless to figure out the whole genome/chromosome,
figure out the parts that you can

Oe+00 2e+06 4e+06 6e+06 8e+06

Chromosome Size

Assembly Complexity of Prokaryotic Genomes using Short Reads.
Kingsford C, Schatz MC, Pop M (2010) BMC Bioinformatics.



Contig N50

Det: 50% of the genome 1s in contigs as large as the N50 value

50%

v
—————————

v
2 N PN =1 5 5

N50 size = 30 kbp

Example: | Mbp genome

v

B i b AR RAAAU0 I

N5O0 size = 3 kbp



i

Contig N50

Deft: 50% of the genome 1s 1n contigs as large as the N50 value

[ ol o Wa W4

Better N50s improves the analysis in every dimension

Better resolution of genes and flanking regulatory regions
Better resolution of transposons and other complex sequences
Better resolution of chromosome organization

Better sequence for all downstream analysis

Just be careful of N50 inflation!
* A very very very bad assembler in | line of bash:

* cat *.reads.fa > genome.fa

N50 size = 3 kbp



Pop Quiz |

Assemble these reads using a de Bruijn graph approach (k=3):

ATTA
GATT
TACA
TTAC



Pop Quiz |

Assemble these reads using a de Bruijn graph approach (k=3):

ATTA: ATT -> TTA
GATT: GAT -> ATT
TACA: TAC -> ACA
TTAC: TTA -> TAC



Pop Quiz |

Assemble these reads using a de Bruijn graph approach (k=3):

ATTA: ATT -> GRT

) B ATT
GATT: GAT -> ATT \

: -> \
1TAC: TTA > TAC TAC

° B ACA

GATTACA



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

ACGA
ACGT
ATAC
CGAC
CGTA
GACG
GTAT
TACG



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

-ACGA

ACGT CGA
ATAC ACé’
CGAC

CGTA

GACG

GTAT

TACG



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

ACCA

ACET CGA
ATAC 4
CGAC \
CGTA CGT
GACG

GTAT

TACG



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

ACGA GAC
ACET CGA
ATAC 4

—CGAC- \

CGTA CGT
GACG

GTAT

TACG



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

—ACGA- //GAC
—ACGT- CGA

ATAC ACé’
-CGAC- \
CGTA CGT
-GACG

GTAT

TACG



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

—ACGA- ) GAC
—ACGT- CGA

ATAC AC G/
—CGAC- \
-CCTA CGT
N\
—GACG- GTA
GTAT



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

—ACGA- ) GAC
—ACGT- CGA

ATAC AC G/
~-CGAC- N
-CCTA CGT
N\
—EACE GTA
N\,
“GTAT TAT



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

—ACOCA ~, GAC
“ACGT- TAC CGA

ATAC N\ AC G/
~-CGAC- N
-CCTA CGT
N\
—EACE GTA
N\,
“GTAT TAT




Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

—ACOCA ATA ~, GAC
N\
“ACGT- TAC CGA

APAC NS

cone AcS

ceTA CGT

-GRAEE > GTA
GIAT > AT




Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

ACCA ATA >, GAC
N\
ACGT- TAC CGA

-ATAC- N /

—CGALC- \

CGTA CGT

-GACG ™ GTA
-GTAT N AT

ATACGACGTAT



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

A OCA ATA >, GAC
N\
HCGT" TAC CGA

—ATAC NS
—CGAC- N
-CETA CGT

N\
—GACG GTA

N\

"CTAT TAT
l“'P.CCG— Whats another possible genome?

ATACGACGTAT



Titus Brown :
: Following v
@ctitusbrown

Wow, this could double as life philosophy,
too!

Michael Schatz ©mike schatz
Replying to @Zaminigbal @nomad421 and 4 others

Yep, very easy to find *a* path, very hard to find *the" path

11:40 AM - 22 Jan 2018
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