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Assignment 1: Chromosome Structures

Assignment Date: Wednescay, Sept 4, 2019
Dus Date: Wednesday, Sept, 11, 2019 @ 11:59pm

Assignment Overview

In this assignment you will profile the overall structure of the Genomes of saveral IMPONant species and then consider the sequencing data needed
for each of them, As a remincar, any Quostions about the assignment should be posted to Pazza

Question 1: Chromosome structures (10 pts)
Download the chomaesome size files for the following genomes (Note thess have Deen preprocessed 10 only nclude main Chromosomes):

1. Arabidopsis thafiana (TAR10) - An important plamt moce species [info]

2. E. coll [Escherichia col K12) - One of the most commonly studed bacteria [Info)

3. Fruit Fly (Drosophita melanogaster, dmB) - One of the most important model species for genetics [info)

4, Human (hg38) - 3 :) {info)

& Yeast {Saccharomyces cerevisiae, sacCer3) - an important eukaryotic model species, aiso good for bread and beer [info)

Using these files, make a table with the following information per species:

« Question 1.1. Total genome size

* Question 1.2, Number of chromosomes

* Quastion 1.3, Largest chromosome si2e and name
+ Question 1.4, Smallest chromosome size and name
« Question 1.5. Mean chromosome length

https://github.com/schatzlab/biomedicalresearch2019
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Second Generation Sequencing
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Metzker (2010) Nature Reviews Genetics | |:31-46
https://www.youtube.com/watch?v=fCd6B5HRaZ8



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!?
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Poisson Distribution

The probability of a given number of )\k

events occurring in a fixed interval of P(k) . 6_)‘
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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 —
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Pop Quiz!
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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 NextSeq
One human genome in <30 hours

Ira Hall
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Part 2: De novo genome assembly




Shredded Book Reconstruction

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

— Text printed on 5 long spools

It wag

thevhesthef b,

=

rstinfesniesyas waes woerstor of times, it was the agsg@f)ﬁfi@édnmitim¢h~e dge affoofifdolisdmess, |..

It was‘ flhevhesthe of times, it was the h¢ worst of times, it was the thge agendf siisd omyvids | thevagethé fbgéi@lﬁrﬁmﬁshne%s,
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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

* It 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
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~

de Bruijn Graph Assembly
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was the worst of

times, it was the

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

beliet

incredulity

L light
season of <
darkness




E. coli (k=50)

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

@ —® —©® or
(' > ARCRERD
©

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

i

W(G, t) = (det L){ T (ra 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.
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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 108? 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 astrenemical 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 1n contigs as large as the N50 value

50%

v
—————————

v
. N PO RN 5 = 1A

N5O0 size = 30 kbp

Example: | Mbp genome

v

> QNSNS SRR AR

N5O0 size = 3 kbp
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Contig N50

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

~Nnn/

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 \

. -> \
TTAC: TTA —> TAC TAC

° - 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):

ACGA

—ACGT- 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
BT CGA
ATAC 4

—-CGAC- N

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’
—CGAL N
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- N
CGTA 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
CGTA CGT
N\
—EACE GTA
N\,
“GTAT TAT



Pop Quiz 2

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

—ACCA ~, GAC
HCGT TAC CGA

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




Pop Quiz 2

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

—ACCA ATA ~, GAC
N\
HCGT TAC CGA

e N

—CGAC N

CGTA CGT

-GACG > GTA
“GTAT N pam




Pop Quiz 2

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

—ACCA ATA >, GAC
N\
HCGT TAC CGA

-ATAC- N /

-CGAC- N

CGTA CGT

-GACG- e GTA
-GTAT N TAT

ATACGACGTAT



Pop Quiz 2

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

N Cri ATA ~, GAC
N\
HCGT TAC CGA

—ATAC N S
—CGAC- \
CGTA CGT

N\
—GACG GTA

N\

OTAT TAT
—"%GG— Whats another possible genome?

ATACGACGTAT



, Titus B
Wow, this could double as life philosophy,
too!

Michael Schatz @mike schatz

Replying to @Zaminlgbal @nomad421 and 4 others

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

11:40 AM - 22 Jan 2018

4 Retweets 17 Likes ’ ' ‘ Q a . 0 .

Q 2 1 4 9 17 &




Next Steps

|. Reflect on the magic and power of DNA ©
2. Check out the course webpage
3. Register on Piazza & GradeScope

4. Work on Assignment |

|. Set up Dropbox for yourself!
2. Get comfortable on the command line




