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Assignment 1: Chromosome Structures

Assigrament Date: Wedresday, Segnt 4 2010
Due Dane: Wednesday, Sepe. 14, 2019 ® M1560m

Assignment Overview

19 TN SNt you will profle the Overall SLCHNe of 1he gendames Of severdl IMOOant SOeCs and then CONSION T SO0ENCr Gt Needed
for sach of them. As & reminder, a0y Questions about ™e assignment should be posted to Pazzs

Question 1: Chromascme structures (10 pts)
Downioad the chamosome s fNes Y90 the following genomes (No%e these have Dees preprocessed 10 only INClude Man SVOMosomes):

1 Acabidopss thalana (TAIRAD) « An mporiast plant model species (nlo)

2 E coll [Escheriche ool K12) - One of the most commonly siudied bactera [nfo)

3 Frut Py (Dvoscpivia melncgator, dmé) - One of the moat imporiant model speces 4o geretics (ko)

& Huren (g3 - v ) feio)

S Yoot [Saccharomyces corovisae, sacCord) - an mporisnt aukaryctic model speces, a0 good for tread and Beer [t

Using these fies, make a table with the $o8owing nommanon pev speces:

o Queston 11 Totsl genome sire

+ Queston 12. Number of chromosomes

+ Question 13 Largest chvamonome slie and name
¢ Queston 14 S5malest CHYOMOeMe S0¢ and name
* Quasion 15 NMean chromosome length

https://github.com/schatzlab/biomedicalresearch2019




Assignment 2: De novo Assembly
Due Wed Sept 18 @ | 1:59pm
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Assignment 2: De novo assembly

Assignment Date: Wednesaday, Sepe 11, 2019
Due Date: Wodnesday, Sept 18, 2019 & 1159pm

Assignment Overview

In this assignment you wil assembie a few simpie datasets by hand and then by using an automated assembiler caled Spades. As 2
reminder, &Ny QUESTIONS about the assignment should be posted 10 Plazzs

Question 1: de Bruijn graph construction (10 pts)

1a. Draw (by hand or in code) the de Beulpn graph for the folowing reads using k=3 (assume ol reads are f1om the formand strand, no
sequencing orrovs, compliete coverage of the genome|

ACTA
ATCA
AT(G
ATCT
CATC
Al
CTAT
GATC
TACT
TATC
TCAT
TCTA




Part |:Recap




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



Pop Quiz 2

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

—AOCA ATA >, GAC
N\
“ACGT- TAC CGA

-ATAC- N /
—CGAC- \
-CGTA CGT
N\
—GACG GTA
AT N\
Gl TAT
'“'ACG— Note: there is no edge from ATA to TAT

ATACGACGTAT



Unitigging / Unipathing

* After simplification and correction, compress graph
down to its non-branching initial contigs

Y ¢¢

— Aka “unitigs”, “unipaths”
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Why do contigs end?

(1) End of chromosome! ©, (2) lack of coverage, (3) errors,
(4) heterozygosity and (5) repeats



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
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N5O0 size = 3 kbp



Part 2: The human genome




The scale of DNA in our body is staggering.

® A typical human is comprised of roughly 40 trillion human cells
(excluding trillions of bacterial cells in our gut)

If stretched out, each haploid genome would be roughly 2 meters.
So, each cell has 4 meters of DNA.

40 trillion * 4 meters = 160 trillion meters.

160 trillion meters / 1609.34 = 99,750,623,441 miles
99,750,623,441 / 92,960,000 = 1,073.05 trips to the sun.

A typical cell replicates about 100 times

160 trillion meters x 100 =

1.69123746 light years

More info



The first genetic map

Mendel's Second Law (The Law of Independent ”

Assortment) states alleles of one gene sort into
gametes independently of the alleles of another
gene: Pr(smooth/wrinkle) is independent of
Pr(yellow/green)

Morgan and Sturtevant noticed that the probability
of having one trait given another was not always

50/50- those traits are genetically linked

http://www.caltech.edu/news/first-genetic-linkage-map-38798

Sturtevant realized the probabilities of co-occurrences could be explained if those
alleles were arranged on a linear fashion: traits that are most commonly observed
together must be locates closest together

0
Sturtevant's symbols gi l" R M
X chromosome locations: 0.0 1.0 30.7 !3.7 S7.l
Modern symbols y w v m r
£ N 7, /
Yellow White Vermilion Miniature Rudimentary

body eyes eyes wings wings

The Linear Arrangement of Six Sex-Linked Factors in Drosophila as shown by their mode of Association
Sturtevant, A. H. (1913) Journal of Experimental Zoology, 14: 43-59



Chromosome Giemsa banding (G-banding)

Chromosomal location of a gene ® Heterochromatic regions, which tend to be rich with adenine
and thymine (AT-rich) DNA and relatively gene-poor, stain more
darkly with Giemsa and result in G-banding

romisore F Y

® Less condensed ("open") chromatin, which tends to be (GC-
rich) and more transcriptionally active, incorporates less
Giemsa stain, resulting in light bands in G-banding.

® (Cytogenetic bands are labeled p1, p2, p3, ql, g2, g3, etc,,
counting from the centromere out toward the telomeres. At
higher resolutions, sub-bands can be seen within the bands.

region # 3 ® For example, the locus for the CFTR (cystic fibrosis) gene is
7q931.2, which indicates it is on chromosome 7, q arm, region
3, band 1, and sub-band 2. (Say 7,q,3,1 dot 2)

hitps://en.wikipedia.org/wiki/G_banding, https://ghr.nim.nih.gov/chromosome/1#ideogram



https://en.wikipedia.org/wiki/G_banding

The human karyotype

Parental haploid

Wy copy 1

A Parental haploid
‘}’ \’ ,.“ '; {‘ copy 2
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Bacterial Artificial Chromosomes (BACs)

@ Bacternial plasmid

e

Gene of interest

Escherichia coli

A BAC is an engineered DNA
molecule used to clone DNA
sequences in bacterial cells (for
example, E. coli).

BAC:s are often used in connection
with DNA sequencing.

Segments of an sample’s DNA,
ranging from 100,000 to about
300,000 base pairs, can be inserted
into BAC:s.

The BACs, with their inserted DNA,
are then taken up by bacterial cells.

As the bacterial cells grow and
divide, they amplify the BAC DNA,
which can then be isolated and used
in sequencing DNA.


https://www.genome.gov/genetics-glossary/Bacterial-Artificial-Chromosome

History of the Human Genome Project




The reference human genome

“Without a doubt, this is the most important, most wondrous map
ever produced by humankind.”
Bill Clinton

June 26, 2000




The reference human genome

“Without a doubt, this is the most important, most wondrous map
ever produced by humankind.”
Bill Clinton

June 26, 2000
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The Sequence of the Human Genome Initial sequencing and analysis of the human genome

Venter et al. International Human Genome Sequencing Consortium
Science 291.pp 1304-1351 (2001) Nature 409, pp 860-921 (2001)




Two Human Genomes!?

1 Fragment DNA and seguence

g s —

— e — ~ ——

2 Find owverlaps between roads
AMOOCTAOAECTACA
COCEIRTOO0STY

3 Assamiie owerlaps N0 contigs
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4 Assemibie 0Ongs wio scaloids

S

The Sequence of the Human Genome

Venter et al.
Science 291.pp 1304-1351 (2001)

(Figure from Baker (2012) Nature Methods)

Higrarchical shotgun Sequencing

/01,7.’. @~
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Organzea *
mapped large
done contigs

ShOIgUN |, L ACCGTAAMTGOGCTGATCATGCTTAAA
SAGUENCE SCATCATOCTTAACCCICTOCATOCTACTG. . .

Assembly . . . ACCGTAAATGEGCTGATCATEC TTAAACCCTGTGUATOCTALTG

Initial sequencing and analysis of the human genome

International Human Genome Sequencing Consortium
Nature 409, pp 860-921 (2001)



Who is the reference human?
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Who is the reference human?

The Bulelo News/Sundsy, March 23, 1997
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Appendix: Identifying the ancestry of segments of the human genome reference sequence

To compare Neandertal to present-day human haplotypes for the purpose of population genetic analysis, we
needed to have long haploid sequences from present-day humans that were of known ancestry. To identify
such scgments, we took advantage of the fact that the human reference sequence is haploid over scales of
tens of kilobases, because it is comprised of a tiling-path of Bacterial Artificial Chromosomes (BACs) or
other clone types that are of typical size 50-150 kb (592). We do not know of any other substantial source of
high quality human haploid sequences of the requisite size.

Determining the ancestries of the libraries in the human genome reference sequence using HAPMIX

It is crucial to know the ‘ancestry’ of a clone to use it in a meaningful population genetic analysis. In what
follows, we define ‘ancestry’ as the geographic region in which a clone’s ancestor lived 1,000 years ago,
inferred based on its genetic proximity to other individuals from that region today. This definition allows us
to classify clones from Chinese Americans as “East Asian,” from European Americans as “European”, and
from African Americans as either “West African” or “European”.

To identify the ancestries of the libraries comprising most of the human genome reference sequence, we used
a list of 26,558 clones tiling the great majority of the genome, most of which we were able to assign to a
library of origin. Restricting to the autosomes, we identified 21,156 clones that seemed to fall into 9 libraries
based on the naming scheme: CTA (n=199), CTB (n=356), CTC (n=452), CTD (n=1,426), RPCI-1 (n=740),
RPCI-3 (n=456), RPCI-4 (n=716), RPCI-5 (n=802) and RPCI-11 (n=16,009). (In a subsequent re-
examination, we identified additional clones that we likely could have classified into libraries, including 953
from RPCI-11, 632 from RPCI-1, and 490 from another library RPCI-13.) The median span of the 21,156
clones we analyzed was 112 kb, and 80% are >50kb in size. About 2/3 came from a single library, RPCI-11.

1. RPCI-11 is an African American: RPCI-11, the individual who contributed most of the human
genome reference sequence, is consistent with having African American ancestry, with 42% of the
clones of confident West African ancestry and 42% of the clones of confident European ancestry, and
the ancestry of the remaining clones less confidently inferred. The finding of likely African American
ancestry for RPCI-11 was previously reported in a study of the ancestry of RPCI-11 clones spanning
the Duffy blood group locus ($§93), and here we confirm this finding, and also expand the inference to
the whole genome.

2. CTID.is an East Asian: The majority of clones from CTD, the second largest library in its contribution
to the human genome sequence, is likely an East Asian. In a HAPMIX analysis with CEU (European)
—~ CHB+JPT (East Asian) as the proposed ancestral populations, the majority of clones are of
confident East Asian origin, and there is no secondary mode of confident European ancestry, as might
be expected from a Latino or South Asian individual.

The remaining 7 libraries are European: The remaining libraries (CTA, CTB, CTC, RPCI-1, RPCI-3,
RPCI-4 and RPCI-5) are inferred to be of European ancestry, since they all have consistent
distributions of inferred clone ancestries, with the majority of clones of confident European ancestry
in both our HAPMIX analyses and no secondary modes.

A Draft Sequence of the Neandertal Genome
Green et al (2010) Science. DOI: 10.1126/science.| 188021
Supplemental Note 16 (pg 145-146)



Who is the reference human?
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E pluribus unum

1f the human reference genome Is to reflect more of the actual genomic diversity in
humans, community participation is needed.

Ploase ISt meriaoons 1o view and DOR COMMents on this acticle,

The human genome is ten years old. We acknowindge 23 reference assemdly as an nvaluable
resource essential for many purposes such as the assemdly of short reads from Ngh:
throughput sequencing platforms Into Chromosome CoNtext GUNng resequencng projects. At
the same time, we think necessary Improvement of the reference gencme cepends on the
wiliagness of the research community 10 provide data for the genome’s less accessbie
reglons.

First published In 2001, the human reference genome has, since 2007, been in the hands of
the Genome Reference Contortium (GRC) & small group of fewer than 20 scientists from the
European Bonformatics Institute, the US Natonal Center for Botechnolegy Information, The
Sanger Institute and The Genome Center at Washington University in 2. Louls, who have
committed Lo the imgroverrent and completion of this reference, with very littie fimancal
SUppOT.

The referencs gancme & now i its 197 resdition, and probably the Best messure of its
rgeovement over the last ten years is the number of fragments it consists of. The very first
version had ~ 150,000 gaps: the most recent build, GRONIZ, has only around 250 gaps.

The onfy other publicly accessibie de novo assembly of & human genome that contains
chromosame sequences is Hulte!l, Obtaned By traditional capilary sequencing, HuRef & the
digioid genome of Cralg Venter. [t comes in 4, 500 peeces and, lke any indvidual genome, it
contans many rare aleles,

GRCh37, in contrast, is & mosaic haploid genome derived from about 13 people. It st
contains race abeles, but the GRC recently decided to convert these to common haplotypes.
Deciding which aleles are common and which are rare Is proving challenging, and the GRC
members are colaborating with members of the L1000 Genomes Sroject 10 collect erough data
to make these deosions
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Genome Reference Consortium
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Next Steps

|. Reflect on the magic and power of DNA ©
2. Check out the course webpage

3. Register on Piazza & GradeScope

4.  Submit HW |

5. Work on HW?2




