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Assignment 1: Chromosome Structures
Due Wed Sept 11 @ 11:59pm

https://github.com/schatzlab/biomedicalresearch2019



Assignment 2: De novo Assembly
Due Wed Sept 18 @ 11:59pm

https://github.com/schatzlab/biomedicalresearch2019



Part 1: Recap



de Bruijn Graph Construction

• Gk = (V,E)
• V = Length-k sub-fragments
• E = Directed edges between consecutive sub-fragments

• Sub-fragments overlap by k-1 words

– Overlaps between fragments are implicitly computed

It was the best 

was the best of
It was the best 

Sub-fragment k=4 Directed edges (overlap by k-1)

de Bruijn, 1946
Idury et al., 1995

Pevzner et al., 2001

It was the best of

was the best of times

Fragments |f|=5

was the best of

was the best of the best of times
the best of times



Pop Quiz 2
Assemble these reads using a de Bruijn graph approach (k=3):

ACGA
ACGT
ATAC
CGAC
CGTA
GACG
GTAT
TACG

ATACGACGTAT

ACG
CGA

CGT

TAC
ATA GAC

GTA
TAT

Note: there is no edge from ATA to TAT



Unitigging / Unipathing

• After simplification and correction, compress graph 
down to its non-branching initial contigs
– Aka “unitigs”, “unipaths”

Why do contigs end?

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



Contig N50
Def: 50% of the genome is in contigs as large as the N50 value

Example: 1 Mbp genome

N50 size = 3 kbp
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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 



The first genetic map

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

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



Chromosome Giemsa banding (G-banding)
● 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

● 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,   q1, q2, q3, etc., 
counting from the centromere out toward the telomeres. At 
higher resolutions, sub-bands can be seen within the bands.

● For example, the locus for the CFTR (cystic fibrosis) gene is 
7q31.2, which indicates it is on chromosome 7, q arm, region 
3, band 1, and sub-band 2. (Say 7,q,3,1 dot 2)

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

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


The human karyotype

Parental haploid 
copy 1
Parental haploid 
copy 2

Male



Bacterial Artificial Chromosomes (BACs)

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

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

• BACs 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 BACs. 

• 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



Initial sequencing and analysis of the human genome
International Human Genome Sequencing Consortium
Nature 409, pp 860–921 (2001)

The Sequence of the Human Genome
Venter et al.
Science 291. pp 1304-1351 (2001)



Two Human Genomes?

Initial sequencing and analysis of the human genome
International Human Genome Sequencing Consortium
Nature 409, pp 860–921 (2001)

The Sequence of the Human Genome
Venter et al.
Science 291. pp 1304-1351 (2001)

(Figure from Baker (2012) Nature Methods)



Who is the reference human?

Pieter de Jong, RPCI
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Who is the reference human?

Pieter de Jong, RPCI
A Draft Sequence of the Neandertal Genome
Green et al (2010) Science. DOI: 10.1126/science.1188021
Supplemental Note 16 (pg 145-146)



Who is the reference human?





Next Steps
1. Reflect on the magic and power of DNA J

2. Check out the course webpage

3. Register on Piazza & GradeScope

4. Submit HW 1

5. Work on HW2


