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Assignment 3: Sequence Alignment
Due Monday Sept 30 @ 11:59pm

https://github.com/schatzlab/biomedicalresearch2019



Part 1: Recap



Variant Calling Overview



Similarity metrics
• Hamming distance

– Count the number of substitutions to transform one string into 
another

MIKESCHATZ
||X||XXXX|
MICESHATZZ

5

• Edit distance
– The minimum number of substitutions, insertions, or deletions to 

transform one string into another

MIKESCHAT-Z
||X||X|||X|
MICES-HATZZ

3             
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Recursive solution

D(AGCACACA, ACACACTA) = min{D(AGCACACA, ACACACT) + 1,

D(AGCACAC, ACACACTA) + 1,
D(AGCACAC, ACACACT) +δ(A, A)}

8,8
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[What is the
running time?]

• Computation of D is a recursive process.
– At each step, we only allow matches, substitutions, and indels
– D(i,j) in terms of D(i�,j�) for i� ≤ i and j� ≤ j.



Dynamic Programming Matrix
A C A C A C T A

0 1 2 3 4 5 6 7 8

A 1 0 1 2 3 4 5 6 7

G 2 1 1 2 3 4 5 6 7

C 3 2 1 2 2 3 4 5 6

A 4 3 2 1 2 2 3 4 5

C 5 4 3 2 1 2 2 3 4

A 6 5 4 3 2 1 2 3 3

C 7 6 5 4 3 2 1 2 3

A 8 7 6 5 4 3 2 2 2

D[AGCACACA,ACACACTA] = 2
AGCACAC-A
|*|||||*|
A-CACACTA 

[Can we do it any better?]



Genotyping Theory

• If there were no sequencing errors, identifying 
SNPs would be very easy: any time a read 
disagrees with the reference, it must be a variant!

• Sequencing instruments make mistakes
– Quality of read decreases over the read length

• A single read differing from the reference is 
probably just an error, but it becomes more likely 
to be real as we see it multiple times

…CCATAGGCTATATGCGCCCTATCGGCAATTTGCGGTATAC…
GCGCCCTA
GCCCTATCG
GCCCTATCG

CCTATCGGA
CTATCGGAAA

AAATTTGC
AAATTTGC

TTTGCGGT
TTGCGGTA

GCGGCATA

GTATAC…

TCGGAAATT
CGGAAATTT CGGTATAC

TAGGCTATA
AGGCTATAT
AGGCTATAT
AGGCTATAT
GGCTATGTG

CTATGTGCG

…CC
…CC
…CCA
…CCA
…CCAT

ATAC…
C…
C…

…CCAT
…CCATAG TGTGCGCCC

GGTATAC…
CGGTATAC

Homozygous variant (6/6)

Reference

Subject

Heterozygous variant (3/7)

Error or Het (1/7)?



The Binomial Distribution: 
Adventures in Coin Flipping

Aaron Quinlan

P(heads) = 0.5 P(tails) = 0.5



So, with 30 tosses (reads), we are 
much more likely to see an even mix 
of alternate and reference alleles at a 

heterozygous locus in a genome

Number of "tails"
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genome is recommended: it 
confers sufficient power to 
distinguish heterozygous 

alleles and from mere 
sequencing errors
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Sequencing errors fall out as noise 
(most of the time)

Sequencing errors

https://jchoigt.files.wordpress.com/2012/07/igv_e217g_snapshot.png



Part 2: Ancient Hominds



Our Origins



Sequencing ancient genomes
Janet Kelso

Max-Planck Institute





Homo 
neanderthalensis

•Proto-Neanderthals 
emerge around 600k 
years ago

•“True” Neanderthals 
emerge around 200k 
years ago

•Died out approximately 
40,000 years ago

•Known for their robust 
physique

•Made advanced tools, 
probably had a language 
(the nature of which is 
debated and likely 
unknowable) and lived in 
complex social groups

Homo 
sapiens sapiens

• Apparently 
emerged from 
earlier hominids in 
Africa around 50k 
years ago 

• Capable of 
amazing 
intellectual and 
social behaviors 

• Mostly Harmless J





Extracting Ancient DNA

1 cm

10-100 mg



No hit
(83.8%)

Actinomycetales
(5.0%)

unclassified
environmental

(4.1%)

Burkholderiales
(0.8%)other

(2.8%)

hominid
(3.5%)

Vindija 0.2 – 3.5%
El Sidron 0.1 - 0.4%
Neander Valley 0.2 - 0.5%
Mezmaiskaya   0.8 - 1.5%

DNA is from mixed sources



Primate fragment length distribution NT268
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DNA is chemically damaged

Briggs A W et al. PNAS 2007;104:14616-14621



Vindija  33.16 ~1.2 Gb
33.25 ~1.3 Gb
33.26 ~1.5 Gb

El Sidron (1253) ~2.2 Mb
Feldhofer 1 ~2.2 Mb
Mezmaiskaya 1   ~56.4 Mb

~35 Illumina flow cells

Genome coverage  ~1.3 X

Green et al. 2010



Did we mix?



Did we mix?

As far as we know, 
Neanderthals were never 
in Africa, and do not see 
Neanderthal alleles to be 
more common in one 
African population over 
another



Did we mix?

In contrast, we do see 
Neanderthals match 
Europeans significantly 
more frequently than 
Africans



Did we mix?

Also see Neanderthals 
match Chinese 
significantly more 
often…

… but Neanderthals 
never lived in China!



N

Neandertals

~2.5%

~2.5%

~2.5%

Neanderthal Interbreeding

As modern humans migrated out of Africa, they apparently interbred with 
Neanderthal’s so we see their alleles across the rest of the world and carry 

about 2.5% of their genome with us!



What about other ancient hominids?



Denisova cave
Altai mountains

Russia

Academician A.P. Derevianko





Sequence length
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Denisovans & Neandertals



Did we mix?

No evidence for 
Denisovans mixing with 
other populations…

Except in New Guinea!



Timeline of ancient hominids



Timeline of ancient hominids



Timeline of ancient hominids



Timeline of ancient hominids



Timeline of ancient hominids





Changes in Non-coding & regulatory sequences

26 affect well-defined motifs inside 
regulatory regions

Recipe for a modern human

Changes in protein coding genes

277 cause fixed amino acid substitutions
87 affect splice sites

109,295 single nucleotide changes (SNCs) 
7,944 insertions and deletions 



skeletal morphologies (limb length, digit development)

morphologies of the larynx and the epiglottis

skin pigmentation

Enrichment analysis



Part 3: Modern Humans





1000 Genomes Populations



1000 Genomes: Human Mutation Rate
• Phase 1 Release

– 1092 individuals from 14 populations
– Combination of low coverage WGS, deep 

coverage WES, and SNP genotype data

• Overall SNP rate between any two people is 
~1/1200bp to ~1/1300
– ~3M SNPs between me and you (.1%)
– ~30M SNPs between human to 

Chimpanzees (1%)

• De novo mutation rate ~1/100,000,000
– ~100 de novo mutations from generation to 

generation
– ~1-2 de novo mutations within the protein 

coding genes

An integrated map of genetic variation from 1,092 human genomes
1000 genomes project (2012) Nature. doi:10.1038/nature11632



Human Mutation Types

A map of human genome variation from population-scale sequencing
1000 genomes project (2010) Nature. doi:10.1038/nature09534

• Mutations follows a “log-normal” frequency distribution
– Most mutations are SNPs followed by small indels followed by larger events



(2012) Science. doi: 10.1126/science.1215040



Variation across populations

• Not a single variant 100% unique to a given population 
• 17% of low-frequency variants (.5-5% pop. freq) observed in a single ancestry group
• 50% of rare variants (<.5%) observed in a single population



Variation across populations

• Not a single variant 100% unique to a given population
• 17% of low-frequency variants (.5-5% pop. freq) observed in a single ancestry group
• 50% of rare variants (<.5%) observed in a single population

Asians

Europeans

Americas African



Genes mirror geography within Europe
Novembre et al (2008) Nature. doi: 10.1038/nature07331



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

2. Check out the course webpage

3. Work on HW3


