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Assignment 3: Sequence Alignment
Due Monday Sept 30 @ | 1:59pm
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Assignment 3: Sequence Alignment

Assgrment Date Wednesday, Sept '8, 207
Due Date: Wodnescay, Sept. 24, 2019 @ 1158pm

Assignment Overview
I assmert you il COMtider the reguiremerts 10 Seguente Sigament. As b fermndy, &ty GuEstion AbouE the Masigrrrent hould e posted to Pats

Question 1: Minimum Alignment Lengths (10 pts)

Determung how many bases long a given pamern P should Do 10 ensure Tt ocoumrences of P ase undikely 10 Do chance ovents ja< 000001) in genomes of e folowing
sres

s 4 52N (Baciius anthracs - the microbe that cacses anthras)

« 5 WOMDb (Casncorhabiitis slegans - model worm)

o % 3G (Homo sapeens - human)

* 54,1808 (Trivcum sestvurm « Dresd whedt)

s Y. OGPOGE (Poychace Aubium - amoeba, has lrgest known genoma)
Question 2; Edit distance (10 pts)
Compute the ot Sstlance of (8 pOrTon of) the human Remogiobin SR nd Deth Subunits, SHowing the SyNETEC SO mming Mmatric and the Algned sequences. Assurme
# Tnd UNE 0082 10 SUbTute ONe 2O SO for anoTher.

Alpha: CALEWFLMPTIKTYF P DLINGSAOV
Beta: DALCRLLVWYPWTONS FESFOOLS TROAVMINACX

Packaging

The sohtions 10 the SOV Questions Should De sulemitied as & single POF document That Intiudes your nme, ermnal addeess, and ol relewart figures [as seoded). Vake

https://github.com/schatzlab/biomedicalresearch2019
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Variant Calling Overview
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Similarity metrics

* Hamming distance

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

MIKESCHATZ

x| | xxxX|

MICESHATZ?Z
5

* Edit distance

— The minimum number of substitutions, insertions, or deletions to
transform one string into another

MIKESCHAT-Z
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Recursive solution

* Computation of D is a recursive process.

— At each step, we only allow matches, substitutions, and indels
— D(i)j) interms of D(i’ ,j’ ) fori’ <iandj <j.

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

D(AGCACAC,ACACACTA) + |,
D(AGCACAC,ACACACT) +46(A, 2)}

A4 .
AMAIARAL, dnaere



Dynamic Programming Matrix

A|lc|A|lc|A|Cc|T|A

o | 1 | 2|3 |4 ]|5]| 6| 7]|8

Al 1| o ]| 1| 2|3 |4/|5]|6]7
G| 2|1 |1 | 2|3 |4/|5]6]7
c |3 |21 ]|2]2]3]4]|5]°%
A | 4|3 |21 |2|2/|3]|4]s:s
c |5 |4 |3 |2]|1]2]2]|3]H4
A| 6| 5|4 |3 | 2|1 ]|2]|3]:3:
cl| 7|6 |5 |4 |3 ]|2]1/|2]:3
A| 8 |7 |65 | 4|3 |2]2]2

D[AGCACACA,ACACACTA] = 2
AGCACAC-A
| * ] ]*] [Can we do it any better?]
A-CACACTA



Genotyping Theory

Heterozygous variant (3/7) Homozygous variant (6/6)
( \\L GETATAC..
..CCATAG TIG[TGCGCCC CG TTT CG T TAC
..CCAT CTATG[TGCG TCG TT CG TAC
Subiect {  ~CCAT GGCTATGIG CTATCG GCG C TA
ubjec ..CCA AGGCTATAT CCTATCG TTGCG C...
..CCA AGGCTATAT GCCCTATCG TTTGCGCT C...
..CC _AGGCTATAT GCCCTATCG TTTGC TAC...
. ..CC TAGGCTATA| GCGCCC TTTGC GTATAC...
Reference mCCATAGGCTATATGCGCCCTATCGGEbATTTGCGGLfTACm

Error or Het (1/7)?
* 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 R N

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



The Binomial Distribution:
Adventures in Coin Flipping

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

Aaron Quinlan



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

il This is why at least a "30X"

S (30 fold sequence coverage)

genome is recommended: it
confers sufficient power to

. . distinguish heterozygous

alleles and from mere

8 DDDH HDDD sequencing errors

Number of experiments

Number of "tails" P(3/30 het) <?> P(3/30 err)



Sequencing errors fall out as noise
(most of the time)
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Part 2: Ancient Hominds




Our Origins

view + discuss + edit
«Earliest humans
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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 ©




A Draft uence of the Neandertal Genome
Richard E. Green, et al.

Science 328, 710 (2010);

DOI: 10.1126/science.1188021

Fig. 1. Samples and sites from which DNA was retrieved. (A) The three bones from Vindija from which
Neandertal DNA was sequenced. (B) Map showing the four archaeological sites from which bones were
used and their approximate dates (years B.P.).



Extracting Ancient DNA




DNA is from mixed sources

hominid Burkholderiales
(3.5%) (0.8%)
other

(2.8%)

unclassified

environmental
(4.1%)

Actinomycetales
(5.0%)

No hit

(83.8%)
Vindija 0.2 -3.5%
El Sidron 0.1-0.4%

Neander Valley 0.2 -0.5%
" Mezmaiskaya 0.8 -1.5%




frequency

DNA is degraded

| q | | I_.

fragment length (bp)



DNA is chemically damaged
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Vindija 33.16 ~1.2Gb
33.25 ~1.3Gb
33.26 ~1.5Gb

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

Green et al. 2010 ~35 Illumina flow cells

Genome coverage ~1.3 X




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 O
African population over
another e
Neandertal
? :
African 1 ’ African 2
| s

99,798 99,515




Did we mix?

In contrast, we do see o’%
Neanderthals match
Europeans significantly
more frequently than
. O

Africans

Neandertal

?
European ' African 1

T G-

‘\_‘,'
!

92,066 84,025




Did we mix?

Also see Neanderthals
match Chinese
significantly more
often...

... but Neanderthals
never lived in China!

Neandertal

?

Chinese ' African 1

T G-




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?
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Extraordinary preservation
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~804,000 yrs =p

<= ~640,000 yrs

Humans Neandertals Denisovans




No evidence for
Denisovans mixing with
other populations...

Except in New Guinea!
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Coeas B, Vemot eral, Science
10,1 126/scoence sadS416 (2016)

Excavating Neandertal and Denisovan DNA from the
genomes of Melanesian individuals

Benjamin Vernot,' Serena Tucel, "’ Janet Kelso," Joshua G, Schraiber,' Aaron B. Wolf,' Rachel M. Gittelman,'
Michael Dannemann,’ Steffl Grote,' Rajiv C. McCoy,' Heather Norton,' Laura B, Scheinfeldt,” David Al
Merriwether," George Koki,” Jonathan S, Friedlaender,” Jon Wakeficld,” Svante Pikbo,* Joshua M. Akey™*

eoarmert o Garorss SCerce. Unvsirsly of Wassogion Sealie, Wahrgton, USA “Desartresl of Uil SOerces o Botechroiogy, Uraversty of Ferraes. Raly
Department oF Evontionary Gonet 0. Vs Panch - sdiute Yo Svolonary Arthropology. Leor g Sermany. Deparimert of Arthvopoiogy . University of Coonmeti

’ et DHUUSA Cored st tute Sor Ned ol Sesearch. Comoen AU LSA. "Cepartment of At™vopolagy. Soghamion Universty. Bnghamioe NY, USA Tnsttute b
Voo Raerch, Gorcha, Sader s M rovece, Fous New Lamed. "Depariowrt of A ropoiony, Terehe Unvseraly, ™aladebte FA USA. "Uipirte it
Saab ey, Urvwirssly OF Wathirgton Setle. Wihegios, USA

*Corrupondrg suther. £ sl paaboleve mpg de (S0} seyiPuw.adu (IMA)

Although Neandertal sequences that persist in the genomes of modern humans have been identified in
Eurasians, comparable studies in people whose ancestors hybridized with both Neandertals and
Denisovans are lacking. We developed an approach to identify DNA inherited from multiple archaic
hominin ancestors and applied it to whole-genome sequences from 1523 geographically diverse
individuals, including 35 new Island Melanesian genomes. In aggregate, we recovered 1.34 Gb and 303 Mb
of the Neandertal and Denisovan genome, respectively. We leverage these maps of archaic sequencs to
show that Neandertal admixture occurred multiple times in different non-African populations,
characterize genomic regions that are significantly depleted of archaic sequence, and identify signatures
of adaptive introgression.



Recipe for a modern human

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

Changes in protein coding genes

277 cause fixed amino acid substitutions
87 affect splice sites

Changes in Non-coding & regulatory sequences

26 affect well-defined motifs inside
regulatory regions



Enrichment analysis

NOoas) sony moss I Noss 1 Clises sasdananomes s melasocyies (p-6.77¢-6, FWER-0.091,
i skin pigmentation
VUTR None = 1-3 10¢ syndactyly (p= | SS285e-05, FWER-Q 535, FDR“0O8X7V]IX)

- 1-5 10¢ syndactyly (p= 1 34288085, FWER0Q 535, FDR~0.0887925)
Aplasia Hypoplassa of the distal phalanx of the thumb (p~ 1 3428505,
FWER-).515; FDR~0.08879258)
- Bilfsd o hypoplastss cpeglottis (pe | MI838¢-05, FWER~0 538,
FDR»OO85792K)
Central polvdactyly (feet) (p~ | 382885005, FWER~0 535,
FDR~0OO8K7928)

skeletal morphologies (limb length, digit development)

LASIAL UNCTIGAE GUPIICAENN (P 1. 34I380-UD, I'W LK UDSA,
FDR-~0OOS8792K)
- Dysplastic dastal thumb phalanges with a cenmral hole (pe 1. 3428808,

morphologies of the larynx and the epiglottis FWER-0.538;
PRI U IRSE TY.N)
- Laryngeal cleft (p] 34258¢.05, FWER-OQ.535; FDR0.08X7928)

Madline facial capellary hemangioma (p~ | S288e.058, FWER-0O.535;
FDR~00O887928)
- Preductal coarctation of the aoma (p~ 1 34288085, FWER0Q 538
FOR~OOS85792K)
« Radial head sebdaxation (p= | M2830.05; FWER~0O.538; FDR-0 (O8X7928)
- Shoat destal phalanx of the thumb (p= 1 34288¢-05; FWER~0 538,
FDROO85792K)




Part 3: Modern Humans




ARTICLE

An integrated map of genetic variation
from 1,092 human genomes

The 1000 Genomes Project Consartium®

G0 30 S0R maturel 1452

characterizing the geographic and functional spectrum of human genetic varfation, the 1000 Genomes Project alms to
andamuw»mthMMmMMmm&emdLm
individals from 14 populations, constructed using 2 combination of low-coverage whole-genome and exoene
Mnmm:mm“mwmmmmx
a 38 miion 14
e o et 1100 o o, e o s o B ol o St
profiles of rare and common varfants, and that low - frequency varfants show substantial geographic differentiation,
which is further incressed by the action of purifying selection. We show that evolutionary comservation and coding

mnwmamwammtumwumm

pathways, and that each individual contains handrods of rare non-codimg variants at conserved sites,
-clu changes in transcription - factor - binding sites. This resource, which captures up to 98% of
accessible single polymorphisms at a freguency of 1% in related populations, enables analysis of comumon and

Jow - frequency variants in individuals from diverse, including admixed. pogralations.



|000 Genomes Populations




| 000 Genomes: Human Mutation Rate

* Phase | 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%)

e De novo mutation rate ~1/100,000,000

— ~100 de novo mutations from generation to
generation

— ~I-2 de novo mutations within the protein
coding genes

Constructing an integrated map of
variation

The 1,092 haplotype-resolved genomes released as phase | by the
1000 Genomes Project are the result of integrating diverse data from
multiple technologies generated by several centres between 2008 and
2010. The Box 1 Figure describes the process leading from primary
data production to integrated haplotypes.

@ Primary data b Candidate variants and quality metrics
Sequencing, array genotyping Read mapping, quality score recalibration
SNP arra
)‘\\ SNP o ssessee o o 40
' . Indel v ve v v
: ! PR sV - —
¢ i -pEs
: : map. /M
; : qual.
; - ¢ qual.
- : read EF&I
pos., / Pass
High-coverage \ Low-coverage
exome whole genome

€ Variant calis and genotype likelihoods d Integrated haplotypes
Variant calling, statistical filtering Probabilistic haplotype estimation

£....—._ o
[S=Si s S5 S 1 s $—
‘ v _m_I:La - ° 7
R ——— | —— e
et (. -
: 0 1 2

An integrated map of genetic variation from 1,092 human genomes

1000 genomes project (2012) Nature. doi:10.1038/naturel 1632




Human Mutation Types
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Log,, (size)

* Mutations follows a “log-normal’ frequency distribution

— Most mutations are SNPs followed by small indels followed by larger events

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



A Systematic Survey of
Loss-of-Function Variants in
Human Protein-Coding Genes

Daniel G. MacArthur,?* Suganthi Balasubramanian,®* Adam Frankish,* Ni Huang,?

James Morris,* Klaudia Walter,* Luke Jostins,* Lukas Habegger,®* Joseph K. Pickrell,’
Stephen B. Montgomery,®” Cornelis A. Albers,>® Zhengdong D. Zhan?,’ Donald F. Conrad,*®
Gerton Lunter,** Hancheng Zheng,*? Qasim Ayub,* Mark A. DePristo,™* Eric Banks,*

Min Hu,® Robert E. Handsaker,*** Jeffrey A. Rosenfeld,*® Menachem Fromer,* Mike Jin,’
Xinmeng Jasmine Mu,>* Ekta Khurana,>* Kai Ye,*® Mike Kay,* Gary lan Saunders,’
Marie-Marthe Suner,” Toby Hunt,® If H. A. Barnes,” Clara Amid,**” Denise R. Carvalho-Silva,’
Alexandra H. Bignell,* Catherine Snow,* Bryndis Yngvadottir,® Suzannah Bumpstead,’

David N. Cooper,*® Yali Xue,* Irene Gallego Romero,™* 1000 Genomes Project Consortium,
Jun Wang,*? Yingrui Li,** Richard A. Gibbs,® Steven A. McCarroll,****

Emmanouil T. Dermitzakis,” Jonathan K. Pritchard,>?° Jeffrey C. Barrett,® Jennifer Harrow,*
Matthew E. Hurles,* Mark B. Gerstein,**?t Chris Tyler-Smith't

Genome-sequencing studies indicate that all humans carry many genetic variants predicted to
cause loss of function (LoF) of protein-coding genes, suggesting unexpected redundancy in the
human genome. Here we apply stringent filters to 2951 putative LoF variants obtained from

185 human genomes to determine their true prevalence and properties. We estimate that human
genomes typically contain ~100 genuine LoF variants with ~20 genes completely inactivated.
We identify rare and likely deleterious LoF alleles, including 26 known and 21 predicted severe
disease—causing variants, as well as common LoF variants in nonessential genes. We describe
functional and evolutionary differences between LoF-tolerant and recessive disease genes and a
method for using these differences to prioritize candidate genes found in clinical sequencing studies.

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



Variation across populations

PCA coloured by population, Global
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PC1
* Not a single variant 100% unique to a given population

* 50% of rare variants (<.5%) observed in a single population

| 7% of low-frequency variants (.5-5% pop. freq) observed in a single ancestry group




Variation across populations

Europeans
PCA coloured by population, Global
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* Not a single variant 100% unique to a given population

* 50% of rare variants (<.5%) observed in a single population

| 7% of low-frequency variants (.5-5% pop. freq) observed in a single ancestry group




Genes mirror geography within Europe
Novembre et al (2008) Nature. doi: 10.1038/nature0733 1



Next Steps

|. Reflect on the magic and power of DNA ©

2. Check out the course webpage

3. Work on HW3




