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Preliminary Project Report

Assignment Date: March 30, 2019
Due Date: Monday, April 13, 2019 @ 11:59pm

Each team should submit a PDF of your preliminary project proposal (2 to 3 pages) to GradeScope by 11:59pm on
Monday April 13.

The prefiminary report should have at least:

Title of your project

List of team members and email addresses

1 paragraph abstract summarizing the project

1+ paragraph of Introduction

1+ paragraph of Methods that you are using

1+ paragraph of Results, describing the data evaluated and any any preliminary resuits
1+ paragraph of Dicsussion (what you have seen or expect to see)

1+ figure showing a preliminary result

5+ References to relevant papers and data

The preliminary report should use the Bioinformatics style template. Word and LaTeX templates are available at
hitps://academic.cup.com/bicinformatics/pages/submission_online. Overleaf is recommended for LaTex
submissions. Google Docs is recommended for non-latex submissions, especially group projects. Paperpile is
recommended for citation management,

Later, you will present your project in class starting the week of April 22, You will also submit your final written
report (5-7 pages) of your project by May 13

Please use Piazza if you have any general questions!



2020 Applied Genomics Midterm Exam

Exam Date: Wednesday, April 1, 2020
Submission Deadline: Thursday, April 2, 2020 by 11:59 pm (no late days allowed)

Instructions:
e Submit your solutions to GradeScope as a single PDF file.
* You are allowed to use class notes but you should not discuss the exam with other students.

« Please post to Piazza if you have any questions about the exam. Please submit your questions privately,
and then we can adjust the visibility if others should see the information.
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Our Origins
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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.).
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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%
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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
? :
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Did we mix?

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

Africans
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?
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!
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?
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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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We have always mixed!




»

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
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FOXP2 Analysis
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* Mutations of FOXP2 cause a severe
speech and language disorder in people

* Versions of FOXP2 exist in similar

; forms in distantly related vertebrates;
functional studies of the gene in mice
and in songbirds indicate that it is
important for modulating plasticity of
neural circuits.

* Outside the brain FOXP2 has also
been implicated in development of
PR | A7 o e B SO s I e s e S s e swreete | other tissues such as the lung and gut.

Molecular evolution of FOXP2, a gene involved in speech and language
Enard et al (2002) Nature. doi:10.1038/nature01025



