1 April 2 Course intro

2 April 4 Bayesian Modeling (Data analysis with latent variable models)
3 April 9 Bayesian inference -- MCMC

4 April 11 Bayesian inference -- Variational inference (Variational inference review)
5 April 16 Heritability (Lingyu Zhan)

6 April 18 Phenotype prediction (Ruth Johnson)

7 April 23 Gene expression (Harry Yang)

8 April 25 Time series (Juan de la Hoz)

9 April 30 Latent factor models (Wenshan Li)

10 May 2 Metagenomics (Leah Briscoe)

11 May 7 Guest lecture (Eran Halperin)

12 May 9 Guest lecture

13 May 14 Coalescent (Aaron Zhou)

14 May 16 Sequence models (Jeff Lung)

15 May 21 Chip-Seq and Hi-C (Tommer Schwartz)

16 May 23 Deep Learning (Ruiming Cao). Causality (Vignesh Sairaj)

17 May 28 Project presentations

18 May 30 Project presentations

19 June 4 No class -- work on projects

20 June 6 No class -- work on projects

Project presentation schedule (tentative list)
May 28

Aaron Zhou

Harry Yang, Vignesh Sairaj

Juan de la Hoz Gomez

Leah Briscoe

May 30

Tommer Schwartz
Lingyu Zhan
Ruiming Cao
Ruth Johnson
Wenshan Li

Jeff Lung

Possible topics

Models of genetic variation
e Liand Stephens, Genetics 2003



http://www.cs.columbia.edu/~blei/papers/Blei2014b.pdf
https://arxiv.org/abs/1601.00670
http://www.genetics.org/content/genetics/165/4/2213.full.pdf

The practice of probabilistic modeling
e David Blei(Chapters 1,2,3.1,3.2,5)
e Probabilistic programming
o STAN

MCMC
o Geyer
e Other references
o Andrieu. deFreitas et al.
o Neal

Variational Inference
Variational Inference: A Review for Statisticians
Scalable variational inference
Black box variational inference
Applications:
o Ancestry analysis (aka topic models): FastStructure
o Gene expression analysis: PEER
e Other references
o Automatic differentiation Variational Inference: ADVI

Kernel methods

e Kernel methods in comp. bio
e Applications:

o Powerful SNP-set analysis for case-control genome-wide association
studies
o Multikernel linear mixed models for complex phenotype prediction

o Multiple kernel learning for single cell analysis
Bayesian nonparametrics

e Dirichlet process: Tutorial
e (Gaussian processes. chapter 2 and 4
e Applications:
O
Mixed models and variance components
e Applications
o Overview of genome-wide association studies (GWAS): Eskin. CACM
2015
o Mixed models for heritability estimation: Yang et al. Nature Genetics 2010
o Mixed models for correcting for confounders: Kang et al. Genetics 2008
e Computational issues
o Lohetal 2015

o Lippertetal. 2011



http://web.cs.ucla.edu/~sriram/courses/cm229.spring-2018/html/readings/blei.pdf
http://mc-stan.org/users/documentation/
http://users.stat.umn.edu/~galin/Handbook/HandbookChapter1.pdf
http://www.cs.ubc.ca/~arnaud/andrieu_defreitas_doucet_jordan_intromontecarlomachinelearning.pdf
http://bayes.wustl.edu/Manual/RadfordNeal.review.pdf
https://arxiv.org/pdf/1601.00670.pdf
http://www.columbia.edu/~jwp2128/Papers/HoffmanBleiWangPaisley2013.pdf
http://www.cs.columbia.edu/~blei/papers/RanganathGerrishBlei2014.pdf
http://www.genetics.org/content/genetics/early/2014/04/14/genetics.114.164350.full.pdf
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1000770
http://www.stat.columbia.edu/~gelman/research/unpublished/advi_journal
https://arxiv.org/pdf/q-bio/0510032.pdf
https://www.ncbi.nlm.nih.gov/pubmed/20560208
https://www.ncbi.nlm.nih.gov/pubmed/20560208
http://genome.cshlp.org/content/early/2016/06/14/gr.201996.115
https://arxiv.org/abs/1703.07844
https://ac.els-cdn.com/S002224961100071X/1-s2.0-S002224961100071X-main.pdf?_tid=a9d63b33-1a31-4960-82b8-717007b33f00&acdnat=1522741010_ef7c596672d86706ecb5c7f224dd474b
http://www.gaussianprocess.org/gpml/chapters/
https://cacm.acm.org/magazines/2015/10/192389-discovering-genes-involved-in-disease-and-the-mystery-of-missing-heritability/abstract
https://cacm.acm.org/magazines/2015/10/192389-discovering-genes-involved-in-disease-and-the-mystery-of-missing-heritability/abstract
https://www.nature.com/articles/ng.608
http://www.genetics.org/content/genetics/178/3/1709.full.pdf
https://www.nature.com/articles/ng.3431
https://www.nature.com/articles/nmeth.1681

Heritability
e Definitions
e Concepts and challenges: Zuk et al. PNAS 2011
e Mixed models: Yang et al. Nature Genetics 2010

Latent factor models
e Probabilistic PCA: Tipping and Bishop 2002
PCA for correcting for population stratification: Price et al. 2006
PCA and relation to population structure: Patterson et al. 2006
PCA and factor analysis: Engelhardt and Stephens 2012
Other reference
o PCA for large-scale genetic data (Galinsky et al. 2015).

Causality

Inferring causality from observational data: Didelez et al. 2010

Stochastic process over trees: Coalescent
e \Wakeley, chapter 3

(http://dna.ac/filogeografia/PDEs/Wakeley/Wakeley_06_Chapter_3.pdf)

Deep learning
e Methodological papers: Hyperparameter tuning, Sequence models,
Permutation-invariance
e Applications

o Predicting splicing: Alipanahi et al. Nature Biotechnology 2014
o Predicting function of mutations: Zhou and Troyanskaya 2015

o Variant calling: Poplin et al. 2016

Interpretability

e SHAP: Lundberg and Lee, 2017
o LIME: Ribero et al. 2016

Sequence models
e Introduction to HMMs
e Applications

o Liand Stephens, Genetics 2003
o Liand Durbin 2011

Time series
Methodological papers
e Recurrent neural nets

e (Gaussian processes


https://www.nature.com/articles/nrg2322
http://www.pnas.org/content/pnas/109/4/1193.full.pdf
https://www.nature.com/articles/ng.608
https://rss.onlinelibrary.wiley.com/doi/pdf/10.1111/1467-9868.00196
https://www.nature.com/articles/ng1847
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.0020190
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1001117
https://projecteuclid.org/download/pdfview_1/euclid.ss/1280841731
http://dna.ac/filogeografia/PDFs/Wakeley/Wakeley_06_Chapter_3.pdf
https://www.nature.com/articles/nbt.3300.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4768299/
https://www.biorxiv.org/content/biorxiv/early/2016/12/14/092890.full.pdf
https://arxiv.org/pdf/1705.07874.pdf
https://arxiv.org/pdf/1602.04938.pdf
http://www.ece.ucsb.edu/Faculty/Rabiner/ece259/Reprints/tutorial%20on%20hmm%20and%20applications.pdf
http://www.genetics.org/content/genetics/165/4/2213.full.pdf
https://www.nature.com/articles/nature10231
http://www.gaussianprocess.org/gpml/chapters/

e State space models

Time series for medical data

e EHR Data and kidney disease prediction

e Recurrent neural nets for time series prediction
e Biases in EHR lab tests

Time series for genomic data
e Ancient DNA: Mathieson et al. 2015
e Gene expression: Lin et al.2008

Multiple testing
e Multiple Testing Correction Intro. Noble 2009
e Paper on GWAS multiple testing: Han et al
e Other references
o Multiple Hypothesis Testing in Microarray Experiments, Dudoit, et al
o Section 18.7 of ESL
o EQTL data: Sul et al. 2015

Metagenomics

e Read assignment
e Association testing

Hidden Markov Models
e Tutorial
e Applications
o Models of human genetic variation: Li and Stephens. Genetics 2003
o Inferring demographic history: Li and Durbin 2011
o Local ancestry inference: Pasaniuc, Sankararaman et al. 2012

Phenotype prediction
e High-dimensional regression
o Ridge regression
o LASSO ESL Chapters 3.1-3.4

LDPRED: http://www.cell.com/ajhg/abstract/S0002-9297(15)00365-1
Variational inference for high-dimensional regression: Carbonetto and Stephens

2012
e Accurate prediction of human height

Gene expression analysis
e Transcript quantification from RNA-Seq
o Probabilistic Models


https://academic.oup.com/jamia/article/22/4/872/1746401?ijkey=ZDTVQPqqA7Nd6Vr&keytype=ref
https://arxiv.org/pdf/1606.01865.pdf
https://www.sciencedirect.com/science/article/pii/S1532046414000847
https://www.nature.com/articles/nature16152
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2718630/
https://drive.google.com/file/d/0BzeeG5y3_SSBeVcxOW51Q21nMzQ/view?usp=sharing
http://journals.plos.org/plosgenetics/article?id=10.1371%2Fjournal.pgen.1000456
http://projecteuclid.org/euclid.ss/1056397487
https://web.stanford.edu/~hastie/local.ftp/Springer/OLD/ESLII_print4.pdf
https://drive.google.com/open?id=0B-k6TOJqvViSeVV3eVBIb2p4Z1k
https://academic.oup.com/bioinformatics/article-abstract/33/14/2082/3038398?redirectedFrom=fulltext
https://linkinghub.elsevier.com/retrieve/pii/S0002-9297(15)00140-8
http://www.ece.ucsb.edu/Faculty/Rabiner/ece259/Reprints/tutorial%20on%20hmm%20and%20applications.pdf
http://www.genetics.org/content/genetics/165/4/2213.full.pdf
https://www.nature.com/articles/nature10231
https://academic.oup.com/bioinformatics/article-lookup/doi/10.1093/bioinformatics/btp197
https://web.stanford.edu/~hastie/Papers/ESLII.pdf
http://www.cell.com/ajhg/abstract/S0002-9297(15)00365-1
https://projecteuclid.org/euclid.ba/1339616726
https://projecteuclid.org/euclid.ba/1339616726
https://www.biorxiv.org/content/early/2017/09/18/190124
https://arxiv.org/pdf/1104.3889.pdf

o Pseudo-alignment

Correcting for confounders in gene expression: PEER
Manifold learning for single cell RNA

Genomic privacy

Erlich and Narayanan, 2014

Simons et al. Cell Systems 2015
Dwork et al. 2014

Demographic inference

HMMs: Li and Durbin 2011
Gaussian process: Palacios et al. 2016

Radiogenomics

MRI and gene expression: Stoyanova et al. 2016
Radiogenomic map: Zhou et al. 2018


https://www.nature.com/articles/nbt.3519
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1000770
https://www.sciencedirect.com/science/article/pii/S2452310017301877
https://www.nature.com/articles/nrg3723
https://www.nature.com/articles/nature10231
http://www.genetics.org/content/early/2015/07/28/genetics.115.177980
https://www.ncbi.nlm.nih.gov/pubmed/27438142
https://www.ncbi.nlm.nih.gov/pubmed/28727543

