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(BCATS). The purpose of this student-organized conference is to provide 

an interdisciplinary forum for students and post-docs to discuss their 

recent work in computational biology and medicine. BCATS brings 

together attendees from around the Bay Area and beyond. This year’s 

conference presents cutting-edge research on a diverse set of topics 

ranging from population genetics to disease biology.
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Bio-X is Stanford’s pioneering interdisciplinary biosci-
ences program. Bio-X brings together biomedical and
life science researchers, clinicians, engineers, physi-
cists, and computational scientists to unlock the se-
crets of the human body. Rather than study cells and
tissues in isolation, Bio-X investigators work to under-
stand the entistand the entire organ systems in all their complexity.

Over 600 Stanford faculty
from the Schools of Human-
ities & Sciences, Earth Sci-
ences, Engineering, Law,
and Medicine, representing
60+ departments.

A networking portal for industry to collaborate and create
stronger and lasting relationships with Stanford faculty. The
union of academic and corporate research further enables
innovative discoveries and technological advances. Oppor-
tunities for companies include symposia/seminars/mixers,
customized technical summits, faculty liaison, and more!
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The Biomedical Informatics Training Program (BMI) is an interdisciplinary graduate 
and postdoctoral training program, part of the Biosciences Program at Stanford 
University’s School of Medicine. We offer MS and PhD graduate degrees, and other 
coursework and research options. 
 

For Stanford Undergraduates: 
• Coterminal MS degree in Biomedical Informatics in addition to BA or BS degree 
 

For Stanford Medical Students: 
• Coursework and research opportunities through Scholarly Concentration and 
Medical Scholars programs 
 
For graduate study: 
• PhD in Biomedical Informatics 
• PhD minor in Biomedical Informatics for Stanford graduate students in related          
programs (CS, EE, STATS, Biosciences) 
• Research MS for those with doctoral degree (PhD or MD) 
• Distance education/Honors Cooperative Program MS degree (part-time) 
 
Other distance education programs: 
• Certificate in Clinical Informatics or Bioinformatics (three courses for each) 
• Non-degree option for individual classes 
 

All degree programs require rigorous coursework in Biomedical Informatics core 
courses, a coherent set of electives from Computer Science, Statistics, Mathematics, 
and Engineering, and training in Social, Legal, and Ethical issues. 
 
For more information, contact: 
Student Services Officer 
Stanford Biomedical Informatics Training Program   Phone: (650) 723-1398 
Medical School Office Building, Room X-215    Fax: (650) 725-7944 
1265 Welch Road, Mail Code: 5479     email: bmi-contact@lists.stanford.edu 
Stanford, CA 94305-5479      http://bmi.stanford.edu 

     Stanford  
Biomedical Informatics  

Training Program 



Butte Lab
Systems Medicine • Stanford Pediatrics • Packard Children’s 

Hospital

The Stanford Computer Forum is a cooperative venture that encourages collaboration between the 
Computer Science and the Electrical Engineering Departments at Stanford, and 60+ companies 

located in Silicon Valley, the rest of the U.S., Asia, and Europe. The Forum provides a mechanism for 
developing interaction with industrial researchers and their academic counterparts, promoting the 

exchange of the most advanced technological ideas in fields of computer science and electrical 
engineering. The Forum also offers industry the opportunity to become familiar with the professional 

abilities and interests of Stanford students through its active recruiting program.

For further information please visit  http://www.forum.stanford.edu or e-mail forumstaff@cs.stanford.edu 
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The mission of the Stanford Biosciences Student Association is to enhance the quality of graduate life 
by providing a supportive social and academic environment and to provide a voice for students 
studying biosciences at Stanford. Our constituency includes the approximately 800 students in 

approximately 14 research departments here at Stanford University. In addition to the biological 
sciences, SBSA has members in the departments of physics, applied physics, chemistry as well as 

departments in the school of engineering.

Our most visible function is to bring students together for a monthly social hour (normally Thursday 
5-7), where we provide drinks and snacks for students after a long week of work.  We also plan a yearly 

camping trip for incoming 1st year students, to encourage them to meet peers from other 
departments.  This is a two night trip  and is responsible for starting many friendships over the years. 

In addition, we organize a mentoring program, career development programming, and outings 
around the bay area through an initiative called the BioBus. Beyond the obvious social functions, 

SBSA also serves as an advocate at Faculty Senate Meetings, liaison to the Lane Library, and an advisor 
to the SOM Career Center about how they can best serve biomedical graduate students.  Informally, 

meetings are also a forum where we can discuss pertinent graduate issues like how to improve 
graduate life at Stanford, mental health issues, bike safety among many other things. 

Come join us at our monthly meetings and enjoy free food and see for yourself what SBSA is all 
about! All of our activities are graciously supported by the Dean's Office in the School of Medicine, 
the Office for Student Life, the School of Medicine Alumni Association, and the Graduate Student 

Council.



Schedule

8:00 am On-Site Registration, Badge Pickup, and Breakfast
8:50 am Opening Remarks
9:00 am Keynote Address: Michael Eisen

Activation of the Drosophila genome in early development (pg 13)
9:45 am Scientific Talks I: Systems Biology and Population Genetics

Jonathan Karr: A comprehensive computational analysis of the performance
limitations of biological systems (pg 17)

Jamie Blundell: Adaptation in large populations using millions of
yeast lineages (pg 18)

Alicia Martin: Characterizing gene expression variation across seven diverse
human populations (pg 19)

10:30 am Spotlight Session I (5 Spotlights)
10:45 am Poster Session I
11:30 am Scientific Talks II: Biochemistry and Cell Biology

Derek Mendez: X-ray measurements give atomic resolution structural information
for non-crystalline ensembles of nano-particles
or bio-molecules (pg 20)

Seyed Hanif Mahboobi: In silico study of the interaction between CRM1 and
the nuclear pore protein Tpr (pg 21)

Jen Hsin: Relating the structural dynamics of a bacterial tubulin
to its division function (pg 22)

Sara Salha: 3D structure determination through sparsity
seeking algorithm (pg 23)

12:30 pm Lunch
1:30 pm Keynote Address: Lin Chao

Evolution of Bacterial Aging (pg 14)
2:15 pm Scientific Talks III: Disease Biology

William Du: Novel subtypes of glioblastoma determined through imaging
and genomic analytics (pg 24)

Christopher Szeto: Online resources for predictors of cancer outcomes
at UCSC (pg 25)

Daniel Golden: Qualitative and quantitative image-based biomarkers of therapeutic
response in triple-negative breast cancer (pg 26)

Kaustubh Supekar: Widespread brain hyper-connectivity in children
with autism (pg 27)

3:15 pm Poster Session II
4:15 pm Kenote Address: Armin Spura

From raw signal to annotations: An overview of Ion Torrent’s sequencing
software pipeline (pg 15)

5:00 pm Awards and Closing Remarks
5:30 pm Dinner with Keynote Speakers (Selected Participants Only)
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Posters



Poster Presenter Title Page
1 Tomer Altman Data Mining of the Human Gut Microbiota 29
2 Zoe June Assaf Recessive deleterious variation can affect the trajectory

of adaptive mutations during a selective sweep
30

3 Selen Bozkurt Pipeline Based Information Extraction from
Mammography Reports

31

4 Po-Chuan Chen Finding the connection between SNPs and eQTLs 32
5 Jackson Chief Elk Molecular Dynamics Simulations Reveal Possible

Proton Conduction Pathway in Class A GPCRs
33

6 Alexandre Colavin Maintain Bacterial Morphology Require MreB 34
7 Helio Costa*[1] RNAseq characterizing human transcriptome variation

across seven diverse populations
35

8 Nima Emami HYPNO: HYbrid Protein NucleOtide phylogenetic
gene tree reconstruction

36

9 Hua Fan-Minogue Targeting the root of Cancer: a data-driven approach
for identification of cancer stem cell biomarkers

37

10 Nandita Garud Evidence that most selective events in Drosophila
melanogaster show signatures of soft sweeps

38

11 Francisco Gimenez A Quantitative Method for Measuring Completeness in
Bayesian Decision-Support Systems

39

12 Amy Goldberg A two-sex model for the admixture history of a hybrid
population

40

13 Miriam Gutschow NF-B dynamics respond linearly to combinations of
TNF and LPS

41

14 Maximilian Haeussler Fulltext mining of research articles for genome
annotation

42

15 Michael Januszyk Single Cell Transcriptional Analysis Identifies Selective
Depletion of Bone Marrow-Derived Mesenchymal Stem
Cell Subpopulations in Diabetic Mice

43

16 Lukasz Joachimiak A gradient of ATP affinities generates an asymmetric
power stroke driving the chaperonin TRIC/CCT
folding cycle

44

17 Jiyao Kou Estimating the Number of Clusters via the GUD
Statistic

45

18 HoJoon Lee Integrated Genomic Meta-analysis of Colorectal
Cancer

46

19 Ruby Lee WholeCellViz: Data Visualization for Whole-Cell
Models

47

20 Sunny Lou The balance between cytoskeletal dynamics and
membrane tension determine lamellipodial polarization

48

21 Derek Macklin* Towards a Whole-Cell Model of E. coli 49
22 Steven J. Petsche The Role of Collagen Organization in Corneal

Elasticity: A Model Based on X-ray Diffraction Data
and Second Harmonic-Generated Images

50

23 Manuel Rausch The importance of prestrain in mitral valve modeling 51
24 Michael Rosen Deep Sequencing Reveals Extensive, Stable

Microdiversity in Cyanobacteria Ecology
52
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Poster Presenter Title Page
25 Hengameh Shams The Role of -Actinin in Integrin-Mediated Signaling 53
26 Justin Smith Pinpointing functional variants in cis-regulatory

elements
54

27 Vanessa Sochat Spatial and Temporal Features of fMRI Networks
to distinguish real networks from noise: Preliminary
work to use patterns of functional networks to classify
neuropsychiatric disorder

55

28 Linda Szabo Identification of Novel Biomarkers for Early Stage
Ovarian Cancer

56

29 Joel Thompson Statistics of Diversity in Laboratory Evolved
Populations

57

30 Mark A. Tsuchida NDMake: Flexible automation of iterative analysis
tasks

58

31 Steven Vaughn-Behrens Mechanism of Catecholaminergic Polymorphic
Ventricular Tachycardia Treatment by Flecainide

59

32 Andee Wallace The Role of Bacterial Mechanosensitive Ion Channels
During Antibiotic Treatment

60

33 Luke Yancy Jr Investigating pulmonary arterial hypertension through
genomic data

61
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Keynote 
Speakers



Keynote No.
1 Activation of the Drosophila genome in early development

Michael Eisen

University of California Berkeley Department of Molecular and Cell Biology

The earliest stages of development in most metazoans are driven by maternally deposited
proteins and mRNAs, with widespread transcriptional activation of the zygotic genome occurring
hours after fertilization, at a period known as the maternal-to-zygotic transition (MZT). In Drosophila,
the MZT is preceded by the transcription of a small number of genes that initiate sex determination,
patterning, and other early developmental processes; and the zinc-finger protein Zelda (ZLD) plays a
key role in their transcriptional activation. To better understand the mechanisms of ZLD activation
and the range of its targets, we used chromatin immunoprecipitation coupled with high-throughput
sequencing (ChIP-Seq) to map regions bound by ZLD before (mitotic cycle 8), during (mitotic cycle
13), and after (late mitotic cycle 14) the MZT. Although only a handful of genes are transcribed
prior to mitotic cycle 10, we identified thousands of regions bound by ZLD in cycle 8 embryos, most
of which remain bound through mitotic cycle 14. As expected, early ZLD-bound regions include the
promoters and enhancers of genes transcribed at this early stage. However, we also observed ZLD
bound at cycle 8 to the promoters of roughly a thousand genes whose first transcription does not
occur until the MZT and to virtually all of the thousands of known and presumed enhancers bound
at cycle 14 by transcription factors that regulate patterned gene activation during the MZT. The
association between early ZLD binding and MZT activity is so strong that ZLD binding alone can
be used to identify active promoters and regulatory sequences with high specificity and selectivity.
This strong early association of ZLD with regions not active until the MZT suggests that ZLD is
not only required for the earliest wave of transcription but also plays a major role in activating the
genome at the MZT.
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Keynote No.
2 Evolution of Bacterial Aging

Lin Chao

University of California San Diego, Section of Ecology, Behavior and Evolution

Deleterious mutations appearing in a population increase in frequency until stopped by natural
selection. The ensuing equilibrium creates a stable frequency of deleterious mutations or the
mutational load. Here I develop the comparable concept of a damage load, which is caused by
harmful non-heritable changes to the phenotype. A damage load also ensues when the increase of
damage is opposed by selection. The presence of a damage load favors the evolution of asymmetrical
transmission of damage by a mother to her daughters. The asymmetry is beneficial because it
increases fitness variance, but it also leads to aging or senescence. A mathematical model based
on microbes reveals that a cell lineage dividing symmetrically is immortal if lifetime damage rates
do not exceed a threshold. The evolution of asymmetry allows the lineage to persist above the
threshold, but the lineage becomes mortal. In microbes with low genomic mutation rates, it is
likely that the damage load is much greater than the mutational load. In metazoans with higher
genomic mutation rates, the damage and the mutational load could be of the same magnitude. A
fit of the model to experimental data shows that Escherichia coli cells experience a damage rate
that is below the threshold and are immortal under the conditions examined. The model estimates
the asymmetry level of E. coli to be low but sufficient for persisting at higher damage rates. The
model also predicts that increasing asymmetry results in diminishing fitness returns, which may
explain why the bacterium has not evolved higher asymmetry.
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Keynote No.
3 From raw signal to annotations: An overview of Ion Torrents

sequencing software pipeline

Armin Spura

Bioinformatics, Ion Torrent

The advent of next-generation DNA sequencing technology has enabled quick and low-cost
variant analysis of NGS data. For our Proton instrument, we have built a data analysis suite that
can progress from sequencing to alignment for a whole exome in 8hrs. This talk will focus on
the individual elements of our analysis pipeline, from base calling via variant calling to providing
functional annotations. The emphasis will be on Ion Reporter(TM) , a cloud-hosted informatics
platform for analysis, annotation, and archiving of Ion Torrent sequencing data, as well as on recent
accuracy improvements to the platform.
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Talk 
Abstracts



Talk No.
1 A Comprehensive Computational Analysis of the Performance

Limitations of Biological Systems

Jonathan Karr

Synthetic biology promises to create rationally engineered biological systems capable of producing
drugs, chemicals, and fuels, storing and processing information, cleaning the environment, and
enhancing human biology. However, the performance limits of biological systems are poorly understood.
We report the first comprehensive analysis of the performance limits of a living organism. Specifically
we use the first comprehensive whole-cell computational model [1] to analyze the minimal gene
complete required for sustained cellular replication. We also analyze the genomic modifications
required to maximize the rate of cellular growth. Additionally, we analyze the size of the phenotypic
space compatible with sustained cellular growth and replication by systematically exploring the
models parameter space. Looking forward, we plan to experimentally test these theoretical predictions.
We believe these analyses provide valuable insight into synthetic biological design. Furthermore, we
believe that whole-cell models will accelerate biomedical discovery and bioengineering by enabling
rapid, low cost in silico experimentation and guiding rational bioengineering.

References

1. Karr JR, Sanghvi JC, Macklin DN, Gutschow MV, Jacobs JM, Bolival B, Assad-Garcia N,
Glass JI and Covert MW. A Whole-Cell Computational Model Predicts Phenotype from Genotype.
Cell 150, 389-401 (2012).

URL

http://wholecell.stanford.edu
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Talk No.
2 Adaptation in large populations using millions of yeast lineages

Jamie Blundell

Human diseases such as cancer and microbial infections are adaptive processes inside the human
body, generally with enormous population sizes: between 106- 1012 cells. Although a significant
amount of theory exists, our experimental understanding of adaptation in such large populations is
limited. The key problem limiting the progress was the difficulty in identifying anything more than
a handful of rare, large-effect beneficial mutations. The development and use of molecular barcodes
will allow us to uniquely tag hundreds of thousands of cells and will enable us to track tens of
thousands of adaptive mutations in large yeast populations ( 108 cells). We will be able to identify
and measure the fitness, molecular nature, and heterozygous effects of thousands of beneficial
mutations. The ultra-high resolution will also allow us to measure the distribution of fitness
across the population at various times and hence to experimentally capture how the population
fitness distribution evolves. This will test some of the key theories on which our understanding of
adaptation in large populations is based. Specifically, we will (i) measure the fitness distribution in
an evolving population at different time points, (ii) identify a point where an appreciable fraction
of clones in the population have at most a single adaptive mutation and isolate a large number of
clones with independent single adaptive mutations, and (iii) use this clone collection to determine
the distribution of fitness effects of single adaptive mutations, their heterozygous effects, and their
molecular identity.
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Talk No.
3 Characterizing gene expression variation across seven diverse human

populations

Alicia Martin

Recent large-scale cross-population sequencing projects have indicated that the vast majority
of genetic variation is likely to be specific to continental groups, and even within closely related
populations. While genetic variation has been studied across diverse human populations, our
understanding of its impact on phenotypic variation is limited without extending these studies
to determine the effect of genetic variation on cellular phenotypes, such as gene expression and
methylation. Studies using RNA-sequencing to understand the genetics of gene expression in
unrelated individuals from single populations have pointed out that a substantial amount of variation
is novel and has elucidated genetic effects on transcript levels, gene expression level, miRNA levels,
splicing variants and transcription termination points. An understanding of the full range of these
effects on the human transcriptome requires examining individuals across the full range of the
genetic diversity continuum. To this end, we have analyzed the genomes, transcriptomes, and
methylome of 4-7 individuals in the Human Genome Diversity Panel (HGDP) from seven worldwide
populations, including the Namibian San, who retain the largest human effective population size
yet observed, the Mbuti Pygmies of central Africa, Mozabites of northern Africa, Pathans of
central Asia, Cambodians of east Asia, Yakut of Siberia, and Mayans, who have undergone several
bottlenecks during their migration to Central America. This approach has allowed us to perform a
comparative study using the single-nucleotide resolution of RNAseq to assess rare transcripts, novel
gene structures, alternative splicing, and differential expression within and among populations.
We have quantified reads for known exons, transcripts and whole genes and have employed a
novel statistical approach via linear mixed model to identify systematically differentially expressed
structures among populations. As expected, we also found a high degree of correlation between
genetic and transcript diversity. Further, we have explored the role of genome selection on transcript
diversity. Our dataset has allowed for a detailed investigation of the landscape of human transcriptome
variation in diverse human populations.
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Talk No.
4 X-ray measurements give atomic resolution structural information

for non-crystalline ensembles of nano-particles or bio-molecules

Derek Mendez, Jong Min Sung, Daniel Ratner, Sebastian Doniach (principal investigator)

Measurement of angular correlations of wide angle x-ray scattering from aggregates of nanoparticles
or biomolecules has the potential to yield detailed structural information at the Angstrom scale.
Intensity correlations arise from double scattering events in which two photons from an incoming
x-ray beam scatter off the same particle which belongs to an ensemble of randomly oriented particles.
The double scattering must occur during a single exposure, and before the scatterer has undergone
significant diffusion. The problem is to extract the signal from these double scattering events
from the background of single photon scattering events which may occur from particles which have
similar orientations relative to the x-ray beam. We present an analysis comparing the statistics of
correlations from within a single x-ray shot with the statistics of cross-correlations between different
shots, and show that this enables us to place Angstrom scale constraints on atomic models of the
nanoparticles or biomolecules. Possible applications include inorganic samples such as metallic
nanoparticles measured using ordinary synchrotron x-rays, and proteins or other biomolecules
measured using x-ray free electron lasers such as the LCLS.
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Talk No.
5 In Silico Study of the interaction between CRM1 and the Nuclear

Pore Protein Tpr

Seyed Hanif Mahboobi

Nuclear pore complexes (NPC) are megadalton multi-protein assemblies embedded in the
nuclear envelope, bridging the nucleoplasm and cytoplasm. They are notable for their role in
the control of molecular passage between the two chambers and are believed to be the only route
of transport for large molecules through the nuclear envelope.

While much has been devoted to the study of transport mechanisms through the NPC, little is
known about the specifics of binding between export transport receptors and the NPC periphery.
Recent work has demonstrated a binding interaction between the exportin CRM1 and the unstructured
carboxylic tail of Tpr, on the nuclear basket. Strong evidence suggests that this interaction is vital
to the functions of CRM1.

Using molecular dynamics simulations, we confirm the existence of a CRM1-Tpr interaction and
provide a list of candidate binding regions. We provide a protein structural description of a binding
interaction at the NPC periphery and, just as important, a computational method of studying
protein binding sites, even when involving unstructured proteins with unknown binding motifs.

The large size of Tpr precluded a search for interactions over the entire surface of CRM1, which
would have necessitated repeated simulations with many copies of Tpr. Instead, the C-terminal of
Tpr was divided into many overlapping fragments. These peptides were then all placed randomly
in proximity to the surface of CRM1-RanGTP-Snurpotin complex. This was done so that as
many interactions as possible between C-Tpr and CRM1 were studied. This approach exploits
the unstructured nature of C-Tpr, since there is no structure or binding pocket that would be
destroyed by this fragmentation. However, our use of overlapping regions eliminates the need for a
well-defined interaction motif.

After two sets of 200 ns molecular dynamics simulations, interaction sites were selected using a
combination of multiple criteria: visual inspection of how the export complex accommodates the
C-Tpr fragments, the energy landscape of interacting regions, change of surface accessibility and
sequence conservation. Our investigations have revealed a total of nine binding sites on CRM1 as
well as two additional spots on Snurportin. The sites found represent the first reported specific
binding spots for Tpr on CRM1. In addition, we found two regions of the exposed surface of
Snurportin amenable to C-Tpr binding.

It is interesting that Snurportin, which was only included in the simulation system to fill the role
of cargo, has such significant binding with C-Tpr. It cannot be expected that cargo interactions
with C-Tpr would play any vital role in transport, but it is notable that Snurportin is itself an
importin.
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Talk No.
6 Relating the structural dynamics of a bacterial tubulin to its division

function

Jen Hsin

For a long time the bacterial cell division process was considered to be a lot simpler than the
eukaryotic cell division. However, as more and more bacterial division proteins are identified, their
functions and mechanisms remain largely elusive. For example, the essential, most well-conserved
bacterial division protein, FtsZ, is thought to both provide constriction forces to reduce the radius of
the division site, as well as recruiting other division proteins. Despite its central role in cell division,
little is known about how FtsZ carries out these tasks. We employed a physics-based computational
method (all-atom molecular dynamics simulations) to probe the structural dynamics of the smallest
polymerized unit of FtsZ: a FtsZ dimer. We found that the FtsZ dimer structure can undergo a
drastic structural transition during hydrolysis that shifts its degree of curvature. Such structural
transition is demonstrated to derive a significant amount of mechanical force that is sufficient for
cell division, thereby providing a molecular explanation for the role of FtsZ as a force generator.
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Talk No.
7 3D structure determination through Sparsity seeking Algorithm

Sara Salha, Kevin S. Raines

The ability to routinely determine the three dimensional (3D) structure of microscopic objects
facilitates our understanding of nature on various scales. The major 3D imaging modalities in
use today require scanning over the object either through rotations or through focal planes, as
in computed tomography, crystallography, and confocal microscopy. Here we report progress on a
technique specifically developed to circumvent these restrictions: it requires neither scanning nor
rotation to obtain a complete three dimensional structure. Instead, this technique uses coherent
scattering and phase retrieval to reconstruct the object structure from a single, or very few,
diffraction patterns. Each two dimensional diffraction pattern maps to a three dimensional Ewald
sphere which can be inverted via phase retrieval. The physical requirements for this method are
a semi transparent object and a light beam, coherent over a length scale sufficiently greater than
the object. The data requirements are specified by both the sampling density on the sphere and
the sparsity of the underlying object. Since the data are undersampled, we have developed various
sparsity seeking heuristics that allow us to reconstruct objects larger than previously reported.
We numerically demonstrate the feasibility for two types of images: Shepp Logan, and aperiodic
atomic structures. In addition, we review our previous results of a single polio virion and a glass
nano particle. We believe that this technique will open new doors for single pulse destructive
imaging by fourth generation synchrotron light sources such as the LCLS at Stanford, with potential
applicability on single cells in biological settings.
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Talk No.
8 Novel Subtypes of Glioblastoma Determined through Imaging and

Genomic Analytics

William Du, Tiffany Liu, Daniel Rubin

Motivation:

Glioblastoma multiforme (GBM) is the most common malignant brain cancer. The prognosis
of patients with GBM is variable, varying from ten to fourteen months. There is a pressing need
to identify subtypes of GBM patients that correlate with survival in order to tailor treatment.
Although there are several approaches for defining subtypes of GBM, these subtypes do not predict
survival. Our hypothesis is that it is possible to identify subgroups of GBM patients that correlate
with survival by using a combination of disease features derived from genomic and imaging data.

Methods:

We developed a computational processing pipeline of genomic and MR image data of the brains
of patients from the NIH TCGA database. For image data, we developed methods to identify
anatomical regions in the brain where GBM is localized. We registered GBM MR anatomical
images to a brain atlas, and we segmented necrosis and enhancing regions of the lesions. From
these segmentations we extracted corresponding anatomic localizations from the atlas as imaging
features.

For genomic data, we created a pipeline for analysis by clustering genes based on expression,
gene set enrichment analysis (GSEA), and metagene analysis.

Results:

Preliminary correlation between the gene and imaging features shows that EGFR(cor: 0.74107)
and ALDH8A1(cor: 0.7501) gene expression is highly correlated with the volume of GBM enhancement
while PERP(cor: 0.724) is highly correlated with volume of GBM necrosis. GSEA shows up-regulation
of pathways involved in metabolism, most highly up-regulated in patients with shorter lifespans.

Conclusion:

We have collected genomic and image data and begun molecular/imaging analysis to identify
subgroups of GBM patients. We are now working on analyzing this data to define imaging and
phenotype characteristics in order to correlate survival data to create subtypes of GBM that may
be useful for developing targeted treatments.
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Talk No.
9 Online resources for predictors of cancer outcomes at UCSC

Christopher Szeto

It is imperative that predictive models of cancer outcomes employ as much data as possible
in order to build robust, rigorously-validated models. However utilizing multiple datasets, data
normalization schemes, feature-selection methods, classification algorithms, etc., leads to combinatorial
explosion of the possible models to be evaluated. This hinders a comprehensive exploration of
predictive models and may leave the most accurate models of cancer outcomes undiscovered.

We identified the core issues in building multiple predictive models as;
1) Dataset collection and management
2) Training models from disparate software packages
3) Comparable assessment of models, and
4) Model selection.

We developed TopModel to alleviate these issues. TopModel is a modular software pipeline
designed to build thousands of predictive models on high-dimensional cancer datasets, and display
comparable evaluations of those models in an easily-navigated website [https://cancer2.cse.ucsc.edu/hgClassifications].

In order to address dataset collection issues TopModel is built on top of the code-base of the
UCSC Cancer Genomics Browser [http://genome-cancer.ucsc.edu]. It seamlessly uses the wealth
of curated genomic and clinical data hosted therein, including inferred pathway activities from our
PARADIGM software. To aid model selection we built a powerful web-portal to browse predictor
assessments. This web-portal allows users many ways to view our prediction ability, including which
data types (expression, copy-number, PARADIGM inferred pathway levels, etc.) are most useful
for building predictors, which algorithms best predict cancer outcomes, and how well we can predict
each cancer outcome.

In addition to displaying evaluations of our top models, we provide an online tool, PredictorPrint,
for users to use our most accurate models to do discovery on their own samples [https://cancer2.cse.ucsc.edu/hgPredictorPrint].
PredictorPrint applies the highest-performing models from TopModel to user-submitted data. Rather
than reporting subjective prediction scores, PredictorPrint reports standardized scores. These
standardized scores are ascertained by comparing the user-data prediction scores to background
distributions from applying the high-performing models to a set of randomly-selected and permuted
samples from all of the UCSC datasets. The prediction results are displayed as an easily-interpreted,
interactive heatmap. We validated that this tool correctly assigns PAM50 subtypes in unseen Cancer
Genome Atlas data (TCGA). PredictorPrint also correctly identified TCGA GBM samples as likely
responders to the EGFR inhibitor Erlotinib, using a drug response predictor trained in Cancer Cell
Line Encyclopedia (CCLE) data.
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Talk No.
10 Qualitative and Quantitative Image-Based Biomarkers of

Therapeutic Response in Triple-Negative Breast Cancer

Daniel Golden

Of the approximately 200,000 annual breast cancer diagnoses in the United States, roughly
15% are triple-negative, lacking expression of estrogen and progesterone receptors, and lacking
over-expression of the HER2/neu oncogene. Triple-negative breast cancers have an aggressive
clinical course marked by poorer long-term survival than with other subtypes of breast cancer.
Unlike other subtypes of breast cancer, there is currently no specific clinical treatment regimen that
targets triple-negative breast cancer.

We are developing imaging informatics methods to extract and analyze features derived from
dynamic contrast-enhanced MRI (DCE-MRI) images, acquired before therapy, to predict whether
triple-negative breast cancer patients will respond to neoadjuvant (pre-surgical) chemotherapy. We
are investigating several image-derived feature sets, including morphological features determined
by a radiologist (BI-RADS descriptors such as tumor shape, margins), and quantitative features
based on the texture of tumor kinetic maps derived from the dynamic imaging. We have used these
features as inputs to a Lasso regression model to predict whether patients will have residual disease
following chemotherapy. Model performance is assessed via receiver operating characteristic (ROC)
area under the curve (AUC).

Several features have shown promising performance in predicting residual cancer and affected
lymph nodes, conditions that indicate poor prognosis. Independently, models using qualitative
BI-RADS descriptors and quantitative kinetic texture features each have an ROC AUC of 0.8.
When combined, however, a model containing both of these feature sets has an ROC AUC of 0.88.
Additionally, a model using texture features derived after chemotherapy has an ROC AUC of 0.93.

These models may be used immediately in the clinical environment to predict whether a given
patient will respond to therapy and, if not, whether experimental treatments available via clinical
trials would offer the patient a better chance of survival. When multiple viable clinical treatments
are available for triple-negative breast cancer patients, this and similar models can be used to select
personalized therapies for individual patients, which will greatly increase their ability to combat the
disease. Models of this form could also be used to personalize clinical treatment in cancers other
than triple-negative breast cancer.
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Talk No.
11 Widespread brain hyper-connectivity in children with autism

Kaustubh Supekar

Autism spectrum disorder (ASD), a neurodevelopmental disorder characterized by impaired
social interaction and communication, and by restricted and repetitive behavior, affects nearly 1 in
88 children. Current empirical and theoretical accounts based on studies in adults posit that the
underlying neurobiological disturbance causing ASD is aberrant brain connectivity. Remarkably,
there have been no systematic attempts to characterize brain connectivity in children with ASD,
work that is critical for understanding the etiology of this complex neurodevelopmental disorder.
Here we use multimodal neuroimaging to show that when simultaneously examining functional
connections across the entire brain, there are more instances of greater connectivity in the brains
of children with ASD when compared to typically developing (TD) children. Hyper-connectivity in
ASD was observed at both the whole-brain level and at the level of major functional subsystems, for
both long- and short-range anatomical connections. Critically, hyper-connectivity was correlated
with autism symptoms; children with more severe impairment in the social domain exhibited greater
degrees of global hyper-connectivity. We replicated these findings in two additional independent
cohorts of ASD and TD children (total sample size = 110 children). With the unprecedented
triple cohort replication of our findings, our study provides robust, novel evidence that the brain in
childhood ASD is hyper-connected in ways that contribute to social impairments. Lastly, we develop
a biophysically realistic computational model based on a mouse model of autism, elucidating the
neural mechanisms underlying hyper-connectivity in the autistic child brain. Our findings challenge
the prevalent under-connectivity theory of ASD and provide novel insights into brain mechanisms
of childhood autism.
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1 Data Mining of the Human Gut Microbiota

Tomer Altman

Microbial communities that cover and interact with the human body have a dramatic impact
on human health and disease. The NIH Human Microbiome Project (HMP) endeavors to catalog
microbes in various human niches, from the oral cavity to the distal gastrointestinal (GI) tract.
In a previous study, a mouse model demonstrated that the abundance of particular microbes in
the GI tract is significantly correlated with obesity. With the obesity epidemic a top public health
concern in the US, host-microbial systems are a compelling area of inquiry for discovering potential
therapeutic targets. Towards this end, we are developing novel methods to analyze high-throughput
data of the human microbiome, which will lead to developing new diagnostics and therapies for
disease. Specifically, we present progress towards a novel distance metric based on enzymology for
comparing metagenomic datasets, and a new method for integrating single-cell amplified genomic
reads and metagenomic reads to enhance the assembly of the enigmatic bacterial phylum TM7,
which is associated with periodontal disease.
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2 Recessive deleterious variation can affect the trajectory of adaptive

mutations during a selective sweep

Zoe June Assaf, Dmitri A. Petrov

The dynamics of deleterious alleles during an adaptive sweep have previously been explored
in the context of hitchhiking, where a beneficial allele drags a mildly deleterious allele to fixation.
Indeed, this phenomenon is often given as the reason that recombination evolved, as the efficacy of
selection is predicted to be higher when advantageous alleles can recombine away from any linked
detrimental alleles.

However, hitchhiking has not been well characterized for more strongly deleterious mutations,
nor in terms of how it may affect the trajectory of a sweep. The standard hard sweep model
of selection has been assumed, where a beneficial allele drags a single haplotype with it to high
frequency. But, one would expect that an adaptive allele linked to a deleterious mutation could
in fact lead to a different kind of sweep signature, where the initial haplotype is dragged to an
intermediate frequency before recombination frees the allele. This recombination event would allow
a second superior haplotype to emerge and rise in frequency.

Such a pattern should be especially likely if the deleterious mutation is recessive, because it will
not be exposed to selective forces until it is at high enough frequency to occur as a homozygote.
Given that most strongly deleterious mutations are recessive, this scenario appears likely. Here I
explore the sweep dynamics of an adaptive allele when it is linked to a recessive deleterious mutation.
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3 Pipeline Based Information Extraction from Mammography

Reports

Selen Bozkurt, Daniel Rubin

Introduction

Inter and intra-observer variability in mammographic interpretation is a challenging problem,
and decision support systems (DSS) may be helpful to reduce variation in practice. Since radiology
reports are created as unstructured text reports, Natural language processing (NLP) techniques are
needed to extract structured information from reports in order to provide the inputs to DSS. The
goal of this project is to develop NLP methods to extract the information needed from free-text
mammography reports.

Methods

We used GATEan open source architecture for language engineeringas our NLP development
platform. In our pipeline, sequential processing is performed to accomplish the following tasks:
(1) tokenization of words and punctuation; (2) annotation of the sections of the mammography
report using JAPE rules; (3) annotation of each sentence in a section; (4) annotation of concepts
using BI-RADS semantic types; (5) identification of relationships using JAPE rules. We used the
Onto-Gazatteer to define the semantic type for each entity, using the BI-RADS ontologies to provide
a super class for every entity matched in the report.

To develop preliminary results for evaluation of our pipeline, we collected 50 free-text mammography
reports, from our institution and we annotated them by hand to create the gold standard for our
evaluation. We identified the sections, the sentences, the entities, and their semantic types in these
reports. GATEs Annotation DIFF tool were used to compare each manually annotated report with
automatically annotated report. We tested the accuracy of entity recognition for anatomic entities
and imaging observations, as these are most important as inputs to the DSS.

Results

The sections and section specific sentences within all 50 reports were correctly classified. In
addition, based on the list of concepts in Table 1, named entities such as anatomic entities, imaging
observations and results with their modifiers were correctly identified in all reports.

Conclusion

Our current study differs from prior work in attempting to extract any information which has
potential to use in decision support model, specifically anatomic entities and imaging observations
as well as specific sections of text. Our NLP pipeline also uses the standard BI-RADS and RadLex
terminologies to extract semantic types of the entities, which is also needed for DSS. We will be
developing a Relationship Extractor to extract relationships among entities and we will incorporate
our NLP into a real-time DSS integrated with reporting. We will also be conducting an evaluation
in a larger corpus of reports.
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4 Finding the connection between SNPs and eQTLs

Po-Chuan Chen, Raheleh Salari, Serafim Batzoglou

With the ever-decreasing cost of sequencing, genome-wide association studies (GWAS) continue
to identify links between genetic variation and their phenotypic manifestations. These studies
provide sets of single nucleotide polymorphisms (SNPs) that are associated with physical traits
such as diseases or response to medical treatments. While such associations have advanced our
understanding of the genetic basis of human disease, the molecular mechanism by which a SNP
affects cellular function is still poorly understood.

In the case of non-synonymous SNPs, where the mutation in the coding region of a gene causes a
different amino acid to be translated, it is expected that the coded proteins function, conformation,
or stability will be affected. Indeed, existing software suites such as PolyPhen-2 and SIFT can
predict the damaging effects of such missense mutation. However, in the cases of synonymous
SNPs, and SNPs in non-coding regions of genes, predictive computational tools do not yet exist.
At the same time, numerous studies point to diseases associated with SNPs in these regions, which
suggest that amino acid replacement is not the only explanation for disease.

This project strives to better understand SNPs in the untranslated regions (UTR) of genes,
which are known to play an important role in the regulation of gene expression. We computed
a number of genomic features and applied techniques from machine learning in order to uncover
subtle relationships and mechanisms between the SNP and gene expression. Besides standard
genomic features such as distance from transcription start site, motifs, and conservation scores, our
study is the first to incorporate considerations for changes in secondary RNA structure due to the
point mutation. Our poster presents our machine learning workflow, a more in depth look at our
features, and preliminary results.

A better understanding of the mechanism whereby SNPs can affect cellular function will ultimately
allow us to construct a software tool that can predict changes in gene expression given any point
mutation.
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5 Molecular Dynamics Simulations Reveal Possible Proton

Conduction Pathway in Class A GPCRs

Jackson Chief Elk

Classical all-atom molecular dynamics simulations were used to investigate the structure of
internal water molecules in G protein coupled receptors (GPCRs) under the influence of different
pro-kinked alpha helix geometries. X-ray crystal GPCR structures higher than 3 resolution all
contain water molecules in a central channel formed by the bundling of seven transmembrane (TM)
spanning alpha helices. All receptors have the potential to manipulate channel water structure by
changing the bend angles of conserved pro-kinked TM helices. In simulations of the beta1 and beta2
adrenergic receptors, bend angles control hydrogen bonding between conserved aspartate residue
Asp2.50 and the asparagine of the conserved NPxxY motif. Analysis of the simulations revealed
that hydrogen bond formation results in an ordering of waters into a linear Grotthus-type wire
that connects two ionizable residues at opposite sides of the central channel. All receptors have an
ionizable pair of residues in the central channel that have the potential to conduct protons through
wire structures. Grotthus-type wires have been characterized to transfer protons between ionizable
residues in some membrane proteins. Based on this circumstantial evidence, it is proposed that class
A GPCRs use proton conduction to drive activating conformational change. This model predicts
that binding energy is transduced into proton conduction. How the transduction process would
activate receptors is described.
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6 Maintain Bacterial Morphology Require MreB

Alexandre Colavin

Bacteria have a wide variety of shapes and sizes across on different species, strains and growing
conditions. Within these categories however, cells have remarkably consistent morphologies. For
many bacteria, this morphology is determined by the surrounding cell wall - a mesh of glycan strands
covalently connected by peptide bonds. The cell wall is constantly regenerated and recycled by
cytoskeletal proteins nearly two orders of magnitude smaller than the cell itself. The mechanism by
which these proteins create and maintain the cell wall presents a basic science question with pressing
applications in nanomachinery and nanofabrication. Over the last decade, several cytoskeletal
proteins have been identified – over twenty in Escherichia coli.

The prokaryotic actin homolog MreB is required to coordinate cell wall synthesis in most
non-spherical bacteria like rod-shaped E. coli. In the absence of MreB, cells enlarge and eventually
lyse. Several single amino acid substitutions in MreB lead to larger and smaller cell widths,
suggesting that MreB is crucial to defining and constraining the radial dimension of cells. In
vitro and in vivo studies have revealed that MreB polymerizes into bundles and binds to the
inner membranes of cells, and that patches of MreB move circumferentially around the cells inner
membrane during elongation. The mechanism by which MreB constrains cell width is unknown.
We seek to answer this question using a variety of computational and experimental techniques over
eight orders of length magnitude.
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7 RNAseq characterizing human transcriptome variation across seven

diverse populations

Helio Costa*[1], Alicia R Martin*[1], Jeffrey M Kidd[2], Brenna M Henn[1], Muh-Ching Yee[1],
Stephen B Montgomery[1], Howard M Cann[3], Michael Snyder[1], Carlos D Bustamante[1]

* These authors contributed equally to this work.
1. Stanford University School of Medicine, Department of Genetics, Stanford, CA, 94305
2. University of Michigan School of Medicine, Department of Human Genetics, Ann Arbor, MI,

48109
3.Foundation Jean Dausset, Centre d”Etude du Polymorphisme Humain, Paris, 75010, France

Characterizing the genetic variation underpinning human phenotypic diversity is essential for
understanding human evolution, development, and disease. Genome-wide mRNA sequencing (RNAseq)
studies in individual populations have yielded insights into natural variation in mRNA levels, isoform
diversity, and novel transcriptsconnecting gene expression differences to complex phenotypes. However,
a complete understanding of human transcriptome variation requires examining many populations
from a wide range of biogeographic ancestries. To this end, we have sequenced the genomes and
mRNA fractions of 45 lymphoblastoid cell lines from seven populations within the Human Genome
Diversity Project reflecting major human migratory routes. This approach allows us to perform a
comparative study using the single-nucleotide resolution of RNAseq to assess rare transcripts, novel
gene structures, alternative splicing, allele-specific expression, and differential expression within
and among populations. Preliminary results identify several thousand previously unannotated
regions within the genome, with many regions showing differential expression among populations.
Additionally, these regions contribute to previously uncharacterized transcript isoforms and gene
structures, which have significant implications to our understanding of the functional structures
and content of the human genome.
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8 HYPNO: HYbrid Protein NucleOtide phylogenetic gene tree

reconstruction

Nima Emami, Mohammad Azimi, Kimmen Sjolander

Accurate tree topology is a key assumption of any phylogenetic bioinformatics method. It
follows that the accuracy of phylogenetic gene tree topologies can be critical in diverse applications,
including orthology prediction and functional site identification. Several studies have highlighted
the distinct advantages of using either amino acid or nucleic acid sequences in phylogenetic gene
tree construction, as the choice between the two is a major determinant of the resulting tree
topology. While the amino acid sequences for several leaves in a gene tree may have one hundred
percent pairwise sequence identity, the corresponding nucleic acid sequences often provide greater
resolution in the phylogenetic relationships among leaves because of the degeneracy of the genetic
code, with different nucleotide codons mapping to the same amino acid character. Consequently,
phylogenies based on nucleic acid sequences better resolve clades while trees based on protein
sequences maintain a superior global tree topology. Existing gene tree construction methods fail
to capitalize on these advantages as well as the availability of both protein and nucleotide coding
sequences. Subsequently, the major phylogenomic databases currently contain gene trees exclusively
based on protein sequence alignments. These principles motivate the development of a phylogenetic
gene tree construction method in which protein information is weighted more heavily towards the
root and nucleotide information more heavily towards the leaves. HYPNO is a software tool
that reconstructs the phylogenetic gene tree topology for a given tree and amino acid multiple
sequence alignment using nucleic acid information at the subtree level. Nucleic acid sequences are
automatically retrieved and mapped to the given protein alignment to produce nucleotide-based
subtree multiple sequence alignments, from which subtree phylogenies are re-estimated and inserted
back into the initial gene tree. Statistically significant improvement in subtree topological branching
order relative to reference species phylogenies is demonstrated using groups of orthologous gene
sequences.
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9 Targeting the root of Cancer: a data-driven approach for

identification of cancer stem cell biomarkers

Hua Fan-Minogue, Jason Wheeler, Peter Kang, David Ruau, Purvesh Khatri, Atul Butte

Cancer stem cells (CSCs) are a small group of cancer cells with stem cell-like properties and have
been revealed to be the drive force of tumorigenesis, metastasis and drug resistance in many cancers.
Although putative CSC biomarkers, such as CD133, CD44 and CD166, have been used to isolate
CSC population, they are often not functional and predictive to outcome. To identify CSC specific
targets, we systematically screened for statistical correlation with CSC surface biomarkers, using
lung cancer data from The Cancer Genome Atlas (TCGA). Normalized DNA microarray data of
160 cases of squamous carcinoma and 33 cases of adenocarcinoma were analyzed for association
with CD133, CD44 and CD166 respectively. Multiple testing was corrected with FDR ¡ 1%.
Statistically associated genes of each CSC surface biomarker were different between adeno and
squamous subtypes. Correlated genes of one subtype were also distinctive among CSC surface
biomarkers. Among the most correlated genes of CD133 in squamous subtype is a hormone receptor
of the reproduction regulator oxytocin (OXTR), which has recently been shown to contribute to
cancer cell growth. These results imply that CSC biomarkers are differentially regulated between
lung cancer subtypes and each biomarker involves different regulatory pathways. Association study
of CSC surface markers may be used for identification of new cancer target and drug repurposing.
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10 Evidence that most selective events in Drosophila melanogaster

show signatures of soft sweeps

Nandita Garud

We aim to determine whether recent adaptation in Drosophila results in primarily hard or soft
sweeps. A soft sweep differs from the standard hard sweep model of adaptation in that multiple
haplotypes harboring the same adaptive mutation rise in frequency simultaneously. Soft sweeps
can arise when multiple adaptive mutations at the same position occur practically simultaneously
in large populations. Alternatively, soft sweeps can be generated by adaptive mutations that are
initially neutral or slightly deleterious and have enough time to recombine onto multiple haplotypes
prior to a change in the environment resulting in the mutations becoming adaptive. In contrast to a
classical hard sweep, heterozygosity is not completely lost during a soft sweep as multiple adaptive
haplotypes increase in frequency and remain in population upon completion of the sweep.

We developed a haplotype-based test statistic to first detect both hard and soft sweeps and then
to distinguish them from each other. First, we identify multiple genomic regions in the Drosophila
Genetic Reference Panel that have extreme values of haplotype homozygosity as compared to
neutral demographic scenarios. Then, we apply our test statistic to each of these unusual regions to
distinguish whether the selective event in question generated a hard or soft sweep. Surprisingly, we
rejected the null hypothesis that these regions are undergoing hard sweeps in the majority of our top
cases. The alternative hypothesis that these regions are undergoing a soft sweep appears more likely
overall. We conclude that recent adaptation in North American populations of D. melanogaster
has led primarily to soft sweeps either because it utilized standing variation or because short-term
effective population sizes in D. melanogaster are on the order of billions rather than millions, as we
suggested previously.
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11 A Quantitative Method for Measuring Completeness in Bayesian

Decision-Support Systems

Francisco Gimenez, Daniel Rubin

Breast cancer affects 1 in 8 women in the United States. It is the second leading cause of cancer
deaths amongst women. Mammography has shown to be beneficial for early detection of breast
cancer. Currently, the American Cancer Society recommends that women over 40 with no specific
risk for breast cancer get yearly screening mammograms to catch potentially malignant findings
early. The mammography report is of crucial importance, since it has the potential to convey the
radiologists observation of the findings, interpretation of those findings in terms of likelihood of
malignancy, and suggested patient management, such as follow-up imaging or biopsy. However,
a major barrier to mammography for breast cancer detection and management is the inherent
qualitative nature of current mammography practices. This leads to variability in practice that
adversely affects patient outcome.

Decision-support systems have been created to mitigate issues with diagnostic variability in
mammography, but these are reliant on information provided by radiologists. Often such reports
do not completely describe image findings via their appropriate BIRADS descriptors. It is important
to measure the information content in such reports for feedback at reporting time.

We propose a novel quantitative metric to measure the information content of mammography
reports based on a decision-theoretic framework. This will allow us to assess how complete a
mammography report is. We define completeness as the state of information acquisition where no
new information will change the follow-up care. We can quantify this value as the probability a
final follow-up assessment changes given unobserved information in the report.

Using a Bayesian model trained on clinical reporting data, we were able to efficiently calculate
this value in real-time and analyze reports that were missing information. Results showed that
completeness of reports is dependent on which observations are missing rather than just how many
observations were missing. Furthermore, we noticed a bi-modal distribution of incomplete reports
indicating that there are two types of reporting standards amongst radiologists.
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12 A two-sex model for the admixture history of a hybrid population

Amy Goldberg, P Verdu, NA Rosenberg

Admixed human populations have often experienced sex-biased admixture, in which males and
females contributing to the gene pool of the admixed population are drawn in different proportions
from the various source populations. Genetic variation in autosomes and sex-specific chromosomes
has often been examined in order to infer patterns of sex-biased admixture, typically using statistical
approaches that do not fully model the complexity of a sex-specific history of admixture. Expanding
on the model of Verdu and Rosenberg (2011), we develop a model that mechanistically considers
sex-specific admixture histories, in which multiple source populations contribute to the admixed
population, potentially with varying contributions from male and female lineages at each generation.
In an admixed population descended from two source groups, we derive the moments of the
distribution of the admixture fraction from a specific source population as a function of sex-specific
introgression parameters and time, separately for autosomes and sex chromosomes. Considering
admixture processes that are constant in time, we demonstrate that although the mean admixture
fraction from a specific source population cannot discern a sex bias in the admixture history for
autosomal markers, the variance is informative about sex bias. Specifically, the long-term variance
decreases as the sex bias from a contributing source population increases. We highlight a case in
which different constant admixture histories produce the same autosomal variance of admixture,
but consideration of the X chromosome enables the scenarios to be distinguished. Our approach
can contribute to methods for inference of the history of complex sex-biased admixture processes
by contrasting the distribution of admixture fractions between autosomal and non-autosomal DNA.
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13 NF-B dynamics respond linearly to combinations of TNF and LPS

Miriam Gutschow

A major challenge to deciphering complex cellular signaling networks is understanding how
multiple signals can converge on one protein and be translated into a host of specific responses.
The innate immune signaling network recognizes pathogens through the Toll-like receptors, and
receives cytokine signals, such as TNF, through other specific receptors. Many of these signaling
cascades interact with the transcription factor NF-B and NF-B in turn produces downstream effects
specifically targeted to its stimuli. NF-B dynamics have been previously shown to mirror this
specificity and can reliably produce dynamic activation patterns particular to different stimuli and
across different concentrations. In the case of exposure to lipopolysaccharide (LPS), a bacterial
component, NF-B is stimulated and so is the production of TNF, which in turn restimulates NF-B.
In order to assess the combinatorial effects of multiple stimulants in a feedback loop, converging
upon NF-B signaling, we used single-cell microscopy to study stimulated cells simultaneously with
different combinations of both TNF and LPS. Surprisingly, we found even in this complex network,
that the two stimuli are reflected in the NF-B dynamics as a simple linear superposition. This may
indicate that all of the converging pathways in the NF-B signaling network combine in a linear
fashion. To confirm, we will follow up by measuring the effects of other physiologically relevant
combinations of TLR ligands on NF-B signaling dynamics.
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14 Fulltext mining of research articles for genome annotation

Maximilian Haeussler

With more than 2500 biomedical articles published per day, finding articles of interest is a
challenge for all researchers. Software is available to find genes, general topics or similar articles,
but due to current copyright law, only publishers themselves or Google have access to the fulltext
PDFs of all publications, not academic researchers themselves.

To change this situation, to index the literature for biomedical scientists, we have asked dozens
of publishers for permissions to automatically download millions of research articles. We search
these for gene names, SNP identifiers, marker names, band names or DNA and protein sequences
that all describe the genomic location investigated. Our software recently ran on 3 million research
articles from Elsevier and PubmedCentral. More than 250.000 articles contained DNA or protein
sequences, 170.000 articles could be mapped to ten selected model organism genomes. The data is
available on the UCSC genome browser (””Publications”” on genome.ucsc.edu) and directly from
the article on ScienceDirect.com. The software also found hundreds of thousand mentions of SNPs,
Human gene symbols, STS marker and band names, shown on the UCSC genome browser.

The dataset also allows to answer the question which article ever has analyzed a given genomic
region or which fusion genes have ever been studied. We demonstrate how this allows a quick
overview of the results from studies on cis-regulatory regions, T-cell receptor sequences and gene
fusion events, without having to find and read hundreds of articles.
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15 Single Cell Transcriptional Analysis Identifies Selective Depletion of

Bone Marrow-Derived Mesenchymal Stem Cell Subpopulations in
Diabetic Mice

Michael Januszyk

Diabetes is associated with significant cardiovascular dysfunction and impaired wound healing,
largely attributable to impairments in tissue recovery from hypoxia and ischemia. Circulating
progenitor cells have been postulated to play a role in ischemic recovery and deficiencies in these
cells have been well described in humans. However, the molecular mechanisms underlying these
dysfunctions have not been well described. Here, we examine a population of bone marrow-derived
mesenchymal stem cells (MSCs) that are Lin-/CD45-/Sca1+, which have previously been shown to
participate in new blood vessel formation, and demonstrate in vitro and in vivo deficits in diabetic
cells. Using a parabiosis model, we determine that this dysfunction is attributable to intrinsic
defects in diabetic MSCs that are not corrected by restoring glucose homeostasis. As mesenchymal
stem cells may represent a heterogeneous group of cells, we employed microfluidic-based single
cell transcriptional analysis to examine gene expression at the single cell level. We demonstrate
multiple transcriptionally distinct subpopulations that are selectively depleted in cells from models
of both type I and type II diabetes. The specific gene combinations expressed by cells in these
subpopulations are primarily vascular. These results suggest that the clinically observed deficits in
progenitor cells may be attributable to selective and irreversible depletion of progenitor cell subsets
in the bone marrow.
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16 A gradient of ATP affinities generates an asymmetric power stroke

driving the chaperonin TRIC/CCT folding cycle

Lukasz Joachimiak

The eukaryotic chaperonin TRiC/CCT uses ATP cycling to fold many essential proteins that
other chaperones cannot fold. This 1MDa hetero-oligomer consists of two identical stacked rings
assembled from eight paralogous subunits, each containing a conserved ATP binding domain. Here
we report a dramatic asymmetry in the ATP utilization cycle of this ring-shaped chaperonin,
despite its apparently symmetric architecture. Only four of the eight different subunits bind
ATP at physiological concentrations. ATP binding and hydrolysis by the low affinity subunits
is fully dispensable for TRiC function in vivo. The conserved nucleotide binding hierarchy among
TRiC subunits is evolutionarily modulated through differential nucleoside contacts. Strikingly,
high and low affinity subunits are spatially segregated within two contiguous hemispheres in the
ring, generating an asymmetric power stroke that drives the folding cycle. This unusual mode of
ATP utilization likely serves to orchestrate a directional mechanism underlying TRiC/CCTs unique
ability to fold complex eukaryotic proteins.
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17 Estimating the Number of Clusters via the GUD Statistic

Jiyao Kou

Estimating the number of clusters is one of the most difficult problems in biostatistics. Most
previous approaches require knowing the data matrix and may not work when only Euclidean
distance matrix is available. They may also suffer from the curse of dimensionality and work poorly
in high dimension. In this paper, we develop a new statistic called GUD statistic based on the
idea of Gap method, but use the determinant of pooled within-group scatter matrix instead of the
within-cluster sum of squared distances. Some theory is developed to show that this statistic can
work well when only the Euclidean distance matrix is available. We also proposed a modification of
GUD statistic called R-GUD statistic which can give a robust estimation in high dimension setting.
Simulation shows our method needs less information but outperforms other methods, especially in
some very difficult settings.
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18 Integrated Genomic Meta-analysis of Colorectal Cancer

HoJoon Lee, Patrick Flaherty[2], Hanlee P. Ji[1,2]

1. Division of Oncology, Stanford University School of Medicine, Stanford, CA, United States,
94305

2. Stanford Genome Technology Center, Stanford University, Palo Alto, CA, United States,
94304

We have applied new statistical and machine learning algorithms to large genomic and clinical
data sets from the ongoing Cancer Genome Atlas (TCGA) CRC analysis. The TCGA colorectal
cancer (CRC) data set includes (1) gene expression, (2) methylation data, (3) copy number variation
(CNVs) and (4) cancer point mutations derived from exome sequencing and (5) histopathological
and clinical outcome data. Combining heterogeneous data types is a limiting bottleneck in the
comprehensive analysis of genomic data for novel cancer genes and combinatorial sets of synergistic
drivers. For example, combining gene expression data, which is naturally a continuous measurement,
with sequence variation as in cancer somatic mutations, which is naturally a discrete measurement,
in a high data volume application requires novel statistical technology. We are focused on identifying
relevant sets of known and putative cancer drivers responsible for CRC development and delineate
key clinical parameters.

To discover these clinically relevant cancer driver gene sets associated with clinical stages of
CRC, we used the elastic net algorithm, which is regularization and variable selection method.
This approach enabled us to rapidly conduct an integrative supervised analysis of TCGA data. For
our initial analysis, we used genomic data from 132 CRC samples using the elastic net algorithm.
The data included cancer mutations, expression level of transcripts, CNVs and methylation. As a
demonstration of the performance and validty of this approach, we first applied this method towards
delineating genes associated with microsatellite instability (MSI) and identified the top candidate
genes with 10-fold cross validation. Among the top-ranked drivers were TGFBR2, a critical cancer
driver in CRC and MYH11. For the next phase of the study, we determined those known and
candidate drivers associated with clinical stage. We identified a loci on chromosome 8q with several
known cancer genes including WRN, a helicase and tumor suppressor, that were highly ranked in
terms of delineating clinical stage.
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19 WholeCellViz: Data Visualization for Whole-Cell Models

Ruby Lee

As biological datasets become increasingly complex, developing better tools for visualizing and
learning from data becomes critical. Our computational model of M. genitalium was developed to
probe how complex phenotypes arise from individual molecules and their interactions. It simulates
every known molecular process occurring within a cell cycle. The resulting datasets are massive,
motivating the development of WholeCellViz: a web-based platform for collecting, managing,
viewing, and analyzing whole-cell simulation data.

Demo: http://wholecellviz.stanford.edu
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20 The balance between cytoskeletal dynamics and membrane tension

determine lamellipodial polarization

Sunny Lou

Rapidly motile cells such as neutrophils and keratocytes polarize to generate a single front
and rear in order to sustain productive forward movement. However, other less persistent cell
types, such as fibroblasts and many types of epithelial cells, frequently have multiple, apparently
independent, protrusive fronts. The mechanisms that limit polarization to a single front and rear
for rapidly motile cells are largely unknown. Here we use embryonic zebrafish keratocytes to
investigate how a purely lamellipodial cytoskeleton self-organizes to regulate protrusion number
and overall cell polarity. We have observed that keratocytes derived from 4 days post fertilization
(dpf) embryos often form multiple protrusions, suggesting that the motility machinery in these
cells polarizes differently from single front keratocytes such as those found at 2dpf. Preliminary
experiments with the multiple front 4dpf keratocytes indicate that they can be induced to form
a single leading edge upon increasing membrane tension with hypoosmotic shock. Furthermore,
F-actin density is decreased in 4dpf cells as compared with 2dpf keratocytes. These results suggest
that the dynamics of the actin cytoskeleton can exist in at least two different regimes, depending on
whether membrane tension or the intrinsic turnover of the actin cytoskeleton limits polymerization.
Using RNA sequencing, we have measured gene expression levels in 2dpf and 4dpf keratocytes
and found several cytoskeleton-related genes that are differentially expressed. Future studies will
attempt to identify the molecular basis for how keratocytes regulate their polarization.
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21 Towards a Whole-Cell Model of E. coli

Derek Macklin*, Nicholas A. Ruggero*, Elsa W. Birch*, and Markus W. Covert

* These authors contributed equally to the work.

Critical to the quantitative understanding and rational engineering of biological systems is the
ability to predict detailed molecular phenotypes at the genomic scale. To begin to address this need,
we recently developed a gene-complete whole-cell model of Mycoplasma genitalium that explicitly
represents the functions and interactions of every annotated gene [1]. Now we seek to extend this
methodology to model the Gram-negative bacterium Escherichia coli. We plan to first model several
core aspects of E. coli physiology including replication, transcription, translation, RNA decay,
protein decay, and metabolism. We will achieve this by adapting modules from our completed M.
genitalium model [1] to represent additional phenomena known to occur in E. coli. Furthermore, we
will continue to update the whole-cell modeling infrastructure, improving our tools for whole-cell
model construction, execution, exploration, and analysis. Once completed, we anticipate that the
model will allow scientists to explore single-cell E. coli physiology and also serve as the basis of a
computer-aided design tool for the synthetic biology community.

[1] J.R. Karr*, J.C. Sanghvi*, D.N. Macklin, M.V. Gutschow, J.M. Jacobs, B. Bolival, N.
Assad-Garcia, J.I. Glass, M.W. Covert. ””A Whole-Cell Computational Model Predicts Phenotype
from Genotype””. Cell. 2012. 150(2): 389-401
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22 The Role of Collagen Organization in Corneal Elasticity: A Model

Based on X-ray Diffraction Data and Second Harmonic-Generated
Images

Steven J. Petsche, Peter M. Pinsky

The human cornea, responsible for 70% of the eyes refractive power, has a remarkably organized
microstructure that allows the tissue to be mechanically strong yet remain transparent. The
architectural organization of lamellae as viewed in the plane perpendicular to the optical axis
has been well characterized by X-ray diffraction experiments. Examining the cross-section of the
cornea with second harmonic-generated (SHG) imaging shows that many lamellae do not lie parallel
to the corneal anterior surface but have inclined trajectories that take them pitching through
the corneal thickness with a depth-dependent distribution. We use a numerical model of the
corneal microstructure to investigate the mechanics of these inclined lamellae and demonstrate
that their depth-dependent distribution explains the experimentally measured depth-dependence of
mechanical properties, necessary for accurate modeling of the human corneal stroma.
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23 The importance of prestrain in mitral valve modeling

Manuel Rausch, Ellen Kuhl

Introduction:

The anterior mitral valve leaflet is a thin biological membrane aiding the mitral valve complex
in regulating blood flow from the left atrium into the left ventricle. Despite its seemingly fragile
structure its collagenous composition allows to sustain considerable in vivo loads throughout the
cardiac cycle. Recently it has been suggested that the mitral valve leaflet may exhibit prestrain, a
phenomenon known to play an important role in other types of cardiovascular tissues, such as the
myocardium or arterial wall tissue. However, to date, there have been no rigorous studies performed
to investigate and quantify the effect of prestrain on the mechanical behavior of the anterior mitral
valve leaflet.

Methods:

To this extent we performed an inverse finite element simulation in which we identified the
material parameters to a commonly applied hyperelastic material model as a function of prestrain.
The mitral valve leaflet geometry as well as the boundary conditions were extracted from experimental
animal data and averaged over a cohort of 52 sheep. During the optimization procedure, a genetic
algorithm was employed to identify the set of three material parameters that minimized the error
between the experimental data and the simulation outcome. This procedure was repeated for
prestrain levels of 0% to 100% in 10% steps.

Results:

From the simulations described above we found that with increasing levels of prestrain the
material parameters of the hyperelastic strain energy function significantly decreased. The evolution
of the three material parameters closely resembled exponential behavior. Error values associated
with the 11 levels of prestrain were consistent between simulations and lied within the range of the
expected experimental imaging error.

Discussion:

To the best of our knowledge this study is the first to investigate the effect of prestrain on the
mechanical behavior of the anterior mitral valve leaflet. We found that with increasing prestrain
smaller material stiffness is necessary to sustain in vivo loads for a given in vivo deformation. It is
therefore of utmost importance that investigators employing the finite element method for modeling
the mitral valve leaflets take into consideration the effect of prestrain. This becomes particularly
critical when material parameters identified ex vivo are employed for in vivo simulations.
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24 Deep Sequencing Reveals Extensive, Stable Microdiversity in

Cyanobacteria Ecology

Michael Rosen, Daniel Fisher

We have examining Cyanobacteria diversity at sub-species distance scales in a well-studied
microbial ecology in Yellowstone National Park. Due to the similarity of the genotypes we infer
from deep sequencing, considerable work was done to ensure that a minimum of sequences due to
PCR and sequencing errors were included. We will begin the poster by mentioning this briefly and
giving a link to software we developed and utilized for this purpose.

We then present a first-order characterization of the significant microdiversity that we observe,
emphasizing evolutionary insights. This will include sequence abundance distributions and the
distributions of pairwise distances on several sets of coding and non-coding bases. The later turns
up a ””self-similarity”” in the ratio of synonymous and non-synonymous differences between pairs
of sequences, regardless of their absolute distance from each other – something we would expect if
all non-synonymous changes are neutral (but not necessarily implying this).

We will also show site frequency spectra for synonymous and non-synonymous sites. The former
suggests that synonymous sites are probably quite neutral, but mutations have been biased from
A/T to C/G. The latter reveals a mysterious feature: an excess of non-singleton but low frequency
non-synonymous polymorphisms, which are collectively biased towards being high frequency A/T.
This is the expected bias if the low-frequency alleles are deleterious and maintained by mutation/selection
balance, but we would not expect such sequences to be observed more than once, so the interpretation
is still unclear. If these mutations are not deleterious but actually beneficial because their place
their genomes into a different niche, then it is possible that the bias is due entirely to the genetic
code, but why the smaller niches should be attached to C/G alleles is not clear to us.

Finally, we have compared this microdiversity with another, shallower sequence data set taken
of the same ecology, and found very significant correlations, both in terms of which sequences are
present and their abundance. We will demonstrate that this is true, and argue that, by removing the
interpretation that all this diversity is transient and migrates in from distant sources continually,
the correlations make more urgent the central question presented by the microdiversity: why is it
there? Is it possible that genotypes within a couple of percent from each other are ecologically
distinct, allowing them to coexist for thousands of years? If the population was sufficiently sexual,
could this make ecological interpretations unnecessary?
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25 The Role of -Actinin in Integrin-Mediated Signaling

Hengameh Shams, Mohammad R. K. Mofrad

Integrins are crucial in signal transmission between the cytoplasm and the extra cellular matrix.
A number of proteins are involved in integrin-mediated signal transduction, which makes it difficult
to create a comprehensive scenario for signaling pathways. One of the promising hypotheses is
that cytoplasmic proteins bind to the integrin tail and start a signal by inducing conformational
changes in that region. In this study, we tend to investigate the role of -actinin in integrin signaling
and clustering. -Actinin is an anti-parallel homodimer thus having an integrin binding site on each
monomer that is located between R1 and R2 spectrin repeats. This implies a possible role for
-actinin in integrin clustering. -Actinin binding site on -integrin is naturally inhibited by -subunit
in the inactive conformation, thus, the presence of -actinin may reduce the affinity between the two
subunits giving rise to integrin activation. NAMD molecular dynamics package was used to perform
all-atom simulations. Our results showed that integrin molecule has affinity for -actinin binding. The
binding sites were mapped and compared with previous studies. Important conformational changes
in both integrin and -actinin upon binding were observed and analyzed. The lipid membrane plays
a key role The key residues on integrin binding site were highlighted. We observed important
conformational changes in both integrin and -actinin molecules upon binding. -Actinin association
with the lipid membrane was studied showing that integrin interaction affects local interactions
of -actinin with the membrane. Furthermore, transmembrane domain of integrin is influenced by
-actinin interation, suggesting -actinin could play a role as a switch to start a signal transmission
process.
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26 Pinpointing functional variants in cis-regulatory elements

Justin Smith, Hunter Fraser

RNA sequencing (RNA-seq) has dramatically increased our ability to detect differences in gene
expression between individuals and species. However, the variants responsible for such expression
changes remain elusive. Here we propose a method to determine the role of non-coding genetic
variants in transcriptional differences between strains of Saccharomyces cerevisiae. With these data
we hope to answer questions fundamental to our understanding of gene expression regulation, as
well as questions regarding gene expression adaptations role in evolution. We also hope to apply
the techniques we develop here to other biological systems to detect causal regulatory variants.
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27 Spatial and Temporal Features of fMRI Networks to distinguish real

networks from noise: Preliminary work to use patterns of functional
networks to classify neuropsychiatric disorder

Vanessa Sochat

Functional neuroimaging has allowed for the investigation of brain differences that might
characterize psychological disorder, however after two decades, little progress has been made in
utilizing fMRI data across disorders to develop a robust system to predict disease based on group
network differences. With substantial growth in the number of publicly available imaging data of
neuropsychiatric populations, the time is right for the development of methods that use imaging
to diagnose disorder. This project used independent component analysis (ICA) to decompose
functional MRI data from 53 healthy control and individuals with schizophrenia into components
representing real functional networks, physiological noise, and machine artifact. Robust spatial
and temporal features were developed and extracted, and Lasso L1 constrained linear regression
was used to distinguish real networks from noise and artifact (cva = .8675). These robust features
can be assessed for each type of functional brain network to both define the functional network (a
network fingerprint), and the unique combination of these fingerprints will be used to characterize
neuropsychiatric disorder and its subtypes.
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28 Identification of Novel Biomarkers for Early Stage Ovarian Cancer

Linda Szabo, Purvesh Khatri, Hunter Fraser, Atul Butte

Even though the incidence of ovarian cancer is approximately 10% that of breast cancer, it is
the leading cause of gynecologic cancer death and the fifth leading cause of cancer death in women.
This is largely due to a lack of early symptoms or effective screening, resulting in detection at
advanced stages. Early detection increases the 5-year survival rate from less than 30% to 70%
- 90%. Several new biomarker panels have been proposed recently, but they still lack sufficient
specificity and sensitivity to be reliably used for early detection.

We performed a meta-analysis of 7 data sets consisting of 396 samples to identify genes that
are differentially expressed in ovarian cancer across multiple studies. We identified 160 genes that
are consistently overexpressed in all of the studies used in our training set. We then validated
our results in an independent cohort of 591 ovarian cancer patients and 8 controls available from
The Cancer Genome Atlas (TCGA). In this cohort, our top 5 predicted genes clearly separated the
cancer cases from controls (AUC = 0.954) much better than the existing Ova1 panel consisting of
5 biomarkers (AUC = 0.874) and including our top 13 predicted genes achieved an AUC of 0.985.
Furthermore, 80 of the 160 genes we identified via meta-analysis were significantly overexpressed in
early stage cancers and many were also correlated with survival.

A growing body of evidence suggests that chromosomal instability is an early event that drives
cancer progression. Using a method previously applied to the study of adaptive evolution at
the genomic scale in natural populations, we found a subset of genes showing signs of positive
selection based on analysis of copy number variants and gene expression in the TCGA dataset.
Interestingly, there is a significant overlap between the genes under selection and the genes identified
by meta-analysis that are overexpressed in early stages.

In addition to identifying novel biomarkers, we have identified genes that can provide much-needed
insight into the biological processes driving the progression of ovarian cancer by combining meta-analysis
of gene expression and basic evolutionary principles. We are currently prioritizing genes for validation
in human blood samples and will continue to incorporate additional data types (somatic mutations,
SNPs, copy number variants, and DNA methylation) in future analysis of the biological significance
of these genes.
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29 Statistics of Diversity in Laboratory Evolved Populations

Joel Thompson

In order to establish whether a microbial population has recently evolved under selective pressure
for one or more traits – e.g. in a laboratory – it is necessary to identify hallmarks that distinguish
such evolution from longer term stochastic evolution. In the absence of knowledge about which
genetic changes might be responsible for the specific traits (or even which traits are under selection),
information from DNA sequencing can still be very useful. Statistical analysis of sequencing data can
provide crucial insight into the structure of competition taking place among an evolving population.
But this requires prior expectations about statistical properties of the genomes of a collection of
almost identical microbes that has undergone recent evolution.

The conventional picture of adaptive evolution is simple: a beneficial mutation occurs in one
individual and spreads throughout the population as successive generations of mutants outcompete
non-mutant individuals, resulting in a nearly monoclonal population with very little diversity. In this
conventional picture, evolution proceeds by a series of such selective sweeps. But in large populations
characteristic of microbes (even in the laboratory), many different beneficial mutations arise each
generation and their descendants compete, some accumulating further beneficial mutations before
any single lineage can dominate the population. This process results in patterns of genetic diversity
in the population that are strikingly different than those that occur under successive selective
sweeps. Deep sequencing of the pooled DNA of the population — a thousand-fold coverage of
the full genome is possible in one run of current sequencing machines — has potential to reveal
many aspects of this diversity. But analyzing even the simplest models of asexual evolution of large
populations has proved very challenging, although much is now understood from recent work by
statistical physicists.

Via mathematical analysis and simulations in realistic parameter regimes, we have obtained
general features of the statistics of the genetic diversity and how it develops as evolution of a
large population proceeds. In particular, the spectrum of frequencies of single-site polymorphisms
(SNPs) is found to be very different than that expected under the conventional assumption that
almost all the diversity is selectively neutral — primarily non-amino-acid-changing polymorphisms.
In contrast it is found that in large populations most of the diversity is beneficial and the frequency
spectrum of both the beneficial and neutral polymorphisms are far more skewed to low frequencies.
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30 NDMake: Flexible automation of iterative analysis tasks

Mark A. Tsuchida, Julie A. Theriot

Introduction: Computational analysis of scientific data is typically a multi-step procedure
utilizing a combination of stand-alone programs, in-house code under active development, and
ad hoc scripts. Inputs and outputs for these programs are often multidimensional datasets (e.g.
microscopy image for each specimen position at each time point), over which each computational
step is iterated. Simple nested loops are often used to automate such tasks, a practice that often
leads to entanglement of analysis algorithms with bookkeeping code, limiting code reusability.
Simple loops are also undesirable for time-consuming procedures where previously computed intermediates
should be reused where possible. We have developed a program, NDMake, which automates
file dependency tracking and updating of multidimensional datasets, with the aim of simplifying
analysis tasks and facilitating the writing of reusable analysis code. Additionally, NDMake can run
embarrassingly-parallel tasks concurrently.

Methods: In NDMake, an analysis pipeline is modeled as a directed acyclic graph whose vertices
are datasets and computations and whose edges connect an input dataset to a computation or a
computation to an output dataset. Each vertex has an associated multi-dimensional space (scope)
specifying the range of values taken by parameters during iteration. A datasets scope specifies the
set of its constituent files; a computations scope prescribes the set of parameter assignments for
which a command should be run. The scope of an input or output dataset need not exactly match
a computations scope: for example, a single iteration of a computation can produce a series of
files. Commands run by computations are specified as parameterized templates, so that programs
and scripts need not conform to any specific interface; they can be existing programs or can be
written in any language. Traversing the dependency graph, NDMake checks the last-modified dates
of input, command, and output files for each computation and for each combination of parameter
values, and, if necessary, invokes the command.

Results: An earlier prototype of NDMake has been useful for analysis of fluorescence micrographs
and generation of animated plots. A new implementation supporting output-dependent variable-size
datasets is currently being tested.

Conclusion: By separating bookkeeping from algorithm, NDMake simplifies the efficient development
and application of computational analysis on multi-dimensional datasets, while encouraging the
organization of analysis code into orthogonal modules that are more likely to be adaptable to new
projects.
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31 Mechanism of Catecholaminergic Polymorphic Ventricular

Tachycardia Treatment by Flecainide

Steven Vaughn-Behrens, Colleen E. Clancy

Introduction: There currently exists no clear method to distinguish between potentially useful
or potentially harmful drugs in the setting of excitable cardiac disease. In order to address this
pitfall of modern pharmacology, computational modeling can be utilized to predict the interactions
and consequences of antiarrhythmics on their cellular-level targets. One particular application of
this approach is in resolving the current debate regarding the mechanism of action of the class
1c antiarrhythmic flecainide, an agent condemned for causing an increased incidence of sudden
cardiac death in patients, which has been shown to demonstrate therapeutic efficacy in patients
demonstrating catecholaminergic polymorphic ventricular tachycardia (CPVT). In addition to its
widely recognized effects on sodium channel current (INa), flecainide has recently been shown to
interact with the ryanodine receptor (RyR), a key regulator of calcium handling and the genetic
epicenter of the CPVT condition, among a variety of other cardiac channel targets.

Materials and Methods: A Markov-type model of flecainides interaction with RyR was developed,
building upon a previously developed model of flecainides interaction with INa. These individual
receptor models were then placed in a whole cell deterministic computer model of cell electrophysiology
and signaling for both healthy and CPVT-afflicted ventricular myocytes and tissues.

Results: Flecainides interaction with RyR alone, and in combination with INa, provides therapeutic
support over a wide range of pacing frequencies and therapeutic concentrations in both single cells
and tissues, in stark contrast to flecainide interacting with INa alone.

Conclusion: Simulations in single cells and multidimensional reconstructions of cardiac tissue
reveal that while both interactions individually provide antiarrhythmic effects, flecainides interaction
with RyR is the primary determinant of the drugs in vivo therapeutic efficacy. This model can
broadly extend to simulate the effects of other drugs in this and similar pathologies involving elevated
sympathetic tone, and will serve as the groundwork for future use of computational modeling for
predictive pharmacology by discovering idealized therapies to disease.
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32 The Role of Bacterial Mechanosensitive Ion Channels During

Antibiotic Treatment

Andee Wallace

The bacterial cell wall is a macromolecular network that surrounds the cell membrane and
provides structural support and protection from overstretching of the plasma membrane when water
enters the cell. Bacterial cell walls are composed of the material peptidoglycan: polysaccharide
chains cross-linked by peptides. Antibiotics affect bacterial cells ability to synthesize and crosslink
new cell wall material, which causes the cell wall to weaken and will eventually lead to cell lysis.

Mechanosensitive (MS) ion channels embedded in the plasma membrane of bacteria open and
close to regulate membrane tension when cells are exposed to different osmotic environments. Under
hypoosmotic conditions, internal pressure causes increased cell wall tension and can quicken the
affects from antibiotics and result in increased cell lysis. Under hyperosmotic conditions, MS
channels open to reduce pressure within the cell. We hypothesize that MS channels act to protect E.
coli under antibiotic treatment because MS channels contribute to the reduction of cell wall tension.
We tested this hypothesis by quantitatively measuring the pair wise interactions between antibiotics
and osmotic conditions. The number of surviving colonies and colony radii were used as proxies
to assess cell health in the different antibiotic-osmotic environments. Our preliminary research
indicates that cell health is optimized at more hyperosmotic conditions as antibiotic concentration
increases, supporting our original hypothesis.
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33 Investigating pulmonary arterial hypertension through genomic data

Luke Yancy Jr

Pulmonary arterial hypertension (PAH) is a rare and fatal disease commonly existing in 3
subtypes. Microarray analysis has previously attempted to determine the genetic mechanisms by
which PAH afflicts individuals, but due to small sample sizes, studies have not led to effective
treatments. Additionally, studies to determine biomarkers for PAH through use of genotypic
information have not offered any insight. Here, we analyze multiple microarray studies along with
genotypic information to determine an underlying genetic mechanism common to all subtypes of
PAH. Through our analysis, we have computed a list of genes that suggested to be related to PAH;
within this list are CCR7, BMPR1A and CD40LG (previously well studied in relation to PAH).
Further analysis may lead to suggested pathways or additional genes related to PAH.
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