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RENCI-UNC Genomics
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Mendelian
Causal

Clinical Application

NCGENES2

~2000 samples
NC NEXUS3

~400 samples
ClinVar4

Common
Risk

Basic Research

NIDA Sequencing1

~5,500 samples
Alzheimer’s Analysis

Disease Type
Variant Effect

Genomic Domain

RENCI/UNC NIH
Funded Projects

97,197 Sample instances, 239,915 workflow runs, 40 pipelines (20 active)
across these and other projects in support of UNC HTSF

(1) National Institute on Drug Abuse– funded NIDASeq, “Deep Sequencing Studies for Cannabis and Stimulant Dependence” (Dr. Kirk Wilhelmsen, PI),
(2) National Human Genome Resource Institute–funded NCGENES, “North Carolina Clinical Genomic Evaluation by NextGen Exome Sequencing” (Dr. James Evans, PI)
(3) National Institute of Child Health and Development–funded NC Nexus, “North Carolina Newborn Exome Sequencing and Newborn Screening Disorders” (Dr. Cynthia Powell, 
PI)
(4) National Human Genome Resource Institute–funded ClinGen (Dr. Jonathan Berg PI)
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Genomics Pipeline – High Level



Clinical Side



Clinical Side
Variant Effect:

Known Disease: Variant Quality Control Metrics:

Other Annotation:

Transcript-Based Information:



• Patient was “living” with Dx spastic paraplegia
• Mostly wheelchair bound for 15 years

• Genetically as Dopa-responsive dystonia
• Rx with dopamine replacement >> Clinically normal in weeks 

• ~40% of patients now have an answer for something that had gone 
undiagnosed 
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Genotype association with LAC-Lifetime Amphetamine or Cocaine use



11



Sequence Coverage Variation



Optimization of Sequence Yield

• Cluster density can 

be empirically 

optimized based on 

library properties

• Cannot be predicted 

for physical 

properties of a library 

Solution:
Make Deep Multiplex Library
Optimize stoichiometry and cluster density
Sequence many lanes of pooled library at optimum cluster density

->13X/lane 



Imputing genotypes
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ATCGATCGATCAG- reference

ATCGGTCGATCAG– patient

TCGGTNNNTCAG

GTCGGTCAG

ATCGGTCGGTCA

ATCGGTCGGTC

ATCGGTCGGTCAG- patient 2

ATCGGTCGGTCAG– patient 3

ATCGGTCGGTCAG– patient 4

ATCGGTCGGTCAG– patient 5

ATCGATCGATCAG– patient 6

ATCGATCGATCAG– patient 7

ATCGATCGATCAG– patient 8

Population Evidence

Hidden Markov Models for cross-genome statistical correlations

Imputation on 708 samples takes over 200,000 CPU hours to complete, or 22 CPU years

Scaling Time:  O(N^3)

Li Y, Sidore C, Kang HM, Boehnke M, Abecasis GR. Low-coverage sequencing: Implications for 
design of complex trait association studies. Genome Res. 2011 Jun;21(6):940-51



Test of the Imputation Approach for Low Coverage
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• Based on variant concordance, 5X LD-aware calling 

is equivalent to 15X multi-sample calling. 

• LD-aware calling allows a 3X increase in the sample 

size for the same sequencing budget.



Computational workflows in Genomics

• 4 versions as we scaled:
• single machine
• cluster based
• 2 multi-cluster/grid

• MapSeq – Current 
solution, Condor-based 
computational workflow

RNA-Seq

WGS



Analysis Pipeline - MapSeq
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Jason Reilly



Analysis Pipeline - MapSeq
Local Computational Clusters Currently Accessed by MaPSeq/GATE: 

• KillDevil (ITS Research Computing): • Dell blade-based Linux Cluster • 604 Compute 

Nodes: 48GB RAM • 68 Compute Nodes: 96GB RAM • 2 Compute Nodes: 1TB RAM • 32 

GPU compute nodes with 64 Nvidia Tesla GPU cards 

• Kure (ITS Research Computing): • 2.2 PB Isilon system • HP blade-based Linux Cluster • 

136 Compute Nodes: 48GB RAM • 80 Compute Nodes: 72GB RAM • 2 Compute Nodes: 

96GB RAM • 3 Compute Nodes: 192GB RAM • Infiniband 4x QDR

• BlueRidge (RENCI) • Dell blade-based Linux Cluster • 128 Dell PowerEdge m610 blades 

(1024 cores total) • 32 Dell PowerEdge m610 blades (384 cores total) • 2 NVidia Teslas

s1070-500 • 2 Dell PowerEdge R910 4 x 2.00Ghz Intel Nehalum-EX, 8 core, 1TB

1066Mhz memory

• Topsail (Genetics) 400 node dual quad-core Intel Clovertown 2.33 gigahertz processors 

with 12 gigabytes
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MapSeq features

• Open source 
– https://github.com/jdr0887/MaPSeq-Distribution

• Multiple clusters are accessed opportunistically 

• Minimal user intervention after system configuration 

• Modularity of pipelines allows for reuse

• Pipeline can be tailored, modified, and updated as 
needed 

• Pipeline workflows can be revised and deployed by 
clients, thus minimizing administrator burden 
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Challenges - Today

• Complexity of solutions

– We are too weighted toward Comp Sci/IT, not Bio

• Risk

– Too dependent on our own expertise in running 

complex systems

• Transportable

– Solutions don’t transfer and aren’t easily shared

• Cost of scaling

– We would prefer cloud like models
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Challenges - Tomorrow

• Bridging islands of data
– Autism data in Amazon

– Environmental data at NIEHS

– Genetic data at NCBI

• Moving data is increasingly challenged
– Size, cost, security, regulatory, and privacy

• Inefficient use of resources/high cost of ownership

• Suboptimal collaboration structure
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iRODS: unified view of data

UNC Tape RENCI Tape Renci Disk UNC Disk

iRODS Data Grid



Each rack is a small 
networked cloud:

– OpenStack-based with 
NEuca extensions
• www.networkedclouds.

net

– EC2 node sizes 
(m1.small, m1.large 
etc)

– xCAT for baremetal
node provisioning

– Sliverable storage

Resources from different 
racks can be 
interconnected on demand 
• PI: Ilia Baldine, RENCI
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NIaaS

	

http://wiki.exogeni.net
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VM

VMVMVM
VMVMVM

VMVMVM
VMVMVM

VMVMVM
VMVMVM

Cloud providers (compute, data)

Dynamic infrastructure

VM
VMSlice 1

VM

VM

VM

Slice 2

VM

User or workflow provisioned & isolated slices

VMVMVMVM

Network providers

ExoGENI
ORCA



iRODS + ExoGENI: data management + virtual 

infrastructure

RENCI UNC

iRODS Data Grid

iCAT

RERE

VM

VM

VM

Slice 2

VM

• Layer 2 connection within the slice

• Metadata control
• Lab X can compute on Project 

Y data in the cloud

• User X can move data from 
Study A to the cloud

• Data from Study W cannot 
remain on cloud resources



Genomic workflows in the cloud
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Simplicity

Performance

Cloud-based, 1 VM-1 workflow

Cluster 1

Cluster 2

Cloud-bursting

MapSeq
Condor

WVA
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ADAMANT– Pegasus/ExoGENI Dynamic 
Workflows

1 2 3 4 5
Start 

Workflow
Create

Compute Nodes
Compute 
Intensive

Workflow Step

Destroy
Compute Nodes

End
Workflow

Dynamic Slice

Few compute 
nodes for

beginning steps

Add compute nodes 
for parallel compute 

intensive step

Dynamically provision 
network between 

cloud sites

Free extraneous
compute nodes

after compute step



RADII: Bridging the gap between 

data and infrastructure

SC15 RENCI Booth for Demo


