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Quantitative Insights Into Microbial Ecology

How can we manipulate the microbiota to

improve health?

Need to understand spatial and
temporal differences in healthy
and disease states.

Bacterial Community Variation in Human
Body Habitats Across Space and Time,
Costello et al., Science 2009
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ore specifically

QIIME workflow:

Sequencing_output
(454, lllumina, Sanger)

QIIME provides a
complete analysis
pipeline

Metadata

e || WWW.QIIME.0Org

fastq, fasta, qual, or sff/trace files
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a-diversity and rarefaction B-diversity and rarefaction

data = generating Comisibn | | | |

publication-quality i e —

e.g., Phylogenetic
Diversity, Chaot,
Observed Species

e.g., Weighted and
unweighted UniFrac, Bray-
Curtis, Jaccard

\'4
- Pick OTUs and representative sequences v ‘& 6
graphics ozt | Poame
BLAST, UCLUST, e.g., UCLUST, CD-HIT,

USEARCH MOTHUR, USEARCH

 — v

Align sequences

e.g., PCoA plots, distance histograms, taxonomy charts, rarefaction
plots, network visualization, jackknifed hierarchical clustering.

Assign taxonomy

BLAST, RDP e.g., PyNAST, Legend
- INFERNAL, MUSCLE, Currently supported for
Classifier MARFT Currently supported for general sample by

marker-gene data only

observation data

v v

(i.e., 'upstream' step) (i.e., 'downstream' step)

Build 'OTU table'

Build phylogenetic tree

i.e., sample by observation
matrix

e.g., FastTree, RAXML,
ClearCut

Required step or input
L 1
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Deploying QIIME on New Resources

30+ dependencies: C,
Java, Python, Haskell,
x86 binaries, ...

Virtual machines are
ideal for complex
software stacks.

Python 2.7.1

PyCogent 1.5.1

Numpy 1.5.1

biom-format 0.9.3

uclust 1.2.22q

PYNAST 1.1

greengenes core set data file

greengenes alignment
lanemask file

fasttree 2.1.3
jrel.6.0_05
rdp_classifier-2.2
usearch v5.2.32
blast-2.2.22
cd-hit 3.1.1
ChimeraSlayer

mothur 1.25.0

clearcut v1.0.9
raxml 7.3.0

infernal 1.0.2
cdbtools

muscle 3.8.31

rtax 0.981

pplacer 1.1
Parsinsert 1.04
sfffile and sffinfo
GNU Science Library
AmpliconNoise 1.25
ghc 6.8

MatPlotLib 1.1.0
cytoscape v2.7.0
R2.12.0

Greengenes 97% OTUs,
taxonomies, and tree

Sphinx 1.0.4



At the same time...

Data is exploding
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Local Cluster Deployment

Public database Local storage

Public data
sets
\ Front-End Node / \
%@ " Mg

Compute Nodes

We want to augment the cluster when it’s
heavily utilized.



Extending Clusters with Clouds

Launch standalone environments in the cloud
for users.

StarCluster (EC2 only, OGE, NFS), et al.

Manually transfer data and setup environment.

Seamlessly integrate laaS resources with local
cluster.



An Elastic Cluster

Public database Local storage

Public data
sets
\ Front-End Node /

FutureGrid (hotel)
< /



Implementation

Challenges
Adapt to demand

Recontextualize nodes
as they join and leave

Monitor the queue and
cluster status

Provision resources

Data movement



Implementation

Challenges Solutions

Adapt to demand Policies



Provisioning Policies

Elastic environments need to adapt Sencor
efficiently to demand and balance nformation
conflicting needs of users and @

administrators.

[ Collect Information ]

(5

Requirements
Analyze
Reduce time jobs are queued [ (Minimize objectives) }
Minimize costs
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Published in IPDPS HPGC 2012: Provisioning
Policies for Elastic Computing Environments



Implementation

Challenges Solutions

Recontextualize nodes Recontextualization
as they join and leave Broker



Recontextualization

All nodes in the environment need to be
aware of each other and trust each other

REST-based recontextualization broker

Exchange host information (e.g. IP addresses, SSH
host keys) between nodes in a deployment

All communication over HTTPS

Symmetric keys used for both user and context
security



Recontextualization

Actions
1. Create context
2. Broker responds with

@ Send updates

@ Query for updates

context information Recontextualizationw Provide information Instance \
(hostname, IP address, etc.)
3. Deploy VMs Broker < \\\\\ Disk Image
4. VMs read context
information from Context Recontextualization Agent
A Context created,
metadata server @ responds with: Es:fdata
5. VM provides its e (ID, URI, key,
. . . ntex t)
information to broker E[,ii‘;i t Lok K — /
o v
Loop periodically:
6. Query for updates to Recontextualizat Resource Resource Provider
the context econ E)I( uatlza on | gl Launch resources Provider Metadata Server
\en (ID, URI, key, secret) N
7. Broker sends updates g




Implementation

Challenges Solutions
Monitor the queue and Sensor to monitor the
cluster status status of the cluster
Provision resources Amazon Auto Scaling

Data movement Gluster FS



An Elastic Cluster with Auto Scaling

Public database Local storage

Public data
sets

o—n—08

l Compute Nodes L

Mount Gluster

Recontextualization
Broker

Amazon Auto
Scale API

Phantom Auto FutureGrid (hotel)

Launch or terminate instances

Scaling Service

\



Running QIIME on Your Laptop

A few example steps: check mapping file,
assign reads to samples, and denoise (parallel
with —n flag):

$check_id_map.py -m Fasting_Map.txt -o mapping_output
$split_libraries.py -o runl -f runl.fasta -q runl.qual -m mapping.txt -w 50 -r -1 150 -L 350

$denoise_wrapper.py -v -i runl.sff.txt -f runl/seqs.fna -o runl/denoised/ -m mapping.txt -n 4

QIIME will simply use available cores when
running in parallel on your laptop.



Running QIIME on an Elastic Cluster

On cluster front-end node: Just change the
number of processes you want to run (-n):

$check_id_map.py -m Fasting_Map.txt -o mapping_output

$split_libraries.py -o runl -f runl.fasta -q runl.qual -m mapping.txt -w 50 -r -1 150 -L 350

$denoise_wrapper.py -v -i runl.sff.txt -f runl/seqs.fna -o runl/denoised/ -m mapping.txt -n 64

QIIME includes built-in support for clusters and
will automatically submit jobs to the queue.

Everything else just works, like magic.

]



Evaluation Environment

FutureGrid

Hotel at the University of
Chicago (UC)
Sierra at San Diego

Supercomputing Center
(SDSC)

Amazon EC2

Micro instances are
S0.02 per hour

Recontextualization

UC: 8 2.93 GHz Xeon
cores and 16 GB RAM

Torque head node

UC: 2 2.93 GHz Xeon
cores and 2 GB RAM

Workers

EC2: 64-bit EC2 east
micro instances

UC/SDSC: 2 2.93 GHz
Xeon cores and 2 GB
RAM



Recontextualization
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Multi-cloud: Hotel (UC) + Sierra (SDSC)

350 L : — ..... T o T T -
— fg-hotel VMs running :
300 — fg-sierra VMs running| ]
250} Total VMs runni.ng ' |
- .- Total cores available
S 200f TR ]
O .: -..'...
100F »
50 .
0 __.,(_r’__'- ] ] ] ] '_‘—
0 1000 2000 3000 4000 5000
500 350
1300
400
wn — Jobs submitted 1250 o
a 300 — Jobs queued 1200 %
- — Jobs complete |
O 200[{ — jobs running 150 =z
41100
100 |50
0 L L 1 ! | 0
0 1000 2000 3000 4000 5000

Second


Paul Marshall



Scalability: Amazon EC2

500 B | | | | |
400 //_’_/- L‘\ |
c 300f 3
8 — EC2 VMs running
© 200} -
100} .
O o | | | | 1
0 1000 2000 3000 4000
500 ' 7500
400} l—\ 1400
wn — Jobs submitted o
a 3001 — Jobs queued ] 300 g
g — Jobs complete S
O 200F — Jobs running [{200 <
100} TJ 1100
0 | | | 1 1 O
0 1000 2000 3000 4000

Second



Future Work

Develop additional policies

Develop efficient data movement solutions
for elastic cloud environments

Avoid sending unnecessary data both for
performance and cost ($S) concerns

Evaluate using additional user applications
and workflows



Thank you

Paul Marshall
University of Colorado at Boulder

paul.marshall@colorado.edu



