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Abstract 
MATLAB® was used to study networks of coordinated amino acid variation in Hepatitis C virus (HCV), a major 
cause of liver disease worldwide. Mapping of coordinated variations in the viral polyprotein has revealed a small 
collection of amino acid sites that significantly impacts Hepatitis viral evolution. Knowledge of these sites and 
their interactions may help devise novel molecular strategies for disrupting Hepatitis viral functions and may 
also be used to find new therapeutic targets for HCV. Statistical verification of HCV coordinated mutation 
networks requires generation of thousands of random amino acid alignments, a computationally intensive 
process that greatly benefits from parallelization. Cornell recently deployed an experimental TeraGrid computing 
resource with 512 dedicated cores running MATLAB Distributed Computing Server that may be accessed by 
any TeraGrid user running MATLAB and the Parallel Computing Toolbox on their desktop. This resource 
enabled a great reduction in HCV simulation times. 
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Introduction 
The increasing pervasiveness of distributed and parallel computing in a wide variety of fields has resulted in the 
need for computational power that scales seamlessly from the desktop to national resources without the steep 
learning curve required of traditional parallel programming techniques.  Productivity in the HPC community is 
often measured by the performance gains seen from the parallelization of code. Instead, we propose that 
productivity can be measured by ease of access and utility. We have implemented a system that allows a 
researcher to scale from their desktop to a remote system transparently and with little knowledge of parallel 
computing. The Cornell team has deployed an experimental TeraGrid resource running MATLAB as on demand 
computing utility. The broad usage of  MATLAB in a wide spectrum of academic environments makes it an ideal 
application for this initial experiment. The MATLAB Distributed Computer Server running on this resource 
provides parallel and distributed computational services to interactive desktop users and Science Gateways.  We 
have developed a client library that provides a safe and efficient means to ship computation from a user’s 
workstation to our servers, where the computation can be run in a distributed or parallel style. 

System Architecture 
The integration was accomplished by providing a Java-based integration with the MATLAB Parallel Computing 
Toolbox.  The system hosted at the Cornell Center for Advanced Computing (CAC)  is composed of a Dell blade 
cluster running Microsoft Windows HPC Server 2008 and an 8TB DataDirect Networks storage device which is 
mounted by a GridFTP server. Authentication is performed using x509 certificates retrieved from a MyProxy 
Server.  A software package developed by CAC must be added to the client MATLAB classpath and provides 
access to the GridFTP server and to web services which perform job submission and maintenance tasks to the 
Microsoft Windows HPC Server 2008.  With this integration a user can rapidly switch from running a multi-core 
process on their local workstation to multi-core and multi-node on our server. 

MATLAB Enables Broad Range of  Researchers 
The MathWorks produces software for technical computing and Model-Based Design for engineers, scientists, 
mathematicians, and researchers. Their two core products are MATLAB, used for performing mathematical 
calculations, analyzing and visualizing data, and writing new software programs; and, Simulink, used for 
modeling and simulating complex dynamic systems such as a vehicle's automatic transmission system.  
MATLAB is used by over 1,000,000 active users and 5,000 college/universities worldwide. 
  

Focus on Science 
MATLAB allows researchers to perform computationally intensive work without having to be experts in 
computer science. The MATLAB Parallel Computing Toolbox allows researchers to focus on more 
computationally intensive problems without having to become parallel computing experts. The MATLAB 
Distributed Computing Server allows applications developed with the Parallel Computing Toolbox to seamlessly 
scale to hundreds of cores on high performance clusters right from the researchers desktop.  
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Methods Overview 

Transformation of each aminoacid into a vector of 
five physicochemical properties: 
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Results 
We have previously shown that despite its extensive heterogeneity, HCV evolution of Hepatitis C virus is shaped 
by numerous coordinated substitutions in the polyprotein that can be organized into a scale-free network (see 
Figure 1) (Campo et al, 2008). We created a bridge between molecular evolution and the science of complex 
networks. This scientific discipline studies the topological features of networks, which highly influence the 
dynamics of the processes executed on them. The HCV network of coordinated substitutions has a topology with 
some key characteristics identified in other biological, technological and social complex networks. The 
topological structure and hierarchical organization of this network suggest that a small number of amino acid (aa) 
sites exert extensive impact on hepatitis C virus evolution.  We also found that HCV is highly resistant to 
disadvantageous mutations at random sites, but it is very sensitive to mutations at the sites with the highest 
number of links (hubs). The HCV network topology may help devise novel molecular intervention strategies for 
disrupting viral functions or impeding compensatory changes for vaccine escape or drug resistance mutations.  
 
There are three different sources of covariation in related biological sequences (such as the dataset of HCV 
sequences): (i) chance, (ii) common ancestry, and (iii) structural or functional constraints. Effectively 
discriminating among these underlying causes is a difficult task with many statistical and computational 
difficulties. In the HCV 1b case, the common ancestry source of covariation is reduced because all sequences are 
closely related. Statistical significance of the correlation was achieved with a permutation test, whereby the aa at 
each site in the sequence alignment was vertically shuffled. Ten thousand random alignments were created this 
way, simulating the distribution of correlation values under the null hypothesis that substitutions of aa at two sites 
are statistically independent. For each physicochemical factor, a pair of sites was considered significantly 
correlated if its correlation value in the observed dataset was higher than the correlation value for those two sites 
in any of the random datasets (p = 0.0001).  This is a simple but computationally intensive process that was 
greatly benefited by parallelization. In order to better discriminate between the sources of covariation in complex 
datasets (including distant sequences from different genotypes), we are currently working in a new  method where 
a phylogenetic tree is built and the ancestral sequences are estimated by maximum likelihood. For each pair of 
sites, a new sample of mutation events is obtained by crawling from the tips to the root of the tree (Willis, 2006). 
This new subset is used to calculate the physicochemical correlation between the two sites, which is then 
compared with the distribution of 10000 random correlations values obtained by permutation of the same subset. 
This method was intractable in our scientific workstations, but the usage of the TeraGrid Computing resource 
greatly reduced the analysis time via deployment of a computationally efficient parallel algorithm. 

Fig. 1. The HCV network (Campo et al, 2008). A genomic network of HCV coordinated substitutions is shown, 
where a vertex is an aa site and a link between two nodes is a significant correlation between two sites. The 
position of each vertex depends on its k-shell value and on the k-shell value of its neighbours. A colour code 
allows for the identification of k-shell values, while the vertex’s size is proportional to its degree. The k-shell 
decomposition and visualization was performed with LaNet-vi (Alvarez-hamelin et al, 2006).  

 
 
 
  

Client Architecture 
The client is composed of a set of MATLAB functions callable by the user that integrate with the PCT through 
the generic scheduler interface and a Java component which handles the actual communication with MyProxy 
servers, GridFTP servers, and the Microsoft HPC Server 2008 Basic Profile service. The MATLAB platform 
allows native calls to Java objects, which makes the MATLAB functions little more than argument preparation 
for the Java component. We chose to use Apache CXF for web service operations and JGlobus for core MyProxy 
and GridFTP operations. This base functionality was then wrapped to provide for runtime-configurable transport 
mechanisms to allow connection reuse as well as advanced features like managing a connection pool, 
asynchronous transfers across the pool, reliable connections, pre-transfer compression, and dynamic selection of 
Extended Mode features like parallelism for connection pool members. Web service operations are secured via 
2-way SSL and also allow WS-Security mechanisms for client authentication.  

Build Your Own 
This resource allows access to a parallel MATLAB resource in a secure manner nationally (and internationally) 
allowing a user to seamlessly scale to running a multi-core problem on their machine to running on multiple 
multi-core nodes.  No special permissions are required for the client (i.e., there is no submission host), which is 
enabled by our SOA approach to this problem and by leveraging existing tools. The client works on 32 and 64 
bit versions of all MATLAB-supported platforms (Mac, Linux, Windows, and Solaris) without needing to 
maintain separate releases and the server-side configuration is composed of commodity parts that can be easily 
duplicated. To this end, not only will the Cornell CAC support TeraGrid customers with this resource, CAC will 
be releasing documentation to aid other groups in setting up similar resources.  Please visit the project homepage 
for more details: http://www.cac.cornell.edu/matlab 
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