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Dr. Ray earned his PhD in microbial genetics from 
Monash University in Melbourne, Australia. His PhD 
research led to the identification of a gene for efficient 
plasmid maintenance in Escherichia coli and a method 
for generating a multi-copy infectious plasmid that is 
packageable inside a virus coat—an early example of 
synthetic biology. He subsequently conducted research 
at the Institute of Molecular Biology, University of 
Oregon, and the Department of Biology, Massachusetts 
Institute of Technology, in which he developed methods 
for precise in vivo chromosome engineering in yeast and 
in an experimental plant. He was an Assistant Professor 
from 1991 to 1995 and Associate Professor from 1996 
to2001 of Biology at the University of Rochester, New 
York, and an adjunct faculty member at the University 
of California, San Diego from 2001 to 2004. He was 
a visiting professor at the University of Rochester from 
2001 to 2004, Institute for Systems Biology in Seattle in 
2009, and University of Hyderabad in 2009. Research 
in his laboratory led to the discovery of the first known 
maternal effect embryo pattern formation gene in plants. 
His student, Teresa Golden, cloned a plant gene (DCL1) 
that later became known as the first member of the Dicer 
group of genes required for microRNA biosynthesis. 
Another of his students, Stephen Schauer, identified the 
remaining known plant Dicer genes (DCL2-4). From 
1999 to 2001, while on extended leave of absence from 
the University of Rochester, Dr. Ray directed research 
programs on regulation of gene expression and gene 
targeting at a plant biotechnology start-up company in 
San Diego. 

In the late 1990s, Dr. Ray, along with a computer 
scientist colleague Dr. Mitsunori Ogihara, published 
a series of papers on experimental and theoretical 
investigations on designing massively parallel computing 
devices using solution phase DNA chemistry. Accounts 
of this research were featured in several news media 
including the New York Times and the International 
Herald Tribune and he and Dr. Ogihara were featured 
in the book One Digital Day: How the Microchip is 
Changing Our World. 

He currently teaches courses on molecular systems 
biology that includes molecular mechanisms of human 

diseases and pharmacogenomics. He is the director of 
KGI’s PhD program and also of the Center for Network 
Studies. 

RESEARCH SYNOPSIS

Current research in Dr. Ray’s laboratory uses yeast as 
a model system to address the basis of evolutionary 
robustness of the genome. In collaboration with 
colleagues at the University of Rochester, University 
of Toronto, and the Institute for Systems Biology in 
Seattle, Dr. Ray’s laboratory has discovered a network 
of over 700 genes that can bypass the lethal effects of 
mutations in some forty other genes. These results have 
revealed a previously unappreciated view of the complex 
organization of a genome, which allows the cells to 
potentially bypass the deleterious effects of mutations 
by reshuffling and reorganizing their genomes. Dr. 
Ray’s laboratory has also identified genes that cause 
chromosome instability. Chromosome instability is a 
hallmark of cancer and identifying such genes in a model 
organism would allow for better assessment of human 
cancer cell functions. Recent collaborative research in 
Dr. Ray’s laboratory has also led to the discovery of 
a mechanism of chromosome break repair in plants, 
a human microRNA associated with melanoma, the 
development of a computational method for predicting 
protein-protein interaction pairs, the design of a systems 
biology computational platform (BiologicalNetworks.
org), and a mathematical model that simulates the 
dynamics of gene expression in certain cancer cells in 
response to DNA damage.

KEY RESEARCH CAPABILITIES

The Ray laboratory is equipped for a variety of projects 
in molecular systems biology, microarray gene expression 
analysis, and chromatin immune-precipitation (ChIP-
chip) analysis.

 



CURRENT RESEARCH PROJECTS

Genome-wide Bypass Network of Essential Gene 
Mutation (Dr. Biranchi Patra, postdoctoral researcher 
in Dr. Ray’s laboratory and in collaboration with 
the University of Rochester Medical School and the 
University of Toronto): Mutation studies of each essential 
gene of Saccharomyces cerevisiae and selection for all 
possible genes in the genome which, if over-expressed, 
could potentially suppress the lethal effects of the original 
mutation. These collaborative studies have the potential 
to reduce the deleterious effects of drugs on normal cells 
while maximizing the lethal effects of the same drugs on 
diseased cells.

Genes That Induce Chromosome Instability by Gain-
of-function: PhD student Jesse Frumkin is conducting 
a medium throughput screen for genes that cause high 
frequency chromosome instability when these genes 
are over-expressed. At least 24 such genes have been 
confirmed. The Ray lab anticipates that by using this 
information, it would be possible to identify human 
homologues, some of which might cause chromosome 
instability in cancer cells.

Evolutionary Games and Genome Evolution: The 
Ray lab is addressing whether evolutionary robustness 
through genetic bypass systems can be understood 
through the abstract model of evolutionary game theory 
using a hybrid experimental and theoretical approach.

FUTURE RESEARCH INTERESTS

Dr. Ray and the Center for Network Studies are looking 
for collaborators to extend their work on mutational 
bypass systems in yeast into chemotherapy bypass 
mechanisms in cancer cells under targeted chemotherapy. 
They would also like to collaborate to identify genes that 
cause chromosome instability in human systems.
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