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The Meaning of Life

By Tina Hesman

n a football field-size room that genetics researchers have dubbed “the
Ifactory”, row upon row of sequencing machines churn through strands
of *DNA' and record long strings of As, Ts, Gs, and Cs. Each symbol
represents the stuff of life—the chemical *bases’ adenine, thymine,
guanine, and cytosine that make up the genetic code of every living
organism on Earth.

The 300 sequencing machines at the factory in *Celera Genomics™
headquarters in Rockville, Md., run day and night in the race to de-
cipher the genetic blueprints of dozens of organisms including people,
mice, flies, and flowers. Celera isnt alone in its efforts. Other scien-
tists from around the world, many affiliated with a competing, massive
public effort to map genomes, dump more than 100 million bases each
week into a public data repository.

Raw genetic sequences, however, tell little. It’s the messages a-
mong all those letters that the scientists are after. Only by finding
patterns in the long strings of DNA will scientists understand “how the
genome is wired” and ultimately how life is structured, says mathe-
matician Pavel A. Pevzner of the University of Southern California in
Los Angeles.

The task of making sense of the raw information is formidable.
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“The speed of acquiring data is now exceeding our ability to compre-
hend it and put it into the proper biological context,” said Michigan
State University biologist George M. Garrity at a conference on micro-
bial genomes in *Chantilly*, Va., last February.

Gone are the days when biologists could analyze most of their data
with a pencil and a sheet of paper, says Steven L. Salzberg of the In-
stitute for Genomic Research, also in Rockville. Today’s biologists
need computing power to find even the most obvious needles in molec-
ular haystacks of information, he says.

That’s where the field of * bioinformatics’ comes in, says Sean
Eddy, a computational biologist at the Washington University School of
Medicine in St. Louis. The burgeoning field, also called biological
computing, straddles the lines dividing biology, computer science, and
mathematics.

The process of making sense out of a DNA sequence by finding
genes and other interesting patterns in the strings of letters is called
annotation, and it’s often the most difficult aspect of a sequencing
project, says computer scientist Peter D. Karp of * SRI® Internationale
in Menlo Park, Calif.

“Genome annotation is a lot like passing a piano through a
nine-inch hole, ” he told attendees of the Chantilly Conference. It's
very difficult, and it isn’t immediately obvious how such a task can be
accomplished. It’s also essential to understanding biology, he says.

Processing all the data is going to take a lot of time and resources,
says Celera’s president, J. Craig Venter. His company has already i-

dentified all the bases of one person’s DNA sequence and is planning to

4
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decode the sequences of four or five more people. Celera’s announce-
ment on April 6 came a week after the Human Genome Project, a
publicly funded consortium of researchers, reported that it had finished
determining 2 billion of the 3 billion bases of the human genome.

Venter predicts, however, that it will take most of this century to
analyze the data.

“It’s only through having phenomenal computers and computer
tools that we will be able to try and understand how biology works, ”
Venter says. “It doesn’t matter what analysis [of the human genome]
we do this year, it will be only the most cursory analysis. ” Scientists
will have to invent ever-more-powerful computer algorithms to deal with
and understand the data, he says. “Scientists will be making major
discoveries from the human genetic code a hundred years from now, ”
he says.

Scientists generally start by searching for obvious patterns in the
DNA with a computer program. The trouble is, Pevzner says, that
scientists don’t know how a cell processes all the information contained
in its DNA. But one thing is certain: “The way we do annotation today
is very different from the way nature does it,” Pevzner says.

Ultimately, researchers want to use computers to take raw
DNA-sequence information and construct an entire biochemical model
of an organism, says Karp. That’s still a long way off, but some pat-
terns are beginning to take shape on computer screens.

Without annotation, the billions of bases of DNA sequence are
essentially useless, says bioinformatician Sylvia J. Spengler of

*Lawrence Berkeley (Calf. ) National Laboratory’. All those As, Cs,
6
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Gs, and Ts might as well be alphabetized, she quips. “If we can't

make sense of it, we don’t have any information, ” she says. “All we
have is data, ”

Right now, biologists are most interested in finding the genes.
“That’s where all the action is, ” says Salzberg.

Most genes lay the plan for strings of *amino acids®, which make
up proteins. Some genes, however, encode various forms of * RNA®
that interact with proteins and other molecules to run the machinery of
cells. And long segments of DNA between genes—and even within
them—appear to code for nothing. These stings of bases, which are
nevertheless being sequenced in the factory and other genome labora-
tories, are called junk DNA.

Genes that code for proteins have some easily recognized patterns.
A string of three-letter words, called codons, spells out the code for the
20 amino acids used to build proteins. For example, GCC spells ala-
nine in the cell’s language, while ACC spells threonine. Each protein
gene also has a starting codon—the letters ATG—and one of three
different three-letter stop signs—TGA, TAG, or TAA.

Even though protein-coding genes obligingly follow these rules, it’s
not easy to recognize a gene, says Salzberg. The genes are big, some
ATG sequences don’t indicate the beginning of a gene, and it’s difficult
to decipher exactly how to group the letters to form the codons, he says.
For instance, the letters CCCCCAAGAC could be read as GCC
(alanine) CGA (arginine) AGA (arginine) C, but the pattern might
also read GCCC (proline) GAA (glutamic acid) GAC (aspartic acid).

A complex statistical analysis can tell scientists the likelihood that
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a base fits with the bases that come before or after it to form a codon.
That’s something people can’t do very quickly and efficiently.

But computers can. Bioinformaticians have developed mathemati-
cal and statistical formulas, or algorithms, for sorting through large
chunks of raw data to locate genes. Most gene-finding programs use a
statistical method to test sequences by determining their “coding po-
tential, ” the likelihood that a string of bases codes for a protein.

For bacterial genes, the process is relatively straightforward be-
cause each gene is a continuous unit. In plants, animals, and some
other organisms, however, the genes are often interrupted by chunks of
junk DNA called *introns'’.

Cells make RNA copies of genes, then slice out the introns and
splice the protein-coding stretches—called *exons''—back into a single
molecule that’s the template for making a protein. Although cells i-
dentify protein-coding regions and junk DNA with aplomb, computer
programs can have difficulty searching over long stretches of junk—
sometimes several thousand bases — to find the next exon, says
Salzberg.

Luckily, the boundaries between introns and exons are marked.
The borders aren’t as pronounced as the start and stop codons, Salzberg
says, but there is a pattern to them that cells and computer programs
can pick up.

Gene-finding computer programs mark the stretches of DNA that
are likely to contain a gene. Some programs perform the task better than
others do, and programmers train their algorithms to recognize subtle

differences in the way genes are flagged in different organisms. A
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