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How are we
going get it
through the
door?

Turn it
sideways!

Bits of DNA1

March 14, 2013

Hello from Your on the Street Reporter. A few weeks ago, I came across a news article about a
technology that uses DNA to store our emails, twitters, and even photos of our Facebook friends.
As well, it stores income tax statements, e-books, movies…whatever can be digitized.

Before explaining this new approach to saving stuff on our computers (stuff we often cannot find
because we have too much stuff stored in the first place), let’s take a trip back to a few decades
ago.

In 1968, I began my profession as a software programmer. I worked for a U.S. Navy computer
facility at the Navy Yard in Washington, DC. At that time the IBM 1401 commercial and 7090
scientific computers were being phased out by the famous IBM 360, which was a recent
installation at the facility.

The machines used a disk storage unit named the IBM 2314. It stored my software and the files
my software accessed. I cut my programming teeth on the 360 and the 2314.

Unlike our thumb drives today, the disk drives in those days could not be carried around in a
shirt pocket or a purse. While at the Navy Yard, I was assigned a job in another city. So, I
boarded an airplane to fly to a Navy installation for this additional programming assignment. The
job required the use of files that were stored at the Navy Yard. Consequently, I had to transport
my disk file to the other facility.

Here is a photo of my disk unit. Notice the careful
attention that all hands are paying to the realization

that the disk would not fit through the door of
the airplane. The pilot of the plane was about to
direct the man at the forklift to turn the disk
sideways, but all were concerned that the data on

the disk might fall off the disk drive. (They were not
yet propeller heads.)

Of course, my story is a joke to gain your attention.
This photo is not of my 2314 disk unit. I think it is
an IBM 350. Whatever it might have been, I am not
exaggerating to make the point that computer storage
in those days required the manufacturing of very
large pieces of hardware. The 2314, including its
control unit and the disk drives that made up a full
system, were even larger than the unit shown in this
photo.

1 The statistics for this report are sourced from a variety of IBM history articles and from “History of IBM Disk
Units,” Wikipedia.
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Here is a picture of the IBM 2314 system. To
gain a sense of its size, compare the unit to
the chair in the middle of the photo (inside
the red circle).

The original model contained nine disk
drives. The ninth drive was used for a backup.
Each drive was stored in individual drawers.
Because of their appearance, they were called
“pizza ovens.” I never called them pizza
ovens back in 1968 because I had never seen a pizza oven. Unless you were from an
urban area of America, I venture to say you had never seen a pizza oven either. It is likely
difficult for my young readers to believe, but I ate my first pizza when I was sixteen-
years old.

For the nontechnical reader, consider a “byte” as a character, such as the letter “A.” Thus:

One megabyte of storage is 1,000,000 bytes. Or 106 bytes.
One gigabyte of storage is 1,000,000,000 bytes. Or 109 bytes.

For the newcomer to the field of computers and binary storage mechanisms, it might appear that
this old machine could store a lot of emails…even though emails had not yet been invented.
Each disk pack could store 29.2 million bytes for a total of 233 million bytes (233 megabytes) in
the eight-pack unit.

This system weighed several tons. As you can see from the photograph above, it took up a lot of
floor space, yet it could not store even one paltry gigabyte of data.

Compare those statistics to the memory
card shown in the figure on the left. The
card, not much larger than a nickel,
stores 16 gigabytes of data. Granted,
and for the geeks out there, a memory
card is not a disk unit, as it does not
have “disks,” read/write heads and such.

The point is storage itself. And from
these two examples, it is easy to see that
we’ve come a long way since those
times in the 1960s.
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Sidebar. A Sea Story.
I have never shared this story with anyone. It was brought to my mind as I was writing this
essay. Maybe I repressed it because, as you well read, it is not one that stokes my ego.

While I did not catch an airplane to go to another installation, I did drive to Norfolk, Virginia, to
deliver a 2314 disk pack (full of data about submarine warfare) to another Navy facility. This
was in 1969. I owned an MGB auto. It was a convertible. The drive down to Norfolk was on a
hot summer day. I put the top down, placed the disk pack on the passenger seat, and took off for
a short trip to Norfolk. After arriving at my destination, my colleagues and I loaded the 2314 into
their module and began to retrieve…nothing. The submarine warfare data? It was out of sight,
sunk so to speak.

Coming to the rescue, an IBM System Engineer appeared out of the woodwork. He asked me to
trace the voyage of the disk pack from the time it left the Navy yard (where it was reading and
writing zeros and ones just fine) to the time it was loaded into the Norfolk system: An overnight
stay in my apartment in Arlington, Virginia; the trip in the car to Norfolk; the …I was interrupted
by the IBMer.

Was my car air conditioned?
No, I replied.
Did I keep the windows down?
Yes.
Was there a lot of sun?
Sure, that’s why I put the top down.
The IBMer frowned.

The verdict about the seemingly clear disk: The sun’s heat had overheated the disk’s bits.
Perturbed by the lack of air conditioning, they refused to make themselves into bytes.

Consequently, courtesy of my love of wind in my face and sun on my head, another disk pack
was later delivered to Norfolk from Washington, D.C…in an air conditioned car.

Time passed. So did computer and storage technologies. The modest few megabytes of storage
capacity evolved to disks that could store orders of magnitude more data onto orders of
magnitude smaller media. The memory card cited above is a modest example.

It has been an extraordinary revolution. It has been one that this writer, now vaguely versed in
the field, holds in wonderment, as well as admiration of those people who had the genius to
create the storage mechanisms that allow our present information society to exist. Without disks
and now direct (memory card) storage, the present-day Internet, Facebook, Google Map, et al,
would not exist.
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But problems are emerging. The problems with both old and new storage units are serious. First,
electro-magnetic images (bits and bytes of an email) deteriorate over time. Granted, it would take
many years for a file to become unreadable. But it will eventually become unreadable. With the
transition of archives from paper to binary images, this presents an enormous problem for
generations that will follow us. How are they to know how cool we were if they have no
recordings of our cool behavior?

Second, it is easy to read a file and re-write it, thus “reconstructing” the “energy” of the electro-
magnetic bits and bytes of the email. The rewrite results in an image as good as the original one.
But what a pain in the disk that will be.

Imagine a few decades from now, say for the Library of Congress, all its digitized archives have
to be recopied. The time and expense will be enormous, likely prohibitive.

Third, looking into this future, the old files will be of different formats and will rely on different
software for their existence. A new system will have undergone format and software changes,
and likely an alteration of how the data are stored. For example, electromagnetic vs. optical
representations.

DNA to the Rescue
An emerging technology might provide the solutions to these three problems: The use of DNA to
store our emails and pictures of grandma.

Don’t be alarmed. I am not suggesting you or I must have our DNA chain of genes linked to
Facebook photos. The idea, which has been successfully tested by researchers at Cambridge and
Harvard, revolves around using synthesized DNA and not that of a human.

As described on a Web page:1

Deoxyribonucleic acid (DNA) synthesis is a process by which copies of nucleic
acid strands are made. In nature, DNA synthesis takes place in cells by a
mechanism known as DNA replication. Using genetic engineering and enzyme
chemistry, scientists have developed man-made methods for synthesizing DNA.
The most important of these is poly-merase chain reaction (PCR).

Cutting through this scientific detail---yet keeping in mind the idea of synthesizing DNA, the
findings of these researchers reveal that the binary data of any digitized image---be it an email, a
photo, or a movie---can be coded into the amino acid components of DNA.

This idea might seem incredible to you. It did to me. A few weeks ago, when I first came across
an article about DNA storage, I was taken aback. But after giving it some thought, why not? If
binary ones and zeroes can be stored electronically, why not store them chemically? That is the
idea behind DNA storage.

Upside
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The advantages of this technology are (1) The small size of DNA translates into the use of a very
small space. (2) DNA lasts a long time. Scientists have recovered DNA from a wooly mammoth
that has been dead for 20,000 years.2 (3)The capacity of DNA for storing binary values is huge.

To gain a sense of DNA storage capacity, take a look at the table below.3 Researchers claim they
will be able to store 3 zettabytes of data on a DNA. It is estimated that about 3 zettabytes of
digital data currently exists in the world. That translates into one billion trillion characters of
data.4

gigabyte (GB) 109 230

terabyte (TB) 1012 240

petabyte (PB) 1015 250

exabyte (EB) 1018 260

zettabyte (ZB) 1021 270

yottabyte (YB) 1024 280

The references for this statistic did not reveal how they came up with this estimate. I believe the
figure to be understated. It seems I have a great deal of that data on my hard disk, especially
when I attempt, for the 102 time to find a misplaced file.

Anyway, these experts tell us that all this data, chained onto DNA chains, could fit into the bed
of a truck, as seen above. Even for this former programmer: fantastic.

As a general review, DNA contains four chemical bases.
They are adenosine (A), thymine (T), cytrosine (C), and
guanine (G). To give humans our genetic profiles, these four
bases are combined to form a chain, as seen in the figure on
the left. The sequence and order of these bases determine
who we are. For this article, their sequence and order can
also represent digtal ones and zeroes.

At the risk of turning off your attention gene, please read one more technical point. The A, T, C,
and G bases can be altered by methods of heating, binding, and altering their combinations.
Thus, they can be arranged in a fashion that A and C represents a zero and G and T represents a
one.5

Estimate of all
the digital data in
the world: 1023.

10,000,000,000,000,000,000 bytes

Would fit into:
World Wide DNA Data Base
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Yes, you are on track. Synthesized DNA can can be manipulated to be biologic data bases.

Downside
DNA data storage has its disadvantages. First,
That is, it reads data at a relativley slow speed. But these factors must be
of of it being a new technology. In 1993,
budget of an average citizen. To
around the streets while talking on their mobile phones.

Several years ago (1996), I was asked by the PBS Business Channel to present a two
show about emerging technologies in the telecommunications industry. During this program, I
brought up the idea of the paradigm shifts
from first generation mobile phones to the
generation), the expanison of the Internet
Bell, and other major events.

For this report, DNA storage
shown with the arrow.
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Yes, you are on track. Synthesized DNA can can be manipulated to be biologic data bases.

DNA data storage has its disadvantages. First, it is expensive. Second, accessing the data
That is, it reads data at a relativley slow speed. But these factors must be evaluated
of of it being a new technology. In 1993, the cost of a cell phone and its use was beyond the

of an average citizen. Today, so-called street people push their ladened grocery carts
le talking on their mobile phones.

I was asked by the PBS Business Channel to present a two
ing technologies in the telecommunications industry. During this program, I

brought up the idea of the paradigm shifts that were taking place in the industry: T
from first generation mobile phones to the second generation (we are now in the four

he expanison of the Internet, the demise of circuit switching, the
Bell, and other major events.

I used the figure shown
the point that most technologies are not
cost-effective when they first appea
the marketplace. As they become
capitalized, as they garner users, as they
demonstrate their usefulness and
efficiency, they become successful.

Eventually, like the IBM 2314 and the
360, they outlive their usefulness. For the
visionaries who conceive
translated into not worrying in the future
about a social security check.

technology is very new…down here on the paradigm shift
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Yes, you are on track. Synthesized DNA can can be manipulated to be biologic data bases.

accessing the data is slow.
evaluated in the context

he cost of a cell phone and its use was beyond the
h their ladened grocery carts

I was asked by the PBS Business Channel to present a two-hour live
ing technologies in the telecommunications industry. During this program, I

taking place in the industry: The movement
generation (we are now in the fourth

the dismantling of Ma

I used the figure shown to the left to make
that most technologies are not

effective when they first appear in
the marketplace. As they become
capitalized, as they garner users, as they
demonstrate their usefulness and

, they become successful.

Eventually, like the IBM 2314 and the
360, they outlive their usefulness. For the
visionaries who conceived them, they
translated into not worrying in the future
about a social security check.

technology is very new…down here on the paradigm shift, as
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organic data base. What does it matter

metaphor for a paradigm shift

To wrap up this report: For the IBMer
I offer him this variation of
those many years ago.

Strum, strum, strum…♫♪♪♫

On a clear disk, you can seek forever.

1 http://www.answers.com/topic/dna
2 Karen Weintraub, “The Newest Storage Device for Data? DNA,”
3 Wikipedia, “Megabyte." Also, thanks to Wikipedia for loaning me
DNA strand. To view the DNA strand, key in “
4 “Test-tube Data,” The Economist,
5 This binary scheme is augmented by expanding it to a thre
practice to use redundant bits for error detection of possible encoded errors. Your cellular phone uses these
techniques. This point is important to keep the data error
6 “Test-tube Data,” The Economist, January 26, 2013, 70.
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Who knows? Eventally
may be putting all our stuff
onto DNA strands, as seen
the figure
images, once they are
encoded into binary data,
can be encoded onto
synthesized DNA.

Does this
hope not. As mentioned, our
Twitter twitters ar
going to be stored on our
own DNA. These
will be placed into an

What does it matter if grandma’s photo is stored electronically

Some of the storage devices
are encased in
In this photo
thumb drive on the
disguised as a miniature
skate board. My niece gave
me the paw drive. The pencil
drive is an inadvertent

metaphor for a paradigm shift away from paper files to electronic and chemical files.

r the IBMer who took me to task for my sunshine attitude about disks,
variation of a famous song. I only wish I had possessed the wits to sing it to him



can seek forever.

http://www.answers.com/topic/dna-synthesis#ixzz2NRTGO4y7.
Karen Weintraub, “The Newest Storage Device for Data? DNA,” USA TODAY, January 24, 2013, 2B.

o, thanks to Wikipedia for loaning me the truck shown in this figure as well as the
the DNA strand, key in “DNA Chain.”

The Economist, January 26, 2013, 70.
This binary scheme is augmented by expanding it to a three numeral (tenary) scheme. The idea is a common

practice to use redundant bits for error detection of possible encoded errors. Your cellular phone uses these
techniques. This point is important to keep the data error-free as it is written, read, and rewrit

, January 26, 2013, 70.
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Who knows? Eventally, we
may be putting all our stuff
onto DNA strands, as seen in
the figure to the left.6 All
images, once they are
encoded into binary data,
can be encoded onto
synthesized DNA.

Does this idea disturb you? I
hope not. As mentioned, our
Twitter twitters are not
going to be stored on our
own DNA. These messages
will be placed into an

photo is stored electronically or chemically?

Some of the storage devices
are encased in unusual cases.
In this photo to the left, the
thumb drive on the far left is
disguised as a miniature
skate board. My niece gave
me the paw drive. The pencil
drive is an inadvertent

paper files to electronic and chemical files.

attitude about disks,
famous song. I only wish I had possessed the wits to sing it to him

, January 24, 2013, 2B.
the truck shown in this figure as well as the

e numeral (tenary) scheme. The idea is a common
practice to use redundant bits for error detection of possible encoded errors. Your cellular phone uses these

free as it is written, read, and rewritten.


