Synthetic biology

A public lecture given by Robert Anderson PhD
(Length: 31 pages and 36 slides)

N.B. Some facts and figures may have changed $imeckecture was presented.
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Technologies such as synthetic biology, geneticnerging and nanotechnology are linked and | can
only hope to just scratch the surface in an etfogive a preview of these today.

Synthetic biology - or, to use its sexier acron@ynBio - is mainly at the laboratory stage,
nanotechnologyis not and genetic engineering has been arounsbfoe decades. Most public and even
many in government are not aware of the meanirigesfe terms. Yet they will come to revolutionize
our world as we know it.

Synthetic biology and nanotechnology are used sorilee a new area of research that combines genetic
and nanotechnology in order to design and builcehbiological organisms and systems. We are now
able to engineer viruses, make new ones or mottifpimes. We can change bacteria in ways we could
never conceive of doing previously.

In short, we can now truly play God. Which immeelig begs an obvious question: Do we have the
necessary morality to do so?

! See also lecture on “Nanotechnology”
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Just what is Synthetic Biology?
' / (SynBio)

;

Scientists are not just mapping genomes
and manipulating genes,

ey are building life from scratch - and

are doing it in the absence of societal
debate and regulatory oversight.

Dubbed "genetic engineering on steroids," the social and
environmental threats of Synthetic Biology far surpass the
possible dangers and abuses of biotechnology. -

Synthetic biology is inspired by the convergenceario-scale biology, computing and genetic
engineerind. Using nothing larger than a laptop computer, @ publish gene sequence information
and mail-order synthetic DNA.

What does this mean?

It means that almost anyone who has the rightsséiiio has the potential to construct genes froatgt
This includes those of simple bacteria or lethahpgens. Proponents claim that, in three to feary,
simple bacterial genomes will be synthesised relitinlt will be no big deal to cobble together a
designer genome, insert it into an empty bactegflland — hey presto — give birth to a livingfsel
replicating organism.

This is cause for some concern.
Man has always been an arrogant creature. (Nbéoecareful not to include our women folk in this

my wife is in the audience.) But | would never édkiought that remarks such as the following would
have ever been voiced in the media.

! Synthetic biology has recently been called GE dasiin ecstasy).
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]

Improving God's creation - the "re-writers'

Re-writers are Synthetic Biologists who
suggest we would be better off re-building
natural systems from the ground up since e;"'*

natural biological systems are complex. %

They say this would provide engineered _ Y

surrogates easier to understand and 4 :_
interact with. .

.74

In 1978, a Nobel Prize in physiology and medicires\awarded to three scientists for the discovery of
restriction enzymes and their application to protdeof molecular genetics.

What is a restriction enzyme? A restriction enzysngsed like a pair of scissors to cut up bitDhfA.
Another enzyme - DNA ligase - can rejoin them ligkie.” The discovery of these “cut and paste”
enzymes made genetic engineering possible.

In an editorial comment in thiournal of Genetics one scientist wrote: “The work on restriction ymes
not only permits us to easily construct recombirl2NA molecules and to analyse individual genes, but
has also led us into the new era of synthetic giplwhere not only existing genes are analysed Isat a
new gene arrangements can be constructed and ®dhlua

What is he saying? He is talking about creatiag life-forms.
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Building life from scratch

A group of entrepreneurial scientists, including
the gene maverick, Craig Venter, are setting up
synthetic biology companies backed by huge
government funding and venture capital.

Craig Venter

Why?

They aim to commercialise new biological parts, devices
and systems that have never existed in nature - some
of which are designed for environmental release. -

Being able to design and build new life forms et perform useful functions brings exciting proeis
Scientists now have the ability to synthesize ergirings of DNA and put together complex molecular
machinery. | will show you some of these shortly.

But that ability has raised some troubling questiomerrorists or dictators could also recreatesas
such as smallpox, or engineer a virus even mordlgé&aan avian flu. Professor David Baltimore, a
leader in the field, agrees this is a real danger.
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Dangers of Synthetic Biology

Nobel Prize winner, Dr David Baltimore S
explains why building smallpox from

scratch is a key safety concern in

Synthetic Biology.

Dr David Baltimaore,
President of CalTech.

Ultimately, Synthetic Biology means cheaper and widely accessible

tools to build bio-weapons, virulent pathogens and artificial

organisms that could pose grave threats to people and the

planet. The danger is not just bio-terror, but "bio-error.” s

The other danger, allied to this, is the new abitlit modifying bacteria.



Slide 6 — Operons

Re-designing microbes

Operons are present in
all known bacteria.

BUT
Berkeley Lab scientists, Morgan Price L, 66 - ST e e,
(L) and Adam Arkin, have created a The “artificial life Uld-:__lg,;& l )
model for understanding the evolutionar i y s - _
. E growing up in a ‘Wild\West”

life-cycle of operons. :
\ Jree-for-all environment with
virtually no regulatory )

oversight. .

Understanding operons means that microbes canraticgly engineered to make specific products,
such as new medicines. Emerging applications mthgyic biology such as this DO need to be examined
for their security and safety.

Another growing problem are patent laws. We hasndiow the patenting of food systems and life
forms became common with biotechnoldgyarticularly genetic engineering technology. ynthetic
biology it could be even worse.
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Patenting food [elgls! Ilfe - D 4

Like biotech, the power to

make synthetic life could

be concentrated in the G ¥ Y €

hands of major «j “I“llmllllmli it

i i AN O T L - e
multinational ‘ ' 1 s

o =
firms.

Despite calls for open source biology, corporate and

academic scientists are winning exclusive monopoly
patents on the products and processes of synthetic
genetics. ;

2 Biotechnology is often used when genetic engimgetéchnology is the more correct wording. It basn estimated that
genetic engineering technology represents aboutfdiotechnology developments.



As gene synthesis becomes cheaper and fastel, litewome easier to synthesise a microbe thamubifi
in nature or retrieve it from a gene bank. Thdddor synthesizing genes are widely accessible and
growing fast.

It is not adequate enough to regulate synthetilogjoat the national level. Decisions must be aered

in a global context, with broad participation framil society. In keeping with thprecautionary

principle, there should be an immediate ban on environmesgiedse of any created synthetic organisms
until wide societal debate and strong regulatioesraplace.

There was an interesting letter sent toNlee York Times recently. It was written by senior scientist,
Rob Carlson, who is a synthetic biologist at thevidrsity of Washington. | quote to you:

“Genetic engineering techniques are abysmally prmi akin to swapping random parts between random
cars to produce a better car. With transgeniastyeengineering was a cut and paste affair.
Biotechnologists shuffled pieces of DNA betweemradty existing species. By contrast, synthetic
biologists are armed with the biological equivaleh& word processor. Using gene synthesiserg, the
write the ‘sentences’ of DNA code one ‘letter’ @irae. They can add new letters or combinatioas th
have never previously existed in nature. Theyreanrange the letters into new ‘genetic networasd
bundle them into an artificial casing to go fortidanultiply. As attention switches from reading to
writing genetic information, synthetic biologistsrcnow snub their noses at nature’s designs irufaeb
made-to order life-forms.”

Dr Philip Ball, the sub-editor of the prestigiouagazineNature, said this.
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“..If ever there were a
science guaranteed fo cause
public alarm and outrage, this

is it. Compared with conventional

biotechnology and genetic " Dr Philip Ball

engineering, the risks
involved in synthetic biology

are far scarier.”
Philip Ball, sub-editor for Nature.

Millions of dollars of government and corporatediny are going into synthetic biology laboratories.
Scientists from disciplines such as biotechnolagy physics are manipulating matter on maso-scalé
of atoms and molecules. These sizes are verytbharahtemplate so let me give you an indicatioreher

! See also lecture on “Nanotechnology”
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Nanotechnology is the manipulation of matter at the atomic
or molecular level. The term nanotechnology refers to
engineered structures, materials and systems that operate
at a scale of 100 nanometres or less.

One nanometre = one billionth of a metre.
- A human hair is about 80 000 nm;

- A human blood cell, 5,000 nm.

+ A virus, 100 nm

The majority of the public - and many in government -
remain totally unaware of what the term
"nanotechnology" really means.

At this tiny scale, we can produce instruments seraugh to work in the confines of the human body
and there are many more wonderful applicationsherhbrizon for this technology. It is easier if lwek
at a scale diagram to get some idea of the ultcaascopic world in which scientists now work.
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Nanopores, Dendrimers, Nanotubes,
Quantum dots, and Nanoshells.

This is a whole new concept. These new technadogik revolutionise our world and society in ayer
profound way, much as the industrial revolution. did

So what do nano machines look like?
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So what do 'Nano Machines' look like?

Cover glass
Lens €RE—1

Using lasers and other technologies, nano-machniiese able to carry out enormously difficult tasko
fit into areas where we have never been befor@ blood capillaries, kidney cells and possiblyreve
brain cells. We are talking here of a scale sdllsondy an electron microscope would allow us te ge
We can probably illustrate this best for you witbaatoon...
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Excuse me, where's the You just frod on I'7j
nanotechnology department?

All joking aside, we are now seeing nanoparticitesur food and other products. And there is no
regulation and no testing of these products.
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Will we see the end of scientific disciplines?

Is it biotech?

Is it nanotech?

Is it an information technology?

The field of Synthetic Biology is in fact
all three - an example of “converging
technologies.”

As these scientific disciplines converge — nanatetdgy, molecular manufacturing, and synthetic
biology - they will radically transform our worldhd the people of the 21st century. Furthermore,
nano-biology could mark the end of separate disw@plas we know them.
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So how does Synthetic Biology work?

Nanotechnology - controlling matter through the manipulation of
atoms - is converging with

Biotechnology - controlling life through gene manipulation -

is converging with

Information Technology - controlling data through manipulation of Bits.

Synthetic Biology may thus be the converging
technology, par excellence. 14

At the core of SynBio is a belief that all the gaot life can be made synthetically - that is, hgmistry.
They can be engineered and assembled to produsgngarganisms. Born in the dot-com era, synthetic
biology is often articulated using computing metagsh Worldwide, governments and industry have
enthusiastically embraced (and financed) the tdolgimal convergence at the nano-scale.

The US government is the loudest cheerleader ferctimvergence strategy. It refers to these new

technologies as NBIC - an acronym derived fromtéodnologies involved: nanotechnology,
biotechnology and information technology.
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Synthetic biology refers to the design, fabricatmml engineering of biological components and syste
that do not exist in the natural world, and torialesign, fabrication and engineering of existing
biological systems.The basis of this new development is the maniputatif DNA - deoxyribonucleic
acid - the molecule of life, and it may be helgdiete to briefly revise the structure of the DNA eulle.
As you will see on this slide, the nucleotide bamesrepresented by the letters A, G, C and T tlaesk
form the spiralling ladder of the DNA molecule, tth@uble helix. By arranging these four bases,
scientists can now manufacture genes.

tructure and Base Pairs of DNA

Nucleotide Base
: L e
PAIrS  Adenine(A) Thymine(T)

— )
Guanine(&) Cytosine(C)

Sugar phosphate backbone

Back in 1973, it would take one scientist
a whole year o make a length of DNA
eleven base pairs long. Today, it takes 2
or 3 minutes and costs about US$200. 16

Across the globe, a plethora of gene synthesisingpanies have sprung up. They are building adlfic
life one chemical at a time. They then ship itsamll sections of DNA, to laboratories worldwided
these laboratories are pushing the limits of whagtassible in the SynBio field.

Admittedly, it still takes some fairly slow and cphcated chemistry, but nevertheless it is now fss
to assemble life.

There are at least 66 commercial gene synthesipa@aoies currently operating and that number is
growing. According to one industry estimate, therent market for gene synthesis is US$30-$40 onilli
per year.

In other words, we have...
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8 Obviously, it is not quite
the feat described in
! Genesis, but if you send
: | $1000 to Epoch Biolabs
. % in Texas they can make
& vou alittle bit of life (a

gene) out of chemical

dust and post the
creation to you within
seven days.

As John Mulligan, CEO of Blue Heron Biotechnology, put it -

"We're going to build you exactly what you're looking for:
whole plasmids, whole genes, gene fragments... and in one
to two years, possibly a whole genome.” 1

Some companies boast that there are no techmaigs lio the length of DNA they can produce. (lgllo
add here, however, that most sequences are notfereo)

Synthetic biologists predict that a million baserfacterial genomes will be constructed within i@t
two years. To give you a grasp of what this metiiescommon yeast genome is about 12 million base
pairs long. This would take about 18 months talsgsise.

But - as more commercial gene-synthesis equipmestrbes available - these synthesis times will
continue to grow shorter.

There are some worrying prophesies on the horizon...
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Prophesies for Synthetic Biology

= . 3 -
“Within a decade,a sir\tql-é—»,:}'p = : 1'&-,3"“@
person could sequence.. his or e S
€ AN

her own DNA within seconds.”

br Drew Endy of MIT =
—————————————————————————— .

‘|
- -
.

Or, as Prof Drew Endy of MIT put it,"There is no technical
barrier to synthesizing plants and animals, it will happen as soon
as anyone pays for it.”

Professor Drew Endy maintains that do-it-yoursegfftsesisers could eventually be built using parts
found in a hardware store. Good news, you mighkth. for countries bent on biowarfare.

DNA is getting pretty cheap to make. What does thean to the ordinary consumer?
If you want to order a synthetic virus from EpodbolBbs, they would charge you less than US$6000 to
synthesise it. It would take them only three arrfaveeks to do this. A scientist colleague wasreff

such a service ... in case he was too busy with gifugects to do it himself.

So what about the human organism?
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What price a human being?

Today's DNA synthesis techniques allow us to put a theoretical price
on human life: building the entire genome of a human being - around
3 billion base pairs - could be done by a bargain basement company
for just over US$2.5 billion dollars.

Dr Endy speculates that within 20 years human
genomes will be synthesised from scratch. :

Perhaps this may be so, but aren’t we forgettimgething here? We are not just a string of fouefst
There is a spiritual component to all this. Welawdy, mind and spirit. Even medical science now
recognises this.
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Is there ¢ splrl‘rual component?  {y

mcuor' and relatively rapid shift has
"“fnken place in the field of medicine. In
the past 10 years, medical pr'ofessmnnls
have gone from Iogkmg at spirituality
with a sceptical eye to embmcmg it
enthusiastically X

The ‘number of US medical. schools teaching courses.on
spirituality in‘medicine was.,only 3 in 1995, grew to
40 by 1998, and reached 100 in 2001. .

-

Cranking out DNA is pointless unless scientistsvkimmw to arrange it into meaningful code.

As | have said, in the popular understanding oktjes a gene is a length of DNA composed of base
pairs. This is regarded as the smallest functianalof genetic code which will instruct a cellrtake
proteins. In turn, those proteins carry out tle$aand processes within organisms that we unaersia
“life.”

Francis Crick, co-discoverer of DNA’s double-helpyt it cryptically. “DNA makes RNA, RNA makes
proteins, and proteins make us.”

Unfortunately, for our life-builders, the genetmde is not linear, nor is it that simple. In rkf@, genes
co-operate in subtle and highly complex networkke “Lego” model concept breaks down occasionally.
Even so, there are five major project areas omtaeing board.
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Mind-boggling applications such as these are nowamk.

build and use artificial life:

1 Pathway .Engineering: Bug Sweatshops

e Making Minimal Microbes: Post-modern Genomics
3. Building Artificial Cells from the Bottom Up
4. Assembly-Line DNA: “Lego” Life-forms to Order

5. Expanding Earth's Genetic System: Alien Genetics 2

In the race to synthesise life, genomics magnat@g®/enter, overshadows the rest. He is well-kmow
as “biology’s rogue scientist.” Venter boasts hk e the first to fully synthesise a life form.

Venter is recognized for pushing the boundariethercommercial exploitation of life. He has sailasl
luxury yacht,Sorcerer I, with its fully equipped laboratory on board, andithe world collecting
anything he felt could be of biological value. Hgpedition was funded by the US government and a

great deal of booty came back with him. The rigitthe indigenous people of an area were never
considered.
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Wenter aboard his luxi cht, Sorcerer 11

Venter is out to build new
lgenomes. He's not just frying té
Linderstand how life works, he'
trying o make it work for him.

Last year, almost 40
& teams of SynBio
| students from around
| the world competed to
~  _ I create the "coolest”
> ﬂ[SiC] ar-’rifici]cll life-form.
’_ 7 L . B

But there is nothing “cool” about it. Many sciests feel this is gross irresponsibility. For tinaverick,
the genome — human or otherwise — is simply a camialeeommodity.

Venter claimed his expedition discovered almostO4&w gene families not previously known, and ten

million new genes. He described these as “desigmponents of the future.” He will, of course, pate
most of them.

Ironically, his institute is also one of three hiegda study on the ethics of synthetic biologyclear case
of the fox guarding the hen house. The scientiifiternity recognise this as a pre-emptive striaiast
critics.

Let us look at alien genetics.
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Expanding Earth's Genetic System: Alien Genetics

While astronomers look to the stars for signs of
alien life, a group of synthetic biologists are
creating it in a Petri dish.

"We're not trying to imitate nature, we're trying to supplement

nature. We're trying to expand the genetic code.”
Dr Floyd Romesburg 22

These scientists build models of life using unreltgenetic systems.

Steven Benner, a biochemist based at the Univeséifyorida, is a pioneer of synthetic biology. He
builds models of how life might function using utural genetic systems. He said, and | quote to you
“l suspect that, in five years or so, the artifiganetic systems that we develop will be suppgréin
artificial life-form that can reproduce, evolveata and respond to environmental change.”

Many scientists shudder to think what form thisasrigm will take. Even if the promoters fail inghi
attempt, we do have the threat of more effectivevieapons.
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What does Synthetic Biology
mean for bio-weapons?

"I expect that this technology will be actively
misapplied and it would be irresponsible to have
a conversation about the technology without
acknowledging that fact.” oprewEndy 2

From what | have shown you, you can see thatgbssible to construct a dangerous pathogen jusg usi
mail-order parts. | will give you a couple of exales that illustrate the concerns of responsible
scientists.

e Dr Eckard Wimmer of New York State University, mardered the necessary components and
produced one simply to illustrate that it can beeloWimmer and his team were immediately
attacked as being irresponsible. Of course, th@levboint of undertaking the experiment was to
illustrate that it was possible to construct dangsrmpathogens using mail-order parts. In July
2006, Wimmer told th&Vashington Post, “This was a wake up call.” Indeed it was.

 The H1IN1 1918 Spanish Flu virus was highly letHahas been estimated that it killed up to 50
million people worldwide, conceivably half the theopulation. Even so, this virus has been
reconstructed. Researchers at Mount Sinai Sctiddedicine in New York and the US Centres
for Disease Control were the first to announce tiay had resurrected this lethal virus. And
guess what? They published details of the conghletguence in the Jourrddture for anyone
to copy.

As biologist, Jan van Aken, of the Bioweapons Wdoghgroup, said: “It is unconscionable to recreate
this dangerous eradicated strain that could wreaktif released, deliberately or accidentally.”
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Dr Wimmer put it succinctly.

"If some jerk takes the sequence of a dangerous
pathogen and synthesizes-it, we cdliild be in deep, deep
1'r'oub |6." Dr Eckard Wimmer, molecular biologist

=In short, the same science
that may cure some of our
\worst diseases could be used
to create-the world's mostj
frightening weapons. 3
i 24

Let me further illustrate this madness for you.

In June 2006, a journalist from the Wlardian tried an experiment. He ordered a fragment oftstic
DNA of Variola major - the smallpox virus - fromcammercial gene company. This was duly delivered
to his residential address.

It illustrates just how outrageously easy it iohtain these building blocks of life.



Slide 25 - Biofuels

Leaving the pathogen issue for the moment, lebak at biofuels.

One of the uses proposed for synthetic biology isroduce ingeniously designed microbes to generate
biofuels. At first sight, this seems an excellese for the technology. Synthetic biology’s proerstare

hoping that this promise of a “green” techno-fixlywrove so seductive that the technology will win
public acceptance despite its risks.

The new Synthetic Energy agenda

“Something I'm really excited about are the Synthetic Biology
projects they're working on to create new kinds of fuels so we

can reduce our dependence on oil and protect our environment.”
Arnold Schwarzenegger, Governor of California 26

As you can see, even Arnold Schwarzenegger, Gowefr@alifornia, has high hopes for this
development to help stave off the effects of distiitig oil resources.

In his 2006, State of the Union address, US Prasid&eorge Bush, announced that his government
would devote, “additional research funds for cgftedge methods of producing biofuels.” Synthetic
biology is one of the “cutting-edge” methods he \atisding to.

The growing enthusiasm for biofuels in the US sténms recognition that oil supplies in “volatile’aps
of the world may not be easily acquired througldérdeals or wars. It also deflects attention from
tougher tasks like cutting energy consumption anneting conservation.

There is a rush to plant crops to be used in engrgyuction. In the global south, this has shifeedd
away from food production. And this trend comprses food sovereignty. Millions of acres of maize
grown for ethanol production will divert food cropsay from feeding our growing world population.
Already large-scale, export-oriented biofuel pragarcin the global south is having disastrous impac
on soil, water, biodiversity, and the livelihoodgpeasant farmers and indigenous peoples.

! See lecture on “Peak oil: the end of cheap oidmaking our lives”
% See ‘Biofuels are driving food prices highkttp://www.theguardian.com/global-development/power
matters/2011/jun/01/biofuels-driving-food-pricegHher
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A further question is how will the development ghthetic biology affect intellectual monopoly?

Synthesizing new monopolies from scratch -
Synthetic Biology and Intellectual Monopoly

TH

“Rather than send samples
through the mail, sequences
will be transferred
electronically between
researchers and directly into
DNA synthesizers.”

Dr Rob Carlson

Patents have already been granted on hundreds of the
products and processes involved in Synthetic Biology. =

The law states that you cannot patent unalteredtgematerial in its natural environment. However,
once it is modified, genetic material - includinghthetic DNA - becomes fair game for patent claims.

What are the effects of such patents? One ighikdear of patent infringement effectively smothgr
research that could be beneficial to us all. We thés happen with the patenting of a gene thasesu
breast cancer. Many valuable research projectscae abandoned, lacking for one the researchsfund
to pay royalties or technology fees.

Patenting also enables massive profiteering.
As | have shown, DNA information is now easily samtted. Genetic data will be the leading edge of
information that will change our world. With thbikty to electronically transfer genetic informeuti,

DNA databases could become as user-friendly as I@oog

Biologist, Tom Knight, put it this way: “Pretty sn, we won'’t have to store DNA in large refrigersto
We’'ll just write it when we need it.”

The cornerstones of today’s digital DNA systemslaternational Databases such as the DNA Databank
of Japan or GenBank in the US. Let me give youesaea of the sheer size of these archives.

As of October 2006, GenBank, had digitally storgdrd6 billion nucleotide bases from more than
205,000 organisms. Scientists like Craig Venternaorking with Google, to generate a gene catalogue
characterise all the genes on our planet.

Now think about this ... every animal ... every plantand every organism ... stored digitally.
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Storing Diversity
DIgI'I'G"Y : \
\

or.. "Hello, Googlei™

S'I'ar' Tr'ek Biopiracy
New Pa'l'hways for' BIO bur'glar's

It sounds like something from the Star Trek sesied we can make it sound far-fetched, but right tow
Is very real.

Today'’s biopirates, such as Venter, collect biadabspecimens in diversity-rich areas - particylanl

the Southern Hemisphere. Instantaneously, thegriffisamples back to far-away laboratories without
relying on an overnight courier. The combinatidmagpid “lab on a chip” gene sequencing and fasfADN
synthesisers means that it will be possible to RIXA samples into information at one location aedd
them digitally to another. They can be reconsedets organisms anywhere else on the planet.

This makes bio-piracy very easy indeed.
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Stealing from the poorest

%
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Will SynBio facilitate a new wave of exclusive monopoly
claims based on digital DNA sequences? The ability to
synthesize genes will potentially lower barriers to
patenting DNA sequences and the products that result. =

What effect will these patents have on indigenaapfes? Let me illustrate just one for you.

Syngenta is the world’s largest agrochemical capon. In 2002, it filed a 323-page patent appica
relating to its rice genome research. It claimaxhapoly control of gene sequences that were wit#l,
only for rice breeding, but for dozens of othempéaas well. The scope of this patent was unpested.
The claim extended to at least 23 other major fwogs.

Civil society violently opposed this and the apation was eventually abandoned. But this illusahe
threat of potential claims on digital DNA.

Far-reaching impacts on poorer nations, and tieithwods of their peoples, are likely to come if
synthetic organisms start to displace existing coutities. Here is a simple example.

Synthetic biology’s attempts to make rubber wowsthdire consequences for all native rubber growers

! See lecture on “Nanotechnology”
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Synbio Safety - trust us, we're experts

Like GMOs before them, organisms created through
Synthetic Biology are far from well understood.

Society is not prepared for the immense socio-economic
disruptions that nanotechnologies are likely to bring,
especially in the developing world.

Dr Jonathan Tucker put it succinctly:

“The risks attending the accidental release of sughnisms from the laboratory would be extremely
difficult to assess in advance, including its pbkesspread into new ecological niches and the ¢oolwf
novel and potentially harmful characteristics.”

We just do not know the risks involved with syntbédtiology or nanotechnology.

For all the talk about synthetic biology’s gendlicuits and off-the-shelf parts, a living organigsmot a
predictable machine. DNA can be transferred tanadlyy occurring bacteria via the process of
‘horizontal gene transfer.” It can then alter Behaviour of natural microbiological systems — etifey
the environment in unforeseen and unpredictablesway

The Asilomar Declaration of 1975 - which covereddntial Biohazards of Recombinant DNA - is often
portrayed as a shining example of responsibilityH®yscientific community, acting for the greateod

of humanity. In reality, it was a move by a hamckpd group of elite scientists to pre-empt goveznm
oversight by promoting an agenda of self-regulatiSue Mayer of GeneWatch put it this way:

“Scientists creating new life forms cannot be ako\o act as judge and jury. The implicationstace
serious to be left to well-meaning but self-intéedsscientists.”

Although nano-medicine is being touted as a satutiopressing health needs in the global Souts, it
being driven from the North. It is designed priityaior wealthy markets. The promise of cheap drug
for the poor may end as it did for many biotechgglpromises, a promise still blowing in the wind.
Further, questions remain about the health and@mwiental impacts of nano-materials that are being
used to develop nano-medicines.

If current trends continue, synthetic biology amehorscale technologies will further concentrate
economic power in the hands of multinational cogtions. Already the food industry is taking
advantage of the products of synthetic biology aadotechnology.



Slide 30 — Nano-foods

Nanofoods: on your plate now

And it may only be a matter of time until we see the
products of Synthetic Biology on our plate, too

More than 200 companies worldwide are engaged in
nanotech research and development related to food. =0

As to what nano particles will do when ingestechynans, we have no credible resedrcthe field of

“nano-toxicology” is awash with uncertainty. Mdrethe point, little money is being directed to arg

safety research. No government anywhere in théovias developed regulations that address basic
nano-scale or synthetic biology safety issues.

Because of its unparalleled breadth and scale teamaology has been described metaphorically as a
“technological tsunami.” A 2005 report from theitdd Nations’ University, ‘State of the Future,’ ma
that, “the accelerated introduction of new techgae — including nanotechnology — is outrunning
governments’ capacity to understand them.” If thihe case, then we have a lesson to learn here.

* Reports coming from China in 2009 detailed sevemerm, exposed to nano-particles in an inadequatsitilated
workplace, becoming seriously ill. Two subsequeditd. Using transmission electron microscopyaiparticles were
observed lodged in the cytoplasm and caryoplaspulmfionary epithelial and mesothelial cells, andhiest fluid.
http://erj.ersjournals.com/content/34/3/559.full




Slide 32 - Lessons

LLessons learned?

Hundreds of products that employ nanotechnology
are already on the market.

Nanoparticles of titanium dioxide are transparent and block
ultraviolet light. They are being used in sunscreens and in
clear plastic food wraps for UV protection.

BASF sells nano-scale synthetic carotenocids as a food additive

for lemonade, fruit juice and margarine. According to BASF,
carotenoids formulated at the nano-scale are more easily
absorbed by the body and also increase product shelf life.

Nanoparticles can be inhaled, ingested or pass through
the skin. Once in the bloodstream, they can elude the
body’s immune system such as the blood-brain barrier. =

There are many risks to deal with, with any nevhtetogy, especially nanotechnology and synthetic
biology. And there must be a broad societal debatthese new technologies.

We need to look at the wider socio-economic angtatimplications, including potential impacts on
health, the environment, human rights and secuBtyad patents on synthetic biology and
nanotechnology will be used to consolidate corgopatwer over the parts and systems of life. How
likely is it that the poor will benefit from a tesblogy that is outside their control? It is vitaat these
building blocks of life are not privatised.

Another aspect of these new technologies is the Byprounding them. It pours from the media and
government ministers who have little real underditagn of the science. | will read you this from &h
tiniest science’ which appeared in the New Zealasténer on 24 March 2007. Speaking of Don Eigler,
described as “a grandee of science” who spokenahatechnology symposium, the article said he is
convinced that nanotechnology will permeate alneesty aspect of human life. “The impact is likedy
grow very dramatically. And much of the impact Yowever know about because it doesn’t matter to
you if you’ve got nanoparticles in your sunscre#rmatters to you that your sunscreen works.”



Slide 32 - The hype

Let me give you another prime example.
Allowing for colossal hype

The US Undersecretary of Commerce for
Technology, Phillip Bond, sees the impact of
nanoscale technologies as “truly miraculous.”

- Enabling the blind to see
* the lame to walk

- and the deaf to hear.

« Curing AIDS, cancer, diabetes and other afflictions.

* Ending hunger.

« Even supplementing the power of our minds.

Nanotechnologies will deliver higher standards of living and
allow us to live longer, healthier, more productive lives. 3

This is snake oil salesmanship at its very besiis $ort of propaganda needs to be taken withtst hef
pinch of salt. The biotech revolution gave us msinyilar promises - few of which have materialiséq.
the rush to promote these new technologies, thrersaaious ethical consequences looming.



Slide 33 - Ethical dilemma

From this lecture, you will have seen that DNA isaduable item; one’s own even more so.

Some ethical dilemmas

Lord Mackenzie, former president of
the UK Police Association, said:

The case for including more
people on the database was
overwhelming. If I had my way,
the DNA we now take from
newborn babies to check for
genetic disorders would be
added to the national data
base in the national interest.”

And, of course, the "national database" would be in the
"national interests." Why would anyone question that? s

So who will end up owning your DNA? DNA containsiadividual's unique genetic code. It tells a lot
about who you are. Will this information be avhl&for just anyone to use? In the US and other
countries, the beginnings of genetic profiling el under way. There are no protocols that pratee
information from being leaked. There is no prdudttthe information cannot be tainted or manipualate
once it is in the database. Will there be a laat grotects me from my DNA being used against nite if
is found on a road or sidewalk? There could beesadvantages of course...

Slide 34
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Joking aside, any database could become accessibig business. Centres could open where onelcoul
take a strand of hair and get a print out of sora&ogenome, get a list of diseases (present onpalg
physical defects, life expectancy. Perhaps thiattise future, but we have to remember that whatlw
now will affect our future generations. As a sogielo we want our government to have a recorduof o
genome and have the power to know everything tlakiesus the person we are? All of these questions
need urgent answers.



Slide 35 - Risks

Whether by deliberate misuse or as a result of
unintended consequences, Synthetic Biology will
introduce new and potentially catastrophic risks.

: _
Although humanity stands to gain much, civil society must meet at

national, regional and international levels to evaluate and plan a
coordinated response to the emergence of Synthetic Biology in
the framework of wider, converging technologies. ss

| have shown you just a small peek through the wiwndf these astonishing converging technologies.
The ability to construct synthetic organisms froffatbe-shelf DNA has the potential to revolutioniser
world. As I've also shown, there are serious ddierand ethical issues to consider.

Slide 36

The number of Nanotech and

Synthetic Biology patents is surging,
breaking across all industrial sectors

and sweeping up nature - living and
non-living.

It is the duty of those of us who

would prefer an unimaginable future
to an unthinkable one to take seriously
the responsibility of handling
nanotechnologies carefully.

Thank you for listening .




There is material on Craig Venter available onlttternet. Here | will answer one claim he has made

Dr Venter states that there have been no accidebistechnology (genetic engineering). This is
incorrect. Here is just one.

Australia suffers scourges of mice, often enoughhis to be a major problem. Literally million§ o

mice congregate and move across a wide area agyeatimajor problem for farmers and the food industry
These scourges triggered scientists to work towaegieloping a biological contraceptive virus toveol

the problem.

While engineering a mouse pox virus, these scisntiere shocked to observe that it wiped out all of
their laboratory mice, even those that had beeninated against mouse pox. In short, the scientist

found the extra gene they had inserted had theteffesuppressing the immune system of the mice,

which, of course, combats viruses. The resultBotatory mice normally resistant to the virus alsex.
Further, it reduced the efficacy of the vaccinesdu® protect the mice.

As Professor John Richards of the Australian Natidmiversity, said: “The knowledge gained from
this particular discovery alerts us to previoughkmown, yet significant, implications."

Lecture ends

Sadly, Robert Anderson died in December 2008.

Following a career in teaching physics, chemisttgthematics and nuclear medicine at tertiary |evad,
to meet the public's right to be independentlyrimfed, Bob lectured widely on issues of science, the
environment and social justice. In the last deaz#d®as life, he authored eleven books and regylarl
wrote for a number of periodicals. Some of thatenal can be found owww.connected.gen.nz

Bob was a Quaker, teacher and writer, a Trust&hgsicians and Scientists for Global Responsibility
(www.psgr.org.ny, a member of Amnesty International, a Theosophistl a campaigner for peace and
disarmament. He believed everyone has the rigagt@lity and respect, freedom of speech and ogligi
He was passionate about making this world a bpléee for the generations to come.

Enquiries for books written by Robert Anderson stidie addressed tmnnectedbooks@clear.net.nz



