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PROCEEDINGS (8:30am.)

Agenda Item: Welcome — Charles M. Vest

DR. VEST: Good morning, everyone. I'm Chuck Vest,

President of the National Academy of Engineering. A
we’re here in Washington, how many of you know why
United States Capitol is located where it is? One p
This is good. Two, two people. Well, John F. Kenned
he was president of the United States, explained th
Capitol had been located here in the middle of the
Coast so that our work could combine the charm of t
with the efficiency of the South.

So in that sense of efficiency, I'm here to
welcome you to this meeting when it's halfway done.
is really a great privilege to have all of you gath
here at the National Academies to do something that
is very important, and I'd like to explain at least
little bit while | feel that way.

Back in the sort of early to mid-90s when | was
serving as president of MIT, | got a call one day f
great friend, the late Michael Dertouzos who many o

may have known who was head of the Laboratory for C

nd since
the
erson.
y, when
at the
East

he North

But it
ered
| think

a

rom a
f you

omputer
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Science, and he said, Chuck, you know all this stuf
Al Gore and the U.S. National Super Highway, and |
yeah, I've got a basic idea about what it's about.
well, let me tell you, that’s not the real action i

real action’s something called the Worldwide Web. T
doesn’t have anything to do with the United States.
going to happen is going to happen globally. And th
this guy called Tim Berners-Lee over at CERN in Eur
he’s conceived this idea that he calls the Worldwid
and this is really important, and | want you to get
airplane with me next week and we’re going over to
and negotiate bring Tim back to MIT in order to sta
consortium to be sure that this idea can be deploye
way that it serves all nations and is as openly and

essence freely accessible as possible.
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So indeed | found myself on a plane with Michael

and took a very modest part in several meetings tha
ultimately did result in the formation of this cons

that most of the world doesn’t even know exists but
really responsible for the way that Worldwide Web w

deployed.
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| learned a lot from that, particularly how an

engineering culture works that just wants to get so mething
done and done right and make it as accessible as po ssible.
But | learned another thing. | learned how to expla in what
it's like to serve as president of one of the Natio nal
Academies or president of a great university. At le ast the
Americans in the group, many others will have seen a movie
Forrest Gump some years ago. So Forrest Gump was so rt of a
hapless guy that didn’t add any value to anything. But
somehow he always showed up at really important mom ents in
the history of his generation. And | felt that way a little
bit regarding the Worldwide Web and many other thin gs where

| was able to show up and kind be there even though I
didn’t bring a whole lot to the table.

And | have a bit of that sense of history in the

making here today. Here, literally but also figurat ively in
terms of the larger dialogue that is beginning to g o on and
driven by some of the founding folks of what we now are
calling synthetic biology. | have to be honest. | f irst got
a sense of what was going on kind of walking up and down

the hallways at MIT several years ago. You know, we read in
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the newspaper all the time about the Arab street. | fyou
want to learn about the Middle East, you just keep your eye
open. Well, that’s the way it is at MIT, and | hear d all
these kids talking about bio hacking. Well, | figur ed I'd
better find out what this bio hacking is all about. So
somehow | managed to trace down and get Drew Endy t 0 come
over to the office one day and give me a little tut orial
about what was beginning to develop around a number of
institutions in the U.S. and around the world and w hat this

might actually mean.

But | have to tell you that from my own perhaps
parochial perspective, | am with the National Acade my of
Engineering, what | really see is the emergence of a new
field of engineering.

Now | know that we’re going to say science,

science, science, science. But this has to do with

engineering in ways that | would like to explain at least
from my perspective. For many years now, probably e ven a
couple of decades, there’s been a very strong feeli ng and
indeed a number of actions taken in institutions ar ound the

world that biology was going to emerge as a new und erlying
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science for new ways of doing engineering in the sa
that physics and chemistry and mathematics and comp
to some sense had formed the infrastructure and the
for producing goods and services through engineerin

past decades.
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And what I in my sort of modest understanding of

things here began to see is the emergence of that a
becoming true and that synthetic biology’s a very,
major step along the way. Because after all, | woul
of engineering as meaning applying design and synth
achieve some predetermined goal or executed desired
function. And I think that’s what those of you who
working professionally in this field are in fact do
I’m going to greet you as fellow engineers whether
it or not.

But the really important issue here is that
everyone in this room is keenly aware that we are w
with the very stuff of life in a way that we have n
able to in the past. Now there’s therefore enormous
potential for doing good and enormous potential for

harm. This is what Koji Omi, the founder of the Sci

s really
very
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esis to
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the

So what’s new? This is the case certainly for all

technologies historically — good and ill, and I thi

what’'s new is the amazing speed at which things pro

today, in which ideas can emerge from fundamental ¢

and laboratories out into the so-called real world.

what’s new is the enormous variety of end stakes th

could produce by your work and certainly what's new

nature of reproduction and replication in living sy

This is in fact unlike most engineering fields of t

nk
pagate
oncepts
It's

at you
is the

stems.

he past.

So | cannot tell you how very pleased | am to

look at the diversity of institutions, professions

perspectives that are represented in this room fro

academia, government and industry, from several nat

continents, people from ethics, intelligence and le
communities, from environmentalists to economists.
Knowledge in technological capability should and wi
progress with enthusiasm, optimism and spirit of
innovation, and | want to encourage that in every w

possibly can.

and

ions and

gal
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But it is terribly important and very rewarding

that you are here today debating, considering a var
potential consequences of synthetic biology and wor
together to make the dominant drive of this embryon
positive and beneficial to humankind. To return to
Omi’s conception of all this, to be sure that the |
extinguishes the shadows.

You can't fully predict what road will lead to
when you start down a path of something unusual lik
| again in the Forrest Gump spirit a little bit was
privileged to get to known Claude Shannon a little
his later years. And | asked Claude Shannon one tim
and why he became an engineering, and here’s what h
me. He said | grew up on a farm in a very isolated
in the northern part of the lower Peninsula of Mich
But he said my father went off one day each year to
city, one trip to the big city each year. And every
brought me back an erector set, whatever was the la
model of the erector set, and | sat around putting
things together and building them. And he said that

really made me decide to become an engineer. And of

iety of
king
ic field
Koji
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So with that in mind, I've been pondering today

what in the world might be accomplished by some you
in a small town whose father goes off each year and

her back a new bag of biobricks from Drew Endy. Wha

adventure.

ng girl
brings

tan

Anyway, thank you very much for being here. |

think that you're part of an enormously important d
and | hope that you have a very productive day. Tha

[APPLAUSE]

ialogue,

nk you.

Agenda Item: Session 4: Developing the Field:

Needs of Academia and Industry

DR. SILVER: Thank you. Thank you for that really

inspirational opening. As a molecular biologist, I

honored to be welcomed as an engineer. Thank you. S

I've been striving for.

So just why it inspires me to tell a very short
story about why I'm here. | did grow up scientifica

molecular biologist, and | had the good fortune to

m

omething

lly as a

meet
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Drew Endy and I’'m not going to tell the story of ho
Randy and Tom Knight when they were at MIT, and the
graciously brought me into their group as the token
biologist. And the way we work together | really th

part of the theme of this session is that it began
education. They were involved in teaching an interc
course at MIT where students were asked to make cel
would make polka dots. And from this grew, of cours

IGEN which Randy will be telling you about more.

joint Committee on
/Board on Science,
Engineering
Associates and is
of the Committee on
/Board on Science,
ments included in
ersons or

y adopted or

ademies. 9

w and

ink is
through
ession
Is that

e, the

| also come to this session wearing a couple of

other hats. I'm back in the Renaissance days of Har
about five years ago. | was one of the founding mem
the Department of Systems Biology and new graduate
that is entitled Systems Biology but we have worked

embrace Synthetic Biology in that.

vard
bers of
program

hard to

And now I'm also one of the founders of a new —

Harvard’s new attempt to get into bioengineering, t
Institute of Biologically Inspired Engineering, and
may in fact become the home of synthetic biology at

Harvard.

he Wyss

that

Now | have a few problems as the director of a
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and also involved in the interface with industry, a
these are some of my issues of concern that | think
lot. And I don’t know if they will come out of this
session, but I'd like to have other people’s though
this. So my first is how can we have a system at al
in engineering and science — I'll put them togethe

that allows students to be nimble.
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Now let’s forget a moment the oft heard clichés

about interdisciplinary science. I'm sort of tired

But the kinds of push back that we do get are that
not a hypothesis driven science. Then you have to s
talking about the interface with engineering. But t
you're trying to build this in a department of syst
biology, you have traditionally trained faculty,
traditional journals with traditional end points, f
agencies that don’'t understand. And so all of these

act as negative input to our students.

| think that — and something we've tried to

build as an emphasis more on collaborative projects

reward system for collaboration, not everyone can k

of them.
this is
tart

hen if

ems

unding

things

and a

now
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everything, and | think in systems biology we've le arned
that lesson. We can certainly start to apply it her e.
Keeping with the sports theme of this meeting, | ha ve a
guote from Casey Stengel which is we couldn’t do it without
the players.

Now my second related question is how do we have

a training environment that maintains the level of

excitement that the students come to with this. | o ften see
students coming in very excited, and then by the en d of
their third year, fourth year of graduate school th ey're
beaten senseless. How do we prevent this? This shou ldn’t
happen. If we're attracting the best and the bright est,

let's keep them that way. Let’s keep them engaged.

These are students that don’t want to sit on the

sidelines. They want to be at these meetings. They want to
be everywhere, and these are the students that want to do
things fast. They don’t want to be waiting a year f or their
ligation to work. So DNA synthesis, they want — the se are
the students that want to be able to plug into a co mputer,
get the experiment done as fast as possible and mov e on.

They want cutting edge technology. And so let’s fig ure out
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that make that happen.

And then the last thing that | think students are

concerned about and | think this is a good thing wh
haven’t seen a whole lot of in the biology arena is
we effectively drive this innovation into commercia
and students are much more interested in that. And
they need to be allowed to play more of an active r
that much like in the development in the IT era, in
developments in computer science. Why should our st
be any different? Let's engage them. Industry, take
This is the future. So you have a gold mine here of
So this is very much a youth driven field, and | th
we’ll be hearing more about how to maybe hopefully
answers to some of these questions. So I'll introdu
three speakers.

The first one is Francois Képés who is the
research director at the French National Center for
Scientific Research and the founding director of th

Epigenomics Project, very interesting.

And then the second speaker is my good friend

y adopted or
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Randy Rettberg who is officially the director of iG EM and

also a bunch of other titles here.
And then Richard Johnson, Senior Counsel at
Arnold & Porter and CEO of Global Helix. So take it away.

DR. KEPES: Thank you, Pam. Thank you to the

organizers for giving me this opportunity to attend this
very interesting conference which includes lots of very,
very interesting extra scientific considerations on top of
scientific considerations. It is not usual, and I'm very

glad to be here.

A few words of context. I'm working at Genopole.

Genopole is the largest French biopark with now cur rently
64 biotech companies and 22 academie class along a small
university. At Genopole, the Epigeonomics Project i S sort
of an institute of advanced studies. It became the hub of
the French research network in systems biology in 2 009,
Synthetic Biology Institute in 2005. It is also pro gram of
foreign visitors and international scientific event S.

The purpose of this talk will be to raise issues
mostly — raise issues on research infrastructure a nd

support for further discussion with you. I'll bring some
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potential answers. But you should understand them a S
meaning a way of raising issues and fostering discu ssion
mostly.

As a foreword, let me simply express because I'll

need to notion later on that synthetic biology enco mpasses
applied and fundamental aspects. We heard that alre ady
yesterday. Let me simply mention that because its e ntailed
rationalized conception is very close to applied re search
and to the engineering concepts. But because it all OWS US

sometimes to distinguish between constraints and
contingencies, it is also very much on the fundamen tal
side. Let me give an example.

The genetic code is known to be quasi-universal.

Does it mean that it is a byproduct of physical nec essity?
Or does it mean that it is a consequence of a froze n
accident of evolution. The best way to answer this guestion
is to make material with another genetic code and s ee if it
works, right. So in this case, we are trying to ans wer a

fundamental question.
All right, so in this spirit, given that

synthetic biology is an emerging field of investiga tion, in



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac

the balance between exploration and exploitation, w
to set it very much on the exploration side initial

is why most colleagues would think that what we nee
blue-sky projects which are well funded. Christina
yesterday alluded to the necessity for foundational
and this also means that initially most calls for p
should not involve in a necessary way industrial pa
in the consortium.

In the spirit of Eddington who urged us to
provide enough time and intellectual space for thos
want to invest themselves in explorational levels b
the genome. But given my foreword, you understand w
insisting here that it is very natural in the conte
synthetic biology to have a close contact between i
and academia. And this can call for having an incre
dose of calls for proposals that involve small and

sized companies, for instance.
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We should also remember that there are diverse

modalities for corporation between academia and ind
One can be the customer of the other or vice versa.

could also be true scientific cooperation. The case

ustry.
There

of big
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companies seems to be different. Although we do not
very much of what’s going on in the big companies,
feelings — and perhaps we’ll hear more today, the f

is that very often they’ll start from their field o
expertise and strength. Let’s take the example of a
chemistry company. They’ll not say we are switching

now a synthetic biology company, no way.
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What they will do instead is look into synthetic

biology as an enabling set of technologies that per
increase and improve their processes. From the poin
view of synthetic biology, chemistry is a contribut
field. So in a way perhaps these big companies are
proposition number four or was it five by Victor De
on intergenerational cooperation based any advance

contributing field such as chemistry.

haps can
t of

ing
adopting
Lorenzo

ona

Coming back to the close contact between academia

and small, medium industry, if we want this close ¢
to last long it makes sense to have an elaborative
relation. This is shown here. For this purpose, how
the following situation. My lab is purchasing some

commercial pipeline because it needs it to accelera

ontact

about

te its
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discovery rate and finds out that one of the soluti
within the pipeline actually has been published by
group five years back, right. By this little story,
story, what I'm trying to say is that it is not ina

to think that the academia should have a capacity t
intellectual property and capture intellectual prop
positions in the spirit not to do the job of indust

of retaining an included(?) relation.

Another issue on this side is also where to put

tech transfer units. So I've not done a full survey
just talking to some of my colleagues in the indust
appeared that their wish is that that tech transfer
should be located within the academic laboratories.
person in charge just coming out of his office or h
office can talk to the scientist and see what can b
amenable to patenting, for instance, or to protecti
any type of development besides other types of appr
which are very typical such as survey, outside surv
so on. This idea and, again, this is an issue for y
discuss. But my colleagues so far have been of this

opinion.
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Last slide on R&D, full stream transnational

cooperation. Here, possibly I'm back on the Europea n
continent. As you know, we are trying to build a un ion. One
of the ways of the scientific lab is always to fost er
transnational cooperation by various means and two of them
which are pretty relevant to synthetic biology are shown
here, course of provisions across borders of Ph.D s tudents
and post-docs with possibly one supervisor being on the
biology side and another being on the mathematics o r

physics side for instance.

Small focused meetings of an interdisciplinary

nature that could be decided bottom up to start to maintain
a collaboration and prepare joint proposals. | know that
these types of actions cost very little. Limited tr aveling
funds are sufficient. They're very efficient becaus e

they're at the site where science occurs.

Two slides of technology platforms. First of all,

trying to list possible service and you may want to add
more. One is DNA synthesis and order not so much to compete
with gene art but in case confidentiality is requir ed by

one of the customers, it makes sense to have a smal | DNA
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synthesis unit in-house.
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The second one is robotized DNA assembly. The

third one is central biology resources. That'’s the

part, DNA banks, cell banks and the dry counterpart
repository for biological models, knowledge bases,
Institute in the UK has developed such repositories

still have to think how to adapt them to the case o

synthetic biology.

Reference centers would be instrumental in

elaborating good safe practice and standards, new s

and links.

tandards

Customers, this is an important point. Customers

could be academia and industry. In fact, a technolo

platform if you think of it as a meeting platform f

academia and industry. The reasons that industrial

will not go to an academy club and act as customers

need quality insurance, quality control, traceabili

reproducibility which they find in a good platform.

gical
or
ists

, they

ty,

Financial support, we have to face the fact that

an initial investment in required. You cannot have

customers if you don’t have the first machine or de

vice in
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your house. But the idea is that it could be come m ostly
self-sustaining in the long run by applying fees fo r
services.

As for preferred location, near or within a

center of excellence in synthetic biology. Why is t hat?
Because in fact we've not talked about it, but one of the
important assets in that platform is also the gray matter
from the academics who bring in novel software, nov el
conception tools, for instance, in synthetic biolog y that
make the platform more attractive to customers. And a
totally different aspect is the networking. | menti oned
that a few reference centers would be able to provi de all
the services and to provide a capacity to elaborate new
standards and new codes or guidelines. This may cer tainly
not be the case for small local platforms which on the
other side would benefit from having access to thes e new
guidelines.

And for this reason, we hope that — we think that
it would make sense to network reference centers, a few of
them, and local platforms many more at the continen tal

level.
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Okay, so my last two slides are devoted to
standardization. | noted that in the program there
a full-fledged section on standards, and of course
very brief on that. But at least for further discus

like to bring this up.
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At the same time I'm pushing the idea that | and

my colleagues are all for it when it's checked and

in favor of it with a little circle. But again, thi
discussion. Measurements, all the omics techniques
which we have standards maintained by consortium. |
suppose we have no choice if we want to publish. Wh
comes to DNA parts, we would actually welcome more
standards and characterization and annotation. When
comes to design and assembly of DNA parts, you know
are many ways that there are already some existing
standards like the iGEM standard. But it's pretty c

that other standards are possible, and it is probab
early to settle on a particular standard on that si

can still think of improvements. Plus, as you are w
aware of from yesterday’s lectures, this issue is g

be less and less important as DNA synthesis capacit

not for
s is for
for
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building up.

Ontologies which is in brief are a self-
consistent set of hierarchical annotations. We have
existing standards maintained by consortia just as
ontology which are an infusion by informatics and s

biology.
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gene

ystems

Now here’s a case where probably engineering

sciences according to many of my colleagues could b
their standards in such a way that we could progres
adapt the existing standards for systems biology to
useful, more useful for synthetic biology. On the s
mathematical modeling, we have many different forma
But it's very clear that if you want to include geo
space in your model, you'll resort to a formalism.

don’t and if you have qualitative data and you want
gualitative output, you'll resort to another one. A

is no way that we can set a universal standard on t

at present.
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lism.
metrical
If you

a

nd there

hat side

Same thing for computational simulation tools.

However, by definition, exchange formats should be

standardized, and we have such standards such as BM

L. With
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that | close and | thank you for your attention.

[APPLAUSE]
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DR. RETTBERG: So for this group, I'm going to

give a little bit of a different presentation, and
apologize for it being a bit choppy. But | wanted t
directly to point out that iGEM already has an awar
best human practice events. That was won in 2008 by
Heidelberg. All of this information I’'m showing you

on the iIGEM Wiki which you can find yourself by rem

IGEM.org.

0go

d for

is live

embering

This is the Heidelberg Team'’s website made by

them. You'll note that they have it actually avalil

many different languages which | thought was very n
international. | think I might try to make a requir

for everybody else to make all their websites in al
these different languages so if you have a differen
preference your choice. They have a human practices
which talks about the kinds of thing they did. They
that only a well-informed public is able to develop
prejudiced and profound opinion about synthetic bio

Their words, “Science can only work successfully an
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develop useful inventions if it is based on a high
acceptance in the society.” As part of their projec
went out into the public and did surveys, interacte
the public. They interacted with the press directly
topic of how the public should think about syntheti

biology.
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Each team gives a presentation at the jamboree

and does the sound work? Let me see if | can get so
come out. There are too many buttons to push. There
always another way. Okay, well, this one has reache
limits of our technical abilities. But the point is
portion of their talk they devoted to what they had
terms of presenting to the public, to the press, wh
they've done in terms of surveys. And so to the ext
we start with an assumption that the students and t
teams need to learn about the importance of the hum
of synthetic biology, we may be incorrect.

In fact, | find that in many ways they’re ahead
of the rest of the world and ahead of many of the
biologists | meet, and that they’re very eager to d

of profound value to the world. Now we can go to my

und to
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presentation. | don’t think it's going to be as goo d.

So synthetic biology from our point of view is
focused on standard parts, and that comes from an
engineering point of view, an engineering backgroun d. The
odd situation where the early founders of synthetic biology
at MIT, Tom Knight and Drew Endy and myself, had an
experience which was an engineering background.

Tom and | were both actually computer architects
and networking architects. | spent almost 30 years in the
computer industry. | began my career at Bolt Berane k and
Newman with the Arpanet Project. When | joined the network,
there were only 24 computers. Along in my history, I gotto
write the first TCPIP for Unix, designed the comput er that
was used as the pack a switch in the earliest piece s of the
Internet, did the link from the U.S. to the U.K., w ent to
Apple, designed computers that were sold to many, m any,
many people, went to Sun Microsystems, ended my car eer as
the chief technical officer of the storage division

So my background as an engineer is clear. Why on
earth would it make sense for me to come and become a
biologist? It only makes sense because there’s a ga p in the
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discipline which allows engineering to have real va
in some ways it sounds like the scientists who are
biologists saying we could let the engineers come i
they might offer some value, but instead the engine
just going to bowl their way directly in and offer
value whether it's eagerly accepted or not.

So the question that | think is at the core is
can simple biological systems be built from standar
interchangeable parts and operated in living cells.
many of you think that can be done? Are there any
biologists who think it can be done? Yeah, okay, we

few.
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So how

have a

When people, when we started working on this,

there was this other point of view which is biology
complex that each case is unique. If you learn some
about one organism at one temperature in one media,
not necessarily the case if you change the temperat
if you change the media or certainly if you change
organism.

So how do you find out the answer to this

guestion? Can you do this? You can’t look it up in

iS SO
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Wikipedia. You can’t Google it back, you know, in 2
only thing you could do is try. Now at MIT, we have
wonderful advantage, and that advantage is we have
undergraduates and our undergraduates don’t know wh
can't do. Therefore, in January the four of us and
joining us the year later said, well, we will run a
class in designing biological systems and we’ll pop
with undergraduates and we’ll tell them we’re going
blinking cells. And they believed us, and we spent
entire January doing it and trying it out and learn
the students which is the best for you to always le

So let me tell you a little bit about iIGEM. It
grew out of all of that. It grew out of this desire
that hypothesis. So IGEM is an international design
competition primarily focused at undergraduate stud
although we’re in fact getting some high school stu

and some high school teams.
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The goal is to design and build a project that

will impress us, and we're focused on synthetic bio
in a general way but synthetic biology specifically

on standard parts, and we have a registry of standa

logy not
based

rd parts
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that | will talk about in a minute.

The final part, it is absolutely critical. It's

in fact one of the requirements. We don’t have very
requirements. One of the requirements is to have fu
make a positive contribution to the world. The long
goal, of course, is much more complicated than that
would be an extreme error to think of iIGEM as a tea
program where a synthetic biologist teach the stude
to do synthetic biology. The iGEM program has a ver
number of people, a large number of instructors, la
number of schools. We're developing this field of s
biology at its core. The work done by the iIGEM stud
presented at the jamboree are some of the best work
synthetic biology and is in fact one of the best
conferences you can go to. It trains the students a
instructors. We’'re training them in great quantitie

it's actually pretty important that we get ready fo

to arrive and start to look for jobs and graduate s

positions.
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So above all of that, we’re trying to make sure

that this is all positive, that the community is fo

cused on
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that. Drew Endy will tell you about how we thought about
calling this bug wars, but we decided that was mayb e not

the right tone for this.

The philosophy of IGEM is a philosophy and get

and give. They get the parts at the beginning of th e
summer. They give the parts back for the iIGEM teams that
follow. They put their projects on that Wiki, and t he teams
that follow look at those projects, and that means that the
teams and the students that follow start where the last

year left off, and they are pushed to make it bette r and

better and better and better.

This is also not like a normal class where at the

end of the year you take the homework, you give it back to
the students, you say that’s great, I'm going on va cation.
So we've had a great deal of growth. Right now, thi S year
we’re in the 210-212 teams. It fluctuates a little bit now
because some drop out and then some have joined lat er. |
think we may be actually right at 211. Last year, w e had
84. So we’ve grown by about 50 percent for the past two
years.

This is actually more striking than you imagine
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because we did our registration in March. March was
time when the news was filled with worries of the ¢
Depression, global meltdown and the teams have to r
their own money. | don’t send them money; they send
money. So the fact that we continued to have growth
kind of environment has been very reassuring in ter

how strong this is.
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The total number of people who participated last

year was 1180 that were actually signed up and regi
with teams. There were about 750 students at that p
I've projected off into the future what might happe
year and two years because that's where | have to p
the events that come. Two years out, we could expec
the number of teams might be on the order of 250, 2
we might be having a jamboree with more than 2,000
people, maybe 4,000 people participating worldwide.
could say this is unrealistic, it has to top out at

point. I'd like to point out that the U.S. first ro
competition has 1700 teams. Their budget is around
million. | think we have some room for growth. The

would be which schools should not participate, whic
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countries do want to be left behind in synthetic bi

So here’s the list of teams, and I'll give to
you. You can kind of look through and see whether i
favorite school, your favorite country is represent

the U.S. I'll come back to that at the end.
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We have teams in Asia. We also have teams in

Canada, and we have five teams in Latin America. So
have a team from Brazil. We had a team from Peru la
for a little while, and they had to drop out becaus
support problems. iGEM works this way: Over the Nov
March timeframe, teams assemble. This happens two w
either happens because some students have fallen in
with the idea of IGEM and they go to their professo
any adult and say can you please help us, and the
professors say, well, | don’t know, I’'m busy right

They go back. They get more friends. They send emai
and say there’s only two of us, can you tell us how

help and we say go find professors.

we do
st year

e of
ember to
ays. It
love

rs or

now.
Is to us

we can

The other way, of course, is the professors and

often junior professors say this is really a wonder

thing; I'm going to assemble an iIGEM team, and they

ful

worry



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering
symposium held on July 9-10, 2009 prepared by CASET Associates and is
not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in
the transcript are solely those of the individual p ersons or
participants at the meeting, and are not necessaril y adopted or
endorsed or verified as accurate by The National Ac ademies. 32
whether students will be interested or not. Fortuna tely,
that worry is always resolved.

We then have teachers workshops in the spring. We
have them in the U.S., the U.K. — Europe, we had th em in
the U.K. last time, and in Asia. We send out a kit of
parts. This is more important than it appears becau se this
is like that erector set, and it goes to all the iG EM teams
and it’s tangible. When the professors see this kit of
parts, they realize that the students now have some thing
they never had which is they have 1,000 parts — or 2,000
parts last year that they can use immediately becau se these
parts are designed to work together.

You then work at your school. All those thousands
of students do not come to MIT and work in my lab. They
stay at their school. They work under the instructi on of
their instructors, their professors. They then do ¢ ome to
the jamboree. The jamboree has been held at MIT up through
this year. This year is going to have to be the las t time
it's actually held at MIT because it's outgrown our largest
auditorium, and | now have signed up for all of the major
auditoriums for that weekend. So we’re reaching the end of



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac

that, and it's going to have to change in some way.
end of all that, you win your prizes and you publis
work. Many of the iGEM projects have actually been
published in different journals through the years.
expect that to happen again as well.

For this audience, I'd like to point out one
particular thing which is | am always asked is IGEM
and | say, well, we had one student pass out, you k
years ago at the jamboree because she got too excit
forgot to eat. So there is that, and people were wo
about the future of IGEM and they thought what if s
student was damaged, you know, was hurt in a lab. B
not too worried about that. | don’t find a lot of p
reports which are of the forum a sophomore at Duke
their index finger eaten off by their bacteria, rig
stuff that they’re doing is not fundamentally deali

a dangerous compound.
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iIGEM counts on the instructors and the schools to

provide the framework for safety, to provide the tr
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If you look at this list which you probably have

been doing while | was talking, you’ll see that the
of how the safety of your project relates to the wo
around you is a key topic. We will be requiring thi

each team to provide a little report on this topic,

judging committee which Drew is one of the chairs o

be evaluating that in terms of giving awards.

issues
rid

s year
and the

f will

The impact of iIGEM is number one on the students,

but in a way that’s simple, right. This is students

allowed to spend the summer in the school doing a p

of their own design and trying to impress everyone
The bigger impact is on the instructors who are lea
about synthetic biology. It's on the schools. The s
example of that is that schools all over the world
producing four-credit classes in synthetic biology
spring terms. They’re doing that because the other
teams are doing it, too. If they don't it, they wil
behind. The competition side’s working quite well,

are even having different centers for synthetic bio
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that have grown up at sites where we had iGEM.
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There are a lot of iIGEM projects. I'm not really

going to go into them. Go to iIGEM.org, look at last
Look at 2008, and you can see all the different kin
projects. It's an enormously broad number. The team
been highly successful. Most of the teams have buil
something and had part of it work. They are also ex
ambitious. And so most of the projects didn’t work
completely. So there’s more work to be done, but th
to that question of can you build these simple syst
standard interchangeable parts is actually working.
The other side of this goes back to the
engineering background. In the late '60s and early
the integrated circuit was developed as a low-cost
one of the primary companies was Texas Instruments.
put out the TTL data book, and the TTL data book al
small numbers of people — a few —- to build a comp
The entire mini-computer industry thrived on that.
were companies after companies that would make bran
computers, new instruction sets, new innovations an

go and offer them into the public. There was an eno

year.
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explosion in the number of computer companies then.
The reason that’s important now is that we now
have a biology industry focused on large pharma com panies.

That is like when | was at MIT | wanted to design

computers. | know that I would work for IBM for the bunch —
Burroughs, Univac, NCR, CBC or Honeywell. There wer e no
other choices. If | was going to design computers, | was

going to work there.

That turned out to be completely false, and the

bunch is gone in terms of offering computers. So | expect
that it's possible that the same thing might happen with
synthetic biology, that it might well be that throu gh
synthetic biology a rich and diverse industrial bas eis

formed, and it's formed by those students who have
participated in iIGEM, have heard about iGEM and are
desperate to do the engineering of biology.

The registry of standard biological parts — I'm

going to go through this pretty quickly. You can fi nd that
if you go to iGEM.org. It has parts in it. Right no w, it
has about 3,500 parts that are available at DNA. A part is

a thing like the coding region for a protein. We do quality
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control on this. We sequence all of the parts befor
send them out. We provide all of that information o

website. We live on the Internet.
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We have a standard method for assembly. All the

biobrick parts that we send out — almost all — ar
compatible in the way that you can put them togethe
assembling your project is something that is not a
project. You know just how to do it. People are doi

all over the world. You can get lots of help.

e
r. So
research

ng it

We have done work on robotic assembly, and that's

going to be continuing. Most of the work is done in

coli, although some work is done in plants and some

has even been done in mouse and in embryonic stem ¢

The new areas are CAD, development of software. We

software tools track. And the area which is so new
even happening yet is the commercial application si
There are all of these wonderful projects done by a
these wonderful students, and what comes of them? B
develops bactoblood, bacterial blood. They put the
hemoglobin system in. They work on many more parts

This is something that perhaps should be explored b
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commercial companies.
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The team from Edinboro makes a arsenic detector

for arsenic-contaminated wells. What's happening wi
The answer is that the students went back to their
and the instructors realized they had fallen behind
their work. So what do we need going forward?

The first thing we need is open access. Three
teams last year were not able to get their visas to
the IGEM Jamboree. How many teams will that happen
year? What if 20 or 30 teams are not able to get th
visas and are not able to attend the Jamboree?

We had the request from Iran, from Tehran
University to have a team. | had to say no. There a
economic sanctions. I'm not allowed to provide you
like that.

The next serious topic is one of patents. Is
there a de facto research or education exemption? T
not an actual research exemption. The courts struck
down. There is a de facto one, and will it work for
the future? | worry that some patent troll will sen

letter to MIT and | will be shut down.
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We are working on making a not-for-profit. There
are other questions. If this issue of patents becom es
serious in the area of synthetic biology, perhaps c ertain
core resources need to move into governmental or sp ecial
situations where patent exemptions can be applied.

For this group, there’s a question of | have 1700
people. What do we teach them in the topic of polic y and
human practices? We always need more money. We need money
for the teams, and that’s a worldwide problem. We n eed
better parts and tools. Thank you.

[APPLAUSE]

DR. JOHNSON: While Steve’s putting it up, I'm
Rick Johnson and | am going to go in a slightly dif ferent
direction here. But | think it's an important issue that a
number of people have previewed and do sort of an i nformal
synthesis and quick overview on some of the ownersh ip and
access and rights issues on synthetic biology.

But what | want to do is basically go through
sort of Rick’s top ten list of challenges, issues a nd
developments but in a framework that basically has sort of
four underlying themes. One is obviously many of th e
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aspects of synthetic biology are the dream final
examination for an intellectual property law profes
at the same time | want to suggest that really it's
more than patents, a lot more than just talking abo
source, and it’s also more than just intellectual p
rights, and | want to pay particular attention to a

of sort of new tool kit issues that | think broaden
discussion and may also provide ways to deal with b
openness, the incentives, the innovation that we wa
achieve simultaneously and particularly around
infrastructure platforms, standards, collaborative
mechanisms and the one that’s getting no attention
synthetic biology which is how antitrust and compet
policy can be used as an antidote if intellectual p

goes a little too far.

And then finally about its global. This entire

group is global. We've been talking about global. B
almost all of the analyses that are detailed with r

to ownership and access have really been through an
American lens, and there’s a growing asymmetry with

global synthetic biology community and putting it i
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broader context. So let me start. Clearly, obviousl
come back. I'm not going to make your eyes glaze ov
get into patent claims and details of patents. But

to suggest first obviously that the complexity of t
patent landscape is real. It’s significant because
dealing with a cumulative convergent set of technol
here. And so consequently, the interactions and if
down the list of all of our many different elements
synthetic biology, almost all of these can be touch
directly or indirectly by patients in way or anothe
concerns that have been expressed which are real ar
possibilities of patent thickets of abilities that

going to retard upstream downstream the ability to
research, to commercialize, to have beneficial glob

impact that we want.
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But patents are extremely context, and the nature

of those interactions and what their implications a
not things that can easily be done. We have issues
foundational patients, how broad they are, how good
are. Artie Rye, Jamie Boyle, Andrew Torrence all ha

very interesting and good work looking at some of t
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potential foundational patents at the moment.
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Then we have a whole range of issues around the

infrastructure, the parts, the different networks,
interfaces, etc. And yet, at the same time and I'm
come back to this, frequently the reaction is, okay
do less patenting. And the point | just want to thr
now and I'll come back to is in some cases if your
openness, the best way to protect openness is throu
actually strong intellectual property regimes that
control as opposed to other alternatives. I'll come
that.

Related to the patent issue, and this will be my
last discussion specifically about patients is that
there are a range of unresolved patent issues that
going to have a major impact in shaping the future
directions for us in synthetic biology around the s
patentability, the range of normal questions in pat
about how prior art is applied, non-obviousness, et

There also are in the U.S. a number of pending
cases and implementation of prior cases that are go

have a major impact. The U.S. Supreme Court is abou

going to
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consider the In re Bilski which goes to method patents,

mental step patents which are what they say are goi ng to be

critically important.

The court has already recently talked about non-

obviousness and changed that significantly, how tha t gets
implemented. It's going to have a significant impac t. And
obviously some of you are familiar that the America n Civil
Liberties Union has recently filed a very broad com plaint
against Myriad that really goes to the patentabilit y of
genes as well as diagnostic methods and what happen s with
that case obviously could potentially have some sig nificant
impacts.

Another one is one that Mark Lemley at Stanford

has been looking at over a number of years which | think is
very important which is that obviously with patents and
industries and applications being very context depe ndent,
there are a range of different patent — what he cal Is the
ten patent policy levers and how you adjust and how they

mix are going to have a significant impact.
And as a number of speakers have already

mentioned, we get a number of our favorite most dif ficult
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intractable issues back on the table in synthetic b iology.
Randy was just talking about research exemption iss ue. Ken
Oye has written perceptively and extensively about factors.
There’s a rich literature. There are no easy answer S.

Material transfer agreements, obviously we
haven’t talked about that so far, obviously a major issue
with respect to ownership access rights when we loo k at not

only the materials side but the information side of

synthetic biology. We have the broader issues about sort of
university technology transfer offices, how they op erate,
what they’re trying to do versus sort of the knowle dge
commons. And then we have sort of norms of openness , or
whether or not, for example, around patenting that non-
assertion agreements can be developed or implemente d, and

that could change things significantly.

But | think it goes well beyond patents. And one

of the things that have not gotten much attention i sin
many cases the issues are really around the interac tion and
the bundle of rights. So when we look at synthetic biology,
there potentially are some very interesting issues around

design rights, very strong in Europe. There was a s eries of
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cases in the U.K. around 10-15 years ago that when
trying to assure interoperability among parts, and
particularly had to do, for example, with auto part
fact, there was a must fit, must match exemption to
intellectual property rules for designs. Does that

It's an interesting question for synthetic biology.
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Databases — obviously the EU has a database

directive. The U.S. doesn’'t have one. There are way
which one can get protection. And so whether it's t
registry or other types of ways in which we are goi
putting this information and parts together, the co
about how the database protections may operate are
significant. The OECD has recently done some very v
work on guidelines for access to human genetic rese

databases that also are important from this context
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Copyright — Artie and Jamie and others and |

don’t disagree with any of their analysis, have sai
copyright’s really not an issue. It’s thin. It's no

that it would apply. Just synthetic biology, I'm no
sure. As we look increasingly at the length of the

synthesis that we’ll be able to do and see whether
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the originality and expression that copyright prote
could be extended, | think a very important part an
something that a couple speakers yesterday began to
was over time we’re increasingly going to see a dec
of design from manufacturer and process, and that |
argue is going to increase the likelihood there may
copyright issues. And clearly what about annotation

references.

There are also sui generis rights. So in the

semiconductor industry, there was sort ofa — it d
quite fit for chip designs. So eventually what came
globally was a sui generis or unique right for mass
There’s also an interesting one for plant readers r
The interesting part of that is not only about how
operates, but it is the only one that builds ina r
exemption and an experimental use exemption into th
And then trademarks are likely to be very important
Biobrick has value. Its logo, its trademark are imp
quality control tools and other things. And so how
gets deployed the same way with trademark with form

they increasingly become important.
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So what are some of the things that | think are

really driving and that we need to wrestle with mor
perhaps than we have before. Clearly one of the und
themes here is that we have competing visions of op

and I'll just address four.

e
erlying

enness,

We have open science, public domain. Outside the

intellectual property system, risk is and we have f
riders or by trying to keep it open we actively set
someone else to tweak it or do something sufficient
inventive that they enclose it, and what we’ve trie

doesn’t work.

ree

up for

dtodo

Open source — Open source frequently gets

misinterpreted. Open source depends on a very robus
intellectual property system. Copy left and other t
licenses require a very efficient and effective
intellectual property system to work. We also, howe
I’m going to talk to standards and I'm glad that Fr
began to raise that issue because I think that’s a
particularly interesting one about open standards.
open innovation. Obviously, one of the major change

globally in business models, value chains, universi
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industry interactions is around the notion of an op
innovation where you don’t have to do it all, you d
have to be vertically integrated. You can go and lo
find the best piece of that value chain, basically,
synthetic biology and though that you can also incr
revenues or other strategic opportunities by things
you don’'t need as a core part of your business by t

outside the company.
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We've until tended to talk about issues in terms

of commons, anti-commons. | think from an academic

theoretical and this is a big leap from sort of rea

but I think there is some utility in beginning to t

and
| world,

alk more

in synthetic biology about what some young scholars
beginning to call the semi-commons, and this is rea
interacting common and private uses over the same r
that are dynamic, they’re scalable, they can change
time and they adjust to different mechanisms.

Alan in a seminar article in 2000 had a very —
and this is grossly oversimplified by gives the poi
point was in pre-industrial England, you had commun

where you had private ownership of land for farming
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had public or common ownership for grazing, and so
shared over the same resource you had different rul
could be reshaped and did very efficiently over tim
so the notion is are there ways in which as synthet
biology evolves where we draw lines of demarcation,
cetera can shift and also be looking very much at s

mixed or semi-commons approach.
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Another real challenge we face is clearly we have

a clash of cultures, and we have a clash of culture
ownership and access at many different levels. We'v
the multidisciplinary one. So if we look at all of
elements that are converging in synthetic biology,
come from very different backgrounds about how they
intellectual property rights, how they resolve conf
how licensing is done. So what Biopharma does is ve
different obviously from MIT. It's also very differ

what a traditional chemical industry approach would
It's very different from what systems engineers or
semiconductor industry. And so that clash of cultur
obviously is a big one made more complex by the fac

we have limited alignments of interest.
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We've got multiple players here in terms of
companies, universities, libertarian hacker communi
cetera. And in trying to get some alignment of inte
have the convergence and globalization sets of issu
I would argue we also have another emerging trend,
that’s right now in this room and elsewhere we do h
there is a synthetic biology community that’s built
trust because everybody knows basically who everyon

is who's any good that’s doing work.
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As synthetic biology evolves, it's going to get

too big where you're not going to know everyone. An
would argue we’re going to have some transition fro
to contract and what role intellectual property pla
neutral tradable bridgeable asset is an interesting
guestion.

The next thing | want to talk about and this
really comes back to something that both Randy and
have just been mentioning. Obviously, | think when
it's clearly going to be user driven innovation. Wh
Von Hippel at MIT has called democratizing innovati

effort. Eric’s got some interesting new data. When

dsol
m trust

ys as a

Francois
we look,
at Eric
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| was
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talking to him a couple weeks ago when he first did

book about democratizing innovation was maybe 35 pe

innovations were in that thing. He’s now up to sort

or 80 and climbing.
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And so therefore how are we going to get public

policies that are really user focused on innovation
than on the traditional producer side in terms of w
strike balances. And when we get to the infrastruct
openness issues, and it’s interesting because Franc
| did not coordinate presentations. But | think the
and | want to use one example. Obviously, character
of the genetic parts is a critical infrastructure c
function. And | think that without — and it doesn’

to be in a government laboratory; it could be at Ml
Centers of Excellence anywhere in the country and n

around the world. We're going to need ways to lever

shared resources that have a government component.

rather
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An example, | think, that is a very interesting

one as a central template and Jeff Schloss can tell
from an NIH perspective is something like the Natio

Cancer Institute’s Nanotechnology Characterization

us more

nal

Lab.
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It's an open access shared resource, but it combine
with certain rules of the road. And by having this
resource, it deals with some of the openness questi
in the NIH or NCI case, it's open source. So it's a
publicly funded development that's openly distribut

products and data.

Open Development — | think this is really

important from a synthetic biology community. It ne
be community driven development to align its needs
priorities in the shared resources, open access and
federated. And Pam said so I'm just going to skip o

quickly one of the standards.
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And | think all I want to say about standards is

that the intellectual property issues and the inter
standards, | think, are going to be actually one of
drivers of standards. We’ll have the slides availab

later, I'm sure.

face

the key

The second is right now the analyses have tended

to focus on biotechnology and information technolog

think we need a lot more analysis of looking at

semiconductors and to some extent nanotechnology be

y. |

cause
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that’'s where we have patent thickets that are very
with dealing with devices. And it’s interesting bec
have a sharing community. In this case, it happens
closed sharing community that in the main works fai
well. But the key point is the reuse element and th
creation of IPR blocks as a unit of reusable design
how that gets down in the semiconductor industry, |

has a lot to tell us in synthetic biology.

joint Committee on
/Board on Science,
Engineering
Associates and is
of the Committee on
/Board on Science,
ments included in
ersons or

y adopted or

ademies. 53
similar
ause we
to be a
rly
e
. And

think,

Something that the OECD has done great work on in

the last few years which is looking at new collabor

mechanisms and knowledge markets. So for example, o

the areas is patent, of course. If we have blocking
other types of situations, it strikes me that synth
biology provides exactly the type of situation wher
works well particularly since it's standards driven

future. | just want to call your attention to the

international component because beyond the U.S. sid

have a range of international intellectual property
issues that are going to be out there but also some
disconnects among different national regimes for th

community.
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And then finally I just want to close with
talking a little bit about antitrust, the competiti
policy because what we haven't done is look at how
antitrust rules, particularly in different governme
be used to deal with some of the issues in terms of
intellectual property usage, strategic behavior, te
markets, the so-called essential facilities doctrin
which is to make open things that you otherwise mig

closed.
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So we may get back to some of these other issues.

But for Pam’s schedule, | will finish up here. Than
[APPLAUSE]

Agenda Item: Questions and Answers

ks.

DR. SILVER: So I'd like to open it for questions

now, please. Ken?

AUDIENCE: The intellectual property rights and

standards and protocols issues that were raised in
of the talks are now in a funny position because as
conference has emphasized that the bundle of techno
and approaches we call synthetic biology is largely

exclusively pre-commercial. My question to all of t

several
the
logies
but not

he
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panelists from different perspectives looking ahead
15 years as the technologies and approaches prove
themselves, as the parts become more valuable, the
protocols and standards assume much greater value,
you expect to be the state of the landscape, the ma
fights and what steps should we take now to avoid |

call it the worse visions of the future that you ha
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DR. RETTBERG: So | remember when | was at Apple

Computer being asked — they were starting to do th
PC development and | was asked to compare the paten
portfolio of Apple and IBM. | thought this was a di

My career was over because it was going to take for

go through the patent portfolio of IBM.

e Power

saster.

ever to

It turned out not to be quite so bad because by

simply measuring the height of the stacks, it was ¢
clear the problem was not of one of the details of
patents, but rather how much Apple was going to hav
IBM in order to not continue the discussion any mor

they actually wanted to proceed.

rystal
the
e to pay

e since

All along, | kept on running into people saying

patents are very important. But | had Apple involve

din
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their advanced research organization, they said, oh , we get
patents, we get patents, patents. But in my experie nce, |
actually never found that individual patents were v ery
critical.

There were always exceptions. Xerox had a patent

on the copying that lasted for a very long time, an d they
were able to milk very successfully. But in terms o f the
computer industry it was like clumps of patents, an d there
was cross-licensing. And if you had enough patents and you
wanted to do the business, then you could do some ¢ ross-
licensing.

| feel that biotechnology seems to be a different

thing where individual patents have extreme financi al

value. And that, | believe has produced a tendency in the
academic community to use patents as lottery ticket s to say

| am doing an important piece of work. | am going t 0 make
sure that its patented. | don’t expect that I'm goi ng to
make any money on that patient. But if anybody ever makes a
billion dollars, | should get my share. And therefo re, a
patent is put in place which acts as an intellectua | block

to future activity but for the most part doesn't pr oduce



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac
any financial return.

So | think what might happen with synthetic
biology is that it takes the path in the electronic
industry of particularly as we move out of strictly
pharma industry, as we move into kind of the engine
biology in a lot more ways, | think we’ll find ther
lot of patents, more diverse.

DR. JOHNSON: | mean, as Niels Boor said,
know, prediction is very difficult, particularly ab
future. And | think the issue here is that we could
various different pathways, and | think it's too ea
tell. One could be very much along the semiconducto
of line where it's a mixed system where IP is absol
critical and yet reuse and stacks and what not work
well.

There is a risk that obviously it could go in a
different direction that would either retard innova
choke it off at an early stage. And so | think the
short term to preserve those options so that you're
foreclosing different pathways because | don'’t thin

at the point now where we know exactly what really
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to be the most critical elements for how synthetic biology
develops.

DR. IMPERIALE: Mike Imperiale from University of

Michigan. | have a question for Rick. Rick, you com mented a
couple of times about how intellectual property wou Id
actually promote openness. And | guess to me maybe being
naive in the field, it's a little counterintuitive, right,
because we think about as soon as we put something out
there, it can no longer be protected. So can you ex pand on

that a little bit?

DR. JOHNSON: An example, Mike, would be when SARS

was an issue. Most of the national health services and the
NIH that were deeply involved with doing some of th e
cutting edge research basically made a decision, | think
the correct one, by saying that we want to be the o nes who
can control what happens with respect to this. So i fwe
patent it, we don’t have to go get royalties. We ca n make
it royalty free. We get complete control over how t his
develops in terms of what the licensing terms are, what the
patterns are. And without that protection, somebody else

might be able to — now obviously with the registry is
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that, you know, the hope and the notion is that you 've done

enough things that there’s sufficient prior art so
basically patentability and enclosure become imposs ible or
at least very difficult.

But I think there are a growing number of people

who think that it is better to have either public o r other
types of institutions controlling their own destiny rather
than taking the risk. So the notion of protecting t he

openness is sort of in that vise.

AUDIENCE: So in other words sort of using IKEA as
a preemptive mechanism —

DR. JOHNSON: As a preemptive thing in much the
same way that open source obviously relies heavily on, as |
mentioned, on it needs a functioning intellectual p roperty
system to make open source work.

DR. ANTHONY: Etole Anthony, International Center

for Writing. So both Pam and Randy have mentioned t he issue
of enthusiasm of new generation students with great ideas,
and | think this is really fantastic. However, | th ink that
having the field, | mean having just enthusiasm is like

having a car having only acceleration. So | think t hat we
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should have another break and perhaps the break is what is
called peer review. And | wonder how many of these ardent
critics that for the most part appear to be Interne t
phenomenon have really made its way into the scient ific or
technical peer review literature. | have been makin g census
myself and the number of papers in connection to th is
contest is literature. Let’s put it like that. That 's what

would be one remark.

And then the other remark is on the parts. So

parts are declared to be independent, reusable and you know
| think we have to distinguish between having seque nces

that are compatible, reusable. | know that as compa red to
functions and | could argue that in biology what yo u have

to play with is with functions not so much with seq uence. |
mean sequences are easy to put back and forth. Func tions is

where we have the hot potato to handle.

DR. SILVER: Can | just say something very

briefly? Personally, | hope that we don’t have to t each
students to live in world that relies solely on pee r
review.

DR. RETTBERG: So you asked about the enthusiasm.
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I have been struck with several very odd discussion
was a person who was coming from the Education Mini
India. He explained how they took their enthusiasti
students and they drove the enthusiasm out of them.

that's horrible.
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| think

| am struck with the enthusiasm since we're in

the sports analogy. Living in Boston, the Red Sox,
Celtics, the Patriots, the Bruins, the level of exc
around sports is dramatic. There is in the dwindlin
Globe if you notice it's gotten thinner. There’s st

very healthy sports section.

the
itement
g Boston

illa

There is in fact no science section. There is in

fact a very detailed listing of which teams and whi
has won what. There even occasionally is a multipag
section about the high school teams, who they playe
scored what, who won, all the standings. There is n
similar section in the Boston Globe related to educ

science or engineering.

ch place
e
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ation,

So | am very happy to have the enthusiasm because

the alternative is horrible. So | don’t accept the

complaint about enthusiasm. | think it'’s fine. | ho

pe we



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac

keep it. I know that in the experience | had with t
development of computers and | know that even now i
world of software computer people are excited. It's
thing. You get your new iphone, right, right. You w
right? It's great. So I'm completely happy with tha
understand completely that that does not replace do
work and simply being excited doesn’t mean your sys
going to work better. But it does allow more people
participate. It gets people involved and excited at
earlier age so that they set their careers to learn

things they need in order to be successful at this.
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| know that | have had several times, | have had

people explain to me how their child wants to go to
the schools that has an iIGEM team in order to study

and be on an IGEM team, and that’s a great thing.

one of

biology

The question of the interchangeability, of course

it's not perfect and of course occasionally the bio
systems are in fact too complicated, and they get i
way. But very often the actual experiences that fun
are able to be moved from one particular organism,

particular genome into another and they function ok

logical
n the
ctions
one

ay. So
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the actual success has been pretty good.
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DR. JOHNSON: Just one short comment on the second

part of the question to say that people doing genet
engineering obviously play with DNA. But | found my
recently trying to do epigenetic engineering, and i

end it boiled down to playing with DNA again.

ic

self

n the

DR. SILVER: Excuse me. Can we take a few

guestions, and we’ll see if we can answer them toge

go ahead.

ther. So

DR. TAYLOR: Terry Taylor from the International

Council for Live Sciences. My question’s prompted r
Richard Johnson’s remark about user driven innovati

the democratization of innovation, the Von Hippel i

eally by
on and

dea.

But | wonder if the panel — I'm addressing it to

all the panel really. | wonder if we’re missing one
important driver that may drive the technology forw
particular direction, and that is synthetic biology
Learning from the information technology driver whi

the ordinary consumer what Freeman Dyson has called
domestication of the technology which impelled the

technology forward enormously with video games, iPo

very

ard in a

ch was

the

ds and
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all these other technologies that you now have iny
home. | wonder if you could postulate about a futur
synthetic biology with this domestication of this
technology which Freeman Dyson warns us about becau
is rather different, and it is affecting fundamenta
processes. So it's a rather different element in re

to policy challenge for everyone. So | wonder if th
comment on the possibilities of domestication of sy

biology.
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DR. SILVER: Okay, so we have the future. Let’s

have another question over here.

AUDIENCE: Sure. A comment or a praise and two

brief questions. As a scientist from one of the dev
countries, I'm deeply impressed and so excited abou
talk by Randy on iGEM. | have been in Europe and th
for so many years. | realized it before that the bi
difference or major reason for us developing countr
been lagging behind is education. If what you say t
impact is for today, and the research is for tomorr

education is for the day after tomorrow.

eloping
t the
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ggest
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And | would like to tell my colleague over here
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also from developing countries, especially those in

but really have to confess that our able researcher

not begun to do some real work on synthetic biology

But now you have already begun to educate the kids.

the difference. That's what | have learned. | reall
like to sing all my praises for you on your job, on

talk.
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The question is very simple. First, are you going

to have a team in China? | really would like to coo

Then | have the second question. For Rick, do you h

commons on that patent application for the minimal

of hundreds of genes? The minimal genome is artific

novel. And other genes, difficult to say. Perhaps f

natural. Thank you.

perate.
ave any
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DR. SILVER: Okay, patenting and genome, and what

was that first question?

DR. RETTBERG: We have several teams in China.

Just go to iIGEM.org, and you can see the list.

AUDIENCE: (Off mike)

DR. SILVER: Well, you can go to the Internet and

find that out. Okay, quickly then there’s one more
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DR. EPSTEIN: I'm Gerald Epstein from Your

Affiliation Could Go Here. I'm struck by the differ

time scale between the legal system and science. So
Chopper Barney case, we have sort of a decade, and
this is ultimately going to get wrapped up in a maj
case. Question one is can we bring that sooner rath
later? And two, when we have a major court case, |
images of columns collapsing and all sorts of thing
down. Is it going to be a disaster, or are we going
somehow dust off and keep going? What's going to ha
when some cataclysmic court ruling says and does th
we can do any kind of planning or policy at all, or

just wait for the legal collusion and then pick up

ence in
the

it seems
or court
er than
have

S coming
to

ppen

at mean
do we

after?

DR. SILVER: We will lump that into the litigation

guestion, and then the last question.

AUDIENCE: Quick one for Randy. You spoke about

the expansion of iIGEM numerically and geographicall
wondering if you could comment on how the nature of
participants might be changing, in particular the a

participants, the type of backgrounds they have and

y. l was
the
ge of

perhaps
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even the affiliations or lack of them.

DR. SILVER: Quickly.

DR. RETTBERG: | believe what's happening is that

as we expand in size, we’re getting more of the cur
edges of the curve is expanding. So we have had a h
school student participating at Penn State several
ago. We had one high school teen tightly connected
UCSF patrticipating last year. That team has continu
year as a high school team, and we have one complet
unaffiliated high school team from South Carolina
participating this year.

There is another activity which is the Do It
Yourself Biology Group. They would like to particip
IGEM, but they’re going to have to get themselves o
a little bit more before we will be able to know th
can participate within iGEM and do it safely.

DR. SILVER: Okay, | think then we’ll close.
Richard, I think there’s about several litigation o
guestions.

DR. JOHNSON: Let me just comment very briefly

about the —
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DR. SILVER: Very quickly.
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DR. JOHNSON: The third point is a very important

one. But it's not a new issue, and all emerging
technologies and over a long period of time you've
lag. We've had lags from telegraph, telephone. We h
issues in terms of the airplane where the airplane
eventually you had to have a young Secretary of the
named Franklin Roosevelt step in and basically crea
patent solve some of the problems. We had it in tra
where basically eventually the government had to st
and tell AT&T and Fairchild and Tl to license. So b
court cases also, | think, and there’s an interesti

if people want to look at it by Mark Lemley of Stan
who | referred to earlier and some colleagues which
basically is arguing which 1 find actually fairly
persuasive historically of why you want to leave it
sort of a messy court process and in the end maybe
accelerate it a little bit. But it may end up with
results than with people trying to make decisions a
earlier stage that are premature and that prevent o

off future options for the development. | think som

had this

ad the

Navy
te a
nsistors
epin
asically
ng work

ford,

to a
we can
better
tan

r cut

e of



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering
symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 69
Randy’s things with Arpanet and the Internet also g 0 very

much to that.

DR. SILVER: Okay, so lastly there was the
guestion of the future which seems to close every s ession.
So would you all like to —

DR. RETTBERG: | just want to say one thing which
is I'm a little bit concerned about the court case, and |
hope | get to retire before that actually happens.

DR. SILVER: Okay, so that’s your vision for the
future. So would you like to comment on the future?

DR. KEPES: Right. So what | think we are facing
is really an expansion. So it is a very exciting mo ment
actually to be involved in this new field. And from the way
we will be able to deal with IP issues as well as
infrastructure and financial support will come actu ally
better field of a more difficult field.

An important issue to my eyes is how much

protection do we need in order to keep the industry going
without — while minimizing the impact on basic res earch.
This is really an important issue, and | was very g lad to

hear that the views of my colleague, Rick Johnson. Thank
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you very much.
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DR. SILVER: Anyone else want to comment?

DR. RETTBERG: I'm always surprised by people who

say — have sentences that start, well, who would ha

imagined, right. | think of the previous President

who would have imagined a flood in New Orleans exce

you see there was a report that he sat in on before

People would say, well, who would have imagined

computers everywhere. Who would imagine all the com
in the world connected together except | was in the
development of the Arpanet, and of course we though
there being ten dollar computers. That’'s the number
thought of, by the way, and we clearly aimed too hi

we clearly thought that all the computers in the wo

being connected together.

We didn’t understand exactly where it would go,

but Doug Inglebart had already done many things in
human augmentation project that are actually now in

existence in the web and in the mice that we used.

think that we are still in very early days of synth

biology, and our time frame shouldn’t be what’s goi
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happen in five years. But | think that over this ne xt
century we will find that we get to be good at matt er.

In the second half of the last century, we got to
be good at information, and it was fundamentally di fferent.
Biology is the core technology that manipulates mat ter
better than anything else. And as we harness it, | believe
we will get to be good at matter.

DR. SILVER: Okay. I think we’ll stop there and
thank everyone.

[APPLAUSE]

(Break)

Agenda Item: Session 5: Roundtable on Investment
Models for Synthetic Biology

DR. LAZOWSKA: Okay, folks, let’s take seats and
get going, if that's okay. Well, thanks. My name is Ed
Lazowska, and this is the session that’s called a
Roundtable on Investment Models for Synthetic Biolo gy. I'm
a computer scientist which sort of leaves me odd pe rson out
at this meeting. My really principal connection to
synthetic biology is | was chair of the DARPA Infor mation
Science and Technology Advisory Committee in 2003 w hen Drew
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synthesis study of synthetic biology which in many
think launched the parts based community. And from
computer science point of view, there are a lot of
analogies to synthetic biology.

During this session, we’ll continue the
discussion of open source versus open innovation, f
example, which has a lot to do with investment mode
investment incentives. But really from my field’s p
view, we're in the business of complexity managemen
complexity management is the reason that today you
design integrated circuits with billions of transis
25 years ago we could design integrated circuits wi
of thousands of transistors. So it's not just that
smaller and you can fit more of them on the same di
That'’s, of course, the case. But the real issue is
the design tools and what are the composable units,
do you make them larger and larger over time and st
preserve that composability that allow teams of rea
size numbers of people and reasonable amounts of ti

reasonable amounts of money to design things that a
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orders and orders and orders of magnitude more powe
more capable than they were just a few years ago. A
that’s the path that synthetic biology is traversin

and that'’s the leverage of this parts based composa

approach.
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We're going to divert a bit from the pattern so

far. The plan for this session is that each of the
panelists is going to give you about a five minute
introduction just telling you where they come from,
then we’ll have a discussion with you. So we really
your active participation in this both as people as
guestions and as people answering questions. So we’
little bit more about this, but there’s plenty of e

on the panel but there’s plenty of expertise in the

and we want to have everyone participate in this ne

session.

and
want
king

Il say a
xpertise
room,

xt

So let me tell you who we’ve got here, and then

I'll invite them up one at a time to just give you

background.

a bit of

Mark Waxman on my immediate left is the Chair of

the Healthcare Industry Team at Foley & Company. Gr

eg Kisor
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is Vice President for Investor Relations at Intelle
Ventures, an organization in Seattle and the world
days. Paul Olsiewski is Program Director at the Slo
Foundation, and loannia Economidis is the Principal

Scientific Officer of the European Commission.
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So we've got a lawyer, an investor, a foundation

person and a European. | think that covers the base
checked all the boxes, and we’re ready to go. So wi
let me invite Mark to hop up here and give you a bi

introduction.

s. We've
th that,

t of

MR. WAXMAN: Thank you very much. Having virtually

two lawyers in a row, you have my sympathies. | fee
kind of after hearing that last discussion, Richard
like kind of a skunk at the picnic. You know, we co
with different bent in terms of what some of the is

are.

| like
, | feel
me in

sues

| come to the investment side, | guess. We first

got involved looking at the investment side of this
representation of FEBIT in connection with the inve
of Incutel into FEBIT which was one of the investme

Cord was talking about yesterday, a particular kind

in the

stment

nts that

of
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about.

What | want to do briefly is to chat a little bit

about sort of a view of the investment environment
off of the last discussion that we had. And looking
this, some of this is perceptual. But you can see t
kind of a little bit of what the public may be star
think about synthetic biology and where we may be i
couple of years. And while this is cartoonist, of ¢
you can see as you look at what headlines are that
actually behind this type of cartoon, it's a little
different and this is just some of the recent theme

| think this helps inform the environment.

We go from the first one that sounds good about

bugs eating waste and excreting petro that sounds r
great to big questions about technology to the Army
Bioresearch at the Maryland Laboratory. Those of yo
read the newspaper articles about Ft. Dietrich and
various things that were going on there, you kind o
the question, you know, are we one vial away from d

here if something happens. Are we all of a sudden g

y adopted or
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see a different type of environment to George Churc h's are
we creating life from scratch to something world ch anging.
We’'re now interplanetary to synthesized ethics, bri nging in
an entirely different element and then to the ultim ate
pragmatism, you know, gene therapy gets under the s Kin,
going under nails and under the skin to help cure p eople.

So the reason | point this out to say, look, this

is as you invest into this both from the public and

governmental perceptions. This is what it is that p eople
are thinking about. The Woodrow Wilson folks who | know are
here, you know, they’ve done a nice summary showing the
news coverage going like this over the past couple of years
talking about sort of the themes that people are th inking
about, and | think we have to be a little bit caref ul as we
keep talking about designer organisms, playing God, and
Frankenstein like pictures coming out of this that create
problems coupled with this whole notion of biosecur ity. Is
this really a threat that people are concerned abou t? Yes.
But is it something that has to dominate our discus sions,
or do we need to again temper the vocabulary that’s there.

We just heard, | think, what I would call a
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fairly distressing and depression discussion about
patent thicket. The question is, you know, is this

to just kind of kill the whole thing and we should
home and maybe, as was suggested, await the litigat
think a positive view of that would be no. I think
answer to that question, you know, should we get in

| think the answer is yes. We ought to get into it
ought to look at what some of the patents are, and

to have a better understanding of where the blocks

where they aren't.

Is it a good idea to await the litigation? You

know, those of you that kind of follow the patent w

mean the Qualcomm litigation with Broadband and Tex

Instruments and Nokia’s been going for years. It di
stop innovation. It was good for our profession. It
stop innovation necessarily. The litigation’s that

in the genetically engineered crop field has also b
for our profession. It didn’t stop innovation. But

there be a better way? The answer to that | think h
an obvious yes. There could be a better way, a much

way, and | think it requires some sort of affirmati
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at how this might work.

And the question is who'’s going to lead that

affirmative look on some sort of collective collabo

basis. | think it probably has to be something in t

of trade association who says we’re going to take a
look at this or a collaborative probably on the not

profit side who says we’re going to take a hard loo

this potentially supposed by industry as well.

So the answer is real joint effort viable? |
think my answer to that is yes. | don’t think we ou

all just await the continuing expense involved in s

my kids to college.
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Next piece, we touched on a little bit. You know,

the lack of regulation. Yes, there’s a lot of regul

out there for people who, you know, you run a lab,

to open a lab, you have to get a license. You want

certain kinds of facilities, you have to get licens

want to get patented. You want to get something thr

FDA. But there isn’t any real specific regulation t

focused on synthetic biology per se as a regulatory

So the question is, is that a good thing or is that

ation

you have
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inviting target.

| think it depends how you see the public
perception. Sometimes when there’s regulation, the
feels more protected that somebody’s looking at thi
they've seen what's important, they’ve seen what is
some sort of regulatory environment may be helpful

that perspective.

Sometimes you have regulation as something else.

And as | say, right now synbio may be regulated bec
may be a pollutant, it may be a pesticide, it may b
contaminant. It may turn out people think it's
nanotechnology. Those of you from Berkeley know, yo
the City of Berkeley wants to do something with
nanotechnology. And then you end up in a regulatory
that lots of different people may be trying to regu
same thing, and you end up something like stem cell
Stem cells, you could -- in California, you could
have the Governor give you a lot of money to go do
embryonic stem cell research. If you're in the Dako
go to jail. All right, that wasn’t a very good regu

regime. So somewhere we need to step in and avoid w

public

n't, and
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with stem cells.
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ve seen

One of the things | think is worth a good look is

why not use the proposed Amended NIH Guidelines tha
out for recombinant DNA research that have now adde
synthetic biology and maybe we could use those as a
baseline to expand the regulatory environment and a

on a little broader scale.

t came

don

dopt it

These were published in March. The comments are

in. They start talking about a taxonomy of risk as
at, you know, synthetic biology, in that case based
certain strains and whether it's two-thirds of an e
viro genome or half or something, but it was a star
think it was a way to look at how are we going to a
the research phase, how we’re going to prioritize r
relate the risk to how we’re going to do the resear
think that might be a good start. It doesn’t get yo
next phase which | mentioned in my question yesterd
about scale of distribution and sale. You know, how
go about thinking about regulation there. Again, th

something we don’t want a patchwork. We don’t want

we look
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time you have synbio rolling through the streets of
Berkeley you have to go register it as a model whic
obviously would pick up everything from perfumes to
rackets. I'm not sure what the goal there was. And
clearly need to address the need for international
harmonization. | mean this stuff gets mailed throug
mail all over the world. To have one set of regulat
environment here and another one there again isn’t

be very helpful.

Insurance, you know, this is a question I've

written about. Is there going to be some sort of sy
exclusion in certain kinds of insurance policies th
you’re working in insurance, if you need insurance
commercialize, right, you need to protect your work
your workers comp insurance. If you're going to mak
products, you've got to have products liability ins

You know, how are you going to go about handling th
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The insurance industry, Swiss Re in particular,

is looking at this. | think an intergovernmental in

exchange as has been suggested is probably unnecess

it's something that we need to think about.
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End of the day, you know, kind of where do you

end up? Is there a possibility of public/private
partnership? There’s a lot of talk about this. Ther
lot of talk about can you put together the screenin
list hotlines and clearinghouse altogether as an in
and say we're going to have a nonprofit center to t
think the answer to that is yes. | think it's a goo

| think government ought to fund it, and | think in

ought to get behind it.

e’'sa

g watch
dustry
his. |

d idea.

dustry

You've got IASB in Europe already coming together

with a code of conduct project with some technical
solutions that they would like to put in place. If
do that and adopt that internationally again I thin

another positive step.

we could

k

Here in the U.S. we formed the Synthetic Biology

Industry Association in order to start thinking abo
collectively as a trade association from industry.

the great things about this room is you have an awf
of people from the academic side, from government,
NGOs, from the charitable side. | think we need an

organized industry presence because as you heard wi

ut this

One of

ul lot

from

th
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respect to the patent world, industry sees these th
little different. Industry sees this can we create
market, can we do return on investment, can we get
things out. Consistent with the Bayh-Dole Act, of ¢

but on the other hand, they’re ROI.
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ings a
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ourse,

So there’s an industry voice FEBIT, GENEART,

Sutro Biopharma, 1QT, Incutel, Blue Heron, Biosearc

Technologies and Integrated DNA technologies have a

joined this association. I'd be happy to talk to yo

it if you want to do it. And the question here at t

of the day is who's going to convene the solution.

a lot of conferences that sort of bring people toge
The next step is we need to have one where people s
around the table and say, okay, if we’re going to r
what'’s it going to be, who’s going to do it, and ho
going to move that process through without killing
because it's an industry that everyone says has pur
value. Let’s not get caught up in the thickets. Tha

[APPLAUSE]

h
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DR. KISOR: Sorry to disappoint everyone, but |

didn’t prepare slides. So an interesting point in m

y life
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came on Wednesday. On Wednesday | woke up to the ne ws that
the Pope had declared patents evil, and the Swedish Pirate
Party had declared Elvis evil. Now | mean | know it seems
kind of strange. But in both cases, it's because th ey were
protected by intellectual property. Elvis is protec ted by
copyright. In fact, his current estate makes more m oney per
year now than the collective years he was alive. It 'S
pretty phenomenal.

The Pope made no comment about Elvis. But he did
make a comment about patents, in particular those i n the
area of healthcare and the fact that there’s just b een a
systemic failure to solve the developmental problem S
surrounding the zealousness to enforce intellectual
property and keep things away from those that have real
need.

So | have to tell you | was spending the day on
Wednesday. | knew | was coming to do this, and | wa S just
wondering, you know, which side of the fence should | be on
and what should | do because, you know — by the way , I'man
Elvis fan. It's my chosen song choices when | do Ka raoke. |

was really questioning myself because even my fall back
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But nevertheless it’s true that there are
definitely real issues around the use of intellectu
property. And my company if those of you that don’t
us, everybody wonders whether we’re evil or not bec
are effectively a company that does venture investm
model in intellectual property. We do do spin offs
things like that. So there possibly will be product

these lines. We really are focused on intellectual

property.
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Synbio is a small part of an investment in two of

our funds. But really one of the things that | see

the raging debate here, we have 95 percent of the d
taking place in something that's actually a much, m
single digit percent of the developing world. But i
interesting to see this debate because we really li
exciting time. Synbio offers promises of all kinds
things. | teasingly tell my children that I'm going

to be 150. So they need to learn to put up with me,
actually think there’s a promise that that might be

possible, although some people say I'm crazy for wa
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But this is an exciting time, and we need to
figure out how to encourage innovation, and this go
just for synbio but in general. Advances in technol
and so on are just going at a rapid pace, and innov
seems to be stunted in some cases by somebody’s des
make a dollar. And | would say | actually think tha
dollars are actually what's causing the desire to i
So before you brand me an evil raging capitalist or

whatever, I'll just capitulate to it.
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The debate about IPR is something that is not new

at all. The earliest case of it in the United State

could find was a debate in the 1820s over patents a
heaters going into homes. They had developed a new
radiating kind of heater, and it was being protecte
only one producer in Pennsylvania was producing it
there was a debate that it would allow the poor to
proper heat with less material going into the heate
Therefore, it should be declared open for the publi
And it was rather interesting to see that that's a

debate.

s that |

round

d and
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have

c good.
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You go with the Wright Brothers and their
aircraft. They actually before World War | the Secr
the Navy had to basically force them to open their
up so aircraft could be built. If you go fast forwa
software, originally software, even the ability to
copyright software was challenged. People said it s

free with the hardware.
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etary of
patents

rd in

hould be

And now we’re of course debating patents on

software and when are they valid and when are they
so on. And | think that that’s very similar to a de

that you'd have about synbio. You know, when should
patents be allowed, and when should they not and wh
scope and what should be allowed to be protected, w

should be open for research and so on.

not and

bate

the

at's the

hat

One of the things that | know because I live in

this world is that regardless of how you want to do
property rights drives the ability to have wealth ¢
And without wealth creation, you don’t have investm
innovation. The public good alone would put us to t
where we're solely relying on philanthropy and the

government basically, the governments to fund innov

it
reation.
entin

he point

ation.
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And that even will dry up if there’s no wealth crea
property rights sort of drive the need for wealth c

So in this we need to preserve some way that wealth
creation is still possible while allowing for innov

and innovations to be built on top of innovations.
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It's kind of ironic that the very property rights

that most people think as a barrier to access is pr
the only vehicle people have to ensure access, to e
proper usage of the technologies because without
intellectual property you have no way of saying the
open it up or they must produce for third world cou
or they must allow researchers to have access to th

innovations and so on.

obably

nsure

y must
ntries

eir

So | welcome any questions. | welcome the debate.

But I'm sort of fallen on that side of the issue, a

here to advocate that we need to find a space for |
this. We need to find a space where research can oc
it's done such that all research is possible. It's

such that the public good is served. But it's also

that we have a growing health industry. Thanks.

[APPLAUSE]

nd I'm
PR in
cur, and
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done
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DR. OLSIEWSKI: Good morning. First of all, as a

sponsor of the meeting, | want to thank you all for
and sitting in the audience and listening to the wo
talks and so on. And | found this meeting to be inc
exciting. Now | didn’t have an erector set when | g
but — and my parents didn’t go to college. But I h
microscope and | had a Gilbert chemistry set. So ma
that’s how | ended up getting a Ph.D in biochemistr
MIT. I don’t know. But those early experiences make

difference.

coming
nderful
redibly
rew up,
ad a
ybe

y at

a

So why do | care about synthetic biology? Well,

when | took my job at the Alfred P. Sloan Foundatio
hired to develop a new scientific program area in
biotechnology, whatever that meant. | also was aske
work on our bioterrorism program, and this is pre-9
was interested — the Foundation was interested part
in issues of potentially dangerous research in the

sciences.

n, I was

dto
/11 and
icularly

life

All right, so suddenly I'm working at the Alfred

P. Sloan Foundation being paid to study, work with

smart scientists, engineers, people, ethicists, law

really

yers and
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again both looking for important projects in basic
to fund as well as in looking at potentially danger
research in the life science. So that sets the stag
May | have the next slide, Stephen.

| want to then mention two early important
grants. We do our work by studying problems identif
smart people to work on them, coaxing them to write
proposal and then funding them. We give grants. It’
exciting and rewarding professional opportunity. |
grants listed here. One is a 2001 grant to the Nati
Academies and Jo Husbands is here somewhere, the PI
grant, and that ended up becoming the Think Committ
Report which actually is called Biotechnology Resea
an Age of Terrorism, and that was really a landmark
because it said there was some experiments in the |
sciences where you really should think about it and
just did a series of recommendations which I'm not
talk about but is a very important thing because sh
there be regulation in science? Well, there already
some. The RAC, were those — | don’t want to call t

Whatever the legal term is, was that enough oversig
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SO on.

All right, so working away on that. But remember,

| had the microscope. | had the chemistry set. | re ad
Science. | read Chemistry and Engineering News, and there |
see in Chemistry and Engineering News a picture of Drew
Endy and some students holding up flashing bacteria ,and |
said, hmm, this looks good. But remember at sometim e during
this time we had had the anthrax attacks and so on. So the
bioterrorism program got a little more exciting bec ause
people were very interested in it. But anyway, I'm not here
to talk about that. I'm here to talk about syntheti C
biology.

So | started following synthetic biology, and |

thought it was really exciting. We invited — | went to
Synthetic Biology 1.0, met a number of the people w ho are

in this room. We invited Drew to give a talk, the S loan
Foundation. The science and engineering blew us awa y. |

said, okay, Drew, what do you think. That's how we were,
got a great person in the room. And Drew said to me | think
you should work on the societal issues. It takes up SO much

of my time, we need some good answers.
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So | took the good advice, and that led to a 2005

grant which is a joint venture, the Venture Institu
They're definitely doing the science. CSIS definite
understands the security implications, and MIT, Dre
group, definitely understands the engineering. And
together a consortium of scientists, various leader
ethics, whatever other from soup to nuts and came u
report called Synthetic Genomics Options for Govern
and this was our first big splash in the synthetic
arena, and | think that's been a very important rep
think three out of the four people are in the room
Jerry Epstein, Michele Garfinkel and Drew Endy who
authors on that, and again | think what'’s really im
about that report is that it gives options. It leav
others to determine what the risks are because depe
upon what you think the risks are, that will help y

select your options.
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So we also during that time we underwrote the

societal Issue sessions at Synthetic Biology 2.0 in
Berkeley, 3.0 in Zurich, 4.0 in Hong Kong. One of t

things that's been really wonderful with this is I’

he

ve
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traveled all over the world and again meet, you kno
hearing really interesting state of the art science
engineering talks in this fabulous field as well as

engaging people on the various issues.
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and

So in 2008, we decided to take another look at

what we were doing in synthetic biology, and we wan
go just beyond synthetic genomics and some of the
biosecurity issues to look at some of the other iss
see a lot of promise in this field. We hope that th

be wonderful products that will help with our envir
with our health and any other application that may
along. And so I'm going to step back so that | don’

these in the wrong order.

ted to

ues. We
ere will
onment,
come

t get

But we wanted, we had several goals. We wanted to

improve understanding of ethical, social and policy
by the scientists and engineers. We wanted to impro
understanding of the science and engineering by the
makers, journalists and the public. Again, we're co
to improving biosecurity and biosafety. But we also
to create a cadre of young scholars working on the

issues, and | don’t know if Paul’s still here. But

issues
ve

policy
mmitted

wanted
societal

I'm
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still using that term.

And so we have three projects. The current

project is the one that’s incubating or happening r
now. Anne-Marie Mazza is the Pl on that. This is th
meeting. We had a planning meeting, very exciting f
Sloan Foundation to be able to participate in the
brainstorming and again meeting all these internati

collaborators.
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I’m going to mention three projects, the Hastings

Center, the people from that project are here. That

is led by Tom Murray and Greg Kaebnick. They're her
not going to give a lot of detail on the projects b

you can meet the people. We have a project with the
Craig Venter Institute. Michele Garfinkel is here.
Knowles. Paul Thompson of Michigan State is also pa
that project. And then we have the project that was

to in the first speaker at the Woodrow Wilson Inter
Center for Scholars, Dave Rejeski at the back as th
that. Andrew Maynard is in here. And since Dave’s a
giving a talk tomorrow, I’'m going to say the least

that.
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All right, so the Hastings Center, again, why are

we working with the Hastings Center? They’re a high quality
ethics center. So we’re interested in -- one of the reasons
we funded them is to do serious scholarly research on the
ethical issues in synthetic biology that will help inform

policy discussions.

Roger Brent graciously agreed to be their
scientific adviser with all of our projects in the societal
issues in synthetic biology. It is key to have top

synthetic biologists involved in the discussions,

engineers, biologists, practitioners of synthetic b iology
working directly with the social scientists, philos ophers
and ethicists. And then | list the three topics tha t

they’re going to review as part of their study.

All right, then I’'m going to mention the Venter

Institute’s project, okay, and it's called syntheti C
genomics. Scientists’ understanding of society’s co ncerns,
society’s understanding of the science and the scie ntists,
two sides. We expect that this project will help th e
scientists and engineers better understand how soci ety

views their work. We also want to educate journalis ts so
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that they can better inform the public about synthe tic
biology. We also want to inform policy makers to he Ip them
structure better policy.

And one side on the Wilson Center. Many of you
may have already been to some of their events. Thei r goal
is to identify and start to address the risks in sy nthetic
biology. They’'ve had some fabulous events. Mike Rod emeyer
gave a talk. The people from the Hastings Center pr esented
some of their work. They’'ve had several things. If you
haven’t been to their website, | urge you to go the re.

So anyway the Sloan Foundation has probably spent
at least $2 million investing in addressing the soc ietal
issues in synthetic biology. We think it's very imp ortant.
We encourage others to invest in this part because | think
it's a very important area, and I'll answer questio ns
later. Thank you.

[APPLAUSE]

DR. ECONOMIDIS: Thank you for the invitation. I'm
the European. What | would like to tell you is how a
European institution like the European Commission i S
investing in these particular parts of science, and of
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of investment.
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ructure

Now talking about synthetic biology, we started

with a given definition back in 2003 was high level
invitation of scholars where they came and they gav
definition of the field. You may agree or disagree
definition. However, it was a working document in o
start thinking how we can proceed in this field. An
elements, of course, were to address biological sys
many times we have discussed in this meeting with t
and the language of engineering that was the main

principle.

ea

with the

rder to

d the

tems as

he tools

Now coming from this document, there were two

calls for proposals and they came out and yesterday
were discussions on that. Two sets of projects that
out of 18 different projects. Some of them they sur
through the publications and the peer reviews and t
public relations that they make some of them. Proba
went out to their final report, but some of them pr
you know the acronyms like the emergence of the

provocatives you have heard about it on SynBiocomm,

there
came
vived
he

bly they

obably
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representative here and some other projects in whic

don’t have really the details to go on it.
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h we

So the major elements of that were to come with

some topics dealing not only with basic science but
medicine, new generation of pharmaceuticals, new ch
compounds to approach the issues of environmental e
and production of SMART materials and some issues a
just heard the last speaker of issues of security a

safety. This is history.

by
emical
nergy
s we

nd

Then we came at the era of the seventh framework

program. For the non-Europeans, a little bit of bac
This is the major funding system of the European sy
and it has several elements. I'd like to show it to

It's a program that has funding for seven years of

level of $53 billion Euros, and it's breaking in di
dimensions. The two elements that we have to take i
account is the one on the top which is called ideas

this has the basic elements of research. You have h
apparently from the so-called European Research Cou

and this open-ended type of blue-sky type of resear

kground.
stem,
you.
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of course it has some projects of synthetic biology

And the other ones which we care about is people

because that involves fellowships. Young people, we 've
heard before, lectures on the importance of young p eople.
So it's for young scholars to exchange their experi ences.

And the major funding comes from the program Cross
Cooperation which involves different other small pr ograms,
mathematic programs.
Now you could have imagined that synthetic
biology can fall between different disciplines. One can be

health, the obvious one. The other is the food and

environment. The other one can be nano-materials or new
materials. However, it was a matter of choice. Some of
these programs did not really respond to this kind of
provocation of the new times, but some others they did.

| am lucky enough to belong to a program called

the Knowledge-Based Bio-Economy, and I’'m going to t ell you
a few things about that in which we responded to th e issues
of synthetic biology. So the Knowledge-Based Bio-Ec onomy,
it's very sketchy. It deals with three elements. On e of the

biological resources and one, of course, of the bio logical
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sources can be agriculture per se. This second one
processing. So when you have biological resources,
to two directions. One direction is for food, and t

is for non-food.
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| belong to the part which is non-food and has

the most advanced biotechnological techniques. And
know if it’s right or wrong, it may come from the
discussion. Synthetic biology, we use it as one mor

advanced tools, one more part of the emerging techn

of biotech knowledge in order to promote bio econom

because biotechnology is not science per se but is
technology. So it has to give services and economy

society.

So we have a modest cultural proposal at the

beginning, and we came out with one project. Victor
Lorenzo yesterday alluded around this kind of ideas
to use synthetic biology for approaching, attacking

environmental issues, aspects of bio mediation, and

was a modest investment of $1 million Euros and to

accumulate scholars to come around and create the ¢

mass around this particular issue using synthetic b
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for environmental issues.

Getting more courage from this project, this

project has several working elements and the one is
conceptual frame. Since this is a new discipline, t
genetic tools, the design and modeling tools, the b
degradation approach going to a specific issue and
said, socioeconomic environmental assessment, biosa
issues and the aspect of training and dissemination

at least with the public perception we have strong
Europe. And of course, training is a seminal issue

field of science.

joint Committee on
/Board on Science,
Engineering
Associates and is
of the Committee on
/Board on Science,
ments included in
ersons or

y adopted or

ademies. 101

the

he

io

as Rick
fety
because
issue in

of any

Now in the following proposals, we went to better

investment around $3 million Euros, and we said ins
approaching the issue of environment, let's ask wha
synthetic biology can do in general for biotechnolo
in this case we defined even what we want to do fro
elements of synthetic biology because synthetic bio
covers several issues. And this is what you see in
blue, and the most important thing to have to creat
the tool for going through different applications

biotechnology.
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So it came out with this hasn't started yet. It's

under discussion. The finalization is a project whi ch has
eight labs. It's to modify the chromosome of the ba cillus
subtilis receptors and to create the tool for havin g a new

and more focused biotechnological applications.

Now very quickly to another program that these

people are working on socioeconomic research. They have two
projects, one called Synth-ethics and one called SY BHEL and
they are dealing and analyzing the LC issues which can be
focused new or not new because it's a matter of deb ate on

the synthetic biology.

Now the type of investment that we do, we try to
have so-called stakeholders | mean from the differe nt
affiliations and disciplines that you can see on th e slide
which have, of course, we need the industries as we Il,
small, medium enterprises or bigger industries.

Now I'm finishing by saying that besides giving
money and following the projects, we try to have ne twork.
And so we have three types of networking. One is th e
European Network of Semantic Work and one is the

collaboration just mentioned. The basic research of the ERC
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asked every country that sits as an advisory countr

have 30 countries around the table to have a networ

KBBE, the Knowledge-Based Bio-Economy Network and t

designated specialists from their field and to come
give us more or less advice and tell us what they a

in the member states.
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And they have a working group in the initiative

of Germany, the Working Group of Synthetic Biology,
that works very well. Of course, because it's a
governmental, it has an irony. One of the member st
a major activity in studying biology is not represe
there because they’re bureaucrats or they're
administrators. They haven’t thought carefully abou

field.
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ates has
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And then yesterday we discussed the European

Group of Ethics where they give advice to the Presi
the Commission, and they come with a report now in
September that will be public on the net how the Eu
Commission and the Union are thinking about the eth

issues of that. Okay, and the second type of networ

dent of
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ical
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what we have in Europe. So we have the FP 7. We hav
ESF, the European Science Foundation. We have the E
They have activities. The Royal Society, that of co
the organizer of this meeting, and the Royal Academ
Engineering.

And third one and I'm finishing is that the
International Network that we try to participate is
International Conferences that we just heard. The O
Working Party on Biotechnology which would try to
complement our work and their work, and finally las
not least and there are several members here, the E
Task Force on Biotechnology Research where funding
from this country, from the United States and Europ
Commission try to discuss about the cutting-edge re
and see how we can bring the two communities from b
sides of the Atlantic together. Thank you.

[APPLAUSE]

Agenda Item: Questions and Answers
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DR. LAZOWSKA: Okay, so this panel is about

investment models and of course there are lots of p

investors. There are government funding agencies. T

ossible

here are
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foundations. There are corporations. There are priv
investors.

And I'd like to begin by discussing this
landscape a little bit and let me start maybe with
of analogies to software which | know a lot better
biology. One thing I'm interested in is understandi
balance of investment between tools and application
right. And my sense is that there is a large amount
funding for applications, but not a lot of funding
tools that will allow one to build the next generat
applications. This is, well, you know I'm sorry. |

busy solving the problem to build tools.

And if | think back to the integrated circuit

revolution in the late 1970s and the early 1980s, D
made very, very substantial investments in tools, t
that made it possible for people who understood the
architecture of systems to build integrated circuit
that’s really what created the revolution. It was t
construction of those tools and the dissemination o
tools and putting those tools in the hands of peopl

understood system architecture rather than tapping
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integrated circuit masks.
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My feeling is that one of the many things DARPA

whiffed on in the past eight years was synthetic bi

We put a huge amount of effort into our ISAT study

and a lot came out of it. But it wasn’t through a s

DARPA decision to invest. It was through a set of p
realizing that there was enormous promise, and they

move this ball forward on their own. So that's sort

first question which is what is the tools versus

application investment balance, and is it appropria
if not, how does one change it. Maybe you folks hav

opinions, and again we're happy to hear from you as

Art, do you think about this at all or not?

PANELIST: Well, | think | disagree with you. |

think there’s a fairly healthy at least at the thou

perhaps the dollar side less clear as between tools

applications. | mean | see the gene synthesizers. |

those working on different types of gates. | think
people involved at sort of the biobrick effort, you
all of those in my mind are the tools that are late

going to become the applications.
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You read a lot about the applications as you look

into sort of energy and things like that. But | mea nl
personally think it's balanced. The other question that you
inferentially asked and I'll just answer it had to do with
how are you going to investment, who'’s going to do it and
how. You know, in my mind there’s really four model s that

are out there that people do invest with.

I mean one is the standard VC model. And so you

asked the question where are they investing. | thin k
they're given the current investment cycle and othe rs may
answer this better, they’re looking a little shorte r term
than they were in the past. And so | think that ten ds to

focus more on tool maybe than applications.

There’s the tech transfer model which was

mentioned in the prior discussion. The tech transfe r model
looks at a little bit of each and has its own model and
people can go online at Harvard or MIT and see what the

tech transfer model looks like.
You know, the third is the application model. |
mentioned the Incutel investment in FEBIT which act ually

was an investment that didn’t take the form of a no rmal
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stock purchase. It took the form of a work order th at would
be exchanged for warrants going in the future as a model.

And the last, | think, is kind of the Gates model
or the CHAVI, CHAVI being the Center for HIV AIDS V accine
Immunology which is sort of long term problem solvi ng that
also involves tools by a government funder with
infrastructure collaboration and a centralized data base. So
I guess | see it as maybe a little more robust on b oth
sides than you might.

PANELIST: So tools versus applications. | think

that tools — funding for tools does help jump star tan
industry, and the semiconductor integrated circuit example
is a great one. But as far as the venture community , yes,
they're very focused more on return and more near t erm
return to try to bring solvency back to a lot of th eir
current investments. But | think in that regard the y're
actually more focused on applications than tools. T hey
actually want something that’s going to go to marke t,

that's going to create a return. And tools are usef ul only

if it helps you bring applications to realization q uicker.

For example, you know, the synbio area there’s
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people working on some what you'd call synthetic ye
make beer and wine better, okay, and make it more
consistent and make it create a more consistent pro
regardless of what went it, the materials that went
initially. And that’s definitely an application. It
definitely something that people are going to inves
in because there’s a huge industry and so on. But t
building blocks there likely have a lot of reuse fo

areas because it involves a chemical transformation
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And so in that respect they look at that as sort

of a tool as a basis for what other applications ca
spun on top of it. But | think generally the focus
maybe that’s short sighted. But | think at least th
industry and the venture community is actually sayi
know, how can | make money on this and I'll throw m
into it because | want wealth creation and | want a
sustainable industry. And | think that most of the

investment in the building blocks, the tools and so

coming more from either philanthropy and government

people doing core research.

DR. OLSIEWSKI: Actually, I'd like to make a
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comment on this. First of all, | think there has to
at least in terms of what the U.S., the NSF has fun
synthetic biology. | don’t know what the data is. |
saw Zoe over there. But | think that in the U.S. th
should be data. Maybe it's not all collected, but i
be interesting to see specifically where the money

okay, and how much there really is.
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| also know that various companies do those

reports on the venture firm. So | think it's great

of talk about this, that and the other thing in ter

the different opportunities. | really hope if someo
report on the data, | would like to see that. When
Sloan Foundation was doing the assessment of what t
the societal issues, we saw very little investment

U.S. in the societal issues. And again, we only hav
relatively small amount of money compared to the bi
in the U.S., and that is the government. So we were
careful before we entered into this area. But if so

has those data, I'd love to see them.
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DR. LAZOWSKA: Let me ask about reuse of

components and sort of another software analogy whi

chis
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the sort of the open versus closed business, and we talked
about this by email before the panel a bit. Rick di da
great job in his presentation in the last session t alking
about open science, open source, open standards and open
innovation, and they are different and it's easy to confuse
them.

But one thing I'm interested in is whether there
are adequate incentives for investment, for private
investment or corporate investment in an open world in
synthetic biology, all right. That is, it's possibl eto
sort of overdraw analogies, naive analogies between
software and biology. So can you imagine investment
incentives in an open world.

Another question is whether we’ve got a situation
where the government and foundations are allowing p eople to
corner future markets with public or foundation mon ies. So

here to state this in the extreme and again this is

referring to our email conversation, the Department of
Energy has said to J. Kesling a few years ago, look , you
know, here’s your $100 million but you have to make these

parts you develop open and publish everything you | earn
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through the course of this project. So | think this whole

open versus closed issue is a really important one.

PANELIST: You know, it raises in my mind the

guestion of the debate about whether the Bayh-Dole Act has
been a success or not over the long haul because it raises
the same issue. Fortunately, | don’t know the answe rto

that question. But | do know that and this is why |

mentioned it, you know, there are models out there which
the government has looked at in other sectors which require
you as a condition of getting the dollars you requi re to
contribute to technology back into the pool in orde rto
make it available for others. There’s also the mode | of the
stem cell patents that WARF where they have agreed in
essence to license that to research uses and they’l | come
back and talk to you later if you start making mone y. But

at least they want to get the technology out and
principally licensed out to other non-profit entiti es.
| think the government, to answer your question,
ought to look very hard at grants going off into th e future
and requiring, if there’s the IP coming out of thos e

grants, consideration of bringing them back in and making
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them more generally available to help (a) fund the
fund the next generation of research. The theory be
that has to be that this type of research is actual

to open up an industry as opposed to close it down.
have to believe and we’ve seen this in software tha
creating platform type technologies you're going to
with more industry and investment in the end than y
now. There’s a trade off that’s very difficult to m

the beginning. But once it's gone, | mean one can ¢

what'’s gone on in between Qualcomm, Nokia and the r

say look at that situation as opposed to other envi

and say did we progress.
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DR. LAZOWSKA: Let’s take some questions from the

audience. We've got a line at the microphone back h

ere.

AUDIENCE: | guess | want to have some questions

about how to best structure investments in tools. |
respectfully disagree that there’s a significant in

in tools and very little public representation in t
bases that are being built out. For example, constr
of genetic material has largely been driven by priv

investments. The last public investment I’'m aware o
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out of the Advanced Technology Office at DARPA in 2
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003.

With the sequencing projects, we saw significant

public investments and thus representation in the

development of tools for reading out DNA. What role

public investment have in sustained improvements to

better at building genetic material. Second, along
lines but as a specific example, if you look at the
geometic growth of the biobrick parts collection, t
driven by a bottom up set of students all over the
It's a very controversial project because many peop
biology’s too complicated to standardize and share
way. Should we expect this project to succeed by it
do we need to see professionally staffed production
facilities akin to a genome center come into existe
make higher quality parts and address some of the ¢
that come from our better and more senior folks in,

the National Academies.
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As a third example of public investment, to be

very specific last year 1,500 new parts showed up.
are to assign very strong property rights to them s

we can give them away, patents would cost us about

If we
o that

$30-40
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million last year. That would be ten times the budg et, if
you will, of the actual event which produced all th ose
parts. We're not going to pay the lawyers that much money
if we had it. We'd probably make more parts. How do we
invest in a legal framework that actually comes to life not
at some imagined point in the future, but how about in the

next 12 months that will solve this problem for us.

A final example. How do we make investments in
community, again using biobricks. When that collect ion got
starts, every new genetic component had a signature built

into the DNA. This supports naive colony PCR

characterization presence/absence tests in the envi ronment
to figure out whether or not there’s biobrick parts around.
If you're interested in establishing a standard of practice
as an engineer that an engineer will sign their wor k. If
you're interested in making the future problems aro und

biosurveillance easier, how could we pay for this.

Practically, we couldn’t do it with the lack of inv estment
because the community grew geometrically and our fu nding
sources from any source did not scale.

So it's four specific examples — construction of
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genetic material, professionalization of parts coll

a legal framework that actually works now and estab
a community. What would be the ideal balance of
private/public foundational investments in getting

happen? Thank you.
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DR. LAZOWSKA: Well, great questions, Drew.

PANELIST: So taking them a little bit — | agree

that there’s very little public investment, and the
investment most of us aren’t going to talk about wh
investing in. So and in that respect, even if we're
investing in tools, it's not necessarily going to b

that are open based. So | tend to agree. Part of th
guestion, | think, was about a student-based develo
effort, will it succeed, does it have a chance and
And | would say that, yes, it has a chance to succe
spawning people’s interest and encouraging industry
notice. There’s several examples of early stages th
happened. The first real sort of open source effort
was aware of that did that was something called the
Independent JPEG Group. I'm aware of it because | w

working image compression at the time. But | was tr
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run a business that was about doing development on
compression, and here a bunch of college students g
together and gave the code away for free and threat

business model and | eventually capitulated and wen

work for IBM.

But it succeeded, though, I think in allowing

people to have a fundamental building block, a tool
they could actually try out concepts in building ne

products and it was quite successful as anybody who

watching television or whatever nowadays understand

digital imagery was quite successful. So | think th
an effort that should be encouraged and has a possi

of doing a lot of great good.
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A legal model that works? | think the gest of the

guestion from Drew was about, you know, who in the
going to pay for the patent filings, that it's an o

magnitude, right, of the —

DR. LAZOWSKA: No, sorry. The question was is

there a legal framework that preserves the accessib
those parts while making it unnecessary to spend $3

million on patents.
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PANELIST: Right, but there is a legal framework

than can do it. But one of the first issues is that
don’t even need a legal framework if nobody can aff

file the patents, right. So —

you

ord to

DR. LAZOWSKA: No, but some corporation could

presumably make some of that inaccessible.
PANELIST: Right, but | think the two are
inevitably tied together. There’s a legal framework
commercial framework that actually accomplishes bot
it's something that could be done now and it's one
you have an independent sort of a patent pool sort
situation. We've seen those work successfully where
patent pool in and of itself becomes sort of the
independent arbiter of what should be in, what is r
what'’s valid, what's enforceable and so on. The Ind
JPEG Group is one example of that. | keep going to
because that's part of the world | live in. But the
actually also set a basis for what's reasonable roy

commercial applications built on top of the intelle

property.

The whole Qualcomm situation that’s been
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referenced a couple times, one of the issues is Qua
requires quite a high percentage of your handset ba
for the essential coverage on the radio component w
nowadays is a very small part of the actual intelli

handset. And an interesting aspect would be if some

could acquire more essential patents than Qualcomm

a pool and charge a much lower basis rate, that wou
at risk Qualcomm'’s ability to say that what they we
charging was fair and reasonable in an enforcement

situation.
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So | think there is a legal framework that allows

sort of intellectual property coming to a holding
environment where one of the terms is that innovati
it’s open for innovation. In other words, access fo
further research, access for doing early stage prod
development and so on is allowed for all the intell
property within that. And | think that that or for
basically public good works, supplying things to th
world countries or using it for philanthropic sort
funded efforts.

But for commercial efforts, it would still
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preserve the rights for people to build products an
wealth creation to occur in that area, and it would

in a way that makes sure that the innovators get —
money flows into the system instead of buying new b
homes for attorneys which is basically what happens

whenever litigation is the result.
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And now that I have anything against the beach

home for the attorney, I just think that we need to
establish a system where it's not by default half t

is going out of the system but it's staying within
system and the wealth creation is allowed to spawn

and better innovation on top of it. Thanks.

he money
the

better

DR. SILVER: | want to make a comment about the

investment in the science and engineering, Drew’s p
about the tools. Anybody in here who applies for gr
knows it's going to go through peer review. If it's
hypothesis-driven research, it's not going to get f
think that if — and again, the Sloan Foundation ma
decision upfront to tackle the societal issues beca

felt that that was an unmet need.

oint
ants
not
unded. |
de a

use we

But we do in other areas fund basic research, and
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we always look ahead to say what is the exit strate
the exit strategy generally is that you make a comp
case so that somewhere in the U.S. government there
funding for this. So | think that | know the commun
been working hard at this. But basically maybe that
outcome of some meeting that, you know, there would
analysis to make the case that in order for the syn
biology to succeed we need the tools, we need the
exploratory research and that has to be funded.

But as far as | see in the current funding
mechanism, it won't be funded. Some of the things t
funded, the Sloan Foundation, in science, when | se
out for peer review, what | have to now caution rev
because the first they tell me is NIH would never f
this, and | say absolutely. That’'s why we’re intere

it.
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So | think here is a case where, you know, the

Sloan Foundation that doesn’t have that much money
don’t spend it all on science and societal issues a
science. But | think the community, we as a communi

to sort to make the case and sort of get this rolli

and we
nd
ty have

ng, and
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I think it's essential to the development.
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DR. LAZOWSKA: Okay, Mark had a comment.

MR. WAXMAN: It sounds like a request for a grant

application we’ll be sending you shortly.

DR. OLSIEWSKI: | invite you both to —

MR. WAXMAN: It's coming. You know, short comments
to Drew’s comments. First, | mean there, as Greg sa
mean there are systems that allow for intellectual
exchange. What seems to be required and | don’t thi

are secrets is an analysis of what are the key pate

There’s not tons of them out there.

Second, whether those who are holding the key

patents are in fact prepared to license them and, i
what terms they’re prepared to license them, it may
that the terms that are being offered are very bene
to the continuing development at least on the resea
of the technology. | don’t know that those people h
no, or that they’ve been asked appropriately whethe

answer’s yes or no or on what basis they would cont

So | think that also has to be tested. And just

in the interest of time, I'll answer your other que
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Could all this be done in 12 months? | doubt it.

DR. LAZOWSKA: Okay, over here.
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AUDIENCE: Yes, as far as tools and applications,

just to define for the European Commission grants,
are consortia. And as | said, it comes from the dif
affiliations, academia, research or industry. In th
the industry has to apply with the public rules. Th
cannot hold the data. They have to publish, and the
create patents immediately but after the finalizati
the projects. The projects are usually from three m
to five or six years. So in this case, as far as th
versus the applications, for emerging technologies
start with the idea that, well, if | have to arrive
application, | need some tools. So you have the exc
the roadmap or whatever, the roadmap of five, six y
develop the tools in order to apply to even the beg
of some kind of applications. And of course, those
recommended applications, are not applications for

for the market.
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DR. LAZOWSKA: So | want to come back to the

roadmap question in a couple of minutes because | t

hink an
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important question is, is there one. All right, in
semiconductors, the roadmap has played a very impor
role. And | don’t know if a funding agency or a gov
has a roadmap in synthetic biology. It's arguably,
know, | think we have to talk about outcomes here.
guestion is what are some possible outcomes of this
meeting, things that we could undertake that would
make things better for both innovation and investme

synthetic biology. A roadmap is one possible outcom

| think it is the case in this country that most

research is very heavily application driven, you kn
spent Tuesday with a bunch of folks, Wednesday a bu
folks from NIH, and | confess sort of astonished to
that NIH doesn’t do healthcare, right. You've got a
disease, you've got an ear at NIH, right. You're a
biologist or you got a healthcare problem, forget i
right. So and you know if you look at big investmen
synthetic biology, it's, hey, we want to tackle mal

And as Drew pointed out yesterday, that doesn’t nec
translate into generating the next malaria vaccine

resistant strain shows up after 18 months, all righ
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So | think the money even in the research domain

is in the applications. Let’s go over here. Sorry.

DR. TAYLOR: Terry Taylor from the International

Council for Life Sciences. | have two short questio
risk and really related to investment risk in this

And | was wondering whether —- this is addressed to
panel members, whether they could say something of
methodological way that is it possible to bring in
public policy risk that is being driven by public
perception and how that is handled and what a deter

that is through private investment particularly.

ns on

area.

all

how in a

the

rent

My second question is perhaps addressed to Dr.

Economidis about the European Union’s sort of backg
if you like, policy element on the precautionary pr
and how that is interacting or the implications of
investment in the European Union and perhaps possib
division between European Union and other parts of
world, particularly across the Atlantic on that asp
Thank you.

DR. LAZOWSKA: Great. So those are great

guestions, and let’s try and have short answers so

round,
inciple
that for
le

the

ect.

we can
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get to more questions. But | think the important is
here are that there is uncertainty related to publi
and uncertainty related to public perception and bo
those potentially affect the investment environment

Comments?
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DR. ECONOMIDIS: Well, our program, I'm not so

worried about the investment environment. People in
investments will make their decisions. We're just w
about just the field in general, and that’s why to

air these issues, shine bright lights and come up w
innovative ways of dealing with some of the issues
identified.

No one in this room — | was trained in
biochemistry. There’s not a biochemist who would sa
we’ve already discovered all the interesting bioche
So in terms of dealing with some of the societal is
managing risk, | don’t think we’ve come up with eve
So I'm quite optimistic.

DR. LAZOWSKA: Greg, comment?

MR. KISOR: Yes, | think there’s a very good

guestion about how does the investment community, h

orried
sort of
ith some

that get

y, oh,
mistry.
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they perceive the public perception and how does th
create risk. And | think that at least as far as ou
investment decisions go, it seems that we definitel
away from the areas of highest debate, the areas wh
tends to be controversial and instead we invest in
like, you know, food or making better wine or thing
those nature that aren’t necessarily going to have
public — | mean, it's already, you know, the publi

on that, people will want better wine. So the publi

perception risk.
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Whereas other things where you talk about, you

know, especially in areas where security is worried
and opening up the wrong vial and so on, those are
where people are waiting to see and let the debate
a little bit longer before they put a ton into it.

think part of it is because it's not clear, | mean,
government can legislate overnight something that d
an investment, and they’ll do that because of publi

perception, in reaction to public perception.

So, therefore, it's marked as high risk and it

becomes an even smaller part of any investment port
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because it's high risk.

DR. LAZOWSKA: Okay, let's get a few more comments

on the table from the audience.
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AUDIENCE: | have a comment that segues into a

couple of questions. This is Sheila Johnson. I'm fr
Harvard. Yesterday, we began with Dr. Bement talkin

the need to get society out in front of the science

public out in front of the science.

But by this roundtable, we’re down to a lawyer,

an investor, a foundation person and a European. No
all due respect to Europe, even that does not const
highly representative imaging of the public. And ye
everybody seems to be aware it's the last set of qu
suggested that something about who the public is or
publics are and where they’re situated and what the

is not irrelevant to investment decisions about syn

biology or indeed anything else.

So there’s this famous perhaps hypocrofal quote

about George Bernard Shaw meeting a famed beauty an
beauty saying to her, effusing to him, oh, Mr. Shaw

think if we were married, we could have children wh

128

om
g about

or the

w with
itute a
t,
estions
who

y think

thetic

d the
, just

o would



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac

have my beauty and your brains, and Shaw quipped, b
Madam, supposing they were born with your brains an
beauty. So in talking about synthetic biology as a
semi-outside of it because I've done a lot of work
biotech but not that much on symbio, | get the impr
that there are two large analogies in the backgroun
people who are thinking about investment and one is
information technologies and the other is biotechno
and that’s not surprising because synbio is seen as

combination of streams coming from both of these ar
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Now with regard to the risks and benefits or the

challenges and opportunities, it also strikes me as
somewhat informed observer of these kinds of debate
as long as people are talking about opportunities,
analogizing more to the info side. And as long as t
analogizing to the risks, they’re analogizing more

bio side.

Now the bio side has been characterized by a

mixture of complacency in high places and rejection
places. So the complacency in high places says ther

nothing much new here and so we don’t need to worry
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ethical issues are the same, and the regulatory iss

the same and so on and we've heard a lot of that.
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Now who would there who could — well, so the

guestion there might be what does the panel think o
But the further add on question if I'm right about
possible genetic reversal where you end up with Sha
beauty and the famous beauty’s brains, how would yo
what would you need to do in a meeting like this bu
out there when you get out into society to get a se

the pitfalls that might be lurking. So, for instanc

could ask, well, what's missing at a discussion lik

And one would immediately notice that several Ameri
a few Europeans and one or two people from China do
represent a sort of good mapping of the globe when
talking about globalization as a major theme here,
mean, you know, we’re talking about investments whe
things that get invented in America will have value
have markets worldwide. So what are those markets a

that’s one question.
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Another question is what about representatives of

the public? | mean, why isn’t the Union of Concerne
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Scientists sitting there talking about investment d ecisions
or Greenpeace sitting there talking about investmen t

decisions. So I'll stop there.
DR. LAZOWSKA: Okay. Comments from the panel?
Let's again, Mark, please.

MR. WAXMAN: | guess | take your question a little

bit to be who regulates the world. In terms of, you know,
is there some regulator that’s going to convene all the
relevant resources and come up with a balanced deci sion

that takes the risks and rewards of development and
concludes what development will go forward and what
development will not.

And we don’t have that model right now. It might

be a good model, but | don’t think we have it. What I've
seen which is somewhat a response to your question and
brings it down to a totally different level which s ome
levels works and some levels doesn'’t is rulemaking types of
things that we have here which goes back to the que stion
about regulation. At least in a rulemaking type of process,
anybody that’s interested has an opportunity to com ment and

at least have their views heard with the goal at th e end of
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the day of getting a decision.
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One of the challenges we’ve been talking about is

whether we want to have that decision now or whethe
really premature to have that decision. And as we |
over the last two days, there’s a lot of comments.
would say it's very premature. We don’t know enough
start making the decisions. Others would say, gee,
long ways down the road and it’s kind of too late.
somewhere in the middle, | think, and I'm not repre
anyone other than our side, the legal side and the
association that | happen to work with. I think the
view that we ought to go about creating some type o
rulemaking process so there is some sort of format

forum that is going to result in a decision on some

specific types of issues.

DR. LAZOWSKA: Okay, let’'s hear from a couple of

other audience members.

DR. OLSIEWSKI: Can I just because | think —

DR. LAZOWSKA: No, we’re running out of time,

Paula.

AUDIENCE: | just want to interject the question

132

rit's
istened
Some
to
we’re a
It's
senting
trade
re’s a

f

and



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering
symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 133
about entrepreneurship here in terms of investment models.
And obviously there’s a wealth of evidence from the OECD,
from the Kaplan Foundation, from Commission and man y other
sources about how critical entrepreneurial ecosyste ms,
entrepreneurship variations on the theme or to real izing
the promise of emerging technologies particularly w hen
built around some broad and generally applicable se ts of

technologies.

So | just wanted to ask the panel how they see

the role of the entrepreneurial ecosystem in realiz ing the
promise of synthetic biology. And second, is there anything
that you see as where we are today or down the road ina

short time is likely to be different about how
entrepreneurial ecosystems work. And here, | don’t mean
just for profit. I'm also talking about the major t rends
with social entrepreneurs, et cetera, but how
entrepreneurship links to the investment models and the
future direction of synthetic biology.

PANELIST: | actually think that my company, well,
part of the reason why | joined the company that I m

working at now is because of our belief in entrepre neurship
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and our belief that entrepreneurship actually can t

it can be kept away from the boundaries that are pu
say, for example, most by traditional roadmapping o

company strategy or things of that nature.
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What | find very fascinating is most of what you

would call inflection point technologies or somethi
was truly disruptive to the industry that caused pe
throw out all their old products and make new ones,
course, that wasn’t on the roadmap of those compani
okay. And in fact in many cases you see even today
music industry fighting against digital music distr

and things of that nature.

So one of the things | think is key is that
entrepreneurship in all areas, if it could be — th
people that are really, really good at being entrep
They're really good at being innovators and inventi
concepts and doing that, and then there’s people th
good at building major product lines and businesses
on out of it. And if you had some way to continue t
encourage people to create new concepts, new models

products, new ideas and that's what they were allow

ng that
ople to
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es,
like the
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focus on, meanwhile there is a vehicle that takes i

it becomes jelled enough that it can be involved in

creation and continue to feed them and allow them t

continue to innovate.

That'’s part of why we advocate intellectual

property not necessarily being used as a barrier to
people from building products but actually being us

tool of aggregating and allowing people to build. A

think that something that encourages that community

think synbio’s a perfect play for that and there’s
that are going to be great at innovating that will

be pretty bad at building businesses around it and
need to find a way to make sure that they can conti

invent, they can continue to innovate and that the

community as a whole can innovate on top of those

innovations, but also that there’s a path that they

rewarded when somebody else takes it and has wealth

creation.
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DR. LAZOWSKA: Paul, you've been in line for a

terribly long time.

AUDIENCE: Just a small comment. Professor
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Jasanoff has pioneered the concept and the research
co-production of science and society for a very lon
now, and there is a strange sense of an absence of
amount of work in literature in SDS. And I’'m not an
person. I'm an anthropology science person and a
philosopher which is strange. Just on the one hand,
looking for people doing new things when an awful |

been done already. And yet, somehow it's different.
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And as to Pam Silver’s point about peer review

with two minutes to go, this is not the time to get

that. But | mean you funded somebody who wrote an a

about technology saying there were no new questions

and please fund us, and you did. Nothing against th
and I'm also clear | never asked you for money. I'm

so he’s been terrific. But when we responded —

into
rticle
already
at —

fine,

DR. LAZOWSKA: Now you’ll never get any, but go

ahead.

AUDIENCE: | know. | got a famous comment | got

turned down for the Elsie Project when | suggested
about which | wrote a book might have some social

implications. | still talked about those in those d

that PCR

ays, and
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the panel led by Charles Canner wrote back and said that's
absurd like the transistor technologies have no soc ial
implications. So this was — I'm not sure the Elsie model is

really the way to go.
All ’'m suggesting here is | think as other

people have and Drew in a different domain has been

suggesting, in an emergent dynamic complicated fiel d,
bringing in the past and, again, what you're doing is
great. But there’s plenty of room for people who ar e not
yet experts in a field which essentially has no exp erts,
okay.

DR. LAZOWSKA: So as we close, let me go down the

row and | want to ask Drew Endy to chime in on this as well
and ask each of you if there were one or two things that we
could do or change that would improve the innovatio n and
investment environment, all right, improve that eco system,
what would they be? If someone were to come out of this
meeting and say, okay, I'm going to tackle somethin g that’s
going to make the environment better for innovation and

investment, what would you have them tackle?

AUDIENCE: Well, I guess the first part of it
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would be a second stimulus package. Beyond that, |
what we need is for a government investment on a st
basis in the industry to try to create a better kno
base about what is possible and what is not in the

distant future.
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DR. LAZOWSKA: Sorry, government investment in the

industry?

AUDIENCE: That'’s right, government investment in

the symbio creation that says we’re going to fund a
amount of dollars into innovation through a collabo
of the leading primarily not-for-profit universitie

other research houses to assess where are we, what
patent thicket look like, what's a reasonable place

in in a couple years, and how should we best try to
the technology.

DR. LAZOWSKA: So you're looking for an
in assessing the policy environment? Is that my
understanding or not?

AUDIENCE: No, assessing the scientific
environment.

DR. LAZOWSKA: Okay.

certain
rative

s and
does the
to be

promote

investment
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AUDIENCE: And making an investment in those areas

where there appears to be the most promise for the
platform for future development.

DR. LAZOWSKA: Okay. Greg?

broadest

MR. KISOR: I'm just going to harken back to a

closing that | made in my opening remarks which was
to create an environment where new innovations can
created in synbio that they can be accessed by all
researchers, and that innovation can be built on to
innovation and make sure that that's the case but d
such a way that we ensure that public good is serve
those cases where it's applicable and done in a way
it also allows for a growing healthy industry to be
because without wealth creation there won’'t be mone
in. Even governments rely on wealth creation to fun

grants.

we need

be

p of

one in
din
where
built

y coming

d their

DR. LAZOWSKA: Great. So that’s putting to place a

regime in which you can innovate on top of innovati
at the same time create wealth.
AUDIENCE: Correct.

DR. LAZOWSKA: Great. Paula?

on and
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DR. OLSIEWSKI: Well, | think that in order to get

there, we really need to deal with some of the issu es. And
again, maybe that’s by having a roadmap for synthet ic
biology that the U.S. puts together and again gets all
those things on the table. How did we fund iIGEM? Th at again

is the future workers. How do we make sure that the

synthetic biology community has sort of the tools a nd the
resources that are currently not available with the current
funding system. | think that’s a big gap, and if we address
that | think a lot of things would happen faster an d there

would be more to invest in.
DR. LAZOWSKA: loannis?

DR. ECONOMIDIS: Right, well, when the European

Commission evaluation system is a rather complex pe er
review system in which you have a panel of the eval uators
of different disciplines. So in this case, several of the
topics that again | don’t have time to elaborate li ke risk
of the public concern, the precautionary principle and
stimulating the industries and for us industries ar e other
small, medium enterprise or bigger industries invol ving the

research and then having that as a jumping board go ing
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further.

With this kind of complex review system, we try

to compensate all this sometimes contradictory elem ents. |
mean contradictory in the sense of if you want to h ave
risk, you are not sure really about the outcome. So the

investment is a risk investment. This is one hand.

Now if you want safety or security, those are you

take a more conservative approach to a more, let's say,
aggressive approach. So there are — we try with th is kind
of elaborate system to compensate. | cannot say tha t always
the outcome’s right. However, | mean we try our bes t.

DR. LAZOWSKA: Okay. Drew, do you have a comment?
What would you have us all do?

DR. DREW: If individual countries could by
themselves and collectively develop a strategy by w hich it

becomes possible to make sustained investments and

improving the process of engineering biology, devel oping
biology as a technology, realizing the promise whic h we
hear about this being the century of biology as a s cience

and engineering as a discipline coming together and

actually doing that, having that be an integrated s trategy
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that makes it okay for people to explore improvemen ts, say,

in DNA synthesis without being derailed by politica I
concerns around biosecurity.

All right, so not only do we have to have

sustained investments in tools that support the pro cess of
engineering biology, but these need to be coupled t o]
political and social considerations relating to equ ity,
ownership, safety, security, anything else you want to talk

about, humanity. So let’s get that going, and give
everybody an umbrella in which we can continue to p ull this
together responsibly.

DR. LAZOWSKA: Great. Thanks. Thank you very much.

Before we thank the panel and you get lunch, I've b een
asked to request that all of the session chairs rem ain here
for just five minutes to set up a panel that will t ake
place at the end of the day today. Thank you, panel ists,
very much.

[LUNCH RECESS.]
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AFTERNOON SESSION

Agenda Item: Session 6: Governance Issues
Related to Synthetic Biologic

Health/Safety/Environment

DR. TORGERSEN: Ladies and gentlemen, let’s start

the next session, biosafety. First of all, let me t hank the
organizers for giving me the opportunity to be here today
and to be part of this very interesting and high le vel
conference. I'm enjoying myself very much, and | wa s asked
to give some introductory remarks on the issue of b iosafety
coming from a country that is renown mostly for cla ssical
music and skiing resorts rather than for a track re cord in

synthetic biology, namely Austria.

Nevertheless, we have a second track record and

that is hostility towards biotechnology. So itis p erhaps
not so my fortune that someone from Austria is intr oducing
biosafety because that was used as an excuse for no t
permitting biotechnology especially in the area of genome

food and crops.
But looking at biosafety, | think we ought to

take a fresh look. Biosafety was invented or brough ton
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track by the Asilomar Conference and the subsequent
guidelines. And obviously, these NIH guidelines hav
functioned quite well because we have no accident s
which could also be due to by technology being inhe

safe rather than the successes of risk assessment.
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Nevertheless, if we consider synthetic biology as

an extension of biotechnology, then we have to ackn
that most of it is quite fully regulated. Researche
assert that it is inherently safe and we have no re

to believe them. So new regulation is not steeped
necessarily for the moment as new regulation could

stifle progress in the field.

Some adaptation nevertheless seems to be

necessary, and there is one big issue that lurks be
that is biosecurity. But this is the subject of ano

part of this conference. But let me make a plea for
separating them too much. You need a framework that
determines what you can do and what you should not
both are dependent on risk assessment or something
that. So you end up with the same problem, namely h

assess the potential risk.
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Now there are some problems with risk assessment

these days, especially also coming from some approa ches
from synthetic biology. For example, the identifica tion of
the agent classically the system by taxonomy, but f or
synthetic biology this is sort of inappropriate. Al SO
sequence seems to be a bit problematic especially w hen it
comes to tracing back sequence and properties or re lating
sequence and properties, properties such as pathoge nicity
or the capacity to spread a bit different or diffic ult to

videos from the sequence.

Even more problematic does it get if we have
completely novel organisms that synthetic biology p resents
us because we have no clue, no experience what we ¢ ould
draw some comparisons to. | get the feeling that
conventional tools may no longer fit not today perh aps but
in the not too distant future. So how can we arrive at
tools that get not stretched to the limit?

A second problem | would like to address is that
the world has changed since the days of Asilomar,
especially science has changed, not only politics. One

issue here is proliferation. We have experienced a vast
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this knowledge worldwide and across communities. Th
oversight a bit difficult or increasingly difficult

This might be considered the problem for
regulators only because they lose track of what is
on. But I think, as | stated before, it is necessar
know what you can do and what you should not do. An

has to be based on sound science.
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Another problem might evolve from different

disciplines being involved in synthetic biology, an
or some of the researchers that enter the field mig
be very experienced in handling organisms. So this
lack of lab skills might become a problem in the fu

might be addressed by professional bodies as well.

The third thing is that the societal context of

biosafety may have changed, especially the definiti
harm. What is it exactly that we want to prevent, a
do we do that? For example, talking about the envir
over the last 20 years or so we have had fierce dis
over what a natural environment is that might be in

or may be jeopardized by technological intervention
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Another thing is the rationale for regulation as

such especially in Europe. There were at least alle gations
that the strict regulation was more a result of rea cting to
public anxieties than real scientific established n eed. So
| think we have to rethink the meaning of biosafety and the
chances and opportunities of risk assessment a bit deeper,
and we could perhaps take synthetic biology as an i ncident

or a chance to rehearse these concepts and perhaps
synthetic biology can also provide us with some clu es on
how to better relate sequence and properties.

We have two speakers today, one covering the
scientific side, the other one covering the regulat ory
side. Takuji Wakita is a medical doctor and has
considerable experience in handling hepatitis virus which
is quite unpleasant stuff. He is currently director of the
Department of Virology at the National Institute of
Infectious Diseases in Tokyo, and | would like to a sk for
your presentation.

DR. WAKITA: Thank you, Dr. Torgersen for my
introduction. And today, I’'m going to talk about th e

synthetic biology. I'm not directly working in the
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synthetic biology field, but maybe | hope our exper ience is

useful for that field.

And the disease here, very old relic, maybe

probably this is oldest record over the occasion, a nd this
is one of the most recent patient, polio virus, its elfis
going to eradicate. And virus is classified into ve ry many
kinds of virus, and may be divided into its genome is by
RNA and also DNA. And one of the DNA virus, the var iola
virus has been already eradicated. And another one, polio

virus, is going to be eradicated.

An RNA virus which has different kinds of genome,

for example, single-strand positive-strand RNA or n egative
strand RNA. Even other virus, double-strand RNA gen ome. And
there are several RNA viruses, namely, Norovirus, J EV,
Polio, Coxsackie, Influenza, Mumps, Measles, many a nd

different viruses and different life cycles.
And for the analysis of RNA virus, it is
important to think about central dogma because DNA
information, genetic information is this is the cen tral
dogma is proposed more than 50 years ago by Dr. Cli ck and

stable DNA can solve the genetic information and DN A
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replicated by DNA polymerase and DNA information is
transcribed into RNA. But this RNA is unstable and
translated into protein.
And RNA virus has RNA genome. But from the
research of RNA virus, there is not always a case b ecause

RNA is replicated in RNA virus by RNA-dependent RNA

polymerase. And also from the retro virus research there is
a reverse transcription by reverse transcriptase. S o this
is very important for the RNA virus research becaus e the
unstable RNA information can be stored by DNA form by

reverse transcription.

So now the unable RNA genome or RNA virus can be

stored in its stable DNA form. So this is the life cycle of
RNA virus. The virus can attach to the surface of t arget
cells and get into the cells and the viral RNA is i nvaded
into the cell and RNA genome replicated and viral p arts are
assembled and entered again. And we know from the r esearch
of the purified viral RNA can transmit into the cel Is and
produce the virus particles. So in the 1980s the fi rst
infectious cDNA clone of RNA virus. Scientists repo rted the

transcriptase. So that complementary DNA or RNA gen ome of
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plasmid is transcripted into the cultured cells and

produced into such virus.
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So this is a simple system to produce infectious

poliovirus. Because of the genome of poliovirus is

stranded positive-strand RNA, so the genomic viral

be the messenger RNA. So only single RNA can be con

to produce infectious virus. Take for example this
We have established the infectious system of hepati
virus. hepatitis C virus DNA was isolated from non-
hepatitis from chimpanzee, and this is a structure
RNA genome. It is similar to the poliovirus which h
9.6 kilobase positive strand RNA and which has a lo
operating trail in the center genome flanked by sho
frame, three frame region. And this operating frame
translated into the three stem by proteins for form
and replication. And once hepatitis C virus infecte
patient, most of the patients cause a persistent in
which was the chronic hepatitis, liver cirrhosis an

hepatocellular carcinoma more than ten years, of co

single
RNA can
structed
system.
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And the literature reported more than 170 million
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HCV carriers reproduced in the world. Now we constr
from the one specific patient who had HCV DNA like
in vitro synthesized RNA was transmitted into naive
cells and produced the virus particles was visualiz
immune microscope which has a double strand double
structure following inside structure is nucleod cap

And infectivity was confounded to infect the naive

cells.
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So now we can have the HCV infection system using

this system, and this is very useful to analyze the
entry and virus replication and other things. And r
for the hepatitis C virus is going forward very muc
most importantly, we can now do the antiviral drug

screening and also vaccine development is ongoing.

And this system is also applicable for other

viruses. This is the measles virus. Measles virus i
malatable strong single stranded RNA for its genome
stories do become difficult compared to single-stra
positive-strand RNA. So this is a scheme of the gen
construct of Measles virus and several proteins nec

for the viral particle formation.

virus
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So to construct of the measles virus reverse
genetic system, we need at least four plasmids to p
infectious virus particles because we need to messe
plasmid to produce the virus protein necessary for
virus particle formation. And also we need another
genome construct to produce the negative-strand RNA
genome. So these four constructs is together transc
into the cells, and we can produce an infectious me
virus.

And also the system for the influenza virus is
much more complicated because influenza virus has n
strand RNA and also the virus RNA is separated into
segments. So we need at least eight plasmid or expr
the viral RNA. So eight plasmid for the viral RNA a
virus protein expressed in plasmid we need four pla
a total of 12 plasmid is transmitted together into
cells, and we can find infectious virus production.

But this system is quite efficient to produce the
artificial reassortent which has a different charac
the viral type influenza. So it is very useful for

producing the vaccine strength, for example, Avian

roduce
nger RNA
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highly pathogenic to the A. We need to produce a va
using A. But the virol type Avian flu is very toxic

can change the parts of the virus genome.

So there are many benefits and risks for the
reverse genetics system of RNA viruses such as it i
to produce recombinant viruses. We can put any repo
genes or other genes into the virus genome and, for
example, geno express and analysis of viral life cy
pathogenesis is very useful and antiviral vaccine
development. But there are some risks spread of art
virus through the nature and production of artifici
virulent virus with or without intention. And there
concern for the bioterrorism.

And smallpox is declared for eradication in
1980s, and vaccine was terminated in 1976, and they
only stored in the United States and Russia. And th
increases in population in the younger generation w

vaccination. So increased risk for bioterrorism.
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However, it is very difficult to synthesize this

giant DNA genome of smallpox virus. However, for th

cases, they're still endemic in four countries and
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vaccine will terminate it after education. But howe

some scientists insist to continue the vaccination.
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Ver,

And in 2002, Dr. Edward Wimmer who has proposed t

continue the vaccination has synthesized the polio
DNA only from the sequence information. So he synth
the cDNA from oligionucleotide synthesis and constr
from poliovirus cDNA and produced very similar char
the virus compared to wild type produced. So there
risk. Only chemical synthesis can be used to produc
virus. It is very cheap. We can synthesize the poli
DNA only for about $7,500, and with basic molecular
technique and cell culture facility very easily fou
most laboratory and the university or institute. So
are risks of reintroducing viruses because smallpox
leaked from the laboratory and also there are labor
infection of SARS virus and also the laboratory str
poliovirus is leaked from the laboratory. So these
viruses should be contained very securely.

And there are only four countries in the
poliovirus endemic in Nigeria, Afghanistan, Pakista

and many other countries with green color has alrea
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contained the storage of the polio virus in their

laboratory, and Japan and China also finished this

in the last year.

joint Committee on
/Board on Science,
Engineering
Associates and is
of the Committee on
/Board on Science,
ments included in
ersons or

y adopted or

ademies. 155

report

So in conclusion of my talk, reverse genetics

system has been developed for RNA virus analysis an
obviously important for the progress of medicine. O
other hand, these kinds of experiments should be re
by any guidelines or the law and monitored by the
authority. And wild type polio eradication program

and only four endemic countries of poliovirus. Appr

containment should be necessary for highly virulent

or highly spreadable virus. Thank you.

[APPLAUSE]

dis
n the

gulated

progress
opriate

virus

DR. TORGERSEN: Thank you, Dr. Wakita. Our next

speaker is Jacqueline Corrigan-Curay. She holds a d
both in law and in medicine and is acting director
Office of Biotechnology Activities at the NIH. And

is executive secretary for the NIH Recombinant DNA
Committee and responsible for the recent modificati

view of policy and NIH guidelines that have been pu

web in May for comment.
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DR. CORRIGAN-CURAY: Right, so these are still

proposed changes and thank you for having me here t oday to
talk about our proposal to bring synthetic nucleic acids,
synthetic biology under the framework of the NIH gu ideline,
and everyone has referenced the Asilomar Conference . And,
of course, the importance of that it was premised o n
scientists taking responsibility for the risk of th eir own
research. But also out of that came a guideline fra mework
and the establishment of a new federal oversight co mmittee
which you’re probably familiar with, the NIH Recomb inant
DNA Advisory Committee fondly known as the RAC. Tha t
launched the process of guideline development, the first

guidelines published in July of 1976 and made

recommendations about local oversight. So though th ese are
federal guidelines, they’re implemented at each ins titution
that receives NIH funding for recombinant DNA resea rch.

And the RAC continues to advise the NIH Director
on recombinant DNA research as well as human gene t ransfer.
They meet quarterly.

So we're going to fast forward a little bit 30

years, and we have a report by the National Science
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Advisory Board for Biosecurity on assessing the bio
concerns related to synthesis select agents. For th
you who are not familiar with NSABB — we always us
acronyms, it is chartered by the government and adv
the HHS Secretary and NIH Director and the heads of
federal entities that conduct and support life scie
research and it's staffed and administered out of o

office.
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Now the focus of this report was as it said, the

biosecurity for synthesis of select agents. However
noted that some practitioners of synthetic genomics
educated in disciplines that do not routinely entai
training in biosafety -— chemists and engineers and
therefore are uncertain about when and if to even c
IBC, the Institutional Biosafety Committees, and th
thought it was important to ensure that biosafety
principles and practices are applicable to syntheti

genomics and easily understood.

Well, by the time the report was published, we

had the NIH guidelines which is, as | said, applies

institutions that receive funding from NIH for reco
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DNA. If you receive one single grant, all your rese arch for
recombinant DNA is covered by these guidelines at t he
institution, and it’s a term and condition of the g rant

which makes it mandatory.
Other government agencies also adhere to these.
For example, the Department of Defense, and then we have

the CDC, NIH, BMBL which is agent specific and not

technology driven and references the NIH guidelines . Well,
the recommendations by the NSABB Report were consid ered
through a trans-federal policy coordination process , all of
the recommendations. And with respect to the need f or

biosafety guidance, U.S. government accepted that
recommendation with the understanding that implemen tation
would be through modification of the NIH guidelines and
then referenced by the BMBL.

So just to let you know where the NIH guidelines

were, this is the definition and defines the scope.

Obviously, you probably are familiar. Its molecules are
constructed outside living cells by joining natural or
synthetic DNA segments, DNA molecules that can repl icate or

molecules derived thereof.
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So as written, it did not cover synthetic DNA

that is synthesized de novo only that that is done by
recombinant means and does not cover synthesized RN A
viruses unless there was recombinant DNA involved. And the
scope just to also — the report by NSABB was focus ed on
synthetic genomics. But really the NIH guidelines o nly
cover research with nucleic acids. So once you plac e them
in a cell virus organism, if you just synthesize th emina
test tube, it's not under the NIH guidelines yet, a Ithough
we did propose as part of our amendments that if yo u
manipulate them, for example, put them in a liposom e so

they’re more easily able to enter a cell that we wi I
capture them under the NIH guidelines.

And then, of course, it also captures all human
gene transfer experiments, and those are defined as the
transfer recombinant DNA or DNA or RNA derived from
recombinant DNA to one or more human subjects. So w e turn
to the NIH Recombinant DNA Advisory Committee, and we said
consider the application of the guideline system to
synthetic biology to what degree is the technology covered

and does the scope need to be modified. And if it d oes need
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to be modified, think of — develop draft recommenda tions
regarding principles and procedures for risk assess ment and

management of research involving synthetic biology.

And the review process to date, we started in

October 2007 with actually a joint meeting between the RAC
and the NSABB on a state of the science of syntheti c
biology. And then we formed a biosafety working gro up which
is a subgroup of the RAC. It included former and pr esent

RAC members, many of them virologists expertise in
infectious disease, and we asked one of our bioethi cists to
join the group as well.

And then we consulted experts in synthetic

biology, and Dr. Endy was kind enough to join us as well as
Dr. Weiss who is at MIT. And the proposed revisions were
developed and then reviewed at a full public RAC me eting
and approved by the RAC. And after extensive intern al
review, they were published in the Federal Register for
comment. And about two weeks ago, we held a full da y
meeting in Arlington, Virginia for the public to ta Ik about

some of the outstanding issues.

In general, | would say there is support for the
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incorporation of synthetic nucleic acids within the
guidelines, although there are still some outstandi
issues we’re working on. So the overarching themes
way we work was to capture the same products made b
synthetic techniques that are currently covered und
NIH guidelines. And the level of review should be b
risk, not on technique and then to develop a risk
management framework that is based on the current s
and what we can see in the foreseeable future. We r
can't anticipate where this technology is going, an
can’'t develop a framework on that and just recogniz
the NIH guidelines would need to be updated periodi
So our new definition, we tried very hard to
combine it into one simple definition. But after go
and forth, decided that the definition recombinant
now recombinant nucleic acids just to make it clear
RNA and DNA had served the scientific community and
well known there was really no reason to change tha
instead we added a new definition of synthetic nucl
acids, those that are chemically or any other wise

synthesized, amplified and that may partially conta
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functional equivalent nucleotides recognizing there
chemical modifications.

We then spent a lot of time talking about
replication because it's a unique risk characterist
recombinant DNA, and it's actually part of the defi
The potential ability to propagate in the lab and t
exposed lab work and the environment is one of the
that creates the risk. And the questions are whethe
non-replicating synthetic molecules when used in ce
organisms really is a risk comparable. And we looke

both for basic research and for clinical research.
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And after much debate, we decided to propose an

exemption from the NIH guidelines for synthetic nuc
acids that cannot replicate provided they’re not us
human gene transfer. And the rationale was that tha
consistent with what we do with recombinant DNA lab
research. It's usually limited to molecules that ca
replicate or are derived from them whereas in human
transfer we often use replication and incompetent v
And so we think the difference is based in part on

increased risk of the delivered human gene transfer
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compared to an inadvertent lab exposure. So just go
through this, our assumption was exposure in a lab
dose non-replicating synthetic nucleic acid sequenc
considered low risk because it really cannot replic
spread. It cannot get into the environment, and it’
somewhat similar to a chemical exposure of nucleic

much less toxic.
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In contrast, human gene transfer for those of you

who are familiar, we're talking about administering
the 11, 10 to the 12 viral genome copies. Many huma
transfer trials already use replication incompetent
vectors. And yet, the toxicities are safety concern
seen come about from transgene effects, insertional

mutagenesis and other immunologic effects.

And there is still a concern that human gene

transfer raises unique scientific, medical and ethi
issues that warrant the transparent oversight of RA
as | said, this was not a decision that we came to
And so we went out to the scientific community in t
Federal Register asking them do you think this dist

holds up, is this the right thing to do. And we had
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number of questions including what about non-replic
synthetic nucleic acids that may not replicate but

toxins or oncogenes.

joint Committee on
/Board on Science,

Engineering

Associates and is
of the Committee on
/Board on Science,
ments included in

ersons or
y adopted or
ademies.

And for human gene transfer, are there classes of

experiments that use non-replicating nucleic acids
antisense RNA or RNAI that deserve to be exempt as
And these were two of the areas we spent probably h
day on about two weeks ago in Virginia debating. An
think there was a general consensus that there is s
classes of nucleic acids that don’t replicate when
basic research, do not need to come under the frame
the NIH guidelines. But we need to really think thr

language and the scope of that exemption.

And for human gene transfer, again there were

arguments made that some of these classes of nuclei

are much more analogous to small molecule drugs. Ho

we had some debate about recent literature of unpre
toxicities or functions, and perhaps we don’t under
these as well. So again this is an area that we're

working on.

| mentioned that we asked the RAC to also look at
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the risk assessment framework and say does it apply
synthetic biology or is it so fundamentally differe
have to think about this in a different way. For th
you, many of you are familiar with the risk assessm
the NIH guidelines. You start with the risk group o
agent that you're going to manipulate starting in a
are either risk group one through risk group four,
depending upon their ability to cause disease in he
individuals and the availability of preventive and
therapeutic measures moving up to risk group three,
such as rickettsia, yellow fever, hunta virus and r

group four, things like Marburg and ebola virus.
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Now the containment level is not always equal to

the risk group of the parent organism. It can be ra
lowered depending upon a risk assessment. And the N
guidelines has a number of factors to consider with
and this is actually not the complete list but it i

the IBCs start with and work.

So we looked at this risk assessment, and we

asked our consultants in synthetic biology to give

examples of what kind of experiments an IBC might s
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or in the foreseeable future. And the members of th
Subcommittee tried to apply this risk assessment to
And in general, their conclusion was the risk asses

really not fundamentally different at this point. W

recognize as the technology moves forward, we may b

to develop very complex chimeras for which apparent

organism is not obvious and how should that be deal
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Of course, a risk assessment should consider the

organisms from which the sequence is derived, and i
prudent initially to consider the highest risk grou
classification of any agent sequence in the chimera
it's not the majority sequence. And all things bein
equal, you would also look at the percent contribut
multiple parents and the predicted function or inte

purpose.

And we thought to take the conservative stance

again to assume that it's going to function as it d

the original host until proven otherwise. And final

something that may be unique is there may be synerg

that we haven’t seen or haven't anticipated when we

combining sequences that have not been — are not e
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combined in nature by recombinant means.
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Now again this is all general and it has to be

implemented by the local IBCs, and we realize that
cannot anticipate where this science is going, and

the NIH guidelines has a clause that really sums it

it's what we refer to as the spirit clause because

really says, look, we cannot anticipate every exper
that’s going to come up with and the responsibility
safety and biosafety lies ultimately on the person

conducting the experiment. And this is guidance tha

the ICB, the biosafety officer, and the principal

investigator.

we
| think

up and

iment

for

tis for

And to this we’ve added or propose to add a

couple of other caveats that we do recognize that t
utilization of new genetic manipulation techniques

enable work previously done by recombinant needs to

faster, more efficiently or at a larger scale.

he
may

be done

But to date, the assessment was the techniques

have not yet yielded organisms that present safety
that fall outside the current risk assessment frame

used for recombinant. And as the field develops, we

concerns

work

will
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need to look at this again.
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So in conclusion, | would say that research for

synthetic nucleic acids in most cases appears to pr
biosafety risks. They’re comparable to rDNA researc
the current risk assessment framework can be used f
attention to the unigue aspects of this technology.

is probably certain work with non-replicating synth

nucleic acids that may not even need to be within t

framework. But this is — it's not that no biosafet

standards or other standards will apply and definin
exemptions is something that we will be working on

we publish our final recommendations. So thank you.

[APPLAUSE]

Agenda Item: Questions and Answers
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DR. TORGERSEN: Thank you very much, and may | ask

for questions and contributions.

AUDIENCE: I'm Mark Siegel from the Environmental

Protection Agency, and a disclaimer. I'm not a lawy
for those of the rest of you who are lawyers here,
the statements, you may want to quibble with. But

throughout this conference we’ve heard several peop

er. So

some of

le make
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U.S., that's not true. We heard it yesterday from A
and | want to repeat it that in fact there exists a
existed for a dozen years at least regulations into
synthetic biology would fit when it's used for comm
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However, synthetic biology, as was stated before,

per se is not regulated because it's synthetic biol
It's regulated generally by how the device is used.
there are regulations for industrial, commercial, ¢
use. There are regulations for agriculture or for p
Different parts of the U.S. government deal with di
things, and that was established 30 years ago or 25
ago by the coordinated framework which sort of parc
who does what. So it's been around for a while. You
shouldn’t assume that there are no regulations. But
doesn’t mean there are no rules. But it doesn’'t mea
the rules force an agency in the U.S. government to
regulate every case of the use of synthetic biology
are exemptions. There are exclusions, and it's ofte

on a case-by-case basis.
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You should become familiar with the law and

understand that there are those rules that are in p lace. |
don’t know if you want to comment on it from the NI H
perspective. But a lot of the rules do refer back t 0 your
guidelines.

DR. CORRIGAN-CURAY: Yes, they do. And so that's

one of the issues in the ARC guidelines. And so any change
in our guidelines may affect that to the extent tha t the
language remains like that. And certainly what we’r e
looking at is research. So we don’t look under the NIH
guidelines. It's contained in the lab. Anything tha t's
released out of the lab is under the purview of the EPA or
USDA or other agencies. So we’re just looking under our
guidelines certain aspects of synthetic biology wer e not
covered because we were a technique or we are still until
this has to be finalized a technique-specific guide line.

AUDIENCE: I'm Mike Rodemeyer with the University
of Virginia, and | have two quite, well, they may n ot be
quick questions. But the question is the Institutio nal
Biosafe Committees have an increasing level of

responsibility to handle biosecurity, other issues.
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Clearly, synthetic biology may require additional
disciplines, for example, to be included on the bio safety
committees.

So one question is what is the NIH doing to help
institutions develop the capabilities of biosafety
committees to keep up with the science so that they can
properly apply the guidelines and assess the risk.

And my other question is what are the equivalent
to the NIH guidelines in other parts of the world? Do we
have similar kinds of restrictions or guidelines th at would

also deal with biosafety concerns that would cover

synthetic biology or not? | think NIH should really be
commended for their foresight in anticipating this, and I'd
like to hear that that's happening around the world as
well.

DR. CORRIGAN-CURAY: | appreciate what you're

saying about the IBCs. At this point, we in our off ice have
an outreach to the IBCs. We go out a lot to teach a nd
educate them on the guidelines inasmuch as we can. Is there
any direct funding to them on how to increase? Not that |

know of at this time.
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| realize, yes, this is an expanding area. Now

there are some — we don’t know, though, what is, y ou know,
the technology has to develop, how it's going to de velop,
how rapidly it's going to become more complex and w hat
they've dealt with, we don’t know. It will depend u pon what
we decide to exempt and not exempt in terms of what they

have to review.

There are some IBCs that are already reviewing

some of this work. At our conference, it was one of our
participants from MIT thought that her work was alr eady
under the NIH guidelines and was taking it to her | BC.

But you raise a good point. In terms of — I'm

sorry, but | can’t comment on the European, and may be since
we have a number of colleagues from Europe who migh t want
to comment on the comparable frameworks that are se tupin

Europe, it may be country specific. | don’t know.

DR. WAKITA: In Japan, we have followed very

similar guidelines for NIH. But a few years ago, we have th
law to regulate DNA combination experiment, and we have to
report every application for the DNA experiment to the

Ministry of Education.
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DR. TORGERSEN: Yes, similar situation in Europe.
There’s a EU regulation that is essentially shaped after
the pattern of the NIH guidelines. So there is pret ty much
the same ruling and is complementary anyway.

AUDIENCE: I'm Jermaine at the Woodrow Wilson

Center. Jacqueline, I'm interested in the public me eting
that you held in June which I think you variously d escribed
as an opportunity for the public input, for the sta keholder
input and for expert input. I'm interested to know whether
you felt that you had the right people there and wh ether
the dialogue, the discussion, the input there was f inely,

bold and important to what finally came out.

DR. CORRIGAN-CURAY: | would say that we

advertised it widely but was somewhat disappointed with the
amount of public who showed up. But we had, I think , very
good panels. And all of this actually | sort of wen t
through my slides. | thought | had a 15-minute talk , but |
think 1 was ten minutes. So | went very rapidly, an d my

slides are available.
But all of this is available on our website. So

the agenda and the participant list. And | think we really
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did have quite good discussions, and it really focu sed on
this issue of what should be exempted for basic res earch,

and then what about human gene transfer. And we had

representation from the two main companies that are working
in this area with RNAi messenger RNA and their pers pective
as well as basic researchers, representatives from the IBCs

on each of the panels.

And so | think it was a very good discussion.

We’'ll have transcripts from that, and we’ll distill that
and continue our work on it. But you’re welcome to goto
the website, and you’ll be able to see the agenda a nd the

participants.

DR. TORGERSEN: Okay, please and could you please
pose a short question.

AUDIENCE: Yes, very short. My name’s Allen
Pearson. I'm from Biotechnology Regulatory Services at
APHS, part of the U.S. Department of Agriculture, a nother
one of the regulatory agencies involved here.

The question is where the RAC looked at the
guestion of whether synthetic biology posed any

fundamentally new challenges to risk assessment and decided
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that right now it didn’t, did it have any sense of
when it might? At what point might fundamental chal
posed, or was there a sense that we might be able t
incrementally get there so that we’ll never maybe h
fundamental challenge because we’ll evolve as the f

evolves.
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DR. CORRIGAN-CURAY: | think it was more the

latter. You know, one of the things, synthetic biol

a lot of great promise, and then there’s also this

that we may come up with organisms that we never sa

therefore that's where the risk assessment will be

challenged. How do we evaluate something that we ha

framework for.

But that seemed to be off in the distance, and we

thought that the field, we don’t know. Maybe it wil
develop like this, maybe it will develop like this.
it develops like this, then yes, an incremental kno

will develop and risk assessment.

And as | said, we haven't really changed the

scope of the guidelines, the definition in 30 years

Synthetic biology may make that time frame shorter.
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DR. TORGERSEN: Could we please collect the rest

of the questions and then answer it together, pleas

AUDIENCE: Mike Payne from the U.K. Health and

Safety Executive. | just wanted to give a European
perspective and add another element to it. As has a
been said, the European legislation is based on two
directives which then implement it into the law wit
member states and the union. And that brings with i
legal requirement to comply, and there’s a Regulate

involvement of inspection and checking compliance.

Iready

hin the
ta

| was just curious whether the NIH guidelines are

in fact guidelines and aren’t actually legislation,

you check compliance with the guidelines.

and how

DR. TORGERSEN: Okay, yes, please. Oh, okay.

DR. CORRIGAN-CURAY: The NIH guidelines are indeed

guidelines, but they are also a term and condition
grant money that you receive from NIH. So any reper
would come through the funding mechanism or the ces

of the funding mechanism.

of the

cussions

sation

Now as guidelines because they're implemented at

the local level, is the Institutional Biosafety Com

mittee



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering

symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 177
that has the responsibility for making sure that th e Pls

comply with the guidelines. There are reporting

requirements to NIH for any incidents that happen i n the
lab. But we are not a regulatory agency. So we rely in
large part on going out and educating IBCs. We do d o site
visits to IBCs. We have an active site visit progra m.

We have a lot of information on our website to
educate IBCs. In fact, they've just developed sort of the
pre-checklist for IBCs which really also lay out th e

requirements under the guidelines and gives IBCs a

framework to evaluate how they are doing. But you k now,
unlike a regulatory system where perhaps there’s fi nancial
penalties, we do potentially have financial penalti es. But
we really work on trying to work with the communiti es, the
investigators, the IBC and getting the message out, and
most people want to do the right thing and they wan tto

comply with the NIH guidelines.

DR. TORGERSEN: Okay. Then I thank you for your
contributions and for the contributions from the pa nel and
from the audience, and | close this session. Thank you.

[APPLAUSE]



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering

symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 178

Agenda Item: Security

DR. GILLESPIE: Okay, folks, biosecurity. Here we
go. Let me introduce myself first because I've been quiet
so far, and that's going to change for the rest of the
afternoon, I'm sorry to say.

| want to conquer the world. Here’s the world
that | want to conquer. | come from a place called the
OECD, the Organisation for Economic Cooperation and
Developments. And the first thing | have to say is
organization doesn’t have a Z is in it. It's got an S. And
I’'m just saying this so we all remember.

[LAUGHTER]

DR. GILLESPIE: And this is an OECD meeting. So
it’s British English, and | speak British English.

AUDIENCE: Oh, you lost the war. Get over it.

DR. GILLESPIE: Bench war.

[LAUGHTER]

DR. GILLESPIE: You see it works already, ah? Put
a Scotsman up and that’s what happens. Okay, so wha t | want
to do for a minute or two before we get into seriou s stuff

is tell you why we’re here, and it's not just to ta ke back
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ous

The serious thing is basically one thing and one

thing only. We're the organization for economic coo
and development, and what you want is economic deve
God, we need it now more than we’ve needed it for s
long time. What a crisis. What a set of stimulus pa
Aren’t you guys lucky with the amount of money that
spent. So let’s spend it on things that are going t
matter.

And the key issue for us is how much does
synthetic biology matter. So the first question for
OECD and our reason for being involved in these dis
is we now start to talk about biosciences and biote
being what many of us have always thought it probab
be — a really transformative generic general purpo
technology. If we can do what people like Drew Endy
we can do which is take these building blocks of bi
and engineer them and synthesize them and assimilat
in a way that we’ve done with engineering and with

Then to use a sporting metaphor, with a proper game
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bats and balls, cricket, we can knock the ball for SiX.

AUDIENCE: What is that?

DR. GILLESPIE: Well, you know, | don’t know the

equivalent in rounders. But, but in order to do tha tto
knock the ball for six or knock it out of the park or
whatever it is you call it, we need to make sure th at we
create a really effective, really efficient support ive
ecosystem environment for innovation. And that’'s wh at the
OECD is trying to do through our various working pa rties.

And you have heard already in coffee and over

cocktails and the like that we’ve got representativ es from
two of our intergovernmental working parties here F rom the
biotechnology guys and from the nanotechnology guys , and it

ain’t any accident when it comes to this set of

discussions.

But up to five things that | worry about in
synthetic biology, and | worry about them across th e range
of science and technology issues we deal with. Firs t of
all, how do we enable, how do we create the systems for the
networking, the collaborative work, the convergence of

technologies and the real movement, the capturing o f the
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And that's what these guys have all been talking

about telling us about these great advances and get

young kids involved in synthetic biology. What as

governments can we do to enable them.

Secondly, we believe in open innovation. We

believe in open innovation because that’s the way p
innovate in the life sciences. Let’s get real. Nobo

all their own thing any longer. We have to go for o
innovation. So how do you get open innovation and m

a return on investment? It's the open/close debate.

worries us a lot.

Thirdly, and here is where synthetic biology

starts to get really interesting. We're interested

bringing supply and demand side together in partici

innovation, in user-driven innovation. Sure we see

this in the software industry. But are we going to

see this in the biosciences as well. There’s a real
governance issues in there, and that’s going to pla
what some of the comments these guys will make.

Fourthly, are — 1 don’t know if he’s still in
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the room, but are we going to innovate in a way tha
meet societal expectations, whatever they will be?
again, societal expectations are probably higher no

all these billions of dollars with all our governme

spent on Stimulus packages. So we’d better damned w

sure that the innovations that are coming out of th
Stimulus packages actually meet societal expectatio

synthetic biology?

And fifthly, and the purpose of this session,
governance. Can we create sustainable forward looki

dynamic governance systems that allow the innovatio

come through, that allow the inventions, that allow
these great things we’ve been talking about but als

protect societal interests.

joint Committee on
/Board on Science,

Engineering

Associates and is
of the Committee on
/Board on Science,
ments included in

ersons or
y adopted or
ademies.

And that — and you’ve taken my slide down, Steve.

Can | have it back again? I'm still conquering the
He’s having problems with Windows. It doesn’t matte

Forget it.

The OECD is 30 member countries plus 10’s

knocking at the door. And between them, they make u

80 percent of the GDP of the planet. It’s the rich
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club, but it's also the real big growing nations. S o the
Chinese, the Indians, the Brazilians, the Russians, all of
them are now getting more and more engaged in our w ork.

They’re not members, but they’re engaged.

Now we really want to see some global networking
of the research and also we want to see common
international governance systems. On security, we'v e done
some modest work in the OECD. We have a site called
biosecuritycodes.org which | encourage you to look up. One
of the tests on this will be to see what the write up of
this meeting is on that site.

But it tries to act as kind of an oasis in the
desert in information and a plethora of activities we see
in biosecurity. And the second thing is last year o ur
council of member countries adopted guidelines for

biosecurity particularly focused on large culture

corporations, and these are guidelines which are no w being
put in place not just in the member countries but a Isoin
key accession candidate countries, key countries jo ining

the OECD like, for example, Russia.

So we've done a fair amount of work in this. But
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we have really only scratched the surface. And the

for us today in our session of biosecurity is what
challenge and opportunities, what challenges partic
here do synthetic biology bring in biosecurity gove
And we have two speakers today because I'm going to

in a second, | promise.
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We have two speakers here today to give us

slightly different but complementary perspectives,
innovation is we're going to change the order and t
agenda. So we’re going to start with Michael Imperi
who's as well as being a professor of biology and
immunology at the University of Michigan, you all h

know him well, he serves on the NACBB. He also serv

the National Academies Committee for New Government

University Partnership in Science and Security.

And after Michael, we’ll turn to Nicolas Bécard

who is from the Office of Francois Fillon, the Prim
Minister of France and he is in the Secretariat Gen
la de Défense Nationale where he’s responsible for
issues related to non-proliferation and security. S

ladies and gentlemen, | hope that you with me will
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all welcome Michael to the podium. Michael.
DR. IMPERIALE: Okay, thank you, lain. So I'd
really like to commend the organizers for holding t
meeting. It's been really fascinating and to get th
of people together in the same room, I think, that
of itself really says a lot about this field which
very, very excited about even though | am not a
practitioner of synthetic biology. I'm a virologist
But my interest comes from my service on these
committees that lain just told you about. But what
going to talk about today really is my own opinion
not anything having to do necessarily with the opin
the National Science Advisory Board for Biosecurity
speaking as a private citizen today.
So I'd like to tell you about how | view the
issue here, and let’s just start with some premises
first of all synthetic biology present risks, but s
all biology and in fact so does everything we do on
to day basis. We're going to walk out the door and
the street, and that’s going to present the risk.

So | think we have to acknowledge that there are
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risks there. Now the thing with biology is that the

consequences of something happening are potentially

devastating, right. However, we don’t know how to q uantify
the risks that are associated with synthetic biolog y, or |
would argue, with much of biology at all with maybe a small
subset dealing with the types of very dangerous age nts that

we’ve heard about already.

And so given this, how do we approach the issue

of biosecurity as it relates to synthetic biology? And so
the way that I've been thinking about it is that th ere are
four factors that come into play here. First are th e
technologies themselves. The second are the practit ioners
of that technology, and then the biology. And by bi ology, |

mean | should have put a capital B on biology, and Il

come back to what | mean by that in a minute. And t hen the
public because the public factors into this discuss ion
because in effect the public are those that are bei ng put
at risk if there are any risks that we need to worr y about.

So how do we look at these things? So let’s think
about the technologies. I'm going to arbitrarily di vide

synthetic biology into two classes for the purposes of my
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talk — genome synthesis and engineering which is p
much everything else. Okay, so with genome synthesi
just heard, it's very easy these days to synthesize
genome of pretty much any virus, and a little bit h

but one can then derive a virus from these genomes.
technology for synthesizing bacteria is with us. It

as easy to do right now, but I'm assuming that that

to move along quite quickly.

And then of course there’s the issue of new

organisms, however we want to define those, whether
mixing and matching parts of existing organisms or
trying to develop something completely de novo and
kinds of things that we just heard about a little b

earlier.
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And then with respect to engineering, there are

design circuits or the kinds of things we’ve heard
during this talk. Molecular shuffling that we haven
about too much during this conference but | think i
important part, and also self-replicating systems w
have been mentioned. But again, we haven’t gone int

of detail. There are probably other things that fal
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this category. But from my simple way of thinking a
things, these are the — | think at least present e
of what the risks might be.
Now with respect to the practitioners, | have
four categories here. The first are traditional sci
and | mean these are the scientists who work in uni
labs, government labs, that sort of thing who are s

what we would consider the scientists.
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Then there are other organized groups like iGEM.

Maybe laboratory courses in colleges or in high sch
even, and then the DIY community. I'm not sure what
really to be honest with you. But to paraphrase Ste
Colbert, it's real because they have a website. And
finally terrorists, but I'm not going to talk about
terrorists today because | think what we really are
about are the risks that are posed by the scientifi
enterprise itself. And obviously if there’s someone
really intent on doing harm, that sort of risk is t
and | think we have to just live with that.

And then the biology, and the point | want to

make about the biology is that to some degree it's

ools
this is
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predictable. But to a large degree, it's unpredicta
in fact, what excites most of us scientists about b

is the fact that it is unpredictable. And so as we

undertaking our experiments, there are results we’r

to get that we did not expect, that don't fit a hyp

and they’re just as exciting and sometimes even mor

exciting as the predicted results of our experiment

there’s no way to anticipate those, right.
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So what are some of the things that are more or

less predictable or unpredictable? Well, the design

principles for some of the circuits that we’re thin

about here. Selection, right. So we’re dealing with

biological systems here, and there’s always going t

potential for selection that we did not anticipate

design these things.

Virulence is a very fuzzy term, and we don'’t
understand enough about virulence to be able to poi

something without any prior knowledge and say this

virulent or this is not. And then there are probabl
intangibles that I'm not even thinking about right

I’'m sure that they exist because, again, we're deal
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a biological system.
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So the question is what do we do? How do we

integrate all of these things and come up with some

that’s going to allow us to advance economic

considerations, the science itself and all the thin

we would really love to do while making sure that w

putting people at unnecessary risk.

And so | want to talk about some things, some

ideas | have. Some are ongoing efforts, and some ar

some ideas that I'm going to throw out there for

discussion.

So first of all, let me just push aside right
away equipment and supplies. I think that at this p
time we can’t even consider trying to regulate the
equipment and supplies that are needed to do this t

research because it's most low tech, it's inexpensi

most of it is widely available. So as far as I'm co

| think this is really off the table. And unless th

new technologies that come about where we can start
day one and think about should we be regulating tho

technologies, right now I think we have to live wit
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situation in which we already exist.
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Okay, so what about synthetic genomics? So, you

know, one thing that people talk about a lot is scr
orders, and in fact ENSEB has made as part of its
recommendations in the same report that you just he
about orders should be screened for the potential m
something that's dangerous. And so what this requir
buying from providers and for the most part the syn
community has agreed to do some sort of screening.
think what we need are better and more uniform scre
tools so everybody’s working on the same page in or
be able to determine if something is dangerous or n
I’m going to talk a little bit more about this in a

and come back to it.

And then | think we also need rational list of

agents. What's really the most dangerous thing, and
should we really be screening for? And again, that’
to be a little bit difficult to derive again becaus
understanding of these agents which is not where we
like it to be in order to really be able to manage

a more definite basis the way that one might manage
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traditional recombinant DNA research.
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And engineered systems, | think that in terms of

circuits as the predictability improves, the risks
presumably go down. And what | would like to recomm
that we start building a database of what sorts of
combinations of things are okay and what sorts perh
not okay. And then that will allow us to try to sta
stratifying things. And so | think at this conferen

been referring to as Asilomar as some sort of God o
biological research. But again after Asilomar, what
done was to start keeping track of, okay, well this
experiment really isn’t that risky, and so we can p

into a lower category.

will

end is

aps are
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ce we've
f
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type of

ut it

And | think we can start to try to do the same

thing with synthetic biology. Molecular shuffling,
presents the highest risk. And the main reason for
that the potential outcomes are unknown because pre
you can get almost anything that you might want to
select for. Now | realize there are a lot of techni
issues dealing with that. But again the whole issue

shuffling is to try to make a large pool of sequenc
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then try to pick out the one that one wants.
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And so similar to the situation that's post from

a biosafety standpoint, | would say here one wants
conservative regarding containment and be very prep
unintended outcomes. So if something bad does come
you're prepared to contain it and to do the appropr
thing.

And then finally self-replicating systems. |
think at the present time the technology’s not far
advanced that we need to worry about these things.
the technology does begin to advance, it's somethin

we need to continue to discuss.

to be
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Okay, people. So this is now going to be the last

part of what | want to talk about. So first of all,

the traditional scientific community, and everyone
especially recently here in the U.S., we're concern
the so-called insider threat. The threat is certain

but it's probably very, very low. But it's somethin

we need to think about. And so | think what that me
that we just have to have awareness. Again, we need

aware if results of the experiment points towards a
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risk of what’s being done, and we also just have to be
aware of others. So you know, although we don’t wan tto be
sort of spying on each other, we do want to keep an eye out
if someone’s behavior seems inappropriate. You know  if
someone’s sticking a vial in their pocket or someth ing like
that, you know, those are the kinds of things we no rmally
don’t do in the laboratory. And | think we just hav e to be
more responsible as a scientific community so that if
something bad were to happen, at least we can say, hey, we
have done our part to minimize the risk.
With respect to the other synbio communities and
again here | mean maybe the kids who are working on iIGEM,
those sorts of things that are not in your traditio nal
laboratories. First of all, | think we need to try to
identify who’s out there, especially in this DIY co mmunity
and engage them in a dialogue. We need to make them aware
that there are potential risks so that they know ab out it.
Now my fear is that if we are dealing with some
high school students, | think we all know when we w ere
teenagers even though we were told not to engage in certain
behaviors, you know, we did it anyway. And so even though |
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think the intention of these kids who are working o n these
projects is all very, very good, | think there is a little
bit higher risk in terms of that particular communi ty.

And then finally | want to talk about the public,

right. So the question is why do we engage in biolo gical
research at all, and to me there are three reasons. Number
one is it's an intellectual pursuit. We like discov ery. We
like learning about things. The second is that it's fun.
And to me, synthetic biology sounds like a lot of f un, and

| actually wish | were doing it.

But most important probably is that we engage in

this because we want to benefit mankind on many lev els from
public health, agriculture up to increasing our kno wledge.
So on many different levels, we’re really here for the
public. And so we work for the public. They pay tax es. They
make donations to the private foundations that fund the
research, and they’re the beneficiaries of the work that we
do. And so | think we do have to be engaged in a di alogue
with the public about the risk. And so | would say we have
to listen to the public and listen to their concern s. We

have to educate them. We've talked about some of th ese
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issues already in this conference.
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| think we have to be humble. Someone raised this

point yesterday, | think, in one of the question an
sessions. And I think that we can’t say that we're
scientific community. We know what'’s best for you.

know, | think we have to be willing to accept that

public, if they’re educated, may not be willing to

certain risks. And so | think we have to be willing

accept that.

d answer
the

You

the
accept

to

We have to maintain openness. Openness builds

trust, and people have talked about this already. |
need to go into it. And again, we need to be honest
the possible risk. So | think we’d be doing ourselv
disservice if we went out there and say, you know,
synthetic biology doesn’t really present any risks.
worry. We’'re going to be fine. We're going to take
everything. | think we have to be honest that there
be some risks. However, there are these other risks

you have to put this in the bigger context of when

thinking about that.

don't
about
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And so let me just end on a more positive point.
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These are the things | think are the good news. Fir st of

all, is that I've been impressed that the synthetic biology
community is already engaging in discussions. This is one
example of that, but there are many other things wi th

respect to meetings, websites.

So one example that we haven't heard about today

is the Steve Moira at Berkeley has initiated a port al where
if one has questions about whether an experiment mi ght pose
a risk, one can submit that question to this portal and
then a group of experts will anonymously discuss it and
provide some advice. So these kinds of things are g oing on
already.

The science and security communities are talking

to each other which is good because we really do ne ed to
educate each other as was mentioned either earlier today or
yesterday. It's great that there’s an ongoing inter national
dialogue because obviously it doesn’t make sense to have
regulations or rules in one country and not in anot her
country because we really must think of ourselves a sa

global community. I'm preaching to the choir here

obviously.
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And then finally, the government actions that

have been taken, at least the ones that I'm aware o fand
I’'m mostly aware of those in the U.S. have been mea sured
which is good because | think that it shows that th e
governments realize the importance of not impeding the
research as it moves forward. And so | will end the re.
Thank you.

[APPLAUSE]

DR. GILLESPIE: Thank you very much, Michael, and

I'm glad to hear that you sound like you've given u p bad
behavior. You talked about being badly behaved when you
were a teenager. You must tell me the secret on tha t.

And you've given us a perfect segue from
government action into what’s happening in France. So
without further adieu, Nicolas, the floor is yours.

DR. BECARD: So thank you very much to give me the

opportunity to be here today with you. So | work fo r
Secretariat de la Defense Nationale. It's run from the
Prime Minister office, and we are in charge to coor dinate
all issues in relation with security and defense. S o we're

looking for and matching demands and we have initia ted a
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great deal of cooperation about synthetic biology a nd
biosecurity.

So | would like to presently choose the first

analysis of this research and approach for syntheti c
biology and biosecurity. So my talk will focus only on
biosecurity. So | would like just to remind quickly the
definition from the OECD who is an organizer of thi S

meeting. Biosecurity is intended to deter or detect the loss

or theft of dangerous biological materials for illi cit or
malicious purposes. So who can use this for malicio us
purposes is going to be from a range scale from

individuals, crime organization, terrorists and we could
then exclude country with biological program.

So the generic tools to improve biosecurity are

regulation, recommendation and a sensitization. So to talk
about biosecurity, we need to identify the potentia | risks.
So currently the potential risks are on the biologi cal
demands with biological synthesis de novo, biologic al
agents and with de novo synthesis of new biological agents.
So the major concern is about de novo synthesis of non-

biological agents because we have a lot of regulati on
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control listed, biological threat agents and synthe tic
biology can offer a new opportunity, a new way of s ynthesis

to create these agents to escape control.

And there’s a concern about de novo synthesis of
new biological threat agents and more exactly about
modification of threat agents to improve the biolog ical
property about, for example, pathogenicity about re sistance
in environments.

So we can imagine other appreciation with other

potential risk of funds. So we’re just giving two e xamples.
We can identify disease of known and chemical precu rsors
when you have a lot of regulation to control the pr ecursor
of chemical or biowarfare agents. And if we can not pursue
with imagination, we can imagine also some potentia | risks
with nanotechnology. But it’s difficult to — to id entify

all the potential risks open with synthetic biology

A lot of recommendations have been published for

governments and authorities to improve biosecurity. So we
can original recommendation academies of science. S o the
French Academy of Science has not published a speci fic

report about synthetic biology. But a report on bio logical
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responsibility.
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We can also name national authority and some

specifics to these like students from 6

presented previously in the NSF Program more exactl
are here with some recommendations that we have ana
the French — so we can just mention the federal re

to permit monitor of application, control of DNA sy
guidelines, harmonization and controls, sensitizati
education and training and the last one on thelist

committee to check and control synthetic biological

research.

" FP as it was

So the first recommendation was about adaptation

to limit malicious application. So we are looking f

we have an existing framework for analyzing the ris
biosecurity. So we have international regulation wi
United Nation resolutions. The Chemical Weapons Con

and the Biological Weapons Convention which normall

the risk for development of new agents.

We have also European regulation for export

control. So this regulation assumes national and
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automatically placing all European countries. The ¢

regulation, the name exactly in Europe is Regulatio

1334/2000 which requires you to use items including

software and technology to be subject to effective

when they are exported from the community.
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So the list of biological and chemical items is

determined by the Austrian Rule. European regulatio

biological risk and warfare is more for biosafety b
involved as well in biosecurity which can be comple
with national regulation. And we have in France but
not alone. You can find in a lot of countries some
regulation for biosecurity to control order of part
parts it's included in the DNA synthesis, DNA seque

micro-organisms and toxins.

For all this we cannot assume that all this

regulation can cover all the biosecurity for the po

risk of synthetic biology. So these works are still

progress, and we continue to pursue the analyses. B

sure that it will be completely covered we need to
and identify all the potential risks to check if it

controlled with the correct limitation.
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So the second recommendation was about control of

DNA synthesis. So we have two approaches. The first is
about control of DNA synthesis. So we are looking f or
initiation for some work by EISB about the control of the
DNA synthesis, but it is looking very difficult to control
all the DNA synthesis in order of biosecurity. More over, we
have an uncommon use of such control. So it could b e very

difficult to place them.
Moreover, we need appropriate database. So | know
that a lot of people work in this way. But currentl y the

database is not enough for us, and to be very, very

effective we need an international control. It's no t the
case because for the companies on the streets it sh ows that
you have international consortium, but it is not wi th all

of them.

So the second approach is an approach in
territorialized in France. It's about sensitization of gene
synthesis industries. So it's reserved from a group ,
analysis group from Australia, Australian group wit h
communication to industries of a demonstrated list of

industries to identify suspicious orders of gene sy nthesis
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contact

So | know that here in U.S. there is the same

kind of approach has been in place. So just to remi
because it's very important we are not against cont
DNA synthesis. It could be a good approach, but cur
it is not appropriate. We do not have all the appro
tools, and it is very important that for the contro
sensitive synthesis must be international to be eff

It's very, very important for us.

nd
rol of
rently
priate
| of

ective.

So another recommendation is about sensitization

of scientific community. So for France this is very
important. It may be the best way like it was repor
the French Science Academy with things like biosecu
be improved by sensitization of program in scientif
community. So it's while you have a sensitization p

biosecurity in each research institution.

ted by
rity can
ic

rogram,

We have in place as well conference by good

monitoring agency from -— we are seminar from the
international information charter direction. We try

expand the risk and to give some example which is a

to

relief
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for scientific people and we explain the risks. We
also program of education with some specific univer
degrees in biosecurity. In fact, it's not exactly
biosecurity but in biosafety and biosecurity. So we
university, one university degree in place in Franc
we have probably the national forum to sensitize th
scientific community. So sensitization of scientifi
community is considered a very, very important appr

improve biosecurity concern of scientists.
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So the last recommendation was about monitoring

and control commitment for sensitization by the res
So we are naturally willing to analyze this proposi
But we are sure of one point that such committee sh
ready international and has been the framework of u
we want to be sincere, and maybe you could be takin
by the biological and toxic weapons convention. So
what we have and we are naturally learning this way
nationals of the scientific community and emergent
scientific fields. So it was led by the French Acad
Sciences. It is not in place currently, but it is i

progress and is not restricted to synthesis biology
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all emergent scientific skills.

So in summary, | would just like to remind that
sensitivity by Europe provides further application
including biodefense. So it is very important to be
interested by these new fields, and we are aware as well
that regulation without discrimination could handic ap
research. So we are conscious that we need maybe to control
and regulate these new fields but with regulation i fwe
need it and to take care about developing research.

So biosecurity can be improved by sensitization
of scientific community as you can understand in a very
important way that we have identified. So tools for
education and training will come. You have control of
synthetic order for industries is supported. So it isin
progress in France. It's more and first step is pro bably
the best approach for the control of DNA sequences
currently at the moment. And analyses of biorisk an d
synthetic biology is still ongoing. So we continue this
work with a little step and guidelines of good prac tices
for biosecurity of synthetic biology also will come . So

thank you very much for your attention.



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac

[APPLAUSE]

Agenda Item: Questions and Answers
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DR. GILLESPIE: Well, thank you very much indeed,

Nicolas. And | think you nicely summarized some of

issues that we might follow with some discussion on

before I turn the floor open to the questioners, le

just pose three things that I've heard.

The first one is ask simply a question. What's

different about synthetic biology? And the thing th
strikes me from the conversations we've had is the
individuals, the types of people, the communities t
involved here because quintessentially we're talkin
trying to involve the bright young future generatio
We're involving engineers as well as scientists who
very different perspectives on some of these risks.
have the speed and the ability of bio hacker to wor

is something which is certainly from my experience

bioscience is rather different.

And the second question | want to throw out on

the table is one about infrastructures. And | think

you mentioned that you wanted to see some better gu
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some better tools available for issues such as look ing at
synthesized sequences. I’'m a mushroom. I'm kept in the

dark, and they feed me bullshit.

And then the third thing is who needs to be doing

what. So | want to just put these on the table, lea ve you
to ponder them and in the meantime throw the floor open to
guestioners. And | know that one of the targets for your

comments, Nicolas, as the biological toxic weapons
convention, chap. So | think we’ll start with Pierc e.

AUDIENCE: | was going to thank both speakers for

a fantastic set of presentations and point out that it
looks like I might come and hang around with you gu ys at
future meetings if some of those recommendations ca me true.

I'd like to start off by picking up on the point

about the DIY bio community to point out that they do have
a safety and security working group, that myself an d other
people in the room are on that group, and that thos e
channels of communications are beginning to be open . That
is something that some of the leading figures in th at
community are particularly concerned about resolvin g. So

that there is some good news there.
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But if you'll indulge me, | had some thoughts,

feedback and questions on what we've just heard. |

first of all | would start off by saying | absolute

believe the first message out of our mouths when we

about security is to say how good this community is

issue. You know, it really is the case study of eng

and community-led engagement on security issues. If

could only do this with other biological science

disciplines, my job would be much easier.

Secondly, I've listened very carefully to the

words that are used in association with security
frameworks. Now | think that we’re still missing a
here, and I think these frameworks should allow ben
applications. | think they should enable beneficial
applications. | want to see what is eventually put

as the door that you go through to get to Randy’s f
yesterday. | think that's what it is. This is part

much better process.

think

ly

talk

on that
agement

we

trick

eficial

in place
und from

of a

And | think the relationship between security

community and synthetic biology community is more t

a relationship. It's more than just communicating.

han just

| think
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that both fields will dramatically alter each other
synthetic biology will drastically impact the secur
field because it's going to, if the potential comes

a couple of decades time as we’ve heard, the really
stuff, it's going to blow traditional approaches to
control out of the water. And equally, if you flip
around and do it the other way around, | think we’v
exactly the right thing that security is a part of
biology in the 21 st

and beneficial biology, and that requires quite a b

in thinking amongst how you pursue biology.
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century. Good biology is safe, secure

And that leads me to a recommendation that both

security and the synthetic biology communities are
have to go through a fairly big shift, and that’'s g
require new tools and approaches. And finally, I th
need to start looking at reframing this issue from
negative to a positive. The question we're now aski
synthetic biologists shouldn’t be are you part of t
problem, are you doing something that’s wrong. It's
guestion of are you part of the solution, how are y

helping us prevent others — not you, others from d
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So my five things are acknowledge the work,

ensure security frameworks, enable, not restrict, r
it's a two-way relationship that will have a big im
both directions, actively pursue new tools and appr

and reframe the issue.

ecognize
pact in

oaches

DR. GILLESPIE: | love these points, Pierce. |

love them particularly that point about enabling. |
to take a few points, and | encourage people to not
ask questions, but as Pierce has done, voice opinio

want a discussion. So off you go.

'm going
just

ns. We

AUDIENCE: | actually want to come back to the

biohacking issue. And I'm still trying to get a sen
whether this is really a myth or a speculation or w
it's a very real concern. When | look at this and t

a couple of things which | think are very clear. On
know the people that are either young in years or y

heart like to do disruptive things.

se of
hether
here are
eiswe

oung at

You look at the chemistry community. | was dying

to ask how many people here who started off as chem

experimenting with explosives as kids. I’'m not goin

ists

g to ask
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ids.

We also know obviously about the computer virus

community where people will write things just becau
can, not because they have bad intentions, just bec
they're flexing their muscles. The question is, is
tendency to try and flex muscles like that actually

to become a reality within the fringes of the bioha
community, and I’'m not talking about the organized
biohacker community that are going to be responsibl
they’re going to hit some sort of code. But the peo
the fringes of that community that decide they can
something and they want to see how far they can pus
this something that can really happen, or are we ju
making myths for ourselves.

DR. GILLESPIE: Another great question.

se they
ause
that
going

cker

ple at
do
hit. Is

st

AUDIENCE: Well, continuing from the two previous

guestions, | would like to draw some comparison bet
information communication technology and the synbio
technology, nanotechnology, et cetera. We have the

information technology transform our productivity o

ween the

f our
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system and completely made us dependent, our econom ic
benefit on the information technology and therefore the
information hackers created economic horror in doin g some
hacking.

Now I'm not worried whether it is a myth or a
reality. This technology, unlike nuclear technology , iIs not

dependent on the equipment. It's purely knowledge

dependent. And science being democratic and open an d
transparent, the knowledge is freely available. If it goes
into the misusing hands, how are we going to preven tit.

All that | heard today is sensitizing the scientifi C
community and self-regulating. | don’t think that i s a huge
issue here.

Coming from a health department, I'm worried

about health security. If this is misused in some w ay or
the other, where is the firewall that will be used in
information technology? Where is the biological fir ewall?
Is someone looking at it? Is it possible to build t hat
firewall simultaneously as we build a whole new sys tem of
new synthesis, new synthetic biology. I think it's time to

start thinking along those lines as well because he alth
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affected leading to economic insecurity. That's my
DR. GILLESPIE: Thank you. We'll take one

before | invite answers.

joint Committee on
/Board on Science,
Engineering

Associates and is

of the Committee on
/Board on Science,
ments included in
ersons or

y adopted or

ademies. 214

be
comment.

more

AUDIENCE: Thank you. I'd like to argue that the

security connected issues to synthetic biology for
ten years is going to be zero or close to zero beca
the following. Virulence factors as we know now fro
result of research for 20 years are the result of a
intimate evolutionary intimacy between the host and
agent that expresses the virulence. So the one, the
virulence factors that are the worse probably happe
already developed by nature. They are out there, an
has produced all possible combinations of them and
evolution. So | have serious doubts that even the s
engineer, the smartest biologist can come up with s
that is more pathogenic than the agents that we hav
there.

So basically | think that the security issue is
connected through the direction of more virulent ba

more virulent agents. At this point, | wantitto b
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DR. GILLESPIE: Okay. So let’s just pause on |

think there’s four key points come out there from t
guestions. One, we need to reshape the debate and t
security enabling innovation and recognize the
interdependence between the innovators and the secu
community in looking at these issues.

Secondly, while there is a fair degree of
responsibility in the DIY hackers, but will that
responsibility be held at the margins. Thirdly, do
to and can we build a firewall, for example, for he
security. And fourthly, while maybe we don’t have t
right now, we’ve got some time. Michael, do you wan

start?

hese

rity

we have
alth
odoit

tto

MR. IMPERIALE: So first | completely agree with

Pierce. And as | said, | think that that discussion
least here in the U.S. is occurring on many differe
levels. And so my sense is that it's also occurring
the U.S. So I think you’re absolutely right.
With respect to the biohacker situation, you

know, | guess my feeling is that if someone is real

at

nt

outside
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intent on doing harm, you know, they’re going to fi

to do it. You can put up an impediment here. You ca
an impediment here. And you know, depending on how
a firewall one can build, you might be able to more
stop more people. But I'm not sure you can ever rea

control every one. That's just not going to happen.
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And so then the question becomes what'’s the

bigger risk, someone doing biohacking or someone dr
car bomb up to a building or things like that. And
since it's very hard to quantify these risks, | don

how to wrap my arms around that question. But | gue
bottom line is we’re never going to be able to stop
everyone from doing something bad. And then | actua
would dispute the last comment that nature has alre
of sampled the entire set of possible combinations
lead to virulence. | don't think that’s the case. |

if that were the case, most viruses would infect an
species that they want because they’d have more pla
replicate. That’s just one very simplistic view of

think there are a lot of things out there that we d

know. We don’t understand virulence. There are many

iving a
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't know

ss my

lly

ady sort
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ways to accomplish virulence. It is dependent upon

sort of choreographed interaction between the patho

the host. But | disagree that there are not more vi

things that are potentially out there that nature h

yet found.

MR.GILLESPIE: Thanks, Michael. Nicolas.

DR. BECARD: Just some comment about biosecurity.

We have not in France currently, but it's why we re
control of suspicious orders from DNA synthesis ind
and normally to check that no individual can order
sequence to try to make biohacking. And I think tha
concern about biohacking is more about biosafety. T
mind.

About to come back about United Nation. So | just
give an example, maybe I'd use not appropriate term
just give an example like existing chemical which w
create an organism which Internatonale Authority to
control. So if you need to control it for sure, by
you should be by United Nation and these organizati
mention this way. So and to finish with infrastruct

because that was something very interesting. And we

y adopted or

joint Committee on
/Board on Science,
Engineering
Associates and is
of the Committee on
/Board on Science,
ments included in

217
a clear
gen and
rulent

as not

commend
ustries
some DNA
t the

hat's my

S, s0 |

e would

means
ons. |
ure

are



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering
symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 218

looking forward to maybe discuss this in this place

DR. GILLESPIE: Thank you, and I'm going to take
five minutes off your coffee break. I'm sorry, but it's
because | want one more round. Paul.

AUDIENCE: | am here, and I'm not going to talk
about society although I'm very happy to notice tha t
several people are at least a little nervous about it which
they never were before. Okay, a few points.

There’s a distinction between risk and danger

which | think is worth drawing. Most of what you sa id are
about dangers. Risks are something that are quantif iedina
series. So we don’t know as you've said what the ri sks
actually are because we haven’'t encountered any. So it's
tricky to look at the currently existing risk asses sment
and risk analysis technologies because we’re in pro bably a
different situation. So we have a topology of dange r. We

know very little about risk. So that’s point one.

Point two, something that I've encountered with
many biologists is a simple distinction but one tha t seems
to be missed between terror and warfare. The respon se that

it's very hard to do anything with anthrax or the v irulence
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thing and | agree with you about virulence is of co
important. But all you need to have had is that HIN
could have killed nobody came out of some lab and y
have dramatic consequences even if no one was actua
harmed. So it's not really going to cause a loss of

one thing. But anything synthetic that starts somet

else or a set of ramifications is going to have a |

effect.

And then finally | think the third point is
preparedness. That is to say, | think we would all
whether it's rambunctious, overly testosterone yout
unknown genders or not, once something happens, the
And in my experience, not enough attention has been
that because | fully agree with Michael that you ca
control everything and we don’t want to live ina s

where you can control everything. Do you hear, soci
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So the question is once something happens, then

what? And that's what | think we need to pay more a

to in addition to everything else that you've been

DR. GILLESPIE: | knew we could bring you back to

society. Next question.
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AUDIENCE: Okay. This session actually has

something in common with many of the previous sessi ons.
We're talking about a technology and a set of metho ds that
have not had immediate effect, but the effects are coming.
So as was true in our discussion of intellectual pr operty
issues, as was true in our discussion of environmen tal
effects, so too with reference to security. We're n ot

talking about immediate two, three, four, five term
effects. It's longer term.

That said, if we look to the effects of synthetic

biology as distinct from ordinary good old fashione d
recombinant DNA work and look to the effects on bot h
offense and defense over the longer term, | think t hat we
have to actually take this quite seriously. We've h ad an
emphasis on diffusion which has been entirely appro priate
because deskilling and access of a larger group of people
to the methods is part of what'’s intrinsic to synth etic
biology.

But at the same time, there are other potential
effects of synthetic biology that we may want to be looking

at in terms of offense and defense, specifically if
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thinking back to Drew’s presentation at the very ou
you have a set of methods that allow more reliable,
rapid, lower cost — again, more rapid and more pre
methods for redesign that may have both offensive a
defensive implications. On the defensive side, good
There’s the possibility of developing countermeasur
just to artificial but to natural problems more qui

The revolution in medicine that we were discussing
should be part of a discussion of defense and secur
offense, the potential for designing more discrimin
You know, we talk about ebola or smallpox. But ther
the potential that more discriminating biological w
may be developed, and that may be actually the grea

threat because they may be more usable by states.
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You put that on top of the hackers longer term,

and we need to be more careful in our characterizat
offense and defense and then take advantage of the
that we have now to do appropriate actions to empha
defense and perhaps weaken the offensive implicatio

DR. GILLESPIE: Okay, one more.

AUDIENCE: | think the first speaker rightly
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mentioned that all these equipment are easily avail
cheap and widely available, and these are the right
combination for people with wrong intentions. As ma
of al-Qaeda and Los Quativa | know Torra Borra has
laboratories, and they actually constantly look for
types of people. So as a scientific community, we h
be right all the time and these people don’t have t
right one single time. So | think my recommendation
community would be not only to find ways to look fo
types of synthetic biology narratives but also
countermeasures such as the firewall which was ment
the previous person who posed the question from Can
I think we need to look at the measures and counter

which is already pointed out.
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DR. GILLESPIE: Okay, and the last question.

AUDIENCE: This is really just a comment and it

relates a point that Michael made. | just wanted to
unless | have potential misconception in relation t
With iGEM, we don’t have 1100 students kind of runn
around and doing these projects. It's really import

understand that the iGEM teams work with faculty is

correct
0 iIGEM.
ing

ant to

well



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering
symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 223
regulated laboratories within well known universiti es.

And three weeks ago, at Imperial College, we ran

the European Teach the Teachers Meeting with Randy and his
colleagues, and all the people that attended that m eeting,
about 60 of them, are all very well known or well k nown

research scientists who are regulated by the regula tions of

their various countries, et cetera.

So are these really important that, you know,

that make the point that as far as iGEM projects ar e
concerned, these are all done within highly regulat ed
laboratories and under the supervision of research faculty

that really understand what they’re doing.

DR. GILLESPIE: Thank you for that. And so | think
the key points there are and it's a very difficult ones in
the last kind of minute or two of the session. How do we
deal with that which is unpredictable, not just
unpredicted. How do we deal with different toleranc es of
risk depending on the origin of an event.

How do we create preparedness and then a response
for an unusual but potentially very harmful event. And can

we spend some time thinking a little bit about the pros and



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac
cons of different characteristics of synthetic biol
more sophisticated way than it's black or white. So

Michael, would you want to start.
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DR. IMPERIALE: First, let me apologize if | came

across as thinking that iGEm was this unregulated g
kids just running around willy knilly because | rea
that's not the case. With respect to the response,
that’s a very, very important issue and | would arg
the public health response can be thought of as ano
of these dual use issues that we talk about all the
that the same system that allows us to respond to n
occurring events would also allow us to hopefully r
to any kind of event that may come out of a laborat
be manmade. So | think it's very important that we
in the public health response for two reasons. Even
nothing were ever to happen out of a laboratory, we
have public health response in place. I'm going to
back to this issue of thinking long term versus sho
You know, I’'m not sure that all of the issues are r
long term because right now if someone, | think, wi

little bit of money and wherewithal could buy all o

224

ogy ina

roup of
lize

| think
ue that
ther one
time in
aturally
espond
ory or
invest

if

have to
come

rt term.
eally

th a

f the



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering
symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 225
oliogos that they need to construct a select agent, the
synthesis of oliogos is not being screened at all. And they
could try to do that, and that could be done today. You
know, it took Eckard Vimmer | don’t know how long, but the

technology is a lot more robust right now.

And so | think we do have to be thinking short
term as well as long term.

PANELIST: So the difficulty for us is that the
long term risk potential is not clear. So it's how we can
try to regulate something that we cannot fully defi ne now.
So it's very difficult.

DR. GILLESPIE: Well, thank you very much. To have

the last word in this session. The four messages | take
away are think about synthetic biology and security as
being things where security a positive or can be a positive
framework by condition for innovation make sure it is.

Secondly, acknowledge that we have a very

responsible, very engaged community here on this se t of
issues, and we should congratulate ourselves for th at.
Third, there’s certainly some short term imperative s,and |

think the biggest short imperative that I've heard is the
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availability of skilling tools and skilling tools w hich can
be used and exchanged internationally. So there’s a common
playing field for that. But nevertheless, fourthly, there
are some longer term issues that we do have some ti me to
think about, although complacency would not be rewa rded.

Ladies and gentlemen, | think you’'ve earned your
coffee. Please join me in thanking the speakers.

[APPLAUSE]

Agenda Item: Session 7: Public Engagement and
Participation

MR. RODEMEYER: Good afternoon and thanks for

staying with us through a really interesting day. T here’s a
lot of good discussion and information. I'd like to think
that we’re now at the very top of the roller coaste r and
ready to go down that last ride. So hold on the nex t hour
or so.

My name is Rodemeyer. I'm with the University of
Virginia, and it's my privilege to moderate this pa nel on
public participation and engagement. This seems to be the

elephant that has been lurking behind many of the p rior
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panels. So I'm glad we’ll finally get a chance to t
this head one.

What I'd like to do is actually address just at
the beginning a view questions if | can get the Pow
up. First of all, it's interesting that we’ve got a
on public participation and public engagement. So w
we doing this in the first place? | mean, geologist
engage with the public before they go out and do th
research. And most people, most technologies get in
without the benefit of public engagement. Nobody as
public about introduction for the internal combusti
engine or MS DOS. So one question is what really ma
different? Why are we doing this?

So one question and maybe this is provocat
what is the assumption that we’re making about what
to have happen here. | think there may be an assump
that the public needs to be informed so that they w
be scared and shut down this technology. It's the g

the GMO debate in Europe.
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Now | think we need to be somewhat explicit when

we talk about these issues because the question is

what is



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering
symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 228
it that we really expect to get from public engagem ent and
public participation. This assumes, for example, a deficit
model of understanding that the problem is simply t hat the
public is ignorant and therefore fearful and that t herefore
the remedy is simply to educate the public, so that if they
know what we know they will accept this technology and

allow science to move forward. A lot of debatable
assumptions there. So that's a question about wheth er or
not we’re asking that.

What | think we’re beginning to see is an effort

at this very early stage to begin to frame this tec hnology.
We've seen it throughout a number of the panels alr eady
today and yesterday which is, is this in fact some new and
dramatically different technology that therefore ha S novel
and perhaps unquantifiable risks, or is this, as Ji m
Greenwood said yesterday, basically like making bee r.

So the question and that’s really where the

divide has come on the GMO debate between Europe an d the
United States. The question of really whether this is
something that is a continuation, a natural extensi on of

existing technologies or something that’s radically new.
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That framing process is taking place now, and the q
is what's the relationship between that process and
desire to engage with the public.

The second question really is and | think it's
the time that we actually have to ask Paul's questi
seriously in this panel, which is what do we really
public. Are we really talking about every man, chil
on the planet understanding synthetic biology and a

it or accepting it? Probably not.
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Then what are we talking about? Are we talking

about potential social actors who may have the powe
block the technology by their opposition through ei
political means or through appeals to consumers, fo

example, to be concerned about the product.

rto

ther

So | think we need to discuss specifically what

we mean by the public in terms of this issue and in
of how do we discuss this in a global environment.
does the public mean when we’re talking about a glo

economy.

terms

What

balized

For the third question, it's how do we do this?

Assuming we want to do this, how do you engage the

public?
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There’s been more efforts in Europe than in the Uni
States to look at these kinds of issues. We need to
understand what has worked and what has not. We don
really have successful models for this as far as I

Most people are too busy, too tired with their own

too broke, too distracted to kind of deal with thes
issues. So how do you actually engage them particul
before in fact there are actually any products to t

about.
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Another question that we have to ask is of course

the role of the media. The media has, particularly
media, has been blamed for much of the European rea
GMOs. But that again was 20 years ago, 25 years ago
happens today when the mainstream media no longer h
science reporters, for example. What happens in an
environment where we have completely fractured medi
where people are simply looking at the media outlet

support their own preconceptions of the universe.
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And then finally a question about do applications

matter? Does it even make sense to talk about publi

acceptance or public understanding of synthetic bio

logy? Do
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people really care about technological processes, 0
they care about products? And in fact, do products

difference? Do they matter what the applications ar

| think the answer to that is obviously yes. Even

Europeans wear blue jeans from genetically modified
So applications matter, and in this area that may a
equally true. So we need to be careful about painti

a very broad brush notions about public attitudes.

So these are just a couple of things that kind of

have occurred to me, and | hope our panel will take
today. We’re very fortunate to have three panelists
very well qualified to address many of these issues
have been experienced through the genome wars and t
the nanotech battles and genetic technology issues.
Rejeski from the Woodrow Wilson Center, Robert Cook
the Director for the Duke University Center for Gen
Ethics Law and Policy, and Adam Bly who is the CEO
Editor in Chief of the Seed Media Group and Seed Ma
which I'm hoping that Adam in particular will be ab
address some of the media questions.

And in the spirit of public participation I'm

y adopted or
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hoping we’ll be able to get through this with plent
time for this particular public to ask some questio

interact. So with that, David.

DR. REJESKI: Okay, well, thank you. It's great

being here and thanks for hanging around for this
discussion, end of two days again. From the Woodrow
Center, as you probably know, this work is funded b
Sloan Foundation.

And so I'm going to spend a little bit of time
talking about what we’ve found out recently and als
past about public perceptions. So what I’'m going to
do is I'll reveal a little bit of the research that
been doing on synthetic biology. I’'m going to try t
compare it with some of the new work from the Royal
of Engineering and also backward to what we did on
nanotechnology because we have about four or five y
work on nano right now.

I'll share some observations about the larger
social context in which synbio’s evolving. And I'll
with some near term needs which | would preface by

these are sort of my own perceptions and ideas.
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So we've done two studies. The first one was a

phone survey that we did last August of over 1,000 adults
in the U.S. And we did two focus groups up in Balti more
last August, and we’ll be repeating both of those b oth the
national survey and the focus groups this August. S o we'll

have another set of data points.

Okay, what did we find out from both of these?

Well, not surprisingly not many people have heard a bout
synthetic biology. Now about 2 percent have heard a lot, 7
percent have heard something but probably close to 90

percent heard little or nothing. Not surprising.

If we compare this with nanotech, we also looked

at that last year. A little bit higher saturation o f nano.
This by the way hasn’t changed in three years, okay ,in
terms of public perception and awareness of nanotec h. And |
think it was Dan Seroes yesterday that asked this q uestion
which | think is an interesting one is do we reach a kind
of systemic saturation point in society about how m uch
people really know about stuff like this, whether i t's
nanotech, nanobio, synbios. So it will be interesti ng to

see what happens to this in August when we look at it again
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and see whether the nano awareness meter has moved a
nanometer in the past three or four years. | doubt it, but
it will be interesting to find out. Now even though they
don’t know anything about it, people venture a gues s when
we ask them about risk and benefits. A lot of them say
nothing, 34 percent. But 21 percent said, ah, sound S
interesting, sounds like the benefits will outweigh the
risk, 16 percent say risks will outweigh the benefi ts. We
give them some basic definitions. That shifts aroun da
little bit and a lot of them shift to risks are goi ng to
outweigh the benefits and benefits outweigh the ris ks, this
middle piece. Benefits and risks being equal, it st ays

about the same.

This is out of the focus groups. This gets back

to this issue of apps. There’s one particular apps people
really focus on, and that was biofuels. They liked this. We
ran a bunch of things sort of treating diseases, ca ncer,
environmental contamination, sensing. There was a | ot of
interest. This is a very small sample, okay. But th ere was

a lot of interest and excitement around biofuels.

This when we looked at the U.K. Eleanor Pols —
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where’s Eleanor right here -— did kind of a quick s
side. There was a lot of interest in biofuels in th
Academy of Engineering study. So that there seemed
some kind of convergence around, and this is an int
app. When we do the work in August in the focus gro
we’ll focus specifically on biofues. We want to get

of Americans are feeling about biofuels and whether
sort of insert this piece on synthetic biology. We
asked him who should manage or regulate the risk. T
government comes up high. And this one group of the
actually they want the scientific community in ther
male group wants to ban all this work altogether. T
lot of — I'll explain this as we go on. There was a

sort of fundamental Christians in that group.
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Nobody really wants to trust the company. But

this is kind of interesting. We always ask this que
now how do we do this. Well, again going back to th
no real support for a band but they like checks and
balances. They like independent scientific involvem

the regulatory process. It's not really that surpri
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They think scientists should be part of the team.
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They want to ban it. They don’t want to shut it dow n. |
think most people see the promise here. Again, some of the

recommendations. They like the idea of openness and

transparency. That's going to increase public trust . Again,
I don’t think there’s a lot of things you wouldn’t expect
to see here. Open dialogue, listening and understan ding. A
lot of this, of course, is easier said than done as most of
us know.

Now when we did about 30 hours of focus groups
for nanotech, and we were always testing these
propositions, do you want to shut down the technolo gy, or
do you trust people to self-regulate. In the U.S., we did

them all over the U.S. in Seattle and Dallas and

Philadelphia. There was never any support for shutt ing down
the science. There was no support for self-regulati on. So
the idea that people are just going to self-regulat e,

nobody supported. Those are the book ends.

Now if we asked people this question, okay, how
do you increase public confidence in nanotech, when you
sort through all of the answers, there’s absolute

convergence on three things. The first one is more
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transparency and disclosure, free market testing. W e don't
want you to test the stuff on us. And the third thi ng is
they like the idea of independent testing. So they like the
idea of kind of a consumer’s reports, underwriter | ab,
companies working the NGO, some balancing of power. They

don’t trust industry doing all the testing.
Again, whether this translates to synthetic bio,
| don’t know. But these are not unreasonable kinds of
demands, I think, if you're dealing with emerging
technologies.
| think some challenges right now, it was

astounding to watch these people react to this term ,

synthetic biology, absolutely stunning. It just pus hed
buttons that nanotech never pushed for them. Nano w as that
small technology. As soon as they heard synthetic b iology,
artificial light cloning, | mean you could see the neurons

firing in their heads.

So it goes back to one of my favorite books by
Reese & Trouss(?), when a name is bad, things tend to get
worse. When the name is good, things tend to get be tter.

These are the marketing folks. They know that. So | 'm not
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sure you can change the name. But | think you're de
with that as a liability. | mean it's just amazing.

was one of the most stunning thing sitting behind t
way glass is the impact of this term on people. And
almost impossible to pull them back after their ini
reaction no matter what we told them about syntheti

biology.

Other problems obviously a lot of definitions

floating out there. I think what happened with nano
the NFS came in, produced a very precise definition
part definition early on, and enforced it aggressiv
Whether that’s possible with synthetic bio, | don’t
because a lot of issues, definitions. The playing G
won’'t go away, and there’s no communication strateg
can't find one. | can’t find one in this industry.
find one in any government, and | don’t think the
scientific community has one.

| think there’s a huge potential for a risk
amplification. We’re in the middle of a global pand
mean | think that heightens people’s anxieties arou

biological threats and issues. Good science journal
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gone. They're dying out. So your ability to get any thing
covered well and in a balanced way is disappearing. This is

an incredible difficult area.

We work with journalists sometimes for six or

seven months so they can write one halfway decent s tory on
nanotech. Nobody’s going to put in that kind of tim e if
they’re blogging, right. So your ability to get any body to
cover really deep and well, anything about synbio i S

disappearing very quickly.

U.S. NGOs learn something from nanotech, they're

fairly engaged right now. They’ve already had a tea ch-inin
San Francisco. They will do more than that. There w ill be
other actors entering this space obliquely. Lloyds of
London just put you guys on the emerging risk list. The
report on synthetic biology, Lloyds of London doesn 't write
insurance, they essentially shape the insurance mar ket. Of
course, the insurance folks were all over nanotech. The

reinsurance folks, the insurance folks. So all over
What's going to happen now is the space is going
to open up, and there will be all kinds of actors ¢ oming in

here from the financial sector, from the insurance sector,
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from the press, from the NGO sector that’s going to change
the dynamics of operating. American public has expe rienced
lots of failures of regulations. We can’t deal with E.coli,
Salmonella or Rickettsia. Those are pretty simple. So

you've got this huge trust gap.

So we've tracked trust in government agencies for

five years now. Every single year, it's gone down b y four
or five points. Underneath the government agencies are the
businesses. Below the businesses are actually the W hite
House and the Congress. Now that might change. We'r e going

to do this again this year to see whether the Obama

Administration is changing the trust curve. But you 've got
to live with this fact because that trust plays a h uge role
in your ability to attract investments, to get insu rance,

to get into the marketplace.

This was something that came out of some work at

the cultural cognition project that Yale did. This was a
web-based survey that was done of about 1500 people on
synbio. Tony Lazare which is up at Yale. He basical ly does
a lot of work on perceptions of environmental risks . And

what he’s found out is there’s certain people in th e U.S.
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that basically are environmental risk naysayers. So as soon
as you try to sort of tell them there’s a risk invo lved
with something, ah, nah. Those people tend to white male,
political conservative, highly religious. This is w hat they
found.

So going back over a bunch of different studies,

basically this effect held for nuclear power, globa I

warning, Mad Cow. They really — these people weren 't
concerned. This is what happened with synthetic bio logy,
okay. So there’s something going on here that deser ves a

little bit more research, right.

What's going on with these folks who really

didn’t care about any of this stuff. They didn’t be lieve
there were any risks here. Why are they up there, r ight?
Also, what happens with polarization. There’s this idea
that we're just going to dump lots of good scientif ic

information on folks. We’ve had this discussion ups tairs

and with other people about who is the public.
Let me tell what happens when you dump more
information onto African Americans or Hispanics. Th eir

trust goes down because they don’t particularly tru st
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industry. They don't trust the scientific community
this is what's going on here with more information.
gave them lots more information on nanotech, they s
compared to the white folks up at the top with a hu
And the more information we gave them, it went like
Same thing where there’s a gender gap, all right. T
people who love this are white males. Females, very
I mean they basically start with the gap, the trust
down. Political party not a big factor between the
Democrats and the Republicans. Ideologically, you k
these are your liberals, and then there’s conservat

progresses.
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But the huge one, we start breaking this public

down into pieces, you realize that you're going to
have an incredibly differentiated strategy for deal

folks. This is no one message, okay.

Okay, let's do the experts. Who would you

believe? This is Bernie. Bernie worked for an NGA,
environmental science in Middlebury College, all ri
Stewart up at the top works for the Cato Institute.

whatever the equivalent is.

have to
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teaches
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What happens if I now give these people messages

about nanotechnology, and how does that track into
folks. Now what happens is most of us make an assoc
with these people within 150 milliseconds, and it's
surprising what we learn from this research was the
decided to basically trust the people that kind of

like them and think like them. So who'’s giving the
about synthetic biology or nanotech or any new tech

becomes pretty critical.

you
iation
not
y
look
messages

nology

And what we found was if | expect Bernie to say

nano’s going to kill the world and he comes out and
you know, there’s actually some pretty interesting
going on here and it's not that risky and | happen
relate to Bernie, I'm much more likely to believe h
Stewart up at the top. Not surprising again, but yo

to think about what the messenger is.

says,

stuff

to

im than

u have

So who are you going to listen to on synbio?

You've got some incredibly articulate scientists he
right? Some of them are even in the room. But what
if it's the new science adviser, Malcolm Gladwell.

to write a book on this right? What if you turned O

re,
happens
He’s got

prah
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loose? Someone talked about Rolling Stone. Well, it could
get into Rolling Stone, but you may not have any co ntrol

over what they write.

Zerhouni, NIH, the new head of the Food & Drug

Administration, M.D., a woman, that’s a fairly U.S. centric
group. But one can imagine the group for the U.K. o r
Germany or EU or who would the dream team look like or who
would be in there for the globe? This matters, and I think
the one thing we found out, okay, is that basically the
worse thing that could happen is if there’s one or two
people that become associated because the ability t 0 create

polarization is very high.

So what you have to do is create a very, very

balanced, diffused and dispersed and very, very sor t of
wide open deliberative climate that kind of neutral izes all
this potential biases, and you have to think about how

you’re going to do that.

So some near term needs, and I'll finish up. We
definitely need more research. | mean that's always the
standard answer, right. We need more research, and we need

it soon because of the fact that this area is movin g very
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quickly.

| think based on the research, then we need a lot
more public communication data strategy. Run the sc ales. We

have an awful lot. We ran millions of dollars of

experiments in public engagement with nanotech. We scaled
up none of them. So all we’ve been doing is reachin g about
20-30 people at a shot, and nobody’s really figured out,
you know, what really works and how would you scale that up

to have an impact.

Risk research, | mean, the one thing that's going

to calm the insurance folks down, there’s only two things
they care about. They want regulation, and they wan t risk
research and basically we don’t have it. And we’re just
beginning — | might get one study for us on regulat ory
adequacy, but there’s hardly any of that. So Paula asked
for these numbers. It's taken us five months to fig ure out
what the federal government spent. We don't have al | the
2009 numbers. But it's $130 million in synthetic bi ology.
It's about $30 million a year. When you peel the ve il back,
it looks almost exactly like nanotech. That means 9 8 or 99

percent of the money is being spent on applications ,and 1
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percent on implications.
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There’s no money in there for public engagement.

There’s a little bit of money for LC studies. There
nothing we can find on risk assessment. I'll be mor
glad to take anything from anybody in the governmen

changes that. But that’s all we’ve been able to fin

numbers should be on the web now transparent to eve

single person out in the U.S. or any other country.

It shouldn’t take us five months to figure out

what the government’s doing about this. Lastly, obv
people have talked a lot about this more internatio
cooperation. | think that’s going to be key. I'll

this little quote from John Didion. We tell ourselv
stories to live. The one thing that’s exciting abou
area, there will be hundreds of stories told about
synthetic biology. There’s going to be stories abou
collaboration and cooperation and discovery. There’
stories about caution. But the thing that | would s
that the words we pick to tell those stories and |
care whether it's Swedish or German or Swahili or C

are critical. The narrative structures are critical
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the people we pick or use to choose those stories a re
critical. So we have to start thinking about that. And if
we just kind of leave it to chance, then | think th e whole

system can become fairly chaotic fairly quickly.

And those are some references that | tagged on
there that if you need them you can get them from t he web.
Thank you.

[APPLAUSE]

DR. COOK-DEEGAN: So I don't have any slides, and
I’m going to save a little bit of time by just stay ing here
because I'd like it to be a dialogue. But if | coul d just
quickly summarize, it's a very nice segue.

If I got the message, basically you've got a
really scary name, no communication strategy, an
unidentified leadership and no journalist channel t hrough
which to channel the message. But other than that, things
are just hunky dory. And we’re talking about public
engagement. And I've been to several conferences pr obably
in just the last two months where a similar set of
guestions is raised but about very different fields of

enterprise.
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| was just two weeks ago at a gene and
environmental interaction conference. We could have
conference like this about neuroscience, about stem
about green biotech, about ag biotech. I goto alo
meetings about genomics where the same kinds of gen
issues are posed of very rapidly moving technologie
are in the life sciences and look like they’re goin
ripen into things that matter in real people’s live
foreseeable future, and people are a little bit
uncomfortable with what's going to happen, and they
wondering what are we going to do about that and ho

engage the public.
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And we’ve just seen some public information

slides that suggest that people don’t know very muc
it and haven’t thought about it. This is again what
would expect. This is not a surprise. This is in fa
you always fine. Moreover, if you got opinions, you
know that they’re not very reliable. It was like as
folks in the Huntington’s families are you going to
tested before the technology was there, and then su

when the technology is there you get a very differe

248

a
cells,
t of
eric
S that
gto

s in the

re

w do we

h about
you

ct what
would
king the
get
ddenly

nt set



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac

of behavioral choices that are different from what
thought they would think when they hadn’t really th
about it very much. So I think actually the questio
public engagement is not how do you engage the publ
because it's a hopeless task of educating the whole
up to the level of sophistication that you would ne
make sane policy decisions which is actually very i

to think about in advance. What's the framework int

these technologies are going to fit.
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Rather, it's about what stakeholders, what people

are going to be affected and what would they think
if they were fully educated and trying to bring a b
set of stakeholders into the dialogue especially if
going to be affected by the outcome. And it strikes
there are — that's a whole set of procedures and we
some examples of that. And in fact, | think that th

three basic stories that have come out.

about it
roader
they're
me that
do have

ere are

I've heard resonating histories to at least three

historical episodes that we've had in my lifetime t
connected that we all think, oh, this is like that

past. One of them is recombinant DNA. That's a 40-y

hat are
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ear-old
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story. And the story there is scientists realized r
biohazard imposed self-restraint successfully, chan
rules, put in place a review procedure, and moved f
with the important science that transformed into

biotechnology and now pharmaceuticals.
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We have a story about genetically modified crops

that's different across both sides of the Atlantic.
lesson there is about public perceptions of risk an
one dominant corporate partner driving the agenda a

do we get from that.

And a third is, although I've only heard it

mentioned once so far, I'm going to actually spend
time on it and that is the field of gene therapy. |

to use that as an example because if there’s ever b
technology that had lots of writing and thinking by
outside the sciences about a technology before it a
existed, then that’s the technology that you would
And yet we have this catastrophic real world event
death that was associated with that technology that
affected the field and still affects the field. And

can't talk to anybody who's in that field without t
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knowing what happened in 1999. So that’s a one deca de old
catastrophic result that actually literature that g oes back
40 years. It goes right back to the recombinant DNA story.

So what can we say about that? Well, one thing to
observe about synthetic bio as the field is first i t'sa
little bit hard to know what we’re talking about be cause
we’ve ranged, if you talk about what the biobricks

foundation and that kind of engineering approach to

molecular entities, that’s very different from the kind of
synthetic biology that we’re talking about with a ¢ ard
dimmer or creating a whole new organism or Jay Keys ling
trying to use an engineering system to produce a dr ug. The
things that people are doing in the lab is very dif ferent,

and yet they’re in the same category.

But even with that caveat, what can we say about

the ways to approach that. One thing that | think w e can
say that is truly distinctive about synthetic bio i s that
it does feel sociologically different. It feels lik e the
industrial ecosystem really is different. And what do |

mean by that.

If you think of the personal computer business
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where it quite literally was drop outs from Reed an
Harvard who starts absolutely crucial companies, Mi
and Apple, and they did it quite literally in garag
warehouses and they could do it basically at a high
level. And you think at the other end of the spectr
developing pharmaceuticals and big pharma with a ve
integrated billion dollar a molecule model of innov
You would think that — it feels like synthetic bio
actually way further towards the personal computer
that spectrum where the ecosystem is likely to be |
tech approaches to new ideas and lots and lots and
ideas coming out of places that you would never pre
opposed to really, really, really systematic R&D th

lots and lots of money.
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And if that’s true, that actually has some social

consequences about who you engage in the policy pro
means it's going to be much harder, and you're goin

need to hit a broader network of people.

cess. It

gto

Let me go back to why do we care about doing

public engagement? Well, it strikes me that we do h

templates and you saw them in the slides that you |

ave some
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showed. We have stories of how do we introduce a ne
technology responsibly. One model that we have is t
& Drug Administration which is before you get to se
something, you prove that it's safe and effective.
that’s really costly, and that's part of the reason

costs so much money to bring one of these drugs to
So that pushes you in the direction of it's really

cost a lot of money, and that’s actually against th

personal computer kind of a framework.
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We have the Recombinant DNA Advisory Committee

which was talked about here. That grew out of first
thinking about biohazard. But please notice that sa
structure is precisely the structure that already e

from the late 1970s to deal with the problem of bio

But when the President’'s Commission for Bio Ethics
came out with splicing life, they said, oh, you kno
people are already looking at recombinant DNA and w
now facing the prospect of putting recombinant DNA
human beings. Why don’t you ask those same people w
that expertise to think about the clinical risks an

benefits of introducing DNA into people.
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So they put a structure that was in place to

regulate biohazard and inadvertent environmental re lease of
nasty bugs, and they used it to become essentially a super
IRV for testing safety and efficacy protocols for ¢ linical
trials of gene transfer. That is the very same stru cture
that the Fink Committee turned to to now deal with yet a
third social problem which is dual use. That’s what the
Fink Committee said that still exists. The IBCs hav e the
requisite expertise. Let’'s use them to think about this new

problem of dual use.

So what do we know about the system? Well, we can

notice that it's highly adaptive and the common thr ead
there is it has something to do with DNA. So we do have
that, and my guess is whatever’s going to evolve in the way
of dual use is going to have something at the insti tutional
level that will do ad hoc review of the science tha t's

coming out of the structures that already exist.

But let me just end with a couple of kind of
random observations about how that interacts with t he
observations | already made about the ecology, and that is

we are one of the places that has started to do som e dual
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use review. We've looked at protocols, and it's bec
we’re part of one of the consortia that supports bi
defense and emerging infection research. One of the
that we observed is as we looked at protocols, we w
really, really, really poor at thinking about what
should really be worried about when we first looked
those protocols. There are actually people who thou
about what are the risks associated with doing rese
nasty bugs which is mainly what we’re talking about

we’re doing this dual use review.
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| have to say most of the attention has gone to

the biology, how do you make the bug nastier. But i
the protocols that have really raised our — that ke

at night if I could put it that way were not things
would require a new bug. You could take an existing
but they are about delivery and weaponization and
dissemination, and you don’t need the new bug to wr
havoc. All you need is a way to get into lots of pe
bodies secretly before they know it and get into th

to cause incredible amounts of chaos.
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pt us up
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bug,
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Two things fall out of that. One is most of the
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expertise we have is actually about the engineering of the

bugs and the biology part. That may not be the most

important thing to be worried about if we’re talkin g about
firewalls and all the analogies that were used. It could be
that we actually need to be thinking about that par tis
really about the other parts that need to be dealt with as
risks in thinking about real live how nasty people are
going to think about using biology if they want to hurt
people.

The other was that — and here we’re going back

to the IGEM framework, one of my episodes with dual use
review was actually one of the students, the head o f the
first Duke team on iGEM had taken my course, respon sible
genomics, and we had a module on dual use review an d
bioterrorism. So this is a kid who was well attuned to it,
and he actually voluntarily — they were working in their
group. He waves me in with Artie Rye who had just g iven a
talk on patenting and said, hey, come look at what we’'re
doing. And Artie said, well, they had three incredi bly good
projects, and they were really, really interesting. Two

points. One is I'm supposed to be responsible in pa rt—
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responsible for thinking about this stuff for my

institution. I didn’t have a clue what was going on

the student voluntarily pulling me in and saying, h

at what we’re doing that made me aware of what was

which signals to me that actually there’s probably

stuff going on and will continue to be going on tha

think that we’re going to capture it through the st

that we exist for funding and for publication, we'’r

probably going to be missing some stuff at the marg

may be just as important as the stuff that's going

through the main funding channels and things like t
The other thing is when | asked him questions

about dual use, even though he had taken my course

months before, he hadn’t asked himself or the team

asked itself the questions that we would hope they

have. That’s not his fault because we’re all like t

right? But it suggests that we actually need to be

about a culture that’s constantly raising these que

on itself and it just gets built into the sociology

field.

So those are some —- it strikes me that we're

. It was
ey, look
going on
lots of
tif we
ructures
e

in that
on

hat.

just six
had not
would
hat,
thinking
stions

of the



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac

actually faced with something that’s at once much m
serious than it might be in other domains precisely
it's so decentralized. And on the other hand, there
rays of hope that in fact maybe the risks are not s
catastrophically large as we might at first think i

fact we have students like the one who actually thi
drag somebody into a discussion on their own voliti
seems to me that’s a social system that if we can i
that in the field as a whole, it strikes me that th

really important.
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| just want to end with one thing which is one of

Drew’s questions was can you in the next 12 months
with a legal regime that will help us deal with the
One observation after about five years of thinking
genomics and intellectual property, and this is pro
the thing we do more research on than anything else
do. I've been studying a lot of history of technolo
and | have to say | don’t know of a single friction
technology field. | don’t think I've ever seen a te

now of course if there were such a thing, probably

wouldn’t know about it because there wouldn’t have
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But as I'm looking at the history of sewing
machines and computers and radio broadcasts and all
technologies, bad things happen out there no matter
much people think about them. And it strikes me, Dr
the solution to that that has been used in biotechn
and seems to be being used in your own field is act
just kind of conscious attention to that cluster of
and having the leaders of the field try to think th
a little bit in advance of the bad things that migh

happen.
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And it strikes me that the combination of public

domain strategy and patenting strategy that seems t
evolving in synthetic biology may be about as good
you’re going to do. And it's probably an unsatisfyi
answer because it's not a legal framework that is d
for your purposes. But it does strike me that the p
may be possible to work through. But the main messa
is don’t expect it to be pain free because | can’t

very many fields where it is.

[APPLAUSE]
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MR. BLY: We’re going to pick up on those rays of

hope because | think that I'm going to paint a larg ely
optimistic point of view from the public engagement 'S
perspective.

Despite the points that were raised earlier in

the introduction about the infrastructure of scienc e media
that you're dealing with today which is extraordina rily
poor and frankly bankrupt and the fact that nobody knows
what you do, | think these are both actually reason s for

great optimism.

First, it's extraordinary that so few people know

what you do and what the synthetic biology communit y does
and is now entering a moment where understanding an d
engagement with it will increase under a culture, u nder an
environment in this country that is now pro-science and now
recognizes scientific integrity and ultimately trus tin the
scientific community as essential to the vitality o f the
nation.

And so | think that this is a very, very, very
interesting moment and rather opportunistic that th at's

what the figures look like. Had it been any other w ay and



NOTE: This is an unedited verbatim transcript of a joint Committee on

Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy/National Academy of Engineering

symposium held on July 9-10, 2009 prepared by CASET Associates and is

not an official report of The National Academies or of the Committee on
Science, Technology, and Law/Board on Life Sciences /Board on Science,
Technology, and Economic Policy. Opinions and state ments included in

the transcript are solely those of the individual p ersons or

participants at the meeting, and are not necessaril y adopted or

endorsed or verified as accurate by The National Ac ademies. 261

had the rise of engagement or literacy surrounding

synthetic biology have risen over the last eight ye ars, |
think this would be a much more dire situation. So | think
timing is exceptional. That’s first and foremost. S ol
think to the extent that this alliance with the bro ader

theme is being voiced by President Obama and by his
advisers is a very fortuitous moment.

The second point | might make in terms of

scientific literacy so this is sort of the area tha t we
think about quite a bit and look at scientific lite racy
from the standpoint of the public, from the standpo int of
the media, from the standpoint of all stakeholders and
across the sciences, here’s a case where | don't fe ela
kind of lowest common denominator strategy is neces sary. |
don’t think that Oprah is essential. | think sort o f that's
actually the wrong framing through which to look at public
engagement frankly because the community of synthet ic
biologists is much more attuned, | think, to the wa ys of
communicating their science to the public through n ew
approaches to communication than many other scienti fic

communities.
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I think that might be a function of just the sort

of self-selecting nature of scientific fields. The

scientists who are drawn to synthetic biology are p erhaps
different than the scientists who are drawn to geol ogy and
-— not attacking the geologists, but | think the ve ry fact

that the synthetic biology community is quite self-
selected, this presents a really interesting challe nge and
opportunity.

| think that the confrontation that scientists

often feel with the general media, mainstream media

actually is not quite relevant to the communication of
synthetic biology. | think that science has in this case as
it so often does outpaced society, and we now are a ta

point trying to catch up in a regulatory, legal and other
frameworks. At the same time, the opportunity is th at
technology and in particular digital media has in f act kept

up. And | actually think that there is a rather

extraordinary opportunity for this community to byp ass to
frankly by all accounts bypass the mainstream media in its
concerted efforts to raise public literacy, raise

engagement.
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So to the point about blogging and that, you

know, a blogger won’t take the time to sort of real
properly think through and articulate a point of vi
synthetic biology, that’s actually not the case, an
give you an example. I'll give you an example from

work.
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One of the ventures we launched, one of the

experiments we launched a few years ago is called s
blogs where today we now have 500,000 scientists
communicating to two million non-scientists using s
media, publishing 150 different blogs around the wo
different languages, and the scientific community t
involved in this new digital media environment has
recognized that the best channel of communication i
direct. This is an area where the media will fail y
speaking as an organization that employs many freel
many full-time science journalists, by and large th
community that will be failed by mainstream science
because it lacks the requisite scientific literacy

with something this complex, this challenging, this

but also at this pace.
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And so | wouldn’t even contemplate the need for

mainstream media and really bypass it and focus on
tools for scientific communication. | think this ca
done at scale. This is not kind of fringe any more.
not just about reaching another 5,000. Our quest in
organization is universal scientific literacy. We d
think about scientific literacy as the pursuit of 1
more. We think about of it as 300 million, as 700 b
and | think that this is actually one of the unique
that has the potential to employ digital media tool

advantage in public engagement.
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Because | feel quite optimistic about generally

where this community is at in terms of its public
engagement efforts and strategies, I'd even venture
This may in fact be the community that can reform
scientific literacy itself. And at this great momen
we’re thinking as a society, as a country, as a wor
how to revamp scientific literacy so that it doesn’
that we are competitive with the Soviet Union and w
going to produce more scientists because they have

scientists and we’ll have a Sputnik because they ha

this.
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Sputnik, but that we start thinking about scientifi c
literacy as something more intangible and something more
indigenous to a culture, | think the scientific bio logy
community has a few things going for it that should figure

into a new framework for scientific literacy.

The first among them is this sense of social

responsibility that is in fact rather pervasive in this
community. There is an understanding among this sci entists
who practice synthetic biology that there is a risk . We

hear it today, and it's noteworthy that the public

engagement session follows the securities session. You
understand and you recognize and you speak publicly about
the risks associated with it. And | hear a real sen se of
self-awareness about the potential dangers alongsid e the

potential opportunities.

And so | think that presenting this new sense

that scientists in fact care, scientist are in fact people,
too. They're fathers and mothers and daughters and teachers
and will be affected by the same consequences as th e non-
scientific population by the risks presented by the ir

science, | think this dimension of social responsib ility is
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rather prevalent and will be a part of the way we t hink

about science going forward.

And other is that it has the potential to be and

is a participatory science. It has the citizen scie nce
gualities and the DIY qualities that are often so m uch a
barrier to public engagement in science. We can't a Il go
make large hydrogen colliders. But we can patrticipa tein
DIY biology. We can participate in the life science S
increasingly.

And | think that that too, this participatory

citizen nature that is indigenous in synthetic biol ogy will
become very important to new scientific literacy as well.
The way synthetic biology operates, actual infrastr ucture
of the community | think is something to be proud o f.l
think to the extent that openness and transparency in its
approaches to sharing information, sharing tools an dto
many extent its own publication and approach to pub lishing
resonates with where the tendencies are in the broa der
scientific infrastructure and towards openness, tow ards
open access, toward transparency, and it presents a hope

for a new model for open science.
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And so | think in that respect as well, it can
have positive benefits to scientific literacy. And
finally and perhaps the biggest challenge and most
interestingly is this very point of unpredictabilit
is a field riddled with unpredictability. But that
scientific literacy should be all about. It should
preparing the population for rampant unpredictabili
change.

Scientific literacy should be more about a
methodology and philosophy rooted in the scientific
where science itself provides the boundaries within
to work and within which to think, and it's the ver
weakness, it's the very sort of unstable nature of
It's this very unpredictability that is in fact sci

greatest source of strength and sustainability.
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And to the extent that we can communicate to the

public that despite this unpredictability we move f
because we have this methodology, we have this phil
we have this empirical foundation that guides us an
us, | think that actually may be one of the most

significant contributions that the community makes
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broader scientific literacy.

So | in summary would look to new media because
you can and because | think it's my sense that this isa
community of scientists that enjoys it and recogniz es it
and can frankly advance it and be bold about the ex tent to
which the advances and culture of this new communit y can
actually impact broader scientific culture and scie ntific
literacy.

[APPLAUSE]

Agenda Item: Questions and Answers

MR. RODEMEYER: | have some public participation
of our own here in about 15 minutes. Go ahead.

DR. OTT: Thanks. I'm Jermaine Ott. A quick
comment and then a quick question. The comment is | always
get really worried about talking about science lite racy
because it seems like we begin to talk about a proc ess of
proselytization where we’re trying to convert socie ty into
a certain way of thinking and doing things. And | t hink

there are more sophisticated ways of looking at tha
But | want to present one side and once comes the

guestion, and the question is and | would like the
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panelists to try and answer this as honestly as pos sible.
If we didn’t pursue a program of public engagement with
synthetic biology, would it really make any differe nce.

MR. RODEMEYER: They’re pondering the question. |
don’t mind thinking that in some ways | think that’ sina
sense what you were saying. You were already doing what
needs to be done.

MR. BLY: I would say precisely that. I'm not sure
you need to over think this in my opinion.

MR. RODEMEYER: Veterans from the genome wars or
nanotech wars?

PANELIST: It wouldn’t change NSF’s budget.

MR. RODEMEYER: That's a cop out.

DR. REJESKI: | mean | think some of it is this

kind of reactive. | mean I think it is going back t 0 some
of the analogies, and I think one of the things tha t was
quite stunning with the GMO wars is that we had the ability
to actually monetize the losses. You probably know this as
well as | do. But | mean the estimates of lost mark et were
$300 or $400 million a year for U.S. markets. That was a

significant amount. That'’s just kind of raw inputs into the
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EU market.

So | think that's something that went beyond just

kind of -— so | think that's always in the backgrou nd, and
| don’t know because you obviously lived through a lot of
that. | think that's something that comes up contin ually
when you talk to people in the synthetic bio world is
whether there’s going to be some sort of economic i mpact
down the road. Or obviously if the insurance compan ies get
involved, whether it's going to raise insurance and things

that kind of scare away investors.

| think we’re also in the middle of a massive
economic collapse globally. So | think there’s also a
significant kind of overlay of less capital going a round
for innovation.

MR. RODEMEYER: Anything to add on that?

MR. COOK-DEEGAN: This may be an unsatisfying
answer because it is for me. I'm not sure what your
guestion means. Does it matter in the real world? B ecause
let me use the example that | used in my remarks. T hat is
human gene therapy.

What was the history there? Well, it was the
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three denominations pointing to the President of th
States saying we're worried about this. That goes t
President’s bio ethos commission that says they’re

about it and they should be worried about the follo

very specific things and they provided a map to FDA

and said, okay, so here are some very specific step
you need to do if this is actually going to happen

real world.
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Now would NIH and FDA have figured that out if

the technology is what drove that decision rather t
foresight and some previous worry by religious
denominations. I'm not sure. | do think that there
serious value in having people think about what pol
should be before they’re actually confronted with t
choices of actually having to do something about it
think you can count on the fact that at least some
technologies will come to fruition. And when they d
you’re going to have to make real decisions. So | t
it’'s an argument that in fact it does help to think
least a little bit in advance. That said, | do thin

it with a grain of salt because, look, gene therapy
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was a lot of spilled ink. But in the end, what real ly
mattered in the Gelsinger case was not any of the not
having a good framework. It was the very specific
implementation and the five or six stakeholders any one of
whom could have made a different decision to change the
outcome and the catastrophic outcome is avoided. So that is
not — no amount of bio ethics is going to solve tha t
problem. And yet, | do think that bio ethics had so me value
in setting up the framework that got them to that p oint. So
| don’t know what to say.

MR. RODEMEYER: Question over here.

AUDIENCE: Hello. This is probably more of a
comment than a question. I'm Suzanne King from Peop le
Science and Policy. We were commissioned by the Roy al
Academy of Engineering to do the reports that the p roject
that they referred to. So | was the person who actu ally sat
in facilitating the group discussions and designing the
guestions for the survey on it.

And | thought it was just worth pointing out |
think actually the people in our -— we had a group of 16
people and it was one big group rather than two foc us
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groups. | think the reaction was more positive. | m ean it
was a small group in London, but | think they seeme d to be
more positive about synthetic biology, and their in itial
reactions were a bit more I'll wait and hear a bit more
about what you're going to tell me it is before | | ump to
conclusions, and they seemed to be more enthusiasti ¢ than

talking today about the people on this side of the

Atlantic, although the survey findings and some of the
other discussions as you saw are remarkably similar

Awareness is absolutely the same -- 60-70 percent w ere
unaware of it.

But | also wanted to make a couple of other more

general points. | think once somebody said — one o f the
speakers said something about educating the public to some
sophisticated level. In Britain, one of the things that
people like me go on about is the public don’t actu ally
need a PhD in any of these subjects to be able to e ngage
intelligently if you can work out the right pieces of
information to tell them about the science, and we found

that time and time again.

I mean I've been involved in running these sorts
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of things for 15 years now. And really people don't
know a lot of information. They just need to know t
pieces of information to be able to engage in a fai
sophisticated debate. And I think the other thing t
somebody’s just alluded to as well is it's not a ma
campaign. We talk about having a dialogue with the
and scientists and policy makers. Increasingly, we’
talking about the three parties, people, the public

makers and scientists and it's about mutual underst

and changing scientists’ feedback on these events s

they actually impact some of the way they think abo
science and some of the research they’re doing. So
just about convincing the public or educating the p

It's about changing the nature of what you're doing

think might have been something Adam was slightly a

to as well, taking on board people’s concerns and b
seen to address them, and that’s really the basis o

confidence. I'll think I'll stop there.
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MR. RODEMEYER: Thank you. Yes, lets’ take the

next two, so go ahead.

DR. TOLLSBY: Susan Tollsby from one of the seven
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research councils in the U.K. What | was going to s ay
really kind of builds on what Suzanne was just sayi ng. A
lot of the research that we're supporting at the mo ment,
the different schemes a huge part or certainly a qu ite

significant part of that we’ve been encouraging the

scientists to take in social, ethical consideration sin
their work, and that’s been very positive so far. A nd
they're actually getting a lot out of that is all t he

positive and happy messages we’re hearing.

And | had another very important point, for sure.

And it's like in the centers and in the networks. T hey're
all really driving to engage the public and whether it be
on a small scale or a big project, it's an engageme nt in
dialogue. It's all very important. And the Council’ s are
also going to undertake another public dialogue act ivity
over the next year. So please keep an eye open for that.

MR. RODEMEYER: Thank you. Yes sir?

DR. TAYLOR: Terry Taylor from the International
Council for Life Sciences. Just two points. One is perhaps
I’'m wrong but | sense, one, that there is a certain amount

of under estimation of the dissemination of the tec hnology



NOTE: This is an unedited verbatim transcript of a
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy/National Academy of
symposium held on July 9-10, 2009 prepared by CASET
not an official report of The National Academies or
Science, Technology, and Law/Board on Life Sciences
Technology, and Economic Policy. Opinions and state
the transcript are solely those of the individual p
participants at the meeting, and are not necessaril

endorsed or verified as accurate by The National Ac

that stands at the moment and the speed at which it
disseminate in the future. In the case of our work
the world, we hear some elements of this debate whe
we’re in Karachi or whether you're in Amman, in Jor
in Singapore or Dubai. The debate, it's already a g
debate and it's not something that within the hands
relatively small number of large countries and the

in those countries. And for probably the reasons th
Bly has outlined, there is an active and interactiv
and absorption of the technology, and it is, | thin
certainly true that breakthroughs will come in the
surprising places around the world. So I'm a little
worried about being too complacent on that particul
point.

But overall, I'm viewing this as a positive
statement. | think it's a great thing that it's
disseminating rapidly in the same way that informat
technology in the 19 th
the outcome will be positive because most people wa
the right thing. It's not to say there aren’t risks

thought about. So | fully endorse David Rejeski’'s p
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about the need for methodologies or new methodologi
some form of overall risk assessment but not with s
biology on its own, and this is where I'd be intere

the panel’s view. But it needs to be wider than tha
because if you don’t put synthetic biology into a f
context of biological risks, you're not going to ge

right answers.
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And this risk assessment is urgently needed not

only for communicators but also for policy makers a
public understanding. And just as a little bit of a
commercial at the end, with my organization, ICLS,
society there’s a report being published this month
idea of net overall risk assessment and perhaps mak

suggestions the way forward. Thank you.
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MR. RODEMEYER: Thank you. Any comments on that?

You know, one of the speakers earlier did refer to
notion of maybe it's sort of new emerging technolog
fatigue. We've talked certainly about genomic techn
nanotechnologies. Every time something new comes al
try to look at this, the risks without the context

others. Is it possible to kind of cut across that i
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of how we deal with some of these issues.
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MR. COOK-DEEGAN: Sure. Going back to the policy

story, one of the things that | think is the case i

synthetic biology is that you do have some structur
place that are right next door, and they’ve been al
here today. That's very different from stem cells b
they can’t turn to and the National Academy has bas
said, hey, you need a new apparatus for looking at
biology that’s different because you don't really h

structures in place that you do have in place throu

institutional review process.

I’'m thinking at the very policy level. So that
synthetic biology in that respect actually has a sm

pathway than some other technologies that are going

to jump start that.

MR. RODEMEYER: Questions? Let’s get two other

speakers.

AUDIENCE: David offered a very, very concrete

suggestion from the survey. The survey said the pub
demands or requests testing in advance of introduct

credible third parties preferably with an evaluatio
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A couple questions. First, with reference to
nano, did that happen and, if so, by whom and how a nd by
what third parties? And if not, were there any
consequences?

Question two: How should we apply that principle

to synthetic biology? And then of course the nasty guestion
is question three. There aren’t many examples of pr eventive
measures being taken, the sort of systematic pretes ting
without disasters taking place first. From Upton Si nclair
and the slaughter houses through car crashes with N ader
publicizing the consequences, teaching therapy in a dead
patient and there are lots of other examples. The e xception
would actually probably be GMC. And do you think th at
there’s any prospect of the survey says recommendat ion for
serious efforts to be made on pretesting. Is there any
realistic prospect of that taking place without a d isaster
first?

MR. COOK-DEEGAN: Well, actually if I could just
correct on the gene therapy, actually that would be a
counter example to that because the structures were in

place well in advance of the first protocols. And | would
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actually say that was a failure of implementation r ather

than a failure to have in place the policies.

So the Gelsinger case was catastrophic, but the
procedures that could have avoided it, | just don’t think
it fits in your framework. It’s different from the FDA

crises and thalidimides.

AUDIENCE: But the point being that the
characteristics of the tests, how they’re done and by whom
bears very essentially on issues of credibility.

MR. RODEMEYER: Paul, let's get to your question

or comment.

AUDIENCE: Two points, one quick. The two percent
who know a lot about synthetic biology, | wonder wh at they
know because as an anthropologist, the figures are probably
higher if anyone’s wasted their time and money doin ga
survey on that. But | can tell you from airplanes a nd the
rest that Indiana Jones is the equivalent of anthro pology
and nomus, et cetera. So a little caution on that. | don't

even bother any more. So that’s point one.
But the more interesting question to me is where

Adam was going because | saw Chris Anderson on the BBC the
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other day basically saying newspapers are going out
business, who cares. We're going to have new media.
new venues. We have thousands of bloggers. And | th

some simple level something like that is obviously
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And so this question of the public which is large

literature demonstrates arose first with literacy a

rest and then in the enlightenment with cafes where
could come together and read newspapers and the res
endless literature and that which is there. So we h
media, new venues, and new forms not so much of lit
but of some kind of communicative exchange going on

is definitely new, and we need to know a lot more a

nd the
people
tis

ave new
eracy
which

bout.

So | have three websites. So I'm not opposed to

what you're saying at all. | just think that's some
that’s worth a lot more discussion particularly amo
younger people who are growing up after all as cybo
iphones and everything else, and it's not a moralis
good, bad or anything. It's what’s happening and th
in that — just automatically saying it's good that
newspapers are disappearing is a little scary. But

is, but the question is what's coming next and how
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be active participants in forming that so we’re for
better publics in some sense of what I call flouris
| think that’s an open question. But | really appre

where you were going.
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MR. RODEMEYER: So Dave, perhaps you could take

the nano question first about what happened in term
recommendations and if there were any consequences.
then we can try to tackle the — maybe combine the
guestions to sort of ask are we in a new paradigm w
may not need to have the big crisis to happen in or

either galvanize the public or engage the public in

that requires policy response. But —

s of the

And

here we

der to

a way

DR. REJESKI: The question is whether we can think

through some of the potential, right.

MR. RODEMEYER: Where there’s a third party

testing to that end up happening.

DR. REJESKI: Yeah, it did happen. We did get

Consumer’s Reports to do some independent testing o
based sunscripts, not a lot. And whether it made a
difference, | don’t know. The other thing | would s

they were already on the market. And so we talked a

f nano-
huge
ay is

little
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bit about the FDA, and the FDA obviously does prote
the case of biomedical devices and drugs. But there
guestion if you put novelty into that system even t
it's a fairly long system that requires interaction
industry, whether if there’s a lot of novelty wheth
existing in vitro, in vivo, biolacity methods are g

work with the new stuff. But that's something they
think about. And there’s an awful lot of stuff that

don't test.
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| think one of the biggest surprises when we did

the focus groups, we did a whole bunch of focus gro
women and cosmetics was how shocked they were when
found that the cosmetics were not really prescreene

So there’s this kind of sieve. There’s all this
stuff going on in the market such as dietary supple
and cosmetics. The Consumer Products Safety Commiss
390 people now. They're looking at a | think it was
pacifier that was coded nano engineered silver, and
them have you tested this, and we looked at the tes
protocol and all the test protocol is could they sw

the pacifier. And so actually testing for that is n
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trivial. So | think there’s a whole bunch of need t
of before you even get to sort of looking at the po
in 20,000 or 1 in 100,000 potential failure of just
stuff that's out there, and you know can we test it
look at it, and a need to at least go partially ups

a lot of these cases so you can see kind of what's

down because | think the scientists and the regulat

agencies actually benefit from that conversation, a

could be tremendous benefits in synthetic biology.

way we did one exercise in nanotech that looked at

packaging where we went upstream with industry and

regulators and looked at things that hadn’t actuall
commercialized.

AUDIENCE: [Off mike]
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DR. REJESKI: Right. | mean the insurers get

involved. The other group that's already looking at

synthetic biology is a socially conscious investmen
So you're talking about people that move a lot of m

have impacts on the economics of business. | think

other thing that’'s behind this and | agree with Ada

optimistic about the shift in the Administration is

t group.
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all of this is this issue of trust. This is kind of

horse, and | think that it's eroded considerably ov
past few years and an awful lot of that. A lot of t

of the public’s intensity or interest in technology

of them have got — I've got plenty of stuff in my |

do without worrying about nano. But if | feel that
nobody covering my back and | can'’t trust the gover
| feel that there’s basically there’s holes in the

and there’s nobody else out there, and | think that
heightens kind of people’s awareness of what’s goin
| think actual trust in government matters — | mean
go back, it's something that’s knolling at industry
now if you go back and look at Harvard Business Rev
McKinsey, you'll find issue after issue about the t
gap. And | think if we don’t do something about tha
really has a long term kind of pervasive impact on

ability to innovate and commercialize these technol
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MR. RODEMEYER: We need to wrap up. But Adam, did

you want to have a —

MR. BLY: | thought briefly I'd just tackle that

point. You know, so | don’t think that it's as simp

le as
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proclaiming the end of newspapers to be a good thin g, and
it's important as characterized | would strongly di sagree

with that sort of sentiment.

What this means here is that there’s sort of the

economic dimension of that story of media, and ther e’s the
sort of fourth estate dimension of the importance o f media
and trust and authority and all of that. The econom icis
irrelevant to this audience. The latter is more imp ortant.

One of the things that we need to do so the media

community, the media industry needs to take on, the

publishing industry needs to take on its own share of
responsibility here is to ensure that as we’re blow ing up
this structure and building a new architecture for new
media that we ensure that we think about some of th ese
first principles of authority, of trust of openness , of
preservation when it comes to a scholarly record so that as
blogs and social media are used, we tackle these pr oblems.

We are working with the Public Library of
Science. We're working with Cross Draft and with Pu b Med
and all sorts of organizations to ensure that the k inds of

disruptions effectively that we’re advocating and t rying to
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introduce into the media landscape ultimately do se rve to
both advance science and service of society by hold ing true
to some of those first principles of the fourth est ate of
media.

So it's not just about blowing it up and allowing

the chaos to just run rampant. It's about blowing i t up and
very quickly establishing what the first principles are
that we need to uphold as we rebuild the media arch itecture
for science.

MR. RODEMEYER: Thank you. Please join with me in
thanking the panel for their presentations.

[APPLAUSE]

Agenda Item: Session 8: The Path Forward

DR. GILLESPIE: I'm tempted to do a cultural joke.

How many Brits are in the room? It's Friday, it’s f ive to
five and it's cracker jack. I'm sorry. But you know , I've
sat through two days of U.S. jokes and U.S. anecdot es. |
can't resist it. Cracker Jack was a great program w hen |
was a kid, and it was on Friday at five to five. It 'sa
child’s program, and they always pulled something m agic out

of a hat.
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Well, I don’t think we have to pull anything more
magic out of the hat than synthetic biology. | mean it is
the magic thing that's being pulled out of the hat. And
certainly I'm convinced of that.

What we want to do in this last session, though,

is just bring the moderators and as you'll see in a couple
of places the moderators have immoderately got on a irplanes
and headed off back home. So there are a couple of august
replacements in here. What | want to do is simply t urn to
the panel one by one in an undisclosed order so | ¢ an keep
that free sort of unexpectedness amongst them to he ar from
them what they think are some of the key messages t hey’'ve

heard and one recommendation.

The reason | want one recommendation is I'm going

to reverse order a little bit, and I’'m going to say first
of all what happens next and then I'm going to turn to
them. I’'m going to start with Drew, but after that it's a
surprise.

First of all, in two weeks’ time or so there
abouts, you get the transcripts of all of these

discussions. You'll see how embarrassing your quest ions
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have been and how very embarrassed some of the answ ers have
been. You'll also get the PowerPoints up on the web and our
very good friends, our hosts in the National Academ ies will
send you a note and let you know when that happens. So that
will be kind of the immediate next step of the repo rt.

But there are two other things as well at least

that are going to come out of this meeting. One, as | think
we mentioned yesterday, there will be a kind of sho rter
possibly slightly more targeted report which in the first

instance will be prepared by ourselves and the OECD
together with the Royal Society and of course in
collaboration with our hosts in the National Academ ies.

That will take a little bit longer to do not

least because the big bureaucracy in the room or at least
the difficult bureaucracy in the room is the OECD a nd we
have certain procedures to go through. But in that we want
to try and come out with some recommendations. And really
now we want to try and get a sense of what some of these
might be. Now in my own organization — | can't spe ak for
the others, we will take that report and the outcom e from

these discussions into our internal intergovernment al
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discussions which are certainly not transparent and I'm
sure are completely untrustworthy and don’t involve the
public at all and definitely not society or even Pa ul's
notion of society, and the OECD countries, we hope, will
think about trying to identify where some of the ar eas for
public policy which might be developed should be
prioritized and | hope are taken forward.

So I've given you that introduction now because |
really do want to stimulate all these august people here on
the panel to come out with their reflections and th eir one
or if they’'ve got two, two quick recommendations. A nd then
once I've done that, we’ll quickly see if there’s a ny
comments or additional points in the audience and t hen,
well, by then it will be five to five and it will b e
cracker jack.

So Drew, I'm going to start with you.

DR. ENDY: I'm a poor surrogate for Ed Rejeski who
gave me this piece of paper to read to you which I’ m now
not allowed to do, and I'll thus paraphrase it by s tarting

with two quotes and make one thing and be done.

We reject kings, presidents and voting. We
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believe in rough consensus and running code, so say s Dave
Clark and the Internet Engineering Task Force. Let’ s getit
done. And then a quote about Ed from his webpage if you've
not seen it. If you're not part of the steam roller , you're

part of the road.
[LAUGHTER]

DR. ENDY: So to paraphrase Ed, the last positive

integer number of years have demonstrated the promi se of
synthetic biology, and it is now our challenge to a chieve
this promise. And this requires getting stuff done. Focused
investments in technologies, science and policy and pulling

it off. | return the remainder of my time to the ch air for

use by the honorable gentleman from Cambridge,
Massachusetts.

DR. GILLESPIE: Anyway, so Drew, I'm going to move
on next to Sheila.

DR. JASANOFF: Thank you. | guess what I'm struck

by is that we’ve been debating two utterly differen t
things. One is an emerging technology and how we ge t it out
of the heads of people like Drew and get it into ma king

money for us which we desperately need as societies
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And the other is how to construct the public’s

fear in the 21 st century in which science and technology

play incredibly important roles and in which we do a lot of
the work of governance through science and technolo gy and
not only through things like law which we’re kind o f used
to doing.

So my recommendations under each heading would

therefore be rather different. So with regard to th e point
about emerging technologies, | think there’s a lot of lack
of clarity about how the experience and knowledge f rom
other emerging technologies is being drawn upon and used.
And so | would suggest that in thinking about all t hese
quite technical issues that have come up about regu lation,
about the nature of intellectual property law, abou t the
relationship with insurers and so on and so forth, that a
lot more thoughtful and clear drawing of the analog ies to
other emerging technologies around which we have ha d more
discussion would be appropriate. And | thought that Bob

Cook-Deegan’s attempt to relate gene therapy to the
discussion of synthetic biology was an example of t he kind

of scholarly and research-based and historically gr ounded
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analogizing that we should see more of.

But when we talk about the other point, the
construction of the public’s fear, | think the disc
has been not particularly illuminating to somebody
So | would get more excited about Adam’s use of the
science literacy if | didn’t know that Seed Magazin
actually did science literacy in much more like wha
consider to be the right way to go about constructi
public’s fear in that it’s not only sort of educati
larger than two percent of the public about the nit
gritty of particular scientific and technological
developments. But if we want to think about making
sphere, then the points on which | think we’ve walk
gingerly fashion up to even framing them and not re
gone there include globalization, how do we really
global discourse given such things as language barr
that came up on day one but people seemed to have f
them.

People seem to think that the only language
barrier is between scientists and non-scientists. T

not the case. There are language barriers of all ki
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do not according to political theory get a good pub lic
sphere unless people are capable of speaking the sa me
language. So that’'s something to be taken very, ver y

seriously, especially in a globalizing world.

Scientists are not aware of the fact that what

they do is not mere play and fun and sports, but al o]
governance. | mean this is the point that really ne eds to
be got across. The fact is that you can by technolo gical
means control people in much the same way that you do
through law. And yet, the system of governance we h ave in
place for technology is not the system of governanc e we
have in place for constitutional law. So | think on ce one
recognizes that technological innovation is a very deep
going way of changing the very circumstances in whi ch
people live, then it becomes a challenging multilat eral and
ongoing progressive discussion how we’re going to ¢ hannel

that innovative capacity in a progressive direction N

think many people have commented on the fact that t his does
need to be a progressive thing and not a punctual o ne-short
decisionistic solution oriented thing. How we engag ein

those ongoing conversations is again something to t hink
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but they don’t put them to good use in thinking abo
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urces,

ut them.

DR. GILLESPIE: Thanks, Sheila. And certainly for

me one of the things that struck me over the last t
was the one of inclusiveness and trust and bringing
broader body of opinion, a broader body of awarenes
don’t use the word understanding here necessarily b

I’m not quite sure what understanding means into

governance, decision making and shaping the way tha

harness and use these technologies. And | was struc
afternoon by the way this part | think Bob Cook-Dee
about high tech fatigue, and this is certainly one
challenges that we have. We have | think now three
different sorts of working party in biotechnology,
different sorts of working paper in nanotechnology,
that’s just in one organization. | really hope we d

up with a working party in synthetic biology unless
course, it's the start to think about some of these
framework conditions. And one of the other things t
struck me, Caroline, and I'm going to turn to you

momentarily, was the demand for investment in tools
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techniques. So | really appreciate your thoughts.
DR. AJO-FRANKLIN: So just a first comment, one of
the things that I've really been struck by over the last

couple of days is this dynamic tension between the

complexity of driving investment and global regulat ion of
these technologies in contrast to the fact that thi sis
being driven by large groups of excited young peopl e who
don’t have the foggiest idea generally of such issu es. So
there’s a real issue here of how do we keep them in terested
and engaged and yet still educate them about the re al
impact that they will have as they continue their c areer as

synthetic biologists.
And | think the first stabs that iIGEM is making
are part of the solution in terms of scientific lit eracy.

That’s one thing. As your question about tools and

techniques, so one of the very clear things | think you'll
see throughout the community again as Christina sai d so
eloquently, is this gap between what people want in terms
of applications and the real need for basic investm entsin
both tools and techniques. The fact of the matter i s that

most of the scientists doing this work spend 80 per cent of
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their time piping liquids from test tube A to test

So we really need to go ahead and make investments
able to not only synthesize DNA cheaply but also to
to combine it in many different — in a combinantori

so that we can actually go on and do the business o

synthetic biology more quickly.
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Accompanying that is, of course, investment in

standards and basic tools. And we need to put in bo
resources not only in terms of money but also in te
rewards in publishing and advancement to really pro

these technical innovations.

DR. GILLESPIE: Thank you, Caroline, and | was

also struck by a lovely paper that Drew and Ed just
to me this afternoon, and there’s a title in it whi
the metaphor prize from OECD for this year, tools o
construction. It's just absolutely beautiful. But |
that’s kind of the message, isn't it. It really cap

it.

Now let’s turn to some of the applications rather

than the tools. Unfortunately, Jim Greenwood’s not

But Dick Kitney is, and I'm going to turn to you, D
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and indeed your key messages from this meeting.
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MR. KITNEY: Well, thank you, lain. So in terms of

application areas, we look to this probably in term
their role, the Academy of Engineering Report. It i

course quite difficult to predict what’s going to h

over the next 25 years. But some of the development

may occur are certainly new types of bio materials
think are going to come about from synthetic biolog

leading to the ability to create, for example, new

tissue. Other examples are advanced biosensors wher

can think of biosensors, for example, in the bloods
that can attack arterial plague and potentially hav

ability to release drugs, et cetera.

Then | think another very important area which we

haven’t really touched on in this meeting is the
developments in a number of laboratories on both si
the Atlantic of the biologically equivalent to comp
gates. | mean somebody, actually it was Christina i

presentation talked about some end gates, et cetera
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that’s certainly something that we’re very interest edin

because we can see the whole developments of the
equivalence to digital devices but biologically bas ed. And
when you think about putting those inside cells, fo r

example, that becomes extremely exciting by way of

biosensors.

In more general terms, | think it was Bob Winston
yesterday who quoted Lord Calvin who in 1895 predic ted that
heavy in-air flight would not be possible and eight years
later the Wright Brothers achieved it. And | think for me
the message there is slightly different which is th e
problem with the Wright Brothers is nobody told the m that
you can'’t fly. And I think that’s the issue here in terms
of, for example, | chairman the whole field of synt hetic
biology. | believe that nobody has told us you can’ tdoa
lot of this stuff, and we’re actually going out the re and
doing it collectively. So I think that’s very impor tant.

Next, a lot of comments have been made about why
engineering, why are we taking this engineering app roach.

Well, of course, as many of you in the room, I'm an

engineer and | would argue that the reason we're do ing this
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is because this is the way forward through into hop efully
this really exciting future of industrialization us ing
synthetic biology methods. And one thing also | thi nk
people haven't touched on here are the close parall els |
would argue between synthetic chemistry in the midd le of

the 19 ™ century and synthetic biology today. And if you
look at the developments of synthetic chemistry in the 19 ™

century through the 20 th

century, you can see quite clearly
that it was the basis of many of the major industri esin

the 20 ™ century including the micro electronics industry o

today. So that’s why | think that they're pretty cl ose
parallels. And that’s why it may not work, but the reason
why people are focusing on Drew, et cetera and ours elves on
the engineering approach is because this is the way through

to industrialization.

In terms of recommendations, | feel quite

passionately actually that the way forward here, th isis
probably a no brainer, but the way forward here is that we
need around the world to create a number of sort of really
key centers in universities which combine not only research

in synthetic biology but also teaching in order wor ds
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where the researchers and the students interact wit
single center. And | think that’s extremely importa
would say that’s what we’re really doing at Imperia
College. So | probably would say that. But | nevert
think it is very important developments.

And finally, | think it's very exciting that
we’ve had this meeting actually because, you know,
my knowing a lot of people on the United States sid
synthetic biology and obviously the community withi
Europe, for the first thing | think we’ve actually
the OECD, Royal Society, et cetera managed to bring
these people together into what is a common meeting

hopefully in the future a common community. Thank y
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DR. GILLESPIE: Thanks, Dick, and | must say just

to comment on what you said there. One of the thing
struck me looking at the various emerging technolog
I've been impressed by how I think probably realist
people have been about expectations and time frames
the Royal Academy of Engineering Report but in the

discussions here. | mean sometimes we tend to throw
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ourselves into the hype and say what we can and wha
will do and then the delivery doesn’t match the pro

But it seems to me to be a more measured and though

debate that we’ve had in the past few days.
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Except, of course, in iGEM which is going to

change the world, Randy, isn't it?

DR. RETTBERG: It already has. So IGEM is

certainly changing the world, and it’s also — iIGEM
changing the field because what we have is kids who
different point of view, different approaches. | wa
thinking about the speakers in the last session tha
talking about the change in the press, in the media
then | was realizing that, of course, in iIGEM | hav

a thousand students. Those students are very young.
are completely fluent in the Internet and | make th
and make web pages about their projects so they can
everybody about them, and they tell everybody they
blogs, they put pictures of themselves, they put pi

of the parties that they have during iIGEM. They put
of the activities they do. So they are in fact crea

their own news reports about the development of syn
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biology.

And one of my tasks is to make sure that 40-50

years from now you can still get access to those we bsites.
| feel a little bit of an obligation to capture tha t
history and not simply power it down or install a n ew

version of the operating system and destroy it all.

For me, this meeting has grown on me. It started

off with some very pleasant discussions. And then | felt
that there was a bit of a gloom that descended as w e all
had to worry. We didn’t know how much we had to wor ry.
Maybe we had to worry a lot, but we should start wo rrying

soon and in many languages. And so that was very
discouraging.

And fortunately, we’ve gotten past that a bit,

and | have some to realize that quite a few of the people
who were involved in the policy work here | think p erhaps
because the policy actions that they take actually have
effect, they take those actions seriously, and so | m
optimistic about that. There is a piece that | thin klsee
that maybe many other people don't see, and that is their

presumptions about how technology develops and the
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that scientists test hypotheses in the lab. When th

that all worked out, then some engineer comes up an
measures the market opportunity of that scientific
discovery and then forms a company to take advantag
that. In my experience as being an entrepreneur and
in industrial environments, what | find is that the
entrepreneurs are crazy and that they fall in love
ideas and they just to make it happen. And everythi
about how much money you're going to make, what the
is and all of that is all added on later, and I thi

that’'s a wonderful way to do it.
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And so the discussion in the last session about

explaining to everybody how science really has vast
of uncertainty in it. It takes a path that appears
somewhat of a directed random walk is all just grea
terms of the things that I've learned in this and t
that have been different, it's been that the regula
part | think has been focused on how the scientists
pay more attention to the public, how the scientist

pay more attention to the risks and the ethical iss
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the humanity. But I'd like to suggest that the peop
the regulatory side need to again understand that w
brand new field that’s starting up and the exciteme
the opportunity of that field is overwhelming. And
frame is really not five years. The Internet has be
around with us for 40 years. We didn’t have the Wor
Web until about 25 years into the Internet. It came
around 1995, and the Internet started around 1970.
you had looked at the Internet, say, 10 years in, y
have said let’s file transfer an email, that's it.

email hadn’t penetrated very well.

So | think the right time frame is to think of

this in kind of a 40 year time frame and say that's
time to have learned many things. We have to get th
safely. We have to get there with some bumps. But t

our goal.
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In terms of the recommendations, | think that the

biggest recommendation | would make is that we're ¢

quite a few presumptions, and we’re hoping that we

have to change them as this world of synthetic biol

changes. We’'re holding a presumption about stated ¢
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and again I think incorrectly, innovation doesn't h

unless you own patents, and | think that's clearly

wrong. Innovation happens when you share. When you

patents, then you don’t have to innovate so much. S
entire issue of the patent and legal framework, |t
needs to be a bit reconsidered. | like the discussi
comparing synthetic biology to the semiconductor in
where new things had to be worked out. | believe th
almost certainly the case with synthetic biology. |
imagine that the current model will be — that synt
technology can in fact be successful in the current
of strict patents and high charges. So | think that
happen. Then the next thing I think that has to hap
that the field is still extremely young. | think th
practitioners in the field will have a very difficu
getting money from the funding agencies because the
into things like peer review where nine out of ten
people doing the reviews will have a completely dif
point of view. And | think that the sooner the diff
areas in the world come to understand that this is

an important and serious thing and that it has to b
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with in that light in terms of funding, | think the

off we'll be.
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DR. GILLESPIE: Thanks, Randy, and for me the IP

guestion and the innovation exploitation model here
particularly exciting but also challenging as a syn
bio author. One of the first of the truly convergen
technologies bringing together the different discip
engineering and different applications of science a
that model actually looks like is something which ¢

| will take a powerful message back to our constitu

saying it's something that should be explored more.

role of patents, the role of IPs and that, | think

one that we need to debate.

| think the other point here that really struck
me was the non-linearity of some of the innovation
here, and that’'s something which in my day job one
things that | run is called OECD’s Working Party in
Technology Innovation Policy, the TIP which has pio
much of the shift away from linear to innovation sy
thinking over the last 20 years. But when you look

policies, although we talk about innovation system
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thinking, we still see a linear policy response and

synthetic bio issue is really one that challenges t
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hat.

Which is a very clumsy segue into beginning to

think about policy and the safety and security issu

Helge, would you like to comment.

es. So

DR. TORGERSEN: One thing that struck me while

listening to the presentations over two days is how

a certain fear seems to be that the public could tu
hostile either on the ground of risks emerging or o
reasons that have to do with possibly wrong way of
interfering or doing probably breach activities. Co
from a country where we have a fierce biotechnology
we’ve had that for 20 years now, I've been into man
debates and many events that dealt with seemingly h
public. And listening to what has been said about s
biology here and now, I think that synthetic biolog

different.
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And taking up what Sheila said, yes, of course

you can and you should learn from past experiences.
do not take it for granted that there will be a pub

controversy or something like that over synthetic b
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It can’t be taken for granted. There’s no reason to believe
that.

Controversies are very much dependent on
contingent factors on a particular point in time, a
situation, a particular country. They mostly have t o do
with things entirely different and remote from the
technology at stake.

Concerning the recommendation, yes, | think you
should and you ought to go out and talk to the publ icto
make it clear what the challenges are, what the
opportunities are, who is involved, try to build tr ust, but
please don't do that in order to prevent the public
becoming hostile. Because if you do that, | can bet it
will. Thank you.

DR. GILLESPIE: Clear words of warning there. |
think that's a good segue, Mike, to you and then we Il come
to Matthew last.

MR. RODEMEYER: | wanted to first of all, I think
what we heard was that this is an extraordinarily b road
technology, and we really don’t know what will end up

surfacing first in a public way, and that that may have a
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large impact on the way that the public perceives t
technology. Again, the framing issue about whether
seen as new or whether it's seen as simply an exten
technologies that we've been comfortable with for a
time. Given that breadth, | think the notion that s
people have raised including Sheila that we need to
cautious about applying what we think are the lesso
the past that this may be different. We need to bot
more nuanced understanding of how past episodes wit
perceptions have actually created problems and how
will actually apply to the specific technology. It
reminds me of the old Woody Allen joke about talkin
the lessons of Vietham, and Woody Allen says, yes,
lessons of Vietnam is never get involved in a land
Southeast Asia. So the issue is we don’t do biology

more, that's probably the wrong lesson.
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| think the second point is that a communications

strategy is not the same thing as dialogue and enga
and that there has to be more than a simple one-way
communication effort that goes on here and that fra

think the United States has much to learn from some
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European efforts as we think about our own engageme
The third point is that trust is socially
constructed. It can be created. It has to be earned
the point is that it's all so easily lost. And once
it's very difficult to get back. And I think that |
a fourth point is that what happens anywhere happen
everywhere today. So that if there’s an accident in
that will affect the United States. If there’s an a
in the Philippines, that will affect Europe. If the
opposition in one part of the world, it will happen
everywhere. So there needs to be at the same time t
are thinking about how we globally connect research
also need to be thinking about how we globally conn
engagement with the public for which there may be s
models and new opportunities.
So again | think the issue of public
participation captures very much the theme of the

conference of both opportunities and challenges.
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DR. GILLESPIE: And from the table here, Mathew.

You get the last words.

MATTHEW(?): Yes, I'm not the more glamorous
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colleague, James Wilson who's off to sigh for Googl|
you get me instead. But I'm sure that he would conc
what I’'m about to say. | want to thank you for invi
and for organizing this particular symposium to hel
crystallize our thoughts around synthetic biology,
we’re like kings moving questions to start working

helping others, I'm sure.
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I've worked towards answers to some of those. |

mean, the questions will never end cropping up. But
won't hesitate to start working on some answers and
sure there’s many in this room who would like to do

same.

But as we think through which particular answers

we might be able to provide, | need to think about

particular questions are amenable to policy interve

some questions are not. And as a secondary suppleme

that, which of those questions might the Royal Soci
actually be able to help with and which ones might

to intervene with.

Now I'm going to stick my neck out and pick two

things which have been propping up during this symp
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that | don’t think we can intervene on. But I'm hap
told otherwise. One which hasn’t come up too often
the question of standards. | see that as an incredi
technical and important issue. But I'm not quite su
one which is amenable to policy intervention. Happy
to be corrected there. That's certainly a tentacle
watch with much interest. But if someone knows a po
intervention which might help, I'm happy to hear it

that’s probably not something that we’ll focus on.
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| was extremely grateful to Rick who I’'m not sure

he’s in the room, but yesterday for finally bringin
elephant and sticking it on a slide for me, the ele
the room being intellectual property. It's a topogr
which | kind of knew was complicated, but | had no
was that staggeringly complicated. I'm not quite su
that particular case the Royal Society has the expe

resolve that one.

But I think I will move on to some things which |

think we could assist on. My first thought and this
of my recommendation is to immediately investigate

international and indeed national, actually, but
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international collaboration and cooperation around
oversight of governments in the regulatory environm
synthetic biology. I think the Royal Society is wel
placed. We have along with other partners we have a
of functions which we could play up. The Royal Soci
similar entities work as useful honest brokers on a
international stage. But we can be more than that.
actually be powerful policy analysts and indeed to
policy recommendations. And so that’s certainly an
which I'll take with me and we are indeed already i
conversations with international partners, potentia
partners, collaborators and so on and so forth and

forward that agenda.

Possibly falling under that very, very broad

heading are a couple of other things like Terry Tay
terms of life sciences has already mentioned some o
work on the security aspects. But perhaps slightly
different to many of the other synthetic biology
discussions around the security aspects, and that’s
you mentioned this yesterday, the attempts to not o

biosecurity for the full spectrum of risk and biosa
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including biosecurity and having synthetic biology asa
component of a much broad spectrum of analysis of r isk,
something that we will be taking forward, and | thi nk that
falls under the oversight regulation and governance theme.

The other one for which we have gained some
reputation in the U.K., the public engagement agend a which
has been possibly the most recurrent theme over the past
two days and we had some fun yesterday when we foun d out
how many people don’t know what a fossil fuel is.

| think we all need to remind ourselves that you
only have expertise to a particular domain of knowl edge or
skill, and it's quite easy to make someone look lik e an
idiot by asking them a question about which they do n’t have
any expertise.

I'd rather return to Sheila’s perfectly pitched
challenge yesterday that really we need to actually ask who
gets to imagine the future of science, and that doe sn’'t
necessarily need a detailed understanding and the e xpertise
of a synthetic biologist to help us understand who gets to

think through and imagine the future of science.

So I'd probably go to challenge to drop the word
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public, but I'd replace it with the less passive an d much
more active word citizen. People are active partici pants in
the political and social culture. And so we need to find
mechanisms by which we can invite citizens to engag e with
the innovation agenda of synthetic biology, not jus tas
litmus tests.

So | don’'t know an iGEM team yet which has

decided to bring non-scientists onto their IGEM tea m to
imagine what innovations in a collaboratively imagi ned
innovations which might possibly use synthetic biol ogy.
That'’s the kind of imagination which I'm talking ab out

involving citizens. | wasn’'t making that as a
recommendation that we’re going to try. But | don't know.
We could explore that agenda. It's an important one

DR. GILLESPIE: Okay. So it sounds to me like the

Royal Society’s going to enter an iGEM team, and Ma thew's
going to be on it which I think you’re a bit old, m ate, but
hey why not.

Ladies and gentlemen, this is your last change to
make an intervention before | close out. I'm not

encouraging you to, but | don’t want to stop you. S ally?
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AUDIENCE: [Off mike]
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DR. GILLESPIE: Like Sally. Pierce, loannis, Paul,

if you go to the microphone because otherwise you w

on the transcript.

AUDIENCE: | think that was the most incredible

sort of overview of all of the broad discussions th
sort of under the chapeau of synthetic biology that
ever come across in half an hour. But there was one

that struck me as not being on that list, and | wan

it in there is the question of professional societi

You know, you have very nascent industry and

already two industry associations. | know there hav

discussions over an institute of synthetic biology

society professionals, and | think that as a govern
option worth having on the table even if it's a bad

DR. GILLESPIE: Thank you. loannis.

DR. ECONOMIDIS: Just one addition to comment on

Mathew’s comments on standards to tell you just an
that’'s undercoming now. On my talk, | alluded to th
Task Force on Biotechnology Research, and there is

having a formal working group on that, another work
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group on OECD. But we have a working relationship w
colleagues of the NSF and we’re trying to bring sch
from both sides of the Atlantic together to think h

can establish in a meaningful scientific way standa
which can help this community to go forward with th
work. But still this is, let’s say, a very early
advertisement. But since the word standards were me
and really we have that in our mind and we’re tryin

work and soon you’re going to get some news from us
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DR. GILLESPIE: And | agree with you, loannis. |

think there’s a lot the international community can

move standards forward. Paul?

AUDIENCE: | would just like to follow up on

James’ comment which | really appreciated and we've
talking about what is enlightenment with a small es
Canter on that theme. He also wrote an essay on ite
universal history with cosmopolitan intent. And so
citizens is much better than public since society.
cosmopolitan citizens in a global world and not nat
citizens fighting each other.

So | thank you for that.
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DR. GILLESPIE: And the final comment from the

audience.

AUDIENCE: As Sally’s employee who's confident
that the regulators will be brought into the discus sion, my
recommendation to the synthetic biology community w ould be
to actually remember something that one of our coll eagues
from Health Canada said yesterday about the difficu Ities of
defining the boundaries in this area because having gone
through this process of trying to define boundaries in the
context of our regulations myself, it's very challe nging.

And what strikes me is that it's really too
simple to say, you know, as some might say, well, t he
issues are now or in the next few years, and it’s t 00
simple to say it's decades off. The field is broad. It
encompasses a lot of different kinds of activities. It's my
perception that there are debates within the field about
what’s counted as synthetic biology, what's not. So if the
synthetic biology community can help the regulators define
what some of those boundaries are, where we are now and
where we are heading over what kind of time frame a nd do

this repeatedly as the field evolves over the years )|
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think that's going to make a very big contribution in that
aspect. | suspect it will also make a contribution to

public or citizen engagement as well.

DR. GILLESPIE: | do hope so. Any burning final
comments from the panel? Well, ladies and gentlemen , | want
to give the last words to Ed Lazowska who left me s ome

notes here. And I'm not going to read out all of it ,

although I'd like to. But I'm going to read two par agraphs
of it, and it’s this: “During this decade, we demon strated
the promise that we will someday be able to enginee r

biologic skill to develop and deploy biology as a

technology to address societal challenges such as e nergy,
disease and nourishment. The challenge for us now i sto
achieve that promise. This will require a concerted and
coordinated effort on both technology and policy fr onts.
And | think that you will want to join with me in t hanking
the moderators, the speakers, and perhaps most of a Il, the
unsung hero of this, Anne-Marie Mazza and her team, the
organizers here and National Academies for this rea lly

excellent meeting. Please me in congratulating them

[APPLAUSE]
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DR. GILLESPIE: Safe journeys home.

[Whereupon, the meeting adjourned.)
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