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Rick Johnson

Hello everyone. It's just a real pleasure and honor to be in Parliament House. I've been around
synthetic biology from those early days from MIT and now at Stanford, and companies and government
and things in between.

A TOP PRIORITY TECHNOLOGY FOR THE US

And so what | think | want to talk about is that in recent years synthetic biology and biomanufacturing
have become one of the top three or four US technology priorities up there with Al, with quantum, with
next generation semiconductors. That was not the case 10 years ago. So, | thought I'd do a whirlwind
sort of overview about why. How obviously you have to chart your own course, but I think there are a
number of elements that overlap considerably with what you're doing in Australia, and so feel free to
adapt steal anything things that are going to advance your national interests.

GENERAL PURPOSE TECHNOLOGY

So, why all of a sudden, why in the last, particularly in the last five years, has this become such a top
priority in the US? The first is clearly that it's emerging as a general purpose technology. The same
platform technologies can be used for for multiple applications, has broad spillover impacts. It's opening
up all sorts of new research and innovation side, and it's driving new markets and new industry, and so
we have our big five, which are very similar to yours. The first one would be health, so obviously
anybody's got an mRNA jab for COVID was the first good example of the power of synthetic biology. |
have a college classmate who has cancer, he is being kept alive through being able to engineer his
immune system to become a cancer, personalised cancer targeting mechanism, but it's also about
diagnostics, it's about surveillance, so there's a major public health preparedness component .

BIRD FLU DETECTION AND CLIMATE RESISTANT CROPS

Obviously | know in Australia at the moment you have some concerns aroundH5N1 and synthetic
biology has something to say about that in terms of ability to detect and diagnose, in terms of rapid
vaccine development, and in terms of surveillance and mechanisms for understanding mutations. Ag
food - same way - lots of activity in the US for pathogen and climate resistant crops for using synthetic
biology for nitrogen fixation, so that we are not continuing to rely on centrally produced fertilisers that
are harmful to the economy and actually are not useful for the industry as well. Industrial biotech. | was
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a co-author of a National Academy of Sciences study a couple years ago, where we argued and tried to
show that there are $4 trillion of global chemical transformations, and biology had only addressed
about 5% of them, and so we came up with a view that we could address 50% of them within 10 years
where the bio-based approach was going to be superior to the fossil fuel based traditional approaches.

McKinsey recently did a deep dive and came up with the number that 62% of all physical inputs of
anything that we produce can be biologically based by 2040 and almost all of that is synthetic biology
based. Obviously in energy and environment, in terms of net zero transitions, in terms of
biocontainment, and then the other element . | think that's well aligned with Australia, is around
defence, about how synthetic biology and domestic biomanufacturing can help to create new vaccines
and medical countermeasures, new materials, lots of other things that we need for military readiness.
But in the US we've had a big impact on the Defense Department. Now called the Department of War
which did a deep dive last year. It looked at hundreds of key emerging technologies and concluded
there were six critical areas for national interests of the United States, and for defence.
Biomanufacturing was one of them.

BIO BASED COMPUTING REVOLUTION

Second is that the Defense Department and community has invested more than $1 billion to help drive
the creation of a civilian bioindustrial base largely unrelated to military needs, just because the defense
community believes that the types of supply chains, the types of issues that are at play there are really
defense issues. And then we have DARPA in the US, that many of you know, that's our advanced
research agency. DARPA, in the early days of synthetic biology, was a lifeline because they had money
and we needed money, and so they've invested over a billion dollars in the last 10 years, both for not
only providing funding for military purposes and avoiding military surprise, but particularly for helping
transform biology into a much more predictable engineering practice. And then the one other area in
the US that's sort of growing very fast is around semiconductors. The story was that semiconductor
industry came into us in the synthetic biology community, said, "You folks are asleep, don't you know
that in the next 15 years 40% of all semiconductors are going to be bio-based, and you're asleep. What
are you going to do about it? Well, we now have a lot of semi-synbio initiatives, in terms of DNA as a
storage mechanism, in terms of self replication, et cetera, et cetera. A team at Harvard, just two days
ago, came up with really interesting work on DNA synthesis on a chip, so all of those applications,
which align very well with Australia, have been one part of it.

GEOPOLITICS AND INFLUENCE

But also | think there are some other things at play, certainly in the US, this has become a domain of
strategic competition in three different ways. Number one, that bio power is now a key strategic
dimension of 21st century geopolitics and influence. Now, in the US context, obviously a huge part of
this is the US competition with China. In fact, we've had a very high-level congressional report last year,
which concluded that without more urgent US action and funding, the key infrastructure, supply chains,
and intellectual property for next gen synbio and bio manufacturing were going to be lost for the US or
put us at a very vulnerable position.

40 COUNTRIES HAVE SYNBIO STRATEGIES
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But it's also about the fact there are about 40 other countries that have national synthetic biology and
domestic biomanufacturing strategies, and so it's not only competing with China, you have lots of other
countries that are moving very, very fast. Korea has a comprehensive new synthetic biology legislation
and program from in place from last year, Japan right now, Prime Minister Takeichi, she has set up a
group to come up with a national strategy for Japan by this fall through the Cabinet Office,. The point
being certainly for the US, | think it's probably also, and | know, so for Australia, we've got to just
continue to move faster, because the lost opportunity costs, if we're too slow and are not moving what
all of those other countries, even friends and family, are doing, we're going to be at a disadvantage for
our national interests.

ECONOMIC COMPETITIVENESS

The second one is clearly the role of synthetic biology and biomanufacturing for economic
competitiveness. That report | mentioned to you from our Congress last year, which is bipartisan, by the
way, let me just quote one sentence from the conclusion: We stand at the edge of a new industrial
revolution, one that depends on our ability to engineer biology. That has a major impact in terms of
funding of organisation etc across the United States. And obviously for the last 50 years we've been
programming computers and devices. Now we're increasingly able to program cells and living systems
for useful purposes, and so we're able to then even talk about industrialising biology. The third part of
that technology domain, strategic part, is technological sovereignty, and | know that matters to
Australia.

The third big thing is obviously this is a huge economic opportunity. McKinsey again has a study where
their conclusion is that the global market for synthetic biology will be between two and 4 ftrillion dollars
by 2040 The OECD has come out suggesting that we're talking about a $30 trillion market by 2050 of
which synthetic biology and biomanufacturing are probably 80% of the drivers. So it's just too big for
governments and companies and investors to ignore. TheBoston Consulting Group, another big US
consulting group, well respected, did a deep dive within the last year and came out with a report, which
| really summarises it pretty well, | think, for how a lot of thinking is going in the US, which was
'synthetic biology is about to disrupt your industry.' Other than banking and financial services, it
touched on just about everything in terms of not only the big five but lots of other domains that you
didn't really expect.

TRANSFORMING TRADITIONAL INDUSTRY

Now, obviously, we've had a big focus in the US on startups. We've had 2500 in the last 10 years, for
synthetic biology. The venture capital investment and synthetic biology last year for those companies
was between US$12 and 15 billion. Corporate investments are probably two times that, but the point
that | actually would like to make is that the biggest changes and some of the biggest gains are in
traditional industries, not just startups. And in big companies having to pivot on their business models,
ranging from Procter and Gamble, huge consumer goods company, all in now in synthetic biology.
Five years ago their eyes just glazed over when you talked about synthetic biology. Or we like you have
a very big natural resource component of our economy, so our mining industry is finding ways in which
not only is this good for the environment, this actually is value added for the mining industry, and
increasing their profits by using a broad range of different synthetic biology activities.
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JOBS TO MEET THE DEMAND

Then the other element here, and of course, this is what politicians and policy makers, many of you are,
love to hear, is this has become a job creation engine in the US. And our current estimates are that
we're going to need 3.2 million bio manufacturing synthetic biol

ogy jobs by 2035. We've created about 2 million but there's a huge multiplier impact as well. So, our
US Department of Labor says that for every one job we create in synthetic biology or domestic
biomanufacturing, we are creating and supporting 11 other jobs. And so the multiplier impact is very
significant. And these are high-wage, high-salary jobs, including, and not just for the, PhDs. These are
for operators and technicians, so a big component of what's going on in the US right now is all about
education and workforce development across the board. Everywhere you look in different ways, it's
particularly the case of trying to build it into our community colleges. So for you it would be probably
your TAFE system and VET programs. Then the fourth thing | touched on would like to touch on is that
the power of convergence is really an important part, at least, of how it's evolving in the US. From the
get-go. synthetic biology has always been about the convergence of engineering, biology, data,
computing, et cetera. Well, now we have this incredible power of bridging bits and atoms. We've got
convergence on steroids, and it's called the convergence of Al and bio. It is just accelerating at a very
rapid rate, and quickly we can see a path forward for this becoming the bioeconomy operating system
of the 21st century.

Al AND SYNBIO

Nvidia, one of our big Al chip companies, and Eli Lilly, large drug company, just announced a $1 billion
co-invention co-innovation lab in San Francisco to take Nvidia's Al platform and merge and marry it with
Lily's drug discovery expertise and health data and things to transform drug discovery. Just before |
came out here, | had a really interesting meeting with, with Anthropic, and | got blown away because
what Anthropic already is doing and can do, and I'll just use them for as proxies for a whole range of
activities in Al. What they can do to accelerate the design build-test-learn approach that underlines
much of our current work into predictive biology that's reliable is pretty amazing. And on a timescale
that | find pretty, pretty astonishing. So how are we taking this this forward? The first is that we're
trying to create an American end- to-end domestic biomanufacturing ecosystem across all of the United
State. Again it's all about technology sovereignty.

THE BIOMADE STORY

Let me briefly touch on the Biomade story. Full disclosure, I'm a Director of Biomade and co-founder.
Biomade is our new national innovation institute for biomanufacturing. It's a nonprofit public-private
partnership that has a goal of creating an end to end biomanufacturing ecosystem, nothing short of
that. We have four key mandates: enable biomanufacturing at all scales, develop new technologies to
advance US competitiveness, de-risk investment in relevant infrastructure, and expand the
biomanufacturing workforce. So, how is this set up? We got initial seed money from the federal
government. We have a two to one match system, so $1 from the federal government is matched by $2
from universities and industry. We now have almost 500 industry and university members, as well as
community colleges and other research institutes, and others. It has now grown and been such a
success that we're over a billion dollars. So, what has Biomade been doing? Biomade is focused not
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on the first valley of death. A lot of us have been arguing for some time that there is a second valley of
death between sort of moving from great university research to early stage companies or proof of
concept, which is to get those companies to be at commercial and technologies to be at commercially
competitive levels. So it's about manufacturing readiness levels, not about technology readiness levels,
and that's what Biomade is all about. it started with funding problems that no one could solve
independently, but that were really important to achieving all of these goals. That's worked very well. A
new part of Biomade is we are building, building pilot infrastructure all across the United States using
different feedstocks, different technologies to try to look at what the promise of distributed
manufacturing could look like. Needless to say, that's good politics, because again, we're not
concentrating this in the usual places, we're spreading this all around the United States. We're also
showing the power of distributed biomanufacturing and regional innovation. Of how we could create
new types of supply chains and also how we can basically increase high quality shots on gold for a
whole range of US national interests.

APPLIED RESEARCH REQUIRES FUNDEMENTAL RESEARCH

Obviously you can't get these really cool applications and benefits unless you have a strong research
enterprise that's sustained and funded. Ten years ago almost to this day, we created something called
the Engineering Biology Research Consortium. EBRC is the umbrella group for all of the top
researchers and many of the companies in the US to bring forward tough research questions. We've
become particularly well known for focusing on highly technical roadmaps that are bottom up from the
people who really know what they're doing, not from top down, perhaps from folks that don't know as
much as to what's what's the problem. How long is it going to take? What do we need to do? What's the
time scale? Five years, 10 years, 20.

That has also morphed into basically becoming the principal advisory mechanism to the US
government for funding, because they find this valid and incredibly useful. Research and innovation are
not a linear process. As we get into real-world problems, it raises a host of new truly fundamental
research issues that need to be addressed. We're also focused very heavily on all of this as critical
infrastructure. So besides Biomade, so as with you, we have a whole number of bio foundries and
biofabs, but we're also looking at it more broadly. So, for example, we have some pending legislation
called the Scale Biology Act that would address the needs we have around standards and
measurement.

DEALING WITH DATA AND STANDARDS

Obviously, one of the big problems in our field is we don't have common measurements and so this
would create a biometrology centre at our National Institutes of Standards and Technology. We're also
spending a lot of time, not enough money, = on tools development. You can't go to the next stage of
reading and writing and editing DNA unless you're constantly innovating around the too. In many ways
one can argue synthetic biology is a tools revolution. And then finally, data. We have a bipartisan
group of American politicians in the US Senate and House who are putting forward a series of
legislation around a national biological data initiative where we're making it accessible for a broad
range of future American research and innovation uses, particularly with the convergence of Al and bio.
An important component for us is that we've made synthetic biology a nationwide enterprise, not just in
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a couple places like Silicon Valley. 40 of the 50 American states have synthetic biology, domestic bio
manufacturing strategies, and it's not just the big players like California or Texas, Massachusetts. A
really good example is the American medium-sized state, North Carolina. North Carolina had first
mover advantages of realizing this was going to be important, and have started to invest in this,
probably about eight or 10 years ago. Well, studies just came out last year, economic benefit to North
Carolina, $82 billion 800 life sciences companies, of which 400 are in bio manufacturing in North
Carolina been able to attract between 80 and 100 foreign companies to North Carolina because of what
they've built in terms of infrastructure, but most importantly, how they got serious about education and
workforce development. Besides a business-friendly climate for industry, they could find the workers
that they needed for the types of advances that we see. , And then finally there's sort of the innovating
capital side. There are very few issues in which you can get bipartisan support. This is one of a few in
the executive branch. There's a coordination of a whole of government approach across all of our
executive departments and agencies. In Congress, we have a big push for supporting synthetic biology,
but particularly bio manufacturing, and it's absolutely critical. The US government probably, in the last
10 years, has invested or funded about 10 to 15 billion.

AUSTRALIA AS INDO-PACIFIC BIOHUB

This report from Congress last year said we need 15 billion more. Our Stanford numbers are that we
really need more, like 50 billion more. But the role of government core funding cannot be understated,
because for multiple reasons, de-risking investments, being able to fund high risk. High reward
activities, the way that DARPA does, and moonshots that nobody else can undertake, providing new
mechanisms for patient capital, where a lot of the research, as we all know, or taking through the
research is not going to happen at the digital rates of two or three years. Its going to be five or 10,. And
it's really important for signaling to private sector and unleashing capital markets by saying that these
are all going forward. | having been following the development of synthetic biology here in the last 10
years. There's no reason why, with the sustained effort, Australia should not be a top seven player in
the 10 year next 10 years. And there's no reason why Australia should not be the main bio
manufacturing hub for the Indo-Pacific. But obviously there are things to be done, and that's why we're
here.
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