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CRISPR, gene editing, biotech, precision
agriculture and automation influencing
the future of business, government, food,
medicine, geopolitics and society.
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AgTech

For nearly two decades, the Future Today Institute has meticulously researched macro forces of change and the emerging trends that result. Our
focus: understanding how these forces and trends will shape our futures. Our
15th annual Tech Trends Report identifies new opportunities for growth and
potential collaborations in and adjacent to your business. We also highlight
emerging or atypical threats across most industries, including all levels of
government. For those in creative fields, you will find a wealth of new ideas
that will spark your imagination.
Our framework organizes nearly 600 trends into 13 clear categories, which
are being published as separate reports. Each report includes specific use
cases and recommendations for key roles in many organizations: strategy,
innovation, R&D, and risk.

EMERGING
SOURCES
TRENDS

Synthetic Biology,Biotechnology& AgTech

2
Innovations in AgTech
are making it easier to
collect and share data,
increase crop yields, and
implement sustainability
measures.
KEY INSIGHT

EXAMPLES

3

From regenerative agriculture, to farm
management software platforms to
Ag-Fintech, the agricultural sector is
beginning to modernize. AgTech startups are developing indoor cultivation
technologies to mitigate the uncertainty
brought by extreme weather events, and
platforms to transition growers from
analog to digital operations.

DISRUPTIVE IMPACT

4

In the first three quarters of 2021, 441
AgTech startups raised more than $8.3
billion. For perspective, global AgTech
companies raised a total of $6.2 billion
across 460 deals in 2020. The pandemic
has highlighted technologies that look
to the future, promising to sustain and
improve life, while the climate crisis
revealed immediate needs to reduce the
volatility in our food and water supply.

EMERGING PLAYERS

5

• Farmers Business Network
• Indigo Agriculture
• WorldCover
• Conservis
• BeeHero
• Nutrien
• AgVend
• Raven Industries
• CropX
• Arable
• Ceres Imaging
• Gamaya
• Semios
• Fieldin

A strong link exists between declining bee populations and lower crop yields due to a reduction in
pollination activity.

Each trend offers six important insights.
695

1. Years on the List

3. Examples

5. Emerging Players

6. Action Scale

We track longitudinal tech and science trends. This measurement indicates how long we have followed
the trend and its progression.

Real-world use cases, some of
which should be familiar to you.

Individuals, research teams, startups, and other organizations operating in this space. Mature organizations are included when they are
producing new contributions.

FTI’s analysis of what action your
organization should take.
Fields include:

2. Key Insight
Concise description of this trend
that can be easily understood and
repeated to others.

3

© 2022 Future Today Institute

4. Disruptive Impact
The implications of this trend on
your business, government, or
society.

 Watch Closely
Mounting evidence and data,
but more maturity is needed. Use
this trend to inform your vision,
planning, and research.

 Informs Strategy
Strong evidence and data. Longer-term uncertainties remain.
This trend should inform your
strategic planning.

 Act Now
Ample evidence and data. This
trend is already mature and
requires action.

© 2022 Future Today Institute
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Scenarios Describe
Plausible Outcomes
You will find scenarios imagining future worlds as trends evolve
and converge. Scenarios offer a fresh perspective on trends and
often challenge your deeply held beliefs. They prompt you to
consider high-impact, high-uncertainty situations using signals
available today.
1. Headline
A short description offering you a glimpse into future changes.
2. Temporal and Emotive Tags
A label explaining both when in the future this scenario is set and
whether it is optimistic, neutral, pessimistic, or catastrophic.
3. Narrative
The descriptive elements of our imagined world, including the
developments leading us to this point in our future history.

13
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SCENARIO

Synthetic Biology, Biotechnology & AgTech

It’s Grilling Season! • Far-future optimistic scenario

Omnivores, It’s
Grilling Season!
Our bioreactors are culturing traditional
meats from starter cells for the freshest
synthetic hamburgers, chicken parts
and shellfish. And we’ve synthesized
exotic creatures to offer you the boldest,
most exciting flavor profiles!

Synthetic Whole Pork Shoulder

Synthetic Chicken Tenders

16.99/ lb

12/ dozen

$

Synthetic Porcupine Chops

19.99/ lb

$

Synthetic Cubed Swan Meat

$

Newly
Cultured
Items!

• Boneless Skinless
Spotted Owl Breast

27.99/ lb

$

Synthetic Whale Steaks

19.99/ lb

$

• Hummingbird Skewers
• Tiger Steaks

Make your selection with our virtual butcher 24 hours a day, 7 days a week
681

11.99/ lb

$

Synthetic Panda Bear Steak

Visit our bioreactor Mon-Fri 10am - 4pm

Automated deliveries made every hour right to your door!
© 2022 Future Today Institute

Scenario sources:
The Future Today Institute uses a wide array of qualitative and
quantitative data to create our scenarios. Some of our typical
sources include patent filings, academic preprint servers, archival research, policy briefings, conference papers, data sets,
structured interviews with experts, conversations with kids, critical design, and speculative fiction.

4
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What’s the new normal? Most of us feel an urgent need to
get back to normal, especially as we continue to witness
and endure an unprecedented amount of change. Early
this year, Russian President Vladimir Putin waged an unprovoked war against Ukraine, which led to a rapid global
response. Switzerland broke with tradition and took a side,
freezing Russian assets and denying entry to oligarchs.
Anonymous, the global hacker collective, waged a cyberwar against Russia, infiltrating government databases and
state propaganda websites.
Within the past 12 months, DeepMind solved a 50-yearold problem in biology, opening up new pathways to
drug discovery. AI systems proved that they can generate images and text as well as a human. Facebook and
Square changed their names to Meta and Block, signaling
a digital land grab in the emerging Web 3.0. The biggest
streamers—Netflix, Disney+, AppleTV, Hulu—discovered a
formidable competitor in social commerce networks like
Shein. Seemingly every day, a new set of signals emerge to
challenge our existing mental models.
It might feel pointless to forecast the future past a few
weeks or months. But strategic foresight results in preparations, not predictions. Trends invite us to consider alternative outcomes from those we previously imagined. They
also unlock something invaluable in each one of us: the
ability to re-perceive reality. The act of “re-perception”
awakens you to the possibility of a future that differs from
your current expectations. It helps you understand that you
cannot know all things at all times, and that you should be

5

OVERVIEW
SOURCES

Synthetic Biology,Biotechnology& AgTech

curious, rather than absolutely certain, about what you
perceive in the present.
Our 2022 Tech Trends Report is designed to help you
re-perceive the world so that you can confront deep uncertainty, adapt and thrive. In this 15th anniversary edition,
we have analyzed nearly 600 technology and science
trends that impact most industry sectors. We created 14
separate volumes, and each report focuses on a related
cluster of trends. You will also find vivid scenarios depicting the unexpected ways in which the future might unfold.
In each volume, we discuss the disruptive forces, opportunities and strategies that will influence your organization
in the near future.
Now, more than ever, your organization should examine
the potential near and long-term impact of tech trends.
You must factor the trends in this report into your strategic
thinking for the coming year, and adjust your planning,
operations and business models accordingly. But we hope
you will make time for creative exploration. The new normal is unfolding for those who know how to re-perceive
signals in the present.

Amy Webb
CEO
The Future Today Institute

© 2022 Future Today Institute
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This is volume 12 in the Future Today
Institute’s 2022 Tech Trends Report. Each
volume covers a different set of topics.
To find additional volumes, visit
www.futuretodayinstitute.com/trends
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KEY INSIGHTS

Synthetic Biology,Biotechnology& AgTech

Key Insights
 The COVID-19 pandemic is accel-

erating widespread use of genetic
surveillance technologies.
 The data from DNA testing kits is

being used for direct-to-consumer
marketing.

 Scientists are using synthetic biol-

ogy to discover and produce molecules on demand.

 Synthetic biology will make aging a

building biological circuits, made
of synthetic DNA, and the software
that operates them.

nous peoples are still missing from
genetic databases, basic research,
and clinical studies.
 Fewer than 2% of people who have

developed for the flu, malaria, and
even cancer.
 You can now sequence your com-

plete genome for $99—which is
about half the price of Apple’s
AirPods.

7

 Research is underway to make

genetic edits to embryos to correct
major errors that would otherwise
prevent them from being born.

 Farms are increasingly vulnerable to

cyberattacks.
 Synthetic biology will lead to new

geopolitical conflicts. The next war
could be a biological one—we must
prepare for the threat of bioescalation.

 Biological materials from Indige-

treatable pathology.
 New mRNA vaccines are being

megabytes of data per second on
synthetic DNA that will be readable
for thousands of years.

 Scientists are in the process of

 New DNA test kits offer personalized

recommendations for recreational
drugs like marijuana and MDMA.

 Soon, we might be able to write

had their genomes sequenced are
from Africa—which means an enormous number of people miss out on
the benefits of genetic research.
 Food technologists can now use ge-

nome sequencing and gene editing
as part of a precision fermentation
process, which results in microbes
engineered for specific purposes.

 An emerging technology called in vi-

tro gametogenesis, or IVG, will soon
allow same-sex couples to create a
baby using their own genetic material without requiring donor eggs or
sperm.
 Living robots—blobs of tissue de-

signed in labs—got a design upgrade and new capabilities. The
latest versions can self-propel using
tiny hairs on their surfaces. They
can also operate in robot swarms to
collaboratively complete a task.

© 2022 Future Today Institute
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Synthetic Biology
8

© 2022 Future Today Institute

The genesis machine will power humanity’s
great transformation, which is already
underway. Soon, life will no longer be a
game of chance, but the result of design,
selection and choice.
— Amy Webb, writing in The Genesis Machine

9

© 2022 Future Today Institute
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4TH YEAR ON THE LIST

Synthetic Biology

Enviropigs are genetically engineered to excrete
low levels of phosphorus.

10

KEY INSIGHT

EXAMPLES

Synthetic biology is a
relatively new interdisciplinary field of science
that combines engineering, design, and computer science with biology.
Researchers design or
redesign organisms on a
molecular level for new
purposes, making them
adaptable to different
environments or giving
them different abilities.

We can now program biological systems
like we program computers. In synthetic
biology, DNA sequences are loaded into
software tools—imagine a text editor for
DNA code—making edits easy. After the
DNA is written or edited to the researcher’s satisfaction, a new DNA molecule is
printed from scratch using something
akin to a 3D printer. The technology
for DNA synthesis (transforming digital
genetic code to molecular DNA) has
been improving exponentially. Today’s
technologies routinely print out DNA
chains several thousand base pairs long
that can be assembled to create new
metabolic pathways for a cell, or even
a cell’s complete genome. These scientific innovations have fueled the rapid
growth of an industry intent on making

DISRUPTIVE IMPACT

high-value applications that include biomaterials, fuels and specialty chemicals,
drugs, vaccines, and even engineered
cells that function as microscale robotic
machines. Progress in artificial intelligence has provided a significant boost to
the field, as the better AI becomes, the
more biological applications can be tested and realized. As software design tools
become more powerful and DNA print
and assembly technologies advance,
developers can work on more complex
biological creations.

In the last decade, investors put $26
billion into synbio startups, according to
Built With Biology (formerly SynBioBeta),
a synthetic biology industry hub. Products now underway could generate $4
trillion by 2031. Imagine a synthetic biology app store where you could download
and add new capabilities into any cell,
microbe, plant, or animal. U.K. researchers have already synthesized and programmed the first E. coli genome from
the ground up. Next, the gigabase-scale
genomes of multicellular organisms—
plants, animals, and our own genome—
will be synthesized. We will someday
have a technological foundation to cure
any genetic disease in humankind, and
in the process we will spark a Cambrian
explosion of engineered plants and animals for uses that are hard to conceive of
today but will meet the global challenges
we face in feeding, clothing, housing,
and caring for billions of humans. Life is
becoming programmable, and synthetic
biology makes a bold promise to improve
human existence.
© 2022 Future Today Institute
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Synthetic Biology

EMERGING PLAYERS

• ERS Genomics

• U.S. Department of Energy
Joint Genome Institute

• CRISPR Therapeutics

• Synthace

• Caribou Biosciences

• Codexis

• Editas Medicine

• Zymergen

• Bayer

• Amyris

• Ginkgo Bioworks

• Viridos
(formerly Synthetic Genomics)

• Broad Institute

• Twist Bioscience
• Benchling
• GenScript
• BGI Group
• Built With Biology
(formerly SynBioBeta)
• JCVI

MIT Media Lab spinout Amino Labs develops mini-lab kits with all the necessary tools and materials for
anyone to start engineering microbes.
Image credit: MIT/Amino Labs

11

• Sherlock Biosciences
• Drew Endy at Stanford University
• George Church’s lab
at Harvard University
• Keasling Lab at the Lawrence
Berkeley National Laboratory

Nature is telling us
that we are on an
unsustainable path,
and it’s time to coursecorrect. That does not
mean abandoning
technology but rather
harnessing the power
of biology itself to
reconcile the creature
comforts of human
civilization with the
natural world.
— Emily Leproust,
Ph.D., co-founder and CEO
of Twist Bioscience

© 2022 Future Today Institute

The Post-Natural Age

We are transitioning from natural
selection to artificial selection to
intentional design facilitated by
synthetic biology. The more powerful
and more refined that software design
tools and DNA technologies become,
the more complex biological creations
developers will build. We have opened
the door to the post-natural age —

treatment, preventing the spread of
disease, and addressing global famine.
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Synbio Infrastructure

Faster Gene Synthesis
Synthesis transforms digital genetic
code into molecular DNA, allowing
scientists to design and mass-produce
genetic material. This is what Twist
Bioscience does to form as many as 300
base pairs of DNA. Joining these snippets, or oligos, together forms genes.
Both the price for oligos and time to
produce them is decreasing—while the
length and complexity of base pairs is
increasing. It now costs an average of
just nine cents per base pair. The DNA
snippets produced by Twist can be ordered online and shipped to a lab within
days; the synthetic DNA is then inserted
into cells to create target molecules,
which are the basis for new food products, fertilizers, industrial products, and
medicine. One of Twist’s biggest clients
is Ginkgo Bioworks, a cell-engineering
company valued at $25 billion.

13

Cheaper Genome Sequencing
The first human genome cost roughly
$2.7 billion and took 13 years to complete. Today, you can sequence your
genome from the comfort of your home
for less than the price of a cheap TV.
Nebula Genomics, a spinout from a Harvard University lab run by synthetic biologist George Church, offers to provide
a person’s genetic code with “medium
accuracy” for $99 or, for $900 more, you
could have 100% of your DNA decoded
“with ultrahigh accuracy and … over 300
gigabytes of DNA data,” according to the
company’s website. Ancestry.com and
23andMe offer genotyping tests, which
look only at a part of the genome, for
$99 to $199.

Completing the Human
Genome
The Human Genome Project-read
(HGP-read)—an initiative to sequence
the human genome and improve the
technology and costs associated with sequencing DNA—wrapped up in 2004 and
left about 8% of our DNA unexplored. In
May 2021, a separate group of scientists
published a preprint online describing
a more complete human genome, with
3.055 billion letters across 23 human
chromosomes. But there is still more
work to be done: creating more genomes, so that scientists can compare
different genomes to each other.

On-Demand Molecules
Scientists now use synthetic biology to
discover and produce molecules on demand. The Defense Advanced Research
Project Agency and the MIT-Broad
Institute Foundry proved that new
molecules can be rapidly generated for
practical use. In a research challenge,
teams used artificial intelligence and
synthetic biology to deliver six out of the
10 requested designer molecules in just
90 days. The length of time will shorten
as more efficient methods are used to
discover different molecule types and
produce materials as needed.

Microbe-Engineering
as a Service
Synthetic biology is an emerging field
that builds new life: replacement organs
and soft tissue, as well as entirely new
kinds of organisms never before seen
on Earth. Zymergen, based in the Bay
Area, is developing original microbes
for making specialty polymers, which
have applications in military equipment
and electric vehicles. It raised $400 million in its third round of funding from
SoftBank Vision Fund, Goldman Sachs,
Hanwha Asset Management, and others.
Synthetic biologists at Ginkgo Bioworks
build custom-crafted microbes for
their customers. An example: designer bacteria enabling crops to fertilize
themselves.

© 2022 Future Today Institute
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CRISPR Technologies

CRISPR-Based Antibiotics

What Is CRISPR?

CRISPR, which stands for clustered
regularly interspaced short palindromic
repeats, allows scientists to edit precise
positions on DNA using a bacterial enzyme.
The technology is transforming cancer
treatment, preventing the spread of
disease, and addressing global famine.

Antibiotic resistance is on the rise, due
to overuse or incorrect application. But
a new approach could enable us to tackle antibiotic-resistant infections. CRISPR can be programmed to kill certain
bacterial cells that contain specific DNA.
Researchers at the University of Sherbrooke demonstrated that a CRISPR-edited bacterium can be used to target
an antibiotic-resistant strain of E. coli.
When the edited bacteria were given to
infected mice, they expelled 99.9% of
the E. coli bacteria within four days. In
the near future, CRISPR-edited probiotic
bacteria could be used to treat bladder
and skin infections.

CRISPR Therapies
A number of trials will test emerging
CRISPR therapies in 2022. In Germany, a
patient with beta thalassemia, a genetic
disorder that results in low levels of

14

hemoglobin, had the genomes of their
blood stem cells edited. Post-treatment,
they have not required blood transfusions. Other patients in the trial are
showing normal to near-normal hemoglobin levels. CRISPR is being used to
edit T cells, a type of white blood cell
essential for immune system response.
T cells kill foreign or dangerous cells.
In CAR-T immunotherapy, researchers
genetically engineer a patient’s T cells
to have a receptor that recognizes the
patient’s cancer cells, telling the T cells
to attack. The first CRISPR-based therapy trial in the U.S. was completed in
February 2020, and it showed promise.
Therapies for eye disease and chronic
infection are also in development. One
of note: a treatment for urinary tract
infections. CRISPR-Cas3, combined
with three bacteriophages, successfully
killed the strain of E. coli responsible
for 95% of UTIs.

CRISPR Diagnostics
In addition to making edits, CRISPR also
allows the fast detection of pathogens
by identifying sequences in their DNA
or RNA. In many diagnostic systems,
human pathogens are found using
real-time polymerase chain reactions,
which is an accurate—but time-consuming and expensive—method. Special
enzymes, known as Cas enzymes, can
be used to diagnose pathogens such as
SARS-CoV-2, the coronavirus that causes
COVID-19. Researchers at the University
of California, San Diego developed a
rapid diagnostic technology that detects
SARS-CoV-2 using CRISPR. In early tests,
SARS-CoV-2 detection took less than an
hour.

© 2022 Future Today Institute
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CRISPR Technologies

Programmable Gene
Editing Proteins
Scientists at MIT’s McGovern Institute
and the Broad Institute of MIT and
Harvard have discovered a new class of
programmable DNA modifying systems called OMEGAs (Obligate Mobile
Element Guided Activity), which could
move small bits of DNA throughout
bacterial genomes. A new editing enzyme among a family of proteins called
IscB are potential ancestors of Cas9,
the enzyme often used in CRISPR-Cas9
editing. IscBs were the first proteins in
an OMEGA system; their small size and
ability to work in human cells mean
they could be a fit for gene editing
therapies.

Prime Editing
A gene-editing technique, which scientists call prime editing, could make
the process much more precise and
result in more accurate modifications.
As impressive as CRISPR is, it can
sometimes change the wrong genes
or accidentally break apart strands of
a DNA’s double helix. The refinement
to CRISPR affords more precision and
versatility. Numerous studies advancing
prime editing techniques published in
2021 will enable even more researchers
to access this technology. Additionally,
data shows the prime editing works in
different cell types, as well as organoids
and mice embryos.

Gene Vandalism
When the gene-editing process results
in a damaged DNA helix, you have what
synthetic biologist George Church calls
gene vandalism. As cells try to repair
the break, unintended modifications
and mutations tend to occur that cannot
be easily controlled and could be dangerous. Gene vandalism is on the rise
as more researchers experiment with
CRISPR.

A powerful new genetic engineering technique allows scientists to precisely cut out and replace DNA
in genes.
Image credit: University of California Berkeley
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Research Trends

Biological Circuits
Scientists are in the process of building
biological circuits, made of synthetic
DNA, and the software that operates
them. A program called DNAr, developed at the Federal University of Mato
Grosso do Sul in Brazil, simulates
chemical reactions, while another
called DNAr-Logic enables scientists to
design circuits. A high-level description
of a logical circuit is then converted into
a chemical-reaction network, which
can be synthesized into DNA strands.
By dramatically speeding up the design
process for biological circuits, so could
the time it takes to discover health treatments and new drugs.

Organoids
The transplant heart was surgically removed from
the donor pig before the surgery on the human
patient; pig organs are considered suitable for
transplant to humans because they are about the
same size and shape.

It’s difficult and dangerous for scientists to study how living human tissue
responds to viruses, medications, or
other stimuli: Brain or heart tissue can’t

be removed from a living person. As an
alternative, scientists are creating organoids—tiny blobs grown from human
stem cells that could grow into tissues.
In 2008, researchers created the first
cerebral organoids that provided some
more understanding of brain functions.
Cerebral organoids have since been
used in research on autism and other
diseases, such as the Zika virus. Researchers at Stanford University and the
Chan Zuckerberg Biohub created human forebrain organoids (the forebrain
is the part of the brain responsible for
thinking, perceiving, and evaluating our
surroundings). Research is underway
elsewhere that would transplant bits of
human brain organoids into rats, which
raises both complex ethical concerns
and, perhaps, fears of super-rats that
process information as well as humans.
Organoids aren’t conscious (yet), and
as experimentation progresses, scientists must develop ethical standards.

The Brainstorm Project at the National
Institutes of Health will bring together
scientists and ethicists to develop a set
of recommendations.

COVID-19 Organoids
Lab-grown lung and brain tissues are
being used to research the lasting effects of SARS-CoV-2, the COVID-19 virus.
Miniature guts and livers are also being
grown in high-security labs and infected
with the virus, as are combinations of
different organs to test therapies and the
lasting impacts of long-haul COVID.

Body-on-a-Chip
The Wake Forest Institute for Regenerative Medicine is leading a $24 million
federally funded project to develop a
“body on a chip,” which will include
different combinations of organoids.
Picture a computer chip, but with a
transparent circuit board that’s con-

nected to a system pumping a blood
substitute through it. Researchers can
poison a mock respiratory system with
new viruses, lethal chemicals, or other
toxins to see how the body would react,
and then test potential treatments on
living human tissue without harming
humans or other animals.

Artificial Nervous Systems
Researchers in South Korea developed an artificial nervous system that
can simulate a conscious response to
external stimuli. It includes an artificial
neuron circuit, which acts like a brain;
a photodiode that converts light into
electrical signals; and a transistor that
acts as a synapse. All these components
are connected to a robotic hand. More
hardware than wetware at the moment,
this type of a system could help people
with certain neurological conditions
regain control of their limbs. It could
eventually be worn or even embedded.

Image credit: University of Maryland Medical Center
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Artificial Minimal Cells

Living robots like this xenobot can now reproduce—and in a way not seen in plants and animals.
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In 2010, scientist J. Craig Venter and his
team announced an astonishing discovery: They could destroy the DNA of
an organism called Mycoplasma capricolum and replace it with DNA they had
written on a computer that was based
on a similar bacterium, Mycoplasma
mycoides. Venter’s team named their
907-gene creature JCVI-syn1.0, or Synthia, for short. It was the first self-replicating species on the planet whose
parents were, technically, computers,
and the project was designed to help the
team understand the basic principles of
life, from the minimal cell up. In 2016,
Venter’s team created JCVI-syn3.0, a
single-celled organism with even fewer
genes—just 473—which made it the simplest life-form ever known. The organism acted in ways scientists hadn’t predicted. It produced oddly shaped cells
as it self-replicated. Scientists came to
believe that they’d taken away too many

genes, including those responsible for
normal cell division. They remixed the
code once again, and in March 2021
announced a new variant, JCVI-syn3A.
It still has fewer than 500 genes, but it
behaves more like a normal cell. Now,
researchers are working to strip down
the cell even further. Last year, a new
synthetic organism, M. mycoides JCVIsyn3B, evolved for 300 days, proving
that it could still mutate.

Using DNA to Store Data
In 2018, scientists from Microsoft
Research and the University of Washington achieved a new milestone: They
discovered how to create random access
memory on DNA at scale. They encoded 200 megabytes of data on human
DNA—including 35 video, image, audio, and text files ranging from 29KB
to 44MB. In December 2021, the team
built a molecular controller and DNA
writer on a chip, with a PCIe interface.

Microsoft used the system to store
a version of the company’s mission
statement in DNA: “Empowering each
person to store more!” The Intelligence
Advanced Research Projects Activity, a
group within the Office of the Director
of National Intelligence, intends to store
an exabyte of data—roughly a million
terabyte-sized hard drives—in a blob
of DNA. A weird branch of biological
science, yes, but human computing has
practical purposes: DNA could solve
our future data storage problems. It’s
durable, too: Evolutionary scientists
routinely study DNA that is thousands
of years old to learn more about our
human ancestors. Chinese scientists at
Tianjin University stored 445KB of data
in an E. coli cell. Twist Bioscience, a
DNA storage startup, discovered how
to make hyperdense, stable, affordable
DNA storage. By depositing microscopic
drops of nucleotides onto silicon chips,
Twist’s robots can create a million short
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strands of DNA at a time. The end result
will be a tiny, pill-sized container that
could someday hold hundreds of terabytes of capacity. Microsoft is working
on optimizing the bandwidth of writing
DNA data and is advancing the chemistry of the solvents and reagents used
with DNA. Soon, we might be able to
write megabytes of data per second on
synthetic DNA that will be readable for
thousands of years.

Cloning and Synthesizing
Viruses
Early in the pandemic, a team at the
University of Bern in Switzerland published the code for a synthetic SARSCoV-2 virus. Anyone could go online and
order the required ingredients—which
included the virus’s genomic instructions and yeast. The journal Nature
published the paper, which terrified
national security experts concerned
that $30,000 and access to a certified
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lab would allow anyone to build their
own experiments. The Bern team had a
different perspective: by democratizing
access to the novel coronavirus, more
labs could create diagnostic tests, treatments, and vaccines.

Living Robots
In 2020, a cluster of stem cells from an
African clawed frog served as the base
for a fortuitous experiment involving
a supercomputer, a virtual environment, and evolutionary algorithms.
Researchers created 100 generations of
prototypes before they had a tiny blob of
programmable tissue called a xenobot.
These living robots can undulate, swim,
and walk. They work collaboratively and
can even self-heal. They’re tiny enough
to be injected into human bodies, travel
around, and—maybe someday—deliver
targeted medicines. In 2021, xenobots
got a design upgrade and new capabilities. While before they needed the

contraction of heart muscle cells to
move forward, upgraded xenobots can
self-propel using tiny hairs on their
surfaces. They now live longer, and they
can sense what’s in their environment.
They can also operate in robot swarms
to complete a collaborative task.

Molecular Robotics
Molecular robotics will someday be
used on all life-forms to provide targeted therapies as well as genetic augmentation. Scientists at Harvard University’s
Wyss Institute discovered that both robots and our DNA can be programmed
to perform tasks. Molecules can also
self-assemble and react to their environments. A team of scientists at Arizona
State University and Harvard created
single-stranded DNA that can self-fold
into origami-like shapes. It turns out
that RNA can be used, too—and both
can be produced inside living cells.
Scientists at the California Institute of

Technology built a DNA-based version
of tic-tac-toe with self-assembling DNA
origami tiles. In the future, molecular
robotics will offer new opportunities to
advance medicine and agriculture.

many thought-provoking possibilities.
The future of synthetic biology might,
by design, include a self-destruct switch
to be used after a completed task—or
after we’ve changed our minds.

Custom Cells
Scientists at the University of California,
San Diego discovered a technique for
creating cells that could send protein
signals to other cells and trigger behavior—mimicking what biological cells do
on their own. Artificial cells will soon
have practical applications in precision medicine, or the customization
of health care. But as synthetic biology evolves, the implications of future
designer cells are unpredictable. New
generations of cells that randomly mutate could function in ways we’ve not yet
imagined. Programming individual cells
to perform useful tasks will still take
time—we’re not talking about engineering synthetic humans, yet—but there are
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mRNA Vaccines

In 2022, mRNA vaccines will be studied for COVID-19, flu, malaria, and cancer.
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As genetic material that contains instructions for making proteins, messenger RNA is revolutionizing vaccine development. Unlike traditional vaccines,
which use weakened bits of a live virus
or bits of dead virus, the Pfizer-BioNTech and Moderna COVID-19 vaccines
instead used mRNA to inject updated
code in our cells. Long before they were
making COVID vaccines, both Moderna
and BioNTech were researching immunotherapies for cancer. After analyzing
a tissue sample from a cancerous tumor,
the companies ran genetic analyses to
develop custom mRNA vaccines, which
encode protein-containing mutations
unique to the tumor. The immune
system uses those instructions to search
and destroy similar cells throughout the
body, which is similar to how the COVID
vaccines work. BioNTech is running
clinical trials for personalized vaccines

for many cancers, including ovarian
cancer, breast cancer, and melanoma.
Moderna is developing similar cancer
vaccines. Both companies understand
that the world’s most powerful drug
manufacturing factory on Earth may
already be inside you.

Genetic Screening for
Pregnancy
New genetic screening techniques that
test embryos before implantation are
making their way into fertility centers.
California-based MyOme and New
Jersey–based Genomic Prediction use
the genetic sequences of parents, along
with cells retrieved during a biopsy, to
generate an embryo’s entire genome.
Next, they use algorithms to calculate
the probabilities of certain ailments.
Couples can then select the embryos
they like, based on those results. While
both companies are disease focused

for now, it is also possible to calculate
scores and optimize for other genetic
traits such as height and intelligence.
Genomic Prediction provides genetic
report cards to would-be parents: They
can review risk assessment grades for
heart attacks, certain cancers, and
diabetes. They can also identify those
embryos that could have extremely low
intelligence as adults or become among
the shortest 2% of the population.

Synthetic Wombs
In an experiment at Northwestern
University’s Feinberg School of Medicine, researchers successfully printed
and implanted synthetic ovaries in mice
that resulted in a successful pregnancy.
Researchers at the Children’s Hospital of
Philadelphia created an artificial womb
called a biobag and used it to successfully keep premature lambs alive and
developing normally for 28 days. We are
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still years away from synthesizing and
growing a full-size organic womb—but
the biobag represents an intervention
that could help the thousands of premature babies born before 25 weeks each
year.

bined into a single compound three different gene therapies related to cellular
decay. The intent: reverse obesity and
diabetes while also improving kidney
and heart function. Remarkably, the
technique seemed to work (in mice, at
least).

Synthetic Age Reversal

Researchers are using new technologies to repair disease-causing mutations and make other edits.
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As we age, the sequence might stay constant, but chemical changes do occur
to our DNA. Observing those changes
could lead to new techniques to halt or
even reverse age-related disease. Columbia University researchers discovered
that it might be possible to record and
store information about cells as they
age. The technique, a sort of biological
DVR, uses the CRISPR-Cas system over
a period of days. In the future, if we can
quantify aging at a cellular level, we
might be able to reverse it. Meanwhile,
synthetic biologist George Church and a
team at Harvard’s Wyss Institute com-

Upgrading Babies
Researchers are developing a new
technique that might someday enable
people to upgrade their children before
birth. Using algorithms to understand
the tiny variations in DNA—single
nucleotide polymorphisms, or SNPs—
these researchers hope to make accurate gene-based predictions about an
individual’s future. If SNPs were read in
vitro, before embryos were implanted,
they could reveal whether that genetic
combination had a higher probability
of developing heart disease or diabetes.
If an embryo was edited using CRISPR,

embryos could also be optimized with
the best possible traits, given the raw
genetic material. Theoretically, parents could influence myriad traits for
their offspring, including hair texture,
resistance to a virus such as HIV, or
protection against Alzheimer’s disease.
This intervention, like the gene drive
edit in mosquitos, would have a permanent, heritable effect. It could eradicate
certain diseases passed from parents
to children, and in the process improve
the entire gene pool.
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Cultured Meat

Cultured meat could make ranching a thing of the past.
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Late in 2020, Singapore approved a local
competitor to the slaughterhouse by
allowing a bioreactor—a high-tech vat
for growing organisms—run by a U.S.
company to produce cultured chicken
nuggets for its residents. In Eat Just’s
bioreactors, cells taken from live chickens are mixed with a plant-based serum
and grown into an edible product. This
product’s popularity so far could accelerate its market entry in other countries
after making it in Singapore, a highly
regulated country that’s also one of
the world’s most important innovation
hotspots. Israel-based SuperMeat has
developed a “crispy cultured chicken,”
while Finless Foods, based in California, is developing cultured bluefin tuna
meat, from the sought-after species now
threatened by long-standing overfishing. Other companies, including Mosa
Meat (in the Netherlands), Upside
Foods (in California, formerly known as

Memphis Meats), and Aleph Farms (in
Israel), are developing textured meats,
such as steaks, that are cultivated in
factory-scale labs. Unlike the existing
plant-based protein meat alternatives
developed by Beyond Meat and Impossible Foods, cell-based meat cultivation
results in muscle tissue that is, molecularly, beef or pork.

Synthesized Dairy
Two California companies are offering
innovative products: The Every Co.
(formerly Clara Foods) serves creamy,
lab-grown eggs, fish that never swam
in water, and cow’s milk brewed from
yeast. Perfect Day makes lab-grown
“dairy” products—yogurt, cheese, and
ice cream. And a nonprofit grassroots
project, Real Vegan Cheese, which is
also based in California, offers an opensource, DIY cheese derived from caseins (the proteins in milk) rather than
harvested from animals. Casein genes

are added to yeast and other microflora
to produce proteins, which are purified
and transformed using plant-based fats
and sugars.

Precision Fermentation
Food technologists can use genome
sequencing and gene editing as part of a
precision fermentation process, which
results in microbes engineered for
specific purposes. For example, feeding
engineered microbes into a precisely
tuned fermenter could create synthetic
coconut oil or palm oil. Genetically
altered microbes, which are already in
use to produce plant-based meat substitutes, could soon form the basis for
nondairy cheeses.
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It’s Grilling Season! • Far-future optimistic scenario

Omnivores, It’s
Grilling Season!
Our bioreactors are culturing traditional
meats from starter cells for the freshest
synthetic hamburgers, chicken parts
and shellfish. And we’ve synthesized
exotic creatures to offer you the boldest,
most exciting flavor profiles!

Synthetic Whole Pork Shoulder

Synthetic Chicken Tenders

16.99/ lb

12/ dozen

$

Synthetic Porcupine Chops

19.99/ lb

$

Synthetic Cubed Swan Meat

$

Newly
Cultured
Items!
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• Boneless Skinless
Spotted Owl Breast

11.99/ lb

$

Synthetic Panda Bear Steak

27.99/ lb

$

Synthetic Whale Steaks

19.99/ lb

$

• Hummingbird Skewers
• Tiger Steaks

Make your selection with our virtual butcher 24 hours a day, 7 days a week
Visit our bioreactor Mon-Fri 10am - 4pm

Automated deliveries made every hour right to your door!
© 2022 Future Today Institute
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Durable Biofilms
Several companies are developing biobased, ultra-durable hard biofilms and
coatings so that chipped nails, scratched
paint, and cracked screens become
yesterday’s problem. Zymergen developed a transparent biofilm that is thin,
flexible, and durable enough to be used
to transmit touch on a variety of surfaces, including smartphones, TV screens,
and skin. Other possible applications
include nearly invisible printed electronics that flex and move as needed.
Imagine a football covered in a biofilm
that could reveal, in real time, the ball’s
spin rate and velocity, along with the
quarterback’s precise hand placement.

Intelligent Packaging
Smart packaging will drive agricultural
advances and investment. University
of Minnesota researchers are developing polymers that self-destruct or
“unzip” when exposed to light, heat,
or acid. Saltwater Brewery designed
biodegradable and edible plastic rings
for six-packs of beer—so sea turtles
can eat them rather than get tangled
in them. Infarm created a renewable
plastic that folds around objects. It uses
seaweed-based agar-agar gel to grow
microgreens and herbs that don’t need
water. Earthpac, meanwhile, makes
biodegradable cutlery and trays from
starch derived from potato processing
wastewater.

Sustainable, intelligent packaging reduces waste and carbon emissions. Finland-based VTT develops smart
packaging using sensor labels, functional bar codes, and biodegradable materials.
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Biosequestration

Synthetic biology offers new options to manage
trash.

24

Carbon dioxide is the undisputed culprit
when it comes to climate change. But
what if we could just suck it out of the
air? Trees do that naturally, but with deforestation, there’s not enough to make
a sizable impact. Silicon Kingdom Holdings and scientists at Arizona State University manufacture artificial trees that
can absorb carbon dioxide. The “leaves”
are plastic-like discs that absorb CO2 in
the air and wind. When filled, the leaves
drop down into the “trunk” and onward
into pipes that collect the liquid CO2 for
resale to beverage companies. Columbia
University has a similar project in the
works. Another approach is to convert
atmospheric CO2 into carbon nanofibers for use in consumer and industrial
products, such as wind turbine blades
or airplanes. Chemists at George Washington University are experimenting
with what they call “diamonds from the
sky”—because diamonds are made from

carbon. The scientists bathe carbon
dioxide in molten carbonates at 750
degrees Celsius, then introduce atmospheric air and an electrical current on
nickel and steel electrodes. The carbon
dioxide dissolves, and carbon nanofibers form on the steel electrode.

Organic Fertilizer
An artificial leaf developed at Harvard
harnesses solar energy. When connected to a strain of bacteria, it converts
atmospheric CO2 and nitrogen into
organic forms that can benefit living
organisms. Those hungry, solar-fed
bacteria essentially overeat, to the point
where 30% of their body weight is excess energy—stored CO2 and nitrogen.
These microbes then get mixed into
soil, and near the roots of plants they release all that nitrogen, which acts as an
organic fertilizer. At that point, they also
release the CO2, yet it remains trapped
underground. The result: enormous

crop yields without the environmentally
poisonous side effects typically associated with chemical fertilizers.

Greener Fashion
The textile and clothing industry is a
notorious polluter but is making steps
toward more sustainable practices.
Transforming cotton into fibers and textiles for clothing still relies on coal, and
the process contributes 10% of global
carbon emissions. Producing clothing
requires a tremendous amount of water,
and washing clothes made of polyester
releases 500,000 tons of microfibers
into the oceans each year. That’s the
equivalent of 50 billion plastic bottles.
Roughly 85% of textiles end up in landfills annually. Plus, there are all those
unwanted clothes that get discarded, by
both retailers and consumers, to make
way for the new season’s replacements.
That’s enough to fill Sydney Harbor, the
biggest and deepest natural harbor in

the world—every year.
So, consider if microfibers could
instead be grown in a biofoundry. Bolt
Threads developed a synthetic fabric
called Microsilk that’s engineered from
spider DNA. Stella McCartney used
it in a 2017 fashion show. A Japanese
startup, Spiber, synthesized enough
fibers to manufacture a limited-edition
parka. Synthetic biology processes can
transform mycelium—the fuzzy, fibrous
structures that help fungi grow—into
rugged material resembling leather.
Whereas it takes years for a cow to
mature to slaughter for its hide—during
which time that cow must be fed,
housed, and cared for—it takes just a
few weeks for a spore to grow into mycelium leather. Hermès, famous for its
highly coveted leather handbags, partnered with startup MycoWorks in 2021
to develop sustainable textiles made
out of mycelium. If fibers are designed
and grown, rather than harvested and
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processed, then other opportunities
could open up: Bio-based pigments used
to dye textiles could be edited to deposit
the optimal amount of color, for example, with less water (or none at all), and
be fully biodegradable.

Rewilding
In 2017, researchers plunged into the
waters off Lizard Island on the northeastern coast of Australia with some
unexpected equipment in tow—a set of
underwater loudspeakers. Their destination was a coral reef that had been
all but abandoned by a once-thriving
population of sea life. The researchers
hoped that by broadcasting the telltale
sounds of a healthy reef, they might
lure back some of its vital inhabitants.
Remarkably, it worked. This experiment
was a unique instance of rewilding,
a holistic approach to conservation
that focuses on restoring the natural
phenomena of wilderness ecosystems,
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providing connective corridors between
wild spaces, and reintroducing keystone
species to their natural habitats. A term
coined more than 30 years ago, rewilding has gained renewed attention in the
past few years as the climate crisis has
grown more dire and new technologies
have promised to protect and rehabilitate ecosystems.

Improving Micro-Biodiversity
A mass extinction event is happening
right now in our guts and in the environment. The widespread use of antibiotics, along with diets rich in processed
foods, have led to a staggering decline
of microorganisms in wealthy nations.
During the past 12,000 years of human
evolution, we’ve shifted nature’s balance—our diets are now relatively narrow, compared to our far-distant ancestors. Recently, scientists studied modern
hunter-gatherer tribes in Tanzania,
Peru, and Venezuela, and found their

microbiota had 50% more bacterial species than those in the West today. Unlike
those tribes, we no longer hunt and
eat wild flora and fauna. Those from
wealthier countries now eat very little
dietary fiber, a limited variety of fruits
and vegetables, and only four species
of livestock: sheep, poultry, cattle, and
pigs. Worse, widespread use of antibiotics in farm animals—used not necessarily to prevent disease but to increase
weight gain and therefore the volume
of meat available—means that we’re
ingesting compounds that are helping to
destroy our own microbiomes.
Humans are complex, composite organisms, made up of layers and layers
of cells. Researchers now think that
our gut microbiome is directly linked
to our metabolism, our immune systems, our central nervous systems, and
even the cognitive functions inside our
brains. It’s an inherited problem: Most
of our microbiomes come to us from

our mothers as we pass through the
birth canal. A number of researchers
are now looking at the future of our
microbiomes. Vedanta Biosciences is
making gut bacteria that can be turned
into drugs and counts the Bill & Melinda
Gates Foundation as one of its investors.
The American Gut Project, the American Gastroenterological Association,
and OpenBiome will track 4,000 patients
over 10 years to learn about fecal microbiomes.

Engineered Mosquitoes
In May 2021, biotech company Oxitec
launched a controversial field test of
specially engineered mosquitoes in
Florida in a move toward reducing
the spread of deadly diseases such as
dengue, yellow fever, and the Zika virus.
Its tiny capsules contain an engineered
form of the Aedes aegypti mosquito,
called OX5034. Because only female
Aedes aegypti bite and spread disease,

Oxitec engineered males to pass on a
gene that kills female offspring before they mature. Male offspring then
continue mating and passing on the
altered gene. The U.S. Environmental
Protection Agency says this pilot poses
no human threat, while local authorities, who have been dealing with
steadily growing cases of dengue fever
and West Nile virus, hope that a smaller mosquito population will curb the
diseases without insecticides or poisonous chemicals. Similar experiments are
underway in Malaysia and Panama. As
the climate crisis continues and mosquito populations spread, engineering new
mutations could be a way to mitigate the
challenge of disease.
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DNA-Based Marketing
Some companies are offering direct-to-consumer DNA testing kits with
the promise of recommendations for
skin care products and foods—all based
on the person’s individual DNA profile.
DNAnudge makes a diagnostic analysis
of saliva samples and then issues users
a wristband and app. When users shop,
the wristband nudges them to optimal
choices, while the mobile app makes
DNA-based product recommendations.

Optimizing Recreational Drugs

Combining microfabrication techniques with modern tissue engineering, lung-on-a-chip offers a new in
vitro approach to drug screening by mimicking the complicated mechanical and biochemical behaviors of
a human lung.
Image credit: Wyss Institute at Harvard University.
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When it comes to recreational drugs like
marijuana, genetic factors can determine whether someone feels pleasantly
relaxed or anxious and listless. New
diagnostic tests promise to optimize
recreational drugs for someone’s unique
genetic profile. Atai Life Sciences NV,
based in Berlin, is researching genetics,
depression, and small molecules within
cells in an effort to repurpose psyche-

delics as therapies for depression and
PTSD. MindMed in New York is developing a platform to help patients determine which drugs to take—therapeutics
based on MDMA and DMT—depending
on genetic and other data.

Microbiome Test Kits
The human microbiome is a mini-universe of the genetic materials living on
and inside of our bodies, inherited from
our gestational mothers. The number
of genes in the bacteria, fungi, protozoa, and viruses that makes up our
microbiomes is 200 times the number of
the genes in the human genome. That
microbiome weighs nearly 5 pounds,
and it lives mostly in your gut and on
your skin. Microbiomes differ greatly
from person to person, even if you’re
comparing siblings who live in the
same city. How well you digest lactose,
how vulnerable you are to skin cancer,
how well you sleep, your probability

of developing anxiety or becoming
obese—all of these traits are linked to
the microbiome and influenced by what
you eat and drink, whether you smoke,
what chemicals your body comes into
contact with, and what medications
you take. That data once was collected
over several visits to an allergist, but
today, at-home tests can determine the
genetic makeup of your microbiome.
Some companies will mix together
special probiotic compounds to mitigate
conditions or optimize the symbiotic relationship your body has with all those
microorganisms.

DIY Biohacking Projects
Biohacking is a socio-technological
movement bringing together citizen
scientists, academic researchers, technologists, data scientists, and others
interested in life sciences. Biohackers
are developing DIY solutions for diseases and illnesses, and they’re driven
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In 2015, MIT scientists discovered AmmoniaOxidizing Bacteria and developed consumer
applications for it, including the Mother Dirt line of
skin microbiome products.
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by disenchantment with consolidation
in the pharmaceutical industry, long
regulatory processes, and slow product development. Some create novel
enhancements. Openness and collaboration are valued. Biohackers share
their protocols, research, and materials
online, much as technologists share
their code on GitHub. A group of Bay
Area biohackers launched Open Insulin, a project based on the idea that
insulin should be free. Diabetes affects
422 million people worldwide, and the
project aims to develop the “first freely
available, open organisms for insulin
production that will be practical for
small-scale, locally based groups to
use.” Biohacking also seeks new ways
to engineer food and fabric. A team of
biohackers created vegan cheese from
engineered yeast. They used it to develop milk proteins, which they combined
with water and vegan oil to make vegan
milk, and then continued on with a

more traditional cheese-making process. The recipe is open source and free.
AlgiKnit uses kelp to make apparel and
footwear and has developed yarn for a
number of different textiles. Modified
yeasts, proteins, and other bits of DNA
could be hard to control, however. Novel
organisms ingested or released into the
world could violate the United Nations
Biological Weapons Convention, even
if the biohack isn’t itself intended to be
a weapon. Some worry that the opensource ethos of biohacking could lead to
a new class of biological weapons.

DIY Vaccines
Early in the pandemic, a group of
citizen scientists began work on their
own inoculation using a DIY approach.
The Rapid Deployment Vaccine Collaborative (Radvac) includes technologists, scientists, and other researchers
who believe in open-science methods.

The group, working in borrowed labs
using ingredients readily found online,
created a formula meant to be mixed
at home and self-administered. They
subsequently delivered the materials
to 70 people. Radvac members, most
of whom work anonymously for fear of
repercussions from their universities,
research labs, or funders, published a
white paper detailing both the group’s
research and their instructions for
mixing coronavirus peptides—tiny
fragments of genetic information that
cannot cause COVID-19 independently. Once vaccines became available,
Radvac, a 501(c)(3) nonprofit, began
working on a rapid deployment platform in preparation for the next virus
that hits. What about regulators? There
is no regulatory framework governing
the distribution of research, instructions, and supplies for DIY biohacking
projects. While the U.S. Food and Drug
Administration requires a stringent

set of criteria for creating and testing
drugs, the FDA doesn’t technically have
oversight over Radvac’s DIY vaccine kits.
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Genetic Privacy in a
Post-Pandemic World

The March 10, 1997 cover of Time Magazine featured Dolly the cloned sheep—and asked readers to
consider how soon human cloning might follow.
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The COVID-19 pandemic accelerated
widespread use of infectious disease
surveillance techniques, from saliva
tests at airports and border crossings,
to nasal swabbing at testing centers.
To ease testing bottlenecks, which
sometimes resulted in hours-long lines,
alternative testing centers opened up:
Private companies dispatched workers,
who often had no medical training, to
vans or small tents to administer PCR
or rapid response tests. It wasn’t immediately clear where the test results
would be sent, or who might also gain
access to the data. With the growing size
and scale of third-party test results and
genetic databases, anyone with the right
skills could identify individuals—and we
don’t yet have safeguards against widespread genetic surveillance. The U.S.
Department of Justice has temporarily

restricted law enforcement’s ability to
use third-party genetic databases to
investigations of violent crimes—but the
interim policy does not cover all types
of investigations. Meanwhile, there are
fewer restrictions on private companies
buying and selling genetic data.

Banning Germ Line Editing
A dozen countries have banned germ
line engineering in humans, though
their ranks do not include the United
States or China. The European Union’s
Convention on Human Rights and Biomedicine said tampering with the gene
pool would be a crime against human
dignity and human rights. But all those
declarations were made before it was
actually possible to precisely engineer
the germ line. Now, with CRISPR, it is
possible.

Biobank Releases
The U.K. Biobank (UKBB) made 200,000
DNA sequences available to scientists
for research projects in 2021. This
enormous trove of anonymized genetic
data, primarily from Europeans taking
part in a long-term study, includes 3
billion base pairs of human DNA. More
biobank data will be made available
from government-sponsored research,
including the National Institutes of
Health’s All of Us project and the Million Veteran Program when they release their datasets in 2022. The UKBB
launched a secure, cloud-based computing environment, making it easier for
scientists to collaborate and integrate
different types of data.

Bias in Genetic Research
Fewer than 2% of people who have had
their genomes sequenced are from
Africa. Overwhelmingly, the majority of
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sequences come from affluent, Caucasian Americans and Europeans. This excludes an enormous number of people
from the benefits of genetic research.
A decade-long Three Million African
Genomes project is underway to locate
missing genetic variants from ancestral
genomes in Africa. It would build an
African biobank of clinical information and could lead to a more equitable
future of genetic research.

Ethics in Indigenous Genomics
Biological materials from Indigenous
peoples are still missing from genetic
databases, basic research, and clinical
studies. Here’s why: Late in the 20th
century, the Havasupai were grappling
with an increase in diabetes. They
allowed researchers from Arizona State
University (ASU) to conduct a study in
1990 and collect blood samples, hoping
the research would help them eradicate
the disease. But then, unbeknown to
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the Havasupai, the researchers changed
the scope of the project to encompass
genetic markers for alcoholism and
various mental disorders. They went
on to publish many papers in academic journals highlighting their results,
which led to news stories about inbreeding and schizophrenia among tribe
members. The Havasupai were, understandably, horrified and humiliated,
and they filed a lawsuit against ASU in
2004. ASU eventually settled the suit in
2010, returned the blood samples to the
tribe, and promised not to publish any
more research. The Navajo Nation, the
second-largest group of Indigenous peoples in the United States, subsequently
banned all genetic sequencing, analysis,
and related research on its members.
Although their objections were absolutely warranted, another problem
persists: The pool of genetic data in the
United States doesn’t include Indigenous
peoples.

New initiatives could make genetic
datasets and research more inclusive.
The Summer Internship for Indigenous
People in Genomics trains budding scientists, while the Center for the Ethics
of Indigenous Genomic Research works
to promote Indigenous-led research in
biobanking and precision medicine.
Canada and New Zealand are both
working on governing frameworks and
libraries to include Indigenous peoples,
relying on direction from local communities.

A Shortage of Genome Storage
One of the fastest-growing datasets in
the world comprises human genetic
data. By 2025, we may be out of data
storage space for human genomes,
according to estimates by the University of Illinois at Urbana-Champaign.
As precision medicine, CRISPR, and
gene therapy technologies continue to
advance, our storage needs will explode,

along with the computing power and requirements for acquiring, distributing,
analyzing, encrypting, and safeguarding our genomics data. As technology
increasingly intertwines with biology,
inadequate storage capacity and insufficient technology workflows for storing
all that data become evermore urgent
issues—and the lack of planning so far
becomes ever clearer. Australia’s Garvan
Institute of Medical Research is looking
into processes and workflows to reduce
the genomic data footprint.

Artificial Human Genomes
Genetic privacy will be increasingly difficult to safeguard—yet big genetic datasets are required to perform the kind of
research that leads to new therapeutics.
Scientists at the University of Tartu,
Estonia, use neural networks to develop
novel segments on human genomes. Because genetic data is sensitive, the hope
is that an artificial human genome will

allow researchers to study DNA without
infringing on anyone’s privacy.

International Collaborations
to Advance Biology
Researchers are building the first-ever
comprehensive map of all 37.2 trillion
human cells in the body. The effort
includes 130 software engineers, mathematicians, computational scientists,
biologists, clinicians, and physicists
hailing from Israel, the Netherlands,
Japan, the U.K., the U.S., and Sweden.
Although a cell atlas has long been
theorized, new biological tools and
more powerful computers have turned
this one-time vision into a reality. These
scientists believe this mapping will give
the medical community a new way of
understanding how our bodies work
and will help diagnose, monitor, and
treat disease.

© 2022 Future Today Institute

We are going from reading our genetic
code to the ability to write it. That gives us
the hypothetical ability to do things never
contemplated before.
— J. Craig Venter, geneticist, biochemist and biotechnology pioneer
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Creating Your Child With Wellspring • Far-future neutral scenario

What to Expect
Every parent(s) is assigned a
personal Wellspring team who
will assist you throughout your
reproductive journey. Your team
includes a genetic architect,
a digital fertility assistant, a
genetic encryption specialist,
a carrier liaison, a technician,
and a Wellspring concierge.
For those who desire upgrades,
cold storage for your embryos,
or artificial incubation, your
extended Wellspring team will
include additional specialists.

“The genetic architects at Wellspring
care deeply about their patients. They
didn’t overwhelm us with choices. We are
confident in the upgrades we selected, and
we will be forever grateful to Wellspring
for helping us start our family.”
–Sawyer and Kai M.
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Once your embryos have
been created, your technician
will conduct preimplantation
screenings to ensure that your
specifications have been
achieved. However, sometimes
changes occur. During
screening, we will identify
single gene defects, monogenic
abnormalities, and structural
rearrangements and remove
those embryos as candidates.

Your digital fertility assistant
and Wellspring concierge
will meet with you to discuss
risk factors for your strongest
embryo candidates. You will
select one (recommended) or
two (if you are able to support
twins) embryos for implantation
in a carrier of your choice: you,
your partner, a surrogate, or
an artificial womb housed in
our high-security incubation
facility. If necessary or desired,
your remaining embryos will be
encrypted, frozen, and stored
for use in future procedures.

Is the procedure to retrieve my
skin cells painful?

FAQ

What traits can I select for?

As you begin your journey
to becoming a parent, you
will undoubtedly have many
questions about what traits and
characteristics to select during
the genetic reprogramming
process. Below are answers
to our clients’ most frequently
asked questions.

At worst, most patients feel
a minor burning sensation.
After sterilizing a small patch
of skin on your forearm, a
technician will inject a mild
local anesthetic. Once it takes
effect, the technician will
gently remove a bit of your
skin with a precision-tooled
scalpel. Stitches usually aren’t
necessary, and the site typically
heals within a week, without
any scarring.

During the genetic architecture
phase, your digital fertility
assistant will get to know you,
or you and your partner(s),
individually. The digital assistant
will conduct interviews to
learn about your worldviews,
experiences, and expectations.
You will also undergo a
series of genetic tests to

determine heritable traits and
predispositions. Once this
process has been completed,
we will develop a custom list
of traits, and you will be invited
to select from among these
potentialities. They will include
gender, physical attributes,
cognitive dimensions, and other
features.
Can I upgrade my baseline
embryos?
Certain upgrades are offered
to parents who meet financial
qualifications. At this time,
Wellspring is pleased to
offer approved upgrades for
memory, body mass index,
bone density, lung capacity,
extended pharyngeal cavity
(for improved vocal resonance),
mild webbing between toes
(for improved performance in
water sports), and engineered
hyperosmia (an ultra-enhanced
sense of scent).
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Creating Your Child With Wellspring • Far-future neutral scenario

Is there financial assistance available to
help offset the costs of upgrades?
Patients covered under the national
health-care program are eligible for up
to three IVG cycles and up to one new life
creation. Wellspring’s world-class assistive
technology will be used to create a new
life within the standard genetic norms as
determined by your own, or your partner(s),
screenings. For example, if your cognitive
norm falls within 90 to 110 intelligence
quotient points, your embryos will match
your score range. Upgrades that are not
covered under the national healthcare
program must be paid for by parent(s).
Unfortunately, we do not offer financial
assistance to offset the costs of upgrades.
Do military veterans automatically qualify
for upgrades?
According to the current national
government’s five-year schema, all military
veterans are eligible for upgrades at no
out-of-pocket cost. Veterans interested in
upgrades must first enroll in the Mil- Gen
program. Mil-Gen program participants
will be assigned an additional Wellspring
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liaison who will monitor the genetic
architecture and screening process and
select exclusive Mil-Gen upgrades for
each new life. New lives created under
the Mil-Gen program will be monitored
until children turn eighteen, at which point
they will serve their required four years in
the military. After their service, they can
choose a military career or transfer to an
appropriate post in the government. And
remember that new lives created in the
Mil-Gen program are guaranteed lifetime
employment and full benefits.

embryos. Beta upgrade programs are
private, opt-in opportunities between
individuals and program managers. There
is no charge to parents accepted into a
beta upgrade program; however, the beta
upgrade program should not be viewed
as a workaround for parents who do not
qualify for standard upgrades. Note: MilGen patients are automatically entered
into exclusive Mil-Gen beta upgrade
programs, and such cases do not require
an application.


How
can I opt in to Wellspring’s private
beta upgrade programs?


What
if I cannot find a carrier for my
embryo(s)?

Wellspring is committed to excellence. We
continually scrutinize our own protocols
and methodologies to exceed the exacting
standards set by the national government.
As assistive reproductive technology
innovators, Wellspring scientists are always
hard at work developing new features
and upgrades. Our beta upgrade program
participants meet with a specialized
team that will determine, on a case-bycase basis, whether these new features
and upgrades will harmonize with the
desired genetic architecture of completed

Wellspring’s high-security, encrypted
incubation facility provides a safe
alternative to in vivo pregnancy. Your
artificial womb compartment is customized
for your genetic profile, and compartments
are monitored continuously by two digital
assistants and a Wellspring Incubation
Specialist. Accessing your private
dashboard, you can generate an unlimited
number of sonograms and ultrasounds at
any time. We offer a selection of sounds—
including your voice(s); white, pink, blue,
or brownian noise; and music—to play at

optimal periods of developmental growth.
On birth day, you and up to three family
members enter the Opening Room to
witness the opening of your compartment
and removal of your baby by a team
of automated delivery specialists. Your
Wellspring concierge will then assist you
with all of your new parent needs as you
transition your new life into your home.

Adapted from The Genesis Machine:
Our Quest to Rewrite Life in the Age of
Synthetic Biology (published February
2022, PublicAffairs) by Future Today
Institute CEO Amy Webb and geneticist
and microbiologist Andrew Hessel.
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Biotech: China Focus

China’s National DNA Drive
Over the past decade, China has quietly
created a scaled, national DNA drive to
collect, sequence, and store its citizens’
genetic data. DNA repositories are part
of a wider panopticon, aided by the
Chinese Communist Party’s ambitions
for artificial intelligence, to allow the
government to continually surveil its
constituents. In Xinjiang, the program
was billed as “Physicals for All,” and
nearly 36 million people took part, according to China’s official news agency,
Xinhua. Much of the government’s early
DNA initiatives centered on the Uyghur
population, whose data was reportedly being collected to help distinguish
among China’s many ethnic groups.

China’s 14th Five-Year Plan (2021 - 2025) calls for investment and applied research into synthetic biology.

33

Chinese government researchers
contributed the data of 2,143 Uyghurs
to the Allele Frequency Database, an
online search platform partly funded
by the U.S. Department of Justice until
2018. The database, known as Alfred,

contains DNA data from more than 700
populations around the world. This
sharing of data could violate scientific
norms of informed consent, because it
is not clear whether the Uyghurs volunteered their DNA samples to the Chinese
authorities, and it’s very unlikely that
everyone involved knew that their DNA
was being collected or understood the
implications. Human rights activists say
a comprehensive DNA database could
be used to chase down any Uyghurs who
resist conforming to the campaign, and
Chinese officials have cited tracking
down lawbreakers and criminals as a
key benefit of the genetic studies.
China continues to collect wider swaths
of genetic data from Uyghurs and other
minority ethnicities, as well as from
Han Chinese (who make up 91% of the
country’s population). Soon it will have
a comprehensive, powerful genetic
dataset unrivaled by any other country’s.
The United States, Canada, the Europe-

an Union, and the United Kingdom are
debating the merits of genetic privacy.
China, which collects massive amounts
of information, and whose citizens
seem untroubled by government surveillance, will face far less resistance to
genetic studies and experimentation.

China’s Genetically
Edited Babies
Chinese researchers edited the genes of
a human embryo in 2015. It was done in
a petri dish, but it quickly led scientists
to sound alarms about the potential of
using CRISPR to modify embryos during
the in vitro fertilization process. Since
then, plenty of experimentation on
human embryos has ensued in China.
In late 2018, a team of researchers
led by Dr. He Jiankui at the Southern
University of Science and Technology in
Shenzhen used CRISPR in conjunction
with in vitro fertilization and purportedly eliminated the CCR5 gene in a pair
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Biotech: China Focus

of twin girls. That modification, the
scientists hoped, would make the twins
resistant to HIV, smallpox, and cholera
throughout their lives. It would also be
the first instance of genetically modified
humans—despite there being no global
norms and standards yet for this sort
of human enhancement. The Chinese
Communist Party officially permitted
gene-editing experiments on embryos
in 2003, as long as the embryos were
only viable for 14 days or less.

Ethics Concerns

Scientist He Jiankui made a staggering
announcement—that he had used CRISPR on
embryos that had resulted in live births—at the
second International Summit on Human Genome
Editing.
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In 2017 a bioinformatician at KU Leuven
in Belgium, Yves Moreau, noticed a red
flag in a paper published in a prestigious
academic journal. A study on the “male
genetic landscape in China” involved
a staggering 38,000 sequences for a
particular genetic marker—one that is
typically used in forensic investigations.
The samples came from Uyghurs and
other ethnic minorities in China—and

given the government’s initiatives to assimilate Uyghurs, Moreau was skeptical
that the participants had given informed
consent. Moreau and other academics
began reviewing other papers and found
similar issues in dozens of studies. The
effort reveals that Chinese law enforcement have participated in some of the
studies, which enable later genetic profiling. So far two papers have been retracted. At the academic journals where
the studies were published, several
members of editorial boards resigned to
protest the lack of speed and progress in
investigating flagged papers.

Super Animals
In 2019, a major outbreak of swine fever
devastated China’s stock and killed nearly a quarter of the global pig population.
Though the disease was first reported
in August 2018, it took the Chinese
government a long time to act. Paradoxically, the disease spread because the

Chinese government took positive steps
to curb pollution. After new regulations
went into effect, industrial pig farmers
couldn’t upgrade their facilities fast
enough, which led to farm closures and
a rerouting of the pork supply. Sick pigs
were shipped throughout the country, fueling the disease spread. China
consumes a tremendous amount of
pork, and it will take years to rebuild the
swine population. Enter genome editing: Dozens of gene-editing experiments
and research projects are now underway in China to develop new breeds of
disease-resistant, climate-acclimating,
super pigs intended for consumption.
The research could have a spillover
effect in other areas of agriculture and
medicine, and could ultimately speed
along new regulations.

cloned, and delivered a cat named
Garlic for a 22-year-old businessman.
Pet cloning is an unregulated business,
and while Garlic wasn’t the world’s first
cloned pet, he was the first for China.
The United States and South Korea are
other existing markets for pet cloning,
but the practice hasn’t taken off there.
In China, some worry, it could become
more common.

Unregulated Pet Cloning
Sinogene, a Beijing-based commercial pet cloning company, sequenced,
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7TH YEAR ON THE LIST

AgTech
KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Innovations in AgTech
are making it easier to
collect and share data,
increase crop yields, and
implement sustainability
measures.

From regenerative agriculture, to farm
management software platforms to
Ag-Fintech, the agricultural sector is
beginning to modernize. AgTech startups are developing indoor cultivation
technologies to mitigate the uncertainty
brought by extreme weather events, and
platforms to transition growers from
analog to digital operations.

In the first three quarters of 2021, 441
AgTech startups raised more than $8.3
billion. For perspective, global AgTech
companies raised a total of $6.2 billion
across 460 deals in 2020. The pandemic
has highlighted technologies that look
to the future, promising to sustain and
improve life, while the climate crisis
revealed immediate needs to reduce the
volatility in our food and water supply.

• Farmers Business Network
• Indigo Agriculture
• WorldCover
• Conservis
• BeeHero
• Nutrien
• AgVend
• Raven Industries
• CropX
• Arable
• Ceres Imaging
• Gamaya
• Semios
• Fieldin

A strong link exists between declining bee populations and lower crop yields due to a reduction in
pollination activity.
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Operations

Ag-Fintech

A cyberattack led to a national shortage of cream cheese in 2021.
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Farms have specific needs and risks—
and growers must deal with high-impact, highly uncertain conditions as
the climate crisis worsens. New Ag-Fintech startups are developing financial
products to help growers manage risk
and access capital to modernize their
operations. New York–based WorldCover provides crop insurance to hedge
against weather-related harvest shortfalls using satellites to monitor weather activity. Brazil-based Traive helps
growers access capital by centralizing
all the steps of a farmer’s credit journey
in one digital location. The platform
uses algorithms and data to offer a layer
of real-time risk assessment. In November 2021, the company announced a $17
million Series A round, making it one of
the largest-ever deals for Ag-Fintech in
the region.

Ag Marketplaces
Growers work in an extremely low-margin business, making big capital investments risky endeavors. Enter Ag marketplaces, which are online platforms
for buying, selling, leasing, and trading
ag equipment, inputs, and outputs.
Moving equipment around or sourcing
specific crops can help growers keep
their operational costs down. Farmers
Business Network functions like a co-op
for growers, by helping farmers buy
what they need at reduced costs. Portugal-based Agri Marketplace is a digital
B2B solution that connects farmers and
industrial buyers. The Maano Virtual
Farmers Market is an app-based e-commerce platform that connects smallholder farmers with buyers and other
traders. The newest Ag marketplaces
offer features akin to cryptocurrency
exchange websites, where growers can
get insights on grain trading and other
markets.

Food Cybersecurity
We saw more than 50 instances of
cyberattacks on the food industry in
2021. Brazil-based JBS, one of the largest
meat producers, was forced to shut
down several plants in Australia and
the U.S. after a cyberattack—it agreed to
pay hackers $11 million in ransom fees.
In October, hackers shut down Wisconsin-based Schreiber Foods, which
produces the cheese slices used by most
of the largest fast-food chains in the U.S.
It also manufactures cream cheese—and
the cyberattack happened just at the
peak of cream cheese demand, leading
to a nationwide shortage. We anticipate
new government initiatives to address
food and beverage companies’ proven
susceptibility to cyberattacks, as well as
potentially more stringent regulatory
standards to safeguard the food supply,
in 2022.
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Networks and Cloud

Farm Management Platforms
Growers can easily collect data at every
level of their operations through farm
management platforms and integrate
that data with other service providers,
including agronomists, contractors,
land owners, farmhands, and other
stakeholders. These cloud-based platforms give farmers better visibility into
their overall operations, finances, field
activities, and crop performance, and
let them access their data from anywhere. Farmers will be able to make
more informed decisions as these platforms increasingly feed them data from
sensors attached to various equipment.

Broadband Investments

Ranveer Chandra is the principal researcher behind FarmBeats, a data-driven farming project designed to
help increase farm productivity and reduce costs.
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Modern farms need low-latency, highspeed broadband to make use of emerging technologies. The lack of internet
coverage hinders the growth of rural
industries and communities—a problem

we saw clearly during the pandemic,
which revealed our enormous digital
divides. In April 2021, Agriculture Secretary Tom Vilsack announced that the
U.S. Department of Agriculture would
invest $167 million in 12 states to deploy
broadband infrastructure. Similar
investments are being made in other
countries including China.

Agricultural Clouds
Microsoft launched FarmBeats, a sort
of Internet of Things for farms, on its
Azure marketplace. The company is
testing the technology on two of its
U.S. farms as part of a multiyear plan
to modernize agriculture with data
analytics. The system uses unlicensed,
long-range TV white space spectrum
to connect and capture data from
solar-powered sensors, while drones
gather aerial footage of crops. Machine
learning algorithms mine and refine the

data, before sending analyses back to
farmers with recommendations on how
to tweak their resource use. This kind of
cloud analytics is drawing investment
and R&D, and spawning startups. Consolidation may be on the near horizon.

Farming-as-a-Service
The barriers to modernizing a farm’s operations—lack of digital savvy and tight
margins—are being overcome by new
farming-as-a-service startups. Some
companies, which own fleets of autonomous tractors, sell planting and other
row crop services. Other startups offer
equipment for lease and data management systems for an ongoing fee.

© 2022 Future Today Institute

If you can write DNA, you’re no longer limited to ‘what is’
but to what you could make.
— Drew Endy, synthetic biologist and associate professor of bioengineering
at Stanford University

39

© 2022 Future Today Institute

00

01

02

03

04

05

06

07

08

09

10

11

12

13

Watch Closely

Synthetic Biology,Biotechnology& AgTech

Informs Strategy

Act Now

Data

Precision Agriculture

Vertical farms reduce the uncertainty brought by extreme weather events.
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Precision agriculture promises to
increase crop yields and profitability,
while reducing the costs of watering,
fertilizing, and treating crops for pests.
Using sensors, algorithms, and optimization analytics, farmers can now quantify the progress of every single crop—
down to a single cherry tomato hanging
on a particular vine. Modern agriculture
relies on efficient management and accurate predictions. University of Illinois
researchers combined seasonal climate
data and satellite images with the U.S.
Department of Agriculture’s World Agricultural Supply and Demand Estimates
to build new prediction models to help
farmers predict crop yields in advance
of environmental factors. South Dakota
State University invested $46 million in
a precision agriculture facility and will
unveil precision ag courses this year.
In the near future, expect drones with

smart cameras, data mining to decipher
crop blossoming and ripeness, and new
analytics dashboards to help farmers
make wiser decisions.

Big Ag Data
Researchers at the Massachusetts Institute of Technology now crunch data to
come up with “plant recipes” to improve
indoor food production. Using complex algorithms and sensors attached
to plants inside hydroponic systems,
the researchers track carbon dioxide,
temperature, water, plant tissue health,
and more. They analyze the data and optimize for growing the most nutritious,
tastiest foods possible.

deep learning for food recognition.
Plantix, a cloud-based AI system, identifies pests and disease in crops when
a farmer uploads photos of suspicious
plants. Using image recognition, the
system cross-references a database of
various species to offer assessments
of potential problems—such as lack
of water or micronutrients. Automated picking systems from FFRobotics
scan and “read” produce to determine
ripeness. Dairy farms can monitor milk
quality with SomaDetect’s optical sensors and machine learning system. Blue
River Technology uses deep learning to
automatically detect and spray weeds.

Deep Learning for Food
Recognition
Agricultural companies, farmers, and
food manufacturers could benefit from
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Sustainability

Precision Pollination
A decline in bee populations worldwide
poses a significant threat to global food
production. More than 90 species of U.S.
specialty crops require pollination—and
that requires healthy bee colonies. Startups are now using technology to help
growers protect beehives from colony
collapse while maximizing pollination
efficiency. Los Angeles–based Beeflow
raises bees fed on processed organic
molecule compounds that enhance
their immune systems and teaches them
to pollinate targeted flowers, while Palo
Alto, California–based BeeHero uses
artificial intelligence, machine learning,
and sensors to collect in-hive data and
stimulate greater activity during peak
pollination cycles.

Regenerative Agriculture
Regenerative agriculture describes
farming and grazing practices that
rebuild soil organic matter and restore
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degraded soil biodiversity. There’s
a clear need for this technology-led
practice: Decades of using chemicals,
salt-based fertilizers, carbon mining,
and harsh insecticides deplete soil.
Planting multiple types of crops together, rotating crops, cutting back on
tilling, and reducing reliance on harsh
chemicals can revitalize depleted soil,
leading to improved yields, nutrient
rich crops, and improved resistance
to flooding and drought. In 2017, the
Rodale Institute launched the Regenerative Organic Certified program to start
creating an official standard. It builds
on the USDA certified organic seal by
adding soil health, animal welfare, and
human rights requirements. General
Mills announced that it would advance
regenerative agriculture on 1 million
acres of farmland by 2030. Meanwhile,
several brands, including Patagonia,
Timberland, Allbirds, Gucci, and Balenciaga, have launched efforts to promote
regenerative agriculture.

Kelp Farming
The global supply of seaweed is in
decline due to global warming. As the
ocean’s upper layer heats and expands,
it becomes more buoyant and less
likely to mix with cooler, denser water below the surface. This condition
makes it difficult for marine life—and
especially kelp—to thrive. Researchers
are working to stimulate cooler waters
using solar-powered turbines that ingest
water hundreds of meters deep, and
redistribute it near the warmer surface
at commercial kelp farms. You may not
care for the taste of seaweed, but it’s a
key ingredient in many diets around
the world—it’s also a vitally important
habitat for many marine creatures. Improving and scaling offshore kelp farms
could have positive ripple effects toward
improving the health of the oceans and
potentially cooling local air temperatures.

Indoor Farms
New technologies allow growers to produce plants and insects using alternative
techniques, which include aquaponics,
hydroponics, and vertical farming. Many
countries lack the land mass or infrastructure to grow high-quality produce,
so they’re bringing traditional agriculture
indoors and underground, using hightech robotics, irrigation, and lighting
systems to cultivate food. In the U.S., 80
Acres Farms is building a fully automated indoor farm, nearly the size of two
football fields, just outside of Cincinnati.
Japan has emerged as a world leader in
indoor farming. Many of the country’s
200 plant factories are subsidized by the
government, but they thrive thanks to
Japanese consumer demand for fresh,
local, pesticide-free food. Near Kyoto,
the Kansai Science City microfarm uses
artificial intelligence and collaborative
robots to raise seedlings, replant them,
water them, adjust their lighting, and
harvest fresh produce. In nearby Kameo-

ka, Spread uses machines and robots to
cultivate plants that produce 20,000 to
30,000 lettuce heads per day. Plants mature in just 40 days before being shipped
to nearby Japanese supermarkets. In
California, Iron Ox’s fully autonomous,
hydroponic indoor farm uses two robots
to plant, maintain, and harvest produce.
In just a single indoor, automated acre,
those two bots can produce the equivalent of 30 acres of outdoor farming. In
the past, the expense of robots, artificial
light, and other equipment made vertical farms difficult to scale. But that’s
changing as the ecosystem matures and
technology improves. Today, thanks to
brighter, cheaper LED light bulbs, cloudbased AI systems, and more available
agricultural sensors, vertical farms can
now cultivate lettuce, spinach, basil, garlic, and snow peas. They tend to deliver
10 to 20 times the total yield of conventional farms with far less waste. Vertical
farming projects now scatter the globe,
settling mostly in urban centers such as
Baltimore and Chicago.
© 2022 Future Today Institute
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Genetic Engineering

Enhancing the Food Chain
Researchers are harnessing synthetic biology to produce better feed for
animals. The startup KnipBio engineers
fish feed from a microbe found on
leaves, editing its genome to increase
carotenoids important to fish health
and using fermentation to stimulate its
growth. The microbes are then pasteurized, dried, and milled. Other agricultural projects underway include synthetic organisms that can produce vast
quantities of vegetable oil, and nut trees
that can grow indoors using a fraction
of the water these thirsty trees normally
require, while also producing twice as
many nuts.

CRISPR Crops
CRISPR promises to enhance the
nutritional value of produce, increase
crop yields, and extend freshness. It
has increased the level of omega-3s
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in plants and aided the creation of
non-browning apples, drought-resistant
rice, and mushrooms that can withstand
jostling during transportation. (In most
markets, product labels identify such
products as genetically modified.) In
2021, the first CRISPR-edited tomatoes
went on sale in grocery stores in Japan.
The big question now is whether CRISPR-edited crops will be labeled “genetically modified organisms” and become
subjected to the same regulations. The
USDA has said that some edited crops—
some varieties of soybeans, corn, and
potatoes—don’t fall under current regulations. In 2022, regulatory agencies
will review guidelines, which could have
an impact on the production and sale of
CRISPR crops.

Cellular Culture Agriculture
Cellular agriculture refers to agricultural products produced by cell cultures,

and it is key to lab-grown meat substitutes. Many U.S. grocery stores and
the Mexican restaurant chain Chipotle
sell Impossible meat, a beef substitute
made from genetically modified yeast.
Beyond Meat and Aleph Farms use pea
protein and other plant material to
create approximations of chicken and
beef. Eclipse Foods makes a plant-based
dairy ice cream base. New Wave Foods
makes algae-based shrimp, and Finless
Foods makes fish flesh. The clean meat
movement is heading towards acellular
agriculture, which doesn’t require starter cells extracted from muscle biopsies.
French lawmakers banned vegetarian
companies from calling their products
“bacon” and “sausage.” The U.S. beef
industry is petitioning to bar nonanimal
products from the definition of meat.
Plant-based meat sales have eclipsed $1
billion annually. In the future, you could
buy meat at a local microbrewery that
“brews” meat instead of beer.

Hybrid Animal-Plant Meats
The cost of lab-grown meat still remains expensive. This year, we expect
more new cultured-meat alternatives,
made by mixing cultured beef cells and
plant proteins. The Artemys Burger
is a hybrid, meant to reduce the costs
of cultured products and attract more
consumers.
Higher Steaks, a U.K. startup, is developing blended pork products, including
bacon, which includes 70% cultured
pork cells mixed with plant proteins.
KFC sells hybrid chicken nuggets, made
of 20% cultured chicken cells and 80%
plants.

ist case for eating crickets rather than
chickens holds that raising and consuming insects produces significantly
lower greenhouse gas emissions, doesn’t
require extensive land and water, and
inflicts less long-term damage to the
planet. Moreover, bugs contain plenty
of protein, fatty acids, and fiber. Only
a few years ago, insect cultivation
remained the domain of small, experimental startups. Recently, though, the
USDA awarded $1.45 million in research
grants for bug proteins, and now the
North American Coalition for Insect
Agriculture estimates the market could
top $1 billion by 2023.

Insect Agriculture and
Bug Proteins
In some cultures, people eat bugs as
part of their daily diets, but bug-based
cuisine isn’t a worldwide phenomenon.
That could change. The environmental-

© 2022 Future Today Institute
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Off-Planet Farming

Space-Based Farming

On the science fiction series The Expanse, based on the books by James S.A. Corey, botanists play a critical role in surviving the challenges of off-planet living.
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The Advanced Plant Habitat is a fully
automated plant growth facility that was
installed in the International Space Station in 2018. Rigged with cameras and
more than 180 sensors, the data it gathers is sent back down to Earth for study.
Scientists hope to learn how organic
material grows differently in space. For
example, germinating peppers takes
an average of two weeks longer than it
would on Earth due to fluid challenges
in microgravity. Space agriculture is
quickly becoming a multibillion-dollar
industry, with startups including Square
Roots, founded by Elon Musk’s brother
Kimbal Musk. NASA and Germany’s
space agency are now investing in a
variety of space agricultural projects
that could someday support off-planet
habitats.

Terraforming
Terraforming—literally, “earth shaping”—is a concept from science fiction
in which people re-form another planet
to resemble Earth and support human life. But as humans begin serious
off-planet exploration, we must develop
new agricultural techniques suitable
for space. Our current microbes may
be key to terraforming, because they
can survive such harsh environments as
the Atacama Desert. Of course, we may
invent entirely new life-forms using
synthetic biology. To advance from theory to reality, terraforming requires a
host of robots to mine for resources and
build an ecosystem capable of sustaining human life, as well as hybrid-skilled
researchers with backgrounds in biology, botany, agriculture, robotics, and
physics.

© 2022 Future Today Institute

The biggest and most durable innovations of
the 21st century will be at the nexus of biology
and technology. For humans, animals, plants,
viruses — on Earth and off-planet.
— Amy Webb, CEO, Future Today Institute
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How these trends impact your company
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STRATEGY

INNOVATION

R&D

GROWTH

The intersection of technology, agriculture, and biotech impacts every business,
because ultimately these trends influence
the future of life. Strategy officers must
plan for the knock-on effects on synthetic
biology and AgTech. For example, mRNA
vaccines could usher in a new era of medicine, while engineered cells could upend
the cosmetics industry. Cultured meats will
challenge quick service and fast casual
restaurants to reimagine their growth strategies. Regenerative agriculture and synbio
techniques to develop fibers offer enormous potential for the fashion industry—
but both require a modification to current
supply chain models. First movers and fast
followers could help shape the directions
of their industries, which would be a longterm strategic advantage.

In what ways will synthetic biology and
AgTech unlock new innovation opportunities? From reimagining therapeutics to
developing produce for the burgeoning
space travel industry, innovation teams
have a unique opportunity to envision
transformational product and service
ideas and map them back to long-term
road maps. New consumer demand spaces will open soon, as greater advancements are made in these fields.

Thanks to the groundbreaking success of
mRNA COVID-19 vaccines and the 2020
Nobel Prize awarded to the scientists behind CRISPR, the spotlight is shining brightly on biotech R&D. This is a good year to set
long-term research agendas and to pursue
moonshot ideas. R&D teams should work
to convince executives and boards that
the next few years will require research—
and product development will follow.

The COVID pandemic and our climate crisis have shifted where and how we work,
demand for health care, our willingness to
use telehealth, and our familiarity with diagnostic testing. New business ecosystems
are in the process of being formed to support synthetic biology and AgTech—which
means that now is the time to develop
strategic scenarios for long-term growth.

© 2022 Future Today Institute
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Key Questions

We recommend using this report
to support your strategic foresight
activity in the coming year. Every
executive team should begin by
asking these questions:

1
 In what ways will advances in
synthetic biology improve our
supply chain?
 Our manufacturing processes?
 Our product lines?
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2
 What constitutes genetic privacy?
 Do individuals have the right to
keep their genetic data private and
secure from third parties?

3
 How will intellectual property and
regulation enhance or impede your
ability to do business in 2022?
 If the state of play changes, is your
organization agile enough to adapt
quickly?

© 2022 Future Today Institute
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TRENDS IN ACTION

Trends in Action

Benefits of Strategic Foresight

The Future Today Institute Supports Executive Leaders and Their Teams

33% Higher Profitability

The Future Today Institute works closely with executive leadership and management
teams to transform their strategic thinking on the future.

Companies using a dedicated strategic foresight process outperformed the average
by a 33% higher profitability.

200% Growth
Companies using a dedicated strategic foresight process outgrew their competitors by
200% in desired areas.

We leverage these and other trends and use applied foresight to develop deep (20+
years), long-range (10+ years) and near-term (2+ years) scenarios and strategic plans.
FTI’s advisory services include signal mapping, trend identification, scenario
development, risk modeling, visioning, and strategic planning.

25% Improvement
Companies say that strategic foresight improves business objectives and planning,
helps define new markets, and builds flexible mindsets among executives, even in
times of deep uncertainty.
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Disclaimer
The views expressed herein are the
authors’ own and are not representative of the greater organizations in
which they have been employed. The
names of companies, services, and
products mentioned in this report are
not necessarily intended as endorsements by the Future Today Institute or
this report’s authors.
The Future Today Institute’s 2022 Tech
Trends Report relies on data, analysis, and modeling from a number
of sources, which includes sources
within public and private companies,
securities filings, patents, academic research, government agencies,
market research firms, conference
presentations and papers, and news
media stories. Additionally, this report
draws from the Future Today Institute’s previous EMT Trends Reports,
FTI Trend Reports, and newsletters.
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FTI’s reports are occasionally updated on the FTI website.
FTI advises hundreds of companies
and organizations, some of which are
referenced in this report. FTI does not
own any equity position in any of the
entities listed in this presentation.
Any trademarks or service marks used
in this report are the marks of their respective owners, who do not endorse
the statements in this report. All rights
in marks are reserved by their respective owners. We disclaim any and all
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Using and Sharing the Material in this Report

We invite you to use, share, and build
upon the material in our 15th annual
Future Today Institute Tech Trends
Report. We are making it freely available to the public. This work is licensed
under a Creative Commons CC BYNC-ND 4.0 International License.

You are free to:

Under the following terms:

You are prohibited from:

Share

Attribution

Commercial Sharing

Copy and redistribute the material in
your organizations and classrooms.

You must give appropriate credit to
the Future Today Institute, provide a
link to this Creative Commons license,
and indicate if any changes were
made. You may do so in any reasonable manner, but not in any way that
suggests that the Future Today Institute endorses you or your use.

Don’t copy and redistribute this material in any medium or format for
commercial purposes, including any
personal/corporate marketing and
client services.

NonCommercial
You may not, under any circumstance,
use the material for commercial purposes.
No Derivatives
If you remix, transform, or build upon
the material, you may not distribute
the modified material.
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