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DEEP DIVE — WRITING DNA ON SILICON

DEEP DIVE - WHERE SILICON MEETS SYNTHETIC BIOLOGY

We Learned to Read the
Genome.

A Chip Just Learned to Write
It.

For twenty years, progress in genetics was a reading story — sequencing costs fell
190,000-fold, faster than Moore's Law. But you can't build what you can't write. This
week a Harvard chip born to eavesdrop on neurons was turned into a factory that
writes DNA with nothing but electricity and water.

» The real breakthrough isn't the DNA. It's the address bus.
» Against the Grain: why more transistors won't fix what comes next.

» Signals: superconductors found by algorithm - a rocket lands at sea.
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DISPATCH - FROM THE DESK

Reading Is Not Writing

The last two decades taught us to read the
physical world for almost nothing. We read
genomes for a few hundred dollars, read the sky
in survey after survey, read materials by
simulating them. Reading scales beautifully,
because reading is mostly a sensing-and-
compute problem — and compute has been on a
twenty-year tear.

Writing never got the same ride. Arranging
matter on purpose — base by base, atom by atom
— has stubbornly refused to follow the curve.
That asymmetry is the quiet tax on every
"synthetic" ambition we have: synthetic biology,
designer materials, molecular data storage. You
can inspect a cell's entire text for pocket change,
but composing one custom paragraph of DNA still

means couriering a vial to a chemical plant.

This week's issue is about the moment that gap
started to close — and the surprising reason it
did. Our lens: watch what happens to any
technology the instant it becomes addressable.
Pixels, transistors, memory cells — each went
civilization-scale the day you could point at one
spot and change it without disturbing its
neighbors. DNA synthesis just got its first real
address bus. The contrarian column argues that's
also exactly where it could stall.

Every figure in this issue is sourced; the full list appears on page
09. Researched, written & designed with Claude.



THE FEATURE - DNA'S WRITE PROBLEM

The Write Head

Sequencing made reading DNA absurdly cheap. Writing it stayed slow, costly, and

toxic. A Harvard team just moved the whole operation onto a silicon chip — and, in

doing so, quietly turned biology's hardest manufacturing step into a semiconductor

problem.

very revolution in biology this century has secretly been a reading revolution.

The Human Genome Project, precision oncology, the mRNA vaccines — all of

them ride on our astonishing new ability to read the four-letter code of life at

industrial speed and vanishing cost. What almost no one outside the field says out loud

is that the reverse operation — writing that code from scratch — never kept pace. It is
the missing half of the toolkit, and it has been holding the whole field back.

The 40-year-old bottleneck

Nearly all synthetic DNA today is built by
phosphoramidite chemistry, a method perfected
in the early 1980s. It is remarkable — it can lay
down millions of sequences in parallel — but it
runs on hazardous organic solvents and
demands specialized, centralized facilities. You
do not write DNA at your bench; you order it
from a factory and wait.

Chemists have long eyed a gentler path:
enzymatic synthesis, which builds DNA in water
using an enzyme, much the way a living cell
does. Cleaner, safer, potentially portable. But it
carried a crippling handicap — parallelism.
Where the old chemistry writes millions of
strands at once, the best enzymatic
demonstrations were stuck at about a dozen.

Why parallelism is the whole game

A synthesizer that writes one sequence is a
curiosity. One that writes thousands
independently is infrastructure. The difference
is addressability: can you tell site No. 314 to add
an A while its neighbor adds a T, and keep them
from bleeding into each other?

That is the problem the Harvard group set out
to solve — not with new chemistry, but with
something semiconductor engineers have
controlled with exquisite precision for half a
century: electric current, delivered to an exact
location on a chip. The result, published this
month in Nature Electronics, is the first time
enzymatic DNA writing has been given a real
address space.



THE FEATURE — ON THE CHIP

sites, one silicon surface

The device is a silicon chip whose surface
carries 64 independent synthesis sites. At each,
DNA strands are anchored at the center and
bathed in water, enzyme, and chemically
"blocked" nucleotides waiting to be added. The

chip's job is not chemistry — it is choreography:

deciding, cycle by cycle, exactly which sites are
allowed to grow.

A machine that speaks in protons

DNA is built one base at a time, and after each
addition a temporary blocking group caps the
strand so nothing else can attach. To add the
next base, that cap must come off — a step
called deprotection, triggered by acidic, low-pH

conditions in water. Lower the pH only where
you want growth, and you control the whole
assembly line.

Here is the trick. Each of the 64 sites is ringed
by two concentric electrodes. Fire the inner
ring and it generates protons, dropping the
local pH just enough to un-cap the strands at
that one spot. The outer ring does the
unglamorous, essential work: it drains away
protons that try to spread outward, walling the
acid into a single site so it cannot trigger its
neighbors. Repeat the cycle, base by base, and
64 different sequences take shape side by side
— each as long as 39 nucleotides, comfortably
past the old enzymatic ceiling.

We wondered whether that same current control could be
redirected from cells to molecules. It worked.

From neurons to nucleotides

The most revealing detail is that the chip was
never designed to make DNA. It began as an
instrument for neuroscience — silicon built by
then-PhD-student Jeffrey Abbott to record
electrical activity across large populations of
neurons, using finely controlled current to
open cell membranes for intracellular access.

That same precision-current capability, the
team realized, could be pointed at molecules

instead of cells. Swap the neuron-facing
electrodes for ring-electrode pairs, and the
machine that once listened to brains could now
localize the pH needed to write genes. A tool
built to read biology's electrical signals had
been reversed into a tool that writes biology's
chemical code — a reminder that the most
consequential platforms are often the ones that
turn out to do a second job nobody specced.



THE FEATURE - FROM LAB TO MARKET

What It Means When DNA Writing Fits on

a Chip

Put DNA synthesis on standard silicon and three things follow. It can be manufactured the way

chips are — by the billion, cheaply, reproducibly. It can leave the central foundry and move to the

benchtop, the clinic, maybe the field. And it can trade toxic solvents for water. That is the shape of

a decentralized, greener supply of the most basic input to modern biology.

The nearer-term payoff is not scale but access.
Diagnostics, gene editing, and cancer research all
run on made-to-order DNA; a chip that prints 64
clean sequences in water, on demand, changes
who can make them and where. The team even
used its strands to encode a 169-byte text — a toy
demonstration of DNA data storage, where a single
gram of DNA has been shown to hold 215
petabytes.

The market underneath is real: the
oligonucleotide-synthesis segment alone is
projected to roughly double from about $10.5
billion in 2025 to $24.7 billion by 2030. But temper
the excitement — 64 sequences is a rounding error
against the millions the old chemistry writes at
once. This is a first working address bus, not a
finished factory.

A collaboration of Harvard, the Broad Institute, DNA Script and

POSTECH; Harvard has filed related IP. Backers include IARPA,
Horizon Europe and Samsung.

FIELD NOTES - HOW IT WORKS

01 Anchor. DNA strands are tethered at
64 sites and bathed in water, enzyme,
and capped bases.

02 Address. The inner ring at a chosen
site injects current, making protons
that drop the pH and un-cap just that
strand.

03 contain. The outer ring drains stray
protons so the acid can't leak next
door. Repeat, base by base.

GLOSSARY

Phosphoramidite chemistry
The 1980s solvent-based method that writes most
synthetic DNA today.

Enzymatic synthesis
Building DNA in water with an enzyme — nearly the
way living cells do it.

Deprotection
Removing a strand's chemical "cap” so the next base
can attach.

Oligonucleotide
A short, made-to-order strand of DNA; the unit
product of synthesis.



AGAINST THE GRAIN

Everyone Will Read This as a
Scaling Story. The Chip Already

Told Us It Isn't.

The reflex read is obvious and comforting: DNA writing
just went CMOS, so now it rides Moore's Law to millions
of strands and the synthesis bottleneck dissolves. Order
a genome the way you order a print job.

Look closer at the experiment everyone will skip. When
the team packed the synthesis sites closer together to
make more DNA, it failed — and the failure is the most
important result in the paper. The silicon did its job
perfectly: it confined the low-pH zone exactly where it
was told. The reactions bled anyway, because low pH
doesn't deprotect directly. It spawns intermediate
molecules, and those diffuse into the neighbors. The wall
isn't on the chip. It's in the chemistry floating just above
it.

That inverts the whole story. The binding constraint has
moved off silicon — the one substrate we know how to
scale — and into molecular diffusion, which no amount
of transistors can address. You cannot fab your way out
of a chemistry problem. The winners here won't be
whoever owns the best foundry; they'll be whoever
invents a direct, single-molecule deprotection
chemistry that keeps pace with the electrodes. The
Move 37 is realizing the breakthrough already named its
own bottleneck — and it isn't the one the headlines will
chase.

WHY THE CONSENSUS
DISAGREES

The bull case is genuinely strong, and it may
be right. CMOS integration is exactly how
other molecular technologies scaled — on-
chip ion sensing and Ion Torrent's
sequencing-by-synthesis both won this way.
A one-shot jump from ~12 to 64 sequences
hints at a steep curve, not a plateau.

And a diffusion problem is a known unknown,
not a law of nature — deprotection chemistry
is an active field, well funded here by IARPA,
Samsung and the pull of DNA storage. For
therapeutics and diagnostics, 64 pristine
strands may already be plenty; you may
simply not need millions.

The honest hedge: my "diffusion wall" could
prove an engineering nuisance rather than a
ceiling. Bet on the relay between disciplines —
not on either side winning alone.



SIGNALS

2

MATERIALS

Superconductors, found by algorithm. An Aalto-led team paired
machine-learning screening with quantum calculations to nominate
candidates; collaborators at Rice then synthesized and confirmed two
brand-new superconductors, YRusB2 and LuRusB2, whose
superconductivity springs from flat electronic bands in a kagome lattice.
The method — not the two materials — is the prize: a working search
engine for the thousands of superconductors still undiscovered, pointed
squarely at the SuperC consortium's goal of a room-temperature
superconductor by 2033.

45

ROBOTICS

The hardware is now commodity; the edge is software. At RoboCup
2026 in Incheon, Tsinghua's THU Huoshen team won back-to-back
Humanoid League titles on standard Booster T1 robots that perceived
the field, passed, and shot fully autonomously — no joysticks, no tele-op.
With roughly 3,000 competitors from 45 countries fielding the same off-
the-shelf platforms, the tell is that a humanoid's body is becoming a
solved, shared substrate. The whole contest has migrated up the stack
into code.

10 Jul

China lands an orbital booster at sea. On July 10 a Long March 10B
first stage flew a satellite to orbit and then set itself down on the water
— the first orbital-class booster recovery by anyone other than SpaceX.
China didn't invent reusability; it reproduced the hardest one percent of
it. That's the part that actually pulls down the price of reaching orbit,
and it just stopped being a monopoly.



BY THE NUMBERS

THE WEEK IN FIGURES - EVERY NUMBER SOURCED ON PAGE 09

64

DNA sequences the chip writes at
once — up from a prior enzymatic
ceiling of about a dozen.

215¢:

Data a single gram of DNA has
been shown to hold (Erlich &
Zielinski, 2017).

2033

The SuperC consortium's target
year for a room-temperature
superconductor.

39

Bases in its longest strand,
assembled one proton-pulse at a
time.

190,000-

Fall in the cost of reading a
genome since 2001 — faster than
Moore's Law.

$24.7:

Projected 2030 size of the
oligonucleotide-synthesis market,
from $10.5B in 2025.

169

Bytes of text encoded into that
DNA — a proof-of-concept for
molecular storage.

$500

Cost to read a full human genome
today, down from $95 million in
2001.

2

New superconductors confirmed
this week by an ML-guided search.
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The Next Frontier Is Write Access

Step back from the chip and a pattern organizes the whole issue. Reading got cheap
everywhere — genomes for a few hundred dollars, superconductors found by searching
a space instead of a lab bench, the sky read survey by survey. The frontier that's left is
writing: composing matter on purpose, locally, at will. And writing goes civilization-scale
only when it becomes addressable — when you can change one location without
disturbing its neighbors. That's the threshold the Harvard chip just crossed for DNA, the
same one that made pixels, transistors, and memory into infrastructure.

But the week's honest lesson sits on the same chip: the last mile of writing the physical
world isn't a compute problem you can buy your way through — it's chemistry and
physics that don't care about your transistor budget. Progress will look less like a lone
exponential and more like a relay, one discipline's solved problem becoming the next
one's starting line. Read that way, the superconductor search and the DNA chip are the
same story told twice: we've gotten very good at proposing the physical world, and we're
just now learning to make it.
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THE LENS - A RECURRING QUESTION

"What becomes unstoppable the
moment it becomes addressable?”

NEXT ISSUE - FRIDAY RESEARCHED, WRITTEN & DESIGNED WITH CLAUDE.
A NEW DEEP DIVE - RECURRING DEPARTMENTS TYPESET IN POPPINS & LORA ON THE ANTHROPIC PALETTE.



