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In which the cell copies its address with a care beyond any human craft — reading
every letter twice, stamping the age of each strand on the base of the Earth, and
taking the Sun’s damage on the base of Mercury — because an address, unlike a

recipe, must be kept exactly true, or the living thing it names is lost.

Tau (T) is the living fabric of time itself — the sole substance of which all physical reality is
composed. Every particle, force, wavelength, and conscious experience is a structured
configuration of T-flow. There is no gravity, no electromagnetic force, no strong nuclear
force as separate entities: all are registers of the single T-field operating across dimensional
levels. The conservation law dXT=0 governs all change: T is never created or destroyed,
only redistributed.

Introduction — Through the Force of Time

The chapter that follows is, in the conventional telling, the enzymology of copying DNA —
how the double helix is unwound, duplicated, proofread and repaired. Read through the
Universal Force of Time, it is where the cell is caught keeping its address true, and where
the base-planet map of the last chapter pays off in the plainest possible way.

Chapter Two showed that the address is written in geometry, and lettered in the four
inner planets. This chapter shows the cell handling that address with a care no human
archive can match — and the reason, in this reading, is simple. A recipe can survive a
typo; an address cannot. A single wrong letter in a coordinate does not spoil a dish, it
names the wrong place, and every copy made from it thereafter inherits the error. So the
cell reads every letter as it lays it, checks it, and if it is wrong, cuts it out and tries again;
and a second machinery comes behind to catch the few mistakes that slip through. This
near-perfect fidelity is, in the language of the book, the conservation law dXT=0
operating on the genome: the address is copied without loss, because a T-coordinate that
drifts is a living thing misplaced in the field.

Watch, above all, for two moments where the planets of Chapter Two step forward
and take their parts. First, the cell must tell an old strand from a freshly made one — and
it does so by a chemical time-stamp written on adenine, the base this book assigns to the
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Earth. The mark of age falls on the Earth base, as though the Earth were the natural
place to keep time. Second, when sunlight damages the helix, the harm lands on
thymine, the base assigned to Mercury — the innermost planet, the one most exposed to
the Sun. The letters do not behave arbitrarily. They keep the roles their planets would
give them, and this chapter is the first hard demonstration of it.

Notice, too, what the cell chooses to control. It does not regulate the speed of
copying; once begun, the copy runs at the register’s fixed rate. What it gates is the
decision to begin — the moment a new copy is spawned. That is the one-seed principle in
miniature: the controlled event in all of life is the re-instancing itself, the making of a
new copy, exactly as time itself is the re-instancing of the single seed. And all the while,
the same enzymes that unwind the helix must manage the conserved linking number of
Chapter Two, spending energy to hold the address open and untangled — conservation,
again, written into the housekeeping.

Carry this into the chapter: copying DNA is the field keeping its address true — proofread
to conservation-grade fidelity, its age stamped on the Earth base and its sun-damage
taken on the Mercury base, and gated only at the moment of re-instancing, where the one
seed is copied again.

The Cost of a Single Error

Consider two kinds of mistake. A cook copying a recipe writes ‘salt’” where the
original said ‘sugar’; the cake is ruined, but only that cake, and only once. Now
consider a clerk copying an address — a house number, a coordinate on a map —
and writing a 3 where there should have been an 8. The letter is not spoiled; it is
delivered to the wrong house, and worse, every copy of that address made ever after
points to the wrong house too. The error does not stay where it was made. It
propagates, silently, into every descendant of the mistake.

This is exactly the difference between the two ways of reading DNA that this book has
set against each other. If the genome were merely a recipe — a set of instructions for
building a body — then an occasional copying error would spoil an occasional protein, a
local and forgivable fault. But if the genome is an address, a coordinate that says where
a living thing sits in the field, then a copying error is a catastrophe of a different order: it
misplaces the organism, and the misplacement is inherited by every cell that descends
from the flawed copy, forever. The standard textbook says the same thing, in its own
words: an uncorrected mistake in DNA replication, it warns, “can last forever. It affects
every descendant every time the altered gene is expressed.” That is not the language of
a recipe. That is the language of an address, and it explains everything that follows in
this chapter — the almost unbelievable care with which the cell copies its DNA, checking
and re-checking, because there is only one real way to be accurate, and that is to look
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for errors, and correct them, again and again.

Copying the Ladder

The copying itself follows straight from the shape we met in Chapter Two. A ladder
whose two sides each carry the complement of the other can be duplicated in the
simplest imaginable way: pull the two sides apart, and let each rebuild its missing
partner from the free letters floating in the cell. Where the old side has an adenine,
the new partner takes a thymine; where a guanine, a cytosine; the pairing rule does
the rest. Two ladders result, each with one old side and one new — each a perfect
copy of the original, and each carrying, in its old strand, a thread of the very
molecule that was there before.

The replication fork — one ladder unwinds, and each half rebuilds its partner

leading strand — built continuously

>
>

parent duplex
(the address)

TOTKk moves

v

lagging strand — built backward, in Okazaki fragments, then sealed

The replication fork. The parent duplex — the address — is pulled apart, and each exposed
strand serves as the template for its new partner. One new strand (the leading strand) is built continuously
as the fork advances; the other (the lagging strand) is built backward, in short pieces later stitched
together. Two complete ladders result, each half old and half new.

The place where the ladder is being unzipped and rebuilt is called the replication
fork, and it travels down the DNA like a slider down a zip, unwinding the old helix ahead
of it and leaving two finished helices behind. It is a scene of furious, precise activity, and
in the sections that follow we will look at its parts. But hold on to the simple picture first,
because it is the whole reason the shape of Chapter Two mattered so much: the address
is copied by being read letter for letter and matched, so that the copy is not an
approximation but a duplicate, true to the original in every position. The form makes the
faithful copy possible. Now we watch the cell make it faithful in fact.
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The Grain of the Molecule

The first thing to notice is that the copying has a direction. A strand of DNA is not
the same read forwards and backwards; its two ends are chemically different, named
the 5" and 3" ends by convention, and new letters can only ever be added at the 3’
end. The copy grows one way and one way only, from 5 toward 3’. The molecule has
a grain, like wood, and the machinery must work along it.

The molecule has a grain
5 ( > () () () () () () < ) 3
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>

growth runs one way only: 5 - 3’

the copy has a direction — the arrow of time made chemical

The grain of the molecule. A DNA strand has two chemically distinct ends, 5" and 3’, and new
letters can be added only at the 3" end. Copying therefore runs one way only, 5 to 3" — a built-in direction,
the arrow of time made chemical.

This one-way grain has a curious consequence at the fork. Because the two old
strands run in opposite directions, only one of the two new strands can be built smoothly
in the same direction the fork is moving. The other must be built backward, away from
the fork, in short pieces — each begun afresh as the fork opens more room, then later
stitched to its neighbour by a sealing enzyme. These backward-laid pieces are named
Okazaki fragments, after their discoverer, and they are the reason DNA copying, for all
its speed, has a stop-start rhythm on one of its two strands.

Why should the molecule have a grain at all — why not let it be copied smoothly in
either direction? The reason, it turns out, is fidelity: the very proofreading we are about
to meet requires a clean, re-usable 3" end to work from, and only 5-to-3" growth provides
it. The direction is the price of accuracy. In the reading of this book the grain is more
than a chemical convenience; it is the arrow of time written into the molecule itself. T
flows one way, and the copy of the address is laid down along that flow — continuous
where it runs with the grain, in backward fragments where it must run against it, the
same out-and-back rhythm the field shows wherever it doubles back on itself.

Reading Every Letter Twice
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Now the accuracy. When the copying machine — a protein called a DNA polymerase
— adds a new letter, it does not simply move on. It pauses and checks whether the
letter it has just laid pairs correctly with the template. If it does, the machine
advances. If it does not — if a wrong letter has slipped in — the machine feels the
mismatch, reverses by a single step, snips the offending letter off with a built-in
cutting tool, and tries again. It is a typist who reads back every letter the instant it is
struck, and erases and re-types any that is wrong before going on.

Proofreading — every letter checked as it is laid, so the address is copied almost perfectly

correct base — kept wrong base — cut out
v X
mismatch felt —»
pairs correctly - exonuclease excises it,
polymerase moves on then tries again

Proofreading. As each new letter is laid, the polymerase checks its pairing. A correctly paired
base is kept and the machine advances (left); a mismatched base is felt, excised by the enzyme’s own
cutting activity, and replaced (right). Because the check happens at every step, the copy is made almost
perfectly the first time.

This checking-as-it-goes is only the first line of defence. Behind it comes a second,
entirely separate machinery that patrols the finished DNA looking for mistakes the
polymerase missed, recognising a mismatched pair by the slight bulge it makes and
excising and rebuilding the faulty stretch. Two independent systems, one at the moment
of writing and one after, each cutting the error rate by a large factor; and the result is a
fidelity that beggars belief. Left to chance, a copying machine might err once in a few
thousand letters; with proofreading and repair together, the cell miscopies roughly one
letter in a billion or fewer. It is as if a scribe copied out the whole of a great library,
millions of volumes, and made a single slip in the lot — and then a second scribe came
behind and caught even that.

KEY IDEA

The cell copies its DNA with layered, repeated checking — proofreading at the
moment of writing, mismatch repair afterward — reaching a fidelity of roughly one
error in a billion letters or better. In the reading of this book this near-perfection is
the conservation law dXT=0 defending the address: a coordinate that drifts is a living
thing misplaced in the field, so the copy is made without loss.
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The Clock on the Earth Base

The mismatch-repair machinery faces a subtle problem, and the way the cell solves
it is the first great payoff of the base-planet map of Chapter Two. When the repair
enzyme finds a mismatched pair in freshly copied DNA, it knows one of the two
letters is wrong — but which one? The old strand carries the true letter; the new
strand carries the error. If the enzyme guessed at random it would be right only half
the time, and half its ‘repairs’ would carve the correct letter out of the old strand
and enshrine the mistake. To repair correctly, the cell must be able to tell, at every
point, which strand is old and which is new.

It does so with a time-stamp. Shortly after a strand is made, the cell hangs small
chemical markers — methyl groups — at particular points along it; but it does this only
after a delay, so that for a while a newly made strand is still bare of markers while the
old one it was copied from is already marked. ‘Marked’ therefore means ‘old’, and ‘bare’
means ‘new’, and the repair machinery reads this at once: wherever it finds a mismatch,
it trusts the marked strand and rewrites the bare one to match. The fresh copy is
corrected against the true original, never the other way around.

The clock on the Earth base — the cell tells old strand from new by the mark on adenine

old O @ >

new ‘

mismatch

. methyl mark on the adenine of GATC — present only on the older strand; A = Earth

the repair machinery corrects the UN-marked (new) strand — so the fresh copy is fixed to match the true one

The clock on the Earth base. The cell marks the older strand with methyl groups — placed, in
the bacterium, on the adenine of the sequence GATC — and does so only after a delay, so that a freshly
made strand is briefly unmarked. When a mismatch is found, the repair machinery trusts the marked (old)
strand and rewrites the unmarked (new) one. The mark of age is written on adenine: A = Earth.

Now here is the thing to carry away. The base on which that time-stamp is written —
the letter the cell chooses to mark, to record which strand is older — is adenine. In the
bacterium the marker is placed on the adenine of a short recurring sequence, and it is
this marked adenine that carries the cell’s record of age. And adenine, in the map of
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Chapter Two, is the base of the Earth. The clock of the genome — the chemical record of
which copy is older — is kept on the Earth base. One could hardly ask for a cleaner sign
that the letters are not arbitrary tokens: of the four, the one pressed into service to keep
time is the one this book assigns to the Earth, the very body whose turning gives us day
and night and the measure of time itself. Time, in the cell, is stamped on the Earth.

KEY IDEA

To tell an old strand from a new one, the cell writes a delayed chemical time-stamp —
and it writes it on adenine, the Earth base. The genome’s record of age is kept on the
letter of the Earth. The base-planet map of Chapter Two makes its first hard
prediction, and the biology confirms it: time is stamped on the Earth.

The Sun Falls on Mercury

The second payoff is the mirror of the first, and if anything more striking. DNA is not
only miscopied; it is damaged, from outside, by the environment — and the most
familiar assault upon it is sunlight. Ultraviolet light, the burning part of the Sun’s
rays, strikes the helix and does a very specific harm: it fuses together two
neighbouring bases on the same strand, welding them into a bulky, kinked pair that
the copying machinery cannot read through. The damage must be found, cut out,
and the gap rebuilt, and cells carry dedicated machinery to do exactly that. In
human beings, a defect in that machinery leaves the skin unable to repair
sun-damage, and every exposure to daylight becomes dangerous.
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two thymines fused —
a kink in the helix

TIT

The Sun falls on Mercury — sunlight damages the helix at thymine. T = Mercury,

the innermost planet, the one most exposed to the Sun. Repair enzymes cut out the fused pair and rebuild.

The Sun falls on Mercury. Ultraviolet sunlight fuses two neighbouring thymines on a strand
into a kinked dimer that blocks copying; repair enzymes excise the fused pair and rebuild the stretch. The
base that takes the Sun’s damage is thymine — T = Mercury, the innermost planet and the one most
exposed to the Sun.

And which two bases does the sunlight fuse? Overwhelmingly, it is two thymines —
adjacent thymines welded into what chemists call a thymine dimer, the classic and
commonest lesion of ultraviolet damage. Thymine, in the map of Chapter Two, is the
base of Mercury: the innermost planet, the one nearest the Sun, the one most scorched
by its light. When the Sun damages the address, the harm falls on the Mercury base —
on the letter this book assigns to the very planet that stands closest to the Sun and takes
the fiercest of its rays. Set the two findings of this chapter side by side and the pattern is
impossible to unsee. The cell keeps time on adenine, the Earth. The Sun does its damage
on thymine, Mercury. The letters play the parts their planets would give them — the
Earth keeping time, Mercury taking the Sun — and they do so not by our arrangement
but in the plain findings of molecular biology.

KEY IDEA

Ultraviolet sunlight damages DNA by fusing two adjacent thymines — the Mercury
base. The base that takes the Sun’s harm is the letter of the planet nearest the Sun.
Together with the age-clock on the Earth base, this is the base-planet map confirmed
twice over: the Earth keeps time, Mercury takes the Sun.

The Machinery at the Fork

Step back now and look at the whole fork in motion, for it is one of the most intricate
machines in nature and it ties this chapter back to the last. Unwinding the tightly
wound helix is itself hard work: an enzyme called a helicase runs ahead, prising the
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two strands apart and burning energy to do it, while other proteins rush in to coat
the exposed single strands and keep them from snapping back together or tangling.
A separate enzyme lays down the short starter pieces the polymerase needs to
begin; the polymerase follows, building and proofreading; a sealing enzyme stitches
the Okazaki fragments. It is a coordinated crew of many hands, each with one job,
moving down the DNA together.

The machinery at the fork — and gyrase and topoisomerase keep the linking number readable

gyrase
untwists ahead

SSB coats the open single strands

O —————e

helicase
(unwinds)

topoisomerase
relaxes behind

O

|

|

managing Lk = Tw + Wr in real time — the cell spends energy to hold the address open and untangled

The crew at the fork. A helicase unwinds the helix; single-strand binding proteins (SSB) coat
the opened strands; DNA polymerases build the new strands. Ahead of the fork, gyrase untwists the
overwound DNA; behind it, topoisomerase relaxes the strain. Together they manage the conserved linking
number Lk = Tw + Wr in real time.

Here is the link to Chapter Two. Recall that a closed loop of DNA carries a fixed
linking number, Lk = Tw + Wr, that cannot change without cutting a strand. But
unwinding the helix at the fork tries to change it — every turn the helicase opens ahead
of itself forces an extra twist to pile up further along, like the kinks that gather ahead of
an unwinding rope. If nothing relieved that strain the whole molecule would seize up. So
the cell deploys special enzymes — gyrase running ahead to untwist the overwound
DNA, topoisomerase behind to relax what is left — that cut a strand, let it swivel, and
reseal it, spending energy to keep the linking number of the address manageable while it
is copied. The conserved quantity of Chapter Two is not a static curiosity; here it is a live
constraint that the cell must actively pay to satisfy, moment by moment, as it copies the
coordinate.

Only the Beginning Is Chosen
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One more feature of the copying deserves attention, because it speaks to the deepest
claim of the book. A cell that can double every twenty minutes or every twenty hours
must somehow control how often it copies its DNA — and one might expect it to do
so by speeding up or slowing down the copying itself. It does not. Once begun, the
copying runs at the register’s own fixed rate, the same in a fast-growing cell as in a
slow one. What the cell regulates is not the speed of the copy but the decision to
start one. Initiation is gated, tightly and deliberately; elongation, once under way,
simply runs.

INITIATION Only the beginning is chosen

ELONGATION — once begun, runs at the register's fixed rate

>

the decision to copy is the controlled moment — the one-seed re-instanced

gated - regulated

Only the beginning is chosen. The cell does not regulate the speed of copying — once begun,
it runs at the register’s fixed rate. What is gated is the decision to begin a new copy. The controlled event is
the moment of re-instancing itself.

Read that through the lens of the Force of Time and it is the one-seed principle in
miniature. This book holds that the universe is a single seed re-instanced without end,
and that time itself is that re-instancing — the making of the next copy. If so, then the
one event that ought to be gated, controlled, chosen, is precisely the act of copying: the
moment a new instance is spawned. And that is exactly what the cell gates. It does not
fuss over the pace of duplication; it decides whether and when to make a new copy at all,
and having decided, lets the copy run. The controlled moment in the life of the cell is the
same as the controlled moment in the life of the cosmos: the re-instancing of the seed.

KEY IDEA
The cell regulates initiation, not elongation: the decision to begin a new copy is
gated; the copying itself, once started, runs at the register’s fixed rate. This is the

one-seed principle made cellular — the controlled event is the act of re-instancing,
exactly as time itself is the re-instancing of the single seed.

The Exception That Proves the Rule
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Every rule in biology has its illuminating exceptions, and the rule of fidelity has a
famous one. A handful of viruses — the retroviruses, of which the virus that causes
AIDS is the best known — do the opposite of everything this chapter has described.
They copy their genetic material sloppily, on purpose, with none of the proofreading
a cell insists upon, so that their offspring are riddled with errors. Far from a defect,
this is their strategy: by mutating furiously, they change their outward appearance
faster than the host’s immune system can learn to recognise them, slipping the net
by never holding still.

In the reading of this book the exception is precise and telling. If a normal cell’s
fidelity is the field conserving its address, then a retrovirus survives by refusing to
conserve its own — by scrambling its coordinate deliberately, staying just below the
threshold at which the immune system’s recognition can lock on. It is address-blurring
as camouflage. And it proves the rule it breaks: the reason the trick works is precisely
that everything else in biology keeps its address faithfully, so that a thing which will not
can hide in the noise. The pathogen buys its evasion at a steep price — a genome so
error-strewn that most of its copies are duds — which is why only a fast, disposable,
parasitic thing can afford the strategy. A cell that must persist, and be inherited, and
stay itself across the generations, cannot. It must keep its address true, and so it does.

What the Copy Is Keeping

Gather the chapter. We began with the difference between spoiling a recipe and
misdirecting an address, and found the cell treating its DNA unmistakably as the
latter — copying it with a layered, near-perfect fidelity that makes sense only if
every digit of the coordinate must be preserved. We watched the copy proceed along
the grain of the molecule, the arrow of time made chemical, continuous with the flow
and in backward fragments against it. We saw two independent systems of checking
bring the error rate down toward one in a billion, which this book reads as the
conservation law dXT=0 defending the address. We found the cell keeping its clock
on adenine, the Earth base, and taking the Sun’s damage on thymine, the Mercury
base — the base-planet map of Chapter Two confirmed twice, in the plain findings of
the laboratory. We saw the same conserved linking number of Chapter Two become
a live constraint the cell pays to satisfy as it copies. And we found that what the cell
gates is not the speed of copying but the decision to begin — the moment of
re-instancing, the one-seed principle made cellular.

As ever, not a single measurement has been altered. The fork still runs 5" to 3’; the
lagging strand still comes in Okazaki fragments; the time-stamp still falls on the adenine
of a short recurring sequence; the sunlight still fuses thymines. What has changed is that
these facts, laid side by side, stop looking like a list of unrelated mechanisms and start
telling one story: the field keeping its address true — conserving every letter, marking
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time on the Earth, taking the Sun on Mercury, and controlling only the moment of the
copy. Molecular biology, read this way, is not describing a very good filing system. It is
describing a coordinate in the fabric of reality, guarded as such.

KEY IDEA

The thesis of the chapter: copying DNA is the field keeping its address true.
Proofread to conservation-grade fidelity; its age stamped on the Earth base and its
sun-damage taken on the Mercury base; its linking number actively managed; and
gated only at the moment of re-instancing. The enzymology is intact; its meaning is
the conservation of a T-coordinate.

Why This Should Matter to You

There is a reason this chapter’s machinery reaches into your own life more directly
than any so far. Every one of the perhaps thirty trillion cells in your body carries a
copy of your address, and most of them will copy it again and again across your
lifetime, each division another chance for a letter to slip. The proofreaders and
repairers of this chapter are what stand between you and that slow erosion — and
when they falter, the consequences have names. A cell whose copy of the address
has drifted, whose stop-signal is lost, grows without ceasing; we call that cancer,
and later chapters will read it, in this book’s terms, as an address gone astray. A
body whose repair machinery is worn thin ages faster and burns in the sun; the child
born without the sun-repair enzymes cannot go out in daylight. The fidelity of the
copy is not an abstraction. It is, quite literally, the keeping of you.

And there is a hopeful edge to it, which the book will sharpen in its medical chapters.
If disease, at its root, is an address that has drifted from its true value, then the deepest
aim of medicine is not merely to kill the errant cell but to set the address right — to
restore the coordinate to the node it should have kept. That is a claim for later, tested
against real conditions in the chapters ahead. For now it is enough to see how much
rides on the faithful copy, and with what care the cell makes it. We have watched the
address written, in Chapter Two, and copied, here. In the next chapter we watch it read
— the moment the coordinate is consulted and something is built from it — and meet the
machine that does the reading.

The Numbers at a Glance

The mechanisms of copying, and the reading the Force of Time gives each. Every biological fact is
left exactly as measured.
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