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In which a developing egg needs no message from the outside world at all — for here

the cell keeps its own time, making the smallest part of its protein factories first and

storing it against the day it will be needed, and copying a single address a hundred
thousandfold when the moment demands.

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 synthesis of 5S ribosomal RNA
in the frog Xenopus — the first clear case of development regulated by internally
generated signals rather than by the environment. Read through the Universal Force of
Time, it is the field keeping its own developmental time and replicating single addresses
on demand: a node building a body from within.

Until now, every regulator in this book has faced outward — reading the sugar in the
broth, the amino acid in the pool, the damage in the host. This chapter turns the ear
inward. A developing egg answers to no outside cue for its plan; it generates its own
timed, patterned signals and follows them. The frog’s egg shows this with unusual clarity
in the way it prepares one part of its protein factories: it makes the small 5S ribosomal
RNA first — over about two months, by a dedicated machine, RNA polymerase III — and
stores it away, long before it makes the larger ribosomal RNAs and proteins it will join.
The parts are timed from within.

There is a second marvel: the cell provisions for vast demand by copy-number. It
carries the 5S gene in about a hundred thousand copies, and it keeps the ~450 larger
rRNA genes at baseline only to amplify them selectively, on demand, just before growth
— letting the extra copies subside afterward. And a single zinc-finger factor, TFIIIA,
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grips both ends: it switches the 5S gene on and binds the 5S RNA it makes, so the
product can feed back and limit its own source.

Here is the reading this book gives it. Development is a T-node keeping
developmental time — expressing one address early and another late in a self-generated
order, with no external hand on the clock. Its provisioning by copy-number is the
one-seed doubling law used surgically: T-replication of a single coordinate as a
regulatory act, turned up when demand requires and released when it passes. And the
shared factor is dXT homeostasis — an address measuring its own expression and
holding it level. Operons answer the world; a developing egg builds a body from within.
This is where the biology of the cell becomes the biology of the organism.

Carry this into the chapter: development is the node running its own internal T-schedule
and amplifying single addresses on demand. Timing from within, supply from within — a
schedule and a stockroom that are the cell’s own. The field reads its registry in an order
it sets for itself, and copies, at will, the coordinates it will most need.

The Signal From Within

Every regulator we have met so far has faced outward. The lactose operon reads the
sugar in the broth; the tryptophan leader reads the supply of an amino acid; even
lambda’s switch, for all its inner memory, is thrown by damage arriving from
outside. Each is a cell listening to its world and adjusting. This chapter turns the ear
the other way. For a developing organism — an egg becoming an embryo, a single
cell becoming a body — does something none of those systems needs to do: it
generates its own signals, on its own timetable, in its own spatial pattern, and
follows them. Nothing in the broth tells a frog’s egg when to build the machinery for
its own growth. The egg tells itself. It keeps its own time.

This is a larger shift than it may first appear, and it is worth naming plainly, because
it is the doorway from the biology of the single cell into the biology of the whole living
thing. To read the environment and respond is one kind of control; to run an internal
programme — to decide, from within, which address to express and when, with no
outside cue at all — is another, and it is the kind that builds a body. In the reading of this
book, this is a T-node keeping developmental time: the field laying down a self-generated
schedule, reading its own coordinates in an order it sets for itself. We shall watch it in
one small, exact instance — the way the frog Xenopus makes one component of its
protein factories — and find in that instance the whole principle of development in
miniature.
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From the Environment to the Egg

Consider what an egg has to accomplish. From one cell it must raise a creature of
many kinds of cell, each in its right place, each doing its right work, and it must do
this in the correct order, for a heart built before there is blood to fill it would be no
use. There is no supervisor. There is no set of instructions handed in from outside.
Everything the embryo needs to know about when and where it must generate for
itself, from asymmetries laid into the egg and from the timed release of its own
molecules. The environment sets the stage — warmth, water, food — but the play is
directed entirely from within.

The frog’s egg is a favourite of biologists for this study because it is large, it develops
outside the mother where it can be watched, and it lays its plans early. Long before it
will grow in earnest, it lays in stores — stockpiles of the parts it will need, prepared
ahead of the demand and held ready. And the clearest window onto this forethought is
the way the egg prepares the most numerous machine in any cell: the ribosome, the
factory on which every protein is built. To grow, the embryo will need ribosomes in their
millions. How it readies the parts for them, and when, shows the internal clock at work
with unusual clarity.

A Ribosome in Pieces

A ribosome is not a single molecule but an assembly — two subunits, a large and a
small, each a woven cluster of special RNA molecules and a set of proteins. The RNA
at the heart of a ribosome is not messenger RNA carrying a gene’s instructions; it is
ribosomal RNA, structural and catalytic, part of the machine itself. The large subunit
is built around three such RNAs, known by their sizes as the 28S, the 5.8S, and the
small 5S; the small subunit is built around one, the 18S. Around these the ribosomal
proteins fold and clasp, and the finished factory is ready to read messages and build
proteins.
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A ribosome, built from many parts — one of them the 5S RNA

large subunit

small subunit

28S RNA J [ 5.85 RNA J

5S RNA [ + proteins

~_

The 55 RNA (gold) is a small piece of the large subunit — and it is made first, and on its own schedule.

18S RNA

+ proteins

A ribosome, built from many parts. The large subunit is woven around three ribosomal RNAs
— 28S, 5.8S and the small 55 — with its proteins; the small subunit around the 18S RNA with its own. The
5S (gold) is a minor piece by size, but it is made first, and on a schedule of its own.

Now the smallest of these RNAs, the 5S, is a modest thing — a short molecule, a
minor piece of the large subunit by any measure of size. And yet the cell treats it with a
peculiar and revealing care. It is made by a different machine from the others, on a
different clock, far in advance, and stored. Why the cell should single out this one small
part for such early and separate attention is the thread we now follow, and it leads
straight to the heart of how a body schedules its own construction.

Made Out of Order

Here is the arrangement, and its strangeness is the whole point. One might expect a
cell to make the parts of a ribosome together, in step, so that they meet and
assemble as they are made. The frog’s egg does not. It makes the 5S RNA first —
long first, over a stretch of about two months — and it makes it with a dedicated
machine, RNA polymerase III, one of the cell’s three separate transcribing engines.
Having made a great store of 5S, the egg does not use it at once. It packs it away,
bound up in storage particles, and sets it aside. Only later, when growth begins in
earnest and the ribosomes are actually to be assembled, does the cell make the
other, larger ribosomal RNAs and the ribosomal proteins — and only then does the
stored 5S come out to join them.
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Made out of order — the parts on an internal clock, not an outside cue

first - ~2 months - RNA polymerase IIl later, when needed

5S RNA 18S - 285 - 5.8S + proteins ribosome

stored in 7S & 42S particles .
time

The cell makes 55 long before the rest and stores it — a schedule generated from inside the developing egg.

Made out of order. The 5S RNA is made first — over about two months, by RNA polymerase
Il — and stored in 7S and 42S particles. The larger rRNAs (18S, 28S, 5.8S) and the ribosomal proteins are
made later, when the ribosome is actually to be built. The parts are timed from within.

Read what that means. The cell is working to a plan that is spread across time —
making one part months ahead of the others and holding it in reserve. This is not a
response to any signal in the moment; it is forethought, a schedule laid down in advance
and followed. In the reading of this book, the egg is running an internal T-clock: the field
is keeping developmental time, expressing one address early and another late in an
order that comes from inside the organism, not from anything outside it. The ribosome
will be built to a timetable, and the timetable is the egg’s own.

The Clock With No Hands Outside 1t

Pause on the timekeeping itself, because it is the deep novelty of the chapter and the
pivot on which the second half of this book turns. Every control before this one had
its hand set by the world: the sugar rose, so the operon opened; the amino acid fell,
so the leader read through. The clock, in each case, was outside the cell, and the cell
merely followed it. Here there is no such external hand. The egg is not waiting for a
cue that says now make 5S, now store it, now make the rest. It carries the sequence
and the timing within itself and unrolls them of its own accord. The clock has no
hands outside the organism at all.

This is exactly what a developing thing must be able to do, and it is why development
sits at the centre of this book’s argument. If the genome is a T-address registry — the
coordinate system that locates a living thing in the field — then building a body is the
field reading out that registry in a self-determined order, expressing this coordinate now
and that one later, laying pattern in space and sequence in time from an internal
programme. The frog’s early, separate, stored 5S is one tick of that internal clock caught
in the open. A cell that can schedule one part of one machine months ahead of its use is
a cell keeping its own time; and a thing that keeps its own time can build itself without a
supervisor, which is precisely what every embryo does.
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A Hundred Thousand Copies

There is a second marvel here, quite as telling as the timing, and it concerns not
when the cell makes a thing but how it arranges to make so much of it. A growing
embryo will need its ribosomal parts not in dozens but in astronomical numbers.
Faced with such a demand, the cell does something that at first seems extravagant
and, on reflection, is deeply logical. For the 5S RNA it does not carry one copy of the
gene and read it very hard. It carries the gene itself in enormous multiplicity — on
the order of a hundred thousand copies of the 5S gene, laid through the genome.
The address for this heavily demanded product is written not once but a hundred
thousand times over.

One address, a hundred thousand copies

the 5S gene — about 100,000 copies in the genome

EEEEEEENENNNENNNNENEENNEEnm
EEEEEEENEEN NN NN ENEEEEEEEnm

1 EEEEEEENENNNEENNEEEEEEEEENm
EEENREENEENNEENEEENEENEEEN
an erdinary gene AEEEEEENEENEENNEEEEENNEEEN

(one copy)

EENEEENNENNNENNENNNENNEEEnm
EENEEEENENNNENNFNNNENNNEEnm
EEEEENENENENEENENENENEENEN

When a cell will need a product in vast numbers, it carries the address in vast numbers.

One address, a hundred thousand copies. An ordinary gene sits in the genome as a single
copy. The 5S gene is carried in about a hundred thousand copies — the cell meeting a vast future demand
not by reading one address harder, but by holding the address in vast number.

It is worth feeling the force of that number. Most genes sit in the genome singly, one
address read as needed. The 5S gene is present a hundred thousandfold — a coordinate
deliberately multiplied, so that when the demand comes, a hundred thousand sources
can pour out product at once. In the reading of this book, this is copy-number as a form
of T-provision: when a particular address must supply the field in great quantity, the
field holds that address in great quantity. The genome is not a lean list of single
instructions; where it must, it stockpiles a coordinate, writing the same T-address again
and again against a future need.
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Amplify on Demand

And now the arrangement grows subtler still, and reveals itself as an active,
on-demand control rather than a fixed feature. For the larger ribosomal RNAs — the
18S, the 28S, the 5.8S — the cell does not permanently carry a hundred thousand
genes. It carries a more modest set, some hundreds — on the order of four hundred
and fifty — and then, just before it needs the rush of rRNA for growth, it selectively
copies those genes up, amplifying them many times over for the occasion. When the
need has passed, the extra copies are let go and the count returns toward its
baseline. The cell reaches for more of one address exactly when it is wanted, and no
sooner.

Amplify on demand — copy one address up, then let it subside

11 ampiity ENEERRNEEEEN subsides 11 |

1T INENNENESENE — pmEm
EEEEESEENNER
uEN EEEEEENNNNEN AN
~450 rRNA genes DDDDDDDDDDDD back to baseline

amplified — many copies, made just before the rRNA is needed

Amplify on demand. The cell keeps about four hundred and fifty rRNA genes at baseline,
then selectively copies them up — many times over — just before the rRNA is needed for growth, and lets
the extra copies subside afterward. Copy-number becomes a control that is turned up and down.

Selective gene amplification, this is called, and it is a remarkable thing to find a cell
doing: making more of a specific stretch of its own genome, on purpose, for a while. In
the reading of this book it is the one-seed doubling law — the replication that copies a
T-address — applied not to the whole genome at once, as in ordinary cell division, but
surgically, to a single coordinate. The field replicates one address when demand
requires it and lets the copies subside when demand passes. Replication, which we have
met as the great engine of inheritance, is here turned into a fine instrument of control: a
way of turning the supply of one product up and down by writing and erasing copies of
its address.
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KEY IDEA

Development runs on an internal clock. The frog’s egg makes the 5S RNA first — over
about two months, by RNA polymerase III — and stores it, then makes the larger
ribosomal RNAs and proteins later, in a sequence generated from inside the organism
with no outside cue. And it provides for great demand by copy-number: the 5S gene is
carried in about a hundred thousand copies, while the ~450 rRNA genes are
selectively amplified on demand and let subside afterward. In this book: development
is a T-node running its own timed schedule and replicating single addresses when it
needs them — the field building structure from within.

Replication as a Regulatory Act

It is worth dwelling on that turn, because it recasts something we thought we
understood. Replication has appeared in this book as the very definition of
inheritance — the faithful doubling of the whole genome so that each daughter cell
carries the complete address. Here it wears a different hat entirely. The cell is not
dividing; it is not copying everything. It is copying one region, on demand, to meet a
need, and then reversing the act. Replication has become a knob. The same
molecular machinery that, run over the whole genome, produces a new cell, run over
a single stretch produces a burst of one product.

In the Force of Time this is a natural and even expected move, for replication is
simply the field copying an address, and there is no reason the field should only ever
copy the whole registry at once. To copy one coordinate, briefly, to raise the supply of
what it encodes, is the same act at a smaller scale — T-replication used as a regulatory
act rather than a hereditary one. And it fits the conservation law without strain: the
extra copies are made when needed and released when not, the field redistributing its
substance toward one address for as long as the moment warrants and no longer. What
looks, from the outside, like the cell rewriting its own genome for convenience is, in this
reading, the field exercising its most basic operation — copying an address — with
unusual precision of aim.

The Factor That Holds Both Ends

There is one more piece to this small system, and it is the most elegant of all, for it
closes a loop. A single protein oversees the 5S gene — a factor called TFIIIA, one of
the class of proteins that grip DNA with little folded structures shaped around atoms
of zinc, the so-called zinc fingers. TFIIIA does the expected thing: it binds the 5S
gene and switches it on, one of the activators the polymerase needs to read the
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address. But it also does an unexpected thing. The very same protein binds the 5S
RNA product — the molecule the gene makes — and holds it, helping to store it in
those reserve particles until it is wanted.

One factor grips both ends — the product throttles its own source

activates zinc-finger factor Rjnds & stores

5S gene 5S RNA product

TFIIIA turns the gene on and then holds the RNA it made — output measuring, and limiting, its own source.

One factor grips both ends. TFIlIA, a zinc-finger protein, both activates the 5S gene
(switching on its transcription) and binds the 55 RNA it produces (helping store it). The same hand that

turns the source on also holds the output — a loop by which the product can feed back on its own making.

Sit with that arrangement for a moment, for it is quietly perfect. One protein grips
both ends of the process: the gene at the source, and the RNA at the far end. That means
the product and the source are tied together through a single molecule — and whenever
a factor is shared between a gene and the thing the gene makes, the thing the gene
makes can reach back and govern the gene. If the free product is abundant, it can
occupy the shared factor and so hold it away from the gene, damping further making; if
the product is scarce, the factor is free to activate the gene, and making resumes. The
output has been given a hand on its own tap.

WORKED EXAMPLE - the product governing its own source

Follow the shared factor, TFIIIA, through two situations. When 5S RNA is scarce:
little product is about to occupy TFIIIA, so the factor is free to sit on the 5S gene and
switch it ON — more 5S is made. When 5S RNA is plentiful: abundant product binds
and ties up TFIIIA, drawing it away from the gene — activation falls, and making
slows. One protein, holding both the gene and its product, lets the level of the output
set the activity of the source — a self-limiting loop. In this book: an address that
measures its own expression and throttles it, holding output level by conserving flow
(dXT).
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A Product That Limits Itself

What that shared factor accomplishes is a kind of homeostasis — a holding-steady —
and it is worth naming the shape of it because it recurs everywhere in living things
and everywhere in this book. A system in which the product of a process can slow
the process that makes it is a system that seeks a level. Too little product, and
making speeds up; too much, and making slows; and the amount is held, without any
outside gauge, around a value the loop itself defines. The 5S story gives us this in
the cleanest form: the RNA, through the factor it shares with its own gene, has a say
in how much more of itself is made.

In the reading of this book, this is the conservation law showing through as
steadiness. The field holds the output of an address near a level by letting the output
feed back on its source — not creating and destroying without measure, but measuring
and adjusting, redistributing flow to keep a pool near constant. We met the same shape
in the tryptophan factory that shut itself down when its shelves were full; we meet it
here in an RNA that helps set the rate of its own transcription. Different molecules, one
principle: an address that reads its own expression and limits it, so that the quantity of a
thing is governed by the thing itself. Wherever the field must hold a level, it builds a loop
like this, and the loop is conservation wearing the face of control.

Building From Within

Gather the two great features of this chapter, for together they define what it means
to develop. The first is timing from within: the egg makes one part early and stores
it, another part late, following a schedule it carries inside itself, answerable to no
outside cue. The second is supply from within: the cell provides for vast, specific
demand by copy-number — holding one address in a hundred thousand copies,
amplifying another when the moment comes and releasing it when the moment
passes. A schedule and a stockroom, both internal, both self-generated. With these,
a single cell needs nothing from the world but its raw materials; the plan and the
provisioning are its own.

This is why development, in the reading of this book, is where the biology of the cell
becomes the biology of the organism. An operon is a T-node answering its surroundings.
A developing egg is a T-node building a body from an internal programme — keeping
time, laying pattern, replicating single addresses on demand, holding its own outputs
level. The frog’s modest handling of one small RNA shows all of it at once: the field
reading its own registry in an order it sets for itself, and provisioning that reading by
copying, at will, the coordinates it will most need. From here the story of this book opens
outward — from single genes switched by the moment to whole bodies scheduled from
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within — and it opens through exactly the capacities this chapter has laid bare.

Why This Should Matter to You

You began as one cell, and you were built from within. No hand reached into the egg
you grew from to tell it when to make your heart or where to place your hands. The
timing and the pattern came from inside — from clocks and stores and schedules
laid down in the first cell and unrolled, in their proper order, over the months of your
making. Everything this chapter describes in a frog’s handling of one small RNA is,
in richer and more tangled form, the very process by which you took shape: an
internal programme, keeping its own time, provisioning its own needs, building a
body with no supervisor but itself.

And the same principles rule you still, long after birth. Your cells keep time —
dividing, resting, renewing on internal schedules — and they hold their outputs level by
loops exactly like the one that governs the frog’s 5S RNA, each address measuring and
limiting its own expression. When those clocks and loops hold true, you are well. When
they fail — when a cell loses its schedule, or amplifies an address it should not, or ceases
to limit a product it should hold in check — the results have names, and some of them
are grave; a cell that copies the wrong coordinate without restraint, or forgets when to
stop, is a cell on the road this book will reach in its final chapter. For now, hold this: you
are a thing that builds and maintains itself from within, on its own time, by its own
provisioning; and the clock that first set your parts in order has never stopped keeping
time inside you.
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The Numbers at a Glance

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

Part of the schedule m The Force of Time reading

5S RNA, made first ~2 months ahead, by RNA an 1nterpa1 T-clock — the node
polymerase III scheduling itself

Stored ahead of use held in 7S and 42S particles forgthought — a coordinate laid in
against demand

5S gene copies about 100,000 in the genome COTgFINEIE 615 U1 SEDU EHEIn AU Gl U
demand

rRNA genes about 450, amplified on demand INIINEE RN @8 QIO CE L BRIV ICR T
and down

The ribosome’s RNAs 18S, 5.8S, 28S and 5S one machine, its parts timed
separately from within

TFIIIA zinc-finger; binds gene and product (EI5(E) HEYEU0Ts Ltal G Hatsy Lol GIREt) —
product governs source

Product feedback the RNA limits its own making .dZT homeostasis — an address holding
its level
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