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In which the sleeping virus of Chapter Fourteen earns its long rest by doing one
exact thing — folding its own thread into the host’s chromosome at a single

appointed site, so that it will be copied and passed on forever with the rest — and in
which the same reaction, run backward, lifts it out again without the loss of a letter.

Tau (Τ) 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 Τ-flow. There is no gravity, no electromagnetic force, no strong nuclear
force as separate entities: all are registers of the single Τ-field operating across dimensional
levels. The conservation law dΣΤ=0 governs all change: Τ is never created or destroyed,
only redistributed.

Introduction — Through the Force of Time

The chapter that follows is, in the conventional telling, the integration and excision of
bacteriophage lambda — the site-specific recombination by which a prophage folds into
the host chromosome and is later cut back out. Read through the Universal Force of
Time, it is reversible address-loading at a defined coordinate, and the discovery that
faithful inheritance means membership in the conserved registry.

Chapter Fourteen left a question unanswered: how does a sleeping virus manage to
be inherited? A bacterium copies its own chromosome with great care and gives one
copy to each daughter, but a loose ring of viral DNA drifting free is at the mercy of
chance — sooner or later a lineage divides and a daughter is left with none. A free copy
is a copy that will be lost. To be reliably handed down, a thing must become part of the
one structure the cell is built to copy and distribute perfectly: the chromosome itself. So
the sleeping virus writes itself in.

It does so at one precise place. The phage carries a short site, attP; the host carries a
matching site, attB; the two share a core and recognise each other. A single enzyme, the
integrase Int, brings attP and attB together, cuts, and rejoins them crosswise, so the
phage’s ring is spliced bodily into the chromosome — attP × attB becomes attL … attR,
and the phage is now a continuous length of the host’s DNA. From that moment it is
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inherited automatically, copied and segregated with the chromosome, lost only about
once in a million divisions. And the door opens both ways: the same reaction, run
backward by Int together with a second protein, Xis, recombines the junctions (attL ×
attR → attB + attP) and lifts the phage out as a free ring, restoring the chromosome
exactly, without a scar. Infection runs it in; induction runs it out; the direction is set by
whether one small protein, Xis, is present.

Here is the reading this book gives it. The att site is a defined docking coordinate in
the Τ-address registry, and Int writes a foreign address into that slot; Int with Xis reads
it back out. This is the reversible, conserved load-and-unload first glimpsed in the
self-complementary cos ends of Chapter Fourteen, now shown as a directed enzymatic
reaction with a clean inverse: an address inserted into the coordinate system and cleanly
retrieved, letter for letter, nothing gained or lost. That exactness is the conservation law
made visible — dΣΤ=0 as the literal restoration of a chromosome after a virus has come
and gone.

And the deepest point is about inheritance itself. The phage persists not by clinging
on but by joining the registry — by becoming part of the coordinate system the field
faithfully replicates. Faithful inheritance, in the Force of Time, is membership in the
conserved Τ-address: what is written into the registry is carried along because it has
become part of what is conserved, while a free-floating copy, outside the registry, drifts
and is lost. Permanence is membership. It is the same reversible, site-defined editing
that the two chapters to come will show used to move addresses about (the transposons)
and to combine them into new ones (the antibody machinery); lambda is its clearest,
cleanest member — one address in, one address out, at one site, with an exact reverse.

Carry this into the chapter: integration is loading a Τ-address into the registry at a
defined coordinate, and excision is the reverse of one reaction; the field can write an
address in and erase it again with nothing lost. And to be inherited is to be part of the
conserved registry — the deepest permanence a thing can have is to become a line in the
book that is faithfully passed on.

SECTION 18.1

The Problem of Permanence
Return to the sleeping virus. In Chapter Fourteen we watched lambda choose the
quiet life — to fold itself into a bacterium and be carried, silent, through the
generations. We called that state lysogeny and marvelled that it could last a hundred
divisions. But we passed over a question that now deserves its own chapter, because
its answer is one of the cleanest illustrations in all of biology of what this book
means by an address. The question is simply this: how does a sleeping virus manage
to be inherited? A bacterium copies its own chromosome faithfully every time it
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divides, and hands one copy to each daughter. But a virus is a foreigner. What must
it do to be copied along with the rest — to become, for practical purposes, a
permanent part of the cell?

A loose copy will not do. A ring of viral DNA drifting free in the cell’s interior is at the
mercy of chance: when the cell divides, there is no machinery bound to see that each
daughter gets one, and sooner or later a lineage will divide and leave a daughter with
none. A free copy is a copy that will, eventually, be lost. To be reliably inherited — to be
handed down every time, without fail — a thing must be part of the one structure the cell
is built to copy and distribute with perfect care: the chromosome itself. And so the
sleeping virus does the one thing that will make it permanent. It writes itself into the
chromosome. In the reading of this book, it earns its inheritance by joining the registry
— the coordinate system the field faithfully replicates — and this chapter is the story of
how it files itself in, and how it can be filed out again.

SECTION 18.2

Two Sites That Recognise Each Other
The virus does not fold into the chromosome just anywhere. It enters at one
particular place, a specific site on the host’s DNA reserved, as it were, for exactly
this. The site has a name — att, for attachment — and there are two halves to the
recognition: a short stretch on the phage’s own circular DNA, called attP, and a
matching short stretch on the host chromosome, called attB. These two are made to
find each other. They share a core of sequence, so that the phage’s attP can pair
precisely with the host’s attB, and only there. The virus, in other words, does not
insert itself at random; it docks at a defined coordinate, the one address on the
whole host chromosome where its own matching address will fit.

Figure 18.1.  Two docking sites that recognise each other. The phage carries attP on its circular DNA; the
host chromosome carries attB. They share a common core, so the two can pair — a single specific

coordinate on the whole chromosome where the phage may join.
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In the reading of this book, att is a docking coordinate in the registry — a defined slot
at which a foreign address may be inserted. That the joining happens at one precise
place, and not haphazardly, is the whole point: the phage is not smeared into the
genome but filed at a fixed address, so that everything about the insertion — where it
goes in, and how it will later come out — is exact and repeatable. A registry that could
only be scribbled in at random would be no registry. This one has a slot, and a matching
key, and the two recognise each other.

SECTION 18.3

Written In
The joining itself is done by a single dedicated enzyme, the integrase, written Int,
made by the phage for exactly this purpose. Int takes hold of the phage’s attP and
the host’s attB, brings them together, cuts both, and rejoins the ends crosswise — so
that the phage’s circle is opened and spliced bodily into the host’s chromosome. This
is not a copying; it is a true joining, a recombination of two DNA molecules into one.
When it is done, the phage’s DNA is no longer a separate ring but a continuous
length of the host chromosome, with the rest of the host’s genes to either side of it.
The old att site has become two new ones, one at each junction, now called attL and
attR — the left and right seams where the phage was sewn in.

Figure 18.2.  Written in. The integrase Int brings attP and attB together, cuts, and rejoins crosswise, so
the phage’s ring is spliced into the host chromosome. The reaction attP × attB → attL … attR leaves the

phage DNA as a continuous length of the chromosome — filed at a fixed address.

The reaction is worth stating as an equation, because its tidiness matters: attP
crossed with attB gives attL and attR, and the phage between them. One site on the
phage and one on the host become two sites flanking the inserted phage. In the reading
of this book, Int has written a foreign Τ-address into the host registry at the appointed
slot. The phage’s coordinate is now part of the host’s coordinate system,
indistinguishable, for the purposes of copying, from any native stretch. And that is
precisely what the phage needed: having become a length of the chromosome, it will
now be copied whenever the chromosome is copied, and handed to a daughter whenever
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the chromosome is handed down.

SECTION 18.4

To Be Inherited Is to Join the Registry
Here is the reward, and it is the deep point of the chapter. Once the phage is spliced
in, it is inherited automatically, with no further effort of its own. Every time the
bacterium copies its chromosome to divide, it copies the phage along with it,
because the phage is now simply part of the chromosome; and every time it
distributes a copy to each daughter, each daughter gets the phage too. The
integrated virus is lost only very rarely — about once in a million divisions — and
that steadiness is not something the phage must work to maintain. It is a free gift of
having joined the structure the cell already copies and distributes with the greatest
care. The foreigner has become a citizen, and inheritance follows from citizenship.

In the reading of this book, this is what faithful inheritance is: being part of the
Τ-address that the conservation law preserves. The field replicates its registry — copies
the coordinate system, whole, and hands it on — and anything written into that registry
is carried along, conserved, because it has become part of what is conserved. A
free-floating copy, outside the registry, has no such protection; it is not part of the
conserved coordinate system, and so it drifts and is lost. Permanence, for a Τ-address,
means membership. The phage does not persist because it clings on; it persists because
it has become a line in the book that the field copies faithfully forever.

KEY IDEA

A sleeping virus is inherited only by joining the host’s chromosome. The phage
carries attP and the host attB — matching sites that mark one specific coordinate.
The integrase Int recombines them (attP × attB → attL … attR), splicing the phage
bodily into the chromosome, where it is copied and passed to every daughter, lost
only ~once in 10⁶ divisions. The same reaction, run backward by Int together with Xis
(attL × attR → attB + attP), lifts the phage cleanly out, restoring the chromosome
exactly. In this book: integration is loading a Τ-address into the registry at a defined
slot, and excision is the reverse of one reaction — to be inherited is to be part of the
conserved registry.

SECTION 18.5

The Same Reaction, Backward
A door that only opened inward would be a poor door. The sleeping virus, we saw in
Chapter Fourteen, can wake — and to wake and escape it must get out of the
chromosome again, cut loose from the host to become a free, replicating ring once
more. Nature could have solved this with a second, separate mechanism, some blunt
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instrument to hack the phage back out. It did not. It uses the very same reaction, run
in reverse. The junctions attL and attR — the two seams where the phage was sewn
in — are brought together and recombined, undoing exactly what integration did:
attL crossed with attR gives back attB on the host and attP on the phage, and the
phage circle springs free, whole, while the host chromosome closes over the gap
without a scar.

Figure 18.3.  The same reaction backward. To leave, the phage recombines its two junctions: attL × attR
→ attB + attP. The integrase Int, now working together with a second protein, Xis, runs the reaction in
reverse — the phage exits as a free ring and the host chromosome is restored exactly, without a scar.

There is one addition for the reverse. Integration needs only Int; excision needs Int
together with a second phage protein, Xis, the excisionase. With Xis present, the
machinery runs backward; without it, forward. But it is the same recombination, the
same sites, the same enzyme at its heart — a single reaction with two directions, not two
reactions. In the reading of this book, this is the reversible, conserved load-and-unload
we first glimpsed in the self-complementary cos ends of Chapter Fourteen, now shown
as a directed enzymatic reality. An address can be written into the registry and, by the
reverse of the same operation, cleanly retrieved. The insertion has a clean inverse, and
the inverse leaves nothing behind.

SECTION 18.6

The Direction Is Set by the State
If integration and excision are the two directions of one reaction, then everything
depends on which way it runs — and here the design is beautifully economical. The
direction is not decided by the reaction itself but by the cell’s state, through the
simple presence or absence of Xis. When a phage first infects a cell and is choosing
the quiet life, the machinery runs forward: Int, acting alone, integrates the phage.
When the sleeping phage is later induced to wake — roused, as we saw, by damage
to the host — Xis is produced, and now the machinery runs backward: Int and Xis
together excise the phage. Infection folds the address in; induction lifts it out; and
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the switch between them is whether one small protein is present.

Figure 18.4.  One reaction, two directions. Infection runs the reaction forward — Int alone integrates the
phage. Induction runs it backward — Int together with Xis excises it. The direction is set not by the reaction

but by the cell’s state, through the presence or absence of the single protein Xis.

In the reading of this book, the direction of the load-unload is set by the field’s state.
The same reversible operation on the same coordinate is driven forward or backward
according to the condition of the node: infect, and the address goes in; the host fails, and
the address comes out. This is exactly the pattern we have watched throughout this part
of the book — a reversible operation whose sense is chosen by circumstance — and it is
the deep reason the whole arrangement is so clean. There is only one reaction to build
and to trust; the field need only tip it one way or the other, by making or not making a
single small protein, to write an address in or read it out.

WORKED EXAMPLE  ·  in and out at one site

Track the site through a full cycle. Infection. Phage attP + host attB, and Int alone →
recombine → attL … attR, the phage now integrated in the chromosome and inherited
(lost only ~1 in 10⁶ divisions). Rest. The prophage is copied and segregated with the
host, generation after generation — a permanent line in the registry. Induction. Host
DNA damaged → the phage wakes and makes Xis → Int + Xis recombine attL × attR →
attB + attP, the chromosome restored exactly and the phage a free ring, ready to
replicate and escape. One site, one reaction, two directions — and the address is
written in and read out with nothing gained or lost. In this book: reversible
Τ-address-loading at a defined coordinate, its sense set by the field’s state.
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SECTION 18.7

Nothing Lost
Dwell for a moment on how clean the whole cycle is, because cleanliness here is not
a nicety but the heart of the matter. When the phage integrates, no letter of the
host’s DNA is destroyed and none of the phage’s is left behind; the two are simply
joined. When the phage excises, the host chromosome is restored to exactly what it
was, and the phage recovered exactly whole. Run the reaction forward and back,
and you return precisely to where you began, as if nothing had happened — the
same host sequence, the same phage ring. The operation and its reverse compose to
nothing. This is not an approximation; it is exact, down to the base.

In the reading of this book, this exact reversibility is the conservation law made
visible in the traffic of a virus. The theory holds that the field’s operations, built from the
lattice, are invertible by their nature — that a chain walked out from a coordinate can be
walked back to it, and that closing the loop is the proof nothing was lost. Integration and
excision are that principle in the plainest possible form: an address walked into the
registry and walked back out, returning the registry unchanged. dΣΤ=0 — nothing
created, nothing destroyed — is not, here, an abstract conservation of some quantity we
cannot see; it is the literal, letter-for-letter restoration of a chromosome after a virus has
come and gone. The field can write into its registry and erase again, and the register is
neither swelled nor diminished by the visit.

SECTION 18.8

One Operation, Many Uses
It is worth knowing that this trick — joining two DNA molecules at matching sites by
a dedicated enzyme — is not lambda’s alone. It is a general operation of the living
world, called site-specific recombination, and it recurs, in different dress, wherever
DNA must be joined or rearranged at defined places. Lambda’s integration is one of
three great instances this book will touch. The next chapter meets the restless,
self-copying stretches of DNA that hop from place to place in a genome; the chapter
after that meets the astonishing shuffling of gene segments by which the immune
system builds its endless variety of antibodies. All three are the same kind of act at
bottom: DNA cut and rejoined at particular sites, addresses moved and joined within
the registry by dedicated machinery.

In the reading of this book, site-specific recombination is the field’s general tool for
editing its own registry — for writing an address into a defined slot, moving it, or joining
it to another. Lambda shows the tool in its simplest and most reversible form: one
address in, one address out, at one site, with a clean inverse. The transposons of the next
chapter will show the tool used to move addresses about; the antibody machinery will
show it used to combine addresses into new ones. But the operation is one family, and
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lambda is its clearest member — the place to learn what it means for the field to take up
a length of its own coordinate system and re-file it, precisely, somewhere else.

SECTION 18.9

Why This Should Matter to You
The quiet drama of a virus filing itself into a chromosome may seem remote from
your life, but it is not, for two reasons that touch you closely. The first is that some of
the viruses that infect human beings do exactly what lambda does — they integrate.
The virus that causes one grave and lasting human infection writes its own genetic
material permanently into the chromosomes of the cells it enters, becoming, like a
prophage, a line in the host’s own book, copied with the cell and hidden from view.
To understand integration is to understand why such an infection is so hard to clear:
you cannot easily remove what has been sewn into the registry itself. And to
understand that integration has, in lambda, a clean reverse — a way of lifting an
address out without a scar — is to understand where a hope of cure might one day
lie.

The second reason is brighter. Having learned how integrases file DNA at defined
sites, medicine has begun to borrow them — to use these enzymes, and others like them,
as tools for placing a wanted piece of DNA into a chromosome at a chosen address,
precisely and predictably, rather than letting it land at random where it might do harm.
The dream of correcting a genetic fault by writing a good copy of a gene into exactly the
right slot rests, in part, on the very machinery this chapter describes. In the reading of
this book, we are learning to do deliberately what lambda does by nature: to load an
address into the registry at a defined coordinate, and, one day, to unload it again. Hold,
then, this: to be kept is to be part of what is copied; the deepest permanence a thing can
have is to become a line in the book that is faithfully passed on — and the field can write
that line, and, by the reverse of the same hand, erase it, with nothing lost either way.
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The Numbers at a Glance
The parts of the reaction, and the reading the Force of Time gives each. Every biological fact is left
exactly as measured.

Part of the reaction What it is The Force of Time reading

The att site attP (phage) and attB (host),
matching

a defined docking coordinate in the
registry

Integration Int: attP × attB → attL … attR loading a Τ-address into the registry
at a slot

Excision Int + Xis: attL × attR → attB + attP the reverse of one reaction — a clean
unload

Direction Int in; Int + Xis out the sense of the load set by the field’s
state

Inheritance copied and segregated with the
host

permanence = membership in the
conserved registry

Spontaneous loss ~1 in 10⁶ divisions the free gift of joining what the field
replicates

Site-specific recombination 1 of 3 (transposons, antibodies) the field’s general tool for editing its
registry
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