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Introduction

The human genome is a vad
database of informaion containing of
the order of 30,000 genes. Each of these
IS used to encode the amino acid
sequence of a particular protein, or st of
proteins. The complete sequence and
dructure of the proteins is sometimes
refered to a the  proteome
Underdanding how the information in
the genome is used to creste the
proteome isamgor chalenge.

Firg, because we need to identify
dl the genes, which we are getting
closer to doing a leest in the
sense of identifying which parts of
the DNA code correspond to
genes. It is important though to
note that this is gill a long way
from knowing wha each gene
does what isits functiondity.

Second, because we need to
understand the control processes
that determine which proteins are
expresed and to what extent. We
now know tha there ae many
more proteins than genes <o
something like a feedback control
hes to determine which protein is
mede when. This is beginning to
look like a complex interaction
between genes and organisms and



ther environment, rather than a
ampligic view of genes as
‘dicteting the organism and its
functions.

And third, because predicting
three-dimensond  dructure and
chemicd function from the amino
acid sequences of the
corresponding  proteins  is  very
difficult.

Genome to proteome to physome

The recent discovery that there are
many fewer genes in the human genome
than we thought (origind egtimates were
of the order of 150,000) adds to the
difficulty dnce it means tha multiple
functiondity (.ee each gene beng
involved in many diffeeent biologicd
functions) mugt be very common indeed,
perhaps even universd.

But even thee formidadle
chdlenges pde in dgnificance when we
condder the complexity of the next
dage underganding the interactions of
tens of thousands of different proteins as
they generate functiondity a dl levds
through cdls to organs and sysems.
This is the task of quantitative andyss
of physologicd function, which in its
entirety is sometimes now cdled the
physome. Computaiond moddling and
bioinformetics will play an increesngly
important role in dl these dages of
uraveling the way in which the
information contained in the genome is
‘reed to create living systems. We will
be able to say that we have redly read
“The Book of Life when we have
succeeded in going dl the way from the
genome, through the proteome to the
physome Achieving this requires the

mariage of mathematics with medicd
science.

On this view, the genome is not
undergandable as “the book of life’ until
it is “read’” through its “trandaion” into
physologicd function. My contention is
that this functiondity does not resde a
the leved of genes. It can't because
drictly spesking, the genes are “blind”
to what they do. Moreover, a lot of what
their products the protens do is not
dependent  on  indructions  from  the
genes It is dependent on the poorly
undergood chemigry of sdf-assambling
complex sysems. It is as though the
genes specify the components of a
computer, but not how they should be
put together. They just do this by doing
what is chemicdly naurd to them.
Some people ae predicting that this is
dso the way in which we will build
computers in  the future, particulaly
what are caled molecular computers.

So, if the genome is “the book of
lifeg’ it is a book with enormous gaps
which nature tekes for granted since it
never had to work out how to code for
such naturd phenomena This “missng
information” is implict in the properties
of the enironment in which genes
operae. It is not explicitly coded for.
Moreover, this ewironment cruddly
determines which genes are expressed
and to what degree. The passage of
information is not Imply one-way, from
genesto function.

The“French Omelette”

| like the andogy with the ory
of the French omeette. The dory is that
a litle family bidro outdde Pais
acquired a reputaion for the great



lightness, flavour and ddicacy of its
omdettes So, the connoisseurs decided
that, in writing up a compendium of
French cuisne it was essentid to include
the recipe of these famous omeettes
The mother of the house kindy obliged
with a detalled recipe of ingredients and
the order in  which they were
incorporated  as the omdette was
prepared. There was only one snag.
When the Parigan chefs tried it, they got
a different result. Ddicious flavours but
totdly lacking the lignt qudity of the
family’'s achievement. Frudrated, they
experimented with vaious
interpretations of the recipe and forms of
omeette pan untl they eventudly
decided that there mugt be a trick. The
mother had surdy not reveded dl her
secretd So, off they go to the Bigtro to
find that the mother has died. Her
daughter now cooks the omeettes. After
finding that her omdettes were just as
good as her mother’s, they show her the
mother’s recipe and ask whether it is
correct. She reads it carefully and says,
yes it is a mave of accuracy, down to
the lag milligram of ingredient. This is
exactly wha she follows “There's
nothing missng? they ask. “Of course
not”, she replies “mother has written it
dl down”. She knows because this is
dso what mother wrote down for her
before she died. She is following exactly
the same recipe as they were trying to
folow. So, they naurdly ak he
whether they can watch as the omdette
is prepared. Of course, she says, there is
nothing to hide. So they weach carefully
to try to detect the dightest difference
between the written recipe and what she
does. And they are amazed a what they
se a the veay beginnng of her
preparation for, as she bresks the eggs
dhe spaaes the whites and the yolks,
only folding the beaten whites in a the

end before cooking. They upbrad her
for her mother's inaccuracy, for she
never reveds this crucid fact in her
written recipe. The daughter takes
offence a ther ‘dupidity’ and
‘arogance  as she looks a the
assembled dignitaries and asks them, in
dl innocence, “how dse do you think
anyone prepares an omelette! 7’

What doesthe genome lack?

My contention is that nature has
not coded for what is chemicdly naurd
to what the proteins do. It does not need
to. | dso contend that this information
has as much of a dam to be cdled the
“book of life’ as does the genome
Fndly, | dam thet it is going to be
much more difficult to work out this sde
of the dory than to sequence the
genome.

So, in brief, my view is tha the
genome:

1 Is mog like tedious machine
code for the condruction of the
key players in the game of life
the proteins.

2 Is incomplete in a mgor respect:
how these proteins behave
chemicdly in the cdls of the
body, how they fold, combine
and interact.

3 Is complady lacking in
functiondity. It does not even tdl
us whether a paticula gene
playsardein 1, 2, 3, a dozen, or
ahundred functions.

4. Rdies time and agan on Mother
Natureé s ability to know “how to
make omel ettes.”



Analogy with languages

One defence of the “Book of Life’
view agang my atack is to say that al
books ae like this to some degree All
languages function in a context of
implicit knowledge that the language
itself does not need to spdll out.

Of course this is true. One way to see
this is to note tha languages differ in
what they take for granted. Some
languages do not use pluds for
exanple (though equdly obvioudy the
users of these languages — which indude
Chinee, Jgpanese, Korean, Polynesian
langueges, Maori — have the concept of
plurd and know when there is more than
one of the thing being referred to). And
there ae innumerable examples of
words, even when vey dmila in
different  languages, that  function
differently amply because of the culturd
context in which they are used. To cdl a
French woman, in French, “<S&duisante’
is to compliment her highly. To cdl an
English woman “seductivé’ ocould be
higly dangeroud And to avoid the
culturd difference by  trandding
“sduisante’ as  “beautiful”, “gppeding’
glc is to remove precisdly the sexud
frisson that the French language intends.
And it begs the quesion of what the
culturd context of the word “sex” is in
the two languages.

So, | accept the thrust of this
agumet. This kind of “impliat’
knowledge is an irreducible feature of dl
languages (none ae, or can be, neutrd
with respect to culture snce they are
themsdves the creatures of that culture).
But the rdaionship between the
language and its culture is not like that
of the reationship between the genome
and nature. One way of seeing the

difference is to ask what the language is
trying to do. Human languages am to
describe the world as it is r rather, asit
IS seen by the speskers). It is an am of
eech language to try to avoid ambiguity.
There is even a discipling cdled
philoophy, tha — working as it must
within the condrants of a paticular
language — tries to step back, as it were,
and see beyond the limits of the culture,
to quedion those limits the bounds of
sense (to echo Kant) and of meaning.

By contrag, the genomic
language does not have anything like
this as an am. Of course drictly
gpesking, it must have nothing as an am
— evolution is blind — but if we take this
line then, a fortiori, the genome is not a
book. In order to pursue the book
andogy we have a least to ask what it
could be sad to be a book about. So is it
about “life’? Wal, 1 would say no, not
redly. Crucdly, it does not describe
functiondity. The code for gene XYZ
does not el out that XYZ mekes a
protein that enables synapses in brains to
function, tedticles to produce sperm,
pancregtic cdls to secrete insulin etc etc.
This is a bit like imagining a book that
does not pdl out that X is the King, Y
the archbishop, Z the villan, ec. But,
worse then thet, from reading the “book”
we don't even know wha the
raionship beween a King and an
Archbishop might be These crucd
interactions ae outsde the scope of
what the genes specify.

Thought Experiment
So let’ s do athought experiment.
Simans ae an intdligent species

tha evolved in a world in which dlicon
functions ingdead of cabon. They



advance to the point of rapid space trave
and find the planet earth. But, they have
a sious problem. They can't live on
eath. The eath’'s environment is terribly
hodile to dlmans as a form of life
Moreoever, they can't bring humans, or
any other eath crestures into ther
spaceships, for what they require to live
is equaly hodile to earth forms of life.
But they know from ther own evolution
tha there must be something equivdent
to dlman code, there must be earthife
code. They have dso worked out that, in
ther case, this is imprinted in chemicd
sequences that ae inet. Ther code
molecules do not bresthe, or need gligen
(the equivdent for them to oxygen) eic
elc. They therefore reason that they
might be able to send robots down to the
planet’'s surface that will extract earth-
code. OK, let's cdl it DNA. To therr joy,
they find that this DNA is dw
chemicdly inet. It can be taken into
thelr gpaceships and it can be subjected
to andyss So, they dat reading the
complete DNA of a humean.

Let's give them too the intuition
tha this ‘inet molecular sequence
codes for another sequence, that of the
protens, and tha these ae highly
resctive. So, having worked out what the
code means (which DNA sequence
corregponds to which amino acid) they
st about determining dl the proteins —
all 100,000 or more of them — that go to
meake a humean.

But, then they are stuck. Because
thers is a slicon world, they do not have
weter, they do not have lipids. But, they
guess from andogy with ther own world
that there must be such things. They try
to see in the DNA code any clues to
what these subgtances might be. To ther
intense frudration they find there is

nothing. All the DNA code does is to
gecify one type of molecule, proteins.
No other information is thee Wha a
bore!

So, they dat to condude that
earth-life must be a vey drange thing.
Just tens of thousands of proteins thrown
together. Perhaps humans are a kind of
soup!  Perhaps  eath-life is  extremdy
primitive. So, they prepare to time-travel
on to the next inhabited planet.

But then one of them says “Hey,
wait a minute. You could say that we are
“jug” a bunch of dlicon sequences. But
we know we ae not tha we think,
reproduce etc etc. There is more to life
than molecular sequences. What we
should do is to send down another robot
with a caefully isolaled cgpsule into
which it will put dl this srange Suff
cdled water, ar, lipids etc that we know
ae down there. Let's bring it dl up in
the cgpsule and see what happens when
we let the DNA do its thing in this
environment.”

So, they then wach with
incredulity  through the cgpsule as cdls
ae formed, then divide into the ealy
embryo, that then goes through dl its
wonderful  tranformetions  until 9
months later a human emerges (OK — |
am smplifying — they are jus doning —
therés no mother, no womb etc, and |
have to assume that they picked up a
leest one cdl to provide the environment
in which the nudear DNA can work —
but putting dl these into the picture will
only reinforce the point 1 am making).
Just like the Parisan chefs they fed
cheated. The “recipe’ doesn't specify dl
this. It just happend

Some omdettel



