
Life as a Flow of Information through Time – Martin Jacoby 

My answer to the question What is Life? is:

An entity is deemed to be alive if it replicates the information 
which controls how it does so.

In explaining how I arrived at this. I have divided my arguments into three parts: in the first, I
sketch a sequence of events and processes that make a logical, reasonable and, in my view,
probable connection between inorganic and organic chemistry – between life and non-life. 

In the second part, I shall question the concept of individuality as applied to living things, and
try to show that being alive is not just a state but also part of a process. 

The third part compares information coded in DNA with that contained in ideas. The change in
emphasis from the first to the second in human beings has interesting consequences, to say the
least. 

1. A sequence of events and processes that led to life’s appearance on the early planet Earth. 

a) In the beginning

The Big Bang started the universe’s expansion and brought into existence mass-energy, space-
time and the natural laws that govern them. The expanding universe quickly formed ‘a quark-
gluon plasma’ out of which protons, neutrons and electrons formed. As temperatures cooled,
these  particles  bonded  to  form  hydrogen  atoms,  which  then  gathered  to  form  stars.  The
resulting pressure caused atoms to fuse together, creating helium, carbon, nitrogen and many
other elements. As stars came to the end of their lives, some exploded into supernovae, these
elements were thrown into space, only to gather again to form more stars and solar systems
such as our own.  

b) Timescale

The Big Bang occurred about 14 billion years ago (bya),  and Planet Earth accreted from the
remains of a super nova explosion 4.5 bya.  To see those vast distances in time, imagine the
whole  history  of  life  on  Earth  being  condensed  into  a  single  year  –  one  day  would  then
represent ten million years. On this scale, Planet Earth formed in early October of the previous
year, and Big Bang about three years before that. 
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appear. 
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❹ The 
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evolved 

suddenly. 

❺ Dinosaurs began to rule the Earth. 

❻ Dinosaurs became extinct and were replaced by mammals and birds. 

❼ Homo sapiens evolved 200,000 years ago (= 31st, 11:30 pm). 
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Other important events are: 

 Jan 1 – the first simple cells appear; 
 Jul 7 to Aug 20 – modern eukaryotic cells are to be found; 

 mid Nov – the main groups of animals we would recognise today suddenly appeared; 
 early Dec – dinosaurs become dominant; 

 Christmas – dinosaurs die out; 
 Dec 31st 23:30 hrs – human beings emerge onto the stage 

c) Random molecular movement leading to competition and cooperation

Brownian  Motion  shows  that  atoms  and  molecules  in  fluids  vibrate,  rotate  and  travel  at
random.  When they  collide,  they  may react,  sometimes giving  off heat  –  i.e.  burning.  For
example, hydrogen burns in oxygen to form water but, if the hydrogen is diluted with an equal
volume of  helium – an inert  gas,  it  won’t  burn.  Even though the movement of  particles is
random and purposeless, helium and hydrogen compete with each other for the chance to
collide with oxygen. 

A huge protein enzyme can cooperate with a molecule of adenosine diphosphate (ADP) to store
the energy that holds the glucose together. Competition and cooperation must be in the very
nature of molecular behaviour.

When the refining process of selection is added, competition becomes the main driving force of
Darwinian evolution. Cooperation is merely a way of gaining a competitive advantage – two
entities working together achieve what they cannot when working alone. Three entities can be
more efficient than two, and so on, thus complexity increases. 

d) Inorganic to organic

Little  diversity  of  compounds  can  be achieved by  inorganic  means,  whereas  the variety  of
organic compounds is almost limitless. Their limitation is that long carbon chains or polymers of
larger radicals are fragile and do not survive high temperatures It was thought that they could
be assembled only under more gentle conditions of living tissues.

In 1952, Stanley Miller and Harold Urey synthesised amino acids – the monomers of proteins.
Within  ten  years,  nucleobases  –  the  monomers  of  DNA  –  had  also  been  synthesised
inorganically. In 1953, Francis Crick and Jim Watson published their model of the structure of
DNA, and saw not only how the double-spiral could open to allow its coded information to be
read, but also how that same information could replicate itself. 

e) Speed of reaction and complexity

These  difficulties  were  solved  by  autocatalysis  and  systems-chemistry.  I  quote  from  Addy
Pross’s book, What is life? How chemistry becomes biology: 

“If one starts … [a] reaction … with just one single molecule of catalyst, … the time required to
make  …  100  grams  of  product  [would  be]  billions  of  years.  …  [The  same  reaction  with
autocatalysis] would take a tiny fraction of a second. … the essence of life will be found to lie in
the dramatic difference between catalytic and autocatalytic reactions.”

Now let us take two reactions in which a product of each is a catalyst for the other. This is a
chemical system. Systems-chemistry describes the relationship between two or more chemical
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pathways  that  depend  on  one  another  for  raw  materials,  catalysts  and/or  the  removal  of
products.  Systems-chemistry  allows  for  almost  limitless  speed  of  reaction  and practically
infinite diversity. 

2. Individuality. 

Our view of individuality has evolved in response to reproductive problems. Other than that,
the individual is little more than a stage in a continuous process of guarding and multiplying the
information of life. My doubts about the validity of the concept of Individuality come from the
following observations:

a) within a single eucaryote, the nucleus, mitochondria and (in plants) chloroplasts each have
their own distinct DNA which replicates itself independently of the nucleus, and this suggests
that the eucaryote is an amalgamation of different organisms. 

b) we adult human beings have between one and two kilograms of bacteria and other microbes
inhabiting our individual skins and guts, suggesting that an individual is really an ecosystem.

c) tissues of living organisms are continuously changing: cells die, their components are shed or
excreted, and new tissues constructed from food. The through-flow of materials and energy
makes the individual more akin to a standing ripple on a river than to an independent entity.
The recognisable shape and behaviour of such a ripple are determined by physical parameters
which can be measured and recorded – they are information. In the same way, different and
vastly more complicated information determines how the materials that flow through living
bodies are ordered to form structures which behave in certain ways. Most of this information is
carried as a digital code in the DNA. A significant amount of information is also stored and
transmitted to succeeding generations as behaviour.

d)  the existence of altruism confirms the notion that life is the flow of information through
time. Consider: a bird sees a predator and calls out in alarm. The predator hears the call and
kills the caller. Is this ‘survival of the fittest’? Yes it is, so long as you look at the incident from
the point of view of the  information on the caller’s genes. The genes themselves are being
digested by the predator. Alarm calls are made by birds that form flocks, and not by solitary
species. Flocks are usually formed of related individuals, often family groups. If an individual
shares more than half its genes with other members of its flock, and on average two individuals
are saved for each alarm-caller killed, it is worth the while of the information on the genes to
promote alarm-calling. 

3. The change from genetic to behavioural information

Looking at life as a flow of information introduces an interesting scenario. I have come to the
conclusion that, in the twenty-first century, we are at a moment of radical change in the history
of evolution – a change perhaps more far-reaching than vertebrates colonising the land. 

The change we are beginning is that the information each of us is ushering through time is
switching from genetic to behavioural. There is so much muddle over Richard Dawkins’s word
meme that I shall call the behavioural units simply ideas.

By a concatenation of features: walking upright, a highly adaptable body, a huge head, difficult
birth, an  impoverished genome, using more energy than we eat, learning to knap and haft a
stone, talking, hunting, meat-eating and dabbling in monogamy, we discovered how to think,
learn and teach. That is how and why ideas began to replace genes as the heritable units.
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This change has been made urgent by global warming, pollution and loss of biodiversity. All
three are  the direct  consequence of  over  population,  and over population is  the crowning
achievement of DNA.  Comparing DNA with ideas reveals why it  would be to our long-term
advantage to embrace and encourage the change:

Feature DNA/gene Ideas

Entity eliminated by natural
selection

the whole individual that
carries the selected gene

the idea itself, not the
mind it inhabits

 Demands upon environmental
resources sufficient to

reproduce

sufficient to develop,
maintain and reproduce the
whole organism it inhabits

sufficient nerve impulses
for ideas to vary and be

selected

Ability to anticipate the
future i.e. manage risk

zero, not counting seasonal
adaptations

very able, and with
calculable probability of

accuracy

Time needed for their
information to spread around

the world by breeding
millennia seconds

Are the effects of the
information they carry under

conscious control?
no yes

In the final analysis, DNA can do nothing other than replicate, vary and be selected. The simple
chemical command, ‘More!’ is all that it can offer. It is a blind and self-destructive tyranny that
pays attention to neither the future nor the well-being of the environment. 

Ideas fulfil the description of life with which I opened and, I believe, are taking over from genes
as a basic unit of inheritance. That ideas inhabit the human mind does not disqualify them from
being alive, but merely lays upon us, their hosts and guardians, the moral obligation to carry on
through time the diversity of information that exists both in the natural environment and also
in our cooperative behaviour, whether it be knowledge or not.

Thank you for your attention.
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