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Creating new species

Where will modern biology lead us during this
century?

What science fiction will become science fact?

Will we be able to design and create new life forms?
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Plant and animal species

Biodiversity: How many living species are there?

Carl von Linne
Painting by A. Roslin, 1775




Plant and animal species

Actual predicted numbers are 10-50 million
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Plant and animal species

Of 300,000 plant species perhaps 90% are yet to
be identified




Plant and animal species

Animal numbers
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Plant and animal species

Animal numbers

Mammals 5,416
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Animal numbers

Mammals
Birds




Plant and animal species

Animal numbers

Mammals 5,416
Birds 9,917
Amphibians/Reptiles 13,906
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Plant and animal species

Animal numbers

Mammals

Birds
Amphibians/Reptiles
Fish

Crustaceans
Molluscs

Insects

5,416
9,917
13,906
28,500
40,000

/70,000
950,000 (Actual number 10+ million)



Extinction rates

Extinction is a natural process:
999% of life forms have become extinct

The average survival time for each species is 10
million years

Jason Rich




Extinction rates

Extinction is a natural process:
999% of life forms have become extinct

The average survival time for each species is 10
million years

Natural extinction rate is
0.01 - 0.001% of species each century
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Based on 10 million this
equates to 100-1000 species




Extinction rates

Compensated for by the
evolution of new species




Extinction rates

Mass extinctions are nothing new
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The real reason dinosaurs became extinct



Extinction rates

Mass extinctions are nothing new

Current 6th mass extinction is caused by humans

'Now we know what it looked like, we
just have to discover why it died out.'



Extinction rates

Average = 1% each century (100,000-500,000 species!)

Number % under Number 9 under

of species threat of species threat
Mammals 5,416 20 Mosses 15.000 Q.5
Birds 9,917 12 Ferns 13,025 1
Reptiles 8,163 4 Gymnosperms 980 31
Amphibians 5,743 31 Dicotyledons 199,350 4
Fishes 28,500 3 Monocotyledon 59,300 1
Insects 950,000 0.06 Lichens 10,000 0.02

Molluscs /70,000 1
Crustaceans 40,000 1
Others 130,200 0.02

L The IUCN Red List of

W Database Search

w22 Z% Threatened Species™



Extinction rates

Average = 1% each century (100,000-500,000 species!)

This is 100 - 1000 times above the natural level
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Extinction rates

The planet's biodiversity is decreasing




The human impact

The world’s population exceeds 6 billion...

BRAZIL

Less than 10 inhabitants
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The human impact

The world’s population exceeds 6 billion...

...and has increased 6-fold in the last 150 years
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The human impact

The increase is slowing, but not in regions of
highest biodiversity (shown below as@ )
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The human impact

Agriculture has allowed our numbers to increase
30-fold




The human impact

Agriculture has allowed our numbers to increase
30-fold

Hunting is responsible for some
large mammals and birds




The human impact

Agriculture has allowed our numbers to increase
30-fold

Hunting is responsible for some
large mammals and birds

The main cause is habitat i 8
loss and degradation SN




The human impact

50% of all plant and animal species are living in
closed tropical forests ,




The human impact

50% of all plant and animal species are living in
closed tropical forests

We could preserve their DNA and perhaps bring

them back to life! —
Original Motion Picture Soundtrack
RN

JURASSIC PARK

Music Composed and Conducted by John Williams




The human impact

There is no point if natural habitat is destroyed

CHOPPING DOWN ALL OF THE TREES GIVES YOU
A CLEAR VIEW OF THE DEVASTATION CAUSED
BY CHOPPING DOWN ALL OF THE TREES.




The human impact

New species may be:

Useful to us
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The human impact

New species may be:
Useful to us

Able to live in
humanised habitats




What do we need other living species for?

Plants and/or other animals help to:
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Maintain our ecosystem




What do we need other living species for?

Plants and/or other animals help to:
Maintain our ecosystem

Provide food




What do we need other living species for?

Plants and/or other animals help to:
Maintain our ecosystem
Provide food

Act as labour-saving
assistants




What do we need other living species for?

Plants and/or other animals help to:

Extend human biomedical advances
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Plants and/or other animals help to:
Extend human biomedical advances

Provide pleasure and companionship




What do we need other living species for?

Plants and/or other animals help to:
Extend human biomedical advances

Provide pleasure and companionship

Provide psychological and emotional well-being
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What do we need other living species for?

Humans only directly require <50 other animal
species
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Providing food

Agriculture and selective breeding of plants and
animal species

Welcome to

IGER
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Providing food

Agriculture and selective breeding of plants and
animal species

Pressures for high productivity and low space
utilisation




Providing food

Agriculture and selective breeding of plants and
animal species

Pressures for high productivity and low space
utilisation

High yield plants




Providing food

Low intensity organic approaches could not provide
for all

‘ . ?\580044)
Wild Country Organics STz
K e

Growing and delivering organic vegetables to your home 4/10 S'“’*

Welcome to the Wild Country Organics website, Since 1998 we have
been growing more than 60 varieties of organic vegetables on our
small familly farm near Cambridge, certified by the Saill Association,
Qur box scheme offers fresh, tasty, organic fruit and vegetabies

delivered weekly.




Human biomedical advances

Medical advances and drug safety




Human biomedical advances

Medical advances and drug safety

Culture-based and in silico systems are insufficient




Human biomedical advances

Medical advances and drug safety

Culture-based and in silico systems are insufficient
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of Animals

Tests without

Why can’t we do Research and
Testing without using Animals

If scientists could replace animal research and testing
with methods which did not need to use animals then
they would.

There are several reasons for this:

e Scientists do not like or want to use animals Iin
research. Like the vast majority of people they
do not want to see animals suffer
unnecessarnly. In fact less than 10% of
biomedical research uses animals.
Unfortunately for much of the work involved in
biomedical research there are as yet no
working alternative techniques that would allow
us to stop using animals.




Pleasure and companionship

Only humans routinely involve other species in
their social groups

GERALDO
DURRELL

MY FAMILY AND
OTHER ANIMALS




Pleasure and companionship

Only humans routinely involve other species in
their social groups

Probably emerged from mutual exploitation




Pleasure and companionship

Only humans routinely involve other species in
their social groups

Probably emerged from mutual exploitation

Human relationships with companion animals may
date back: |

10,000 years for dogs




Pleasure and companionship

Only humans routinely involve other species in
their social groups

Probably emerged from mutual exploitation

Human relationships with companlon anlmals may
date back: T A T

10,000 years for dogs

4-5000 years for cats




Pleasure and companionship

Key characteristics:
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Key characteristics:

Incorporated into our social groups




Pleasure and companionship

Key characteristics:
Incorporated into our social groups

Affectionate nature

www.Clean Funny.com ¢



Pleasure and companionship

Key characteristics:
Incorporated into our social groups
Affectionate nature

Playfulness




Pleasure and companionship

Key characteristics:
Incorporated into our social groups

Affectionate nature

OF
Playfulness

Individuality and intelligence

THE WORLD
BEATRIX POTTER"




Numbers of companion animals

In the UK there are: 7 million dogs




Numbers of companion animals

In the UK there are: 8 million cats




Numbers of companion animals

In the UK there are: 30 million others




Numbers of companion animals

45 million pets in a population of 60 million!




Numbers of companion animals

In 2002 the US pet food industry was worth
$9.2 billion




Numbers of companion animals

In 2002 the US pet food industry was worth
$9.2 billion

In the UK £200 million of medicine is produced for
pets each year




Numbers of companion animals

In 2002 the US pet food industry was worth
$9.2 billion

In the UK £200 million of medicine is produced for
pets each year

In the UK cats kill ~10 million birds each year




Numbers of companion animals

Other animals fascinate us




Numbers of companion animals

Other animals fascinate us

We find films of humanised
animals entertaining
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A LITTLE PIG
GOES A LONG WAY




Numbers of companion animals

This makes the scientific discovery of real animal
abilities seem mundane!

WY NAWS 553 ﬂf! '

I'm looking at the faces



Physical, psychological or emotional well-being

Pets provide emotional and psychological support
and even education

The human-animal bond can:

e Enhance the quality of family life



Physical, psychological or emotional well-being

Serious attempts at animal-assisted therapy have
been tried for over 25 years




Health and pet ownership

50% improvement in survival for >1 year following

heart attack
Friedman 1980

Reduced risks of
coronary heart disease

Lower blood pressure

and cholesterol levels
Anderson et al 1992




Health and pet ownership

Minor health problems are reduced in individuals
after they acquire pets - AP
Serpell 1991 N

Dog ownership causes a
16% reduction in elderly

seeking medical attention
Siegel 1990




Stress, anxiety and depression

Women show less stress in the presence of pet

than with a best friend or husband
Allen 1991
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Women show less stress in the presence of pet

than with a best friend or husband
Allen 1991

Therapy dogs reduce anxiety in institutionalised

psychiatric patients...
Barker and Dawson 1998




Stress, anxiety and depression

Women show less stress in the presence of pet

than with a best friend or husband
Allen 1991

Therapy dogs reduce anxiety in institutionalised

psychiatric patients...
Barker and Dawson 1998

...or individuals about to receive
electroconvulsive shock




Stress, anxiety and depression

Visits to the dentist are less stressful...




Stress, anxiety and depression

Visits to the dentist are less stressful...

...if you can see tanks of tropical fish!
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Stress, anxiety and depression

Interactions with therapy dogs reduce depression...

...enhance mood...




Stress, anxiety and depression

Interactions with therapy dogs reduce depression...
...enhance mood...

...and increase levels of serotonin and dopamine

precursors
Serotonin ST
Figure 4.18
: ‘ ke Q buid
Thalamus Basal Offactory

Spinal
corg

e Raphe
nuclei



Stress, anxiety and depression

So should we all try a pet rather than Prozac?




Stress, anxiety and depression

However, pet bereavement has the opposite effect

COPET
~ HAMSTER
LT MRS

o)) N e
l!:"','lll\:‘“ - A,
I AT SO fuay | .
N bad SUELRIY
- - LN AN
™ . , ‘ .~.;
» ’6:" 5 L

:
™\

AN - t
Tt e w e AT Vi Y N,



Stress, anxiety and depression

And pet cloning is not the answer!

ABOUT OUR OUR CLIENTS ABOUT NEWS
US SERVICES A& CLONES CLONING

Genetic®Savings&Clone. Inc. |_Register _Cd

OENE BANKING & CLONING OF EXCREPTIONAL PETS

OUR SERVICES
> Overview

AT Cat Cloning Process

» Emergencies Pet cloning Is very complex and involves many interconnected, species-specific processes, Dog cloning
Cat Cloni requires more steps than cat doning, which 15 why our dog cloning service will be availlable later than our
> Cat Cloning cat cloning service.

> Cat Cloning Process

> DNA ldentification

Results CC's birth was the result of research funded by GSC at Texas A&M University, CC was produced using the
nuclear transfer process, whereas GSC now uses chromatin transfer.

The following are the key steps used to clone an animal using the chromatin transfer process.

> Dog Cloning

> International Service 1. Gene Banking: The doning process beains with gene banking; in
which a veterinanan takes a small tissue biopsy from the animal
> Grief Resources to be cloned, also known as the genetic donor,

©
%

QA

2. Biopsy Sample Transport: The tissue biopsy 1s transported in 3
refrigerated container called a3 BioBox to our PetBank




Recovery from trauma
Pets have significant supportive role for individuals

with childhood sexual abuse
Barker et al - 1997
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Recovery from trauma

Pets have significant supportive role for individuals

with childhood sexual abuse
Barker et al - 1997

Bonds with pets reduce abusive behaviour and

anger in adults abused as children
Nebbe - 1998

HELFLINE
o308 390 5800
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Affective disorders

Improvements of social and communication skKills

in autistic and schizophrenic individuals have been
reported

There have been no large scale studies however




Allergies

Children with pet dogs and cats are less likely to
develop common allergies

Dr Joanne Clough




Allergies

Children with pet dogs and cats are less likely to
develop common allergies

Endotoxins formed from the breakdown of bacteria
in the animal’s mouths?
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Cognitive enhancement

Learning is improved when rewarded by interaction
with a companion animal




Cognitive enhancement

Learning is improved when rewarded by interaction
with a companion animal

Enhanced cognitive and
communication abilities
have been reported in
Alzheimer patients




Postural control, co-ordination and balance

Pet walking/play improves motor skills




Postural control, co-ordination and balance

Hippotherapy improves control of movement,
co-ordination and balance...

df_%\, AMERICAN _"AHAIHO
136 Bush Road

. . HIPPOTHERAPY

(888) 851-4592

Ine Al ican Hippotherag E=1als]
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Postural control, co-ordination and balance

Hippotherapy improves control of movement,
co-ordination and balance...

...and also improves feelings
of self-worth and power in
individuals confined to
wheel chairs

Horses used in psychotherapy
to improve self-concept,
self-confidence and social

competence
Burgon 2003




Visual impairment

Guide dogs help the blind gain mobility and
confidence




Visual impairment

Guide dogs help the blind gain mobility and
confidence

Close bonds help with psychological and emotional
problems




Prisons

Access to pets reduced disciplinary problems with
Inmates in some US prisons 5 B U RTREAN CASTER

ton State | [i\l-ﬁ,l.\l RA/- -
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How can pets have these effects on us?

Pets are a source of pleasure
Many are demonstrably affectionate and playful
Rarely hold grudges or become moody

Distract us from things that are stressing us




How can pets have these effects on us?

Bring us out of ourselves

Provide us with a source of social,
emotional and tactile interactions

Need us to be there

Don’t answer back when we use
them as sounding boards




How can pets have these effects on us?

They are not substitutes for other humans




How can pets have these effects on us?

They are not substitutes for other humans

We would not want them to be as complex as us!

Copyright 2003 by Randy Glasbergen.
www.glasbergen.com

—GASBERGEN

“The vet says i need a hobby. I thought
eating and sleeping were my hobbies!”



How can pets have these effects on us?

They are not substitutes for other humans
We would not want them to be as complex as us!
They have simple qualities

and disregard for physical
or mental disabilities




Why can’t we get this from other humans?

We may need pets more as human society
becomes increasingly demanding and complex!




Dolphin assisted therapy (DAT)

Dolphins are claimed to have profound therapeutic
effects on children or adults with mental, emotional

or social disorders




Dolphin assisted therapy (DAT)

Dolphins are claimed to have profound therapeutic
effects on children or adults with mental, emotional

or social disorders

Breeding large numbers in captivity for this
purpose is unthinkable



Dolphin assisted therapy (DAT)

Is any scientific support for the beneficial claims
that are made?

S cur ve indcates change over time
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Dolphin assisted therapy (DAT)

Is any scientific support for the beneficial claims
that are made?

If so, what is responsible and can we create it
artificially?
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Dolphin assisted therapy (DAT)

Is any scientific support for the beneficial claims
that are made?

If so, what is responsible and can we create it
artificially?

It's not just about
their attraction and
swimming




Dolphin assisted therapy (DAT)

They are interested in pregnant women...

YNl g, All
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Dolphin assisted therapy (DAT)

They are interested in pregnant women...

...can detect and focus on specific injuries...




Dolphin assisted therapy (DAT)

They are interested in pregnant women...
...can detect and focus on specific injuries...

...and may alter the electrical activity of our brains
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Dolphin assisted therapy (DAT)

Dolphins can navigate and communicate using
ultrasonic clicks at 120KHz




Dolphin assisted therapy (DAT)

Dolphins can navigate and communicate using
ultrasonic clicks at 120KHz

Effects of different intensities of ultrasound

Diagnostic Therapeutic Dolphin Sonic
imaging ultrasound sonar welding
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80mW/cm? 2W/cm? 2W/cm? 2500W/cm?
Maximum Typical Maximum Typical
observed



Dolphin assisted therapy (DAT)

Dolphins can navigate and communicate using
ultrasonic clicks at 120KHz

Effects of different intensities of ultrasound

It seems unlikely that significant
sonophoresis or piezoelectric effects

are produced
Brensing et al, 2003

Results may be due to their
gentle attentive behaviour
and the aquatic environment




Robot therapists and virtual pets

Virtual pet software and simple talking electronic
devices




Robot therapists and virtual pets

Virtual pet software and simple talking electronic
devices

Won't substitute for the feel of a contented cat or
an affectionate dog
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Robot therapists and virtual pets

Advances in robotic pets are unlikely to replace the
real thing




Out with the old and in with the new?

How could humans design new living species to
suit our needs?




Out with the old and in with the new?

The present:
Selective breeding strategies

Transgenesis

news @nature.com

The best in science journalism
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Transgenic cows have udder success

Roxanne Khamsi

Dairy herds with bacterial gene could cream mastitis.

Each year, the dairy industry loses billions of dollars to mastitis, an infection of cows’
milk glands. Now researchers have succeeded in genetically engineering cows to resist
this disease,



Out with the old and in with the new?

The future:

MiXxing species




Out with the old and in with the new?

The future:
Mixing species

Evolve new life from
a chemical soup




Out with the old and in with the new?

The future:
Mixing species

Evolve new life from
a chemical soup COLIN CUVE, MAE CLARKE

JOHN BOLES, BORIS KARLOF|
W YAN SLOAN & FREDERC KLk

DWIGHT FRYT, LD

Recreate existing life
and modify it




Out with the old and in

The future:
Mixing species

Evolve new life from
a chemical soup

Recreate existing life
and modify it

Build new life artificially

with the new?




Out with the old and in with the new?

Isn’t this just science fiction?

Tﬂtljgzgyg,gsgr Eﬁ&!“ - . B B N EWS WORLD EDITION

Last Updated: Saturday, 18 December, 2004, 07:43 GMT
B8 E-mall this to a friend & Printable version
'‘Artificial life' comes step closer

SCIENGE FICTION STOR(ES San Francisco Chrouicle
THE QUANTUM JUM e

35¢
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THE DELEQATE ' AWE 3 Venter's goal is creating life in the laboratory
FROM VENUS :

creaﬁOn Magazine

Creation Archive > Volume 25 lssue 4

Genetic engineers unwind species barrier

But have they 'reversed evolution'?

Health and Behavior
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Blueprint for life



Reproductive isolation




Reproductive isolation

Chromosomal rearrangements
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Reproductive isolation
Chromosomal rearrangements

Realignment of chromosomes in different species
of yeast

(1) Insartion of loxP loci
into the genome

S. cerevisias FY23 c;gF
YFROOEw YFRO08w loxP loxP
vi [ - — N ——
—
- ckeR loxP loxP
ck7F —— HIRERGS -
YGARIwW  YGRO2Gw
i | I
@ —
ck7R Cre
Cre recombinase Leu2
Sct1 (collinear to
S. mikatae IFO1816) cEG’F Cyh*
YFROD6W  YGROZG6W e s
— | nos
v - &) PC Mabcd
ck7R
—
ck7F 1k
YGRO21w  YFRDODW 500 bp
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Defining life

Containment




Defining life

Containment SRS,

Chreornadid Chromabd

Taloman

Heredity SO



Defining life

Containment —

GLYCOLYSIS

Heredity

Metabolism

36ATP



Defining life
Containment
Heredity
Metabolism

Evolution
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Chemical soup

It is easy to create environmental conditions for
forming physiological amino acids
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Chemical soup

It is easy to create environmental conditions for
forming physiological amino acids

Not easy to accelerate or control the process for
creating a life form




Building from a blueprint for life

Mycoplasma genitalium (517 genes)

chromosome
580074 bp




Building from a blueprint for life

Mycoplasma genitalium (517 genes)

chromosome
580074 bp =

Craig Venter and Hamilton Smith



Building from a blueprint for life

The problem may be in getting everything properly
organised




The Los Alamos Bug




The Los Alamos Bug

Designing new life using an artificial approach

Steen Rasmussen and Norman Packard
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The Los Alamos Bug

Heredity
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The Los Alamos Bug

Heredity
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soluble in the centre of
the droplet and unzips
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The Los Alamos Bug

Heredity

rise back to surface
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The Los Alamos

Metabolism

The fatty acid is made
fat-soluble by a
light-sensitive cap




The Los Alamos Bug

Metabolism
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The Los Alamos Bug

Metabolism

As more fatty acids rise to the surface, the droplet expands
until its surface tension can no longer contain it, and it
divides




The Los Alamos Bug

Evolution Gty

As each bug divides,
natural selection will
favour those most
efficient in reproducing



The Los Alamos Bug

Evolution?




The Los Alamos Bug

Evolution?

Los Alamos - the end and the beginning of life!




The Los Alamos Bug

Evolution?
Los Alamos - the end and the beginning of life!

Synthetic vesicles capable of gene transcription

Noireaux and Libchaber 2004



So what could this lead to?

Gods of the planet?
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Good bugs

Food production
Energy production

Pollution control

Waste control
Diagnosing and treating human disease

Repairing damaged organs



Good bugs

Food production
Energy production

Pollution control

Waste control
Diagnosing and treating human disease
Repairing damaged organs

Biorobots



Bad bugs

Biological warfare

&

Preventing
Biological Warfarg

The Failure of American Leade
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GLOBAMISSUES
GENERAL EDITORA! JIM WHITMAN
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Homo truly sapiens?

[l

[HE FINAL BDYSSEY




