Chapter 1

Science, Technology,
and Socilety
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Technology and Society

Science and Technology

The Biology Century
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Try to imagine a world without technology.

= Computer

=TV

= Car

= Heating (Energy)
= Cooling

= Clothes

= Food

= House

= Lamp, paper, pen, chair, .....



Technology

= Changes the
environment and society

= Webster’s definition:

“the totality of means employed to provide
objects necessary for human sustenance
and comfort”



—= | Starting materials for plastics
Propane

— | Gasoline

~ —» | Heating ol
Tractor fuel

—l-|.letfuel |

Heating chamber
Crude oil

— | Lubricants |

Crude oil vapors
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Crude oil residue
—= | Paraffin
Asphalt
Floor wax




Society
= Creates filters for technology

All possible technologies

0

Economics filter

Economically

feasible technologies
Ethics filter

Economically feasible and
ethically acceptable technologies

Regulatory policy filter

Commercialized technologies:
+ Economically feasible
« Ethically acceptable
» Safe (low risks)

= Societal benefits outweigh costs == Market forces filter
[~}

Commercially successful technologies
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Science

Search for knowledge

Way of understanding ourselves
and the physical world

Process of asking questions and
finding answers, then creating
broad generalizations

Looks for order or patterns in the
physical world

Evaluated by how well the facts
support the conclusion or theory

Limited by the ability to collect
relevant facts

Discoveries give rise to
technological advances
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Technology

= Practical application of
knowledge

= \Way of adapting ourselves to
the physical world

= Process of finding solutions
to human problems to make
lives easier and better

= Looks for ways to control the
pnysical world

= Evaluated by how well it
works

= Limited by financial costs
and safety concerns

= Advances give rise to
scientific discoveries



The Relationship

Between Science andm

Technology Science

Acceleration of
technological change



| How science
is taught

T ——How science
is conducted




The Scien
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tific Process

Observations of the physical world
(nature, experiments, scientific literature)

llnduction (from specific to general)

Generalization
(explains a set of observations)

lDeduction (from general to specific)

Prediction
If ,then

i Test

Possible outcomes:
Generalization is

/LN

Rejected Revised Affirmed
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The past two centuries

= Technology driven by physics and chemistry

= |ndustrial Revolution, Information Age,
Green Revolution

The Biology Century will be fueled by
biotechnology.
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Definition
= The use of living organisms or life processes to
solve problems or make useful products

Ancient biotechnology
= Trial and error-based

Modern biotechnology

= The use of cells and biological molecules or cellular
and biomolecular processes to solve problems and
make useful products



Industry

Biotechnology
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Characteristics
of Cells and Biomolecules

Specificity, precision, and predictability

Unity and flexibility

Reproduction and renewable resources



The History
of Crop Genetic Modification

Stagel
Genetic modification through seed selection
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The History
of Crop Genetic Modification

Stage 2

= Genetic modification through plant breeding and
selection

* |Invention of the microscope
* Hand pollination

Anther




The History
of Crop Genetic Modification

Stage 3

= Science-based plant breeding
« Based on Mendel’s work

Stage 4
= Plant genetic engineering



Fluid-blending model

Discrete-particle model

= Mendel’s theory of inheritance
(1865, proved in 1900)
- Discrete-particle (now known as gene) model
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Frederick Griffith (1928)

= ‘Transforming factor’ transferred from dead smooth virus to
rough virus

O.T. Avery (1943)

= The ‘transforming factor’ was DNA

Live rough type Live smooth type Heat-killed Heat-killed

smooth type smooth type
mixed with
live rough type

L 5 % _'.a:'i-";
Mouse dies

o -....' .-"'
[5e!

Mouse lives Mause dies



The Genetic Material
Protein or DNA?

The DNA-vs.-protein debate was resolved.
= Alfred Hershey and Martha Chase (1952)
----- Identification of DNA as genetic material

A. Phage B. Infect bacteria C. Separate D. Daughter phages
Protein capsule labeled No radiocactivity
with radioactivity

Radioactivity

S




by J. Watson and F. Crick

DNA Double Helix

NATURE
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Genome = total of all chromosomes

Mitochondria i
chromosomefra Lment
Plasma membrane

Enoplasmatic reticulum

Golgl apparatus

Filamentous cytoskeleton

MNueleus

Lysosome

pene

nugleotide basepares

sugar-phosphate backbone
hydrogen bond

base
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Central Dogma

by F. Crick e ——

DNA — mMRNA —» Protein ( )




RNA

(Gamow  Watson )
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Protein

protein
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Egypt, Fermentation
(bread, cheese, wine, beer)

1850s, Pure Cultures of Microorganisms
1940s, Random mutation

1973, Recombinant DNA technology
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Discovery of restriction enzyme and ligase

Development of recombinant DNA technology
= Herbert Boyer and Stanley Cohen (1973)

Cutting and
Joining DNA
Molecules
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Sowrce Cloning
o DA VECTOr
(1 9 7 2 ] 1 1) Tarﬁl—t‘f
DA
Enaymatic Encrymmanically
[ fragmentation limearize
1
- LES == =] 5
( ) Wector DA

lain target DiNA
and choning wector

( ) < DMNA construct

Fevtrocfisce CHNA inbo: hosa cell
i‘/ Isolave cells with cloned gene

o &)y

l/ Produce peotein from clomed gene

O S

Prodein encoded
by cloned gene
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‘Shaping Life iri the Lab |

| '_l__'h,'t_'e,_Boom 6,600
- InGenetic.-

<.\ Engineering

7. Gembritech’s
;.- <. Herbert Boyer




Medical

Biotechnology









Green BT

Agricultural

Biotechnology



Polyester ( )

1994, Calgene, Flavr-Savr

Golden Rice (funded by Rockefeller
Foundation)
A carotine



Bt corn

Bt potato
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Bt soybean




Industrial

Biotechnology
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