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Spectacular Examples of Genetic Engineering 1.0 -
What Can Be Done?

What Does Genetic Engineering Tell Us About Basic
Genetic Processes in All Organisms?

The Future is Here - Genetic Engineering 2.0!
Genetic Engineering - Anything New?

Are Vegetables Engineered - Demonstration
Classical vs. 21st Century Genetic Engineering -
Is Science Hocus Pocus or a Precise Process?

Understanding Basic Genetic Processes wmmp
Understanding How Genetic Engineering Uses
Natural Rules of the Cell (i.e., it isn't magic)
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’ Last Lecture - Age of DNA & Genetic
Engineering: Part One

Entire Genetic Code
of a Bacteria

Today’s Class - Age of DNA & Genetic
Engineering: Part Two

DNA Fingerprinting

Genetic Engineering - Spectacular Examples

Genetic Engineering - Anything New?

Cloning: Ethical Issues
and Future Consequences
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1.Specific DNA Sequence and/or Gene Can
Be Isolated From Any Organism

2.DNA Segments of Any Kind From Any
Organism Can Be Combined

3.Isolated Genes Can Be Re-Inserted Into

the Chromosomes of Any Organism and
Made to Work

The Critical Point - There Are No Genetic
Limits. All Biolggical OI;ganisms Use the Same
Genetic Rules. The Implications Are Enormous!!
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What Can Be Done With
Genetic Engineering?

A Few Examples of
Genetic Engineering 1.0

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



Using a Jellyfish Gene to Make
Bacteria, Animals, and Plants Glowllll

(238 amino acids)
Nobel Prize in Chemistry - 2008 - Shimomura, Chalfie, & Tsien



There Different Kinds
Proteins!

GFP-derived mRFP1-derived Evolved by SHM
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Engineered or From Different Marine Creatures

Nathan Shaner et al (2004) Nature Biotech. 22: 1567-1572
Lei Wang et al (2004) Proc. Natl. Acad. Sci. USA 101: 16745-16749

Nobel Prize in Chemistry - 2008 - Shimomura, Chalfie, & Tsien



Using Recombinant DNA to Clone the
Jellyfish GFP Gene

Multiple cloning site
uitip cS) 9 Cell containing

gene of interest

Genetic Code of Life

1) Isolate plasmid

(vector) DNA and

human DNA. EcoRl
arnp“ gene plasmid :ma:_”

o 3 (~3,000 bp) aml
(ampicillin resistance) Hindlll
Bacterium Taq! / DNA'oL
- chromosome
. » Ori
Entire Genetic Code ©\ L 0 O YO,

replication) ey
Bactenal . \

of a Bacteria

Plasm
chromosome asmid DNA
» containing
) y ) 2) Cut both DNAs gene of
Pioto'of plasmids taken with same restriction — interest
with an electron microscope. enz: ol eswe
yme. ends

(b) Mix the DNAs; they join
by base pairing. (Some

(a) Insert human plasmids, like this one,
DNAinto join with the gene of
plasmids interest.)

DNA Fingerprinting

(c) Add DNA ligase
l to bond covalently.

Recombinant DNA fragment
plasmid containing gene
\ of interest
Nonfunctional

. 2 . /‘ l lacZ gene
\ a

: N 3) ‘Imroduce plasmids
Cloning: Ethical Issues — | BT (PO e
ar'd Fum Consequences 4) Plate on medium with ampicillin

and X-gal. Each colony consists
of clones derived from a single
cell. Only cells transformed
with plasmid grow on plate witl
ampicillin. Nonrecombinant = s
colonies would appear blue |/ 779 X7¢ ) B Plasmid DNA
on the actual plate (see above W) ¢ > purification
photo). Recombinant colonies - ~

are white in color.
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Plants of Tomorrow




Ay e A Recombinant Plasmid
VA vl Containing the GFP Gene

Entire Genetic Code
of a Bacteria

DNA Fmgerprmhng
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Cloning: Ethical Issues
and Future Consequences
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\ Engineering the Jellyfish GFP Gene to
Be Active in Different Organisms

Genetic Code of Life

Organism- :
Isolate From )Specific “On Jellyflsh GFP
a Gene sy Gene
Switch .
Entire Genetic Code ~— —
of @ Bacteria Promoter Region Protein coding region
DNA _On Switch  TATA '

) A #
: A " \ . . \|
. -. .\. .. -‘ A \ 1 ) Y 4
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- e 4

reguiatary 7 | " RNApolmerase |stop

DNA Fingerprinting proteing  tanecripton stoct ramsodipiion trans cription
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Cloning: Ethical Issues l
and Future Consequences
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GloColi - E. coli Engineered
With the Jellyfish GFP Gene!

mut3 GFP




DNA
Genetic Code of Life

TRl Engineering E. coli to Express a Jellyfish 6FP
of @ Bacteria Gene Implies That Genetic Processes in Bacteria

and Jellyfish Are Similar Even Though They Are
‘ Separated By One Billion Years of Evolution!

Question One

a. Yes
DNA Fingerprinting b. No

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



Zebrafish - Danio rerio

prom:GFP

\\
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unc-119




A “GloFish”Embryol!

Zebrafish - Danio rerio




Genetically Engineered GloFish!l”

Note Different Fluorescing Colors - Due to
Different Jellyfish Genes



GloFish Are Not Sold In California

ey (& Canada, or Europe)
eIt + Cal. Fish and Game Code § 15007 (2007)

Regulation Makes it illegal to spawn, cultivate, or
incubate any transgenic fish in the state controlled
waters of the Pacific Ocean.

Sl - Title 14, Section 671.1 CA Code of Regulations
(2003)
Regulation. Movement of live transgenic aquatic
animals from facilities is prohibited unless specifically
permitted by the Department. Release of transgenic
LI  aquatic animals or their progeny into waters of the
state is prohibited.

Genetic Engineering & the Lawl!!

Cloning: Ethical Issues
and Future Consequences L 4

A\ 4
Fish
| A , ‘
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el Should GloFish Be Sold in California?

of a Bacteria

a. Yes
‘ b, No

DNA Fingerprinting

Question Two

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



How About a GloFly!




b MICE EXPRESSING GFP




And Glo Monkeys, Cats and Pigs as Wellll




Engineering a GloPlant With the
Same Jellyfish Genelll

What are the Philosophical and Biological
Implications of These Experiments?
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el Does Engineering Different Organisms With a
of a Bacteria Chimeric Glofish Gene Indicate that Genes Work

Independently of Other Genes?
‘ a. Yes
b. No

Question Three

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



Engineering “Mighty Mouse” With a Rat Growth Hormone Gene




How About a Salmon That Grows Faster
Using a Fish Growth Hormone Gene?

GeW/y Sl gt Yallulldll | Genetically-modified

Y - salmon are closer than
ever to a dinner plate
near you

——

The super salmon are (almost) here. The
Food and Drug Administration has
reportedly finished its evaluation of the
environmental impacts of the first fish
genetically engineered (GE) for human

consumption.
FDA expected to approve FDA faces opposition over genetically
G ticallv Modified Sal engineered salmon
enetica y odiiie ailmon A group of eight senators is asking the FDA to cease
AQUAADVANTAGE SALMON | JANUARY 3,2013 | BY: MARK WACHTLER | + Subscribe consideration of the fish as food, and is threatening to pull

funding for the study if the agency does not comply.
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How About Changing The
Sex Of An Organism?

50, THE R

'/ WORD AROUND'\;

HERE 15 THAT |
YOU'RE 50ME
KIND OF SEX

SYMBOL

‘ @ Original Artist
Reproduction.rights.obta inable.ffim
www. CartoonStock.com




Males and Females Differ By the Presence or Absence
Of the Y Chromosome (simplistically!l)

Male SRY Gene

(Sex Determining
Region Y)

The Human SRY Gene For Maleness Controls Gender



Y chromosome: Why men contribute so little

50 million base pairs

Two Y Genes Can Replace the Entire
Y Chromosome for Assisted
Reproduction in the Mouse s voenser z, 201




Male development of chromosomally female
mice transgenic for Sry o wys. o
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Human SRY Turns a Female Mouse Into a M alelll!

Functional Proof That SRY Controls Male Development
What Does This Experiment “Say” About Human & Mice Genes?




What Are the Conclusions of
This Experiment?

-6round State of Mammalian Development is FEMALE!

*ONE Gene Switches Development From Male to Female!

Eve Had a Y Chromosome and LOST the SRY Genell

“So the LORD God caused a deep sleep to fall upon the man, and while he slept took one of
his ribs and closed up its place with flesh; and the rib which the LORD God had taken from
the man he made into a woman and brought her to the man. Then the man said, "This at last
is bone of my bones and flesh of my flesh,; she shall be called Woman, because she was taken
out of Man." Genesis, Chapter 2



Using Genetic Engineering to Change Body
Architecture-Engineering Eyes on a Fly's Leg

VALl _ e~ _ "1 _ _ - 1

FIGURE 3. Phylogenetic tree of the Pax 6 genes
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How About Genetically
Engineered Humans?

Treatment for Blood Disease Is Gene Therapy

Landmark

By NICHOLAS WADE
Published: December 10, 2011

December 9, 2012

In Girl’s Last Hope, Altered Immune Cells
Beat Leukemia

Gene Therapy Helps Blind Children
See

By Jocelyn Kaiser
ScienceNOW Daily News
24 October 2009




Humans Have Been Genetically Engineered
To Cure a Lethal Genetic Disease (SCID)

‘%he Age of Human

n meermg Began A

Twen 5y ears go
eve

re om med

Immunodeficienc
(5Czp) With h Norr
enes

ADA
gene

Chromosome 20

HYPOTHESIS: The introduction and expression of a
normal allele can help a patient who is homozygous for
two defective alleles of an important gene.

ane tic
most
Treating

lsease
Irma

RESULTS Well patient

CONCLUSION: Gene therapy can be effective in

relieving symptoms caused by a genetic disease.

Several Teenagers
Are Alive Because Th?'
Have Been Engineere

With an ADA Gene That

They Were Not Born
Withlll

Adenosine Deaminase Gene (ADA)



YW\ M What About Inserting Bacterial
enetc 2 o e Genes Into Plants

To Produce a Result With
Significant Applications??

Entire Genetic Code
of a Bacteria

GARDEN‘GUIDE SUNSET

WHAT TO DO IN YOUR GARDEN IN SERIEMEBE H

Southern California Checklist
DNA Fingerprinting

@ PROTECT CABBAGE CROPS. The
minute you plant a brassica,
: squadrons of cabbage white butter-
|\ Gipo- . flies seem to descend on it to lay
s their eggs. The easiest way to thwart
them is to cover your cabbage crops
with row covers right from the start.
The next best option is spraying with
Bacillus thuringiensis| to kill the
young caterpillar larvae. ¢

Cloning: Ethical Issues
and Future Consequences

DEBRA LAMBERT

Plants of Tomorrow



How to Use Bt Pesticide as an Organic Pest Control

DNA
Genetic Code of Life Learn how to use Bt pesticide to kill cabbage worms, tomato hornworms and other pests in your organic vegetable

garden.
By Barbara Pleasant
April 24,2013
Entire Genetic Code Bt is one of the safest natural pesticides
of a Bacteria you can use to control caterpillar pests
without harming beneficial insects.

Photo Courtesy Safe Brand

OMRI

DNA Fingerprinting
FOR ORGANIC GARDENING  ITSEEEECECNC]

Monteré?

Active Ingredient:
Bacillus thuringiensis subspecies kurstaki strain SA-12 solids,
spores and Lepidopteran active toxins (At least 6 million
VIBDIS SRONSE PERTHON" - . s o v aciies ae smines s vamies s s 98. 35%
Other Ingredients:

Cloning: Ethical Issues !
and Future Consequences a

= ..-v,u .
- e M pas e ad
Lre—

*The percent active ingredient does not indicate product performance
and potency measurements are not federally standardized.

1l "l‘l l\l\

20
Tow e wmnmulum
- L .

D ORBRIR L —

Plants of Tomorrow



July, 1987
Old Technology!

PEST-RESISTANT TRANSGENI(
PLANTS




Crops Can Be Engineered With Bt For
Insect Resistance

Bt Gene is
inserted
INto Crop

baclius
thurnngionsis

Bt Toxin in Spores

v o .
‘Mr‘-}b‘ -~ t‘_ >
™
e ’ N 4

Crop is infected by Pest dies when feeding on
European com borer any plant part




How to Make an Insect-Resistant Plant

BT TOXIN

1 . DESTRUCTIVE
Isolate bacterial PEST

gene that produces
protein toxic
against certain insects

2

Insert Bt gene and 3

a "marker” gene Identify cells 4

into cells with Bt and Allow cells to
grow into plants.

“marker" genes
Plants now

produce toxins
against insect
pests

BACILLUS TOXIN GENE  MARKER DYING PLANT CELL THAT PLANT CELL THAT DID DEAD PESTS

THURINGIENSIS (BT) FROM GENE DID NOT TAKE UP GENES TAKE UP GENES
BACTERIUM
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The 2013 GMO Landscape

Popular crops

GM soya bean, maize (corn), cotton and canola crops accounted for
nearly all GM crops grown in 2012.

Popular traits

Of some 30 traits that are currently engineered into plants for commercial use, the most
popular are those that confer herbicide tolerance, insect resistance or both ‘stacked’ traits.
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Genetic Engineering a Plant to Resist Wormsl!
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DNA
Genetic Code of Life

Question Four

Entire Genetic Code

il Does the Same Bt Protein in

Engineered Cr'oFs & Organic Sprays
Protect Plants From Insect Damage?

DNA Fingerprinting a. yes
b. No

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow




DNA
Genetic Code of Life

Question Five

Entire Genetic Code
of a Bacteria

Would you eat food obtained from
‘ genetically modified plants and animals?

a. yes
b. Xo

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



DNA
Genetic Code of Life

Question Six

Entire Genetic Code
of a Bacteria

Would You Use a Genetically
e Engineered Drug?

DNA Fingerprinting

a.yes
b.no

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



What Can We Infer FROM These Genetic
W Engin“eer'ing”ExperimenTs About How Genes
o A Work™ and Genetic Processes in

e e All Living Organisms?

/‘:/ D N\ .\‘ N
/ \ AN

Genes
Entire Genetic Code d““““““““““"} % N\
of a Bacteria 4 ,@ﬂ{‘ TTTTTTTTTYTTITTYYTYTY @ Ih@'llLV \
/ / Transcription See Figure |\
/ m (RNA synthesis) 12.5 \
Translation See Figures
(protein synthesis) \12.10-12.13

DNA Fingerprinting

See Figures
‘ 128 and 12.9 )
o tRNAs Ribocsome

\ Polypeptide

Cloning: Ethical Issues

and Future Consequences o - 7//
Sl —

p—
—

o

Trai

Plants of Tomorrow



Observations and Inferences From
Genetic Engineering Experiments

1. Genes Can Work Independently of Each Other -
E.G. - The Jellyfish Fluorescence Gene Works
Perfectly in a Variety of Organisms

2. Basic Genetic Processes Are Universal (Replication
& DNA to RNA to Protein) -
E. 6. - The Bt Gene Directs the Production of BT

Protein in Crops.

3. Basic Genetic Processes Can Be Used to Engineer
or Transfer Genes From One Organism to Another
and Transfer Them Stably Generation After
Generation -

E.G. - The Chimeric Glofish & Bt Genes Are
Inherited Generation After Generation.




Translating The Genetic
Code Into Proteins is a
Conserved Process

can Intervene Q

)0(% 0 Replication

Information

DNA] Y000

in This Process in =
Cells

Genetic Engineering
Is not “Hocus Pocus.’

_ DNA All Organisms Use
'"forlmat")" The SAME Processes

Trarsoriog And “‘RULES” to
’Wf_i;r\i% (RNA synthesis) &enerate Traitsll And
| The SAME Molecules

Information

It Uses “Natural” ¥ ! & Chemistryll
Cell Processes!lll BNA] | " mRNA
Information
!
Translation

(protein synthesis)

Ribosome

Protein .
gisish)| Protein —> Trait (e.g., eye color)



Wl Summary - Age of DNA - There
gl Are NO Genetic Limitations to

What Can Be Done Using Genetic
Engineering

of o Bacteria - Synthetic Chromosomes & Microbes (cE 2.0)

+ Recombinant Plasmids & Bacteria =
‘ - GlowFish, GloMice, GloMonkey, GloPlant
* Mighty Mice and Giant Fish

LRI | © Insect Resistant Crops

* Novel Fly Body Plans (e.g., eye on leg)
* Engineered Humans

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fmgerprmhng
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-_
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Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

We Are Only Limited By Our
Ingenuity and Our “Fear”
of the Unknown




Creating Life: Synthetic Microbes
J. Craig Venter

Genetic Engineering 2.0

60 Minutes-December 2010




DNA
Genetic Code of Life

Ood There is Nothing New About

of a Bacteria

Genetic Engineering!

ONA Fingrprinting Manipulating Genes IS
»_ Manipulating Genes No Matter
- What Technology or Processes
Cloning: Eticl Tsmues Are gysed!!

and Future Consequences

Plants of Tomorrow



This is Genetic Engineeering 0.0/

Breeding And Cultivation Of Plants
Have Taken Place Over Thousand Of Years

Genetic Engineering is Not New

Crops of Egypt 400 B.C.




Most Major Crops Were Engineered From Wild Relatives
by Early “Bioengineers™ Over 10,000 Years Ago!!

Regions Where Major Crops Were Established

Pea &

Lentil

Wheat Soybean
Millet

Barley
Grape vine  Tea
Buckwheat

Breeding Involves Gene Manipulation Using EXISTING Genetic Variability!



Breeding Uses Natural Genetic Variability of Genes
As Raw Material - Variability Generated by Mutations

Tomato Genetic Diversity

Mutations in a Gene That Change Its Chemical Sequence
& Slightly Alters Its Function (e.g., fruit size, color)




Tomatoes Were Engineered From Small Wild Relatives
Because of Mutations in Fruit Size Genes!

The Early Tomato “Bioengineers” Selected For Large
Fruit Size Because it Provided More Food!

What They Were Selecting Was a Different Form (Allele) of a Fruit Size Gene!



Engineering Teosinte Into Domesticated Corn

Teosinte Domesticated corn Teosinte Early domesticated corn

Note: Architecture and Fruit (cob) Size

Only Five Genes Cause These Plants to Differ
& We Now Know What They Are

How Does This Differ From Putting an Eye on a Fly's Leg?



Engineering the Modern Banana

q Origins of
Domesticated

‘1 Banana

e

N s

-

Modern Banana

Note: Fruit Architecture
and Presence of Seeds



Engineering Vegetables With
Different Plant Architectures

Lateral Flowers Storage  Enlarged Terminal Flower
Leaves Vegetative —~ And Stem Vegetative Bud Clusters
; Stems

\ g} Buds

- e | Cauliflower
Kale i ]
Brussels Broccoli Kohlrabi

sprouts

How Are These Plants Related?




Farm Animals Were Also “Engineered” By
Br'eedmg Wild Relatives

Cattle Breeding in Egypt 4,000 Years Ago!

o4 Nofe Trait
Variability

L/

MEere

Mampulafl Ex:sf Genetic Variability
Brought About hance Muftations!




Even Domesticated Pets Were “Engineered”
By Breeding Wild Relatives

Vol 438|8 December 2005 nature

Nature, December 2005 N E W S & V | E W S

C.COLLINS/CORBIS

GENOMICS

The dog has its day

Hans Ellegren

Domestication and selective breeding have transformed wolves into the diversity of dogs we see today. The
sequence of the genome of one breed adds to our understanding of mammalian biology and genome evolution.

Canine DNA
The Dog Genome Has Been Sequenced!







DNA
Genetic Code of Life

S The Problem With Breeding

‘ the “Old Fashioned Way”

ONA Fingerprinting Cannot Predict Results!

—
- 7
'

Cloning: Ethical Issues
and Future Consequences
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The Problem With Breeding the “Old Fashioned Way”

Engineering A Novel Crop
By "Wide" Breeding

Cabbage (Brassica) Radish (Raphanus)

"Head" I» ' ;
/f \ Stv(()rage
| ‘ Root

222

Karpechenko, 6.D., 1928. Polyploid hybrids of Raphanus sativus L. X Brassica oleracea L.
Zeitschrift fiir induktive Abstammungs- und Vererbungslehre 48, 1-85.




Engineering A Novel Crop
By "Wide" Breeding

Cabbage (Brassica) Radish (Raphanus)

/77;@ “Head” l Storage
( Root

Radish RaphanoBrassica
leaves!!!

/- Cabbage

%\ roots!!!

Results Show the Unpredictability of Classical Breeding Approaches!!
Compare With the Modern Genetic Engineering Examples Shown Previously



DNA
Genetic Code of Life

e.m..,s,..,f.c Ml Genetic Engineering is a TECHNIQUE!

of a Bacteria

How Do Classical Genetic Engineering

aligisd Methods Differ From Those Using
> DNA and 21st Century Technologies?

-
y

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow




Classical vs. Molecular Genetic Engineering
Techniques

TRADITIONAL PLANT BREEDING

Traditional Commercial New
. Line Variety Variety Many Genes
Plant Breeding Transferred
Combines Many
Genes At Once X = I
Desired Gene (Many Crosses) Desired Gene

PLANT BIOTECHNOLOGY

: Commercial New
Desired Gene Variety Variety One Gene
( Biotechnology Adds | Transferred
A Single Gene ® — - =
\ = J Gene Transfer Or Many Genes
(Or Many Cloned or) (one generation) Desired Gene 0000
Synthesized Genes 0000
. J

Both Manipulate Genes - But in Different Ways!!



Classical vs. Molecular Genetic Engineering




What Are The Limitations of Classical Breeding/Genetic
Engineering?

1. Limited To Genes of Interbreeding Organisms and,
Clearly, Severe Ethical Issues With Humans
(eugenics)

2. Only Can Make New Combinations of EXISTING
Genes - Genes Created By “Natural” Mutations

3. Can’' t Make Existing Genes “Better” - Just Better or
Mlclwle Useful Combinations of Existing Genes and/or
Alleles

4. Takes Time - Limited To Generation Time of
Organism - Decades For Some Crop Plants

5. Only Useful For “Obvious” Traits - One’s That Can
Be Observed or Followed

6. Unpredictable Outcomes (Bringing in Thousands of Genes at
Once - Some With Deleterious Consequences)




What Are The Advantages of Using 21st Century
Genetic Engineering Methods?

1. Any Gene From Any Organism Can Be Used In Any

Organism - There Are No Breeding Barriers (e.g.,
genes of all sequenced genomes)

2. New Genes Can Be Engineered - Genes That Work

Better and/or Produce New Proteins (i.e., create new
genetic variability and/or alleles)

3. Existing Genes Can Be Engineered to be Switched On
in “Places” That They Are Normally Off - Gene
Control or Regulation Altered (e.g., fly eye on leg)

4. Speed - Can Engineer a New Organism in a
Generation

5. Can Change, Alter, Manipulate, Synthesize and/or
Control the Genetic Blueprint of Any Organism

6. Very Precise (Working With Known Genes & Proteins)




HOW IS SCIENCE
CARRIED OUT?

SCIENTIFIC
KNOWLEDGE IS
OBTAINED BY A

PRECISE & SPECIFIC
PROCESS




Science is NOT “Hocus Pocus” or
Based on Opinions and Beliefs

DNA
Genetic Code of Life

Entire Genetic Code

of @ Boctene *Science is Based on
Observation, Hypothesis Testing,
Rigorous Experimentation, and
DNA Fingerprinting Verification

~ *Technology, or the Application

= of Scientific Knowledge, Has
S Transformed Dramatically Our
7N Lives and How We Live

Plants of Tomorrow



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

It Has Lead to Civilization and
Culture as We Know It!

*Agriculture
Medicine
Computers and Automation
*Airplanes, Cars, and Satellites
Countries and Cities
Political Systems
*Art and Literature
*Etc., Etc., Etc.

Simply Put:Our Way of Lifel



Translating The Genetic
Code Into Proteins is a
Conserved Process

can Intervene Q

)0(% 0 Replication

Information

DNA] Y000

in This Process in =
Cells

Genetic Engineering
Is not “Hocus Pocus.’

_ DNA All Organisms Use
'"forlmat")" The SAME Processes

Trarsoriog And “‘RULES” to
’Wf_i;r\i% (RNA synthesis) &enerate Traitsll And
| The SAME Molecules

Information

It Uses “Natural” ¥ ! & Chemistryll
Cell Processes!lll BNA] | " mRNA
Information
!
Translation

(protein synthesis)

Ribosome

Protein .
gisish)| Protein —> Trait (e.g., eye color)



We Live in the
The Age of DNAL

Genetic Engineering Is
Manipulating DNA Either Classically or By
Exciting Modern Approaches (GE 1.0 and 2.0)
It's a Scientific Process
Not Hocus Pocus

Understanding Genetic Engineering
== Requires a Basic Understanding of Genes*_=;
£ And How They Work




