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How Are Genes & DNA Organized Into
Chromosomes?

How Do Switches Regulate Genes in Space & Time?
Restriction Maps Enable Switches to be Isolated.
How Does DNA Replication Occur?

What is the Polymerase Chain Reaction (PCR) and
How is PCR Used in Society?

How Do Mutations Occur?

How Can Pedigrees Be Used To Follow the
grflrl'lx‘%ri‘;‘ance of Mutant Genes With Phenotypes and
S?

How Do Mutations Change Phenotypes?

What is the Colineariy Between Genes & Proteins
(i.e. how does the DNA sequence specify a protein
sequence)?

10. What is the Genetic Code?

11. Yo!-It’s in the DNA Sequences- What Are the
Implications For Genetic Engineering?
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How Do Genes Work?

@ Gene Activity to
Function & Phenotype

\

Information coded in the } ‘ Information in RNA is passed

sequence of nucleotide bases to polypeptides, but never
the reverse i to
nucletic acids).

in DNA is passed to a
of nucleotide bases in RNA.

. . /,//:\{\—"\\\
Gene Activity Y . }\
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Protein wwjjﬁ%wmw A\
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Phenotype
(Trait)
- Function &

A Gene is NOT Expressed Unless A
Functional Protein Produced!

Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting
-

-
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Cloning: Ethical Issues
and Future Consequences

WHAT ARE THE PROPERTIES OF A GENE?

1. Replication
2. Stability (Mutations)

3. Universality
a) All Cells
b) All Organisms

4. Direct Cell Function/Phenotype

McCleod McCarty




0 How Are Genes Replicated Each Cell

Generation?
Chromosome @
"ll l chromosoma

D A “ »
Replication ol Note - Each Clone of Bacteria
} — Contains Clones of Cells

|

Ce" <
Cytoplasm N e
-108 cells per colony ~50 colonies per dish

Division
N\ s Clones A Bacterial Colony Contains
(@ ) (@ ) (@ ) (@ ) Many Copies of Same Cell, or
Clones, Which are Genetically

Identicall

| Each Daughter Cell Contains The Same Collection of Genes |\

Each Daughter Cell Will Also Replicate a Foreign Gene in a
Plasmid - Increasing its Amount For Study or Expression

DNA Replication Occurs Semi-Conservatively

template S strand

S’ strand 3 © © 0o o o o o o o

parent DNA double helix \ uMl-lL“

DNA Polymerase 3’ Xl 0 T Om 0
template S’ strand

1. DNA Structure Allows DNA Sequence to Be Maintained by
Complementary Base Pairing

2. Each Strand Serves as a Template for the Synthesis of a
Complementary Strand Using DNA Polymerase

3. New DNA Molecules are Precise Copies of Parental DNA -
gach aom‘aining One Newly Synthesized Complementary
tran

4. Predicted by Watson & Crickll
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Vectors Are Needed To Replicate
Genes In Transformed Cells

(A) Plasmid pBR322

Host: E. coli 1. Oriis a Specific Sequence

Ori is Genome & Organism
Specific

DNA Polymerases are
Specitfic For Each Orqanism
Therefore, Need Correct
Ori to Replicate Gene in a
Specific Organism!

Tetracycline
resistance gene

(tetr)

Need Bacterial Ori to Clone Human Gene in Bacteria.
Need Human Ori to Replicate a Bacterial Gene in
Human Cells.

Ori Along Chromosomes Allows Gfp Gene to be
Replicated. Uses Endogenous Oril

It’s in the Sequence= Function
.. Vectors can be Engineered!

MODULARI

Ori’ s can be cloned/synthesized!

Genetic Engineering Breakthroughs

Classical Breeding - 8,000 BCE
Our Primitive Biotechnology Ancestors
# Transgenic Genetic Engineering - 1973

Berg, Cohen, & Boyer

D Polymerase Chain Reaction (PCR) - 1985

Mullis

Synthetic Genomes - 2000
Venter
@ Gene Editing or Clustered Regularly
Interspaced Short Palindromic Repeats
(CRISPR) - 2015

Doudna & Carpentier
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The Second Genetic Engineering Revolution - The Polymerase Chain
Reaction (PCR) is a Molecular Xerox Machine That Can Amplify DNA

Sequences in a Test Tube Without Cloning!
Kary Mullis

FDQSPesi’fic Gene

|
[

| Tar Selected segment
U S, Of Specific

Based on Sizel

Knowledge of DNA Polymerase
DNA f_ :
Rephcahon el e [Kary Mullis, unconventional Nobel laureate who unlocked DNA
Y L research, dies at 74 1944-2019 RIP
T S T
DNA Copies All The Same Size

1. PCR Has Revolutionized DNA Analysis!
Specific DNA Sequences/Genes Can Be “Copied” Directly
From “Tiny” Amount of DNA!

2. No Bacterial Cloning Needed!

3. But Need Sequence! = Have to Clone “Gene” First

DNA Cloning the "Old Fashioned” Way is a Lot of
Work!

Bacterial cell  /acZgene  Human
== (lacts cell
%, breakdown)

Io Isolate plasmid DNA
and human DNA.

- =' Restriction 75
= site @
amp® gene  Bacterial
(ampicillin  plasmid i
resistance) Tnteraet
)—:::;:Y kﬂ Human DNA}
< J tragments

|2 cut both DNA samples with
the same restriction enzyme. O
[© Wix the DNAs; they join by base pairing. 0 O @

The products are recombinant plasmids
and many nonrecombinant plasmids.
Recombinant DNA plasmids

|2 introduce the DNA into bacterial cells .
that have a mutation in their own lacZ o

gene.
Recombinant
bacteria
|© Piate the bacteria on agar t
containing ampicillin and X-gal.
Incubate until colonies grow. ce =,
Colony carrying non- Colony carrying
lasmid
plasmid with
disrupted /acZ gene}

pl
with intact lacZ gene

ancr
€939
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PCR is A Cyclical Process of DNA Replication &
Eliminates the Need For Vectors & Bacterial

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Requiirements
Template
2. Primers
3. Knowledge of | Repeat Steps or Cycle
5 cifiéqe | P P 4 |
eguence = . s
4. Nucleotides — \ il Zimi n
5. Heat-Stable gy I, LI, 21 Molecules
DNA T L L .8 of DNA
Polymerase 5 ; [ h _
6. Thermo Where n =
Cycler Number of
Cycles
< IR
Diagnostic For Amplified DNA Fragments All The Same Size
DNA Sequence (etween primers) Primer-Sequence-Primer

11

Using Gel Electrophoresis to Visualize PCR
Products

Genetic Code of Life

1 23 45 6

Specific Diagnostic

DNA Band Unique to

DNA Sequence Being
Amplified

Entire Genetic Code
of a Bacteria

* Target-Specific Band
* Diagnostic For Specific
DNA Sequence
* Band Size Unique For Specific
J Sequence
* Primers "Surround” the Target Sequence

DNA Fingerprinting

=

Cloning: Ethical Issues
and Future Consequences

an Amplify One DNA Sequence From
n Entire Genome or an Entire Genomélll

Plants of Tomorrow
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The Second Genetic Engineering Revolution - The Polymerase
Chain Reaction (PCR) is a Molecular Xerox Machine That Can
Amplify DNA Sequences in a Test Tube Without Cloning!

Genetic Code of Life

STARTING MATERIALS  Target DNA
58

DNA polymerase

Primers; !E {E.l'w
Target £

‘sequence =

DNA pol =

=y

Nucleotides:
dATP

of a Bacteria daup

1) Denaturation Stage
Heat to denature

3
dCTP 5 /
Entire Genetic Code dGTP
§
'

2) Hybridization/
Annealing Stage
Cool to allow
primers to bind Primers %

T

2 A
(hybridize) /; L
DNA Fingerprinting 3) Extension Stage &C? it
DNA polymerase g o

extends the
3 end of each
primer 5,
3 5
DNA pol Primers

CvoLe2
yields 4

8]
% molecules
=
=

Cloning: Ethical Issues
and Future Consequences

R
>
LT

-7 A
g = Croe 3
= = yields 8 =
= % molecules | #-%,
e . . - £
. = 4 .=y
Plants of Tomorrow = =

PCR Revolutionized Genetic Engineering &
Working With DNA

1. Amplify Any DNA Sequence, or Gene, From “Tiny” Amounts of DNA
or Biological Materials IF ORIGINAL SEQUENCE KNOWN

2. Study DNA From Limited and/or Degraded Sources Such As:
a.

A Single Human Hair or Cheek Cell

b.  An Ancient Fossil (e.g., Neanderthal Bone or Mammoth Hair)
c.  An Ancient Insect Trapped in Amber

d.  Human Remains (e.g., 9/11 Victims)

e. A Single Human Embryo Cell

f. Contammafcd Meat To Determine the Causal Organism
Used In

a. DNA Fnngerprin’ring-Individunl Identification-Genetic Disease Screening
b.  Forensics (Crime Scenes, Mass Graves, Criminal Suspects, Wrongfully
Convicted)

Paternity & Family Relationships (e.g., Immigration, Tracing Lost Children)
Disease Diagnosis & Pathogen Identification (Humans, Animals, & Plants)
Human Origins & Migrations

Ancient Genome Sequences & Evolutionary Studies

Specific mRNA Detection

“Cloning” Specific DNA Sequences

Tracing Plant & Animal Sources (e.g., Poaching Stolen Cattle, Cactus)

4. Need as Little as One Molecule of DNA & Can Replicate an
o Amount of Specific Sequences

TSV s 00

14



COVID-19 Test
©, @

Obtain sample AN Extract RNA
[ .

Entire Genetic Code
of a Bacteria

v
Centrifuge

Analyze Convert to cDNA and amplify ]
Result M —

fluorescence

Legend

77777 L. Reverse
RNA " franscriptase

DNA Fingerprinting
»_
-

F/

cDNA  Taq

. Polymerase
Primer for
COVID-19

RESEARCH Real Time Polymerase Chain
A A Reaction (PCR) Machine .
PCRProbe ~ COVID-19

B

Cloning: Ethical Issues
and Future Consequences

|RNA Genome to ds-cDNA to PCR |

Plants of Tomorrow

Kﬂry Mu”’s Obituaries
Kary Mullis, unconventional Nobel laureate who unlocked DNA
research, dies at 74 1944-2019 RIP

Kerry Mullis and His Gene Machine

16



AN  WHAT ARE THE PROPERTIES OF
— A GENE?

Genetic Code of Life

1. Replication

e @ Bacreria 2. Stability (Mutations)

‘ 3. Universality

DNA Fingerprinting 0) A“ CC”S
™ b) All Organisms

ot Foare Consenpances 4. Direct Cell
s Function/Phenotype

Plants of Tomorrow

DNA Replication is Precise
But Mistakes or Mutations Can Occur!

DNA RNA

pair { /T\

palr{ 8
Rare Base

Fene A \4@\1 ooy | Mismatch

c»

} pair
BASE PAIR
RULES

} par | Think Tautomers! |

[e]9)

Replication® r . -
\! l‘; \\" SO ranan i A
New Base Pair c mlspclrs with A Phenotype

. . attempted repair Creates A”eles
Replication® =

Gene A’ SEEEETT'NG
Allelic Variant

Change DNA Sequence From A=Tto 6 = C

. Change Protein Amino Acid Sequence & Alter Function!

‘ _ & Big Tomato to Small Tomato

18



TAUTOMERS CHANGE BASE PAIRING RULES

(a) Standard base-pairing arrangements Keto-Amino Forms
H
i X
/ A g
CH;, N Ne A /c—c\ — |
% o4 "'3 H—Z N ---H—N =
4 V7 \ AN
H—C N—H---N = = =
N\ 4 N\ 28N i\ /
N—C = 0--H—N
{4\ A \
l Thymine (keto) Adenine (amino) Cytosine (amino) Guanine (kato)]
(b) A = hase'pa'""g o , Enol ~Imino Forms
N /
/ 4 \f H >N-»-H—N\/ N H
S
\c C/ c/ c
\ H—! N—H N/
/T \ \
O---H N
\ 4 \\ /
[Thymine (enol) Guanine (keta) Cytosine (imino) Adenine (amina)l

Mutations® Genetic Dlver'sd'y
Chemistry Leads to Biology!/

Mutations Can Occur At Any Nucleotide or Gene Region

A Typical Gene End

Beginning (Switch)

Promoter Transcription
\

Coding sequence
5’ e— 3

-30 -20 -10 +10 +20 +30

+
Sense Strand (Coding SeqUBACE Downstream

Nontemplate strand 5’ CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCGCTGC 3}
DNA
’

Template strand 3' GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG 5

Transcribed Strand (Nonsense Strand) l Same Sequence as Sense Strand

5’ 3’ Primary RNA
transcript
e
o e
— — ——— ]
T Tax CGAUUUUAT
N l Sphcmg -
Mufu’ngn e o S— «  Switch
No Functional e | | Expord’ SR i + Coding
f‘f‘O_*e'" Y Sequence
No Phenotype or o EUGCACUACURG « Splice
Trait Junctions
moen BEBHEEOBBEE
byt

20
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Populations of All Organisms Contain Genetic Variability
Derived From Random Mutations

Base Pairing Spontaneous
Mistakes Tautomeric

During DNA Base

Replication Shifts

Chemistry = Biology
Change DNA Sequence

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrovt

ARTICLE

doi:10.1038/nature09534

A map of human genome variation from
population-scale sequencing

The 1000 Genomes Project Consortium*
—

The 1000 Genomes iject aims to provide a deep ization of human g variationas a

for investigating the genotype and phenntype Here we present raults of the pilot phase of the
project, designed to develop and np for g wide ith high-throughp
platforms. We undertook three proj low age whole-gi ing of 179 ivi from four

populations; high-coverage sequencing of two mother-father-child trios; and exon-targeted sequencing of 697
individuals from seven populations. We describe the location, allele frequency and local haplotype structure of
approximately 15 million single nucleotide polymorphisms, 1 million short insertions and deletions, and 20,000
structural variants, most of which were previously undescribed. We show that, because we have catalogued the vast
majority of common variation, over 95% of the currently accessible variants found in any individual are present in this
data set. On average, each person is found to carry approximately 250 to 300 loss-of-function variants in annotated
genes and 50 to 100 variants previously implicated in inherited disorders. W how these It be used
to inform association and functional studies. From the two trios, we directly estimate the rate of de novo germline base
substitution mutations to be approximately 10°° per base pair per generation. We explore the data with regard to
signatures of natural selection, and identify a marked reduction of genetic variation in the neighbourhood of genes,
due to selection at linked sites. These methods and public data will support the next phase of human genetic research.

® Sequenced Genomes of 2500 individuals & From 26 Different Global
Populations

* Found 84 Million Variants (SNPs) & <0.5% Unique to a Population!

® Evidence For Common Ancestry of All Humans

® Found 250-300 Loss-Of-Function Mutations (KOs) Per Person

® Found 50-100 Mutations Implicated in Genetic Disorders Per Person
® 10-8 bp Mutations Per Generation (30 per Genome)

11



Base Pairing
Mistakes
During RNA

Replication

DNA

Spontaneous

COVID-19 Variants Tautomeric
Derived From Random Mutations| g,

Genetic Code of Life

CoRONAVIRUS

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Wild Type Genome O

Mutant Genomes O

Wutatans oo
PIUNERGE

%

§

<D

coroNAvIRUS

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

o Cavariants)

100%

Estler varints
of the coronairus

23

Human Genetic Disorders Occur As a Result of
Rare Spontaneous Mutations in Gametes

Copyright © The McGraw.Hil Comparies,Inc. Permission requied for reproduction or dispiay.

Some Important Genetic Disorders

Dominant/ Frequency Among
Disorder Symptom Defect Recessive Human Births
Hemophilia Blood fails to clot Defective blood-clotting factor VIII ~ X-linked recessive 1/10,000 (Caucasian males) ]

Huntington disease Brain tissue gradually

deteriorates in middle age

Production of an inhibitor of brain

cell metabolism

Dominant 1724,000

)

Molecular Cell Biology, Sixth Edition

Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 1/3700 (males)
(Duchenne) nerves stimulating muscles
Hypercholesterolemia Excessive cholesterol levels in - Abnormal form of cholesterol cell Dominant 1/500
blood lead to heart disease surface receptor
Dominant Carrier Recessive
DIPLOID Wild type =—{ Dominant = | =] Dominant = = R ive = ={ R ive =
GENOTYPE | = == = | = oominant }= | = | reessive =
DIPLOID Wild type Mutant Mutant Wild type Mutant
PHENOTYPE in of Functio oss of Functio
Figure 5-2

©2008 W.H.Freeman and Company

Need One Allele

Need Two Alleles

24



Mutations Are
Inherited Because
Altered Gene
Replicates

RN’ﬂ Lo aBitesanionMoaies St at it nl

Protein

Translating The Genetic
Code Into Proteins is a
Conserved Process

;;;% Replication

Information

DNA| 3000000, .

oAl  DNA Mutations Lead To
'"fori"am" Altered Protein

Because mRNA and
Transcription ;
g O ANA synthesis) Protein Sequence
Encoded By Gene
Changes

1
J Information

mRNA

Translation
(protein synthesis) > ‘

J Ribosome Mutations Lead to Altered
Traits/Phenotype Because
Protein — Protein Structure Changed

1
Information

25

Pedigrees Can Be Used To Follow Disease Genes in

Human Families

Generation

The Royal Hemophilia Pedigree
George il

Edward Louis II
Duke of Kent %] Grand Duke of Hesse

| Prince Albert Queen Victoria / O_+_D
7
king & & é
n
Fredercll | e e il Alice Duke of Afed L Helena Arhur  Leopold Beatrice | Prince
m Hesse
No hemophilia No hemophl a
German King
n Royal George V/
House Iene Czarina Eale! Princess ~ Maurice  Leopold ~ Queen Alfonso
Nchc\as 1 Me xandra Alhlo ne  |Alice Eugenie Kf‘s":;r:

Dukeof  King
Windsor  George VI

vi

&uﬁﬁﬁééé bd 8ob 0 om

Earof  Waldemar Prince  Henry nas \asa AI lexis [ Viscount Afonso | Jamie Juan Gonzalo
Mountbatten Sigismond Tremation

Andrew

British Royal House

Prussian Russian é

Royal Royal O

House House King Juan
Carlos.

No evidence No evidence
of hemophilia of hemophilia

Spanish Royal House

(]
Edward

Recessive Sex Linked

26
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Genetic Diseases Can Also Be Followed in Families Using DNA

Methods (e.g., PCR) & Pedigrees - With DNA Markers Linked to
the Disease Phenotype

RESEARCH METHOD

A allele: a allele:
A restriction enzyme cuts the There is no recognition

DNA fragment in two at its sequence, so the DNA
recognition sequence. is not cut.

l AT'roGCMu'tahon Snp

Mutation in

= cTiaAl c; . .
Essential HC70A Concept! N ety ] Res1.'r‘|c1'lon Enzyme
antng Site = RFLP or

DNA Fingerprints _L| | = |/ — \(=loo= )t Restriction

et w T S“"“"”m/m FEragment
homczygote mozygote Helerozygo =
o Length

Polymorphism

4 5 6 7

|leam—=
Hl]-x®-

IR 5

This gel shows the RFLP pattems of the
members of this family.

PCR & RFLPs Can Be Used To Analyze
- Human Genes in A Single Embryo Cell

Genetic Code of Life
Q Q What is The
Implication of This

===== ytes H\cwmg superoviation

Entire Genetic Code Procedure
e et p v Considering That
PeD @ @ The Human
Pre- Genome Has Been
Implantation @ @ @ Sequenced?
Qene.‘.i c Culture in vitro to 6- to 10-cell stoge:
DNA Fingerprinting Qiagnosis o 1
o
- J Romove s singe collrom aach embryo
Cloning: Ethical Issues “ u u u u u u
and Future Consequences
B R Sex Determination
Y Fmmieimty «|  in 8-cell Embryo!

fragment | - - -

Plants of Tomorrow e




Also....DNA Testing Can Be Carried Out
Before Child Birth During Pregnancy

Fetus __—Amniotic fluid
8-10 weeks) withdrawn

Chorionic | (
villi

Uterine wall

Catheter Amniotic fluid

Fetus (14-16 weeks)

Chorionic villus

sampling

RESEARCH METHOD \/—

Amniocentesis

Supernatant

Biochemical
tests Fetal cells

-— % N
Several weeks @ Cell culture

later

29

“Mutations” Can Occur By Large Chromosomal
Changes - Altering Blocks of Genes at a Time

Relocation of Dot Loss of
genetic material genetic material
SIRNININTNTNININTN

Translocation

4

)
Fromanoéer \ /

s Wild-type sequence )
Extra chromosome(s)

Inversion / C )
> ¢ Y

€ ; S Gain of
Duplication genetic material

Missing chromosome(s)

A4

These Changes Affect Thousands of Genes and Cause
Major Developmental Abnormalities

e.g. Down’ s Syndrome (3 Chromosome #21s)

30

15



Three Chromosome

A Down’ s Syndrome Karyotype

| A | S

Woa oM e a
1 2 3 4 5

W E o p g

N 2.1 .o/ —F7
MAGAd XX KRG Exxx
13 14 15 16 17 18 19 20

—<—
AR
# 21s 2

Increases With Age
1 of Mother

xae
<

[

20 25 30 s 40 fa5
Age of Mother

Chromosome Testing Can Be Also Be Carried Out
During Pregnancy or Before (New DNA Tests)

Chorionic

Fetus \/Amniotic fluid
8-10 weeks) withdrawn

| (

Uterine wall

Catheter Amniotic fluid

Fetus (14—16 weeks)

Chorionic villus
sampling

’ & . Amniocentesis
i o
(]
2 3 2 5 X Supernatant

i 9y 1t ) ) v
H ) " L} Biochemical

i 8 9 1Okl 12 tests Fetal cells

fy o BEY

b Several weeks / Cell culture
b1 ies 88 later
20 21 22 Y

Trisomy 21




Genetic Screening Issues

enetc Cade of Life Why Screen For Genes?
‘When is a Test Accurate Enough?

*Mandatory or Voluntary Screening?
Entire Genetic Code *Who Should Be Tested?

of a Bacteria
‘Employer & Insurance Company Testing?
‘Protection From Genotype Discrimination?
*Testing for Genetic Diseases With No Cures?

*How Ensure Privacy & Confidentiality?

' -Obligations to Inform Others (Spouse/Sibling)
Cloring: Ethical Tssues of Genetic Disorder Knowledge?

and Future Consequences
Genetic Databases??

DNA Fingerprinting

‘Patents on Tests?

Plants of Tomorrow

Mandatory Genetic Screening

DNA M N
Genetic Code of Life { "

Entire Genetic Code
of a Bacteria

The Recommended Uniform Screening Panel

Metabolic Disorders

Fatty acid Amino

DNA Fingerprinting oxidation acid
disorders disorders
(i i daton Endocrine Hemoglobin Other
mitine up e Dlsoriers 3 sadas
ccamitine transport defect L -
Methyimalonic acidemia Primary S.S disease Biotinidase
(methylmalonyl-CoA mutase) Medium-chain acyl-CoA congenital (Sickle cell anemia) deficiency
dehydrogenase deficiency hypothyroldism
Methyimalonic acidemla (MCAD) S, Beta-thalassemia Critical
(cobalamin disorders) Congenital oGl
Very long:chain acyl-CoA adrenal S,Cdisease ”["c‘gpfga“
Isovaleric hyperpl !
ina: H (CAH) sstic fibr
Cloning: Ethical Issues 3 Methylcrotonyl-CoA Long-chain L3 hydroxyacy-CoA Oetic s
and Future Consequences (3MCC) Classic
galactosemia
3-Hydroxy-3-methyglutaric Trifunctional protein deficiency
aclduria tpel Hearing loss
Holocarboxylase synthase Severe
deficiency ‘combined
immunodeficiences
{ScCID)

f-Ketothiolase deficiency

" Glutaric acidemia type | (GA 1)

Plants of Tomorro




Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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WHAT ARE THE PROPERTIES OF
A GENE?

1. Replication

a) All Cells

4. Direct Cell

2. Stability (Mutations)

3. Universality

b) All Organisms

Function/Phenotype

DNA

mRNA

/
[Codons]

Codon-bearing
strand

Template strand

T

. .
Il l 1L l Jl__l_l Codons

Amino acids

Peptide bond

T
Protein
Insulin

Know Protein

Know Sequence

\-l Engineer New Protein |

@ How Does A Gene Lead To A Phenotype?

@ mRNA Synthesized
by Transcription

+ Complementary to
Transcribed, Non-Sense
Strand

- Same Sequence As Sense
Strand .

® mRNA Translated
into Protein by
Translation of The
Genetic Code

Genetic Code on mMRNA
Translated to Protein
Sequence

.. Sequence of Gene
Sequence of mRNA
Sequence of Protein

Colinearity of Sequences/!

36
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Genetic Code Allows The Sequence of Nucleotides in
mRNA/Sense strand of Gene to be Translated into
Sequence of Amino Acids in Proteins

Same Sequence
As Sense DNA Strand

Proteins have
ends tool

Note: Sequence in mMRNA (= Sense Gene Strand) is translated 5 >3’ (=
be%innin of sense strand to end) & protein made in N—C direction
- therefore: order nucleotides in gene specifies order of amino
acids in protein!

37

The Genetic Code is Universal!

AGG
‘GCA  CGA GGA
DNA GCG  CGG . GGG ATA
codons GCT 'CGT GAT AAT TGT 'GAA CAA GGT CAT ATT '
CGC GAC 'AAC ' TGC GAG CAG GGC CAC  ATC

AGA [ How Know ]

Universal
Triplet
Punctuation
Degenerate

Gcc ©
amee o T T T T BB 1 T ) 1B 1D

TTA AGT

TG

CTA m CCA TCA ACA GTA

cTG CCG TCG ACG GTG TAA
CTT  AAA fifil HGCT! MTCT FACT TAT  GIT

Hw o=

TAG
AAG ATG ' TTIC CCC TCC ACC TGG TAC GIC TGA

CTC
) 2 2 2 2 2 2 2 2 B

For RNA, The Ts are replaced by Us.

Know Sequence of Gene-Know Sequence of Protein Using
Genetic Code

Big Implication For Genetic Engineering! Can Make Genes,
Genomes & Specify Proteins Wanted! Can Express Genes
rom One Organism in Another!

Design An Experiment to Show Code is Universall

38
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Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences
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DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Expression of Jellyfish Green Fluorescence
Protein (GFP) in Pigs Shows That Genetic
Code is Universalll

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

\/

© University of Missouri, Extension and Agriculture Information

Implications For Genetic Engineering -
“Its in The DNAIl”

| Modular Organization of Sequences |
1. DNA Replication
Ori
2. Transcription
Switch/Regulator
Terminator
3. Processing of RNA (Eukaryotes)
Splicing Sites
4. Translation
Start
Stop
Genetic Code/Codons

5. Coding Sequence
Genetic Code

“Legos"/Modules > sequences to Do Anything You Want

Using Genetic Engineering!
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Summary: Engineering Genes Requires:

The Gene & Tts DNA Sequences

A RoadmaE of Where Coding Sequence & All
Switches Located (Sequence, Restriction Site Map)

3. Transcription Start And Stop Switches
o dirsdindin 4. Coding Region of Gene (Genetic Code)

5

6

DNA
Genetic Code of Life

—

of a Bacteria
Translation Start And Stop Switches
Kingdom-Specific Switches/ Signals

Note: The General Process of Gene—Protein is the same in
DNA Fingerprinting ALL organisms, but the Specific Switches & Enzymes
— (e.g.. RNA Polymerase) are Kingdom Specific

Cloning: Ethical Tssues Bacteria Human Insulin Bacteria
LR G s Transcription | + | Coding Sequence | + | Transcription

; On Switch Off Switch
-  ——— Human Insulin in Bacteriall |

Plants of Tomorrow

Engineering Genes to Be Active in Different Organisms
Combining "Legos” Using Cut, Join, Splice, & Transform!/

Genetic Code of Life e ﬁ”l a On

l L i J!l n l
! Isolate From a ) Species-Specific
o© Gel "On Switch"
"Cu — unc-54 3'UTR
- —_—
0

e
ne
-

+ N

Tw 8

Anneal & Splice *
(Join)
Species-Specific

“On Switch"

amplicon #2
DNA Fingerprinting EJ’elﬁish GFP Gene
.. 1 s

D
Three * -

. . Essential HC70A Concept
Clorlng-jEHscalirssies ngineered Chimeric GFP 6eng. ,mpiconss | YO! It's in the Sequences!

and Future Consequences
( o /i l \ .
prom:GFP
B4

Entire Genetic Code
of a Bacteria

590 2 &
. i Ao
Animals Bacteria %
unc-119 - - Plants
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DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

How Do Genes Work & What are Genes in
Context of ...

l

Thinking About The Consequences of GMOs

DNA replication

éene.ﬂ'fi‘:f..‘iﬁii.m? 1
DNA 2
IOHLHH T 3
‘:‘.?;:z::r.::r, 4
g RNA . 5
\::::;?;;z:‘,"“" 6
PROTEIN
- amino acids ke 7
8
Need Science- Based 9
Questions &
Science-Based

What is a Gene?
What is the Anatomy of a Gene?
How Does the Gene Replicate?

Bomthoss e Bans o=’
?F%ﬁﬁé‘ﬁ ggrl;\é ¥Vor‘k Independently
W}ﬁ\felﬁ r:rchl’% iﬁgquence & Structure
How Does Gene Work in Cell?

SRS A ure imply
Does the Gene Change the
organism? Fitness?

Solutions-NOT
OPINIONSI!

“Behind” All Traits!

There’ s NO HOCUS POCUS All
Hypothesis Are Testablell

Same Processes!
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