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. What Are Genes & Their Properties

. How Do Switches Regulate Genes in Space &
Time?

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
Inheritance of Mutant Genes With
Phenotypes and RFLPs?

How Do Mutations Change Phenotypes?

. What is the Colinearity Between Genes &
Cloning: Ethical T Proteins (i.e. how does the DNA sequence
and Fuhure Consequences specify a protein sequence)?

9. What is the Genetic Code?

10.Yo!-It’'s in the DNA Sequences- What Are
the Implications For Genetic Engineering?

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting
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5 What is A Gene?

Begln TGRARATCCARRRARATAGGA
GTTTGGTGTTTGGGTTTTAGG
TAGGARATAARTTTGGGTCTTT
TTTAGGTTTCGGGTTTGGGTT
ATTTGAGTGTTTGACATTTGA .
AATTTCGGTGTTTCATCTTCG The ﬁ'GIObln Gene
TGGGTGTGCCAGTOGCGTOAG :
TGTTCCCCGGTTTCGTCAACT . .
TACGGTTTAGGGTTTACCARG BIOOd Pf‘o'reln Cal"l"les Oxygen to
TTRGGGTTTAGGGTTTGAGAT
GGCGGCCATTTCTCATGTTTG All Genes FI“OH’\ LUﬂgS (= Ener'gy
Sequence or | RARCARRGCCTGRARATCAAR
q TGGGTGTGCCGGTOGCGTOAG
Order of CGTTCCCCGGTTCCGTCARCT

ATCARGTACCCATGTTTGGGA
Nucleotides | Tt | A Gene is a Unique Sequence of
Coding ONA | EEEEEERE | Nucleotides Specifying a Function

Strand ATTTTTTTGCGTGGGTGTGCE

. ATAARTAGATTTTTCCCTTGT
(Coding Strand) | ccTTTTCCATATTCARGTACE
TTTCTCATGTTTTGAARGTCAR

CCTORPARTCCRRPPPPATAG DNA Sequence = Biology!
GRTRCOTCAPCTRRCACOTHR What If Sequence Changed?

AGARCCCARRARARATAGTCT
GAARATCGACCCTTTTCCATGT
GGGCAGCCATTTCTCTTGTTT
ARARCARRGCCTGAATATCTA

GTGAGTGTGCCAGTGGCGTGA SEQU E NC E " FU NCTION
TCGTTCCCCGGTTCCTTCAAC
GTTCAAGTACCCATGTTTGGG
TTGGACGTCARRGAARCCARA

CARRARAATAGGARRTCGACC
AGARRATGGAGGGCGGCCART . .
CTGACACGTARRRACARAGCT Relative to Codmg or
TTTTTTCGCGTGGETETGCCA

ARRRTAGTCCCGTTCCCCGTT 3’ Sense Strand of Gene

y TTTTCCATGTTCARTTACCCA
TCTCATATTTGGACGTCARAG | End

There Are Four Different Nucleotides in DNA Joined
Together in a Chain By Phosphodiester Bonds

= & -@ - ©®

Ribose or Nucleoside Phospha Nucleotide
deoxyribose Note Numbering
& Polarity of Sugar

The base may
be either a
pyrimidine or
a purine.

Pyrimidines
1 O O
Lo o ;
q .
H(ﬁ/ \T \Tl/ B\ H C‘NH
HC C HC C HC C
\N/ \O \N/ \O N \O
H H H
Cytosine (C) Thymine (T) Uracil {U)
Purines NH, 0
| Il
c b
Prtos N /N\C/v\NH
w0 |
A & cH SC C
NT N F NT S \H.
H N H N 2
Adenine (A) Guanine (G)

Note Chemical Differences in Bases - Chemistry Leads to Biology!l




Nucleotides Have Polarity
Based on What is Bonded to the Five-Carbon Sugar
Phosphate on 5’ Carbon and OH on 3’ Carbon

phosphate Note Polarity
sugar 5 — 3
/ -
e B e
Beginni End

sugar base

phosphate nucleotide

The Sugar is the HUB
DNA Sequence Defined By Nucleotide Order

DNA Sequence = Functional Uniqueness = Biology

Figure 1-2a Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)

Nucleotides Are Joined Together in a DNA Chain By
5 to 3’ Phosphodiester Bonds

(a) (b)
D,
’0— C A G
CA C I Short-Hand Notation
P OH
5 5 5
1
C g Phospho-
diester < 5’ C-A-G 3’
A D bond o
G E L heso. B 1. The Order is Specified by the
o KH HP{ Nucleotides That Join 5’ to 3’
~ H) H
o 2. This is the Basis For All of Biology
Phospho- |
diester < O=k=0
bond 5 3. Order is Maintained During DNA
L bcso. B Replication
v H H
3 ‘B a =" | 4. Basis of All Genetic Engineering

r Cell Biology, Sixth Edition

©2008 W.H. Freeman and Company

Polarity Defined By
Sugars & Order Specified By Bases




e

double-stranded DNA

sugar-phosphate
backbone

DNA double helix

Watson and Crick, Nature, 1953

hydrogen-bonded
base pairs

# DNA is a Double Helix of Two Complementary
Chains of DNA Wound Around Each Other

r

e

Complementary Strands

A=T and 6=C (Four Bases)
Sequence of Strands Differ
Bases to Interior
Phosphate-Sugar Backbone on
Exterior

DNA Strands in Opposite
Direction (Only Way Helix Fits)

Sequence of One Chain
Automatically Specifies
Sequence of Complementary
Chain (Basis of Replication!)

No Constraint on Sequence
(4"=n # sequences) - ———

9. DNA has dimensions (Know # bp
Know Length: 204 diameter; 3.4A/bp;
10bp/turn)

10.Sequence =

O D W N =

o

8.

Biology

Complementary Base Pairs Are Essential For Genetic Engineering
Engineering, Analysis of Recombinant Plasmids, and Polymerase
Chain Reaction (PCR)

1. Annealing Two Two Molecules Together (“Cut & Splice”)

DDDDDDDDD

¢Liga(ion
Recombinant DNA
3

2. Heteroduplex Analysis

REGION OF

HOMOLOy\

PLASMID CHIMERA DNA

TOAD DNA

PLASMID DNA LACKING
TOAD DNA

4. Hybrid-Arrested Translation

3. Colony Hybridization

. z s .
("
=
— — —
o4
FureR e

5. Polymerase Chain Reaction

DNA FROM
CLONE NO. 1

“4,

W\ -

/ \/ \eo¢ \/ \




A Human Chromosome Contains One (or
Twoll) Continuous DNA Molecule(s)

DNA double helix

DNA in Human &

Eukaryotic
Chromosomes is Linear!
(Has Two Ends)

DNA in Most Bacteria
is Circular!

Two DNA Molecules After Yy
Replication!

Metaphase chromosomes

A Chromosome Contains Many Genes Operat
What is the Evidence?

inE Independently

What delineates each gene?

Y_J \
gene 1 gene 2 gene 3.....
et H ’ f_/%:r \:l ’
Position of Genes Coding O T
1.2 43 in IR 5
Discrete Units! Nc;nce sequenc; of each ge:\:
, mRNA1 . mRNA2 =y MRNAS3,_,
Notice- Each gene, mRNA, & o t— 5—————35—-3 3
. . AGCUGGUCCACGU CGUAAUCCAGCAUGCGCAGUCGGA CCUAAGCC..... mRN
protein has a unique order/ CECLETTTOCT TTHTTTOT O TreT T T
sequence of monomeric units ¥ ¥
protein 1 protein 2 protein 3...
A L7 N 7 7 7 N 7 protein
Central Dogma N ’ ‘ c ! ﬂ’ ‘ c C
-.Genes -> Functions in Cells Function 1 Function 2 Function 3
via Proteins Note sequence of each protein

Cells duplicate & stay the same
-> DNA replication

VERY IMPORTANT CONCEPT!
COLINEARITY BETWEEN GENE SEQUENCE AND PROTEIN SEQUENCE




Genes Reside at Specific Locations That Can Be Mapped

<

Ichthyosis (scaly skin)

4= —— Albinism of the eye
*—{Duchenne muscular dystrophy]

Retinitis pigmentosa

A form of hemolytic anemia

Human X
Chromosome

Cleft palate, X-linked

Some forms of gout
Lesch-Nyhan syndrome
Hemophilia B

/ Fragile X mental retardation

Manic-depressive illness
Colorblindness

]

Hemophilia A

Diabetes insipidus
Linear DNA Circular DNA
How Know? How Know?

Alleles Reside at the Same Position on a Chromosome

Allele Phenotypes Alleles

Specify
Markers For 0
Each Gene Normal (F) “Q Fasciated (1) e ‘ ;_\ 4‘
Location! 2 |
(‘ =T R o N
i ©m) 10 (am)
" ¥ T Gene Engineering Can
o [ e Generate New Forms of
e Alleles of a Gene and,
‘ ’ therefore, Results in
Different o | More Genetic Diversity
Genes
a 12
Susceptibility L esistance t 2
o leaf mold - 1< leaf mold fror o
! lmLz) “ %% = é
Normal (Mc) ’ Ma?oc;xlyx
Nonwilty (W)

-

S Sl genetic diversity!!!

[mutations result in ]

Alleles Are Different Forms of the Same Gene
That Arise By Mutation & Can be Made in a Laboratory By Modern
Genetic Engineering!




Organization of Genes on Human Chromosome 22

(A)  human chromosome 22 in its mitotic conformation,
composed of two DNA molecules, each 48 X 10° nucleotide pairs long

250 genes

heterochromatin
X10

10% of chromosome arm ~40 genes

O ]l ael & | |l BN ||l Il

- Genes Are Defined/
Gene 190 of ch G;.:'e taining 4 qenes GENEGENE Precise Regions of
% of chromosonfe containing 4 genes
© > .. = m . DNA

Coding Region

onegeneof3.4x 10

Switch

D)z — — - - == One Large Gene!
5’ Im’ exon intron 1gene expression 3’ (Note Size of Introns &
sequences protein Exons)
& folded protein
Genes Act As Individual Units?
How Know? Experiment! Genetic Engineering Antibiotic?
A Conceptualized Gene
Beginning (Switch) o End
Promoter Teanscription Coding sequence
) ——
; I -
-30 =20 -10 +10 +20 +30
Upstream # Downstream

Sense Strand
Nontemplate strand 5’ CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCGCTGC 3'}
DNA

Template strand 3’ GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG 5’

Transcribed Strand (Nonsense Strand) ls s s Strand
ame Sequence as oense ran

5 3’ Primary RNA
transcript
EXON INTRON
— / GTCCAAAATCCCAAG GGACTTGCTACGT]
AGAGOGTT SR GATGATACATG CAGGTTTTAGGGT TC CCTGAACGATGCA|
\LTRANSCRIPT'ON
.
DNA to Protein | s .

CYTOPLASM

\l’ TRANSLATION

oo @EHHOEOBOS -

AMINO ACIDS




Switches Control Where & When A Gene Is Active
Unique Functions — Unique Cells

Promoter Transcription Coding sequence
. —-— ,
§, T T T T T T T T = s
-30 -20 -10 +10 +20 +30
Upstream e Downstream

Insulin

/ : \ Gene
AR Blood stem cell @

S Esophagus — l
Myeloid stem cell Lymphoid stem cell ' Pancreas
Interferon
\
Gene '
. Myeloblast L hoblast
Globin \ ympnon as
Gene Granulocytes / l \
.. Basophil
Eosinophilf . T oebe. @
v Pk @&

.agw‘ . T lymphocyte killer cell

C % ‘

Red blood S8 ** B lymphocyte @
cells & Neutrophil & Natural

T
Platelets White blood cells

Different Switchesl!l!

Using Genetic Engineering to Change Body
Archifecture-Engineerin ées on a Fly's Leg
With a Single Gene!

Human Mouse Zebrafish Drosophila

3,

WT
mut
PAX6"- pax6b™
EQ cornea opaque eye decreased size eye decreased size eye absent
S _irisabsent lens fused_to cornea lens decreased size
retina degenerate iris morphology retina malformed

lens opaque :
anterior chamber
aqueous humor of eyeball

increased pressure absent Regulatory Genes - Turns on Gene Switches




The Eye Gene Can Be Expressed in
Different Parts of the Fly by Engineering
the Eye Switch

Replace the Head
Switch With the
Leg Switch by
Genetic
Engineering

Eye Gene

G P Caloorts, ot 6. -

Eye Gene

+ :
. Il -”
Leg Switch Front leg'., o g,

/_" tissue

o Abnovmal acindre of the gyelp=a gena M63
o geracered an eye an the feg cra tly.

Eye Regulatory Network

Genetic 'ZD'; of Life Control Genes Like The Eye Gene Control The Activity of

Other Genes By Coding For a Protein That Interacts With

Switches of Other Genes and Switches These Genes Onl!
Entire Genetic Code

Eye Proteins

5’ 3’ ¢ye Prote”, Gene 1——|Protein 1

of a Bacteria Eye ’_—,Gene 2 , Protein 2
switch| EveGene [ Gene 3___,|Protein 3
I_. —— _Gene 4 Protein 4
W:'rks dlm Eye Protein Binds to
ONA Fingerprinting eadt Switches to Turn Genes

Eye on Head!

Eye Proteins

Onl

gye Prote”, Gene 1——| Protein 1
. Leg —  ,Gene 2____,|Protein 2
Rkl | Switch | EYe©ene | Gene 3__.|Protein 3

Gene 4 Protein 4

Normally Eye Gene is
OFF in Leg. Switch only
Works in Leg. Genes Act Like Legos/  Eye on Leg!

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

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Ultimate Goal:To Dissect Genetic Regulatory Networks
Programming Human Development From Birth to Death!

-L Endomeso
Eﬁ’ sl m‘
Mst O Su-TCF S E—
[ —iP 2P [ 1o 1le

Kox g g%

| ?5!

11O Colored boxes indicate post gastruler domains of expression gees

(ST X W S— Mesderm  Endederm "

et " ]
waa 11080 [T T X AN

i

i

;

L

Genetic Networks Programming Early
Sea Urchin Development

GENES AND SWITCHES ARE UNIQUE
DNA SEQUENCES

1. They Can Be Cloned & “Shuffled” & Engineered

Creating New Genes That Have No Counterparts
in Nature

2. These New Genes Can Be Transcribed in New Cell

Types (Switch Change) &/or Organisms &/or Both
(e.g., Human Genes in Bacteria)

3. All Genes are Regulated & Controlled by Switches

Genetic Engineering Can Uncover Genes & their
Switches & the Wiring Together of All Switches

in All Genes & Program of Life From Birth to
Death

@t’ s in the Sequen@




100 Years Into The Future

DNA
Genetic Code of Life . If the Entire Human Genome is Sequenced?
. If the Function/Protein of All Genes Are Known?
. If All the Switches Are Identified & How They
6o On & Off From Birth to Death?
Entire Genetic Code . If We Understand How Genes Are Choreographed

of o Bacteria & All the Sequences That Program them

What Does the Future Hold?

We Will Know at the DNA Level What Biological
Information Programs Life to Death!

What Does This Mean For The Future of
Humanity?

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Remember - Mendel’s Law Were Only Rediscovered
100 Years Ago & Look What We Can Do & Now!

Plants of Tomorrow

How Do Genes Work?

.‘_J" DNA can replicate.)
o @ Gene Activity to
D Replication Iy 2 s | B Function &

A

{ Information coded in the

Phenotype

Information in RNA is passed
to polypeptides, but never

the reverse (polypeptides to
nucletic acids).

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

o o /:7//;/ :,,::\\\
Gene Activity @ o
\ A\
: Y TS ALY Y AN
Protein W&M .x I \
[ | e, d\\
Translation See Figures
l(protein synthesis) 12101213 J|
Phenotype
(Trait)

A Gene is NOT Expressed Unless A
Functional Protein Produced!




VA WHAT ARE THE PROPERTIES OF
A GENE?

Genetic Code of Life

1. Replication

B S 2. Stability (Mutations)

e 3. Universality

ONA Fingenprinting a) All Cells
b) All Organisms

Cloning: Eticl Tsses 4. Direct Cell Function/
an uture onsequences
Phenotype

Plants of Tomorrow

© How Are Genes Replicated Each

Cell Generation?
Chronlosome @
|

DNA “ ”
Replication A “Clone Note - Each Clone of Bacteria
{ — Contains Clones of Cells

}

Cytoplasm N —=2o—
(@ J (@ ) -10¢ cells per colony ~50 colonies per dish

Division
N\ /. Clones| A Bacterial Colony Contains
(@ ) (@ ) (@) (@ )_ Many Copies of Same Cell, or
Clones, Which are Genetically
Identicall

chromosome

Each Daughter Cell Contains The Same Collection of Genes \

Clones!




DNA Replication Occurs Semi-Conservatively

Meselson & Stahl, PNAS, 1957

template S strand

S strand

S’ strand
parent DNA double helix

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

3. New DNA Molecules are Precise Copies of Parental DNA

- Each Containing One Newly Synthesized Complementary
Strand

DNA Sequence of One Strand is a
Template For the New Strand

Growing strand Template strand Growing strand
5 end 3 end 5end 3 end
OH

Synthesis
5’

The enzyme DNA
polymerase Il adds the

next deoxyribonucleotide,
to the —OH group at the
3 end of the growing

Pyrophosphate ion

Bonds linking the
& phosphate groups are
broken, releasing energy
O O to drive the reaction.

Phosphate ions

Sequence is Specified by Complementary Bases

5 to 3’ Polarity

’ ’ Specifies
Note: 5 (P) & 3 Sequence




DNA Replication Requires An Origin of Replication

DNA Polymerase Binds

Plasma membrane

Chromosome

DNA Replication Also Regquires:
1. Template

2. Nucleotides

3. DNA Polymerase (Machine)
4. “Primer” to Start Replication

Two IDENTICAL Cells - Phenotypically &
Genotypically - From One

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 9.2 Prokaryotic Cell Division
© 2004 Sinauer Associates, Inc. and W. H. Freeman & Co.

Vectors Are Needed To Replicate
Genes In Transformed Cells

DNA (A) Plasmid pBR322

e A Host: E. cof 1. Ori is a specific sequence
2. Ori is Genome & Organism
Ll Specific
' 3. DNA Polymerases are
Pstl — «BamHl Specific For Each

Organism Therefore, Need

Ampicil ~ : "
Entire Genetic Code rositance gene Sal Correct Ori to Replicate
of a Bacteria (@amp”) Tetracycline Gene in a SPCCIfIC
E;sgtance gene Organism!

replication (o

Need Bacterial Ori to clone human gene in
bacteria. Need human Ori to replicate a bacterial
gene in human cells.

Note —»
DNA Fingerprinting

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

Cloning: Ethical Issues
and Future Consequences

Yo! It’s in the Sequence= Function

.". Vectors can be Engineered! MODULAR!!

Ori’s can be cloned/synthesized!

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! =
Specific Gene Kar‘y MuIIis
* [
Tar‘ft' Ses Of Speaflc
= Sizel
How Many Copies Afer Ff
10 Replication Cycles? ==== Based on Knowledge of
==‘(é==\=== DNA Synthesis
X

DNA Copies All The Same Size

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

2. No Cloning Needed!

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




PCR is A Cyclical Process of DNA Replication

Requires
Template

Primers

Knowledge
of Specific
Sequence

Nucleotides

Heat-
Stable DNA
Polymerase
Thermo
Cycler

Copyright © The M

Hill Ci
DNA segment
to be amplified

ies, Inc. Permission required for reproduction or display.

¥ o

I

Repeat Steps or Cycle

DNA polymerase to
extend primers.

5 3
3 - 5
Taq DNA polymerase
. —

2" Molecules
of DNA
Where n =
Number of
Cycles

@

& 5

Diagnostic For Amplified
DNA Sequence (Between Primers)

DNA Fragments All The Same Size
Primer-Sequence-Primer

\ 4

Using Gel Electrophoresis to Visualize PCR Products

1 23 45 6

Specific Diagnostic

DNA Band Unique to

DNA Sequence Being
Amplified

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

Can Amplify One DNA Sequence From
An Entire Genome or an Entire Genomelll




Requirements For the Polymerase Chain Reaction

PCR Process (ONE Cycle)
4 ¢ o \ TNNRNENERY
= -
= A T l 95°C - Strands separate 1. Denaturing

DNA Sample Primers Nucleotides “m

. U U’ l §5°C - Primers bind template 2% Annea"ng
Taq polymerase Mix Buffer PCR Tube J I l i l I I I IE

b L

C7 l 72°C - Synthesise new strand 3. Extension
&y

N

PCR Cycle

Thermal Cycler

Requirements For PCR

1. Know;edge of a Specific Sequence to Amplify (e.g.,insulin
gene

a) Must Have First Cloned & Sequenced DNA of Interest
the “Old-fashioned Way”

2. Primers That Recognize Specific DNA Sequences &
Initiate DNA Synthesis & DNA Polymerase Binding To
Template

Template (e.g., DNA From Human Cheek Cell)
Heat-Stable DNA Polymerase
Nucleotides

Thermoprogrammer/Cycler To Heat & Cool DNA in Cycles-
Separating DNA Strands, Allowing Primers To Bind
Complementary Sequences (Annea%, & Permiting New
dsDNA Molecules to Form

oo kAW

It’s All in the DNA Sequences - Know Sequence & Can
Synthesize an Infinite Amount of Specific DNA Sequences.
It now Takes One Hour to Do What Used to Take YEARS!
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Primers anneal fo DNA

extond primers.
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<Y e
Taq DNA polymerase
5 s
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Examples of PCR Applications

1. Sample s frst heated
DNA.

into single srands.

3.DNA s heated to
72°C, the optimal
Primers annealfo DNA {emporaure forTag
DNA polymerase to
‘oxtond primers.

@
o
o =
Taq DNA polymerase:
. sy

o

Copyright © The McGraw-Hill Companies, Inc. Permission
NA segment

f -l to be amplified
—

v o=

G, ===

R

/

1o denature

DNAis denaiured
into single strands

——
> T >
AM00A0A000 5

N

toallow annealing
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iEre
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5 &3

3.0
22 apml
temperature for Taq
DNA polymerase to

Primers anneal o DNA
‘extend primers.

\ 5 3
2.DMAs patod
72 opmal
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ot s
v s
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¥ s é |
Taq DNA poymorase = 5
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Using PCR to Determine Your DNA Fingerprint & Identity

o be ampliied

U/mmmn

T

acine

a8

to denature DNA.

What is YOUR
DNA Fingerprint?

=
——
2 H

mperatu
EEE

g mnmwrf

Tag DNA polymorase
—

@

Using DNA
Fingerprints to
Identify Individuals
& Genes They
Don't “Lie”

Unique Pattern
of DNA Bands
= Fingerprint




Using PCR in Crime Scenes

= sperm cells

@ non-sperm cells
<o sperm DNA
o non-sperm DNA
s fabric substrate

sexual assault sample

DIFFERENTIAL EXTRACTION |

analyze
Note: Some details of the analytical
process have been simplified o
omitted for ciarity. This should

not be considered a protocol for
performing a differential extraction.

sperm pellet —

Iyse sperm
&~

Suspect Victims

!

RG NB

— -

— w—

-

— — o

- — fodty

— e pe—
— R d
- ——
-~ ——
— e
o —

OS = Suspect

Crime
Scene

!

“Match”
What is
Probability
That This
Will Occur
by Chance?

CS = Crime Scene
RG & NB = Victims

DNA Doesn’ t

“Lie” Il

Using PCR to

Determine Bobg's Genotype

x WOME MRS LYAFRENDS  RESCARCHR COMUNITY 8l 50 ol x WOME | MRS MIYARIENDS  GESEIRCHACOMMUNTY 8l b cotbr -
23andMe 23andMe
HEALTH RISKS CONNECT  H INHERITED CONDITIONS CONNECT ~ HELP
* 23andvie surveys X Z3andMio Rosaarch cunveys.
SHOW RESULTS FOR (8 Gotders <] SEENEMW AND RECENTLY UPDATED RPOFTS SHowRESUTS FOR b Gl © SEENEN AND RECENTLY UPONTEDREPORTS
Elevated Risk Locked Reports
e conroince YouRRisk AVGRSK  COMPAREDTOAVERAGE e conroence s +
Parkinson's Disease 6% o% 3501 — TR Related Familal Amyloid Polyneuropathy s
Prostate Cancer 0 40.8% 17.8% 229« ==
Avial Fibrilaton s39% 272% 12 = e fr— s -
Psoriasis 16.8% 11.4% 148 = Factor XI Deficiency Variant Present
Gallstones 1% 0% 1se T Connexin 26-Related Sensarineural Hearing Loss VariantPresen
Esophageal Squamous Cell Carcinoma (ESCC) 0.43% 0.36% 121x Phenylketonuria Variant Absent
Stmch o Gasic o oo - o Familal Dysautonomia Variant Absant
Canavan Disease Variant Absent
Bladder Cancer e * Hemochromatosis (HFE-related) Variant Absent
Paget's Disease of Bone il * Familial Hyperinsulinism (ABCCB-related) Variant Absent
Migraines halalad * Primary Hyperoxaluria Type 2 (PH2) Variant Absent
Keloid s B Sgren-Larson Syndrome Variant Absant
Glaucoma: Proiminary Resoarch ok + Rhizomelic Chondrocdysplasia Punctata Type 1 (RCDP1) Variant Absant

23andMe DNA Spit Kit

Personal Genome Service™
Get to know your DNA. All it takes is a little bit of spit.

Here's what you do:

1. Order a kit flom our online:

2. Register your ki, spi into the.
tube, and send it to the lab,

I
I/ﬁ

3.Our CLIAcertified 1ab analyzes.
your DNAn 6-8 weeks.

4. Log in and start exploring your




Using PCR To Determine an Individual’s Ancestry

What's Your Tribe?® Discover Your Past!
Determine if two people are related

@ Test your autosomal DNA inherited
from maternal and paternal, lincal

: Determine if two people descend 10
‘and non-lineal ancestors.

v N
v
v Find out if you are related to others with the sam! sd?han?e 23
® Most comprehensive test available: v
896 world populations and v
36 unique Genetic World Regions.

Prove or disprove your family tree research
Provide clues about your ethnic origin

® Personalize and customize your

O e ((TORDER YOUR TEST NOWT )

® Our Premium Kit test now includes
21 powerful STR marker systems.

PCR Started a New Industry

Adopted? Maternal & Patemal Testing
Find out about your ancestry...

DNA can reveal ancestors' lies and
secrets LA Times, January 18, 2009

Bobg's Ancestry

HOME MY RESULTS FAMILY & FRIENDS RESEARCH & COMMUNITY h Bob Goldberg v
23andMe
ANCESTRY COMPOSITION [ Bob Goldberg ¢ | [ Standard  + SHARE TIPS HELP
Map View e Sub-regional Resolution

crossing ships and airplanes came on the s

B 99.9% European
Ashkenazi
B Eastern European
Nonspecific European

Bob Goldberg

0.1% Unassigned

100% Bob Goldberg

show all populations

Today

500
Years
Ago




Using PCR to Amplify Neanderthal Bone DNA &
Sequence The Entire Genome!

Analysis of one million base pairs of
Neanderthal DNA From a 45,000 Year-Old Bone

Richard E. Green', Johannes Krause', Susan E. Ptak’, Adrian W. Briggs', Michael T. Ronan? Jan F. Simons?, Lei Du?,
Michael Egholm?, Jonathan M. Rothberg?, Maja Paunovic®t & Svante Paabo’

Nature, November, 2006

Using PCR To Detect Human Pathogens

(Viruses, Fungi, Bacteria)

Warts and HPVs |

THE
FACTS

WHAT YOU

-
\ VI ro E ; e ™ DIVISION OF HIV/STD
q // VIRGINIA
E DEPARTMENT
. HIV-1 Genotyping System OF HEALTH
¢ “This booklet has been reviewed and approved by a state panel for use in gereral settings.

Each Genome Has Specific DNA Sequences That Can Be Used For Screening
And Diagnosis Using PCR




DNA
Genetic Code of Life

And Consumer Fraud in the Natural
e Food Industry

DNA barcoding detects contamination and
substitution in North American herbal products

BMC Medicine, 11, 222, 2013

Entire Genetic Code 60
of a Bacteria

Barcoding = DNA Fingerprinting!

mea—

e - - <8
| = -y & N o
L & & 2 & ~

Filler
B Product

Percentge (%)
nN w -
o S & S
1
\
|

DNA Fingerprinting

100%
80%

Cloning: Ethical Issues

and Future Consequences 60%

0%, Substitution

B Contaminents
20%
0% I ; l L ' ' & Authentic

ahcdefghllkl Product
Herbal Company

Percentage

Plants of Tomorrow

PCR Has Many Uses, Has Changed Many Fields, and Lead To
New Ones That Have Had a Big Impact On Our Lives

1. Am?hfv 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:
1. A Single Human Hair or Cheek Cell
2. An Ancient Fossil (e.g., Neanderthal Bone or Mammoth Hair)
3. An Ancient Insect Trapped in Amber
4. Human Remains (e.g., 9/11 Victims)
5. A Single Human Embryo Cell
6. Contaminated Meat To Determine the Causal Organism
3. Used In:
1. DNA Fingerprinting-Individual Identification-Genetic Disease Screening
2. Forensics (Crime Scenes, Mass 6raves, Criminal Suspects, Wrongfully
Convicted)
3. Paternity & Family Relationships (e.g., Immigration, Tracing Lost Children)
4. Disease Diagnosis & Pathogen Identification (Humans, Animals, & Plants)
5. Human Origins & Migrations
6. Ancient Genome Sequences & Evolutionary Studies
7. Specific mMRNA Detection
8. “Cloning” Specific DNA Sequences
9. Tracing Plant & Animal Sources (e.g., Poaching Stolen Cattle, Cactus)
4. Need as Little as One Molecule of DNA & Can Replicate an » Amount
of Specific Sequences

Revolutionized How To Study & Manipulate DNA




d ' A GENE?

Genetic Code of Life

WHAT ARE THE PROPERTIES OF

1. Replication

Entire Genetic Code

of o Bacteria 2. Stability (Mutations)

e 3. Universality

DNA Fingerprinting G) A” Cells
S b) All Organisms

o Pt G 4. Direct Cell Function/
== Phenotype

Plants of Tomorrow

DNA Replication is Precise
But Mistakes or Mutations Can Occur!

DNA RNA
pair pair
{ T v } BASE PAIR
RULES
pair { g g } pair

Think Tautomers!

Rare Base
Mismatch

Gene A \‘@\I e S

Replication® 7 N
‘ “e' \ ’ REPLICATION
New Base Pair C mispairs with A

See Mutation
As Change in
Phenotype
Creates Alleles

. . \ attempted repair
Replication®
s
nge A ) BEEE&?NG
Allelic Variant

Change DNA Sequence From A = Tto 6=C

. Change Protein Amino Acid Sequence => Alter Function!

‘ — & Big Tomato to Small Tomato




TAUTOMERS CHANGE BASE PAIRING RULES

Normal Forms - Keto & Amino

“Mu'ranf" Forms - Enol & Imino

Guanine (keto)

T NH s

Thymine (keto)

<l

il G A

Guanine (enol)

HNH = w1 Q) w HNH s ‘NH N\ HN: s v
</ C \n: ——r C] \ NH / C \l:-nmmm-m--nnu A *\ NH </ C * NH s \— Hl
HN—<° ' HNH_ HN~<° —N HN—<° —=N
Cy (ami Guanine (keto) Cytosine (amino) Adenine (imino) Cytosine (imino) Adenine (amino)

%%

And Lead To Mistakes in DNA

Replication & Mutations 3p Genetic

Diversity

Chemistry Leads to Biology!!

DNA

Genetic Code of Life
Mechanism by which tautomeric shifts in the bases in DNA cause mutations.
5 3!
A C: G \T C .
Rare enol tautomeric 5 3 T GiCH iA G Wild-type
form of guanine (G*) AcGrTC 3 5
TETAG 2 & n
. . 3 &
Entire Genetic Code ; . DNA ;-‘ Z 2 E g Mutant
of a Bacteria replication °
A ciG| T C DNA 3 5
T §iCiA 8 2 replication_
5
Parental DNA AC: G VTiC "
) 5 3 T GICIA G Wild-type
A C G T C 3 5
T GICIA G » !
:lrst-generatlo:; 5 5.cie ek £ 3Wild-type
. P} T G, Ci A G
DNA Fingerprinting progeny 5 o
(3) Second-generation (4)
progeny
© 2009 John Wiley & Sons, Inc. All rights reserved.

Cloning: Ethical Issues

and Future Consequences

Plants of Tomorrow




Mutations Can Occur

Different Ways

b) Point mutation,

missense

DNA

Protein: - Phe - Arg - Trp - Pro - Ala - Leu

(c) Point mutation,
stop codon

DNA

Protein: = Phe - Arg - stop -

1. Base-Pair Change (SNP)
- Vast Majority of
Mutations (>99%)
2. Insert or Delete Base
L (Indel)
3. Move Gene, or Part of

Gene, to New Location
(Switches Change)

(d) Deletion mutation,
reading frame shifted

1

1 base lost, no. 6
DNA

Protein: - Phe - Arg - Gly - Arg - Leu - Phe

Function of
Protein Lost
and/or
Changed

(e) Deletion mutation,
reading frame unchanged

6 bases lost, nos. 7-12
dT;.g.‘ .C-C—( -C-1

) AR
Arg -

DNA J
Protein: = Phe -

Ala - Leu -

Phenotype
Changes

Alleles!

Alternative Forms of the Same
Gene Lead to Genetic Diversity

5
[ Normal (F) 23 Fasciated () ]
Purple vy a0 (v)
pE o I’ o
N Smooth (H) Hairy (h)
Hairy (HI) Hairless (A1)

Normal (Lf) Lealy (if)

i Dk

Jointed (J) Jointless ()

|
% Green (xa)
o

Xanthophyllous
(Xa/xa)

Susceptibility | ( Resistance to
to leaf mold leaf mold from
(cfp2) Potentate #2
(Cip2)
Nonwilty (W) Wilty (w)

9

% % “ %
-
Spread Compact

dwarf dwarf modifier
(Om) 10 (dm)

i) o
Broad || Narow

cotyledons " cotyled
(Ne) (nc)

" Analyze PCR producis on gel
Normal (8) || Broad (6)
N Can Follow These
B Traits With DNA
T Markers As Well

Normal (Mc) ‘&, Macrocalyx
L (me)

mutations result in

Normal (Nf) \7@? / Nipple-tip (nt)
|

genetic diversity!

1]}

Spontaneous Mutations Give Rise To Alleles, or
Different Forms of the Same Gene, And result in
Small DNA Sequence Changes (e.g., SNPs or Single
Nucleotide Polymorphisms)




ol [ARTICLE

Genetic Code of Life

doi:10.1038/nature09534

A map of human genome variation from

population-scale sequencing
Nature, October 10, 2010

Entire Genetic Code The 1000 Genomes Project Consortium*
. —— e
of a Bacteria

The 1000 Genomes Project aims to provide a deep characterization of human genome sequence variation as a foundation
for investigating the relationship between genotype and phenotype. Here we present results of the pilot phase of the
project, designed to develop and compare different strategies for genome-wide sequencing with high-throughput
platforms. We undertook three projects: low-coverage whole-genome sequencing of 179 individuals 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
DNA Fingerprinting 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. We demonstrate how these results can 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 8 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
Cloning: Ethical Issues .
and Future Consequences | ILg opulations
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)

Plants of Tomorrow

ARTICLE Nature, October 1, 2015

doi:10.1038/nature15393

DNA
Genetic Code of Life

A global reference for human
genetic variation

The 1000 Genomes Project Consortium*

26 Populations

The 1000 Genomes Project set out to provide a comprehensive description of common human genetic variation by
Entire Genetic Code applying whole-genome sequencing to a diverse set of individuals from multiple populations. Here we report
of a Bacteria completion of the project havm.g ucted the of 2,504 indivi from 26 populat:lons using a combina-

tion of 1 i deep exome i and dense microarray genotyping. We
characterized a broad spectrum of genetic variation, in total over 88 million variants (84.7 million single nucleotide
polymorphisms (SNPs), 3.6 million short insertions/deletions (indels), and 60,000 structural variants), all phased
onto high-quality haplotypes. This resource includes >99% of SNP variants w1r.h a frequency of >1% for a variety of
ancestries. We describe the distribution of genetic variation across the global sample, and discuss the implications for
common disease studies.

0i:10. nature

DNA Fingerprinting
An integrated map of structural variation
in 2,504 human genomes

A list of authors and their affiliations appears at the end of the paper.

26 Populations

Clo"mg : Ethical Issues Structural variants are impli in i and make up the majority of va.rymg nucleotides among human
and Future Consequences genomes. Here we describe anmteg;rated set of eight structural variant classes comprising both balanced and unbalanced
variants, which we constructed using short-read DNA sequencing data and statistically phased onto haplotype blocks
in 26 human populations. Analysing this set, we identify numerous gene-intersecting structural variants exhibiting
population stratification and describe lly occurring b gous gene k 3! that suggest the dispensability
of a variety of human genes. We demonstrate that structural variants are enriched on haplotypes identified by
genome-wide association studies and exhibit enrichment for expression quantitative trait loci. Additionally, we
uncover appreciable levels of structural variant complexity at different scales, including genic loci subject to clusters
of repeated rearrangement and complex structural variants with multiple breakpoints likely to have formed through
individual mutational events. Our catalogue will enhance future studies into structural variant demography, functional
impact and disease association.

Plants of Tomorrow




Chemicals Can Cause Mutations

DNA
Genetic Code of Life

Chemical Mutagen : Nitrous acid (HNO,)

Deamination causes A:T to G:C transitions

Entire Genetic Code

of a Bacteria H
N Nitrous N — /N <0 S thi}, \
zZ _{ acid zZ d ¢ - )
(_Z/VA\N ;.. g_ / N—H _\_.. \N— /u ss N—H--""~ C}
VAR i £ Ny /" N\ F\
Adenine Hypoxanthine

DNA Fingerprinting C:A mismatch-> mutation

HNO, also deaminates C to U:
« | causes G:C to A:T transitions

Cloning: Ethical Issues
and Future Consequences

By Altering Bases and Base Pairing Rules

Plants of Tomorrow

Translating The Genetic
Code Into Proteins is a
Conserved Process

;;W;‘wa\www Replication

Mutations Are Q fotmation
Inherited Because
Altered Gene YA G000 Mutations Lead To
Replicates '“f°ri“a“°" Altered Protein

Transcription BeCdUSe mRNA and
MﬂL\\;\;':b\\\o% (RNA sygthesis) Protein Sequence
' Encoded By Gene
Changes

Information

v l
iNﬂ 1 mRNA

Information
Translation &
(protein synthesis) _—

| Ribosome Mutations Lead to
Srorin _ Altered Traits/Phenotype
_l Protein Because Protein

Structure Changed




Human Genetic Disorders Occur As a Result of Mutations

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

LR AROR ERAN Some Important Genetic Disorders
Dominant/ Frequency Among

i Symptom Defect Recessive
Hemophilia Blood fails to clot Defective blood-clotting factor VIII  X-linked recessive 1/10,000 (Caucasian males)
Huntington disease Brain tissue gradually Production of an inhibitor of brain Dominant 1/24,000
deteriorates in middle age cell metabolism

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 Recessive

b
DIPLOID
GENOTYPE | = = | == |=oommm = | ==

DIPLOID Wild type Mutant Mutant Wild type Mutant
PHENOTYPE k \_
;ihgz;‘er:uif&llﬂiolog»SixthEdition Need One Allele Need Two Alleles

© 2008 W.H.Freeman and Company

Mutations in Genes Are Rare
But Are Inherited & Can Be Followed in Families By
Phenotype or at DNA Levell

|:| Normal CF gene
One Gene Per ﬁ
Mutant CF gene

Gamete camer

2+ o Mu1‘a1'|on in the
Cystic Fibrosis Gene

carrier

Two Genes per

Somatic Cells %

normal normal
carrier

Analyze PCR products on gel

How Follow Inheritance? DNA Mar‘kgr or
What Allows Disease To Be Followed? Fingerprint!

)




in Human Families

Pedigrees Can Be Used To Follow Disease Genes

The Royal Hemophilia Pedigree
George IIl FOI IOWEd
Generation
Edward Louis Il By
Duke of Kent [? Grand Duke of Hesse Bleeding
| Prince Albert Queen Victoria O—’—D Pheno.rype
=
& 5 5 g
I
Frederick Victoria Edward Vil Alice Duke of Alfred =L Helena Arthur Leopold Beatrice Prince
1] Hesse v
No hemophilia /_Mﬂmﬂ_\
German King
mn Royal George V O0—
House Irene Czar Czarina Eadl of Princess  Maurice  Leopold  Queen Alfonso
I Nicholas Il Alexandra Athjone  |Alice Eugenie King of
4 Spain|
v bédddd @ b HobLd Bo 8000 0B
Duke of King Earl of Waldemar Prince Henl Anastasia Alexis, Viscount Alfonso Jamie Juan Gonzalo
Windsor George VI i {
Prussian Russian
v Royal Royal » O
Queen Prince Margaret House House King Juan
Elizabeth Il Philip Carlos
(5 [J—_] No evidence No evidence
VI of hemophilia of hemophilia
Princess Prince Anne Andrew Edward
Diana Charles Spanish Royal House
il British Royal House
William Henry

Recessive Sex Linked

a allele:

There is no recognition
sequence, so the DNA
Is not cut.

A allele:

A restriction enzyme cuts the
DNA fragment in two at its
recognition sequence.

T

e TR

T

RFLP is revealed by
electrophoresis, probing,
and blotting.

— Long fragment

a3 Short fragments

Type 1 Type 2
homazygote ormozygote, 5
) (Aa)
Aa  Aa
H [ A pedigree Is constructed.
1 ‘ 2
3 4 I's 6 7 8 9
aa Aa Aa  AA Aa aa Aa
1 2 3 4 5 6 7 8 9
S — [ —
‘._. = == _ = =

A
This gel shows the RFLP patterns of the
members of this family.

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

)

<« RFLP - Restriction
Fragment
Length Polymorphism




PCR Can Be Used To Analyze Gene in A
. Single Embryo Cell

Genetic Code of Life

0900
G OOQQQ What is The

Remove cocytes following superovulation Im pl ica fion 0 f
Entire Genetic Code XFE""'“‘ ° Thl s Pr'oce dur‘e

of a Bacteria . 3% Considering That
‘ PGD @ @ The Human

Pre- @ @ @ Genome Has Been

Implantation Culture in vitro to 6- to 10-cell stage Sequenced?
Genetic |
DNA Fingerprinting Diagnosis ! —

Remove a single cell from each embryo

) (d
Cloning: Ethical Issues u u u u u U
and Future Consequences 3 4 5 6

1 2
Amplify Y-chromosome-specific DNA in each cell by PCR

e e . - Sex Determination
o= == = | *“| in8-cell Embryo!

Analyze PCR products on gel
Plants of Tomorrow

DNA Testing Can Be Carried Out
Before Child Birth During Pregnancy

Fetus /Amniotic fluid

Chorionic 8-10 weeks) withdrawn

villi

L

Uterine wall

Catheter Amniotic fluid

Fetus (14—16 weeks)
Chorionic villus

sampling
RESEARCH METHOD —\_/~
e i : Amniocentesis
Supernatant

= o Biochemical
- - tests
(44) (@a) (4a)

-

gl o G

PR T T S Several weeks v Cell culture
— e

later

Fetal cells




RESEARCH ARTICLE New Non-Invasive DNA Tests Are Available Based on PCR

PRENATAL DIAGNOSIS

Maternal Plasma DNA Sequencing Reveals the
Genome-Wide Genetic and Mutational Profile

Of the Fetus Science Translational Medicine, December 8, 2010 (61,1-12)

Sequencing DNA From the . .
Blood of a Pregnant Woman A New Era in DNA Testingll

Allows the Complete Genome Science
Of the Fetus to Be Decoded! T
ranslational

~107% of DNA in Maternal Plasma is From the Fetus |

Maternal venipuncture

‘z' 'M f"’“@‘
"” n,ﬂl““‘ <\" 250
I gyt
“y s s
) e T

Rewos e January, 2013

“Mutations” Can Also Occur By
Large Chromosomal Changes

Relocation of A Loss of

genetic material ¢ Jelction ) genetic material
IINNINTNTNINININ

Translocation
@MMWWW)

From anot/her \ I /

hicrbomne Wild-type sequence )
Extra chromosome(s)

Inversion / l (PARNNAIRIAN)

Missing chromosome(s]

@Qmmmmmw (/nmmommw

: D) Gain of
Duplication genetic material

C

These changes affect many genes!
e.g. Down’s Syndrome (3 Chromosome #21s)




A Down’s Syndrome Karyotype
| A | e
Wou oM 6 s

1 2 3 4 5

| ¢ |
EEENTE

Mg o as ] Tow oo .1 T F
MhAbAd XK RXAS  wxxx
13 G14 15 16 17 18 19 20
— ., .|
Th Ch [
ree# ;cljr:osome @’ 5\‘ )3( v

Increases With Age
| of Mother

of Down Syndrome

per 1000 Live Births
oo g0
3 & 8 8
! T 7

Incidence
o
1

o

T T T T T T
20 25 30 35 40 45
Age of Mother!

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

- Fetus —Amniotic fluid
Chorionic |_(8-10 weeks) withdrawn
villi
Cath Ghorion Uterine wall
athster Amniotic fluid

Fetus (14—16 weeks)
Chorionic villus

sampling

l

i' §s . Amniocentesis
PACl 0l
EH '

| 2 3 < 5 X Supernatant
% B 9y 11 e

,‘ 3% " ‘) ' e ] Biochemical

6 7 8 9 10 lils. . 2 tests Fetal cells
fun BRER G

& o Several weeks y Cell culture
?s !' ..‘ .. later

19 20 2liggeee. Y

Trisomy 21




WHAT ARE THE PROPERTIES OF
netc 2% ot e A GENE?

G 1. Replication

Entire Genetic Code
of a Bacteria

2. Stability (Mutations)

‘ 3. Universality

DNA Fingerprinting a) AII Ce"S
b) All Organisms

Cloning: Ethical Issues

Goning: Ethical Lssues 4. Direct Cell Function/

Phenotype

Plants of Tomorrow

@ How Does A Gene Lead To A Phenotype?

® mRNA Synthesized
by Transcription

* Complementary to

Codon-bearin Transcribed, Non-Sense

PNA strand 9 STI"GNd
+ Same Sequence As Sense

Template strand Strand

® mRNA Translated
into Protein by
Translation of The
l l ! l Codons Genetic Code

Amino acids

Genetic Code on mRNA

1 Peptide bond | Translated to Protein
o “ Sequence
rotein
i .. Sequence of Gene
Know Sequence Sequence of mRNA
Know Protein Sequence of Protein

———| Engineer New Protein

Colinearity of Sequences!




Genetic Code Allows The Se% ence of Nucleotides in
mRNA/Sense strand of Gene to be Translated
info Sequence of Amino Acids in Proteins

Same Sequence
W As Sense DNA Strand

Proteins have
ends tool

Note: Sequence in mRNA (= Sense Gene Strand) is translated
5" —3" (= beginning of sense strand to end) & protein made in
N—C direction - Tger‘efor‘e order nucleotides in gene specifies
order of amino acids in protein!

The Genetic Code is Universal!

Y [How Know?]
‘GCA  CGA GGA
DNA GCG  CGG GGG ATA
codons GGT CGT GAT AAT TGT GAA ea'r" CAT ATT °
GGO GAC MC TGC GAG GAG - CAC ATC
DD DD DD BB B || Ve
2. Triplet
S A 3. Punctuation
& . G Tos Age ota a4 |4. Degenerate
CTT  AAA SRR !OC'T" TOT AC'T TAT .GTT, TAG
CTC AAG ATG - TTC TGG TAC TGA
-:------:‘.

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




Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

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 (G6FP) in Pigs Shows
That Genetic Code is Universalll

\/

Copyright ® The McGraw-Hill C i . Permission required for rep ion or display.

« \“\

®© University of Missouri, Extension and Agriculture Information

Implications For Genetic Engineering -
“Yo - 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

Modules > Anything You Want To Do Using
Genetic Engineering!




Summary: Engineering Genes Requires:

Gmf Bl 1. The Gene & Its DNA Sequences
2. A Roadmap of Where Coding Sequence & All
Switches Located (Sequence, Restriction Site
Map)
3. Transcription Start And Stop Switches
Entie Genetic Code 4. Coding Region of Gene (genetic code part)
5. Translation Start And Stop Switches
6. Kingdom-Specific Switches/ Signals

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

Cloning: Ethical Issues Bacteria Human Insulin Bacteria
el Transcription | + Coding + | Transcription
- On Switch Sequence Off Switch

Human Insulin in Bacteriall

A 4

How Do Genes Work & What are
Genes in Context of ...
Genetic gcr:'dAc of Life l

Thinking About The Consequences of GMOs

DNA replication

<) T. What is a Gene?
Entire Genetic Code , oNA 2. What is the Anatomy of a gene?
of a Bacteria IO 3. How Does the Gene Replicate?
RNA synthesis 4. How Does the Gene Direct
\““"‘}""P“""’ SynfResis ol'f‘ a Igrofe?n?
RNA
: : 5 oes the Gene Wor
L .
’ e ? ngependenf?y c\>'¥ oh\er‘ Genes?
\anslatiﬁm 6. What is the Siquence &
DNA Fingerprinting _ [ERoTEN Structure of the Protein?
R oo 7. How does it work in cell?
8. Does_the Protein Structure impl
Need Science- any Potential gHarm’% PY
Based Questions & 9. Does theGene Shgnge the
, : Science-Base
Cloning: Ethical I A
ando?;unfglrc fc:;‘;eq:?n::s Solutions-NOT
OPINIONS!

“Behind” All Traits!

There’s NO HOCUS POCUS
All Hypothesis Are Testablell Same Processes

Plants of Tomorrow




