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Last Tuesday’s Lecture: What Are Genes

& How Do They Function - Part One

o e

What Are the Properties of Genes?
a) Replication
b) Direct the Production of Traits
c) Universality
d) Stability
What is the Evidence For DNA Being the Genetic Material?
a) Griffith Experiment
b) Avery et al. Experment

c) How Does the Avery Experiment Satisfy the Predictions
of DNA as the Genetic Material?

Transformation Can Be Done Universally & Is the Foundation
of Genetic Engineering

Began Structure of DNA
Demonstration
a) Bacterial “Cloning”
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What is the Anatomy of a Gene?
How Are Genes Regulated - Switched On & Off?
How Does DNA Replication Occur?

What is the Polymerase Chain Reaction (PCR) and How
is PCR used?

How Do Mutations Occur?

How Can Pedigrees Be Used To Follow the Inheritance
of Mutant Genes?

How Do Mutations Change Phenotypes?

What is the Colinearity Between Genes & Proteins
(how does DNA—protein)?

What Is the Genetic Code?

10. How Do Gene Expression Processes Differ in

Eukaryotes & Prokaryotes?

11. How Can Splicing Cause One Gene To Specify Several

Different Proteins?

12. Yol-It's in the DNA Sequences- What Are the

Implications For Genetic Engineering?
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= DNA is a Double Helix of Two Complementary
2 Chains of DNA Wound Around Each Other

double-stranded DNA

5!
3!
sugar-phosphate
backbone
DNA double helix
5
3!

Watson and Crick, Nature, 1953

hydrogen-bonded
base pairs

%%

&

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)
7. Sequence of One Chain
Automatically Specifies

Sequence of Complementary
Chain (Basis of Replication!)

8. No Constraint on Sequence
(4"=n # sequences)

9. DNA has dimensions (Know # bp

Know Length: 204 diameter,3.4A/bp,
10bp/turn)

10.Sequence = Biology

O D W N =
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A Chromosome Contains One (or Twoll)
Continuous DNA Molecule(s)

DNA double helix

DNA in Human &
Eukaryotic Chromosomes is
Linear and Wrapped
Around Proteins Called
Histones!

DNA in Most Bacteria is
Circular!
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s

7
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——
A Chromosome Contains Many Genes That ’
Work As Individual Units (How know?) — Exmill

What delineates each gene?

— Coding 5’ )
Position of Genes ey
1,2, &3 in Template 3’ 5
chromosome
Discrete Units! Evidence? "  Z ¥
g _MANAT g mANA2 357 MANAS, ,
Notice- Each gene, mRNA, & SO il
protein has a unique prder/ e ¥ ¥
M Of MM protgin1 protEin2 protii@...
N~Arg Pro CN Val lle Cys| Y ¢ MArg C reein
Central Dogma Function 1 Function 2 Function 3
.Genes -> Functions in Cells Note sequence of each pr'o'rein

via Proteins
Cells duplicate & stay the same
-> DNA replication

VERY IMPORTANT CONCEPT!
COLINEARITY BETWEEN GENE SEQUENCE AND PROTEIN SEQUENCE




Genes Reside at Specific Chromosomal Locations

Ichthyosis (scaly skin)

— Albinism of the eye leu

Duchenne muscular dystrophy t h’, thr‘ ’ aZ !

Retinitis pigmentosa

A form of hemolytic anemia

Cleft palate, X-linked (

Some forms of gout
Lesch-Nyhan syndrome
Hemophilia B

/ Fragile X mental retardation Se I' "g Iy

coli Genome

All Genes Linked
On Same DNA

or Piece of DNA

All Genes Linked on Same Chromosome

Wy
Dbt VSR

:I Manic-depressive iliness a de h i S
Colorblindness
Hemophilia A
Diabetes insipidus
Linear DNA Circular DNA
How Know? How Know?

e Note Marker Bands - What are these?

e How Know Gene Positions? Chromosome Number?




Gene Loci Can Be Mapped and
Visualized

Gene Position = Locus = Unique DNA
Sequence




Alleles Are Different Forms of the Same Gene

That Arise By Mutation & Can be Made in a Laboratory By Modern

Different

Alleles at
Same Position

'm‘

Normal (F) 23 Fasciated (f)

I ole

on Chromosome

(Many /- prl(ll)\l'_'/ Green (a)
Alleles!) ﬂz;/ %{;

20 §e

Different Genes
All Linked
on One
Chromosome

(e
| ]

el .

8

t || Jointless ()

(ctp2) Potentate #2

Nonwilty (W) Wilty (w)

_0!®

Normal I(Nr)\_/Nppl -tip (nt)

Fw‘
Susceptibility | 1 Resistance 10
to leaf mold i leaf mold from
v

Genetic Engineering!

9.

AT 4

Green-bas e‘ ! Unif torm! it Spread Compact
[U) dwart dwarf modifier
F f (omy 10 (dm)
‘ f / N N
Smooth (H) | Hairy (h)
™ [Q‘
Py Broad ||  Narrow
\ cotyledons “ cotyledons
(Ne) (ne)

Non ta ge ne 30 Tangerine (t)

%/_’ - |
Normal (8) | Broad (b)
Xanthophyllous || Green (xa)
%}?’i”‘\

(Xarxa)
Normal (Mc)
(mc)

Gene Engineering Can
Generate New Forms of
Alleles of a Gene and,
therefore, Results in
More Genetic Diversity

Each Phenotype is a
MARKER for the Allele
& It's Position on the
Chromosome
Genetically!

mutations result in
genetic diversity!!!

Alleles Reside at the Same Position on a Chromosome




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

L ]
heterochromatin —

X10

10% of chromosome arm ~40 genes

@) I TN | I DR IS | BN EE

o - = Genes Are Defined/
Gene ry Gene Gore Precise Regions of
1% of chromoso econtammg4genes j DNA

Structural
one gene of 3.4 X 1o4np
c f

exon mtron 1 gene expression

One Large Gene!

5 regulatory DNA
sequences - protein

]

©. folded protein

Genes Act As Individual Units?
How Know? Design an Experiment!!




A Conceptualized Gene

' .. 3
5' Beginning o End
Promoter Transchption Coding sequence
) | E— /
N T
-30 -20 -10 +10 +20 +30

+1
Downstream

. Upstream
Sense Strand (Genetic Coaetf
Nontemplate strand 5’ CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCGCTGC 3

Template strand 3’ GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG 5’

Transcribed Strand or Nonsense Strand l
5'
. transcript
PR Complementary to Transcribed
Molecular Cell Biology, Sixth Edition Strand or SAME sequence
© 2008 W.H.Freeman and Company
as Sense Strand

Only Know the Structure of a Gene Because of the
Invention of Recombinant DNA Technology - Why?




The Detailed Anatomy of a Gene

Gene X
Beginning> End
5' END » 3’ END
Marks the Sense strand(TATAAT YAGCTCGAAC ATTTT
K4 2 sTaRT SENSE STRAND )
. ” : - TERMINATION
Upstream SV\g‘LCH Genetic Code (Function) SWITCH”
Next Gene PROMOTER

K_ERANSCRIBED STRAND)

@TATTAACGAGCTTG EAAA

Z

Downstream

Next Gene

yd TAGCUCGAAC, ™

CONTROLS 5’ END
When &
Where a gene
becomes
active? START

TRANSCRIPTION

kUNIQUE CELLS!

MRNA X

3’ END COMPLEMENTARY

END

TO TRANSCRIBED
STRAND
=TEMPLATE
FOR RNA

TRANSCRIPTION

Note: mRNA Sequence = Sense Strand Sequence




“Simple” Gene Anatomy Reviewed

Genetic Code of Life 1 Sense s.h,.and = Genefic Code

2. Sense Strand = 5° = 3’ Direction (all DNA
sequences specified 5° = 3')
3. Anti-Sense Strand = Complement of Sense Strand

Entire Genetic Code & is Transcribed Strand
of a Bacteria 4

. MRNA = Same Sequence As Sense Strand &
Complementary to Antisense Strand

mMRNA =5 = 3
. Switch Turns Gene On - Not Transcribed But
Upstream|of Coding Region

o o

DNA Fmgcrprmhng

;lo,.i,.g: Ethical Issues Genes Function As Independent Units -
odilhas Comagemces Design Experiment to Show!

“Everything” Follows the Double Helix & Its Rules -
Anti-parallel Chains & Complementary Base Pairing!

Plants of Tomorrow




Control Switches Are Unique DNA Sequences

& Can Be Cloned

AND used to Re-Engineer Organisms!!
Switches Act Independently of Genell

Activators N “O n’ ’ Start site
(e.g. hormone/receptor protein) of gene

“C 1. |” i e o Prpmoter / N
Sm:teh‘—v ene
oniro DNA:ﬁf

H [I—
SW|TCh Enhancers (e.g. TGTTCT) \ CAAT box TATA box
) }_"_‘i_'l_{
_80nt

1) Activator proteins bind to I {
enhancer sequences in
the DNA.

2) DNA bending brings the
bound activators closer to

Transcription
the promoter. Other
transcription factors factors ()
and RNA polymerase
are nearby.

< RNA
polymerase
3) Protein-binding domains \

on the activators attach to NN

certain transcription factors

and help them form an

active transcription initiation

complex on the promoter that -—
stimulates RNA synthesis by Transcription
RNA polymerase. Initiation Complex

Copyright © 2009 Pearson Ecu

1. Each Switch Has a
Unique DNA Sequence

2. Genome Projects
Reveal Genes & Logic
Controlled by the
Switches

3. Sequence = Biology

4. No Hocus Pocus

5. Yo! It's in the DNAIl




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

Myeloid stem cell

/ Myeloblas{\
Granulocytes

.  Basophil
Toe®s.
*

Eosinophil ¢

Redblood T oo
cells % Neutrophil
Ao ¢

s L

Blyr@we@

A ya \
cell @

Lymphoid stem cell

Y

@\.

Lymphoblast

/TN
@

Natural
T lymphocyte Killer cell

telets

. P
Globin Gene

[
White blood cells

Insulin
Gene

Esophagus — l
Pancreas

—Large
~intestine

Small
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Cloning: Ethical Issues
and Future Consequences
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THE GENE AND SWITCHES ARE
UNIQUE DNA SEQUENCES

1. They Can Be Cloned & “Shuffled” & Engineered
Creating| New |Genes That Have No Counterparts

in Nature. & |Genetic Engineering

2. These New Genes Can Be Transcribed in New Cell
Types (Switch Change) &/or Organisms &/or Both.

Plant Leaf Switch + GFP Gene
Bacterial Switch + Human Insulin cDNA

3. All Genes are Regulated & Controlled by Switches.
Genome Projects Reveal Both The Genes & The
Switches & Wiring Together of All Switches in

Gene. & Program of Life From Birth to Death

@, s in the Sequ@




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

S

Cohurg P Calocrs, ons w5 M

Eye Gene

e o
e B4
Sess ol g
~."5 b’ A
|

Leg Switch Front 'e-gla‘; _,,,-'.é"‘ Eye|

/ tissue

o Abnovmal acindre of the eyelp=a gana Has
CgErecerec an eye an e Teg cr a il




M Eye Genetic Regulatory Network (GRN) -
Engineering Body Architecture

Genetic Code of Life

Control Genes Like The Eye Gene Control The
Activity of Other Genes!

5’ 3’ gye Prote", Gene 1——| Protein 1
Entire Genetic Code Y .
of a Bacteria Eye _,Gene 2 .| Protein 2

Switch | Eve Gene _,Gene 3___,|Protein 3
c ——— ,Gene 4 Protein 4

|—>Wor'ks in

Eye Protein Binds to
DNA Fingerprinting Head| Switches to Turn Genes Eye Head!
) Onl! ‘
w Gene 1——|ppotein 1
Cloning: Ethical Tssues Leg Eye Gene %Gene 2— Protein 2
and Funfgt:rc Consequences Switch Y ‘;Gene 3_, Pf'Ofein 3

. 6Gene 4__ |protein 4
Normally Eye Gene is

OFF in Leg. Switch only - |
Works in Leg. M Eye on Leg!

Plants of Tomorrow




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

DNA
Genetic Code of Life

=
! [ ——
0jji . e R DR s S
' rteractions

Entire Genetic Code 1 Colored boxes indcate post gastrdar domars of expression pemes In v
of a Bacteria . > b GSK-3 oyl iz =l Mesoderm  Endoderm terriores

Wots LR g - &rﬁ“l }
5 T s PR i rud A
11-:- ‘ s' Suﬂf)iN I I IJ
n - B l . 1r-|Jd + o
e YR =
: B

DNA Fingerprinting

Ba § 44 FexA Ciataf
T - 2| o= B - FoaB
CE ) R | iz
o | - = H

Cloning: Ethical Issues e 1
and Future Consequences Epita L nl :

Genetic Networks Programming Early
Sea Urchin Development

" .
.

Plants of Tomorrow




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fmgcrpmmng

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

100 Years Into The Future

. If the Entire Human Genome is Sequenced?
. If the Function/Protein of All Genes Are Known?
. If All the Switches Are Identified & How They

Go On & Off From Birth to Death?

. If We Understand How Genes Are Choreographed

& All the Sequences That Program them

What Does the Future Hold?

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

What Does This Mean For The Future of
Humanity?

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




How Do Genes Work?

‘ﬁ@NAcan replicate) . .

o @ Gene Activity to
@ Replication [ DNA | y— R Function &
| \ Phenotype

Information coded in the Information in RNA is passed
sequence of nucleotide bases to polypeptides, but never
in DNA is passed to a sequence the reverse (polypeptides to

of nucleotide bases in RNA. nucletic acids).

Gene Activit .,
ene CTivi Y /m Inside of cell \\\\

' %W’ MMW\\
) ‘??;”"”“ )\

Protein

Fun%‘rion <
Phenotype
(Trait)

Transcrlptlon

TTTTRTTTTTRTCTTIT IR AT T TTATITT VIR TRTIRTINITRTINTIY
Translation
(protein synthesis) \12.10-12.13

A Gene is NOT Expressed Unless A Functional
Protein Produced!




@ How Are Genes Replicated Each Cell

Generation?
Chr'orrlosome @
1 chromosome

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

|

Cell m

Cytoplasm > AL

Division @, -106 cells per colony ~50 colonies per dish

. A Bacterial Colony Contains

Clones
Many Copies of Same Cell, or
Clones, Which are Genetically
Identical!
Each Daughter Cell Contains The Same Collection of Genes \

Major Properties of Genetic Material Clones!

Replication, Stability, & All Cells!!




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
- Eacg Containing One Newly Synthesized Complementary
Stran




The DNA Sequence is Maintained
Generation To Generation

Parental Daughter
strands strands

A EdEE

Figure 1-10
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

The DNA Sequence “Lives” Forever!




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

Growing strand Template strand Growing strand
5’ end 3’ end

5 end 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
strand.

Nucleotides are added
to the 3’ end.

a8y
. P (
v O—O—C ‘ L —
’
3 Pyrophosphate ion
’ & Bonds linking the
\ 5 eng/ phosphate groups are
gy

broken, releasing ener 5 end
@ @ 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 Replication Also Requires:
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.
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Vectors Are Needed To Replicate
Genes In Transformed Cells

(A) Plasmid pBR322
Host: E. coli

Hindlll
¥

Pstl —. «—BamHl|

Ampicillin i\ ¥~ Sall

resistance gene

(amp”) Tetracycline
resistance gene
(tet")

* Recognition Site for Restriction Enzymes

3.

Ori is a specific sequence

Ori is Genome & Organism
Specific

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

Need Bacterial Ori to clone human gene in

Note __,| bacteria. Need human Ori to replicate a bacterial

gene in human cells.

Yol It’s in the Sequence= Function

.. Vectors can be Engineered!
Ori’ s can be cloned/synthesized!

MODULAR!!




=

The Polymerase Chain Reaction or PCR is A
Molecular Xerox Machine

g.‘Specific Gene
4

— —
Tardét Selected segment A S
N>~ Of Specific
Sizel

C
I

How Many Copies Afer 75
10 Replication Cycles? ={=_=

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 Cloning Needed!

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

2




PCR is A Cyclical Process of DNA Replication

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

Requires

Template

Primers

Knowledge Repeat Steps or Cycle

osf Specific

e D=

Heat- . = s .3 - 2" Molecules

Stable DNA owomens | ST, T of DNA

Polymerase : : g .

Cycler (it where n =
Number of

Cycles
Diagnostic For Amplified DNA Fragments All The Same Size

\ 4

DNA sequence (Between Primers) Pl"imer' - Sequence - Pr'imer'




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 PCR

o sw

. Knowledge of a Specific Sequence to Amplify (e.g.,insulin

gene)

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

. 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, AIIowin? Primers To Bind
Complementary Sequences (Anneal), & Permiting New
dsDNA Molecules to Form

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




raw-Hill Companies, Inc. Permission |

raw-Hill Companies, Inc. Permission |
— DNA segment
nob-wwiﬂlod
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Primers anneal 1o DNA temperature for Taq
DNA polymerase to
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Taq DNA polymerase
5 — 3

Examples of PCR Applicat
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Using PCR to Determine Your DNA Fingerprint

Unigue Pattern
of DNA Bands
= Fingerprint




Using PCR to Determine Bobg's Genotype

HOME MY RESULTS FAMILY & FRIENDS RESEARCH & COMMUNITY

23andMe

HEALTH RISKS

% 23andMe Research Discove

SHOW RESULTS FOR | Bob Coldberg =

Elevated Risk

os ware made possible by 23andMe members who took surveys

SEE NEW AND RECENTLY UPDATED REPORTS »

B e Goldber

CONNECT

NAME CONFIDENCE YOUR RISK AVG. RISK COMPARED T0 AVERAGE
Parkinson's Disease 56.3% 1.6% 3501x pe—
Prostate Cancer O 40.8% 17.8% 229x ==
Auial Fibrillation 33.9% 27.2% 125« =
Psoriasis 16.8% 11.4% 48 =
Gallstones 11.1% 7.0% 158x T
Esophageal Squamous Cell Carcinoma (ESCC) 0.43% 0.36% 1.21x

Stomach Cancer (Gastric Cardia 026% 0.23% 35

Adenocarcinoma)

Bladder Cancer Rk
Paget's Disease of Bone *hE
Migraines AR
Keloid kA
Glaucoma: Preliminary Research * A

23andMe

HOME MY RESULTS FAMILY & FRIENDS RESEARCH & COMMUNITY

INHERITED CONDITIONS

7 23andMe Research Discoveries were made possible by 23andMe members who took surveys

SHOW RESULTS FOR | B0b Goldberg +

Locked Reports

B eevceiaver

CONNECT

NAME CONFIDENCE STATUS +
TTR-Related Familial Amyloid Polyneuropathy ®
s CONFIDENCE STAIUS

Factor XI Deficiency

Connexin 26-Related Sensorineural Hearing Loss
Phenylketonuria

Familial Dysautonomia

Canavan Disease

Hemochromatosis (HFE-related)

Familial Hyperinsulinism (ABCCS-rel

Primary Hyperoxaluria Type 2 (PH2)

Sjdgren-Larsson Syndrome

Rhizomelic Chondrodysplasia Punctata Type 1 (RCOP1)

Variant Absent

Variant Absent

Variant Absent

Variant Absent

Variant Absent

Variant Absent

Variant Absent

Variant Absent

HELP

23andMe DNA Spit Kit

1 Order a Kit from our online

store

Personal Genome Service™

Get to know your DNA. All it takes is a little bit of spit.

Here's what you do:

2 Reqisier your Kit, spit into the
tube, and send it to the lab

3 Owr CLIA centifed Lab analyzes
your DNA in 6.8 weeks.

SN

4. Lag In and stan expionng your
genome




Using PCR To Determine an Individual’s Ancestry

D A T b o| Genetic Ancestr Anal SiS .
N rt es What's Your Tribe?® Discover Your Past!

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

Determine if two people are related’
Determine if two people descend fro

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

® Most comprehensive test available:
896 world populations and
36 unique Genetic World Regions.

v
d non-lineal f v 4.0
B v Find out if you are related to others With the sam8 sﬂ?han‘ﬁe 0
v .
v

® Personalize and customize your
analysis with Add-Ons any time.

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

PCR Started a New Industry

Adopted? Maternal & Paternal 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 m Bob Goldberg v l
23andMe
ANCESTRY COMPOSITION | Bob Goldberg | | Standard : SHARE TIPS  HELP
| Map View & - Sub-regional Resolution Ancestry Composition tells you what percent of your DNA comes from

each of 31 populations worldwide. The analysis includes DNA you
received from all of your ancestors, on both sides of your family. The
results reflect where your ancestors lived 500 years ago, before ocean-
crossing ships and airplanes came on the scene.

B 99.9% European
@ Ashkenazi

@ Eastern European
Nonspecific European

Bob Goldberg

0.1% Unassigned

100% Bob Goldberg

show all populations

Today

LTS

500
Africa 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’} & Svante Paibo'




Bobg's Neanderthal DNA Content

Got Neanderthal DNA?

An estimated 2.6% of your DNA is from Neanderthals.

Bob Goldberg (you) m 33rd percentile

Average European user

MODERN HUMANS NEANDERTHALS

Higher brow Heavy eyebrow ridge

Narrower shoulders Long, low, bigger skull

Slightly taller Prominent nose with developed nasal

s\ chambers for cold-air protection




Using PCR in Crime Scenes

Suspect Victims gzgﬂﬁ

RG NB

! !

add to sa/w,.o/’

,~= sperm cells

€ non-sperm cells
o< sperm DNA
2o~ hon-sperm DNA
##% fabric substrate

sexual assault sample

!

[ DIFFERENTIAL EXTRACTION |

] 2 L S 24 “Match”
—1= == L-" What is
< ol Probability
o — o e That This
-— - Will Occur
= . - - by Chance?
h | l pocd -

¥, anN o g .

Ehey S
X T
s i D b
£ ,.; ‘.:',’; ,'..., ' h
L e £ ¥ “ : -
. lyse sperm

| Note: Some details of the analytical | (y—p— Os - sus pec"'

: process have been simplified or : °
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| performing a differential extraction. |

RG & NB = Victims

_________________

DNA Doesn’ t+ “Lie” |l




Using DNA Fingerprints to Identify Individuals & Genes

Sometimes
They
Reveal
Unexpected
Results!

They Don't “Lie”

DNA Fingerprints
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Oops!
Wrong Dad!
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Identifying Victims of 9/11 Using PCR
and DNA Fingertinting

‘1 “"’v ‘v:l' L 'i:f:,“’

S % 300 Pounds of Unidentified

"’ i -f;-,'_jf‘lii-(‘ 1” 2 Remains Left
Identified 1126 of 2756

9/11 Victims
&
31&01‘ 19 Terrorists

f;-'\

Figure 19-31

Genetics: A Conceptual Approach, Third Edition
© 2009 W.H. Freeman and Company Newsweek' January 1 2 ‘ 2009




Using PCR To Detect Human Pathogens

(Viruses, Fungi, Bacteria)

‘Genital Warts and HPVs |

- What you need to know

THE
FACTS

WHAT YOU
SHOULD

KNOW ABOUT A
VIRUS CALLED

V I rO E ; e DIVISION OF HIV/STD
q VIRGINIA

‘//DHDEPARTMENT
. _" HIV-1 Genotyping System OF HEALTH

“This booklet eviewed and approved b e in general settings.

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




Using PCR To Detect Food Pathogens

Laboratory
strain of
non-pathogen

300 bp
product

150 bp
product

Hamburger 1 Hamburger 2
.~"'f \\v"-., l /»"T‘ :\"‘b..‘\.y
__!ig: .i.;?

I

| PCR reaction with all four primer pairs |

N SN ) S — ) —

mkr

603 —

— == 400 bp
gg? = = == e 300 bp
234 —

194 — — - 225Dbp
_-— e - 150 bp

118 —

SR

Laboratory
c==> strain of
pathogen

400 bp
product

225 bp
product




And Consumer Fraud in the Natural
Food Industry

DNA barcoding detects contamination and
substitution in North American herbal products

BMC Medicine, 11, 222, 2013

DNA
Genetic Code of Life

Entire Genetic Code 60 -
of a Bacteria

wv
(=}

Barcoding = DNA Fingerprinting!

T

Percentge (%)
~N w s
(=] (=] (=] (=]

g s a2 b"\ > & é\é & &
DNA Fingerprinting —— & o S & S &
— &L & y" P oee’
- wa & & ® © <
S &
h &0‘&
A
100% -
80% Filler
Cloning: Ethical Issues 5
and Future Consequences & 60%
= ® Product
g =S
5 0% Substitution a
® Contaminents Pt
20% P e
| i |
. Biloba plw
: J 0% a “ Authentic P 0 |
- abc d e f ghij k.| Product
Plants of Tomorrow

Herbal Company




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

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:
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 Graves, 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
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DNA Replication is Precise
But Mistakes or Mutations Can Occur!

DNA RNA
ir A A air
> { T Y }p BASE PAIR
pair { 8 g } pair RULES
Think Tautomers!
Gene A P Rare Base
\\ lg \\//" et | Mismatch
Replication® 7
See
U Mutation As
New Base Pair muation] C mispairs with A Change in
. . attempted repair 5 P henO"' e
Replication® -~ 8 YP
Gene A’ RESULTING

. . DEFECT
Allelic Variant

Change DNA Sequence From A = T to 6=C

. Change Protein Amino Acid Sequence = Alter Function!

‘ —_— * Big Tomato to Small Tomato




Mutations Can Occur Different Ways

(b) Point mutation,

missense

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

— 1.
2

(c) Point mutation,

stop codon

DNA
Protein: — Phe - Arg - stop - - - =

(d) Deletion mutation,

reading frame shifted { 1 base lost, no. 6

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

(e) Deletion mutation,
reading frame unchanged { 6 bases lost, nos. 7-12 |

Protein: — Phe - Arg - Ala - Leu -

Base-Pair Change

Insert or Delete Base
(Indel)

Move Gene, or Part of
Gene, to New

Location (Switches
Change)!

Function of
Protein Lost
and/or
Changed

Phenotype
Changes




Alternative Forms of the Same
Gene Lead to Genetic Diversity

9

Alleles [ ‘m‘ ] .
. ® AT 4

f\_/ Green-base | Un!ormt! Spread Compact
a

(U) dwart dwarf modifier
(om) 10 (dm)

w4 LT w5

=/ & Smooth (H) Hairy (h) ‘
Hairy (Hi) ] Hairless (1) ‘ I«

“ @
s e R

'20 e TN 7 Broad | Narrow i ! Ytk
cotyledons = colyledons fic ie }F"' ey S g ) g p—
N ¥ (Ne) (nc) ‘ - —
2 Non-tangerine 30 Tangerine (1) 11 : :
Normal (Lf) 16 Leafy (/) (n | ; 2
‘ ‘ | ' ‘ ’ ”
‘ ll k 3 .j § g ! ‘ Normal (8) Broad (b) Analyze PCR products on gel
ointe: bl Jointless (j) Xanthophyllous | Green (xa)
| (Xarxa)

Susceptibility :,-.‘ Resistance 10 Can FOIIOW These
to leal mo X af mold from . .
o }'a{"’me“ ” %%/—\ Traits With DNA

(efp2)

(Cfp2)
ﬁ /—\ % Nomal (ic) [ Macrocal Markers As Well
Nonwilty (W) Wilty (w)

& : ' mutations result in
S Tt genetic diversity!!!

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)




Mutation in Genes Are Rare

But Are Inherited & Can Be Followed in Families By

One Gene Per
Gamete

2+ o

Two Genes per
Somatic Cells

|:| Normal CF gene
ﬂ Mutant CF—'Igene

Mutation in the

Cystic Fibrosis Gene

normal

Phenotype or at DNA Level!

carrier

i

normal
carrier

I

How Follow Inheritance?
What Allows Disease To Be Followed?

carrier

I

Y

T
C@ w N

Y

Analyze PCR products on gel

DNA Marker or
Fingerprint!




Translating The Genetic
Code Into Proteins is a
Conserved Process

;;;% Replication

Mutations Are Q information
Inherited Because

DNA | X000 .
Alferefi Gene __l » _ DNA Mutations Lead To
Replicates : °'i“at'°" Altered Protein
rransoriog Because mRNA and
YO aoo Transcription .
g:;,v\ (RNA synthesis) Protein Sequence
.. Encoded By Gene
Information
! 1 Changes
RNA| i
o Information  MRNA
l
Translation v
(protein synthesis) - &
Ribosome M .
l utations L/ead to
: Altered Traits/Phenotype
Protein . -
—I Protein Because Protein

Structure Changed




Human Genetic Disorders Occur As a Result of Mutations

~Disorder

Symptom

el Pl

required for

Copyright € The McGraw-Hill C

Defect

Some Important Genetic Disorders

ion or display.

Dominant/
Recessive

Frequency Among
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

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 17500
blood lead to heart disease surface receptor
Dominant Recessive
o B g
' \ 4 )
DIPLOID
GENOTYPE | - | — - -
DIPLOID Wild type Mutant Mutant Wild type Mutant
PHENOTYPE
Figure 5-2

Molecular Cell Biology, Sixth Edition

© 2008 W.H.Freeman and Company

Need One Allele

Need Two Alleles




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

ARTICLE Nature, October 10, 2010

doi:10.1038/nature09534

A map of human genome variation from
population-scale sequencing

The 1000 Genomes Project Consortium*

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
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~ 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 ~900 individuals

From Seven Different Global Populations

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)




ARTICLE

doi:10.1038/nature11396

Rate of de novo mutations and the
importance of father’s age to disease risk

Augustine Kongl, Michael L. Friggel, Gisli Massonl, Soren Besenbacherl'Q, Patrick Suleml, Gishi Magnusson’,

Sigurjon A. Gudjonsson’, Asgeir Sigurdsson', Aslaug Jonasdottir', Adalbjorg Jonasdottir', Wendy S. W. Wong®,

Gunnar Sigurdsson', G. Bragi Walters', Stacy Steinberg', Hannes Helgason', Gudmar Thorleifsson', Daniel F. Gudbjartsson',
Agnar Helgason™*, Olafur Th. Magnusson', Unnur Thorsteinsdottir'> & Kari Stefansson’®

Mutations generate sequence diversity and provide a substrate for selection. The rate of de novo mutations is therefore of
major importance to evolution. Here we conduct a study of genome-wide mutation rates by sequencing the entire
genomes of 78 Icelandic parent-offspring trios at high coverage. We show that in our samples, with an average
father’s age of 29.7, the average de novo mutation rate is 1.20 X 10~® per nucleotide per generation. Most notably, the
diversity in mutation rate of single nucleotide polymorphisms is dominated by the age of the father at conception of the
child. The effect is an increase of about two mutations per year. An exponential model estimates paternal mutations
doubling every 16.5 years. After accounting for random Poisson variation, father’s age is estimated to explain nearly all of
the remaining variation in the de novo mutation counts. These observations shed light on the importance of the father’s
age on the risk of diseases such as schizophrenia and autism.

August 22, 2012

Father’s Age Is Linked to Risk of Autism
and Schizophrenia




Pedigrees Can Be Used To Follow Disease Genes in Human Families

The Royal Hemophilia Pedigree

George Il FOI Iowed
Generation
Edward Louis Il By
Duke of Kent [l_—] Grand Duke of Hesse Bleeding
| Prince Albert Queen Victoria oO—0 oO—+1 PhenOTYPe
/
. CUNI — b
|
Frederick Victoria Edward VIl Alice Duke of Alfred =L Helena Arthur Leopold Beatrice Prince
n Hesse v Henry
No hemophilia
German King Iﬁ
m Royal George V
House Irene Czarina Princess  Maurice  Leopold Queen Alfonso
l Nicholas I Alexandra Alice Eugenie King of
M Spain
v O  booobn B O BMOoOOO BD BOO O O
Duke of King Earl of Waldemar Prince  Hen Anastasia Viscount Alfonso Jamie Juan Gonzalo
Windsor George VI Mountbatten Sigismond Tremation

! EI (5 Prussian Russian
\{ Royal Royal
Queen Prince Margaret House House King Juan
Elizabeth Il Philip Carlos
(5 [J__] |£| No evidence No evidence
vi O—-—é of hemophilia of hemophilia
Princess Prince Anne Andrew Edward
Diana Charles Spanish Royal House

5 ? British Royal House
Vil

William Henry

Recessive Sex Linked




Genetic Diseases Can Also Be Followed in Families Using Molecular
Methods (e.g., DNA Blots or 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.

!

v ! Y

.
\ RFLP is revealed by /

electrophoresis, probing,
and blotting.

7~ N\,

- /= \( = L°“9ffm «— RFLP -Restriction
— — Short fragments F

Tvoe 1 T 2 ragment
e |\dBin) "1 | ength Polymorphism

(AA) (aa) (Aa)

Aa Aa
0_!] E@A pedigree is constructed.)
1 2

.
o

members of this family.

This gel shows the RFLP patterns of thej




DNA Testing Can Be Carried Out
Before Child Birth During Pregnancy

Fetus

/Amniotic fluid
8—-10 weeks)

Chorionic withdrawn

e L
Villi — s

Uterine wall

Catheter Amniotic fluid

Fetus (14—16 weeks)
Chorionic villus

sampling

RESCARCH METHOD ’\_/‘

Amniocentesis

Supernatant

e

Biochemical
tests Fetal cells

Several weeks
later

/ Cell culture




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 : T
Blood of a Pregnant Woman A New Era in DNA Testing!
Allows the Complete Genome Science
Of the Fetus to Be Decoded! T .
ranslational

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

< N - ,‘. ‘
R i mml‘

ks o2t g

NDS in Genelics Januar’y, 2013




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

Genetic Code of Life

y @
@Q @ What is The

oo Rboving sl Implication of
Entire Genetic Code e This Procedure
U " Considering That
\ PGD The Human
Pre- Genome Has Been
Implan."a."lon Sequenced?
Genetic
DNA Fingerprinting Qiagnosis @
pimis el hemsodvenbys
. 1
Cloning: Ethical Issues U U u u u u
and Future Consequences : : . ; ’. u
Amplify Y-chromosome-specific DNA in each cell by PCR R R
e T Sex Determination
s = === ~| «~| in 8-cell Embryo!
fragment F- - — — !

g

2
e

Pian?s Of TOMON‘OV - .F:\r;a|yze PCR products on gel




“Mutations” Can Also Occur By
Large Chromosomal Changes

Relocation of Deletion
genetic material

@Mﬁﬂm}

Loss of
genetic material

Translocation

@MMMMWM\VI\V}\\D
v 2

From anot/her \ T /

chromosome Wild-type sequence

Missing chromosome(s]

9 & Extra chromosome(s) B
Inversion / \ (AR
\. J
C : ) Gain of
Duplication genetic material

These changes affect many genes!

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




A Down’s Syndrome Karyotype

A LIKT)

| ¢ |
3@ 33: i 48 ¥R &4 ¥
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13 14 15 16 17 19 20
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I I
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# 21s i )3( Y

Copyright © The McGraw-Hil Comganics, Ine. Permission required for seproduction or delery.
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Chromosome Testing Can Be Carried Out
During Pregnancy or Before (New DNA Tests)

Fetus /Amniotic fluid
8—10 weeks) withdrawn

Chorionic /(
villi — s

Uterine wall

Catheter Amniotic fluid

Fetus (14—16 weeks)
Chorionic villus

sampling

23 K ‘i ' " ‘} Amnimlentesis

| 2 3 4 S84 5 g Supernatant
Y E p o It -
, 3= ' ) ! Ny L) Biochemical
6 7 #g 9 NG SN i tests Fetal cells
ki M & iF o1 B
13 14 15 16 17 18

Several weeks / Cell culture

" 1 .‘-.‘ 88 later
19 20 Trisomy21|2'




@ How Does A Gene Lead To A Phenotype?

Codon-bearing
strand

DNA

Template strand

LCodonsJ
L ] Y L ]
L 11 ] ) | 11 1

Peptide bond
L l -
Protein

Insulin

Know Sequence

® mRNA Synthesized
by Transcription

- Complementary to
Transcribed, Non-Sense
Strand

- Same Sequence As Sense
Strand

@ mRNA Translated
info Protein by
Translation of The
Genetic Code

Know Protein

—| Engineer New Protein

Genetic Code on mRNA
Translated to Protein
Sequence

. Sequence of Gene
Sequence of MRNA
Sequenke of Protein

Colinearity of Sequences!




Genetic Code Allows The Sequence of Nucleotides in
mRNA/ sense strand of Gene to be Translated
info Sequence of Amino Acids in Proteins

/

mRN u Ql@

Protein @

Same Sequence
@ As Sense DNA Strand

moGmEC
(cooH)

Proteins have
ends too!

Note: Sequence in mRNA (= Sense Gene Strand) is translated

5 —3’ (= beginning of sense strand to end) & Protein made in

N—C direction therefore order Nts in gene = order amino acid
in protein!




DNA
codons

The Genetic Code is Universal!

& o B N -
oo YD XD 1D 1D 1D B B B 1. Universal

2. Triplet
g 3. Punctuation
4. Degenerate

<2

A

.

~‘e o
.
,

O 4 he
10 A
s 88 o€ =28 2
" e R ','-,'“‘{' ~ A% q S
W ) A ./ - " (7" % 2 A L ,
D 4 . Eal » E ’ A Nal AV .
S o o e B .

For RNA, The Ts are replaced by Us.

G
TGA
b0 20

o

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




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

2
e

Plants of Tomorrow

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

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

Implications For “Yo - Its in The
DNAIl”

Modular Organization of Sequences
DNA Replication

Ori
Transcription

Switch/Regulator
Terminator
Processing of RNA (Eukaryotes)

Splicing Sites
Translation

Start

Stop

Genetic Code/Codons
Coding Sequence

Genetic Code

Modules > Anything You Want To Do Using
Genetic Engineering!




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Summary: Engineering Genes Requires:

(=2

. The Gene & Its DNA Sequences

A Roadmap of Where Coding Sequence & All
Switches Located (Sequence, Restriction Site

Map)
. Transcription Start And Stop Switches

. Coding Region of Gene (genetic code part)
. Translation Start And Stop Switches
Kingdom-Specific Switches/ Signals

N

o O b w

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

Bacteria Human Insulin Bacteria
Transcription | + Coding + | Transcription
On Switch Sequence Off Switch

> Human Insulin in Bacteriall




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

amino acids

DNA repair 1
<genetic recombinatic? .
DNA 2 .
5! 3’
51 CHHHH 3.
RNA synthesis 4 .
(transcription)
RNA
T L LI L VL] el 5 .
protein synthesis
(translation) 6 .
PROTEIN
H2N . 4 —<—COOH 7

Need Science-
Based Questions &
Science-Based
Solutions-NOT
OPINIONS!

What is a Gene?

What is the Anatomy of a gene?
How Does the Gene Replicate?
H s the Gene Direct
Sglvr’{TRgsei S o?ea Igro%'e?;ise

oes the Gene Wor
ngependenﬂy o oh'\er' Genes?

What is the Sequence &
Structure of the Protein?

How does it work in cell?

Does_the Protein Structure impl
any Potential gHar‘m’% PY

D he G Ch th
orqggmtsrﬁ? l?pr?\ess.gnge ©

“Behind” All Traitsl!

There’s NO HOCUS POCUS
All Hypothesis Are Testablell

Same Processes!




