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Last Tuesday’s Lecture: What Are Genes
& How Do They Function - Part One

1. 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

Structure of DNA

Demonstration
a) Bacterial "Cloning”
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What is the Function of a Gene-Review?
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?

. How Do Gene Expression Processes Differ in

Eukaryotes & Prokaryotes?

. How Can Splicing Cause One Gene To Specify Several

Different Proteins?

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

Implications For Genetic Engineering?

. Epigenetics - Modifications of DNA



sugar-phosphate
backbone

hydrogen-bonded
base pairs

DNA double helix

8.

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

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)

l 9. DNA has dimensions (Know # bp
3!

Know Length: 204 diamefer',3.4/1/bp,
10bp/turn)

10.Sequence = Biology




Many Individuals and LOTS of Science
Were Responsible For Solving the

Genetic g':d': of Life STPUC'l'LIr'e Of DNA

Avery, McCleod, & McCarty - DNA is Genetic Material

Alexander Todd (Nobel Prize-1957) - 3'-5'
Phosphodiester Bonds - PolynucleotideChain Structure

Sven Furberg - Crytsal Structure of Cytidine
(Nucleoﬁdes%

Jerry Donahue - Correct Base Keto Structures
Rosalind Franklin - X-Ray Diffraction DNA Pictures
Raymond Gosling - X-Ray Diffraction DNA Pictures

Maurice Wilkins - Idea That X-Ray Cristallography
Can Solve DNA Structure

Watson & Crick - Structure of DNA

William Astbury - First X-Ray Diffraction Pictures of
DNA - Bases Stacked at 3.4 A intervals

10. Erwin Chargaff - Chargaff's Rules

Entire Genetic Code
of a Bacteria

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



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

DNA double helix

- 2nm
llllllllllllllll ails” protrude f tones
- and allow them to i ct with

DNA in Human &

Eukaryotic Chromosomes is rrrr W

Linear and Wrapped e <y,

Around Proteins Called W O
Histones! SSC 2

hromatin

DNA in Most Bacteria is
Circular!



A Chromosome Contains Many Genes That ::Q-.
Work As Individual Units (How know?) — Sl

What delineates each gene?

Helix
— Coding 5’ !
Position of Genes oo o
1,2,&3in Template 3’ 5
chromosome
Discrete Units!  Evidence? 4 \4 N
5, mRNAT 35, MRNA2 35, mRNA3.., ’
Notice- Each gene, mRNA, & O T T o e
protein has a unique prder/ ¥ ¥ ¥
sequence of monomeric units protein 1 protein 2 protein3..
N~ Arg Pro CN Val lle Cys| ¥ ¢ N Arg| ¢ protein
Central Dogma Function 1 Function 2 Function 3
.6enes -> Functions in Cells Note sequence of each protein

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

VERY IMPORTANT CONCEPT!
COLINEARITY BETWEEN GENE SEQUENCE AND PROTEIN SEQUENCE




Genes Reside at Specific Locations or Loci

What Why Arrows in Different Directions? af:’;_eizkza E;‘ éacme
Defines Gene gene A geneB gene C | chromosome or Piece
Positions? 1 1 — 1 of DNA
Locus A —
DNA
double
helix

gene expression

R S

protein A proteinB protein C

Because DNA Contains Two Strands-Genes Can Be Transcribed
From Either Strand-But Only One Per Gene



Genes Reside at Specific Chromosomal Locations

<

- —

Ichthyosis (scaly skin)

Albinism of the eye

¢

Duchenne muscular dystrophy

S o

or Piece of DNA

Retinitis pigmentosa

A form of hemolytic anemia

Cleft palate, X-linked

Some forms of gout

/

Lesch-Nyhan syndrome

All Genes Linked on Same Chromosome

]

Hemophilia B

/ Fragile X mental retardation

Manic-depressive illness
Colorblindness
Hemophilia A

Diabetes insipidus

Linear DNA
How Know?

e Note Marker Bands - What are these?

Rarg | coli Genome }cys
All Genes Linked /
On Same DNA /

g
ade his

Circular DNA
How Know?

e How Know Gene Positions? Chromosome Number?




Genes Reside at Specific
Positions, or Loci, That Can Be
Mapped and Visualized

Gene Position = Locus = Unique DNA
Sequence




Visualization of Specific Gene Loci Using Fluorescence In Situ Hybridization
(FISH)

Cloned Hybridization
probe Protein-Dye Bound to Probe
A

4 Y
AARTCCC Avidin
TTAGGG
W/ J
Y

Chromosomal Fluorescent
DNA sequence Dye




Alleles Reside at the Same Position on a Chromosome

Different . Gene Engineering Can
Alleles af [ ‘ m‘ & Generate New Forms of
Same Position Normal (F) ggj Fasciated (1 gg\/ﬁ 4 Alleles of a Gene and,
on Chromosome )éj NP jf(%’ spes “”dwc?fn;ﬁ:;;ier therefore, Results in
E%/ tori: 16 e More Genetic Diversity
Hairy (HI) ig Hairless (hl) lh }?Qq Lb
Different Genes L 3; Loay (1 Each Phenotype is a
All Lgked ‘V 3 ‘u’ MARKER for the Allele
onh &he Jointed (J) [* Jointless () as B e & If's P osition on The
Chromosome .
Susceptibility Resistance to Chr'omasome
oharmod [ = Genetically!
Nonwilty (W, ‘."‘ Wilty (w,
_ ‘ ' mutations result in
st st genetic diversity!!!

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

| ]
heterochromatin —

X10

10% of chromosome arm ~40 genes

&) _HII [N I 0 DN NI | BNiEE EE
L

Genes Are Defined/
X10 Gene i i
Gene 2 Gene Gene Precise Regions of
1% of chromosome contamlng 4 genes
- DNA
Structural
one gene of 3.4 X 104“p
One Large Gene!
5’ regulatory DN A exon mtron 1 gene expression
sequences

. protein

2. folded protein
| &4

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




A Conceptualized Gene

End 3

Transcription Coding sequence

5" Beginning

Promoter

@?_‘mmﬁummmmnﬂmmmmm@
-30 -20 -10 +10 +20 +30
-+

1
Downstream

Upstream

Sense Strand
} DNA

Nontemplate strand 5’ CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCGCTGC 3

Template strand 3’ GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG 5’

Transcribed Strand |
5' CUGCCAUUGUCAGACAUGUAUACCCCGUACGUCUUCCCGAGCGAAAACGAUCUGCGCUGC 3’ Primary RNA
transcript
33227;2231 Biology, Sixth Edition COmP|emem‘Gl"Y to Transcribed
© 2008 W.H.Freeman and Company S.‘.rand or SAME sequence
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 )
ka / START SENSE STRAND )
“ ” i i TERMINATION
Upstream SV\g‘II;CH Genetic Code (Function) “SWITCH”
Next Gene PROMOTER ’/_(muscmnen STRAND)

" TRCCUCOCRAC,

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

TRANSCRIPTION

kUNIQUE CELLS !

MRNA X

@TATTAACGAGCTTG T@AAA

Z

Downstream

Next Gene

3 END COMPLEMENTARY

END

TO TRANSCRIBED
STRAND
=TEMPLATE
FOR RNA

TRANSCRIPTION

Note: mRNA Sequence = Sense Strand Sequence
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“Simple” Gene Anatomy Reviewed

o Of

. Sense Strand = Genetic Code
. Sense Strand = 5° = 3’ Direction (all DNA

sequences specified 5° = 3')

. AntiSense Strand = Complement of Sense Strand

& is Transcribed Strand

. MRNA = Same Sequence As Sense Strand &

Complementary to Antisense Strand

.mRNA =5 = 3
. Switch Turns Gene On - Not Transcribed But

Upstream|of Coding Region

Genes Function As Independent Units -
Design Experiment to Show!

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




Control Switches Are Unique DNA Sequences

& Can Be Cloned

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

(
Activators “On’ ? Start site
(e.g. hormone/receptor protein) of gene
“C 1. I” « o Prpmoter /
onTtro :“ $W| |e| — Gene
Switch DNA [ [
) S — ]

WITC Enhancers (e.g. TGTTCT) \. CAAT box TATA box

J

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

I 80 nt |
2) DNA bending brings the
bound activators closer to
the promoter. Other
transcription factors

]
r o ©
Transcription O
factors () {)
and RNA polymerase
I |

are nearby. I

3) Protein-binding domains //
on the activators attach to [
certain transcription factors \

and help them form an

active transcription initiation —

complex on the promoter that S

stimulates RNA synthesis by Transcription

RNA polymerase. Initiation Complex
ucation, Inc.

Copyright © 2009 Pearson Edi

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. Yol It's in the DNAI




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

. ‘/Blood stem ce"\A@

Myeloid stem cell Lymphoid stem cell
Myeloblast Lymphoblast

Granulocytes
A Basophil
Eosinophilz‘?( TR ?!:'%%
1' r

Redblood ' B 5 lymphocyte @
cells \ % Neutrophil \&1 : Natural
: v

; T lymphocyte Killer cell
| |

|
. Platelets White blood cells
Globin Gene

-l
Fme §
%’\a

Insulin
Gene

!

Pancreas

Esophagus —
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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.

GFP Gene + Plant Leaf Switch
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

Yol It's in the Sequencesl!




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

#
&

$ ;}f’.#’_’i’,‘ '.'.v A "'
e Gene o

+ i
Leg Switch Front leg. _;:i'é:. Eve

/_" tissue

o Abnavmal zcindie of the gyelp=a gana Ha3
CogErecerec an eye an e feg cra ity
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Eye Genetic Regulatory Network (GRN) -
Engineering Body Architecture

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

5’ 3’ ¢ye Prote®, Gene 1——|Protein 1

Eye _,Gene 2___, |Protein 2

Switch | Eve Gene Gene 3____,|Protein 3

I_. \tGene 4 Protein 4

Wﬁrks dlm Eye Protein Binds to |

eadt Switches 1'(()) r‘\l;ur'n Genes Eye on Head!

gye Prote, Gene 1—— | Protein 1

Leg /; Gene 2____, |Protein 2

Switch | EYe Gene ,Gene 3__, Protein 3

———— _Gene 4 Protein 4

Normally Eye Gene is
OFF in Leg. Switch only |

Works in Leg. Eye on Leg!



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

DNA
Genetic Code of Life

eI B
! was F=p [ o Ll e
o KA  Sox3l —— H — .
) -l
Entire Genetic Code L0 Cutwad henne Infiont past gastvaior damates of grantien ganas intaractions
of a Bacteria e S| X ) = GSK3 e e = S i S
Cleavage np-TCF -
Endo-Mes } - r‘
e e L [T
—-}L_HI; ! . — « = L8000 Late Wart
DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Genetic Networks Programming Early
— e Sea Urchin Development
Plants of Tomorrow | 5
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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 Death!

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!




DNA
Genetic Code of Life

If We Understand How Genes Are Choreographed &

All the Sequences That Program them
IMMORTALITY?

Entire Genetic Code

of a Bacteria
YES

‘ N

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



How Do Genes Work-A Review

4NA can replicate)
o ‘ ’ @ Gene Activity to
® Replication M n mT Function &

Phenotype
{ Information coded in the } { Information in RNA is passed]
e

sequence of nucleotide bases to polypeptides, but never
in DNA is passed to a sequenc the reverse (polypeptides to
of nucleotide bases in RNA. nucletic acids).

e ——
/—_\\

Inside of cell \

i 9\
A M@h}&”l& \
l Transcription

(RNA synthesis) 12.5

Translation See Figures
(protein synthesis) N 12.10-12.13

Gene Activity
Pr'olein
FuncI'rion <

Phenotype
(Trait)

Function

A Gene is NOT Expressed Unless A Functional
Protein Produced!



@ How Are Genes Replicated Each Cell

Generation?
Chrorrlosome @
l chromosome

DNA (11 ”
Replication A “Clone Note - Each Clone of Bacteria
| — Contains Clones of Cells

|

Cytoplasm :

Division -106 cells per colony  ~50 colonies per dish

A Bacterial Colony Contains

N g Clones .
(@j (@ ) . 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



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 |l adds the
next deoxyribonucleotide,
to the —OH group at the
3’ end of the growing
strand.

Nucleotides are added
to the 3’ end.

5’ end

@
Pyrophosphate ion

Bonds linking the
phosphate groups are

broken, releasing energy 5 end

O © | toarive the reaction.

Phosphate ions

Sequence is Specified by Complementary Bases ‘ 5 to 3 Polarity

, , Specifies
Note: 5 @ & 3 Sequence




The DNA Sequence is Maintained
Generation To Generation

Parental Daughter
strands strands

AEdEE

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

The DNA Sequence “Lives” Forever!




DNA Replication Requires An Enzyme - DNA Polymerase

Note: Nucleotide, Primer, & Template

5’triphosphate

HO-JC - oo Note: Polarity
_f ) pyrophosphate
5'-to-3' 3’ 5’
incoming HO :tr:::‘%r direction of HO
deoxyribonucleoside chain growth
trlphosphate template
3 strand 5 ,

f'ngers “thumb”

incoming
deoxynucleoside
triphosphate

template
strand \P’\?}
¥ 1.
—_—
5 POSITIONING NUCLEOTIDE
OF INCOMING INCORPORATION
DEOXYNUCLEOSIDE FOLLOWED BY DNA
TRIPHOSPHATE TRANSLOCATION

(B) .
primer

strand

1. DNA Polymerase Catalyzes 3’ -5° Phosphodiester
Bonds & Copies the Template

2. DNA Replication Needs a Primer, Template, DNA
Polymerase,& Nucleotides



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.



Ori

DNA Replication Starts at The Origin of Replication

EcoRI - Apo 14359

Clal-BspD 123
Hind 111 29

Aat 11 4284 EcoR'V 185
B5rB - BaiV 14209 Nhe1229
Ssp14168 BamH 1375
Ear14155 SgrA 1409
_ Ban 11 471
X Eco::6l14054 [ Ban 11 485
mnl Dsa 1528
Hinc 11 3905 e
p o Ld *
Scal 3844

EcoN 1622
: DNA Replication is

Pvul3733—_ Sal1651

\ _— Hinc 11 651

BsrD 13608
Pstl 36077\\\

—

T Acc 1651

Bidirectional From

PshA 1712 h .
Ase13537 1- O "l
e ori!
,Eag 1939
Bsal 3433 / .
p
BsD 13420 — Nru1972 O r'l

Ahd1 3361

— BstAP 11045

\\BspM 11063 Q@
. w >

Q ~
or‘l T—PMM 11315
Eco57 13000~ N\ Bsm11353
S\ Sty 11369

AlwN 1 2884 ;;“‘:\\\ PM 11364 HypOtheS|S FOr

\
,“ |\ ‘avar - BsoB 11425
I

Two Direction

: N | | Msc11444
7 d|2575 [\\ | Dsa11447 o
e \\ !
— [\ Ppumi1480 S th
AR - BspLUTT 12473 — [ hsﬁlese yn ES|S H
BsrB 12408 — = - T |\ Bsg
tari3s1—_~ 7/ «‘! Xmn 12029 | BspETT664
A BsaB 11
Sap12350— / / /] i | Pvui 2064 sal 668
— / /| I
Nde 1 2295 / ]| BsmB12122

BstAP 12291 /| ‘

Bstz171-Acc 12244 | | Drd12162
BsaA 12225 PHFL- Tth11112217
Beol i 2

DNA Polymerase Binds to The Origin of Replication (Ori) to
Begin DNA Synthesis

How Control Division?



The Origin of Replication is a Specific Sequence

[ Strand seperation initiates at the origin

Three 13bp repeats & Four 9bp repeats
GATCTNTTNTTTT TTATNCANA

vV v

\ PR IN TV NIENIN AT
naA monomers bind at 9bp repeats

—— ~ e -
V- % Sk rs P 3 F
EARs /A /O SR ‘A,—"-\l',

_fNWNSFN DnaA binds to
&Y 13bp repeats

(LW FN0 DNA strands

; separate at
-'-;.,7) 13bp repeats
s K
LN WNSEN DnaB/DnaC
r-;r‘_f; joins complex,

forming

’ " @ replication forks

The origin has two sets of repeats

LM R 1 2 3 4

QFW S J-mers >
<r 2851 >

1. How Clone An Origin
of Replication?

2. Specific Sequence - What Does
This Mean For Genetic Engineering?

3. What is The Significance For Genetic Engineering?

4. Can Replicating “Chromosomes” Be Made?



Vectors Are Needed To Replicate
Genes In Transformed Cells

DNA
Genetic Code of Life (A) Plasmid pBR322
Host: E. coli 1

. Ori is a specific sequence
2. Ori is Genome & Organism
pindll Specific
Pstl .  BamHl 3. DNA Polymerases are

Entire Genetic Code §pecific'For' Each
i ic ¥ < .
: \ ¥ Sall Organism Therefore Need
of a Bacteria resistance gene

@mp) Tetracycine Correct Ori to Replicate
Origin of resistance gene Gene in C(I Specuflc
in .
- ication (o (tet) Organism!
+ Recognition Site for Restriction Enzymes

DNA Fingerprinting

Ampicillin

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
Cloning: Ethical Issues .

and Future Consequences .. Vectors can be Engineered!
Ori’ s can be cloned/synthesized!
MODULARI!

Plants of Tomorrow



The Polymerase Chain Reaction or PCR is A
Molecular Xerox Machine

—~

Speciﬁc Gene
= )
Targét | oroma oo
~ Sizel
How Many Copies Afer 1==\
10 Replication Cycles? ====
Y Y
¥ 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

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

DNA segment
to be amplified

I

o5 in
1. Sample is !lrst heated

to denature DNA.

Om .

RegUil"eS DNA is denatured m —
into single strands B8
Template —— q
2.DNA is cooled to a

S TrmmmmmT ¥
° ’ ‘ lower temperature
P r‘l me r‘S to allow annealing

Knowledge | ° Z P  — Repeat Steps or Cycle

Of SPCCIf ic 3. DNA s heated to

72°C, the optimal

L/

Sequence th}"‘jpj;y,:,n”ﬁ T
Nucleotides

3 5

2" Molecules
Stable DNA RIS

Polymerase ) . ' of DNA

Cycler \ (ez:)  wheren =
- Number of

Cycles

Heat - R —

Q AR AR AR A
a Qe Wa Wa W

" I
- T

Diagnostic For Amplified DNA Fragments All The Same Size
DNA Sequence (Between Primers) Pr‘imer‘—sequence—Pf‘imeI"

A 4




Using Gel Electrophoresis to Visualize PCR Products

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 Genomelll



Requirements For PCR

N

. 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, Allowin? 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!




PCR Has Made DNA Cloning and Recombinant DNA
Technology Obsolete?

a. Yes
b. No



Copyright © The McGraw-Hill Companies, Inc. Permission 1

Copyright © The McGraw-Hill Companies, Inc. Permission 1
P DNA segment

= — DNA segment
to be amplified to be amplified

I
I

I

P
m o m o F
# o h\ / \
P pr—
1. Sample is first heated 1. Sample is first heated =
to denature DNA.

to denature DNA.
DNA is denatured E DNA is denatured m
into single strands | R into single strands -
I — I———
STITUWNNTTNT®  2DNAiscokdioa STITUTIOONIT® | 2 DVAconkdtoa
lower temperature lower temperature
to allow annealing to allow annealing

= —
»A0ARINARAT < of primers. m ' 2 AA0NAANNNNT o ot primors, m I

. X , & >
o 2 3. DNA is heated to 3. DNA is heated to
72°C, the optimal 72°C, the optimal
Primers anneal to DNA temperature for Tag Primers anneal to DNA temperature for Taq
DNA polymerase to DNA polymerase to
‘extend primers. extend primers.
3 & 3 &
N 5 N ¥
3 < 5 - = 5
Taq DNA polymerase Taq DNA polymerase
5 — 3 5 Em—» &
g & ¥ \5\
Copyright © The McGraw-Hill Companies, Inc. Permission 1
P DNA segment Copyright © The McGraw-Hill Companies, Inc. Permission |
to be amplified P DNA segment
5, 3 to be amplified
I, === o Bee
-Vl 5 e FRLLEREER o0 i
) RAARnAaN . S ——
—

=
machine =
m o '

=
=
=
= \
rst heated — R
. Sample is first heated —
to denature DNA.

1. Sample is
to denature DNA.

DNA is denatured m /
into single strands
——
5'm 3 2.DNA'is cooled to a

@
-

B
£

DNA is denatured /
— into single strands
—_— ——
lower temperature S TaTTTTITaeT 2.DNA'is cooled to a
to allow annealing lower temperature
AMANARAANATN & of primers. to allow annealing
\ > ARARANANA] & ot prmers,
57 3 .
3.DNAis heated to 5 3
72°C, the optimal 3.DNA is heated to
Primers anneal to DNA temperature for Tag 72°C, the optimal
DiAlpolyinetaseltc) Primers anneal to DNA temperature for Taq
; ; extend primers. DNA polymerase to
3 5 extend primers.
\ EZ
5T ¥
3~ 5 g S
Taq DNA polymerase G 5
58 —— Taq DNA polymerase
57 =g

all 5
3 5



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

Analysis of one million base pairs of
Nea nderthal 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 Paabo'




Using PCR in Crime Scenes

Suspect Victims gL'LT,Z

RG NB
| |

lyse non-sperm cells o il

add to so/,_,,,bo

= sperm cells

€ non-sperm cells
o< sperm DNA
2o non-sperm DNA
g% fabric substrate

e
sexual assault sample ) ;

centrifuge

[ DIFFERENTIAL EXTRACTION]

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

i
g

bt cea

analyze
—

h |\ sperm DNA

e —m—— —— Iyse sperm os - s
o S i = uspect
itted f larity. This should
orited o erty, T soud | CS = Crime Scene
Lperorsig o ersoal exackor | RG & NB = Victims

! |
: i

DNA Doesn’ t+ “Lie” |l




Identifying Victims of 9/11 Using PCR
and DNA Fingertinting

VT
7

hefr [ [T c 0/ac
g A...’j;v.;;-;w'r{{# 300 Pounds of Unidentified
LA Remains Left

| ¥

Identified 1126 of 2756
9/11 Victims
&

Figure 19-31

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



Using PCR To Determine an Individual’s Ancestry

A T b o| Genetic Ancestr 'Anal .
DN rt €S What's Your Tribe?® Discover Your Past!

i’ ‘4 | @ Test your autosomal DNA inherited v
from maternal and paternal, lineal v
and non-lineal ancestors.
v
v
v

Determine if two people are related

Determine if two people descend fra

Find out if you are related to others with the sam
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.

® 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? 4 ‘ Maternal & Paternal Testing
Find out about your ancestry...

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

HP\I k

V I ro S e DIVISION OF HIV/STD
q VIRGINIA

‘// DH DEPARTMENT
: ,; HIV-1 Genotyping System OF HEALTH
b | 4 “This bookle!

s been reviewed and approved by a 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

Hamburger 1 Hamburger 2
P T N
Laboratory _——— - L D /!_% D —————__ Laboratory
strainof (& ;@: IQ' (@SB strain of
non-pathogen —— e e ~- . — pathogen
J_I

300 bp ) A 400 bp
product _E‘—}_ “““ product
150 bp — | PCR reaction with all four primer pairs ] — 225 bp
----- — v e -+
product - l l l l - product

mkr

N N S — — ) —

603 —
— = | 400 bp
MW = -—— — 300 bp
234 —
1B = - | 2250p
—_——— 150 bp

118 —



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:

A Single Human Hair or Cheek Cell

An Ancient Fossil (e.g., Neanderthal Bone or Mammoth Hair)

An Ancient Insect Trapped in Amber

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

A Single Human Embryo Cell

Contaminated Meat To Determine the Causal Organism

sed In:

DNA Fingerprinting-Individual Identification-Genetic Disease Screening

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 mMRNA 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 » Amount of Specific
Sequences

No—sCOsm-waH

©®NO O w

Revolutionized How To Study & Manipulate DNA




Kerry Muis and PCR
Nightline March, 1994




DNA Replication is Precise
But Mistakes or Mutations Can Occur!

DNA | RNA
i A A ir
par{ T v } > BASE PAIR
pair{ 8 (03 } pair RULES
Gene A P Rare Base
‘ ‘d’ ‘ ’ BASE PAIR Mismatch
Replication® -
i e See
THeATen Mutation As
New Base Pair mustin| € Mispairs with A Change in
. . attempted repair o Phenof e
Replication® -~ o 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



Mutation in Genes Are Rare
But Are Inherited

parents

|:| Normal CF gene

One Gene Per ﬂ I
- Mutant CF gene
Gamete carrier carrier
Q+ J Mutation in the Uﬁ Hﬂ
Cystic Fibrosis Gene |
Two Genes per offspring
Somatic Cells % %
normal normal U,_’:‘;_ :_"’,:.,:_ ,:. ,;. ’
Hﬁ e o
How Follow Inheritance? DNA Marker or

What Allows Disease To Be Followed? Fingerprint!



Alternative Forms of the Same
Gene Lead to Genetic Diversity

Alleles [ Qm‘

ormal ( ggF iated (

]ii

lzo_

Jointed (J) “\ Jointless (j)

Susceptibility Resistance to
to leaf mold f{ le fmoldf om
(cfp2) wj Potentate #2

Nonwilty (W,

Normal I(Nt)uNppl -tip (nt)

2

AT 4

U frmf it Spread Compact

Jé‘x“

Smooth ( ~ Hairy (h)

dwarf dwarf modifier

(om) 10 (dm)

Xanthophyllous reen (xa
(Xa/xa)

mutations result in
genetic diversity!!!

uuuuuuuuu

Analyze PCR products on gel

Can Follow These
Traits With DNA
Markers As Well

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)



Mutations Are
Inherited Because
Altered Gene
Replicates

Translating The Genetic
Code Into Proteins is a
Conserved Process

;;Wzggm Replication

Q t I !
Information
I

ENﬂ NN NN NN

» . DNA Mutations Lead To
: °r1mat'°" Altered Protein
. . Because mRNA and
00 n0o Transcription .
77" (RNA synthesis) Protein Sequence
I Encoded By Gene
Information
2 { Changes
RNA| I
o Infoimation mRNA
Translation
(protein synthesis) - &
l Ribosome Mutations Lead to
Proteinl _ Altered Traits/Phenotype
Protein Because Protein

Structure Changed



Mutations Can Occur Different Ways

(b) Point mutation,
missense

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

— 1.
2

(¢) Point mutation,

stop codon

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

(d) Deletion mutation,
reading frame shifted 1 base lost, no. 6

1

DNA
Protein. - Phe - Arg - Gly - Arg - Leu - Phe

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

DNA
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




Human Genetic Disorders Occur As a Result of Mutations

Copyright © The M Hill C ies, Inc. Permissi

required for reproduction or display.

Some Important Genetic Disorders

~Disorder

Svimmntom

Defect

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

Production of an inhibitor of brain
deteriorates in middle age cell metabolism

Dominant

1724,000

Muscular dystrophy
(Duchenne)

Muscles waste away

Degradation of myelin coating of
nerves stimulating muscles

X-linked recessive

1/3700 (males)

Hypercholesterolemia Excessive cholesterol levels in = Abnormal form of cholesterol cell Dominant 1/500
blood lead to heart disease surface receptor
Dominant Recessive
DIPLOID
GENOTYPE | | e
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 1078 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 Kong', Michael L. Frigge', Gisli Masson', Soren Besenbacher"?, Patrick Sulem’, Gisli 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

Generation

Prince Albert

The Royal Hemophilia Pedigree

George IIl

Edward
Duke of Kent

Queen Victoria

Louis Il
Grand Duke of Hesse

Followed

By
Bleeding

= T

o—0O

Phenotype

King
Edward VII

Frederick Victoria
n

No hemophilia
German
Royal
House

—
Duke of
Hesse

Alfred é Helena  Arthur Leopold

X

5

Irene

0 B

D_

Czar
Nicholas Il

Czarina
Alexandra

Princess
Alice

0

Beatrice | Prince
Henry

B B O

Maurice  Leopold

Queen
Eugenie

0O

King
George VI

u

Duke of
Windsor

Waldemar Prince
Sigismond

0 0]

Earl of
Mountbatten

f—

Queen Prince
Elizabeth Il Philip

Prussian
Royal

Margaret House

O

Princess Prince

O O O

Anne Andrew Edward

British Royal House

Diana Charles

William

=

Hen

00

Anastasia

5 O O

H

Russian
Royal
House

Recessive Sex Linked

8 o

Viscount
Tremation

BoO D ©

Alfonso Jamie Juan Gonzalo

King Juan
Carlos

No evidence

of hemophilia

No evidence
of hemophilia

Spanish Royal House




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

Pedigrees Can Be Used To Determine If

‘ a Trait is Dominant or Recessive

Sy Each Type of Inheritance Predicts
Specific Results in Each Generation

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



Dominant

(A) Dominant inheritance

Generation | (parents) O".

Generation Il

O
Yal'TYe

Recessive
‘é One parent is heterozygous...j

Generation Il

Oldest Youngest

Siblings

(B) Recessive inheritance

Every affected
individual has an
affected parent.

Muscular Dystrophy
Huntington Disease

About 2 of the offspring (of

both sexes) of an affected
parent are affected.

...and the recessive allele is
passed on to Y2 of the
phenotypically normal offspring.

Generation |

(parents)
D ?These cousins are]

oot (5 G e
aA0ee——4on

ufe] |

Mating of heterozygous recessive parents may
Sickle Cell Anemia produce homozygous recessive (affected) offspring.
Cystic Fibrosis
Tay-Sachs Disease

Generation Il

Generation IV

Heterozygote
(unaffected
Unaffected  Affected phenotype)

Female O . G
Male |:| . E

Mating Q—D

Mating
between
relatives




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

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.

|

e GASTTC
v ¥

\ RFLP Is revealed by l /

electrophoresis, probing,

and blotting.
N\ ~ o o
— / —_ \( — |Lmofeoment N .~ RFLP -Restriction
P — Short fragments F
ragment
ho;yczil;ote o;)gzeygote Heterozygote L h Pgl h'
(A (@a) (Aa) ength Polymorphism

Aa Aa
O_!' QA pediigree s constructed.)
1 2

=
o

/L
This gel shows the RFLP patterns of the
members of this family.




DNA Testing Can Be Carried Out
Before Child Birth During Pregnancy

Chorionic
villi —

|

Chorionic villus
sampling

RESEARCH METHOD

Fetus

8—10 weeks)

Catheter

/Amniotic fluid
withdrawn

Uterine wall

Amniotic fluid

Amniocentesis

Supernatant

e

Biochemical
tests

=t}

Several weeks @ Cell culture

later

Fetus (14—16 weeks)

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 Testingl!

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

Cell-free fetal
NA in maternal
plasma

orionic villus sampling
ia transabdominal or <
nscervical catheter *

TaEnDs i Gensis January, 2013



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

Genetic Code of Life

Q ‘ What is The
e syl Implication of

Entire Genetic Code | This Procedure
R p Y @ Considering That
PGD ~ The Human
Pre- o @ Genome Has Been
Imp I anta.f ' On Culture in vitro to 6- to 10-cell stage Seque nced ?
Genetic |
DNA Fingerprinting Qiagnosis (o
Remove a single cell from each embryo
i . d
Cloning: Ethical Issues u U u u u U
and Future Consequences ; v €
meliny-fhromos me3 specific DNA in each cell by PCR - -
o g e Sex Determination
v === == «~| in 8-cell Embryo!
ragmen 5 -- — i

P'Ohfs Of TOﬂ\Ol‘f‘OV o Analyze PCR products on gel



Determining the Genetic Identity of a Human Embryo
Before Implantation!

Prenatal Genetic Diagnosis (PGD)



“Mutations” Can Also Occur By
Large Chromosomal Changes

Loss of
genetic material

Relocation of

genetic material Deletion

Wm)

Translocation

Q)mamm\o\'vm) Missing chromosome(s
/

From another \ /

chromosome Wild-type sequence )
N\

werion l

(RARRIRI AN

(¢

Extra chromosome(s)

Duplication genetic material

These changes affect many genes! ‘

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



Karyotypes Can Be Used To Detect Changes in Chromosome
Structure and Number

Add Add

Spread
one drop

Fix with alcohol
} and stain
{ [
Red cells Stops all Causes White cells
settle out cells at cells to settle out
and are metaphase swell
removed

Cells at Cut out individual
metaphase Photograph and enlarge chromosomes
have burst

Paste in order of diminishing size
with centromere on pencil line



A Down’s Syndrome Karyotype

|33 {5‘3 x§| |64“B ﬁsﬁl

| ¢ |
EEENEE

D E F
I | I [ "1
04 46 Ad X8 KA A3 XX %X
13 14 15 16 17 18 19 20
G
I I
Three Chromosome ]
# 21s ‘2’1“ 5“ )3( Y

Increases With Age
of Mother

t
n N
o a

idence of Down Syndrome
per 1000 Live Births
o o o
1 1 1

Inci

o

T T T T T I
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
8—10 weeks)

Chorionic withdrawn

i L
villi —

Uterine wall

Catheter Amniotic fluid

Fetus (14—16 weeks)
Chorionic villus

sampling

gg : ( ‘i 4‘ '5 ‘, AmnioTnteSis

X Supernatant
it N T T, i : ' ‘ s
, ‘ ir ' ) l Ny L) Biochemical
6 7 W8 95 HO SN Sde tests Fetal cells
13 14 15 16 18

Several weeks V Cell culture
i on YRLL later
=@ Trisomy 21| g




@ How Does A Gene Lead To A Phenotype?

DNA Codon-bearing

strand

Template strand
1 ] | |

LCodons—I

Codons

l Peptide bond I
[
Protein

Insulin

Know Sequence
Know Protein

® mRNA Synthesized

by Transcription

- Complementary to

Transcribed, Non-Sense
Strand

- Same Sequence As Sense

Strand

@ mRNA Translated

intfo Protein by
Translation of The
Genetic Code

———| Engineer New Protein

Genetic Code on mRNA
Translated to Protein
Sequence

. Sequence of Gene
Sequenke of mRNA
Sequence of Protein

Colinearity of Sequences!



Chromosome 11

Human Genetic Disorders Occur As A
Result of Mutations

Normal HBB Sequence

Polar

Amino acids}

(b) Sickle-cell anemia is pleiotrophic

Nucleotides|

Sickling of red blood cells
Abormal HBB Sequence
Nonpolar (hydrophobic)

Rapid destruction Clumping of cells;

E‘i) Amino acids of sickle cells interference with
. circulation
MmGHMﬂ]qﬁ]ﬁ] G G@HWNucleotides 1 ‘
e Dovnenlae. Anemia Local failures
the [?f)cg:inpof . l in blood supply
hemoglobin

Fatigue, heart damage,
overactivity of
bone marrow

Damage to
heart, kidney,
muscle/joints,

brain, lung,

gastrointestinal tract

Glutamic acid

Q Valine

2. The protein:

Accumulation
of red blood cells
in spleen

.

Enlargement and
damage to spleen

(made of two } | . o p
o and two (c) B-chain substitutions/variants
B chains) el @ SIS ISP PSS Amino-acid position
& proteins @ 29 g Normal (HbA) Val| His |Leu|Glu |Glu | Glu| His | Val | Glu| His
d’d’d'd’d’d’d’,f HbS Val| His|Leu| Val | Glu| Glu| His | Val | Glu | His
3. Red bloqd HbC Val | His|Leu|Lys| Glu| Glu| His | Val | Glu| His
g oo l \ HbG San Jose | Val| His|Leu| Glu[Gly| Glu] His | Val | Glu[ His
of hemoglobin HbE Val| His|Leu| Glu| Glu|Lys| His | Val | Glu| His
molecules HbM Saskatoon Val | His|Leu| Glu| Glu| Glu| Tyr | Val | Glu| His
1 Hb Zurich Val| His|Leu| Glu| Glu| Glu|Arg| Val | Glu| His
HbM Milwaukee 1 | Val| His|Leu|Glu| Glu| Glu| His | Glu| Glu| His
Disk-shaped Sickle-shaped HbDB Punjab Val| His|Leu|Glu| Glu| Glu| His | Val | GIn| His

Sickle-Cell Anemia
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Genetic Code of Life
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of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

4

Plants of Tomorrow

An Elaborate Cellular Machinery Requiring

Thousands Of Genes is Required To

Produce Proteins Encod

Genesl!!

/ Nucleus

nge

DODFQLDLDLQPQLOHD

DNA o
¢ Transcription
DPOLOP G ODHD
Pre-mRNA l Transcription

Pre-mRNA completed

l Processing

mRNA
Inside of l Translation

cell mRNA
,,. —Ribosome

et

__—Protein

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 14.1 Eukaryotic mRNA Is Transcribed in the Nucl,
© 2004 Sinauer

ed By Specific

It takes Genes
to Express

(and Replicate)
A GENE!

but Ti lated in the Cy

Associates, Inc. and W. H. Freeman & Co.



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Unique Proteins Have A Unique
Composition & Order of Amino Acids &
Have Unique Sizes, Shapes, & Functions

DNA molecule

o
W
% ;ﬁ '.'
o %
\‘ 1 i~

Glutamine synthetase Hemoglobin Immunoglobulin Adenylate Lipid bilayer

kinase
Figure 1-9
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

Novel Cell Functions & Phenotypes



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

/

) ylicjie

Protein @

Same Sequence
As Sense DNA Strand .
\ 3
HISSREE

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 therefore order Nts in gene = order amino acid
in protein!




The Genetic Code is Universall

codons - car 4
Amino acia  JAIR) JAG) JASE) JASH) YGys) JGiu) Gin) YG) JHie) 1. Universal
2. Triplet
3. Punctuation
- "y gan | 4. Degenerate

! ‘ T v o : , G
AT e Toae . TGA
- AIG 2 ./ B ACIC] - 1GA

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 Universal!




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

o .
.

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.

P
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@© University of Missouri, Extension and Agriculture Information



Eukaryotic and Prokaryotic Gene Expression
Processes Differ Slightly

(R) (B)
EUCARYOTES PROCARYOTES

DNA
cytoplasm :

nucleus ‘ TRANSCRIPTION

introns exons mRNA E—
DNA
- = - W P ‘ TRANSLATION

- = — =2 —_— -1— protein

transcription unit
“primary RNA transcript”

1 TRANSCRIPTION

T — Genes Differ
i | Switches Differ
) o Genetic Code the Same
EXPORT General Processes Same
Eukaryotic Gene Have Introns &
mmm::::o" Non-Coding Region in Gene!

protein E—

Eukaryotic Cells Must Remove Non-Coding Region of RNA Before
Genetic Code Can Be Translated Continuously!

What Are the Implications For Genetic Engineering?




RNA Splicing- Removing Non-Coding
Sequences From Primary Transcripts &
Generating Functional mRNAs

Globin Gene
-. Switch
\ \ w Start Splice sites
Gm A\ codon TTT— Stop codon  Terminator
f ;I \R
‘ \ Promoter ‘ ‘ ‘ l
| DNA 5 T T 3
3’ LJF-—;'- _|_L 5
1 6006p 1Exon1 | Exon?2 Intron 2 Exon 3,
: Intron 1 1 !i The exons and
" _.——————f‘ introns of the
: : coding region
| | are transcribed.
I 1
Pre-mRNA 5" [N N 3
The introns are
removed.
~
jiThe spliced exons are
mRBNA —_— ready for translation
after processing. )

Mutations— Blood Disorders
Where can these occur?

Mutations Can Occur in Coding Region, Switch, & RNA Splice Sites
L, Mutant Phenotype

Implications For Engineering Eukaryotic Gene in Bacterial Cell For Expression?




Yol It’s In The Sequences!

l sequences required for intron removal |

I 1 1 I 1
5' 3’ 2
S s portion of a

- --AG GURAGU - - - - CTRAYY =+« -YYYYYYYYNCAG G - - - primary transcript
exon 1 intron exon 2
N—— INTRON REMOVED |
\ 4
5' 3’ . OH —
Sy portion of —\—
mRNA b
exon1l exon2 e

Specific Sequences Required For RNA Splicing!

What Happens If These Sequences Are Mutated in a Gene?




Implications For “Yo - Its in The
DNAII”

DNA
Genetic Code of Life
Modular Organization of Sequences

1. DNA Replication
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2. Transcription

Entire Genetic Cod .
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3. Processing of RNA (Eukaryotes)
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4. Translation

DNA Fingerprinting
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Modules = Anything You Want To Do Using
Genetic Engineering!

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

Summary: Engineering Genes Requires:

=2

. The Gene & Its DNA Sequences

. A Roadmap of Where Coding Sequence & all
ASAwi’r)ches ocated (Sequence, Restriction Site
ap

3. Transcription Start And Stop Switches

4. Coding Region of Gene (genetic code part)
5. Translation Start And Stop Switches

6. Kingdom-Specific Switches/ Signals

N

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




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

DNA
Genetic Code of Life

Thinking About The Consequences of GMOs
DNA replicafion
éenet!i“ii‘c?n‘iﬁ'ii.aﬁ? . What is a Gene?
DNA

1
Entire Genetic Code , ' 2. What is the Anatomy of a gene?
of a Bacteria - HH HHH 3. How Does the Gene Replicate?
RNA synthesis 4. How Does the Gene Direct
(wansciption) Synthesis o'? a Igr'ofe[?n?
RNA
: : 5 oes the Gene Wor
5 TR -
e ’ ?ngependenﬂy of other Genes?
(ransiaion 6. What is the Sequence &
DNA Fingerprinting - | IO Structure .of the I?rotem?
T 7. How does it work in cell?
8. Does the Protein Structure impl
» any Potential gHc:r'm”"‘.|> PY
Need Science- 9. Does the_Gene Change the
Based Questions & " organism? Fitness?
Cloning: Ethical Issues Scuen.ce-Based
and Future Consequences Solutions-NOT
OPINIONS!

“Behind” All Traits!

There’s NO HOCUS POCUS

|
all hypothesis are testablel! Same Processes!

Plants of Tomorrow



How Do Genes Work-Not As Simple As We Thinkl

4NA can replicate)
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Information coded in the Information in RNA is passed
sequence of nucleotide bases to polypeptides, but never
e

in DNA is passed to a sequenc the reverse (polypeptides to
of nucleotide bases in RNA. nucletic acids).
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/ Transcription See Figure | \
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l Translation See Figures

Protein
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But Precise Cellular Rules Are Followed That We Can Use
For Genetic Engineering!



