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DNA as the Hereditary Molecule

“Nuclein” (later called nucleic acid) discovered by 
Fredrick Miescher 1869

Where did he find it?Where did he find it?

Salmon sperm and Pus cells.

Why did he look there?

Beats me!!

Essentially ignored until the 1920s as ProteinsEssentially ignored until the 1920s as Proteins 
which are more complex were thought to be more 
important.

Key Topics in DNA Structure Chapter 10

10.3 Evidence that DNA was the hereditary molecule

Three experiments

10.5 RNA in Viruses (we will cover this later when discussing 
viruses).  

10.6 DNA Chemistry

Know the names of the 5 bases (Adenine, Guanine, 
Cytosine, Thymine (in DNA) and Uracil (in RNA).  Which are purines 
and pyrimidines?

Know the names of dNTPs building blocks for DNA; dATP 
(deoxy adenosine triphosphate), dGTP, dCTP, dTTP

Be able to recognize these (as dAMP etc within DNA)

Know the difference between dNTPs and NTPs (C2 OH); 
mostly ATP (Adenosine triphosphate). 

10.7 Structure of DNA --- Know this!  Polarity of the molecules

10.8  Alternative Forms of DNA: …. Who cares!

10.9  RNA structure: We will come back to this when we discuss RNA in 
transcription (Ch 14)

10.10  Analytical Techniques:  We will discuss some of these briefly.  

Genome Organization:  

How much DNA do you have and what is it doing?

Additional Pieces from around the book

Repetitive DNA: 10.10 

Repetitive DNA, Telomeres, Centromeres, SINES, LINES…:12.6, 12.7

Fragile X and microsatellites or simple sequence repeats (SSRs): 8.10 .

Transposons: 22.1

The Discovery of DNA as the Heritable Material

Streptococcus pneumoniae studied by Griffith in 
1928.

IIR rough No polysaccharide coat Avirulent

IIIS smooth Polysaccharide coat Virulent
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Griffith 1928

Streptococcus 
pneumonia

Conclusion: Transforming 
Principle from dead IIIS 
converted IIR to IIIS

Avery, MacLeod and McCarty 1944

Live R cells 
and live S cells

Transformatio
n, Control

Live R cells 
and live S cells

Transformatio
n, Proteins not 
carrying info.

Live R cells 
and live S cells

Transformatio
n, RNA not 
carrying info

Live R cells only!!

NO 
Transformation, 
DNA must carry 
info

Hershey and Chase 195232P35S They postulated that the “transforming 
principle” would be in the cells since 
they are converted to virus factories.

32P

35

S

Conclusion: DNA not protein is the tranforming 
principle
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Structure of DNA

J Watson and F Crick 1953

The Data:

DNA composition

sugar (deoxyribose)

phosphate

nitrogenous bases (adenine, 

th i t i i )thymine, cytosine, guanine)

Proportions of the bases (E. Chargoff’s 1950 data)

Physical structure of DNA (R. Franklin’s 1953 data)

This one page paper earned them the Nobel Prize in 1962

The building blocks of DNA are the 

OH

Fig 10.7  Structures of the four common 
deoxyribonucleotides present in DNA.

© 2003 John Wiley and Sons Publishers

g
dNTP (deoxyribose nucleotide 
triphosphate) forms (dATP, dCTP, 
dGTP, dTTP) not the dNMP shown.  

The “energy” molecule is the 
ribose form ATP with OH at 
Carbon 2.

Chargaff’s data

Rosalind Franklin’s photos of unpublished work were p p
available to Watson and Crick.  These were the best at the 
time and allowed for clear interpretations.  Her work was 
also published in Nature in 1953.



8/25/2010

4

The “X” pattern 
indicates that the 
structure is a 
regular helix

This distance 
indicates that the 
repeat pattern is 
0.34 nm(3.4A)

The steps of the 
ladder!

How do you get the “Chargaff” pairing of bases and an 
even, regular helix?

T and C

A and G

Purine + pyrimidine would give a 
regular structure to the DNA, and if 
you remember, from Chargaff, A = T 
and G = C.

A = T

G = C

0.34 nM

Fig. 10.12 Diagram of a DNA double helix.
© 2003 John Wiley and Sons Publishers

Two features of the 
structure of DNA were 
obvious to Watson and 
Crick

No specific order of bases 
along the length allows for 
unlimited variability

Absolute specificity of 
bases across the molecule 
provides a mechanism for 
fidelity of replication
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Watson and Crick’s Model

Basic Points to Remember:

1) The two sugar-phosphate backbone 
chains are anti-parallel.

2) Th i i f th N b t th t2) The pairing of the N bases suggests that 
if you know one strand you can reproduce 
the other (Complementarity)

3) Pairing of fat purines and thin 
pyrimidines maintains constant width of 
specified dimensions (fits X-Ray data)

4)The order of the bases in a strand is not 

Fig 10.11  Diagram of the double-helix structure of DNA.
© 2003 John Wiley and Sons Publishers

)
predictable, suggesting a means of creating 
variability among species

A) A G T C

B) A C T G

C) T C A G

D) G T C A

Reading 
this side

E) T G A C

A) A G T 

Reading 
this side

B) T G A

C) G T C 

D) T C A 

E) A C T 

What do you need to know?

Identify the components of DNA

Determine the polarity of the different strands
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5’ is up

3’ is down

If there was a template (the 
intact ½ ladder) on this side, 
synthesis would be as seen 
in this figure.

Fig 10.8  Formation of a polynucleotide chain by joining 
nucleotides with phospodiester linkages.

© 2003 John Wiley and Sons Publishers

Which is true about the 
polarity in the molecule?

A) 5’ is up, 3’ is down

B) 5’ is left, 3’ is right

C) 3’ is up, 5’ is down

D) Left side is 5’ up, 3’ down

E) Right side is 5’ up, 3’ 
down

How much DNA do you have?

How much DNA, how many genes do we have?
Our genome (haploid) is about 3x109 bp and we have about 25-
35,000 genes.  

How long is that DNA have per cell?
(0.34 nm/rung = 0.34 x 10-9 m) x 3 x 109 bp/haploid human 
genome = 1 meter.   Diploid cells have 2 meters.

How many cells in your body?
10 billion (1010) in your brain, more than 1 trillion, 1012 in your 
bodybody.

How much total DNA if aligned end to end?  
If we go with the 1 trillion number, you have enough DNA to go to 
the moon (384,000,000 m away) 5200 times.  Stretched out DNA 
is 2 nm wide so the “ribbon” of DNA would be about 10 um wide. 
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What is it all that DNA doing anyway?

If you have 30 - 35,000 genes and if genes (the coding region 
that gets translated into proteins) are about 1000 bp long, how 
much of your DNA is coding?much of your DNA is coding? 

35,000 x 1000 bp = 35,000,000 bp

What proportion of your total DNA is coding?

35,000,000/ 3,000,000,000  ≅ 1 -2%

What is the rest of that “junk”?

Let’s look at the characteristics of DNA among different groups 
of species to see if some interesting patterns emerge.

Relative amounts 
of AT vs. GC

% GC

Genome Size 
Differences 
(haploid)

Plants &

Does the size of a genome reflect the 
complexity of an organism?

Why do mammals have such similar genome 

Different Species 
have characteristic 
DNA content

You are here

Amoebas are 200x 
bigger…and better?
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Any ideas about why 
we see such a range 
in DNA content 
among flowering 
plants and fish, but 
not mammals ornot mammals or 
birds?

Polyploidy of 
course!!!

Let’s look at the second 
major factor that has 
altered genome sizes.

Invasions !!

DNA complexity and Renaturation Experiments

1) Extract DNA: pieces of double stranded DNA

2) Heat DNA to denature in to single stranded pieces

3) Cool slowly and measure the rate that DNA reforms into 
double stranded pieces

4) Plot this process in a “Cot” (concentration-time) curve.

Expectations:p

Smaller genomes will snap back together quickly

Genomes with lots of different genes will re-anneal 
slowly

Larger bacteria 
renature more slowly

Small viruses with low complexity 
snap back together quickly

What would your DNA do?

Some mammalian DNA seems to 
reassociate faster than E. coli 
DNA!!!
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Why the rapid renaturation?

A major feature of Eukaryotic genomes is presence of repetitive 
DNA!!  10.8 and pieces of 12.6, 12.7, 22.1

Is there a function for this repetitive DNA?

Sometimes Yes.

Some repetitive sequences are functional (rRNA genes)

Some form structural features of the chromosome

Telomeres and centromeres

M t h t f ti !Most cases have no apparent function!

Some are caused by errors in replication

Most are likely non-functional duplicated regions (pseudogenes) 
or…

“DNA parasites”!!!!!

Errors during replication (DNA fingerprinting markers)

5 - 54 CGG 
repeats

250 - 4000 
CGG repeats

MOBILE ELEMENTS

Transposable elements

“Jumping Genes” are essentially 
DNA parasites

Tulane Cancer Center, 11/2002Tulane Cancer Center, 11/2002
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Barbara McClintock discovered 
the Activator (Ac) and related 
Transposable Elements in 1940s.  

She won the Nobel Prize in 1983!!

trendyscience.blogspot.com/2007/08/transposon.

An Ac-like Transposable 
Element Family With 
Transcriptionally Active Y-
Linked

Copies in the White 
Campion, Silene latifolia

Pritham, Zhang, Feschotte 

FoAAC16005 Folyt1
AtAC25101 Tag1

OlBAA87039 Tol2
NtCAB39405

ZmPO3010 Ac9
Pg2021344A PAc
OsAAM18172

OsAAG13541
AtNP 191811

AtNP 190113
AtNP 174993

AtAAC61291
AtCAB78354

Sl Thelma13
AtNP 567298

100

100
100

100
100

and Kesseli 2003 AtNP 567298
AtNP 198722

AtNP 172290
AtNP 192497

AtNP 174958
OsBAB86430

OsAAK72262
OsBAA96580
OsAP002897

AtNP 189803
AtNP 188098

AtNP 177153
AmS13518 Tam3

Bd AAL93203 hopper
AgEAA08237

AgEAA02830
Md AAC37217 Hermes
DmA39652 hoboFL1

100

100

70

100

100

100

100
100

100

100
96

100
100

Tag2 like Ac/Tam3

hopper

hobo

Maize/Corn

Silene

Arabidopsis DmA39652 hoboFL1
LcAAA64851 Hermit
TiCAA93759 restless
FoT00208 Tfo1

AiCAA68959 Ascot
OsBAB12027
OsAAL86479
AtNP 192704
AtNP 173360
AtNP 181620

AtNP 189591
AtNP 174954

AtNP 178579
IpBAA36225 Tip100
AtNP 192758
AtNP 179202

AtNP 178689
AtNP 174748

67

74

100 100

100
100

100

100
100

59
77

100

100

hobo

restless

Tip100

Arabidopsis

Rice

Drosophila

Mouse

Fungi
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Two classes of transposable elements

“Copy and paste”

“Cut and paste”Cut and paste

Selfish, parasitic or junk DNA

Copy and paste Cut and paste

Repetitive DNA

Functional Coding

Multigene families  ex. Golbin genes

ribosomal RNA genes 

Functional Structural

Centromere repeats ex. In mammals ≈ 171bp repeat (not completely 
conserved)

Telomere repeats ex.  In mammals 
5’TTAGGGTTAGGGTTAGGG…3’

Non-functional
Replication errors such as simple sequence repeats (aka 

microsatellites) e TGTGTGTGTGmicrosatellites) ex. …TGTGTGTGTG…
…ACACACACAC…

Non-functional “parasitic” DNA

DNA Transposons ex. Activator (Ac) in Maize and other species

Retro Transposons ex. SINEs such as Alu element in humans


