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Modern man is perhaps 50,000 years old, civilization 
has existed for scarcely 10,000 years and the United 
States for only just over 200 years; but DNA and 
RNA have been around for at least several billion 
years.  
 
All that time the double helix has been there, 
and active, and yet we are the first creatures on Earth 
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A short history of DNA 



ά¢ƘŜ ŘƻǳōƭŜ ƘŜƭƛȄ ƛǎ ƛƴŘŜŜŘ ŀ ǊŜƳŀǊƪŀōƭŜ ƳƻƭŜŎǳƭŜΦ 
Modern man is perhaps 50,000 years old, civilization 
has existed for scarcely 10,000 years and the United 
States for only just over 200 years; but DNA and 
RNA have been around for at least several billion 
years.  
 
All that time the double helix has been there, 
and active, and yet we are the first creatures on Earth 
ǘƻ ōŜŎƻƳŜ ŀǿŀǊŜ ƻŦ ƛǘǎ ŜȄƛǎǘŜƴŎŜΦέ 
 
Francis Crick (1916ς2004) 



The first person to isolate DNA 

ÅFriedrich Miescher 
ïBorn with poor hearing 

ïFather was a doctor and refused 
to allow Freidrich to become a 
priest 

ÅGraduated as a doctor in 1868 
ïPersuaded by his uncle not to 

become a practising doctor and 
instead pursue natural science 

ï.ǳǘ ƘŜ ǿŀǎ ǊŜƭǳŎǘŀƴǘΧ 

 

Friedrich Miescher 



Biology PhD angst in the 1800s 

άL ŀƭǊŜŀŘȅ ƘŀŘ ŎŀǳǎŜ ǘƻ ǊŜƎǊŜǘ ǘƘŀǘ L 
had so little experience with 
ƳŀǘƘŜƳŀǘƛŎǎ ŀƴŘ ǇƘȅǎƛŎǎΧ CƻǊ ǘƘƛǎ 
reason many facts still remained 
ƻōǎŎǳǊŜ ǘƻ ƳŜΦέ  

Friedrich Miescher 

His uncle counselled: 
 
άL ōŜƭƛŜǾŜ ȅƻǳ ƻǾŜǊŜǎǘƛƳŀǘŜ ǘƘŜ 
ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎǇŜŎƛŀƭ ǘǊŀƛƴƛƴƎΧέ 



1869 - First isolation of DNA 

Å Worked in Felix Hoppe-{ŜȅƭŜǊΩǎ laboratory in 
Tubingen, Germany 
ï The founding father of biochemistry 

 

Å The lab was one of the first to crystallise 
haemoglobin and describe the interaction 
between haemoglobin and oxygen  

 

Å Friedrich was interested in the chemistry of the 
nucleus 

Å Freidrich ŜȄǘǊŀŎǘŜŘ ΨnucleinΩ ƻƴ ŎƻƭŘ ǿƛƴǘŜǊ 
nights 
ï Initially from human leukocytes extracted from 

bandage pus from the local hospital 

ï Later from salmon sperm  

 

Friedrich Miescher 

Felix Hoppe-Seyler 



aŜƛǎŎƘŜǊΩǎ isolation technique 

Å Cells from surgical 
bandages or salmon 
sperm 

Å Alcohol to remove 
outer cell membrane 

Å Pepsin from pig 
stomachs 

Å Basic solution to 
dissolve nuclein in the 
nucleus 

Å Acid solution to 
precipitate the nuclein 

Å Difficult to do without 
also precipitating 
bound protein 
 

http://www.howdoweknowit.com/2013/07/03/how-do-we-know-the-genetic-code-part-2/  
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Biology PhD angst in the 1800s 

άL Ǝƻ ŀǘ рŀƳ ǘƻ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ŀƴŘ ǿƻǊƪ ƛƴ ŀƴ 
unheated room. No solution can be left standing 
ŦƻǊ ƳƻǊŜ ǘƘŀƴ р ƳƛƴǳǘŜǎΧ hŦǘŜƴ ƛǘ ƎƻŜǎ ƻƴ ǳƴǘƛƭ 
ƭŀǘŜ ƛƴǘƻ ǘƘŜ ƴƛƎƘǘΦέ 

Friedrich Miescher 

His student remembered: 
 
άCǊƛŜŘǊƛŎƘ ŦŀƛƭŜŘ ǘƻ ǘǳǊƴ ǳǇ ŦƻǊ Ƙƛǎ ƻǿƴ ǿŜŘŘƛƴƎΦ  
We went off to look for him. We found him 
ǉǳƛŜǘƭȅ ǿƻǊƪƛƴƎ ƛƴ Ƙƛǎ ƭŀōƻǊŀǘƻǊȅΦά 



1874 - First hints to composition 

ÅBy 1874 Meischer had determined 
that nuclein was 
ïA basic acid 
ïHigh molecular weight  
ïNuclein ǿŀǎ ōƻǳƴŘ ǘƻ ΨprotaminΩ  

ÅCame close to guessing its function 
ïάLŦ ƻƴŜ ǿŀƴǘǎ ǘƻ ŀǎǎǳƳŜ ǘƘŀǘ ŀ ǎƛƴƎƭŜ 

substance is the specific cause of 
fertilisation, the one should 
undoubtedly first and foremost 
consider nucleinέ 

ïDiscarded the idea because he 
thought it unlikely that nuclein could 
encode sufficient information 

 

Friedrich Miescher 



1881 - Discovering the composition of 
nuclein 

ÅKossel worked in the same lab as 
Freidrich Miescher  

ÅWanted to relate chemical composition 
to biological function 

 

ÅDiscovered fundamental building blocks 
of nuclein 
ïAdenine, Cytosine, Guanine, Thymine, 

and Uracil 

ï Identified histone proteins and that nuclein 
was bound to histone in the nucleus 

ï Inferred that  nuclein was not used for energy 
storage but was linked to cell growth 

 

 

Albrecht Kossel 



1890s - Molecular basis of heredity 

Å How are characteristics 
transmitted between generations? 
 

Å Lots of theories 
ïStereo-isomers 
ïAsymmetric atoms  
ïComplex molecules 

Å Realisation that hereditary 
information is transmitted by one 
or more molecules 

Å 1893 August Weismann ς germ 
plasm theory  

Å 1894 Eduard Strasburger- άƴǳŎƭŜƛ 
ŦǊƻƳ ƴǳŎƭŜƛέ 
 
 
 
 

August Weismann 

Eduard Strasburger 



1900 - What we knew 

Unknown 

ÅaŜƴŘŜƭΩǎ ƭƻǎǘ ƭŀǿǎ 

ÅBase composition of nucleic 
acids 

ÅRole of the nucleus 

ÅDistinction between RNA 
and DNA  

ÅSignificance of 
chromosomes 

ÅThat enzymes were proteins 

ÅMost of biochemistry  

 

Known 

ÅDistinction between 
proteins and nucleic acids 

ÅSomehow nuclein was 
involved in cell growth 

ÅSomehow the nucleus was 
involved in cell division 

ÅwŜŘƛǎŎƻǾŜǊȅ ƻŦ aŜƴŘŜƭΩǎ 
laws 



1902 ς Linking chromosome count to 
somatic and gametic cells  

ÅWalter Sutton using grasshopper gametes 

ÅTheodore Boveri using sea urchins 

 

Walter Sutton  and Theodore Boveri 

άL may finally call attention to the probability that the association of 
paternal and maternal chromosomes in pairs and their subsequent 
separation during the reducing division as indicated above may 
constitute the physical basis of the Mendelian law of heredityΦέ 
 
- Theodore Boveri  Sutton, W. S. 1903. The chromosomes in heredity. Biological Bulletin, 4:231-251. 
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1910s - More on the composition of 
DNA 

Å Determined relative composition of sugars, phosphate and 
sugars by hydrolysis of nucleic acid 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Close relative of TNT explosive 

Phoebus Levene  

Å Enabled the discovery of DNA and RNA bases 
Å Unfortunately, this method can destroy bases and bias results 
Å Made it impossible to compare composition between species 
Å Phoebus Levene proposed the tetranucleotide hypothesis 

Å DNA consisted of  repeating units of thymine, guanine adenine and cytosine  
Å E.g. GACT GACT GACT 
Å Convinced many that DNA could not be a carrier of hereditary information 
Å Led to the assumption that DNA was just a structural component of cells 

 



1910-30s - Chromosome theory of 
heredity 

Å Chromosome as a unit of heritability 
confirmed by Thomas Morgan and 
his student Alfred Sturtevant creates 
the first genetic map in 1913-15 in 
Drosophila 
 

Å Hypothesized that crossing-over 
during meiosis could explain 
variations in progeny phenotype 
after crossing over 
 

Å Genetic recombination shown to be 
caused by physical recombination of 
chromosomes by Barbara 
McClintock & Harriet Creighton in 
1930 

 
Barbara 
McClintock  

Thomas Morgan 

"Drosophila Gene Linkage Map" by Twaanders17 - Own work. Licensed under CC BY-SA 4.0 via Commons - 
https://commons.wikimedia.org/wiki/File:Drosophila_Gene_Linkage_Map.svg#/media/File:Drosophila_Gene_Linkage_Map.svg 



1928 - Inheritance of virulence 

Å Established that non-virulent 
pneumococci bacteria could be 
converted be made virulent by 
exposure to lysed virulent bacteria 

Frederick Griffiths 
 
ά/ƻǳƭŘ Řƻ ƳƻǊŜ ǿƛǘƘ ŀ ƪŜǊƻǎŜƴŜ 
tin and a primus stove than most 
men could do with a palaceέ 
 
Hedley Wright 

 

http://mic.sgmjournals.org/content/73/1/1.full.pdf 

Å²Ƙŀǘ ǿŀǎ ǘƘŜ ΨǘǊŀƴǎŦƻǊƳƛƴƎ ǇǊƛƴŎƛǇƭŜΩ 
which underlay this observation? 



1944 ς What is life? 

Å!ƴ ΨŀǇŜǊƛƻŘƛŎ ǎƻƭƛŘ ŎǊȅǎǘŀƭΩ 
could code for an organism 

Åά! ǿŜƭƭ-ordered association of 
atoms endowed with sufficient 
resistivity to keep its order 
ǇŜǊƳŀƴŜƴǘƭȅέ 

ÅAlso placed living systems into 
a thermodynamic framework 

 

ÅServed as inspiration for 
Watson & Crick  
 

Erwin Schrodinger 



1944 ς Establishing DNA as the 
transforming principle  

Å Separated cellular components and 
repeated Griffiths experiments 

Å9ƴŀōƭŜŘ ōȅ ƴŜǿ ΨǳƭǘǊŀ-
ŎŜƴǘǊƛŦǳƎŀǘƛƻƴΩ ǘŜŎƘƴƻƭƻƎȅ 

Å Extended Griffiths work to prove 
that nucleic acids were the 
ΨǘǊŀƴǎŦƻǊƳƛƴƎ ǇǊƛƴŎƛǇƭŜΩ 

Å  Also demonstrated that DNA, not 
RNA was the genetic material 

Å Incredibly small amounts ς 1 in 600 
million were sufficient to induce 
transformation 

Oswald Avery 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2135445/ 
 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2135445/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2135445/


1945 ς 1952 Critique   

ÅAlfred Mirksy was a pioneer of 
molecular biology  

ÅIsolated chromatin from a wide 
variety of cells  

ÅIŜ ǿŀǎ ŎƻƴŎŜǊƴŜŘ ǘƘŀǘ !ǾŜǊȅΩǎ 
results could be the result of 
protein contamination 

ÅFought a battle against Avery  
ÅConvinced the Nobel panel not to 

award a prize to Avery 
ÅLater, Mirsky would actually 
ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ Ψ/ƻƴǎǘŀƴŎȅΩ ƻŦ 
DNA throughout somatic cells 
 

Alfred Mirsky 



1950 ς Base composition between 
organisms 

 
Å Erwin Chargaff hit back at Mirsky 

and developed the base 
complementarity hypothesis with 
Masson Gulland 

Å Determined that the molar ratio of 
A/T and G/C were always very 
close to 1  

Å Relative proportions of bases 
varied between species but was 
the same within species 

Å Refuted [ŜǾŜƴŜΩǎ 30 year-old 
tetranucleotide hypothesis 

Erwin Chargaff 



1952- /ƻƴŦƛǊƳŀǘƛƻƴ ƻŦ !ǾŜǊȅΩǎ 
experiment 

Å Grow bacteriophage using 
radioactive substrates 
ï Protein with radioactive sulphur 
ï DNA with radioactive 

phosphorous 

 
Å Bacteriophages infected bacteria 

by injecting DNA, not protein 
 

Å Was taken as confirmation of the 
role of DNA as genetic material 
 

Å Yet there was still the possibility of 
protein contamination here 
 
 
 

http:// en.wikipedia.org/wiki/Hershey%E2%80%93Chase_experiment 

Hershey Chase experiment 



1952 ς X-ray diffraction patterns of 
DNA 

ÅWilkins, Franklin and 
Gosling 

ÅMuch improved X-ray 
diffraction patterns of the 
B-form of DNA  

ÅWilkins developed a 
method to obtain 
improved diffraction 
patterns using sodium 
thymonucleate to draw 
out long thin strands of 
DNA 

http://paulingblog.wordpress.com/2009/07/09/the-x-ray-crystallography-that-propelled-the-race-for-dna-astburys-pictures-vs-franklins-photo-51/  
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1953 ς Watson & Crick obtain a 
structure for DNA 

ÅB-model of DNA 
ÅRelied upon data from Maurice 

Wilkins and Rosalind Franklin via 
Maz Perutz 
Å"It has not escaped our notice that 

the specific pairing we have 
postulated immediately suggests a 
possible copying mechanism for 
the genetic materialΦά 
ÅBroad acceptance of the structure 

did not occur until around 1960 
 

Francis Crick & 
James Watson 



1958 ς Evidence for the mechanism of 
DNA replication  

http:// en.wikipedia.org/wiki/Meselson%E2%80%93Stahl_experiment 
 

Å Meselson & Stahl 
 

Å{ǳǇǇƻǊǘŜŘ ²ŀǘǎƻƴ ϧ /ǊƛŎƪΩǎ ƘȅǇƻǘƘŜǎƛǎ ƻŦ 
semi-conservative DNA replication 
 

http://en.wikipedia.org/wiki/Meselson%E2%80%93Stahl_experiment
http://en.wikipedia.org/wiki/Meselson%E2%80%93Stahl_experiment


1958 ς Evidence for the semi-
conservative mechanism of DNA 

replication  



Other developments in molecular 
biology 

Å 1954 - George Gamow proposed a 3-letter code  
Å 1955 ς Polynucleotide phosphorylase discovered 
ïEnabled synthesis of homogeneous nucleotide polymers 

Å 1957 ς /ǊƛŎƪ ƭŀȅǎ ƻǳǘ ΨŎŜƴǘǊŀƭ ŘƻƎƳŀΩ 
Å 1957-1963 
ïRNA structure 
ïWork on DNA-RNA hybridization  

Å 1960s 
ïCrystal structures of tRNAs 
ïRole in protein synthesis  
ïRole of ribosomes 
 

Å{Ŝǘ ǘƘŜ ǎǘŀƎŜ ŦƻǊΧ 
 



1961 - Deciphering the genetic code 

Å How did DNA code for proteins? 
 

Å Nirenberg and Matthaei 
 

Å Used polynucleotide phophorylase to 
construct a poly-uracil polymer 
 

Å Added to a cell-free system containing 
ribosomes, nucleotides, amino acids, energy 
 

Å This produced an amino acid chain of 
phenylalanine 
 

Å Completed in mid 1960s by Har Gobind 
Khohrana 

 



Other key figures 

Å Max Delbruck  
ï Physicist who helped found molecular biology 

 

Å Salvador Luria 
ïWŀƳŜǎ ²ŀǘǎƻƴΩǎ tƘ5 ǎǳǇŜǊǾƛǎƻǊ 
ï Demonstrated with Delbruck that inheritance in 

bacteria was Darwinian and not Lamarkian 
 

Å Linus Pauling 
ï Proposed triple helix model for DNA 

 
Å Lawrence Bragg  

ï Hosted Watson & Crick  
ïwƛǾŀƭ ƻŦ tŀǳƭƛƴƎΩǎ 

Å Jerry Donohue, William Astbury, Raymond Gosling, 
John Randall, Fred NeufieldΣ IŜǊōŜǊǘ ²ƛƭǎƻƴΧ 


