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DNA:
The Timeline and

Evidence of Discovery

Interactive Click and Learn

(Ann Brokaw

Rocky River High School)

Introduction

For almost a century, many scientists paved the way to the ultimate 
discovery of DNA and its double helix structure. Without the work of 
these pioneering scientists, Watson and Crick may never have made 
their ground-breaking double helix model, published in 1953. The 
knowledge of how genetic material is stored and copied in this 
molecule gave rise to a new way of looking at and manipulating 
biological processes, called molecular biology. The breakthrough 
changed the face of biology and our lives forever. 

Watch The Double Helix short film (approximately 15 minutes) –
hyperlinked here.

http://media.hhmi.org/biointeractive/films/Double_Helix.html
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1865
The Garden Pea

1865
The Garden Pea

In 1865, Gregor Mendel established the foundation of genetics by 
unraveling the basic principles of heredity, though his work would not 
be recognized as “revolutionary”  until after his death.  By studying the 
common garden pea plant, Mendel demonstrated the inheritance of 
“discrete units” and introduced the idea that the inheritance of these 
units from generation to generation follows particular patterns. These 
patterns are now referred to as the “Laws of Mendelian Inheritance.”
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1869
The Isolation of “Nuclein”

1869
Isolated Nuclein

Friedrich Miescher, a Swiss researcher, noticed an unknown precipitate in 
his work with white blood cells. Upon isolating the material, he noted that it 
resisted protein-digesting enzymes.

Why is it important that the material was not digested by the enzymes?

Further work led him to the discovery that the substance contained carbon, 
hydrogen, nitrogen and large amounts of phosphorus with no sulfur. 
Because he had isolated the material from the nuclei of cells, he named the 
substance “nuclein.” Today we know “nuclein” as DNA, a nucleic acid. The 
significance of his work was not understood nor appreciated for many years.

“It seems possible to me that a whole family of such slightly varying 
phosphorous-containing substances will appear, as a group of nucleins, 
equivalent to proteins.” F. Meischer
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1878
Chromosomes during Mitosis

Note:
This is a drawing by Walther 
Flemming himself.

1878
Chromosomes during Mitosis

In the late 1800s, microscope technology was relatively undeveloped 
leading to poor resolution of specimens. With patience and precision, 
Walther Flemming studied the threadlike material in the nuclei of cells 
at various points in time as cells divided. He called this threadlike 
material “chromatin” and successfully worked out the process of 
mitosis and the arrangement of chromosomes at various points 
during the various stages of mitosis.
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1910-1912
Genes linked to chromosomes

1910-1912
Genes linked to chromosomes

In his “fly room” at Columbia University in New York, Thomas Hunt 
Morgan undertook the challenge of determining how species change 
over time. Morgan understood the value of the common fruit fly 
(Drosophila melanogaster) as a model organism due to the rapidity of 
reproduction and the lack of expense in rearing a great number of 
individuals. After studying thousands and thousands of fruit flies, 
Morgan confirmed the “chromosomal theory of inheritance,” that 
genes are linearly arranged on chromosomes, and that some genes 
are “linked,” meaning some genes tend to be inherited together.

At this point in history, what evidence did scientists have about the 
structure of DNA?
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1928
Transformation

1928
Transformation

Attempting to develop a vaccine for pneumonia after the deadly flu 
epidemic of 1918, Frederick Griffith developed the phenomenon he 
called “transformation.” Griffith studied two strains of Streptococcus 
pneumoniae that differed in virulence, physical appearance, and capsule 
structure – the nonvirulent R strain and the virulent S strain. A key 
experiment in his research was mice dying when injected with a mixture 
of heat-killed S bacteria and living R bacteria. Upon isolating bacteria 
from the dead mice, he observed that the bacteria had smooth capsules 
which were characteristic of the S strain. Based on this, Griffith 
hypothesized that the living R strain had somehow been “transformed” 
by the virulent S strain. This work set the stage for Avery’s 14-year search 
for the “transforming agent.”

(See section 16.1 in the textbook for more information on this 
experiment. Add to your notes from this material.)

Explain why Griffith’s discovery was so significant?
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1929
Nucleotides Determined

1929
Nucleotides Determined

From his position at the Rockefeller Institute of Medical Research, 
Phoebus Levene identified the components of DNA namely 
deoxyribose, phosphate, and the four nitrogen bases (adenine, 
thymine, cytosine, and guanine), and suggested that “nuclein” was a 
string of nucleotides linked together by the phosphate groups. 
Though some of his hypotheses proved to be wrong, namely his 
belief that the amounts of each of the four bases were equal, his 
work was ultimately a key in the final determination of the DNA 
structure.

What three molecules make up a nucleotide? How are nucleotides 
connected together?
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1938
First Images of DNA

1938
First Images of DNA

The first x-ray diffraction images of DNA were published in 1938 by 
William Astbury and his graduate assistant, Florence Bell. Astbury 
concluded that the bases lay flat, were stacked on each other like “piles 
of pennies”, and were spaced 3.4Â apart. In her Ph.D. thesis, Bell wrote, 
"Possibly the most pregnant development in molecular biology is the 
realization that the beginnings of life are closely associated with the 
interaction of proteins and nucleic acids.“

Explain the significance of the “pile of bases” to the final structure of 
DNA.
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1939
The Nature of the Chemical Bond

The Nature of the Chemical Bond and the Structure of Molecules and 
Crystals was first published in 1939 and is considered one of the most 
influential chemistry books ever written, because it changed the way 
scientists thought about chemistry. In it, Linus Pauling addressed 
topics such as: electron orbital structures of atoms, covalent and ionic 
bonding; and observable properties such as melting point, boiling 
point, and molecular structure. The text also introduced the 
importance of x-ray crystallography in determining molecular 
structures, a key technology in the eventual determination of the DNA 
structure.

1939
The Nature of the Chemical Bond
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1944
“What is Life?”

1944
“What is Life?”

In 1944, Erwin Schrodinger published “What is Life” – a book that 
would inspire both James Watson and Francis Crick, along with other 
pioneers of Molecular Biology.  Schrodinger’s words inspired young 
Watson and Crick to explore how genetic information might be stored 
in a molecule. In 1968, Watson wrote “This book very elegantly 
propounded a belief that genes were key components of living cells 
and that, to understand what life is, we must know how genes act.” 
Later (1988) Crick wrote that Schrodinger made it seem that great 
things were just around the corner.
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1944
DNA – The Transforming Agent

1944
DNA – The Transforming Agent

In 1944, after building on the research of Frederick Griffith; Oswald 
Avery, Maclyn McCarty, and Colin MacLeod published a paper 
announcing that DNA was indeed the “transforming agent.” The most 
definitive proof was when Avery and his colleagues were able to show 
that transforming activity was not destroyed by enzymes that degrade 
proteins or RNA. They concluded that, "the transformation described 
represents a change that is chemically induced and specifically directed 
by a known chemical compound. If the results of the present study on 
the chemical nature of the transforming principle are confirmed, then 
nucleic acids must be regarded as possessing biological specificity."
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1950
Chargaff’s Ratios

1950
Chargaff’s Ratios

Erwin Chargaff contributed two major pieces of evidence to the 
discovery of the structure of DNA. Chargaff isolated the DNA of different 
organisms and measured the levels of the four different nitrogen bases. 
First he concluded from his research that the nitrogen base composition 
of DNA varies from one species to another. Secondly, he developed 
what are now known as “Chargaff’s Ratios” based on the data from his 
research. These ratios indicate that the amount of adenine equals the 
amount of thymine, and the amount of cytosine equals the amount of 
guanine. He found this to be true in all organisms that he studied. 

Watch BioInteractive Animation: Chargaff’s Ratio

Hyperlinked here

http://www.hhmi.org/biointeractive/chargaffs-ratio
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1951
The Alpha-Helix Protein Motif

1951
The Alpha-Helix Protein Motif

First drawn and modeled with paper in 1948 then published in 1951, 
Linus Pauling determined that protein structures were helical. Pauling 
said the alpha helix “turned out to be the structure of hair and horn 
and fingernail, and also present in myoglobin and hemoglobin and 
other globular proteins, a structure called the alpha-helix .” The 
discovery of the single-stranded alpha helix prompted biologists to 
think of helical forms including Watson and Crick who also used 
Pauling’s method of model building to reveal the structure of DNA.
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1952
DNA is the Genetic Material

1952
DNA is the Genetic Material

Through their experiments with bacteriophages, Martha Chase and 
Alfred Hershey proved that DNA, not proteins, was the genetic 
material. Using radioactive phosphorous and sulfur, their famous 
blender experiments showed that bacteriophage DNA enters the 
infected bacterial cells and not the bacteriophage proteins. 

Go to the Mastering Biology Website, click on the study area, 
then select chapter 16:

In section 16.1, complete “Activity: Hershey and Chase”
Add notes to your timeline from the activity

Hyperlinked here

https://www.masteringbiology.com/site/login.html
https://www.masteringbiology.com/site/login.html
https://www.masteringbiology.com/site/login.html
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1952
“Photo 51”

1952
“Photo 51”

In 1951, Rosalind Franklin began taking x-ray diffraction photos of 
DNA in Maurice Wilkin’s lab at Kings College in London. A gifted 
crystallographer, Franklin trained at Cambridge and her photographs 
clearly demonstrated that DNA was a double helix. Before publishing 
her results and unknown to her, Wilkins showed the now-famous 
“Photo 51” to James Watson. This particular picture along with other 
scientists’ data were Watson and Crick’s inspiration for their DNA 
model. 
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1953
The Triple Helix

1953
The Triple Helix

Watch BioInteractive Animation – Pauling Triple Helix Model

Hyperlinked here

In January, 1953, Linus Pauling had prepared a manuscript 
hypothesizing a triple helix model of DNA with the phosphates on the 
inside and the nitrogen bases on the outside. This structure proved to 
be wrong under normal cellular conditions due to the negative charges 
of the phosphate groups on the inside of the molecule. These negative 
charges would repel each other, making it impossible for the molecule 
to hold together.

http://www.hhmi.org/biointeractive/pauling-triple-helix-model
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1953
Nitrogenous Base Structures

1953
Nitrogenous Base Structures

Jerry Donohue is the only person whom Watson and Crick thank in 
their paper on the double-helix. A specialist in crystal structures and 
analysis who also shared an office with Watson and Crick at 
Cambridge, he pointed out to them that they were using the wrong 
structures for the nitrogen bases, and that the correct structures 
would form hydrogen bonds with one another. This was a vital 
contribution to their final model for within a few days they would 
build their famous structure.
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1953
The Double Helix

1953
The Double Helix

Francis Crick and James Watson joined the Cavendish Lab at Cambridge University in 
London in 1949 and 1951 respectively. In the fall of 1951, they created their first incorrect 
model of DNA: three strands wound around each other in a helix with phosphates at the 
core.  Over the next 18 months, they drew on evidence from other research studies, 
applied their own expertise, and experienced a second failed attempt at the model pairing 
like bases with like bases. Finally in April 1953, they published their famous double helix 
model for the structure of DNA.  Crick recalls telling his wife that evening, “we seemed to 
have made a big discovery.” She didn’t believe him at first.

In that paper, Watson and Crick noted: "It has not escaped our notice that the specific 
pairing we have postulated immediately suggests a possible copying mechanism for the 
genetic material.“

A month later in their second paper, they published their hypothesis for the replication of 
DNA: "…If the actual order of the bases on one of the pairs of chains were given, one could 
write down the exact order of the bases on the other one, because of the specific pairing. 
Thus one chain is, as it were, the complement of the other, and it is this feature which 
suggests how the deoxyribonucleic acid molecule might duplicate itself.” Their DNA 
replication hypothesis remained untested for years.
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1953
The Double Helix

All Hyperlinked here

1. Watch BioInteractive Animation: Watson Constructing Base Pair Model

2. Watch BioInteractive Animation: Paired DNA Strands

3. Watch BioInteractive Animation: The Chemical Structure of DNA

4. Go back to the Mastering Biology Website:
In section 16,1, complete “Activity: DNA and RNA Structure”

Add notes to your timeline from the activity

http://www.hhmi.org/biointeractive/watson-constructing-base-pair-models
http://www.hhmi.org/biointeractive/paired-dna-strands
http://www.hhmi.org/biointeractive/chemical-structure-dna
http://wps.aw.com/wps/media/access/Pearson_Default/4929/5047666/login.html
https://www.masteringbiology.com/site/login.html
https://www.masteringbiology.com/site/login.html
https://www.masteringbiology.com/site/login.html

