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1880s: Walther Flemming Describes Chromosomes



1902: Boveri–Sutton Chromosome Theory

Boveri
Correct number of chromosomes must 
be present for normal embryonic 
development

Sutton
Matched pairs of paternal and 
maternal chromosomes separate 
during meiosis 

“May constitute the physical basis of 
the Mendelian law of heredity”.



1910s: Thomas Hunt Morgan Experimentally Proves 
Chromosome Theory



Protein or DNA?

20 amino acids
vs.

4 nucleotides



1928: Frederick Griffith discovers transformation 

R = Non-encapsulated + attenuated
S = Encapsulated + virulent



R variant R36A
Pneumococcus Type II

R variant R36A
After addition of “transforming principle”

Pneumococcus Type III S

Transformed R variants gain: 
Polysaccharide capsule 

Type specificity
Ability to produce infection 



R variant R36A
Pneumococcus Type II

R variant R36A
After addition of “transforming principle”

Pneumococcus Type III S

Spontaneous transformation of R variants back 
to S variants of same type had been observed, 
but never transformation to different type



R variant R36A
Pneumococcus 

Type II

Respective
Transforming 

Substance

Type I S

Type II S

Type III S

Type VI S

Type XIV S



“The crude extract (type III) is full of capsular 

polysaccharide,” Avery wrote to his brother Roy in 1943, “ 

C (somatic) carbohydrate, nucleoproteins, free nucleic 

acids of both the yeast [RNA] and thymus [DNA] types, 

lipids and other cell constituents. 

Try to find in that complex mixture the active 

principle.. Try to isolate and chemically identify the 

particular [transforming] substance.... 

Some job--full of heartaches and heartbreaks. But at 

last perhaps we have it....” 



• Store in salt solution @ 2-4°C for 3 months

• Rapidly loses activity in water

• Inactivated at pH 5 or below

• Dische diphenylamine reaction positive

Clues on Transforming Principle Identity





Repeated alcohol and ether extraction

Trypsin and chymotrypsin digestion

Ribonuclease treatment

Enzymes which depolymerize 
deoxyribonucleic acid

Combinations that retain transforming principle





Same conditions 
deactivate 

transforming principle 
and depolymerase





“Equally striking is the fact that the substance

evoking the reaction and the capsular 

substance produced in response

to it are chemically distinct, each belonging to 

a wholly different class of chemical

compounds.“



1952: Hershey-Chase Experiment



Salvador Luria
Max Delbrück



Virus sensitivity



Virus sensitivity

Incubate cleared culture 
for an hour or two



Virus sensitivity

Virus resistance

Incubate cleared culture 
for an hour or two



• D’Herelle (1926) – Virus induced resistant 
variants by direct action

• Gratia (1921) & Burnet (1929) – Resistant 
variants produced by mutation in culture prior 
to virus addition

Theories on resistance 



A. Hypothesis of mutation to immunity

 Mutation occurs independent of phage

 Never interacts with phage



A. Hypothesis of mutation to immunity

B1. Hypothesis of acquired immunity of hereditarily predisposed individuals

 Mutation occurs independent of phage

 Never interacts with phage

 Mutation occurs 
independent of phage

 Interact w/ phage but 
survive



A. Hypothesis of mutation to immunity

B1. Hypothesis of acquired immunity of hereditarily predisposed individuals

 Mutation occurs independent of phage

 Never interacts with phage

 Mutation occurs 
independent of phage

 Interact w/ phage but 
survive

B2. Hypothesis of acquired immunity – hereditary after infection

 Predisposed to survive due to 
random physiological variation

 Interact w/ phage but survive

 Offspring hereditarily immune



1. First Hypothesis (mutation)

Finite Probability to mutate from “sensitive” to “resistant”

All offspring will be resistant

Survivors will be clones of resistant bacteria of various sizes

% resistant increases over time – new mutations appear

2. Second Hypothesis (acquired hereditary immunity)

Finite Probability for any to survive viral attack

Survival confers immunity & offspring will be resistant

Survivors will be random

% resistant should be static

Offspring resistant after 
phage encounter

All offspring resistant



Mutation hypothesis

Distribution of resistant 
bacteria has long tail of high 

numbers of resistant bacteria

Predicts variance larger than 
average

Acquired hypothesis

Random, so described by 
Poisson’s law 

Predicts variance equal to 
average

All offspring resistant
Offspring resistant after 

phage encounter



number of bacteria at the
time of observation

group of C similar cultures

number of
resistant bacteria

mutation rate





Experimental values 
larger than 
calculated
b/c mutations can 
occur before time 0



m = # of mutations
a = mutation rate


