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Griffith利用III-S型(光滑)和II-R型(粗糙)感染小鼠

*The III-S strain covers itself with 
a polysaccharide capsule that protects it from the 
host's immune system. This means that the host 
will die. The II-R strain does not have that 
protective shield around it and is killed by the 
host's immune system.*

conclude

the type II-R had been "transformed" 
into the lethal III-S strain by a 
"transforming principle" that was 
somehow part of the dead III-S strain 
bacteria.

1928

https://simple.wikipedia.org/wiki/Polysaccharide
https://simple.wikipedia.org/wiki/Immune_system


1944  Avery–MacLeod–McCarty	experiment

From Type III pneumococci a biologically active fraction has 
been isolated in highly purified form which in exceedingly 
minute amounts is capable under appropriate cultural 
conditions of inducing the transformation of 
unencapsulated R variants of Pneumococcus Type II into 
fully encapsulated cells of the same specific type as that of 
the heat-killed microorganisms from which the inducing 
material was recovered.

of a highly polymerized, viscous form of desoxyribonucleic 
acid. 



1944  Avery–MacLeod–McCarty	experiment

conclusion

The evidence presented supports the 
belief that a nucleic acid of the desoxy-
ribose type is the fundamental unit of the 
transforming principle of Pneumococcus 
Type III.



1952   Hershey–Chase	experiment



1952   Hershey–Chase	experiment

The facts stated show that most of the phage sulfur remains 
at the cell surface and most of the phage DNA enters the 
cell on infection. All types of evidence show that the passage 
of phage DNA into the cell occurs in non-nutrient medium 
under conditions in which other known steps in viral growth 
do not occur

By contrast, the components of the bacterium essential to 
this inter action are remarkably stable. The nature of the 
interaction is otherwise un known.



1952.5 photo	51



1953 Molecular	structure
of	nucleic	acids

1.This	structure	has	
two	helical	chains	
each	coiled	round	the	
same	axis.	
2.And	each	chain	
consists	of	phosphate	
diester	groups	joining	
β-D-deoxy-
ribofuranose residues	
with	3’5’	linkage.
3.The	two	chains	are	
related	by	a	dyad	
perpendicular	to	fiber	
axis.



1958 Meselson–Stahl																																						
experiment

Meselson and Stahl found that 
DNA employs semi-
conservative replication. 



Height could not be explained by common genetic variants

There is increasing awareness that non-genetic information can also be inherited across 
generations
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ONE

Parental Effects



1.1

Parental Effects

CONTENT

Cultural Inheritance

Ecological inheritance

Epigenetic inheritance
Parental effects are any effect parents may have on the phenotype of their offspring over 

and above direct genetic transmission.

In EES’s opinion, parental effects is a part of inclusive inheritance。

Inheritance	by	the	contents	of	a	fertilized	egg Inheritance	of	water	flea’s	Helmet



Effects	of	Maternal	Behavior	leading	to	Inheritance
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Breeding	design F1	Generation	investigation	of	a	novel	object

1.3

Parental Effects

CONTENT

Cultural Inheritance

Ecological inheritance

Epigenetic inheritance

(Curley, Champagne, Bateson and Keverne, 2008)



Maternal	behavior	of	F1	females	in	a	retrieval	test F2	Generation	investigation	of	a	novel	object

1.4

Parental Effects
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(Curley, Champagne, Bateson and Keverne, 2008)



F0 Mother
genetic 

First litter F1
non-genetic  

Second litter F1
WT

First litter F2

First litter F2
WT

WT F2
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CHAPTER
TWO

Cultural Inheritance



1. To  be  cultural  a  trait  must  be  socially  learned.

2. Socially   learned   information   must   be   transmitted   across 
generations  or,  more  generally,  from  older  to  younger  individuals.

3. The effect of social learning must be expressed for sufficient time 
to allow younger individuals to learn it.

4. Individuals must generalize social information by using it in new contexts.

A NEW DEFINATION OF CULTURE

2.2

Parental Effects
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Cultural Inheritance
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Epigenetic inheritance

(Danchin and Wagner, 2010)



Humans’	culture	and	evolution	of	β-galactosidase	 Cultural	inheritance	of	birds	and	whale’s	song	dialects
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Parental Effects
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Escorting	in	Banded	Mongooses

Exclusivity	and	Strength	of	Escort-Pup	Relationships
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Parental Effects
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(Sheppard et al., 2018)



Foraging	Niche	Is	Inherited	from	
Escorts,	Not	from	Genetic	Parents

Durability	and	Fidelity	of	Cultural	Inheritance
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(Sheppard et al., 2018)



Training	plan	and	result	of	demonstrators.
2.5
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(Alem et al., 2016)



Social	transmission	of	string	pulling.2.6

Parental Effects
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(Alem et al., 2016)



Cultural	diffusion	paradigm.

Diffusion	networks	in	bumblebee	colonies.2.7
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(Alem et al., 2016)



Environmental 
Stress

becomes the culture
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Environmental Stress

Innovator
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Follower

stodgy
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Follower
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New 
Method spread
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Culture Problem come 
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Environmental Stress

offspring

Survivors

Problem come 
with Culture

spread

adapt

offspring

offspring offspring

Survivors

offspring

Higher Fitness
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CHAPTER
THREE

Ecological inheritance



Earthworms	change	the	structure	of	the	soil Stony	corals	form	coral	reefs
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CHAPTER
FOUR

Epigenetic inheritance



Transgenerational	Inheritance	of	Hypomethylated	DNA	in	Epigenetic Recombinant	Inbred	Lines

(Cortijo et al., 2014)
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(Lisch, 2012)

Muk-induced	silencing	ofMuDR. Hypothetical	model	for	independent	somatic	
events	leading	to	germinal	silencing
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(Rechavi, Minevich and Hobert, 2011)

Transgenerational	Inheritance	of	an	Acquired	Small	
RNA-Based	Antiviral	Response	in C. elegans4.3
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(Rechavi, Minevich and Hobert, 2011)
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(Rechavi, Minevich and Hobert, 2011)



Conclusion
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Heredity defined to exclude 
non-genetic inheritance

Heredity defined to include all 
causal mechanisms by which 
offspring come to resemble 
their parents. Phenotypes are 
not inherited, they are 
reconstructed in development 

A traditional interpretation The EES interpretation

Two alternative interpretations of inheritance



v Heritability is a statistic used in the fields of breeding and genetics that estimates the degree of variation in 
a phenotypic trait in a population that is due to genetic variation between individuals in that 
population. The concept of heritability can be expressed in the form of the following question: "What is the 
proportion of the variation in a given trait within a population that is not explained by the environment or 
random chance?

v A central question in biology is whether observed variation in a particular trait is due to environmental 
or to biological factors, sometimes popularly expressed as the "nature versus nurture" 
debate. Heritability is a concept that summarizes how much of the variation in a trait is due to variation 
in genetic factors. Often, this term is used in reference to the resemblance between parents and 
their offspring.

-- Citation: Wray, N. & Visscher, P. (2008) Estimating 
trait heritability. Nature Education

-- From Wikipedia

Heritability



Genetic variation is the difference in DNA among individuals or the differences between populations.

Mutations: original source of variation, new alleles made, make gene pool bigger.

Meiosis: new combinations of alleles because of crossing-over and independent orientation of 
bivalents

Sexual reproduction: fuse male and female gametes to produce combination of the two in offspring.

independent orientation of bivalents

Crossing over

Point mutation Sexual reproduction

Genetic variation



1. Does the non-genetic Inherited Information need to be added to the 
Heritability concept?

heritabilityepigenetics, parental effects, 
ecological and cultural 
inheritance

Genes -> Genes + any 
inherited information 

Genetic and non-genetic inheritance

2. If non-genetic Inherited information can be added to inheritance, how does 
it affect traditional genetic inheritance or SET?



Lipombo(芒贝图人): Skull Elongation by the Mangbetu Tribe



v baby sea turtles heading toward the 
ocean



v We call for an extended modern synthesis 
that would not reduce inheritance to genes 
and that would incorporate all forms of 
inheritance to constitute a comprehensive 
evolutionary theory.

（我们呼吁⼀种扩展的现代综论，它不会减少基
因对于遗传的重要性，并致⼒于将所有形式的遗
传纳⼊其中，以构成⼀个全⾯的演化理论）

--Étienne Danchin
（Danchin et al., 2011, Nature Reviews Genetics）

https://www.edanchin.fr/?lang=en

Dissecting the effects of genetic and non-genetic inheritance is challenging
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