Genes are the only hereditary material
VS

Inclusive Inheritance



The definition of inheritance
N X N

& DOJd N




EEPEIEY
f=d \ » L) v
T AT A
Q,-t{fy ZHEJIANG UNIVERSITY

The discovery of
gene & DNA

DNAM(REIS]
AveryRBIMENL "Esg):'- EIST 15%" HYIESE
16
B I AREEEER
BT T2IRRHIRPESE DNA%

2y




1928

rough strain
{norrvirulent )

mouse lives

smooth strain
{virulent)
a

i
&

mouse dies

heat-killed

smooth strain
*, %
%* %%
*

-~

b

mouse lives

rough strain &
heat-killed

smooth strain

mouse dies

o Iy,
“i\qmwf'f‘ ZHEJIANG UNIVERSITY

Griffith®l FRIII-SEL(GE8)F011-REL (REASE) Rk N B&

*The IlI-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.”

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


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

1944 Avery-MacLeod-McCarty experiment

TABLE IV
Titration of Transforming Activity of Preparation 44

Transforming principle Quadruplicate tests

Preparation 44* 1 2 3 4
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10-2 1.0 + SIII + SIII + SITI s SITI
10-26 | 0.3 —+ SIII + SIII -+ SIII -t SIII
10-° 0.1 + SIIT + SIII + SIIT 4+ SITI
10-%% | 0.03 + SIIT + SIII + SIIT + SIII
104 0.01 + SIII + SIII + SIII + ST
1045 | 0.003 - |Ronly | + SIII ~ (Ronly | + SIII
10-% 0001 | — |R “ — |Ronly| -~ |[R “ | — |Ronly
Control | None - |R “ - | R “ -~ |R “ - |R “
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O From Type lll 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 Il into
fully encapsulated cells of the same specific type as that of
the heat-killed microorganisms from which the inducing
material was recovered.

* Solution from which dilutions were made contained 0.5 mg. per cc. of purified material. @of 3 high|y polymerized, viscous form of desoxyribonucleic

0.2 cc. of each dilution added to quadruplicate tubes containing 2.0 cc. of standard serum
broth. 0.05 cc. of a 10~* dilution of a blood broth culture of R36A is added to each tube.

acid.
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1952 Hershey-Chase experiment N v‘“ B |
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T2 Phage
/w Radioactive DNA
Supernatant

Solution containing protein is not radioactive

“Virus infects bacteria”

Protein coat in solution

Pellet Cells with DNA are radioactive
Centrifuge
Blender Ae\s to seperate Ae\s
to remove Phage DNA in E cofi Phage from
age in E. coli
Escherichia coli phage 9 E.cgli
. N Red denotes
radioactivity
T2 Phage .
“Virus infects bacteria” /w Radioactive Proteins =~
( ! . . . Supernatant Solution containing protein is radioactive
" Protein coat in solution
Pellet Cells with DNA are not radioactive

Escherichia coli %
Phage DNA inE. coli
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0 1 1 ] 1 1 ] 1
Min. 0 1 2 3 4 8
Running time in blendor

Fr1c. 1. Removal of $* and P* from bacteria infected with radioactive phage, and
survival of the infected bacteria, during agitation in a Waring blendor.
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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.
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of nucleic acids —

No.asss  April 25, 1953 NATT 1.This structure has
, two helical chains
equipment, and to Dr. G. E. R. Deacon and the i
captain and officers of R.R.S. Discovery II for their each coiled round the
part in making the observations. . )
!Yol(lilgéol‘)‘. B., Gerrard, H., and Jevons, W., Pkil. Mag., 40, 149 —> Same axis. .
3 Lonﬁguéagél'l(il%‘ig)s, M. S., Mon. Not. Roy. Astro. Soc., Geophys. Supp., : ZAnd eaCh Chaln
’\'ox;;;)&r(zi.ggg.) S., Woods Hole Papers in Phys. Oceanog. Meteor., 11 consists of phosphate
¢Fkman, V. W;., Arkiv. Mat. Astron. Fysik. (Stockholm), 2 (11) (1905). diester groupS jOining
S B-D-deoxy-
ribofuranose residues
MOLECULAR STRUCTURE OF th 3’5’ link
wi inkage.
NUCLEIC ACIDS 5
3.The two chains are

A Structure for Deoxyribose Nucleic Acid

related by a dyad
perpendicular to fiber
axis.




Three postulated methods of DNA Replication
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Semi-Conservative
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Dispersive*

Newly, synthesized strand

. Original template strand * not found to be
biologically significant
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Meselson and Stahl found that
DNA employs semi-
conservative replication.
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Height could not be explained by common genetic variants

Chaos Akatsuki Hilda Hyde
174 cm 173 om 171 om 171 om

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

Parental Effects

Cultural Inheritance

Ecological inheritance

Epigenetic inheritance

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

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,
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. Mutant Peg3*/- females Wild-type males
O Wild-type females

Breeding design

(Curley, Champagne, Bateson and Keverne, 2008)
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CONTENT 800

Parental Effects

SRS
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WA

400+

Latency (s)

Cultural Inheritance

with novel object
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Total number of contacts

Sniff  rl r2 3 | nb Crouch
[] Offspring of wild-type dams (1st litter)

Ecological inheritance

Offspring of wild-type dams (2nd litter)

M Offspring of mutant dams (1st litter)
Epigenetic inheritance

Offspring of mutant dams (2nd litter)

Maternal behavior of F1 females in a retrieval test

(Curley, Champagne, Bateson and Keverne, 2008)
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CONTENT A NEW DEFINATION OF CULTURE

Parental Effects _ :
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.

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

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

Epigenetic inheritance
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(Danchin and Wagner, 2010)
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Humans’ culture and evolution of 3-galactosidase
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Exclusivity and Strength of Escort-Pup Relationships

Epigenetic inheritance

Escorting in Banded Mongooses

(Sheppard et al., 2018)
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Foraging Niche Is Inherited from
Escorts, Not from Genetic Parents

(Sheppard et al., 2018)
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Durability and Fidelity of Cultural Inheritance
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Ecological inheritance
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Training plan and result of demonstrators.

(Alem et al., 2016)
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Social transmission of string pulling.

(Alem et al., 2016)
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Cultural diffusion paradigm.
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Environmental Stress

New
Method

CONTENT

Innovator

Parental Effects Problem come

with Culture

1st Order
Follower

1st Order
Follower 15t Order

Cultural Inheritance

Follower
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Follower Follower

2nd Order f 2nd Order
Ecological inheritance Follower Follower

2nd Order @ 2nd Order
Follower Follower

Epigenetic inheritance
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Epigenetic inheritance

Earthworms change the structure of the soil
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Epigenetic inheritance
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Transgenerational Inheritance of Hypomethylated DNA in Epigenetic Recombinant Inbred Lines

(Cortijo et al., 2014)
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Current Opinion in Plant Biology

Muk-induced silencing of MuDR.

(Lisch, 2012)

Hypothetical model for independent somatic
events leading to germinal silencing
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NO small RNA biogenesis intact small RNA biogenesis
= ___ replicating-virus '
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Ecological inheritance *
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Transgenerational Inheritance of an Acquired Small
RNA-Based Antiviral Response in C. elegans

(Rechavi, Minevich and Hobert, 2011)
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(Rechavi, Minevich and Hobert, 2011)




GFP/Virus(+) Animals after Heat Total Number of Animals

Genotype  Generation Shock® Examined
CONTENT
Wild-type any 0% =100
rde-1 rde-1(-/-) PO* 100% 50
P l‘\/ne3oo) £ - - -
arental Effects rde-1(+/-) F1 cross- 0% 250 (5 experiments)

progeny"

rde-1(-/-) F2 0% 250 (5 experiments)
Cultural Inheritance rde-1(~/-) F3 0% 250 (5 experiments)
rde-1(-/-) F4 0.71% 882 (5 experiments)
rde-1(-/-) F5 10.45% 908 (5 experiments)

Ecological inheritance ede-4 rde-4{-/-) PO* 4.9% 102
(ne299) rde-4{+/-) F1 cross- 0% 250 (5 experiments)

progeny"

Epigenetic inheritance
rde-4(~/-) 2 0% 250 (5 experiments)

rde-4(-/-) F3 0% 267 (5 experiments)
rde-4(-/-) F4 3.4% 441 (5 experiments)
rde-4(-/-) F5 3.6% 307 (5 experiments)

(Rechavi, Minevich and Hobert, 2011)
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environment

|
1
|
|
|
parent |
I
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environment

Modes of inheritance

1. germ line transmission

2. soma-to-germ line offspring
3. soma-to-soma

4. soma-to-environment-to-soma

GC =germ cell (U N

Adapted from Badyaev & Uller (2009)
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Two alternative interpretations of inheritance




Heritability

% 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?
-- From Wikipedia

% 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



Genetic variation

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.

Original sequence

' A A l' G ' A G G '
e —————————————————————————————————————————————

Point mutation

Point mutation

l

CHIASMATA HOMOLOGOUS  CHROMOSOMES HAVE
A DIFFERENT COMBINATON' OF ALIEES

independent orientation of bivalents

Egg cell from mother

@

und 9 months later
F tl atio

/ Sperm cell from father
J

/

Sexual reproduction



Genetic and non-genetic inheritance

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

epigenetics, parental effects, Genes -> Genes + any heritability
ecological and cultural ‘ inherited information -
inheritance

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




Lipombo(=IE|A): Skull Elongation by the Mangbetu Tribe




% baby sea turtles heading toward the
ocean




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

Etienne Danchin % We call for an extended modern synthesis
Directeur de Recherche émérite CNRS . .
, _ that would not reduce inheritance to genes
ast update: August 2021 .

and that would incorporate all forms of
Researcher at: inheritance to constitute a comprehensive
Evolution & Diversité Biologique (EDB) .

evolutionary theory.
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