Lingua del corso/Language of the course ?

Tutto in italiano
Slides in Inglese e lezione In Italiano

Everything in English

In che lingua preferite il corso/which language do you prefer? | Moodle@Units



https://moodle2.units.it/mod/choice/view.php?id=435963

Notation used during the course

Optional slide with R code. Nothing will be asked about
this slide in the written exam (only in the oral exam for
additional points).




rnorm (N)

Notation used during the course

Optional slide with R code. Nothing will be asked about
this slide in the written exam (only in the oral exam for
additional points).

Optional slide with difficult mathematical formula. No
qguestion on the formula will be asked in the written
exam. However, understand the concept of the model

A simple model (computational or formula). Questions
could be asked on this slide.

The font courier new will be used for computer
commands



If you want to install R and try the code

https://rstudio-education.github.io/hopr/starting.html

I YouTube - ProgrammingKnowledge
238.2K views - 26 Jun 2023

Dipartimento di Scienze della Vita / Laurea triennale (DM270) / SM51 - SCIENZE E TECNOLOGIE BIOLOGICHE / A.A. 2025 - 2026

638SM - BIOLOGIA EVOLUZIONISTICA 2025

638SM - BIOLOGIA EVOLUZIONISTICA ... Course Settings Participants Grades Activities More ~

AA. 2025 - 2026


https://rstudio-education.github.io/hopr/starting.html
https://rstudio-education.github.io/hopr/starting.html
https://rstudio-education.github.io/hopr/starting.html
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Today

« Modern historical origin of evolutlonary thought
« Lamarck f
« Darwin and the Origin of Species

* Fundamental principles e > ¥
« What Darwin got wrong about mherltance




Today

« Modern historical origin of evolutionary thought
« Lamarck
« Darwin and the Origin of Species (~1h)




Today

« Darwin and the Origin of Species

* Fundamental principles : |

« What Darwin got wrong about inheritance




Next time

o Weismann barrier

o Lamarck vs Darwin

14 * Empirical evidence

* From first principles
Learning vs Evolution

 Similarities

* Interactions:

* When learning helps evolution: Waddington and Baldwin’s effect
* When learning prevents evolution

Geoffrey i gl
Hinton,
Nobelin
Physics 2024
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Plato Aristotles Augustine of Hippo Thomas Aquinas
(Ca. 428-348 BC) (384-322 BC) (354-430 AD) (1225-1274 AD)


https://commons.wikimedia.org/wiki/File:Augustine_Lateran.jpg

The concept of fixity of species remained in the Modern age
(XVII-XVIII century)

Carl Linnaeus (1707-1778)

« Systematic,
hierarchical (nested)
organization of life

9

=5
E3frae

Homo sapiens
Members of the genus Homo with a
high forehead and thin skull bones.

CAROLI LINNZI

Equiris DE SteLra Porarr,
Arcuiatrt Recir, Mep. & BoranN. Proress. UpsAL.;
Acap. Upsar. HoLmens, PETROPOL. BEROL. IMPER.
Loxsp. Monsper. Toros. FLoreNT. Soc.

i

Homo
Heminids with upright posture and

e S YSTEMA
Hominids N A T U R /43

Primates with relatively flat faces and

. "Platonic” view of
(fixed) species as

v

PEr

° ° ° ° three-dimensional vision. ]\)EGN/{[ TR[A NATUR{%‘)
individuals possessing e

Mammals with collar bones and CLASSES, ORDINES,

4 o grasping fingers. | GENERA,SPECIES)
deflnlng features that 1 * CHARACTERIBU(:S‘U.MD/FFERE;VT/IS:
d 't h Chordates with fur or hair and milk SYNONYMIS, LOCLS.

glands.
transcen &m.n;ed by Tomus L.

Chordates

Linnaeus

Epirio Decnia, REFORMATA.
Animals with a backbone. :

NPT
(S35

<2><:> <:<>Do ‘ Cum' Privilegio S:a R:z M:tis Svecie.
: Animals s :
v Klngdom QOrganisms able to move on their own. ; B Hoffllj][{{fl\,]Tll i
MPENSIS IRECT. L.f o) SALVIL,
1758,



The concept of fixity of species remained in the Modern age
(XVII-XVIII century)

Heritage of Aristotelian essence and accident in
early biological definitions of species:

... ho matter what variations occur in the individuals or the
species, if they spring from the seed of one and the same
plant, they are accidental variations and not such as to
distinguish a species ... Animals likewise that differ specifically
preserve their distinct species permanently; one species never John Ray
springs from the seed of another nor vice versa. (’] 62/-170 5)

o Explicitly considers variation as accidental

o Implies fixity of species


https://en.wikipedia.org/wiki/John_Ray

However we start seeing the first modern definition of
“species”
(XVIl century)

Species defined by:
- “morphological similarity”

- reproductive continuity

John Ray

(1627-1705)


https://en.wikipedia.org/wiki/John_Ray

However we start seeing the first modern definition of
“species”
(XVIl century)

Species defined by:
- “morphological similarity”

- reproductive continuity

.

Modern «biological concept of species» refined w (1627-1705)
by Dobzhansky (1937) and Mayr (1942)

' MAYRor |

1/| JMEREMECHANISW;

John Ray



https://en.wikipedia.org/wiki/John_Ray

Modern age
(XVIII century)

Georges-Louis Leclerc, comte de
Buffon (1707-1788)

Organizes geological history
as fully integrated with history
of life!

Estimates age of Earth to 75k
or, later, 2M years (based on
cooling of metals)!

Systematic observations on
the distribution of animals and
addressing its historical
development (biogeography)

H1S.1TOILRE
NATURELLE,

GENERALE ET PARTICULIERE,
AVE.C LA DESCRIPTION

DU CABINET DU ROL

Tome Premier.

AP AR TS
DE L'IMPRIMERIE ROYALE

M DCCXLIX

16




Modern age
(XVIII century)

Georges-Louis Leclerc, comte de
Buffon (1707-1788)

. Species “degenerated” in time
as they migrated to populate
the planet!

« Human “races” followed this
“degeneration” too!

- Center of origin supposed
to be in Europe!

A comparison of the ideas
of Linnaeus and Buffon.
Linnaeus believed that
organisms spread from
Mount Ararat, or another
low latitude mountain
following the Great Flood.

Buffon thought that life
originated in northern
Europe and spread
southward, and to the
New World.




Modern age
(XVIII century)

Georges-Louis Leclerc, comte de
Buffon (1707-1788)

. Conceives transformation and
diversification of organisms in
time in response to
environmental conditions

All quadrupeds might have been derived in historical
time from a single stem which “in the succession of
time, has produced, by perfection and degeneration, all
the other animals”

https://plato.stanford.edu/entries/evolution-before-
darwin/#RecoSpec

2

his Table de Uordre des chiens,
representing hypothetical

relationships between dog breeds is

often considered the first

" phylogenetic representation



https://plato.stanford.edu/entries/evolution-before-darwin/#RecoSpec
https://plato.stanford.edu/entries/evolution-before-darwin/#RecoSpec
https://plato.stanford.edu/entries/evolution-before-darwin/#RecoSpec
https://plato.stanford.edu/entries/evolution-before-darwin/#RecoSpec
https://plato.stanford.edu/entries/evolution-before-darwin/#RecoSpec
http://phylonetworks.blogspot.com/2012/02/first-phylogenetic-network-1755.html

Modern age
(XVIII century)

Georges-Louis Leclerc, comte de
Buffon (1707-1788)

. Criticises “abstract” Linnean
species in favor of
reproductive and historical
continuity (“biological” species concept)

... [it is] neither the number nor the collection of similar
individuals which forms the species; it is the constant
succession and uninterrupted renewal of these individuals
which constitutes it.

LA GAZELLE A BOURSE SUR LE DOS.

... the ability of its members to interbreed and produce
fertile offspring, a criterion that takes precedence over
similarities of anatomy or habits of life



Modern age
(XVIII century)

Georges-Louis Leclerc, comte de
Buffon (1707-1788)

Limits of Buffon's heritage

Does not provide explicit
mechanisms for evolution

— Many ideas seen a
speculative

Believed in (continued)
spontaneous generation, thus
limiting the scope for
transformation and
diversification!




Modern age
(XVIII century)

Georges-Louis Leclerc, comte de
Buffon (1707-1788)

Limits of Buffon's heritage

Does not provide explicit
mechanisms for evolution

— Many ideas seen a
speculative

Believed in (continued)
spontaneous generation, thus
limiting the scope for
transformation and
diversification!




Modern age
(XVIII century)

/ Spontaneous generation

Recipe for frogs
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Modern age
(XVIII century)

/ Spontaneous generation

Recipe for flies

———————
3 %




Modern age
(XVIII century)




d Georges-Louis Leclerc, comte de
Modern age Buffon (1707-1788)

(XVIII century)

Well, | did not believe
in that...only for
«small creatures» or

microorganisms!!!
N

-
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Complexity—> AN

Francesco Redi’s experiment (1668)

maggots

. maggots

cork-sealed container gauze-covered container

’/D//( Repeated . .
O— spontaneousO fOrmation of maggots no formation of maggots

< Time——> Brigin in meat in meat

o

C
C
€
C




Lazzaro Spallanzani’s
experiment (1776)

Cool Wait

Flask |
Broth heated SSKISLE ope)

People argued that it was simply
because the «air was ruined»




Louis Pasteur’s experiment
(1859)

IoWaWreS

Lazzaro Spallanzani’s
experiment (1776)

Heat applied Let flask sit No bacteria present
Cool Wait o é — é
— -
% > ; Remove the neck Bacteria present
Heat lied
Flask left open Growth eat apple and let it sit
Broth heated
@ 72—» 5@4
) Tilt flask sideways Bacteria present
Heat applied and let it sit

People argued that it was simply
because the «air was ruined»



Evidence against fixity of species was already accumulating before
Darwin

Georges Cuvier (1769-1832)

Develops comparative anatomy

Animals belong to a few “types”
(phyla), not on a single scale!

Fits fossils in zoological classification
showing “extinction”

Notes that fossils in older strata are
less and less similar to present fauna!




Evidence against fixity of species was already accumulating before
Darwin

Georges Cuvier (1769-1832)
» Develops comparative anatomy

« Animals belong to a few “types”
(phyla), not on a single scale!

. Fits fossils in zoological classification
showing “extinction”

« Notes that fossils in older strata are
less and less similar to present fauna!

. Catastrophism to explain temporal
distribution of fossils

« But anti-evolutionist: each species is
so well coordinated, functionally and
structurally, that it could not survive

significant change


https://en.wikipedia.org/wiki/Catastrophism
https://en.wikipedia.org/wiki/Catastrophism

Evidence against fixity of species was already accumulating before
Darwin

Etienne Geoffroy Saint-Hilaire
(1772-1844)

e All animals share a common basic e e ' F
plan (cfr. Cuvier)! o '%WW/»% g

e Introduces homology as a concept ' ibu
(not as a word, though!)

o Explains vestigial organs

e Semi-evolutionist (?): ancestral
species gave rise to unchanging
modern forms through the
occasional appearance of
successful monstrosities



https://en.wikipedia.org/wiki/Vestigiality

Evidence against fixity of species was already accumulating before
Darwin..

Etienne Geoffroy Saint-Hilaire
(1772-1844)

e All animals share a common basic e e ' F
plan (cfr. Cuvier)! o '%WW/»% g

e Introduces homology as a concept ' ibu
(not as a word, though!)

o Explains vestigial organs

e Semi-evolutionist (?): ancestral
species gave rise to unchanging
modern forms through the
occasional appearance of
successful monstrosities



https://en.wikipedia.org/wiki/Vestigiality

A first «mechanism» for the evolution of species

Jean-Baptiste Lamarck (1769-1832)

o Strong assertor of evolution!

o Believes in spontaneous generation

Complexity—>

o  Simple life forms (continually)
emerge from inorganic
matter, then “evolve” towards
increased complexity

#/Of\; Repeated

O—C—O—> spontaneous
origin

b4

o “Tendency towards complexity” Time ——

o A Scala Naturae is formed




A first «mechanism» for the evolution of species

Jean-Baptiste Lamarck (1769-1832)

Strong assertor of evolution!

Believes in spontaneous generation

Complexity—>

Simple life forms (continually)
emerge from inorganic
matter, then “evolve” towards
increased complexity

“Tendency towards complexity”

A Scala Naturae is formed

|

short-necked

Repeated
O—> spontaneous
origin

Time —

And stretchlng
untill neck becomes

progressively
longer. Yah! Leaves!

Orniginal _And

stretching...

.

higher leaves

on tree

Keeps stréiér{ing
neck to reach
ancestor

First modern proposal of a
mechanism for evolution

Inheritance of acquired characters
(effect of environment)

(@]

“Use and disuse” theory: the more
you use a “trait”, the more this will
evolve over generations




A first «mechanism» for the evolution of species

Jean-Baptiste Lamarck (1769-1832)

o Strong assertor of evolution!

Which problems do you
see with this mechanism?

o Believes in spontaneous generation

o  Simple life forms (continually)
emerge from inorganic
matter, then “evolve” towards
increased complexity

o  “Tendency towards complexity”

o A Scala Naturae is formed

Orniginal
short-necked
ancestor

neck to reach
higher leaves

1 (Keeps stretching
on tree

And stretching
...And untill neck becomes
stretching... progressively

longer, Yah! Leaves!

e First modern proposal of a
mechanism for evolution

o Inheritance of acquired characters
(effect of environment)

o  “Use and disuse” theory: the more
you use a “trait”, the more this will
evolve over generations




Charles Lyell ..in the meanwhile

(Principles of Geology, 1830-33)

. Champion of Uniformitarianism
( vs Catastrophism ):

The same processes acting
today on earth shaped it
gradually in the past (and can be
used to extrapolate and infer the
age of Earth: stratigraphy,
erosion) = Earthisold!

IDEAL SECTION of part of the Earths crust explaiming the theory ot the contermporaneous origin of the four great clases of Tocks. see Chapd.

Sl e 1 Metamorphic . Phatamic .
A[ ] Aqueous B [JVolcanic. C I, Gneiiss, rm’ai sadstke, D T ramate dee.

All the vocks older than AB.CD.are left uncoloured .



Charles Lyell
(Principles of Geology, 1830-33)

Champion of Uniformitarianism
( vs Catastrophism ):

The same processes acting
today on earth shaped it
gradually in the past (and can be
used to extrapolate and infer the
age of Earth: stratigraphy,
erosion) = Earthisold!

Darwin himself calculated 300 Ma from
Cretaceous to present (current estimates
are ca. 65 Ma) assuming that Weald valley
in Southern England was carved at

1inch/100 years
/ y ‘ Estimated from erosion

of England’s cliffs

Dover =TT
Canterbury _-Ashford

Rochester _ -Maldstone- ~ :: -

- - ,tﬁl'[i

Tunbridge Welrs- _ =~ _

~|/ .




Earth is older than the biblical 6000 years

-

Eanterg:l:;r ,»ﬂf-'l?ﬂ;'é‘_ .
« Darwin himself calculated 300 Ma from Rochester - Maldstone” ~ _ - - Gimbridge Wells— ~ ~ .

- -

o - . ’]-ﬁlﬁ
Cretaceous to present (current estimates Thames Sheppey

are ca. 65 Ma) assuming that Weald valley
in Southern England was carved at

1inch/100 years
/ y ‘ Estimated from erosion

of England’s cliffs




Oh | used to read Lyell's Principles of Geology On the Beagle

Earth is older than the biblical 6000 years

-

Eantergrl:;r ,*45'1?9;"; - -
 Darwin himself calculated 300 Ma from Rochester - Maldstone” ~ _ - - Gimbridge Wells— ~ ~ .
Cretaceous to present (current estimates
are ca. 65 Ma) assuming that Weald valley
in Southern England was carved at

1inch/100 years
/ y ‘ Estimated from erosion

of England’s cliffs

. . s
Thames Sheppey il




Ridicolous Darwin! Based

on the cooling of metals,

Earth must be at most 20
million years old!

~

J

Darwin himself calculated 300 Ma from

Cretaceous to present (current estimates
are ca. 65 Ma) assuming that Weald valley
in Southern England was carved at

1inch/100 years
/ y ‘ Estimated from erosion

of England’s cliffs

o

And | know because | am world \
renowed physicist and
mathematician, layed the
foundation for thermodynamics
and even temperature is called
after me!! /

Dover
Canterbury . _
Rochester _ -Maldstone- ~




4 | am so ashamed, | will
) delete this part from Il and
[l editions of «On the Origin

Ridicolous Darwin! Based
on the cooling of metals, .
Earth must be at most 20 \_ of Species»!

million years old! y

And | know because | am world \
renowed physicist and
mathematician, layed the
foundation for thermodynamics
and even temperature is called

\ after me!! /

< : Dover
Canterbu - -
« Darwin himself calculated 300 Ma from ”””'ﬁ*ef,f?’f’?’??““fff* ~ Tunbridg
Cretaceous to present (current estimates _
are ca. 65 Ma) assuming that Weald valley
in Southern England was carved at

1inch/100 years
/ y ‘ Estimated from erosion

of England’s cliffs




Ridicolous Darwin! Based

on the cooling of metals,

Earth must be at most 20
million years old!

~

J

Both models were too simplistic: one
ignored radioactivity in Earth’s core, the
other that erosion is not totally uniform

(more in storms)

Darwin himself calculated 300 Ma from
Cretaceous to present (current estimates
are ca. 65 Ma) assuming that Weald valley
in Southern England was carved at

1inch/100 years
/ y ‘ Estimated from erosion

of England’s cliffs

4 | am so ashamed, | will

N of Species»!

delete this partfrom Il and
[l editions of «On the Origin

o

And | know because | am world \

renowed physicist and
mathematician, layed the

foundation for thermodynamics
and even temperature is called

after me!!

Dover -7
Canterbury _ - Ashford
Rochester . -Maldstone- ~

. - 5
Thames Sheppey - ’tﬁ‘[

-

~ Tunbridge Walls- _ =~ _




F U N .—Noveuezr 16, 1872

L
|

/"\‘Ww\.

THAT TROUBLES OUR MONKEY AGAIN.

Female deseendant of Marine Aseidian ;—*REALLY, MR. DARWIN, SAY WHAT YOU LIKE ABOUT MAN; BUT I WISH YOU
‘WOULD LEAVE MY EMOTIONS ALONE!”

e | am so ashamed, | will

Fun, 16 November 1872, in
response to “The descent of
man and selection in relation
to sex”, 1871

-

delete this partfrom Il and
[l editions of «On the Origin
of Species»!

being ridiculed..

And | am not new to

PROF, DARWIN.

This 1s the ape of form.

Lowe's Labor Lost, act §, scene 2

Some four or Ave desceats since,

All's Well that Endse Well, a2t 3§, s¢. 7

/‘*‘ R 5 W A

The Hornet, 1871
The Hornet, 1861

PUNCH, OR THE LONDON CHARIVARL—Mar 25, 1861 _

THE LION OF THE SEASON.

Arsmyen Fuosgrr, “MR. G G-G-0-0-O-RILLA!"




DARWIN

PUNCH’S FANCY PORTRAITS.—No. 54

« DL .

CHARLES ROBERT DARWIN, LL.D., F.R.5.

Ix mis Drsosst o MAN HE BROUGHT HIS OWN SFPECIES DOWN A
LOW AS FPOSSIBLE—ILE., TO ‘** A HAIRY QUADRUPED FURNISH
witit A TAmL AND POINTED EARS, AND PROBADLY ARBOREA -
IN ITS HABITS "—WHICH I8 A REASON FOR THE VERY GENERA
InTEREST IN A ““Faminy Terer.” HR HAS LATELY BEER

o JURNING HIS ATTENTION TO THE ** Porrrio Wonrm,"




Influences on Darwin outside
“biology”

Robert Malthus
(An Essay on the Principle of Population, 1798)

Above the crisis point, there are

. Exponential population growth
insufficient resources to sustain

L4 LI m Ited reSO u rceS the population requirements

- Population
(geometric)

« Reproduction is limited
Struggle for existence (Competition§

Malthusian Catastrophe

== Resources
(linear)

7, Below the crisis point,
e resources are in excess of
population requirements

Time




Meet the Darwins

Robert Darwin
T b
* ; * =1
First Richard Fletcher Samuel Fox Anne Darwin Sarah Wedgwood Jlosiah Wedgwood| (1) Mary Howard € Darwin Y )
Generation (1768 - 1813) (1765 - 1851) (1734 - 1815) (1730 - 1795) (1739 -1770) 1 {1731 - 1802)
ab |
second Elizabeth Allen Josiah 1l |Robert Waring Darwin| Erasmus 1| Charles { $4x
Genaration (1764 - 18406) (1765 - 1843) (1765 -1817) (1766 - 1848) (1759 - 1799) (arss-1718)| i
e,
‘ 3 ) ¢ ¥
(1) Harriet Flatcher William Darwin Fox N2) Ellen Sophia Hensleigh |Emma ood Charles Robert Erasmus Alvey Elizabeth William Alvey Francis Galton
Wedgw:
(1799 - 1842) (1805 - 1880) (1820 - 1887) (1808 - 1896) (1809 - 1882) | (1804 - 1881) (1763) (1767) (1822 - 1911)
u Caroline Sarah Darwin three
2’:"_:.’“ G l {1800 - 1888) { |
| -
xte William Erasmus Anne Elizabeth Mary Elsanor Henrietta Emma George Howard
w (1839 - 1914) (1841 - 1851) (1842) (1843 - 1929) (1845 - 1912)
\ f ¥ ) ) ¥
Fourth e Elizabeth Francis Leonard Horace Charles Waring
7R 4 (1847 - 1926) (1848 - 1925) {1850 - 1943) (1851 - 1928) (1856)
(8§ Wood Bernard Darwin Frances Crofts Francis Cornford jacyg R - G doli
- ) (1876 - 1961) (1886 - 1960) (1874 - 1943) (8es - 192544 (1885
Fifth Alan Barlow Nora Darwin Gueoffrey Keynes
et (1881 - 1968) (1845 - 1949) (1887 - 1982)
Legend:
0 No existing Wikpedia artsclel lohn Cornford Horace Basil Barfow Richard Keynes
=3 txishng Wikipedia article B (1915 - 1936) 921 -) (1919 )
— Martioge

rtermarniage

o

Charles Cousﬂh)




Erasmus Darwin (1731-1802)

Physician and naturalist

Would it be too bold [...to] imagine that all
warm-blooded animals have arisen from
one living filament?

Zoonomia (1796)

One of the very earliest claims of a
common origin for a large part of (if
not all) organisms!

Erasmus Darwin

=t

Z.0oonomia

The Laws of Organic Life




Erasmus Darwin (1731-1802)

Zoonomia is cited three
times in the first four pages
of this notebook from 1837!




The Project

https://zoonomiaproject.org/

Zoonomiais applying advances in DNA sequencing technologies to understand how genomes generate the
tremendous wealth of animal diversity. We decided on “Zoonomia” as the name for our project — combining

Greek terms for "animal” and "governing laws” — because it encapsulates what we aim to discover.

We were not the first to coin this term. In 1794, Erasmus Darwin, eminent physician, and grandfather to
Charles Darwin, titled his book “Zoonomia; or the Laws of Organic Life”, and asked

would it be too bold to imagine, that in the great length of time, since the earth began to exist, perhaps

millions of years..that all warm-blooded animals have arisen from one living filament...?

Erasmus’s insight is remarkable. Contemporary estimates place Earth's age in the billions, not millions, of
years. But Erasmus was correct that all species are related to one another, with any pair sharing a common
ancestor in the distant past. This relationship offers a powerful tool for determining and understanding

which parts of a genome are important.

DNA must be copied before it is passed from an ancestor to descendants. Copying is imperfect, so some
changes arise over time. Changes that do not cause problems tend to accumulate and DNA sequence
slowly drifts away from its initial spelling. Finding segments of DNA unchanged across species is, therefore,
a powerful strategy to find those important for all animals.

By sequencing and comparing the genomes of hundreds of diverse mammals, Zoonomia s identifying
segments unchanged across all species, as well as segments changed in just a few. We are discovering both
the genomic basis of traits essential for all animals and changes that underlie the unique traits of individual

species.



https://zoonomiaproject.org/
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The Mammal Tree
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TREE VIEW LIST VIEW

Conservation Status

Data-deficient
Least Concern
Near Threatened
Vulnerable

Endangered

Critically Endangered
Assembly Source

Zoonomia

Existing Assembly

Assembly Method

DISCOVAR
Upgraded DISCOVAR

Other

Bostaurus -

Bos mutus-
Bison bison -
Bubalus bubalis




The perplexing figure behind

a crucial virus database p.332

Regulatory reforms to advance A compact galaxy in the \ Large-brained

psychedelic therapies p.347 early Universe p. 416 Single-bas.e resolution 4552 new ultraconserved ‘

of constraint elements Human
% 4 constrained Overlapplng Homo sapiens
B CTCF binding previous
S sites elements

- g2 16.5%

28 APRIL 2023 £ M TP Newly
20— identified

science.org -15bp +15bp elements

Base position 83.5%

AVAAAS

Threatened and hibernator

Lagomorpha Fat-tailed dwarf lemur
PE— 5, Cheirogaleus medius
o " B ] Z
R s F ¥ e

Hibernator /7 e e S J Endangered and
Thirteen-lined (}0&‘\ £ PN high olfactory gene count
ground squirrel ——f i S\ African savanna elephant
’tffé(é(():;nr{;?/neatus A \ 3 Loxodonta africana

/n &

7#/' &

Z00NOMIA 2

Diverse genomes reveal mammalian
secrets p.356

Eulipotyphla

olfactory gene count

‘:f & Pere David's deer
Hibernator Vs, AR L Elaphurus davidianus
Greater mouse- %L _
eared bat Oldota  Camivora Endangered and large-brained
Myotis myotis Amazon river dolphin
Inia geoffrensis
Hibernator: mm Yes No Not Extinction risk from International
Brain size relative to body size: mm Top 10% == Bottom 10% exceptional  Union for Conservation of Nature

Olfactory receptor gene number: s= Top 10% Bottom 10% No data mmm [ndangered or critically endangered

(predictor of olfactory capacity) Vulnerable or near threatened




The perplexing figure behind
a crucial virus database p.332

Regulatory reforms to advance A compact galaxy in the
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Diverse genomes reveal mammalian
secrets p.356

We will look at this awesome
dataset in the context of;

Molecular evolution and
comparative genomics
Conservation genomics
Discovery of new genes
Cancer genomics

Rare diseases
Domestication and
oreeding
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Charles (1809-1882)

When on board HMS Beagle, as naturalist, | was much struck with certain
facts in the distribution of the inhabitants of South America, and in the
geological relations of the present to the past inhabitants of that continent.

These facts seemed to me to throw some light on the origin of species—that
mystery of mysteries...

On the Origin of Species, Introduction, pag. 1
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The origin of species, 1859 (1% ed.)

Observations
. Biogeography

o  Taxonomy is more related to spatial distance than
environmental distance




What do you
notice?

The origin of species, 1859 (1% ed.)

Observations
« Biogeography
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Convergent evolution!

Observations

. Biogeography
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W Ecuatorial zone
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sximate vs. Ultimate... Can You Explain It All?

Cute «South american
beaver» and «South
American rabbit»!
Convergent evolution!

Pro

Observations
. Biogeography

o  Taxonomy is more related to spatial distance than
environmental distance

W Ecuatorial zone




Long gestations, generally precocial (born Short gestations, generally altricial
fully ferred, eyes open, able to walk). (hairless, blind, helpless newborns).




Rabbit

Capibara




Caviidae

molar toothrows
converge in front bullae en'afged

cheekteeth simple, made
up of 2 enamel prisms

- large paroccipital process

We (caviomorpha)
have a very similar
skeleton, though we
look different on the
outside (trust us)!

UNITED COLORS
OF BENETTON.

Capibara



Caviidae

molar toothrows -
converge in front bullae enlarged

cheekteeth simple, made
up of 2 enamel prisms

¥~ large paroccipital process

This is why often to classify
taxonomically a species is
useful to rely on seemingly

insignificant morphological
traits rather than «apparent»
ones

Capibara




The origin of species, 1859 (1% ed.)

Observations

. Classification
o Nested structure
o  Homologous structures

"What can be more curious than that
the hand of a man, formed for grasping,
that of a mole for digging, the leg of the
horse, the paddle of the porpoise, and
the wing of the bat, should [...] include
the same bones, in the same relative
positions?"

“the characters which naturalists
consider as showing true affinity
between any two or more species, are

. . . Human Cat Whale Bat
those which have been inherited from Copyight © Paarsce Educalion, Inc., publishing &3 Bangamin Cusmings

a common parent”
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Observations
« Biogeography

o Inhabitants of islands are similar to the closest
mainland (Galapagos birds and reptiles, red grouse in
Britain)




The origin of species, 1859 (1% ed.)

Observations
« Biogeography

o Inhabitants of islands are similar to the closest
mainland (Galapagos birds and reptiles, red grouse in
Britain)

agnirostris. 2. Geospiza fortis,
4. Certhidea clivazea.
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Observations
Biogeography

Many similar species in small
locations




The origin of species, 1859 (1% ed.)

Observations
« Biogeography

o  Many similar species in small
locations

o Rapid “radiation” in Islands

Adaptive radiation: a single species rapidly adapts to fill available
niches in an environment.

Seed eaters

common anceStor
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Observations

« Biogeography

Complexity—>

o

Many similar species in small
locations

Rapid “radiation” in Islands

Pace of modification is not
constant (cfr. Lamarck), it
depends on conditions!

&)

O

®

@)

O
ﬁ/i)//() Repeated
C—CO—O0—0O—> spontaneous

Timie origin

Adaptive radiation: a single species rapidly adapts to fill available
niches in an environment.

Seed eater

common anceStor
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Observations AT G P~

=

st

A. Alopex lagopus (Arctic Fox) F. Lemmus lemmus (Norway Lemming)

o  The range of most species is nearly continuous ,?— e 2

. Biogeography

Would it make any sense without evolution as D Vi

we know it? B. Arvicola terrestris (Water Vole) G. Ovibos moschatus (Musk Ox)

o AV

C. Cervus elaphus (Red Deer) H. Panthera leo (Lion)

e Nl o
S .

D. Crocuta crocuta (Spotted Hyaena) I. Rangifer tarandus (Reindeer)

Ve ar ¥

E. Hippopotamus amphibius (Hippo) J. Sus scrofa (Wild Boar)
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Observations

« Vestigial organs

o  Wings of flightless birds
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Observations

« Vestigial organs
o Wings of flightless birds

o Pelvis in snakes
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Observations
« Vestigial organs
o Wings of flightless birds —_— k}x/k/»%/\},“\
o  Pelvis in snakes and whales . WL 7

S
A
e

O
2P

Retractor Genital
slit

Dines et al., 201



https://onlinelibrary.wiley.com/doi/full/10.1111/evo.12516

The origin of species, 1859 (1% ed.)

Observations

« Vestigial organs
o Wings of flightless birds

o Pelvis in snakes and whales

o  Teeth in embryos of baleen
whales




The origin of species, 1859 (1% ed.)

Observations

« Fossils

o  Forms tend to appear continuously for a certain interval
of time (strata) and then disappear to never come back

o  Recently extinct species are more similar to extant
forms (especially from the same area)

G Ty
B Machoire: oxfricure. d lghant dos Indes | 4 cr,
Fig 2. Puvtiin de Miashonre. infisrcnrc de Mammodh g




Biogeography gave the same ideas to Wallace almost at the
same time

East of the line were tree
kangaroos, cockatoos, and
other species found in
Australia.

West of the line were
tigers, elephants,
and other animals
found in Asia,

DARWIN-WALLACE MEDAL
1st July, 1808.

Biogeography of the Malay archipelago Alfred Wallace (1823-1913)



Biogeography gave the same ideas to Wallace almost at the
same time

Land at present
Il Emerged land
during ‘Ice Age’
(-60 m sea level)

Australia
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OK, let’s say you
convinced me that
species are not fixed.
But what is the
mechanism? How can
they acquire their
«essence»?

e e
- SPECTATOR. TiCLETS: r
$10 oNLINE o 415 DAY of To PURCHASE TICKETS
- LTE e Tore rs PLEASE Go To:
S0 o * %25 bay boulder-beard - woustache -comp- 2014
+ Quentbrite . com

™IS wlu_ SEML ou'r At



Oh come on,
now Aristotle!!

The origin of species, 1859 (15t ed.) ANErrEnS
what are the
fundamental
ingredients of

Natural

OK, let’s say you Selection?
convinced me that
species are not fixed.
But what is the
mechanism? How can
they acquire their
«essence»?

Aristotles
(384-322 BC) s

THIS WILL SErL out!!

S?EC\'ATOK T CLETS: r
To PURCHASE TICKETS

PLEASE Go To:
boulder-beard - moustache - comp- 2014
« ventbrite . com



What are the basic ingredients of natural selection?

In other words, what do we need to make it work?

«A Recipe for Natural Selection»

THE GReeEST Green PResents: S
THE BOULDER FACIAL MAIR cLuBS LR

+ SPECTATOR. TICLETS:
10 ONLINE o %15 DAY oF

+ COMPETITOR TICLETS:
$90 onNLNE o $ 25 DAY OF

THIS WILL SExL ouT!!

To PURCHASE TICKETS
PLEASE Go To:

boulder-beard - moustache - comp- 2014
» QVentbrite . com



What are the basic ingredients of natural selection?

In other words, what do we need to make it work?

.
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What are the basic ingredients of natural selection?

In other words, what do we need to make it work?

« Differential contribution to successive generatlons
* Higher survival s
* Higher reproduction ¢




What are the basic ingredients of natural selection?

In other words, what do we need to make it work?

« Variability among individuals
« Differential contribution to successive generations




What are the basic ingredients of natural selection?

In other words, what do we need to make it work?

« Variability among individuals
« Differential contribution to successive generations
« Mechanism of inheritance




We would like to ask:

Are variability, genetic inheritance and differential contribution all
the ingredients for evolution?

Are they sufficient?

Are they strictly necessary?
What are theirimplications?

Was Darwin’s theory correct?
What are its predictions?
When does it work and when not?
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