Extinction of Animals and Plants

1690 Dodo bird 1768 Stellar’s sea cow 1962 Hawaii chaff flower

(predation by introduced pigs/cats) (hunting for fur/oil) (habitat conversion to military installations)

BEXtinction is the death of all members of a species

BCurrently 2 to 10 million species live on earth
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1. End Ordovician (444 Mya)
86% species

57% genera

27% families extinct

3. End Permian (250 Mya)
96% species

56% genera

57% families extinct

The “big five” mass extinctions

75% species
35% genera
19% families extinct

2. Late Devonian (360 Mya)

Extinctions are a natural part of evolution,
but background rates are typically less than
5 families extinct per million years

5. End Cretaceous (65 Mya)
/6% species

40% genera

17% families extinct

80% species
47% genera
23% families extinct

4. End Triassic (200 Mya)
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Fut_ure near-term
extmc_tlon rates
are driven by human
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“ess against the world’s largest problems.
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Sources: Barnosky et al. (2011); Howard Hughes Medical Institute; McCallum (2015). Vertebrate biodiversity losses point to a sixth mass extinction

Sources: ss e tion.
OurWorldinData.org - Research and data to make progi Licensed under CC-BY by the author Hannah Ritchie.
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Change in climate & ocean chemistry
Rapid and severe global cooling
Volcanic activity and global warming
Volcanic activity and global warming

Asteroid impact in Yucatan/Mexico

BMass extinctions occur naturally and periodically over time: 10% of species are lost
every 1 million years, 30% every 10 million years, and 65% every 100 million years

BEvolution occurs through the balance of extinction and speciation

polytechnique
fédeérale
de Lausanne



=PrL

Holocene extinction -

Sixth mass extinction \ 4y
Y .
mCurrently ongoing mass extinction caused most likely by A c

human activities (ecocide) Uy Gy
Y Sonus

W2 orders, 10 families, and 73 genera of tetrapods (ie, Species
. . . . Vulpes vulpes
mammals, birds, reptiles, and amphibians) have gone Pectfo (Vulpes wipes)

extinct since 1500 AD

BlIO-312 Genomic solutions to sustainable development

mBackground extinction rates are 2 genera per 500 years  » R X
g 60 1

EProjected extinctions between 1800 to 2100 would have £ P
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Human presence predicts loss of mammalian diversity

C Eurasia D Australia

E North America F sSouth America

© 120ka 100ka  80ka 60ka 40ka 20k BP 0 CE 1500 1900 2000 Present © 120ka 100ka  80ka 60ka 40ka 20k BP 0 CE 1500 1900 2000 Present
Time in years Time in years

BHumans drive mammal extinctions since the Late Pleistocene (126,000 years ago)
BHuman population sizes predict past extinctions with high accuracy

BPast climate changes had a negligible impact on global mammal diversity
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BLarge increases in extinction rates are expected by 2100 (2nd wave of extinctions)
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Ancient genomes
time machines and records for future resurrection

Woolly mammoth#® = — = 1.6 million year old
W G C s mammoth DNA
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The half-life of DNA In bone

BDNA decay kinetics: DNA degradation follows an exponential N (t) = Noe ™
decay model

In(2)
A

mHalf-life of DNA: time required for half of DNA to degrade t1/e =

BETemperature-dependent DNA decay: upper limit >1M years

BlIO-312 Genomic solutions to sustainable development

temperature k per site half-life half-life half-life average time (years)
per year (years), 30 (years), (years), length at 10 until average
bp 100 bp 500 bp kyr length = 1 bp
25°C 4.5 x 10™ 500 150 30 2 bp 22 000
15°C 7.6 x 107 3000 900 180 13 bp 131 000
5°C 1.1 x 107 20000 6000 1200 88 bp 882 000
—5°C 1.5 x 1077 158 000 47 000 9500 683 bp 6 830 000
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Full genome of a horse that lived 780,000 years ago
informs about conservation efforts of endangered wild horses

Genome coverage: 1.1x
DNA fragment size: 77.5 bp

BlIO-312 Genomic solutions to sustainable development

o =T IM
cD‘ o

a
e Lausanne Nature 499, 74—78 (2013)



=PFL
Full genome of a horse that lived 780,000 years ago
informs about conservation efforts of endangered wild horses

Genome coverage: 1.1x Horse phylogenetic
DNA fragment size: 77.5 bp relationship established

Donkey - 12.40x

& Thistle Creek — 1.12x
e (GG 10022 - 1.78x
100
== Przewalski’'s - 9.61x

100

Icelandic — 8.43x
100
Icelandic P5782 — 33.22x"

100
0.001

100 Norwegian Fjord - 7.86x

Quarter — 14.46x*
e MRCA Equus 4.0-4.5 Myr 52
e 1.062 Myr (1.037-1.084)

e 0.359 Myr (0.341-0.375) 97
e 0.287 Myr (0.274-0.307) 95

63

Standardbred - 12.16x

Arabian - 11.03x
Thoroughbred — 21.08x

BANcient horse genome helped to establish phylogenetic relationships within Equus
BHorse population sizes fluctuated over past 2 Myrs (periods of climatic change)
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L Full genome of a horse that lived 780,000 years ago

informs about conservation efforts of endangered wild horses

Genome coverage: 1.1x
DNA fragment size: 77.5 bp

Horse phyl

relationship established

Przewalski's horse
(IUCN Endangered)

ogenetic

100
100

0.001

e MRCA Equus 4.0-4.5 Myr
e 1.062 Myr (1.037-1.084)
e 0.359 Myr (0.341-0.375)
e 0.287 Myr (0.274-0.307)

100

Donkey — 12.40x

Thistle Creek — 1.12x
CGG10022 - 1.78x

p== Przewalski’'s - 9.61x

Icelandic — 8.43x
100
Icelandic P5782 — 33.22x"

100 Norwegian Fjord - 7.86x

Quarter — 14.46x*
52

97

95
63

Standardbred - 12.16x

Arabian — 11.03x
Thoroughbred — 21.08x

BPrzewalski’'s horse: last survivor of wild horses and at some point extinct in the wild
BPrzewalski’'s horses and domestic horses split 340,000 to 431,000 years ago
BPrzewalski's and domestic horse genomes show no signs of admixture

BGenetic confirmation that the Przewalski’'s horse requires strong conservation efforts

Nature 499, 74-78 (2013)
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Neanderthals: a group of extinct hominids that inhabited
curope and Western Asia 300,000 to 40,000 years ago
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Neanderthals: a group of extinct hominids that inhabited
Europe and Western Asia 300,000 to 40,000 years ago

Cell, Vol. 90, 19-30, July 11, 1997, Copyright ©1997 by Cell Press

Neandertal DNA Sequences
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Neanderthals: a group of extinct hominids that inhabited
Europe and Western Asia 300,000 to 40,000 years ago

Cell, Vol. 90, 19-30, July 11, 1997, Copyright ©1997 by Cell Press
THE NOBEL PRIZE

Neandertal DNA Sequences IN PHYSIOLOGY OR MEDICINE 2022

and the Origin of Modern Humans 2
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The era of archaic human genomics

Neander Valley Ms

o . | EMNeanderthals and modern humans
‘Altai Denisovan' 'Altai Neanderthal' 'Denny' diverged 520,000-630,000 years ago

&
E Vindija Neanderthal | k ﬁ k
Q. Mezmaiskaya Cave
5 0 a1 | 3 k k < L1 mGenetic evidence indicates that
S DN . - Neanderthals lived in small, highly
g ‘ﬁ, e _\ iInbred, and geographically structured
S / / populations
a e € =
..9 0 'Chagyrskaya Neanderthal' . .
0 - D O ¥ % x BEarly Neanderthals were differentiated
= = into at least two geographic groups
: SN[ N (Eastern and Western)
g A’:
o
3 m\Western Neanderthal group persisted
2 throughout time and may have
S - <\ migrated and replaced
m 0
Current Biology
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Neanderthal DNA In present-day human populations

BModern humans arrived in Europe more than 45,000 years ago and overlapped for 5,000 years with Neanderthals
BWAIl present-day human populations outside of Africa contain genomes from Neanderthals (1-4%)
BAnalysis of modern human and Neanderthal genomes estimated the admixture event to 45,000-49,000 years ago

BPresent-day human genomes can reconstruct 35% of the Neanderthal genome

Neandertal ancestry fraction
0.010 0.020
l l
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Denisovans

a previously unknown archaic subspecies of modern humans
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BArchaic human species discovered in 2010 based on genome sequencing of a finger bone

BFew physical remains have been discovered and most knowledge about Denisovans
stems from its genome.

BDNA evidence suggests dark skin/hair/eyes and a Neanderthal-like skeletal features. A key
distinction are large molar teeth.
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Denisovans, Neanderthals, and modern humans

BNeanderthals and Denisovans separated from each
other 390,000 years ago

BDenisovans and Neanderthals are more closely related 99.7%
to each other than to modern humans |

EDenisova cave was co-inhabited by Neanderthals during £ 95.2%
overlapping periods —
1.2%
BA bone fragment revealed an individual “Denisova 11" s
with a Neanderthal mother and Denisova father | 38.6% 42.3%

BA modern human "Oase 1" who died 37,000-42,000 | :
years ago had a close Neanderthal relative (6-9% Neanderthal - Denisovan Ser
Neanderthaler DNA; 4-6 generations back) (Altai) (Denisova 3)  humar

BlIO-312 Genomic solutions to sustainable development

BThe Oase population, however, did not contribute

, : . : Nature. 2015 Jun 22;524(7564):216-219
- o gignificantly to later populations.
polytechnique Nature 561, 113-116 (2018).
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Up to 5% of the genome from people in Southeast
Asia is derived from Denisovans

Denisovan

y \ introgression:
- W\ NONE [
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g Cell, Volume 177, Issue 4, 1010 - 1021.e32 Aeta people. Source: wikip;echlia
S
o
S BModern humans and Denisovans had offspring as early as 14,500 years ago
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Ancient Pathogen Genomics

Using teeth to uncover ancient microbes

C. WARINNER ET AL., NATURE (2014 _
( ) DOI: 10.1126/science.342.6164.1303

BMolecular fossil records of ancient pathogens
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BLong-time mutation rates and evolution
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Ancient pathogen genomes

HmYersinia pestis bacterium (bubonic plague)
BMycobacterium leprae (leprosy)
BEMycobacterium tuberculosis (tuberculosis)
BTreponema pallidum (syphilis)

BStaphylococcus enterica (typhoid fever)
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Plague ecology and transmission cycle

Pneumonic plague Bubonic plague

Proventricular

Oesophagus
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The return of the plague
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History of plague

H1st pandemic plague (541 to 750): from Egypt to
Mediterranean and unto northwest Europe

B2nd pandemic plague (1331 to ?1855): from

Central Asia to the Mediterranean and Europe (Black
Death 1346-1353). Half of Europe’s 14th century
population died.

m3rd pandemic plaque (1855 to ?1960): from Europe

: h»l
syut

back to China to many places around the world 1345 1947 1948 1349 M350 HESD 35 1355
( I n d I a y U SA) ~Seon Approximate border between the Principality anﬁ Land trade routes
orohibited for Christians. | <G Maritime trade routes
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Recent evolutionary history of Yersinia pestis

BBranches 1-4 represent 80% of all

BlIO-312 Genomic solutions to sustainable development
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modern strains of Y. Pestis

Branch 1

(2nd and 3rd Branch 2 Branch 3

[

pandemics)
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Ancient genomes

Second pandemic genomes (Europe)
(post-Black Death 16th to 18th century CE)

Second pandemic genomes (Europe)
(Black Death until late 14th century CE)

First pandemic genomes (Germany)
(6th to 8th century Ck)

DA101 (Tian Shan region)
(2nd to 3rd century Ck)

Late Bronze Age (Samara region)
(3,800 ysP)

Late Neolithic/Bronze Age (Eurasia)
(4,800-3,500 ysp)

Middle Neolithic (Scandinavia)
(4,900 ysP)

X

O & R Non-flea adapted
L L P

3,500-5,000 yBP
O

»

Flea adaptationin Y. pestis:
acquisition of ymt and
pseudogenization of PDEZ2,
PDE3, rcsA and ureD genes

L
T

Yersinia pseudotuberculosis

Nature 478, 506-510 (2011)
Nat Rev Genet 20, 323-340 (2019).
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Recent evolutionary history of Yersinia pestis

Branch 1 Branch 0
EBranches 1-4 represent 80% of all Condemicy  Branch2 Branch3 Branch4 o 6 0 & w4 b
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modern strains of Y. Pestis L] @ @ @ shatel selsl Sy Lk
£ . - ?
2 mBlack Death genome falls onto basis of Lo
Q.
e modern Branch 1-4 genomes and gave | o ’
® rise to the diversity seen today bpolytﬁ@
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Emergence of modern bubonic plague from mid Bronze Age

b
mEarliest genetic evidence for Y. Pestis  E—r YOS
infections in humans date back to the e {r L e
Bronze Age period (5000-3500 years ago) Bnscar i | o
. ] . Black Death isolate . ANT (=) GHRL AP PR
BAIl modern strains (1st/2nd/3rd pandemic) e amn oty oo

=< 0.ANT3 (n=6) CHN, FSU

—10.ANT2 (n=2) CHN

evolved from ancient Y. Pestis strain 3800
years ago (mid Bronze Age)

Justinian2148 (1524—-1382 calBP) (n=1) DE

= —*—«O.ANH (n=8) CHN

RT5 node
*=< 6213, 6707, 6906 (n=3) MNG

m5,000 years ago Y. Pestis strains were not ? % S —

*iO.PE4A (n=2) CHN

—*I RT5 shotgun + capture (3868-3704 calBP) (n=2) RUS

buboni t4,000 later b

ubonic, yet 4, years later became i A
- 0.PE7 (n=1) CHN

b u bo n I C * RISE505 (3694-3575 calBP) (n=1) RUS

* LePostillionstrasse (3,957-3832 calBP) (n=1) DE

* —— 1343UnTal85 (4346-4098 calBP) (n=1) DE

Kunila2 (4524-4290 calBP) (n=1) EST

Gyvakarail (4571-4422 calBP) (n=1) LTU

GEN72 (4833-4592 calBP) (n=1) CRO

— RISE509 (4836-4625 calBP) (n=1) RUS

- RK1.001 (4828-4622 calBP) (n=1) RUS

| *

*
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