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[bookmark: _Toc29980165]Opdracht 1: Uitbeelden van protonen gradiënten over een membraan

In de dozen bevinden zich a) een electronentransportketen (ETS) en b) een ATP synthase (beiden verkregen via origamiorganells.com).
(NB: Deze organellen zijn alvast in elkaar gezet t. b. v. de workshop. Toch is juist het bouwen van organellen onderdeel van het leerproces, leerlingen kunnen dit (thuis) doen in +/- 45 min)

1. Teken op het A0 vel een binnen en buitenmembraan van een mitochondrium (of een bacterieel membraan) en plaats de elektronentransportketen en de ATPase uit de doos over de getekende membraan.
[image: ]
. 1 bron:origamiorganelles.com
2. [image: atp synthase origami organelle]De co-enzymen NADH+ en FADH2 staan hun elektronen, verkregen uit de redoxreacties in de glycolyse en het citroenzuurcyclus, af aan de eiwitcomplexen I en II. Hierbij worden NADH+ en FADH2 geoxideerd.
3. De hierbij vrijkomende energie wordt gebruikt om protonen te pompen. Beeld uit hoe de gradiënt over de membraan ontstaat. (zie evt. blz. 4, afb. 1 en 2 voor extra info).
4. Wanneer (en waar) worden de elektronen op zuurstof overgedragen? 
5. Zet nu ATP-ase in werking. Hoe wordt ATP geproduceerd? Welke weg leggen de protonen af? Hoe beweegt de rotor in ATP-ase? Leg dat aan elkaar uit!




Afbeelding 1
[image: ]
Bron: BINAS, 6de eds. 


	Afbeelding 2
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[bookmark: _Toc29980166]Opdracht 2: Bioinformatica met pen en papier 
Deze opdracht is overgenomen uit het Magazine ‘Science in school’ 
(https://www.scienceinschool.org/2010/issue17/bioinformatics). Leerlingen leren bij deze opdracht (verzonnen) homologe DNA sequenties te vergelijken en op basis hiervan een stamboom van primaten te bouwen. Deze opdracht is in zijn geheel (plus awm) in het Engels beschikbaar (zie extra stencils, niet in deze reader opgenomen).  
[bookmark: _Toc29980167]Opdracht 3: Stambomen construeren met ijzerwaren

[bookmark: _Toc29980168]2.1 Basisopdracht 
Construeer van de afgedrukte ijzerwaren in de envelop een fylogenetische stamboom.
(NB: De volledige opdracht is te vinden op (https://www.scienceinschool.org/sites/default/files/teaserPdf/issue27_phylogenetics.pdf
[bookmark: _GoBack](bijlage 6 )

Pas daarbij onderstaande ‘evolutionaire’ regels toe: 
· Organismen die op elkaar lijken zijn waarschijnlijk meer aan elkaar gerelateerd dan organismen die niet op elkaar lijken.
· Veranderingen in morfologie vinden geleidelijk plaats, soms zijn er abrupte overgangen zichtbaar.
· Complexere vormen volgen simpelere vormen op (met uitzonderingen).
· Gespecialiseerde structuren kunnen verloren gaan.
[bookmark: _Toc29980169]2.2 Evolutie van Eukaryoten 
Construeer van de afgedrukte ijzerwaren in de envelop een stamboom met twee domeinen (Archaea en Bacteriën) die aan de basis staan en laat de Eukaryoten hieruit ontstaan. Gebruik de informatie uit de presentatie en bijlage 4.
[bookmark: _Toc29980170]Opdracht 4: Stambomen construeren met LEGO (open opdracht) 

Construeer uit de doos met LEGO onderdelen een fylogenetische stamboom waarin Eukaryoten ontstaan uit de domeinen Bacteria en Archaea. Gebruik hierbij de informatie uit bijlage 1 en 3. Hoe zou je de horizontale overdracht van genen kunnen uitbeelden? 



[bookmark: _Toc29980171]Bijlage 1: Ontstaan van eukaryoten langs de Archaeale lijn 
(veranderd naar ‘Archaea and the origins of Eukaryota (zie samenvatting hieronder)
[image: ]

[bookmark: _Toc29980172]Bijlage 2: Archaea and the origins of Eukaryotes 
Samenvatting Nature artikel. Het volledige artikel is downloadbaar op
https://www.researchgate.net/profile/Laura_Eme/publication/320986183_Archaea_and_the_origin_of_eukaryotes/links/5a0974010f7e9b68229cfc7e/Archaea-and-the-origin-of-eukaryotes.pdf
[image: ]

[bookmark: _Toc29980173]Bijlage 3: Why are cells powered by proton gradients? 

Volledige artikel vrij toegankelijk op https://www.nature.com/scitable/topicpage/why-are-cells-powered-by-proton-gradients-14373960
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[bookmark: _Toc29980174]Bijlage 4: Verdergaande bronnen/lesideeën op het web

1. https://www.origins-center.nl

Nederlands initiatief, gesticht in 2017, waarin onderzoekers uit verschillende disciplines samenwerken aan vragen gerelateerd aan het ontstaan van leven.

2. http://www.bioinformaticaindeklas.nl/software/
Nederlandse site met werkende en uitdagende VO opdrachten (alignment, eiwit visualisatie), opgericht door de RU, wordt helaas niet meer actualiseert.  

3. Origin of life (biochemistry meets geochemistry) and 
The symbiotic origin of Eukaryotes 

Professionele (Engelstalige) filmpjes geproduceerd door Bil Martin, Univ. Düsseldorf, te vinden op https://www.molevol.hhu.de/en/movies.html (geschikt voor vwo 5/6)

4. Boek: De belangrijkste vraag van het leven, van Nick Lane (2018, Promotheus) 

5. Als je geen zin of tijd hebt om het boek van Nick Lane te lezen 
https://www.youtube.com/watch?v=gLcWfecmZhE
Ook andere video’s van hem zijn zeer de moeite waard. 

6. Uitbeeld biologie met behulp van origami (gezien op de NIBI)
https://origamiorganelles.com

7. Artikel op Nature.com (voor onderwijs, vrij toegankelijk) 
Why are cells powered by proton gradients? 
https://www.nature.com/scitable/topicpage/why-are-cells-powered-by-proton-gradients-14373960

8. Woods Hole Oceanographic Institution 
Educatief materiaal uit een van de grootste oceanografische onderzoeksinstituten 
https://divediscover.whoi.edu/hydrothermal-vents/ventbasics/












[bookmark: _Toc29980175]Bijlage 5: The trickster microbes shaking up the tree of life 
(Nature research highlight comment, mei 2019) (2 of 3 domeinen?)
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[bookmark: _Toc29980176]Bijlage 6 Phylogenetics of man-made objects: simulation of evolution in the classroom 
(uit scienceinschool.org 2011, Vol 27, 26-13) [image: ]
[image: ][image: ][image: ]
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REVIEWS

Archaea and the origin of eukaryotes

Laura Eme, Anja Spang, Jonathan Lombard, Courtney W. Stairs and Thijs J. G. Ettema

Abstract | Woese and Fox's 1077 paper on the discovery of the Archaea triggered a revolutionin
the field of evolutionary biology by showing that ife was divided into not only prokaryotes and
eukaryotes. Rather they revealed that prokaryotes comprise two distinct types of organisms, the
Bacteria and the Archaea. In subsequent years, molecular phylogenetic analyses indicated that
eukaryotes and the Archaea represent sister groups in the tree of life. During the genomic era,
it became evident that eukaryotic cells possess a mixture of archaeal and bacterial features in
addition to eukaryotic-specific features. Although it has been generally accepted for some time
that mitochondria descend from endosymbiotic alphaproteobacteria, the precise evolutionary
relationship between eukaryotes and archaea has continued to be a subject of debate. In this
Review, we outline a brief history of the changing shape of the tree of life and examine how the
recent discovery of amyriad of diverse archaeal lineages has changed our understanding of
the evolutionary relationships between the three domains of life and the origin of eukaryotes.
Furthermore, we revisit central questions regarding the process of eukaryogenesis and discuss

what can currently be inferred about the evolutionary transition from the first to the last

eukaryotic common ancestor.

‘The pioneering work by Carl Woese and colleagues
revealed that all cellular life could be divided into three
major evolutionary lines (also called domains): the
Eukarya (or eukaryotes), the Bacteria and the Archaea’*
(FG. 1. In the late 19805, phylogenetic trees that were
constructed on the basis of ancient gene duplications
provided the first strong evidence that eukaryotes
and archaea were sister groups®. This tree topology is
generally referred to as the three-domains tree of ife
(FG. 15). The discovery of several molecular features
that are shared between only archaea and eukaryotes
appeared consistent with this rooting of the tree of life.
For example, archaeal RNA polymerases were found to
be more complex than their bacterial counterparts, and
their subunit composition was found to resemble that of
eukaryotes*”. However, the proposed evolutionary rela-
tionship between monophyletic groups of the Eukarya and
the Archaca has been challenged. The three-dimensional
structures of ribosomes and a shared amino acid inser-
tion in a conserved region of the elongation factor la
homologues indicated that eukaryotesare a sister group
of the ‘eocyte archaed  (that s, Crenarchacota)”. In other
words,these analyses supported the idea that eukaryotes
emerged from within the Archaea, which would be in
favour of a two-domains tree of life. In this evolution-
ary scenario, Archaea and Bacteria represent the only
primary domains of life, and eukaryotes later emerged
from lineages within these groups (FG. 16).

In this Review, we discuss how culture-independent
genomics has transformed our understanding of
archacal diversity and how this has influenced our
understanding of the topology of the tree of life

Specifically, we discuss how the discovery of novel
archacal superphyla combined with improved molec-
ular phylogenetic approaches has led to unprecedented
insights into eukaryogenesis — the processes by which
eukaryotic cells evolved from prokaryotic precursors.

‘We outline the main questions that need to be addressed
to understand the process of eukaryogenesis, provide
details on how archaeal research has allowed us to start
answering some of these questions and highlight future
research prioritis.

Uncovering archaeal diversity
In the 19905, the advent of DNA sequencing in molec-
ular phylogenetics enabled the analysis of various genes
(or markers) to investigate the evolutionary relationships
between major branches in the tree of lfe. Initially these.
analyses were limited to a small number of genes that
had been sequenced from alimited number of cultivated
organisms, and for a long time, the Crenarchacota and
the Euryarchaeota were the only recognized archacal
phyla. These analyses, together with the simpler phylo-
genetic methods and evolutionary models that were
available at the time, yielded conflicting results, and
the relationships among the domains of life remained
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Why Are Cells Powered by Proton Gradients?

By: Nick Lane, Ph.D. (Research Department of Genetics, Evolution and Environment, University College London ) ® 2010 Nature
Education
Citation: Lane, N. (2010) Why Are Cells Powered by Proton Gradients? Nature Education 3(9):18 ReaEApoEaLe®

The proton gradients that power respiration are as universal as the genetic code
itself, giving an insight into the origin of life and the singular origin of complexity.
A Aa Aa

Why do virtually all cells "breathe" by pumping
protons (hydrogen ions) across a membrane?
According to molecular biologist Leslie Orgel,
this is the single most counterintuitive idea in
biology after Darwin's, and the only one to bear
comparison with the concepts of Heisenberg,
Schrédinger, and Einstein (Orgel 1999).

Pioneered by the eccentric British biochemist
Peter Mitchell (Figure 1), largely in his own
research laboratories in a renovated country
house in rural Cornwall, the concept was
controversial for more than twenty years. This
period of controversy was known as the "ox-phos Figure 1: Peter Mitchell and the ATP

wars" (after "oxidative phosphorylation," the synthase enzyme

mechanism of ATP synthesis in respiration). The © 1999 Nature Publishing Group Orgel,
wars drew to an end only after Mitchell received L. Are you serious, Dr Mitchell? Nature
the Nobel Prize in 1978. 402, 17 (1999). All rights reserved. &

There's an irony here. Mitchell's Nobel was for

work in chemistry, yet his ideas are actually about the elimination of chemistry. In the same way
that the genetic code enables information to transcend chemistry, so Mitchell's proton gradients
enable cellular metabolism to transcend chemistry.

The use of proton gradients gives an insight not only into how life got going in the first place,
but also, perhaps, its deepest stalling point: the evolution of complex eukaryotic (nucleated)
cells, which arose just once in 4 billion years of evolution.
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THE TRIGKSTER MICROBES
SHAKING UP THE TREE OF LIFE

Mysterious groups of archaea — named dfter Loki and other Norse myths —
are stirring debate about the origin of complex creatures, including humans.

very mythology needs a good trickster, and

there are few better than the Norse god Loki.

He stirs trouble and insults other gods. He is

elusive, anarchic and ambiguous. He is, in other words, the perfect

namesake for a group of microbes — the Lokiarchaeota — that is
rewriting a fundamental story about life’s early roots.

These unruly microbes belong to a category of single-celled organisms
called archaea, which resemble bacteria under a microscope but are as
distinct from them in some respects as humans are. The Lokis, as they are
sometimes known, were discovered by sequencing DNA from sea-floor

322 | NATURE | VOL 569 | 16 MAY 2019

BY TRACI WATSON

muck collected near Greenland'. Together with
some related microbes, they are prodding biolo-
gists to reconsider one of the greatest events in the
history oflife on Earth — the appearance of the eukaryotes, the group of
organisms that includes all plants, animals, fungi and more.

The discovery of archaea in the late 1970s led scientists to propose that
the tree of life diverged long ago into three main trunks, or ‘domains. One
trunk gave rise to modern bacteria; one to archaea. And the third pro-
duced eukaryotes. But debates soon erupted over the structure of these
trunks. A leading ‘three-domain’ model held that archaea and eukaryotes

© 2019 Springer Nature Limited. All rights reserved.





ILLUSTRATION BY FABIO BUONOCORE

diverged from a common ancestor. But a two-domain scenario suggested
that eukaryotes diverged directly from a subgroup of archaea.

The arguments, although heated at times, eventually stagnated, says
microbiologist Phil Hugenholtz at the University of Queensland in
Brisbane, Australia. Then the Lokis and their relatives blew in like “a
breath of fresh air”, he says, and revived the case for a two-domain tree.

These newly discovered archaea have genes that are considered
hallmarks of eukaryotes. And deep analysis of the organisms’ DNA
suggests that modern eukaryotes belong to the same archaeal group. If
that’s the case, essentially all complex life — everything from green algae
to blue whales — originally came from archaea.

But many scientists remain unconvinced. Evolutionary tree building is
messy, contentious work. And no one has yet published evidence to show
that these organisms can be grown in the lab, which makes them difficult
to study. The debate is still rancorous. Stalwarts on both sides are “very
hostile to each other, and 100% believe there’s nothing correct in the
other camp’, Hugenholtz says. Some decline to voice
an opinion, for fear of offending senior colleagues.

What's at stake is a deeper understanding of the
biological leap that produced eukaryotes: “The big-
gest thing that happened since the origin of life,”
according to evolutionary biologist Patrick Keeling
at the University of British Columbia in Vancouver,
Canada. Where they came from “is one of the most
fundamental questions in understanding the nature
of biological complexity”, he says. To answer that
question, “we need to resolve who's related to who”.

THIS
ANA

)

TWO BECOMES THREE

For scientists half a century ago, life on Earth
was split between two categories: eukaryotes,
living things with cells that contain membrane-
wrapped internal structures, such as a nucleus; and
prokaryotes, single-celled organisms that generally
lack internal membranes. Bacteria were the only
prokaryotes that biologists knew about. Then, in 1977, evolutionary
biologist Carl Woese and his colleagues described archaea as a third,
distinct form of life — one that reached back billions of yearsz. Life,
Woese said, should be divided into three bins rather than two.

He was not without his detractors. In the 1980s, evolutionary biologist
James Lake at the University of California, Los Angeles, proposed that
eukaryotes are sisters to archaea that he called eocytes, which means
dawn cells**. The idea evolved into the two-domain scenario.

Lake and Woese fought bitterly over their competing models,
culminating in a legendary shouting match in the mid-1980s. After-
wards, Woese “didn’t want to meet with Jim Lake”, says microbiologist
Patrick Forterre at the Pasteur Institute in Paris. Lake does not dis-
pute the acrimony. “That was really quite a debate, and there was an
enormous amount of politics,” he says. Woese died in 2012.

Today, the argument over where eukaryotes came from has matured.
Many on both sides agree that the origin of eukaryotes probably
involved a step known as endosymbiosis. This theory, championed by
the late biologist Lynn Margulis, holds that a simple host cell living eons
ago somehow swallowed a bacterium, and the two struck up a mutually
beneficial relationship. These captive bacteria eventually evolved into
mitochondria — the cellular substructures that produce energy — and
the hybrid cells became what are now known as eukaryotes.

The nature of the engulfing cell is where the two camps diverge. As the
three-domain adherents tell it, the engulfer was an ancestral microbe,
now extinct. According to Forterre, it was a “proto-eukaryote” — “neither
amodern archaeon nor a modern eukaryote”. In this model, there were
several major splits in early evolution. The first happened billions of years
ago, when primeval organisms gave rise to both bacteria and an extinct
group of microbes. This latter group diverged into archaea and the group
that became eukaryotes.

In the two-domain world, however, a primeval organism gave rise to
bacteria and archaea. And the organism that eventually swallowed the

"| SAID, HMM
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fateful bacterium was an archaeon. That would make all eukaryotes a
sort of overachieving branch of the archaea — or, as some scientists call
it, a ‘secondary domain’ (see ‘Domains in debate’).

SCRAMBLED MESSAGES
Without a wayback machine for microbes, sorting through these hypo-
theses is exceedingly difficult. The fossil record for the earliest eukaryotes
is sparse, and examples can be inscrutable. Scientists must rely instead on
the records that are written in the genomes of modern organisms, which
themselves have been scrambled by the passage of time. “We're trying
to resolve something that happened probably a couple billion years ago,
using modern sequence data,” says computational evolutionary biologist
Tom Williams at the University of Bristol, UK. It is no easy task.
Current gene-sequencing technologies have pushed the debate
forward. Until recently, scientists who sought to identify the bacteria or
archaea in a particular habitat had to grow the organisms in the lab. Now,
researchers can assess microbial diversity in a sample
of water or soil by fishing out the DNA and analysing
.I u w it using mathematical tools, a technique called meta-
LE?

genomics. In 2002, scientists knew of two categories
(or phyla) of archaea. Today, thanks to metagenom-

ics, the number of groupings has exploded.
Evolutionary scientists have been quick to take
advantage of the growing bounty. Using the latest
powerful modelling techniques, they have created
a forest of evolutionary trees detailing the familial
relationships among archaea. The results, in many
cases, place eukaryotes within the archaeal ranks.
“The weight of evidence, in our view, really did
shift toward the two-domain, eocyte tree,” says

G
GENOME?”

Williams. But for some, the debate was still short
on data.

Then, in 2015, a group led by Thijs Ettema, an
evolutionary microbiologist at Uppsala University
in Sweden at the time, published DNA sequences for
Lokiarchaeota, found in sediments dredged up five years earlier". Within
two years, Ettema’s team and other researchers had announced the discov-
ery of three new archaeal phyla related to the Lokis™. The entire grouping
of new phyla was named Asgard after the realm of the Norse gods.

The Asgard archaea are tiny in size, but they have proved to be mighty.
They have reinvigorated debate about the true number of life’s domains.
And they are providing tantalizing hints about the nature of the cells that
gave rise to the first eukaryotes — at least to two-domain proponents.

Like their namesake, Lokiarchaeota and their kin evade easy descrip-
tion. They are unquestionably archaea, but their genomes include a smor-
gasbord of genes that are similar to some found in eukaryotes. Loki DNA,
for example, contains genetic instructions for actins, proteins that form a
skeleton-like framework in eukaryotic cells. The genes seemed so out of
place that the researcher who spotted them initially worried that contami-
nation was to blame. “I said, Hmm, how is that possible? Can it be that
this is really an archaeal genome?’” recalls evolutionary microbiologist
Anja Spang at the Royal Netherlands Institute for Sea Research in Texel.

Evolutionary modelling reinforced the tight linkage between the
Asgard archaea and eukaryotes. The trees built by Ettema’s team place all
eukaryotes in the Asgard grouping™.

Now, many researchers are using data from these archaea to formulate
a better picture of the eukaryotic precursor. It might already have had
some features typical of eukaryotes before it took in the mitochondrial
predecessor. “It probably had some very primitive membrane-biology
processes going on,” Ettema says.

According to an analysis published this year’, the ancestor of the
Asgard archaea probably fed on carbon-based molecules, such as fatty
acids and butane. This diet would have generated byproducts that could
nourish partner bacteria. Such food-sharing agreements — common
among microbes — could have evolved into a more intimate relation-
ship. An archaeon might have snuggled up next to its bacterial partner
to ease nutrient exchanges, leading eventually to the ultimate embrace.

16 MAY 2019 | VOL 569 | NATURE | 323
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Such scenarios still provoke doubts, however. Chief among the
unconvinced is Forterre. After combing through the Asgard paper, he
and his colleagues published an exhaustive rebuttal® of the work.

MISLEADING MARKERS?

In a charge that infuriates Ettema, Forterre and his group suggested that
some eukaryotic-like sequences found in the Lokis were a result of con-
tamination. A Loki protein called elongation factor 2, for example, was
“likely contaminated by eukaryotic sequences”, Forterre’s team wrote in
its critique. Forterre now says he’s uncertain about this point.

But he and his colleagues still stand by their criticism of the Asgard
evolutionary trees. Even those who are master tree-builders concede
that it is tricky to untangle how organisms living two billion years ago
were related to each other. Biologists reconstruct these relationships by
modelling how a particular ‘marker’ — usually a protein or a gene — has
changed over time in the organisms of interest.

Forterre’s group says that Ettema’s team unintentionally chose
misleading markers to build its tree. Forterre and his group did their
own tree analysis using two large proteins as markers because, by
virtue of their size, big proteins are more likely to record the desired
information. The result was a three-domain tree.

Ettema says that the two markers used by Forterre are insufficient
for tracking events that took place so long ago — a criticism echoed by
other scientists. And when Ettema’s team tried to replicate Forterre’s
finding, even with the two proteins Forterre used, the result was still a
two-domain tree, he says. Ettema hasn’t published the results.

Ettema chalks up some of the differences to disciplinary background.
“Patrick Forterre is a brilliant scientist in his field,” he says, but with the
Lokis, “he overstepped his expertise a little bit” Forterre says that he has
some skills in phylogenetics and that his co-authors have more.

Nevertheless, not all two-domain supporters dismiss Forterre’s trees.
Williams, for example, is building a tree using the latest analytical tools
and folding in new varieties of archaea. He hopes that this effort will
help him to understand some of Forterre’s results.

The three-domain tree also has a high-profile ally in microbiologist
Norm Pace of the University of Colorado, Boulder, who pioneered
some of the methods that are essential for placing microbes on the
tree of life. Pace says that over vast spans of time, some markers will
undergo change that is difficult to track. Ettema and others use statistical
methods to account for such stealthy change, but Pace dismisses them.
“Ettema and colleagues claim they can calculate unseen change. I claim
that’s a stupid assumption,” Pace says. But the methods are widely used.
And Ettema counters that scientists can use various tests to determine
whether such changes are affecting their data.

Other scientists are reserving judgement: “Trees change,” is a com-
mon refrain. Keeling says he’s “totally on the fence”. And Hugenholtz
agrees that “the jury’s out”, although both scientists say they think that
the evidence for two domains is growing.

As they wait for the rustling trees to settle, researchers are turning to
other lines of evidence that might support a two-domain tree. Bacteria
and eukaryotes have one set of lipids in their cell membranes, whereas
archaeal membranes contain a different set. A mixture of the two was
thought to be unstable. This ‘lipid divide’ has been a sore spot for the
two-domain proponents, because it implies that if eukaryotes came
from archaea, they would have had to switch from using archaeal lipids
to producing bacterial versions.

But the lipid divide no longer looms as large. Last year, Dutch
researchers succeeded in engineering bacteria with cell membranes that
contain both archaeal and bacterial lipids’. Scientists have also found
bacteria in the Black Sea that have genes for making both types of lipid'°.
Microbes could have had such mixed membranes during the transition
from archaea to eukaryotes, says microbiologist Laura Villanueva of the
Royal Netherlands Institute for Sea Research, who is a member of the
team that studied the Black Sea bacteria.

But analyses of the Asgard archaea, including the Lokis, remain
limited. “What people are really waiting for is the isolation of a member
of these lineages,” says evolutionary microbiologist Simonetta Gribaldo
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An organism related to archaea engulfed one related to modern bacteria eons
ago, resulting in eukaryotes — complex organisms whose cells contain
membrane-wrapped structures such as mitochondria. But it is unclear what
the engulfing cells were. A three-domain model holds that they shared a
common ancestor with archaea.

Last common
ancestor of archaea
and eukaryotes

Supporters of a two-domain model argue that the engulfing cell was an archaeon
and that all eukaryotes — humans included — descend from archaea.

at the Pasteur Institute. “We need to grab them, we need to culture them”

Some have sluggish metabolisms and are slow to multiply — “exactly
what you do not want if youre trying to grow an organism’, Ettema says.
Only a few other scientists admit to even trying. Microbiologist Christa
Schleper at the University of Vienna, who is attempting to culture the
Asgards, calls it “the craziest project I've ever applied for money for”.

Elusive though the microbes might be, one team has captured what
it says are the first images of Asgard organisms. Pictures of one type
show rounded cells, each containing a compacted bundle of DNA that
resembles that defining feature of all eukaryotes, a nucleus. The images
are “intriguing” but inconclusive, says microbiologist Rohit Ghai at the
Biology Centre of the Czech Academy of Sciences in Ceské Budéjovice,
who is a co-author of the preprint containing the images'".

The overall picture is still unclear. In Norse legends, Loki often sows
mayhem — and then sets everything right again. As the Lokiarchaeota
and their relatives emerge from the shadows, two-domain supporters
would like them to settle the long-standing debate over the origin of
complex life. But that could take a while. “When we discovered the
Asgard archaea, we thought that would convince everybody;” says Spang
with alaugh. “That wasn’t the case” m

Traci Watson is Nature’s Research Highlights editor in Washington DC.
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Phylogenetics of man-made
objects: simulating evolution
in the classroom

Evolutionary
relationships

can be tricky to
explain. By using
simple, everyday
objects, your
students can
work them out
for themselves.
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By John Barker and Judith Philip

B irds, bats and insects all have
ings; horses, millipedes

and erocodiles all have legs. Many

unrelated species can be grouped

by physical similarities - that is

one of the problems with studying

morphological phenotype to

determine evolutionary relationships.

Convergent evolution can result

in apparently similar structures.

Although the end product may be the

same (. the presence of wings), the

starting points can be very different.

Some organisms that may appear

imilar and hence related are actually

widely separated from each other in

the evolutionary tree.

Atamolecular level, DNA and
protein studies can be used to
produce a family tree by looking at
the differences between homologous
sequences: sequences that are thought
to have evolved from a common
ancestor. Kozlowski (2010) describes
an excellent activity to demonstrate
this in a classroom, but there i a sense
of being removed from the study — the
data required is simply downloaded
and used. This article provides a
complementary, more hand-on
introduction to evolutionary studies,
in which the students gather all the
necessary data themselves before
considering the underlying principles.

In this classroom activity, your
students can use a wide range
of objects to create an artificial
phylogeny based on morphology.
The family tree that they produce
will be artificial i the sense that
the objects used have not actually
evolved from each other. However,
the problems faced and the questions
posed are similar to those addressed
by palacontologists using specimens
of fossils, or by entomologists using
specimens of dead insects in museum
cabinets

The activity, which takes
approximately 30 minutes, is suitable
for a wide range of students, from the

wwwscienceinschoal.org

age of about 15 up to postgraduate
Tevel.
Ttallows students to:

1. Use morphology to make an
“evolutionary’ tree.

2. Link morphology to adaptations
and consider the definition of a
species.

3. Hypothesise the morphology of
missing links and state how their
hypothesis could be tested.

4. Consider the challenges and
limitations of using evolutionary
trees based on morphology and on
DNA sequences.

5. Investigate for themselves the
concepts of divergent, convergent
and parallel evolution.

6. Present, discuss, defend and
evaluate a proposed evolutionary
tree.

7. Recognise the expertise required
by scientists when making
evolutionary trees.

@ Biology
@ Evolution
@ Ages 14-19
Evolution s a tricky con-
cept to understand. This
article describes an unu-
sual but simple classroom
activity, using cheap and
easily available materials
to teach some of the most
basic principles of evolu-
tion. More  specifically,
through the use of evolu-
tionary trees, students can
investigate the phenomena
of divergence, convergence
and parallel evolution. Its
also fun!

Michalis Hadjimarcou,

Cyprus

Afruitbat
(Preropodidae)

o s van dor S/ Wikl Commons

Guiding principles

‘There are four guiding principles
used to produce an evolutionary tree
based on morphology:

1. Quaniams thatregemblecach
other in many ways are probably
medacarhdtaen

ﬂ\ ible each
tly. That i
tter the similarity in structure
(the more features in common), the
closer the probable relationship
between tw

2. Evolutionis usuallx the result of
agradual accumulation of small
changes in structure (and function)
but occasionally there are larger
shanges,

3. In simpler forms give rise

complex ones and smaller
foqmatolacgeroncg although
there can be exceptions.

4. Evolutior rocesses do not
go into reverse, but speci
structures can be lost.

Activity: evolution in the
classroom

One version of this activity uses
metal objects such as nails, screws,
staples, paperclips and drawing pins.
‘The greater the number of objects
used, the longer the activity will take.

As a guide, it will take the students
around 15 minutes to sort out the
evolutionary relationships and 10-15
minutes for feedback and discussion.
‘The time required could be shortened
by using fewer objects or using
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printouts instead of real objects —

Materials

For each group, you will need one
example each of some or all of the
following metal objects (figure 1).
Alternatively, you can use printouts of
the objects (see the procedure, below).
« 75 mm tack [A]

* 20 mm nail [B]

« 20 mm screw [C]

*+ Hairpin (50 mm) [D]

« Staple 25 mm) [E]

« Safety pin (40 mm) [F]

« Split rivet (20 mm) [G]

* Paperclip (32 mm) [H]

« 25 mmtack[]]

« Upholstery pin (20 mm) [K]

« 13 mm nail [L]

* Mirror screw (20 mm) [M]

* Insulated staple (13 mm) [N]

* Round-headed paper fastener
(20 mm) [O]

« Flat-headed paper fastener

(20 mm) [P]

+ Round-headed screw (25 mm) [Q]
* 50 mm nail [R]

« Drawing pin (6 mm) 5]

* Hook (20 mm) [T]

* Kirby grip [W]

« Bolt (65 mm) [Z]

28 | Science in School | ssue 27 : Autumn 2013

Note, however, that it is not
essential that the objects are exactly
the size stated.

Procedure

1. Divide the class into groups.

2. Either:

) Hand out one of each of the
objects shown in the figure to every
group. Make sure each object has a
letter.

b) Download the pictures of the
objects in figure 1 from the Science in
" and cut them out,
Keeping the letter with the picture.
Use the printouts as though they were
the actual objects.

3. Askyour students to arrange the
objects to form a possible evolu-
tionary series, using the four guid-
ing principles. Encourage them to
choose the smallest, simplest form
as the probable common ancestor
for the group and then try to ar-
range the others as branches
of a tree derived from this ances-
tor.

4. Askyour students to record their
trees using the letters associated
with the objects.

5. Explain the concepts of divergent,
convergent and parallel evolution.
Then get your students to mark
their trees to show possible di-
vergence, convergence or parallel
evolutionary developments.

Some solutions and
discussion points

Some lines of evolution seem very
obvious whereas other specimens will
be quite difficult to place. Some may
fit in several positions.

* The common ancestor is probably L
—a small, simple form with a tiny
head and simple shaft.

+ L—B —Risan obvious line
showing increase in size.

« L—] —Aisa parallel line with
asquare shaft and larger head
between Land J. Lor B or J could
have — C by an increase i
complexity of head and shaft. (L or
B seems the more likely ancestor
because ] has a square shaft.)

+ C—Q-Zisaline showing
an increase in size, increase
complexity of head, and finally
achange in the shaft. Probably
C T through a change in head
accompanied by slimming of the
body:

“ L-S—K
increase
of the head. Probably § — P
through an increase in size, but the
materialis different so it is possible
that B or ] — P, in which case there
would be a convergence between P
and$s /K.

* 15 G part of this evolutionary
series? Either S or P could — G by a
thickening and subsequent splitting

www.scienceinschaal.arg
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of the shaft. Probably G — O by
a combination of elongation and
slimming (a sort of eel-like series).
« M presents aninteresting problem:
ofits two parts, one, the base
component, is clearly very close to
Cin structure; the other part, the
top component, shows similarities
toZ but the head is smooth, not
grooved. M also shows similarities
toS but the shaft s threaded, not
smooth. This s probably part
of the radiation from C but it is
clearly convergent to'S. Do the two
components represent two sexes
(illustrating sexual dimorphism)
oris M really a curious hybrid
between descendants of Cand §?
Al the evolutionary series
considered so far basically have
a straight shaft and a single axis
(exceptions are G and O where the
shaft is double; T, which has a curved
head, is another highly divergent
type). We could say that all these
forms are members of a single order -
Orthos (from the Greek for ‘straight’)
or some similar name. The rest of
the objects are bent in various ways
~Sinuos (from the Latin for ‘curve’)
or some similar name. Of the curved
objects, the simplest form is probably
E so this is likely to be nearest to the
common ancestor.
« Probably L— E by loss of its tiny
head and bending of the shaft but
it is just conceivable that T — E by

Teaching activities

Figare 1: Image of
8 example man-made

objects

loss of the screw thread and further
bending of the head. It seems more
likely that T is convergent to the
series descended from E.

* E—N byaddition of the plastic
insulation.

* E =D by elongation and slimming
of the two sides and appearance of
waves.

* D — Why further asymmetrical
specialisation of the two sides.

* Hand Flook as though they are
related, with H - F by addition of
material to form a head. H might
be derived from E by slimming and
bending possibly with common
ancestry with D; extra bends
formed later, thus E — X (not
represented in the collection —an as
yet undiscovered fossil) =D — W
andX —H—E

* Gand Ohave double shafts
could they be part of the Sinuos
order? O could be derived from E
by slimming and development of
the centre into a sort of head, and
then O could develop into G by
strengthening and solidification.
In this case, there would be strong
convergence between Gand S / P.
Within each ‘order’, there are

several

showing increases in size are common
inthe Orthos group; they also

show variety in the development

of the head and of the shaft, both

independently and together. The

Sinuos group shows variety in the
bending of the two shafts; they
generally lack heads - which may
make it more probable that G and O
are Orthos and not Sinuos.

Your students may have thought
out quite a different series of
evolutionary lines but as long as
they can justify them using the four
general principles, then each seri
isjust as credible. If the objects
were extant organisms, then there
would be other possible lines of
argument - such as studies of their
molecular characteristics or of their
embryology - which might support
some hypotheses while discounti
others and so indicate more precisely
the probable evolutionary series.

Variations

‘This type of activity can also be
carried out with a range of other
objects, for example biscuits or dried
pasta. These materials can introduce
another variable - that of colour.

Do the colour differences represent
camouflage, for example, or sexual
dimorphism?

For a simple, 20-minute activity, a
small group of objects can be used to
represent the problems sometimes
faced by palacontologists. New
specimens can be introduced as if they
were recently discovered fossils. How
can these new finds be accommodated
in the tree?

ASojorg
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