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This may look like the milling head of a
tunneling machine but, in fact, it is the mouth
opening of a roundworm magnified 20,000 times.
Behind the row of mouth bristles there are two
claw-shaped teeth with which the animal can
cut open other worms and suck out their insides.
The oral cavity also contains taste buds.
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The Roundworm?

What Teeth!
Worms, beetles and a small island in the middle of the ocean.
For developmental geneticist and evolutionary biologist
Ralf Sommer from the Max Planck Institute for Developmental Biology in Tübingen, roundworms and beetles are the
actors and the island of La Réunion the stage on which a
great drama unfolds: an educational piece about evolution,
the diversity of nature, and how it emerges.

TEXT CATARINA PIETSCHMANN

Photo: MPI for Developmental Biology – Erik Ragsdale

I

t is barely 11 a.m. and the mercury
has already hit 29 degrees Celsius.
You could cut through the humid
air with a knife. The first clouds are
gathering and in an hour, if not
sooner, the rain will start bucketing
down and continue to pour for six
hours. It is January, mid-summer on La
Réunion. So far, so predictable.
The Max Planck research container
in the seaport of Le Port is a hive of activity. Ralf Sommer’s colleagues pour
nutrient solution into numerous small
Petri dishes – the temporary home of
today’s catch. The biologists come from
far away. They have flown over 9,000
kilometers from the Max Planck Institute for Developmental Biology in
Tübingen to the island, which lies 800
kilometers east of Madagascar in the
Indian Ocean, to collect an unusual research object: a roundworm less than
one millimeter long that goes by the
name of Pristionchus pacificus.

The scientists have been working on
the tropical island, once famous for its
vanilla and known as Île Bourbon,
since 2008. The youngest of the three
islands in the Mascarene group, La
Réunion emerged from the Indian
Ocean around two million years ago.
One of the world’s most active volcanoes still rumbles in the southeast of
the island. However, its main volcano
became extinct around 150,000 years
after a total eruption, leaving behind
the 3,070 meter peak, Piton des Neiges, and three craters, the Cirques.
Consequently, nothing that lives
here can be more than two million
years old. From Ralf Sommer’s perspective, this makes La Réunion a unique
open-air laboratory for his research on
evolution.
La Réunion is a particularly apt name
for the island, as the entire global diversity of Pristionchus pacificus, the cosmopolitan member of this group of round-
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worms, can be found here. The worms
reached the island as stowaways on
beetles. They arrived at different times
and from all four corners of the earth,
though mainly with the help of favorable winds from distant Asia. Thereafter, they developed in tandem with
“their” insect.

THE MYSTERY OF DIVERSITY
Ralf Sommer wants to know how diversity arises and why it is so extensive.
He can already answer these questions
in part: “Existing organisms change
through constant adaptation to the environment. This principle goes back to
Darwin,” explains the 50-year-old scientist. But there is something else going on,
too. “Sometimes diversity also emerges
from something completely new.”
To begin with, phenotypic innovations are often no more than a whim of
nature, a kind of game. In many cases,
however, this is precisely what drives
evolution. According to the findings of
Sommer and his team, this capacity to
“play around” and form different phenotypes plays a key role in the emergence of new forms – experts refer to
this phenomenon as phenotypic plasticity. Sommer and his team hope the
minute creature Pristionchus pacificus
will help them substantiate this thesis.
The worm is also the figurehead of a
controversial research approach. If you
ask five evolutionary biologists what
evolution actually is, you will get at
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least three answers: “a change in development,” say developmental geneticists; “a change in gene frequencies,”
say population geneticists; and “the influence of the environment,” say ecologists. Sommer’s take on it? “In reality,
all three are correct. Unfortunately,
these scientists go to different conferences, publish in different journals and
rarely speak to each other.”
He wants to bring all of these research fields together. Indeed, this is already happening at his department at
the Max Planck Institute in Tübingen.
“We analyze the same processes from

three different perspectives: the adaptations of the genetic material and molecular processes in the laboratory, and
the population genetics of the worms
on the island. The relationship between the worm and the beetles represents the ecological level.” Accordingly, Ralf Sommer’s team includes experts
from a wide variety of disciplines: classical zoologists, developmental geneticists, neurobiologists, molecular biologists, bioinformaticians, ecologists and
population geneticists.
For outsiders, the work carried out
on La Réunion is clearly the most spec-

A chain of extinct volcanoes extends across the entire 70-kilometer width of the island of
La Réunion. The only currently active volcano, the 2,600-meter Piton de la Fournaise, erupts
every two years on average and is one of the most active volcanoes on Earth.

Photos: MPI for Developmental Biology – Jürgen Berger, Ralf Sommer (left), Bento et al., Nature 2010 (right, 3), iStockphoto (below)

Pristionchus pacificus (left) may be just one millimeter long, but it has what it takes: it can form two mouth types (center, right).
The narrow mouth (center) has only one tooth (brown) and is suitable for eating tiny bacteria. The wide mouth (right) has two differently
shaped teeth (brown, blue), which enable the worm to eat other worms.

Simple trapping technology: Like the proverbial
moths, leaf beetles and other insects are attracted
by UV lamps at night.

tacular. As soon as the daily rains stop,
the researchers head off. They travel
across the island in teams of two. Armed
with test tubes and powerful torches,
they continue their journey on foot
through the tropical rainforest. Their
paths lead them past high waterfalls
and craggy cliffs with precipitous drops
to the sea below.

Photo: MPI for Developmental Biology

BED-SHEET BEETLE TRAPS
When they reach their destination, the
scientists install light traps – white bed
sheets lit from behind on which all
kinds of nocturnal creepy crawlies gather when darkness falls. Between December and February, six species of scarab
beetles are on the move searching for females, and like numerous other insects,
they are attracted by the light in the
traps. Then all the biologists have to do
is collect the beetles from the sheets.
“My home is my beetle” – not only
Pristionchus pacificus, but almost every
member of the global Pristionchus family has a predilection for the chubby
six-legged members of the Scarabaeidae
family, which includes native cockchafers, dung beetles, scarabs and stag
beetles.
To each his own, and, accordingly,
each Pristionchus species has chosen a
different beetle as its residence – a
home that is well suited to the worm’s
decadent lifestyle. The worms even
wind themselves around the beetle
while it is developing as a larva in the

20 μm

100 μm
Bean stage

The lifecycle of the roundworm, clockwise
from top left: It begins with the first cell
division. In the “bean stage”, all of the cells
are present in the embryo. Length growth
occurs in the juvenile stages (bottom right).
In the presence of unsuitable living
conditions, such as high temperature or
food shortage, the larva can interrupt its
development and fall into an immobile
“dauer stage”.

Dauer stage

soil. They slow down their own metabolism, close their mouths, reinforce
their protective waxy layer and go into
a kind of dormant state known as the
dauer stage.
Then they wait, and wait, and wait
– until the metamorphosis of the chafer
grub is complete and the beetle finally
hatches, flies off, looks for a partner,
lays eggs, lies down beside them – and
dies. The entire lifecycle of the beetle
can last two, three, or even four years.
But the worms aren’t in any hurry. Their
time finally arrives when the beetle is
dead. This is when the great feast begins: bacteria and fungi slowly decompose the beetle cadaver. The worms
wake up, eat and reproduce. Biologists
refer to this lifestyle as necromenic.
To get back to the beetles from the
Max Planck scientists’ traps: their lives
end in Le Port with the swift cut of a
blade. The two halves of their bodies
are plated in prepared Petri dishes. The
worms begin to reproduce immediately and a rather moldy smell emanates
from the luggage containing around
500 decaying insects on the journey
back to Tübingen.
Pristionchus pacificus is the perfect
object for Sommer’s studies. “The animals are hermaphrodites and can fertilize themselves. Moreover, the cycle from
egg to adult animal takes just four days.
So we have almost 100 generations in a
year.” No laboratory mouse can compete
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with that. What’s more, raising these animals doesn’t require much space: all
that’s needed is two rooms lined with
shelves packed with plastic containers
holding dozens of Petri dishes teeming
with worms. The animals can even be
frozen in a deep sleep and thawed out
again. Over 1,000 Pristionchus strains
are already conserved in liquid nitrogen
in the laboratory in Tübingen.

FROM OLD TO NEW
Ralf Sommer first encountered the
worm in the early 1990s when he was
working with Paul Sternberg in Pasadena, California. Sternberg, a developmental biologist, studies the classic research nematode Caenorhabditis elegans,
but also had other roundworms in his
collection. These included an odd specimen, since determined to be Pristionchus pacificus, that was very similar to
Caenorhabditis elegans, with the exception of its genital opening, which
looked very different. The vulva in both
species is formed from the same precursor cells, but by different genes. So how
does that happen, he wondered.
Today, Sommer knows that the molecules that control its formation are
connected in a different way. This is the
case not only for the vulva; the researchers have also discovered clear differences in the worm’s mouth form.
Pristionchus pacificus has two different

mouth versions: a mouth with just one
tooth, and a mouth with two teeth,
which can cut up food.
Phenotypic plasticity, in other words.
Scientists have been debating for years
whether this concept from ecology
could also play a role in evolutionary
biology. If a species forms different variants of a trait, this increases the chances that one of the variants has an advantage to offer. In extreme cases, this
form will then prevail.
The question remains, however, as to
what can trigger the emergence of such
new traits. In the case of the nematode’s different mouth forms, the answer lies in the food supply: in the immediate aftermath of the host beetle’s
death, bacteria reproduce like crazy.
Many roundworms can consume this
source of nutrition without teeth.
So other nematodes stumbled on the
beetle trick and also target the microorganisms until there is no longer enough
of them for Pristionchus. Then the Pristionchus worms, with their big mouths
and teeth, have an advantage: they can
eat their competitors. But only other
species; Pristionchus is no cannibal.
Pristionchus isn’t the only nematode
with teeth: they are also found in some
related roundworms. “If they arise in the
course of evolution, there are almost always two mouth forms, whose emergence can be manipulated, for example
through starvation,” says Sommer.

Photo: MPI for Developmental Biology

(1 μm = one thousandth of a millimeter)
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This process can also be observed in
the laboratory: if bacteria are available
in abundance in the Petri dish, progeny with just one tooth have the advantage. This mouth form makes it easy for
the animals to eat bacteria. However,
almost all of the offspring of worms exposed to food shortages quickly develop a mouth with two teeth. The biologists now know the gene responsible
for this changeover: eud-1. When it is
switched off, there will be only animals
with one tooth.
As in the case of vulva development,
when it comes to the intake of food,
evolution also relies on tried-and-trusted solutions: Pristionchus worms use
the same genes and neurons as their
toothless relative Caenorhabditis ele-

gans. However, they are interconnected differently in the predatory worms.
On the whole, evolution appears to
have assembled the components for the
development of the teeth from different
building sites. The researchers identified
a hormone receptor and the corresponding steroid hormone that controls
both tooth formation and the development of the dauer stage. This is a clever
move by nature, as dormancy, which is
older from an evolutionary perspective,
is also dependent on the food supply:
the larvae take a break only when the
food supply is insufficient.
Biologists refer to this important
principle of evolutionary biology as cooption. “To produce an innovation,
you take an existing genetic module

and redesignate it. Evolution is simply
lazy. Instead of inventing something
new from scratch over and over again,
it takes existing things and adapts them
for a different purpose.” This gets to the
point that the function of a gene is reversed. Quod licet Iovi, non licet bovi – in
other words, gods may do what cattle
may not.
The more Pristionchus worms are
present in a place, the more animals
will enter the dauer stage. But how does
Pristionchus measure the competition
around it? And how does it realize that
its beetle is dead when it is dormant?
The answer here is small molecules.
“Our worms communicate with each
other through chemical messenger substances, so-called pheromones.” Ralf

Photos: MPI for Developmental Biology

Beetles like the rhinoceros beetle Oryctes borbonicus (top left), which is found only on La Réunion, are transported from the traps in the
mountains of La Réunion (right) to the Max Planck Institute in Tübingen in Petri dishes (center left). On the journey, the roundworms wake
from their dormancy and start to colonize the beetle cadavers (bottom left).

2 | 14 MaxPlanckResearch

55

BIOLOGY & MEDICINE_Developmental Biology

Phylogenetic tree of all forms of Pristionchus
pacificus. The island of La Réunion represents
almost the entire world for the roundworm:
practically the entire diversity of P. pacificus on
Earth is found on this single island (light green).
Considerable formal diversity is also found in
Japan (brown), the original home of the species.

down and the worm goes “into dauer”,
as Sommer says.
Pristionchus pacificus, however, can
do even more: it has developed a completely new chemical language that it
alone can understand. Ralf Sommer
opens a file on the screen and contin-

Eduardo Moreno (left) and Ralf Sommer measure the movement behavior of the worms in
a Petri dish using a high-resolution camera. With the help of a tube, they can alter the oxygen
and carbon dioxide concentration in the dish and thus reproduce the air conditions at
different altitudes on La Réunion.
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ues eagerly. “Its pheromones are far
more complex than anything Caenorhabditis has to offer.” The individual Pristionchus strains on La Réunion
actually have different pheromone repertoires – even when they live on the
same beetle.

HELP WITH PARASITE RESISTANCE
Various chemical compounds, such as
fatty acids, sugars and amino acids, are
connected with each other. Some molecules are reminiscent of antibiotics.
They may even include potentially interesting pharmacological substances.
Some of Sommer’s colleagues suspect
that the worms help the beetles defend themselves from parasites while
they are alive, as the Pristionchus genome was found to contain corresponding sections for anti-fungal toxins. Some of the substances have
already been produced in the laboratory. “We now know that some of them
induce dauer stages, and others control
the mouth form.”
Hence, evolution produces diversity with the help of phenotypic plasticity and co-option. In this way, the
roundworms, which include over one
million species, have become the larg-

Graphic: MPI for Developmental Biology; photo: Axel Griesch

Sommer’s enthusiasm for his subject
becomes evident here. It was already
known that Caenorhabditis elegans emits
messenger substances to communicate
with members of its own species and the
environment. Once a certain concentration is reached, the hatches are battened

Photo: Axel Griesch

On ice: Ralf Sommer has conserved over
1,000 Pristionchus strains in liquid nitrogen.
He now has a better understanding of how
this diversity has arisen.

est group of animals. They are found in
the soil, in freshwater and on the ocean
floor. Some live as parasites in plants,
animals and humans.
The Tübingen-based scientists have
since collected beetles and worms on
all continents, including 30 new Pristionchus species and four related genera. They have decoded the genomes
of 300 strains and produced phylogenetic trees. They regularly make astonishing new discoveries in the course of
this process. For example, they discovered a special formation the worms
have developed to withstand lean periods. While other roundworms remain
separate, Pristionchus dauers climb on
top of each other until they form an approximately one-centimeter-long extension, a “worm tower” or “dauer tower,” so to speak. This makes it easier for
them to be adopted by a new beetle
when the old one no longer provides
any food.
And unlike other worms, they can
even swim on water, thanks to a waterrepellant wax. “And another amazing
fact: this is the longest-known wax in
the animal kingdom. A symmetrical ester with a total of 60 carbon units.”
The ingenuity displayed by nature
in the case of these modest roundworms can only hint at the endless diversity at work in bigger organisms.
As Ralf Sommer sees it, this is proof
that the differences between the organisms are greater than previously assumed. “We have long allowed ourselves to be blinded by the relatively
small number of genes and the fact that
the same signaling cascades are found
in different organisms,” he says. “Even
if this doesn’t go down well with those
in biomedicine: studying worms, flies
and fish to gain a better understanding
of humans doesn’t work. The detailed
make-up of the organisms found on
Earth is simply too varied.”

TO THE POINT
●

The different variants of a characteristic such as the mouth form of the roundworm
Pristionchus pacificus create the raw material for evolution. New species can emerge
as variants compete for the best adaptation.

●

Evolution is sparing with new inventions. It prefers to rely on tried-and-trusted
solutions, adapting them and using them for new purposes. For example, genes for
the dauer stage in the roundworm are also used for controlling the mouth form.

GLOSSARY
Dauer stages: Like many other organisms, roundworms can take breaks, during which
they reduce their metabolic activity dramatically. Several scientists suspect that the
infectious stages of parasitic roundworms arose from such dauer stages. As is the case
with parasites, the dauer stages in worms are often associated with the colonization
of other organisms. Moreover, they not only resemble the infectious forms externally,
but they also use very similar genes and signaling pathways in their cells.
Necromeny: Animal species with necromenic lifestyles take advantage of the death of
another organism without accelerating it in any way. For example, the roundworm
Pristionchus pacificus stays on beetles in a state of dormancy from which it wakes up only
when the insect dies. It feeds on the microorganisms and other roundworms present on
the dead animal. Necromeny could be a preliminary stage of parasitism, for example
when the worm moves on to living off the beetle while it is still alive.
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