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Developmental biology using a Model
Organism: Caenorhabditis elegans

Didactic use of Caenorhabditis elegans for the studying of fundamental
biological phenomena
Aim
Students observe this small round worm and investigate on the
basic biological mechanisms such as life cycle, self-fertilising
hermaphrodites, sex determination, embryogenesis, transmission of
hereditary characters and slowing down of the metabolism process.

Introduction
C. elegans is a transparent small, (about 1 mm long as an adult)
non parasitic worm living in the soil in many parts of the world
where it survives by feeding on bacteria such as Escherichia coli.
As nematode it is a smooth-skinned, unsegmented worm with
a long cylindrical body shape tapered at the ends; bilaterally
symmetric, with a cuticle integument, four main epidermal cords
and a fluid-filled pseudocoelomate cavity. The adult is essentially
like a tube, the exterior cuticle contains the pharynx, the gut (34
cells), and the reproductive system. Most of the volume of the
animal is taken up by the reproductive system. The hermaphrodite
has 959 somatic cells and the male has 1031 somatic cells, of which
the hermaphrodites have 302 neurons and males 381 neurons.
The nervous system has a main integration centre which is the
circumpharyngeal nerve ring, and a ventral nerve cord that runs all
along the body and a smaller dorsal nerve cord. Neural structures
include a battery of sense organs: the amphids, the phasmids and
the inner labial sensilla, they are connected with the nerve ring
and they are not only the tongue and the nose of the worm, but
they are able to detect temperature and touch. It shows interesting
behaviours of chemotaxis, thermotaxis, mechanotransduction and it
is even capable of rudimentary learning. There are 111 muscle cells.
C. elegans moves with its four longitudinal bands of sub-dorsally
and sub-ventrally paired muscles . The worm propels along by
alternative flexing and relaxing dorsal-ventral waves along the body.
There are two sexes: a self-fertilizing hermaphrodite and a male.
The hermaphrodite is more common and the male is quite rare
being about 0,7 %. C. elegans develops through four larval stages
which are separated by moults. The life cycle takes about 3-4
days at 20 °C and the life span is 2-3 weeks. C. elegans has five
pairs of autosomes and one pair of sex chromosome. If the 6th
chromosome pair is XX, C. elegans will be a hermaphrodite. A XO
combination in the 6th chromosome pair will produce a male. The
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genome is encoded by about 9.7 x 107 base pairs and it is composed
by 19,000 distinct genes. The entire C. elegans genome has been
sequenced. About 35% of C. elegans genes have human homologs.
C. elegans is a model organism thanks to its simple and
specific features. It is useful for research and for educational
purposes as it allows to study in depth important subjects of
Bioscience, including: embryogenesis; morphology and anatomy
characteristics of nematodes; hermaphroditism; self-fertilising
hermaphrodites; sex determination; life cycle; transmission of
hereditary characters; slowing down of metabolism process.

The use of C. elegans at school
C. elegans is easy to grow on Petri plates seeded with bacteria;
it is very small and it is possible to grow thousands (10,000)
of worms on a Petri plate. It has a short life cycle of 3-4 days.
The body is transparent and visible with a microscope. In the
laboratory it is possible to store frozen worms in glycerol and
liquid nitrogen but in school it is possible to store them for
many months in a fridge.. C. elegans has a numerous spawn, a
supply of mutants, few chromosomes, reduced genome, a precise
organisation of the process of development. All these characteristics
make C.elegans a powerful and versatile didactic model.
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Equipment and materials
Needed by each person or group
Equipment
• Stereomicroscope with integrated illumination
system for incident and transmitted light
• Microscope
• Incubator
• Bunsen burner
• Platinum wire
• A hair from the eyebrow
• Sterile water
• Microscope slide and cover slips
• Agarose or agar
• Scalpel
• Nail varnish
• 1 ml pipettes
• Pasteur pipette
• Yellow point of Gilson pipette
• Gloves
• Timer

Materials
• Petri dishes with NGM agar + E.coli + C.elegans wild-type N2;
• Petri dishes with NGM agar + C.elegans wild-type N2;
• Petri dishes with NGM agar + E.coli + C.elegans
mutant him-5 (high incidence of males)
• Petri dishes with NGM agar + E.coli + mutant of
C.elegans (example: dumpy, unc, blister,)
• Petri dishes with NGM agar + E.coli for growing worms
• Petri dishes with NGM agar + E.coli for crossing
• “Moon plate” that is a Petri dishes with NGM agar
seeded with E.coli just on one half of the plate
• PBS (M9 buffer)
• NaClO3 or commercial bleach
• NaOH 10 M
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Technique
1.Looking at worms with a stereomicroscope
Illuminate the base of the stereomicroscope and place the worms
plate. With magnification of 10 - 20 focus accurately looking for the
small worms, increase the magnification until it is 40-45. Observe
intently and move slowly the Petri plate to analyse the entire surface.
2.Picking worms
To pick a single worm:
a.
On the Bunsen burner put the short piece of platinum
wire at the end of the Pasteur pipette. Sterilise the platinum
wire on the Bunsen burner. With a pipette take a drop of sterile
water and put it on the Petri plate. Under the stereomicroscope
and using the platinum wire, take one worm and place it
on the drop of water. Check the worm is healthy and close
quickly the Petri plate to avoid mould contamination..
b.
Fix a hair from the eyebrow with a piece of scotch
on yellow tip of Gilson pipette. Under the stereomicroscope
and using the hair from the eyebrow pick up a worm
from the Petri dish and put it down in a new plate
To pick several worms:
Sterilise the scalpel on Bunsen burner. Cut with scalpel a piece
of agar with some worms and put it on another Petri dish.
3.To observe live worms under a microscope
1
Place a drop of 2% molten agarose on
a microscope slide(1). Fig. A
2

Squash the drop with another glass slide(2) Fig.B

3

Throw excess agarose away and allow agarose
to solidify (wait for about 10 minutes).

4

On a cover slip put a PBS (M9 buffer) drop, then choose
a worm to observe and lay it down with care. Fig.C

5

On the four corners of the cover slip, put some nail varnish.

6

Take off the slide2 from the slide1 and overturn
the cover slip making a slight pressure Fig.D

Fig A

Microscope slides

Fig B

A drop of agarose

Fig C
Cover slip + drop + worm
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4.Embryo preparation and transfer to agarose
pad to follow the development
Repeat the operations 1 - 2 of the previous technique Fig.A e Fig.B.
On a cover slip put a PBS (M9 buffer) drop, then transfer a gravid hermaphrodite and dissect it off the vulva (cut adult transversely through his
middle one-third) with a scalpel (you will see the fertilized eggs coming
out) Fig.E. Repeat the operations 5 and 6 of the previous technique. Fig.D

Fig E
Gravid hermaphrodite

Scalpe

Cover slips
Eggs

5.To conserve worms for many months
Choose plates in goods condition, uncrowded and without contamination
of bacteria and moulds and put them in the fridge. When you need
take out the plate and transfer some worms on a Petri dish with agar
and bacteria. After few hours you can start your new experiments.
6.Decontamination of worms or synchronization of lifecycle
When the Petri plate is contaminated with bacteria and/or moulds,
it will be necessary to have new uncontaminated worms. The same
technique can be used for the synchronization of life cycle. Take
a plate full of adults. Wash them with H2O or M9. With a pipette
remove the worms in the water. Take 3 ml of the worms collected
in H2O and add 1 ml of NaClO3 or commercial bleach and 250 µl
(microliter) of NaOH 10 M. With a Pasteur pipette mix also some air
to the solution (because you need to provide oxygen to the solution).
After 3 – 4 minutes of repeating the last operation of mixing in the
air you should have only the eggs remaining. Wash them well and
put the eggs on a “moon” plate on the side that has no bacteria

Before starting
Warning: commercial bleach is not dangerous, but it must be handled with
care, avoiding contact with eyes and skin. That’s why it is advisable to wear
gloves if the worms decontamination technique should be used.
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Procedure
Observing developmental stages (students’age 10-19)
The short life cycle allows easy observation and comparison
between the different stages of the worms. Take a Petri dish
with C.elegans egg’s (you can use the above technique 6).
Note the temperature of the work environment. At 20° C
• 1st day: Observe the colour, the shape and the composition
of the eggs. The embrional phase takes about 800 minutes
(13h 20m), the size of eggs is 0.1 mm. (technique 1)
• 2nd day: Observe the first and the second larval stage. The
name of the first stage is L1 and the length is 16 hours. The
name of the second stage is L2 and the length is 9 hours. In
L2 occurs the gonadogenesis: in the hermaphrodite the gonad
grows two long arms, in the male it grows only one long arm.
• 3rd day: Observe the third and the fourth larval stage. The name
of the third stage is L3 and the length is 9 hours. The name of the
fourth stage is L4 and the length is 11 hours. You will notice a little
clear spot on the side of it’s middle one-third of the body of the
L4. This is the developing vulva. In L4 occurs the spermatogenesis.
The hermaphrodite produces about 320 spermatozoons
, 160 sperm per gonadal arm and only in this phase
• 4th day Observe the adult. In this phase happens the
oogenesis. The adult produces only oocyte.
• Repeat this experiment with different temperatures
and compare the length of the lifecycle

pharynx

Observing anatomy and morphology
(students’age 10-19)
• The transparence of the body allows a good observation
of the anatomy and the morphology with the
stereomicroscope and with microscope (technique 3)
• Observe the rounded shape of head and the tail is thinner and
more tapered. Choose an adult worm and observe it under a
microscope. It’s easily possible to notice: head, pharynx, gut,
spermatheca, ovary and tail. The pharynx which moves to
inhale bacteria. Males have a single-lobed gonad, vas deferens,
and a tail specialized for mating. Hermaphrodites have two
ovaries, oviducts, spermatheca, and a single uterus.

Observing and distinguishing C. elegans
mutants (students’age 10-19)
• Put the Petri dish with blister mutant under a
stereomicroscope (technique 1) and observe the shape of
the adult: the phenotype appears very changed, in fact
one or more excrescence like wart deform the body. The
mutation is on the chromosome 4 (a recessive gene)
• Put the Petri dish with unc mutant under a stereomicroscope
(technique 1), observe and compare the shape of the
adult with the wild type adult: the worms appears limp
paralysed and lots of them looks like a C. The mutation
is on the chromosome 4 (a recessive gene)
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• Put the Petri dish with dumpy mutant under a stereomicroscope
(technique 1), observe and compare the shape of the adult with
the wild type adult: the mutants dumpy body appears shorter and
wider. The mutation is on the chromosome 3 (a recessive gene)

blister mutant

dumpy mutant

unc mutant

Observing sexual dimorphism (students’age 1019)
• Put the Petri dish with mutant him-5 (the mutation promotes
the birth of males, the mutation is on the chromosome
5 and the gene is recessive) under a stereomicroscope
and with some practice it is possible to recognize: the
hermaphrodite and the male (technique 1 - 3)
• The hermaphrodite has a longer tail, the male has a tail cut
like a small fan-tail which is needed to keep the hermaphrodite
close during coupling. On rare occasions, nondisjunction occurs
during meiosis with the loss of one X chromosome. Animals
with a single X are males and are able to fertilize the eggs
of the hermaphrodites (with more success than they have
themselves, this process guarantees the variable genetics). Most
of the time they fertilize themselves, so that some recessive
alleles quickly become homozygous and affect the phenotype.
A XO combination in the 6th chromosome pair will produce
a male. Occasionally in a hermaphrodite population a male
appears, about one-two in 500 (0,2 - 0,7 %) because of an error
(nondisjunction) that happens during the meiotic process; in
this way gametes without the sexual chromosome form. With
the fecundation we will have the male zygote. The frequency of
males of “him” ("high incidence of males") mutants is ten to 150
(1,4 %), as a result of increased X-chromosome non-disjunction.
males
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Observing dauer stage (students’age 10-19)
• Observe some Petri dishes with agar but without food (technique
1). The worms have a particular shape: they appear thin and
motionless. In bad environmental conditions for their survival,
(like the absence of food), the larva L2 after a moult, become
a dauer. During this phase the metabolic processes slow down.
Also in this phase thanks to a thick external cuticle, the dauer
worm becomes soap-proof and resistant to drying. It is possible
to find some dauer larval on a Petri plate that you have kept for
some time in the fridge or when the plates are very crowded.

Verifying experiences of self-fertilising
hermaphrodites and sex determination
(students’age 14-19)
• Choose a gravid hermaphrodite, pick it up and put it down with
care on a new plate (technique 2). Check the worm is healthy
and close quickly the Petri plate to avoid mould contamination.
Observe at regular intervals the Petri plate: you will be able to
notice in a short time a rapid multiplication of the number of
worms (each animal produces about 300 progeny and leads to
homozygosity of alleles; therefore, individual worms are considered
to be genetically identical, as long as mutations have not occurred)

young hermaphrodite

Experience: from dauer to L4 (students’age 10-19)
• To interrupt the dauer phase put the worms on the Petri
plates with Escherichia coli. (technique 2).In a few hours
you can observe their transformation, they will turn
into L4, they will be lively and looking for food and they
will start again a normal life-cycle (technique 5).
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Embryo

Adult

Oogenesis
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Spermatogenesis
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Dauer

L4
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L2
L3

Moul

Observing the embryogenesis phases (students’age 14-

19)
• Oocytes pass into the spermatheca and are fertilized. Embryos
develop in the uterus, and have a few cleavages before the
eggs are laid, Usually the eggs are deposited by the adult four
hours after fertilization at about the 40-cell stage, but with a
good microscope and a good magnification you can see inside
the abdomen of the big adult the zygote and the first mitosis
of the eggs. If the hermaphrodite is a young adult, the hatch
can happen before 4 hours. It is possible to observe the whole
development of embryo and is very interesting to see the
different phases: the blastula, the gastrula and the organogenesis.
For a in-depth study in order to follow early all division, it
is possible to use the previous technique (technique 4).

Crossing wild type hermaphrodites x male
(students’age 14-19)
• Take some drops of sterile water with a pipette and put a drop
on a Petri plate for crossing, put two hermaphrodites wild type
worms and ten males mutants him-5 on the drop. The worms,
both hermaphrodite and male, used for mating are chosen at
L4. That will make the frequency of the mating increase as well
as the number of spawns deriving from mating compared to
the number of spawns deriving from self fertilization. According
to Mendel’s law, crossing a hermaphrodite and a male the first
generation will grow 50% male and 50% hermaphrodites. The
male can inseminate the hermaphrodite, which will preferably use
male sperm (both types of sperm are stored in the spermatheca).
When inseminated by a male, the number of progeny can
exceed 1,000. The male guarantees the genetic variability.
• Observe the Petri plate at regular intervals. In this case at
the first generation you will be able to notice a quite high
percentage of males and in future generations this percentage
will fall, because the mutant him-5 is recessive and crossing it
with the wild type will make it lose the mutated character. If
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the crossing does not happen at the first generation there will
be only hermaphrodites and ten males on the Petri plate.

Crossing mutant hermaphrodites x male
(students’age 14-19)
• Take some drops of sterile water with a pipette and put a drop
on a Petri plate for crossing; transfer two hermaphrodites
mutants worms (dumpy, or uncoordinated, or blister) (stage
L4) and ten males (stage L4) mutants him-5 on the drop.
Observe the Petri plate at regular intervals ; if the crossing
happens, after a few days, you will be able to notice three
different phenotypes: hermaphrodites mutants, males and
hermaphrodites wild type. This last type has reappeared
because the mutation is on the account of recessive genes

Preparation

X

X

X

Hermaphrodite

Male

Meiosis

Meiosis

Spermatozoon

X

Oocyte

X

X

X

X

X

X

X

X

Zygote
Zygote
hermaphrodite male

The animals are C. elegans Bristol variety, strain N2, C.elegans
mutant strain him-5, C.elegans mutant strain blister-6, C.elegans
mutant strain dumpy-8, C.elegans mutant strain unc-33
The worms are grown under uncrowded conditions
at 20°C ± 1,5°C on NGM agar plates seeded with
Escherichia coli strain OP50 (Brenner, 1974).

Plate chemical composition NGM is the following:
• 3 g NaCl, 2.5 g Bactopeptone, 20 g Bactoagar in 975
ml sterile water. To this solution, first sterilise in
autoclave, then you add to them (always sterilised):
• 1 ml Cholesterol (solution saturated in ethanol 5mg/ml)
• 1 ml CaCl2 1 M
• 1 ml MgSO4 1 M
• 25 ml NaKPO4 1 M (pH 6.4)
The solution comes well mixed and distributed in Petri
dishes for bacteriology of various diameters

Petri plate whith him mutant
Several males can be reconised

Plate for crossing
Plates NGM of a 25 mm diameter, with a small drop of E. coli
(OP50) in the middle. The size of the drop must be limited to favour
the en-counter between the males and the hermaphrodites.
• M9 buffer
• KH2PO4
3g
• Na2HPO4
6g
• NaCl
5g
• MgSO4 1M
1 ml
• H2O
1 litre
Dissolve the salts, aliquot in 100 ml portions and autoclave

Timing
The timing depends on students’age and technical expertice
generally for the group age adviced each practical experience
takes about two hours of hands-on activities
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www.wormbook.org WormBook is a comprehensive, open-access
collection of original, peer-reviewed chapters covering topics
related to the biology of Caenorhabditis elegans (C. elegans).
C.elegans Server C. elegans compendium: from recent
research through papers, movies, worm literature sources
to laboratories. It contains a good source of comprehensive
(also for non-specialist) background information.

Model Organisms Virtual Library
http://vlib.org/
The WWW virtual library with information about "what is
a model organism?", "general model organism resources",
"comparative genomics of model and other organsisms"
and also information about popular model organisms.
www.openscience.it/openinglese.htm
Open Science is a non-profit association of science teachers. In
the web site you can find experimental educational protocols
on Model Organisms such as Drosophila melanogaster fruitfly,
Arabidopsis thaliana , a small plant, C.elegans a nematode
worm, Danio rerio, a small fish , Paracentrotus lividus,a sea
urchin and a soil bacteria Rhizobiun laeguminosarum.
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