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FOREWORD

When I started to work with C. elegans nearly 40 years ago, it was with the idea that we might
be able to discover how complicated biological structures like the various organs in a body
are formed and how genes might control their development. It was a great thrill when I found
the first mutant of C. elegans and after a while, I had a whole zoo of them!

You are about to have a wonderful door opened for you to the world of biology. You will see
how the worm develops, how it moves, feeds and reproduces. There will be nothing between
you and the worm except a microscope and that is only to help your eyes to see better.

Many people have been through this door and many have experienced the thrill of discovery
and the joy of contact with the living world. You too can join this happy group.
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1. INTRODUCTION

1.1 Objective

This Worm Starter Kit is designed for Upper Secondary Schools and Tertiary Institutions,
and is aimed at introducing the worm, Caenorhabditis elegans, as a teaching tool. The
characteristics that make C. elegans an excellent model organism for research also make
it an excellent teaching material for teachers and students. It allows scientists to investigate
what can go wrong when a gene is not functioning properly. In the classrooms, it can be
used to demonstrate the relationship between genes and behaviour, appearance
(phenotype), and developmental biology.
The first students to learn to use this kit should be teachers, who will then teach their
students. We have included some hands-on experiments that you may want to do with your
students. This Instruction Manual shows you how to manipulate the worm, how to propagate
and freeze the worms for long-term storage. One kit should start you off on an interesting
journey of discovery and fun. The rest is up to you! Have fun with worms!

To learn more about C. elegans biology and genetics and how to use the worm kit, check
out “The Worm Goes to School” Course organized by the DNA Centre, National Institute of

Education (DNAC@NIE).

1.2 History

In 1965, Dr. Sydney Brenner proposed the use of the nematode Caenorhabditis elegans as
a model organism for studying development and the nervous system. With foresight of a
great guru in science, he saw that this little nematode is highly amenable for genetic
manipulation and for anatomical characterization. In 1974, he published his seminal paper
on his work with the worm and convinced his critics that the simple worm is well suited for
studying the nervous system, and other developmental problems. Over the last 30-40 years,
the C. elegans community has grown to over 1000 and their work has contributed towards
the understanding of cellular and developmental processes in C. elegans, as well as higher
organisms. One notable example is the discovery of programmed cell death or apoptosis in
worms, which has important implications in cancer biology. In 2002, Dr. Sydney Brenner,
together with Drs. John Sulston and Robert Horvitz, won the Nobel Prize in Physiology or
Medicine for their key contributions to the C. elegans field.
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1.3 Advantages of using the worm for research and teaching

1. C. elegans is a free-living nematode that feeds on bacteria. It is safe and easy to
maintain in the laboratory.

2. The adult is about 1 mm long and all stages of its development can be seen under
a dissecting microscope.

3. The embryo, larva and adult are transparent, so that all the cells (nuclei) can be
seen using a good phase contrast or Nomarski microscope. The cell fate of every
cell has been traced from birth to terminal differentiation. The wiring diagram of its
nervous system has been mapped out in detail. These valuable information provide
the basis for studying mutant vs. wildtype development.

4. It has a short life cycle and therefore allows for quick genetic analyses.

5. It reproduces by self-fertilization, which makes genetic studies convenient.

6. Mutants can be generated readily either by chemical mutagenesis, irradiation,
transposon mutagenesis, or more recently, with small interference RNA (siRNA).
Classical genetics, i.e. identifying the gene and gene function from a mutant
phenotype is a powerful tool in gene discovery.

7. More recently, with the complete sequencing of its 100 Mb genome, reverse
genetics is becoming a common approach to understanding the function of known
genes. In this approach, one starts with a gene of interest, and asks what the
function of the gene is, by knocking out or knocking down the gene function.

1.4 Life cycle of the worm

C. elegans is a free-living (as opposed to parasitic) round worm that normally lives in the soil.
It can be found as two different sexes, that of the hermaphrodite and the male (see 6. WORM
GENETICS). C. elegans reproduces mainly by self-fertilization of the hermaphrodite and to a
lesser extent, by cross-fertilization which takes place between a hermaphrodite and a male.
Male worms arise spontaneously (~0.1%) due to non-disjunction of the X chromosomes (i.e.,
failure to separate the X chromosomes during meiosis) and provide the means of outbreeding.
An adult hermaphrodite worm lays about 300 eggs if it has not mated with a male worm.
During fertilization, the sperm and oocyte nuclei fuse to give rise to an embryo, and it becomes
encased in an eggshell. The embryo undergoes multiple rounds of cell division and hatches
from the eggshell in about 14 hours. The little worm that emerges is known as the L1 larva,
which contains 558 cells. Postembryonic cell divisions increase the somatic cell number to
959 in the adult. The L1 larva undergoes four molts as it grows, after each molt, it becomes
an L2, L3, L4 and finally an adult.  The L4 larva can be identified by the presence of a clear
patch around the developing vulva (the opening through which eggs are laid). The
hermaphrodite gonad matures in the adult stage and begins to produce oocytes and sperms.
The whole life cycle from egg to adult takes about 3 days at 20oC (Fig. 1).
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Fig. 1. Life cycle of C.elegans
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An alternative developmental path the worm can take is the “dauer” (dauer=enduring) pathway,
which allows the worm to tide through adverse conditions (Fig. 1). When the L2 larva
encounters shortage of food, it enters the developmental pathway to form the dauer larva
that can survive for months without food.



2. GETTING STARTED

2.1. List of components in kit

• wildtype (N2 strain)
• mutants

dpy-10 (dumpy) chromosome (chr) II
unc-4 (uncoordinated) chr II
rol-1 (roller) chr II
unc-17 (uncoordinated) chr IV
him-8 (high incidence of males) chr IV

• Petri dishes with NGM agar medium seeded with bacteria OP50 for growing worms

• Agar stab of E. coli bacteria, OP50 (food for worms)

• Strips of filter paper, autoclaved, for picking and transferring worms

• Instruction Manual

2.2. Essential equipment required

Dissecting microscope with illumination from below
Compound microscope
Bunsen burner
Scalpel blades and scalpel blade holder
Incubator or air-conditioned room at 20-22oC
Incubator at 34-37oC (optional)
Autoclave
-70oC freezer (optional)
-20oC freezer
Microwave oven
Microscope slides and coverslips
Hotplate for keeping agarose and glass slides warm
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3. MANIPULATION OF WORMS

3.1. Basic aseptic techniques

To maintain a culture of a worm strain without contamination from bacteria or fungi, it is
important to observe basic aseptic techniques. Essentially, manipulation of worms for culturing
purposes such as transferring from one plate to another should be carried out near a flame
and all media and reagents used should be autoclaved or filter-sterilized.

3.2. Worm food

The worm is fed with a special strain of E coli bacteria known as OP50, which is auxotrophic
for uracil and therefore has limited growth on the worm plates. This allows for easy observation
of the worms using the dissecting microscope. Inoculate a sufficient volume of bacterial
culture media with a stab of OP50 stock provided in kit. Grow the culture in an incubator
(ideally with shaking) overnight at 37oC. If shaker incubator or incubator is not available,
leave the bacterial culture on the bench at room temperature for 1-2 days with occasional
agitation, until the culture is turbid.

OP50 may be frozen in 20% glycerol. Add 1 ml overnight culture to 1 ml autoclaved glycerol
(40%), mix well and freeze at –20 or –70oC. To inoculate from frozen stock, scrape out a
loopful of stock with a sterile toothpick and dip into LB culture medium.

3.3. Seeding worm plates

Seed the NGM plates with bacteria by putting a drop of overnight OP50 culture in the middle
of the plate, covering about 25-50% of the surface.  Allow the medium to soak in and the
bacteria to grow for about 2 days at room temperature (until a visible lawn of bacteria appears).
C. elegans feeds on bacteria and “swim” around on the surface of the plate.  They will burrow
into the agar if there is a scratch on the agar surface, so avoid cutting into the agar plate!

3.4. Subculturing worms

To subculture worm strains, simply cut a piece of agar with worms on it with a scalpel blade
(“chunking”) and place it on a fresh plate seeded with bacteria facing down. This allows the
worms to crawl out and find the food source more easily. Squirt some 100% alcohol on the
blade and flame it to sterilize it.  The blade can be reused, just flame it before re-using. When
the food is exhausted, the worms will crawl up the sides of the plate, and even burrow into the
agar. Long-term shortage of food will cause the worms to assume a resistant spore-like state
called the “dauer”.  The dauer can survive for about 2 months without feeding, and will revert
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to wildtype once food is available.  When you see dauers on your plates, which are visibly
thinner than normal, it is time to subculture the plate.

3.5. Picking worms

It is also possible to transfer worms using strips of sterile filter paper (provided in kit) to pick
several or single worms. Picking single hermaphrodite worms (“singling”) is usually necessary
for analyzing progeny phenotypes in genetic studies.

To pick a single worm, scrape a glob of bacteria from a seeded plate (which acts like glue)
with the pointed end of the filter paper strip and gently touch and stick the target worm onto
the glob of bacteria. Now release the worm onto a fresh plate.

The most common method of picking single worms is using a ‘worm pick’ made of a short
piece of platinum wire attached at one end to a Pasteur pipette. The free end of the platinum
wire is flattened to form a scoop. The limiting factor to making a worm pick is usually the cost
of the platinum wire.

3.6. Decontamination of worm strains

Occasionally, the plates will be contaminated with fungi and bacteria.  Place a drop of bleach
(1 part household bleach + 1 part 5M NaOH) on a fresh plate, pick a few gravid adults with
many fertilized eggs in the uterus and place them in the drop of bleach.  This will dissolve the
adult body and also fungi and bacteria, leaving fertilized eggs and embryos intact. These
eggs will hatch and give rise to a culture of the strain.

3.7. Freezing worms

Worm strains can be stored indefinitely in a frozen state. L1 and L2 worms recover best upon
thawing.  To obtain cultures of predominantly L1-2, keep plates for another day after bacteria
has been exhausted.  Wash worms off 2-3 plates with 1 ml M9 buffer, and add an equal
volume of freezing solution.  Mix, transfer 0.5 ml aliquots into freezing vials. Chill the vials on
ice, then freeze in Styrofoam boxes (for slow freezing) in –20oC or –70oC freezer.

To thaw out worms, warm vials in hands. Spin down worms gently in a microfuge (few seconds
pulse), or allow the worms to settle to the bottom of the tube slowly. Remove the freezing
medium, leaving a small volume in which the worms had settled, and transfer the worms
onto a seeded plate near the lawn of bacteria.  The worms should start twitching as they
recover from being frozen, and eventually crawl towards the food source.
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3.8. Proper disposal of biological materials

Instructors must take full responsibility of the proper disposal of biological materials. Used
plates, paper strips, pipette tips, etc, that have come into contact with bacteria and worms
are to be disposed in biohazard bags and autoclaved before discarding as normal waste.

Pasteur pipettes, glass slides and scalpel blades are to be disposed as “sharps” in Cinbins.
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4. MICROSCOPY

4.1. Looking at worms with a dissecting microscope

An adult worm is about 1 mm long. A dissecting microscope allows you to observe live worms
on a plate. With this, you can distinguish the different stages of the worm during its development
(Fig. 1), and identify and score the different phenotypes of mutants, and progeny of crosses.

4.2. Looking at worms with a compound microscope

A compound microscope with phase contrast optics (Nomarski optics would be excellent but
not absolutely necessary) allows you to look at the different organs (and cell types) of live or
fixed worms at higher magnification.

To observe live worms under a compound microscope, make an agar pad on a microscope
slide. Melt 1% agarose in a microwave oven. Place a drop on a warmed glass slide and
squash the drop with another glass slide (Fig. 2). Allow agarose to solidify, slide the top glass
slide out, and trim the agarose pad with glass slide. Place a small drop of M9 buffer on the
agar pad, some worms and some bacteria in the middle of the drop (to keep the worms from
wandering around too much). Lower a coverslip gently at an angle to avoid trapping air
bubbles under it.

A drop of agarose microscope slides

Squash the drop of agarose
with another microscope slide.

Trim excess agarose away.

Place a drop of 1% molten
agarose on a warmed

microscope slide.

Observe under
compound microscope

agarose pad
a drop of M9+

worms + bacteria

Place a drop of M9 on the agar pad and a few
worms into the M9 buffer. Gently lower cover slip

onto the worms.

Fig. 2. Mounting worms for observing worms under a compound microscope

cover slip
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5.4. Observing embryos

Place a drop of bleach on an agar pad and transfer some gravid worms into the drop of
bleach.  Wait for a few minutes for the worms to open up, cover specimen and observe the
different stages of embryonic development. A fertilized egg begins as a single cell, which
divide to give 2, 4, 8,….cells. Can you spot the “comma”, “two-fold” and “three-fold” stages in
the embryo? Refer to Fig. 5.

Fig. 4. Some anatomical features of a hermaphrodite worm

embryos
in uterus

vulva

oocytes in
hermaphrodite

pharynx of the
adult worm

mouth
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Fig. 5. Different developmental stages of the embryo

comma

two-fold stage

three-fold stage

5. ACTIVITIES YOU CAN DO

5.1. Observing developmental stages of the worm

Place a plate of wildtype worms of different stages under a dissecting microscope and try
and identify the eggs, larvae (L1, L2 and L3 differ in size only), L4, young adult, mature
hermaphrodite. Try and identify the male worms from the him-8 strain. The tail end is
broader than that of a hermaphrodite, which is tapering.

Fig. 3. The tail of an adult male with sensory rays and spicules

5.2. Observing mutants

Observe the plates containing mutant worms with a dissecting microscope. Can you
describe the phenotypes i.e. the physical appearance and behavior of the different mutants
provided? Water the movement and feeding of the worms. One can easily observe the
uncoordinated movement of the worms by prodding the worms with the eyelash attached
to a stick (with Superglue) or by simply picking up the plate of worms and gently dropping
it.

5.3. Observing the anatomy and physiology of the worm

Mount a few wildtype adult hermaphrodites on an agar pad. Try and identify the pharynx,
intestine, gonad, spermatheca, uterus and vulva (see Fig. 4). Observe the worms moving,
feeding and defeacating. Mount a few males from the him-8 strain to observe the tail
structure (Fig. 3) and their mating behaviour.

 Spicules

 Embryo
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6. WORM GENETICS (ADVANCED LEVEL)

Let’s say you have isolated a mutant with a very interesting phenotype and you want to
know what the function of the gene corresponding to the mutation is.  This is the “classical”
genetic approach in identifying genes of interest.  You will need to map the gene to a
location on a chromosome, then clone the gene and sequence it. C. elegans has 6
chromosomes, designated I, II, III, IV, V and X.  Sexual dimorphism is determined by the
number of X chromosomes: XX are hermaphrodites, XO are males.

6.1. Generating mutants

Mutants may be generated with chemicals, X-rays, Gamma rays or ultraviolet light.  The
most commonly used and most convenient mutagen is Ethylmethanesulfonate (EMS),
which creates point mutations from G/C to A/T.

Make a solution of 0.1M EMS in M9 (0.02 ml EMS to 2 ml M9) in a glass test-tube, agitate
gently until the dense oily liquid has dispersed. EMS is a dangerous mutagen and
carcinogen, so conduct the mutagenesis with gloves at all times, and rinse all contaminated
glassware thoroughly with 1 M NaOH after use. The supervisor should do this step,
preferably in a fume hood.

The best stage to mutagenise worms is at the L4 stage, when there are a large number of
germ cells, many of which are undergoing mitosis. Wash off 2-3 plates of healthy, well-fed
worms with M9, rinse the worms several times with M9 to remove bacteria. Resuspend
the worms in 2 ml M9 in a wide-bore glass test-tube and add to it 2 ml EMS solution. Seal
the mouth of the tube with parafilm. Incubate the test-tube for 4 hours with occasional
agitation to increase aeration. After EMS treatment, rinse the worms several times with
M9, allow them to recover overnight on a seeded plate. The next day, pick a few healthy
worms onto a fresh plate. You will not see mutant phenotypes in the F1 (first generation)
unless the mutation is dominant. When the F1 progeny has grown up, single F1 worms
onto fresh plates and observe the F2 for mutants.

Activity: Screening for mutants

Observe the F2 progeny from the F1 of mutagenised wild type worms. How many different
types of mutants can you find?

6.2. Generating males

To begin mapping genes, you will need to generate males for outcrossing mutants.  C.
elegans reproduce mainly by self-fertilization. However, a low frequency (about 0.1%) of
uninduced non-disjunction of the X chromosome generates males. Heat treatment of worms
will increase the rate of non-disjunction and produce more males. Try it on wildtype worms.
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Activity: Generating males

Place 3-4 young adult hermaphrodite worms at 30oC for 6 hours, then shift them back to
20oC.  Watch for male worms in the next generation.  Can you identify them? Single 2
hermaphrodites and 2 males. Examine the plates after 1, 2 and 3 days and record your
observations. There should be progeny on the plates containing the hermaphrodites
whereas there should be none on the plates with males, if you have recognised males
correctly.

Place a few males and a hermaphrodite on a plate and watch their mating behaviour.

6.3. Outcrossing mutants

To outcross mutants, place a single hermaphrodite mutant and a few wildtype male worms
on a plate.  Sperms from male worms usually out-competes sperms in the hermaphrodites,
so most of the offspring will be outcrossed progeny. If the mutation is recessive, all
outcrossed hermaphrodite and male offspring in the first generation will be wildtype in
appearance.  For best results, choose late L4 or young adult hermaphrodites and young
males.

In genetic terms, the cross is represented by the following symbols (Fig. 6). ‘m’ represents
a recessive mutation not on the X chromosome.

homozygous mutant,
hermaphrodite

Fig. 6. Outcrossing a mutant

wildtype,
male

m
m

+
+

m
+

x
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Now single about 10 F2 hermaphrodites and predict the outcome of F3 progeny if unc-17 is
linked to dpy-10, and if it is not.

Hint: If the two genes are not linked, the two genes would segregate independently of each
other. The possible germ cell genotypes from a double heterozygous are represented in the
Punnet square below (Table 1). Work out the percentage of each genotype and try and
correlate with the number of each group of F3 progeny that you have scored.

Table 1: Punnet square representing the segregation of two unlinked genes from a double
heterozygote dpy10/+;unc-17/+.

gametes dpy-10; unc-17 dpy-10; + +; unc-17 +; +

dpy-10; unc-17

dpy-10; +

+; unc-17

+; +

dpy/dpy; unc/unc

DpyUnc

dpy/dpy; unc/+

Dpy

dpy/+; unc/unc

Unc

dpy/+; unc/+

WT

dpy/dpy; unc/+

Dpy

dpy/dpy; +/+

Dpy

dpy/+; unc/+

WT

dpy/+; +/+

WT

dpy/+; unc/unc

Unc

dpy/+; unc/+

WT

+/+; unc/unc

Unc

+/+; unc/+

WT

dpy/+; unc/+

WT

dpy/+; +/+

WT

+/+; unc/+

WT

+/+; +/+

WT

phenotype

genotype
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6.4. Mapping a gene to a chromosome (two-factor cross)

For the advanced student, you may want to try mapping a mutation to a chromosome.
You need a reference marker that has been mapped to a chromosome.

Try and solve this problem: You have isolated unc-17 and you want to know if it is on the
same chromsome as dpy-10, which is on chromosome II.  unc-17 and dpy-10 males mate
poorly or not at all, so it is advisable to generate heterozygous males of either mutant.  All
male progeny from the cross will be heterozygous for that mutation.  For example:

Activity: Generating heterozygous males

Fig. 7. Generating heterozygous males

Observe the outcome of this cross.  What type of mutation is unc-17? Is it recessive or
dominant? Is it on the X chromosome?

Next, mate a dpy-10 hermaphrodite with several heterozygous males from the cross shown
above.  The F2 progeny will have two possible genotypes (Fig. 8):

Fig. 8. Representing the F2 genotype of a two-factor cross

If unc-17 is linked to dpy-10,
then the F2 genotype is
represented like this:

If unc-17 is not linked to dpy-10,
then the F2 genotype is
represented like this:

dpy10
dpy10

unc-17
+

dpy-10
+

+ dpy10
unc-17 +

50%50%

dpy-10
+

dpy10; unc-17
+          +

50%50%

or

or

dpy17
dpy17

+
+x

unc-17
+

x
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7. OTHER INFORMATION

7.1. Resources

The Nematode Caenorhabditis elegans. 1988 Ed. William B. Wood. Cold Spring Harbour
Laboratory
C. elegans II on National Center for Biotechnology Information (NCBI) bookshelf
(http://www.ncbi.nlm.nih.gov/)
WormBase (http://www.wormbase.org/)
Worm movies (http://www.bio.unc.edu/faculty/goldstein/lab/movies.html)

7.2. Recipes

A. Bacterial culture medium, LB

To 950 ml distilled H2O, add
Bacto-tryptone 10 g
Bacto-yeast extract   5 g
NaCl 10 g
Dissolve ingredients, adjust pH to 7.0 with 5N NaOH (~0.2 ml), add distilled H2O to 1 litre.
Aliquot into appropriate volumes and autoclave.

B. NGM Agar

NaCl 3 g
Agar Bactoagar 17 g
Peptone 2.5 g
Cholesterol (5mg/ml in EtOH) 1 ml
H2O 975 ml
Autoclave. Then, using sterile technique, add the following and mix.
CaCl2 1 M 1 ml
MgSO4 1 M 1 ml
Potassium phosphate 1 M pH 6 25 ml
Cool down slightly and pour about 5-7 ml molten agar into 6-cm petri dishes.  Allow 1-2 days
to dry before use.

C. M9 buffer

KH2PO4 3 g
Na2HPO4 6 g
NaCl 5 g
MgSO4 1M 1 ml
H2O 1 litre
Dissolve the salts, aliquot into 100 ml portions and autoclave.
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Try and work out the outcome of the F3 progeny from a double heterozygote if the two
genes were linked.

Table 2: Punnet square representing the segregation of two unlinked genes from a double
heterozygote dpy10 + / + unc-17.

Activity: Mapping a mutant to a chromosome

Work out the percent of Dpy, Unc, WT and Dpy Unc progeny for the two posisibilities on
paper first.  Two days later, count the different types of worms (pick up, count and discard
all the Dpy worms, then all the Unc worms, then wildtype, then Dpy Unc. Do not let the
progeny reproduce or the results will be uninterpretable! Is unc-17 linked to dpy-10?
symbol for self-fertilization

? % Dpy, % Unc, % WT, % Dpy Unc

Try and do a two-factor cross between unc-4 and dpy-10.  Are the two genes linked on
chromosome II? Are they physically far apart on the chromosome?

gametes dpy-10+ +unc-17

dpy-10 +

+ unc-17

dpy +/dpy+

Dpy

dpy +/+ unc

WT

+ unc/dpy +

WT

+ unc/+ unc

Unc

genotype

Symbol for
self-fertillzation

+ dpy-10

unc-17 +

dpy-10; unc-17

+          +

phenotype
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D. Freezing solution

NaCl 5.85 g
KH2PO4 6.8 g
Glycerol 300 g
1M NaOH 5.6 ml
H2O to 1 litre
Autoclave, then, using sterile technique, add 3 ml MgSO4 (0.1 M). Aliquot and keep cold.

7.3. How to order

Online ordering is available at our website (http://www.imcb.a-star.edu.sg/worm/index.html).
Customers will be notified when their kits are ready for collection, and they will have to collect
their kits from:

Institute of Molecular and Cell Biology
30 Medical Drive

Singapore 117609.

DISCLAIMER

The contents of the Worm Starter Kit are for experimental and teaching purposes only. An
adult instructor should supervise the use of the Kit. Do not ingest. Do not use it for purposes
other than those described in the Instruction Manual.  The Institute of Molecular and Cell
Biology and the National Institute of Education will not be held responsible for improper use
of the Worm Starter Kit.


