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Unit	Materials	
Follow	all	school	district	recommended	safety	practices	for	working	with	live	organisms	in	
the	classroom.	
	
INVESTIGATION	1	
• Computer	access	and	projector	
• Copies	of	student	page	(one	per	

student)	
• Pad	of	sticky	notes	for	the	“Wrap	It	Up”	

activity	
	
INVESTIGATION	2	
•		 C.	elegans	culture	kit	(see	“Supplier	

Notes”),	which	includes	C.	elegans	N2	
(wildtype	strain)	plate	culture,	broth	
culture	E.	coli,	and	other	supplies.	If	you	
do	not	obtain	the	culture	kit,	you	will	
need	the	following	materials.	
•		 C.	elegans	
•		 E.	coli	
•		 Nematode	growth	agar	
•		 Nutrient	broth	
•		 Small	metal	spatula	or	plastic	pipet	
•		 Sterile	polystyrene	petri	dishes	

(100	mm	x	15	mm)	
	

•		 Bunsen	burner	or	alcohol	lamp	
•		 Low-power	stereo	dissecting	

microscopes	(25-40X)	
•		 Copies	of	student	pages 
	
INVESTIGATION	3	
•		 Several	hot	glue	guns	
•	 Fine	water	color	paint	brush,	or	have	

students	use	eyebrow	hairs	to	create	
their	touch	probe	

•		 Toothpicks	
•		 C.	elegans	cultures	already	started	in	

Petri	dishes	
•		 Low-power	stereo	dissecting	

microscopes	(25-40X)	
•		 Copies	of	student	page	
•	 Isopropyl	alcohol	70%,	few	mL	in	small	

containers	(one	container	per	group)	

INVESTIGATION	4	
•		 C.	elegans	cultures	of	the	same	age	to	

expose	to	each	different	thermal	
environment	you	are	able	to	create	

•		 Access	to	a	refrigerator	and	to	an	
incubator.	*	

•		 Several	thermometers	
	

*		 A	serviceable	incubator	can	be	
constructed	from	a	Styrofoam	cooler,	
25	watt	incandescent	light	bulb,	clamp	
light	fixture,	and	a	household	rotary	
dimmer	switch.	Refer	to	the	
instructions	and	diagrams	on	page	24.	

	
INVESTIGATION	5	
•		 Two	colors	of	acrylic	knitting	yarn	
•		 Two	pencils	
•		 Meter	stick	
•		 Colored	8.5-in.	x	11-in.	paper	–	two	

different	colors	cut	into	1-in.	x	11-in.	
strips.	Make	several	sets	per	team.	

•		 Clear	tape	
•		 Calculators	(optional)	
•		 Milkshake	straw	(extra	wide	diameter	

straw	–	about	1	cm	across)	
•		 Scissors	(can	be	shared	by	groups)	
•		 Rulers	with	a	good	straight	edge	
	
INVESTIGATION	6	
•		 Computer	access	
•		 Copies	of	student	sheets	
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INVESTIGATION	1	
Model	Organisms	
	
OVERVIEW		
Students	will	investigate	examples	of	model	organisms	and	their	significance	for	advancing	
biological	understandings.	
	
TIME		
2	sessions	with	enough	time	in	between	for	students	to	gather	information	about	their	
assigned	model	organisms.	
	
MATERIALS	
• Copies	of	“Model	Organism,”	one	per	student		
• Pad	of	sticky	notes	for	the	“Wrap	It	Up”	activity		
	
BEFORE	YOU	START	
1. Download	or	prepare	to	project	the	following	online	TED	“talk”	to	begin	the	activity.	

https://www.ted.com/talks/heather_barnett_what_humans_can_learn_from_semi_intellig
ent_slime_1	

2. Make	copies	of	the	student	handout	(data	sheet)	in	advance.	
3. Be	prepared	to	assign	a	different	organism	to	each	student	from	the	“List	of	Model	

Organisms.”	(p.	3.)	
	
BACKGROUND	
Biologists	have	built	understanding	of	many	complex	biological	processes,	including	diseases,	
by	observing	model	organisms.	This	research	has	uncovered	fundamental	properties	of	how	
cells	grow	and	divide,	the	mechanisms	of	inheritance	and	how	energy	is	transformed	within	
cells.	Model	organisms	are	essential	for	studying	the	nervous	system,	genetics,	cancer,	
infectious	diseases	and	aging—to	name	a	few	areas.	
	
In	general,	model	organisms	are	animals,	plants	or	microbes	that	can	be	used	to	study	one	or	
more	biological	processes.	Usually,	they	have	simple	body	systems,	grow	quickly	and	are	easy	
to	obtain.	Since	all	living	organisms	share	the	same	genetic	code,	and	even	many	of	the	same	
genes—fundamental	mechanisms	can	be	studied	in	one	system	and	the	findings	applied	
across	a	wide	range	of	species,	including	humans.	Listed	below	are	a	few	examples	of	how	
model	organisms	helped	to	answer	biological	questions.	
	

• Yeasts,	which	are	single-celled	fungi,	were	the	models	for	understanding	the	cell	cycle:	
how	a	cell	copies	its	genetic	material	and	divides	into	two	new	identical	cells.		

• Organisms	such	as	bread	mold	and	bacteria	have	been	used	to	study	the	circadian	clock	
and	how	24-hour	cycles	are	regulated	within	organisms.	

• Fruit	flies	helped	build	fundamental	understanding	of	inheritance	during	the	last	century	
and	now	are	used	to	study	molecular	mechanisms	of	inheritance.	

• The	common	bacterium,	E.	coli,	is	used	to	study	basic	processes	within	cells.	
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• Slime	molds	are	used	to	understand	cooperative	behavior	among	individuals	and	other	
basic	questions	about	movement	and	aspects	of	organ	and	tissue	development.	

• Zebra	fish	are	being	used	to	understand	vertebrate	growth	and	development.	
	
WHAT’S	THE	QUESTION	
What	are	characteristics	of	different	model	organisms?	Which	types	of	biological	problems	
have	been	investigated	using	model	organisms?	
	
PROCEDURE	
1.	 Tell	students	that	biologists	have	used	a	variety	of	different	organisms	to	investigate	

biological	questions.	Ask	students	for	examples	of	famous	experimental	organisms—for	
example,	pea	plants,	fruit	flies	or	bacteria.	Show	the	following	video	presentation,	from	the	
TED	website.	

	 	
What	humans	can	learn	from	semi-intelligent	slime	
https://www.ted.com/talks/heather_barnett_what_humans_can_learn_from_semi_intellig
ent_slime_1		

	
2.	 After	students	have	watched	the	video,	conduct	a	class	discussion	about	how	observing	

slime	mold	led	to	new	approaches	to	answering	questions	that	are	of	interest	to	humans.	
Ask	students,	In	what	ways	is	the	slime	mold	similar	to	more	complex	multicellular	
organisms,	such	as	humans?	In	what	ways	is	it	different?	What	other	questions	might	be	
answered	by	observing	slime	molds?	

	
	 Note:	The	video	makes	reference	to	the	“traveling	salesman”	problem.	This	problem	asks:	

Given	a	list	of	cities	and	the	distances	between	each	pair	of	cities,	what	is	the	shortest	
possible	route	that	visits	each	city	exactly	once	and	returns	to	the	origin	city?	

	
3.	 Follow	by	telling	students	that	they	will	be	learning	more	about	model	organisms	and	the	

value	of	model	organisms	and	physical	models	in	understanding	biological	problems—
particularly	related	to	modern	genetics	and	genomics.	

	
4.	 From	the	list	on	the	next	page,	assign	each	student	a	model	organism.	Tell	students	that	

they	each	will	gather	information	about	the	significance	of	a	different	organism	in	
advancing	biological	knowledge.	To	each	student,	give	a	copy	of	the	Model	Organism	page	
on	which	to	record	their	information.	If	needed,	discuss	safe	ways	of	searching	for	
information	in	the	Internet.	Tell	students	that	they	should	list	the	sources	of	the	
information	on	the	report	about	their	assigned	model	organism.	

	
WRAP	IT	UP	
1.	 Have	students	bring	their	Model	Organism	reports	to	class.	Have	students	work	in	groups	

of	four.	Within	each	group,	each	student	should	present	his	or	her	findings	to	the	rest	of	
the	group.	Have	each	group	create	a	list	of	three	ways	in	which	their	selected	organisms	
are	useful	models	for	understanding	biological	questions	or	human	disease.		
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2.	 Round-robin	style—call	on	each	group	in	turn	to	report	one	way	in	which	the	organisms	
are	useful	models.	Record	their	ideas	as	a	class	list.	Continue	around	the	groups	until	all	of	
the	ideas	have	been	reported.	

3.	 Have	students	write	on	a	sticky	note:	(1)	the	name	of	their	organisms;	(2)	date(s)	when	
the	organisms	were	used	in	significant	research;	and	(3)	short	description	of	the	research	
findings.	Have	students	place	the	notes	in	chronological	order	on	the	wall	or	board	to	
create	a	timeline	of	important	findings.	

	
LIST	OF	MODEL	ORGANISMS		
	
Army	worm	(Spodoptera	frugiperda)	
Bacterium	(Bacillus	subtillis)	
Baker’s	yeast	(Saccharomyces	cerevisiae)		
Beans	(Phaseolus,	various	species)	
Bluegreen	algae	(Cyanobacteria,	various	

species)	
Ciliated	protozoan	(Tetrahymena	thermophila)	
Darkling	beetle	(Tibolium	castaneum)	
Diatom	(Thalassiosira	pseudonana)	
Earth	moss	(Physcomitrella	patens)	
Fission	yeast	(Schizosaccharomyces	pombe)	
Flatworm	(Macrostomum	lignana)	
Fruit	fly	(Drosphila	melanogaster)	
Fungus	(Neurospora	crassa)	
Grass	plant	(Setaria	viridis)	
Green	algae	(Chlamydomonas,	various	species	
Gut	bacterium	(Escherichia	coli,	also	known	as	

E.	coli)	
Hydra,	various	species	
Maize	(Zea	mays)	

Mold	(Aspergillus	nidulans)	
Mustard	plant	(Arabidopsis	thaliana)	
Nematode	(Caenorhabiditis	elegans	or	C.	

elegans)	
Planaria	(Schmidtea	mediterranea)	
Poplar	(Popylus	trichocarpa)	
Puffer	fish	(Fugu	rubripes)	
Purple	sea	urchin	(Strongulocentrotus	

purpuratus)	
Rice	(Oryza	sativa)	
Sea	anemone	(Nematostella	vectensis)	
Sea	urchin	(Arbacia	punctulata)	
Soil	amoeba	(Dictyostelium	discoideum)	
Soybean	(Glycine	max)	
Squid	(Lolig	pealei)	
Virus	(T4	phage)	
Water	flea	(Dahnia,	various	species)	
Wheat	(Triticum	aestivum)	
Zebra	fish	(Danio	rerio)	

	
	 	

EXAMPLES	OF	SIGNIFICANT	DISCOVERIES	FROM	MODEL	ORGANISMS	
	

• The	1995	Nobel	Prize	in	Physiology	or	Medicine	was	awarded	to	Christiane	Nusslein-Volhard,	Eric	Wieschaus,	
and	Edward	Lewis	for	their	investigations	on	the	roles	of	genes	that	control	body	plan	and	organ	formation	in	
Drosophila.		

• The	2001	Nobel	Prize	in	Physiology	or	Medicine	was	awarded,	in	part,	to	Lee	Hartwell	and	Paul	Nurse	for	
discovering	genes	that	control	the	cell	cycle	in	Saccharomyces	cerevisiae	and	Schizosaccaromyces	pombe.		

• The	2002	Nobel	Prize	in	Physiology	or	Medicine	was	awarded	to	Sydney	Brenner,	John	Sulston,	and	Robert	
Horvitz	for	their	key	discoveries	concerning	the	genetic	regulation	of	organ	development	and	programmed	cell	
death	in	C.	elegans.	
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Model Organism 
 
Using reliable sources, compile information about your assigned model organism. Examples of 
reliable sources include websites maintained by government agencies (URL ends in “.gov”), 
universities and non-profit research organizations, such as the Howard Hughes Medical Institute 
(URL often ends in “.edu” or “.org”) and scientific publications and texts. 
 
Common name of organism:            
 
Scientific name:             
 
Kingdom:              
 
1. What is the typical habitat of the organism?  
 
 
 
2. What special conditions, if any, are required to grow this organism in a laboratory? 
 
 
 
3. For what types of biological questions or research, has this model organism been studied? 
 
 
 
 
 
4. Describe one example of a scientific finding based on research on this organism. Be sure to 

mention why the organism was particularly suitable for the investigation, and when this 
research was carried out (date of the investigations or publication of the results). 

 
 
 
 
 
 
 
 
 
 
 
5. List your information sources on the other side of this sheet. 
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INVESTIGATION	2	
Caenorhabditis	elegans:	Introduction	to	Model	Organisms		
for	Genetics	
	
OVERVIEW		
Students	will	familiarize	themselves	with	the	characteristics	and	behavior	of	the	soil	
nematode	C.	elegans	by	establishing	a	culture	and	observing	various	stages	in	its	life	cycle.		
	
TIME	
2	–	4	sessions	(Students	will	spend	short	periods	of	time	observing	the	cultures,	and	
recording	their	observations	over	several	days.)	
	
MATERIALS	
•		 Bunsen	burner	or	alcohol	lamp	
•		 Low-power	stereo	dissecting	microscopes	(25-40X)	
•		 Student	observation	sheets		
•		 Copies	of	student	sheets	(p.	11–14) 
•		 C.	elegans	culture	kit	(see	supplier	notes),	which	includes	C.	elegans	N2	(wildtype	

strain)	plate	culture,	broth	culture	E.	coli,	and	other	supplies	
	

If	you	do	not	obtain	the	culture	kit,	you	will	need	the	following	materials.	
•		 C.	elegans	
•		 E.	coli	
•		 Nematode	growth	agar	
•		 Nutrient	broth	
•		 Small	metal	spatula	or	plastic	pipet	
•		 Sterile	polystyrene	petri	dishes	(100	mm	x	15	mm)	

	
Supplier	Notes	
The	C.	elegans	Culture	Kit	or	individual	supplies	can	be	obtained	from	Carolina	
Biological	Supply	(800-334-5551).	You	can	also	order	the	kit	online	
(www.carolina.com).		
	
C.	elegans	(wild-type	or	mutant)	as	well	as	the	feeder	bacteria	also	are	available	from	
the	Caenorhabditis	Genetics	Center,	University	of	Minnesota,	250	Biological	Sciences	
Center,	1445	Gortner	Avenue,	St.	Paul,	MN	55108-1095	(612-625-2265)	
(http://cbs.umn.edu/cgc/home).	
	

	
BEFORE	YOU	START	
Order	a	C.	elegans	starter	kit	or	the	individual	supplies	listed	above.	Schedule	the	delivery	
of	the	live	organisms	for	a	Monday	or	Tuesday.	This	will	provide	ample	time	for	students	to	
begin	cultures.	Nematode	Growth	Agar	plates	can	be	prepared	the	Friday	before	so	that	
they	are	ready	for	the	live	C.	elegans	by	the	next	Monday.		
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SAFETY	
Follow	all	school	district	recommended	safety	practices	for	working	with	live	organisms	in	
the	classroom.	
	
BACKGROUND	
In	the	previous	activity,	students	were	introduced	to	a	wide	range	of	living	organisms	that	
have	served	as	models	for	answering	basic	biological	questions.	Examples	of	important	
research	organisms	are	given	below.	
	
• Escherichia	coli—a	common	gut	bacterium	that	sometimes	causes	severe	

gastrointestinal	disease.	
• Saccharomyces	cerevisiae	and	Schizosaccaromyces	pombe—both	yeasts,	single-celled	

eukaryotes	best	known	for	their	use	in	bread	and	beer	production.	
• Drosophila	melanogaster	(fruit	fly)—first	choice	of	introductory	genetics	and	

developmental	biology	classes.	
• Danio	rerio—a	relatively	new	member	of	the	model	organism	lineup;	known	to	

generations	of	aquarium	aficionados	as	the	Zebra	Danio.	
• Mus	musculus	(the	common	house	mouse).	
• Arabidopsis	thaliana—known	as	wall	cress;	a	member	of	the	mustard	family.	
• Caenorhabditis	elegans—a	common	free-living	soil	nematode.	
	
During	this	lesson,	students	will	have	an	opportunity	to	culture	and	observe	Caenorhabditis	
elegans	(C.	elegans)	and	become	familiar	with	the	characteristics	that	make	C.	elegans	a	
good	model	organism.		
	
Why	is	Caenorhabditis	elegans	(C.	elegans)	a	good	model	organism?	
The	soil	nematode,	C.	elegans,	is	a	small	(about	1	mm	in	length),	free-living	(nonparasitic)	
roundworm	found	in	most	temperate	areas	of	the	world.	It	feeds	on	bacteria	and	other	
microorganisms	in	the	soil	or	in	rotting	vegetation.		
	
The	transparency	of	the	animal	throughout	its	short	life	cycle,	its	anatomical	and	genetic	
simplicity,	small	number	of	cells,	ease	of	laboratory	maintenance,	and	the	ease	with	which	
its	cells	mutate	upon	exposure	to	certain	chemicals	or	ionizing	radiation	make	C.	elegans	an	
ideal	experimental	animal	for	studies	at	the	organismal,	cellular,	or	molecular	level.		
	
In	addition,	C.	elegans	often	is	chosen	as	a	model	organism	because	many	of	its	genetic	and	
molecular	mechanisms	appear	to	function	either	identically	or	similarly	to	other	animal	
species,	including	humans.	This	hypothesis	has	been	confirmed	by	many	laboratory	
investigations.	Often,	when	a	gene	from	a	human	or	other	multicellular	organism	is	
analyzed,	the	DNA	nucleotide	sequences	and	functions	of	some	C.	elegans	genes	are	found	
to	be	similar	in	structure	or	function.	Thus,	many	genes	of	C.	elegans	are	homologues	of	the	
genes	of	more	complex	organisms.	Homology	implies	that	the	same	gene	was	inherited	
from	a	distant	common	ancestor.	
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There	has	been	a	steady	rise	in	the	number	of	researchers	investigating	important	
biological	questions	in	C.	elegans	since	its	first	uses	in	1974.	Its	value	as	a	laboratory	model	
increased	even	more	when,	in	1998,	the	complete	genome	of	C.	elegans	was	sequenced.	
	
Cellular	and	molecular	structure	
C.	elegans	is	relatively	simple	both	anatomically	and	genetically.	There	are	two	sexes,	male	
and	hermaphrodite,	which	differ	in	appearance	and	biological	capabilities	at	maturity.	
Hermaphrodites	contain	both	male	and	female	organs	and	normally	reproduce	by	self-
fertilization.	However,	some	mutants	have	defective	sperm,	making	them	functionally	
“female.”	
	

	
	
The	adult	hermaphrodite	has	959	somatic	cells	and	the	adult	male	has	1031.	Scientists	
have	determined	the	origin,	migratory	pattern,	function,	and	eventual	fate	of	each	C.	
elegans	somatic	cell.	Its	genome	(about	97	million	base	pairs)	is	contained	within	six	
chromosomes	(5	autosomes	and	1	sex	chromosome).		
	

	
	
	
The	genome	is	approximately	seven	times	larger	than	that	of	the	12	million	base	pair	
genome	of	the	yeast	Saccharomyses	cerevisiae	and	about	half	the	size	of	the	fruit	fly,	
Drosophila	melanogaster	(180	million	base	pairs).	The	C.	elegans	genome	contains	the	
genetic	code	for	approximately	20,000	proteins.	
	
Laboratory	cultivation	
C.	elegans	is	inexpensive	and	relatively	easy	to	grow	and	maintain	in	the	laboratory.	The	
activities	that	follow	employ	standard	research	techniques	that	are	well	within	the	range	of	
most	classrooms.	Student/teacher	researchers	can	grow	large	numbers	of	C.	elegans	on	
agar	plates	or	in	liquid	culture	using	the	bacterium	Escherichia	coli	as	food	or	they	can	

Pharynx Bulbs Gonad Arms Uterus

Vulva Spermatheca

Adapted from The anatomy of a Caenorhabditis elegans hermaphrodite.
Woods, ed. 1988 

Adapted from The anatomy of a Caenorhabditis elegans male.
Woods, ed. 1988
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grow	them	by	providing	chemical	nutrients	(i.e.,	in	axenic	culture).	In	the	wild,	the	lifespan	
of	the	worms	is	about	two	to	three	weeks	when	they	feed	on	bacteria.	The	worms	can	live	
as	long	as	three	months	when	they	feed	on	a	manufactured	food	source.	
	
The	life	cycle	of	C.	elegans	
Hermaphrodites	can	self-fertilize.	Males	can	fertilize	hermaphrodites,	but	hermaphrodites	
cannot	fertilize	each	other.	Cross-fertilization	produces	both	males	and	hermaphrodites,	
but	hermaphroditic	self-fertilization	produces	males	at	a	very	low	frequency	(~0.2%).		
	
A	self-fertilized	hermaphroditic	adult	lays	about	300	eggs	(because	that	is	how	many	
sperm	are	produced)	during	the	first	4	days	of	its	10-	to	15-day	life	span.	Fertilized	
hermaphrodites	receive	many	more	sperm	and	can	produce	several	thousand	eggs.	
Populations	grow	best	at	25°C,	but	are	less	healthy.	Juvenile	worms	hatch	and	pass	through	
4	larval	stages	before	becoming	sexually	mature.	Hatching	occurs	14	hours	after	
fertilization.	Adult	sexual	maturity	occurs	(at	20°C)	about	70	hours	after	hatching.	The	
larval	stages	(L1	through	L4)	occur	at	29,	38,	47,	and	59	hours	post-fertilization,	
respectively.	
	
At	high	population	densities	or	in	the	absence	of	adequate	food	or	high	temperatures—
rather	than	the	“typical”	L3	product	of	the	second	molt—a	larval	stage	is	produced	in	place	
of	the	normal	L3	stage	that	is	well	equipped	to	withstand	adverse	environmental	
conditions.	This	stage	is	referred	to	as	the	“dauer”	stage.	When	environmental	conditions	
once	again	are	favorable,	the	dauer	molts	to	become	a	normal	L4	larva.		
	
Now	that	the	full	
nucleotide	sequence	
of	the	C.	elegans	
genome	is	known,	
Earth-based	
researchers	and	
researchers	on	the	
International	Space	
Station	use	this	simple	
and	well-
characterized	model	
organism	to	pursue	
molecular	and	genetic	
studies	of	biological	
processes	that	are	the	
same	or	similar	
throughout	the	living	
world.		
	
How	Is	C.	elegans	
Studied?	
Scientists	often	
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inactivate	or	induce	mutations	in	specific	genes	so	that	they	can	study	the	relationship	
between	gene	structure,	regulation	(the	role	of	genes	or	other	factors	that	serve	as	
enhancers	or	repressors	of	gene	expression),	and	function.		
	
Starting	with	a	gene	mutation	in	a	relatively	simple	system	like	C.	elegans	makes	it	easier	to	
find	and	determine	the	roles	of	gene	enhancers	or	repressors	across	the	entire	genome,	
thus	revealing	the	totality	of	genes	involved	in	the	regulation	and	expression	of	the	
biological	phenomenon	under	study.	
	
The	fewer	the	cells	in	the	organism	and	the	better	known	the	genome,	the	better	scientists	
can	study	and	understand	the	biological	development	pattern	of	the	model	organismʼs	
structures	and	their	interrelated	functions.	Therefore,	when	a	change	in	structure	or	
function	occurs	because	of	a	genetic	mutation	or	other	environmental	stimulus,	scientists	
are	better	able	to	find	it,	measure	it,	and	isolate	it	for	further	study.		
	
WHAT’S	THE	QUESTION	
What	is	C.	Elegans,	what	are	its	characteristics	and	typical	behavior,	and	how	can	we	
establish	and	maintain	C.	elegans	cultures?		
	
SPECIAL	PROCEDURES	
These	experiments	will	require	the	ability	to	sterilize	utensils	and	containers.	An	alcohol	
lamp	or	Bunsen	burner	will	be	sufficient	if	you	do	not	have	access	to	an	autoclave	or	other	
sterilizer.	Temperature	control	will	be	needed	for	some	of	the	activities.	During	the	culture	
preparation	phase,	the	cultures	should	be	kept	between	20	°C	and	25	°C.	A	laboratory	
incubator	is	ideal	for	culturing.	If	an	incubator	is	not	available,	one	can	be	constructed	
following	the	instructions	for	“Constructing	An	Incubator”	from	a	Styrofoam	cooler,	light	
bulb,	and	household	dimmer	switch.	
	
When	you	obtain	a	C.	elegans	culture	for	these	activities,	it	will	be	necessary	to	propagate	
additional	cultures	for	student	use.	Follow	the	culturing	instructions	that	come	with	the	
supplies	and	always	use	sterile	techniques.	You	will	have	to	melt	the	nematode	growth	agar	
in	a	water	bath	and	transfer	it	to	enough	Petri	dishes	for	student	use.	You	will	inoculate	
nutrient	broth	with	E.	coli	bacteria	and	incubate	the	broth	for	24	hours.	The	E.	coli	strain	
sent	from	the	supplier	is	nonpathogenic	and	a	preferred	food	source	of	the	worms.	You	will	
transfer	a	few	drops	of	broth	to	each	Petri	dish	and	allow	the	E.	coli	to	grow	for	48	hours.	
Finally,	you	will	transfer	a	piece	of	the	C.	elegans	culture	agar	to	each	Petri	dish.	Within	a	
day	or	two,	each	Petri	dish	will	be	ready	for	study	and	experimentation.	
	
PROCEDURE	
1. Follow	instructions	that	come	with	the	C.	elegans	kit	for	preparing	nematode	nutrient	

agar	plate.	If	you	do	not	have	the	kit,	follow	the	“Special	Procedures,”	above.	
	
Tip:	Place	the	poured	dish	in	an	area	where	it	will	be		
undisturbed	so	that	it	can	cool.	Set	the	dish	lid	over	the		
dish	at	an	angle	to	protect	the	agar	from	contamination		
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but	still	allow	condensation	to	evaporate.	Inoculate	the	nutrient	broth	with	E.	coli	
bacteria	and	then	the	Petri	dishes	as	described	in	the	“Special	Procedures”	section.		
	

2.	When	the	petri	dishes	are	ready,	have	students	use	the	spatula	to	take	a	small	piece	of	
the	live	C.	elegans	culture.	Prior	to	doing	this,	the	spatula	should	be	sterilized	with	heat	
from	a	Bunsen	burner	or	alcohol	lamp.	

	
3.	 After	several	hours,	the	C.	elegans	worms	will	transfer	to	the	agar	in	the	Petri	dishes	and	
begin	moving	about	and	feeding.	The	worms	are	ready	to	be	observed.	

	
4.	 Demonstrate	to	students	how	to	place	a	Petri	dish	with	an	active	culture	of	C.	elegans	on	
the	stage	of	a	stereomicroscope.	If	the	stereomicroscope	has	a	choice	of	magnifications,	
set	the	magnification	at	25X	or	above.		

	
5.	 Direct	students	to	observe	the	worms	and	practice	tracking	a	single	worm	as	it	moves	
about	the	dish.	Students	should	record	their	observations	in	your	data	log.	Ask,	How	
does	the	worm	move?	Tell	students	to	describe	and	sketch	the	worms’	path.	Have	
students	complete	the	following	observations.	
	
• Compare	one	worm	to	the	diagram	on	the	data	log	and	identify	the	features	shown	

on	the	diagram	of	the	worm.	
• Observe	a	worm	feeding.	Record	observations	in	the	data	log.	The	process	is	called	

pharyngeal	pumping.	Worms	graze	across	the	mat	of	E.	coli	bacteria	and	ingest	the	
bacteria.	Actually,	the	worms	suck	in	bacteria	and	liquid,	and	then	expel	the	liquid	
and	trap	the	bacteria,	which	are	then	moved	farther	down	the	digestive	system.	

• If	possible,	identify	a	hermaphrodite	and	a	male	worm.	Males	usually	represent	less	
than	one	percent	of	the	culture	and	are	usually	found	attempting	to	fertilize	a	
hermaphrodite.	If	you	are	able	to	locate	a	male,	compare	the	differences	in	the	two	
sexes	with	the	diagrams	in	the	data	log.	

	
WRAP	IT	UP	
Have	students	carefully	cover	their	C.	elegans	cultures	so	they	can	be	studied	again.	As	long	
as	the	food	supply	holds	out,	the	worms	will	reproduce	and	start	successive	generations	in	
a	matter	of	days.	Have	students	investigate	and	research	how	the	worm	system	can	be	used	
to	investigate	human	diseases	(infectious	and	genetic	diseases)	and	aging	through	an	
online	search.	
	
For	information	on	genetic	manipulation,	the	following	transcript	of	a	TED	talk	by	Cynthia	
Kenyon	addresses	genetic	manipulation	of	C.	elegans	to	increase	longevity.	
https://www.ted.com/talks/cynthia_kenyon_experiments_that_hint_of_longer_lives/transc
ript?language=en	
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Adapted from The anatomy of a Caenorhabditis elegans male.
Woods, ed. 1988
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C. Elegans Observation Log

Make a sketch of one of the worms in your Petri dish. How does the worm move?

Observe the worms feeding. Record your observations. 
The feeding process is called pharyngeal pumping. The worms graze across the mat of E. coli bacteria 
and ingest some of the organisms. Actually the worms suck in bacteria and liquid and then expel the 
liquid and trap the bacteria, which are then moved farther down the digestive system.

Try to identify a hermaphrodite worm and a male worm by comparing the worms you observe 
with the diagrams below. Write down yor observations on appearance and behavior.
Males usually represent less than one percent of the culture and are usually found attempting to 
fertilize a hermaphrodite.

Pharynx Bulbs Gonad Arms Uterus

Vulva Spermatheca

Adapted from The anatomy of a Caenorhabditis elegans hermaphrodite.
Woods, ed. 1988 

Use the back for more observational records and sketches.

Notes:
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C. Elegans Observation Log (continued) 
 
Use this space for sketches, observations, and ideas.  
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Caenorhabditis elegans: A Model Organism 
 

Models are all around us. Go to a hobby shop and you will find model kits for airplanes, cars, 
and boats. Human models don the latest fashions to show what they will look like when worn. 
3D printers construct models of new products their designers want to build. Economists create 
mathematical models to predict what will happen next to the stock market, and so on.  
 
Models are especially important in the scientific world. Meterologists model storms to predict 
where they are heading and what they might do. Geologists model the interior of Earth to 
understand plate tectonics, earthquakes, and volcanoes just to name a few.  
 
There is another kind of model, a biological one used by genetic researchers, often referred to 
as model organisms. Over the past few decades, remarkable medical progress has been made 
in understanding disease and treatment. Much of that progress is based on model organisms. 
 
The human body is an amazing living machine. It is extremely complex, consisting of trillions of 
cells working together toward the common goal of life. Cells provide structure, take in and 
convert nutrients into energy, and direct motor functions. Each of those cells contain genetic 
information that codes how the cell should look, what its job is for the whole organism, and 
how to make copies of themselves. 
 
Most of the human genetic material found in all individual cells is encoded as DNA within 23 
pairs of chromosomes. Each diploid cell contains two sets of about 3 billion DNA base pairs. 
Some of this DNA includes 20,000 to 25,000 genes that contain instructions for proteins. The 
genes are the coders. Their arrangements tell the cells what to do. Knowing what each gene 
does, so that we can understand and treat disease is another matter. That’s where model 
organisms come in. 
 
Model organisms are a group of animals and fungus that have a simple genome compared to 
humans, or a genome that shares many of the same genes. Knowing the function of their 
genes helps us because of the biological concept of unity. Unity means that all life on Earth is 
essentially the same. There are many differences in appearance, but the genetic building 
blocks are the same. Think of the concept as a giant set of Lego building blocks that you can 
arrange in millions of ways. 
 
Consequently, knowing how the genes of model 
organisms work provides invaluable clues on 
human genetics. One of these model organisms is 
the tiny worm Caenorhabditis elegans 
(pronounced see-no-rab-DITE-iss eh-leh-GANZ) 
or C. Elegans for short. 
  
 
C. elegans hermaphrodite 
Courtesy of Bob Goldstein, UNC Chapel Hill. 
https://commons.wikimedia.org/wiki/File:Celegan
sGoldsteinLabUNC.jpg 
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C. elegans is a small (about 1 mm in length), free-living (nonparasitic) roundworm found in most 
temperate areas of the world. It is an animal with two sexes – hermaphrodite and male. 
Roundworms also are called “nematodes.”  
 
Both sexes of C. elegans have a small fixed number of cells in their entire bodies - 959 cells for 
the hermaphrodite and 1061 for the male. C. elegans was the first multicellular organism to 
have its genome completely sequenced. A genome is all of the DNA base pairs of an organism. 
Now that the full sequence of the C. elegans genome is known, researchers use this simple 
and well-characterized model organism to pursue molecular and genetic studies of biological 
processes that are the same throughout the living world. 

 

 

	
C. elegans feeds on bacteria and other microorganisms in the soil or in rotting vegetation. The 
transparency of the animal throughout its short life cycle, its anatomical and genetic simplicity, 
small number of cells, ease of laboratory maintenance, and the ease with which its cells mutate 
upon exposure to certain chemicals or ionizing radiation make C. elegans an ideal experimental 
animal for studies at the organ, cell, or genetic level.  

 
In addition, C. elegans often is chosen as a model organism because it has been hypothesized 
that many of the genetic and molecular mechanisms demonstrated by this relatively simple 
multicellular organism would function, either identically or similarly, in all animal species, 
including humans. This hypothesis has been confirmed by many laboratory investigations. 
Often, when a gene from a human or other multicellular organism is analyzed, the genes are 
found to be similar in structure or function. Thus, many genes of C. elegans are homologues of 
the genes of more complex organisms. That’s why the study of C. elegans is useful and 
important to humans. We can investigate and experiment with C. elegans and apply that 
research to human disease and genetic disorders. 
 
You will be learning about C. elegans by culturing and examining these tiny worms. They 
worms are small, about the size of a 1 mm–long fragment of a strand of human hair. Under 
magnification, between 25 and 40 power, worm movement and interaction will become 
apparent. At higher powers, internal worm structures may become visible. Studying the form 
and function of C. elegans is the beginning steps for genomic research. 
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Vulva Spermatheca

Adapted from The anatomy of a Caenorhabditis elegans hermaphrodite.
Woods, ed. 1988 

Adapted from The anatomy of a Caenorhabditis elegans male.
Woods, ed. 1988
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INVESTIGATION	3	 
C.	Elegans	Familiarization:	Touch	Stimulation	
	
Overview		
Students	will	investigate	the	response	of	C.	elegans	to	touch	stimulation	and	map	the	tracks	
of	the	worms	through	the	nematode	growth	media.	
	
TIME		
1	classroom	session	
	
MATERIALS		
•		 Several	hot	glue	guns	
•	 Fine	water	color	paint	brush,	or	have	students	use	eyebrow	hairs	to	create	their	touch	

probe	
•		 Toothpicks	
•		 C.	elegans	cultures	already	started	in	Petri	dishes	
•		 Low-power	stereo	dissecting	microscopes	(25-40X)	
•		 Student	observation	page	
•	 Isopropyl	alcohol	70%,	few	mL	in	small	containers	(one	container	per	group)	
	
BEFORE	YOU	START	
Before	starting	the	procedures	below,	conduct	a	class	discussion	to	summarize	the	
different	observations	students	made	of	their	C.	elegans	cultures	during	the	previous	
session.	
	
SAFETY	
Follow	all	school	district	recommended	safety	practices	for	working	with	live	organisms	in	
the	classroom.	
	
BACKGROUND	
C.	elegans	worms	have	a	sufficiently	developed	nervous	to	respond	to	a	variety	of	touch	
sensations.	These	responses	occur	as	movements	by	the	organism,	and	have	been	studied	
extensively.	The	article	at	the	following	link	provides	a	detailed	summary	of	research	C.	
elegans	responses	to	touch	stimulation	(Chalfie,	et	al.,	Assaying	Mechanosensation).	The	
article	is	available	in	PDF	format	for	use	with	advanced	students.		
	
http://www.wormbook.org/chapters/www_amchnosensation/amchnosensation.html	
	
The	entire	C.	elegans	nervous	system	consists	of	302	neurons	(nerve	cells).	The	cell	bodies	
of	most	neurons	are	clustered	in	the	head	or	tail.	Only	six	neurons	are	responsible	for	
sensing	gentle	touches	to	the	worm’s	body.	Because	the	system	is	so	small	and	easily	is	
observed,	C.	elegans	has	been	used	to	investigate	for	many	neuroscience-related	questions.	
Detailed	information	about	the	C.	elegans	nervous	system	can	be	found	on	the	WormAtlas	
website	(see	“Resources”).		
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The	most	generally	used	test	for	responses	to	gentle	touch	sensations	is	conducted	using	an	
eyebrow	hair.	These	hairs	are	used	because	they	taper	to	a	very	fine,	soft	tip.	To	create	a	
testing	devise,	students	will	use	an	eyebrow	hair	glued	to	a	toothpick	(see	diagram	below).	
The	hair	must	be	sterilized	and	allowed	to	dry	before	use.		
		

	
	
Animals	are	touched	by	stroking	the	hair	across	the	body	just	behind	the	pharynx	
(posterior	or	“front-end”	responses	and	just	behind	the	anus	(anterior	or	“rear-end”	
response)	(see	arrows	above).	The	six	neurons	involved	also	are	labeled.	The	animals	
should	not	be	poked	with	the	hair,	nor	should	a	metal	probe	be	used	to	touch	them.	
Animals	that	are	dead	or	unhealthy	will	not	respond	to	the	touch	test,	so	this	is	a	way	to	
indentify	those	worms.	In	addition,	worms	with	a	particular	genetic	mutation	(Mec)	will	
not	respond	to	a	stroking	touch	sensation.	Touch	sensitive	worms	will	stop	movement	
toward	the	hair	or	reverse	direction	in	response	to	the	stimulus.	
	
In	this	activity,	students	will	observe	the	different	responses	to	tapping	the	culture	plate	
and	touching	the	worms	by	stroking	at	the	anterior	(front)	and	posterior	(back)	ends.		
	
WHAT’S	THE	QUESTION	
How	do	C.	elegans	worms	respond	to	touch	stimulation?	
	 	
PROCEDURE	
1. Have	students	prepare	a	probe	by	plucking	a	hair	from	an	eyebrow	and	gluing	it	to	the	

end	of	a	toothpick.	Bristles	from	a	small	watercolor	paint	brush	can	be	substituted	for	
eyebrow	hair.	

	
2. Dip	the	hair	and	toothpick	end	into	alcohol	to	sterilize	both.	Let	the	alcohol	air-dry	

before	starting	the	activity.	
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3. Have	students	place	their	culture	plates	under	a	low-power	microscope.	Have	them	tap	
the	side	of	the	plate	several	times	with	a	finger	or	pencil,	and	observe	the	responses	of	
the	worms.	Typically,	normal	worms	will	reverse	their	direction	of	movement	when	the	
plate	is	tapped.	Have	students	record	their	observations.	

	
4. Next,	students	should	select	one	worm	under	the	microscope	and	gently	stroke	the	nose	

of	the	worm	with	the	hair.	They	should	not	stab	or	poke	the	worm.	The	nose	end	of	the	
worms	is	the	forward	end	of	the	worm	as	it	moves	through	the	media.	Observe	what	
happens.	Record	your	observations	in	the	data	log.	Repeat	the	gentle	stimulation	on	the	
tail	end	of	the	same	worm	and	record	what	happens.	

	
5. Repeat	Step	3	using	a	stronger	touch.	Dip	the	end	of	a	toothpick	(without	a	hair	glued	to	

it)	into	alcohol.	Air-dry	the	toothpick.	Place	the	end	of	the	toothpick	in	front	of	the	
worm.	Observe	and	record	what	happens	when	the	worm	encounters	it.	Push	the	nose	
of	the	worm	with	the	toothpick.	Observe	and	record	what	happens.	Push	on	the	worm	
from	the	tail.	Then,	observe	and	record	what	happens.	

	
6. Have	all	four	students	within	each	group,	conduct	all	of	the	tests.	Then,	have	them	

discuss	their	findings	and	describe	the	general	behaviors	of	the	worms	based	on	the	
complete	set	of	tests.	

	
WRAP	IT	UP	
Have	students	write	short	papers	on	their	observations	of	the	response	of	C.	elegans	to	
touch	stimulation.	The	papers	should	resemble	abstracts	of	longer	scientific	research	
articles.	Refer	students	to	the	resources	below	for	more	information,	if	needed.	
	
RESOURCES	
C.	elegans	Nose	Touch	Response	
https://www.youtube.com/watch?v=cexHTkGEUYM	
	
Online	Developmental	Biology:	Introduction	to	C.	elegans	
https://www.youtube.com/watch?v=zc1P7lGSzdU	
	
WormAtlas	
http://www.wormatlas.org/hermaphrodite/nervous/mainframe.htm	
	
WormBook	
http://www.wormbook.org/chapters/www_amchnosensation/amchnosensation.html	
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C. Elegans Observation Log 
 
1. Describe how the worms responded to touch stimulations. You will observe response after 

the following kinds of touch stimulation. Do not poke with worms. Instead, use a gentle 
brushing or stroking motion with the fine tip of the hair to do the following. 

 
• Tapping the plate 
• Gently touching the front end of the worm with a stroking motion. 
• Gently touching the back end of the worm with stroking motion. 
• Blocking the path of a forward moving worm with the end of the hair. 
• Nudging the tail of the worm with the end of the hair. 

 
2. Consider the following questions as you make your observations. 
 

• How did the worms respond when the plate was tapped? 
• For each test, did the worms move away or towards the stimulation device? Was the 

behavior different for the front and back ends? 
• How fast was their response?  
• Did the worms exhibit any behavior you had not observed before?  
• Did the worms respond differently to blocking or nudging stimulation than to the soft 

stimulation? 
• Did all of the worms observed behave in the same way to each test?  
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INVESTIGATION	4		
C.	Elegans	Familiarization:	Temperature	and	Growth	
	
Overview		
Students	will	observe	the	responses	of	C.	elegans	cultures	to	small	changes	in	
environmental	temperature.		
	
TIME	NEEDED	
1	classroom	session	
	
MATERIALS	
•		 C.	elegans	cultures	of	the	same	age	to	expose	to	each	different	thermal	environment	you	

are	able	to	create	
•		 Access	to	a	refrigerator	and	to	an	incubator*	
•		 Several	thermometers	

	
*		 A	serviceable	incubator	can	be	constructed	from	a	Styrofoam	cooler,	25	watt	

incandescent	light	bulb,	clamp	light	fixture,	and	a	household	rotary	dimmer	switch.	(See	
“Special	Procedures,”	for	complete	instructions.)	

	
BEFORE	YOU	START	
Check	and	adjust	temperatures	of	the	refrigerator	and	incubator	to	create	a	variety	of	
thermal	environments.	You	may	use	the	same	cultures	of	C.	elegans	that	already	were	
created,	or	develop	additional	cultures	to	allow	for	more	temperature	tests.	
	
SAFETY	
Follow	all	school	district	recommended	safety	practices	for	working	with	live	organisms	in	
the	classroom.	
	
BACKGROUND	
Many	organisms,	such	as	C.	elegans,	have	shorter	lifespans	at	higher	temperatures.	In	
general	this	change	is	attributed	to	acceleration	of	metabolic	rates	within	their	bodies.	C.	
elegans	worms	are	ectotherms	(body	temperature	varies	with	the	environment).	However,	
the	worms	are	able	to	regulate	their	bodies’	responses	and	mitigate	the	metabolic	effects	of	
higher	temperatures.	Thus,	their	lifespans	do	not	become	as	short	as	might	be	expected.	
Conversely,	within	tolerable	temperatures,	as	temperature	decreases,	lifespan	is	
lengthened.	This	mitigation	and	regulation	is	under	genetic	control.1	
	
Temperature	is	sensed	in	C.	elegans	by	thermosensory	neurons.	The	worms	exhibit	various	
behaviorial	strategies	to	regulate	their	body	temperatures.	In	the	wild,	C.	elegans	is	able	to	
tolerate	large	temperature	fluctuations.	A	number	of	biologists	are	investigating	how	
temperature	affects	the	lifespan	of	C.	elegans	and	how	it	is	under	genetic	control.	

																																																								
1		 Seung-Jae	L,	Kenyon	C.	2009.	Regulation	of	the	Longevity	Response	to	Temperature	by	Thermosensory	

Neurons	in	Caenorhabditis	elegans.	Curr	Biology	19:	715-722.	



Genome	Stories	Guide	for	Teachers	©	Baylor	College	of	Medicine		 	20	

Movement	toward	or	away	from	extreme	temperatures	is	called	thermotaxis,	and	is	a	
behavior	that	also	can	be	observed	in	C.	elegans.	
	
WHAT’S	THE	QUESTION	
How	does	temperature	(higher	or	lower	than	normal)	affect	lifespan	and	behaviors	of	C.	
elegans?	
	
SPECIAL	PROCEDURES	
Select	a	Styrofoam	cooler	of	an	appropriate	size	to	be	your	incubator.	Punch	a	hole	in	the	
cooler	lid	for	a	thermometer.	Position	the	thermometer	so	that	you	can	read	the	
temperature.	Mount	a	clamp	lamp	on	to	a	piece	of	wood	or	some	other	object	so	that	it	can	
stand	upright	in	the	cooler.	Insert	the	light	bulb.	Cut	one	strand	of	the	power	cord	and	
splice	in	a	rotary	dimmer	switch	as	shown	below.	Turn	on	the	light	and	close	the	lid.	After	
an	hour,	check	the	temperature.	Adjust	the	dimmer	switch	to	increase	or	decrease	the	
temperature	inside	the	cooler.	After	an	hour,	check	the	temperature.	If	the	desired	
temperature	is	reached,	mark	the	dimmer	position	for	future	reference.	If	the	incubator	
does	not	get	warm	enough,	switch	to	a	higher	wattage	light	bulb.	When	satisfied,	place	C.	
elegans	culture	Petri	dishes	inside	the	cooler.		

													

	
PROCEDURE	
1. 	Tell	students	that	C.	elegans	also	is	an	important	organism	for	studying	responses	to	

environmental	change,	such	as	temperature	fluctuations.	As	a	class,	they	will	design	an	
experiment	to	investigate	the	behaviors	and	life	spans	of	C.	elegans	at	temperatures	that	
are	somewhat	colder	or	warmer	than	room	temperture.		

	
2. Each	group	of	students	will	be	responsible	for	observing	one	or	more	cultures	of	C.	

elegans.	Depending	on	the	number	of	cultures	you	have	available	or	have	time	to	
prepare—assign	each	group	one	temperature	condition	or	enable	each	group	to	
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observe	worms	under	3–5	different	temperature	conditions.	Either	way,	inform	
students	that	they	will	be	combining	their	observations	with	those	of	the	rest	of	the	
class.		

	
3. 	Identify	different	thermal	environments	in	which	the	worm	cultures	may	be	placed.	

Try	for	temperatures	of	approximately	10oC,	15oC,	20oC,	25oC,	and	30	C.	It	is	not	
necessary	to	achieve	all	of	the	temperatures	but	try	to	have	at	least	a	cold,	medium,	and	
warm	environment	for	comparison.	Prior	to	placing	any	culture	in	one	of	the	
environments,	observe	each	environment	for	24	hours	to	record	the	temperature	
fluctuations	in	the	environment.		

	
4. Before	placing	the	worm	cultures	in	the	different	environments,	students	should	make	

initial	observations	of	the	activity	level	and	condition	of	the	worms—	and	record	their	
observations.	

	
5. Reserve	two	C.	elegans	cultures	to	serve	as	controls	for	the	class.	Treat	these	cultures	in	

the	normal	way	as	you	did	in	Investigation	2.	Have	students	observe	the	cultures	and	
record	the	observations	for	comparison.	

	
6. After	two	days,	have	students	remove	the	cultures	from	the	different	temperature	

environments,	and	observe	and	record	any	changes	in	growth	and	development.	Keep	
in	mind	that	the	normal	lifespan	of	C.	elegans	is	about	10	to	15	days.	Normal	changes	
will	occur.	The	objective	here	is	to	determine	whether	or	not	temperature	affects	worm	
development,	activity	or	lifespan.	Compare	test	cultures	with	control	cultures.	

	 	 	
7. Students	may	observe	that	the	cultures	inside	the	incubator	will	have	an	uncontrolled	

variable	–	light.	These	cultures	will	be	exposed	to	continuous	light	whereas	the	other	
cultures	might	exist	in	a	partial	or	dark	environment.	Ask	students	to	think	up	a	way	of	
controlling	for	light	and	let	them	implement	their	ideas.	

	
WRAP	IT	UP	
Have	students	summarize	their	results	within	their	groups.	Have	each	group	report	its	
observations	to	the	rest	of	the	class	as	one	or	two	PowerPoint	slides.	After	the	individual	
groups	have	made	their	presentations,	conduct	a	class	discussion	to	reach	general	
conclusions	about	the	effects	of	temperature	on	C.	elegans	behavior,	development	or	
longevity.	
	
RESOURCES	
Kaeberlein	Lab:	The	Role	of	Temperature	in	C.	Elegans	Longevity	
http://kaeberleinlab.org/projects/role-of-temperature-c-elegans-longevity	
	
The	Brock	Grill	Laboratory:	Resources	for	Teachers	
www.scripps.edu/grill/resources.html	
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Investigation 4
Student Page

C. Elegans Observation Log

C. elegans and temperature

Temperature:

Worm Count:

Draw Worm Tracks Notes:

Temperature:

Worm Count:

Draw Worm Tracks Notes:

Temperature:

Worm Count:

Draw Worm Tracks Notes:
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INVESTIGATION	5	
Coiling	DNA	
	
OVERVIEW	
Students	will	model	new	findings	about	the	importance	of	DNA	folding	by	simulating	the	
way	DNA	is	packed	inside	the	nuclei	of	cells.	
		
TIME		
2–3	sessions	
	
MATERIALS	(per	team	of	students)	
•		 Two	colors	of	acrylic	knitting	yarn	
•		 Two	pencils	
•		 Meter	stick	
•		 Colored	8.5-in.	x	11-in.	paper	–	two	different	colors	cut	into	1-in.	x	11-in.	strips.	Make	

several	sets	per	team.	
•		 Clear	tape	
•		 Calculators	(optional)	
•		 Milkshake	straw	(extra	wide	diameter	straw	–	about	1	cm	across)	
•		 Scissors	(can	be	shared	by	groups)	
•		 Rulers	with	a	good	straight	edge	
	
BEFORE	YOU	START	
1. Download	and	print	the	origami	DNA	pattern	from	the	following	site:	

http://www.yourgenome.org/activities/origami-dna	
2. This	site	contains	preprinted	color	pattern	and	a	color-it-yourself	pattern.	There	is	also	

an	instruction	sheet	and	a	video	demonstration	on	the	site.	
3. Use	a	drop	knife	paper	cutter	to	cut	the	paper	strips	each	team	needs.		
4. Bookmark	the	following	video	for	showing	to	your	students.	

http://www.bioedonline.org/library/media/photos-and-video/a-3d-map-of-the-human-
genome/	

	
BACKGROUND	
There	are	many	amazing	and	fantastic	facts	about	DNA—the	amazing	molecule	that	
contains	all	of	the	instruction	for	living	cells	and	organisms.	One	set	of	mind-boggling	facts	
pertains	to	the	length	of	DNA	strands	and	the	geometry	of	how	they	are	packed	into	the	
nuclei	of	individual	cells.	According	to	the	National	Institute	of	General	Medical	Sciences	at	
the	National	Institute	of	Health,	the	DNA	segments	in	a	single	cell	laid	end-to-end	stretch	6	
feet	or	about	2	meters.	(https://publications.nigms.nih.gov/insidelifescience/genetics-
numbers.html)	
	
While	2	meters	may	not	sound	impressive	by	itself,	how	something	that	long	fits	into	a		
cell	nuclei	is.	The	2	meters	of	DNA	contain	3	billion	base	pairs.	A	base	pair	consists	of		
two	chemical	bases	bonded	together	to	form	a	rung	of	the	DNA	double	helix	ladder.		
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(A	–	adenine,	C	–	cytosine,	G	–	guanine,	T	–	thymine)	Through	coiling	and	looping,	all	3	
billion	pairs	in	each	cell	fit	into	a	space	just	6	microns	across!	
	
When	we	consider	the	number	of	cells	in	the	human	body,	let’s	say	an	average	70	kg	male,	
the	numbers	become	astronomic.	Depending	upon	the	counting	technique	used,	the	total	
estimated	number	of	cells	amounts	to	about	37	trillion.	Each	cell	has	a	total	DNA	length	of	2	
meters.	Imagine	how	far	all	of	the	DNA	in	our	average	human	would	stretch	if	added	end-
to-end.	
	
The	secret	of	packing	DNA	strands	into	a	cell	nucleus	is	coils—	coils	of	coils	of	coils.	The	
following	brief	activities	address	different	ways	to	visualize	DNA	packing.	While	it	is	not	
necessary	to	do	all	of	the	activities,	each	provides	a	different	approach	to	try	to	imagine	the	
unimaginable.	The	second	paper-folding	activity	and	science	video	is	based	on	recent	
research	that	is	uncovering	the	significance	of	looping	in	DNA	to	the	functioning	of	certain	
genes.	
	
WHAT’S	THE	QUESTION	
How	do	cells	fit	DNA	strands	with	composed	of	billions	of	base	pairs	in	tight	places?	
	
PROCEDURE	
Part	1.	Origami	DNA	
1. Show	the	origami	DNA	video	to	your	students	or	print	out	and	distribute	the	instruction	

sheets.	
	
2. Distribute	the	printed	origami	DNA	plans	to	each	student.	
	
3. Have	students	cut	out	and	fold	the	origami	DNA	according	to	the	instructions.	
	
4. Show	students	how	to	twist	the	ends	of	their	models	so	that	they	coil.	
	
5. Have	students	examine	their	models	and	write	observations	in	their	notebooks.	

	
6. If	desired,	use	tape	to	connect	models	together.	
	

	
Completed origami DNA model about 6 inches long 
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Part	2.	Stretched	Out	DNA	
1. Write	the	following	number	on	the	board:	

	
67	billion	miles	long	or	107.8	billion	kilometers	
	

2. Ask	your	students	to	speculate	on	what	this	number	means.	
	
3. Tell	your	students	that	the	number	is	provided	by	the	National	Institute	of	General	

Medical	Sciences	at	the	National	Institute	of	Health.	It	is	the	total	length	of	DNA	found	in	
your	bodies,	if	all	of	the	DNA	in	every	single	cell	is	unwound	and	stretched	end-to-end.		

	
4. Ask	your	students	to	speculate	on	how	67	billion	miles	of	DNA	can	fit	into	our	bodies.	
	
5. Show	“A	3D	Map	of	the	Human	Genome”	video.	
	

	https://www.youtube.com/watch?v=dES-ozV65u4	
	

6. Discus	the	major	points	covered	in	the	video.	Challenge	teams	to	make	their	own	
origami	DNA	strands	as	shown	in	the	beginning	of	the	video.	Each	student	should	join	
end-to-end	seven	strips	of	colored	paper.	Repeat	with	a	different	color	strip	of	paper.	
Students	will	have	two	2-meter	strips	of	paper.	

	
7. Tell	students	to	place	one	strip	on	top	of	another	and	begin	folding	from	one	end.	The	

diagram	below	shows	the	folding	sequence.	When	completed,	students	will	have	a	
folding	model	similar	to	the	one	in	the	3D	map	video.	
	

	
	
8. Conclude	the	activity	by	showing	the	following	video:.	

http://www.bioedonline.org/library/media/photos-and-video/how-does-dna-fold-
the-loop-extrusion-model/	

	
Part	3.	Coiling	Coils	With	Yarn	
1. Give	each	student	(or	team	of	two	students)	a	2-meter	piece	of	yarn	and	a	large	

diameter	milkshake	straw.	
	

MF = Mountain Fold   VF = Valley Fold

MF VF MFVF MFVF MFVFMF VFMF VFMF VFMF ETC.

Paper Strip Folding Plan
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2. Challenge	students	to	stuff	the	yarn	into	a	large	diameter	straw.	Tell	them	that	this	is	a	
competition.	The	object	is	to	stuff	the	yarn	into	the	shortest	length	of	straw	possible.	
When	they	pushed	the	yarn	inside,	have	them	cut	the	straw	to	a	length	just	large	
enough	to	hold	the	yarn.	Suggest	students	think	about	how	they	will	get	the	yarn	inside	
the	straw.	How	can	they	compact	the	yarn	for	best	results?	

	
3. Compare	the	lengths	of	straws.	Which	student	succeeded	in	using	the	least	amount	of	

straw	to	hold	the	yarn?	Verify	the	winner	by	measuring	the	straw	length	and	by	pulling	
the	yarn	out	of	the	straw.	It	must	not	have	any	tangles	or	knots	and	still	be	2	meters	
long	when	withdrawn.	

	
4. Discuss	student	strategies.	Compare	this	activity	to	stuffing	about	2	meters	of	DNA	into	

a	space	no	larger	than	6	microns.	
	

	
	

Two parallel folded paper strip that can compact  
into a triangular prism shape about 1 inch long. 

	
Part	4:	Coiling	the	DNA	
1. Pair	up	students	and	give	each	pair	team	two	strands	(different	colors)	of	yarn	about	

2.1	meters	long.	The	extra	0.1	meter	will	be	for	knots.	
	
2. Have	them	tie	the	ends	of	the	yarn	strands	together	to	form	a	large	loop.		
	
3. Slip	two	pencils	inside	the	loops	and	stretch	the	loop	to	is	ends.		
	
4. Have	the	teams	begin	winding	the	yarn,	both	turning	the	loop	in	the	same	direction—	

clockwise	or	counterclockwise.	Having	both	ends	turn	clockwise	or	both	
counterclockwise	will	cause	the	yarn	loop	to	wind.	Gradually,	the	ends	of	the	loop	will	
start	coming	together	as	the	yarn	begins	to	coil.	The	initial	coils	will	for	new	coils.	
Continue	winding	until	the	pencils	nearly	come	together.	
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5. Ask	students	to	describe	how	the	yarn	coils	look.	How	do	the	yarn	coils	compare	with	

DNA	coils?	
	

	
	
Two 2-m lengths of yarn coiled together. When not  
stretched, as they are here, the coils pull together to  
form a bundle of coils upon coils about 1 inch across. 

	
WRAP	IT	UP	
Use	the	following	resources	to	summarize	the	activity	and	to	launch	students	towards	
further	research.	If	time	allows,	have	each	student	or	student	team	write	a	paragraph	
describing	one	significant	aspect	of	DNA	folding	based	on	the	following	resources.	(For	
example,	DNA	loops	are	consistent	from	one	species	to	the	next,	because	they	have	
significance	for	activation	of	critical	genes.)	
	
The	writhing	and	coiling	of	DNA	drives	cell	activity	
http://fromthelabs.bcm.edu/2015/11/18/the-writhing-and-coiling-of-dna-drives-cell-
activity/	
	
On	the	trail	of	Parkinson’s	through	yeast	cells	
http://www.nytimes.com/2007/04/24/science/24conv.html?_r=2&oref=slogin	
		
3-D	Animation	Library:	DNA	wrap	basic	
https://www.dnalc.org/resources/3d/DNAWrapBasic_withFX01.html	
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INVESTIGATION	6	
Genomic	Health	Era:	Pros	and	Cons	
	
OVERVIEW		
Student	teams	will	learn	about	the	implications	for	genome	sequencing,	including	how	it	
can	lead	to	a	diagnosis	and	treatment	for	diseases.	Then,	teams	will	create	presentations	
focusing	on	either	positive	or	negative	aspects.		
	
MATERIALS	
Computer	access	
	
BEFORE	YOU	START	
1. Make	copies	of	“Mother's	determination,	next-generation	sequencing,	art	of	medicine	

provide	solutions	for	twins”	(p.	31–33)	
2. Copies	of	articles,	if	desired	(URLs	provided	below)	
	
BACKGROUND	
Genomic	medicine	is	becoming	a	reality	for	many	as	the	cost	of	gene	sequencing	has	
become	more	affordable	for	many	patients.	Genes	are	the	blueprint	for	each	human’s	
individual	needs.	Companies	are	offering	“Gene	Roadmaps”	that	promise	to	help	
personalize	nutrition,	fitness,	dieting,	skin	care,	sleep	and	basic	predispositions	to	a	host	of	
diseases	including	cancer	and	heart	disease.	While	sequencing	information	can	provialso	
indicate	a	proclivity	toward	hypertension,	high	triglycerides	and	cholesterol,	as	well	as	
addiction	to	alcohol	and	nicotine.	In	many	cases,	commercial	companies	cannot	provide	
medical	guidance	related	to	their	findings.	Further,	even	physicians	are	challenged	to	be	
able	to	make	sense	of	patterns	of	mutations	and	their	possible	implications	regarding	
health.		
	
In	addition,	emotional	implications,	discrimination	and	even	misinterpretation	of	gene	
analysis	also	must	be	considered.	Analysis	can	include	diagnosis	relating	to	untreatable	
conditions,	repercussions	related	to	relatives	including	unborn	offspring,	costs	of	
sequencing,	insurance	considerations,	and	possible	needs	for	counseling.		
	
As	noted	by	the	National	Institutes	of	Health,	there	are	many	kinds	of	genetic	testing.	
Genetic	tests	can	be	useful	for	some	of	the	following	instances.	
	

• Diagnose	disease	
• Identify	gene	changes	that	are	responsible	for	an	already	diagnosed	disease	
• Determine	the	severity	of	a	disease	
• Guide	doctors	in	deciding	on	the	best	medicine	or	treatment	to	use	for	certain	

individuals	
• Identify	gene	changes	that	may	increase	the	risk	to	develop	a	disease	
• Identify	gene	changes	that	could	be	passed	on	to	children	
• Screen	newborn	babies	for	certain	treatable	conditions	
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WHAT’S	THE	QUESTION	
What	are	the	implications,	positive	and	negative,	of	genetic	testing	and	whole	genome	
screenings?	
	
PROCEDURE	
1. Ask	students,	What	is	the	genomic	health	era?	Discuss	how	medicine	based	on	DNA	

sequencing	is	becoming	more	common,	but	that	many	complicated	issues	are	involved.	
Ask	students	to	volunteer	ideas.	Create	a	list	of	possible	pros	and	con.	Tell	students	
about	Francis	Collins,	who	was	one	of	the	first	humans	to	have	his	genetic	code	
sequenced.	Even	though	he	was	one	of	the	discovers	of	DNA,	even	he	decided	that	he	
did	not	want	to	know	if	he	carried	the	gene	variants	responsible	for	Alzheimer’s	
Disease.		
	

2. Share	an	article	from	the	news	with	the	students.	Discuss	their	ideas	and	observations.	
An	article	about	a	case	in	which	gene	sequencing	solved	a	medical	mystery	follows	the	
instructions	for	this	activity.	Additional	articles	can	be	accessed	at	the	following	
websites.		
	
Nobel	winner’s	genetic	sequence	mapped	
http://www.chron.com/news/houston-texas/article/Nobel-winner-s-genetic-
sequence-mapped-1803529.php	
	
The	2$	million	genome	
https://www.technologyreview.com/s/407992/the-2-million-genome/	
	
The	genomic	oracle	
http://www.slate.com/articles/health_and_science/human_genome/2013/10/babyseq
_genome_study_will_sequencing_dna_at_birth_change_someone_s_life.html	
	

3. Share	the	URLs	below	and	have	each	team	select	a	topic	related	to	genetic	testing	and	
genome	sequencing	of	individuals.	Each	team	should	present	a	summary	of	the	positive	
and	potentially	negative—or	confounding—aspects	of	their	topic.	Possible	topics	
include	whether:	all	individuals	should	have	their	DNA	sequenced	at	birth;	a	person	
should	be	informed	that	he	or	she	has	a	mutation	that	will	lead	to	a	future	disease;	an	
employer	should	have	access	to	genetic	information	of	employees,	etc.	
	
Finding	hope	in	whole	genome	sequencing:	Retta	Beery	
https://www.youtube.com/watch?v=-q0jfvtTPf4&nohtml5=False	
	
The	Beery’s	dystonia	support	site	
http://dystonia.thebeerys.com/Video/tabid/89/VideoId/12/UseHtml5/True/Defa	
	
List	of	personal	genomics	companies		
http://isogg.org/wiki/List_of_personal_genomics_companies	
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Pros	and	cons	of	genetic	counseling			
http://healthresearchfunding.org/pros-cons-genetic-counseling/		
	
A	genome	story:	10th	anniversary	commentary	by	Francis	Collins		
http://blogs.scientificamerican.com/guest-blog/a-genome-story-10th-anniversary-
commentary-by-francis-collins/		
	
A	conversation	with	Dr.	Francis	Collins		
https://thedianerehmshow.org/shows/2014-02-10/conversation-dr-francis-collins-
director-nih	
	
Role	of	the	innate	immune	system	in	aging	and	development	of	Alzheimer’s	Disease		
https://www.youtube.com/embed/iA0jVd_tDeo?feature=plcp&rel=0&showinfo=0&aut
oplay=1		

	
WRAP	IT	UP	
Have	each	group	present	both	sides	of	their	topic	to	the	rest	of	the	class.	Conduct	a	class	
discussion	of	the	benefits	and	ethical	challenges	related	to	genetic	and	genomic	testing.	 	
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Mother's determination, next-generation sequencing,  
art of medicine provide solutions for twins 

 
Dipali Pathak, Baylor College of Medicine 

 
When Noah and Alexis Beery were diagnosed with cerebral palsy at age 2, their parents 
thought they at last had an answer to the problems that had plagued their twin infants from 
birth. However, that proved only a way station on a journey to find an answer to the 
children's problems that combined their mother's determination, the high tech world of 
next-generation sequencing in the Baylor Human Genome Sequencing Center and the 
efforts of talented physicians from across the country. 
 
In a report in the current issue of Science Translational Medicine, researchers from Baylor 
College of Medicine, experts in San Diego and at the University of Michigan in Ann Arbor 
describe how the sequencing of the children’s whole genome along with that of their older 
brother and their parents zeroed in on the gene that caused the children’s genetic 
disorder, which enabled physicians to fine-tune the treatment of their disorder. 
 
Individual treatment 
More than that, it also took human genome sequencing to a new level – that of improving 
treatment for an individual. The Baylor Genome Sequencing Center has pioneered whole 
genome sequencing of individuals, beginning when they presented Nobel Laureate Dr. 
James Watson with his full genome sequence on May 31, 2007. It was followed up in 
2010, when Dr. Richard Gibbs, director of the Baylor Human Genome Sequencing Center, 
and Dr. James Lupski, vice chair of molecular and human genetics at Baylor, published 
information on Lupski's whole genome sequence, identifying the gene mutation that 
caused his form of Charcot-Marie-Tooth Syndrome, an inherited disorder. 
 
“When the Baylor HGSC sequenced Watson's genome, it showed we could do a whole 
genome sequence,” said Lupski. “When we sequenced my genome, it showed that whole 
genome sequencing was robust enough to find a disease gene among the millions of 
genetic variations. Now, not only have we found the variation that caused the disease, it 
enabled us to change therapy to improve their outcome.” 
 
“This is a giant step forward in our ability to use whole genome sequencing to benefit 
patients,” said Gibbs. 
 
Revolutionizing medicine 
“This work is a pivotal example of how genomics will revolutionize medicine by improving 
diagnostics and ultimately helping physicians optimize care for their patients,” said Dr. 
Matthew Bainbridge, the first author on the report who was a graduate student during 
much of the work. 
 
Lupski was one of the physicians who consulted on the case of the Beery children at 
Texas Children's Hospital, and he credits their mother Retta Beery with fighting for her 
children's future and her absolute determination to find an answer. 
 
“Because of this mother, the children have a diagnosis and whole genome sequence that 
changed their diagnosis. Now they have additional therapy that works,” he said. 
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Life-changing diagnosis 
When the twins reached age 4, it became apparent to their parents that the diagnosis of 
cerebral palsy did not match the problems their children were facing. Their mother did 
Internet research and found a description of a disease that fit her daughter's diagnosis 
better – dopa-responsive dystonia. The muscles of people with dystonia contract and 
spasm involuntarily. In this case, the disease was responsive to a drug called L-dopa, 
which substituted for the neurotransmitter dopamine that they lacked. Neurotransmitters  
 
Dr. John Fink, professor of neurology at the University of Michigan, diagnosed first Alexis 
and then Noah with the disorder and started them on small doses of the drug, which 
alleviated many of their symptoms, at age 6. They went to school and began to function as 
normal children. 
 
“It’s completely changed their lives,” said Retta Beery. Then, about 18 months ago, Alexis 
Beery began to have breathing problems so severe that eventually they forced her to stop 
the athletics she loved. Twice, paramedics came to the Beery house because her 
breathing problem became acute. Her ability to breathe was decreasing and her mother 
began another desperate search for an answer. 
 
Searching for mutated gene 
That is when their mother brought up the issue of whole genome sequencing to her 
husband Joe, who is the chief information officer of Life Technologies, Inc., a company 
pioneering new methods and manufacturing the research equipment for next-generation 
sequencing. That brought them to Baylor College of Medicine and Gibbs at the Baylor 
Human Genome Sequencing Center. 
 
There, a team began the search for the mutated gene that was causing the twins’ 
problems. Existing single-gene tests for the two genes known to cause the dopa-
responsive dystonia were negative. When the Baylor team sequenced the whole genome 
of each twin (and studied their parents and brother for comparison), they found the twins 
had three genes with mutations that might be causative. 
 
Sepiapterin reductase 
Two of the genes had no known purpose, but one – sepiapterin reductase (SPR) – had 
also been associated previously with dopa-responsive dystonia. The twins each inherited 
two mutated copies of that gene. One of the copies came from their mother and the other 
from their father. The mother had a nonsense mutation and the father had a missense 
mutation. (A nonsense mutation stops the reading of messenger RNA, resulting in a 
truncated protein that does not work. A missense mutation is a change that results in the 
production of a different amino acid that causes an alteration in the protein associated with 
the gene.) 
 
When SPR is mutated, it disrupts a cellular pathway that is responsible for not only the 
production of dopamine but also two other neurotransmitters – serotonin and noradrenalin. 
Both dopamine and serotonin act at the synapse, the junction at which one neuron passes 
electrical or chemical signals to the next. 
 
Deficient in dopamine, serotonin 
The result meant that the twins were not only deficient in dopamine, they were also 
deficient in serotonin. In consultation with the twins’ California pediatric neurologist, Dr. 
Jennifer Friedman of Rady Children's Hospital in San Diego, the Baylor doctors at Texas 
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Children's Hospital advised adding a small dose of a supplement called 5-HTP to their 
medications. Friedman, a neurologist, had actually treated another child with the disorder. 
 
“A month after adding the new therapy, Alexis's breathing improved dramatically,” said 
Retta Beery. “She's been running track again.” 
 
Noah has also benefited, she said. His handwriting has improved and he was able to focus 
more in school. 
 
The Beery case also has important general implications for studying human genetics as 
the genome sequencing resulted in a better understanding of what happens when a 
person has only one copy of the mutated gene. Each of the Beery parents has one of the 
gene mutations that affected their children. While the two mutated genes caused profound 
disease in the children, at least one mutation appeared to be potentially associated with 
Retta Beery’s susceptibility to fibromyalgia, which also affected other members of her 
family. 
 
In other words, two mutated copies of the gene (even when the mutations are different) 
cause the profound disease. A single mutated copy of the gene may confer susceptibility 
to a more common ailment. 
 
Refining diagnosis 
The additional information in the Beery family is like the story in the Lupski family, where 
some people on one side of his family who had just one copy of the mutated genes had 
carpal tunnel syndrome and some on the other side of the family who had another mutated 
gene copy had axonal neuropathy (a disorder that affects the axon, the part of the neuron 
that extends away from the main body and carries messages to peripheral parts of the 
body). Only family members, like Lupski himself, who inherited both mutated copies were 
affected by the full Charcot-Marie-Tooth disease. 
 
“I think we may find more examples of genes with mutations that cause disease, and when 
you look at family members who have only one of the mutated alleles, you may find other 
variations that result in milder common disease,” said Gibbs. 
 
“This is an important finding,” said Lupski. “We found evidence that sometimes, when you 
have a heterozygous state (only one of the mutated genes), you might be more 
susceptible to more common diseases.” 
 
“The key is that the children were correctly diagnosed clinically, but the molecular 
diagnosis offered a refinement that enabled better medical management which could 
further alleviate symptoms and improve quality of life for these terrific twins,” said Lupski. 
“It answers the question of why do the genome sequence. I believe it also shows what we 
can all learn from a mother's persistence!” 
  
 
Others who took part in this research include: Wojciech Wiszniewski, David R. Murdock, Claudia Gonzaga-Jauregui, Irene 
Newsham, Jeffrey G. Reid, Margaret B. Morgan, Marie-Claude Gingras and Donna M. Muzny, all of BCM, and Drs. Linh 
D. Hoang and Shahed Yousaf of Life Technologies in Carlsbad, California. 
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Engineering Research Council of Canada and Life Technologies. 


