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3.1	assessment	biology	answers

What’s	new	Teaching	Resource	Centre	Bk	2	Ch14:	PowerPoint	(bilingual)	Bk	E1	Ch	1-2:	PowerPoint,	Chapter	test	Bk	E1-4:	Answers	for	textbook	Teaching	plan	(with	NSE)	Teaching	Resource	Centre	Bk	2	Ch	15-18:	Question	bank	Teaching	Resource	Centre	Bk	4	Ch	28:	Question	bank	Bk	E1	Ch	1-2,	Bk	E2	Ch	1,	Bk	E4	Ch	1:	Flipped	classroom	worksheet
Practical	E1	1.1,	3.1,	3.2	Bk	4	Ch	27-30:	Short	revision	notes	Animation	15.3,	15.4,	15.5,	15.6,	15.7,	E1	1.1,	1.2,	2.1,	3.1,	3.2,	4.1	Student’s	Corner	Bk	4	Ch	27-30:	Short	revision	notes	Animation	15.3,	15.4,	15.5,	15.6,	15.7,	E1	1.1,	1.2,	2.1,	3.1,	3.2,	4.1	Practical	E1	1.1,	3.1,	3.2	Teaching	Resource	Centre	Bk	2	Ch	13,	Bk	4	Ch25:	PowerPoint	(bilingual)
Teaching	Resource	Centre	Bk	2	Ch	13-14,	Bk	4	Ch	25-27:	Question	bank	Teaching	Resource	Centre	Bk	2	Ch	17-18:	Chapter	test	Bk	2	Ch	17-18:	Section	quiz	Teaching	Resource	Centre	Bk	4	Ch	30:	Chapter	test	Bk	4	Ch	29-30:	Lesson	worksheet,	Section	quiz	Teaching	Resource	Centre	Bk	4	Ch	29-30:	PowerPoint	Bk	4	Ch	29:	Chapter	test	Teaching
Resource	Centre	Bk	2	Ch	11-12:	Question	bank	Bk	4	Ch	29-30:	Flipped	classroom	worksheet	Teaching	Resource	Centre	Bk	2	Ch	15-16:	Section	quiz	Exam	survival	guideExam	skill	videos	Student’s	Corner	Exam	survival	guideExam	skill	videos	Teaching	Resource	Centre	Bk	2	Ch	15-18:	Lesson	worksheet	Bk	2	Ch	15-17:	Animation		Practical	15.1,	17.1,
17.2	Student’s	Corner	Bk	2	Ch	15-17:	Animation		Practical	15.1,	17.1,	17.2	Teaching	Resource	Centre	Bk	2	Ch	18:	PowerPoint	Bk	2	Ch	15-16:	Chapter	test	Bk	2	Ch	15-18:	Flipped	classroom	worksheet	Teaching	Resource	Centre	Bk	2	Ch	15-17:	PowerPoint	Bk	4	Ch	27-28:	Section	quiz	Teaching	Resource	Centre	Teaching	Resource	Centre	Student’s
Corner	Teaching	Resource	Centre	Bk	4	Ch	27-28:	Flipped	classroom	worksheet	Teaching	Resource	Centre	Teaching	Resource	Centre	Bk	4	Ch	27-28:	Chapter	test	Bk	4	Ch	27-28:	Lesson	worksheet	Bk	4	Ch	25-26:	Short	revision	notes	Bk	4	Ch	27:	PowerPoint	Student’s	Corner	Bk	4	Ch	25-26:	Short	revision	notes	Teaching	Resource	Centre	Bk	2	Ch	12:
PowerPoint	(bilingual)	Skills	Building	Pack:	Data	handling,	Communication,	Drawing,	Scientific	investigation,	Calculation	Teaching	Resource	Centre	Bk	3	Ch	23-24:	Question	bank	Teaching	Resource	Centre	Bk	2	Ch	11:	PowerPoint	(bilingual)	Bk	4	Ch	25-26:	Lesson	worksheet	Bk	2	Ch	11-14:	Short	revision	notes	Student’s	Corner	Bk	2	Ch	11-14:	Short
revision	notes	Teaching	Resource	Centre	Bk	3	Ch	24:	PowerPoint	(bilingual)	Bk	2	Ch	13-14:	Lesson	worksheet	Photomicrograph	power-up	exercise	Practical	12.1,	14.1	Teaching	Resource	CentreBk	2	Ch	13,	Bk	4	Ch	25:	PowerPoint	Bk	2	Ch	11-14,	Bk	4	Ch	25-26:	Chapter	test	Practical	10.4	Animation	11.4,	12.3,	13.3,	14.1,	30.1,	30.2	Student’s	Corner
Practical	10.4	Animation	11.4,	12.3,	13.3,	14.1,	30.1,	30.2	Teaching	Resource	CentreBk	2	Ch	14,	Bk	4	Ch	26:	PowerPoint	Bk	4:	Answers	for	textbook	Bk	1B	Ch	9-10,	Bk	3	Ch	21-24:	Short	revision	notes	Student’s	Corner	Bk	1B	Ch	9-10,	Bk	3	Ch	21-24:	Short	revision	notes	Teaching	Resource	Centre	Bk	2	Ch	11-14,	Bk	4	Ch	25-26:	Section	quizBk	2	Ch12-
14,	Bk	4	Ch25:	3D	model	Animation	11.2,	13.2	Practical	11.1,	11.2,	11.3,	14.2	Online	tutorial	13.1,	17.1,	25.1,	25.2	Student’s	CornerBk	2	Ch12-14,	Bk	4	Ch25:	3D	model	Animation	11.2,	13.2	Practical	11.1,	11.2,	11.3,	14.2	Online	tutorial	13.1,	17.1,	25.1,	25.2	Teaching	Resource	Centre	Bk	2	Ch	11-12:	Lesson	worksheet,	PowerPoint	Bk	2	Ch	11-14,	BK
4	Ch	25-26:	Flipped	classroom	worksheet	Bk	2	Ch	11-13,	BK	4	Ch	25-27:	Animation	Practical	13.1,	14.3,	25.3,	27.1	Video	13.1	Student’s	Corner	Bk	2	Ch	11-13,	BK	4	Ch	25-27:	Animation	Practical	13.1,	14.3,	25.3,	27.1	Video	13.1	Teaching	Resource	Centre	Bk	3	Ch	22-23:	PowerPoint	(bilingual)	Video	for	Practical	10.1,	10.6	Simulation	10.7,	19.1
Student’s	Corner	Video	for	Practical	10.1,	10.6	Simulation	10.7,	19.1	Teaching	Resource	Centre	Bk	3	Ch	21-22:	Question	bank	Bk	4:	Teacher's	book	PDF	Teaching	Resource	Centre	Bk	3	Ch	23-24:	Chapter	test,	Section	quiz,	Lesson	worksheet	Bk	1B	Ch	9-10:	Question	bank	Bk	3	Ch	21:	PowerPoint	(bilingual)	Simulation	1.1,	20.3,	20.4,	20.5	and	20.6
Video	for	Practical	21.1	Student’s	Corner	Simulation	1.1,	20.3,	20.4,	20.5	and	20.6	Video	for	Practical	21.6	and	21.7	Teaching	Resource	Centre	Bk	1A	Ch	4-6:	Short	revision	notes	Bk	1B	Ch	9-10:	PowerPoint	(bilingual)	Mock	exam	XII	Virtual	tour	-	Rocky	shore	Video	for	Practical	21.6	and	21.7	Student’s	Corner	Bk	1A	Ch	4-6:	Short	revision	notes
Virtual	tour	-	Rocky	shore	Video	for	Practical	21.6	and	21.7	Teaching	Resource	CentreBK	1A	Ch	4-6:	Question	bank	Teaching	Resource	Centre	Bk	3	Ch	21-22:	Chapter	test	Bk	3	Ch	21,	22,	24:	Flipped	classroom	worksheet	Bk	1A	Ch	4-6:	Practical	assessment	checklist	Bk	1B	Ch9-10,	Bk	3	Ch	21:	Video	Test	paper	setting	programme	Student’s	Corner	Bk
1B	Ch9-10,	Bk	3	Ch	21:	Video	Teaching	Resource	Centre	Bk	1B	Ch	9-10,	Bk	3	Ch	21-24:	Animation	Bk	3	Ch	21,	23:	3D	model	Bk	1A	Ch	5,	Bk	1B	Ch	8,	Bk	3	Ch20:	PowerPoint	(bilingual)	Bk	1B	Ch9-10,	Bk	3	Ch	21-22:	Lesson	worksheet	Bk	3	Ch	21-22:	Section	quiz	Student’s	Corner	Bk	1B	Ch	9-10,	Bk	3	Ch	21-24:	Animation	Bk	3	Ch	21,	23:	3D	model
Teaching	Resource	Centre	Bk	1A	Ch	3-6,	Bk	1B	Ch	8,	Bk	3	Ch	20:	VideoBk	1A	Ch	4,	6:	AnimationBk	1A	Ch	6:	3D	modelBk	1A	Ch	4:	SimulationBk	3	Ch	19:	PowerPoint	(bilingual)Corrigendum	Student’s	Corner	Bk	1A	Ch	3-6,	Bk	1B	Ch	8,	Bk	3	Ch	20:	VideoBk	1A	Ch	4,	6:	AnimationBk	1A	Ch	6:	3D	modelBk	1A	Ch	4:	SimulationCorrigendum	Teaching
Resource	Centre	Bk	2,	3	•	4:	Answers	for	practical	workbookBk	1B	Ch	7-8,	Bk	3	Ch	19-20:	Practical	assessment	checklist,	Image	bankBk	1A	Ch	4:	PowerPoint	(bilingual)BK	1A	Ch	3,	Bk	1B	Ch	7-8,	Bk	3	Ch	19-20:	Question	bankLearning	biology	in	English	Teaching	Resource	Centre	Video	for	Practical	2.1VRStudent’s	CornerVideo	for	Practical	2.1VR
Teaching	Resource	Centre	Bk	1A,	1B:	Answers	for	practical	workbookBk	1A	Ch	1-3:	Practical	assessment	checklistBk	1A	Ch	1-3,	6:	Image	bankBK	1A	Ch	1-2:	Question	bank	Teaching	Resource	Centre	Bk	1A	Ch	1-3,	Bk	1B	Ch	7-8,	Bk	3	Ch19-20:	Animation,	3D	modelVideo	for	Practical	2.2,	2.3,	3.1,	3.2,	3.3,	7.4,	7.5,	8.3,	8.4,	20.1,	20.2	and	20.5Video
3.1,	3.2,	3.3Bk	1A,	1B,	3:	Online	tutorialStudent’s	CornerBk	1A	Ch	1-3,	Bk	1B	Ch	7-8,	Bk	3	Ch19-20:	Animation,	3D	modelVideo	for	Practical	2.2,	2.3,	3.1,	3.2,	3.3,	7.4,	7.5,	8.3,	8.4,	20.1,	20.2	and	20.5Video	3.1,	3.2,	3.3Bk	1A,	1B,	3:	Online	tutorial	Teaching	Resource	Centre	Bk	1A	Ch	1-3,	Bk	1B	Ch	7-8,	Bk	3	Ch	19-20:	Short	revision	notes	Student’s
Corner	Bk	1A	Ch	1-3,	Bk	1B	Ch	7-8,	Bk	3	Ch	19-20:	Short	revision	notesTeaching	Resource	Centre	Bk	1A	Ch	1-6,	Bk	1B	Ch	7-10,	Bk	3	Ch19,	20,	23:	Flipped	classroom	worksheetBk	1B	Ch	8-10,	Bk	3	Ch	19-20:	PowerPointTeaching	Resource	Centre	Bk	1B	Ch	7-8,	BK	3	Ch19-20:	Lesson	worksheetBk	2,	3:	Teacher's	book	PDFTeaching	Resource	Centre	Bk
1A	Ch	1-6,	Bk	1B	Ch	7-10,	Bk	3	Ch	19-20:	Chapter	test,	Section	quiz	Bk	1A	Ch	1-6:	Lesson	worksheet	Bk	1A,	1B,	2,	3:	Answers	for	textbookBk	1A,	1B:	Teacher's	book	PDFBk	1A	Ch	1-6,	Bk	1B	Ch7:	PowerPointBk	1A	Ch	1-3,	6,	Bk	1B	Ch7:	PowerPoint	(bilingual)The	Teaching	Resource	Centre	and	Student	Corner	will	be	suspended	for	system	upgrade
during	the	periods	below.Teaching	Resource	Centre:	17	Aug	–	23	AugStudent's	Corner:	6	Aug	–	13	SeptSorry	for	any	inconvenience	caused.	3.1.U1		A	gene	is	a	heritable	factor	that	consists	of	a	length	of	DNA	and	influences	a	specific	characteristic.	3.1.U2		A	gene	occupies	a	specific	position	on	a	chromosome.		3.1.U3		The	various	specific	forms	of	a
gene	are	alleles.Define	allele.List	two	examples	of	genes	with	multiple	alleles.State	a	similarity	between	alleles	of	the	same	gene.​	3.1.U4		Alleles	differ	from	each	other	by	one	or	only	a	few	bases.State	the	difference	between	alleles	of	the	same	gene.​	3.1.U5		New	alleles	are	formed	by	mutation.State	the	source	of	new	alleles	of	a	gene.Describe	a	base
substitution	mutation.	3.1.U6		The	genome	is	the	whole	of	the	genetic	information	of	an	organism.Define	genome.State	the	size	in	base	pairs	of	the	human	genome.	3.1.U7		The	entire	base	sequence	of	human	genes	was	sequenced	in	the	Human	Genome	Project.Define	“sequence”	in	relation	to	genes	and/or	genomes.State	the	aim	of	the	Human
Genome	Project.Outline	two	outcomes	of	the	Human	Genome	Project.​	3.1.A1		The	causes	of	sickle	cell	anemia,	including	a	base	substitution	mutation,	a	change	to	the	base	sequence	of	mRNA	transcribed	from	it	and	a	change	to	the	sequence	of	a	polypeptide	in	hemoglobin.State	the	cause	of	sickle	cell	anemia,	including	the	name	of	differences	in	the
Hb	alleles.State	the	difference	in	amino	acid	sequences	in	transcription	of	normal	and	mutated	Hb	mRNA.Outline	the	consequences	of	the	Hb	mutation	on	the	impacted	individual.	3.1.A2		Comparison	of	the	number	of	genes	in	humans	with	other	species.State	the	number	of	genes	in	the	human	genome.Describe	the	relationship	between	the	number	of
genes	in	a	species	and	the	species	complexity	in	structure,	physiology	and	behavior.​	3.1.S1		Use	of	a	database	to	determine	differences	in	the	base	sequence	of	a	gene	in	two	species.Explain	why	cytochrome	oxidase	1		is	often	used	to	assess	the	differences	in	the	base	sequences	of	a	gene	between	two	species.Use	NCBI	to	search	for	COX1	sequences
for	different	species.Use	a	computer	software	tool	to	create	an	alignment	of	the	gene	sequences	between	different	species.Outline	information	that	can	be	determined	given	gene	sequence	alignment	data.	3.1.NOS		Developments	in	scientific	research	follow	improvements	in	technology-gene	sequencers	are	used	for	the	sequencing	of	genes.Outline
the	technological	improvements	that	have	sped	the	DNA	sequencing	process.Determine	a	DNA	sequence	from	an	electropherogram.	In	the	Genes	unit	students	learn	the	structure	of	the	chromosome	and	identify	the	consequences	of	a	base	substitution	mutation.		​The	unit	is	planned	to	take	2		school	day	Essential	idea:	Every	living	organism	inherits	a
blueprint	for	life	from	its	parents.	3.1	Nature	of	science:Developments	in	scientific	research	follow	improvements	in	technology—gene	sequencers	are	used	for	the	sequencing	of	genes.	(1.8)	Understanding:	3.1.U1	A	gene	is	a	heritable	factor	that	consists	of	a	length	of	DNA	and	influences	a	specific	characteristic.	A	gene	is	a	heritable	factor	that
consists	of	a	length	of	DNA	and	influences	a	specific	characteristicGenetics	is	the	storage	of	information	and	how	this	information	can	be	passed	from	parents	to	progeny.Genes	are	make	up	of	DNA,	few	DNA	molecules	in	a	cell	(just	46)	but	there	are	1,000’s	of	genes.	From	this	we	know	that	each	gene	consists	of	a	much	shorter	length	of	DNA	than	a
chromosome	and	that	each	chromosome	carries	many	genes.	image	from	myweb.rollins.edu	​3.1.U2	A	gene	occupies	a	specific	position	on	a	chromosome.	A	gene	occupies	a	specific	position	on	one	type	of	chromosomeGenes	are	linked	in	groups,	the	groups	each	corresponds	to	one	of	the	types	of	chromosome	in	a	species​DNA	is	packaged	and
organised	into	discrete	structures	called	chromosomes	.	A	gene	is	a	sequence	of	DNA	that	encodes	for	a	specific	trait	(traits	may	also	be	influenced	by	multiple	genes)The	position	of	a	gene	on	a	particular	chromosome	is	called	the	locus	(plural	=	loci)	3.1.U3	The	various	specific	forms	of	a	gene	are	alleles.	Alleles	are	alternative	forms	of	a	gene	that
code	for	the	different	variations	of	a	specific	traitFor	example,	the	gene	for	eye	colour	has	alleles	that	encode	different	shades	/	pigmentsDifferent	heritable	factors	=	these	pairs	of	heritable	factors	are	alternative	forms	of	the	same	gene	–	etc.	Heigh,	one	gene	making	the	plant	tall	and	the	other	making	it	small.	This	is	called	allele.	There	can	be	more
than	just	two	alleles	of	a	geneAlleles	occupy	the	same	position	on	one	type	of	chromosome	–	same	locus	//	only	one	allele	can	occupy	the	locus	of	the	gene	on	a	chromosome	image	fromcommons.wikimedia.org	3.1.U4	Alleles	differ	from	each	other	by	one	or	only	a	few	bases.	Alleles	are	alternative	forms	of	a	gene	that	code	for	the	different	variations	of
a	specific	traitGenes	consist	of	a	certain	sequence	of	DNA	bases	which	can	be	100’s	to	1000’s	bases	in	lengthUsually	different	alleles	of	the	gene	vary	by	only	one	to	a	couple	of	different	bases.For	example,	the	allele	for	Sickle	Cell	Anemia	is	created	by	a	mutation	of	a	single	nucleotide.Adenine	is	switched	to	Thymine	(CTC	to	CAC)	which	results	in
glutamic	acid	being	substituted	by	valine	at	position	6	in	the	Hemoglobin	polypeptide.This	variation	when	one	nucleotide	is	switched	for	another	is	called	a	single	nucleotide	polymorphism	(SNPs	for	short)	​3.1	U5	New	alleles	are	formed	by	mutation.	A	gene	mutation	involves	a	change	in	the	nucleotide	sequence	of	DNA	and	is	the	ultimate	source	of
genetic	diversity.	New	alleles	are	created	by	random	changes	in	the	base	sequence	called	mutations.Gene	mutation	–	random	changesSignificant	types	is	base	substitution	–	one	base	in	the	sequence	is	replaced	by	a	different	baseThese	changes	can	either	be	neutral	or	harmful,	lethal	–	cause	the	death	of	the	cell	in	which	the	mutation
occurs.Mutations	–>	develop	into	gametes–>	passed	on	to	offspring	–>	causing	genetic	disease​Gene	mutations	can	be	beneficial,	detrimental	or	neutralBeneficial	mutations	change	the	gene	sequence	(missense	mutations)	to	create	new	variations	of	a	traitDetrimental	mutations	truncate	the	gene	sequence	(nonsense	mutations)	to	abrogate	the	normal
function	of	a	traitNeutral	mutations	have	no	effect	on	the	functioning	of	the	specific	feature	(silent	mutations)	3.1.U6	The	genome	is	the	whole	of	the	genetic	information	of	an	organism.	The	genome	is	the	totality	of	genetic	information	of	a	cell,	organism	or	organelle.	This	includes	all	genes	as	well	as	non-coding	DNA	sequences	(e.g.	introns,
promoters,	short	tandem	repeats,	etc.The	whole	of	the	genetic	information	of	an	organism's	genetic	information	is	contained	in	DNA,	therefore	a	living	organism’s	genome	is	the	entire	base	sequence	of	each	of	its	DNA	molecules.In	humans,	the	genome	consists	of	46	chromosomes	plus	the	mitochondrial	DNAIn	plants,	the	genome	also	consists	of
chloroplast	DNA	on	top	of	their	chromosomes	and	mitochondrial	DNAGenome	of	the	prokaryotes	is	much	smaller	and	has	the	DNA	in	the	circular	chromosomes,	plus	any	plasmids	that	are	present.Prokaryotes	have	a	circular	chromosome	and	plasmids	in	their	genome	3.1.U7	The	entire	base	sequence	of	human	genes	was	sequenced	in	the	Human
Genome	Project.	The	entire	base	sequence	of	human	genes	was	sequenced	in	the	human	Genome	project.	The	aim	was	to	find	the	base	sequence	of	the	entire	human	genomeThe	completion	of	the	Human	Genome	Project	in	2003	lead	to	many	outcomes:Mapping	–	The	number,	location,	size	and	sequence	of	human	genes	is	now	establishedScreening	–
This	has	allowed	for	the	production	of	specific	gene	probes	to	detect	sufferers	and	carriers	of	genetic	diseasesMedicine	–	The	discovery	of	new	proteins	have	lead	to	improved	treatments	(pharmacogenetics	and	rational	drug	design)Ancestry	–	Comparisons	with	other	genomes	have	provided	insight	into	the	origins,	evolution	and	migratory	patterns	of
man	Application	3.1.A1	The	causes	of	sickle	cell	anemia,	including	a	base	substitution	mutation,	a	change	to	the	base	sequence	of	mRNA	transcribed	from	it	and	a	change	to	the	sequence	of	a	polypeptide	in	hemoglobin.	A	mutation	that	causes	the	replacement	of	a	single	base	nucleotide	with	another	nucleotide	in	DNA.When	one	of	the	bases	is
changed,	this	will	cause	a	change	in	the	mRNA	sequence	when	the	DNA	is	copied	during	transcription	of	the	gene.This	change	in	the	mRNA	sequence	may	change	the	amino	acid	in	the	polypeptide	coded	for	by	the	gene;	in	the	process	of	translation.Sickle-cell	anemia	is	a	disease	that	causes	red	blood	cells	to	form	a	sickle	shape	(half-moon).	These
sickled	blood	cells	cannot	carry	as	much	oxygen	as	normal	red	blood	cells.	They	can	cause	clots	in	blood	vessels	because	of	their	abnormal	shape	and	inflexibility	caused	by	crystallization	of	the	abnormal	hemoglobin.Sickle	cell	is	caused	by	a	base-substitution	when	the	adenine	base	in	GAG	is	replaced	by	a	thymine	base,	changing	the	triplet	to
GTG.The	normal	triplet	when	transcribed	and	translated	codes	for	the	amino	acid	glutamic	acid.When	the	base	substitution	occurs,	the	amino	acid	that	is	translated	is	now	valine.Since	valine	has	a	different	shape	and	charge,	the	resulting	polypeptide’s	shape	and	structure	changes.As	a	result,	hemoglobin’s	shape	will	change,	as	does	the	shape	of	the
red	blood	cell,	resulting	in	the	problems	associated	with	sickle	cell	anemia	listed	above.		3.1.A2	Comparison	of	the	number	of	genes	in	humans	with	other	species.	from	Skills:	3.1.S1	Use	of	a	database	to	determine	differences	in	the	base	sequence	of	a	gene	in	two	species	Gene	sequences	from	different	species	can	be	identified	and	then	compared
using	two	online	resources:GenBank	–	a	genetic	database	that	serves	as	an	annotated	collection	of	DNA	sequencesClustal	Omega	–	an	alignment	program	that	compares	multiple	sequences	of	DNA	Key	Words:	chromosomesalleleSickle	cell	anaemiachromatid​base	pair​sequence​COX1		genegenomemutationbase	deletion​mRNAspecies​Hb
eukaryoteprokaryotesequencehaemoglobinlocusHuman	Genome	Projectpolypeptide​​DNA	sequencing	locusDNAblood	typetranscriptionmalaria​Genbank	databasetranscription​electropherogram.	mutation​proteinclottingbase	substitutionanaemic​gene	mapping​cytochrome	oxidase		Powerpoint	and	Notes	on	Topic	3.1	from	Chris	Payne	​​​​​​​​Correct	use	of
terminology	is	a	key	skill	in	Biology.	It	is	essential	to	use	key	terms	correctly	when	communicating	your	understanding,	particularly	in	assessments.	Use	the	quizlet	flashcards	or	other	tools	such	as	learn,	scatter,	space	race,	speller	and	test	to	help	you	master	the	vocabulary.	​International-mindedness:Sequencing	of	the	human	genome	shows	that	all
humans	share	the	vast	majority	of	their	base	sequences	but	also	that	there	are	many	single	nucleotide	polymorphisms	that	contribute	to	human	diversity.	TOK:​There	is	a	link	between	sickle	cell	anemia	and	prevalence	of	malaria.	How	can	we	know	whether	there	is	a	causal	link	in	such	cases	or	simply	a	correlation?	​Video	Clips:	We	hear	about	DNA
and	genes	all	the	time	in	the	news	and	in	our	biology	classes	but	very	few	of	us	can	actually	explain	what	a	gene	is?	This	short	film	is	designed	to	help	When	life	emerged	on	Earth	about	4	billion	years	ago,	the	earliest	microbes	had	a	set	of	basic	genes	that	succeeded	in	keeping	them	alive.	In	the	age	of	humans	and	other	large	organisms,	there	are	a
lot	more	genes	to	go	around.	Where	did	all	of	those	new	genes	come	from?	Carl	Zimmer	examines	the	mutation	and	multiplication	of	genes.		​Epigenetic	inheritance	is	really	weird,	but	is	it	real?	​Animated	and	narrated	segments	presenting	all	the	essential	steps	in	sequencing	a	genome.	From	the	NHGRI's	Online	Education	Kit:	Understanding	the
Human	Genome	Project.	​In	1990,	The	Human	Genome	Project	proposed	to	sequence	the	entire	human	genome	over	15	years	with	$3	billion	of	public	funds.	Then,	seven	years	before	its	scheduled	completion,	a	private	company	called	Celera	announced	that	they	could	accomplish	the	same	goal	in	just	three	years	at	a	fraction	of	the	cost.	Tien	Nguyen
details	the	history	of	this	race	to	sequence	the	human	genome	​Your	genome,	every	human's	genome,	consists	of	a	unique	DNA	sequence	of	A's,	T's,	C's	and	G's	that	tell	your	cells	how	to	operate.	Thanks	to	technological	advances,	scientists	are	now	able	to	know	the	sequence	of	letters	that	makes	up	an	individual	genome	relatively	quickly	and
inexpensively.	Mark	J.	Kiel	takes	an	in-depth	look	at	the	science	behind	the	sequence.	​Sickle	Cell	Anemia.	Written	by	Paulo	César	Naoum	and	Alia	F.	M.	Naoum	Evolution	of	Sickle	Cell:	Resistance	to	Malaria	Epigenetics:	A	new	frontier	in	heredity
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