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Topic 3 and 10 
Genetics and Meiosis  

Topic	3.4	and	10.2	Inheritance	
Essen%al	idea:	The	inheritance	of	genes	follows	pa<erns		
AND	Genes	may	be	linked	or	unlinked	and	are	inherited	

accordingly.		

Understandings	
•  3.4.U1	Mendel	discovered	the	principles	of	inheritance	

with	experiments	in	which	large	numbers	of	pea	plants	
were	crossed.		

•  3.4.U2	Gametes	are	haploid	so	contain	only	one	allele	of	
each	gene.		

•  3.4.U3	The	two	alleles	of	each	gene	separate	into	different	
haploid	daughter	nuclei	during	meiosis.		

•  3.4.U4	Fusion	of	gametes	results	in	diploid	zygotes	with	
two	alleles	of	each	gene	that	may	be	the	same	allele	or	
different	alleles.		

•  3.4.U5	Dominant	alleles	mask	the	effects	of	recessive	
alleles	but	co-dominant	alleles	have	joint	effects.	

Understandings	
•  3.4.U6	Many	geneQc	diseases	in	humans	are	due	to	

recessive	alleles	of	autosomal	genes,	although	some	
geneQc	diseases	are	due	to	dominant	or	co-dominant	
alleles.		

•  3.4.U7	Some	geneQc	diseases	are	sex-linked.	The	pa<ern	of	
inheritance	is	different	with	sex-linked	genes	due	to	their	
locaQon	on	sex	chromosomes.		

•  3.4.U8	Many	geneQc	diseases	have	been	idenQfied	in	
humans	but	most	are	very	rare.		

•  3.4.U9	RadiaQon	and	mutagenic	chemicals	increase	the	
mutaQon	rate	and	can	cause	geneQc	diseases	and	cancer.		

Understandings	
•  10.2.U1	Gene	loci	are	said	to	be	linked	if	on	the	same	

chromosome.		
•  10.2.U2	Unlinked	genes	segregate	independently	as	a	

result	of	meiosis.		
•  10.2.U3	VariaQon	can	be	discrete	or	conQnuous.		
•  10.2.U4	The	phenotypes	of	polygenic	characterisQcs	tend	

to	show	conQnuous	variaQon.		
•  10.2.U5	Chi-squared	tests	are	used	to	determine	whether	

the	difference	between	an	observed	and	expected	
frequency	distribuQon	is	staQsQcally	significant.		
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ApplicaQons	
•  3.4.A1	Inheritance	of	ABO	blood	groups.	The	expected	

notaQon	for	ABO	blood	group	alleles:	O	=	i,	A=IA,	B	=	IB.		
•  3.4.A2	Red-green	colour	blindness	and	hemophilia	as	

examples	of	sex-linked	inheritance.		
•  3.4.A3	Inheritance	of	cysQc	fibrosis	and	HunQngton’s	

disease.		
•  3.4.A4	Consequences	of	radiaQon	aaer	nuclear	bombing	of	

Hiroshima	and	accident	at	Chernobyl.		
	
•  10.2.A1	Morgan’s	discovery	of	non-Mendelian	raQos	in	

Drosophila.		
•  10.2.A2	CompleQon	and	analysis	of	Punne<	squares	for	

dihybrid	traits.	
•  10.2.A3	Polygenic	traits	such	as	human	height	may	also	be	

influenced	by	environmental	factors.		

Skills	
•  3.4.S1	ConstrucQon	of	Punne<	grids	for	predicQng	the	

outcomes	of	monohybrid	geneQc	crosses.		
•  3.4.S2	Comparison	of	predicted	and	actual	outcomes	of	

geneQc	crosses	using	real	data.		
•  3.4.S3	Analysis	of	pedigree	charts	to	deduce	the	pa<ern	of	

inheritance	of	geneQc	diseases.		
	
•  10.2.S1	CalculaQon	of	the	predicted	genotypic	and	

phenotypic	raQo	of	offspring	of	dihybrid	crosses	involving	
unlinked	autosomal	genes.		

•  10.2.S2	IdenQficaQon	of	recombinants	in	crosses	involving	
two	linked	genes.		

•  10.2.S3	Use	of	a	chi-squared	test	on	data	from	dihybrid	
crosses.		

I.	Mendel	and	the	principles	of	inheritance	
A.  Mendel	discovered	the	principles	of	inheritance	with	

experiments	in	which	large	numbers	of	pea	plants	were	
crossed-	

Johann	Gregor	Mendel	(1822-1884)		
A.  Because	of	his	work	with	pea	

plants	Mendel	is	considered	the	
father	of	modern	geneQcs.		

B.  He	planted	1000s	of	seeds	per	trial	
and	carried	out	many	trials	to	be	
sure	of	his	results.		

C.  His	published	work	(1865)	is	now	
considered	important,	but	at	the	
Qme	was	ignored	for	30	years.	

unknown	

II.	Nature	of	Science:	Making	quanQtaQve	measurements	with	
replicates	to	ensure	reliability	

A.  Mendel’s	geneQc	crosses	with	pea	plants	generated	numerical	data.		

Bioknowledgy.com	
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III.	Basic	Mendelian	GeneQcs	

Bioknowledgy.com	

IV.	Dominant,	Recessive	and	Co-dominant	alleles	
A.  Inheritance	of	ABO	blood	groups.		

1.  The	ABO	blood	type	classificaQon	system	uses	the	presence	or	
absence	of	certain	anQgens	on	red	blood	cells	to	categorize	blood	
into	four	types.	

2.  DisQnct	molecules	called	aggluQnogens	(a	type	of	anQgen)	are	
a<ached	to	the	surface	of	red	blood	cells.	

3.  There	are	two	different	types	of	aggluQnogens,	type	"A"	and	type	
“B”.	

InvictaHOG	

3.  AnQbodies	(immunoglobulins)	are	specific	to	anQgens	and	are	
used	by	the	immune	system	to	recognize	'foreign'	anQgens.	If	you	
are	given	the	wrong	blood	type	your	body	might	react	fatally	as	
the	anQbodies	cause	the	blood	to	clot!	

4.  Blood	type	O	is	known	as	the	universal	donor,	as	it	has	no	anQgens	
against	which	the	recipient	immune	system	can	react.	Type	AB	is	
the	universal	recipient,	as	the	blood	has	no	anQbodies	which	will	
react	to	AB	anQgens.		

nobelprize.org	

IV.	Dominant,	Recessive	and	Co-dominant	alleles	
B.  The	ABO	blood	type	is	controlled	by	a	single	gene,	the	ABO	gene.	This	

gene	has	three	different	alleles:		
i	 	O	allele	(no	anQgen	is	produced)	
IA		 	A	allele	(type	“A”	anQgen	is	produced)		
IB	 		B	allele	(type	“B”	anQgen	is	produced)		

IA	 	Allele	variant	
	

Gene	(lower	case	for	“recessive”	alleles	

Genotype	 Phenotype	 An%gen	Produced	
ii	 O	 none	

IAIA	or	IAi	 A	 Type	A	anQgen	
IBIB	or	IBi	 B	 Type	B	anQgen	

IAIB	 AB	 Both	A	&	B	anQgen	

IV.	Dominant,	Recessive	and	Co-dominant	alleles	
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C.  Dominant	alleles	mask	the	effects	of	recessive	alleles	but	
co-dominant	alleles	have	joint	effects-		
1.  Dominant	alleles	have	the	same	effect	on	the	phenotype	whether	it	is	

present	in	the	homozygous	or	heterozygous	state		
2.  Recessive	alleles	only	have	an	effect	on	the	phenotype	when	present	in	

the	homozygous	state		
3.  Codominant	alleles	are	pairs	of	different	alleles	that	both	affect	the	

phenotype	when	present	in	a	heterozygote	

Type	“A”	allele	is	present	and	is	
dominant	to	type	“O”	allele	

IA	i	
	.	

Type	“O”	allele	is	present	but	is	
recessive	to	type	“A”	allele	

Type	“A”	allele	is	present	
	

IA	IB	
	.	

Type	“B”	allele	is	present	and	is	
codominant	to	type	“A”	allele	

InvictaHOG	

IV.	Dominant,	Recessive	and	Co-dominant	alleles	 V.	Punne<	Grids	AND	SegregaQon	of	Alleles	

Bioknowledgy.com	
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Bioknowledgy.com	
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Bioknowledgy.com	
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V.	Punne<	Grids	AND	SegregaQon	of	Alleles	
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V.	Punne<	Grids	AND	SegregaQon	of	Alleles	

Bioknowledgy.com	

VI.	Chi-squared	Tests	Are	Used	to	Determine	Whether	the	Difference	Between	
an	Observed	and	Expected	Frequency	DistribuQon	is	StaQsQcally	Significant	

A.  Used	to	test	whether	an	observed	frequency	is	significantly	
different	to	an	expected	frequency.	
1.  Null	Hypothesis	(H0	)	=	there	is	no	significant	difference	between	the	

observed	and	expected	results	
2.  Alternate	Hypothesis	(H1	)	=	there	is	a		significant	difference	between	the	

observed	and	expected	results	

i-Biology.net	

i-Biology.net	

VI.	Chi-squared	Tests	Are	Used	to	Determine	Whether	the	Difference	Between	
an	Observed	and	Expected	Frequency	DistribuQon	is	StaQsQcally	Significant	
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VI.	Chi-squared	Tests	Are	Used	to	Determine	Whether	the	Difference	Between	
an	Observed	and	Expected	Frequency	DistribuQon	is	StaQsQcally	Significant	
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VII.	Test	Cross	

Bioknowledgy.com	

VII.	Test	Cross	
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VIII.	Punne<	Squares	for	Dihybrid	Traits	(10.2)	
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VIII.	Punne<	Squares	for	Dihybrid	Traits	(10.2)	
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VIII.	Punne<	Squares	for	Dihybrid	Traits	(10.2)	

Bioknowledgy.com	

VIII.	Punne<	Squares	for	Dihybrid	Traits	(10.2)	
A.  CompleQon	and	analysis	of	Punne<	squares	for	dihybrid	

traits	AND	CalculaQon	of	the	predicted	genotypic	and	
phenotypic	raQo	of	offspring	of	dihybrid	crosses	involving	
unlinked	autosomal	genes-	

Funny	Shit 	*	C	and	A	genes	are	real.	The	rest	are	made	up	for	this	story.	

Key	to	alleles*:		
C	=	color	c	=	albino	
A	=	agouQ	a	=	black		
R	=	round	ears	
r	=	pointy	ears		
L	=	long	whiskers	
l	=	short	whiskers		
S	=	soa	fur	
s	=	rough	fur		
N	=	sharp	nails	n	=	
smooth	nails		

VIII.	Punne<	Squares	for	Dihybrid	Traits	(10.2)	
Sooty	has	soa	fur	and	sharp	nails.	
In	one	of	his	maQngs	with	a	rough-furred,	smooth-nailed	
female,	the	following	guinea	piglets	are	produced:	
6	x	rough	fur,	sharp	nails;	3	x	soa	fur	sharp	nails.		

Deduce	Sooty’s	Genotype	 Key	to	alleles*:		
C	=	color	c	=	albino	
A	=	agouQ	a	=	black		
R	=	round	ears	
r	=	pointy	ears		
L	=	long	whiskers	
l	=	short	whiskers		
S	=	soa	fur	
s	=	rough	fur		
N	=	sharp	nails	n	=	
smooth	nails		

Bioknowledgy.com	
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VIII.	Punne<	Squares	for	Dihybrid	Traits	(10.2)	
DBQ:	Using	the	Chi-Square	Test	
Warren	and	Hu<	(1936)	test-crossed	a	double	heterozygote	for	two	pairs	of	alleles	
in	hens:	one	for	the	presence	(Cr)	or	absence	(cr)	of	a	crest	and	one	for	white	(I)	or	
non-white	(i)	plumage.	
For	their	F1	cross,	there	were	a	total	of	754	offspring:	

	337	were	white,	crested;	
	337	were	non-white,	non-crested;	
	34	were	non-white,	crested;	
	46	were	white,	non-crested	

1.  Construct	a	conQngency	table	of	observed	values.	
2.  Calculate	the	expected	values	assuming	independent	assortment.	
3.  Determine	the	number	of	degrees	of	freedom.	
4.  Find	the	criQcal	region	for	chi-square	at	a	significance	level	of	5%.	
5.  Calculate	chi-squared.	
6.  State	the	two	hypotheses	H0	and	H1	and	evaluate		them	using	the	calculated	

value	for	chi-squared.	

VIII.	Punne<	Squares	for	Dihybrid	Traits	(10.2)	
A	total	of	754	offspring:	337	were	white,	crested;	337	were	non-white,	non-crested;	
34	were	non-white,	crested;	46	were	white,	non-crested	
1.  Construct	a	conQngency	table	of	observed	values.	
2.  Calculate	the	expected	values	assuming	independent	assortment.	
3.  Determine	the	number	of	degrees	of	freedom.	
4.  Find	the	criQcal	region	for	chi-square	at	a	significance	level	of	5%.	
5.  Calculate	chi-squared.	
6.  State	the	two	hypotheses	H0	and	H1	and	evaluate		them	using	the	calculated	

value	for	chi-squared.	

O	 E	 O	–	E	 (O	–	E)2	 (O	–	E)2	
E	

white,	
crested	 337	 (1/4)754	=	188.5	 148.5	 22052.25	 117	

non-white,	
non-crested	 337	 188.5	 148.5	 22052.25	 117	

non-white,	
crested	 34	 188.5	 –154.5	 23870.25	 126.6	

white,	non-
crested	 46	 188.5	 –142.5	 20306.25	 107.7	

Total	 754	 754	 X2	=	 468.3	
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VIII.	Punne<	Squares	for	Dihybrid	Traits	(10.2)	
3.  Determine	the	number	of	degrees	of	freedom.	

	df	=	categories	–	n 	=	4	–	1	 	=	3	
	
4.  Find	the	criQcal	region	for	chi-square	at	a	

significance	level	of	5%.	
	p	=	7.82	

5.  Calculate	chi-squared.	
	X2	=	468.3	

	
6.  State	the	two	hypotheses	H0	and	H1	and	evaluate		

them	using	the	calculated	value	for	chi-squared.	
H0	the	traits	are	not	linked	and	differences	between	
observed	and	expected	are	due	to	sampling	error	
H1	the	traits	are	linked	and	differences	between	
observed	and	expected	are	not	due	to	sampling	
error	
X2		>>	7.815,	therefore	p	<<	0.05;	reject	H0	and	
accept	H1	


