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A	point	mutation	is	a	type	of	mutation	in	DNA	or	RNA,	the	cells	genetic	material,	in	which	one	single	nucleotide	base	is	added,	deleted	or	changed.	DNA	and	RNA	are	made	up	of	many	nucleotides.	There	are	five	different	molecules	that	can	make	up	nitrogenous	bases	on	nucleotides:	cytosine,	guanine,	adenine,	thymine	(in	DNA)	and	uracil	(in	RNA),
abbreviated	C,	G,	A,	T,	and	U.	The	specific	sequence	of	nucleotides	encodes	all	the	information	for	carrying	out	all	cell	processes.	In	general,	a	mutation	is	when	a	gene	is	altered	through	a	change	in	DNA	structure;	this	may	refer	even	to	entire	sections	of	chromosomes.	A	point	mutation	is	specifically	when	only	one	nucleotide	base	is	changed	in	some
way,	although	multiple	point	mutations	can	occur	in	one	strand	of	DNA	or	RNA.	DNA	and	RNA	have	a	double	helix	structure.	Phosphate	groups	and	5-carbon	sugars	make	up	the	backbone,	while	the	middle	of	the	double	helix	is	formed	by	pairs	of	nitrogenous	bases.	Each	type	of	nitrogenous	base	pairs	with	another	specific	base.	Cytosine	pairs	with
guanine,	while	adenine	pairs	with	thymine	in	DNA	and	uracil	in	RNA,	and	vice	versa.	In	order	for	DNA	to	make	proteins,	it	must	be	transcribed	by	messenger	RNA	(mRNA).	The	mRNA	reads	the	DNA	three	bases	at	a	time,	matching	its	complementary	bases	to	it.	These	groups	of	three	bases	are	called	codons,	and	each	codon	codes	for	a	different
amino	acid.	Chains	of	amino	acids	make	up	proteins.	Therefore,	it	is	vitally	important	that	the	DNA	has	the	correct	sequence	of	base	pairs	in	order	to	make	proteins	correctly.	A	single	point	mutation	could	have	no	effect,	or	it	could	alter	the	protein	that	is	produced	and	render	it	useless.	Point	mutations	are	sometimes	caused	by	mutations	that
spontaneously	occur	during	DNA	replication.	The	rate	of	mutations	may	also	increase	when	a	cell	is	exposed	to	mutagens,	which	are	environmental	factors	that	can	change	an	organisms	DNA.	Some	mutagens	are	X-rays,	UV	rays,	extreme	heat,	or	certain	chemicals	like	benzene.	A	substitution	mutation	occurs	when	one	base	pair	is	substituted	for
another.	For	example,	this	would	occur	when	one	nucleotide	containing	cytosine	is	accidentally	substituted	for	one	containing	guanine.	There	are	three	types	of	substitution	mutations:	A	nonsense	mutation	occurs	when	one	nucleotide	is	substituted	and	this	leads	to	the	formation	of	a	stop	codon	instead	of	a	codon	that	codes	for	an	amino	acid.	A	stop
codon	a	certain	sequence	of	bases	(TAG,	TAA,	or	TGA	in	DNA,	and	UAG,	UAA,	or	UGA	in	RNA)	that	stops	the	production	of	the	amino	acid	chain.	It	is	always	found	at	the	end	of	the	mRNA	sequence	when	a	protein	is	being	produced,	but	if	a	substitution	causes	it	to	appear	in	another	place,	it	will	prematurely	terminate	the	amino	acid	sequence	and
prevent	the	correct	protein	from	being	produced.	Like	a	nonsense	mutation,	a	missense	mutation	occurs	when	one	nucleotide	is	substituted	and	a	different	codon	is	formed;	but	this	time,	the	codon	that	forms	is	not	a	stop	codon.	Instead,	the	codon	produces	a	different	amino	acid	in	the	sequence	of	amino	acids.	For	example,	if	a	missense	substitution
changes	a	codon	from	AAG	to	AGG,	the	amino	acid	arginine	will	be	produced	instead	of	lysine.	A	missense	mutation	is	considered	conservative	if	the	amino	acid	formed	via	the	mutation	has	similar	properties	to	the	one	that	was	supposed	to	be	formed	instead.	It	is	called	non-conservative	if	the	amino	acid	has	different	properties	that	structure	and
function	of	a	protein.In	a	silent	mutation,	a	nucleotide	is	substituted	but	the	same	amino	acid	is	produced	anyway.	This	can	occur	because	multiple	codons	can	code	for	the	same	amino	acid.	For	example,	AAG	and	AAA	both	code	for	lysine,	so	if	the	G	is	changed	to	an	A,	the	same	amino	acid	will	form	and	the	protein	will	not	be	affected.This	image
depicts	the	different	types	of	substitution	point	mutations.	It	shows	the	DNA	codon,	the	resulting	RNA	codon,	and	the	amino	acid	produced.	An	insertion	mutation	occurs	when	an	extra	base	pair	is	added	to	a	sequence	of	bases.	A	deletion	mutation	is	the	opposite;	it	occurs	when	a	base	pair	is	deleted	from	a	sequence.	These	two	types	of	point
mutations	are	grouped	together	because	both	of	them	can	drastically	affect	the	sequence	of	amino	acids	produced.	With	one	or	two	bases	added	or	deleted,	all	of	the	three-base	codons	change.	This	is	called	a	frameshift	mutation.	For	example,	if	a	sequence	of	codons	in	DNA	is	normally	CCT	ATG	TTT	and	an	extra	A	is	added	between	the	two	cytosine
bases,	the	sequence	will	instead	read	CAC	TAT	GTT	T.	This	completely	changes	the	amino	acids	that	would	be	produced,	which	in	turn	changes	the	structure	and	function	of	the	resulting	protein	and	can	render	it	useless.	Similarly,	if	one	base	was	deleted,	the	sequence	would	also	shift.	Cystic	Fibrosis	(CF)	is	a	recessive	inherited	disorder	most
common	among	people	of	European	descent.	In	the	United	States,	1	in	3500	newborns	are	born	with	cystic	fibrosis,	and	1	in	30	Caucasian	Americans	is	a	carrier.	There	are	many	different	mutations	that	can	cause	CF,	but	the	most	common	one	is	a	deletion	of	three	nucleotides	in	the	cystic	fibrosis	transmembrane	conductance	regulator	(CFTR)	gene
that	results	in	the	loss	of	the	amino	acid	phenylalanine	and	causes	an	incorrectly	folded	protein.	(Note	that	this	deletion	is	not	a	frameshift	mutation	because	three	bases	next	to	each	other	are	deleted,	and	all	the	other	amino	acids	in	the	chain	remain	the	same.)	CF	is	associated	with	thick,	sticky	mucus	in	the	lungs	and	trouble	breathing,	salty	sweat,
infertility	in	certain	individuals,	and	a	shortened	life	expectancy	(about	42-50	years	in	developed	countries).	Sickle-cell	anemia	is	a	recessive	disorder	caused	by	a	single	substitution	in	the	gene	that	creates	hemoglobin,	which	carries	oxygen	in	the	blood.	Normally,	glutamic	acid	is	produced	in	the	chain,	but	the	substitution	causes	valine	to	be
produced	at	that	spot	instead.	When	people	have	two	copies	of	this	mutation,	it	results	in	thin	sickle-shaped	blood	cells	that	sometimes	cannot	carry	oxygen	properly.	About	80%	of	people	with	sickle-cell	disease	are	in	sub-Saharan	Africa,	where	being	a	carrier	for	sickle-cell	anemia	(having	only	one	copy	of	the	gene,	not	two)	actually	helps	protect
against	malaria.	It	is	also	found	in	other	parts	of	the	world	such	as	India	and	the	Middle	East,	and	affects	about	1	in	500	African	Americans.	Symptoms	include	anemia,	obstruction	of	blood	vessels,	and	chest	pain,	and	it	is	treated	with	folic	acid,	blood	transfusions,	bone	marrow	transplants,	and	certain	prescription	drugs.	Tay-Sachs	disease	is	another
recessive	disorder	caused	by	point	mutations.	Different	mutations	can	cause	this	disorder,	but	they	are	all	found	on	the	HEXA	gene	on	chromosome	15.	Tay-Sachs	causes	nerve	cells	to	deteriorate	over	time,	which	in	turn	results	in	the	decline	of	physical	and	mental	functioning.	Both	child	and	adult-onset	forms	of	the	disease	occur,	and	children	with
the	disease	usually	die	before	the	age	of	four.	About	1	in	320,000	newborns	in	the	United	States	develop	Tay-Sachs.	It	occurs	in	higher	frequencies	in	Ashkenazi	Jews,	Cajuns,	and	French	Canadians	(about	1	in	3500	in	these	populations),	although	the	mutations	associated	with	the	disease	are	different	in	each	population.	There	is	currently	no
treatment	or	cure.	Mutation	A	change	in	a	genes	structure	caused	by	a	change	in	the	nucleotide	sequence	in	DNA.Messenger	RNA	(mRNA)	Genetic	material	that	transcribes	a	DNA	sequence	in	order	to	make	proteins	in	the	ribosome.Nitrogenous	base	A	molecule	(adenine,	cytosine,	guanine,	thymine,	or	uracil)	on	each	nucleotide	of	DNA	or	RNA	that,
when	read	in	a	sequence,	encodes	for	specific	genetic	information.Codon	A	sequence	of	three	nucleotides	that	codes	for	a	certain	amino	acid,	or	to	start	or	stop	the	production	of	an	amino	acid	chain.	1.	What	type	of	point	mutation	results	in	a	frameshift	mutation?A.	SubstitutionB.	InsertionC.	DeletionD.	Both	B	and	CD	is	correct.	A	frameshift	mutation
occurs	when	the	number	of	bases	changes	in	a	number	that	is	not	divisible	by	3	and	a	different	sequence	of	codons	is	produced.	Since	insertion	and	deletion	mutations	result	in	a	different	number	of	base	pairs,	they	cause	the	groups	of	codons	to	be	different,	shifting	the	frame	from	which	amino	acids	are	coded.2.	Which	is	NOT	a	type	of	substitution
mutation?A.	MissenseB.	ConservationC.	NonsenseD.	SilentB	is	correct.	Conservation	is	not	a	type	of	substitution	mutation.	Missense	mutations	can,	however,	be	conservative	(a	similar	amino	acid	is	formed	to	the	one	that	was	supposed	to	be	formed)	or	non-conservative	(an	amino	acid	with	very	different	properties	is	formed).3.	Which	is	an	example	of
a	stop	codon	in	RNA?A.	UAGB.	UAAC.	UGAD.	All	of	the	aboveD	is	correct.	All	of	these	codons	are	stop	codons	in	RNA	that	will	end	the	production	of	an	amino	acid	chain.	Sometimes,	similar	codons	in	RNA	can	code	for	the	same	thing,	whether	it	is	a	stop	codon	or	a	certain	amino	acid.	This	provides	a	layer	of	protection	against	substitution	mutations.A
point	mutation	is	a	type	of	mutation	in	DNA	or	RNA,	the	cells	genetic	material,	in	which	one	single	nucleotide	base	is	added,	deleted	or	changed.	DNA	and	RNA	are	made	up	of	many	nucleotides.	There	are	five	different	molecules	that	can	make	up	nitrogenous	bases	on	nucleotides:	cytosine,	guanine,	adenine,	thymine	(in	DNA)	and	uracil	(in	RNA),
abbreviated	C,	G,	A,	T,	and	U.	The	specific	sequence	of	nucleotides	encodes	all	the	information	for	carrying	out	all	cell	processes.	In	general,	a	mutation	is	when	a	gene	is	altered	through	a	change	in	DNA	structure;	this	may	refer	even	to	entire	sections	of	chromosomes.	A	point	mutation	is	specifically	when	only	one	nucleotide	base	is	changed	in	some
way,	although	multiple	point	mutations	can	occur	in	one	strand	of	DNA	or	RNA.	DNA	and	RNA	have	a	double	helix	structure.	Phosphate	groups	and	5-carbon	sugars	make	up	the	backbone,	while	the	middle	of	the	double	helix	is	formed	by	pairs	of	nitrogenous	bases.	Each	type	of	nitrogenous	base	pairs	with	another	specific	base.	Cytosine	pairs	with
guanine,	while	adenine	pairs	with	thymine	in	DNA	and	uracil	in	RNA,	and	vice	versa.	In	order	for	DNA	to	make	proteins,	it	must	be	transcribed	by	messenger	RNA	(mRNA).	The	mRNA	reads	the	DNA	three	bases	at	a	time,	matching	its	complementary	bases	to	it.	These	groups	of	three	bases	are	called	codons,	and	each	codon	codes	for	a	different
amino	acid.	Chains	of	amino	acids	make	up	proteins.	Therefore,	it	is	vitally	important	that	the	DNA	has	the	correct	sequence	of	base	pairs	in	order	to	make	proteins	correctly.	A	single	point	mutation	could	have	no	effect,	or	it	could	alter	the	protein	that	is	produced	and	render	it	useless.	Point	mutations	are	sometimes	caused	by	mutations	that
spontaneously	occur	during	DNA	replication.	The	rate	of	mutations	may	also	increase	when	a	cell	is	exposed	to	mutagens,	which	are	environmental	factors	that	can	change	an	organisms	DNA.	Some	mutagens	are	X-rays,	UV	rays,	extreme	heat,	or	certain	chemicals	like	benzene.	A	substitution	mutation	occurs	when	one	base	pair	is	substituted	for
another.	For	example,	this	would	occur	when	one	nucleotide	containing	cytosine	is	accidentally	substituted	for	one	containing	guanine.	There	are	three	types	of	substitution	mutations:	A	nonsense	mutation	occurs	when	one	nucleotide	is	substituted	and	this	leads	to	the	formation	of	a	stop	codon	instead	of	a	codon	that	codes	for	an	amino	acid.	A	stop
codon	a	certain	sequence	of	bases	(TAG,	TAA,	or	TGA	in	DNA,	and	UAG,	UAA,	or	UGA	in	RNA)	that	stops	the	production	of	the	amino	acid	chain.	It	is	always	found	at	the	end	of	the	mRNA	sequence	when	a	protein	is	being	produced,	but	if	a	substitution	causes	it	to	appear	in	another	place,	it	will	prematurely	terminate	the	amino	acid	sequence	and
prevent	the	correct	protein	from	being	produced.	Like	a	nonsense	mutation,	a	missense	mutation	occurs	when	one	nucleotide	is	substituted	and	a	different	codon	is	formed;	but	this	time,	the	codon	that	forms	is	not	a	stop	codon.	Instead,	the	codon	produces	a	different	amino	acid	in	the	sequence	of	amino	acids.	For	example,	if	a	missense	substitution
changes	a	codon	from	AAG	to	AGG,	the	amino	acid	arginine	will	be	produced	instead	of	lysine.	A	missense	mutation	is	considered	conservative	if	the	amino	acid	formed	via	the	mutation	has	similar	properties	to	the	one	that	was	supposed	to	be	formed	instead.	It	is	called	non-conservative	if	the	amino	acid	has	different	properties	that	structure	and
function	of	a	protein.In	a	silent	mutation,	a	nucleotide	is	substituted	but	the	same	amino	acid	is	produced	anyway.	This	can	occur	because	multiple	codons	can	code	for	the	same	amino	acid.	For	example,	AAG	and	AAA	both	code	for	lysine,	so	if	the	G	is	changed	to	an	A,	the	same	amino	acid	will	form	and	the	protein	will	not	be	affected.This	image
depicts	the	different	types	of	substitution	point	mutations.	It	shows	the	DNA	codon,	the	resulting	RNA	codon,	and	the	amino	acid	produced.	An	insertion	mutation	occurs	when	an	extra	base	pair	is	added	to	a	sequence	of	bases.	A	deletion	mutation	is	the	opposite;	it	occurs	when	a	base	pair	is	deleted	from	a	sequence.	These	two	types	of	point
mutations	are	grouped	together	because	both	of	them	can	drastically	affect	the	sequence	of	amino	acids	produced.	With	one	or	two	bases	added	or	deleted,	all	of	the	three-base	codons	change.	This	is	called	a	frameshift	mutation.	For	example,	if	a	sequence	of	codons	in	DNA	is	normally	CCT	ATG	TTT	and	an	extra	A	is	added	between	the	two	cytosine
bases,	the	sequence	will	instead	read	CAC	TAT	GTT	T.	This	completely	changes	the	amino	acids	that	would	be	produced,	which	in	turn	changes	the	structure	and	function	of	the	resulting	protein	and	can	render	it	useless.	Similarly,	if	one	base	was	deleted,	the	sequence	would	also	shift.	Cystic	Fibrosis	(CF)	is	a	recessive	inherited	disorder	most
common	among	people	of	European	descent.	In	the	United	States,	1	in	3500	newborns	are	born	with	cystic	fibrosis,	and	1	in	30	Caucasian	Americans	is	a	carrier.	There	are	many	different	mutations	that	can	cause	CF,	but	the	most	common	one	is	a	deletion	of	three	nucleotides	in	the	cystic	fibrosis	transmembrane	conductance	regulator	(CFTR)	gene
that	results	in	the	loss	of	the	amino	acid	phenylalanine	and	causes	an	incorrectly	folded	protein.	(Note	that	this	deletion	is	not	a	frameshift	mutation	because	three	bases	next	to	each	other	are	deleted,	and	all	the	other	amino	acids	in	the	chain	remain	the	same.)	CF	is	associated	with	thick,	sticky	mucus	in	the	lungs	and	trouble	breathing,	salty	sweat,
infertility	in	certain	individuals,	and	a	shortened	life	expectancy	(about	42-50	years	in	developed	countries).	Sickle-cell	anemia	is	a	recessive	disorder	caused	by	a	single	substitution	in	the	gene	that	creates	hemoglobin,	which	carries	oxygen	in	the	blood.	Normally,	glutamic	acid	is	produced	in	the	chain,	but	the	substitution	causes	valine	to	be
produced	at	that	spot	instead.	When	people	have	two	copies	of	this	mutation,	it	results	in	thin	sickle-shaped	blood	cells	that	sometimes	cannot	carry	oxygen	properly.	About	80%	of	people	with	sickle-cell	disease	are	in	sub-Saharan	Africa,	where	being	a	carrier	for	sickle-cell	anemia	(having	only	one	copy	of	the	gene,	not	two)	actually	helps	protect
against	malaria.	It	is	also	found	in	other	parts	of	the	world	such	as	India	and	the	Middle	East,	and	affects	about	1	in	500	African	Americans.	Symptoms	include	anemia,	obstruction	of	blood	vessels,	and	chest	pain,	and	it	is	treated	with	folic	acid,	blood	transfusions,	bone	marrow	transplants,	and	certain	prescription	drugs.	Tay-Sachs	disease	is	another
recessive	disorder	caused	by	point	mutations.	Different	mutations	can	cause	this	disorder,	but	they	are	all	found	on	the	HEXA	gene	on	chromosome	15.	Tay-Sachs	causes	nerve	cells	to	deteriorate	over	time,	which	in	turn	results	in	the	decline	of	physical	and	mental	functioning.	Both	child	and	adult-onset	forms	of	the	disease	occur,	and	children	with
the	disease	usually	die	before	the	age	of	four.	About	1	in	320,000	newborns	in	the	United	States	develop	Tay-Sachs.	It	occurs	in	higher	frequencies	in	Ashkenazi	Jews,	Cajuns,	and	French	Canadians	(about	1	in	3500	in	these	populations),	although	the	mutations	associated	with	the	disease	are	different	in	each	population.	There	is	currently	no
treatment	or	cure.	Mutation	A	change	in	a	genes	structure	caused	by	a	change	in	the	nucleotide	sequence	in	DNA.Messenger	RNA	(mRNA)	Genetic	material	that	transcribes	a	DNA	sequence	in	order	to	make	proteins	in	the	ribosome.Nitrogenous	base	A	molecule	(adenine,	cytosine,	guanine,	thymine,	or	uracil)	on	each	nucleotide	of	DNA	or	RNA	that,
when	read	in	a	sequence,	encodes	for	specific	genetic	information.Codon	A	sequence	of	three	nucleotides	that	codes	for	a	certain	amino	acid,	or	to	start	or	stop	the	production	of	an	amino	acid	chain.	1.	What	type	of	point	mutation	results	in	a	frameshift	mutation?A.	SubstitutionB.	InsertionC.	DeletionD.	Both	B	and	CD	is	correct.	A	frameshift	mutation
occurs	when	the	number	of	bases	changes	in	a	number	that	is	not	divisible	by	3	and	a	different	sequence	of	codons	is	produced.	Since	insertion	and	deletion	mutations	result	in	a	different	number	of	base	pairs,	they	cause	the	groups	of	codons	to	be	different,	shifting	the	frame	from	which	amino	acids	are	coded.2.	Which	is	NOT	a	type	of	substitution
mutation?A.	MissenseB.	ConservationC.	NonsenseD.	SilentB	is	correct.	Conservation	is	not	a	type	of	substitution	mutation.	Missense	mutations	can,	however,	be	conservative	(a	similar	amino	acid	is	formed	to	the	one	that	was	supposed	to	be	formed)	or	non-conservative	(an	amino	acid	with	very	different	properties	is	formed).3.	Which	is	an	example	of
a	stop	codon	in	RNA?A.	UAGB.	UAAC.	UGAD.	All	of	the	aboveD	is	correct.	All	of	these	codons	are	stop	codons	in	RNA	that	will	end	the	production	of	an	amino	acid	chain.	Sometimes,	similar	codons	in	RNA	can	code	for	the	same	thing,	whether	it	is	a	stop	codon	or	a	certain	amino	acid.	This	provides	a	layer	of	protection	against	substitution	mutations.A
point	mutation	is	a	type	of	mutation	in	DNA	or	RNA,	the	cells	genetic	material,	in	which	one	single	nucleotide	base	is	added,	deleted	or	changed.	DNA	and	RNA	are	made	up	of	many	nucleotides.	There	are	five	different	molecules	that	can	make	up	nitrogenous	bases	on	nucleotides:	cytosine,	guanine,	adenine,	thymine	(in	DNA)	and	uracil	(in	RNA),
abbreviated	C,	G,	A,	T,	and	U.	The	specific	sequence	of	nucleotides	encodes	all	the	information	for	carrying	out	all	cell	processes.	In	general,	a	mutation	is	when	a	gene	is	altered	through	a	change	in	DNA	structure;	this	may	refer	even	to	entire	sections	of	chromosomes.	A	point	mutation	is	specifically	when	only	one	nucleotide	base	is	changed	in	some
way,	although	multiple	point	mutations	can	occur	in	one	strand	of	DNA	or	RNA.	DNA	and	RNA	have	a	double	helix	structure.	Phosphate	groups	and	5-carbon	sugars	make	up	the	backbone,	while	the	middle	of	the	double	helix	is	formed	by	pairs	of	nitrogenous	bases.	Each	type	of	nitrogenous	base	pairs	with	another	specific	base.	Cytosine	pairs	with
guanine,	while	adenine	pairs	with	thymine	in	DNA	and	uracil	in	RNA,	and	vice	versa.	In	order	for	DNA	to	make	proteins,	it	must	be	transcribed	by	messenger	RNA	(mRNA).	The	mRNA	reads	the	DNA	three	bases	at	a	time,	matching	its	complementary	bases	to	it.	These	groups	of	three	bases	are	called	codons,	and	each	codon	codes	for	a	different
amino	acid.	Chains	of	amino	acids	make	up	proteins.	Therefore,	it	is	vitally	important	that	the	DNA	has	the	correct	sequence	of	base	pairs	in	order	to	make	proteins	correctly.	A	single	point	mutation	could	have	no	effect,	or	it	could	alter	the	protein	that	is	produced	and	render	it	useless.	Point	mutations	are	sometimes	caused	by	mutations	that
spontaneously	occur	during	DNA	replication.	The	rate	of	mutations	may	also	increase	when	a	cell	is	exposed	to	mutagens,	which	are	environmental	factors	that	can	change	an	organisms	DNA.	Some	mutagens	are	X-rays,	UV	rays,	extreme	heat,	or	certain	chemicals	like	benzene.	A	substitution	mutation	occurs	when	one	base	pair	is	substituted	for
another.	For	example,	this	would	occur	when	one	nucleotide	containing	cytosine	is	accidentally	substituted	for	one	containing	guanine.	There	are	three	types	of	substitution	mutations:	A	nonsense	mutation	occurs	when	one	nucleotide	is	substituted	and	this	leads	to	the	formation	of	a	stop	codon	instead	of	a	codon	that	codes	for	an	amino	acid.	A	stop
codon	a	certain	sequence	of	bases	(TAG,	TAA,	or	TGA	in	DNA,	and	UAG,	UAA,	or	UGA	in	RNA)	that	stops	the	production	of	the	amino	acid	chain.	It	is	always	found	at	the	end	of	the	mRNA	sequence	when	a	protein	is	being	produced,	but	if	a	substitution	causes	it	to	appear	in	another	place,	it	will	prematurely	terminate	the	amino	acid	sequence	and
prevent	the	correct	protein	from	being	produced.	Like	a	nonsense	mutation,	a	missense	mutation	occurs	when	one	nucleotide	is	substituted	and	a	different	codon	is	formed;	but	this	time,	the	codon	that	forms	is	not	a	stop	codon.	Instead,	the	codon	produces	a	different	amino	acid	in	the	sequence	of	amino	acids.	For	example,	if	a	missense	substitution
changes	a	codon	from	AAG	to	AGG,	the	amino	acid	arginine	will	be	produced	instead	of	lysine.	A	missense	mutation	is	considered	conservative	if	the	amino	acid	formed	via	the	mutation	has	similar	properties	to	the	one	that	was	supposed	to	be	formed	instead.	It	is	called	non-conservative	if	the	amino	acid	has	different	properties	that	structure	and
function	of	a	protein.In	a	silent	mutation,	a	nucleotide	is	substituted	but	the	same	amino	acid	is	produced	anyway.	This	can	occur	because	multiple	codons	can	code	for	the	same	amino	acid.	For	example,	AAG	and	AAA	both	code	for	lysine,	so	if	the	G	is	changed	to	an	A,	the	same	amino	acid	will	form	and	the	protein	will	not	be	affected.This	image
depicts	the	different	types	of	substitution	point	mutations.	It	shows	the	DNA	codon,	the	resulting	RNA	codon,	and	the	amino	acid	produced.	An	insertion	mutation	occurs	when	an	extra	base	pair	is	added	to	a	sequence	of	bases.	A	deletion	mutation	is	the	opposite;	it	occurs	when	a	base	pair	is	deleted	from	a	sequence.	These	two	types	of	point
mutations	are	grouped	together	because	both	of	them	can	drastically	affect	the	sequence	of	amino	acids	produced.	With	one	or	two	bases	added	or	deleted,	all	of	the	three-base	codons	change.	This	is	called	a	frameshift	mutation.	For	example,	if	a	sequence	of	codons	in	DNA	is	normally	CCT	ATG	TTT	and	an	extra	A	is	added	between	the	two	cytosine
bases,	the	sequence	will	instead	read	CAC	TAT	GTT	T.	This	completely	changes	the	amino	acids	that	would	be	produced,	which	in	turn	changes	the	structure	and	function	of	the	resulting	protein	and	can	render	it	useless.	Similarly,	if	one	base	was	deleted,	the	sequence	would	also	shift.	Cystic	Fibrosis	(CF)	is	a	recessive	inherited	disorder	most
common	among	people	of	European	descent.	In	the	United	States,	1	in	3500	newborns	are	born	with	cystic	fibrosis,	and	1	in	30	Caucasian	Americans	is	a	carrier.	There	are	many	different	mutations	that	can	cause	CF,	but	the	most	common	one	is	a	deletion	of	three	nucleotides	in	the	cystic	fibrosis	transmembrane	conductance	regulator	(CFTR)	gene
that	results	in	the	loss	of	the	amino	acid	phenylalanine	and	causes	an	incorrectly	folded	protein.	(Note	that	this	deletion	is	not	a	frameshift	mutation	because	three	bases	next	to	each	other	are	deleted,	and	all	the	other	amino	acids	in	the	chain	remain	the	same.)	CF	is	associated	with	thick,	sticky	mucus	in	the	lungs	and	trouble	breathing,	salty	sweat,
infertility	in	certain	individuals,	and	a	shortened	life	expectancy	(about	42-50	years	in	developed	countries).	Sickle-cell	anemia	is	a	recessive	disorder	caused	by	a	single	substitution	in	the	gene	that	creates	hemoglobin,	which	carries	oxygen	in	the	blood.	Normally,	glutamic	acid	is	produced	in	the	chain,	but	the	substitution	causes	valine	to	be
produced	at	that	spot	instead.	When	people	have	two	copies	of	this	mutation,	it	results	in	thin	sickle-shaped	blood	cells	that	sometimes	cannot	carry	oxygen	properly.	About	80%	of	people	with	sickle-cell	disease	are	in	sub-Saharan	Africa,	where	being	a	carrier	for	sickle-cell	anemia	(having	only	one	copy	of	the	gene,	not	two)	actually	helps	protect
against	malaria.	It	is	also	found	in	other	parts	of	the	world	such	as	India	and	the	Middle	East,	and	affects	about	1	in	500	African	Americans.	Symptoms	include	anemia,	obstruction	of	blood	vessels,	and	chest	pain,	and	it	is	treated	with	folic	acid,	blood	transfusions,	bone	marrow	transplants,	and	certain	prescription	drugs.	Tay-Sachs	disease	is	another
recessive	disorder	caused	by	point	mutations.	Different	mutations	can	cause	this	disorder,	but	they	are	all	found	on	the	HEXA	gene	on	chromosome	15.	Tay-Sachs	causes	nerve	cells	to	deteriorate	over	time,	which	in	turn	results	in	the	decline	of	physical	and	mental	functioning.	Both	child	and	adult-onset	forms	of	the	disease	occur,	and	children	with
the	disease	usually	die	before	the	age	of	four.	About	1	in	320,000	newborns	in	the	United	States	develop	Tay-Sachs.	It	occurs	in	higher	frequencies	in	Ashkenazi	Jews,	Cajuns,	and	French	Canadians	(about	1	in	3500	in	these	populations),	although	the	mutations	associated	with	the	disease	are	different	in	each	population.	There	is	currently	no
treatment	or	cure.	Mutation	A	change	in	a	genes	structure	caused	by	a	change	in	the	nucleotide	sequence	in	DNA.Messenger	RNA	(mRNA)	Genetic	material	that	transcribes	a	DNA	sequence	in	order	to	make	proteins	in	the	ribosome.Nitrogenous	base	A	molecule	(adenine,	cytosine,	guanine,	thymine,	or	uracil)	on	each	nucleotide	of	DNA	or	RNA	that,
when	read	in	a	sequence,	encodes	for	specific	genetic	information.Codon	A	sequence	of	three	nucleotides	that	codes	for	a	certain	amino	acid,	or	to	start	or	stop	the	production	of	an	amino	acid	chain.	1.	What	type	of	point	mutation	results	in	a	frameshift	mutation?A.	SubstitutionB.	InsertionC.	DeletionD.	Both	B	and	CD	is	correct.	A	frameshift	mutation
occurs	when	the	number	of	bases	changes	in	a	number	that	is	not	divisible	by	3	and	a	different	sequence	of	codons	is	produced.	Since	insertion	and	deletion	mutations	result	in	a	different	number	of	base	pairs,	they	cause	the	groups	of	codons	to	be	different,	shifting	the	frame	from	which	amino	acids	are	coded.2.	Which	is	NOT	a	type	of	substitution
mutation?A.	MissenseB.	ConservationC.	NonsenseD.	SilentB	is	correct.	Conservation	is	not	a	type	of	substitution	mutation.	Missense	mutations	can,	however,	be	conservative	(a	similar	amino	acid	is	formed	to	the	one	that	was	supposed	to	be	formed)	or	non-conservative	(an	amino	acid	with	very	different	properties	is	formed).3.	Which	is	an	example	of
a	stop	codon	in	RNA?A.	UAGB.	UAAC.	UGAD.	All	of	the	aboveD	is	correct.	All	of	these	codons	are	stop	codons	in	RNA	that	will	end	the	production	of	an	amino	acid	chain.	Sometimes,	similar	codons	in	RNA	can	code	for	the	same	thing,	whether	it	is	a	stop	codon	or	a	certain	amino	acid.	This	provides	a	layer	of	protection	against	substitution	mutations.A
point	mutation	is	a	type	of	mutation	in	DNA	or	RNA,	the	cells	genetic	material,	in	which	one	single	nucleotide	base	is	added,	deleted	or	changed.	DNA	and	RNA	are	made	up	of	many	nucleotides.	There	are	five	different	molecules	that	can	make	up	nitrogenous	bases	on	nucleotides:	cytosine,	guanine,	adenine,	thymine	(in	DNA)	and	uracil	(in	RNA),
abbreviated	C,	G,	A,	T,	and	U.	The	specific	sequence	of	nucleotides	encodes	all	the	information	for	carrying	out	all	cell	processes.	In	general,	a	mutation	is	when	a	gene	is	altered	through	a	change	in	DNA	structure;	this	may	refer	even	to	entire	sections	of	chromosomes.	A	point	mutation	is	specifically	when	only	one	nucleotide	base	is	changed	in	some
way,	although	multiple	point	mutations	can	occur	in	one	strand	of	DNA	or	RNA.	DNA	and	RNA	have	a	double	helix	structure.	Phosphate	groups	and	5-carbon	sugars	make	up	the	backbone,	while	the	middle	of	the	double	helix	is	formed	by	pairs	of	nitrogenous	bases.	Each	type	of	nitrogenous	base	pairs	with	another	specific	base.	Cytosine	pairs	with
guanine,	while	adenine	pairs	with	thymine	in	DNA	and	uracil	in	RNA,	and	vice	versa.	In	order	for	DNA	to	make	proteins,	it	must	be	transcribed	by	messenger	RNA	(mRNA).	The	mRNA	reads	the	DNA	three	bases	at	a	time,	matching	its	complementary	bases	to	it.	These	groups	of	three	bases	are	called	codons,	and	each	codon	codes	for	a	different
amino	acid.	Chains	of	amino	acids	make	up	proteins.	Therefore,	it	is	vitally	important	that	the	DNA	has	the	correct	sequence	of	base	pairs	in	order	to	make	proteins	correctly.	A	single	point	mutation	could	have	no	effect,	or	it	could	alter	the	protein	that	is	produced	and	render	it	useless.	Point	mutations	are	sometimes	caused	by	mutations	that
spontaneously	occur	during	DNA	replication.	The	rate	of	mutations	may	also	increase	when	a	cell	is	exposed	to	mutagens,	which	are	environmental	factors	that	can	change	an	organisms	DNA.	Some	mutagens	are	X-rays,	UV	rays,	extreme	heat,	or	certain	chemicals	like	benzene.	A	substitution	mutation	occurs	when	one	base	pair	is	substituted	for
another.	For	example,	this	would	occur	when	one	nucleotide	containing	cytosine	is	accidentally	substituted	for	one	containing	guanine.	There	are	three	types	of	substitution	mutations:	A	nonsense	mutation	occurs	when	one	nucleotide	is	substituted	and	this	leads	to	the	formation	of	a	stop	codon	instead	of	a	codon	that	codes	for	an	amino	acid.	A	stop
codon	a	certain	sequence	of	bases	(TAG,	TAA,	or	TGA	in	DNA,	and	UAG,	UAA,	or	UGA	in	RNA)	that	stops	the	production	of	the	amino	acid	chain.	It	is	always	found	at	the	end	of	the	mRNA	sequence	when	a	protein	is	being	produced,	but	if	a	substitution	causes	it	to	appear	in	another	place,	it	will	prematurely	terminate	the	amino	acid	sequence	and
prevent	the	correct	protein	from	being	produced.	Like	a	nonsense	mutation,	a	missense	mutation	occurs	when	one	nucleotide	is	substituted	and	a	different	codon	is	formed;	but	this	time,	the	codon	that	forms	is	not	a	stop	codon.	Instead,	the	codon	produces	a	different	amino	acid	in	the	sequence	of	amino	acids.	For	example,	if	a	missense	substitution
changes	a	codon	from	AAG	to	AGG,	the	amino	acid	arginine	will	be	produced	instead	of	lysine.	A	missense	mutation	is	considered	conservative	if	the	amino	acid	formed	via	the	mutation	has	similar	properties	to	the	one	that	was	supposed	to	be	formed	instead.	It	is	called	non-conservative	if	the	amino	acid	has	different	properties	that	structure	and
function	of	a	protein.In	a	silent	mutation,	a	nucleotide	is	substituted	but	the	same	amino	acid	is	produced	anyway.	This	can	occur	because	multiple	codons	can	code	for	the	same	amino	acid.	For	example,	AAG	and	AAA	both	code	for	lysine,	so	if	the	G	is	changed	to	an	A,	the	same	amino	acid	will	form	and	the	protein	will	not	be	affected.This	image
depicts	the	different	types	of	substitution	point	mutations.	It	shows	the	DNA	codon,	the	resulting	RNA	codon,	and	the	amino	acid	produced.	An	insertion	mutation	occurs	when	an	extra	base	pair	is	added	to	a	sequence	of	bases.	A	deletion	mutation	is	the	opposite;	it	occurs	when	a	base	pair	is	deleted	from	a	sequence.	These	two	types	of	point
mutations	are	grouped	together	because	both	of	them	can	drastically	affect	the	sequence	of	amino	acids	produced.	With	one	or	two	bases	added	or	deleted,	all	of	the	three-base	codons	change.	This	is	called	a	frameshift	mutation.	For	example,	if	a	sequence	of	codons	in	DNA	is	normally	CCT	ATG	TTT	and	an	extra	A	is	added	between	the	two	cytosine
bases,	the	sequence	will	instead	read	CAC	TAT	GTT	T.	This	completely	changes	the	amino	acids	that	would	be	produced,	which	in	turn	changes	the	structure	and	function	of	the	resulting	protein	and	can	render	it	useless.	Similarly,	if	one	base	was	deleted,	the	sequence	would	also	shift.	Cystic	Fibrosis	(CF)	is	a	recessive	inherited	disorder	most
common	among	people	of	European	descent.	In	the	United	States,	1	in	3500	newborns	are	born	with	cystic	fibrosis,	and	1	in	30	Caucasian	Americans	is	a	carrier.	There	are	many	different	mutations	that	can	cause	CF,	but	the	most	common	one	is	a	deletion	of	three	nucleotides	in	the	cystic	fibrosis	transmembrane	conductance	regulator	(CFTR)	gene
that	results	in	the	loss	of	the	amino	acid	phenylalanine	and	causes	an	incorrectly	folded	protein.	(Note	that	this	deletion	is	not	a	frameshift	mutation	because	three	bases	next	to	each	other	are	deleted,	and	all	the	other	amino	acids	in	the	chain	remain	the	same.)	CF	is	associated	with	thick,	sticky	mucus	in	the	lungs	and	trouble	breathing,	salty	sweat,
infertility	in	certain	individuals,	and	a	shortened	life	expectancy	(about	42-50	years	in	developed	countries).	Sickle-cell	anemia	is	a	recessive	disorder	caused	by	a	single	substitution	in	the	gene	that	creates	hemoglobin,	which	carries	oxygen	in	the	blood.	Normally,	glutamic	acid	is	produced	in	the	chain,	but	the	substitution	causes	valine	to	be
produced	at	that	spot	instead.	When	people	have	two	copies	of	this	mutation,	it	results	in	thin	sickle-shaped	blood	cells	that	sometimes	cannot	carry	oxygen	properly.	About	80%	of	people	with	sickle-cell	disease	are	in	sub-Saharan	Africa,	where	being	a	carrier	for	sickle-cell	anemia	(having	only	one	copy	of	the	gene,	not	two)	actually	helps	protect
against	malaria.	It	is	also	found	in	other	parts	of	the	world	such	as	India	and	the	Middle	East,	and	affects	about	1	in	500	African	Americans.	Symptoms	include	anemia,	obstruction	of	blood	vessels,	and	chest	pain,	and	it	is	treated	with	folic	acid,	blood	transfusions,	bone	marrow	transplants,	and	certain	prescription	drugs.	Tay-Sachs	disease	is	another
recessive	disorder	caused	by	point	mutations.	Different	mutations	can	cause	this	disorder,	but	they	are	all	found	on	the	HEXA	gene	on	chromosome	15.	Tay-Sachs	causes	nerve	cells	to	deteriorate	over	time,	which	in	turn	results	in	the	decline	of	physical	and	mental	functioning.	Both	child	and	adult-onset	forms	of	the	disease	occur,	and	children	with
the	disease	usually	die	before	the	age	of	four.	About	1	in	320,000	newborns	in	the	United	States	develop	Tay-Sachs.	It	occurs	in	higher	frequencies	in	Ashkenazi	Jews,	Cajuns,	and	French	Canadians	(about	1	in	3500	in	these	populations),	although	the	mutations	associated	with	the	disease	are	different	in	each	population.	There	is	currently	no
treatment	or	cure.	Mutation	A	change	in	a	genes	structure	caused	by	a	change	in	the	nucleotide	sequence	in	DNA.Messenger	RNA	(mRNA)	Genetic	material	that	transcribes	a	DNA	sequence	in	order	to	make	proteins	in	the	ribosome.Nitrogenous	base	A	molecule	(adenine,	cytosine,	guanine,	thymine,	or	uracil)	on	each	nucleotide	of	DNA	or	RNA	that,
when	read	in	a	sequence,	encodes	for	specific	genetic	information.Codon	A	sequence	of	three	nucleotides	that	codes	for	a	certain	amino	acid,	or	to	start	or	stop	the	production	of	an	amino	acid	chain.	1.	What	type	of	point	mutation	results	in	a	frameshift	mutation?A.	SubstitutionB.	InsertionC.	DeletionD.	Both	B	and	CD	is	correct.	A	frameshift	mutation
occurs	when	the	number	of	bases	changes	in	a	number	that	is	not	divisible	by	3	and	a	different	sequence	of	codons	is	produced.	Since	insertion	and	deletion	mutations	result	in	a	different	number	of	base	pairs,	they	cause	the	groups	of	codons	to	be	different,	shifting	the	frame	from	which	amino	acids	are	coded.2.	Which	is	NOT	a	type	of	substitution
mutation?A.	MissenseB.	ConservationC.	NonsenseD.	SilentB	is	correct.	Conservation	is	not	a	type	of	substitution	mutation.	Missense	mutations	can,	however,	be	conservative	(a	similar	amino	acid	is	formed	to	the	one	that	was	supposed	to	be	formed)	or	non-conservative	(an	amino	acid	with	very	different	properties	is	formed).3.	Which	is	an	example	of
a	stop	codon	in	RNA?A.	UAGB.	UAAC.	UGAD.	All	of	the	aboveD	is	correct.	All	of	these	codons	are	stop	codons	in	RNA	that	will	end	the	production	of	an	amino	acid	chain.	Sometimes,	similar	codons	in	RNA	can	code	for	the	same	thing,	whether	it	is	a	stop	codon	or	a	certain	amino	acid.	This	provides	a	layer	of	protection	against	substitution	mutations.
Mutations	occur	through	various	mechanisms	that	can	impact	genes,	chromosomes,	and	outcomes	differently.Mutations	can	occur	on	a	single	nucleotide	scale	(at	the	level	of	point	mutations),	or	on	a	much	larger	scale	(where	segments	of	whole	chromosomes	are	affected.Substitution	of	nucleotides	can	be	synonymous	(silent)	or	non-synonymous
(change	amino	acid).	The	resulting	mutations	can	be	missense	(amino	acid	change	in	sequence)	or	nonsense	(premature	stop	codon	is	encoded.Insertions	and	deletion	of	single	nucleotides	can	cause	frameshift	mutations,	changing	the	sequence	of	the	entire	protein.Chromosomal	mutations	include	large-scale	deletions,	inversions,	duplications	and
translocations.	DNA	sequences	can	be	changed	through	mutations.	The	changes	to	the	DNA	can	occur	in	a	variety	of	ways,	affecting	sequences	and	proteins	to	different	extents.	To	understand	how	mutations	can	have	such	varied	effects,	we	need	to	remember	how	DNA	sequences	work	DNA	sequences	are	transcribed	into	an	mRNA	sequence,	which
is	then	translated	into	a	protein.	This	translation	relies	on	the	triplet	code,	whereby	a	sequence	of	three	nucleotides	codes	for	a	particular	amino	acid.	Several	different	codons	can	code	for	the	same	amino	acid.	This	is	important	for	the	consequences	of	mutations.	Point	mutations	refer	to	changes	to	a	single	nucleotide.	These	usually	take	place	during
DNA	replication,	and	their	consequences	can	be	benign	or	can	be	devastating.	This	depends	on	the	location	of	the	mutation.	Point	mutations	occur	through	insertion,	substitution	or	deletion.	Substitution	refers	to	the	case	in	which	one	nucleotide	is	incorrectly	swapped	during	DNA	replication	for	another	nucleotide,	meaning	the	correct	nucleotide	is
replaced	with	an	alternative	nucleotide.	This	type	of	mutation	only	affects	one	codon.	However,	this	does	not	mean	the	resulting	effects	will	be	small.	The	substitution	could	change	the	amino	acid	that	the	DNA	encodes,	changing	the	protein	sequence.	This	is	called	a	non-synonymous	mutation.	Alternatively,	the	nucleotide	substitution	could	not	affect
the	encoded	amino	acid	(since	multiple	codons	can	occur	for	the	same	amino	acid).	This	is	called	a	synonymous	mutation.	An	easy	way	to	remember	this	is	S	for	synonymous	and	silent,	the	mutation	is	unlikely	to	have	an	effect	and	therefore	is	silent.	If	the	affected	amino	acid	is	at	a	critical	residue	such	as	in	an	enzymes	active	site,	or	at	an	important
binding	site,	the	function	of	the	entire	protein	could	be	abolished.	Read	more	about	Gene	Mutations	Insertions	and	deletions	are	two	other	types	of	point	mutations.	An	insertion	occurs	when	an	extra	nucleotide	is	incorporated	into	the	DNA	sequence	during	replication.	A	deletion	mutation	occurs	when	a	nucleotide	is	skipped	or	absent	from	the
replicated	strand.	These	mutations	are	often	considered	more	harmful	than	substitutions,	because	they	impact	upon	the	way	the	rest	of	the	sequence	is	read	by	the	cell.	Missense	mutations	refer	to	the	point	mutations	that	cause	a	change	to	a	single	amino	acid.	Missense	mutations	are	usually	caused	by	substitutions.	Even	though	only	one	amino	acid
is	affected,	the	consequences	can	be	deleterious.	An	example	of	a	disease	caused	by	a	missense	mutation	is	Sickle-cell	anaemia.	Sickle-cell	anaemia	is	caused	by	a	point	mutation	in	the	protein	haemoglobin.	The	amino	acid	glutamic	acid	is	replaced	with	valine.	The	properties	of	these	amino	acids	are	sufficiently	different,	causing	changes	in	the
structure	of	the	protein.	This	causes	red	blood	cells	to	become	distorted,	and	they	can	no	longer	efficiently	carry	oxygen.	Nonsense	mutations	are	a	special	kind	of	missense	mutation	where	the	amino	acid	change	results	in	the	production	of	a	stop	codon	(TAG,	TAA	or	TGA).	These	codons	do	not	encode	for	amino	acids,	and	instead	encode	a	signal	to
the	translation	machinery	that	they	should	terminate	the	process	of	translation.	This	premature	stop	codon	results	in	the	production	of	a	truncated	protein,	which	is	usually	non-functional.	An	example	of	a	disease	caused	by	a	nonsense	mutation	is	Duchenne	muscular	dystrophy.	Duchenne	muscular	dystrophy	is	a	degenerative	disease	associated	with
progressive	muscle	weakness.	The	disease	is	caused	by	mutations	in	the	dystrophin	gene,	which	is	important	in	skeletal	muscle	cell	structure	and	function.	Nonsense	mutations	in	the	dystrophin	gene	result	in	a	non-functional	protein,	causing	the	disease.	Insertions	and	deletions	of	nucleotides	can	also	have	the	consequence	of	a	frameshift	mutation.
This	causes	a	complete	change	to	the	entire	amino	acid	sequence	of	a	protein	after	the	mutation	site.	This	is	because	of	the	way	the	translated	mRNA	is	read	by	the	ribosomes.	The	mRNA	is	read	in	codons,	groups	of	3	nucleotides.	If	an	additional	1	or	2	nucleotides	are	added	or	removed,	the	sequence	is	shifted.	The	translation	machinery	cannot	know
that	there	has	been	an	error,	and	still	reads	the	sequence	in	triplet	codons.	This	means	the	entire	mRNA	and	resulting	protein	are	completely	different.	For	example,	look	at	the	sequence	below.	Imagine	you	are	the	mRNA	machinery	and	can	only	read	3	letter	words	from	left	to	right.	THE	CAT	ATE	THE	RAT	Normal	SequenceTHE	BAT	ATE	THE
RATMissense	mutation	(substitution)THE	JBA	TAT	ERH	ERA	TFrameshift	mutation	(insertion)	When	an	extra	letter	(J)	is	inserted,	the	whole	sentence	loses	its	meaning,	just	at	the	DNA	sequencw	wouldAn	example	of	a	disease	that	can	be	caused	by	a	frameshift	mutation	is	Tay-Sachs	disease.	Tay-Sachs	disease	is	often	caused	by	a	frameshift	mutation
in	the	gene	Hex-A.	Without	Hex-A,	lipids	accumulate	abnormally	in	the	brain,	causing	progressive	damage	to	the	cells	of	the	nervous	system.	This	usually	results	in	infant	fatality	at	around	5	years	old.	Chromosomal	mutations	are	larger	scale	mutations	than	point	mutations,	typically	involving	segments	of	entire	chromosomes.	Chromosomal	deletions
involve	the	loss	of	an	entire	region	of	a	chromosome	and	all	the	genes	contained	within	it.	An	example	of	a	disease	caused	by	such	a	mutation	is	Cri	du	Chat	Syndrome.	Cri	du	Chat	is	caused	by	a	deletion	in	chromosome	5.	It	is	a	rare	genetic	disorder,	and	the	name	comes	from	the	French	for	cat-like	cry,	which	refers	to	the	unusual	kitten-like	cries	of
affected	children.	The	disease	causes	developmental	delay,	problems	with	the	nervous	system	and	behavioural	issues.	Chromosomal	inversions	occur	when	a	particular	sequence	is	flipped	and	reinserted,	meaning	the	sequence	is	in	the	opposite	orientation.	This	does	not	typically	cause	disease,	but	there	are	some	rare	examples.	Chromosomal
duplications	involve	the	repetition	of	a	region	of	the	chromosome,	resulting	in	double	the	number	of	genes	(and	gene	products)	which	are	contained	within	it.	This	occurs	in	some	rare	genetic	disorders	and	is	associated	with	some	cancers.	Chromosomal	translocations	occur	when	a	part	of	one	chromosome	is	incorrectly	fused	to	a	segment	of	another
chromosome.	The	danger	of	these	types	of	mutations	is	the	possibility	for	gene	fusions.	The	most	common	example	of	this	is	the	Philadelphia	chromosome	which	occurs	in	some	types	of	leukaemia.	Philadelphia	chromosome	(chronic	myeloid	leukaemia)	The	Philadelphia	chromosome	is	an	example	of	a	translocation,	where	two	segments	of	chromosome
9	and	chromosome	22	swap	places.	This	results	in	a	gene	fusion	that	encodes	a	hybrid	protein	that	is	always	on,	meaning	it	is	overactive.	This	contributes	to	cancer	by	allowing	the	cell	to	divide	uncontrollably.	The	major	types	of	mutations	are	point	mutations	and	frameshift	mutations.	The	mutations	involving	single	nucleotide	changes	are	called
point	mutations.	For	example,	sickle	cell	anaemia	arises	due	to	point	mutation	involving	substituting	glutamic	acid	with	valine	producing	abnormal	haemoglobin.	Frameshift	mutations	alter	the	reading	frame	of	mRNA	by	ribosomes.	They	arise	due	to	nucleotide	insertion	or	deletion.	The	mRNA	is	decoded	in	codons,	a	sequence	of	3	nucleotides.	If	one
nucleotide	is	deleted	or	inserted,	a	fame	shift	occurs.	If	a	point	mutation	leads	to	the	termination	of	protein	synthesis,	it	is	called	a	nonsense	mutation.	Nonsense	mutations	produce	stop	codons	that	dont	code	for	amino	acids,	and	translation	machinery	terminates	protein	synthesis.	[1].	[2].	[3].	[4].	Campbell,	Neil	A.,	and	Jane	B.	Reece.	Biology	(9th
Edition).	San	Francisco:	Benjamin	Cummings,	20011.	Figure	17.4	(Image	DNA	code)	[5].	(Image	point	mutation)	[6].	(Image	chromosomal	mutation)	Point	Mutations,	Deletions,	Insertions,	and	Damage	The	structure	of	DNA	permits	only	three	basic	types	of	alteration	or	mutation	at	a	site:	the	substitution	of	one	nucleotide	for	another,	the	deletion	of
one	or	more	nucleotides,	and	the	insertion	of	one	or	more	nucleotides.	A	nucleotide	substitution	at	a	point	is	called	a	transition	if	one	purine	is	substituted	for	the	other	or	one	pyrimidine	is	substituted	for	the	other	and	is	called	a	transversion	if	a	purine	is	substituted	for	a	pyrimidine	or	vice	versa	Figure	8.1	Tautomeric	forms	of	guanine	and	cytosine
base	pair	differently	dueto	alternations	of	hydrogen	bond	donating	and	accepting	groups.	In	addition	to	substitutions	of	one	nucleotide	for	another	in	single-stranded	DNA	or	one	base	pair	for	another	in	double-stranded	DNA,	nucleotides	are	susceptible	to	many	types	of	chemical	modification.	These	can	include	tautomerizations	and	deamination	or
more	extensive	damage	such	as	the	complete	loss	of	a	base	from	the	ribose	phosphate	backbone	(Fig.	8.1).	The	cellular	repair	mechanisms,	however,	remove	many	such	modified	bases	so	that	the	gap	can	be	refilled	with	normal	nucleotides.	Those	modified	bases	that	escape	repair	cannot	themselves	be	passed	on	to	the	next	generation	because,	on
DNA	replication,	one	of	the	usual	four	nucleotides	is	incorporated	into	the	daughter	strand	opposite	the	altered	base.	Frequently	the	base	so	incorporated	will	be	incorrect,	and	consequently,	a	mutation	is	introduced	at	such	a	position.	Mutations	arise	from	a	variety	of	sources.	As	discussed,	point	mutations	can	occur	spontaneously	during	replication
of	the	DNA	through	the	misincorporation	of	a	nucleotide	and	the	failure	of	the	editing	mechanisms	to	correct	the	mistake	or	through	the	chemical	instability	of	the	nucleotides.	For	example,	cytosine	can	deaminate	to	form	uracil,	which	is	then	recognized	as	thymine	during	DNA	replica-tion.	The	frequency	of	spontaneous	appearance	of	point	mutations
often	is	too	low	for	convenient	experimentation,	and	mutagens	are	therefore	used	to	increase	the	frequency	of	mutants	in	cultures	10	to	1,000	times	above	the	spontaneous	frequency.	A	variety	of	mutagens	have	been	discovered,	some	by	rational	considerations	and	some	by	chance.	Many	are	nucleotide	analogs	that	are	incorporated	into	the	DNA
instead	of	the	normal	nucleotides.	These	increase	the	frequency	of	mispairing	in	subsequent	rounds	of	DNA	replication.	Other	mutagens	are	chemically	reactive	molecules	that	damage	or	modify	bases	in	DNA.	Ultraviolet	light	is	also	a	mutagen	as	discussed	earlier.	The	damage	it	creates	ultimately	leads	to	mutations	either	through	a	reduced	fidelity
of	syn-thesis	or	an	elevated	probability	of	mistaken	repair	of	the	original	damage.	In	one	way	or	another,	mutagens	increase	the	frequency	of	generating	mispaired	bases	or	increase	the	frequency	that	mispaired	bases	escape	repair.	Ultimately,	either	leads	to	an	increase	in	the	probability	that	the	original	DNA	sequence	will	be	changed.	The
mechanisms	generating	deletions	and	insertions	are	not	as	well	understood.	Errors	in	DNA	replication	provide	plausible	mechanisms	for	the	generation	of	one	or	two	base	insertions	or	deletions.	Most	likely	slippage,	perhaps	stimulated	by	an	appropriate	sequence,	will	permit	adaughter	strand	to	possess	a	different	number	of	bases	than	the	parent
strand.	Figure	8.2	Two	mechanisms	for	generating	deletions	between	repeated	sequences.	The	first	is	looping	with	recombination	between	points	within	a	single	chromosome,	and	the	second	is	unequal	crossing	over	between	two	chromosomes.	Insertions	and	deletions	larger	than	a	few	bases	arise	by	a	different	mechanism.	The	end	points	of	a
number	of	deletions	in	bacteria	are	located	at	short,	repeated	or	almost	repeated	sequences.	The	deletion	removes	one	of	the	repeats	and	the	intervening	sequence.	We	can	picture	two	plausible	events	that	could	create	such	deletions	(Fig.	8.2).	The	first	is	a	looping	of	a	single	chromosome	followed	by	elimination	of	the	material	between	the	two
repeats.	The	second	is	similar	to	the	first,	but	it	occurs	between	two	chromosomes	and	transfers	the	material	from	one	chromosome	to	the	other.	One	chromosome	suffers	a	deletion	and	the	other	an	insertion.	The	creation	of	deletions	is	also	stimulated	by	the	presence	of	some	genetic	elements	called	insertion	sequences	or	transposons.	These	ele-
ments	transpose	themselves	or	copies	of	themselves	into	other	sites	on	the	chromosome.	In	the	process	they	often	generate	deletions	in	their	vicinity.	Home	Microbiology	Genetics	Point	mutation	Definition,	Causes,	Types,	ExamplesA	point	mutation	is	a	specific	type	of	genetic	mutation	that	involves	a	change	in	a	single	nucleotide	base	within	the	DNA
or	RNA	sequence.	This	alteration	can	manifest	as	a	substitution,	insertion,	or	deletion	of	one	base	pair.	In	the	DNA	sequence,	point	mutations	can	involve	the	nitrogenous	bases	cytosine	(C),	guanine	(G),	adenine	(A),	and	thymine	(T),	whereas	in	RNA,	uracil	(U)	replaces	thymine.Point	mutations	generally	occur	due	to	errors	during	DNA	replication,
though	they	can	also	be	induced	by	external	factors	such	as	X-rays	or	ultraviolet	radiation.	The	primary	impact	of	point	mutations	on	the	genetic	code	involves	the	alteration	of	the	encoded	proteins	amino	acid	sequence.	Since	nucleotides	are	read	in	triplets	during	translation,	a	single	base	change	can	lead	to	significant	variations	in	protein	structure
and	function.The	effects	of	point	mutations	vary	widely	depending	on	their	specific	nature.	Some	point	mutations	may	be	neutral,	causing	no	observable	changes	in	protein	function.	Others	can	be	deleterious,	potentially	disrupting	protein	production	or	function.	For	example,	missense	mutations,	a	subtype	of	point	mutations,	result	in	the
incorporation	of	an	incorrect	amino	acid,	which	may	affect	the	proteins	activity.	Conversely,	nonsense	mutations	introduce	premature	stop	codons,	leading	to	truncated	and	often	nonfunctional	proteins.Overall,	the	severity	and	consequences	of	a	point	mutation	are	influenced	by	its	location	within	the	gene	and	the	role	of	the	affected	protein.
Therefore,	while	some	point	mutations	may	have	minimal	impact,	others	can	significantly	affect	cellular	processes	and	contribute	to	various	genetic	disorders.A	point	mutation	is	a	genetic	mutation	involving	a	change	in	a	single	nucleotide	base	in	the	DNA	or	RNA	sequence,	which	can	affect	the	sequence	of	amino	acids	in	a	protein.Causes	of	Point
mutationPoint	mutations	are	primarily	caused	by	various	mechanisms	that	affect	the	DNA	sequence.	These	mutations	can	occur	during	DNA	replication	or	due	to	external	factors.	Here	are	the	key	causes	of	point	mutations:DNA	Replication	Errors:	Point	mutations	often	arise	during	DNA	replication.	During	this	process,	the	DNA	molecule	is	copied,
and	errors	can	occur	if	incorrect	nucleotides	are	incorporated	into	the	new	strand.	Even	a	single	incorrect	nucleotide	can	alter	the	entire	DNA	sequence.Spontaneous	Mutations:	Some	point	mutations	occur	spontaneously	due	to	natural	errors	in	cellular	processes.	These	errors	are	random	and	can	happen	without	external	influence,	often	resulting
from	the	inherent	instability	of	DNA.Mutagens:	Exposure	to	mutagens	significantly	increases	the	rate	of	point	mutations.	Mutagens	are	agents	that	induce	mutations	and	can	be	physical	or	chemical:Physical	Mutagens:	Include	radiation	such	as	ultraviolet	(UV)	light	and	X-rays.	UV	light	can	cause	thymine	dimers,	which	disrupt	DNA	structure.	X-rays
can	lead	to	ionization	of	DNA	molecules,	causing	breaks	and	changes	in	the	sequence.Chemical	Mutagens:	Include	substances	that	chemically	alter	DNA	bases.	These	chemicals	can	mispair	nucleotides	or	disrupt	the	helical	structure	of	DNA,	leading	to	incorrect	base	pairing	during	replication.Reactive	Oxygen	Species:	Byproducts	of	cellular
metabolism,	such	as	free	radicals,	can	damage	DNA.	These	reactive	oxygen	molecules	can	cause	oxidative	stress,	leading	to	base	modifications	or	breaks	in	the	DNA	strand.Degradation	of	DNA	Bonds:	Over	time,	DNA	bonds	can	degrade	due	to	various	factors,	including	environmental	conditions.	This	degradation	can	result	in	mutations	if	the	DNA	is
not	repaired	properly.Nucleotide	Substitutions:	Errors	during	DNA	replication	or	repair	processes	can	lead	to	nucleotide	substitutions,	where	one	base	is	replaced	by	another.	This	change	can	alter	the	codon	sequence	and	potentially	affect	protein	function.Insertions	and	Deletions:	Point	mutations	can	also	occur	through	the	insertion	or	deletion	of
nucleotides.	These	changes	can	disrupt	the	reading	frame	and	lead	to	significant	alterations	in	the	resulting	protein.Errors	in	DNA	Repair:	Mistakes	during	DNA	repair	processes	can	introduce	point	mutations.	If	the	repair	machinery	fails	to	accurately	correct	damaged	DNA,	mutations	can	persist	in	the	genome.Aging:	As	cells	age,	the	DNA
replication	and	repair	mechanisms	may	become	less	efficient,	increasing	the	likelihood	of	point	mutations	over	time.Environmental	Factors:	Exposure	to	various	environmental	factors,	such	as	pollutants	or	chemicals,	can	contribute	to	the	induction	of	point	mutations	by	interacting	with	the	DNA	and	causing	structural	changes.Point	MutationsTypes	of
Point	mutationPoint	mutations	are	categorized	based	on	the	nature	of	the	changes	they	induce	in	the	DNA	sequence	and	their	subsequent	effects	on	protein	function.	These	mutations	can	be	broadly	classified	into	different	types,	each	with	distinct	implications.Transition	MutationsDefinition:	Transition	mutations	occur	when	a	purine	base	is
substituted	for	another	purine	base	or	a	pyrimidine	base	is	replaced	by	another	pyrimidine	base.Characteristics:	These	mutations	involve	changes	between	the	two	types	of	nitrogenous	bases,	maintaining	the	same	chemical	class.	For	instance,	adenine	(A)	may	be	replaced	by	guanine	(G)	or	cytosine	(C)	by	thymine	(T).Examples:	An	example	includes
the	replacement	of	adenine	with	guanine.	Transition	mutations	are	more	common	due	to	the	simpler	nature	of	the	chemical	changes	involved.Implications:	They	are	less	likely	to	cause	significant	disruptions	in	protein	function,	often	resulting	in	silent	mutations	if	the	amino	acid	sequence	remains	unchanged.Transversion	MutationsDefinition:
Transversion	mutations	involve	the	substitution	of	a	purine	base	with	a	pyrimidine	base	or	vice	versa.Characteristics:	This	type	of	mutation	represents	a	more	drastic	change	compared	to	transition	mutations	because	it	involves	the	replacement	of	bases	with	different	structural	formspurines	(adenine	and	guanine)	with	pyrimidines	(cytosine	and
thymine).Examples:	An	example	includes	the	substitution	of	adenine	with	cytosine	or	thymine	with	guanine.	There	are	eight	possible	transversion	changes.Implications:	Transversions	are	less	frequent	but	can	have	more	pronounced	effects	on	the	protein,	often	leading	to	significant	alterations	in	protein	structure	and	function.Nonsense
MutationsDefinition:	Nonsense	mutations	occur	when	a	base	substitution	results	in	the	formation	of	a	premature	stop	codon.Characteristics:	This	type	of	mutation	changes	a	codon	that	originally	specified	an	amino	acid	into	one	of	the	three	stop	codons	(UAG,	UAA,	UGA),	leading	to	early	termination	of	protein	synthesis.Examples:	In	beta-thalassemia,
a	nonsense	mutation	in	the	gene	coding	for	beta-globin	creates	a	premature	stop	codon,	producing	a	truncated	and	nonfunctional	hemoglobin	protein.Implications:	Nonsense	mutations	typically	result	in	nonfunctional	proteins	and	can	cause	severe	genetic	disorders	due	to	the	loss	of	essential	protein	function.Missense	MutationsDefinition:	Missense
mutations	involve	the	substitution	of	a	single	nucleotide	that	changes	one	amino	acid	in	the	protein	sequence.Characteristics:	This	type	of	mutation	can	lead	to	the	incorporation	of	a	different	amino	acid	into	the	protein,	potentially	altering	its	structure	and	function.Examples:	Sickle	cell	anemia	is	caused	by	a	missense	mutation	where	glutamic	acid	is
replaced	by	valine	in	the	hemoglobin	protein,	affecting	the	red	blood	cell	structure	and	function.Implications:	Missense	mutations	can	result	in	proteins	with	altered	functions,	which	may	be	benign,	neutral,	or	deleterious	depending	on	the	nature	of	the	amino	acid	change	and	its	impact	on	the	proteins	activity.Silent	MutationsDefinition:	Silent
mutations	are	point	mutations	that	do	not	alter	the	amino	acid	sequence	of	the	protein.Characteristics:	These	mutations	occur	when	a	change	in	the	nucleotide	sequence	does	not	affect	the	final	amino	acid	produced	due	to	the	redundancy	in	the	genetic	code.Examples:	Replacing	thymine	with	cytosine	in	a	codon	that	still	codes	for	the	same	amino
acid	(e.g.,	TTC	to	TTT,	both	coding	for	lysine).Implications:	Silent	mutations	generally	have	no	impact	on	protein	function	or	phenotype	but	can	affect	the	stability	or	expression	of	mRNA.Frameshift	MutationsDefinition:	Frameshift	mutations	occur	when	nucleotides	are	inserted	into	or	deleted	from	the	DNA	sequence,	causing	a	shift	in	the	reading
frame	of	the	codons.Characteristics:	This	type	of	mutation	alters	the	downstream	codon	sequence,	leading	to	a	completely	different	amino	acid	sequence	from	the	point	of	mutation	onwards.Examples:	In	Crohns	disease,	an	insertion	mutation	causes	a	shift	in	the	reading	frame	of	the	NOD2	gene,	resulting	in	a	truncated	protein.Implications:
Frameshift	mutations	usually	result	in	significant	changes	to	the	protein,	often	producing	nonfunctional	proteins	and	severe	phenotypic	consequences.Types	of	Point	mutation	|	Image	Source:	of	Point	mutationPoint	mutations,	which	involve	changes	in	a	single	nucleotide	base,	can	lead	to	a	variety	of	genetic	disorders	and	conditions.	Here	are	some
notable	examples:Sickle	Cell	AnemiaDescription:	Sickle	cell	anemia	is	an	autosomal	recessive	disorder	caused	by	a	point	mutation	in	the	HBB	gene	on	chromosome	11.Mutation:	A	single	base	substitution	changes	adenine	(A)	to	thymine	(T)	in	the	codon	GAG,	converting	it	to	GTG.	This	alters	the	amino	acid	sequence,	replacing	glutamic	acid	with
valine.Consequences:	The	resultant	mutant	allele,	known	as	HBS,	leads	to	the	production	of	abnormal	hemoglobin.	This	causes	red	blood	cells	to	adopt	a	sickle	shape,	reducing	their	oxygen-carrying	capacity	and	leading	to	various	health	complications.Prevalence:	This	mutation	is	particularly	common	in	African	and	Indian	populations.	Individuals
with	the	homozygous	recessive	genotype	(HBS/HBS)	exhibit	symptoms,	while	heterozygous	carriers	(HBS/normal)	generally	remain	asymptomatic	but	can	pass	the	mutation	to	offspring.Cystic	FibrosisDescription:	Cystic	fibrosis	is	another	autosomal	recessive	disorder,	resulting	from	mutations	in	the	CFTR	gene.Mutation:	A	deletion	of	three
nucleotides	(CTT)	at	position	508	in	the	CFTR	gene,	known	as	F508,	leads	to	the	loss	of	the	amino	acid	phenylalanine.	This	deletion	disrupts	the	normal	function	of	the	CFTR	protein.Consequences:	The	mutation	results	in	the	production	of	a	defective	CFTR	protein,	which	impairs	chloride	ion	transport.	This	causes	thick,	sticky	mucus	to	accumulate	in
various	organs,	particularly	the	lungs	and	pancreas,	leading	to	severe	respiratory	and	digestive	issues.NeurofibromatosisDescription:	Neurofibromatosis,	a	genetic	disorder	characterized	by	the	development	of	tumors	on	nerve	tissues,	can	also	be	caused	by	point	mutations.Mutation:	Mutations	in	the	NF1	or	NF2	genes	lead	to	the	production	of
abnormal	neurofibromin	or	merlin	proteins,	respectively.Consequences:	These	mutations	disrupt	normal	cell	growth	and	division,	leading	to	tumor	formation.	The	severity	of	the	condition	varies	depending	on	the	specific	mutation	and	its	impact	on	protein	function.Tay-Sachs	DiseaseDescription:	Tay-Sachs	disease	is	a	fatal	autosomal	recessive
disorder	caused	by	a	point	mutation	in	the	HEXA	gene.Mutation:	A	common	mutation	involves	a	single	nucleotide	change	that	leads	to	a	defective	enzyme	responsible	for	breaking	down	certain	lipids	in	the	brain.Consequences:	The	absence	of	functional	enzyme	activity	results	in	the	accumulation	of	lipids,	causing	progressive	neurological	damage
and,	ultimately,	early	death.Color	BlindnessDescription:	Color	blindness,	particularly	red-green	color	blindness,	is	often	due	to	point	mutations	in	the	genes	encoding	color-detecting	pigments	in	the	retina.Mutation:	Mutations	in	the	OPN1LW	or	OPN1MW	genes,	which	encode	for	long-wavelength	or	middle-wavelength	photopigments,	can	impair	color
discrimination.Consequences:	Individuals	with	these	mutations	experience	difficulty	distinguishing	between	certain	colors,	affecting	daily	activities	and	color	perception.CancerDescription:	Point	mutations	are	frequently	implicated	in	the	development	of	cancer	through	their	effects	on	tumor	suppressor	genes	and	proto-oncogenes.Mutation:	Mutations
can	lead	to	the	inactivation	of	tumor	suppressor	genes	or	the	activation	of	oncogenes.	For	instance,	mutations	in	the	TP53	gene	can	result	in	a	nonfunctional	p53	protein,	a	key	regulator	of	the	cell	cycle.Consequences:	These	mutations	disrupt	normal	cell	growth	and	division,	contributing	to	uncontrolled	cell	proliferation	and	tumor
formation.Detection	of	Point	MutationsDetecting	point	mutations	is	essential	for	understanding	genetic	variations	that	impact	health,	development,	and	disease.	Several	methodologies	are	employed	to	identify	these	single-base	alterations,	each	with	its	specific	applications	and	advantages.	Here	is	an	overview	of	the	primary	techniques	used	to	detect
point	mutations:Polymerase	Chain	Reaction	(PCR):Principle:	PCR	amplifies	specific	DNA	sequences	using	sequence-specific	primers,	allowing	for	the	detection	of	mutations	within	targeted	regions.Application:	Point	mutations	can	be	identified	by	using	primers	designed	to	amplify	either	the	normal	or	mutant	allele.	For	example,	in	sickle	cell	anemia,
allele-specific	PCR	can	differentiate	between	the	normal	and	mutant	alleles	by	employing	two	distinct	sets	of	primers.Advantages:	This	method	is	highly	sensitive	and	specific,	making	it	suitable	for	detecting	known	point	mutations	and	small-scale	genetic	variations.Allele-Specific	PCR:Principle:	A	variation	of	traditional	PCR,	allele-specific	PCR	uses
primers	that	are	complementary	to	either	the	wild-type	or	mutant	allele.Application:	By	designing	primers	that	hybridize	specifically	to	either	the	normal	or	mutated	sequence,	this	technique	can	effectively	differentiate	between	alleles	based	on	the	presence	or	absence	of	amplification.Advantages:	It	allows	for	rapid	and	precise	detection	of	specific
point	mutations,	particularly	useful	for	clinical	diagnostics.DNA	Sequencing:Principle:	DNA	sequencing	determines	the	exact	nucleotide	sequence	of	a	DNA	segment,	allowing	for	the	identification	of	any	single	nucleotide	variations.Application:	Sequencing	can	detect	both	known	and	unknown	point	mutations	by	comparing	the	obtained	sequence	with
a	reference	sequence.	Techniques	like	Sanger	sequencing	or	next-generation	sequencing	(NGS)	are	commonly	used.Advantages:	This	method	provides	comprehensive	data	on	genetic	variations,	including	point	mutations,	and	can	identify	novel	mutations	that	may	not	be	previously	characterized.Restriction	Fragment	Length	Polymorphism
(RFLP):Principle:	RFLP	involves	digesting	DNA	with	restriction	enzymes	that	cut	the	DNA	at	specific	sequences.	Variations	in	the	DNA	sequence,	including	point	mutations,	can	alter	the	cutting	pattern	of	these	enzymes.Application:	By	comparing	the	DNA	fragment	lengths	after	restriction	enzyme	digestion,	one	can	infer	the	presence	of	point
mutations	if	they	affect	the	restriction	sites.Advantages:	RFLP	is	useful	for	detecting	mutations	that	alter	restriction	enzyme	recognition	sites	and	can	provide	insights	into	genetic	diversity.Fluorescent	Dye-Based	Methods:Principle:	This	approach	uses	fluorescent	dyes	to	label	DNA	fragments,	which	are	then	analyzed	using	specialized	equipment	to
detect	sequence	variations.Application:	Fluorescent	dyes	can	be	incorporated	into	sequencing	reactions	or	used	in	PCR	assays	to	visualize	and	quantify	specific	DNA	sequences.Advantages:	The	use	of	fluorescent	dyes	enhances	the	sensitivity	and	accuracy	of	mutation	detection,	especially	in	high-throughput	analyses.Allele-Specific
Hybridization:Principle:	This	method	involves	hybridizing	DNA	samples	with	probes	that	are	specific	for	either	the	wild-type	or	mutant	allele.Application:	Probes	are	designed	to	bind	selectively	to	either	the	normal	or	mutant	allele,	allowing	for	the	detection	of	point	mutations	through	differences	in	hybridization	patterns.Advantages:	This	technique	is
useful	for	high-throughput	screening	of	known	mutations	and	can	be	adapted	for	large-scale	studies.Real-Time	PCR	(qPCR):Principle:	Real-time	PCR	quantifies	DNA	amplification	in	real-time	using	fluorescent	markers,	enabling	the	detection	of	specific	point	mutations	during	the	amplification	process.Application:	By	using	fluorescent	probes	or	dyes,
real-time	PCR	can	monitor	the	presence	of	point	mutations	as	the	PCR	progresses.Advantages:	This	method	provides	quantitative	data	and	allows	for	the	rapid	detection	of	mutations,	suitable	for	both	research	and	clinical	applications.Comparative	Genomic	Hybridization	(CGH):Principle:	CGH	compares	the	DNA	of	a	test	sample	with	a	reference
sample	to	identify	variations,	including	point	mutations,	through	differences	in	hybridization.Application:	CGH	can	detect	copy	number	variations	and	other	genetic	alterations,	including	point	mutations,	by	comparing	fluorescence	intensity.Advantages:	This	technique	is	effective	for	detecting	genetic	abnormalities	on	a	genomic	scale.Single-
Nucleotide	Polymorphism	(SNP)	Genotyping:Principle:	SNP	genotyping	involves	analyzing	specific	single	nucleotide	variations	across	the	genome	using	various	technologies.Application:	Techniques	such	as	SNP	microarrays	or	high-throughput	sequencing	can	identify	and	quantify	SNPs	associated	with	point	mutations.Advantages:	SNP	genotyping
provides	a	comprehensive	view	of	genetic	variations	and	is	widely	used	in	genetic	studies	and	personalized	medicine.Molecular	Beacon	Assays:Principle:	Molecular	beacons	are	fluorescent	probes	that	change	their	fluorescence	signal	upon	hybridization	with	target	sequences,	allowing	for	specific	detection	of	point	mutations.Application:	These	assays
are	used	in	real-time	PCR	to	detect	specific	nucleotide	changes	by	monitoring	fluorescence	changes	during	amplification.Advantages:	Molecular	beacon	assays	offer	high	sensitivity	and	specificity	for	detecting	point	mutations	in	various	genetic	contexts.Applications	of	Point	mutationThe	following	points	outline	the	key	applications	of	point
mutations:Molecular	Therapy:Point	mutations	are	employed	in	molecular	therapy	to	target	and	correct	genetic	defects	associated	with	specific	diseases.	By	introducing	precise	mutations,	scientists	can	potentially	rectify	genetic	anomalies	that	contribute	to	conditions	such	as	cystic	fibrosis	and	muscular	dystrophy.Cancer	Treatment:In	oncology,	point
mutations	are	strategically	used	to	target	cancer	cells.	Mutagens	can	be	utilized	to	induce	specific	point	mutations	that	disrupt	the	function	of	genes	involved	in	cancer	progression.	This	targeted	approach	helps	in	the	removal	or	inactivation	of	harmful	nucleotides,	potentially	halting	cancer	growth.Mutational	Breeding:In	agriculture,	point	mutations
are	harnessed	through	mutational	breeding	to	enhance	crop	traits.	By	inducing	point	mutations	in	plant	genomes,	researchers	can	develop	new	crop	varieties	with	improved	characteristics,	such	as	higher	yields,	disease	resistance,	or	better	nutritional	profiles.Genetic	Enhancement:Point	mutations	are	used	to	introduce	beneficial	traits	into	organisms
through	genetic	engineering.	This	can	involve	the	development	of	genetically	modified	organisms	(GMOs)	with	enhanced	abilities	or	desirable	traits,	which	can	be	useful	in	various	fields	including	agriculture,	pharmaceuticals,	and	industrial	biotechnology.Research	and	Functional	Studies:Point	mutations	are	also	instrumental	in	research	to	study
gene	function	and	the	impact	of	specific	nucleotide	changes	on	protein	structure	and	function.	By	creating	and	analyzing	point	mutations,	researchers	can	gain	insights	into	the	roles	of	different	genes	and	the	mechanisms	underlying	various	diseases.Diagnostic	Tools:Point	mutations	can	serve	as	markers	for	diagnosing	genetic	disorders.	Identifying
specific	point	mutations	associated	with	certain	diseases	allows	for	accurate	genetic	testing	and	early	diagnosis,	which	is	crucial	for	managing	and	treating	genetic	conditions.Drug	Development:In	drug	development,	point	mutations	are	utilized	to	understand	drug	resistance	mechanisms.	By	studying	how	point	mutations	affect	drug	interactions,
scientists	can	design	more	effective	medications	and	strategies	to	overcome	resistance	in	pathogens	or	cancer	cells.Biotechnology	Applications:Point	mutations	are	used	in	biotechnology	to	create	engineered	enzymes	with	improved	properties.	By	altering	specific	amino	acids	through	point	mutations,	researchers	can	design	enzymes	with	enhanced
stability,	activity,	or	specificity	for	various	industrial	applications.Evolutionary	Studies:Point	mutations	provide	valuable	information	for	evolutionary	biology.	By	studying	point	mutations	in	different	species,	scientists	can	trace	evolutionary	changes	and	understand	how	genetic	variations	contribute	to	adaptation	and	species	diversity.Gene	Editing
Technologies:Advanced	gene	editing	techniques,	such	as	CRISPR-Cas9,	often	utilize	point	mutations	to	create	specific	genetic	modifications.	This	technology	allows	for	precise	editing	of	DNA	sequences	to	introduce	or	correct	point	mutations,	facilitating	research	and	therapeutic	applications.LearnWhat	is	a	point	mutation?A	point	mutation	is	a
change	in	a	single	nucleotide	base	within	the	DNA	or	RNA	sequence,	which	can	involve	substitution,	insertion,	or	deletion	of	one	base	pair.What	are	the	types	of	point	mutations?Types	include	transitions,	transversions,	nonsense	mutations,	missense	mutations,	silent	mutations,	and	frameshift	mutations.Define	a	transition	mutation.A	transition
mutation	is	a	substitution	where	a	purine	base	is	replaced	by	another	purine,	or	a	pyrimidine	is	replaced	by	another	pyrimidine.Define	a	transversion	mutation.A	transversion	mutation	involves	the	substitution	of	a	purine	base	with	a	pyrimidine	base	or	vice	versa.What	is	a	nonsense	mutation?A	nonsense	mutation	changes	a	codon	that	specifies	an
amino	acid	into	a	stop	codon,	leading	to	early	termination	of	protein	synthesis.What	is	a	missense	mutation?A	missense	mutation	is	a	point	mutation	that	changes	one	amino	acid	in	the	protein	sequence,	potentially	altering	protein	function.What	is	a	silent	mutation?A	silent	mutation	changes	the	nucleotide	sequence	but	does	not	alter	the	amino	acid
sequence	of	the	protein	due	to	the	redundancy	in	the	genetic	code.What	is	a	frameshift	mutation?A	frameshift	mutation	occurs	when	nucleotides	are	inserted	or	deleted,	shifting	the	reading	frame	of	the	codons	and	altering	the	protein	sequence	downstream.What	causes	point	mutations	during	DNA	replication?Errors	during	DNA	replication	can
introduce	incorrect	nucleotides,	leading	to	point	mutations.Mutagens	are	agents	that	induce	mutations,	including	physical	(e.g.,	UV	light,	X-rays)	and	chemical	(e.g.,	base-altering	chemicals)	mutagens.How	do	reactive	oxygen	species	cause	point	mutations?Reactive	oxygen	species	can	cause	oxidative	damage	to	DNA,	leading	to	base	modifications	or
breaks,	which	can	result	in	point	mutations.What	is	allele-specific	PCR?Allele-specific	PCR	is	a	variation	of	PCR	that	uses	primers	specific	to	either	the	wild-type	or	mutant	allele	to	detect	point	mutations.How	does	DNA	sequencing	help	detect	point	mutations?DNA	sequencing	determines	the	exact	nucleotide	sequence	of	a	DNA	segment,	identifying
single	nucleotide	variations	compared	to	a	reference	sequence.What	is	restriction	fragment	length	polymorphism	(RFLP)?RFLP	involves	digesting	DNA	with	restriction	enzymes;	variations	in	DNA	sequence	can	alter	enzyme	cutting	patterns,	revealing	point	mutations.What	is	the	principle	behind	real-time	PCR	(qPCR)?Real-time	PCR	quantifies	DNA



amplification	in	real-time	using	fluorescent	markers,	allowing	detection	of	specific	point	mutations	during	amplification.What	is	the	impact	of	a	nonsense	mutation	on	protein	function?Nonsense	mutations	usually	lead	to	nonfunctional	proteins	due	to	premature	termination	of	protein	synthesis.How	can	point	mutations	be	used	in	molecular	therapy?
Point	mutations	can	be	introduced	to	correct	genetic	defects	associated	with	diseases,	such	as	cystic	fibrosis	and	muscular	dystrophy.What	is	the	role	of	point	mutations	in	cancer	treatment?Point	mutations	can	be	used	to	target	and	disrupt	cancer-related	genes,	helping	to	halt	cancer	progression.How	does	mutational	breeding	benefit	agriculture?
Mutational	breeding	uses	point	mutations	to	develop	new	crop	varieties	with	improved	traits	like	higher	yields,	disease	resistance,	or	better	nutrition.What	is	the	significance	of	point	mutations	in	drug	development?Point	mutations	help	understand	drug	resistance	mechanisms	and	enable	the	design	of	more	effective	drugs	and	treatment
strategies.Give	an	example	of	a	disease	caused	by	a	point	mutation.Sickle	cell	anemia	is	caused	by	a	point	mutation	in	the	HBB	gene,	leading	to	abnormal	hemoglobin	and	sickle-shaped	red	blood	cells.What	mutation	causes	cystic	fibrosis?Cystic	fibrosis	is	caused	by	a	deletion	of	three	nucleotides	in	the	CFTR	gene,	leading	to	a	defective	CFTR
protein.What	are	the	consequences	of	a	missense	mutation	in	hemoglobin?In	sickle	cell	anemia,	a	missense	mutation	replaces	glutamic	acid	with	valine,	altering	hemoglobin	structure	and	causing	red	blood	cells	to	sickle.How	does	a	silent	mutation	affect	the	protein?Silent	mutations	do	not	alter	the	protein\'s	amino	acid	sequence	but	can	affect	mRNA
stability	or	expression.What	is	an	example	of	a	disease	caused	by	a	frameshift	mutation?Crohn\'s	disease	can	result	from	a	frameshift	mutation	in	the	NOD2	gene,	leading	to	a	truncated	protein.How	can	point	mutations	aid	in	evolutionary	studies?Point	mutations	provide	insights	into	genetic	variations	and	evolutionary	changes,	helping	scientists	trace
adaptation	and	species	diversity.FactsDid	you	know	that	point	mutations	can	lead	to	a	single	nucleotide	change	in	the	DNA	sequence,	potentially	altering	the	encoded	proteins	structure	and	function?Have	you	heard	that	substitution	mutations,	a	type	of	point	mutation,	involve	replacing	one	base	pair	with	another,	which	can	result	in	silent,	missense,
or	nonsense	mutations?Are	you	aware	that	nonsense	mutations	create	a	premature	stop	codon	in	the	protein	sequence,	leading	to	truncated	proteins	that	are	often	nonfunctional?Can	you	believe	that	missense	mutations,	where	one	amino	acid	is	replaced	by	another,	can	result	in	proteins	with	altered	functions	or	stability,	affecting	various	biological
processes?Did	you	know	that	silent	mutations,	despite	changing	the	nucleotide	sequence,	do	not	alter	the	amino	acid	sequence	of	the	protein	due	to	the	redundancy	in	the	genetic	code?Have	you	heard	that	insertion	and	deletion	mutations,	often	grouped	together	as	frameshift	mutations,	can	dramatically	change	the	reading	frame	of	the	genetic	code,
leading	to	significant	alterations	in	protein	structure?Are	you	aware	that	frameshift	mutations	caused	by	insertions	or	deletions	can	result	in	proteins	that	are	either	shortened,	elongated,	or	completely	nonfunctional?Can	you	believe	that	point	mutations	can	be	induced	intentionally	using	mutagens	in	laboratory	settings	to	study	gene	function,
develop	new	crop	varieties,	or	create	genetically	modified	organisms?Did	you	know	that	certain	genetic	diseases,	such	as	sickle	cell	anemia	and	cystic	fibrosis,	are	caused	by	specific	point	mutations	that	disrupt	normal	protein	function	and	lead	to	disease	symptoms?Have	you	heard	that	understanding	point	mutations	is	essential	for	advancements	in
personalized	medicine,	as	it	allows	for	the	development	of	targeted	therapies	based	on	an	individuals	unique	genetic	makeup?	//www.brainkart.com/article/Types-of-point-mutations_38228/	//en.wikipedia.org/wiki/Point_mutationSourav	Pan.	(2024,	September	12).	Point	mutation	Definition,	Causes,	Types,	Examples.	Biology	Notes	Online.	Retrieved
from	Pan.	"Point	mutation	Definition,	Causes,	Types,	Examples."	Biology	Notes	Online,	12	September	2024,	biologynotesonline.com/point-mutation-definition-causes-types-examples/.Sourav	Pan.	"Point	mutation	Definition,	Causes,	Types,	Examples."	Biology	Notes	Online	(blog).	September	12,	2024.	comparison	between	the	following:	(a)	C3	and	C4
pathways	(b)	Cyclic	and	non-cyclic	photophosphorylation	(c)	Anatomy	of	leaf	in	C3	and	C4	plantsC	and	C	pathways	C	plants	fix	CO	directly	via...Figure	11.10	shows	the	effect	of	light	on	the	rate	of	photosynthesis.	Based	on	the	graph,	answer	the	following	questions:	(a)	At	which	point/s	(A,	B	or	C)	in	the	curve	light	is	a	limiting	factor?	(b)	What	could	be
the	limiting	factor/s	in	region	A?	(c)	What	do	C	and	D	represent	on	the	curve?Light	is	the	limiting	factor	at	points	A	and	B...Look	at	leaves	of	the	same	plant	on	the	shady	side	and	compare	it	with	the	leaves	on	the	sunny	side.	Or,	compare	the	potted	plants	kept	in	the	sunlight	with	those	in	the	shade.	Which	of	them	has	leaves	that	are	darker	green	?
Why?Leaves	on	the	shady	side	or	from	shade-grown	plants	are...Why	is	the	colour	of	a	leaf	kept	in	the	dark	frequently	becomes	yellow	,	or	pale	green?	Which	pigment	do	you	think	is	more	stable?In	darkness	chlorophyll	synthesis	ceases	while	degradation	continues,	leading	to...Suppose	there	were	plants	that	had	a	high	concentration	of	Chlorophyll	b,
but	lacked	chlorophyll	a,	would	it	carry	out	photosynthesis?	Then	why	do	plants	have	chlorophyll	b	and	other	accessory	pigments?A	plant	lacking	chlorophyll	a	cannot	carry	out	photosynthesis	because...RuBisCO	is	an	enzyme	that	acts	both	as	a	carboxylase	and	oxygenase.	Why	do	you	think	RuBisCO	carries	out	more	carboxylation	in	C4	plants?In	C
plants,	bundle	sheath	cells	maintain	very	high	CO...Even	though	a	very	few	cells	in	a	C4	plant	carry	out	the	biosynthetic	Calvin	pathway,	yet	they	are	highly	productive.	Can	you	discuss	why?C	plants	concentrate	CO	in	bundle	sheath	cells	around	Rubisco,...All	Questions	Fact	Checked	Content	Last	Updated:	10.12.2022	9	min	reading	time	Content
creation	process	designed	by	Content	cross-checked	by	Content	quality	checked	by	Save	Article	Save	Article	In	humans,	most	point	mutations	do	not	cause	any	adverse	complications;	however,	some	point	mutations	are	responsible	for	terrible	diseases.A	point	mutation	occurs	when	one	specific	nucleotide	base	pair	is	added,	deleted,	or	changed	within
a	genome.The	trillions	of	cells	within	your	body	experience	point	mutations	each	day.These	genetic	chances	are	due	to	random	copying	errors	within	your	DNA	as	your	cells	divide	or	as	your	cells	become	exposed	to	environmental	toxins	such	as	UV	rays.	Point	mutations	occur	during	DNA	replication	when	a	cell	is	dividing.	DNA	replication	is	the
process	by	which	a	dividing	cell	copies	its	DNA	genome	in	order	for	the	new	daughter	cell	to	have	a	complete	DNA	genome	of	its	own.	In	eukaryotic	cells,	DNA	replication	occurs	in	the	cell's	nucleus	during	interphase.Let's	take	a	closer	look	at	the	process	of	DNA	replication.	The	first	step	of	DNA	replication	is	separating	the	double	helix	into	two
single	strands.	This	job	is	done	by	the	enzyme	helicase.	Helicase	separates	the	DNA	strands	by	breaking	the	hydrogen	bonds	that	hold	the	base	pairs	together.	As	helicase	pulls	the	DNA	strands	apart,	SSB	(single-stranded	binding	proteins)	proteins	bind	to	each	DNA	strand	to	prevent	them	from	rejoining.	Meanwhile,	another	enzyme	called
topoisomerase	binds	to	each	DNA	strand	to	prevent	them	from	coiling,	as	the	DNA	strands	need	to	be	lined	up	perfectly	for	successful	replication.	Once	the	strands	are	nice	and	separated,	the	enzyme	primase	places	primers	at	the	3'	end	of	each	DNA	strand	so	that	DNA	polymerase	will	know	where	to	start	copying.	DNA	polymerase	is	responsible	for
creating	the	2	new	complement	strands	of	DNA	that	will	bind	to	each	original	strand,	resulting	in	the	formation	of	two	double	helices.	DNA	polymerase	does	this	by	matching	DNA	bases.Point	mutations	arise	if	DNA	polymerase	inserts,	changes,	or	deletes	a	base	pair	within	the	DNA	while	it	is	forming	the	new	complement	strand.Usually,	point
mutations	occur	primarily	in	germ	cells;	however,	point	mutations	can	also	occur	in	somatic	cells.	Point	mutations	in	somatic	cells	can	give	rise	to	cancer	within	an	individual,	while	point	mutations	in	germ	cells	can	give	rise	to	hereditary	diseases.	The	majority	of	cells	within	your	body	are	somatic	cells.	Somatic	cells	are	diploid	and	divide	via	mitosis.
These	cells	are	responsible	for	many	functions	within	your	body	such	as	breathing,	maintaining	heart	rate,	and	digestion.	Point	mutations	in	these	cells	may	not	affect	a	person's	offspring.	Germ	cells	on	the	other	hand	create	gametes	which	are	reproductive	cells	and	divide	via	meiosis.	Female	germ	cells	are	called	eggs,	while	male	germ	cells	are
called	sperm.	Point	mutations	in	these	cells	will	be	passed	down	through	generations.	Point	mutations	usually	occur	during	DNA	replication.	During	DNA	replication,	your	double-stranded	DNA	is	separated	into	two	single-stranded	pieces	that	serve	as	templates	for	the	complementary	strands.	During	the	replication	process,	a	single	base	may	be
deleted,	changed,	or	added	which	can	change	the	amino	acid	that	the	affected	nucleotide	codes	for.	Point	mutations	occur	in	a	wide	range	of	our	cells	and	most	of	them	are	harmless;	however,	some	of	them	do	cause	disease.For	example,	in	sickle	cell	disease,	a	single-point	mutation	in	the	beta-hemoglobin	gene	converts	a	GAG	codon	and	turns	it	into
a	GUG	codon.	GAG	is	responsible	for	encoding	glutamic	acid;	while	GUG	encodes	valine.	The	replacement	of	glutamic	acid	for	valine	changes	the	shape	of	the	hemoglobin	protein	found	in	blood	cells,	which	causes	them	to	take	a	sickle	shape	and	stick	together.	Point	mutations	come	in	many	varieties	based	on	the	changes	they	make	to	the	affected
DNA	or	RNA	strand.	DNA	is	made	up	of	five	different	nucleotides:	cytosine	(C),	guanine	(G),	adenine	(A),	and	thymine	(T).	RNA	on	the	other	hand	is	made	up	of	cytosine	(C),	guanine	(G),	adenine	(A),	and	uracil	(U).	Within	DNA	and	RNA,	each	nucleotide	base	is	arranged	in	groups	of	three,	known	as	codons.	Each	codon	encodes	a	specific	nucleic	acid
that	is	responsible	for	carrying	out	important	functions.	A	substitution	mutation	occurs	when	one	base	pair	is	substituted	for	another.	This	could	be	replacing	cytosine	with	guanine.	Replacing	one	base	pair	opens	the	door	for	many	types	of	changes.	There	are	three	types	of	substitution	mutations:	nonsense,	missense,	and	silent.	A	nonsense	mutation
occurs	when	the	substitution	of	a	single	base	pair	creates	a	stop	codon	instead	of	a	codon	that	produces	an	amino	acid.	1	The	creation	of	the	stop	codon	prevents	the	entire	downstream	strand	of	DNA	from	being	read	and	coded	into	amino	acids.Within	DNA	stop	codons	are	TAG,	TAA,	or	TGA	while	in	RNA	there	are	UAG,	UAA,	or	UGA.Usually,	these
stop	codons	are	found	at	the	end	of	the	DNA	or	RNA	sequence;	however,	a	substitution	mutation	causing	one	of	these	stop	codons	to	appear	in	the	beginning	or	middle	of	the	DNA	will	prematurely	terminate	the	amino	acid	sequence,	resulting	in	the	production	of	the	wrong	protein.	Unlike	a	nonsense	mutation,	a	silent	mutation	basically	has	no	effect
on	the	amino	acid	sequence.1A	silent	mutation	occurs	when	a	substitution	produces	a	codon	that	codes	for	the	same	amino	acid	as	the	original.	Silent	mutations	occur	because	multiple	codons	can	code	for	the	same	amino	acid.For	example,	a	silent	mutation	in	an	AAG	codon	where	the	G	is	substituted	for	an	A	will	produce	AAA.	Since	AAG	and	AAA
both	code	for	lysine,	the	amino	acid	sequence,	and	the	subsequent	protein	will	not	be	changed.As	you	know	from	the	previous	sections	above,	a	point	mutation	results	when	a	single	base	pair	is	substituted	for	another	base	pair.	What	happens	when	an	extra	base	pair	is	added?	This	phenomenon	is	known	as	an	insertion	mutation.	An	insertion	mutation
occurs	when	an	extra	base	pair	is	added	to	DNA,	while	a	deletion	mutation	occurs	when	a	base	pair	is	deleted	from	a	DNA	sequence.1Insertion	and	deletion	mutations	are	special	types	of	point	mutations	that	can	hugely	affect	the	DNA	strand	and	amino	acid	sequence.Insertion	and	deletion	mutations	that	change	all	codons	within	the	DNA	strand	as
each	base	pair	is	moved	forward	or	backward	are	called	frameshift	mutations.1For	example,	a	DNA	sequence	of	ATG	CCT	TTT	with	an	insertion	mutation	that	adds	an	extra	A	to	the	beginning	of	the	sequence	will	be	AAT	GCC	TTT	T.	This	single	insertion	mutation	completely	changes	the	codons	within	the	sequence	and	will	thus	change	the	amino
acids	that	are	encoded.	Similarly,	if	the	first	A	in	the	initial	sequence	was	deleted,	the	sequence	would	also	be	changed.	Missense	mutations	are	another	type	of	point	mutation	that	occurs	when	one	base	pair	substitution	generates	a	codon	that	codes	for	a	different	amino	acid.1	Unlike	a	silent	mutation	where	another	codon	that	codes	the	same	amino
acid	is	generated,	a	missense	mutation	completely	changes	the	amino	acid	produced.For	example,	in	the	case	of	sickle	cell	disease,	a	missense	mutation	in	the	DNA	of	the	hemoglobin	gene	causes	GAG	to	become	GUG.	Instead	of	the	normal	GAG	which	encodes	glutamic	acid,	the	codon	becomes	GUG	which	now	encodes	valine.	Due	to	this	change	in
amino	acids,	the	hemoglobin	protein	becomes	misshaped	and	sticky	resulting	in	sickle	cell	disease.In	biology,	a	missense	mutation	is	considered	conservative	if	the	replaced	amino	acid	has	similar	functions	to	the	original.1	In	contrast,	a	non-conservative	missense	mutation	results	when	the	replaced	amino	acid	has	different	functions	than	the
original.1In	the	case	of	sickle	cell	disease,	the	missense	mutation	is	non-conservative.Now	you	have	learned	about	the	different	types	of	point	mutations	and	have	a	better	understanding	of	how	a	point	mutation	can	change	the	sequence	and	structure	of	our	DNA	and	proteins.A	non-conservative	missense	mutation	results	when	the	replaced	amino	acid
has	different	functions	than	the	original.	A	missense	mutation	is	considered	conservative	if	the	replaced	amino	acid	has	similar	functions	to	the	original.An	insertion	mutation	occurs	when	an	extra	base	pair	is	added	to	DNA,	while	a	deletion	mutation	occurs	when	a	base	pair	is	deleted	from	a	DNA	sequenceInsertion	and	deletion	mutations	that	change
all	codons	within	the	DNA	strand	as	each	base	pair	is	moved	forward	or	backward	are	called	frameshift	mutations.A	nonsense	mutation	occurs	when	the	substitution	of	a	single	base	pair	creates	a	stop	codon	instead	of	a	codon	that	produces	an	amino	acid.	What	are	the	types	of	point	mutations	nonsense	mutations,	missense	mutations,	silent
mutations,	and	insertion/deletion	mutations.	What	is	a	point	of	mutation?	A	mutation	occurs	when	a	portion	of	DNA	is	changed	and	results	in	the	production	of	a	different	codon	which	can	alter	the	protein	that	is	formed.	What	is	a	point	mutation?	A	point	mutation	occurs	when	one	specific	nucleotide	base	pair	is	added,	deleted,	or	changed	within	a
genome.	Which	is	a	point	mutation	and	not	a	frameshift	mutation?	A	point	mutation	is	the	substitution	of	one	base	pair	resulting	in	a	change	in	only	one	codon	in	a	DNA	sequence,	while	a	frameshift	mutation	occurs	when	a	base	pair	is	added	or	deleted	causing	a	shift	in	the	DNA	sequence.	What	are	the	3	examples	of	point	mutations?	Nonsense
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