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The	central	dogma	was	proposed	by	Francis	Crick	in	the	late	1950s.	This	trailblazing	theory	suggested	that	genetic	information	flows	primarily	from	nucleic	acids	in	the	form	of	DNA	and	RNA	to	functional	proteins	during	the	process	of	gene	expression.	What	makes	the	central	dogma	so	innovatory	is	its	level	of	correctness	at	a	time	when	genome
research	was	only	just	beginning.	The	central	dogma	of	genetics	does	not	describe	the	mechanics	of	protein	synthesis	but	tells	us	that	gene	expression	follows	a	near-predictable	pattern.	When	looking	at	what	the	central	dogma	is,	we	must	first	understand	the	word	‘dogma’	and	know	why	this	is	not	the	best	use	of	it.	Crick	later	admitted	that	a	better
term	would	have	been	‘basic	assumption’.	A	dogma	is	a	set	of	principles	that	someone	with	authority	understands	as	true.	This	means	that	the	central	dogma	of	gene	expression	should	always	be	true.	Francis	Crick,	as	one	of	the	top	authorities	of	molecular	science	in	the	1950s	and	60s,	did	not	mean	that	these	steps	from	DNA	to	RNA	to	protein	could
not	be	reversed.	Instead,	he	meant	this	was	the	predominant	direction	in	which	gene	expression	flowed.	Religions	are	dogmas	–	the	believer	is	sure	his	or	her	beliefs	are	proven.	In	more	than	one	sense,	Crick’s	idea	is	a	dogma	–	without	deoxyribonucleic	and	ribonucleic	acids,	protein	synthesis	cannot	occur	in	living	cells.	Furthermore,	once	a	piece	of
genetic	code	has	entered	a	protein,	that	protein	is	unable	to	change	the	original	code	sequence	of	the	DNA.	In	other	words,	we	have	as	yet	been	unable	to	prove	that	a	naturally	synthesized	protein	can	rewrite	DNA	–	the	flow	of	genome	information	from	DNA	to	RNA	to	protein	within	the	confines	of	a	cell	is	a	dogma.	Protein	synthesis	basics	will	not	be
discussed	in	this	article.	The	reader	should	know	the	protein	synthesis	steps	of	transcription	and	translation	of	nucleic	acids,	messenger	and	transfer	RNA,	ribosomes,	amino	acids,	peptides,	and	proteins.	At	the	time	of	Crick’s	ideas,	transfer	RNA	(tRNA)	was	still	undiscovered.	Crick	theorized	that	a	small	molecule	must	be	present	to	transport	amino
acids	to	the	ribosome	–	at	his	time	these	organelles	were	called	microsomes	and	no	one	was	sure	of	their	role.	Even	current	basic	knowledge	such	as	the	requirement	of	nucleic	acids	for	protein	synthesis	was	widely	unknown	in	the	1950s.	Messenger	RNA	(mRNA)	was	only	discovered	in	1960;	its	research	was	published	the	following	year.	While	many
papers	argue	about	the	central	dogma	of	biology	to	this	day,	Crick’s	theory	at	the	time	was	groundbreaking.	It	was	he	who	predicted	that,	in	the	future,	we	would	be	able	to	follow	evolution	through	gene	sequences		–	a	field	of	research	that	is	currently	changing	the	way	we	classify	living	organisms.	How	a	genome	is	expressed	to	produce	protein	is
central	to	Crick’s	theory.	Crick	also	argued	that	the	most	important	function	of	our	DNA	was	to	control	protein	synthesis.	At	a	time	where	scientists	knew	very	little	of	the	role	of	genes,	this	was	the	best	description	of	the	relationship	between	DNA,	RNA,	and	protein	when	no	one	truly	knew	what	genetic	information	was	formed	from	or	how	it	was
used.	We	should,	therefore,	firstly	place	this	theory	in	the	right	historical	environment.	It	may	not	be	dogma,	but	its	strong	message	brought	genetic	research	well	into	the	future.	Another	much-argued	point	about	Crick’s	dogma	is	its	core	statements.	Many	students	are	simply	told	that	this	theory	is	about	the	strict	steps	of	transcription,	translation,
and	protein	synthesis.	The	order	of	protein	synthesis	is	usually	but	not	always	fixed.	However,	the	central	dogma	of	molecular	biology	states	that	coded	genetic	information	within	DNA	is	transcribed	into	mRNA,	where	each	mRNA	molecule	contains	the	information	necessary	to	produce	proteins.	It	states	that	this	sequenced	flow	can	be	reversed	at
certain	points	but	not	from	protein	to	nucleic	acid.	The	one-way	flow	of	transcription	to	translation	to	protein	synthesis	is	not	the	central	dogma.	The	only	dogma	of	Crick’s	theory	(or	basic	assumption)	is	how	it	has	not	yet	been	seen	that	genome	sequences	are	changed	by	an	intracellular	synthesized	protein.	In	his	eyes,	reverse	transcription	between
DNA	and	RNA	has	been	shown	to	exist;	reverse	translation	between	protein	and	RNA	has	not	been	shown	to	exist.	Reverse	translation	would	mean	that	the	amino	acids	in	a	polypeptide	or	protein	can	recognize	tRNA	anticodons	and	join	them	together	to	form	a	new	molecule	of	RNA.	This	can	be	done	synthetically	in	a	lab	but	is	not	a	natural
intracellular	process.	Reverse	transcription	occurs	in	the	lab.	Crick’s	dogma	does	not	say	that	reverse	translation	is	impossible	but	that	this	must	occur	by	very	different	molecular	mechanisms.	In	terms	of	prions	(discussed	further	on),	reverse	translation	from	protein	to	genome	exists;	however,	this	process	requires	specific	enzymes	that	do	not	exist
within	the	normal	cell	environment	to	recognize	and	connect	tRNA	anticodons.	Finally,	the	central	dogma	is	not	a	single-sentenced	statement	but	an	entire	theory.	When	you	look	at	the	central	dogma	of	biology	definition	from	a	non-scientific	source,	you	will	probably	read	about	the	flow	of	protein	synthesis	from	DNA	to	protein	via	RNA.	The	central
dogma	diagram	below	is	a	typical,	hazy	representation.	This	is	sometimes	referred	to	as	the	central	dogma	order.	Crick’s	discovery	is	much	more	than	a	single	statement	and	was	never	meant	to	be	absolute	–	he	knew	very	well	that	genetic	research	still	had	a	long	way	to	go.	Central	dogma	diagrams	are	often	over-simplified.	Reverse	transcription	is
sometimes	included	as	a	central	dogma	exception.	As	we	have	seen,	Crick	did	not	deny	the	existence	of	flow	reversal	between	DNA	and	RNA.	This	also	means	that	retroviruses	do	not	provide	evidence	of	an	exception	to	the	rule.	Retroviruses	transcribe	RNA	into	DNA	using	the	enzyme	reverse	transcriptase.	The	only	way	in	which	we	can	add
retroviruses	as	an	exception	to	the	‘rule’	is	in	the	form	of	extremely	primitive	retroviruses	that	have	no	DNA.	Here,	information	flow	can	only	occur	between	RNA	and	protein.	The	evolution	of	RNA	viruses.	The	other	often-quoted	exception	to	Crick’s	central	dogma	is	the	prion	–	with	prions,	abnormal	proteins	‘replicate’	by	changing	the	forms	of
surrounding	proteins.	They	infect	and	change,	rather	than	reproduce.	Proteinaceous	infectious	particles,	only	recently	discovered,	are	unique.	Although	cases	of	‘scrapie’,	a	disease	that	caused	sheep	to	scrape	against	fences	and	trees,	were	recorded	in	1732,		very	little	historical	evidence	can	pinpoint	the	evolution	of	the	prion.	As	a	natural	protein
that	has,	at	some	stage,	misfolded,	the	prion	does	not	contain	genetic	material	in	the	form	of	nucleic	acids	–	the	basic	molecules	of	the	central	dogma.	Once	in	the	tissues	of	a	living	organism,	they	do	not	multiply	but	affect	similar	proteins	–	often	in	the	brain	–	by	behaving	as	templates.	Other	proteins	change	to	mimic	the	abnormal	prion	form	and	go
on	to	convert	other	naturally	occurring	proteins	into	this	shape.	The	original	prion	can	be	caused	by	a	genetic	mutation	of	the	normal	PrP	protein,	through	transmission	from	infected	sources	such	as	meat	and	fungi,	or	as	a	spontaneous	misfolding	event.	The	latter	cause	is	most	likely	the	case	in	Creutzfeld-Jacob	disease	in	cattle.	A	prion	is	a	wrongly-
folded	naturally-occurring	protein.	However,	if	you	–	as	Francis	Crick	made	clear	–	associate	the	central	dogma	only	with	cellular	life,	it	remains	true.	To	date,	it	has	no	exceptions.	This	is	because	prions	and	retroviruses	are	not	cells.	Viruses	and	prions	are	proteins.	They	need	living	organisms	to	multiply	and	do	not	grow	or	make	their	own	energy;
they	are	not	‘alive’.	On	a	genetic	level,	retroviruses	are	alive	because	they	contain	genetic	material,	evolve,	and	reproduce	(albeit	within	a	living	organism).	Prions	contain	no	genetic	material	and	are	simply	wrongly-folded	proteins.	Crick’s	central	dogma	applies	to	all	biological	cells	(not	retroviruses	or	prions)	containing	DNA.	Up	to	the	present,	no
genetic	medicine	disproves	the	central	dogma.	Quite	the	contrary	–	most	research	follows	the	assumptions	made	by	Crick	nearly	seventy	years	ago.	Genetic	medicine	–	a	new	revolution.	Genetic	medicine	can	be	applied	at	different	points	within	the	steps	of	protein	synthesis.	Replication:	a	portion	of	DNA	splits	open	to	make	a	copy	of	the	original.
Transcription:	transfer	of	a	section	of	replicated	DNA	(template	DNA)	to	mRNA.	Splicing:	one	or	more	unnecessary	sequences	(introns)	are	removed	from	immature	mRNA.	Alternatively,	different	introns	can	be	removed	to	make	different	mature	mRNA	molecules.	Translation:	the	ribosome	reads	groups	of	three	sequences	(codons)	on	the	mRNA	at
binding	sites.	Initiation	and	elongation	factors	bring	the	correctly-matching	anti-codon	of	a	tRNA	molecule	to	each	codon.	Each	tRNA	brings	with	it	a	specific	amino	acid.	Amino	acids	are	linked	to	form	a	polypeptide	chain.	As	the	chain	moves	through	the	ribosome,	the	polypeptide	chain	can	begin	to	fold	to	produce	a	functional	protein	if	the	code
translates	into	a	folding	protein.	Other	‘chaperone	proteins’	are	usually	required	to	help	in	the	folding	process;	splicing	at	this	stage	is	also	possible.	Spliced-out	portions	of	a	polypeptide	or	protein	are	called	inteins.	To	treat	genetic	diseases,	we	can	intervene	at	any	of	the	above	steps:	Gene	therapy:	introducing	functioning	copies	of	genes	to	replace
non-functioning	or	disease-causing	genes	via	viral	vectors	(carriers).	Unhealthy	cells	are	‘infected’	with	health-promoting	genetic	information.	When	the	receiving	cells	divide,	daughter	cells	contain	the	engineered	sequence.	Gene	switching:	switches	gene	transcription	on	or	off.	Many	genes	are	only	activated	at	certain	periods	or	in	certain	cells	by
regulatory	proteins	that	bind	to	non-coding	areas	of	the	DNA	on	that	gene.	Repressor	or	activator	proteins	bind	to	these	proteins	and	so	repress	or	activate	the	expression	of	that	gene.	RNA	splicing:	certain	proteins	are	sometimes	not	produced	due	to	mutations	that	block	translation.	This	is	called	exon	skipping.	For	example,	cataplexy	is	the	result	of
exon	skipping	mutations	in	the	gene	that	produces	a	brain-based	receptor.	RNA	splicing	might	alleviate	symptoms	caused	by	exon	skipping	mutations.	Genetic	engineers	insert	a	short	piece	of	RNA	(antisense	RNA)	that	skips	over	the	disease-causing	mutation.	While	current	(early)	research	produces	short	and,	therefore,	partially	functional	proteins,
hope	is	on	the	horizon	for	many	genetic	diseases.	RNA	interference:	when	unwanted	proteins	are	produced,	often	through	overexpression	or	wrongly-timed	expression,	it	is	possible	to	rectify	this	through	the	insertion	of	small	interfering	RNA	(siRNA)	or	microRNA	(miRNA).	These	bind	with	a	silencing	complex	and	together	break	up	corresponding
molecules	of	mRNA.	This	genetic	medicine	therapy	has	the	potential	to	silence	any	gene.	RNA	splicing	technique.	The	next	step	in	genetic	medicine	is	precision	medicine,	where	treatment	and	prevention	of	disease	takes	each	person’s	genes,	environment,	and	lifestyle.	This	approach	will	take	time	but	is	certainly	the	future	of	medicine	–	the	result	of	a
groundbreaking	theory	from	the	mid-twentieth	century	still	making	waves	in	the	next.	Bibliography	Witkowski	JA.	(2005).	The	Inside	Story:	DNA	to	RNA	to	Protein.	New	York,	Cold	Spring	Harbor	Laboratory	Press.	Zabel,	M.	D.,	&	Reid,	C.	(2015).	A	brief	history	of	prions.	Pathogens	and	Disease,	73(9),	ftv087.	Colby,	D.	W.,	&	Prusiner,	S.	B.	(2011).
Prions.	Cold	Spring	Harbor	Perspectives	in	Biology,	3(1),	a006833.	Our	DNA	carries	the	genetic	instructions	our	cells	need	to	make	proteins.	To	make	these	proteins,	cells	first	copy	the	specific	genetic	instruction	in	their	DNA	into	a	messenger	molecule	called	RNA.	This	is	then	converted	to	the	final	protein	product.	This	process	is	called	gene
expression.	The	Central	Dogma	is	the	model	that	describes	the	‘flow’	of	genetic	information	–	which	is	usually	passed	from	the	DNA	code,	to	the	RNA	messenger,	to	the	final	protein	product.	Gene	expression	happens	in	2	stages,	called	transcription	and	translation.	Transcription	takes	place	inside	the	nucleus.	DNA’s	genetic	information	is	copied	into
small,	portable	messages,	called	RNA.	RNA	leaves	the	nucleus	and	delivers	these	messages	to	the	ribosomes	–	the	cell’s	protein	factories.	During	translation,	the	ribosomes	translate	the	messages	carried	in	the	RNA	code	into	a	final	product	–	usually	a	protein.	The	Central	Dogma	The	Central	Dogma	states	that	genetic	information	flows	in	specific
directions:	From	existing	DNA	to	make	new	DNA	(a	process	called	DNA	replication)	From	DNA	to	make	new	RNA	(transcription)	From	RNA	to	make	new	proteins	(translation)	An	illustration	showing	the	flow	of	information	between	DNA,	RNA	and	protein.	Laura	Olivares	Boldú	/	Wellcome	Connecting	Science	Although	the	sequence	of	events
described	in	the	Central	Dogma	is	critical	for	life	to	function	–	it’s	not	the	only	direction	that	genetic	information	can	flow	in.	For	example,	in	reverse	transcription,	genetic	information	from	RNA	is	used	to	make	new	DNA.	This	often	occurs	with	retroviruses,	such	as	HIV.	Until	recently,	scientists	thought	that	RNA	was	simply	the	intermediate	stage
between	DNA	and	the	protein.	Thanks	to	research,	we’re	learning	more	about	‘non-coding	RNAs’,	which	are	copied	from	DNA	but	never	translated	into	a	protein.	These	seem	to	play	a	major	role	in	the	way	the	cell	functions	and	we’re	still	learning	about	this.	RNA	can	also	‘turn	off’	specific	sections	of	genetic	information	carried	in	DNA,	in	a	process
known	as	RNA	interference.	The	central	dogma	was	proposed	by	Francis	Crick	in	the	late	1950s.	This	trailblazing	theory	suggested	that	genetic	information	flows	primarily	from	nucleic	acids	in	the	form	of	DNA	and	RNA	to	functional	proteins	during	the	process	of	gene	expression.	What	makes	the	central	dogma	so	innovatory	is	its	level	of
correctness	at	a	time	when	genome	research	was	only	just	beginning.	The	central	dogma	of	genetics	does	not	describe	the	mechanics	of	protein	synthesis	but	tells	us	that	gene	expression	follows	a	near-predictable	pattern.	When	looking	at	what	the	central	dogma	is,	we	must	first	understand	the	word	‘dogma’	and	know	why	this	is	not	the	best	use	of
it.	Crick	later	admitted	that	a	better	term	would	have	been	‘basic	assumption’.	A	dogma	is	a	set	of	principles	that	someone	with	authority	understands	as	true.	This	means	that	the	central	dogma	of	gene	expression	should	always	be	true.	Francis	Crick,	as	one	of	the	top	authorities	of	molecular	science	in	the	1950s	and	60s,	did	not	mean	that	these
steps	from	DNA	to	RNA	to	protein	could	not	be	reversed.	Instead,	he	meant	this	was	the	predominant	direction	in	which	gene	expression	flowed.	Religions	are	dogmas	–	the	believer	is	sure	his	or	her	beliefs	are	proven.	In	more	than	one	sense,	Crick’s	idea	is	a	dogma	–	without	deoxyribonucleic	and	ribonucleic	acids,	protein	synthesis	cannot	occur	in
living	cells.	Furthermore,	once	a	piece	of	genetic	code	has	entered	a	protein,	that	protein	is	unable	to	change	the	original	code	sequence	of	the	DNA.	In	other	words,	we	have	as	yet	been	unable	to	prove	that	a	naturally	synthesized	protein	can	rewrite	DNA	–	the	flow	of	genome	information	from	DNA	to	RNA	to	protein	within	the	confines	of	a	cell	is	a
dogma.	Protein	synthesis	basics	will	not	be	discussed	in	this	article.	The	reader	should	know	the	protein	synthesis	steps	of	transcription	and	translation	of	nucleic	acids,	messenger	and	transfer	RNA,	ribosomes,	amino	acids,	peptides,	and	proteins.	At	the	time	of	Crick’s	ideas,	transfer	RNA	(tRNA)	was	still	undiscovered.	Crick	theorized	that	a	small
molecule	must	be	present	to	transport	amino	acids	to	the	ribosome	–	at	his	time	these	organelles	were	called	microsomes	and	no	one	was	sure	of	their	role.	Even	current	basic	knowledge	such	as	the	requirement	of	nucleic	acids	for	protein	synthesis	was	widely	unknown	in	the	1950s.	Messenger	RNA	(mRNA)	was	only	discovered	in	1960;	its	research
was	published	the	following	year.	While	many	papers	argue	about	the	central	dogma	of	biology	to	this	day,	Crick’s	theory	at	the	time	was	groundbreaking.	It	was	he	who	predicted	that,	in	the	future,	we	would	be	able	to	follow	evolution	through	gene	sequences		–	a	field	of	research	that	is	currently	changing	the	way	we	classify	living	organisms.	How	a
genome	is	expressed	to	produce	protein	is	central	to	Crick’s	theory.	Crick	also	argued	that	the	most	important	function	of	our	DNA	was	to	control	protein	synthesis.	At	a	time	where	scientists	knew	very	little	of	the	role	of	genes,	this	was	the	best	description	of	the	relationship	between	DNA,	RNA,	and	protein	when	no	one	truly	knew	what	genetic
information	was	formed	from	or	how	it	was	used.	We	should,	therefore,	firstly	place	this	theory	in	the	right	historical	environment.	It	may	not	be	dogma,	but	its	strong	message	brought	genetic	research	well	into	the	future.	Another	much-argued	point	about	Crick’s	dogma	is	its	core	statements.	Many	students	are	simply	told	that	this	theory	is	about
the	strict	steps	of	transcription,	translation,	and	protein	synthesis.	The	order	of	protein	synthesis	is	usually	but	not	always	fixed.	However,	the	central	dogma	of	molecular	biology	states	that	coded	genetic	information	within	DNA	is	transcribed	into	mRNA,	where	each	mRNA	molecule	contains	the	information	necessary	to	produce	proteins.	It	states
that	this	sequenced	flow	can	be	reversed	at	certain	points	but	not	from	protein	to	nucleic	acid.	The	one-way	flow	of	transcription	to	translation	to	protein	synthesis	is	not	the	central	dogma.	The	only	dogma	of	Crick’s	theory	(or	basic	assumption)	is	how	it	has	not	yet	been	seen	that	genome	sequences	are	changed	by	an	intracellular	synthesized
protein.	In	his	eyes,	reverse	transcription	between	DNA	and	RNA	has	been	shown	to	exist;	reverse	translation	between	protein	and	RNA	has	not	been	shown	to	exist.	Reverse	translation	would	mean	that	the	amino	acids	in	a	polypeptide	or	protein	can	recognize	tRNA	anticodons	and	join	them	together	to	form	a	new	molecule	of	RNA.	This	can	be	done
synthetically	in	a	lab	but	is	not	a	natural	intracellular	process.	Reverse	transcription	occurs	in	the	lab.	Crick’s	dogma	does	not	say	that	reverse	translation	is	impossible	but	that	this	must	occur	by	very	different	molecular	mechanisms.	In	terms	of	prions	(discussed	further	on),	reverse	translation	from	protein	to	genome	exists;	however,	this	process
requires	specific	enzymes	that	do	not	exist	within	the	normal	cell	environment	to	recognize	and	connect	tRNA	anticodons.	Finally,	the	central	dogma	is	not	a	single-sentenced	statement	but	an	entire	theory.	When	you	look	at	the	central	dogma	of	biology	definition	from	a	non-scientific	source,	you	will	probably	read	about	the	flow	of	protein	synthesis
from	DNA	to	protein	via	RNA.	The	central	dogma	diagram	below	is	a	typical,	hazy	representation.	This	is	sometimes	referred	to	as	the	central	dogma	order.	Crick’s	discovery	is	much	more	than	a	single	statement	and	was	never	meant	to	be	absolute	–	he	knew	very	well	that	genetic	research	still	had	a	long	way	to	go.	Central	dogma	diagrams	are	often
over-simplified.	Reverse	transcription	is	sometimes	included	as	a	central	dogma	exception.	As	we	have	seen,	Crick	did	not	deny	the	existence	of	flow	reversal	between	DNA	and	RNA.	This	also	means	that	retroviruses	do	not	provide	evidence	of	an	exception	to	the	rule.	Retroviruses	transcribe	RNA	into	DNA	using	the	enzyme	reverse	transcriptase.	The
only	way	in	which	we	can	add	retroviruses	as	an	exception	to	the	‘rule’	is	in	the	form	of	extremely	primitive	retroviruses	that	have	no	DNA.	Here,	information	flow	can	only	occur	between	RNA	and	protein.	The	evolution	of	RNA	viruses.	The	other	often-quoted	exception	to	Crick’s	central	dogma	is	the	prion	–	with	prions,	abnormal	proteins	‘replicate’
by	changing	the	forms	of	surrounding	proteins.	They	infect	and	change,	rather	than	reproduce.	Proteinaceous	infectious	particles,	only	recently	discovered,	are	unique.	Although	cases	of	‘scrapie’,	a	disease	that	caused	sheep	to	scrape	against	fences	and	trees,	were	recorded	in	1732,		very	little	historical	evidence	can	pinpoint	the	evolution	of	the
prion.	As	a	natural	protein	that	has,	at	some	stage,	misfolded,	the	prion	does	not	contain	genetic	material	in	the	form	of	nucleic	acids	–	the	basic	molecules	of	the	central	dogma.	Once	in	the	tissues	of	a	living	organism,	they	do	not	multiply	but	affect	similar	proteins	–	often	in	the	brain	–	by	behaving	as	templates.	Other	proteins	change	to	mimic	the
abnormal	prion	form	and	go	on	to	convert	other	naturally	occurring	proteins	into	this	shape.	The	original	prion	can	be	caused	by	a	genetic	mutation	of	the	normal	PrP	protein,	through	transmission	from	infected	sources	such	as	meat	and	fungi,	or	as	a	spontaneous	misfolding	event.	The	latter	cause	is	most	likely	the	case	in	Creutzfeld-Jacob	disease	in
cattle.	A	prion	is	a	wrongly-folded	naturally-occurring	protein.	However,	if	you	–	as	Francis	Crick	made	clear	–	associate	the	central	dogma	only	with	cellular	life,	it	remains	true.	To	date,	it	has	no	exceptions.	This	is	because	prions	and	retroviruses	are	not	cells.	Viruses	and	prions	are	proteins.	They	need	living	organisms	to	multiply	and	do	not	grow	or
make	their	own	energy;	they	are	not	‘alive’.	On	a	genetic	level,	retroviruses	are	alive	because	they	contain	genetic	material,	evolve,	and	reproduce	(albeit	within	a	living	organism).	Prions	contain	no	genetic	material	and	are	simply	wrongly-folded	proteins.	Crick’s	central	dogma	applies	to	all	biological	cells	(not	retroviruses	or	prions)	containing	DNA.
Up	to	the	present,	no	genetic	medicine	disproves	the	central	dogma.	Quite	the	contrary	–	most	research	follows	the	assumptions	made	by	Crick	nearly	seventy	years	ago.	Genetic	medicine	–	a	new	revolution.	Genetic	medicine	can	be	applied	at	different	points	within	the	steps	of	protein	synthesis.	Replication:	a	portion	of	DNA	splits	open	to	make	a
copy	of	the	original.	Transcription:	transfer	of	a	section	of	replicated	DNA	(template	DNA)	to	mRNA.	Splicing:	one	or	more	unnecessary	sequences	(introns)	are	removed	from	immature	mRNA.	Alternatively,	different	introns	can	be	removed	to	make	different	mature	mRNA	molecules.	Translation:	the	ribosome	reads	groups	of	three	sequences
(codons)	on	the	mRNA	at	binding	sites.	Initiation	and	elongation	factors	bring	the	correctly-matching	anti-codon	of	a	tRNA	molecule	to	each	codon.	Each	tRNA	brings	with	it	a	specific	amino	acid.	Amino	acids	are	linked	to	form	a	polypeptide	chain.	As	the	chain	moves	through	the	ribosome,	the	polypeptide	chain	can	begin	to	fold	to	produce	a
functional	protein	if	the	code	translates	into	a	folding	protein.	Other	‘chaperone	proteins’	are	usually	required	to	help	in	the	folding	process;	splicing	at	this	stage	is	also	possible.	Spliced-out	portions	of	a	polypeptide	or	protein	are	called	inteins.	To	treat	genetic	diseases,	we	can	intervene	at	any	of	the	above	steps:	Gene	therapy:	introducing
functioning	copies	of	genes	to	replace	non-functioning	or	disease-causing	genes	via	viral	vectors	(carriers).	Unhealthy	cells	are	‘infected’	with	health-promoting	genetic	information.	When	the	receiving	cells	divide,	daughter	cells	contain	the	engineered	sequence.	Gene	switching:	switches	gene	transcription	on	or	off.	Many	genes	are	only	activated	at
certain	periods	or	in	certain	cells	by	regulatory	proteins	that	bind	to	non-coding	areas	of	the	DNA	on	that	gene.	Repressor	or	activator	proteins	bind	to	these	proteins	and	so	repress	or	activate	the	expression	of	that	gene.	RNA	splicing:	certain	proteins	are	sometimes	not	produced	due	to	mutations	that	block	translation.	This	is	called	exon	skipping.
For	example,	cataplexy	is	the	result	of	exon	skipping	mutations	in	the	gene	that	produces	a	brain-based	receptor.	RNA	splicing	might	alleviate	symptoms	caused	by	exon	skipping	mutations.	Genetic	engineers	insert	a	short	piece	of	RNA	(antisense	RNA)	that	skips	over	the	disease-causing	mutation.	While	current	(early)	research	produces	short	and,
therefore,	partially	functional	proteins,	hope	is	on	the	horizon	for	many	genetic	diseases.	RNA	interference:	when	unwanted	proteins	are	produced,	often	through	overexpression	or	wrongly-timed	expression,	it	is	possible	to	rectify	this	through	the	insertion	of	small	interfering	RNA	(siRNA)	or	microRNA	(miRNA).	These	bind	with	a	silencing	complex
and	together	break	up	corresponding	molecules	of	mRNA.	This	genetic	medicine	therapy	has	the	potential	to	silence	any	gene.	RNA	splicing	technique.	The	next	step	in	genetic	medicine	is	precision	medicine,	where	treatment	and	prevention	of	disease	takes	each	person’s	genes,	environment,	and	lifestyle.	This	approach	will	take	time	but	is	certainly
the	future	of	medicine	–	the	result	of	a	groundbreaking	theory	from	the	mid-twentieth	century	still	making	waves	in	the	next.	Bibliography	Witkowski	JA.	(2005).	The	Inside	Story:	DNA	to	RNA	to	Protein.	New	York,	Cold	Spring	Harbor	Laboratory	Press.	Zabel,	M.	D.,	&	Reid,	C.	(2015).	A	brief	history	of	prions.	Pathogens	and	Disease,	73(9),	ftv087.
Colby,	D.	W.,	&	Prusiner,	S.	B.	(2011).	Prions.	Cold	Spring	Harbor	Perspectives	in	Biology,	3(1),	a006833.	The	Human	Genome	Project	was	the	largest	international	collaboration	ever	undertaken	in	biology	and	involved	thousands	of	scientists	around	the	world	–	including	those	at	the	Wellcome	Sanger	Institute	in	Cambridge,	UK.	The	central	dogma	is
a	theory	that	states	how	genetic	information	flows	from	DNA	to	RNA	to	protein.	Here,	the	genetic	codes	of	DNA	are	first	transferred	to	RNA,	which	are	then	read	to	give	off	the	final	product,	the	protein.	A	basic	flow	chart	of	this	statement	would	be:	DNA	→	RNA	→	Protein	As	stated,	the	central	dogma	involves	two	major	processes	for	the	expression	of
genetic	information	from	DNA	to	RNA	to	protein.	Here,	the	genetic	information	gets	transferred	from	double-stranded	DNA	to	the	single-stranded	RNA	molecule.	This	step	takes	place	in	the	cell	nucleus	and	is	mainly	mediated	by	the	enzyme	RNA	Polymerase.	The	newly	formed	RNA	undergoes	post-transcriptional	modifications	and	enters	the	next
step	once	matured.	Once	the	mature	RNA	leaves	the	nucleus,	it	codes	for	specific	amino	acids	in	the	ribosome	to	synthesize	proteins.	Being	an	active	process,	it	requires	energy	provided	by	the	charged	tRNA	molecules.	Note:	As	stated,	genetic	information	flows	from	DNA	to	RNA	to	protein	through	these	two	primary	steps.	However,	DNA	continues
to	make	its	own	copy	by	replication.	On	the	other	hand,	in	some	viruses,	DNA	is	formed	from	RNA	by	reverse	transcription	process.	DNA	being	the	master	molecule,	contains	instructions	for	making	a	protein,	which	are	copied	by	RNA.	So,	central	dogma	provides	the	basic	framework	for	the	whole	process.	Article	was	last	reviewed	on	Friday,
February	17,	2023	Home	»	Microbiology	»	Molecular	biology	»	Central	Dogma	Theory	of	Molecular	Biology	and	Genetic	CodeThe	Central	Dogma	of	molecular	biology,	a	pivotal	concept	in	modern	biology,	delineates	the	flow	of	genetic	information	within	a	biological	system.	This	concept,	first	elucidated	by	Francis	Crick	in	1957,	posits	a	unidirectional
information	flow	from	DNA	to	RNA,	culminating	in	the	synthesis	of	proteins.	It	has	profoundly	influenced	our	understanding	of	genetic	information	storage,	replication,	and	expression	in	living	organisms.Let	us	dissect	the	components	and	processes	of	the	Central	Dogma:DNA	Replication:	This	initial	step	involves	the	precise	duplication	of	DNA
molecules.	Occurring	during	cell	division,	it	ensures	the	transfer	of	identical	genetic	information	to	daughter	cells.	DNA	replication	is	fundamental	in	maintaining	the	integrity	of	genetic	information	across	generations.Transcription:	In	this	stage,	a	specific	DNA	segment	serves	as	a	template	for	synthesizing	a	complementary	RNA	molecule,
particularly	messenger	RNA	(mRNA).	This	process	translates	the	genetic	code	from	DNA	to	RNA,	facilitating	its	transport	to	the	cell’s	cytoplasm.Translation:	The	final	stage	of	the	Central	Dogma,	translation,	involves	the	synthesis	of	proteins.	Here,	the	genetic	code	borne	by	mRNA	directs	the	assembly	of	amino	acids	into	proteins.	This	process	occurs
in	ribosomes,	where	transfer	RNA	(tRNA)	molecules	bring	amino	acids	in	the	sequence	specified	by	the	mRNA.Therefore,	the	Central	Dogma	encapsulates	a	sequential	and	systematic	flow	of	genetic	information,	starting	from	DNA	replication,	through	transcription	to	mRNA,	and	culminating	in	protein	synthesis	during	translation.	It’s	crucial	to
recognize	that	this	model,	while	generally	applicable,	has	its	exceptions	and	complexities,	such	as	post-transcriptional	modifications	and	the	roles	of	non-coding	RNAs	in	gene	regulation.The	Central	Dogma	is	not	just	a	theoretical	construct	but	a	practical	guide	to	understanding	gene	expression.	Gene	expression,	a	two-stage	process	involving
transcription	and	translation,	begins	with	the	conversion	of	DNA	information	into	portable	RNA	messages.	These	messages	then	travel	to	the	ribosomes,	where	they	are	decoded	to	synthesize	specific	proteins.	This	process	exemplifies	the	intricate	and	precise	nature	of	genetic	information	transfer.Furthermore,	the	Central	Dogma	classifies	the
interactions	between	biopolymers,	namely	DNA,	RNA,	and	proteins,	into	general,	special,	and	unknown	transfers.	General	transfers,	occurring	in	almost	all	cells,	include	the	regular	flow	of	information	through	transcription	and	translation.	Special	transfers,	observed	under	specific	conditions	or	in	certain	viruses,	involve	processes	like	reverse
transcription,	where	RNA	information	is	converted	back	into	DNA.	Unknown	transfers,	believed	never	to	occur	naturally,	include	direct	protein	synthesis	from	DNA	without	mRNA	involvement.In	summary,	the	Central	Dogma	of	molecular	biology	provides	a	comprehensive	framework	for	understanding	the	flow	of	genetic	information	in	cells.	It
underscores	the	processes	of	DNA	replication,	RNA	transcription,	and	protein	translation,	offering	a	detailed	insight	into	the	molecular	basis	of	life.	This	concept	remains	a	cornerstone	in	the	field	of	molecular	biology,	guiding	research	and	advancements	in	genetic	understanding.The	flow	of	information	can	be	unidirectional,	and	indefinitely.Central
DogmaCentral	Dogma	StepsIn	the	realm	of	molecular	biology,	the	Central	Dogma	delineates	the	fundamental	steps	through	which	genetic	information	is	transferred	within	a	biological	cell.	This	process	comprises	two	critical	stages:	transcription	and	translation.	Each	step	is	a	marvel	of	biological	precision	and	complexity,	involving	a	series	of
intricate	molecular	interactions.Transcription:	The	first	phase	in	the	Central	Dogma,	transcription,	involves	the	transference	of	genetic	information	from	DNA	to	RNA.	This	process	is	mediated	by	the	enzyme	RNA	Polymerase.	The	DNA	strand,	which	serves	as	a	blueprint	for	this	process,	can	be	dissected	into	three	distinct	regions:	the	promoter,	the
structural	gene,	and	the	terminator.The	strand	of	DNA	that	undergoes	transcription	is	termed	the	‘template	strand’,	while	its	counterpart	is	known	as	the	‘coding	strand’.The	initiation	of	transcription	begins	when	DNA-dependent	RNA	Polymerase	binds	to	the	promoter	region.	This	enzyme	then	facilitates	the	polymerization	of	nucleotides,	proceeding
in	the	3′	to	5′	direction	along	the	DNA	template.Upon	reaching	the	terminator	sequence,	transcription	is	concluded,	culminating	in	the	release	of	the	nascent	RNA	strand.	This	RNA	molecule	then	undergoes	various	post-transcriptional	modifications	to	become	fully	functional.Translation:	Following	transcription,	the	process	of	translation	marks	the
conversion	of	the	RNA-encoded	genetic	information	into	specific	proteins.	This	step	is	not	only	intricate	but	also	energy-intensive.The	site	of	translation	is	the	ribosome,	a	complex	molecular	machine	composed	of	a	larger	and	a	smaller	subunit.	The	larger	subunit	is	designed	to	accommodate	two	tRNA	molecules	in	close	proximity,	facilitating	the
formation	of	peptide	bonds.Translation	commences	when	the	mRNA	strand	associates	with	the	smaller	subunit	of	the	ribosome.	The	tRNA	molecules,	each	carrying	a	specific	amino	acid,	bind	to	complementary	codons	on	the	mRNA.	These	tRNA	molecules	are	situated	in	the	larger	ribosomal	subunit.As	the	ribosome	traverses	the	mRNA	strand,	tRNA
molecules	successively	bind	to	their	respective	codons.	Peptide	bonds	are	formed	between	the	amino	acids	they	carry,	thus	elongating	the	polypeptide	chain.	This	process	repeats,	sequentially	adding	amino	acids	and	synthesizing	long	chains	that	fold	into	functional	proteins.What	is	Genetic	Code?The	genetic	code	is	a	fundamental	aspect	of	molecular
biology,	encapsulating	a	set	of	rules	that	dictate	how	the	information	encoded	in	DNA	and	RNA	is	translated	into	the	sequence	of	amino	acids,	the	building	blocks	of	proteins.	It	is	essentially	the	language	used	by	cells	to	interpret	the	instructions	contained	in	genetic	material,	enabling	the	synthesis	of	proteins	that	perform	a	myriad	of	functions	in	the
body.	This	code	is	remarkably	universal	and	standard	across	a	vast	array	of	living	organisms,	from	the	simplest	bacteria	to	complex	organisms	like	humans.Understanding	the	genetic	code	is	crucial	for	decoding	the	genetic	instructions	and	predicting	the	amino	acid	sequence	of	proteins	based	on	genetic	information.	This	understanding	has
significantly	propelled	advancements	in	genetics	and	molecular	biology,	with	wide-ranging	applications	in	genetic	engineering	and	biotechnology.The	genetic	code	is	based	on	nucleotides,	the	basic	units	of	DNA	and	RNA.	These	nucleotides	are	adenine	(A),	cytosine	(C),	guanine	(G),	and	thymine	(T)	in	DNA,	with	thymine	being	replaced	by	uracil	(U)	in
RNA.	Combinations	of	these	four	nucleotides	in	RNA	(A,	U,	C,	G)	form	codons,	each	comprising	three	nucleotides.There	are	20	standard	amino	acids,	and	the	four	types	of	nucleotides	can	be	arranged	in	groups	of	three	to	form	64	different	codons	(4^3	combinations).	Out	of	these	64	codons,	three	function	as	stop	codons	(UAA,	UAG,	and	UGA),
signaling	the	termination	of	protein	synthesis.	The	remaining	61	codons,	known	as	sense	codons,	are	responsible	for	coding	the	20	amino	acids.	The	codon	AUG	holds	a	dual	role,	coding	for	the	amino	acid	methionine	(Met)	and	also	serving	as	the	start	codon,	initiating	protein	synthesis.The	genetic	code	is	notable	for	its	degeneracy,	meaning	that
multiple	codons	can	code	for	the	same	amino	acid.	This	feature	is	essential	for	the	robustness	of	the	genetic	code,	as	it	allows	for	certain	mutations	to	occur	without	altering	the	amino	acid	sequence	of	proteins.	Each	codon	is	specific	for	only	one	amino	acid,	and	this	specificity	is	maintained	universally	across	different	organisms.In	summary,	the
genetic	code	is	a	sophisticated	system	that	translates	genetic	information	into	the	language	of	proteins.	Its	universality,	degeneracy,	and	specificity	are	key	characteristics	that	facilitate	the	accurate	and	efficient	translation	of	genetic	information	into	functional	proteins,	essential	for	life.	Understanding	the	genetic	code	is	not	only	fundamental	to
molecular	biology	but	also	pivotal	in	various	scientific	and	medical	fields,	offering	insights	into	genetic	diseases,	guiding	the	development	of	new	therapies,	and	advancing	biotechnological	innovations.Key	features	of	the	Genetic	CodeThe	genetic	code	is	a	quintessential	component	of	molecular	biology,	embodying	a	set	of	rules	by	which	information
encoded	in	genetic	material	is	translated	into	proteins.	This	code	is	deciphered	through	various	key	features,	each	playing	a	crucial	role	in	the	synthesis	and	regulation	of	proteins.	Understanding	these	features	is	essential	for	comprehending	how	genetic	information	is	translated	into	functional	proteins.Codons:	At	the	core	of	the	genetic	code	are
codons,	which	are	groups	of	three	nucleotides	on	the	mRNA	molecule.	With	four	nucleotide	options	available	(adenine,	uracil,	cytosine,	and	guanine	in	RNA),	there	are	64	possible	codons	(4^3	combinations).	Each	codon	corresponds	to	a	specific	amino	acid	or	a	signal	that	influences	the	start	or	stop	of	protein	synthesis.Start	Codon:	The	AUG	codon
holds	a	pivotal	role	as	the	start	codon,	marking	the	commencement	of	protein	synthesis.	Intriguingly,	this	codon	also	encodes	for	the	amino	acid	methionine,	which	means	that	methionine	is	the	first	amino	acid	in	every	newly	synthesized	protein.Stop	Codons:	Equally	vital	are	the	stop	codons	–	UAA,	UAG,	and	UGA.	These	codons	do	not	correspond	to
any	amino	acids;	instead,	they	signal	the	termination	of	protein	synthesis.	When	the	ribosome	encounters	a	stop	codon,	it	halts	protein	synthesis	and	releases	the	newly	formed	polypeptide	chain.Amino	Acid	Assignments:	In	the	genetic	code,	each	codon	is	associated	with	a	specific	amino	acid	or	a	signal	for	the	initiation	or	termination	of	translation.
For	instance,	the	codon	UUU	is	coded	for	the	amino	acid	phenylalanine,	while	UGA	functions	as	a	stop	codon.Redundancy:	A	notable	feature	of	the	genetic	code	is	its	degeneracy	or	redundancy.	This	means	that	most	amino	acids	are	specified	by	more	than	one	codon.	Such	redundancy	imparts	a	degree	of	error	tolerance	to	the	genetic	code,	allowing
certain	mutations	in	the	DNA	sequence	to	occur	without	necessarily	altering	the	amino	acid	sequence	of	the	resulting	protein.Universality:	The	genetic	code	is	nearly	universal	across	all	known	life	forms,	with	only	minor	variations.	This	universality	is	a	compelling	indication	of	a	common	evolutionary	origin	for	all	life	on	Earth.Non-Coding	Codons:
Besides	coding	for	amino	acids,	some	codons	serve	regulatory	functions	within	the	mRNA.	These	non-coding	codons	are	involved	in	controlling	various	aspects	of	the	translation	process,	adding	another	layer	of	regulation	to	protein	synthesis.Characteristic	of	Genetic	CodeRelation	between	Central	Dogma	and	Genetic	CodeThe	Central	Dogma	of
molecular	biology	and	the	genetic	code	are	intrinsically	linked	concepts	in	molecular	biology,	collectively	elucidating	the	flow	and	translation	of	genetic	information	within	living	organisms.	Their	relationship	is	pivotal	for	understanding	how	genetic	information	is	stored,	processed,	and	expressed	in	cells.	The	connection	between	these	two
fundamental	concepts	can	be	explained	through	the	processes	of	transcription	and	translation,	which	are	key	components	of	the	Central	Dogma.Genetic	Code	and	Transcription:Transcription,	an	essential	process	in	the	Central	Dogma,	involves	the	conversion	of	genetic	information	from	DNA	to	RNA.	In	this	process,	the	role	of	the	genetic	code	is
crucial.A	specific	segment	of	DNA	acts	as	a	template	for	the	synthesis	of	a	complementary	RNA	molecule,	notably	messenger	RNA	(mRNA).	The	genetic	code	is	instrumental	in	determining	how	the	nucleotide	sequence	in	DNA	is	transcribed	into	the	corresponding	sequence	in	mRNA.This	transcription	process	adheres	to	the	rules	of	the	genetic	code,
ensuring	that	the	genetic	information	is	accurately	and	efficiently	transcribed.Genetic	Code	and	Translation:Translation,	another	critical	process	of	the	Central	Dogma,	involves	synthesizing	proteins	using	the	information	encoded	in	mRNA.	Here	again,	the	genetic	code	plays	a	vital	role.The	genetic	code	defines	the	relationship	between	the	codons	in
mRNA	and	the	amino	acids	they	encode.	Each	codon,	a	sequence	of	three	nucleotides,	corresponds	to	a	specific	amino	acid.Transfer	RNA	(tRNA)	molecules,	each	with	a	specific	anticodon,	recognize	and	pair	with	the	appropriate	codons	in	the	mRNA,	in	accordance	with	the	genetic	code.	The	tRNA	molecules	transport	the	corresponding	amino	acids,
allowing	the	ribosome	to	correctly	assemble	these	amino	acids	into	a	protein.This	translation	process	is	governed	by	the	genetic	code,	which	ensures	that	the	genetic	information	in	mRNA	is	accurately	translated	into	the	amino	acid	sequence	of	proteins.Exceptions	to	the	Central	DogmaWhile	the	central	dogma	of	molecular	biology	provides	a	general
framework	for	the	flow	of	genetic	information,	there	are	exceptions	to	this	principle.	These	exceptions	challenge	the	straightforward	sequence	of	DNA	to	RNA	to	protein.	Here	are	some	notable	exceptions	to	the	central	dogma:Retroviruses:	Retroviruses,	such	as	HIV,	have	an	RNA	genome	and	replicate	by	transcribing	their	RNA	into	DNA	using	a
unique	enzyme	called	reverse	transcriptase.	This	reverse	transcription	step	allows	the	retroviral	RNA	to	be	integrated	into	the	host	cell’s	DNA.	The	process	involves	the	conversion	of	RNA	to	DNA,	which	deviates	from	the	central	dogma.	The	information	flow	in	retroviruses	is	RNA	→	DNA	→	RNA	→	protein.RNA	Viruses:	Some	viruses	have	RNA
genomes	and	can	directly	utilize	their	RNA	to	produce	proteins	without	the	need	for	DNA	intermediates.	RNA	viruses,	like	influenza	virus	or	SARS-CoV-2,	bypass	the	DNA	replication	step	and	synthesize	proteins	directly	from	their	RNA	genome.	In	these	cases,	the	information	flow	is	RNA	→	protein,	which	is	contrary	to	the	central	dogma.Prions:
Prions	are	unique	infectious	agents	composed	solely	of	proteins.	They	can	cause	diseases	like	Creutzfeldt-Jakob	disease	and	mad	cow	disease.	Prions	do	not	involve	the	transfer	of	genetic	information	from	DNA	or	RNA;	instead,	they	induce	a	conformational	change	in	normal	proteins,	causing	them	to	adopt	an	abnormal	shape.	This	altered	protein
structure	can	lead	to	the	misfolding	of	other	normal	proteins,	resulting	in	disease	progression.	Prions	follow	a	Protein	→	Protein	information	flow,	which	is	distinct	from	the	central	dogma.In	the	study	of	molecular	biology,	the	Central	Dogma	provides	a	framework	for	understanding	the	general	transfers	of	biological	sequential	information.	These
transfers,	fundamental	to	cellular	function	and	heredity,	include	the	replication	of	DNA,	transcription	of	DNA	to	RNA,	and	translation	of	RNA	into	protein.	Each	process	plays	a	pivotal	role	in	the	maintenance	and	expression	of	genetic	information.DNA	Replication:	At	the	heart	of	genetic	continuity	lies	DNA	replication,	a	process	essential	for	the
provision	of	genetic	material	to	progeny	cells,	be	they	somatic	or	reproductive.	The	key	to	this	process	is	the	replication	of	DNA	to	DNA,	representing	a	critical	step	in	information	transfer.The	replication	mechanism	involves	a	complex	group	of	proteins	known	as	the	replisome.	This	ensemble	performs	the	intricate	task	of	copying	information	from	the
parent	DNA	strand	to	the	complementary	daughter	strand.The	components	of	the	replisome	include:A	helicase,	which	unwinds	the	superhelical	and	double-stranded	DNA,	creating	a	replication	fork.SSB	protein	that	stabilizes	the	unwound	DNA.Primase,	which	introduces	a	complementary	RNA	primer	to	each	template	strand,	serving	as	a	starting
point	for	replication.DNA	polymerase	III,	reading	the	template	strand	from	3′	to	5′	and	synthesizing	the	new	strand	from	5′	to	3′.DNA	polymerase	I,	which	replaces	RNA	primers	with	DNA.DNA	ligase,	linking	Okazaki	fragments	with	phosphodiester	bonds	to	form	a	continuous	DNA	strand.This	crucial	process	predominantly	occurs	during	the	S	phase	of
the	cell	cycle.Transcription:	Transcription	is	the	next	critical	phase,	where	the	information	in	DNA	is	transcribed	into	messenger	RNA	(mRNA).	This	process	is	catalyzed	by	enzymes	such	as	RNA	polymerase	and	various	transcription	factors.In	eukaryotes,	the	initial	RNA	transcript,	known	as	pre-mRNA,	undergoes	several	processing	steps.	These
include	the	addition	of	a	5′	cap	and	a	poly-A	tail,	followed	by	splicing.	Alternative	splicing	enhances	the	diversity	of	proteins	that	can	be	produced	from	a	single	mRNA.The	end	product	of	transcription	is	a	mature	mRNA	strand,	ready	for	translation.Translation:	The	final	step	in	the	Central	Dogma	is	translation,	where	the	mature	mRNA	is	decoded	to
synthesize	proteins.In	prokaryotic	cells,	transcription	and	translation	can	occur	simultaneously,	while	in	eukaryotes,	these	processes	are	spatially	separated,	necessitating	the	transport	of	mRNA	from	the	nucleus	to	the	cytoplasm.Ribosomes	read	the	mRNA	triplet	codons,	starting	typically	with	an	AUG	codon.	Initiation	and	elongation	factors	facilitate
the	entry	of	aminoacylated	tRNAs	into	the	ribosome-mRNA	complex,	ensuring	the	correct	match	between	the	mRNA	codon	and	the	tRNA	anti-codon.As	amino	acids	are	linked	into	a	growing	peptide	chain,	it	begins	to	fold	into	its	functional	conformation.	Translation	terminates	at	a	stop	codon	(UAA,	UGA,	or	UAG).Post-translational	modifications	are
often	required	for	the	protein	to	become	fully	functional.	These	may	include	proper	folding	aided	by	chaperone	proteins,	excision	of	segments	(inteins),	cross-linking,	or	attachment	of	cofactors.Special	transfers	of	biological	sequential	information,	as	described	by	the	Dogmas,	involve	unique	processes	that	deviate	from	the	typical	flow	of	information
in	the	central	dogma.	These	special	transfers	include	reverse	transcription,	RNA	replication,	and	direct	translation	from	DNA	to	protein.Reverse	Transcription:	Reverse	transcription	is	the	process	in	which	genetic	information	is	transferred	from	RNA	to	DNA,	contrary	to	the	usual	direction	of	transcription.	This	transfer	occurs	in	certain	organisms,
such	as	retroviruses	like	HIV,	as	well	as	in	eukaryotes	during	retrotransposon	activity	and	telomere	synthesis.	Reverse	transcription	is	facilitated	by	enzymes	called	reverse	transcriptases,	which	catalyze	the	synthesis	of	DNA	from	an	RNA	template.RNA	Replication:	RNA	replication	involves	the	copying	of	one	RNA	molecule	to	produce	another	RNA
molecule.	This	process	is	observed	in	many	viruses,	where	RNA-dependent	RNA	polymerases	are	responsible	for	copying	RNA	to	generate	new	RNA	strands.	Interestingly,	RNA-dependent	RNA	polymerases	are	also	found	in	various	eukaryotes,	where	they	play	a	role	in	RNA	silencing.RNA	Editing:	RNA	editing	refers	to	the	alteration	of	an	RNA
sequence	through	the	action	of	protein	complexes	and	guide	RNA	molecules.	It	can	be	seen	as	a	transfer	of	information	from	one	RNA	molecule	to	another,	leading	to	changes	in	the	RNA	sequence.	RNA	editing	is	a	significant	process	that	contributes	to	the	diversity	of	gene	expression	and	protein	variants.Direct	Translation	from	DNA	to	Protein:	In
certain	experimental	conditions,	direct	translation	from	DNA	to	protein	has	been	demonstrated	in	a	cell-free	system.	Extracts	from	E.	coli	containing	ribosomes,	but	without	intact	cells,	were	capable	of	synthesizing	proteins	from	single-stranded	DNA	templates	isolated	from	other	organisms.	This	process	occurred	with	the	assistance	of	ribosomes	and
was	enhanced	by	the	presence	of	neomycin.	However,	it	was	unclear	whether	this	mechanism	of	translation	corresponded	specifically	to	the	genetic	code,	as	further	studies	were	required	to	determine	the	fidelity	and	specificity	of	this	translation	process.These	special	transfers	of	biological	sequential	information	showcase	exceptional	cases	in
molecular	biology	where	the	transfer	of	information	occurs	in	non-traditional	directions	or	in	unique	circumstances.	They	provide	valuable	insights	into	the	versatility	and	adaptability	of	biological	systems,	expanding	our	understanding	of	the	complexity	of	genetic	information	transfer.The	Central	Dogma	of	Biology	is	often	described	as	unidirectional,
emphasizing	the	flow	of	biological	information	from	DNA	to	RNA	and	then	to	protein.	However,	this	interpretation	overlooks	certain	information	transfers,	such	as	DNA	replication.	To	provide	a	more	accurate	understanding,	it	is	important	to	refer	back	to	Francis	Crick’s	original	articulation	of	the	Central	Dogma	in	1957.According	to	Crick,	the
Central	Dogma	states	that	information	transfers	occur	exclusively	from	nucleic	acid	(DNA	and	RNA)	to	either	nucleic	acid	or	protein.	In	other	words,	information	flows	from	DNA	to	RNA	through	transcription	and	from	RNA	to	protein	through	translation.	This	unidirectional	flow	covers	the	fundamental	transfers	of	genetic	information	within	living
systems.Crick’s	version	of	the	Central	Dogma	includes	the	conventional	transfers	that	are	widely	accepted	in	molecular	biology,	such	as	transcription,	translation,	and	DNA	replication.	These	processes	represent	the	primary	routes	of	information	flow	in	biological	systems.Additionally,	Crick’s	Central	Dogma	acknowledges	the	existence	of	a	few
“special	transfers”	that	deviate	from	the	unidirectional	flow.	These	special	transfers	include	reverse	transcription,	where	genetic	information	is	transferred	from	RNA	to	DNA,	and	RNA	replication,	which	involves	the	copying	of	one	RNA	molecule	to	produce	another.	These	special	transfers	represent	exceptions	to	the	typical	flow	described	by	the
Central	Dogma.By	recognizing	Crick’s	original	formulation,	we	gain	a	more	comprehensive	understanding	of	the	Central	Dogma	of	Biology.	It	encompasses	the	essential	transfers	of	genetic	information	while	acknowledging	the	existence	of	certain	special	transfers	that	challenge	the	unidirectional	nature	of	the	flow.	This	nuanced	perspective	allows
for	a	more	accurate	representation	of	the	diverse	processes	involved	in	molecular	biology.Framework	for	Genetic	Information	Flow:	The	Central	Dogma	elucidates	the	directional	flow	of	genetic	information,	from	DNA	to	RNA	to	proteins.	This	fundamental	principle	aids	in	comprehending	how	genetic	information	is	stored,	transmitted,	and	expressed
within	cells,	forming	the	basis	for	various	biological	processes,	including	cell	growth,	differentiation,	and	response	to	environmental	stimuli.Understanding	Genetic	Replication	and	Expression:	By	outlining	the	processes	of	DNA	replication,	transcription,	and	translation,	the	Central	Dogma	provides	insight	into	how	genetic	information	is	replicated	and
how	genes	are	expressed.	This	understanding	is	crucial	for	research	in	genetics,	developmental	biology,	and	evolutionary	biology.Basis	for	Genetic	Engineering	and	Biotechnology:	The	principles	embodied	in	the	Central	Dogma	are	fundamental	to	the	fields	of	genetic	engineering	and	biotechnology.	They	provide	the	scientific	foundation	for
techniques	such	as	cloning,	gene	therapy,	and	the	production	of	recombinant	proteins,	which	have	significant	applications	in	medicine,	agriculture,	and	industry.Medical	Applications:	Knowledge	of	the	Central	Dogma	is	pivotal	in	medical	science,	particularly	in	understanding	genetic	disorders,	cancer	biology,	and	the	development	of	new	therapeutic
strategies.	It	enables	researchers	to	comprehend	how	mutations	in	DNA	can	lead	to	various	diseases	and	aids	in	the	development	of	targeted	treatments,	including	personalized	medicine.Molecular	Evolution	and	Phylogenetics:	The	Central	Dogma	contributes	to	our	understanding	of	molecular	evolution.	By	studying	the	changes	in	DNA	and	protein
sequences	over	time,	scientists	can	trace	the	evolutionary	history	of	organisms	and	understand	the	molecular	basis	of	evolution.Tool	for	Diagnostic	and	Therapeutic	Techniques:	Understanding	the	mechanisms	outlined	in	the	Central	Dogma	has	led	to	the	development	of	diagnostic	techniques,	such	as	PCR	(Polymerase	Chain	Reaction)	and	gene
sequencing,	which	are	essential	in	identifying	genetic	disorders	and	infectious	diseases.	Similarly,	RNA	interference	(RNAi)	and	CRISPR-Cas9	gene	editing	technologies,	rooted	in	the	principles	of	the	Central	Dogma,	offer	revolutionary	therapeutic	potentials.Understanding	Limitations	and	Exceptions:	While	the	Central	Dogma	provides	a	general
guideline	for	genetic	information	flow,	it	also	highlights	the	exceptions	and	complexities	in	biological	systems,	such	as	the	existence	of	reverse	transcription	in	retroviruses	and	the	role	of	non-coding	RNAs	in	gene	regulation.	This	understanding	pushes	the	boundaries	of	current	scientific	knowledge	and	encourages	further	research	and
discovery.Central	Dogma	of	Molecular	Biology	Cheat	SheetFAQThe	Central	Dogma	is	a	concept	that	describes	the	flow	of	genetic	information	within	a	biological	system,	specifically	the	transfer	of	information	from	DNA	to	RNA	to	protein.The	three	general	transfers	in	the	Central	Dogma	are	DNA	replication	(DNA	to	DNA),	transcription	(DNA	to	RNA),
and	translation	(RNA	to	protein).The	three	special	transfers	in	the	Central	Dogma	are	reverse	transcription	(RNA	to	DNA),	RNA	replication	(RNA	to	RNA),	and	direct	translation	from	DNA	to	protein.No,	the	special	transfers	described	in	the	Central	Dogma,	such	as	reverse	transcription	and	RNA	replication,	do	not	occur	naturally	in	all	cells.	They	are
observed	in	specific	cases,	such	as	certain	viruses	or	under	experimental	conditions.Reverse	transcription	is	the	process	of	transferring	genetic	information	from	RNA	to	DNA,	which	is	the	reverse	of	the	normal	transcription	process.	It	is	known	to	occur	in	retroviruses	like	HIV	and	certain	eukaryotes	during	retrotransposon	activity.RNA	replication	is
the	process	of	copying	one	RNA	molecule	to	produce	another	RNA	molecule.	It	is	observed	in	many	viruses,	and	enzymes	called	RNA-dependent	RNA	polymerases	are	involved	in	this	replication	process.In	certain	experimental	conditions,	it	has	been	demonstrated	that	genetic	information	can	be	directly	translated	from	DNA	to	protein	in	a	cell-free
system.	However,	the	fidelity	and	specificity	of	this	translation	process	compared	to	the	natural	genetic	code	are	still	under	investigation.The	Central	Dogma	provides	a	framework	for	understanding	how	genetic	information	is	transferred	and	utilized	within	cells.	It	forms	the	basis	for	studying	gene	expression,	protein	synthesis,	and	the	relationship
between	genotype	and	phenotype.Yes,	the	Central	Dogma	describes	three	unknown	transfers,	including	the	synthesis	of	protein	from	protein,	synthesis	of	RNA	using	the	primary	structure	of	a	protein	as	a	template,	and	DNA	synthesis	using	the	primary	structure	of	a	protein	as	a	template.	These	transfers	are	not	thought	to	naturally	occur.The	Central
Dogma	helps	us	understand	the	fundamental	processes	of	DNA	replication,	transcription,	and	translation,	which	are	essential	for	the	inheritance	of	genetic	traits	and	the	production	of	proteins.	By	studying	these	processes,	we	can	gain	insights	into	genetic	disorders,	evolutionary	relationships,	and	the	functioning	of	living	organisms	at	the	molecular
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Protein3b-The-Central-Dogma-of-Molecular-Biology.aspxBNO	Team.	(2024,	June	3).	Central	Dogma	Theory	of	Molecular	Biology	and	Genetic	Code.	Biology	Notes	Online.	Retrieved	from	Team.	"Central	Dogma	Theory	of	Molecular	Biology	and	Genetic	Code."	Biology	Notes	Online,	3	June	2024,	biologynotesonline.com/central-dogma-theory-of-
molecular-biology-and-genetic-code/.BNO	Team.	"Central	Dogma	Theory	of	Molecular	Biology	and	Genetic	Code."	Biology	Notes	Online	(blog).	June	3,	2024.	.	The	central	dogma	was	proposed	by	Francis	Crick	in	the	late	1950s.	This	trailblazing	theory	suggested	that	genetic	information	flows	primarily	from	nucleic	acids	in	the	form	of	DNA	and	RNA	to
functional	proteins	during	the	process	of	gene	expression.	What	makes	the	central	dogma	so	innovatory	is	its	level	of	correctness	at	a	time	when	genome	research	was	only	just	beginning.	The	central	dogma	of	genetics	does	not	describe	the	mechanics	of	protein	synthesis	but	tells	us	that	gene	expression	follows	a	near-predictable	pattern.	When
looking	at	what	the	central	dogma	is,	we	must	first	understand	the	word	‘dogma’	and	know	why	this	is	not	the	best	use	of	it.	Crick	later	admitted	that	a	better	term	would	have	been	‘basic	assumption’.	A	dogma	is	a	set	of	principles	that	someone	with	authority	understands	as	true.	This	means	that	the	central	dogma	of	gene	expression	should	always
be	true.	Francis	Crick,	as	one	of	the	top	authorities	of	molecular	science	in	the	1950s	and	60s,	did	not	mean	that	these	steps	from	DNA	to	RNA	to	protein	could	not	be	reversed.	Instead,	he	meant	this	was	the	predominant	direction	in	which	gene	expression	flowed.	Religions	are	dogmas	–	the	believer	is	sure	his	or	her	beliefs	are	proven.	In	more	than
one	sense,	Crick’s	idea	is	a	dogma	–	without	deoxyribonucleic	and	ribonucleic	acids,	protein	synthesis	cannot	occur	in	living	cells.	Furthermore,	once	a	piece	of	genetic	code	has	entered	a	protein,	that	protein	is	unable	to	change	the	original	code	sequence	of	the	DNA.	In	other	words,	we	have	as	yet	been	unable	to	prove	that	a	naturally	synthesized
protein	can	rewrite	DNA	–	the	flow	of	genome	information	from	DNA	to	RNA	to	protein	within	the	confines	of	a	cell	is	a	dogma.	Protein	synthesis	basics	will	not	be	discussed	in	this	article.	The	reader	should	know	the	protein	synthesis	steps	of	transcription	and	translation	of	nucleic	acids,	messenger	and	transfer	RNA,	ribosomes,	amino	acids,
peptides,	and	proteins.	At	the	time	of	Crick’s	ideas,	transfer	RNA	(tRNA)	was	still	undiscovered.	Crick	theorized	that	a	small	molecule	must	be	present	to	transport	amino	acids	to	the	ribosome	–	at	his	time	these	organelles	were	called	microsomes	and	no	one	was	sure	of	their	role.	Even	current	basic	knowledge	such	as	the	requirement	of	nucleic
acids	for	protein	synthesis	was	widely	unknown	in	the	1950s.	Messenger	RNA	(mRNA)	was	only	discovered	in	1960;	its	research	was	published	the	following	year.	While	many	papers	argue	about	the	central	dogma	of	biology	to	this	day,	Crick’s	theory	at	the	time	was	groundbreaking.	It	was	he	who	predicted	that,	in	the	future,	we	would	be	able	to
follow	evolution	through	gene	sequences		–	a	field	of	research	that	is	currently	changing	the	way	we	classify	living	organisms.	How	a	genome	is	expressed	to	produce	protein	is	central	to	Crick’s	theory.	Crick	also	argued	that	the	most	important	function	of	our	DNA	was	to	control	protein	synthesis.	At	a	time	where	scientists	knew	very	little	of	the	role
of	genes,	this	was	the	best	description	of	the	relationship	between	DNA,	RNA,	and	protein	when	no	one	truly	knew	what	genetic	information	was	formed	from	or	how	it	was	used.	We	should,	therefore,	firstly	place	this	theory	in	the	right	historical	environment.	It	may	not	be	dogma,	but	its	strong	message	brought	genetic	research	well	into	the	future.
Another	much-argued	point	about	Crick’s	dogma	is	its	core	statements.	Many	students	are	simply	told	that	this	theory	is	about	the	strict	steps	of	transcription,	translation,	and	protein	synthesis.	The	order	of	protein	synthesis	is	usually	but	not	always	fixed.	However,	the	central	dogma	of	molecular	biology	states	that	coded	genetic	information	within
DNA	is	transcribed	into	mRNA,	where	each	mRNA	molecule	contains	the	information	necessary	to	produce	proteins.	It	states	that	this	sequenced	flow	can	be	reversed	at	certain	points	but	not	from	protein	to	nucleic	acid.	The	one-way	flow	of	transcription	to	translation	to	protein	synthesis	is	not	the	central	dogma.	The	only	dogma	of	Crick’s	theory	(or
basic	assumption)	is	how	it	has	not	yet	been	seen	that	genome	sequences	are	changed	by	an	intracellular	synthesized	protein.	In	his	eyes,	reverse	transcription	between	DNA	and	RNA	has	been	shown	to	exist;	reverse	translation	between	protein	and	RNA	has	not	been	shown	to	exist.	Reverse	translation	would	mean	that	the	amino	acids	in	a
polypeptide	or	protein	can	recognize	tRNA	anticodons	and	join	them	together	to	form	a	new	molecule	of	RNA.	This	can	be	done	synthetically	in	a	lab	but	is	not	a	natural	intracellular	process.	Reverse	transcription	occurs	in	the	lab.	Crick’s	dogma	does	not	say	that	reverse	translation	is	impossible	but	that	this	must	occur	by	very	different	molecular
mechanisms.	In	terms	of	prions	(discussed	further	on),	reverse	translation	from	protein	to	genome	exists;	however,	this	process	requires	specific	enzymes	that	do	not	exist	within	the	normal	cell	environment	to	recognize	and	connect	tRNA	anticodons.	Finally,	the	central	dogma	is	not	a	single-sentenced	statement	but	an	entire	theory.	When	you	look
at	the	central	dogma	of	biology	definition	from	a	non-scientific	source,	you	will	probably	read	about	the	flow	of	protein	synthesis	from	DNA	to	protein	via	RNA.	The	central	dogma	diagram	below	is	a	typical,	hazy	representation.	This	is	sometimes	referred	to	as	the	central	dogma	order.	Crick’s	discovery	is	much	more	than	a	single	statement	and	was
never	meant	to	be	absolute	–	he	knew	very	well	that	genetic	research	still	had	a	long	way	to	go.	Central	dogma	diagrams	are	often	over-simplified.	Reverse	transcription	is	sometimes	included	as	a	central	dogma	exception.	As	we	have	seen,	Crick	did	not	deny	the	existence	of	flow	reversal	between	DNA	and	RNA.	This	also	means	that	retroviruses	do
not	provide	evidence	of	an	exception	to	the	rule.	Retroviruses	transcribe	RNA	into	DNA	using	the	enzyme	reverse	transcriptase.	The	only	way	in	which	we	can	add	retroviruses	as	an	exception	to	the	‘rule’	is	in	the	form	of	extremely	primitive	retroviruses	that	have	no	DNA.	Here,	information	flow	can	only	occur	between	RNA	and	protein.	The	evolution
of	RNA	viruses.	The	other	often-quoted	exception	to	Crick’s	central	dogma	is	the	prion	–	with	prions,	abnormal	proteins	‘replicate’	by	changing	the	forms	of	surrounding	proteins.	They	infect	and	change,	rather	than	reproduce.	Proteinaceous	infectious	particles,	only	recently	discovered,	are	unique.	Although	cases	of	‘scrapie’,	a	disease	that	caused
sheep	to	scrape	against	fences	and	trees,	were	recorded	in	1732,		very	little	historical	evidence	can	pinpoint	the	evolution	of	the	prion.	As	a	natural	protein	that	has,	at	some	stage,	misfolded,	the	prion	does	not	contain	genetic	material	in	the	form	of	nucleic	acids	–	the	basic	molecules	of	the	central	dogma.	Once	in	the	tissues	of	a	living	organism,	they
do	not	multiply	but	affect	similar	proteins	–	often	in	the	brain	–	by	behaving	as	templates.	Other	proteins	change	to	mimic	the	abnormal	prion	form	and	go	on	to	convert	other	naturally	occurring	proteins	into	this	shape.	The	original	prion	can	be	caused	by	a	genetic	mutation	of	the	normal	PrP	protein,	through	transmission	from	infected	sources	such
as	meat	and	fungi,	or	as	a	spontaneous	misfolding	event.	The	latter	cause	is	most	likely	the	case	in	Creutzfeld-Jacob	disease	in	cattle.	A	prion	is	a	wrongly-folded	naturally-occurring	protein.	However,	if	you	–	as	Francis	Crick	made	clear	–	associate	the	central	dogma	only	with	cellular	life,	it	remains	true.	To	date,	it	has	no	exceptions.	This	is	because
prions	and	retroviruses	are	not	cells.	Viruses	and	prions	are	proteins.	They	need	living	organisms	to	multiply	and	do	not	grow	or	make	their	own	energy;	they	are	not	‘alive’.	On	a	genetic	level,	retroviruses	are	alive	because	they	contain	genetic	material,	evolve,	and	reproduce	(albeit	within	a	living	organism).	Prions	contain	no	genetic	material	and	are



simply	wrongly-folded	proteins.	Crick’s	central	dogma	applies	to	all	biological	cells	(not	retroviruses	or	prions)	containing	DNA.	Up	to	the	present,	no	genetic	medicine	disproves	the	central	dogma.	Quite	the	contrary	–	most	research	follows	the	assumptions	made	by	Crick	nearly	seventy	years	ago.	Genetic	medicine	–	a	new	revolution.	Genetic
medicine	can	be	applied	at	different	points	within	the	steps	of	protein	synthesis.	Replication:	a	portion	of	DNA	splits	open	to	make	a	copy	of	the	original.	Transcription:	transfer	of	a	section	of	replicated	DNA	(template	DNA)	to	mRNA.	Splicing:	one	or	more	unnecessary	sequences	(introns)	are	removed	from	immature	mRNA.	Alternatively,	different
introns	can	be	removed	to	make	different	mature	mRNA	molecules.	Translation:	the	ribosome	reads	groups	of	three	sequences	(codons)	on	the	mRNA	at	binding	sites.	Initiation	and	elongation	factors	bring	the	correctly-matching	anti-codon	of	a	tRNA	molecule	to	each	codon.	Each	tRNA	brings	with	it	a	specific	amino	acid.	Amino	acids	are	linked	to
form	a	polypeptide	chain.	As	the	chain	moves	through	the	ribosome,	the	polypeptide	chain	can	begin	to	fold	to	produce	a	functional	protein	if	the	code	translates	into	a	folding	protein.	Other	‘chaperone	proteins’	are	usually	required	to	help	in	the	folding	process;	splicing	at	this	stage	is	also	possible.	Spliced-out	portions	of	a	polypeptide	or	protein	are
called	inteins.	To	treat	genetic	diseases,	we	can	intervene	at	any	of	the	above	steps:	Gene	therapy:	introducing	functioning	copies	of	genes	to	replace	non-functioning	or	disease-causing	genes	via	viral	vectors	(carriers).	Unhealthy	cells	are	‘infected’	with	health-promoting	genetic	information.	When	the	receiving	cells	divide,	daughter	cells	contain	the
engineered	sequence.	Gene	switching:	switches	gene	transcription	on	or	off.	Many	genes	are	only	activated	at	certain	periods	or	in	certain	cells	by	regulatory	proteins	that	bind	to	non-coding	areas	of	the	DNA	on	that	gene.	Repressor	or	activator	proteins	bind	to	these	proteins	and	so	repress	or	activate	the	expression	of	that	gene.	RNA	splicing:
certain	proteins	are	sometimes	not	produced	due	to	mutations	that	block	translation.	This	is	called	exon	skipping.	For	example,	cataplexy	is	the	result	of	exon	skipping	mutations	in	the	gene	that	produces	a	brain-based	receptor.	RNA	splicing	might	alleviate	symptoms	caused	by	exon	skipping	mutations.	Genetic	engineers	insert	a	short	piece	of	RNA
(antisense	RNA)	that	skips	over	the	disease-causing	mutation.	While	current	(early)	research	produces	short	and,	therefore,	partially	functional	proteins,	hope	is	on	the	horizon	for	many	genetic	diseases.	RNA	interference:	when	unwanted	proteins	are	produced,	often	through	overexpression	or	wrongly-timed	expression,	it	is	possible	to	rectify	this
through	the	insertion	of	small	interfering	RNA	(siRNA)	or	microRNA	(miRNA).	These	bind	with	a	silencing	complex	and	together	break	up	corresponding	molecules	of	mRNA.	This	genetic	medicine	therapy	has	the	potential	to	silence	any	gene.	RNA	splicing	technique.	The	next	step	in	genetic	medicine	is	precision	medicine,	where	treatment	and
prevention	of	disease	takes	each	person’s	genes,	environment,	and	lifestyle.	This	approach	will	take	time	but	is	certainly	the	future	of	medicine	–	the	result	of	a	groundbreaking	theory	from	the	mid-twentieth	century	still	making	waves	in	the	next.	Bibliography	Witkowski	JA.	(2005).	The	Inside	Story:	DNA	to	RNA	to	Protein.	New	York,	Cold	Spring
Harbor	Laboratory	Press.	Zabel,	M.	D.,	&	Reid,	C.	(2015).	A	brief	history	of	prions.	Pathogens	and	Disease,	73(9),	ftv087.	Colby,	D.	W.,	&	Prusiner,	S.	B.	(2011).	Prions.	Cold	Spring	Harbor	Perspectives	in	Biology,	3(1),	a006833.


