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“IL	DOGMA	CENTRALE”
DNAàRNAàPROTEIN

Crick,	F	(1970).	"Central	dogma	of	molecular	biology.".	Nature	227	(5258):	
The	central	dogma	of	de	molecular	biology	deals	with	the	detailed	residue-by-

residue	transfer	of		sequential	information.	It	states	that	such	information	cannot	
be	transferred	back	from	protein	to	either	protein	or	nucleic	acid.
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Come il codice genetico venne decodificato (1960ies)
1.	Fosforilasi polinucleotidica: degrades	RNA,	but	at	high	nucleosid diphosphate concentrations

polynucleotide	phosphorylase reaction	reverses:	synthesis	of	RNA	molecules

Fosforilasi polinucleotidica+	U	àUUUUUUUUU	

Fosforilasi polinucleotidica+	A	à AAAAAAAAA

Fosforilasi polinucleotidica+	C	à CCCCCCCCC

Isotope	labeled	amminoacids+

Isotope-labeled

Isotope-labeled

Isotope-labeled

2.: mixing nucleotides: Inoltre sintesi di poliribonucleotidi a sequenza casuale di due monomeri in proporzione 
diversa, ad es.  G e U in rapporto 3:1, 
GGUGGGGUGUGGUGGGGGUUGGGUUUGGGGGUGUGGGUGGGGGGGUGGUUGGUUGGGUGGGGG...
il codone più frequente era GGG e l’amminoacido più abbondante nel polipeptide era la glicina, dunque GGG 
codificava per la glicina, ecc..
3.STEP: controlled synthesis of oligo-ribonucleotides: verification of all 64 codons



Il	codice	genetico	e	degenerato

• Il	codice	è	basato	su	triplette	=	64	combinazioni.
• È	degenerato	– 1 aa can	be encoded by more	then one type of	codon
• SINONIMI/codon	synonym:	condos that encode for same aminoacid

Human	(2013):	497	tRNA genes
324	tRNA pseudogenes



Il	codice	genetico	e	degenerato

mRNA



Tentennamento	dell’anticodon
“wobbling”	of	the	3° position	of	codon-anticodon

Francis	Crick	1966

Observation:
à 1	tRNA anticodon can
recognize	more	then	one	codon

ànucleotide	in	anticodon can	be	INOSINE
àU	and	I	allow	additional	combination
of	base	pairing



Tentennamento	dell’anticodon
“wobbling”	of	the	3° position	of	codon-anticodon

all	three
codons	
encode
for	Gly

both
codons	
encode
for	Arg



Il	codice	genetico	e	degenerato

SERINE:	6	codons	and	min.	3	tRNAs
LEUCINE and	ARGININE:	more	then	one	tRNA



Il	codice	genetico

• I	codoni	con	pirimidine	(U/C)	in	2°
posizioneà aa	idrofobici

• I	codoni	con	purine	(G/A)	in	2°
posizioneà aa	polari
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3 basic rules of	the	genetic code

1. mRNA	codons	are	read	from	5’	à 3’	orientation
à This	results	a	protein	in	NH2-aa-aa-aa-COOH	orientation

2. Codons	do	not	overlap,;	there	are	not	interruptions

3. Each	ORF	is	a	defined	sequence	 of	codons	defined	by	
the	start	codon

3 basic mutations of	the	genetic code

1. MISSENSE:	mutation	of	codon results	 in	another	aa
Example:	UUU=Phe;	UCU=Ser

2. FRAMESHIFT: insertion	or	deletion	of	one	or	two	nucleotides
Inside	an	ORF	causes	a	shift	in	the	reading	frame
Example:	UUU/UCU=Phe/Ser;	UUU/UUC/U=Phe/Phe/etc

2. NONSENSE	or	STOP	MUTATION:		insertion	or	deletion	of	
Nucleotides	 that	result	in	a	premature	stop-codon
Example:	UUU/UCU=Phe/Ser;	UUU/UAA/U=Phe/STOP

3.



Suppressor mutations can	rescue	mutant ORFs

INTRAGENIC	SUPPRESSOR	MUTANT

Deletion=event1
Causes	frameshift,	leading
to	the	usage	of	a	premature

Stop	codon
à Protein	is	not	functional!

Insertion=event	2
Causes	another		frameshift,	that
Prevents	the	use	of	the	premature

stop	codon
à Protein	function	(partially)	rescued

INTERGENIC	SUPPRESSOR
MUTANTs

Protein	A
Protein	B

Protein	Amut

Protein	B

Protein	Amut

Protein	Bmut

functional
complex

no
complex

suppressor
mutant	rescues

complex
formation



Different codon	usage in	mitochondria

Pro/Eucaryotes Mitochondria

Mitochondria	have	transferred	a	
part	of	their	tRNA genes	to	the	
nucleus	of	the	eukaryotic	cell



THEORY	GOES	INTO	PRACTICE

Your	task	in	a	project:

DESIGN:
1- siRNAs	that	target	RAD51
2- design	PCR	primers	to	PCR	amplify	RAD51	for	the	purpose	of

generating	a	RAD51	overexpression	vector	in	pcDNA3.1(+)
3- design	PCR	primers	to	measure	RAD51	mRNA	in	diverse	tumorsamples

by	real-time	PCR

FIRST	WE	NEED	TO	STUDY	THE	RAD51	mRNA	SEQEUNCE!	



ENSEMBL – a	collection of	annotated genes/transcripts

Search	for	human	RAD51



ENSEMBL – a	collection of	annotated genes/transcripts

PICK	THE	CORRECT	ENTRY



ENSEMBL – a	collection of	annotated genes/transcripts

PAGE	OPENS	WITH	ALL	KNOWN	RAD51	TRANSCRIPTs
Part	1:	annotated	transcripts---- WHICH	TYPES	OF	RNAs	CAN	YOU	IDENTIFY??



ENSEMBL – a	collection of	annotated genes/transcripts

PAGE	OPENS	WITH	ALL	KNOWN	RAD51	TRANSCRIPTs
Part	2:	mapping	transcripts	against	genomic	DNA

---- WHICH	TYPES	OF	RNAs	CAN	YOU	IDENTIFY??



ENSEMBL – a	collection of	annotated genes/transcripts
PICK	RAD51	transcript	009



ENSEMBL – a	collection of	annotated genes/transcripts

1. cDNA	sequence
note:
The	7meG	cap	is
Not	part	of	the	cDNA	
Seqeunce!!!!



2.	Protein
sequence

ENSEMBL – a	collection of	annotated genes/transcripts



3.	EXONS

ENSEMBL – a	collection of	annotated genes/transcripts



3.	EXONS

ENSEMBL – a	collection of	annotated genes/transcripts

5’	END



3’	END

ENSEMBL – a	collection of	annotated genes/transcripts



DESIGN:	2.	PCR	oligos	to	subclone RAD51	into	a
mammalian	expression	vector

RAD51

OVEREXPRESSION	IN	CELLS



DESIGN:	2.	PCR	oligos	to	subclone RAD51	into	a
mammalian	expression	vector

RAD51	preRNA

RAD51	preRNA splicing

RAD51	mRNA	(RNA	
PREPARATION	FROM	CELLS

AMPLIFY	ORF
WITH	PRIMERS

AND	DNA	POLYMERASE

RAD51:
5’end: 5’-TTTGTATTTTTCAGTAATGGCAATGCAGATGC-3’
Oligo:              5’-GTAATGGCAATGCAGATGC-3’

3’end: 5’ AAAGACUGAATCATTGGGTTTTTCCT 3’
Oligo:       3’-ACTTAGTAACCCAAAAAGGA-5’ 

KOZAK sequence:5’-G/ANNAUGG-3

Reverse	transcribe
mRNA

cDNA
DESIGN	PRIMERS	FOR	AMPLIFATION	OF	RAD51	ORF



DESIGN:	2.	PCR	oligos	to	subclone RAD51	into	a
mammalian	expression	vector

RAD51

OVEREXPRESSION	IN	CELLS

GTAATGGCAATGCAGATGCAGCTTGAAGCAAATGCAGATACTTCAGTGGAAGAAGAAAGCTTTGGC
CCACAACCCATTTCACGGTTAGAGCAGTGTGGCATAAATGCCAACGATGTGAAGAAATTGGAAGAA
GCTGGATTCCATACTGTGGAGGCTGTTGCCTATGCGCCAAAGAAGGAGCTAATAAATATTAAGGGAA
TTAGTGAAGCCAAAGCTGATAAAATTCTGACGGAGTCTCGCTCTGTTGCCAGGCTGGAGTGCAATAG
CGTGATCTTGGTCTACTGCACCCTCCGCCTCTCAGGTTCAAGTGATTCTCCTGCCTCAGCCTCCCGAGT
AGTTGGGACTACAGGTGGAATTGAGACTGGATCTATCACAGAAATGTTTGGAGAATTCCGAACTGG
GAAGACCCAGATCTGTCATACGCTAGCTGTCACCTGCCAGCTTCCCATTGACCGGGGTGGAGGTGAA
GGAAAGGCCATGTACATTGACACTGAGGGTACCTTTAGGCCAGAACGGCTGCTGGCAGTGGCTGAG
AGGTATGGTCTCTCTGGCAGTGATGTCCTGGATAATGTAGCATATGCTCGAGCGTTCAACACAGACCA
CCAGACCCAGCTCCTTTATCAAGCATCAGCCATGATGGTAGAATCTAGGTATGCACTGCTTATTGTAGA
CAGTGCCACCGCCCTTTACAGAACAGACTACTCGGGTCGAGGTGAGCTTTCAGCCAGGCAGATGCAC
TTGGCCAGGTTTCTGCGGATGCTTCTGCGACTCGCTGATGAGTTTGGTGTAGCAGTGGTAATCACTAA
TCAGGTGGTAGCTCAAGTGGATGGAGCAGCGATGTTTGCTGCTGATCCCAAAAAACCTATTGGAGG
AAATATCATCGCCCATGCATCAACAACCAGATTGTATCTGAGGAAAGGAAGAGGGGAAACCAGAATC
TGCAAAATCTACGACTCTCCCTGTCTTCCTGAAGCTGAAGCTATGTTCGCCATTAATGCAGATGGAGT
GGGAGATGCCAAAGACTGAATCATTGGGTTTTTCCT


