
DNA to RNA to protein  



Gene to Phenotype: The BAD2 gene and fragrance in 
rice 

http://barleyworld.org/sites/default/files/gene_for_fragrance_in_rice_0.pdf


DNA sequence specifying a protein 200 – 2,000,000 nt (bp) 

Eukaryotic Gene Structure 



Ribonucleic acid (RNA) is a key nucleic acid in transcription 

and translation. RNA is like DNA except that: 

 

1. Usually single rather than double stranded  

2. Pentose sugar is ribose rather than deoxyribose  

3. It contains the pyrimidine base uracil (U) rather than 

thymine (T) 

 

 

     

RNA 



1. Informational (messenger); mRNA  

 

 

2. Functional (transfer, ribosomal RNA)  

• tRNA 

• rRNA  

 

 

3. Regulatory: (RNAi)  

Classes of RNA 



• single-stranded RNA molecule that is complementary to one 

of the DNA strands of a gene 

• an RNA transcript of the gene that leaves the nucleus and 

moves to the cytoplasm, where it is translated into protein 

http://www.genome.gov/glossary 

Informational (messenger) - mRNA 



Molecules that carry amino acids to the growing polypeptide:  

~ 32 different kinds of tRNA in a typical eukaryotic cell 

• Each is the product of a separate gene. 

• They are small containing ~ 80 nucleotides. 

• Double and single stranded regions  

• The unpaired regions form 3 loops 

Functional (transfer) - tRNA 



• Each kind of tRNA carries (at its 3′ end) one of the 20 amino 

acids  

• At one loop, 3 unpaired bases form an anticodon. 

• Base pairing between the anticodon and the 

complementary codon on a mRNA molecule brings the correct 
amino acid into the growing polypeptide chain 

Functional (transfer) - tRNA 



• The ribosome consists of RNA and protein 

• Site of protein synthesis  

• Ribosome reads the mRNA sequence 

• Uses the genetic code to translate it into a sequence of amino 

acids 

Functional (ribosomal) - rRNA 



Regulatory RNA: So special it deserves a section all its own.   

www.ncbi.nlm.nih.gov 

Regulatory (silent) - RNAi 

http://www.ncbi.nlm.nih.gov/projects/genome/probe/doc/TechRnai.shtml


• Messenger RNA (mRNA) is an intermediate in the transcription 

process 
 Transmits the information in the DNA to the next step: translation 

 

• Three transcription steps: initiation, elongation, and 

termination.  

 

• Either DNA strand may be the template for RNA synthesis for a 

given gene. 
 For any given gene, the template strand is also referred to as the antisense (or 

non-coding) strand 

 Non-template strand is the sense (or coding) strand 

 The same DNA strand is not necessarily transcribed throughout the entire 

length of the chromosome or throughout the life of the organism. 

Transcription 



 
Either strand of the DNA may be the template strand for RNA 

synthesis for a given gene.  

Transcription 



 
The template strand is also referred to as the antisense (or 

non-coding)  strand and the non-template strand as the sense 

(or coding) strand.  The same DNA strand is not necessarily 

transcribed throughout the entire length of the chromosome or 

throughout the life of the organism.   

Transcription 



 

The majority of genes are expressed as the proteins they 

encode. The process occurs in two steps: 

 

• Transcription = DNA → RNA 

• Translation = RNA → protein 

 

Taken together, they make up the "central dogma" of biology: 

DNA → RNA → protein.  

Transcription & Gene Expression 



http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Transcription.html 

DNA to RNA to protein  



 
1. Initiation: Transcription is initiated at the promoter.  

 

 

 

 

 

 

 

 

 

 

 

The promoter is a key feature for control of gene expression. 

Promoters have defined attributes, in terms of their 

sequence organization.  

Transcription: Initiation 



 

2. Elongation: 

Transcription: Elongation 



 

2. Elongation: 

Transcription: Elongation 



 

2. Elongation: 

Transcription: Elongation 



 

2. Elongation: 

Transcription: Elongation 



 

2. Elongation: 

Transcription: Elongation 



3. Termination 

 

• Specific nucleotide sequence in 

the DNA signals end of 

transcription: the “terminator” 

sequence.  

• The terminator sequences 

recognized by specific proteins 

associated with the RNA 

polymerase II. 

• Signal end of transcription and 

additional of poly-A tails 

Transcription: Termination 



• Prokaryotes - mRNA is sent on to the ribosome for translation. 
• Eukaryotes - primary RNA transcript is processed into a mature 

mRNA before exporting to the cytoplasm for translation. 

Transcript Processing 



1. 5’ cap: 7-methylguanosine added to free phosphate at 5’ mRNA 
• Prevents degradation and assists in ribosome assembly 

2. 3’poly(A tail): After pre-mRNA is cleaved, poly (A) polymerase adds 
~200 A nucleotides 
• Protects against degradation, aids export to cytoplasm, and 

involved in translation initiation 
3. Splicing: Removal internal portions of the pre-mRNA 

• Most eukaryotic genes have an intron/exon structure 
• Splicing removes introns and remaining exons are rejoined 

Transcript Processing 



Transcript Processing 



Changes in intron sequence splicing can affect what the gene encodes 

Transcript Processing 



The sequence of a coding (sense, non-template) strand of DNA, 

read 5’ – 3’, specifies a sequence of amino acids (read N-

terminus to C-terminus) via a triplet code. Each triplet is called a 

codon and 4 bases give 43 possible combinations.   

 

Reading the DNA code: There are 64 codons; 61 represent 

amino acid codes and 3 cause the termination of protein 

synthesis (stop codons).  

  

  

 

Degeneracy: Most amino acids represented by >1 triplet 

The Genetic Code 



There are 64 codons; 61 represent amino acid codes and 3 cause 
the termination of protein synthesis (stop codons). 

Reading the Code 



Overview: The process of translation takes the information that 

has been transcribed from the DNA to the mRNA and, via some 

more intermediates (ribosomes and transfer RNA), gives the 

sequence of amino acids that determine the polypeptide. 

 

1.Ribosomes:  

 

 

 

2.Transfer RNA (tRNA).   
 

Translation 



Ribosomes: Structure & Subunits 



Transfer RNA (tRNA) 



1. Initiation: In addition to the mRNA, ribosomes, and tRNAs, 
initiation factors are required to start translation. The AUG 
codon specifies initiation, in the correct sequence context. It 
also specifies methionine (MET).  
 

2. Elongation: Much as initiation factors were important in the 
first step, now elongation factors come into play. The 
reactions also require additional components and enzymes. 
  

3. Termination: There are three "stop" codons.  

Translation – 3 Steps 



Translation – Initiation 



Translation – Elongation 



Translation – Termination 



The following data from GenBank (accession No.AY785841 ) 
illustrate several points made in the preceding sections on 
transcription, the DNA code, and translation. 

DNA to RNA to Protein  



gene            <1..>77 

/gene="CBF2A" 

mRNA            <1..>772     

/gene="CBF2A"                   

/product="HvCBF2A” 

5'UTR          <1..12      

/gene="CBF2A" 

CDS            13..678      

/gene="CBF2A”                   

/note="HvCBF2A-Dt; AP2 domain CBF protein; putative CRT          

binding factor; monocot HvCBF4-subgroup member                    

/codon_start=1                    

/product="HvCBF2A"    

/protein_id="AAX23688.1" 

/db_xref="GI:60547429"                     

/translation="MDTVAAWPQFEEQDYMTVWPEEQEYRTVWSEPPKRRAGRIKLQE 

TRHPVYRGVRRRGKVGQWVCELRVPVSRGYSRLWLGTFANPEMAARAHDSAALALSGH 

DACLNFADSAWRMMPVHATGSFRLAPAQEIKDAVAVALEVFQGQHPADACTAEESTTP  

ITSSDLSGLDDEHWIGGMDAGSYYASLAQGMLMEPPAAGGWREDDGEHDDGFNTSASL  

WSY"      

3'UTR          679..>772                      

/gene="CBF2A"  

Reading Sequence Databases 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=4&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=5&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=2&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=2&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=2&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=1&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AAX23688.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=3&view=gbwithparts


ORIGIN               
1  tagctgcgag ccatggacac agttgccgcc tggccgcagt ttgaggagca agactacatg        

61  acggtgtggc cggaggagca ggagtaccgg acggtttggt cggagccgcc gaagcggcgg       

121  gccggccgga tcaagttgca ggagacgcgc cacccggtgt accgcggcgt gcgacgccgt       

181  ggcaaggtcg ggcagtgggt gtgcgagctg cgcgtccccg taagccgggg ttactccagg       

241  ctctggctcg gcaccttcgc caaccccgag atggcggcgc gcgcgcacga ctccgccgcg       

301  ctcgccctct ccggccatga tgcgtgcctc aacttcgccg actccgcctg gcggatgatg       

361  cccgtccacg cgactgggtc gttcaggctc gcccccgcgc aagagatcaa ggacgccgtc       

421  gccgtcgccc tcgaggtgtt ccaggggcag cacccagccg acgcgtgcac ggccgaggag       

481  agcacgaccc ccatcacctc aagcgaccta tcggggctgg acgacgagca ctggatcggc       

541  ggcatggacg ccgggtccta ctacgcgagc ttggcgcagg ggatgctcat ggagccgccg       

601  gccgccggag ggtggcggga ggacgacggc gaacacgacg acggcttcaa cacgtccgcg       

661  tcgctgtgga gctactagtt cgactgatca agcagtgtaa attattagag ttgtagtatc       

721  agtagctagt actactagct gtgttcttcc accaggcgtc aggcctggca ag  

HvCBF2A DNA Code 

5’ Untranslated Region (UTR) 

Start Site (Methionine Codon 

Stop Site Codon 

3’ Untranslated Region (UTR) 



1.   This sequence of 772 nucleotides encodes the gene HvCBF2A is 
from gDNA (genomic DNA) from the barley cultivar Dicktoo. Start 
reading the codons at nucleotide 1; the coding sequence starts at 
nucleotide 13 (codon = AUG = Met) and ends with nucleotide 678 
(codon UAG = Stop).   
 

2.    When DNA base sequences are cited, by convention it is the 
sequence of the non-template (sense, coding) strand that is given, 
even though the RNA is transcribed from the template strand.  The 
following Table shows highlighted sequences from the HvCBF2A 
gene and their interpretation.  

HvCBF2A DNA Code Details 



Sequence  Type  

5' atg gac aca.........tag 3’ Non-template DNA (decode replacing T with U ) 

3' tac ctg  tgt.........atc 5' Template DNA 

5'aug gac aca........uag3' RNA (decode) 

M     D     T           Stop Amino acid code (See Table) 

Methionine, Aspartic acid, Threonine Amino acid code (See Table) 

More Code Details 



Amino Acid Abbreviations 



A. Allelic variation at the DNA sequence level: the fragrance in rice 

example 

Transcription, Translation, Phenotype 



Allelic variation at the DNA sequence level: the fragrance in rice 

example 

 

• Mutations are changes in sequence from wild type 

• Can affect transcription, translation, and phenotype 
 An insertion/deletion event can produce a frameshift 

 Premature stop codon in frame, as in the rice example 

Transcription, Translation, Phenotype 

*** CTG GGA GAT TAT GGC TTT AAG 
*** CTG GGA TAA G                               codon alignment  

Leu   Gly  Asp  Tyr  Gly  Phe  Lys 
Leu   Gly STOP G                                 translation 

*** CTGGGAGATTATGGCTTTAAG*** 
*** CTGGGA - - - - - - - - - - -TAAG***       11 bp deletion, alignment 

Frameshift 



Silent  

*** CTG GGA GAT TAT GGC TTT AAG*** 
*** CTG GGA GAT TAT GGC TTC AAG***            alignment 

Leu  Gly   Asp  Tyr  Gly  Phe  Lys 
Leu  Gly   Asp  Tyr  Gly  Phe  Lys                    translation 

Missense  

*** CTG GGA GAT TAT GGC TTT AAG*** 
*** CTG GGA GAT TAT GGC TAT AAG***              alignment 

Leu  Gly   Asp  Tyr  Gly  Phe  Lys 
Leu  Gly   Asp  Tyr  Gly   Tyr  Lys                      translation 

Nonsense  

*** CTG GGA GAT TAT GGC TTT AAG*** 
*** CTG GGA GAT TAG GGC TTT AAG***              alignment 

Leu   Gly  Asp  Tyr   Gly  Phe  Lys 
Leu   Gly  Asp STOP            translation 

Sequence Changes & Translation 



Allelic variation at the DNA sequence level: the fragrance in rice 

example 

 

• Mutations are changes in sequence from wild type 

• Can affect transcription, translation, and phenotype 
 An insertion/deletion event can produce a frameshift 

 Premature stop codon in frame, as in the rice example 

 

• Rice fragrance gene patenting - Basmati 

• Rice fragrance gene patenting - Thailand 

Transcription, Translation, Phenotype 





Patenting Native Genes? 



From gene to polypeptide: There are 20 common 

amino acids and these are abbreviated with three-

letter and one-letter codes. 

The Protein Code 



Levels of protein structure: The primary, secondary, tertiary, and 

quaternary structures of protein. 

Protein Variation - Structure 



• Functional - Enzymes (biological catalysts) have active sites 
 Change in site can give change in activity/function  

Protein Variation - Function 



• Structural proteins can have tremendous economic and cultural value, 

e.g. wheat endosperm storage proteins. The same proteins can cause 

intense suffering in certain individuals - e.g. celiac disease 

Protein Variation - Structure 

http://barleyworld.org/sites/default/files/celiac.pdf


 

 

 

Protein function and non-function: Changes in DNA coding 

sequence (mutations) can lead to changes in protein 

structure and function. 

 

 

 

Proteomics:   “If the genome represents the words in the 

dictionary, the proteome provides the definitions of those 

words”.  

DNA to RNA to protein  


