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Background Vocabulary 
 

• DNA: deoxyribonucleic acid, the molecules that contain all of the genetic information in 
a cell. Made of nitrogenous base, phosphate group, and the sugar deoxyribose.  

• RNA: ribonucleic acid, molecules that are created as complementary stands to DNA, 
used for gene expression via protein synthesis, and cell regulation. Made of nitrogenous 
base, phosphate group, and the sugar ribose.  

• Gene: a region of DNA that codes for production of a protein or strand of RNA, 
organized into chromosomes in eukaryotes 

• Chromosome: a large unit of DNA wrapped in protein, makes up part of the genome 

• Genome: all of the DNA in a cell, collectively 

• Polymerase: an enzyme that brings about the formation of a particular polymer, 
especially DNA or RNA 

 

• During this workshop, remember to contrast RNA transcription (covered in this workshop) 
with the previously covered DNA replication 

o DNA replication is the process of duplicating existing DNA before a cell divides. DNA 
is synthesized by DNA polymerase during this process 

o RNA transcription involves creating mRNA from existing DNA for gene expression or 
cell regulation. RNA is synthesized by RNA polymerase during this process 

 
Initial Overview: RNA Transcription, Processing, and Translation 
 

• The cellular process of RNA transcription generates messenger RNA (mRNA), a single-
stranded, mobile copy of one or more genes with an alphabet of A, C, G, and uracil (U)  

o Remember that DNA uses a thymine (T) instead of a U 

• Translation of the mRNA template converts nucleotide-based genetic information into a 
protein product by adding amino acids to a growing polypeptide chain 

• Protein sequences consist of 20 commonly occurring amino acids (below); therefore, it can 
be said that the protein alphabet consists of 20 letters 

• Three-nucleotide sequences called triplet codons code for specific amino acids  

• Different amino acids have different chemical properties (such as acidic versus basic, or 
polar and nonpolar) and different structures  

o Variation in amino acid sequence gives rise to enormous variation in protein 
structure and function 
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• Genetic information flows from DNA to mRNA to protein, and 
the details of this process form the bulk of this workshop  

• The copying of DNA to RNA is relatively straightforward, with 
one nucleotide being added to the mRNA strand for every 
nucleotide read in the DNA strand 

• mRNA must be further processed before it can be translated 
into proteins 
 

DNA NUCLEOTIDE G C T A 

COMPLEMENTARY 
RNA NUCLEOTIDE 

C G A U 

 

• The translation to protein is a bit more complex because 
three mRNA nucleotides correspond to one amino acid in the 
polypeptide sequence  

• However, the translation to protein is still systematic and 
linear, such that nucleotides 1 to 3 correspond to amino acid 
1, nucleotides 4 to 6 correspond to amino acid 2, and so on 

• We will explore RNA transcription, processing, and translation 
as we learn how proteins are made in the cell 

o Observe the summary diagram at right, and begin 
orienting yourself to the general process of protein 
synthesis. 

 
 
Practice:  use the diagram above and what you already know about transcription, processing 
and translation to briefly summarize the overall process.  
 
When proteins need to be synthesized or cell communications need to take place, DNA is 
transcribed to messenger RNA (mRNA). mRNA has certain segments removed (processing) and is 
then sent out to ribosomes, where it is translated into proteins. So, genetic information flows 
from DNA to mRNA to proteins. Complementary base pairing rules guide the transcription of 
DNA to mRNA – just like in DNA replication - and three-nucleotide codons code for specific 
amino acids, guiding the formation of proteins. RNA uses the nucleotide uracil instead of 
thymine.  
 
Practice: based on what you have learned about the structure of DNA and RNA, what are 3 ways 
that the structure of mRNA differs from the structure of the DNA from which it was transcribed. 
 
RNA uses a different nucleotide, thymine, instead of uracil 
RNA is single stranded 
RNA has a ribose sugar, as opposed to a deoxyribose sugar  
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Practice: compare and contrast the purposes of replication and transcription.   
 
The purpose of replication is to duplicate the genome before the cell multiplies into two during 
mitosis. This is imperative, because every cell must have a full copy of genetic information.  
 
The purpose of transcription is to make “copies” of certain DNA segments, and move them to 
ribosomes where they can be translated into proteins for a variety of purposes, all in response 
to the needs of a cell.  
 
Both are required for the purpose of passing on and making actionable the genetic information 
contained in cells.  
 
 
 
 
 
 
 
The Genetic Code 
 

• Individual amino acids are coded for by 
codons, or sequences of three RNA 
nucleotides  

• The table to the right shows this coding  

• Notice that the genetic code is degenerate, 
meaning that each amino acid can be coded 
for by multiple codons 

• In addition to instructing the addition of a 
specific amino acid to a polypeptide chain, 
three of the 64 codons terminate protein 
synthesis and release the polypeptide from 
the translation machinery. 

o These triplets are called stop-codons, 
or nonsense codons 

• AUG also has a special function: in addition to 
specifying the amino acid methionine, it also serves as the start codon to initiate translation  

o The reading frame for RNA translation is set by the AUG start codon near the 5' end 
of the mRNA 

• The genetic code is universal. With a few exceptions, virtually all species use the same 
genetic code for protein synthesis 

o That there is only one genetic code is powerful evidence that all of life on Earth 
shares a common origin, especially considering that there are about 1084 possible 
combinations of 20 amino acids and 64 triplet codons 
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Practice: The AUC and AUA codons in mRNA both specify 
isoleucine. What feature of the genetic code explains this? 
 

a. complementarity 

b. nonsense codons 

c. universality 

d. degeneracy 

 
Practice: How many nucleotides are in 9 mRNA codons? Explain your answer.  
 
Codons are each three nucleotides long, with each codon coding for a specific amino acid.  
So, 9 X 3 = 27 nucleotides.  
 
 
Practice: For the DNA strand at right, list the possible RNA 
strands. Indicate the polarity of each strand ending, and 
explain your answer. 

 
Either of the two DNA strands could be transcribed, so there are two possible answers. Both 
possible strands follow complementary base pairing rules, with Uracil replacing Thymine. The 
RNA transcribed will be antiparallel to its DNA template (opposite 5’ / 3’ polarity)  
 
(from the top DNA strand) 5’ UUACCGUAUGAGCUAUC 3’ 
(from the bottom strand)   3’ AAUGGCAUACUCGAUAG 5’ 
 
Practice: for each of the following series of nucleotides, describe what the letters stand for, and 
what process that the codon will set into motion. 
 

A) UAG    
Uracil, adenine, guanine 
This codes as a stop codon. 
It will signal ribosome-RNA 
complex that the RNA strand 
being translated to protein 
has ended, and translation 
should stop.    

B) AUG                       
Adenine, uracil, guanine 
This codes for methionine and 
for the beginning of 
translation as the start codon. 
It signals to the ribosome-RNA 
complex that the reading 
frame for translation has 
begun, and amino acids begin 
to be assembled.  

C) GAC 
Guanine, adenine, cysteine  
This codon is one of two that 
code for the amino acid 
aspartic acid, also known as 
aspartate. 
When read by the ribosome-
RNA complex, aspartate will 
be added to the growing 
protein.  

Transcription in Prokayotes 
 

• Prokaryotic DNA must unwind in the region that is to be translated 
o This region of unwinding is called the transcription bubble. 
o Unlike in DNA replication, this unwinding is not permanent.  

• The DNA strand for a particular gene is called its template strand, and the complementary RNA 
counterpart is called the nontemplate strand.  

• The initiation site for a gene refers to the location on DNA where transcription begins.  

• Because prokaryotes have no true nucleus or organelles in general, transcription, translation and 
protein synthesis can all happen simultaneously, and rapidly.  
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• RNA polymerase latches onto promoters, DNA sequences just upstream (before) from 
the nucleotides that will be transcribed.  

o The initiation site is downstream (after) from the promoter.  
o Upstream and downstream are terms describing location relative to the 

direction of transcription, just as we use the terms regarding the flow of a river 
 

 
• The transcription elongation phase begins as the polymerase begins to proceed along 

the template strand, synthesizing the nontemplate strand in the 5’ to 3’ direction (same 
as DNA replication)  

o DNA is continuously unwound downstream of the polymerase, and re-wound 
upstream from it 

o The polymerase holds the DNA and new RNA strand together during the process 

• Termination signals are necessary to end transcription once the gene has been 
synthesized 

o Rho-dependent termination: a rho protein, which trails behind the polymerase 
during transcription, runs into the polymerase when the enzyme stalls at the 
end of the gene, releasing the polymerase 

o Rho-independent termination: polymerase encounters a C-G rich region near the 
end of the gene, causing the mRNA being synthesized to fold back on itself, 
leading to detachment of the polymerase 

 
Transcription in Eukaryotes  
 

• Eukaryotic transcription is fundamentally the same as in prokaryotes, but there are a few 
differences  

o Because of their membrane bound organelles, eukaryotes must transport new 
mRNA through the plasma membrane of the nucleus out into the cytoplasm  

o Eukaryotes employ 3 different polymerases for different categories of genes 
▪ RNA polymerase II transcribes the vast majority of genes, and the rest of 

this workshop focuses on this enzyme as opposed to the other two types 
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o Eukaryotes create mRNA strands that generally code for only one protein (monogenic)  
o Prokaryotic DNA is not separated into chromosomes, so it can be transcribed in large 

portions of DNA at once, with one mRNA coding for multiple proteins  
o In eukaryotes, transcription actually creates pre-mRNA, which is processed before reaching 

the ribosome for translation to proteins 
o Prokaryotes often produce mRNA that are fully functional, meaning that they do not 

require any posttranscriptional processing 
o So, prokaryotic mRNA doesn’t need to be separated into different strands for 

individual genes, each needing its own processing. This is another reason that 
prokaryotes can transcribe more genetic information at once than eukaryotes 

 
Practice: promoters are usually upstream from the transcription start site. (a) What does this 
mean? (b) Why must this be the case? (c) What is a promoter? 
 
a) promoters lie on the DNA before the nucleotides that will be transcribed, relative to the 
direction of transcription 
b) If the promoter were downstream from any of the nucleotides that need to be transcribed, 
then some of them would be left out, being that transcription can’t start until RNA polymerase 
has encountered a promoter 
c) DNA sequence to which RNA polymerase and associated factors bind and initiate transcription 
 
Practice: what makes it simpler for prokaryotic cells to undergo large amounts of RNA 
transcriptions and protein synthesis than for eukaryotic cells to do so?  
 
Prokaryotes do not have the limitation of the DNA for different genes often being on separate 
chromosomes.  
 
Also, eukaryotes must create a different strand for each new protein so that the mRNA can be 
individually processed from pre-mRNA, based on the needs of each strand. Prokaryotes 
generally do not, so they can include coding for multiple proteins on one strand.  
 
Processing RNA in Eukaryotes 
 

• All types of eukaryotic RNA must undergo processing steps before they can participate 
in translation of RNA to protein. These steps give create molecules that are more stable 
and last longer than prokaryotic RNA. Here is a summary of the types of RNA that we 
must be familiar with: 

o mRNA – messenger RNA, which is translated to proteins in the ribosome  
o tRNA – transfer RNA, a structural RNA that assists in the assembly of the 

polypeptide chain during translation 
o rRNA – ribosomal RNA, which forms a large part of ribosomes and performs 

functions there, but is not translated to protein 
 

• mRNA Processing steps 
1. Coating with RNA-stabilizing proteins for protections during the process 
2. Addition of stabilizing and signal factors at both ends of the molecule 

o A 7-methylguanosine cap is added to the 5’ end while the mRNA is still 
being formed. This helps to prevent degradation and aids in the mRNA 
being “recognized” by the ribosome, among other possible functions 
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o A poly-A tail, a sequence of ~200 Adenosine bases, is added to the 3’ 
end of the transcript (the transcribed pre-mRNA molecule) for further 
protection of the genetic information that actually codes for protein  

3. Splicing, or the removal of intervening sequences that do not code for needed 
amino acids, called introns 
o The purpose of introns is not clear, though it may be an evolutionary leftover  
o Exons are the base sequences that do code for amino acids needed for 

synthesis of the protein 
o Splicing happens while the pre-mRNA is still in the nucleus, and is conducted 

by proteins and RNA molecules called spliceosomes  
o The way that a pre-mRNA is spliced can vary depending on cellular conditions, 

so that the structure and behavior of the resulting protein fits the current 
needs of the cell 
▪ Some cells are even able to edit the nucleotide sequence of mRNA after 

transcription, and do so differently depending on cellular conditions 

• This selective processing of exons is called alternative splicing, 
and it allows a single gene to code for several proteins by mixing 
and matching exons 

o This another phenomenon that enables a cell to create a 
vast array of proteins with an “alphabet” of only four 
nitrogenous bases 

 

• tRNA and rRNA Processing  
o Both of these RNA-types are structural, and are not translated into proteins.  

▪ Pre-rRNA is transcribed and assembled into ribosomes in the nucleolus 

• Some molecules are purely structural, while some perform 
functions during translation 

▪ Pre-tRNA is transcribed and processed in the nucleus, then released to 
the cytoplasm  

• The molecule is folded through hydrogen bonding so that it can 
achieve its final structure and effectively bring the correct 
amino acid to the ribosome for protein synthesis 

 
Practice: explain the importance of the processing of all three types of pre-RNA discussed in this 
section. 
 
For mRNA, the steps are imperative for the stability and protection of the molecule, for proper 
interaction with the ribosome during translation, especially during the beginning of the process, 
and for ensuring that the mRNA includes only the nucleotide sequence needed to code for the 
specific protein needed. For rRNA, the processing ensures that each molecule has the correct 
structure so that it can perform its particular role in the ribosome during translation. Lastly, 
tRNA processing ensures that each molecule is folded correctly so that it will be able to bond to 
the specific amino acid that it is intended to bring to the ribosome during translation.  
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Practice: what might be the consequence for an organism whose cells were not able to add caps 
and tails to pre-mRNA molecules?  
 
Both caps and tails serve to protect the mRNA transcript from damage that could occur to the 
nucleotide sequence that actually codes for the protein. The caps also help the ribosome 
recognize the transcript and begin translating it to protein. So, without caps and tails, mRNA 
would be more prone to damage, and would be less efficiently recognized and translated by 
ribosomes. Both outcomes would lead to a reduced ability for cells to make needed proteins in a 
timely manner. If this problem was widespread and persistent in a cell, it could lead to cell 
death, or at least poor functioning.  
 
 
 
 
 
 
 
Ribosomes and Protein Synthesis 
 
Translation, or protein synthesis, involves ribosomes 
catalyzing the joining of amino acids via peptide bonds in 
which the amino group of one amino acid joins the carboxyl 
(COOH) group of another. This forms a polypeptide chain, 
which eventually becomes a protein.  
 
 
The individual amino acids are coded for by mature (post-
processing) mRNA molecules, and brought to the ribosome 
by tRNA molecules. Each tRNA contains and anti-codon, 
which is complementary to the codon on the mRNA that 
codes for the amino acid that is carried by the tRNA. This is 
how mRNA is able to dictate the correct amino acid 
sequence for the intended protein.   
 
 
Examine the graphic at right to orient yourself to the 
general process of RNA being translated into a polypeptide 
chain, noting the role of the three different types of RNA 
and the different units of the ribosome. Refer back to it as 
you add details to your understanding.  
 
 

• Ribosomes  
o These macromolecules exist in two subunits when not synthesizing protein 

▪ A small subunit that binds the mRNA template 
▪ A large subunit that binds the tRNA 
▪ The subunits come together for translation (see previous graphic) 
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o Many ribosomes translate the mRNA template at once, all creating protein. 
▪ The mRNA is read from 5’ to 3’, creating a polypeptide beginning with 

the N terminus (amino acid end) to the C terminus (carboxyl group end) 
▪ Importantly, mRNA is read three nucleotides at a time. 

• This is called the reading frame 
 

 
Practice: consider the reading frame of the ribosome in the graphic depicting a growing 
polypeptide chain at a ribosome, on the previous page. What would happen if the first U on the 
mRNA strand (second from the left) were left out? 
 
First and foremost, being that AUG is the start codon, translation would not begin, or would 
begin at the same place. Either outcome would prevent the proper translation of the intended 
protein. Even ignoring this factor, removing a nucleotide would affect every other codon by 
shifting the subsequent nucleotides to the left. Being that the reading frame of a ribosome is 
three nucleotides at a time, all or most subsequent codons would now be changed. Again, this 
would prevent translation of the correct protein.  
 
 
 
 

• tRNA 
o These molecules function as adaptors between 

mRNA and the polypeptide chain, thus actually 
translating the mRNA 

o They feature an amino acid at one end and an 
anticodon at the other 

▪ Anticodons are base sequences that can 
pair with an mRNA base sequence to add 
an appropriate amino acid to the 
polypeptide chain during translation 

▪ Hydrogen bonding holds the codon and 
anti-codon in place during translations 

o Observe the amino acid site at the top and the 
anticodon site at the bottom of the image at right 

o There are 64 mRNA codons – 3-base sequences – 
that are possible 

▪ 3 are stop codons, and 61 are for amino acids, with 1 of the 61 (AUG) 
also an initiation codon 
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Practice: what might be the consequence for an organism whose cells were not able to 
accurately process pre-tRNA molecules?  
 
The processing for tRNA molecules ensures that they achieve a specific structure that leads to its 
binding to a specific amino acid for delivery to a ribosome. If this processing cannot be done 
reliably, the cell loses the ability to make adequate stores of needed amino acids available for 
translation. Without this ability, some protein translation will stall, and the cell may be 
negatively impacted by a reduced ability to synthesize protein. 
 
 
 
 
 
 
 
 

• Aminoacyl tRNA Synthetases 
o These molecules are responsible for joining the correct amino acid to each tRNA 

so that it can be added to the growing polypeptide chain during translation 
o At least 1 type of aminoacyl tRNA synthase exists for all 20 amino acids, and 

multiple exist for many amino acids.  

• Initiation of Translation 
o A special initiator tRNA interacts with a start codon, almost always AUG, and an 

initiation complex forms 
▪ The initiation complex varies by organism, but generally includes mRNA, 

the small ribosome subunit, initiation factors, and energy-providing GTP 
and/or ATP. 

o Once the appropriate start codon is identified, the large ribosome subunit joins, 
the initiation step is completed, and translation begins 

▪ Return to the summary graphic for translation, above, and identify the point at 
which the large ribosomal unit joins, after initiation  
 

• Elongation of Polypeptide Chain 
o On the large ribosome subunit, there are three important “sites” (depicted as 

ovals within the ribosome above, and labeled E, P and A): 
▪ First, the A site binds incoming “charged” tRNA with amino acids 
▪ Then, the P site then binds to charged tRNA that have formed a peptide 

bond between their amino acid and the polypeptide chain 
▪ Last, the E site releases the “uncharged” tRNA so that it can bind 

another amino acid and be used in the process again 
o The mRNA is read in the 5’ to 3’ direction, meaning that the start codon must be 

near the 5’ end, and that the codons nearest the 5’ end will be translated first 
o The tRNAs are bound specifically based on the mRNA sequence; in this way, the 

correct order of amino acids is added such that the resulting protein can be 
functional upon completion 

o Energy is provided for each step by GTP (similar to ATP), and peptide bond 
formation is catalyzed by peptidyl transferase 
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Practice: label the A, P, and E sites on the image below. 
 

 
 
 
 
 
 
 
 
 
 

• Termination of Translation 
o A stop codon (UAA, UAG, or UGA) signals termination, and the newly formed 

protein is released 
▪ Remember that stop codons are also called nonsense codons 
▪ Unlike the start codon AUG, stop codons don’t also code for amino acids 

o The small and large ribosomal subunits detatch, and are nearly immediately 
recruited to a new mRNA strand for translation 

o mRNA is broken apart after many translation process 
▪ At this point the nucleotides are made available to be reused in other 

transcription reactions 
 
Practice: list the steps required to complete a functioning polypeptide chain, beginning with 
RNA transcription and ending with the termination of translation.  
 

• RNA transcription begins when RNA polymerase binds to a promoter on a DNA 
molecule, and beings transcribing mRNA at the initiation site. 

• RNA polymerase synthesizes the mRNA strand in the 5’ to 3’ direction until it reaches a 
termination signal (Rho-independent or –dependent). 

• Any processing that the new mRNA needs is completed. 

• The new mRNA migrates to a ribosome (the process is more complex in eukaryotes 
because of the nuclear membrane) 

• Once the mRNA is recognized by the ribosome due to the “cap” on its end, the ribosome 
will encounter a start codon, recruit the large ribosomal subunit, and begin translating.  

• tRNA brings specific amino acids to the ribosome based on the sequence of nucleotides 
on the mRNA, and each new amino acid is joined to the growing protein (polypeptide) 
via peptide bonds. 

• Eventually, a stop-codon is reached, the large ribosomal subunit leaves, translation 
stops, and the newly formed polypeptide chain is released. 

 
 
 
 
 
 

E 

P 

A 
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Practice: draw the small amino acid chain that would be synthesized from the strand of DNA 
listed below. Indicate the location of the peptide bonds, and label the polarity (5’ and 3’) of the 
two ends. The DNA strand does not contain introns. 

3’  GCCACTACAAGATATTGTCCCATATTAAGATA  5’ 
 
mRNA: 5’ CGGUGAUGUUCUAUAACAGGGUAUAAUUCUAU 3’ 
     Met-Phe-Tyr-Asn-Arg-Val   
  [start]          [stop] 
         each hyphen (-) indicates a peptide bond 
 
 
 
 
Practice: what would be different about the resulting amino acid chain if introns had been 
included in the DNA strand?  
 
Some of the nucleotides of the mRNA would have been eliminated before protein translation 
began, which would at the very least remove some of the amino acids from the resulting 
polypeptide. Depending on the number and position of the nucelotides removed as introns, the 
reading frame may also be shifted, completely changing the nucleotide sequence and having a 
strong effect on which amino acids are coded for.  
 
Practice: does this RNA sequence contain a full gene? Explain your answer.  

3’    AGUCAUAUUAUUGAUUGUA   5’ 
 
Yes. First of all, we must recognize that mRNA is read from the 5’ end to the 3’ end by the 
ribosome. So, the first codon is AUG, from right to left (5’ to 3’), and the last codon is UGA, the 
last 3 nucleotides on the left (3’). This mRNA has a start codon and stop codon in the reading 
frame, so it contains a full gene.  
 
 
 
 
 
Practice: the following is a portion of DNA. Can the RNA that will be transcribed function as an 
exon? Explain your answer. 

3'   CACTAATCAGTAACT   5' 
        5’ GUGAUUAGUCAUUGA 3’ 
 

Yes, this DNA can produce an exon. There may be a tendency to say no, because, even if we 
remember to consider that there are three possible reading frames (with codons starting at the 
first, second, or third nucleotide from the 5’ end), we can find no start codon (AUG). However, 
an exon does not need to have a full gene, and therefore only the first exon of a gene must have 
a start codon. Note that despite there being a stop codon present if you look at the last three 
nucleotides (UGA), this isn’t necessarily the last exon of a gene; if the reading frame doesn’t 
begin with the first G on the 5’ end, then the U, G, and A will not be in the same codon.   
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• Protein Modification 
o Amino acids on the polypeptide chain can be chemically modified, and the 

whole chain is folded through intermolecular interactions 
o Protein structure can be considered at 4 levels 

▪ The primary structure is simply the unique sequence of amino acids, such 
as that of that practice problem above 

▪ The secondary structure is folding due to the interaction of adjacent amino 
acids on a single polypeptide  

• Structures such as the α-helix 
and β-pleated sheet are 
components of the secondary 
structure 

▪ The tertiary structure is the 
complex, three-dimensional 
structure of the polypeptide chain 

▪ When two or more polypeptides combine to form the complete protein 
structure, the configuration is known as the quaternary structure of a 
protein  

o Signal sequences, or short tails on the amino acid chain directs the protein to 
specific regions of the cell.  
▪ This signal sequence is generally clipped off once the protein reaches its 

destination.  
 

Practice: Many antibiotics inhibit bacterial protein synthesis. For example, tetracycline blocks 
the A site on the bacterial ribosome, and chloramphenicol blocks the action of peptidyl 
transferase. What specific effect would you expect each of these antibiotics to have on protein 
synthesis? 
 
Tetracycline would inhibit any protein synthesis at an affected ribosome, because no tRNA could 
attach to the ribosome and deliver amino acids for a new protein. Chloramphenicol would also 
prevent any protein synthesis at an affected ribosome, because peptidyl transferase catalyzes 
the formation of peptide bonds – the bonds that join each amino acid in a polypeptide.  
 
Practice: what would be the negative consequence of a cell not being capable of producing one 
specific type of aminoacyl tRNA synthetase? On the other hand, why might this not cause a large 
problem?  
 
If that aminoacyl tRNA synthetase was the only one that attached a particular amino acid to 
tRNA, then there would be a large problem; that amino acid would not be available to the cell, 
and any protein that required the amino acid could not be correctly synthesized. If aminoacyl 
tRNA synthetase worked for an amino acid that had other versions, then the problem would 
likely only involve a modestly reduced efficiency of delivering that amino acid to ribosomes for 
protein synthesis. The latter problem may have little or no effect on the cell, while the former 
could cause the cell to fail over time.  
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Genetic Mutations 
 
Variation in the nucleotides of the genetic code can occur because of mistakes by DNA or RNA 
polymerase during replication or transcription, or during another process involved in protein 
synthesis, or because of damage to DNA. These changes are called mutations, and they can have 
significant impact on a cell and organism.  
 

• Mutations in a promoter region of DNA can lead to RNA polymerase latching to the DNA 
strand too readily, or not readily enough 

o This will cause too much or too little expression of the protein the gene 
downstream from the promoter codes for 

• Mutations of protein-expressing portions of DNA can lead to damaging mis-coding of 
amino acids that make a protein dysfunctional 

o However, if the amino acid that results from the mutation is similar in structure 
and biochemical properties to the expected amino acid, there may be no 
impactful effect on the protein and the cell and organism 

• Regardless of the impact or lack thereof, any change in the order of DNA nucleotides in 
a cell is a mutation 

• When considering the effect of mutations in the order of DNA nucleotides, it is 
important to remember that ribosomes read triplet codons, but DNA and RNA 
polymerases read nucleotides one at a time 

o In other words, a misplaced nucleotide in a protein-coding region will simply 
lead to the mutation being passed on to the resulting DNA or mRNA strand via a 
polymerase 

o The impact of the mutation is only realized during the translation of a protein, 
when triplet codons are being turned into amino acids 

o A variety of problems can occur: 
▪ Incorrect nucleotides lead to incorrect amino acids, which can cause a 

protein to be dysfunctional 
▪ A stop codon can be created errantly, causing a protein to be too short 

and therefore dysfunctional  
▪ An AUG codon can be errantly removed, such that synthesis of the 

protein doesn’t start at all 
▪ Frameshift mutations arise when the normal sequence of codons is 

disrupted by the insertion or deletion of one or more nucleotides, 
provided that the number of nucleotides added or removed is not a 
multiple of three  

▪ For example, if just one nucleotide is deleted from the sequence, then 
all the codons after the mutation will have a disrupted reading frame, 
meaning their groupings of three nucleotides will change  

• This can result in the incorporation of many incorrect amino 
acids into the protein.  

▪ In contrast, if three nucleotides are inserted or deleted, there will be no 
shift in the codon reading frame; however, there will be either one extra 
or one missing amino acid in the final protein. 
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If	you	purchase	a	semester	plan,	you	also	have	access	to	
a	video	explaining	how	to	reach	the	solution	for	each	

practice	problem	in	this	workshop.	Office	hours	are	also	
available	to	semester	plan	students,	where	you	can	ask	
questions	about	the	content	in	this	workshop,	or	about	
any	biology-related	matters.	Please	don’t	hesitate	to	call	
or	email	with	any	questions	about	the	semester	plan	(our	

contact	info	is	below,	in	the	footer)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




