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Figure 1. The structural packaging of 

DNA into genes and chromosomes. 

 
Figure 2. An electron micrograph of a cell 
nucleus, showing the inner nucleolus.  
Understanding muscle protein synthesis 

requires knowledge of cell genetics. 

The study of genetics in exercise physiology mainly concerns the process by 
which cells synthesize protein.  Nevertheless, the content is extremely important 
for comprehending the enormous implications of the discovery of DNA.  Today, we 
are using science to delve further and further into understanding genetics, as well 
as using our knowledge of genetics to further control or eradicate diseases, 
improve the nutrient content and disease and drought tolerance of our food crops, 
etc.  As such, I hope this content makes you more aware of the details concerned 
with our changing society, in addition to the role of genetics in protein synthesis. 

 
Genes and Chromosomes 
All cells in all living organisms have all the 
coded information necessary to produce 
all of their protein constituents.  This 
coded information is packed into specific 
sequences of specialized molecules 
called nucleic acids.  The nucleic acids 
occur as two types; deoxyribonucleic 
acids (DNA) and ribonucleic acids 
(RNA) (see sections to follow), and in 
most organisms, DNA is stored in 
specialized structures called genes.  A 
cell’s genes are organized into 
chromosomes, with as many as 
thousands of genes per chromosome, as 
shown in Figure 1.  The total DNA 
information on all chromosomes is 
referred to as the genome, and a 
cell’s genome is found within the 
nucleus.  Interestingly, some cell 
organelles have their own genetic 
information, such as mitochondria 
(mitochondrial DNA). 
 
The nucleus of a eukaryotic cell has a 
complex structure to support its 
complex functions (Figure 2).  Inside 
the nucleus is a central core called 
the nucleolus, which consists of 
densely packed RNA.  Surrounding 
the nucleolus is the chromatin, which 
consists of the chromosomes within 
which are the genes of the cell.  It is 
only during cell division that the 
chromatin structure changes and 
becomes organized to reveal 
separate chromosomes (Figure 1). 
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Figure 3. James Watson. 

 
Figure 4. Francis 
Crick. 

 
Figure 5. Rosalind 
Franklin. 

The human genome consists of 23 pairs (46 total) of chromosomes, 20,000 to 
25,000 genes, and approximately 3 billion DNA base pairs.  However, only about 
1.5% of the human genome codes for protein synthesis, with the majority of DNA 
having regulatory and support functions for the protein synthesis functions of 
genes as well as for as yet unknown functions (called “junk” DNA!).  For example, 
DNA sequences of a gene that are not included in protein synthesis are called 
introns.  The DNA sequence of the gene that encodes a protein (or in some cases 
multiple proteins), is called the exon. 
 
DNA 
Deoxyribonucleic acid (DNA) is the chemical blueprint of life itself.  During he 
1960’s there was a race to discover this blueprint of life, for at that time, nobody 
new what controlled cell replication, protein synthesis, and genetic inheritance.  
Sure, scientists new about genetic inheritance from observation of plant 
reproduction and human trait inheritance from parents to children. However, the 
mechanism for this inheritance was pure speculation. 

  

As we have all been taught, in 1953 an American James Watson (Figure 3), and 
an Englishman, Francis Crick (Figure 4) discovered the structure of DNA and in 
doing so, unraveled the secret to the origin of life.  However, after viewing the 
Frontline documentary, “Secret of Photo 51”, I am not comfortable prolonging the 
lies of a Watson and Crick discovery of DNA.  In reality, a female scientist named 
Rosalind Franklin (Figure 5) did the pioneering x-ray diffraction research that 
elucidated the double helical structure of DNA (photo 51, Figure 6).  This work was 
stolen from Rosalind by her peer, Maurice Wilkins (Figure 7), who handed the 
work to James Watson.  As such, Watson and Crick were theoretical chemists who 
stole the important evidence from Rosalind Franklin to elucidate the structure of 
DNA.  What is even worse is that they did not tell Rosalind Franklin that they had 
her work, that “photo 51”  was pivotal to their development of their model for DNA, 
or explain to the world Rosalind Franklin’s invaluable role as the source of the 
evidence that led to the ability to develop a model of the secondary structure of 
DNA.  This was one of the many travesties of science, and perhaps the worst 
because of the included gender discrimination infused into this saga and the 
monumental implications of the discovery.  Watson and Crick certainly added their 
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Figure 6. Photo 51, developed by 
Rosalind Franklin, provided 
unmistakable evidence for the 
double helix structure of DNA. 

 
             Figure 7. Maurice Wilkins. 

 
 
Figure 8. The structural components of and 

differences between DNA and RNA. 

insights to the development of the model for DNA, but it was clearly a tainted 
discovery.  Watson, Crick and Wilkins were awarded the Nobel Prize for 
Physiology or Medicine in 1962.  Find and view the video by Frontline and judge 
this case for yourself.  What would be your judgement and sentence for the actions 
of Wilkins, Watson and Crick? 
 
 
 
 
 
 
 

Nucleic Acids 
Anyway, thanks to Rosalind 
Franklin’s work, with 
contributions from Watson 
and Crick, the double helical 
structure of DNA led to a new 
research focus, that of the 
components of DNA; the 
nucleic acids. 
 
As previously explained, 
there are two families of 
nucleic acids, ribonucleic 
acids (RNA) and 
deoxyribonucleic acids 
(DNA).  Both nucleotides 
have three components 
consisting of 1) a nitrogenous 
base, 2) a pentose sugar, 
and 3) a phosphate group 
(Figure 8).  The nitrogenous bases consist of either purines (adenine and 
guanine) or pyrimidines (thymine, cytosine and uracil) (Figure 9).  The only 
real difference between the bases of DNA and RNA is that DNA contains thymine 
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Figure 9. The purine and pyrimidine bases. 

 
Figure 10. Phosphodiester bridges between carbon 5 and 3 
connect nucleic acids end to end in the DNA and RNA 
strands. 

and in RNA this is replaced 
with uracil.  DNA and RNA 
differ only in the chemical 
structure of the second 
carbon, where in RNA it is 
hydroxylated, whilst in DNA 
it is hydrogenated (Figure 9).  
The bases of both DNA and 
RNA are connected end to 
end by phosphodiester 
bridges between the third 
and fifth carbons of the 
connecting pentose sugars 
(Figure 10). 
 
Figure 11 is a schematic of 
the structure of DNA.  The 
double helix with internal 
base structures was 
dependent on the existence 
of complementary base 
structures, which 
Watson and Crick 
proved from known 
structural 
measurements and 
proportional 
representation of the 
base structures 
adenine, thymine, 
cytosine and guanine 
in DNA from a variety 
of different animal 
species.  Figure 12 
presents the structures 
and hydrogen bond 
connections between 
adenine and thymine, 
and guanine and 
cytosine.  Figure 11 
shows how such base 
arrangements combine 
to form the double 
helix structure of DNA.  
Note that the two 
strands of the double 
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Figure 11. 
Schematic of the 
double helical 

structure of DNA. 

 
 
Figure 12. The hydrogen bonds that form and stabilize the 
complementary base pairs of DNA.  The same hydrogen bonding 
occurs in RNA, except that uracil replaces thymine in RNA. 

helix of Figure 11 are not identical, but actually 
complementary based on the base paring of Figure 12.  This 

was a very insightful observation, as it provided the means to understand how 
DNA was involved in copying genetic information.  Removing one strand and 
forming the complement resulted in an exact copy of the original double stranded 
DNA.  We now know that the process of DNA splitting into two strands and the 
subsequent formation of a new DNA is termed replication.  Two other processes, 
transcription and translation, will be introduced next. 
 
Transcription 
Transcription is the process where parts of the DNA strand are copied to form 
complementary bases in the form of ribonucleic acid (RNA).  The difference 
between replication and transcription is that replication copies the entire DNA 
double helix.  Transcription is selective to a specific region of the DNA helix, and 
produces a complementary RNA molecule. 
 
Transcription is an enzymatic process, requiring the enzyme RNA polymerase 
along with each of the ribonucleoside 5’-triphosphates (ATP, GTP, UTP and 
CTP) as substrates for sequential ribonucleoside base addition to the growing 
RNA chain (Figure 13), with each base addition being dependent on the DNA base 
sequence.  Remember that for transcription adenine (DNA) complements uracil 
(RNA) and cytosine complements guanine.  
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Figure 13. A summary of the main features of RNA transcription. 

Translation 
Translation involves the synthesis of proteins by ribosomes based on the coded 
genetic information contained within the RNA obtained during transcription.  The 
next Topics present detailed explanations of this process. 
 

Glossary Words 
 
nucleic acids are the chemical molecules that comprise DNA and RNA. 
 
deoxyribonucleic acids (DNA) are the nucleic acid that contains the genetic 
codes for amino acids for regulated use in transcription and translation. 
 
ribonucleic acids (RNA) are the nucleic acids formed during DNA transcription. 
 
genes are sections of DNA that code for specific proteins. 
 
genome is the term used to describe the total genetic variability and content for a 
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given animal species. 
 
nucleus is the specialized intracellular organelle that stores DNA and is 
responsible for the regulated functions of cells. 
 
nucleolus is the region within a nucleus that stores densely packed RNA. 
 
chromatin The matter that surrounds the nucleolus and consists of DNA 
organized into genes, which are structured into chromosomes. 
 
chromosomes are bundles of DNA that are visually apparent during cell 
replication. 
 
genes are specific sections of DNA that code for a specific protein along with the 
additional DNA involved in the regulation of transcription of the gene. 
 
“junk” DNA is the added DNA of a gene that is not involved in the final RNA 
produced to form the protein. 
 
introns are the DNA sequences of a gene that are not included in protein 
synthesis. 
 
exon is the DNA sequence of the gene that encodes a protein. 
 
Rosalind Franklin was a scientist who first presented the scientific evidence for 
the double helical structure of DNA, prior to the “discovery” of Watson and Crick. 
 
James Watson was an American chemical researcher who in the 1950s 
conspired with Francis Crick in the theft of the x-ray diffraction research findings of 
Rosalind Franklin to become internationally recognized for their “discovery” of the 
structure of DNA. 
 
Francis Crick was an English chemical researcher who, in the 1950s conspired 
with James Watson in the theft of the x-ray diffraction research findings of 
Rosalind Franklin to become internationally recognized for their “discovery” of the 
structure of DNA. 
 
purines are the base structures of adenine and guanine. 
 
pyrimidines are the base structures of thymine, cytosine and uracil. 
 
adenine is a purine base found in DNA and RNA. 
 
guanine is purine base found in DNA and RNA. 
 
thymine is a pyrimidine base found in DNA, and is replaced in RNA by uracil. 



A Review of Genes, Chromosomes, DNA and RNA 

8 

 

 
cytosine is a pyrimidine base found in DNA and RNA. 
 
uracil is a pyrimidine base only found in RNA as a replacement for thymine. 
 
phosphodiester bridges are the bonds between the third and fifth carbons of the 
connecting pentose sugars of the nucleotide bases of DNA and RNA. 
 
transcription is the process of complement RNA formation from cell DNA. 
 
RNA polymerase The enzyme responsible for the addition of bases to the 
elongating RNA chain during transcription. 
 
ribonucleoside 5’-triphosphates are the triphosphate forms of the nucleotide 
bases of RNA; ATP, GTP, CTP and UTP. 
 
translation is the process of interpreting the RNA chain and subsequent protein 
synthesis. 
 
ribosomes are the subcellular organelles located in the cytosol that function as 
the structural and regulatory foundation on which protein synthesis occurs. 
 

 
 
 
 


