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DNA (Note 1: What is DNA) 
A series of Notes that I am writing for my grandchildren many of whom want to go into Medicine. 

 
 
Two of the authoritative sources of information on DNA are yourgenome at https://www.yourgenome.org/   
and the US National Institutes of Health at https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-
human-genome-research-institute-nhgri . 
 
 
 
DNA consists of a helical structure of a double backbone made up of  
- a Phosphate Group coupled to  
- a Ribose sugar molecule, linked to 
- one of the four Nitrogenous bases: Adenine (A), Thymine (T), Cytosine (C), and Guanine (G).  
 
 
 
 
DNA (DeoxyriboseNucleic Acid) 
 
Please could you imagine two pieces of wire lying side by side, and that the pieces of wire are pointing in 
opposite directions  –  one points in the 3' to 5' direction while the other points in the 5' to 3' direction1.  
 
 
“sense strand”  5'       3' 
  ––––––––––––––––––––––––––––––––––––––––––         cf. footnote 
  –––––––––––––––––––––––––––––––––––––––––– 
“anti-sense strand” 3'       5' 
 
 
Now could you imagine that the pieces of wire are joined by little pieces of wire (rather like the rungs of a 
ladder), and that there are two parts to each rung: an A and a T held together by a force of attraction 
called ‘Hydrogen Bonding’, or else a C and a G held together by a force of attraction called ‘Hydrogen 
Bonding’ (and A and T must always be bonded together, and C and G must always be bonded together). 
 

5'       3' 
––––––––––––––––––––––––––––––––––––––––––> 
A    C   T    G ……………. and so on    cf. footnote2 
T    G   A    C ……………. and so on 
<–––––––––––––––––––––––––––––––––––––––––– 

   3'       5' 
 
 
If the conjoined pieces of wire are now wrapped around a broomstick handle, and the broomstick handle 
were to be removed, then what would be left is the double-helix structure of DNA  –  the discovery for 
which Francis Crick/James Watson/and Maurice Wilkins were awarded the Nobel Prize in 1962, and 
since the discovery was based on the work of Rosalind Franklin, then Franklin should have been awarded 
the Nobel Prize also (but she had died earlier, and Nobel Prizes are not awarded to people who are dead). 
 
 

 
1 The 5' and 3' refer to the 5th and the 3rd Carbon atoms in the deoxyribose/ribose sugar ring. (This will be explained 

in a later Note.) 
2 The convention is to read DNA in the 5' to 3' direction. You would therefore start reading from the free phosphate 

group and finish at the free hydroxyl group.  
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Source: researchgate 

 
 
Codons 
 
The next thing that I want you to know is that the letters of the nitrogenous bases must always be read in 
groups of three, and now I would like to introduce you to a bit of Maths.  
 
There are four letters (A, T, C, and G) that can be used in the groups of three letters (and these groups 
are called “codons”). The first letter can be any one of the four letters, the second letter can be any one of 
the four letters, and the third choice can be any one of the four letters  –  therefore the total number of 
ways in which a codon of three letters can be constructed is (4 x 4 x 4) = 64 ways.  
 
As it happens, each group of three letters is a DNA “code” (if you like, a DNA “password”) for one of the 
20 amino-acids that are used by nature/by Biology to create proteins. A “protein” is a sequence of amino-
acids that are linked/joined together, and proteins can be quite short (e.g. a sequence of just 10-20 amino-
acids) or very long. The NIH says that “titin” is the longest known protein, and it has a sequence of 
27,000 amino-acids (but I believe that a longer protein has subsequently been discovered). 
 
We thus have a series of possibilities shown overleaf (where words such as Alanine, Arganine, etc are the 
names of the 20 amino-acids used in DNA). For instance, all proteins start with the amino-acid  
Methionine, and the ‘codon’ (the DNA password) for Methionine is ATG, and there are three “Stop” 
codons viz. TAA, TAG, and TGA. A “Start” codon is the first amino-acid in a protein, and a “Stop” 
codon is the last amino-acid in a protein.   
 
 
The ‘codons’ can be shown either as a wheel or as a square, but the end-result is the same. Since there are 
64 ‘codons’ and only 20 amino-acids are used in proteins, then there is quite a lot of duplication  with 
regard to the use of codons for the amino-acids (cf. top of page 3). 
 
 

This is the double-helix 
structure of DNA. 

Please note that the 
outside edges/the 
backbones of DNA run in 
opposite directions:  
the 5' to 3' direction is the 
“sense strand” and the  
3' to 5' direction is the 
“anti-sense strand”. 

The backbones/the outside edges of DNA consist of (i) a Phosphate Group 
connected to (ii) a deoxygenated ribose sugat molecule connected to (iii) 
one of the four Nitrogenous bases viz. Adenine, Thymine, Cytosine and 
Guanine (cf. page 4). However, one backbone runs in the 5' to 3' direction 
while the other backbone runs in the 3' to 5' direction. 
 

I do not use the word 
“moiety”. The molecule 
is a deoxygenated 
ribose sugar molecule. 
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                      Source: yourgenome                                       Source: Chemguide 
 

 
Source: yourgenome 

 
 
 
Do you remember that I told you that  

- one side of a sequence of DNA (the sense strand) flows in the  5' to 3' direction while the other (the 
anti-sense strand) runs in the 3' to 5' direction, and that  

- the base A is always attached to the base T, and that the base C is always attached to the base G? 
 

Well, this means that if you know the sequence of the four bases A, T, C and G on one backbone of DNA, 
then you automatically know the corresponding sequence of bases on the other side of a strip of DNA. 
(Do not worry about RNA. I will tell you about RNA in a later Note.) Please just concentrate on the fact 
that if you know the sequence of bases in the sense strand (the  5' to 3' direction) then you automatically 
know the sequence in the anti-sense direction (the  3' to 5' direction) and vice versa   –  and this is crucially 
important in the “transcription” part of the production of proteins/in the genetic replication of a cell/etc.  
 

Please ignore the RNA Transcription strand 

 
Source: NIH 

 
At this point you should want to ask me “Why is DNA” so important?”  –  and the answer to that question 
is that DNA underlies the whole basis of evolution. DNA is the vehicle that all forms of life 
(Prokaryotes and Eukaryotes) use to pass on genetic information. 
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There is more that scientists do NOT know than that which we do know. For instance we know next to 
nothing about what makes up the Universe. NASA at https://science.nasa.gov/astrophysics/focus-
areas/what-is-dark-energy  says that we do not know what constitutes 85% of the energy and matter in the 
Universe and therefore we have made up names for this energy and matter: “dark energy” and “dark 
matter”, and we know absolutely NOTHING at all about dark energy and dark matter. I will say 
that again: we know NOTHING whatsoever about 85% of the constituent matter of the Universe! 

 
Since that is the case, you will not find it all surprising that we do not know how life started, and we do not 
know where it started. |The amazing thing is that when we look for “life” elsewhere in the Universe, human 
beings are so narrow-minded that we always look for life by looking for Carbon, Oxygen and Water. Life 
on Earth is dependent on these three substances therefore we assume that life elsewhere in the Universe 
must also be dependent on these three substances  –  and clearly this is an unsubstantiated assumption. 
 
Nevertheless, it is a fact that life on Earth is dependent on Carbon, Oxygen and Water and, until about 
1900 we thought that ‘inheritance’ was dependent on proteins. It was only some years after Gregor 
Mendel’s work in the mid-1800s that we realised that inheritance is dependent on genes  –  and genes are 
sequences of DNA that begin with a ‘start’ codon/end with a ‘stop’ codon/and code for a particular trait 
such as hair colour/eye colour/whatever (and in a later Note I will tell you about genotype vs. genes vs. 
alleles vs. phenotypes, and about how the mathematics of Probability helps with Mendelian genetics). 
 
DNA therefore is the basis of all evolution and that is why it is so important  –  and when I say that it 
is the basis for all evolution, I am including both Prokaryotes and Eukaryotes in my statement. For 
instance, bacteria have DNA! (In some primitive forms of ‘life’, RNA may be a more important dependent 
than DNA, but that is a fairly trivial distinction to make at this early stage in our consideration of DNA.) 
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DeoxyriboNucleic Acid, Basic Stuff 
(Please remember that A and T always go together, and C and G always go together.) 

 
 

 
 
 

 
Source: Wikimedia (Commentary: mine) 

 
- The two backbones of the double helix run in opposite directions to each other i.e. they have the same 

sequences, but run in opposite directions along their backbones. 
- The nitrogenous bases attached to one backbone are hydrogen-bonded 
 to similar bases attached to the other backbone of the double helix.  
- Surprisingly (given the complexity of animal organisms) there are only FOUR nitrogenous bases  
 and they are labelled A/T/C/G 
 where ‘A’ stands for  Adenine 
 where ‘T’ stands for  Thymine 
 where ‘C’ stands for  Cytosine , and  
 where ‘G’ stands for  Guanine 
- In DNA these four bases (A/T/C/G) are always joined in base pairs  
 (A with T, and G with C). 
Please make up a mnemonic by which you will be able to remember the way that they join up. (You could try 
pairing up boyfriends with girlfriends whom you know.) Thymine does not occur in RNA. Instead it is 
replaced with Uracil. 

Please remember that in a 
skeletal formula, you do not 
show the C atoms nor the H 
atoms. 
 

NOT required at GCSE level. 
 
The bases that are used in DNA are  
i) the two Purines  
(Guanine and Adenine) 
 

 
 
and (ii) the two Pyrimidines 
(Thymine and Cytosine). 

 
Uracil, in RNA, is also a Pyrimidine. 
 

<–– On this side of 
the double-helix 
each deoxygenated 
ribose sugar 
molecule is attached 
at a C3 atom to the 
phosphate group 
above it, and 
through a C5 atom to 
the phosphate group 
below it. The 
backbone is thus 
running in the 3' to 
5' direction. 
 

<–– 3' to 5' direction 

<–– This is a 
deoxygenated Ribose 
sugar molecule. The 
counting of the Carbon 
atoms on this molecule 
starts with the C atom 
attached to the 
Nitrogenous Base. The 
Phosphate Group is thus 
attached to the fifth 
Carbon  atom, C5. 

This is a Guanine molecule –> 


