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DNA & RNA Structure

Genetic Material of Life

DNA as the genetic material of living organisms

Deo xyribo se nucleic acid  (DNA) carries the genetic co de  in all living o rganisms

This is the reaso n why the genetic co de is said to  be universal, it applies to  all fo rms o f life

DNA is mainly f o und in the nucleus  where it fo rms chro mo so mes

It is also  fo und in chlo ro plasts  and mito cho ndria o f eukaryo tic cells

Ribo nucleic acid (RNA) is ano ther type o f nucleic acid which is the main co mpo nent o f

ribo so mes, which play an impo rtant ro le in pro tein synthesis 

So me RNA is also  fo und in the nucleus and cyto plasm

Certain viruses (such as SARS-Co V-2) co ntain RNA as their genetic material instead o f DNA

These viruses cause a variety o f di�erent diseases, such as COVID-19, Ebo la, mumps and

in�uenz a

Viruses are no t co nsidered to  be living o rganisms, since they are unable to  replicate by

themselves

They are dependent o n o ther living cells fo r replicatio n and survival

Viruses also  lack a cellular structure, which is ano ther reaso n they are no t co nsidered to  be living
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Nucleotide Components

Components of a nucleotide

Bo th DNA and RNA are po lymers  that are made up o f many repeating units  called nucleo tides

Each nucleo tide is fo rmed fro m:

A pento se sugar (a sugar with 5 carbo n ato ms)

A nitro gen-co ntaining o rganic base (with either 1 o r 2 rings o f ato ms)

A pho sphate gro up (this is acidic and negatively charged)

The base and pho sphate gro up are bo th co valently bo nded  to  the sugar

The nitro geno us bases  in DNA are:

Adenine (A)

Guanine (G)

Cyto sine (C)

Thymine (T)

RNA share the same nitro geno us bases as DNA except thymine, which is replaced by uracil (U) in

RNA

The nitro geno us bases can be gro uped as either purine  o r pyrimidine  bases:

Adenine  and guanine  are purine bases

Cyto sine, thymine  (in DNA) and uracil (in RNA) are pyrimidine bases

Nucleot ide st ruct ure diagram

The basic structure of a nucleotide

Drawing simple diagrams of the structure of single nucleotides of DNA and RNA

Simple shapes  can be used to  draw the main building blo cks o f  nucleo tides  and the DNA

do uble helix
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Advanced drawing skills are no t required!

Pentago ns  can represent pento se sugars

Circles  can represent pho sphates

Often sho wn as a circle with the letter P inside: ℗

Rectangles  can represent bases

Co valent bo nds  can be sho wn with so lid lines

Hydro gen bo nds  can be sho wn with dashed lines

Or with co mplementary shapes that �t to gether (see diagrams)

Component s of  a nucleot ide diagram

Simple shapes can be used to represent parts of nucleotide molecules
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Linking Nucleotides

Forming the sugar-phosphate backbone

Nucleo tides jo in to gether in chains to  fo rm DNA o r RNA strands

The pho sphate gro up o f  o ne nucleo tide  fo rms a co valent bo nd to  the pento se sugar o f  the

next o ne 

This carries o n to  fo rm a large po lymer

These po lymers fo rm nucleic acids, which are also  kno wn as  po lynucleo tides

The pho sphate gro up o f o ne nucleo tide is linked to  the pento se sugar o f the next o ne by

co ndensatio n reactio ns

This means a mo lecule o f  water is released  during the fo rmatio n o f each co valent bo nd

This fo rms a 'sugar-pho sphate backbo ne' with a base linked to  each sugar

The po lymer o f nucleo tides is kno wn as a strand

DNA is do uble-stranded, RNA is usually single-stranded

There are just 4  separate bases  that can be jo ined in any co mbinatio n/sequence

Because the sugar and pho sphate are the same  in every nucleo tide

Linking nucleot ides t oget her diagram

Two nucleotides shown bonded together covalently within a strand
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RNA Structure

RNA structure

Unlike DNA, RNA mo lecules are relatively sho rt  with lengths o f between a hundred to  a few

tho usand nucleo tides

It usually fo rms a single-stranded po lynucleo tide  with ribo se  as the pento se sugar in each

nucleo tide

RNA nucleo tides co ntain the fo llo wing nitro geno us bases:

Adenine

Guanine

Cyto sine

Uracil (instead o f thymine in DNA)

The carbo n ato ms in nucleo tides are numbered f ro m the right in a clo ckwise directio n

This makes it easier to  identif y the bo nds  in the sugar-pho sphate backbo ne o f

po lynucleo tides

It also  indicates the o rientatio n o f  the po lynucleo tide

RNA nucleot ide diagram

The structure of an RNA nucleotide

Di�erent types o f RNA are fo und in the cells o f living o rganisms:
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messenger RNA (mRNA), which is fo rmed in the nucleus and transpo rted to  the ribo so mes in

the cyto plasm

transf er RNA (tRNA), which is respo nsible fo r transpo rting amino  acids to  ribo so mes during

pro tein synthesis

ribo so mal RNA (rRNA), which fo rms part o f ribo so mes

Adjacent RNA nucleo tides are linked to gether by co ndensatio n reactio ns, during which a

mo lecule o f water is released

This fo rms a pho spho diester bo nd  between the pento se sugar o f o ne nucleo tide and the

pho sphate gro up o f the next nucleo tide

T he f ormat ion of  an RNA polymer diagram

Linking RNA nucleotides together by condensation reactions will result in the formation of

phosphodiester bonds

Exam T ip

Ensure that yo u are able to  draw and reco gnise diagrams o f a single RNA nucleo tide, as well as

RNA po lymers
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DNA Structure

DNA structure

DNA is a do uble helix made o f two  antiparallel strands o f nucleo tides linked by hydro gen

bo nding between co mplementary base pairs

The nucleic acid DNA is a po lynucleo tide  – it is made up o f many nucleo tides  bo nded to gether

in a lo ng chain

DNA nucleot ide diagram

A DNA nucleotide

DNA mo lecules are made up o f two  po lynucleo tide strands  lying side by side, running in

o ppo site directio ns – the strands are said to  be antiparallel

Each DNA po lynucleo tide strand is made up o f alternating deo xyribo se sugars and pho sphate

gro ups bo nded to gether to  fo rm the sugar-pho sphate backbo ne

Each DNA po lynucleo tide strand is said to  have a 3’ end and a 5’ end  (these numbers relate to

which carbo n ato m o n the pento se sugar co uld be bo nded with ano ther nucleo tide)

Because the strands run in o ppo site directio ns (they are antiparallel), o ne is kno wn as the 5’ to  3’

strand  and the o ther is kno wn as the 3’ to  5’ strand

The nitro geno us bases o f each nucleo tide pro ject o ut fro m the backbo ne to wards the interio r

o f the do uble-stranded DNA mo lecule
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A single DNA polynucleot ide st rand diagram

A single DNA polynucleotide strand showing 3 nucleotides in a sequence

Hydrogen bonding

The two  antiparallel DNA po lynucleo tide strands that make up the DNA mo lecule are held

to gether by hydro gen bo nds  between the nitro geno us bases

These hydro gen bo nds always o ccur between the same pairs o f  bases:

The purine adenine  (A) always pairs with the pyrimidine thymine  (T) – two  hydro gen bo nds are

fo rmed between these bases
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The purine guanine  (G) always pairs with the pyrimidine cyto sine  (C) – three hydro gen bo nds

are fo rmed between these bases

This is kno wn as co mplementary base pairing

These pairs are kno wn as DNA base pairs

DNA molecule wit h hydrogen bonding diagram

A section of DNA – two antiparallel DNA polynucleotide strands held together by hydrogen bonds

Double helix

DNA is no t two -dimensio nal as sho wn in the diagram abo ve

DNA is described as a do uble helix

This refers to  the three-dimensio nal shape  that DNA mo lecules fo rm

DNA double helix f ormat ion diagram
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DNA molecules form a three-dimensional structure known as a DNA double helix
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Exam T ip

Make sure yo u can name the di�erent co mpo nents o f a DNA mo lecule (sugar-pho sphate

backbo ne, nucleo tide, co mplementary base pairs, hydro gen bo nds) and make sure yo u are able

to  lo cate these o n a diagram. Remember that co valent bo nds jo in the nucleo tides in the sugar-

pho sphate backbo ne, and hydro gen bo nds jo in the bases o f the two  co mplementary strands

to gether. Remember that the bases are co mplementary, so  the number o f A = T and C = G. Yo u

co uld be asked to  determine ho w many bases are present in a DNA mo lecule if given the number

o f just o ne o f the bases.

Drawing base-pairing in a DNA molecule

When drawing the base pairing, the opposite strand should be antiparallel to the �rst. The presence of

hydrogen bonding is shown, but the numbers/lengths of bonds is not required

Exam T ip

Simple, hand-drawn shapes will su�ce in an exam. Expert tip - a large  drawing is always easier fo r

an examiner to  read (and award marks fo r) than a small o ne! Read the questio n carefully;

examiners o ften want a who le nucleo tide  to  be identi�ed in yo ur diagram and to  ensure yo ur

diagram includes all 4  co mplementary bases. Yo u do n't have to  remember the number o f

hydro gen bo nds between the bases. Also , remember to  draw DNA strands as antiparallel (o ne

upside-do wn versus the o ther) but yo u do n't have to  be able to  draw a helix shape!
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Basis of Genetic Code

The Genetic Code

Genetic code

DNA mo lecules carry the genetic co de as a sequence o f  nitro geno us bases in the nucleo tides

These bases are adenine, guanine, cyto sine and thymine

One o f the strands o f a DNA mo lecule will carry the base sequence  that will be read by enz ymes

This strand is kno wn as the co ding strand 

The sequence o f  bases that fo rm genes o n the co ding strand will determine the o rder o f  amino

acids in the pro teins that are synthesised 

The co de is read as a triplet o f  bases, called a co do n, with each sequence o f three bases

co ding fo r o ne amino  acid

Remember that there are 20 di�erent amino  acids that co uld be co ded fo r

The sequence o f amino  acids will determine the shape and f unctio n o f  the pro tein that is

synthesised fro m the co de

From gene t o prot ein diagram

The sequence of DNA bases in the genes codes for the production of a speci�c protein molecule
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Conservation of The Genetic Code

T he genetic code is universal

The genetic co de is universal, meaning that almo st every o rganism uses the same co de (there

are a few rare and mino r exceptio ns)

The same triplet co des co de f o r the same amino  acids in all living things (meaning that genetic

info rmatio n is transferable between species)

The universal nature o f the genetic co de is why genetic engineering is po ssible

This pro vides evidence fo r a universal co mmo n ancesto r fro m which all living o rganisms o n Earth

evo lved

Over time, mutatio ns have led to  changes in so me o f  the base sequences  o f o rganisms

These base sequences fo rm the geno me o f an o rganism

So me base sequences fo rm part o f regio ns that co de fo r pro teins, called co ding

sequences, while o thers are lo cated in regio ns that do  no t co de fo r pro teins (no n-co ding

sequences)

Many o f these co ding and no n-co ding sequences have remained unchanged in all o rganisms and

are kno wn as co nserved sequences

Highly co nserved sequences are usually fo und in the genes that co de fo r pro teins invo lved with

transcriptio n and translatio n, as well as histo ne pro teins  which help to  package DNA tightly into

the nucleus

The similarity in these sequences indicate that living o rganisms share a universal ancestry

Nucleic Acid Structure & Function

DNA & RNA: Comparison

Di�erences between DNA and RNA

Unlike DNA, RNA nucleo tides never co ntain the nitro geno us base thymine  (T) – in place o f this

they co ntain the nitro geno us base uracil (U)

Unlike DNA, RNA nucleo tides co ntain the pento se sugar ribo se  (instead o f deo xyribo se)

Comparing DNA and RNA nucleot ides diagram
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An RNA nucleotide compared with a DNA nucleotide

Unlike DNA, RNA mo lecules are o nly made up o f o ne po lynucleo tide strand  (they are single-

stranded)
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Unlike DNA, RNA po lynucleo tide chains are relatively sho rt co mpared to  DNA

RNA st ruct ure

mRNA as an example of the structure of an RNA molecule

Nucleot ide St ruct ure Summary Table

Pro perties DNA RNA

Pento se sugar Deo xyribo se Ribo se
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Bases Adenine (A)

Cyto sine (C)

Guanine (G)

T hymine (T )

Adenine (A)

Cyto sine (C)

Guanine (G)

Uracil (U)

Number o f  strands
Do uble-stranded (do uble

helix)
Single-stranded

Exam T ip

Yo u need to  kno w the di�erence between DNA and RNA mo lecules (base co mpo sitio n, number

o f strands, pento se sugar present). Yo u also  need to  be able to  sketch the di�erence between

ribo se and deo xyribo se.

Complementary Base Pairing

T he role of complementary base pairing

Co mplementary base pairing means that the DNA bases o n di�erent strands will always pair up in a

very speci�c way:

Adenine  (A) will pair up with T hymine  (T)

Cyto sine  (C) will pair up with Guanine  (G)

This is because the hydro gen bo nds that ho ld the two  DNA strands to gether can o nly f o rm

between these base pairs:

T wo  hydro gen bo nds  fo rm between A and T

T hree hydro gen bo nds  fo rm between C and G

Co mplementary base pairing means that the base sequence o n o ne DNA strand determines the

sequence o f  the o ther strand

We say that o ne strand acts as a template o f the o ther

This allo ws DNA to  be co pied very precisely during DNA replicatio n which in turn ensures that

the genetic co de is accurately co pied and expressed in newly fo rmed cells

Complement ary base pairs and hydrogen bonding diagram
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A section of DNA showing nucleotide bonding and complementary base pair bonding
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DNA: Information Storage Molecule

Diversity of DNA base sequences

Despite the genetic co de o nly co ntaining f o ur bases  (A, T, C, G), they can co mbine to  fo rm a

very diverse range  o f DNA base sequences  in DNA mo lecules o f di�erent lengths

This means that DNA has an almo st limitless capacity f o r sto ring genetic inf o rmatio n in living

o rganisms

One way in which this sto rage capacity can be measured is by the number o f  genes co ntained

within the DNA o f an o rganism

Even the mo st simplistic fo rms o f life may co ntain several tho usand genes within their DNA

Comparing t he Number of  Genes bet ween Di�erent  Organisms Table

Organism Human Dog Water flea
Bacterium  

(E. coli)
Rice plant

Appro ximate

number o f

genes

20 000 19 000 31 000 4 300 41 500

The sto rage capacity o f DNA can also  be measured in the number o f  base pairs co ntained within

the geno me  o f an o rganism

The DNA in the nucleus o f  a human cell co ntains abo ut 3.2 gigabases

That is abo ut 10  DNA base pairs

These base pairs are co ntained in DNA with a length o f  abo ut 2 meters, that �ts within the

nucleus o f each human cell

Given the fact that a nucleus is micro sco pic in siz e, is an indicatio n o f ho w incredibly well

packaged this amo unt o f genetic info rmatio n is

This gives DNA an eno rmo us capacity fo r sto ring genetic 'data' with great eco no my

9
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