
What is DNA?
We all probably know something about DNA - it's probably the 
most famous molecule in the world! DNA molecules are very 
long strings of short chemical building blocks, called nucleotides. 
There are only four possible nucleotides in DNA. We call these 
'A', 'C', 'G' and 'T' for short. They can be arranged in any order, 
like beads on a necklace. The order of the letters is important -
they are how the cells in our bodies save instructions for making 
proteins and enzymes, the building blocks which make us what 
we are.

Every protein has a corresponding stretch of DNA instructions to 
make it, which we call a 'gene'. Genes are a bit like individual 
files in a computer, and we call total set of instructions ('files', or 
genes) a 'genome', which is a bit like a disk drive in a computer. 
Every living organism has its own DNA molecules, including bugs 
and germs like bacteria and fungi (viruses also have genomes, 
although scientists can't agree whether viruses are really living 
things because they can't copy themselves (reproduce) on their 
own, but have to invade other cells.)

Small changes ('mutations') in the instructions can have big 
effects - for instance radiation or sunlight damage can cause 
cancer. Mutations in bacterial genomes can give them resistance 
to the antibiotic drugs we use to fight disease.

DNA molecules can be quite short, or very, very long. A single 
gene in a virus could be as short as 300 letters. The total genome 
in each of the cells in your body is 10,000,000 times longer, and 
the largest genome scientists have ever found (which belongs to 
a plant) is more than 1,000,000,000,000 letters long!

Strangely, no matter how big their total genome size is, most 
organisms - bacteria, fungi, plants or animals - have between 
5,000 and 25,000 working genes, and each of those genes are 
usually a similar size. This means very big genomes are mostly 
made up of DNA sequences which don't appear to be used to 
describe genes at all; scientists call this 'junk' DNA, and its 
existence has been puzzling scientists since we realised it existed 
more than 25 years ago...



What can DNA tell us?

DNA is found everywhere living things are - from the 
deepest parts of the ocean and rocks up to a mile 
underground, to the upper atmosphere (and the 
International Space Station). Lots of DNA can be 
found in the soil and streams, rivers and the sea, 
released by the organisms that live their or washed 
out of the poo of bigger organisms, or their rotting 
remains. In fact one team of scientists recently 
rebuilt an entire shark genome using only tiny traces 
of DNA collected from shark wee in seawater!

DNA is also a pretty tough molecule since it needs to 
be stable over time (it wouldn't be much good to our 
bodies if the instructions kept changing!!) so 'fossil' 
traces of DNA from organisms which died long ago 
can be found in all sorts of places - complete 
genomes have been painstakingly reassembled from 
frozen woolly mamoths and neanderthals
('cavemen') and old deposits of bird guano (poo). 
Scientists have even reassembled the genome of the 
bacteria responsible for the Black Death in the 
middle ages (Yersina pestis) using DNA extracted 
from the teeth of skeletons buried in plague pits 
hundreds of years ago.



What can DNA tell us?

By collecting the DNA from samples like these and 
reading the sequence of nucleotides into a computer, 
we can find out lots about the living things in the 
sample. We match the DNA sequences to a big 
database (list of other DNA sequences) on the 
internet which can tell us which organisms are 
present in the sample, which genes they have, and 
even if they have gene mutations which might make 
them resistant to drug treatment. Listing the species 
present in a sample of organisms mixed in together 
like this is called metagenomics ('meta' means 
'many').

One feature unique to microbial biofilms 
(communities of many bacteria, often including 
multiple species, living in sticky slime on pipes, in the 
soil, on our teeth and often on the surface of wounds 
in our skin) is that as well as accidentally released 
DNA, the biofilm structure seems to contain quite 
large amounts of deliberately released DNA, called 
'extracellular DNA'. Biofilm scientists at Southampton 
are currently trying to work out the exact nucleotide 
sequence of this extracellular DNA, and what it is for. 
Does it work like a message? Is it used to stiffen up 
the biofilm structure? Does it have some other 
purpose? Or is it really an accident after all? What do 
you guess? We have no idea...



DNA and evolution
DNA is very useful for understanding evolution. This is 
because small changes (mutations) in living things' DNA 
sequences from one generation to the next are how 
evolution happens. For instance, while your genome 
sequence will largely match the copies you've inherited 
from your parents, a few small changes will have crept in. 
The vast majority of these are harmless, but a couple 
might be slightly harmful, or slightly useful. The gradual 
accumulation of useful changes in their genomes over 
time will change how an organism appears (scientists call 
this the 'phenotype') via the process Charles Darwin first 
described, called *natural selection*.

When scientists study biofilms we compare the DNA 
sequences of bacteria which are resistant to antibiotic 
drugs to work out how they have evolved this resistance, 
and we can even use this to estimate how quickly they 
might evolve resistance to new drugs in the future. 
Doctors and vetinarians can use these predictions to work 
out the maximum safe doses of antibiotic drugs we can 
give to people and animals without making it too likely 
bacteria will evolve resistance to them.

The fact that changes in DNA accumulate slowly and 
regularly over time means we can compare the gene 
sequences from a set of species, look for matches or 
differences, and use them to build a family tree that 
describes how they evolved from a common ancestor. We 
call this a phylogeny and this part of science is called 
phylogenomics.



How we actually ‘read’ DNA

To read DNA sequences from a sample collected 
in a hospital or the environment, into a computer 
file, we have to go through four simple steps:
1. First of all, we must purify the sample to 

concentrate the DNA and remove other 
chemicals. This is called DNA Extraction

2. Next, we attach special adapter molecules 
on the end of the pieces of DNA so we can 
feed them through a machine to read the 
sequence. This is called 'library preparation'

3. The prepared DNA molecules can now be 
fed through a machine to read the chemical 
sequence of DNA nucleotides (As, Cs, Gs
and Ts) into letters in a computer file. The 
machine is called a DNA Seqeuencer, and 
we call the process DNA Sequencing or 
sometimes just Genome Sequencing

4. Finally we use computer programs to 
reassemble the computer files from the 
DNA pieces back into a complete molecule 
(genome), look for individual genes within 
the genome, and match the sequences to a 
DNA sequence database hosted online to 
work out what species are present in our 
sample.



You can do this too!

It is becoming easier and easier to sequence DNA (and 
cheaper as well). Reading the first copy of a human 
genome sequence too over a decade and cost 
hundreds of millions of dollars. Professional labs now 
sequence thousands of genomes a year, often for less 
than £1000. Even citizen scientists (amateurs who 
form private clubs or hackspaces to have a go at 
molecular biology) can afford do carry out DNA 
sequencing.  

Within a few years you may be able to buy a DNA 
sequencer in a shop, just like you can buy 
microscopes, telescopes, microelectronics kits or 
chemistry sets. For now, you can still explore DNA 
sequences online. Millions and millions of DNA 
sequences from thousands of experiments are hosted 
online in special websites called sequence 
repositories. These are 100% open and accessible to 
the public, for free, so anyone can download the 
sequences and explore them to look for novel genes 
or new species that other scientists might have 
missed. Do you want to have a go? Maybe you can find 
a new species of bacteria - if you do you get to name 
it!

Go to https://bit.ly/2CnrjhP

https://bit.ly/2CnrjhP

