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Beginnings of a big idea

Stroll through the grocery aisle and look at the barcodes – unique black and white 
patterns with 100 billion possibilities, which link products on the shelf to data in a 
computer. For Paul Hebert, it sparked an idea. Could species be identified the same 
way using DNA – the information rich sequence within every living organism? A 
hundred thousand species later, his dream is becoming a reality.

Paul is Scientific Director of the International Barcode of Life at the University of 
Guelph in Canada. He is known as the godfather of DNA barcoding – a process that 
links a small section of DNA to a species name. Researchers from around the world 
are now identifying barcodes for fish, birds, butterflies, and other animals and plants. 

From 28 November to 3 December 2011, the University of Adelaide is hosting the 
Fourth International Barcode of Life Conference. Scientists are meeting to discuss 
their projects and the latest research in barcoding technology. What’s it all about?

Meet Paul Hebert, 
godfather of DNA 
barcoding

“I have had a long term 
fascination with insects. In 
fact, my earliest recollection in 
life is collecting a bumblebee as 
it visited a peony plant in our 
backyard. After bottling the 
bee, I dashed proudly to show 
my mother, tripped on a rock, 
broke the bottle, gashed my 
hand, saw the bee wing away 
and was soon on my way to 
the hospital for five stitches. 
Despite the war wound, I 
remained fascinated with bugs.”

How DNA barcoding works

Barcodes use numbers and patterns to code information, whereas DNA, which is a 
large molecule, uses chemicals called bases to code information. Bases are similar to 
each other, but have slightly different shapes. Four bases make up DNA. They’re named 
guanine, adenine, thymine and cytosine – or G, A, T and C for short. 

Different species have different sequences of DNA, which means the bases are joined 
together in different orders. As species evolve over time, their DNA sequences slowly 
mutate, picking up small changes in the code. Variations within the barcode sequence 
are generally small, or zero, within a species, and large between different species.

The section of DNA used for barcoding animals is a gene called cytochrome c oxidase I 
(COI). Different segments of DNA are used for plants and fungi. With 648 bases, the COI 
DNA segment is small enough to make sequencing cheap and quick, but large enough to 
display variations between most species. 

There are some limitations to barcoding. Two species sometimes share a barcode, 
particularly if they have only recently evolved enough to split from being the same 
species. Occasionally, individuals within a species have very different barcodes, though 
this might suggest the existence of a new species that has not yet been identified. 

Cracking the code

To collect a barcode from an animal, 
scientists collect a tiny sample of blood 
or tissue. The samples are mixed with 
chemicals to extract the DNA from 
inside the cells. 

The barcode region of the DNA is 
copied over and over again using a 
process called polymerase chain 
reaction (PCR) amplification. The 
process heats and cools the DNA in 
a mixture of biological chemicals, 
working a bit like a photocopier to turn 
a small amount of DNA it into a large 
sample that can be analysed. 

With a large sample of barcode DNA, 
it’s time for sequencing. A machine 
displays which base occurs at each 
position, producing a series of letters, 
such as CCTATACCTA, which can be 
matched to a species. 

Using DNA for identification is not new. 
Forensic teams may sometimes use DNA 
fingerprinting to catch criminals. What’s 
different about barcoding is that it uses a 
standard section of DNA for all animals, 
making it easier for mystery samples to 
be quickly matched to a species. 

Within the barcode sequence, 
we humans have only one 
or two differences between 
us, with about 60 differences 
between us and chimpanzees. 

Imagine walking through an Amazon rainforest looking for frogs to 
study. Suddenly, you spot one: bright yellow and red. You’ve never 

seen one quite like it, so you catch it, wipe off a small mucous sample, 
and put the sample into your handheld DNA barcoding device. The frog 

could be a new species.

The barcode of Western Australia’s king parrot, Alisterus scapularis.
The bases are coloured green (A), black (G), blue (C) and red (T).
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Building a database

Barcode sequences are stored online, in places such as the Barcode of Life Data Systems 
(BOLD), along with the species name, pictures and other information. The website is open 
to the public, so anyone can use it (www.boldsystems.org). 

The DNA barcode library contains photographs, information and the 
DNA barcode matched to a species name.

Paul believes the database could one day be accessed in the field, measuring the 
biodiversity around us. 

“The long term goal is the automation of species identification and the development of 
handheld devices (like GPS) that will allow anyone to identify any organism by simply 
touching it [with the device],” he says.

Though it’s not finished, and the machines are currently only found in laboratories, 
the database is already being used to identify samples, such as a piece of sushi (raw 
fish), to known species. 

Barcode blitz  
on Lizard Island

Scientists are rapidly adding to the BOLD 
database, with projects such as FISH-BOL. 
This international project aims to barcode 
all fish species with groups set up around 
the globe. 

In Australia, FISH-BOL plans to barcode 
the 4500 species of Australian fish, a 
goal that took a group to Lizard Island 
on the Great Barrier Reef off the coast 
of Queensland. Lizard Island houses an 
Australian Museum research station, 
and living just off shore are 10 per cent 
of all marine fish species. It’s one of the 
highest diversity areas on the planet. 

“We had a barcode blitz on Lizard 
Island,” says Bob Ward, from CSIRO.  
“A group of us went out for a fortnight 
and collected fish.” 

The team included scientific scuba 
divers, taxonomists (who classify species) 
and geneticists (who study DNA).

Lizard Island, near the Great 
Barrier Reef, was base camp for 
the FISH-BOL barcoding blitz.

“During the morning and afternoon, we 
were collecting fish,” says Bob. “The 
research station has some small boats, 
so we would go out on the reefs and 
snorkel”. The Great Barrier Reef is a 
protected area, so they needed an all 
clear from authorities before collecting 
specimens and there were some 
species they were not allowed to catch. 

A scuba diver catches fish for 
later DNA sampling. 

Taxonomists identified exactly which 
species had been caught, and geneticists 
sent a sample of DNA labelled with the 
species name to Canada for barcode 
sequencing. After two weeks at Lizard 
Island, they had added 380 species to 
the BOLD database. 

Suspect shark fins

Shark fin soup is a delicacy with a dark 
side. It’s not so bad if fins are collected 
from dead sharks, but there are serious 
concerns if fins are cut from living sharks 
that are then tossed back into the ocean. 
Unable to swim properly, the sharks die 
from suffocation or are eaten. 

Fins look much the same, so finding 
out which species a fin belongs to is 
virtually impossible without looking at 
the DNA. Bob, along with scientists from 
CSIRO and the University of Guelph, 

used DNA barcoding to identify dried 
shark fins confiscated from a vessel 
illegally fishing in Australian waters. 

Only pectoral fins from the left side 
were used in the study, so each came 
from a different individual. Of 193 fins 
with DNA intact, barcoding detected 20 
species of sharks and seven species 
of rays. One species, the knifetooth 
sawfish, is considered critically 
endangered. This information could help 
prevent species decline and overfishing. 

Sneaky tea

Does the stuff in your tea bag match 
what’s on the label? Students from 
Trinity School in New York wanted to 
find out. Katie Gamble, Rohan Kirpekar 
and Grace Young used equipment they 
bought online to investigate the DNA 
barcodes in herbal teas.

Do you know what’s in your 
tea? DNA barcoding can help!

More than a third of the herbal teas 
the students analysed contained plant 
species that were not listed on the 
package. This could be a concern for 
people with allergies. Their results 
were published in the July 2011 issue 
of Nature journal Scientific Reports, an 
achievement not to be sneezed at – 
many research scientists seek to be 
published in science journals. 

“In order to analyse DNA from one 
type of tea, we first ground the sample 
material into a fine powder using a 
kitchen mortar and pestle,” says Katie. 
“This helped break open the plant cell 
wall and release the DNA. We then did 
PCR to amplify the genes of special 
interest to us and sent the material 
from the PCR process to a company 
that could sequence our results.” The 
genes they used were the DNA barcode 
sequences that are used to identify plant 
species. 

“We received our sequenced genes 
the next day by email and entered that 
code into GenBank, the NIH’s (National 
Institute of Health) genetic database, to 
find a matching species,” explains Katie.

Tea bags and shark fins are just the 
tip of the barcoding iceberg. The 
International Barcode of Life plans to 
collect DNA barcodes from half a million 
species by 2015, and anyone can access 
the online database to find hidden 
species, identify mislabelled fragments 
or explore their local biodiversity. 
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