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 GENETICS
DATA TYPE: 
Species identification 
Landings and discards species identification
Stock structure

SHARK PLAN OBJECTIVES: 
2. Assess threats to shark populations
3.  Identify and provide special attention, in particular to vulnerable or threatened 

shark stocks
9.  Facilitate improved species-specific catch and landings data and monitoring of 

shark catches
10.  Facilitate the identification and reporting of species-specific biological and 

trade data

WHY WOULD YOU USE THIS TOOL?
Genetic analysis provides accurate species identification from only a small tissue 
sample. It can be used when an individual animal is difficult to identify through 
visual examination (see  

 Taxonomy), or if the whole animal is no longer 
accessible. Genetics is also used to confirm that a visual identification is correct. 

In addition, genetic analysis is the main tool used to identify species from shark 
and ray products including shark fins, mobula gill plates, meat, cartilage, liver oil 
and skin. 

Genetics can be used to identify most species with certainty and is a rapid, reliable 
and relatively inexpensive method. The catch composition, landings and discards 
of fisheries can all be rigorously monitored using genetics. Numerous countries 
have used it to detect misidentified processed shark species in their fisheries; and 
it´s an effective tool for monitoring and law enforcement in the domestic and 
international shark product trade.2

Genetic methods can provide unique data on stock structure as well as population 
size and geographical distribution.3 This can be useful for fisheries managers in 
identifying, assessing and responding to threats to stocks – but the techniques 
involved in these analyses are more complicated than for species identification, 
and they aren´t described in this guide.

TOOL 2
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GENETIC ANALYSIS 
PROVIDES ACCURATE  
SPECIES IDENTIFICATION

GENETIC METHODS 
PROVIDE UNIQUE DATA 
ON STOCK STRUCTURE 
(INCLUDING PARENTAGE), 
POPULATION SIZE AND 
DISTRIBUTION
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WET TISSUE SAMPLING 
The most common wet tissues sampled from sharks and rays 
include fresh fins, gill plate tissue, muscle, liver, heart, eye and 
tissue around the vertebrae. 

1   Take great care not to touch the tissue with fingers – wear 
gloves if possible.

 
2   Cut a small piece of tissue from the animal: a 5mm cube or 

150 milligrams will be enough. The tissue can come from 
anywhere on the shark or ray, but an easy way is to take a 
V-shape from the edge of the gill slit with scissors, or through 
the softer skin near the pelvic fin using a scalpel blade. Scissors 
are best for taking clips from fresh shark fins. 

3  Place the sample in a screwcap tube. 

4   Cover the tissue with 70-100% ethanol (ensure the ethanol 
contains no methanol). Alternatively, cover the tissue with a high-
salt-based solution, e.g. DMSO (see DMSO Recipe in Appendix 
A). The tissue should not be more than one-third of the volume 
of the preservative in the tube. Water itself is damaging to DNA; 
ethanol or high salt solutions dehydrate the tissue and help to 
preserve the DNA. 

        If there´s access to a -20°C freezer, tissues can be stored frozen 
for up to a year – when sending them for testing, it´s important 
to find a freight company that can transport frozen goods.

5   Ensure the sample is labelled with its unique sample identifier 
(USI). Write or print the USI on a waterproof label and place 
it into the tube with the sample. If ethanol is used as the 
preservative, only use pencil. 

6  Make sure the screwcap lid is well tightened.

WET TISSUE SAMPLING  
– WHATMAN FTA ELUTE CARDS  
If available, Whatman FTA Elute cards offer a number  
of advantages: 

●   Sampling and storage of tissue in one easy step

●   Suitable for use in the field and in areas with limited power, no 
freezer or access to preservative solutions

●   Reduces labour and transport costs 

●   Room temperature storage, no need for freezing or buffer 
solutions

●   Application and processing can be done in the field or laboratory

●   Fast technology for analysis of DNA

TOOL 2

METHOD: GENETICS
Effective tissue sampling is crucial for 
successful DNA analysis. It´s important 
to note the following points:

●   Sample as soon as possible after 
collection or access to the animals; 
try to keep the sampled tissue cold 
and dry.

●   Sample tissues cleanly to avoid 
contamination. The knife/scalpel/ 
blade/scissors used should be 
cleaned between samples, using 
water or 70% ethanol.

●   Only include one tissue sample 
(5mm cube or 150mg) from each 
shark or ray per sample tube/envelope.

●   Place a label with a unique sample 
identifier (USI) into each sample 
tube. If possible, the data sheet that 
accompanies the sample should have 
the date of capture, latitude and 
longitude location, name of person 
that collected the sample, sex of the 
animal and length if measured, and 
the presumed species identification.

●   Determine the most suitable 
method of preserving and storing 
the sample. In general, if a tissue is 
wet it should be stored in ethanol, 
DMSO, squashed onto a Whatman® 
FTA®  Elute card, or frozen. If the 
tissue is dried, it doesn´t require any 
further treatment and can be stored 
in a tube or small paper envelope. 
If it´s in a tube, make sure the 
screwcap lid is tightened.

WHATMAN FTA 
ELUTE CARDS
One option for preserving and 
storing wet tissue samples is to use 
the specially developed Whatman 
FTA Elute sampling cards. These are 
designed to simplify the handling 
and processing of DNA, and can be 
used with little training – see below 
for more details.

WHAT IS GENETIC 
ANALYSIS?
A species´ genetic code – the 
information that makes it develop 
differently to all other species – is 
controlled by DNA (deoxyribonucleic 
acid). DNA is found in every cell in 
an animal´s body.

DNA is like a chain made of 
repeating units of four nucleotide 
bases: adenine (A), guanine (G), 
cytosine (C) and thymine (T). The 
order of these four bases is unique 
to each species, and it´s this order 
that´s examined to determine the 
species identification. 

Genetic analysis involves sequencing 
a particular part of the DNA, usually 
cytochrome c oxidase subunit 1, 
known as COI. Sequencing is the 
process of determining the precise 
order of the four nucleotide bases 
within COI. 

When a COI sequence has been 
established, it can then be matched 

to international databases of COI 
sequences which contain known 
species of sharks and rays. 

The most commonly used databases 
are the Barcode of Life Database 
(BOLD –  

 www.boldsystems.
org) and the National Centre for 
Biotechnology Information (NCBI –  
 

 www.ncbi.nlm.nih.gov). 

GENETIC SAMPLES
Genetic samples for DNA extraction 
can be collected from wet or dry 
tissue. The sampling method will 
depend on the country and access 
to the samples, preserving solutions 
and freezers.

Wet tissues – such as fin clips from 
freshly caught animals or muscle and 
liver tissue – are usually preserved 
in ethanol, high salt solutions or 
frozen prior to being used for DNA 
extractions. Dried tissues – usually 
a small clip taken from a shark fin 
– don´t have to be stored in any 
preservatives prior to analysis.

CITES 

The Convention on International Trade in Endangered Species of Wild 
Fauna and Flora (CITES) aims to protect species of sharks and rays 
threatened by international trade. Trade in products from the listed 
species is managed through a system of permits and certificates to 
ensure that the product is legally sourced, and that trade will not be 
detrimental to the survival of the species. 

More than 20 shark and ray species are listed under the three 
Appendices to the Convention. They include sawfishes, hammerheads, 
thresher sharks, basking shark, white shark, porbeagle, silky shark, 
oceanic whitetip shark, mobulid rays, freshwater stingrays and whale 
shark. The CITES listings are regularly updated and can be checked at  
 

 www.cites.org/eng/app/appendices.php.

Genetic analysis of shark and ray products can be used to separate CITES 
from non-CITES listed species to enforce the trade regulations. 

Fig 1: Sampling for shark tissue – do 
not touch the tissue sample. (Source: 
Sharon Appleyard, CSIRO)

Fig 2: Place tissue into a screwcap tube. 
(Source: Sharon Appleyard, CSIRO)

Fig 3: Shark muscle tissue in screwcap 
tube containing ethanol. (Source: 
Sharon Appleyard, CSIRO)

Fig 4: Shark fin clip (with a USI on 
label) in screwcap tube containing 
ethanol. (Source: Sharon Appleyard, 
CSIRO)
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Some sequencing companies are:
●   BOLD (  

 www.boldsystems.
org)*

●   BGI (  

 www.bgi.com/global)
●   Ramaciotti Centre for Genomics 

(  

 www.ramaciotti.unsw.
edu.au/sequencing/sanger-
sequencing)

●   AGRF (  

 www.agrf.org.au)

* If a sample is being sent for 
genetic verification of a presumed 
visual identification, the BOLD 
Systems website taxonomy tab has 
details of sequencing laboratories 
available for particular species:  
 

 www.boldsystems.org/index.
php/TaxBrowser_Home.
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PACKAGING 
SAMPLES FOR 
TESTING
Once genetic samples have been 
obtained, they can be sent for 
laboratory analysis. 

Each sample should be placed in an 
appropriately labelled and packaged 
box. Dried fin clips and Whatman 
cards can be placed in an envelope. 

Include as much relevant 
information as possible for each 
sample. This could include:
●   USI
●   Presumed species identification
●   Location where the shark or ray 

was caught (place name, latitude 
and longitude if possible)

●   Date of capture
●   Depth it was caught at
●   Gear type used
●   Date of identification
●   Name of person that identified 

the animal

●   Sex of the animal and length if 
measured

●   Name and contact details of 
person who collected the sample

●   Preservative (if used) and dilution 
and Material Safety Data Sheet 
(MSDS)*

* If ethanol is used as the 
preservative, ensure the package 
meets IATA Special Provision 
180 for shipping non-infectious 
samples by air with small amounts 
of ethanol (UN 1170) (Special 
Provision in the IATA Dangerous 
Goods Regulations – see below).

SEQUENCING 
COMPANIES
Prepared samples can be sent to a 
´fee for service´ company for DNA 
sequencing in a laboratory, the 
first step in genetic identification. 
Costs and procedures vary, so it´s 
important to contact the companies 
first to find out what´s required. 

2  Place the fin clip in either a 
screwcap tube or in a small paper 
envelope. Use one envelope per 
sample. There´s no need for liquid 
preservative for dried fin clip samples, 
although they won´t be damaged if 
they´re stored in ethanol or DMSO.

3  As with all sampling, ensure 
that scissors are cleaned with 
water or ethanol between 
sampling of individuals and use a 
USI for each sample. 

eDNA
A new technique for species 
identification using environmental 
DNA (eDNA) is being researched 
and developed for sharks and 
rays. It uses DNA from skin, mucus 
and other tissues and cells left in 
the water. The technique is non-
destructive, meaning the animals 
themselves don´t need to be directly 
sampled: they can be detected from 
DNA analysis of a water sample 
in which they have recently been 
present.4 The method is currently 
beyond the scope of this toolkit, 
but it may be useful in future when 
it has been refined and simplified.

HOW TO USE THE 
CARDS:
1  Either rub the FTA Elute card across 

the caudal or dorsal fin of the shark, 
or take a small, thin piece of tissue 
(e.g. fin, gills, muscle, liver, heart, skin 
scrapings). Fins from recently captured 
sharks can also be sampled in this way; 
while frozen shark fins or meat should 
be thawed and wiped dry before 
sampling. The cards aren´t suitable for 
use with dried fins.

2  Use blunt end forceps to squash 
sampled tissue into a circle on the FTA 
Elute card. Clean the forceps between 
sampling different individuals, using 
water or 70% ethanol.

3  If using the whole card with four 
circles for one individual, take at least 
two samples. If cutting the card in 
half to use for two individuals, make 
sure the correct sample information is 
stored with each card half. It´s best not 
to cut the card into four, as this does 
not leave enough room around each 
circle to describe the sample.

4  After pressing the samples on to the 
card, leave it open to air dry for 2-3 hours.

5  When the sample is dry, close 
the card and write the sample 

information in the space provided: 
●   Presumed species identification,  

if there is one
●  USI number
●   Date of capture
●   Location of capture (place  

name, latitude and longitude  
if possible)

●   Name of the person that 
collected the sample

6  FTA Elute cards can be kept in 
long-term storage before the DNA is 
extracted, but it´s important to keep 
them dry. Cards should be stored 
at room temperature in a dark, dry 
cupboard or drawer until they´re 
required, preferably in a paper 
folder with small silica gel packs. 
Never store the cards in zip lock 
plastic bags. In tropical climates, the 
cards should be stored at all times 
in an airconditioned room. 

For information on extracting DNA 
from the Whatman FTA Elute cards, 
please see Appendix B.

DRY TISSUE SAMPLING 
Dry tissue samples are most 
commonly clips collected from 
dried shark fins. 

1  Fin clips from dried fins should be 
taken using scissors.

Fig 6: Squash a small piece of tissue 
onto the card. (Source: Sharon 
Appleyard, CSIRO)

Fig 5: Caudal and dorsal fins of a shark. (Source: Sharon Appleyard, CSIRO)

SPECIAL PROVISION IN THE IATA DANGEROUS GOODS REGULATIONS
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COST – MEDIUM 
Collection of tissue samples has minimal 
associated costs. Dried tissue (e.g. fin 
clips) is the cheapest to collect, as no 
preservative or FTA Elute Cards are needed. 

Ethanol is the best preservative for 
genetic tissue samples, but it can be 
expensive and difficult to obtain in some 
countries. In such cases DMSO solution 
is a good alternative, although long-
term storage in DMSO is not advisable 
and transfer to ethanol is recommended. 
Prices of ethanol and DMSO solution 
vary between countries. Screwcap tubes 
and boxes to hold 100 vials also vary in 
price internationally. 

Whatman FTA Elute cards can be 
sourced from chemical supply 
companies, although prices may 
vary. For example:
US$115 FOR 25 CARDS 
US$525 FOR 100 CARDS

The cost of obtaining a species 
identification from a tissue sample or DNA 
extract varies with the provider, the species 
and the quality of the tissue sample. Some 
closely related species may need a second 
marker (e.g. NADH2 in addition to COI) 
to confirm identification. Older or badly 
stored tissue samples can require repeated 
analysis, which can increase the cost. 
Most sequencing providers run the 
analyses on batches of samples, such 
as 48 or 96. Sending a large batch of 
samples is more cost-effective. 

to an international database, the 
tissue sample or the extracted DNA 
can be sent to BOLD (  

 www.
boldsystems.org), who will take 
care of the process for a fee. 
Generally, sequencing companies 
do not undertake analyses for single 
samples; a minimum of 48 samples 
is often required.

EQUIPMENT
Genetic sampling requires equipment 
for taking the samples and storing the 
samples. In the field it´s important to 
record as much data as possible, and 
it´s worth preparing data sheets and 
labels in advance.

CHECKLIST:
●   Knife/scalpel blade/scissors
●   Cutting board
●   Blunt end forceps
●   70% ethanol for cleaning 

implements (can use a plastic 
spray bottle)

●   Tissues or wipes for cleaning and 
drying implements

●   Paper envelopes and screwcap 
tubes; sample boxes for the tubes

●   Whatman FTA Elute cards; non-
indicating classic card

●   70-100% ethanol (not containing 
methanol) for tissue preservation

●   DMSO solution
●   Plastic disposable pipette for 

filling tubes with preservative 
solution

●   Waterproof data sheets and 
clipboard

●   Pencil and eraser 
●   Waterproof labels 
●   Waterproof marker for labels
●   Camera with batteries, charger 

(adaptor if needed), memory 
cards or mobile phone for photos

To extract DNA from FTA Elute 
cards, some laboratory equipment 
will be needed: 
●   Punch tool and mat supplied  

with cards
●   1.7ml microfuge tubes 
●   Sterile water
●   Heat block
●   Centrifuge
●   Agarose gels

TECHNICAL LEVEL – 
MEDIUM
Tissue sampling is in itself a 
straightforward process, and can be 
undertaken after basic training on sample 
collection, data recording, storage and 
transport of samples. A key consideration 
is to collect the samples cleanly to avoid 
cross-contamination, and to keep them 
separated from each other at all times. 
It´s very important that the USI for the 
sample accompanies the tissue, and that 
metadata (data on the shark species 
and location associated with the tissue 
sample) is strictly maintained. 

The subsequent extraction of DNA 
requires a specialized molecular 
laboratory (see  

 Appendix B) and 
trained technical staff. DNA sequencing 
and analysis for species identification 
requires specialist skills and training, 
specific laboratory equipment, software, 
computing resources that include access 
to the internet, and data repositories.

DNA ANALYSIS:  
THE PROCESS
The identification of a species from the 

DNA in a tissue sample involves both 

laboratory and software analysis. 

1  First, the DNA is sequenced in a 

laboratory to determine the unique 

order of its four nucleotide bases. 

This produces raw F(orward) and 

R(everse) sequences. Most sequencing 

companies provide customers with 

these raw F and R sequences. 

2  These F and R sequences then 

need to be merged to generate 

a COI barcode, using sequencing 

software such as Geneious  

(  

 www.geneious.com).  

3  The COI barcode of the sample 

can then be matched to COI 

sequences stored in free-to-use 

international databases such as BOLD 

and NCBI. This will genetically identify 

the exact shark or ray species from 

which the sample was collected. 

4  As a final check, verify that the 

USI of the genetic identification 

matches the sample collected.  

It helps if there are photos of the 
specimen from which the sample 
was taken, with the USI on a label. 
This final step is best taken with a 
person who has expertise in shark 
identification.

If there´s no in-country expertise 
to generate the COI and match it 

CITES 

If a tissue sample is collected from a CITES-listed shark or ray species and 
needs to be sent out of a country for the (non-commercial) purpose of 
species identification, there are exemptions to the requirement for export 
permits. The national CITES Management Authority (MA) can provide the 
appropriate documentation. 

The tissue samples should be sent from a scientific institution registered by the 
CITES MA in the country in question. A list of registered scientific institutions 
around the world is available at  

 www.cites.org/common/reg/e_si.html. If 
there are no institutions registered in the country from which tissues need to be 
sent, contact the CITES MA of the country to seek advice. 

Tissue samples from CITES-listed species must also be sent to registered 
scientific institutions, so it´s important to check the status of genetic 
sequencing companies.

Provisions to further simplify the export of scientific samples are currently 
under consideration by CITES: for up-to-date information and advice, 
contact the relevant MA.

Fig 7: mtDNA CO1 sequencing in shark DNA – Forward and Reverse sequences. (Source: Sharon Appleyard, CSIRO)

FURTHER INFORMATION
For more information on the Genetics tool, please contact Dr Sharon Appleyard, 
Australian National Fish Collection, National Research Collections Australia.

T: +61 3 6232 5458  E: sharon.appleyard@csiro.au
W: www.csiro.au/en/Research/Collections/ANFC


