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Introduction
DNA barcoding is a method of 
species identification that uses 
a specific, short sequence of 
DNA to compare different 
species 
It has been applied to many 
problems in biology, 
specifically taxonomy
Tardigrades are invertebrates, 
many of which are similar in 
appearance 
Though morphology can 
provide a general foundation 
for species identification, it can 
be unreliable Figure 1. Macrobiotus sp. mounted in PVA 

viewed through a Phase Contrast 
microscope at 200x (O’Shea 2020)



This project focused on the development of a working procedure to 
extract, amplify, and purify DNA from an individual tardigrade.

Two different methods were tried for DNA extraction, PCR, and 
DNA purification.

The extraction methods and PCR methods were an adaptation of 
Stec (2020) with some reference to Stec et al. (2015).

If successful, the DNA sequences acquired could be used as 
functional DNA barcodes in species identification.

Project Overview



The COX1 Gene

This is a mitochondrial 
gene that is often used in 
animal DNA barcoding, 
specifically the 650 base 
pair “Folmer” region of 

the gene. 

The mutation rate of the 
“Folmer” region is high 

enough that the sequence 
can be used to see 

differences between 
species



Project Methods

Tardigrades were isolated 
from rehydrated moss 
collected from various 

location in Newfoundland 
and Labrador in 2019

Tardigrade samples were 
searched for under a 

dissecting microscope. 

The samples were placed 
into a desiccator for a 
minimum of 24 hours. 



The Chelex Method

DNA amount can 
be a limiting 

factor, especially 
with 

invertebrates.

The chelex
method of DNA 

isolation is a 
cheaper and faster 

extraction 
technique

It can be used to 
extract DNA from 

small samples 
with as little 

sample handling 
as possible



Table 1. A 
comparison 
of three 
methods of 
the initial 
DNA 
extraction 
from a 
tardigrade

Step Stec 2020 Extraction Method 1 Extraction Method 2
1 45µl of 3% suspension of 

75-150µm wet bead chelex
in ddH2O

45µl of 3% suspension of 100µm 
wet bead chelex in distilled water

45µl of 3% suspension of 100µm wet 
bead chelex in distilled water

2 Add 3.0µl proteinase K to 
sample

Add 3.0µl proteinase K to sample Add 3.0µl proteinase K to sample

3 N/A N/A Incubate sample at 95ºC for 5 minutes 
in thermocycler

4 Incubate sample at 56ºC for 
20-30 minutes in 
thermomixer with constant 
500 rpm

Incubate at 56ºC for 25 minutes in 
shaking incubator with constant 
250 rpm

Incubate at 56ºC for 25 minutes in 
shaking incubator with constant 250 rpm

5 Sample incubated at 70ºC 
for 10 minutes

Sample incubated at 70ºC for 10 
minutes (also in shaking incubator 
without any movement)

Sample incubated at 70ºC for 10 
minutes (also in shaking incubator 
without any movement)

6 Sample cooled at room 
temperature. The 
supernatant is transferred to 
new 1.5ml tubes and stored 
at -20ºC

Sample cooled to room 
temperature and was either used 
immediately or stored in freezer

Short vortex of sample, followed by 
two short centrifugations to ensure 
the removal of the chelex beads. The 
supernatant was transferred to new 
1.5ml tubes and either frozen or used 
immediately.



Table 2. A 
comparison of the 
two PCR methods 
used during the 
project.

Step Initial Method Altered Method

1 95ºC for 4 minutes 95ºC for 4 minutes

2 95ºC for 1 minute 95ºC for 1 minute

3 51ºC for 1 minute 51ºC for 1 minute

4 65ºC for 5 minutes 65ºC for 6 minutes

5 Repeat steps 2-4 for a 
total of 35 cycles

Repeat steps 2-4 for a 
total of 40 cycles

6 65ºC for 10 minutes 65ºC for 9 minutes



1% agarose gel was 
prepared, and 

electrophoresis was run. 
The gel was removed 
and placed on the UV 

light box to view bands.

Two methods of 
purification were 
carried out: PCR 

purification and agarose 
gel extraction. 

The concentration of 
the final sample was 

tested using a nanodrop
spectrophotometer. 

If a concentration of 
15ng/µl or above was 
attained that samples 

would have been sent to 
the University of 

Calgary for sequencing. 

Project Methods



The first extraction 
method that did not 
have the 
centrifugation 
removal produced 
samples that gave no 
bands or long, blurred 
bands.
64 out of 110 total 
samples displayed a 
band at the target of 
800bp
A thick, blurred band 
at about 80bp was 
consistent in all gels.

Results

Figure 2. Agarose gels displaying bands at 800bp and 
80bp. The leftmost lanes of each gel contains a ladder 

corresponding to the respective ruler: (A) GeneRuler Low 
Range DNA Ladder and (B) TrackIttm 100bp DNA ladder. 
The rightmost lanes of each gel displays a blank sample 

ran with every gel. 



The changes in PCR 
methods did not appear to 
have any significant effect 
on the concentration results 
(p-value > 0.8)
The two purification 
methods did get 
significantly different 
results (p-value < 0.001).
DNA barcoding could not be 
done as there were no 
samples with a high enough 
concentration of only the 
target DNA.

Results

Figure 3. The medians, quartile ranges, and outliers of the 
concentrations measured from the samples of each 

extraction method by the nanodrop spectrophotometer 
compared to the threshold concentration (15ng/µl)



The second extraction chelex method with the 
centrifugation removal of the chelex beads seemed to be the 
best extraction method, which was then used for the rest of 
the project.
The first extraction method produced samples that gave no 
bands or long, blurred bands.
o This was most likely due to the presence of chelex during PCR
o Chelex inactivates enzymes, including Taq Polymerase involved in 

PCR

Discussion



There were some contaminants throughout the experiment.
○ This was most likely due to the distilled water used as it was not sterilized 

beforehand
○ However, it could have also been due to the primers amplifying other 

genes than cox1 or due to the dimerization of the primers.
○ This caused the change in the purification method
○ It was possible the nanodrop was counting the extra fragments when 

calculating the DNA concentration of the sample.
After switching methods, the DNA concentration was below the 
threshold for reliable measurements.

Discussion



Future 
Methods

There is a possibility to look 
at other genes.

Other extraction and 
purification methods 

could be tested.

Other primers could also be 
used.

This could include the small 
ribosome subunit, the large 
ribosome subunit, and the internal 
transcribed spacer

Changing primers might also 
decrease the chances of amplifying 
the extra unwanted DNA fragment

Salt/ethanol or phenol/chloroform 
methods
Electroelution and freeze-thaw 
methods



Conclusion
Chelex is an effective way to isolate DNA from single 
tardigrade samples

The methods developed during this project provide a 
basis for future single tardigrade DNA extraction method 
developments 

However, more research is needed to identify an 
extraction technique that will increase the final DNA 
concentration without including any unwanted DNA 
fragments

Once the target DNA can be extracted, amplified, and 
purified with a high enough concentration, sequencing 
can be done to create tardigrade specific DNA barcodes. 
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