Barcoding for beginners Student notes

08 | Bioinformatics: DNA identity
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- Computer for:
- viewing viewing chromatograms

- using a BLAST to identify invertebrate samples from the DNA barcode sequence
- Instructions for viewing and interpreting chromatograms

- Instructions for using a BLAST to identify the organism that a DNA barcode came from

What does a chromatogram show?

During Sanger sequencing the DNA bases are labelled with fluorescent tags:

A =green
C = blue
G = yellow
T =red

Then the bases are separated by size using capillary gel electrophoresis (separating DNA by size
through gel in a very narrow capillary using an electrical current).

A laser causes excitation of the fluorescent tags, which a detector records.

This gives a chromatogram, which plots the strength of the fluorescence detected against time
(synonymous with DNA length). The colour of the fluorescence is used to assign the sequence of the

bases, with the strength of fluorescence giving a measure of the certainty / quality of the sequence.
An algorithm is used to assign bases.

* The first part of the sequence is often poor (for about 40 bases) as very short fragments do not
migrate predictably during gel electrophoresis.

* The best data is usually between 100 and 500 bp into the sequence — you can see this as sharp,
evenly-spaced peaks.

¢ Towards the end of the trace the peaks are not as strong and become less evenly-spaced.
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View of a chromatogram
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Time, which correlates with base position, is plotted on the x axis. Signal intensity, in relative
fluorescence units, is plotted on the y axis. Analysis software processes the raw data and assigns
bases to the peaks to generate the final DNA sequence. Quality values are calculated for each
assigned base, providing a measure of confidence in the assigned base.
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1. Open your chromatogram file

- You may be given access to your chromatogram as an .ab1 file, to be opened using
Chromas software, or as a pdf.

- If you are given an .ab1 file, you can explore the chromatogram using the free Chromas
software. This can be downloaded from: technelysium.com.au/wp/chromas

- To then obtain the chromatogram for viewing and analysis, select print from the top bar,
then set printer name to Adobe pdf. Save it in a place, and use a name that you will
remember.

N e . I\' | /.

i

fW

- If you are given a pdf, you will not need to do the 2 previous steps.
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View your chromatogram and assess DNA sequence accuracy

- Zoom the chromatogram to fit onto one page.
You will be able to see more than 710 bp on an
A4 sheet.

Run Ended: Jul4, 2024, 6:08:11  Signal G:3427 A7257 T9616 C:5637
MigF Lane: 80  Base spacing: 16.82

- Discuss the accuracy of your DNA barcode L
sequence (using information from the ‘C‘\"‘{J‘Lﬂﬂjﬂ\ﬁj{f Uil
chromatogram) with your partner, teacher and vt
class.

For example, my sequence was accurate as
the fluorescent peaks detected were sharp and
evenly-spaced and only the first 21 bp were
inaccurate.

- Make sure that you save the chromatogram in
a file format, location and using a file name that
you will be able to find and use again.

Identify the DNA sequence to compare to databases of known sequence

- You may be given access to your chromatogram as an .seq file, which can be opened in
Microsoft Word, or already saved as a Microsoft Word file.

- When you open the file it will show the DNA sequence from the chromatogram.

Itis in FASTA format, with > indicating the name of the DNA sequence, and the sequence
then starting on the next line. FASTA (Fast-All) format allows the sequence to be easily
used in sequence alignment with existing databases.

>MARHOV-M13F B20
AAAAAGAATGGAACCTTATATTTTCTATTCGGAGCTTGAGCTGGAATAGTAGGTACATCATT
AAGTGTATTAATTCGTGCAGAACTTGGTCATCCTGGTGCTTTAATTGGAGATGATCAAATTT
ATAATGTAATTGTTACAGCCCATGCTTTTGTAATAATTTTTTTTATAGTAATACCTATTATA
ATTGGAGGATTTGGTAATTGATTAGTTCCATTAATATTAGGAGCTCCTGATATAGCATTTCC
TCGTTTAAATAATATAAGTTTTTGACTATTACCTCCTTCTTTAACATTATTATTAGTAAGTA
GTATAGTTGAAAATGGAGCTGGAACAGGTTGAACAGTATACCCTCCTCTTTCTGCTGGTATT
GCTCATGGAGGAGCTTCTGTAGATTTAGCAATTTTTTCTTTACATTTAGCAGGAATATCATC
AATTTTAGGAGCTGTAAATTTTATTACAACTGTTATTAATATACGATCTCATGGAATTACTT
ATGATCGAATACCTTTATTTGTTTGATCAGTTGTAATTACAGCATTATTATTACTTTTATCA
TTACCTGTATTAGCAGGAGCTATTACTATACTTTTAACTGATCGAAATTTAAATACTTCATT
CTTTGATCCAGCAGGAGGAGGAGATCCAATTTTATATCAACATTTATTTTGATTTTTTGGTC
ACCCTGAAGTTTAGTCATAGTGGNNTTTNCGGGGAA

- If there are a large number of N (unknown base) recorded early and late in your sequence
then this part of the DNA sequence is not very accurate and will not yield good results
when trying to identify your invertebrate.

- Find any unknown nucleotides (N) and select a length of sequence that does not include
any Ns for comparison to databases of known sequence. Indicate in your file which parts
of the sequence are of high quality and will be used in analysis by highlighting the text.

- Make sure that you save the DNA sequence in a file format, location and using a file name
that you will be able to find and use again.
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Instructions | Using a BLAST to identify your invertebrate sample

A BLAST (Basic Local Alignment Search Tool) is used to compare DNA sequences. Now that
you have your DNA barcode sequence files you can use a BLAST against a database of known
sequences to identify the invertebrate that you sampled at the start of the project.

DNA barcode is the name given to the DNA sequence of a gene found in the mitochondrial DNA of
all animals. The mitochondrial cytochrome oxidase subunit 1 gene is used as the DNA barcode. It is
a useful tool for identifying organisms as the gene sequence is constant within a species, but varies
between species.

From this point onwards if you would prefer to use online instructions follow this link:

app.tango.us/app/workflow/08-Using-BLAST-to-identify-your-sample-787fce2ee4fb41
8ab27423321d8fc046

Find the National Centre for Biological Information (NCBI) website with free software
for DNA sequence comparison

- Type NCBI BLAST into an internet search engine.
- Click on the link for BLAST: Basic Local Alignment Search Tool.

- Select Nucleotide BLAST. This should take you onto the blastn tab.

Match the DNA barcode sequence from your sampled invertebrate against a database
of DNA sequences, to find which organism the DNA barcode came from

- Use the accurate portion of the sequence file returned after DNA sequencing, saved in a
new text file, in FASTA format.

FASTA format contains a > indicating the name of the DNA sequence, and the sequence
then starting on the next line. FASTA (Fast-All) format allows the sequence to be easily
used in sequence alignment with existing databases.
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- Copy the >, name and sequence for your DNA barcode.

- On the blastn tab, in the white box in the Enter Query Sequence section, copy and paste
the >, name and sequence for your DNA barcode.

- In the Choose Search Set section, the Standard databases (nr etc.) should be checked.
- Select Nucleotide collection (nr/nt) from the drop down menu.
- In the Program Selection section, optimise for Highly similar sequences (megablast).

- Click the blue BLAST button. Algorithms will try to find the best match for your DNA
barcode by comparing it to all of the DNA sequences stored in its database. Depending on
how many searches are submitted at the same time as yours this may take a few minutes.

Understanding the results
- Scroll down until you see 4 tabs.

- On the Descriptions tab, you can see the scientific name (binomial classification) of the
organism and the name of the DNA sequence that matches your query.
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- In the Description column, each line shows the species name, a sample reference
made up of numbers and letters, then what the DNA sequence is. You should see the
term cytochrome ¢ oxidase subunit I, which is the gene used as a barcode for animal
species, or mitochondrion, as this is where the DNA barcode gene is located.

- In the Scientific name column it gives the binomial classification of the organism. Click on
this to see more information on classification and the common name, or type the bionomical
classification into an internet search engine to find out what the common name for the
invertebrate is.

- In a column to the right, the E value or Expectation value, is the number of alignments with
the query sequence that would be expected to occur by chance in the database.

Lower E values mean that the chance of the alignment occurring randomly is very low, so
the probability that the sequence retrieved is related to the query sequence is high.
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- On the Graphic Summary tab, you can see whether the sequence alignments are for the
whole of the query sequence or just part of it.
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- Remember that the longer alignments provide more precise results.

Precision = the closeness of agreement between independent measurements obtained
under the same conditions.

- On the Alignments tab there is a detailed view of each sequence from the database
aligned to the query sequence.
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- To present the results of your scientific identification of your invertebrate using a DNA barcode,
you should include this alignment. Click the Download button in the top left hand corner and
select text (aligned sequences), then press continue.

- Save the alignment in a location you can find again, and with a name that you will remember.

Share your results

- An important part of science is the ability to communicate results to others.

- Comment on the accuracy of your DNA barcode sequence (using information from the
chromatogram).

- Are you able to identify your invertebrate species by comparing your DNA barcode
sequence to a database using a BLAST search?

- If unable to identify your invertebrate species is it because of lack of accurate sequence
or is the sequence accurate and the species appears not to be present in the database?
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