Lesson 2: An overview of the
DNA barcoding workflow

This presentation and the associated lesson plan were developed by Dr. Carlos M. Rodriguez Minguela



DNA BARCODING: STEPS 1-2 ettt

EXTRACT DNA. 9 AMPLIFY A STANDARD BARCODE GENE.
DNA is extracted from the The barcode region is amplified using PCR
microorganism sample. (Polymerase Chain Reaction).
Primer Primer
(forward) (reverse)
; Barcode gene g

PCR CYCLE (repeated 25-35 times)

ettt ™m G B R I L L

o Denaturation
(94_98°C) EER R 1 | L L 1

9 Annealing A=
(50-65°C)

o
- P e
e Extension T ' m—
(72°C)  e——— el
; A S : ‘ Result:
‘ Cell lysis Proteins and other DNA is purified Purified DNA o 5 | Millions of copies
(break open cells) cell components and collected is ready epeat cycles
are removed i (25-35 cycles) _ of the barcode

2 region.

\ Q Result: High-quality DNA free of inhibitors and contaminants.
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3 ' -  KEY POINT Primers are short DNA sequences that bind to conserved regions flanking the barcode gene.
= A PCR selectively copies only the barcode region, generating milllions of copies for analysis.



The Internal Transcribed Spacer (ITS) region is the most widely used barcode for identifying fungi.

A GOOD BARCODE @ Found in all members @ By to 2ty @ Has conserved regions @ Has variable regions
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Structural Organization of Ribosomal RNA Genes in Fungi
Conserved regions are very similar across species; variable regions show differences
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Using a short DNA sequence (barcode) to identify
the species of an unknown microorganism.

DNA BARCODING: STePS 2-5

EXTRACT & AMPLIFY SEQUENCE THE OBTAIN THE DNA e COMPARE THE SEQUENCE
THE BARCODE REGION BARCODE SEQUENCE TO A REFERENCE DATABASE

Species Match (%)

ATGCTAACGT..

e e

Aspergillus flavus 99.8%

_’ _* Aspergillus oryzae 95.1%

Aspergillus niger 93.0%
Aspergillus terreus 91.2%
Others < 90%

ATGCTAACGT..

DNA sequence

PCR amplifies the ITS region
from the fungal DNA.

The chromatogram is The sequence is compared with
‘ analyzed to generate the sequences in databases such as
Result: The amplified DNA is DNA sequence (barcode). GenBank.
Millions of copies of the sequenced to determine the
barcode region. order of nucleotides. l
Result
The ITS sequence from the unknown fungus matches 99.8% with Aspergillus flavus in the 99.8% match to
database. Therefore, the unknown organism is identified as Aspergillus flavus. Aspergillus flavus
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Species identified



From indoor surface sampling to a broad but summarized description of the
detected fungal isolates.
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o Obtain barcode

f
o Sample an

cultures

indoor surface

Use a sterile swab to smple
visible dust or mold from
an indoor surface.

Recover diverse fungal

colonies on culture media.

} e Isolate pure

Pick distinct colonies and
streak/transfer to obtain
single-colony (pure)
cultures.

Pure culture
| 38 (mycelium)
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sequences

TGCATCGATTCGA
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CCTGAGGTTCGA

GGTCGATACCGT

rA= Sequencing »

J (Sanger) MMAM
* ATCGTTGACCGA
ITS barcode

sequences

Generate ITS barcode
sequences for each isolate.

ITS barcode

Reference databases
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) 1S05 | Aspergilius flavus

Match ITS sequences to
reference databases to
assign likely identifications.

Database searches
identify the closest known
relatives for each unknown
isolate, generating a large
and complex sequence
dataset.

Multiple sequence
alignment (MSA)
comprehensively evaluate
the dataset, enabling the
construction of
phylogenetic trees that
summarize genetic
relationships among
fungal isolates and
simplify data
interpretation.
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How DNA Sequence Alignment Works

Multiple sequence alignments (MSAs) line up DNA
sequences from many organisms.

This puts similar positions (letters) in the same
columns so they can be compared.

MSAs help identify matching sequences in databases.
An unknown sequence is aligned with database sequences.
The best match(es) indicate the most likely identity

or closest relatives.

The alignment shows conserved (same) and variable
(different) positions.

This information reveals similarities and differences
across sequences.

MSAs detect mutations and evolutionary changes.
Different letters in a column represent mutations or
natural variation over time.

Aligned sequences can be used to build phylogenetic trees.
The alignment provides the data needed to calculate
evolutionary relationships.

Phylogenetic trees translate alignment information into a tree diagram.
This makes it easy to visualize how organisms are related
and to communicate the results.
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UNKNOWN PATIENT ISOLATE
Escherichia coli

Pseudomonas aeruginosa BIOFILM
Pseudomonas putida SOIL
Candida] psychrophila

Escherichia coli

Pyrococcus furiosus
Methanocaldococcus infernus
Staphylococcus saprophyticus
Methanopyrus kandleri
Saccharomyces cerevisiae
Staphylococcus epidermidis
Debaryomyces hansenii
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Escherichia coli
Pseudomonas aeruginosa BIOFILM CAGAC CTAC
Pseudomonas fluorescens BURNS WOUNDQ‘HT(ACACTHGAA(THAHALA‘( CAGACTCCTACG
Pseudomonas putida SOIL CAGACTCCTAC

CAGACTCCTACGC
%TCCA""AF Tfr’ TAF.

Staphylococcus
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"ACACTGGAACTGAGACACC
Staphylococcus saprophyticus A(A(TﬂGAA(TﬂAﬂA(A(
Pyrococcus furiosus

Methanocaldococcus infernus

Methanopyrus kandleri

SGCAGCAG(
CAGCAGH
SCGCAGCAGQA

1 = Conserved columns (similar)

Same letter in most or all sequences. Analysis of genetic SnecesA
Often indicates important function. relationships —— Species B
— Species D

X = Variable columns (different)
Species E

Different letters indicate mutations
or natural variation.

Species C
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