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Just as the unique pattern of bars in a universal product code (UPC) identifies each consumer 
product, a short “DNA barcode” (about 600 nucleotides in length) is a unique pattern of DNA sequence 
that can potentially identify each species

What is DNA Barcoding?



Organism is sampled DNA is extracted “Barcode” region amplified

ACGAGTCGGTAGCTGCCCTCTGACTGCATCGAA

TTGCTCCCCTACTACGTGCTATATGCGCTTACGA

TCGTACGAAGATTTATAGAATGCTGCTAGCTGC

TCCCTTATTCGATAACTAGCTCGATTATAGCTA

Sequenced DNA creates a unique “barcode” for each 

species
ID from databases

What is DNA Barcoding?



rbcL

matK

Plants: Chloroplast

CO1

Animals: Mitochondrion

Fungi: Nucleus                        Bacteria

“Universal” DNA Barcodes



Non-experts can identify specimens
Can ID incomplete, damaged, or processed 

samples

Advantages of DNA Barcoding: Identification



Identify food fraud Monitor disease 
vectors

Morphological
 dopplegangers

Establish 
biodiversity 
inventories

Combat poaching
Under-described 

life stages
Determine 

unknown diets

...and much 
more!

Advantages of DNA Barcoding: Single infrastructure 
supports a range of distributed projects



DNA Barcoding 101



DNA Subway 1.0



Sequencing Technologies

Sanger

• 100-1000 bp
• Low-throughput
• Low error

illumina

• 100-300 bp
• High-throughput
• Low error
• Substantial startup 

($10K+)

PacBio

• 1-50 kbp
• High-throughput
• Low error
• Substantial startup 

($10K+)

Nanopore

• 0.5 kbp - millions
• High-throughput
• Moderate error
• Low startup ($2K+)

Short-read Long-read

*Only sequencing technology that 
can be done in the classroom



DNA is extracted “Barcode” region amplified

ID from databases

Nanopore Compatible DNA Subway

Sanger Sequencing

Nanopore Sequencing (in the 
classroom)

Bioinformatics Analysis
Blue Line



What is Nanopore Sequencing?

Nanopore sequencing is a technology that enables direct, real-time analysis of any length 
of DNA or RNA fragments. It works by monitoring changes to an electric current as nucleic 
acids are passed through a protein nanopore.



How Does Nanopore Sequencing Work?

The advantages of nanopore sequencing

DNA or RNA

Motor enzyme

Nanopore

Supporting 
membrane

• A DNA / RNA strand is passed through a nanopore

DNA at ~400bps
Electrical signal 

turned into 
basecalls

Real-time
Analysis

PCR free, no 
amplification bias

Modified base 
detection

Read length-agnostic
Direct sequencing of 

DNA / RNA

An electrical signal is interpreted into sequence data



Sequencing Technologies



Sequencing Technologies

Current Change Across the Pore                       DNA Sequences (4 base pairs) 



Requirements



Workflow

• Rapid barcoding kit quick enough to do during class  - add rapid barcode directly to PCR product
• Flongle - No need for very high through put
• Even with fragmentation can get consensus of amplicons ~600bps

Library Preparation 
Rapid Barcoding Kit

PCR

Load On Flongle Sequence



Data output

Sanger

.abi files (electropherograms)

.fasta (one forward sequence 
and one reverse sequence per 
sample)

Nanopore

      .fast5 (current change)

.fastq (many sequences with 
associated quality scores) 



• Forensic Entomology – using the identity of insects found on a cadaver to estimate 
the post-mortem interval (PMI)

• Specimens field collected from students of the Forensic Anthropology Center (FAC) 
at the University of TN, Knoxville.

• Use DNA Barcoding to identify samples from the Forensics 
Anthropology Center to help determine post-mortem interval.

Jeffry Petracca
Sanger Sequences didn’t come back in time!

Forensics Crime Lab



Demo Link

 

       https://dnasubwayv2.dnalc.org/

Username: barcoding

Password: atemeeting

https://dnasubwayv2.dnalc.org/


Forensics Crime Lab

Piophilidae Piophila (Cheese skipper)

Piophilidae Prochyliza (Waltzing Fly)

Calliphoridae Phormia (Blow fly)
Calliphoridae Lucilia (Blow Fly) 

Cleridae Necrobia (Ham beetle)


