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Our model organizes teaching and learning 
around student participation in the 

International Barcode of Life (iBOL) project 



A DNA barcode is a short, standardized genomic 
sequence that delimits species boundaries  

0

650

CGA T

mitochondrial 
genome



Animal species show < 2% intraspecies variation 
but > 4% divergence from nearest neighbor 



A barcode sequence is embedded into a  
reference barcode record and linked to metadata 



Barcode records are assembled and stored in the 
Barcode of Life Data Systems (BOLD Systems) 



Unknown barcode sequences are queried against 
a library of reference records in BOLD-IDS 

query barcode sequence 
generated from unknown source 



The BOLD ID System presents the probability of 
placement in a taxonomic group 



The student experience binds the  
concepts and methods of DNA barcoding  

into an integrated pipeline 

field lab databasing 



The pipeline begins in the field with the 
collection of specimens and metadata 

• Collect target specimens 
 
• Capture images and record  
   specimen metadata 
 
 
 
 
 
 
 
• Process specimen tissue 



DNA barcodes are generated in the lab using 
standardized/optimized protocols 

• Extract gDNA from tissue 
 
• Use PCR to amplify COI 
   gene segment 
 
• Confirm size of COI ampli- 
   con with gel electrophoresis 
 
• Purify amplicon with silica- 
   based spin column 
 
• Submit for bidirectional 
   sequencing 



The final segment of the barcoding pipeline 
involves the online assembly of barcode records 

• Assemble reference barcode 
  records with metadata ob- 
  tained in the field and se- 
  quence data generated in the  
  high school science lab 



The design of BOLD-SDP was guided by  
the following considerations 

• Class authentication and student 
   identity management 
 
• Class management 
 
• Record assembly workflow 
 
• Sequence editing 
 
• Data validation 
 
• Data visualization and analysis 
 
• Audience-specific user support 
  documentation 
 
 



Students assemble barcode records through a 
modular, four-step workflow 

New Specimen 

1 

Upload Images 

2 

Upload Trace Files 
3 

Add Sequence 
4 
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2 Upload Images 



3 Upload Trace Files 



4 Add Sequence 



4 Add Sequence:  Sequence Editor 



Assembled barcode records appear in a row of 
class record list with various flags 



Completed barcode records migrate through a 
three-tier validation and publication pathway 

Educators Project 
Leaders 

BOLD Systems 
Data Managers 

Tier 1 Tier 2 Tier 3 



Completed barcode records migrate through a 
three-tier validation and publication pathway 

• Preserves the fidelity of records entering the  
  global reference library 
 
• Emphasizes the importance of data standards  
  and data sharing practices 
 
• Highlights the authenticity of the student ex- 
  perience 
 
• Minimizes demands on BOLD data managers 
 
• Establishes a user-designer feedback loop that      
  promotes the continued evolution of the re- 
  source 
 



Assembled records appear in a the course 
management console of BOLD-SDP 



The BOLD-SDP data analysis tools deepen the 
inquiry component of student library building 

Map Collection Sites Specimen Images 

Identification Engine Taxon ID Tree Barcode Gap Analysis 



Students and teachers in our program have 
contributed over 1600 records to BOLD Systems  

Apart from active program participants, BOLD-SDP supports student data con-
tributors from ~200 high schools, two- and four-year colleges, technical schools, 
universities, botanical gardens, gene banks, and science centers 

Distribution of schools participating in the Barcoding Life’s Matrix program 



Lessons learned from the design and  
deployment of BOLD-SDP 

The design of a student interface can identify usability  
gaps and inform enhancements to a parent system  

Clear mechanisms for data safeguarding and publication 
can motivate the participation of other science 
professionals 

Rapid data publication is important for maintaining 
continuity of the learning experience and student 
investment 
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