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

Aligned Length = 580 Gaps = 0
Identities = 550 (94%)

P. clathratus L e P 70
P. nebulifer L e Aol 70
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P. clathratus 71 ... A................. Ao, G 140
P. nebulifer 70 .G P AcGo 140
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P. clathratus 141 ..G..T..C... ... . .. S G C.... 210
P. nebulifer 141 A G T I Fo.o.o.. l.... 210
""""""" * % ** LENEEEEEEEEEEEEEEESEEEEEEEEEEEEESEREEREEREEEREREEEEEESEEEINEEEJEJNEEESS
P. clathratus 211 ... .. e [ l.... 280
P. nebulifer D C...... G.... 280
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P. clathratus 281 ....T.A..... Corrr Covvvinill r..c..C......... Aol 350
P. nebulifer 281 ....C.G.....T... ... ... ..., [ C..T..T......... G.oovt it 350
"""""""""" LR EE IR S EEENEEEEEEEEESEEEEEEEENEEEEEEEEEEEEESEE IR EIEEEEEEEEENEEEEEEESE]

P. clathratus 351 ...C....G....... .. i, C..... Gt 420
P. nebulifer 351 ...0....01. . ... M.o.... Ao 420
""""""" LR E I EEENEEEEEEEEEEEEESEREEEEEEREEEE R ENEEEE R ENREEEREEREREEEREREEREEEEEZEESES]

P. clathratus 421 . ... .. .. r.o.... Govvvee i 490
P. nebulifer 421 ... ... G..... Covvvnnnii, 490
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P. clathratus 491 ...T.............. A e e Mo.o.... 560
P. nebulifer 491 ...C.............. G e Ao, 560
"""""""" LEEEEEEEEEEEEEESENEEEEEEEEEEEEEEEREREEREEERERERESEEEESREREESEESESEEJEEEEEEJEE
P. clathratus 561 .................... 580
P. nebulifer 561 .................... 580
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A barcode sequence is embedded into a
reference barcode record and linked to metadata

BOLDSYSTEMS public Data Portal

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

boldsystems.org

BOLDSYSTEMS Databases | Taxonomy | Identification | Workbench | Resources

v4.boldsystems.org

Barcodes: 5,216,324 %

persite: (12070 KN

Taxonomy | %

A data retrieval interface that allows for searching over 1.7M A searchable database of Barcode Index Numbers (BINSs),
public records in BOLD using multiple search criteria sequence clusters that closely approximate species.
including, but not limited to, geography, taxonomy, and

depository.

A custom platform for educators and students to explore An integrated data collection and analysis environment that
barcode data and contribute novel barcodes to the BOLD securely supports the assembly and validation of DNA
database. barcodes and ancillary sequences.




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

boldsystems.org

BOLDSYSTEMS  Databases | Taxonomy | Identification | Workbench | Resources

Identification Request

Fungal Identification Plant Identification
[ITs] [rbcL & matK]

The BOLD Identification System (IDS) for COI accepts sequences from the 5' region of the mitochondrial Cytochrome c oxidase subunit | gene and returns a species-level identification when one is possible. Further validation with independent genetic markers will be desirable in some
forensic applications.

Historical Databases: ul-2015 Jul-2014 Jul-2013 Jjul-2012 Jjul-2011 Jul-2010 Jul-2009

Search Databases:
All Barcode Records on BOLD (4,708,558 Sequences)
Every COI barcode record on BOLD with a minimum sequence length of 500bp (warning: unvalidated library and includes records without species level
identification). This includes many species represented by only one or two specimens as well as all species with interim taxonomy. This search only returns a list
of the nearest matches and does not provide a probability of placement to a taxon.
Species Level Barcode Records (2,660,432 Sequences/173,945 Species/64,041 Interim Species)
Every COI barcode record with a species level identification and a minimum sequence length of 500bp. This includes many species represented by only one or two
specimens as well as all species with interim taxonomy.
Public Record Barcode Database (994,553 Sequences/83,503 Species/17,982 Interim Species)
All published COI records from BOLD and GenBank with a minimum sequence length of 500bp. This library is a collection of records from the published projects
section of BOLD.
Full Length Record Barcode Database (1,669,502 Sequences/156,859 Species/55,532 Interim Species)
Subset of the Species library with a minimum sequence length of 640bp and containing both public and private records. This library is intended for short
sequence identification as it provides maximum overlap with short reads from the barcode region of COI.

Enter sequences in fasta format:

>unknown fish tissue
TCAGCCAACCGGGCGCTCTCTTAGGGGACGACCAGATCTACAATGTAATTGTTACGGCACACGCTTTCGTAATAA

TTTTCTTTATAGTAATACCAATTATGATTGGGGGTTTCGGAAACTGACTTATCCCTCTAATGATTGGGGCTCCCG
ATATAGCATTCCCTCGAATAAATAACATAAGCTTTTGACTCCTCCCTCCCTCTTTCCTTCTTCTCTTAGCTTCCT
CAGGGGTTGAAGCAGGAGCAGGTACAGGCTGAACAGTTTACCCTCCATTATCCGGTAACTTAGCCCACGCCGCAG

CTTCTGTTGATCTAACAATCTTCTCTCTCCACTTAGCAGGTATCTCTTCAATTCTAGGGGCAATTAA ATTA

CTACAATTATTAACATGAAGCCCCCTGCTATTTCTCAATACCAAACACCTTTATTTGTTTGAGCTGTTCTAATTA
CTGCAGTACTGCTTCTTCTTTCCCTGCCAGTCCTTGCCGCAGGTATTACAATAC AACCGATCGAAATTTAA e | l e ra e rO l I I u n l l OWI l S o u r‘ e
ATACAACATTCTTTGATCCTGCAGGAGGTGGAGACCCTATCCTCTACCAACACCT

»2eqpas)

Submit

\BAS| URCES ORGA \ JN PARTNERS

Public Data Portal mentation About Us News & Eve iBOL
Taxonomy Browser Citing BOLD Contact Us Connect CBOL
Publications News and Events cCDB
Primers Data R GenBank

EOL




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

boldsystems.org

BOLDSYSTEMS Databases | Taxonomy | Identification | Workbench | Resources

Specimen |dentification Request

The submitted sequence has been matched to . This identification is solid unless there is a very closely allied congeneric species that has not yet been analyzed. Such cases are rare.
A species page is available for this taxon: | species page
Closest matching BIN (within 3%): BIN Page

For a hierarchical placement - a neighbor-joining tree is provided: = tree Based Identification

Probability of
Taxonomic Level  Taxon Assignment Placement (%)

Phylum Chordata 100
Class Actinopterygii 100
Order Perciformes 100
Family Serranidae 100

Similarity (%)

Genus Paralabrax 100

Species Paralabrax clathratus 100 78 89
Ranked Matches

Display option:  Top 20 [

Phylum Class Order Family Genus. Species Similarity (%) Status

Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Early-Release
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Early-Release
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Early-Release
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Early-Release
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Early-Release
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Published @
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Published @
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Published
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 100 Published @
Chordata Actinopterygii Perciformes Serranidae Paralabrax clathratus 99.83 Published 7
Chordata Actinopterygii Perciformes Serranidae Paralabrax nebulifer 95.29 Published
Chordata Actinopterygii Perciformes Serranidae Paralabrax nebulifer 95.29 Early-Release
Chordata Actinopterygii Perciformes Serranidae Paralabrax auroguttatus 95.11 Published @
Chordata Actinopterygii Perciformes Serranidae Paralabrax nebulifer 94.94 Published
Chordata Actinopterygii Perciformes Serranidae Paralabrax humeralis 94.94 Early-Release
Chordata Actinopterygii Perciformes Serranidae Paralabrax humeralis 94.91 Early-Release
Chordata Actinopterygii Perciformes Serranidae Paralabrax loro 94.87 Private

Chordata Actinopterygii Perciformes Serranidae Paralabrax humeralis 94.76 Published @
Chordata Actinopterygii Perciformes Serranidae Paralabrax humeralis 94.76 Published 7
Chordata Actinopterygii Perciformes Serranidae Paralabrax humeralis 94.76 Published




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 COl 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-
guence 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

BOLDSYSTEMS-SDP  ° Data visualization and analysis

STUDENT DATA-PORT@L . .
- Audience-specific user support

documentation



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

New Specimen Upload Images

Upload Trace Files * _. Add Sequence

]




L)
‘ ams New Specimen

onboard page
instructions

Specimen

The Specimen Data for a DNA
barcode record consists of 4
parts

1. Specimen Identifier
2. Specimen Details (for
example, the sex of the
specimen and its life
stage)
. Taxonomy (what species
you've collected), and
. Collection Details (when
and where you collected
your specimen).

If you are conducting an
investigational study to
determine the identity of an
unknown sample, you will NOT
be able to fill in all fields. You
should add notes under the
Specimen Detail section,
provide a provisional species
name (if possible) in the notes
field of the Taxonomy section,
and provide information for the
collector, collection date, and
any other details on where the
sample was obtained in the
Collection Details section (e.g.
supermarket, restaurant,
commercial fishing vessel etc.)

& specimen Identifier

The Specimen Identifier allows
you to link your DNA barcode
record to the actual source
specimen. On BOLD, this
identifier is called the Sample
ID. Each Sample ID is unique to
a barcode record and allows
you to connect your digital
barcode record with the
collected specimen. Sample IDs
can contain a fairly large
combination of numbers, letters,
and other characters, but they
must be unique in BOLD. To
avoid duplication, do not use
simple or obvious codes (for
example, AA, 001, AAD1, etc.).
Itis likely that someone else
has used codes like these
before.

Year-InstitutionCode-Initials-
Number

For example: 12-JFHS-JS-
0001

Institution Name: John Frasier
High School (JFHS)
Student Initials: Jane Smith (JS)

& specimen Details

Include in your record additional
information specific to the
specimen. Knowledge of your
specimen’s life stage, sex,
mode of reproduction, and other

boldsystems.org

@) Specimen Identifier

Sample ID:

&) Specimen Details

Life Stage:
Sex:
Reproduction:

(© Taxonomy

Phylum *:
Class:
Order:
Family:
Subfamily:
Tribe:
Genus:

Species:

Identification Method

(morphology,
barcode, etc):

Taxonomy Notes:

Adult  Immature €3 Unknown
Male = Female  Hermaphrodite £ Unknown

Sexual _ Asexual _ Cyclic Parthenogen

&) Unknown

Unselected

Unselected

Unselected

Unselected

Unselected

Unselected

Unselected

Unselected

@) Collection Details

Collected By:
Date (dd/mm/yyyy):

Country/Ocean *:
Province/State:

Region:

Exact Site:
Latitude (D.d):
Longitude (D.d):
Elevation:

Depth:

Coordinate
Accuracy:

Submit Cancel

/
Unselected

Unselected [5J

Dmeters  feet
Dmeters ~ feet

Dmeters ~ feet

Please enter the names of all student

contributors to this record.
Student

name: none

Instructors: Dean Chan
James Clement
Karen James
Mallory M Page

Centennial Collegiate

InStitution: -y, sational School

Course:  University Biology

attribution

pane

course
information

data input fields




Upload Images

&) Specimen Identifier
Studem[

none
Sample ID: Lookup name:

& Specimen Identifier

Enter your Sample ID to connect \ |mage

your photo to the appropriate

specimen. If you forgot the Attach Image: Choose File ' no file selected
Sample ID of the specimen that View Metadata:

you are working on, click the
<Lookup> button to find its ID in

your record list. Photographer:

Teachers: Dean Chan
James Clement

Caption: Karen James

Mallory M Page

Centennial Collegiate

Institution: Vocational School

& Image
Submit Cancel Course: University Biology

Attach Image - Select the image

that you wish to attach to your

record (as a .jpg or .JPG file).

You can attach up to 10 images

per specimen. It is common

scientific practice to include in

the image an object of known

size that provides an indication

of scale (for example, a coin, a

paper clip, or a ruler).

View Metadata - Describe the
orientation of your specimen in
the photo (for example, dorsal
view, ventral view, lateral view,
oral view, aboral view, etc.) or
any other specific characteristic
of your photo that you wish to
point-out.

Caption - Include a short caption
that best describes your
specimen. If necessary, consult
your teacher for guidance.

Photographer - Enter the
name(s) of the person(s)
responsible for taking and
editing the photo.




@G
* g Upload Trace Files

Trace Files

& Specimen Identifier

Enter your Sample ID to connect
your traces with the appropriate
specimen. If you forgot the
Sample ID of the specimen that
you are working on, click the
<Lookup> button to find its ID in
your record list.

& PCR Primers

Different PCR primer pairs are
often used to generate DNA
barcode sequences from
different organisms. Be sure to
select the correct primers used
to generate a barcode for this
specimen.

© Attach Trace Files

Be sure to add both forward and
reverse trace files to your
record, and to select the correct
primers that were used to
generate each trace file.

& Specimen Identifier

Sample ID:

¢) PCR Primers

Forward: LepF1

Reverse: LepR1

(@ Attach Trace Files

Forward: Sequencing Primer [ M13F-20
Choose File no file selected

Reverse: Sequencing Primer [ M13R

Choose File no file selected

Submit Cancel

Lookup

Student[
name:

none

Instructors: Dean Chan
James Clement
Karen James
Mallory M Page

Centennial Collegiate
Vocational School

Course: University Biology

Institution:




G
% Add Sequence

Sequences

&) Specimen Identifier
Student

Sample ID: TEST-402 Lookup =+ name:

[ none

& Specimen Identifier

Enter your Sample ID to connect
your barcode sequence to the
appropriate specimen. If you
forgot the Sample ID of the
specimen that you are working James Clement

on, click the <Lookup> button to \ Add Sequence Karen James

ind i i i Mallory M Page
find its ID in your record list. There are two options for uploading a sequence: = try - Cg" -
Institution: ~eMennial wollegiate

Once you enter your Sample ID, _ ) ) ) Vocational School
a status update will appear ;égj:n?ee_ BOLD-SDP Sequence Editor to trim, assemble, and edit your trace files to generate a Course: University Biology
showing the information

currently contained in the record
for this specimen. The absence

of a component is indicated by a 2. Use a third-party software package to trim, assemble, and edit your trace files. If this approach is
red x, whereas the presence of a used, the sequence will need to be uploaded directly.
component is denoted by a

green checkmark.

Instructors: Dean Chan

BOLD Sequence Editor

Upload Assembled Sequence
& Add Sequence

Paste your edited sequence Cancel
(contig) in the box to attach it to

the record. To complete the

submission, the sequence must

be processed through the steps

described below. Each step

must be performed in the order

in which it appears below.

© Process Sequence

Sequence processing involves 3
steps which need to be
completed in sequence.

1) Primer Trimming




G
% Add Sequence: Sequence Editor

Sequences assembled using the BOLD Sequence Editor may still contain primer sequences. It is recommended that primers be removed and the reading frame be verified upon submission.

Primer Code Direction Sequences
M13F-20 F GTAAAACGACGGCCAG
M13R R CAGGAAACAGCTATGAC

EDITING: SDP534012-16 TRACE 1: [QV] TRACE 2: T [QV22] QV LEGEND 50 40 30 20 10 [0

antej A3Trenp

antes Ayrren

“  | | | i VA imY i ‘ ; | ." |',",|='




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

| €= CoBack K Showing Records 1 to 20 Records Per Page

Summary Project Data : [ Select 4 COI-5P: 20 Specimens : 20

Specimens, Localities, and
GenBank

Analysis
Barcode Gap Analysis
Alignment Browser
Accumulation Curve
ID Engine
Taxon ID Tree
Map Collection Sites

Image Gallery

Record Flags Legend
@, GPS coordinates present for the
~ record.
Record contains images of the
specimen.
» The number of traces present for
the sample.

[% Sequence is Barcode Compliant.
* Stop codons present in
sequence.
Contamination present in
sequence.

Sebastes atrovirens
Sebastes atrovirens
Sebastes atrovirens
Sebastes atrovirens
Sebastes atrovirens
Sebastes atrovirens
Sebastes atrovirens
Sebastes atrovirens
Sebastes atrovirens
Sebastes atrovirens
Sebastes carnatus

Sebastes caurinus

Sebastes chrysomelas

Sebastes mystinus
Sebastes mystinus
Sebastes mystinus
Sebastes mystinus
Sebastes mystinus
Sebastes mystinus

Sebastes serriceps

629 [0n]
594 [0n]
562 [0n]
630 [On]
626 [On]
636 [On]
629 [On]
644 [0n]
605 [On]
604 [On]
626 [0n]
655 [On]
644 [0n]
568 [On]
604 [On]
600 [On]
593 [0n]
603 [On]
589 [0n]
637 [On]




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

Tier 1 Tier 2 Tier 3
Educators Project BOLD Systems

Leaders Data Managers



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

Show entries Search:

Sequence Trace Image Sequence

SOl ST Length (bp) Count Count Quality

Validation

x

x

x

x

x

x

x

COI-5P:626

x

COI-5P:518

x

COI-5P:662

x

x




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

Map Collection Sites Specimen Images
€ = 4 )

¥
R ERT TR L

L)
\_ J \2 .

Identification Engine Taxon ID Tree Barcode Gap Analysis




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

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

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



Lessons learned from the design and
deployment of BOLD-SDP

m 1 |”” The design of a student interface can identify usability
g gaps and inform enhancements to a parent system

m " Ilm Clear mechanisms for data safeqguarding and publication
4 can motivate the participation of other science

professionals

m j "m Rapid data publication is important for maintaining
4 continuity of the learning experience and student

investment
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