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System Overview

BOLD Student Data Portal (BOLD-SDP) is an educational module that supports the assembly and analysis of DNA barcode data by
students in a classroom environment. It provides a web-based software framework for instructors and students to utilize the same
tools used by professional researchers and make real contributions of complex data records to the scientific community. The module
is built on top of the world class Barcode of Life Datasystem (BOLD), the primary data storage and analytics platform for the DNA
barcode research community, and provides customized interfaces to BOLD analytical tools and visualizations.

BOLD-SDP promotes a partnership between educators and members of the scientific community, by providing a space where both
communities can intersect. Students are exposed to valuable aspects of cutting edge biodiversity science and also given the oppor-
tunity to contribute valuable data. Researchers can utilize the data generated by students and can be reassured of high data quality.
BOLD provides mechanisms to extensively validate student-generated data prior to deposition in the primary database ensuring that
the scientific integrity of the project is maintained.

The system consists of three consoles: the Student Console, Instructor Console, and Administration Console, each providing custom
tools to students, instructors, and scientists working together.

Home | Explore | Identification | QuickStart | EAQ.
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assembly, analysis and publication of
DNA barcode data by students.

System Overview

Quick Start Guide

Video Introduction
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The BOLD Student Data Portal (BOLD-SDP) is a cl fi d interf; to the BOLD datab This platform provides instructors and students the tools
necessary to make contributions to DNA barcode library used for identifying species. It also gives students the opportunity to integrate and analyze specimen
and sequence data while providing instructors with tools to monitor student progress and evaluate their work. Students can explore the large database of DNA
barcode records submitted by scientists around the world, but they will also be able to add their own data to the ever-growing DNA barcoding library. Contact us
for support in using this system in a classroom setting (edu@boldsystems.org).
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Students

A portal for students to assemble DNA barcode
records in a simplified but powerful data collection
and analysis environment.

Instructors

A management interface for instructors to register
students and classrooms; review student work and
utilize data validation workflows.

Explore

Search for and browse data records, images, and
geographic distributions for species being
barcoded.

[
ECONOMIC DEVELOPMENT AND INNOVATION

SDP Homepage




SDP Platform: Student Console

The student console offers an education-oriented suite of data
management and analysis tools that enables students to perform

activities similar to those performed by professional scientists.

Interfaces contain integrated support documentation, written

specifically for students, and provide step-by-step instructions.

Assembly of single barcode records is broken down into four
discrete steps allowing students to fully understand the data
elements. Completed barcode records are vetted by instructors
and passed to administrators for further review prior to
publication in BOLD and the International Nucleotide Sequence
Database (INSDC).

The student console on BOLD-SDP also encourages team based
work while providing detailed tracking of the steps completed
by each student. The entry of each data element is accompanied
by student attribution information. This data is used on the
published records which shows students as authors and also
provides instructors with real-time feedback for marking or
assessment of engagement.

SDP Platform: Instructor Console

The instructor platform is a powerful tool to monitor and
assess student work. Instructors are also the first tier in the
data validation process, and are required to review and approve
all records submitted by the students. Real-time activity reports
and classroom snapshot reports keep instructors updated on
the work being done and gives them the opportunity to engage
students falling behind.

This unique interface is designed to provide instructors with
easy oversight of multiple classes/courses and allows a single
instructor to span multiple schools. Following the collaborative
philosophy of the BOLD platform, instructors can work together,
sharing oversight of classes/courses. The instructor console
provides three distinct views for data access and interaction.

STUDENTDATA-PORT@L
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Main Console

It's time to become a scientist! .

Data Submission Console
The BOLD Student Data Portal
(SDP) provides easy-to-follow
you and your
classmates to make independent
scientific contributions to the DNA
barcoding project. All the data

New Specimen

Getting Started

Start out oy adaing new DNA Analysis Console

barcode records to your
projsct. Each barcods record
consists of 4 components: a
description ofthe specimen
andwhere it was collected, an
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image, atrace fle for each

sirand of DNA, and an h“

assembled COI sequence.

Go ahead and start exploring! Taxon ID Tree Ids or

Upload Data

Access

Important Links
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Upload Images

added here will become part of ——d

the DNA barcode reference G

library, accessed daily by o G

thousands of scientists around al|=] arz/ e
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Use the Data Upload Tools to add

records and sequences to your

project, and the Access Data

Tools to view and download

records. Once your class has at

least 3 records, use the Analysis G G

Tools to explore the results. G G

—

Stay tuned in? /A% >
&7\ —&(5)

Your class has contributed () DNA

Barcodes and / specimens to T-

e 2 Upload Traces Add Sequence
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Guelph Collegiate Vocational School - University Biology

Specimen(s) added by
Megan Milton
(GCvs_usio_11_7)

2 trace(s) added by Raul
Zepada, Alexandra Stoneham
(GCvs_UsIo_11_6)

Specimen(s) added by Raul
Zepada, Catherine Wei
(GCvs_UBIo_11_6)

2 trace(s) added by Raul
Zepada, Alexandra Stonehan
(GCVS_UBIO_11.5)

Specimen(s) added by Dana
Rea, Megan Milton
(GCVS_UBIO_11_5)

2 trace(s) added by Chris Ho,
Viktor Gazo (GCVS_UBIO_11_4)

SDP Console for Students
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Main Console

Important Links Centennial Collegiate Vocational Sehaol ()

Class Name Records

&

Check outthe homepage for Siudent D1

sequences

Students

omic Dec 07, 2012 17:21
information on species from North America Dec07,2012 17:14
and the world

Megan Miton
Dean Chan, Karina Gonzales.
Dean Chan, Karina Gonzales.

Dana Rea, Danny Ross.
Megan Witon

Raul Zepada, Alexandra Stonsham
Raul Zepad, Catherine el

Raul Zepada, Alexandra Stoneham

Dana Rea, legan Hiton
Chris Ho, Viktor Gazo
Paola Pierossi

Dec7,2012 15:26
Dec07,2012 15:25
Dec7,2012 1522
Dec7, 2012 15:20
Dec7,2012 15:19
Dec.07,2012 15:18
Dec 7, 2012 15:14
Dec7,2012 15:12
Dec07,2012 15:10
Dec07,2012 15:08
Dec07,2012 15:07 Claudia Steinke, Raul Zepada
Dec 07,2012 15:06 Ghris Ho

Dec07, 2012 15:05 Dana Rea, Catherine Wei
Dec.07, 2012 15:03 Viklor Gazo, Alexandra Stoneham
Dec7, 2012 14:55 Catherine Wei, Megan Hiton
Dec7,2012 14:52 Raul Zepada, Danny Roes
Showing 1 0 10 of 19 entries

¢ B ase @ is designed
to supportihe generation and application of
DNABarcode data. The platform consists of
three main modules, a data portal, a
database of barcode clusters, and data
callection workoench.

Browse Wikipediz @10 help find information
aboutsome ofthe species youve collectsd

Queued Records in Your Classes

Barcoding @, and find more information about 1 2@ Class Info
Barcoding and how you can get involved

Coastal Marine Biolsbs Bis a science

education organization that provides hands

an experience for high school students.

Check outthe NCEI Taionomy Browser @to

see curated dassification for all of the public Show 25 entries Search

data on GenBankc Timestamp students Involved Action Class

m Dec07, 2012 17:22 Raul Zepada Seqienn el B

Catherine Wei

rirst | [Previous | [l [ Next| [Last

Search

Validation

I. Course Overview

Show 25+ entries
=0 Sequence  cngth (bp) Count Count Quaiity

sequence Trace Image Sequence
x 1 x

The course overview provides information for all
courses that an instructor is involved in, including
student names, student log in information, and
the number of specimens, images, trace files, and
sequences each student has uploaded

Approve

SDP Console for Instructors

2.Student Activity | The student activity wall provides sortable real-
time information about student contributions from
all courses including student names, the specific
contribution (including the record ID), and the

course name

3. Records queued
for approval

The record approval queue lists and summarizes
records from all applicable courses, allowing
instructors to quickly and easily approve completed
high-quality records




SDP Platform: Administration Console

The Administration Console is designed for professional scientists
supporting classes/courses. Through the console they are able to
quickly review student generated data but only after it has been
vetted by instructors. This crucial step in the validation process
prevents contamination of the BOLD database by low quality
records.

This console is similar to the instructor console but accesses
a broader range of classes, allowing multiple instructors to be
connected to a single administrator. Only through this console is
publication of data into the BOLD and INSDC databases possible.

Data Validation Workflow

To ensure that all student-generated records submitted to
GenBank and the BOLD DNA barcode library are accurate
and high quality, it is important to have data approved by both
instructors and administrators. Using a three-tiered validation
process, BOLD-SDP helps to maintain the integrity of the BOLD
DNA barcode library by protecting the library from unverified
data.

Instructors may be involved in several courses, so to simplify
validation, records from all applicable courses are queued and
summarized in one section on the Management Console. From
here, instructors can evaluate complete barcode records as well
as probe individual data elements. Further validation is supported

using built-in analytical tools that look for data integrity issues (e.g.

contamination, sample mix-ups, and specimen misidentification).

Following instructor approval, records are queued for approval
by SDP administrators who perform additional validation
considering the broader context of all the data on BOLD. The
data management staff at BOLD perform a final analysis of the
data records prior to publication of the data.

BOLDSYSTEMS-SDP

CMB Console

Important Linke Assumption Collegs Schoal (3)

Records  Sequences Students

0 0 ;8
av-201¢ 0 0 s 8
12- Bioloqy-201 0 0 1 8

Check out the homepage for Student DNA
Barcoding, and find more information about
DNA Barcoding and how you can get involved:

Class Info

Class Info

Coastal Marine Biolabs is a science Class Info
education organization that provides hands

on experie: udents:

Centennial Collegiate Vocational School (1)

Foochill &7 High School ()
Check out the NCBI Taxonomy Browser to see
curated classification for all ofthe public data

on GenBank

Guelph Collegiate Vacational School (1)
Most Becent Activities

ITIS (the Integrated Taxenomic Information

System) provides authoritativa taxonomic

information on species flom Norih America

and the world:

Show 25+ emtries Search

Timestamp Students Involved Action Class

No data avalable in table
Showing 0 to 0 of 0 entries

The Barcode of Life Database is designed to
supportthe generation and application of
DNA Barcode data. The platform consists of
three main modules, a data portal, a
database of barcode clusters, and data
collection workbench

First | | Previous | [ Next| [ Last

Eecords Awaiting Approval

Show 25+ entries Search

Browse Wikipedia to help find information s Sequence Trace Image Sequence

about some of the s pecies youve collected D Sequence Length (bp) Count T Quaity Validation
e SDPY COLSP:3sT 1 x Approve

Showing 1 to 1 of 1 entries

first | [ previous | [1] [Next] [Last

SDP Console for Administrators

Becord Appro Queue

Shew [ 25 b antries seanch: |
Sample 1D 4 Sequence mr{':;] ;:: ::':::': S::T;T“ ‘Validation
072-NH SDP01011-1 COL5P513 (¥4 | x * x
x = x ® ®
SDPO2004-12 COt-5P222 = 1 x ®
| L CW COLSPBSE [ 1 x x
SDPO1007-12 CO-5P:413 (Fa] 1 ® ®
® = i ® =
x = 1 x x
COl-5P 388 x 1 o »®
SOPO1002-12 COF-5P.738 = i v s =
COI5PEsE = 1 x x
* * 1 x ®

SDP Record Approval Form for Instructors and Administrators




Publication of Barcode Data

GenBank serves as an open access repository for sequence data
that serves as the community standard for ensuring that data used
in scientific research is available for others to analyze and re-use.
Records submitted to GenBank are checked for originality and
quality before they are issued a unique accession number which
allows others to locate records for inclusion in their analyses.

Once a record has been approved by instructors, SDP
administrators, and BOLD staff, it is automatically queued to be
sent to GenBank following BOLD’s standard GenBank submission
workflow. Each student who has contributed to the record (by
submitting specimen data, images, trace files, or sequences) will
be listed as an author on the GenBank record, a field that is
almost always occupied by professional scientists. This DNA
barcode record becomes part of the DNA barcode library and

may be used in future academic research by scientists worldwide.

I. GenBank header
details

Identifications made by students that are verified are
submitted to GenBank and receive accessions.

2.Author Names Student names appear as authors in the public record

3.BOLD reference | GenBank and BOLD are linked together on records

published through BOLD.

Sebastes chlorostictus voucher FT-69 cytochrome oxidase subunit
1 (COIl) gene, partial cds; mitochondrial

«ank: JX487224.1
A Graphics

Go to:

Locus JX487224 657 bp DNA linear VRT 16-SEP-2012

DEFINITION Sebastes chlorostictus voucher FT-69 cytochrome oxidase subunit 1
(COI) gene, partial cds; mitochondrial.

ACCESSION JX487224

VERSION JX487224.1 GI:404248246
KEYWORDS BARCODE.
SOURCE mitochondrion Sebastes chlorostictus {greenspotted rockfish)

ORGANISM Sebastes chlorostictus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Actinopterygii; Neopterygii; Teleostei; Euteleostei; Neoteleostei;
Acanthomorpha; Acanthopterygii; Percomorpha; Scorpaeniformes;
Scorpaenoidei; Sebastidae; Sebastinae; Sebastes.
REFCE 1 (bases 1 to 6§57)
AUTHORS  Greenspan,P., Lewis,B., Tweed,S., Santschi,L. and Imondi,R.
TITLE Barcoding the Kelp Forests of California's Northern Channel Islands
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 657)
AUTHORS  Greenspan,P., Lewis,B., Tweed,S., Santschi,L. and Imondi,R.
TITLE Direct Submission
JOURNAL  Submitted (14-AUG-2012) Integrative Biosciences Program, Coastal
Marine Biolabs, 1559 Spinnaker Drive, Suite 101, Ventura, CA
$3001-5302, USA
FEATURES Location/Qualifiers
source 1..657
/organism="Sebastes chlorostictus"”
/organelle="mitochondrion”
/mol_type="genomic DNA"
/specimen_voucher="FT-69"
adbix.\:'eff‘BDLD:FXIIIUSS-IZ.CUI-SP"
/db_xref="taxon:72064"
/country="USA: California, Ventura County, Santa Barbara
Channel”
/lat_lon="34.2081 N 119.512 W"
/eollection_date="03-Feb-2012"
/identified by="Miltcn Love"
/PCR_primers="fwd_seq:
tgtaa. t accaca tt
caggaaacagctatgacacttcagggtgaccgaagaatcagaa”

, rev_seq:

/BCR_primers="fwd_seq:

GenBank flatfile for a barcode record from BOLD




Exploring Scientific Data

By providing links to the BOLD Taxonomy Browser, BOLD Public Data Portal, and international taxonomy databases, BOLD-SDP allows
students to learn the basic concepts of species classification and description. The tools on the Explore page will help students envision
the end result of their personal contributions to the BOLD DNA barcode library. Students can explore research questions based
on data previously collected by professional scientists, helping to emphasize the value of existing data and allowing them to explore
analytical methodologies.

The BOLD Taxonomy Browser provides a single page for
each species and for higher level taxonomic names (e.g. the

SYSTEMS Databases Taxonomy Identification ‘Workbench Resources

class Mammalia for all mammals). This includes the number of Semicossyphus {genus}- Chordata; Actinopterveli: Perciformes Labridae: —
specimens and sequences barcoded, where the specimens are “
stored (for example, Coastal Marine Biolabs), where they were = :
collected, and images. Students can explore the taxonomic . e e i el e o B
hierarchy for an organism and learn about the progress of ,a e el Sl et Gt e G e
DNA barcoding for a given group. Using this tool, students PreEme—————l
and instructors will be able to learn about the distribution of ‘ R ; —_— ;
certain species and the progress of barcoding in different groups. ekl L T S :
Students are exposed to the taxonomic hierarchy and are given i e :
access to large volumes of biodiversity data.

@ oo G e

l. Lineage Displays the taxon name and the higher ‘ g ‘ -

B ined from Gengank, NCBI (1)

. "
taxonomic levels.

2.Sub-Taxonomy | Links to all sub-taxa with the number of
specimen records for each.

3.Taxon Displays the description of this taxon from
Description the Wikipedia website. a == a
4. Statistics These statistics are compiled by BOLD for - S

this taxon. A species progress list can be
downloaded for each rank that has sub-
taxa. The published and released sequences
for this taxon can be downloaded from this
section.

5.Sample Sources | A graph of the top institutions that provided

Sample ID:  SEMIPULC-J96-002 CERT

specimens with their specimen tallies. e R e e R

6.Sequencing Labs | A graph of the top 10 labs that generated
sequences. a
7. Imagery A single representative image is displayed
for each sub-taxon. Mousing over an image
selects it for higher-resolution display to the

Collection Sites

right.
8. Image Details The taxonomic identifier; the sample
identifier; license and attribution are displayed | ——
beneath the image that is selected. oo rom 2 counsies.To 20: S A G

9. Collection Sites | A map of the collection sites including a list
of the top countries

10.Taxon A map of the occurrence data for this taxon
Occurrence worldwide, streaming from the GBIF website.

Information available at each taxonomic level in the BOLD taxonomy browser.

——
1 100+

BOLD taxonomy browser for the Genus Semicossyphus




BOLD -SDP

Course Support

Documentation

The BOLD-SDP Support team has a variety of materials available to help system users get the most from BOLD-SDP. A Quick Start
guide and FAQs are available on the website, and specific instructions are displayed alongside each page for both instructors and
students.

Training videos, webinars, and lesson plans (including assignments and quizzes) are being added to the site as they are developed to help
instructors plan lessons and projects for their students.

Detailed support for BOLD-SDP is available online the site. Users of the system can contact our support team via email through

edu@boldsystems.org

Staff Support
The BOLD-SDP support team currently consists of a main help desk contact, as well as several DNA Barcoding experts who work on
validation and curation of the student generated data.

Alexandra Stoneham - Help Desk

Alexandra has been a central user support member for BOLD
software for over 6 years. During her undergrad in biological
science, she experienced first hand how DNA barcoding was
taught in the classroom, which gives her a perspective of how
students are engaging in this technology. She has been key in
assisting educational users understand how to submit data and
leverage the educational site at BOLD for several years.

Alexandra

Data Management: Overview

Data Submission Console

There are four data components that form a complete barcode

record: New Specimen Upload Images
I.  Specimen Data o
2. Specimen Images b4
3. Trace Files o= ;.?‘.
4. Sequence —d e — v

Each of these components should be uploaded separately and
in order, starting with the specimen data. Student attribution

for the work should be submitted at each step. o ——
o e,
al \S
_AN\'\. —4)
Upload Traces Add Sequence

Student Data Submission Console




Data Management: Specimen Data

The Specimen page is accessed through the Main Student
Console.There are 4 blocks of data that need to be completed:
the Specimen Identifier, Specimen Details, Taxonomy, and
Collection Details. This form is a simplified version of the data
that is uploaded by researchers to BOLD to help students get
their specimen data online quickly and efficiently. Instructions
on the correct way to fill out the various fields are given in the
menu on the left side of the screen.

I. Instructions Detailed directions are provided to students on the
specimen upload page explaining the requirements of
and purpose for each section of the Specimen Data

record.

2. Specimen A unique Sample ID is required for all records

Identifier uploaded to BOLD-SDP to maintain data integrity
and help students develop good data management
habits.

3.Taxonomy The taxonomy drop-down menus use the existing

taxonomic hierarchy on the BOLD database.
Students sequentially select the taxonomy of their
specimen from Phylum to Species, ensuring that no
errors are made.

4. Collection
Details

Students have the option of adding detailed collection
information to ensure that a collection site can be
revisited or included in analysis.

Data Management: Images

The Upload Images page is accessed through the Main Student
Console. By entering the correct sample ID, students will

connect the uploaded image with the corresponding specimen.

Instructions on the correct way to fill out the various fields
are given in the menu on the left side of the screen. Specimen
images will help students, instructors, and experts confirm the
identification of samples even when the actual specimen isn’t
available. Students can upload one image at a time to their

BOLD records, providing attribution information for each image.

BOLD can support multiple images per specimen if different
orientations are useful.

Main Console | Explore | Identification | QuickS|

BOLDSYSTEMS-SDP

New Specimen

bﬁpecxmer_ &

Instructions

Guelph Collegiate Vocational

@ Specimen Identifier

Sample [D:
The Specimen Data for a DNA
barcode record consists of 4
parns o a
€ Specimen Details
1. Specimen Identifier
2. Specimen Details (for Life Stage: O adul O immature ) Unknown
example, the sex of the
specimen and its life Sex: (OMale () Female () Hermaphrodite (%) Unknown

stage)

Taxonomy (what species
you've callected), and
Collection Details twhen
and where you collected
your specimen), Notes:

Reproduction: (O sexual () Asexual () Cyclic Parthenogen

® Uninown

=

(o Specimen Identifier

The Specimen Identifier allows
you to link your DNA barcode
record to the actual source
'specimen. On BOLD, this

&G Taxonomy

identifier is called the Sample Phylum [ )
ID. Each Sample ID is unique Class: .m‘
to & barcode record and allows —
you to connect your digital Order: [Unselected  +)
barcode record with the ——
collected specimen. Sample Family: |_Unselected |
IDs can contain a fairly large [
combination of numbers, Subfamily: | Unselected 7|

letters, and other characters,

L e
but they must be unique in b= [_Unselected & |
BOLD. To avoid duplication, do i r——

notuse simple or obvious
codes (for example, AA, 001, Species:
AAO1, etc.). ltis likely that

someone else has used codes

| Unselected 3|

Identification Method

like these before. (morphology,
barcode, etc):

Year-InstitutionCode-Initials-

Number Taxonomy Notes:

For example: 12-JFHS-JS-
ooo1

Institution Name: John Frasier
High School (JFHS)

*C-, Collection Details

Student Initials: Jane Smith Collected By:
W) Date (dd/mmyyyy): ! !
© specimen Details Country/Ocean: | Unselected +
Include in your record Province/State: | Unselected |
additional information specific
Region:

o the specimen. Knowledge of
your specimen’s life stage, sex, Exact Site:
maode of reproduction, and
other ancillary notes can help
verify identifications and reveal
patterns in your results.

Latitude (D.d):
Longitude (D.d):

Elevation: meters () feet
© Taxonomy e =/
. Depth: meters () feet
Select the correct taxonomic i ® =
name from the dropdown

boxes beginning first with Submit  Cancel
Phvlum and eontinuing thrauah

SDP Specimen Data Upload Form

STUDENTDATA-PORT@L

by BOLDSYSTEMS

Upload Images Guelph Collegiate Vocational §

Image

@ Specimen Identifier

Sample ID: Lookup
As the saying goes, an
image is worth a thousand
words. In this case, itis worth
athousand miles too. Photos c Image
help speed up the validation
process of your record, as it Attach Image:

allows experts from around the
world to verify your
identification without having to Caption:
geta hold of the actual
specimen, which could be
miles away. Once your
specimen information is Submit Cancel
added to BOLD Student Portal,

you are ready to upload

images too.

View Metadata:

Photographer:

Instructions

SDP Specimen Image Upload Form




Data Management: Trace Files

The Upload Traces page is accessed through the Main Student
Console. By entering the correct sample ID, students will connect
the trace files with the corresponding specimen. Trace files
provide access to the raw data that can be used by instructors,
administrators and other data users to verify sequences. Students
have the ability to select PCR and sequencing primers and to
upload a forward and a reverse trace file.

Data Management: Sequence

STUDENTDATA-PORT@L e

LDSYSTEMS =

Upload Traces

Trace Files

Trace files support your
sequences. They are a visual
representation of the
sequence generated by the
seqguencer and allow you to
determine the order of the
base pairs in your sequence.
These base pairs are
represented by different
coloured lines; red = tyrosine,
green = adenine, black =
guanine, and blue = cytosine.
Each base pair position in the
trace file should have one of
the coloured lines create a
peak, indicating the nucleotide
base present. Each Barcode
record should have 2 trace
files - one from the forward
seguencing of the DNA
fragment, and one from the
reverse

Instructions

Guelph Collegiate Vocational

@ Specimen Identifier

Sample ID: Lookup

© DCR Primers

LCO1450 «
HCO2198 ~

Forward:
Reverse:

@ Attach Trace Files

Forward: Sequencing Primer C_FishF1t1 -

Sequencing Primer C_FishF1t1

Reverse:

Submit Cancel

SDP Specimen Trace Upload Form

The Add Sequence page is accessed thought the Main Student Console. Each step in sequence uploading is sequential, and will only be
available once the preceding step has been completed. There are two options for uploading a sequence: use the BOLD-SDP Sequence
Editor to trim,assemble, and edit the uploaded trace files in order to generate a sequence, or upload a sequence created in third-party

software.

BOLD-SDP Online Sequence Editor

The BOLD Sequence Editor simplifies the generation of
sequences from submitted trace files.

It uses an algorithm to assign base calls (nucleotides) to each
peak in the trace file and to compute a confidence or quality (Q)
score for each base call. The quality score represents the level of
confidence that a base call was made correctly. A quality score
of 40 indicates that the probability of an incorrect base call is |
in 10,000.

Bringing two trace files into register and displaying them in
the same window enables a researcher to identify regions of
agreement or disagreement in base calls. In cases where a low
quality base call is found in one trace file, the researcher can find
the position of the base call in the other trace file and compare
the differences in quality scores. If a higher quality score value
(>20) is assigned to the base call in the second trace file, then
that base call is regarded as the correct nucleotide and accepted.

The Sequence Editor compares the quality scores of base calls
at every position of the trace files and accepts the base call with
the higher quality score for inclusion in the contig.

The assembled sequence can then be saved into BOLD to be
processed.

BOLDSYSTEMS-SDP

STUDENT DATA-PORT@L

Online Sequence Editor

EDITING: SDPI013-13  TRACE %: A [QV52]

LR AEI] QV LEGEND 50 40 30 20 10 l Save

100

anTes RTTEND

anTes RTTEND

SDP Sequence Editor




Data Management: Sequence

Post-Processing of Sequences

Once the sequence has been pasted in from 3rd party software
or saved from the sequence editor, it is ready to be processed.

This will involve three steps that will be performed automatically
by BOLD:

I. Primer trimming

2. Contamination checking

3. Sequence alignment

If all steps are completed successfully the sequence is ready to
be submitted to BOLD-SDP. Submitted sequences are sent to
instructors and administrators to be validated to ensure they
meet BOLD standards.

Data Submission: Attribution

BOLD-SDP features a unique system of attributions that allows
students to receive acknowledgement for the specific data
elements they contribute — specimen data, images, trace files,
or sequences. In addition to encouraging collaboration and data
sharing among students, this feature also provides instructors
with a quantifiable means to measure student involvement and
participation on this project.
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Data Analysis: Morphology & Genetic Variation

Being able to integrate genetic, morphologic, and geographic information is key to helping students understand some of the causes of
genetic divergence and how these differences can manifest themselves in living species’ and populations. BOLD-SDP tools can help
students compare patterns of genetic and morphological diversity to visualize what genetic divergence can mean in real specimens.
Using Taxon ID Trees and the Image Library in conjunction can help students understand how DNA barcodes can be used to discover
new species.These features are also helpful in allowing students and instructors to confirm congruence between images and specimens.

Taxon ID Tree

The Taxon ID Tree allows students to visualize how the sequences
are genetically related using a downloadable Neighbour-Joining
tree. Students can add geographic location and higher level
taxonomy to the tree labels to help them understand correlations
between geographic divergence, physical traits, and genetic
relatedness. This tool allows students to see that taxonomy is not
always an exact science and that two specimens with different
species names may be genetically closely related.

Image Library

The Specimen Image Library allows students to view all of the
images uploaded to a course in a single page. Students can filter
the images by specimen orientation (e.g. Dorsal, Lateral) to view
all of the images of a particular orientation at once.This tool helps
assist in record validation by allowing students and instructors
to quickly verify that the images are uploaded to the correct
specimen. An image library can also be generated when a Taxon
ID Tree is made, listing the images in the order of the records on
the tree. This makes it easy for students to visualize how related
specimens group together and how similar morphologies don’t
always mean specimens are of the same species.

Using the Taxon ID Tree and Image Library together may help
students understand how and why taxonomy can change. For
example, if a student notices two specimens with different species
names clustered together on a Taxon ID Tree, he or she can look
at the corresponding images in the Image Library. They may notice
that these two specimens are almost identical morphologically
which could indicate that these two species names are in fact
synonyms, starting them on an investigation of the name, or they
may notice that the specimens are misidentified, leading them to
revisit their field guide or consult an expert.

“itharichthys sordidus[ 1 FTHX1006-111Paralichthyidae

Embiotoca jacksonil|2|FTHX1005-11/Embiotocidac

\-{I.mhmmmJ:lck»un|.'>| FTHXI001-11Embiotocidae
Embiotoca jacksonill4]CINPOO1-10/Embiotocidae
Sebastes ovalisl|SICMBBO037-09Sebastidae
Sebastes ovalis[6CMBSVO19-091Sebastidae

Sebastes ovalisl|7|ICMBB034-09ISebastidae

Sebastes mystinus/[8 || CINPOSS-111Sebastidae

19ICMBBO:

umbrosus/[10]CMBBO45

Standard Taxon ID Tree

Number of records: 2

VH-12 Lateral]
Ctharchtny

EMTA O2-
sl

[0

1 VH-22 [Latoral)
&

mbiotoca jacksoni

4] BS17 Lato
‘Sebastos ov:

CMP  SEMYo3

[ SEMY-03 [Latoral]

300 Rocords Por Pago - Pages: 1

©

5] AR [Latora] ®
Sobastos oval

81 8610 [Latora] ®

Image Library




Data Analysis: Ecological Relationships

BOLD-SDP allows students to infer ecological relationships from their DNA barcoding data by comparing sampling efforts
and progress from different collection sites. BOLD tools like the Distribution Map and Taxon Accumulation Curves allow
students and instructors to evaluate their own sampling efforts during their personal field collections and also to see how
DNA barcoding can be affected by different collection sites and protocols. These tools can highlight areas that may need
more sampling or are simply hard to sample — areas that may have lower biodiversity, be home to animals that are difficult
to collect, or just be difficult to get to like a deep region in a coastal bay or steep rocky terrain. They also provide the
opportunity to answer a wide range of ecological and evolutionary questions, including comparing local and global species
distributions, investigating species migration patterns,and measuring habitat-dependent diversity.

Distribution Maps

The BOLD-SDP Distribution Map feature plots collection
points for all specimens based on GPS coordinates
submitted with the record. This tool helps highlight over-
sampled and under-sampled areas, patterns in sampling
distributions, and correlations between sampling efforts
and habitat. Using the built-in map feature as well as Google
Earth, students can zoom to their collection points to see
accurate details of the collection sites. Students can use
this tool to learn about the geographic ranges of species,
including areas of high concentrations of specimens.

Taxon Accumulation Curve

The Accumulation Curve tool on BOLD-SDP compares
the number of specimens collected to the number of
taxa collected (species, genera, families, etc.) in order to
determine the diversity and sampling efficiency of an area
or collection. These curves can be grouped by taxa or
geographic region. This tool can be used by students and
instructors to evaluate the completeness of sampling effort
when taxonomic information is limited. Steeper curves
indicate that newly collected specimens are still generating
new species, while flatter curves may indicate that most of
the diversity has already been explored.

When used together, the Distribution Map and the Taxon
Accumulation Curve can be useful tools for helping students
understand how species ranges and population densities
can affect sampling. When sampling fish species near two
islands, one with greater biodiversity than the other, they
will see two very different curves. One curve will level off
quickly, indicating that collecting more samples did not
increase the number of species collected. The other curve
will take longer to level off, meaning that continuing to
collect samples increased the number of species that were
collected. By comparing these curves to the Distribution
Map of the samples they’ve collected, students will be able
to compare the two sampling habitats and think about the
differences that might make one habitat more suited to
higher biodiversity than the other.
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BOLD -SDP

Data Analysis: Validation of Sequences

The Alignment Browser makes it easy to visualize and compare the sequences of multiple specimens at once. Students can
compare and contrast sequences of all the specimens in their class/course to see the genetic difference between closely
and distantly related specimens. The Trace Viewer displays raw data (the trace file chromatogram) allowing students to
see a visual representation of a barcode sequence. Used together, these tools both help to connect the visual sequence
to the series of bases that make up a DNA barcode. Students can easily compare the coloured peaks in the trace files to
the corresponding bases listed in the Alignment Browser, helping them to understand how a trace file is read to generate

a sequence.

Alignment Browser

The Alignment Browser feature on BOLD-SDP makes it
easy to visualize and compare the sequences of multiple
specimens at once. It allows students to colourize
sequences by individual bases so they can be easily
identified and distinguished from one another, or by
amino acids for easy detection of stop codons and shifts
to the reading frame. By combining it with the Trace
Viewer, students will be able to recognize how trace files
complement each other to form a sequence. It can handle
multiple sequences and will soon support direct editing to
the database.

Trace Viewer

The Trace Viewer on BOLD-SDP displays the graphical
representation of a trace file generated during sequencing
that is used to determine base calls for the sequence.

It allows students and instructors to examine the raw
files used in sequence assembling and to verify that the
arrangement of the nucleotides is correct in order to
ensure that a credible DNA barcode is being created.
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Data Analysis: Barcode Exploration

The Barcode Gap Analysis tool and Identification Engine can help students understand some of the underlying principles
behind DNA barcoding. Both tools help highlight the quantitative differences between sequences — the Barcode Gap
tool shows the distance to the most similar sequences of a different species, while the Identification Engine compares
a sequence to the entire BOLD barcode library and lists the closest sequence matches, including the percent similarity.
These tools can help students see that closely related species and specimens have sequences that are more similar than
distantly related species and specimens using actual data and real numbers. Exceptions of this pattern are exposed for

further investigation.

Barcode Gap Analysis

The Barcode Gap Analysis tool on BOLD-SDP provides
an evaluation of the range in sequence divergences
within a species and between species for all the records
in a course.The ratio of these values allows students

to highlight problematic cases where the divergence
between species is higher than the divergence within. The
Barcode Gap Analysis tool describes the distribution of
sequence divergences using frequentist statistics, creating
an opportunity for the application of statistical theory
with real data.

ID Engine

BOLD-SDP offers students access to the complete DNA
barcode reference library through the Identification
Engine tool. Student can compare their sequences against
all sequences uploaded to BOLD from public and private
projects to locate the closest match. Students are able to
combine the analysis provided by the barcode gap and the
closest species match to statistically verify their species
identifications.
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Chordata  Actinopterygii  Ophidiformes Ophidiidae sassozetus zenkevitchi 98552 Published
Chordata  Actinopteryoii  Ophidiformes Ophidiidae Bassozetus aluzinosus 07.00 Early Release
Chordata  Actinopterygii  Ophidiiformes Ophidiidac Bassozetus robustus 89,04 EarlyRelease
Chordara  Actinopterygii  Ophidiformes Ophidiida sassozetus compressus s7.83 Private
Chordata  Actinopterygii  Ophidiiformes Ophidiidae Bassozetus compressus s7.10 Early Release
Chordata  Actinopterygii Bythitidac laticeps 57.10 private
Chordata  Actinopterygii Ophidiidac gilli 87.04 private
Chordam  Actinopterygil Ophidiidae s 56.51 EarlyRelease
Chordata  Actinopterygii Cphidiidac parri 8627 Early Release
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Chordata  Actinopterygii  Ophidiformes Gphidiidae Mononitopus .0 8503 EarlyRelease
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Chordaa  Actinopterygii  Ophidiformes Ophidiidas Spectrunculus arandis 8472 EarlyRelease
Chordara  Actinopterygii  Ophidiformes Ophidiida Spectunculus grandis 8472 Private
Chordata  Actinopterygii  Ophidiiformes Ophidiidae spectrunculus arandis 8472 Early Release
Chordata  Actinopterygii  Ophidiformes Ophidiidac Spectrunculus crassus 8464 Early Release
Chordata  Actinoprerygii  Ophidiformes Ophidiidac Spectrunculus grandis 8457 EarlyRelease
Chordata  Actinoperygii  Ophidiformes Ophidiidae Selachophidium guentheri 8457 Published &
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For the BOLD Student Data Portal Quick Start Guide, please visit:
http://www.boldsystems.org/edu/quickstart
For support, please email: edu@boldsystems.org
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