
9:45 - 10:30 – Valerie Levesque-Beaudin

Sample Harvesting in Natural History Collections

DNA Barcoding Natural History Collections
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Recap

• The natural history collection you will be visiting

• The taxonomic group that you will be sampling

• If you are borrowing specimens or sampling on site

• If you require any permits
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Decisions Made Prior to Visit
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Sampling on Site

• Usually the case for plants and vertebrates

• All steps done at the museum
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Borrowing Specimens

• Depending on the collection, usually fine for invertebrates

• Only the first three steps done at the museum
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Checklist vs. Picklist

What to Pack
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Before Arriving at the Museum

Checklist vs. Picklist

What to Pack
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Checklist: A complete species list for a given taxa (e.g. Beetles 

of Canada) 

* NOTE: For several groups no checklists are available

• Use when looking to barcode species not yet sequenced 

from the checklist

Hitlist: A list of specific target species, e.g. 100 specific pest 

species OR if you are lacking a checklist

• Use when targeting a specific list of species

Checklist vs. Picklist

Checklist vs. Hitlist
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• Example of checklist

Standard Checklist

Checklist vs. Picklist
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Checklist vs. Picklist

Standard Checklist
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• Example of checklist spreadsheet



• Create your own 

• OR upload a known 

checklist

(more details at 14:15)

Checklist vs. Picklist

Bold Checklist
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• View online

Checklist vs. Picklist

Bold Checklist
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Progress report

• Show current coverage (# and %) on BOLD by hierarchy level

Checklist vs. Picklist

Bold Checklist
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Hitlist: show species lacking sequences 

• Displayed online or download in spreadsheet format

Checklist vs. Picklist

Bold Checklist
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Specific taxon

• e.g. existing coverage of the family Buprestidae (Coleoptera)

Checklist vs. Picklist

Hitlist
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Specific taxon

• Display the species list and transfer to spreadsheet format

• Select those that failed (0)

• AND select those not on the list

Checklist vs. Picklist

Hitlist
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• Incorporated with

What to Pack

Specimen Array
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While at the Museum

Harvesting Strategy

Specimen Selection

Specimen Array
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Set up your workstation

• Location depends on the collection/logistics

• e.g. central workstation • e.g. mobile workstation

Harvesting Strategy
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Pulling specimens

• Systematically by medium

Harvesting Strategy

e.g. most insects e.g. dragonflies

e.g. spiders e.g. plants, fungi

20



Pulling specimens

• Systematically by cabinet

Harvesting Strategy

• By picklist order

Faster to pull specimens 

and put away!
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• Usually a separate genetic resource collection detached 

from vouchers

• Usually frozen samples, sample selection via database

Harvesting Strategy

Vertebrates
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Barcode 

Recovery

Specimen Selection

Select for Optimal Success

• Factors:

Overview

Age

Killing 

Agents

Preservation

Other 

Factors
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Specimen Selection

Age

• Young: 0-20 years old

• Old:  > 20 years old
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Factors
Barcode Recovery

High Low

Age Young Old

# Reps 1-3 2-5



Specimen Selection

Avoid

• Formalin 

• Ethyl acetate

• Diluted propylene glycol

• Most histological 

solutions

Killing agents/Collections Methods
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Factors
Barcode Recovery

High Low

Killing 

Agents

Kill jar - Cyanide Ethyl acetate

Kill jar - Ammonia Formaldehyde

Ethanol Propylene glycol

Freezing Soapy water
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Specimen Selection

Preservation
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Avoid

• Low % ethanol

• Dilution

• High ratio of tissue/ethanol

• Acetone

Factors
Barcode Recovery

High Low

Preservation Dry Ethanol

Frozen Ethanol Acetone

# Reps 1-3 2-5



Specimen Selection

Other factors

27

Factors
Barcode Recovery 

Variable

Other
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Specimen Selection

Other factors
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Specimen Selection

Other factors
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Factors
Barcode Recovery 

Variable

Other
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Specimen Selection

Summary

30

Factors Barcode Recovery Variable

Other

Specimens relaxed   

Geographic coverage

Target

Collectors

# Reps 1-5

Factors
Barcode Recovery

High Low

Age Young Old

Killing 

Agents

Kill jar - Cyanide Ethyl acetate

Kill jar - Ammonia Formaldehyde

Ethanol Propylene glycol

Freezing Soapy water

Preservation
Dry Ethanol

Frozen ethanol Acetone

# Reps 1-3 2-5

• Aggregate by high and low success factors for optimal 

sequence recovery



Specimen Selection

• Intact Specimen

• Abdomen present

• All legs

• All wings

• Expert Identification

• Other relevant information

• Genitalia slides

• Type series, e.g. Paratypes, Allotypes

Ideal Specimens
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Selection:

1. Samples must be thoroughly dried, 

no fresh or ETOH preserved samples

2. Ideal specimen: contains leaves of 

green color and not permanently 

attached to paper

2. Preference of young over old 

• > 100 years may be suitable if still with 

green color

Avoid:

• Specimens dried with ethanol 

• e.g. some succulent plants in tropical or 

subtropical collections

Specimen Selection

Plants
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• Selection

• Not needed for frozen tissue, age not a factor

• Alternatively select skin or hair, be cautious of chemical treatment

• Tissue sampling only (more details at 11:45)

• No labelling or arraying

• Often a few individual samples

• If recorded in digital database

• Add a note, sampled for DNA
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Specimen Selection

Vertebrates



Array in 96 well format

• Recommended Sample ID/Locator format

• Array number + well locator

• CCDB-28449-A01, CCDB-28449-A02,….

• H12 (   ) : control well

Specimen Array

34

Invertebrates



• Keep the factors affecting barcode recovery in mind while 

arraying

Specimen Array

Invertebrates - Grouping within Arrays
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Factors
Barcode Recovery

High Low

Age Young Old

Killing 

Agents

Kill jar - Cyanide Ethyl acetate

Kill jar - Ammonia Formaldehyde

Ethanol Propylene glycol

Freezing Soapy water

Preservation
Dry Ethanol

Frozen ethanol Acetone

# Reps 1-3 2-5



“Specimen removal labels”

• Serve as place holders within the collection to 

return vouchers to their original locations

• Include borrower and sample ID

• 2 colors can help organize array by 

low and high success, e.g.

• 1 array with blue labels for young specimens

• 1 array with orange labels for older specimens

Specimen Array

Invertebrates - Grouping within Arrays
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• “Specimen removal labels” added to array box

Specimen Array

Invertebrates - Pinned Materials
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• Example

Specimen Array

Invertebrates - Pinned Materials

38



• Example

Specimen Array

Invertebrates - Pinned Materials

At workstation

At cabinet
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Array 12 x 8

Array 10 x 10

Specimen Array

Arraying Options

Invertebrates – Fluid/Envelope Materials
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Specimen Array

“Specimen removal labels” 

• 2 sets

• 1st as place holder for the 

collection

• 2nd for the vial taken out of the 

collection

• Can be pre-cut in strips

Invertebrates – Fluid/Envelope Materials
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Specimen Array

• Example

1st label

2nd label

Invertebrates - Fluid Materials
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Specimen Array

Case with multiple specimens per vial

• Can leave gaps in the array for the # of specimens taken

1st label 2nd label

Invertebrates - Fluid Materials
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• Example

Specimen Array

Invertebrates - Envelope Materials

1st label

2nd label
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• Enter minimum required data on spreadsheet while arraying

• Array # + well locator, taxonomy, location and country

Specimen Array

Invertebrates
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Enter minimum required data on 

spreadsheet while arraying

• Taxonomy

• Take identification from tray 

(Usually most recent)

• Sometimes no identification on the 

specimen

• Label ID could be a synonym

• Focus on the species column

• Hierarchy can be filled later

Specimen Array

Invertebrates
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Properly label each array boxes with array number

• Add “DONE” when completely filled to organize your arrays

• Can add grouping on the box, e.g. Sanger, Old, ….

Specimen Array

Invertebrates
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• Use page marker or post-its as place holder

• Add 1st label on the cabinet 

• Add 2nd label for the species folder location

• Take the whole folder to station

• Limit yourself to small number of folders at the time 

(e.g. 10 species folder)

Specimen Array

Plants
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• No arraying: placed in sequence

• Usually labelled, imaged and tissue 

sampled at the same time 

• More details at 11:45am

• Different orientation

• A12 (   ) : control well

Specimen Array

Plants
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• Decide how many reps for each species

• Fill at least Sample ID Taxonomy and Country on data 

entry spreadsheet (more details at 11:00)

• The rest can be databased from the image later

Specimen Array

Plants

50

Sample ID



• Prepare museum data entry template

• Can prepare a spreadsheet for each of your barcode labels and 

enter a “Sample ID” i.e. barcode label + well locator

• Save them as the array #, e.g. CCDB-29068

What to Pack

Invertebrates - All Preservations
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• Prepare specimen removal labels matching your array 

number

What to Pack

Invertebrates - All Preservations
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• Specimen removal labels

• Can print 2 color, e.g.:

• 1 array with blue labels for young specimens

• 1 array with orange labels for older 

specimens

• Preparation

• Cut into strips

• OR pre-cut and pin in empty boxes

What to Pack

Invertebrates - All Preservations
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• Preparing arrays 

• Can draw your own grid on foam and glue it in a box

• Can fill with removal labels ahead of time 

What to Pack

Invertebrates - Pinned Materials
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• If you are sampling at the museum

• Generate DNA barcode labels to link specimen to sequence (more 

details at 11:45)

• CBG uses canary yellow paper but consult with museum

What to Pack

Invertebrates - Pinned Materials
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• Fluid boxes
2 sets of labels for each

What to Pack

Invertebrates - Fluid Materials
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• Envelope tray

What to Pack

Invertebrates - Envelope Materials
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2 sets of labels for each



• Prepare museum/DNA voucher labels 

• Print on acid free paper

What to Pack

Plants
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Page marker for the collection



• Imaging equipment (more details at 11:45)

• Backup copy of spreadsheets

• Other items:

• Logistics
• Permits/Customs/Documentation, arrival time at museum, etc.

What to Pack

All Groups
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• Choosing your tissue sampling media

• If using CCDB sampling kit

• Request at: ccdbcol@uoguelph.ca

Microplate Plant Tube 

Rack
Tube Rack

What to Pack

All Groups
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• Included in CCDB sampling kit

• Sampling media with barcode label

• Instructions (e.g. invertebrates, plants)

• BMAA

• Plate Record

Microplate

What to Pack

All Groups
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• Tissue sampling supplies (more details at 11:45)

What to Pack

If Sampling on Site

62



• Prepare microplate

• With 30µL ethanol per well and 12-strip caps

What to Pack

If Sampling on Site - Invertebrates
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Microplate



• Prepare plant box

• Bring extra 8 strips cap, beads and plant tube rack

Plant Tube 

Rack

Stainless steel beads

What to Pack

If Sampling on Site - Plants

8 strip cap
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What to Pack

Summary

If borrowing specimens, bring just in case
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Pinned Fluid Envelope Plants/Fungi Vertebrates

Museum data entry template

DNA barcode labels Museum/DNA labels
Add digital note to 

database

Array box Fluid box Envelope box Unarrayed Unarrayed

Microplate (if sampling on site) Plant tube rack
Microplate or Tube 

rack

Specimen removal 

labels (x1)

Specimen removal labels 

(x2)
Page marker or post-it Not applicable

Tissue sampling: ethanol burner, small jar for ethanol, lighter, forceps, gloves
ELIMINase, water, 

jars (x4), forceps, 

gloves

Imaging equipment If applicable

Optional: backup copy of spreadsheets, extras (boxes, tubes, pins), gel caps, labelling tape, 

scissors, marker, pen, pencil, post-it



Before Leaving the Museum

Loan/BMTA Forms

Other Duties
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Provide a list of all borrowed specimens

• All specimen arrays combined in one excel file

• Provides the total numbers of specimens

• Array # + well locator, taxonomy, location and country

Loans & BMTA Forms
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• Loan invoice

Loans & BMTA Forms
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• Inspection

• Pack specimens for transportation

Other Duties

69


