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Standard Protocols for Natural History Collection 

Barcoding

DNA Barcoding Natural History Collections
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Taxon Specific Protocols
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CCDB Workflow

DNA extraction PCR Post PCR process
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• Follow good lab practices (GLP)

• Maintain clean lab areas

• Separate reagent preparation, 

DNA and PCR working areas

• Use separate pipettes for post 

and pre-PCR stages

• Always perform visual checks

• If something goes wrong, 

exclude one factor at a time

Lysis & Extraction

Key Steps in Quality Assurance
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Lysis & Extraction

Overview
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Alkaline lysis Bind-wash-elute (BWE)

(Crude extraction) (membrane based)

Lysis & Extraction

Extraction Protocols Used by the CCDB
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• Simple, quick, inexpensive

• Suitable for very small organisms

• Does not produce stable DNA 

extracts

• Tissue amount is critical

Lysis & Extraction

Alkaline lysis
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Lysis & Extraction

Tissue + 

Lysis 

Buffer + 

ProK
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released into 
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Adjust 
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Bind-Wash-Elute (BWE)

Glass fibre

filtration 

(GF) plates• Compatible with high- throughput 

pipeline

• Less errors

• Better quality of DNA



Lysis & Extraction

Glass Fiber DNA Extraction
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• Invertebrate (GuSCN)

• Vertebrate (SDS)

• Plant (CTAB)

• Algal Buffer (KOAc)

Lysis & Extraction

BWE - Lysis Buffers
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• Binding mix (3M GuSCN buffer, 50% ethanol)

• Plant binding buffer (5M GuSCN buffer)

Lysis & Extraction

BWE - Binding Conditions
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• Tissue source – legs or whole specimens 

• Invertebrate lysis buffer + Proteinase K

• Incubation overnight at 56°C

• Binding with BM buffer, wash with PWB and WB buffers

• 3 µm GF

• Elution volume – 30-40 µl

Lysis & Extraction

BWE - Invertebrate Extraction
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Lysis & Extraction

Special Case:Voucher Recovery
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1. Overnight incubation at 56°C

2. Apply lysate to PALL 0.45 µm Supor filter 
plate sitting on top of collection plate with 
PALL collar

3. Centrifuge at 3000×g for 2 min

4. Use clarified lysate for extraction

5. Add 95% EtOH to lysis and PALL plates

6. Collect vouchers under microscope

Lysis & Extraction

Special Case:Voucher Recovery
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• Tissue source – ideally muscle 

• Vertebrate lysis buffer + Proteinase K

• Incubation overnight at 56°C

• Binding with BM buffer, wash with PWB and WB buffers

• 1 µm GF  membrane

• Elution volume – 50-60 µl

Lysis & Extraction

BWE - Vertebrate Extraction
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• Tissue source – silica dried tissue, herbarium samples, 

seeds

• Grinding – TissueLyser

• CTAB lysis for 1.5 hour at 65°C

• Binding with 5M GuSCN buffer, wash with BM and WB 

buffers

• 1 µm GF  membrane

• Elution volume – 50-60 µl

Lysis & Extraction

BWE - Plant & Fungal Extraction
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• Tissue source – ethanol fixed soft tissue

• CTAB + Proteinase K lysis

• Incubation overnight at 56°C

• Binding with 5M GuSCN buffer, wash with BM and WB 

buffers

• 3 µm GF over 0.2 µm Bioinert  membrane

• Elution volume – 50-60 µl

Lysis & Extraction

BWE - Echinoderm, Cnidaria & Mollusk Extraction
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Lysis & Extraction

BWE - Algal DNA Extraction
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• Tissue source – silica dried tissue, herbarium

• Acetone extraction to remove polyphenols

• Grinding – TissueLyser

• Algal buffer + Tween 20 + Proteinase K, incubate 1 hour at 
room temperature

• Incubate on ice, centrifuge

• Transfer aliquot of lysate 

• Binding with 5M GuSCN buffer, wash with BM and WB 
buffers

• 1 µm GF  membrane

• Elution volume – 50-60 µl

Lysis & Extraction

BWE - Algal DNA Extraction: Saunders Lab/CCDB

21



• Scalable for 4-6 plates/day

• Centrifugation at 5000×g

• Better for old material

• Reduced chance of contamination

Lysis & Extraction

BWE - Manual Extraction
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Lysis & Extraction

BWE - Automated & Semi-Automated Extraction

23

• 40 plates/day

• Vacuum manifold

• Centrifugation to remove WB

• Elution in centrifuge

• Robotic centrifuge integration

• Reduced errors



• Pre-made frozen plates with trehalose

• Platinum or KAPA Ab Taq polymerase

• Low dNTPs and primers concentration

• No PCR cleanup!

PCR Amplification
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PCR Amplification

Consolidation into 384 Format Plate

• Four  96-well plates are consolidated into one 384-well 

PCR plate

• Save on reagents by 50%

• Speeds up the process
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Success depends on…

DNA 
Quality + 
Quantity

Unknown 
factors

Taxonomy

Ecology

Tissue 
type

Sampling

Tissue sizeStorage

Fixation

Killing

Collection 
method

Age

PCR



full-length fragment (Sanger sequencing)

two overlapping fragments of 300-400bp 

(Sanger sequencing)

1 to 15 short overlapping fragments of approx. 

100-200bp (Sanger sequencing or NGS); 

clean lab usually used.

* NOTE Each method is followed by subsequent failure tracking 

depending on initial results

Major contributing factor… Age!

PCR

0-15 Years:

15-60 Years:

60-240+ Years:
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Step 1: Amplify full-length barcode using a single primer 

set:

Step 2: If fails, proceed to protocol for 15-60 year old 

material

658 bp

PCR

Age:   0-15 Years
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Step 1: Amplify two overlapping fragments using two 

primer sets, “Mini primers”

Step 2: If fails, proceed to “rescue protocol” depending 

on nature of failure

307 bp

407 bp

PCR

Age: 15-60 Years

29



307 bp

295 bp

407 bp

198 bp

OR

PCR

• “Rescuing” incomplete barcode sequences by extending 

the existing fragment beyond 500bp via amplification of a 

fragment smaller than the one which failed

30

Age: 15-60 Years



PCR: 6rxns

SEQ: 12 rxns

PCR

Age: 60-240+ Years

• Amplifying fragments >200bp is highly unlikely, but several 

short, overlapping fragments to get full-length barcodes can 

be recovered using Sanger or NGS sequencing...

31



Age Target amplicons Final 

sequence 

length

Method No. 

reactions 

(PCR/SEQ)

0 - 15 yrs 658 bp 658 bp Sanger 1/1

15 - 60 yrs 307 bp, 407 bp 658 bp Sanger 2/4

60-240+ yrs 12 amplicons; range

from 119 - 366 bp

658 bp Sanger 

or 

NGS

6/12

PCR & Sequencing

Summary of Museum Methods

Protocols are in place for recovering full-length barcodes from any 

museum specimen regardless of age

32



Taxon Specific Protocols
Taxon Lysis Marker First Pass Primers Failure Tracking Primer

Bivalvia CTAB COI-5P BivF4_t1 + BivR1_t1 dgLCO-1490 + dgHCO-2198

Gastropoda CTAB COI-5P C_GasF1_t1 + GasR1_t1

PCR1: [C_GasF1_t1 + MGasR1_t1] PCR2: [MGasF1_t1 + 

GasR1_t1]

Cnidaria CTAB COI-5P C_LepFolF + C_LepFolR R&D Primers

Mollusca CTAB COI-5P dgLCO-1490 + dgHCO-2198 LCO1490_t1 + HCO2198_t1

Porifera CTAB COI-5P dgLCO-1490 + dgHCO-2198 R&D Primers

Algae CTAB COI-5P GHalF + GazR1 GWSFn + GWSRn

Cephalopoda CTAB COI-5P LCO1490_t1 + HCO2198_t1

Echinodermata CTAB COI-5P LCOech1aF1 + HCO2198 EchinoF1 + HCO2198

Bryozoa, Ascidiacea CTAB COI-5P R&D Primers

Hemiptera invert COI-5P LepF2_t1 + LepR1 PCR1:[LepF2_t1 + MHemR] PCR2:[MHemR + LepR1]

Nematoda invert COI-5P C_NemF1_t1 + C_NemR1_t1 MNemF1_t1 + C_NemR1_t1

Odonata invert COI-5P OdoF1_t1 + OdoR1_t1 C_LepFolF + C_LepFolR

Platyhelminthes invert COI-5P plat-diploCOX1F + plat-diploCOX1R MplatCOX1dF + MplatCOX1dR

Polychaeta invert COI-5P polyLCO + polyHCO C_VF1LFt1 + C_VR1LRt1

Rotifera, Tardigrada invert COI-5P LCO1490_t1 + HCO2198_t1

Zooplankton (+ small 

crustaceans) invert COI-5P ZplankF1_t1 + ZplankR1_t1 LCO1490_t1 + HCO2198_t1

Hymenoptera invert COI-5P LepF1 + LepR1 PCR1:[LepF1 + C_ANTMR1D] PCR2:[RonMWASPdeg_t1 + LepR1]

Lepidoptera invert COI-5P LepF1 + LepR1 PCR1:[LepF1 + MLepR2] PCR2:[MLepF1 + LepR1]

Other invertebrates invert COI-5P C_LepFolF + C_LepFolR PCR1: [C_LepFolF + MLepR2] PCR2: [MLepF1 + C_LepFolR]

Amphibia + Reptilia vert COI-5P AmphF2_t1 + AmphR3_t1 C_VF1LFt1 + C_VR1LRt1

Aves vert COI-5P BirdF1_t1 + COIbirdR2_t1 LTyr + COI908aH2

Fish vert COI-5P C_FishF1t1 + C_FishR1t1 C_VF1LFt1 + C_VR1LRt1

Mammalia vert COI-5P C_VF1LFt1 + C_VR1LRt1 C_FishF1t1 + C_FishR1t1

Fungi: Ascomycetes, Lichen CTAB ITS ITS5 + ITS4

Fungi: Basidiomycetes CTAB ITS ITS1-F + ITS4

Plantae CTAB rbcL, matK rbcLa-F + rbcLa-R MatK-1RKIM-f + MatK-3FKIM-r

33



• Manual – Sephadex (gel-filtration)

• Robotic cleanup – magnetic beads (Aline Biosystems, 

etc.)

Sequencing

34

Sequencing Cleanup



35

• Five 3730xl DNA sequencers

• Twenty-384 well plates 

sequenced each day

Sequencing



• Raw traces to be uploaded to BOLD for each sequence
• Done from BOLD Workbench

• e.g. full length bidirectional → 2 traces

• e.g “bidirectional “mini” primers → 4 traces

36

Sequencing

Trace Upload

* NOTE Helpful for quality control



• Import raw traces into a sequence editing software (CodonCode)

• Align fragments, museum specimen may generate 4-6 fragments

• Remove primer sequences

• Form contigs

• Make base calls, avoid calling double peaks

• Due to lack of overlap, some fragments may not form a contig

• Contigs do not form due to chimeric sequences

• Longest fragment best matching the taxonomy is selected for upload

37

Sequencing

Sequence Editing



Threshold Value is 75 Bands

Failure Tracking

Positive Hit-Picking

E-gel Evaluation

>75 Bands < 75 Bands

Sequencing Positive Hit-Pick

Sequence Positives

Failure Tracking
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Failure Tracking

Hit-Picking – LIMS 

39



DNA Archiving

Storing DNA Plates in the Archive

Current capacity of DNA bank: ~5.5 million
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• DNA & PCR products exchange 

between iBOL nodes

• Backup system for freezers

DNA Archiving

Why do we Need Dry DNA Storage Systems?

41



1994. Trends Ecol. 

Evol. 9: 230 

DNA Archiving

Trehalose & Preservation

42



DNA Archiving

Biomatrica, PVA and Trehalose

43



• Convenient shipment of DNA and PCR products at 

room temperature

• Backup options for -20 or -80°C  archiving 

• Trehalose and PVA are sufficient for shipment

• Biomatrica is a better choice for forensic, degraded or 

diluted samples

• More data is needed to advocate transition to dry 

storage at room temperature

Quality Control

DNA & PCR Products Recommendations

44



Follow GLP

Commercial kits available (ATL buffer, Qiagen)

3) Collecting lysate

• Remove lysate from around abdomens to a lysis plate.

• Seal lysis plate and store in freezer

• Ship frozen

1) Prepare plate/tubes
• Clean bench area with dilute bleach.

• Add 180 μl ATL buffer to each 

tube/well.

• Add 20 μl Proteinase K to each 

tube/well.

2) Harvesting abdomens
• Treat forceps in bleach and 

ethanol. 

• Remove abdomen to 

tube/plate

• Incubate over night at 55°C

Quality Control

Shipping of Insect Abdomen Lysates

45

1 2

3



Quality Control

Failure to Match Identification
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Quality Control

47

Inability to provide species identification due to:

• Failure to yield barcode sequence

• Loss of data integrity

• Failure to resolve species 

Failure to Match Identification

1) Methodological factors

• Data recording errors

• Incorrect identification

• Sequence quality

• Contamination

• Reverse sequence orientation

2) Biological factors

• Incomplete lineage sorting

• Introgressive hybridization

• Pseudogenes (NUMT)

• Symbionts

1 2



Quality Control

QA/QC Procedures & Work Flow

Research & 
Development

DNA extraction PCR 1 Sequencing Editing

PCR 2a Sequencing Editing 

PCR 2b Sequencing Editing 

SEQUENCED FAILED VALIDATION

SEQUENCED FAILED VALIDATION
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CCDB Protocols

http://ccdb.ca/resources/

CCDB Protocols
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