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4,023,500
Fresh specimens 

sourced, processed 

and archived at CBG

0

200,000

400,000

600,000

800,000

1,000,000

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

2
0
1
1

2
0
1
2

2
0
1
3

2
0
1
4

2
0
1
5

2
0
1
6

2
0
1
7

2
0
1
8

N
o
. 

o
f 

S
p
e
c
im

e
n
s
 P

r
o
c
e
s
s
e
d

Year



Major sources of specimens for iBOL-II

1. Fresh collections

2. Living collections and DNA/tissue repositories

3. Natural history museums and herbaria



5,760,000
DNA samples

~109K species 

without BINs (366K 

DNA samples)
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Natural history collections for reference 
library construction

u Huge resource of ~3 billion specimens world-wide

u Name-bearing types and other expertly 
identified/verified material

u Rare and extinct taxa often available, including 
from restrictive countries

u Technical difficulties in recovering DNA due to 
DNA degradation (= slower, costlier)

u Restrictions on access, sampling and data release

u Biases in taxa/regions based on curators
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CBG natural history collection harvesting

~165K specimens from 14 institutions ~15K specimens from 27 institutions

Museums Herbaria
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Factors affecting recovery of Sanger 
sequenced DNA barcodes

Kuzmina et al. 2017 doi: 10.3732/apps.1700079

Hebert et al. 2013 doi: 10.1371/journal.pone.0068535

http://www.bioone.org/doi/abs/10.3732/apps.1700079
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068535


Factor: Age

Hebert et al. 2013 doi: 10.1371/journal.pone.0068535

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068535


Factor: Age

Canadian Museum Nature mosses 2016-2017 (N = 1981)



Factor: Marker

Kuzmina et al. 2017 doi: 10.3732/apps.1700079

http://www.bioone.org/doi/abs/10.3732/apps.1700079


Factor: Collector

Hebert et al. 2013 doi: 10.1371/journal.pone.0068535

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068535


Average Specimen Age
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Canadian National Collection insects 2008-2014 (N = 157K)

Factor: Interplay of multiple variables



Prosser et al. 2016 doi: 10.1111/1755-0998.12474

Next generation sequencing solutions

COI (658 bp)

145 bp
120 bp

130 bp
139 bp

148 bp
133 bp

https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.12474


u Reads assembled into full-length barcode

Degraded DNA protocol for animals

e.g. 3000 types in Hausmann et al. 2016 doi: 10.1139/gen-2015-0197

http://www.nrcresearchpress.com/doi/pdf/10.1139/gen-2015-0197


u Multiplex 96 samples on one run

u SMRT sequencing on PacBio Sequel

u Validation important – higher likelihood of 

chimeras & pseudogenes

u 2-4X the cost of standard Sanger-based 

museum protocols

u 70.4% mean sequence recovery (on hardest 

samples); 5-20X increase over Sanger; weak 

association with age (R2=0.04)

u Service now offered at 

Degraded DNA NGS protocol for animals



Hollingsworth et al. 2016 doi: 10.1098/rstb.2015.0338

‘Upgraded’ plant barcoding

u Some groups moving to complete chloroplast genomes, 
e.g. Zhang et al. 2018 doi: 10.1038/s41598-017-00321-6

http://rstb.royalsocietypublishing.org/content/371/1702/20150338
https://www.nature.com/articles/s41598-017-00321-6


Mixed Sanger/NGS strategy for museum 
harvesting

u Pilot: SI-NMNH Diptera

u Selected/analyzed 950 
specimens, mostly 1950+

u Mean age = 38.3 years

u Sanger-based approach first 
(307 bp and 407bp 
fragments)

u 53.8% barcode recovery

u Degraded DNA NGS protocol 
on failures

u 88.4% barcode recovery



General harvesting strategies

u Generate pick lists 
before visit 

u Set thresholds / 
expectations based 
on factors and $

u Small sequences fine 
=> often match 
freshly collected 
material (35.4% for 
SI-NMNH material)

Hebert et al. 2013 doi: 10.1371/journal.pone.0068535

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068535


Resources

iBOL 2017 workshop: http://biodiversitygenomics.net/resources/ibol-2017/

http://biodiversitygenomics.net/resources/ibol-2017/


Resources

Hollingsworth et al. 2016: http://synthesys3.myspecies.info/node/616

http://synthesys3.myspecies.info/node/616
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PDF (with links and papers) posted at: http://biodiversitygenomics.net/resources/ibol-2017/

http://biodiversitygenomics.net/resources/ibol-2017/


Resources

GGI Gap Analysis Tool: https://ggidata.shinyapps.io/gapanalysis/



Resources

BOLD Checklists: http://boldsystems.org/index.php/Checklists_Management/



Resources

BOLD Taxonomy Browser: http://boldsystems.org/index.php/TaxBrowser_Home



Factor: Body size

Hebert et al. 2013 doi: 10.1371/journal.pone.0068535

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068535



