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The Potential 
of DNA 
Barcoding 

DNA Barcoding is the use of a short DNA fragment 
as a genetic tag for species identification

Early detection of species
Including invasive species, 
nuisance species, rare taxa, 
etc. 

Increase the scope of  biological surveillance

Allows taxonomists to focus reference specimens for 
establishing reliable databases versus routine 
identification (Valentini, Pompanon, and Taberlet 2009)

Helps distinguish species 
that are: (Decaëns et al. 2013)

Morphologically similar

High in phenotypic variability

Ambiguous juvenile stages

Damaged



Project Goals

Generate voucher 
collection with high 
quality photos 

Clear up common 
taxonomic questions 

Identify locations 
with cryptic species 
to describe new 
species 
(Metabarcoding)

Fill in the gaps of 
missing taxa in 
genetic barcode 
reference libraries 
(Genetic Barcoding) Trebitz et al. 2015 Sci. Rep. 5:12162. 

Main gene: Cytochrome oxidase I, COI
Others: 16S, ND1



Collaboration

Dr. Valerie Brady (University of Minnesota) shared ~400 
specimens of Mollusca and Annelida (Great Lakes Coastal 
Wetland). In return, we shared over 1000 specimens

Graduate student Adam Frankiewicz (U Minnesota Duluth)
collected and sent for genetic analysis 16 of the missing 
17 species from the family Pisiidae.

Cornell teams (Lindsay Schaffner, James Watkins, Chris 
Marshal, Beth Whitmore, Joe Connolly and Lars Rudstam) 
shared specimens

Mandi Ohar from U.S. FWS shared Annelida from over two 
years of river/embayment collections









Level 1
Most Stringent

• Collected within the Great Lakes 
basin.

• COI seq 500 bp long, species 
name, voucher data, collection 
record, identifier, primers, trace 
files

• Barcodes are from taxa on the EPA 
Water Life list

• Identified to species or genus
• Identified by morphological 

examination 
• Vouchered or include photographs 

showing diagnostic features
• Barcodes are publicly available

Level 2
Relaxed Stringency

• Same as Level I, except:
• Can be from outside the Great 

Lakes watershed

Level 3
Lowest Stringency

• Voucher data/picture optional
• Collection record (at least 

collection date and location with 
GPS coordinates)

• Identifier of the specimen 
optional

• Primer information optional
• Trace file(s) optional

From Great Lakes DNA Barcode Database
Daniel et al. in preparation



Potamothrix moldaviensis, high quality sequence

Potamothrix moldaviensis, medium to low quality sequence

Limnodrilus claparedianus, co-amplification, failed quality

The Good

The Bad

The Ugly



“The Good”

Polychaeta

Oligochaeta



Species Grouped

Genus Grouped



“The Bad”



Taxonomic 
Disagreement



77 total stations, 
Western 26
Central 32
Eastern 19

The case of 
Limnodrilus hoffmeisteri 



Oligochaeta 
Tropic Index 
(Milbrink, 1983) 

Limnodrilus hoffmeisteri is 
the highest tropic rank 
aside from Tubifex tubifex
whose rank is determined 
by density of L. hoffmeisteri

State of the Great Lakes 2019 Technical Report



The case of 
Limnodrilus 
hoffmeisteri



Limnodrilus hoffmeisteri

4th most common species found 
within all the Great Lak



Liu et al., 2017
Seven loci
Cytochrome oxidase I, 
COI, 12S, 16S rDNA, 
Histone-3 (H3), Internal 
Transcribed Spacer 
region (ITS), 18S, and 
partial 28S rDNA



• n=49 specimens

• Only 4 additional records from outside GLC available

• Method: CO1 gene, BOLD Aligner Amino Acid based alignment, 
Kimura 2 Parameter



• n=49 specimens

• Only 4 additional records from outside GLC available

• Method: CO1 gene, BOLD Aligner Amino Acid based alignment, 
Kimura 2 Parameter



N=73 specimens



Some 
uncomfortable 
questions 
arise

Is the CO1 gene good enough for some of these 
groups (family or genus level)? 

Is it an issue of sequence quality, quantity, or 
identification?

Are we just not ready to ask these questions 
yet? 

How do we move past this and resolve some of 
these questions without a massive sampling 
effort? 



Specimen ≠ Sequence
and other challenges

• Low sequencing success

• Insufficient primers for many less studied 
groups

• Working around the operculum

• Extracting enough usable tissue

• Immature oligochaete

• Licensing information for photos

• Props to orient specimens properly… a 
paperclip can do wonders! 



What does this mean for 
Lake Erie and Monitoring?
• eDNA is not the answer for some

biological surveys

• Building of reference libraries

• One gene region seems to be 
inadequate for important taxa

• Our current methods seem to be missing 
some of the diversity due to cryptic 
species or immature specimens. 

• Because of this, we need to continue our 
efforts!

• Though, we have come far, Annelida only 
had 3% species at the start of this grant.
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