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

Including invasive species,
Early detection of 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)

Morphologically similar
Helps distinguish species High in phenotypic variability

that are: (Decaéns et al. 2013) Ambiguous juvenile stages
Damaged




Barcode frequency distribution (%)
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Trebitz et al. 2015 Sci. Rep. 5:12162.

Project Goals

Generate voucher

collection with high g
quality photos

Clear up common
taxonomic questions

Identify locations Fill in the gaps of
with cryptic species missing taxa in

to describe new UMK genetic barcode
species reference libraries
(Metabarcoding) (Genetic Barcoding)

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



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.

Collaboration

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
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BARCODE OF LIFE DATA SYSTEM

Advancing biodiversity science through DNA-based species identification.

EXPLORE THE DATA

DESIGNED TO SUPPORT THE GENERATION & APPLICATION OF DNA BARCODE DATA

BOLD is a cloud-based data storage and analysis platform developed at the Centre for Biodiversity Genomics in Canada. It consists of four main modules, a data portal, an
educational portal, a registry of BINs (putative species), and a data collection and analysis workbench.




Level 1
Most Stringent

Collected within the Great Lakes
basin.

COlI 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
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The Good .

160
Potamothrix moldaviensis, high quality sequence

G166 AT T-62C T CW:GE G166 §TC/8 T°TCC TWM:G:6 T WG G@H:TC #62CT T8 T 1

The Bad |}

Bt O, B0 WS, o8, S W AW L
100

Potamothr/x moldaviensis, medium to low quality sequence

SGGNNNNGNANHNHNAMNNHNMNNTHNMNHNNNMNNTHNNNNANNNHNMNNCCHNGATLCNNN
i f

The Ugly SO H,\‘, ,\, ’( M\

Limnodrilus claparedianus, co-amplification, failed quality



“The Good”

Manayunkia speciosa ANNMOO019-18|Sabellidae Manayunkia speciosal658[0n]

Manayunkia speciosa] ANNMOO018-18|Sabellidae/Manayunkia speciosal658[0n]
Po ch haeta Manayunkia speciosa] ANNMOO17-18|SabellidacManayunkia speciosa/658[0n]

Manayunkia speciosa] ANNMO020-18|SabellidaeManayunkia speciosal607[0n]

Manayunkia speciosa] ANNMOO021-18|Sabellidae/Manayunkia speciosal658[0n]
— Aulodrilus pigueti ANNMOO071-18Naididae|Aulodrilus pigueti|/658[0n]
Aulodrilus pigueti ANNMOO068-18/Naididae|Aulodrilus pigueti|/612[0n]
Aulodrilus pigueti ANNMO069-18Naididae|Aulodrilus pigueti|/658[0n]
Aulodrilus pigueti ANNMOO067-18/Naididae|Aulodrilus pigueti|/658[0n]

Oli haet Aulodrilus pigueti ANNMOO066-18/Naididae|Aulodrilus pigueti|636[0n]
IgOChaeta

& ] Aulodrilus pigueti ANNMOO070-18/Naididae|Aulodrilus pigueti|593[0n]
I-Aulodrilus pluriseta ANNMOO072-18|Naididae|Aulodrilus pluriseta/658[0n]

L Aulodrilus pluriseta ANNMOO073-18/Naididae|Aulodrilus pluriseta|615[0n]

fPotamothrix moldaviensis] ANNMOO001-18Naididae|Potamothrix moldaviensis|636[0n]
b Potamothrix moldaviensis] ANNMOO002-18|Naididae/Potamothrix moldaviensis|568[0n]




Manayunkia speciosa] ANNMOO019-18|SabellidaeManayunkia speciosa/658[0n]

Manayunkia speciosa] ANNMOO018-18|Sabellidae[Manayunkia speciosa/658[0n]
Manayunkia speciosa] ANNMOO017-18|SabellidaeManayunkia speciosa/658[0n]

Manayunkia speciosa] ANNMO020-18|Sabellidac[Manayunkia speciosa/607[0n]

Manayunkia speciosa] ANNMOO021-18/SabellidaeManayunkia speciosa/658[0n]
Aulodrilus pigueti] ANNMOO071-18/Naididae|Aulodrilus pigueti|658[0n]
Aulodrilus pigueti] ANNMOO068-18/Naididae|Aulodrilus pigueti|612[0n]
Aulodrilus pigueti] ANNMO069-18/Naididae|Aulodrilus pigueti|658[0n]
Aulodrilus pigueti] ANNMOO067-18/Naididae|Aulodrilus pigueti|658[0n]
Aulodrilus pigueti] ANNMO066-18/Naididae|Aulodrilus pigueti|636[0n]
Aulodrilus pigueti] ANNMO070-18Naididae|Aulodrilus pigueti|593[0n]
rAulodrilus pluriseta ANNMOO072-18Naididae|Aulodrilus pluriseta|658[0n]
L Aulodrilus pluriseta ANNMO073-18Naididae|Aulodrilus plurisetal615[0n]
(Potamothrix moldaviensis] ANNMOO001-18|Naididae[Potamothrix moldaviensis|636[On]
L Potamothrix moldaviensis ANNMOO002-18|Naididae[Potamothrix moldaviensis|S68[0n]




“The Bad”

i

100

16 —— ANNMO047-18B5C-212.2|Cincinnalia infegra

—— ANNMOO4E-18|1BSC-213.1|Cincinnatia infegra

94

ANNMO048-15BSC-213.3|Cincinnatia integra
B3 —— ANINMOD45-18|BSC-212.4|Marstonia lustrica

——— ANNMO044-18|BSC-212. 3|Marstonia lustrica

100

—— ANNMO043-18B5C-212.2|Marstonia ustrica

1 —— ANNMO042-18|1BSC-212.1|Marstonia lustrica
88 —— ANNMOT32-20/B5C-196.6|Pleurocera canaliculata

—_—

e ANNMOGTE-20/B5C-193.25|Plourocera semicarinata

ANNMOGT3-20|B5C-183. 22| Pleurocera semicarinata

ANNMOO30-181B5C-193.1|Pleurocera semicaninata

ANNMOB63-20|BSC-193.12|Pleurocera semicarinata
ANNMOGT7-20{BSC-193.26|Plaurocera semicarinata

T

—— ANNMOGT5-201BSC-193.24|Pleurocera semicannata

100 —— ANNMOG74-20|1BSC-193.23|Pleuracera semicarnata
ANNMO274-19|B5C-194.8|Fleurocera virginica

100

_E ANNMO278-19|BSC-194.12|Pleurccera virginica
65 ANNMOO36-18BSC-154.3|Pleurocera virginica
—— ANNMO 728-20|BSC-1096.3|Pleurocera canaliculals

a5 —— ANNMOBT0-20|BSC-193. 19|Pleurocera semicarinata
—— ANNMOGGS-20|BSC-193.18|Pleurocera semicarinata

g7 —— ANNMOB68-20{BSC-193.17|Pleurocera semicarinata

ANNMOGAZ-20|B5C-193. 11| Pleurocera sermicannala

ANNMOGET-20|BSC-193.16|Pleurocera semicannata
— ANNMOB6E-201B5C-193.15|Fleurocera semicannata

— ANNMO033-18|B5C- 183 4|Pleurocara samicaninata

_E ANNMOBES-20|1BSC-193.14|Plaurocera semicarinata
ANNMOO32-18/B5C-193.3|Pleurocera semicannata



i: ANNMOTZE- 18| BSC-180.4|Gyrawlus dellecius

ANNMOOZT7-18/850-185.3|Gyrawlus defecius

100 —— ANNMOD26-18|B5C-185.2) Gyraulus defecius

100 ANNMOOZ5-181BSC-185. 5| Gyraulus deflecius

4“}.;.: ANNMO025-18|BSC-185.1|Gyraulus deflectus
|Leevapex fuscus

100

(4]

-~

. El & KUNGL. K ‘“'°"f4;,' \Probythinafla emarginata
ZOOlO 1ICa S Cri t 3 =) VETENSKAPS: | SO0 Protytiinets emarginas
&2/ AKADEMIEN | @KUY Cincinnatis integra
AR b

THE ROVAL SWEDEH ACADENY OF SCENCES \—__L

|Cincinnatia infegra
|Cincinnatia infegra
\Marstonia iustrica
Marstonta fustrica

Morphology, molecules and taxonomy: extreme incongruence ;=\

\Marstonia lustnca
|Pleurocera canaliculata

in pleurocerids (Gastropoda, Cerithioidea, Pleuroceridae) SPloces oo

NATHAN V. WHELAN & ELLEN E.

¢|Pleurocera semicaninata
STRONG Pleurocera semicarinats

2|Pleurocera semicannala

bl Plaurocera semicannata

Submitted: 2 April 2015
Accepted: 18 July 2015
do1:10.1111/zsc.12139

#|Pleurocera semicarinata
3|Pleurocera semicannata
\FleLrocera virginica
2|Plaurocera vinginica

Whelan, N.V., Strong, E.E. (2015). Morphology, molecules and taxonomy: extreme incon- o
: : . Pleurocera virginica

gruence in pleurocerids (Gastropoda, Cerithioidea, Pleuroceridae). —Zoologica Scripta, 00, e
000-000.

9| Pleurocera semcannala
" o rer e R S ’ " ™ —— anniuttst2uBSU-199.18)Pleurocera semicarinata
&7 L ANNMOG68-20|BSC-183.17|Pleurocera semicannata
ANNMOGEZ-20|BSC-183, 11| Plewrocara semicannata
ANNMOGET-20|BSC-193.16|Fleurocera semicannata
_|: ANNMOB6E-20BEC-183.15|Pleurocera semicannata
ANNMOD33-18B5C-1583.4|Pleurocera semicarninata
_l: ANNMOG65-20|BSC-183. 14|Plaurocera semicaninata
ANNMOD32-18/BSC-193.3|Pleurocera semicaninala
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The case of
Limnodrilus hoffmeisteri
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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

Lake Erie

1958 2000 20'02 2004 2006 2008 2010 2012 2014 2016

State of the Great Lakes 2019 Technical Report

Basin

* Central
* Eastern
* Westemn




The case of
Limnodrilus
hoffmeisteri

104

ANNMOB851-20|B5C-92.6|Limnodrilus udekemianus

100

495: ANNMOO74-18|BSC-87. T|Limnodrilus claparedeianus

ANNMOBZ2-20|B5C-87.6|Limnodrilus claparedeianus
—— ANNMOBT2-20|BSC-86.4|Limnodrilus cervix

Ll

100 ——— ANNMOB823-20|BSC-87. 7|Limnodrilus cervix
49”: ANNMOGT7-18BSC-89. 1|Limnodrilus maumeensis
ANNMOBZ7-20|B5C-89.5|Limnodrilus maumeensis

040

— ANNMOB29-20|BSC-89. 7|Limnodrilus maumeensis
100 ANNMOB28-20|BSC-89.6|Limnodrilus maumeensis

o

ANNMOB24-20|BSC-87.8|Limnodrilus claparedeianus
ANNMOT56-20|BSC-88.

_|: ANNMO753-20|BSC-88.
100 ANNMO759-20/BSC-88.

00

ANNMO760-20|BSC-88.
13— ANNMOT64-20BSC-88
ANNMOT797-208SC-90.3\Limnodrilus profundicola

———————— ANNMO762-20|BSC-86. 10| Linfoamlis offmaistarmm

ANNMO738-20|B5C-90.4|Limnodrilus profundicola
i ——— ANNMO461-15|B5C-92.1|Limnodrilus udekemianus

——— ANNMO795-20|BSC-90.5|Limnodrilus profundicola

a3

ANNMO757-20|BSC-88. 5| LimAoariis hofmeisien s
ANNMOB48-20|BSC-92. 3|Limnodrilus udekemianus

_—— ANNMO754-20[8SC-86. 2 inadiils ofmeisterim—
ANNMO796-20|BSC-90.2]Limnodrilus profundicola

ANNMO763-20BSC-88. 11

100 —— ANNMO755-20/BSC-86.3
ANNMO795-20|BSC-90.1|

104

_|: ANNMO758-20|BSC-88.6]
100 ANNMO761-20|BSC-88.9

_ tm—— ANNMOOO!-181BSC-109. | otamolhrix moldaviensis

ANNMOO0Z-18BSC-109.2|Potamothrix moldaviensis
i: ANNMOO04-18|BSC-133.1|Spirosperma ferox
ANNMO005-18|BSC-133.2|Spirasperma ferox

B ANNMOO10-18|BSC-152. 1| Quistradrilus multisetosus
100 ANNMOO11-18/BSC-152.2|Quistradrilus multisetosus



10 ANNMOB51-20|BSC-92.6|Limnodrilus udekemianus

ANNMOBZ2-20|B5C-87.6|Limnodrilus claparedeianus
: ANNMOBT 2-20|BSC-86.4|Limnodrilus cervix
100 ANNMOB23-20|BSC-87.7|Limnodrilus cervix

496: ANNMOO74-18|BSC-87. T|Limnodrilus claparedeianus

100

]

a8 ANNMOOT?-18|BSC-89. 1|Limnodrilus maumeensis
ANNMOBZ7-20|B5C-89.5|Limnodrilus maumeensis
Limnodrilus hoffmeisteri 100 ANNMOB29-20|BSC-89. T|Limnodrilus maumeensis
ff 100 : ANNMOB28-20|8SC-89.6|Limnadrilus maumeensis
Org Divers Evol (2017) 17:477-495 Of .
DOI 10.1007/513127-016-0317-z o ORGANISMS
ORIGINAL ARTICLE DIVERSITY &
EVOLUTION

Extensive cryptic diversity in the cosmopolitan sludge worm
Limnodrilus hoffmeisteri (Clitellata, Naididae)

Yingkui Liu' - Steven V. Fend” - Svante Martinsson' - Christer Erséus’

4 ——— ANNMO795-20|BSC-90.1|
100 ANNMOT58-20|BSC-88. 6]
100 : ANNMO761-20/BSC-88.9|

—H:-IJ': ANNMOOO1-18/BSC-109. 1|Potamothrix moldaviensis
ANNMOD0Z-18|BSC-108.2|Potamothrx moldaviensis

100 ANNMO004-18/BSC-133.1|Spirosperma ferox

. ANNMOO0S-18|BSC-133.2|Spirosperma ferox
B8 ANNMOO10-18|BSC-152.1|Quistradrilus mulfisetosus
100 ANNMOO11-18/85C-152.2| Quistradnilus mulfisetosus




L. hoffmeisteri X
L. hoffmelster] |y
L. hoffmelsterl [x
L. hoffmeisteri [x
L. hoffmeisteri [x
L. hoffmeisteri 1%
L. hoffmeisteri x
L. hoffmelster]
L. hoffmeisteri %
L. hoffmeisteri  »
L. hoffmeisteri  x
L. hoffmeisteri Vi
--------------------- €E3139 L. hoffmeisteri i
o = i L. hoffmeisterd yii|
sens CE1157 L. hoffmeisteri il
sszsasasssnCEG0M L. hoffrmeisteri Wil
senarennns CHHE L. claparedianus/cervix
rawnsmenesCHKAT L. claparedianus,/oervix
....................... {E2128 L. daparedianusf:ewi:
......................... {F1177 L. maumeensis
------------------------ CHWOL2 L. hoffmeisteri v
------------------------ CNYP25 L. hoffmeisteri VI
----------------------------- CE10834 L. hoffmeisteri
........................ CEYR14 L. hoffmeisteri 1l
------------------------ CEX2EE1 L. hoffmelsteri 1
......................... CEXZEEA L. haffrredsterd 1
............................ LE1112 L. claparedianus
...u wanmenes CNIFL L. claparedianus
- «=-CE1137 L. hoffmelster |
52 ===e CEIXIR L. hoffmelsterd |
- «e=CE11T1 L. haffrielsterd |
.............................. LCE3744 L. hoffmeisteri 1y
-------------------------------- CE3T79 L. hoffmeisteri |
-<CESH1 L. hoffrneisteri
f} ......................... L£E1D482 L. sulphurensis
L I = T~ CE7435 L. sulphurensis
----------------------------- ®Z20150606a L. profundicola
..... CE1785 L. grandisetosus
A «{LE1786 L. prandisetosus
CAREEACASESCCAEEACoACS -« CEXA11 L. sitvani
t was CE213T L udekemians
e e T e e e e =Y L. udekemlanys
e o e e e e et C T L FLimnodrilus rubripenis
é. .......................................... CE10782 Aimnodrilus rubripenis
H sarsasssssssssssssazsessansensessessessnsess<CELQB53  ?Limnodrilus rubripenis

Tubificinae

Liuetal., 2017

Seven loci

Cytochrome oxidase |,
COl, 12S, 16S rDNA,
Histone-3 (H3), Internal
Transcribed Spacer
region (ITS), 18S, and
partial 28S rDNA



Family Species Nearest Nearest Species
Neighbour

Haplotaxida Naididae Limnodrilus cervix . : ANNMOB851-20 Limnodrilus
udekemianus

Haplotaxida Naididae Limnodrilus ANNMO756-20 Limnodrilus
claparedianus hoffmeisteri

Haplotaxida Naididae Limnodrilus hoffmeisteri ANNMOB848-20 Limnodrilus
udekemianus

Haplotaxida Naididae Limnodrilus : : ANNMOS870-20 Limnodrilus cervix
maumeensis

Haplotaxida Naididae Limnodrilus : ' ANNMO762-20 Limnodrilus
profundicola hoffmeisteri

Haplotaxida Naididae Limnodrilus ANNMO754-20 Limnodrilus

* n=49 specimens
* Only 4 additional records from outside GLC available

* Method: CO1 gene, BOLD Aligner Amino Acid based alighment,
Kimura 2 Parameter




Family Species Nearest Nearest Species
Neighbour

Haplotaxida Naididae Limnodrilus cervix . : ANNMOB851-20 Limnodrilus
udekemianus

Haplotaxida Naididae Limnodrilus N/A ANNMO756-20 Limnodrilus
claparedianus hoffmeisteri

Haplotaxida Naididae Limnodrilus hoffmeisteri § 19.82 51.18 ANNMOB848-20 Limnodrilus E
udekemianus

Haplotaxida Naididae Limnodrilus 1.21 259 ANNMOS870-20 Limnodrilus cervix
maumeensis

Haplotaxida Naididae Limnodrilus : ' ANNMO762-20 Limnodrilus
profundicola hoffmeisteri

Haplotaxida Naididae Limnodrilus ANNMO754-20 Limnodrilus

* n=49 specimens
* Only 4 additional records from outside GLC available

* Method: CO1 gene, BOLD Aligner Amino Acid based alighment,
Kimura 2 Parameter




Order Family Species Max Intra-Sp Nearest Nearest Species Distance to NN
|otal Neighbour Lotk

Haplotaxida Naididae Aulodrilus pluriseta : ANNMOO070-18 Aulodrilus pigueti 17.77

Haplotaxida Naididae Branchiura sowerbyi ANNMO919-20 Aulodrilus pigueti 20.91
Haplotaxida Naididae Potamothrix moldaviensis ~ 1.65 ! ANNMO893-20 Potamothrix vejdovskyi 20.11

Haplotaxida Naididae Potamothrix vejdovskyi ANNMOO001-18 Potamothrix 20.11
moldaviensis

Haplotaxida Quistradrilus ANNMO909-20 Aulodrilus limnobius
multisetosus

Haplotaxida Naididae Spirosperma ferox : : ANNMO909-20 Aulodrilus limnobius
Haplotaxida Naididae Spirosperma nikolskyi : : ANNMOO006-18 Spirosperma ferox

Sabellida Sabellidae  Manayunkia speciosa ANNMOO003-18 Potamothrix
moldaviensis

Unionida Unionidae  Simpsonaias ambigua ANNMOO020-18 Manayunkia speciosa

N=73 specimens




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

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

uncomfortable

questions Are we just not ready to ask these questions
arise yet?

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




Specimen # Sequence

and other challenges

1 mm

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!

BSC-223.2

|}
BSC-198.1




What does this mean for
Lake Erie and Monitoring?

e eDNA is not the answer for some
biological surveys

* Building of reference libraries
* One gene region seems to be
inadequate for important taxa

e 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.

Annelida

65%

Bryozoa

62%

Nemertea

100%

Porifera

100%

Mollusca

82%

Cnidaria

100%

Plathyelmintes

33%

Updated August
2021 from all
available records
on BOLD
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