PLANT DNA BARCODING:
HISTORY
CASE STUDIES
FUTURE PERSPECTIVES

MARIA KUZMINA
UNIVERSITY OF GUELPH, CANADA



Building the DNA barcode library for
the flora of Canada using herbarium
specimens

9@ Applications
tin Plant Sciences
APPLICATION ARTICLE

USING HERBARIUM-DERIVED DNAS TO ASSEMBLE A LARGE-SCALE
DNA BARCODE LIBRARY FOR THE VASCULAR PLANTS OF CANADA!

Maria L. KuzminaZ!3, THomas W. A. BRAUKMANNZ, ARON J. Fazekas?, SEAN W. GRAHAM?,
StePHANIE L. DEwAARD?, ANUAR RODRIGUES?, BRUCE A. BENNETT?, TiMOTHY A. DICKINSON-8,
JerrErY M. SAARELA?, PAauL M. CATLING!?, STEVEN G. NEWMASTER!!, DiaANA M. PERCY'2,
ERIN FENNEMAN?, AURELIEN LAURON-MoOREAU!3, BRUCE Forp!#, LYNN GILLESPIE?,
RAGUPATHY SUBRAMANYAM!!, JEANNETTE WHITTON#, LINDA JENNINGS#, DEBORAH METSGER’,
CoNNOR P. WARNEZ, ALLISON BROWN2, ELIZABETH SEARSZ, JEREMY R. DEWAARD?Z,
EVGENY V. ZakHAROVZ, AND PAuL D. N. HEBERT?

*Centre for Biodiversity Genomics, University of Guelph, 50 Stone Road East, Guelph, Ontario N1G 2W1, Canada; *The
Arboretum. University of Guelph, 50 Stone Road East, Ontario N1G 2W 1, Canada; “Department of Botany, University of British
Columbia, 3200-6270 University Boulevard, Vancouver. British Columbia V6T 1Z4, Canada; *Office of the Vice-Principal
Academic and Dean. University of Toronto, 3359 Mississauga Road, Mississauga, Ontario L5L 1C6, Canada; ®Yukon Conservation
Data Centre (CDC). Whitehorse, Yukon Territory Y 1A 2C6, Canada; ’Green Plant Herbarium (TRT), Department of Natural
History, Royal Ontario Museum (ROM), 100 Queens Park, Toronto, Ontario M5S2C6, Canada; *Department of Ecology and
Evolutionary Biology, University of Toronto, 27 King's College Circle, Toronto, Ontario MSS, Canada; “Beaty Centre for Species
Discovery and National Herbarium of Canada (CAN), Botany Section, Research and Collections, National Heritage Campus of the
Canadian Museum of Nature, Gatineau, Québec J9J 3N7, Canada; '“The Agriculture and Agri-Food Canada Collection of Vascular
Plants (DAO), 960 Carling Avenue, Ottawa, Ontario K1A 0C6, Canada; ''BIO Herbarium (OAC), University of Guelph, 50 Stone
Road East, Guelph, Ontario N1G2W 1, Canada; ?Natural History Museum, Cromwell Road, Kensington, London SW75BD,
United Kingdom: “Institut de recherche en biologie végétale, Université de Montréal, 2900 Edouard Montpetit Boulevard.
Montréal, Québec H3T 1J4, Canada; and “University of Manitoba Vascular Plant Herbarium (WIN), Department of Biological
Sciences, University of Manitoba, 66 Chancellors Circle, Winnipeg, Manitoba R3T 2N2, Canada

Applications in Plant Sciences 2017 5(12): 1700079

@PLOS ] ONE

Check for
updates

RESEARCH ARTICLE

Testing the Efficacy of DNA Barcodes for
Identifying the Vascular Plants of Canada

Thomas W. A. Braukmann*, Maria L. Kuzmina, Jesse Sills, Evgeny V. Zakharov, Paul D.
N. Hebert

Centre for Biodiversity Genomics, Biodiversity Institute of Ontario, University of Guelph, Guelph, Ontario,
Canada

* tbraukma @uoguelph.ca

Abstract

Their relatively slow rates of molecular evolution, as well as frequent exposure to hybridiza-
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Encouraging start

A COl is a successful barcode for animals but
fails in plants for several reasons:

A intron presence is variable across
plants

A exceptionally low rates of evolution




rbcL

Chloroplast DNA markers

ENAS

psbA—trﬁlH

A DNA barcode for land plants

CBOL Plant Working Group'

2009

Communicated by Daniel H. Janzen, University of Pennsylvania, Philadelphia, PA, May 27, 2009 (received for review March 18, 2009)

DNA barcoding involves sequencing a standard region of DNA as
a tool for species identification. However, there has been no
agreement on which region(s) should be used for barcoding land
plants. To provide a community recommendation on a standard
plant barcode, we have compared the performance of 7 leading
candidate plastid DNA regions (atpF-atpH spacer, matK gene, rbcl
gene, rpoB gene, rpoC1 gene, psbK-psbl spacer, and trnH-psbA
spacer). Based on assessments of recoverability, sequence quality,
and levels of species discriminati we rec d the 2-locus
combination of rbcL+matK as the plant barcode. This core 2-locus
barcode will provide a universal framework for the routine use of
DNA sequence data to identify specimens and contribute toward
the discovery of overlooked species of land plants.

matK | rbcL | species identification

L;ugc-«c.llc standardized sequencing of the mitochondrial

e COI has made DNA barcoding an efficient species
identification tool in many animal groups (1). In plants, however,
low substitution rates of mitochondrial DNA have led to the

intergenic spacers trnH-psbA and psbK—psbl, in part attributable
to a high frequency of mononucleotide repeats disrupting indi-
vidual sequencing r

ads.

Species Discrimination. Among 397 samples successfully se-
quenced for all 7 loci, species discrimination for single-locus
barcodes ranged from 43% (rpoCl) to 68%—69% (psbK-psbl
and trnH-psbA), with rbcL and matK providing 61% and 66%
discrimination respectively (rank order: rpoCl<rpoB<atpF-
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|deal barcode should be:
A Universal primers

A Bidirectional

A Maximum discrimination among

species
Resources:

A 190species of the land plants
A 7 plastid DNA regions

Decision:

A rbcL (61%species discrimination)
A matK (69% species discrimination)



Topological correspondence of the DNA barcode
phylogeny and the Angiosperm Phylogeny Group (APG)
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Nuclear Ribosomal DNA

18S

5.8S

26S

(Chen et al, 2010)

Adding a nuclear marker ...

A ITS was originally proposed but
rejected

A ITS2 was proposed later
A variable short region

A can be easily amplified across a
diverse sample of plants

A used previously to discriminate
species

A good length for NGS
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Publicati | Geographi No. " " 0
- oot | Reported species resolution (%)
species | rpcL | matK | ITS2 | rbcL+ma | rbcL+ITS | All 3
tK 2
A.Fazekas | North
etal, 2008 | America 92 48 56
K.Burgess Koffler
etal, 2011 | Scientific 436 80 89 93
Reserve
(KSR),
Ontario
M.Kuzmin Churchill,
a Manitoba 312 54 63 69
etal, 2012
D.Percy North 71 Incomplete lineage sorting OR plastid capture with
et al, 2014 America selective sweep
M.Zarrei North 83 Polyploidy and hybridization
etal, 2015 | America
T.Elliott Mont 582 Focusing on quality control of collected material and data
etal, 2015 | St.Hilaire ,
Quebec
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What it boils down too ...

Gene Pros Cons

rbcL | Easily amplified | Poor taxonomic resolution

(550 bp) | 7 Good length for NGS

matK 1 Good taxonomic 1 Often difficult to amplify

(800 bp) resolution {1 Too long for most NGS platforms
ITS?2 9 Good taxonomic 1 Paralogous copies

(350 bp) resolution 1 Not easy to align across a diverse

91 Good length for NGS

set of taxa




Plant DNA Barcode Library for All Canada
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Sampling

~18,000 specimens

e Specimen
source
location
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Sequencing

5.5%

46%

320/0 29.40/0

14.5% 1% 12%

Specimens Species

[ ] No DNA barcodes One DNA barcode | [ rbel & matk [ rocL. mat< & Ts2 [ ] rbel & 1Ts2
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species resolution (%)
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Library resolution

Plant checklists from 28 national parks and reserves combined in 6 biogeographic regions
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The DNA barcode reference library for mosses: rbe L and
trn L-F for 775 species of Canadian Bryophyta

Maria Kuzmina, Jennifer Doubt, Catherine Earge Juan Carlos Villarreal & Paul Hebert

Canadlan Museumn ..1...,»
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Step one: sampling, imaging, databasing




Source location of the specimens included in the DNA
barcode reference library for Canadian mosses

C ~ 2000 specimens
C 775 species

C ~ 3records

per species - ~
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Number of moss specimens analyzed by province

Specimens

BC ON QC AB NS NL NT NB YT PE MB SK NU
Provinces



The most often used phylogenetic markers for mosses

(Stech& Quandt 2010)

Phytotaxa 9: 196-228  (2010) ISSN 1179-3155 t edition)
WWW mapress.com/phytotaxa/ Article PHYTOTAXA
Copyright © 2010 * Magnolia Press ISSN 1179-3163 (online edition)

20,000 species and five key markers: The status of molecular bryophyte
phylogenetics
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Abstract

A number of reviews have accompanied and monitored the progress of molecular phylogenetic research on by
focusing on the publication record itself. |
evolution and phylogenetic utility of mark:
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Relationship between specimen age
and seqguence recovery
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Overall sequencing success:

Specimens: Species
rocL 84% 94%
trnL-F 85% 98%



Tree scale: 0.1

Orders

. Encalyptales
[ Bryales

D Rhizogoniales
[ ] orthotrichales
. Timmiales
[l ©edipodiales
. Scouleriales
[ ] Hedwigiales
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[l Funariales
. Bartramiales
[] Polytrichales
- Buxbaumiales
[ Tetraphidales
[l Hookeriales
[ splachnales
[ Hypnales
] Grimmiales
. Dicranales
[] Sphagnales

The Maximum Likelihood best rbc L tree
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e scale: 0.1

Orders
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Bootstrap consensus rbc L tree

SURPRISINGLY:

rbcL poorly supports

beta taxonomy
Bootstrap >80% @ but good at resolving
general
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Species resolution with rbc L and trn L-F
for species -rich orders of mosses
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Reexamination

Tree scale: 0.1

Orders
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Reference Library for Targeted SNP-based
Identification of Cibotium barometz Usmg NGS
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Cibotium barometz

Plant growing in the BotanischerGarten- i 1T AE AT
Nymphenburg, Munich, Germany
Photograph by: Daderot, Public domain

http://tropical.theferns.info/image.php?id=Cibotium+barometz

The golden brown hairs at the base of the frond
Photograph by: Mokkie
Creative Commons Attribution-Share Alike 4.0
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