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DNA Barcodes

A short universal gene sequence taken 
from a standardized portion of the 
genome used to identify species
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Three Genomes of Plant Cells 
for Barcode Candidates

Chloroplast

Mitochondrial

Nuclear

*High copy number
*Conserved structure
*Diversity of substitution 

rates across genes, 
introns, and
intergenic spacers

*Locus of choice 
for animal 
barcoding is 
mitochondrial 
COI

*Limitations with 
plants
-Low 
divergence

-Rapid genome 
rearrange- 
ments

*Contain the most 
variable loci

*Problems with multi- 
gene families

*Single-copy genes 
often technically 
difficult
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Challenges for plant barcoding

•
 

Choosing a plant barcode
–

 
Plant mtDNA

 
substitution rates much slower 

than in animals (CO1 does not work well in 
plants)

–
 

cpDNA a better alternative, but still slower 
than animal mtDNA

•
 

Discriminatory power
–

 
Plant species frequently hybridise, and there 
are many examples of recent speciation
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Proposed solutions:
Chase et al (2007):

 

rpoC1 + rpoB + matK
(Taxon

 

56, 295-299)

 

rpoC1 + matK + trnH-psbA

Kim et al (2007):

 

matK + atpF-H + psbK-I 
(unpublished)

 

matK + atpF-H + trnH-psbA

Kress/Erickson (2007):

 

rbcL + trnH-psbA
(PLoS

 

ONE 2, e508 )

Lahaye et al. (2008):

 

matK (or matK + trnH-psbA)
(PNAS 105, 2923–2928
Nature Precedings http://hdl.handle.net/10101/npre.2008.1896.1) 

Plant working group (2007)

 

matK + trnH-psbA + atpF-H
(minutes of Taipei meeting)
Plant working group (2009) rbcL + matK ( + trnH-psbA, ITS)
(Mexico meeting)

Choosing the plant barcoding region
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Applications of plant barcoding
•

 
Species identification and Cryptic species 
discovery

•
 

Identification of plant material in diets (animal, 
insect)

•
 

Identification and origin study of invasive species
•

 
Root system study

•
 

CTFS plots
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Phylogeny and Community Ecology

Webb et al. ARES 2002
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50-ha Forest 
Dynamics Plot 

on BCI, Panama 
(282 species):

Community 
Phylogeny 

using a 
Supermatrix

Approach with 
rbcL/trnH-psbA

50-ha Forest 
Dynamics Plot 

on BCI, Panama 
(281 species):

Community 
Phylogeny 

using a 
Supermatrix

Approach with 
rbcL/trnH-
psbA/matK

Barcodes 
vs. Phylomatic

Barcode Phylogeny:

Phylogenetically 
clustered = Low Plateau 
and Slope Habitats 

Phylogenetically Over- 
dispersed = High 
Plateau, Mixed and 
Young Habitats =

Phylogenetically 
Random = Stream and 
Swamp Habitats 

Phylomatic Phylogeny:

Phylogenetically 
clustered = High Plateau, 
Low Plateau and Young 
Habitats 

Phylogenetically Over- 
dispersed = Swamp and 
Slope Habitats 

Phylogenetically Random 
= Stream and Mixed 
Habitats
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OutlineOutline

••
 

SamplingSampling

••
 

SequencingSequencing

••
 

Tree reconstructingTree reconstructing

••
 

Community phylogenetic structureCommunity phylogenetic structure

••
 

ConclusionsConclusions

focus
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The Center for Tropical Forest 
Science (CTFS)

Dinghushan
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•
 

Annual average temperature : 20.9 ℃

•
 

Mean annual precipitation: 1929 mm

•
 

Nov.—Jan.  < 100 mm/month, 

Apr. —Sep. >  200 mm/ month

Dinghushan (DHS) nature reserve
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20ha DHS-Plot

slope

ridge

valley

Different habitats
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Different spatial scales

•
 

20*20
 

m, 
500 subplots

•
 

100*100
 

m, 
20 subplots
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SamplingSampling

►►
 

Species diversity in nature reserve:Species diversity in nature reserve:
278 families, more than 2000 species, including 278 families, more than 2000 species, including 

Gymnosperms, Angiosperms, Moss and FernsGymnosperms, Angiosperms, Moss and Ferns

►►
 

Molecular sampling in the plot:Molecular sampling in the plot:
51 families51 families
188 species188 species
500 samples500 samples
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SequencingSequencing

►►A A multimulti--locus barcodelocus barcode for land plants:for land plants:

rbcLarbcLa
matKmatK

trnHtrnH--psbApsbA
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PCR and sequencing results of single primer

rbcLa >trnH-psbA >matK
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Sequencing results of combining primers

rbcLa+matK+trnH-psbA can provide the most information sites.
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BLAST results for rates of correct identification (CI) for all 

species, as well as for genera, families and orders

85% TOTALLY
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Barcode sequence supermatrix
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Rosales
Fabales
Fagales
Celastrales
Oxalidales
Malpighiales
Sapindales
Malvales
Myrtales
Saxifragales
Lamiales
Boraginaceae
Gentianales
Apiales
Dipsacales
Aquifoliales
Ericales
Santalales
Proteales
Sabiales
Laurales
Magnoliales
Arecales
Poales
Pinales
Ginkgoales

APG Phylogeny DHS Phylogeny

Rosids

Unplaced Core Eudicots

Asterids

Basal Eudicots

Monocots

Gymnosperms

Basal Angiosperms

Basal Core Eudicots

Barcode and APG Phylogeny of 26 orders in DHS plot

DHS phylogeny is better resolved than APG phylogeny.
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Myrsinaceae

Maesaceae

Ebenaceae

Pentaphylacaceae

Theaceae

Styracaceae

Symplocaceae

Ericaceae

Sapotaceae

Pittosporaceae

Araliaceae

Caprifoliaceae

Aquifoliaceae

Verbenaceae

Rubiaceae

Boraginaceae

Myrsinaceae

Maesaceae

Ebenaceae

Pentaphylacaceae

Theaceae

Styracaceae

Symplocaceae

Ericaceae

Sapotaceae

Pittosporaceae

Araliaceae

Caprifoliaceae

Aquifoliaceae

Verbenaceae

Rubiaceae

Boraginaceae

Topology of Families within the Asterids
 

of DHS plot

APG Phylogeny Barcode Phylogeny

Barcode phylogeny is better resolved than APG phylogeny.
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Community assemblyCommunity assembly

Webb hypothesis:Webb hypothesis:

►►Small plot (local community), clustered?Small plot (local community), clustered?

►►Large plot (pool community), Large plot (pool community), overdispersedoverdispersed??

(Webb et al. 2000, 2002)(Webb et al. 2000, 2002)
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NRI & NTINRI & NTI

►►Two index describing the community assemblyTwo index describing the community assembly

►►Positive values Positive values >>>>>> clusteredclustered
►►Negative values Negative values >>> >>> overdispersedoverdispersed

max1 ( )NRI x x 

min min max1 [ ( ) ]NTI x x 
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Local community vs. Pool community Local community vs. Pool community 

►►
 

HH 00 : species are assembled into local communities at random: species are assembled into local communities at random

►►
 

For 20 m For 20 m ××
 

20 m20 m
mean NRI=0.1411mean NRI=0.1411±±0.0533, p=0.0080.0533, p=0.008
mean NTI=mean NTI=--0.00790.0079±±0.0470, p=0.8660.0470, p=0.866
Phylogenetic clustered in local communityPhylogenetic clustered in local community

►►
 

For 100 m For 100 m ××
 

100 m100 m
mean NRI= 0.0711mean NRI= 0.0711±±0.2466, p=0.7760.2466, p=0.776
mean NTI=0.1568mean NTI=0.1568±±0.2047, p=0.4530.2047, p=0.453
Random in pool communityRandom in pool community
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Habitat partitioning hypothesisHabitat partitioning hypothesis

►►Habitat heterogeneityHabitat heterogeneity

important in the maintenance of tropical important in the maintenance of tropical 
forest tree species diversityforest tree species diversity
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Five habitats in DHS plotFive habitats in DHS plot

►►high/low slopehigh/low slope

►►high/low valleyhigh/low valley

►►ridgeridge
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Community assembly patterns

Phylomatic Phylogeny:

Phylogenetically 
clustered =Low Slope 
and Low Valley Habitats

Phylogenetically
Over-dispersed = High 
Slope, High Valley and 
Ridge Habitats 

Barcode Phylogeny:

Phylogenetically 
clustered = Low Slpoe 
and Low Valley Habitats

Phylogenetically
Over-dispersed = High 
Slope and Ridge 
Habitats

Phylogenetically 
Random = High Valley 
Habitat 
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Some differentiationsSome differentiations

►► Correct Correct barcodingbarcoding identification:identification:
98%98% in BCI using threein BCI using three--locus barcodes;locus barcodes;
96% in French Guiana using morphology and 96% in French Guiana using morphology and 

molecular, molecular, but <70%but <70% using any barcodeusing any barcode
►► Community Community phylogenetic structure (BCI)phylogenetic structure (BCI)::
phylogenetic clustering: high plateau, young and phylogenetic clustering: high plateau, young and 

young habitats;young habitats;
phylogenetic phylogenetic overdispersionoverdispersion: swamp and slope : swamp and slope 

habitatshabitats
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ConclusionsConclusions

►►
 

ThreeThree--locus barcode well identify all taxalocus barcode well identify all taxa
►►

 
Plant DNA barcodes well resolve the phylogeny of Plant DNA barcodes well resolve the phylogeny of DinghushanDinghushan 
forest communityforest community

►►
 

rbcLa+matK+trnHrbcLa+matK+trnH--psbApsbA supermatrixsupermatrix performs well in tree performs well in tree 
reconstructingreconstructing

►►
 

Species in local community were more Species in local community were more phylogeneticallyphylogenetically related related 
than expected by chance, while in pool community did notthan expected by chance, while in pool community did not

►►
 

Different habitat Different habitat showsshows different community phylogenetic different community phylogenetic 
structurestructure

►►
 

Highly resolved phylogenies based on DNA barcode sequence Highly resolved phylogenies based on DNA barcode sequence 
data will enhance research focused on the interface between data will enhance research focused on the interface between 
community ecology and evolutioncommunity ecology and evolution
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Thank you for attention!Thank you for attention!

Collaborators:Collaborators:
Professor WanProfessor Wan--HuiHui

 
YeYe

Doctor Doctor JuJu--Yu Yu LianLian
Professor John KressProfessor John Kress

Doctor David EricksonDoctor David Erickson
et al.et al.
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