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Research Progress

Evaluative stage
Criteria
a) suitable variability for species

discrimination
b) Relative ease of sequencing
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Challenges to Plant Barcoding

* Implementation (e.g. application to pollen,
seeds, roots, seedlings)

e Taxonomic ambiguities
a) species homogeneity
b) blurred species boundaries



Barcoding Roots

Ecology of root profiles:
a) diversity
b) vertical structure, biomass
distribution
C) ecosystem function

Challenge for barcoding:
a) protoplastids, less abundant
b) quantity of root, limited




Barcoding Roots at KSR

e Sequencing roots
a) Amplify cpDNA from 24 species

o Sample plots in old-field,

forest ecosystems

a) Sample and map above-ground
diversity b ]
b) Sample/map roots from soil proflles S
c) ldentify roots to species using KSR
plant barcode database




Taxonomic Ambiguities
Solidago

matK sequence

S.canadensis CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.canadensis CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.caesia CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.caesia CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.nemoralis CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.nemoralis CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.nemoralis CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.altissima CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.altissima CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
S.altissima CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
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64, A. lanulosa var. all'picola (Mount Hood, 4x)
1 A. lanulosa var. alpicola (Mount Hood, 4x)
A. lanulosa var. aipacola (Mount Rainier, 4x)
A. lanulosa var. a lpicola Mount Rainier, 4x)
A. lanulosa var. a lpicola ustler Peak, 4x)

A. lanulosa var. alpicola (Rustler Peak, 4x)

A. lanulosa var. alpicola
A. borealis var. arenicola (Asilomar Dunes, 6x;
A. borealis var. arenicola (Asilomar Dunes, 6x
A. borealis var. arenicola (Bodega Headlands, 6x)
A. borealis var. arenicola (Bodega Headlands, 6x)
| 65, A. borealis var. arenicola gEcola Beach, 6x§

A. borealis var. arenicola (Ecola Beach, 6x

A. borealis var. arenicola (Nahcotta Tidelands, 6x}
A. borealis var. arenicola (Nahcotta Tidelands, 6x
A. borealis var. arenicola (Stone Lagoon, 6x3
A. borealis var. arenicola (Stone Lagoon, 6x
A. borealis var. borealis (Cohoe Dunes, 6x
A. borealis var. borealis (Cohoe Dunes, 6x
A. borealis var. borealis (Tonsina Point, 6x
A. borealis var. borealis (Tonsina Point, 6x
A. borealis var. californica (Bald Hills, 6x)
A. borealis var. californica (Bald Hills, 6x)
A. borealis var. californica (Wantrup, 6x

feal
o

—={ A. borealis var. californica (Wantrup, 6x

ﬁ, A. borealis var. gigantea %Selrna, Gxg
. borealis var. gigantea (Selma, 6x
A. boreali. Selma, 6
A. lanulosa var. lanulosa (Crooked River, 4.1:;
A. lanulosa var. lanulosa (Crooked River, 4x
A. lanulosa var. lanulosa (Leavenworth, Aix)
A. lanulosa var. lanulosa (Leavenworth, 4x)
A. lanulosa var. lanulosa (LeeVining, 4x
A. lanulosa var. lanulosa (LeeVining, 4x
A. lanulosa var. lanulosa (Mill Hill, 4x)
A. lanulosa var. lanulosa (Mill Hill, 4x)
A. lanulosa var. litoralis % ape Blanco, 4x
A. lanulosa var. litoralis (Cape Blanco, 4x
A. lanulosa var. litoralis (Patrick's Point, 4xg
A. lanulosa var. litoralis (Patrick's Point, 4x
A. lanulosa var. litoralis (Ruby Beach, 4x
A. lanulosa var. litoralis (Ruby Beach, 4x
A. lanulosa var. litoralis (San Josef Bay, x;
A. lanulosa var. litoralis (San Josef Bay, 4x
A. lanulosa var. litoralis (Wolfe Beach, 4x)
A. lanulosa var. litoralis (Wolfe Beach, 4x)
A. lanulosa var. pacifica (Box Canyon, 4x
A. lanulosa var. pacifica (Box Canyon, 4x
64, A. lanulosa var. pacifica (Denali, 4x
A. lanulosa var. pacifica (Denali, 4x
64 | A. lanulosa var. pactfica (Groveland, 4x
A. lanulosa var. pacifica (Groveland, 4x
A. lanulosa var. pacifica (Ochoco Divide, 4x3
A. lanulosa var. pacifica (Ochoco Divide, 4x
A. lanulosa var. pacifica (Wahkeena Falls, 4xg

100

A. asiatica
| A asiatica

Ramsey & Husband unpubl.

— A. ceretanica (Pyrenees, 2x)
A. millefolium (Sweden, 6x)

A. asiatica
A. asiatica

A. lanulosa var. pac;ﬁca ahkeena Falls, 4x
A. lanulosa var. puberula (Napa Marsh, 4x)
A. lanulosa var. puberula (Napa Marsh, 4x)

| A. asiatica (Mongolian Rim, 2x)
' A. asiatica (Mongolian Rim, 2x)

Altai, 2%
Altai, 4x
Altai, 4x

Altai, Zxé

3500 bp coDNA

65, A. lanulosa var. alpicola (Tuolumne Meadows, 4x
= Tuolumne Meadows, 4x
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Genome duplication
e.g. Chamerion angustifolium

[] piploid

B WVixed ploidy B

. Tetraploid




Jasper, AB
2X

Happy Valley, NF
4X

4 X Rampart Creek, AB Haplotype E
Montana (2X, 4X)
Quebec (2X, 4X)

2X

Alberta (2X)

Fortress Station, AB

HAPLOTYPE C 2X

Sulfur Mt., AB (2X)
Wawa. ON (4X)

Montana
44X

4X
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Oregon Barrier Station, AB
Barrier Station, AE RSN Rampart Crk., AB 4X 2X
4X .

Montana

° ()
0 0 4X
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4% m 4X 4X
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RQowderface, ABEY Montana
Porte Aux Basques, NF 4X
4X

Rampart Crk., AB
4X

cpDNA haplotype network (2700 bp)



e.g. Solidago

Hybridization

matkK

S.canadensis
S.canadensis
S.caesia
S.caesia
S.nemoralis
S.nemoralis

S.nemoralis
S.altissima
S.altissima
S.altissima

CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
CCAGGAAGGATTTATATAAACCAATTATCCAATCATTCCCT
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Role of low-copy Nuclear Genes
In Plant Barcoding

Advantages
a) rapid evolution
b) biparental inheritance

Challenges
a) lack of info on universal nuclear genes
for plants
b) lack of universal primers



Selection of Nuclear Genes
for Plant Barcoding

Survey taxonomically diverse, genomic
databases for single copy nuclear genes

180 candidate nuclear genes

Exclude genes
with introns



Alignment of nuclear gene sequences of

S.canadensis
S.canadensis
S.caesia
S.caesia
S.nemoralis
S.nemoralis
S.nemoralis
S.altissima
S.altissima

S.altissima

Solidago

ACTTTCTTAAGGTGGATGAAAT-ATCCCTTTCACTTTTCTTTTT
ACTTTCTTATGGTGGATGAAATTATCCCTTTCGCTTTTCTTTTT
ACTTTCTTAAGGTGGATGAAATTATCCCATTCACTTTTCTTTTT
ACTGTCTTACGGTGGATGAAAT-ATCCCTTTGACTTTTCTTTTT
ACTTTCTTATGGTGGATGAAAT-ATCCCTTTCACTTTTCTTTTT
ACTTTCTTANGGTGGATGAAATTATCCCTTTNACTTTTCTTTTT
ACTTTCTTANGGTGGATGAAATTATCCCTTTNACTTTTCTTTTT
ACTGTCTTATGGTGGATGAANTTATCCCTTTCACGTTTCTTTTT
ACTGTCTTATGGTGGATGAA-TTATCCCTTTCACNTTTCTTTTT
ACTTTCTTAAGGTGGATGAA-TTATCCCTTTCACTTTTCTTTTT

*xhkh FHEAkAkAk FEhxAkAIXXkxkxkk X *kxkxkkx XXk * *XIxIxIxkxkkkk
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Summary

Continue to complete the evaluation of
candidate barcodes at several taxonomic
and geographic scales

Explore ecological applications where
quality and quantity of tissue IS
suboptimal.

Explore candidate nuclear genes for
taxonomically complex groups.



