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• Phylogenetics & Taxonomy

• Molecular identification

• Population structure & genotyping

• Genomics & Metabolomics

• Alkaloid gene evolution

Research focuses
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• New Canadian lineages identified (Shoukouhi et al 2019)

• Molecular assay developed for differentiating C. purpurea s.s
from other relatives (Shoukouhi et al 2019)

• Taxonomic descriptions of Canadian lineages 

• 53 genomes sequenced

Research results
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• Population structure & genotyping

• Metabolomics

• Genome annotation

• Alkaloid gene evolution

Ongoing research
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Miao Liu, Sarah Hambleton, Parivash Shoukouhi, Kassandra Bisson 
(AAFC)

Uwe Braun (Martin Luther University, Germany)
Susumu Takamatsu (Mie University, Japan)

Allen Xue, SeaRa Lim  (AAFC) 

6



• Phylogenetics & Taxonomy

• Molecular identification

• Population structure & genotyping

Research focuses
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Background, material, methods
• Background

 Obligate biotrophic

 Host range: cereal crops and grasses in over 100 genera (Poaceae)

 Inuma et al: nine lineages (ITS, 28S, CHS, TUB)

• Samples: 179 samples (DAOM, BPI) on 87 grass species

• Primers 

 From literature: ITS-28S (Various authors), CHS and TUB (Inuma et 
al 2007, Seko et al 2011); PPA, PCA, AOX and TUB (Parks et al 
2009) 

 Designed using 31 genomes (Menardo et al 2017): five anonymous 
regions, TEF

8



ITS-28S tree

Results
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Results

30.0

LM157AB_1979_Poa_palustris_Manitoba_181460_CHS

AB273592_MUMH2290_Secale_sp__Japan

AB273591_MUMH2288_Lolium_sp__Japan

AB273575_MUMH1700_Avena_fatua_Swizerland

LM154B_1979_Milium_effusum_Finland

AB273590_MUMH2192_Bromus_catharticus_Argentina

AB273580_MUMH1707_Triticum_aestivum_Swizerland

AB273573_MUMH1619_Poa_pratensis_Japan

LM162B_1973_Poa_nemoralisVARmontana_Ontario_148498_CHS

AF188934_Hordeum_vulgare

LM130B_1998_Agropyron_repens_BritishColumbia_225780_CHS

AB273569_MUMH92_Diarrhena_japonica_Japan

AB273594_MUMH3273_Bromus_catharticus_Japan

LM158B_1974_Poa_pratensis_Ontario_159510_CHS

AB273581_MUMH1708_Triticum_aestivum_Swizerland

AB273568_MUMH147_Hordeum_vulgare_Japan

AB273576_MUMH1703_Dactylis_glomerata_Swizerland

LM153B_1956_Melica_subulata_BritishColumbia_55075_CHS

AB273588_MUMH1721_Elymus_libanoticus_Iran

AB273582_MUMH1711_Triticum_monococcum_Swizerland

LM152B_1977_Hystrix_patula_Ontario_161299_CHS

LM139B_1934_Dactylis_glomerata_BritishColumbia_118220_CHS

AB273587_MUMH1720_Bromus_japonicus_Iran

AB273593_MUMH2335_Agropyron_sp__Japan

AB273570_MUMH839_Poa_pratensis_Japan

LM140B_1958_Deschampsia_caespitosa__82542_CHS

AB273571_MUMH903_Lolium_multiflorum_Japan

LM128B_1953_Agropyron_repens_PrinceEdwardIsland_40453_CHS

AB273574_MUMH1620_Poa_pratensis_Japan

AB273589_MUMH1724_Avena_sp__Iran

AB273584_MUMH1713_Triticum_spelta_Swizerland

AB273586_MUMH1719_Hordeum_bulbosum_Iran

AB273572_MUMH815_Dactylis_glomerata_Japan

AB273578_MUMH1705_Poa_pratensis_Swizerland

AB273585_MUMH1718_Poa_bulbosa_Iran

LM146B_1936_Hierochloe_odorata_Saskatchewan_4071_CHS

AB273579_MUMH1706_Poa_trivialis_Swizerland

LM134B_1961_Anthoxanthum_odoratum_Regioabonsis_91654_CHS

AB273583_MUMH1712_Triticum_polonicum_Swizerland

LM159A_1974_Poa_alpigena_NorthwestTerritories_159686_CHS

AB273577_MUMH1704_Hordeum_marinum_Swizerland

LM150B_1940_Hordeum_vulgare_Quebec_18154_CHS

CHSITS-28S tree 10



Results

FM27522: designed from 31 genomes 
(F. Menardo et al 2017) 

6.0

LM135A_1948_Avena_sativa_England_236220

LM151A_1955_Hystrix_patula_Quebec_148234

LM159B_1974_Poa_alpigena_NorthwestTerritories_159686

LM158B_1974_Poa_pratensis_Ontario_159510

LM127AB_1961_Agropyron_dasystachyum_Wyoming_137541

LM157B_1979_Poa_palustris_Manitoba_181460

LM152AB_1977_Hystrix_patula_Ontario_161299

LM150A_1940_Hordeum_vulgare_Quebec_18154

LM156B_1962_Puccinellia_angustata_Nunavut_91193

LM153A_1956_Melica_subulata_BritishColumbia_55075

LM131A_1960_Agropyron_repens_Wisconsin_74558

LM128AB_1953_Agropyron_repens_PrinceEdwardIsland_40453
LM130AB_1998_Agropyron_repens_BritishColumbia_225780

LM139B_1934_Dactylis_glomerata_BritishColumbia_118220

LM429A_2016_Elymus_cftrachycaulus_NewBrunswick

LM160AB_1967_Poa_arctica_NorthwestTerritories_231497

LM147A_1931_Hordeum_jubatum_Saskatchewan_217858

LM431A_2016_Triticum_aestivum_Ontario

LM131B_1960_Agropyron_repens_Wisconsin_74558

LM154AB_1979_Milium_effusum_Per-Pohjanmaa_179493

LM155AB_1978_Phleum_pratense_NewBrunswick_169330

LM438A_1936_Triticum_aestivum_NovaScotia_7738
LM432A_2016_Triticum_aestivum_Ontario

LM129AB_1980_Agropyron_repens_Alberta_186037

LM134AB_1961_Anthoxanthum_odoratum_Regioabonsis_91654

LM141AB_1963_Elymus_canadensis_Wisconsin_96986

LM430A_2016_Triticum_aestivum_Ontario

LM162B_1973_Poa_nemoralisVARmontana_Ontario_148498

LM161AB_1962_Poa_arctica_Nunavut_91194

LM439A_1952_Secale_cereale_NovaScotia_38670

LM149B_1940_Hordeum_jugatum_NorthwestTerritories_155342

ITS-28S tree 11



Results

FM110716 
3.0

LM130B_1998_Agropyron_repens_BritishColumbia_225780

LM156AB_1962_Puccinellia_angustata_Nunavut_91193

LM137A_1926_Beckmannia_erucaeformis_Saskatchewan_152932

LM154A_1979_Milium_effusum_Per-Pohjanmaa_179493

LM155B_1978_Phleum_pratense_NewBrunswick_169330

LM145A_1944_Hordeum_brevisubulatum_Manitoba_155420

LM148A_1935_Hordeum_jugatum_Manitoba_156886

LM152AB_1977_Hystrix_patula_Ontario_161299

LM159AB_1974_Poa_alpigena_NorthwestTerritories_159686
LM162AB_1973_Poa_nemoralisVARmontana_Ontario_148498

LM142A_1953_Elymus_cinereus_BritishColumbia_145059

LM127B_ss

LM132A_1925_Agrostis_sp_Manitoba_150568

LM147A_1931_Hordeum_jubatum_Saskatchewan_217858

LM140A_1958_Deschampsia_caespitosa__82542

LM150A_1940_Hordeum_vulgare_Quebec_18154

LM136B_1959_Beckmannia_syzigachne_Saskatchewan_217878

LM129B_ss

LM128A_1953_Agropyron_repens_PrinceEdwardIsland_40453

LM141AB_1963_Elymus_canadensis_Wisconsin_96986

LM144A_1950_Elymus_junceus_Saskatchewan_24040

LM153A_1956_Melica_subulata_BritishColumbia_55075

LM125B_1940_Agropyron_dasystachyum_NorthwestTerritories_155348

LM430A_2016_Triticum_aestivum_Ontario_LM00430
LM431A_2016_Triticum_aestivum_Ontario_LM00431

LM131AB_1960_Agropyron_repens_Wisconsin_74558

LM158B_1974_Poa_pratensis_Ontario_159510

LM432A_2016_Triticum_aestivum_Ontario_LM00432

LM126A_1940_Agropyron_dasystachyum_NorthwestTerritories_155345

LM134B_1961_Anthoxanthum_odoratum_Regioabonsis_91654

LM146A_1936_Hierochloe_odorata_Saskatchewan_4071

LM151A_1955_Hystrix_patula_Quebec_148234

LM135A_1948_Avena_sativa_England_236220
LM139A_1934_Dactylis_glomerata_BritishColumbia_118220

LM157B_1979_Poa_palustris_Manitoba_181460

LM438A_1936_Triticum_aestivum_NovaScotia_7738

ITS-28S tree 12



Results

FM56044 

6.0

LM160A_1967_Poa_arctica_NorthwestTerritories_231497

LM151A_1955_Hystrix_patula_Quebec_148234

LM432A_2016_Triticum_aestivum_Ontario_LM00432

LM430A_2016_Triticum_aestivum_Ontario_LM00430

LM140B_1958_Deschampsia_caespitosa__82542

LM429A_2016_Elymus_cftrachycaulus_NewBrunswick_LM00429

LM155B_1978_Phleum_pratense_NewBrunswick_169330

LM159B_1974_Poa_alpigena_NorthwestTerritories_159686

LM139A_1934_Dactylis_glomerata_BritishColumbia_118220

LM134AB_1961_Anthoxanthum_odoratum_Regioabonsis_91654

LM161A_1962_Poa_arctica_Nunavut_91194

LM130AB_1998_Agropyron_repens_BritishColumbia_225780

LM157B_1979_Poa_palustris_Manitoba_181460

LM128AB_1953_Agropyron_repens_PrinceEdwardIsland_40453

LM131A_1960_Agropyron_repens_Wisconsin_74558

LM152AB_1977_Hystrix_patula_Ontario_161299

LM160B_1967_Poa_arctica_NorthwestTerritories_231497

LM127A_1961_Agropyron_dasystachyum_Wyoming_137541

LM153A_1956_Melica_subulata_BritishColumbia_55075

LM136B_1959_Beckmannia_syzigachne_Saskatchewan_217878

LM158B_1974_Poa_pratensis_Ontario_159510

LM154AB_1979_Milium_effusum_Per-Pohjanmaa_179493

ITS-28S tree 13



Statistics of the most parsimony trees

Results

Column1 ITS-28S CHS FM27522 FM110716 FM56044
# of taxa 97 42 31 36 22

# of characters 1661 401 405 230 771
Informative 142 98 63 40 100

Tree 2568 484 45690 2360 7
Length 466 247 96 85 178

CI 0.730 0.704 0.802 0.694 0.882
RI 0.908 0.926 0.962 0.921 0.965
RC 0.662 0.652 0.772 0.64 0.851
HI 0.270 0.296 0.198 0.306 0.118

G-fit -115.107 -81.779 -58.65 -35.029 -94.95
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Markers for population level variation (Parks et al 
2009)

Results

PKA PPA TUB
Haplotype 

(frequency) 492 104 366 112
H1 (1) A T C T
H2 (7) A C T T
H3 (6) T C T T
H4 (1) T T C T
H5 (1) T C T C

AOX: no polymorphic sites

• For 16 samples (on wheat), PKA and TUB each had 1 polymorphic 
site, PPA 2 sites, AOX no polymorphic site.

• 3-gene genotyping: 5 haplotypes 
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• Continue developing multi-gene sequences for 
samples on various grasses

• Multi-gene sequence analyses

• Taxonomic revision

• Future: Canadian population genotyping

On going
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