Taxonomist’s N ightmare:
Progress Towards a




Intro to Boechera

Lve and Love (1976) created the genus in honor of Tyge Bocher, based on
chromosome numbers:

Boechera: n=7

Avrabis: n=8




Capparidaceae (Cleome)

Aethionemeae Brassicaceae :
' Molecular phylogenetlc analyses

have confirmed L.ove & L.ove’s

split of Boechera from Arabus

Alysseae (Alyssum)

Euclidieae
r Nocceae (Noccaeq)

Sisymbrieae (Sisymbrium)

Eutremeae (Eutrema wasabi)
Arabideae (Arabis, Draba)

Brassiceae (Brassica, Eruca, Raphanus)

Hesperideae

Heliophileae

Schizopetaleae (Stanleya, Strepthanthus)
Cardamineae (Cardamine)

Descurainieae (Descurainia)
Smelowskieae

Lepidieae (Lepidium)

Camelineae (Arabidopsis, Capsella)
Physarieae (Physaria)
Boechereae (Boechera)

Halimolobodeae



Intro to Boechera

« 110 species, all but one (Boechera falcata) endemic to North America
- 72 sexual diploids, remainder are apomictic triploid hybrids
- Boechera comprises most of the tribe Boechereae, which also includes:

) Anelm.nz:a « Phoenicanlis
« Borodinia -

e o Polyctenium
« Cusickiella

« Sandbergia

« Nevada




Intro to Boechera

« due 1n part to the close relationship of the genus to_4rabidopsis, Boechera has become a
model system for a wide variety of studies, including:
* APOMIXIS
- evolution of genes & gene families
» local adaptation

- plant/pathogen interactions

« polyploid hybrid speciation

- however, poor understanding of the taxonomy and phylogeny of Boechera imposes a
constraint on these studies




Intro to Boechera




Resolving phylogeny of Boechera

- present efforts focus on the diploid species

- once the underlying framework of diploid Boechera species and their phylogeny 1s
established, the superstructure of hybridization can be laid on top of it




Methods

- preliminary phylogenetic analyses include 38 of the 72 diploid Boechera, and
representatives of other Boechereae except Borodinia & Cusickiella

« accessions used have data for = seven of: : :
-s1x low-copy nuclear loct:

- two chloroplast loci:

- alcohol dehydrogenase

etinl.-F « chalcone synthase
« trnK-rps16 « dpal
« luminidependens

« one nuclear ribosomal locus: o

-ITS - pustillata




Methods

- prior to phylogenetic analysis, gaps were coded as characters using simple indel
coding of Simmon & Ochoterena (2000) as implemented in SeqState

- including gaps, parsimony-informative characters per locus are as follows:

« trnd - F 113

« trnK-rps16 73

-ITS %)

- alcohol dehydrogenase 84

- chalcone synthase 107
« dpar 67

« luminidependens 76

. N0 24.

« pustillata 147
- plastid 136

 nuclear 584

. total 770



Methods

- phylogenetic analyses are as follows:

« heuristic parsimony searches conducted in NONA spawned from WinClada
(soo random addition replicates; 20 trees per replicate; swapping to 10001 trees)

- support is estimated with 1ooo jackknife replicates in TNT (courtesy of Willi
Hennig Society; JK replicates conducted with “new technology search” including parsimony
ratchet, sectorial search, tree drift, and tree-fusing)




24.4. HALTMOLOBOS JAEGERT

100 249 TRANSBERINGIA BURSIFOLIA
242 CRUCTHIMALAYA WALLICHIT

087 POLYCTENTUM FREMONTII
24/7 POLYCTENTUM FREMONTII

Phylogeny produced by the
100 085 PHOENICAULIS CHETIRANTHOIDES

089 PHOENICAULIS CHEIRANTHOIDES Complete data set
24.8 SANDBERGIA WHITEDIT
084. NEVADA HOLMGRENII
3088 BOECHERA REPANDA
083 ANELSONIA EURYCARPA
098 ANELSONTA EURYCARPA

non-Boechera are yellow to red
2908 BOECHERA CANADENSTS

094 BOECHERA SEROTINA BOB(‘]J(?VQ arc Cyan to purple
56 095 BOECHERA LAEVIGATA

284. BOECHERA LAEVIGATA

2834 BOECHERA MISSOURTENSIS

245 BOECHERA MISSOURTENSIS
086 BOECHERA DAVIDSONIT

3044 BOECHERA DAVIDSONTI
002 BOECHERA SPARSIFLORA
023 BOECHERA SPARSIFLORA
022 BOECHERA SHOCKLEYT
3164 BOECHERA PAUPERCULA
3144 BOECHERA LYALLIT
3024 BOECHERA GUNNISONIANA
027 BOECHERA SUFFRUTESCENS
3114 BOECHERA ROLLET
3094 BOECHERA LEMMONTI
3104 BOECHERA TIEHMIT
025 BOECHERA STRICTA
2294 BOECHERA FENDLERT
3224 BOECHERA SPATIFOLIA
34 028 BOECHERA FERNALDIANA subsp. VIVARIENSIS
‘—@OC 3124 BOECHERA HOWELLIT
0177 BOECHERA PLATYSPERMA
58 I50D BOECHERA TEXANA
013 BOECHERA NEVADENSTS
016 BOECHERA PERENNANS
270 BOECHERA RECTISSIMA
041 BOECHERA FORMOSA
144. BOECHERA PULCHRA
142 BOECHERA LINCOLNENSIS
009 BOECHERA RETROFRACTA
003 BOECHERA CRANDALLII
010 BOECHERA LASTOCARPA
148 BOECHERA SUBPINNATIFIDA
187 BOECHERA SERPENTICOLA
213 BOECHERA LIGNTFERA
069 BOECHERA PALLIDIFOLIA
120 BOECHERA COBRENSTS
3068 BOECHERA EVADENS
00’7 BOECHERA FERNALDIANA subsp. FERNALDIANA

100,

100

60
80

99



plastid phylogeny

244 HALIMOLOBOS JAEGERI

244 HALIMOLOBOS JAEGERI

nuclear phylogeny

100 249 TRANSBERINGIA BURSIFOLIA 100 249 TRANSBERINGIA BURSIFOLIA
242 CRUCIHIMALAYA WALLICHII 242 CRUCIHIMALAYA WALLICHII
100, 087 POLYCTENIUM FREMONTII 248 SANDBERGIA WHITEDII
247 POLYCTENIUM FREMONTII 54 3088 BOECHERA REPANDA
76 100 085 PHOENICAULIS CHEIRANTHOIDES 100 087 POLYCTENIUM FREMONTII
089 PHOENICAULIS CHEIRANTHOIDES 14 247 POLYCTENIUM FREMONTII
248 SANDBERGIA WHITEDII 26 084 NEVADA HOLMGRENII
2/ 316A BOECHERA PAUPERCULA 100, 298 BOECHERA CANADENSIS
63 002 BOECHERA SPARSIFLORA B 100 098 ANELSONIA EURYCARPA
99 76 0273 BOECHERA SPARSIFLORA 27 0873 ANELSONIA EURYCARPA
086 BOECHERA DAVIDSONII 094 BOECHERA SEROTINA
010 BOECHERA LASIOCARPA 100 94 095 BOECHERA LAEVIGATA
46 298 BOECHERA CANADENSIS 58 73 284 BOECHERA LAEVIGATA
15 83 025 BOECHERA STRICTA 100, 245 BOECHERA MISSOURIENSIS
4l 65 229A BOECHERA FENDLERI 283A BOECHERA MISSOURIENSIS
322A BOECHERA SPATIFOLIA 100 085 PHOENICAULIS CHEIRANTHOIDES
094 BOECHERA SEROTINA 089 PHOENICAULIS CHEIRANTHOIDES
78 284 BOECHERA LAEVIGATA 100 086 BOECHERA DAVIDSONII
2% 70 095 BOECHERA LAEVIGATA 304A BOECHERA DAVIDSONII
2873A BOECHERA MISSOURIENSIS i 025 BOECHERA STRICTA
245 BOECHERA MISSOURIENSIS 028 BOECHERA FERNALDIANA SUbSp. VIVARIENSIS
022 BOECHERA SHOCKLEYI 31 009 BOECHERA RETROFRACTA
30 V&) 0873 ANELSONIA EURYCARPA 022 BOECHERA SHOCKLEYI
59 148 BOECHERA SUBPINNATIFIDA 94 314A BOECHERA LYALLII
80 098 ANELSONIA EURYCARPA 98 I 316A BOECHERA PAUPERCULA
62 309A BOECHERA LEMMONII 100 017 BOECHERA PLATYSPERMA
310A BOECHERA TIEHMII 47 312A BOECHERA HOWELLII
34 311A BOECHERA ROLLEI 100 0273 BOECHERA SPARSIFLORA
3088 BOECHERA REPANDA 002 BOECHERA SPARSIFLORA
244 187 BOECHERA SERPENTICOLA 322A BOECHERA SPATIFOLIA
142 BOECHERA LINCOLNENSIS 27, 150D BOECHERA TEXANA
34 312A BOECHERA HOWELLII 88 229A BOECHERA FENDLERI
314A BOECHERA LYALLII 100 72 016 BOECHERA PERENNANS
144 BOECHERA PULCHRA 0173 BOECHERA NEVADENSIS
85 120 BOECHERA COBRENSIS 38 270 BOECHERA RECTISSIMA
084 NEVADA HOLMGRENII 99 041 BOECHERA FORMOSA
0073 BOECHERA CRANDALLII 39 100, 142 BOECHERA LINCOLNENSIS
009 BOECHERA RETROFRACTA 144 BOECHERA PULCHRA
3068 BOECHERA EVADENS 99 027 BOECHERA SUFFRUTESCENS
007 BOECHERA FERNALDIANA Subsp. FERNALDIANA 27 31IA BOECHERA ROLLEI
33 016 BOECHERA PERENNANS 47 310A BOECHERA TIEHMII
270 BOECHERA RECTISSIMA 309A BOECHERA LEMMONII
017 BOECHERA PLATYSPERMA 66 0073 BOECHERA CRANDALLII
041 BOECHERA FORMOSA 99 010 BOECHERA LASIOCARPA
150D BOECHERA TEXANA 96 187 BOECHERA SERPENTICOLA
302A BOECHERA GUNNISONIANA 21 148 BOECHERA SUBPINNATIFIDA
| 304A BOECHERA DAVIDSONII 39 302A BOECHERA GUNNISONIANA
027 BOECHERA SUFFRUTESCENS 13 94 2173 BOECHERA LIGNIFERA
43 2173 BOECHERA LIGNIFERA 069 BOECHERA PALLIDIFOLIA
069 BOECHERA PALLIDIFOLIA 85 120 BOECHERA COBRENSIS
62 0173 BOECHERA NEVADENSIS 99 007 BOECHERA FERNALDIANA subsp. FERNALDIANA

028 BOECHERA FERNALDIANA Sllep. VIVARIENSIS

3068 BOECHERA EVADENS



24.4. HALTMOLOBOS JAEGERT

100 249 TRANSBERINGIA BURSIFOLIA
242 CRUCTHIMALAYA WALLICHIT

087 POLYCTENTUM FREMONTII

KCEEN ‘ We’ll stick with the complete
?.4..7 POL\(. TENIUM FREMONTII
85 PHOENICAULIS CHEIRANT 25
P 08 PHOBNICAULIS cHpRANTHOTDES data set for the moment...
248 SANDBERGIA WHITEDIT

084. NEVADA HOLMGRENII

3088 BOECHERA REPANDA

083 ANELSONIA EURYCARPA

098 ANELSONTA EURYCARPA

2908 BOECHERA CANADENSTS

094. BOECHERA SEROTINA

56 095 BOECHERA LAEVIGATA

284. BOECHERA LAEVIGATA
2834 BOECHERA MISSOURIENSTS

245 BOECHERA MISSOURTENSIS
086 BOECHERA DAVIDSONIT

3044 BOECHERA DAVIDSONTI
002 BOECHERA SPARSIFLORA
023 BOECHERA SPARSIFLORA
022 BOECHERA SHOCKLEYT
3164 BOECHERA PAUPERCULA
3144 BOECHERA LYALLIT
3024 BOECHERA GUNNISONIANA
027 BOECHERA SUFFRUTESCENS
3114 BOECHERA ROLLET
3094 BOECHERA LEMMONTI
3104 BOECHERA TIEHMIT
025 BOECHERA STRICTA
2294 BOECHERA FENDLERT
3224 BOECHERA SPATIFOLIA
34 028 BOECHERA FERNALDIANA subsp. VI VARTENSIS
‘—GOC 3124 BOECHERA HOWELLIT
017 BOECHERA PLATYSPERMA
58 150D BOECHERA TEXANA
013 BOECHERA NEVADENSTS
016 BOECHERA PERENNANS
270 BOECHERA RECTTSSTMA
041 BOECHERA FORMOSA
144. BOECHERA PULCHRA
142 BOECHERA LINCOLNENSIS
009 BOECHERA RETROFRACTA
003 BOECHERA CRANDALLII
010 BOECHERA LASTOCARPA
148 BOECHERA SUBPINNATIFIDA

187 BOECHERA SERPENTICOLA
213 BOECHERA LIGNTFERA

069 BOECHERA PALLIDIFOLIA

120 BOECHERA COBRENSTS

3068 BOECHERA EVADENS

007 BOECHERA FERNALDIANA subsp. FERNALDIANA
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Boechereae I: Polyctenium + Cusickiella

o Polyctenium:
Polyctenium fremonti
Polyctenium williamsiae
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L 58
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Boechereae I: Polyctenium + Cusickiella

« Cusickiella:
Cusickiella douglasii
Cusickiella quadricostata
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Boechereae 11: Phoenicaulis
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Phoenzcaulis cherranthoides




Boechereae I1:
Phoenicaulis chervanthoides



Boechereae 111: Sandbergia

244 HALIMOLOBOS JAEGERT
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242 CRUCTHIMALAYA WALLICHII
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Sandbergia whitedi

formerly included 1n
Halimolobos




Boechereae 1V: _Anelsonia, Nevada, & Boechera outliers

« Nevada:
Nevada holmgreni
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Boechereae 1V: _Anelsonia, Nevada, & Boechera outliers

« Anelsonia:
Anelsonia eurycarpa
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Boechereae 1V: _Anelsonia, Nevada, & Boechera outliers

« Boechera outliers:
1 Boechera repanda
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Boechereae I'V:
Boechera repanda



Boechereae 1V: _Anelsonia, Nevada, & Boechera outliers

« Boechera outliers:
2 eastern North American clade:
o B. canadensis
« B. laevigata

244 HALTMOLOBOS JAEGERT

100 249 TRANSBERINGIA BURSIFOLIA o B LSSOUTICSLS
242 CRUCTHIMALAYA WALLICHIT ) .
100 o B. serotina
100
100
NDBERGIA WHITEDII
23 084. NEVADA HOLMGRENIT
58 3088 BOECHERA REPANDA
59 100 —— 083 ANELSONTA EURYCARPA
23 098 ANELSONIA EURYCARPA
298 BOECHERA CANADENSIS
£ 094. BOECHERA SEROTINA
71 100 56 095 BOECHERA LAEVIGATA
68 284 BOECHERA LAEVIGATA
100 2834 BOECHERA MISSOURIENSIS
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100
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eastern North American clade
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Boechereae 1V:
eastern North American clade:

Boechera laevigata



Boechereae 1V:
eastern North American clade:

Boechera mussouriensis
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Boechereae I'V:

eastern North American clade:

Boechera canadensis
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Boechereae V: main Boechera clade

094. BOECHERA SEROTINA
56

095 BOECHERA LAEVIGATA
284 BOECHERA LAEVIGATA

« Boechera, main clade:
2834 BOECHERA MISSOURIENSIS

245 BOECHERA MISSOURIENSTS
086 BOECHERA DAVIDSONIT

* Io4 SPP-
3044 BOECHERA DAVIDSONTI
002 BOECHERA SPARSIFLORA

023 BOECHERA SPARSTIFLORA

. largely allopatric from the
022 BOECHERA SHOCKLEYT

— 3164 BOECHERA PAUPERCULA

eastern N.A. clade
— 3144 BOECHERA LYALLIT

3024 BOECHERA GUNNISONIANA
82

027 BOECHERA SUFFRUTESCENS
3114 BOECHERA ROLLET

3094 BOECHERA LEMMONTI
3104 BOECHERA TIEHMIT

025 BOECHERA STRICTA
99

2294 BOECHERA FENDLERT
3224 BOECHERA SPATIFOLIA
028 BOECHERA FERNALDIANA subsp. VI VARTENSIS
100 3124 BOECHERA HOWELLIT
o177 BOECHERA PLATYSPERMA
150D BOECHERA TEXANA
013 BOECHERA NEVADENSTS

016 BOECHERA PERENNANS

2770 BOECHERA RECTISSIMA
100

041 BOECHERA FORMOSA
100

144. BOECHERA PULCHRA

142 BOECHERA LINCOLNENSIS
009 BOECHERA RETROFRACTA

003 BOECHERA CRANDALLIT
60

010 BOECHERA LASIOCARPA
80

148 BOECHERA SUBPINNATIFIDA

187 BOECHERA SERPENTICOLA
213 BOECHERA LIGNIFERA

069 BOECHERA PALLIDIFOLIA

120 BOECHERA COBRENSIS
929

3068 BOECHERA EVADENS

007 BOECHERA FERNALDIANA subsp. FERNALDIANA



main Boechera clade

Boechereae V:
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Boechereae V:
main Boechera clade:

Boechera stricta




Boechereae V: main Boechera clade:
Boechera holboelliz complex: Boechera retrofracta




Conclusions

» Boechereae consists of 5 lineages:

PoLycTENTUM + CUSICKIELLA
PHoOENICAULIS

SANDBERGIA
ANELSONIA, NEVADA, BoECHERA outliers
main BoecHERA clade




Conclusions

« Boechera 1s not monophyletic, and consists of at least three lineages:
« Boechera repanda
- an eastern North American clade of 4 species
- a western INorth American clade containing most of the genus




Future research

. research
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