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Intro to Boechera

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

Boechera: n=7

Arabis: n=8

* Split of the two genera has been confirmed by molecular phylogenetics.




Intro to Boechera

- 110 species, all but one (Boechera falcata) endemic to North America;
- divergent sexual diploid species as well as diploid and triploid hybrid lineages;
« Boechera comprises most of the tribe Boechereae, which also includes:

- Anelsonia « Phoenicaulis
« Borodinia « Polyctenium
« Cusickiella « Sandbergia

- Nevada




Intro to Boechera

» Due in part to a close relationship to 4rabidopsis, Boechera has become a
model system for a wide variety of studies, including:

- evolution of genes & gene families - polyploid hybrid speciation
- local adaptation * APOMIXIS

- plant/pathogen interactions

- However, poor understanding of the taxonomy and phylogeny of Boechera
1mposes a constraint
on these studies.




Intro to Boechera




Resolving phylogeny of Boechera

« Present efforts focus on divergently related diploid species;
- triploids are excluded based on pollen morphology (Windham & Al-Shehbaz 2006);
- diploid hybrids are excluded based on microsatellite data (Dr. Beck, Tuesday).

« Once the underlying phylogenetic framework of diploid Boechera species is
established, the superstructure of hybridization can be laid on top of it.




Methods

- Phylogenetic analyses include 60 of the =70 divergent diploid Boechera, and
representatives of all other genera of Boechereae.

« Ten loci used, :95% coverage overall: seven low-copy nuclear loci:
- two chloroplast loci: - alcohol dehydrogenase

o . Zgzllcone synthase

« truKkvpsi6 )

rRATP  luminidependens
- one nuclear ribosomal locus: * mps3s
.« U0
- ITS  pistillata.

- Compared to results presented at Botany 2009, +25 taxa & =500 sequences
have been added.



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 charaacters per locus are as follows:

« trul-F 146
« trnK-psi6 110
- ITS 120
- alcohol dehydrogenase 130
- chalcone synthase 149
 dpal 120
 luminidependens 114,
* MPS3S 137
* 71140 50
. pistillata 251
- plastid 256
- nuclear 1071

- total 1327



Methods

« Preliminary phylogenetic analyses are as follows:

« heuristic parsimony searches conducted in NONA spawned from

WinClada (500 random addition replicates; 20 trees per replicate; swapping to 10001
trees);

- support is estimated with 1000 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).
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Nuclear/plastid incongruence

- Patterns of plastid divergence decoupled from species divergence in
Boechereae & related tribes:

« Arabidopsis: Koch & Matschinger 2007, PNAS;
« Boechera: Kiefer et al. 2009, MPE

- ancestral polymorphism & incomplete lineage sorting?
« hybridization / chloroplast capture?
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Boechera outliers: Boechera repanda
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Boechera outliers:
s/ Boechera repanda



Boechera outhiers: Borodinia + eastern N.A. Boechera

« Borodinia macrophylia
- monotypic genus
- Russian Far East

244 HALTMOLOBOS JAEGERT
100 242 CRUCTHIMALAYA WALLICHTT
24.9 TRANSBERINGIA BURSIFOLIA

3088 BOECHERA REPANDA

35774 BOECHERA REPANDA

087 POLYCTENTUM FREMONTII

247 POLYCTENTUM FREMONTII

24.3 CUSICKIELLA DOUGLASSIT
')’70 CUSICKUCI,I,A DOUGLASIT
083 ANELSONIA EURYCARPA
098 ANELSONIA EURYCARPA
369 BORODINTA MACROPHYLLA —-—

288 BOECHERA CANADENSIS

298 BOECHERA CANADENSIS

404. BOECHERA DENTATA

403 BOECHERA DENTATA

094. BOECHERA SEROTINA

245 BOECHERA MISSOURIENSTS

2834 BOECHERA MISSOURIENSIS

095 BOECHERA LAEVIGATA

284 BOECHERA LAEVIGATA

100 089 PHOENICAULIS CHETRANTHOIDES
085 PHOENTICAULIS CHETRANTHOIDES
086 BOECHERA DAVIDSONTIT
 —




Boechera outhiers: Borodinia + eastern N.A. Boechera
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Boechera outliers: eastern N.A. Boechera




Eastern North American clade:
Boechera lacvigaia



+ Eastern North American clade:
Boechera dentata




© ToMm PaLMER

Eastern North American clade:
Boechera canadensis

©TomPatmer

© Tom PALMER
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99 3594 BOECHERA COLLINSIT

I 55 3604 BOECHERA POLYANTHA

3614 BOECHERA POLYANTHA
B1o3 BoEcHERA CUSICKIT
B437 BOECHERA OPHIRA
0024 BOECHERA SPARSIFLORA
0234 BOECHERA SPARSIFLORA
o1 /3504 BOECHERA BREWERI BREWERI
< 351A BOECHERA KOEHLERI
3524 BOECHERA BREWERI SHASTAENSIS
77 349¢ BOECHERA GLAUCOVALVULA
75 192 BOECHERA YORKIT
99 041 BOECHERA FORMOSA
100 142 BOECHERA LINCOLNENSIS
144. BOECHERA PULCHRA
100 314.4 BOECHERA PAUPERCULA
B242 BOECHERA PAUPERCULA
72 36774 BOECHERA WILLIAMSIT
100 0254 BOECHERA STRICTA
4004 BOECHERA STRICTA
56 147 BOECHERA SCHISTACEA
100 004 BOECHERA OXYLOBULA
005 BOECHERA OXYLOBULA
150D BOECHERA TEXANA
95 100 3224 BOECHERA SPATIFOLIA
1244 BOECHERA SPATIFOLIA
79 59 168 BOECHERA PENDULINA
100 2268 BOECHERA FENDLERT
88 2294 BOECHERA FENDLERIT .
ors BoEcHERA ‘Wwyomingensis’
0134 BOECHERA NEVADENSIS

99 174. BOECHERA GRACILIPES
63 3474 BOECHERA GRACILIPES
100 016 BOECHERA PERENNANS

133 BOECHERA PERENNANS



248 SANDBERGIA WHITEDIT

089 PHOENICAULIS CHETRANTHOIDES

086 BOECHERA DAVIDSONIT

0034 BOECHERA CRANDALLIT

3064 BOECHERA EVADENS

0074 BOECHERA FERNALDIANA

3134 BOECHERA LEMMONTI

1184 BOECHERA PENDULOCARPA

3424 BOECHERA PENDULOCARPA e
!— 120 BOECHERA COBRENSTS

99 401B BOECHERA PYGMAEA
_<EC 3124 BOECHERA HOWELLIT

0174 BOECHERA PLATYSPERMA

213 BoEcHERA ‘kelseyana’

B335 BOECHERA THOMPSONIT

069 BOECHERA THOMPSONTI

3314 BOECHERA THOMPSONTT

180 BOECHERA VILLOSA

1268 BOECHERA JOHNSTONTI

3354 BOECHERA PARTSHIT

3554 BOECHERA DIsPAR

170 BOECHERA RETROFRACTA e
0104 BOECHERA LASIOCARPA

187 BOECHERA SERPENTICOLA

3584 BOECHERA SERPENTICOLA

14.8 BOECHERA SUBPINNATIFIDA
0184 BOECHERA PUBERULA
167 BOECHERA PUBERULA

028 BOECHERA VIVARIENSIS

98 3114 BOECHERA ROLLET
50 027 BoECHERA SUFFRUTESCENS
3534 BOECHERA CONSTANCET
100 3544 BOECHERA ARCUATA
100 3564 BOECHERA RECTISSIMA

2770 BOECHERA RECTISSIMA
0224 BOECHERA SHOCKLEYT
91 0094 BOECHERA COLLINSIT
99 3594 BOECHERA COLLINSIT e
55 3604 BOECHERA POLYANTHA
3614 BOECHERA POLYANTHA e
&9 B103 BoECHERA CUSICKIT
B437 BoECHERA OPHIRA
99 0024 BOECHERA SPARSIFLORA
67 0234 BOECHERA SPARSIFLORA
9 3504 BOECHERA BREWERT BREWERT
3514 BOECHERA KOEHLERT
3524 BOECHERA BREWERT SHASTAENSIS
77 349C BOECHERA GLAUCOVALVULA
75 192 BOECHERA YORKIT
99 04.1 BOECHERA FORMOSA
100 142 BOECHERA LINCOLNENSIS
144. BOECHERA PULCHRA
100 3144 BOECHERA PAUPERCULA
B242 BOECHERA PAUPERCULA
72 3674 BOECHERA WILLIAMSIT
100 0254 BOECHERA STRICT
4004 BOECHERA STRICT
56 147 BOECHERA SCHISTACEA
100 004 BoECHERA OXYLOBULA
005 BOECHERA OXYLOBULA
150D BOECHERA TEXANA
B 95 100 3224 BOECHERA SPATTFOLIA
06 C 6 Vd 1244 BOECHERA SPATIFOLIA
79 59 168 BOECHERA PENDULINA
100 2268 BOECHERA FENDLERT

¢ ° 9
holboelli o T

0134 BOECHERA NEVADENSIS

99 174. BOECHERA GRACILIPES
63 34274 BOECHERA GRACILIPES
100 016 BOECHERA PERENNANS

133 BOECHERA PERENNANS



Conclusions

- Relationships within Boechereae are as follows:

BOECHERA REPANDA

PoLYCcTENTUM
CUSICKIELLA
ANELSONTIA

BorobiNia
eastern N.A. BoECHERA, 7 spp.

PuoENTICAULTS
western N.A. BOoECHERA, +100 spp.

. ecastern North American Boechera should be united with Borodinia;
« Boechera repanda requires a new genus.

« A number of small clades are highly supported within the remaining,
predominately western North American, Boechera clade, but deeper nodes are
not supported.
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244 HALIMOLOBOS JAEGERI

/N

242 CRUCIHIMALAYA WALLICHIT
249 TRANSBERINGIA BURSIFOLIA

NDBERGIA WHITEDII

084 NEVADA HOLMGRENTI
s 30 8 11 BOECHERA REPANDA

N 3574 BOECHERA REPANDA

=087 Pory NIUM FREMONTII

N=247 POLYCTENIUM FREMONTII
243 CUSICKIELLA DOUGLASSI

N 370 CUSICKIELLA DOUGLASIE

O NELSONIA EURYCARPA
N 098 ANELSONIA EURYCARPA

369 BORODINIA MACROPHYLLA

/288 BOECHERA CANADENSIS

N 208 BOECHERA CANADENSIS
/=404 BOECHERA DENTATA

403 BOECHERA DENTATA
094 BOECHERA SEROTINA
/245 BOECHERA MISSOURIE)

86 BOECHERA DAVIDSONIT

N 2834 BOECHERA MISSOURIENSIS
095 BOECHERA LAEVIGATA
284 BOECHERA LAEVIGATA

s 8) PHOENICAULIS CH]
N 085 PHOENICAULIS CHEIRANTHOIDES

RANTHOIDES.

0224 BOECHERA SHOCKLEY1
028 BoECHERA ¥

RN VIV
3 BOECHERA CRA
120 BOECHERA COBRENSIS

e 31 4A BOECHERA PAUPERCULA
B242 BOECHERA PAUPERCULA

EA

4018 BOECHERA PY
—<—:;|:.\ BoECHERA HOWELLTI
0174 BOECHERA PLATYSPERMA
31 BoECHERA ROLLET

BOECHERA SUFFRUTESCENS
3534 BoEcHERA co

<—;S+\ BOECHERA ARCUATA
356 BOECHERA RECTISSIMA

N 270 BOECHERA RECTISSIMA

3674 BOECHERA WILLIAMSII
400A BOECHERA STRICTA
147 BOECHERA SCHISTACEA
—<— 004 BOECHERA OXYLOBULA

N 505 BOECHERA OXYLOBULA
©09A BOECHERA COLLINSII

3594 BOECHERA COLLINSIT
3604 BOECHERA POLYANTHA

ANTHA

3064 BOECHERA EVADENS

0074 BOECHERA FERNALDIANA

3134 BOECHERA LEMMONII

118 BoI
3424 Bol

3
361A BOECHERA PoL

CHERA PENDULOCARPA
1ERA PENDULOCARPA

/_‘.‘l§ BokcueRra ‘kelseyana’
B335 BoECHERA THOMPSONII
069 BOECHERA THOMPSONII
331A BOECHERA THOMPSONTI
180 BOECHERA VILLOSA
/ 349¢ BOECHERA GLAuCOVALVULA
192 BOECHERA YORKIT

041 BOECHERA FORMOSA
142 BOECHERA LINCOLNENSIS
144 BoECHERA PULCHRA

Bio3 BokcHERA cusickil
B437 BOECHERA OPHIRA
0024 BOECHERA SPARSIFLORA
0234 BOECHERA SPARSIFLORA
350A BOECHERA BREWERI BREWERI
3514 BOECHERA KOF
3524 BOECHERA BREWERI
1268 BOECHERA JOHNSTONII
3354 BOECHERA PARISHII
3554 BOECHERA DISPAR

170 BOECHERA RETROFRACTA
/:u BOECHERA LASIOCARPA
/187 BOECHERA SERPENTICOLA

S 3581 BoECHERA SERPENTICOLA

ECHERA PUBERULA
167 BOECHERA PUBERULA

150D BOECHERA TEXANA
/ 3224 BOECHERA SPATIFOLIA

ERA PENDULINA
2268 BOECHERA FE)
2294 BOECHERA FE)
o15 BoEcHERA ‘wyomingensis’

0134 BOECHERA NEVADENSIS

3474 BOECHERA GRACILIPES

RA PER

174 BOECHERA GRACILIPES

6 BOECHERA PERENNANS



WHITEDI

ProENICAULIS C

86 BOECHERA DAVIE

33 BOECHERA CRANDALLIL
306 BOECHERA EVADENS

007 BOFCHERA FERNALDIA
3134 BOECHERA LEMMO

A

118 BoECHERA PENDULO
3424 BOECHERA PENDULOCARPA
20 BOKCHERA COBRENSIS

213 BokcueRa ‘kelseyana’
B335 BoECHERA THOMPSON
569 BOECHERA THO

268 Borcuira )
3354 BOECHERA PARISHIT
3554 BorcHERA DI

28 BOECHERA VIVARIENSIS

3111 Borcuira RoLLE1
N

401 BOECHERA PYGM
{:ﬂm BoECHERA HOWELLII
0174 BOECHERA PLATYSPERMA

soxit
3314 BOECHERA THOMPSONTI

180 BokcHERA

1LL0SA

170 BOECHERA RETROFRACTA
;:w BorcHra Astocakr
187 BOECHERA SERPENTICOLA

3584 BOECHERA SERPENTICOL

148 BOFCHERA SUBPINNATIFIDA

018 BOECHERA PUBERULA
HERA PUBERULA

167 Bor

027 BOECHERA SUF

RUTESCENS

G BOECHERA ARCUATA

3534 BOECHERA CONSTANCEL

3564 BOECHERA RECTISSIMA

Bio3 BokcHERA cusicki

270 BOECHERA RECTISSI

221 BOECHERA SHOCKLEYT
009 BOCHERA COLLINSII
3594 BOECHERA coLLINs1I

360 BOECHERA POLYANTIA
3610 BOECHERA POLYANTHA

B.437 BokcHRa opHIRA

0022 BOECHERA SPARSIFLORA
0234 BOECHERA SPARSIFLORA

350A BOECHERA BREWERI BREWERI
3514 BOECHERA KOEHLERI
3524 BOECHERA BREWERI SHASTAENSIS

349¢ BOECHERA GLAUCOVALVULA

2 BOECHERA YORKIL
641 BOECHERA FORMOSA
142 BOECHERA LINCOLNENSIS

L+ BOECHERA PULCHRA

3144 BOECHERA PAUPERCULA
2 42 BOECHERA PAUPERCULA

3672 BOFCHERA WILLIAMSIL
0251 BOECHERA STRICTA

400A BOECHERA STRICTA
147 BOECHERA SCHISTACEA
004 BoECHERA 0XYLOBU

005 BOECHERA 0XYLOBULA
150D BOECHERA TEXANA
3224 BOECHERA SPATIFOLIA

1244 BOECHERA SPATIFOLIA
168 BoECHERA PENDULINA
2261 BOFCHERA FENDLERI
2204 BOECHERA FENDLERI

Borcuira ‘wy
131 BOECHERA NEVAL

SIS

174 BOECHERA GRACILIPES
3474 BOFCHERA GRACILIPES

016 BOECHERA PERENN:
133 BokCHERA PERE




