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What do you
see”?

What do you
think the
ancestral

coloration was?

Berv & Prum (2014)
MPE 81:120-136
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Phylogenetics
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Phylogenetics,
biogeography,
evolution, and
molecular dating:
lupines

Hughes & Eastwood (2006)
PNAS 103:10334-10339
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Lupines have a
huge diversity of
=% growth forms in the

0 Andes!
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“Megaphylogeny”
approach

o Bromeliaceae
s ‘
! Ol—== L \ \ &=
g o - W\ 2 g
= L | Dlpsacales 5 1‘; . 1;( iy S 1

7 wf‘

- Variation in
evolutionary rate Primulales =~
based on life history o
brown =woody
green = herbaceous

Smith & Donoghue (2008) Science 322:86-89



Reconstruction of mean

“ hvl Tara"maceae annual temperature in
Megaphylogeny Caryophyllales
approach
Polygonaceae

Plumbaginaceae

Caryophyllaceae
\ Camivores

Bioclim 1

Diversification shift (Meousa ML)
#® Diversification shift (Meousa set)
O Putative duplication

Phytolaccoids
Portulacineae

Aizoaceae
Smith et al. (2018) New Phytologist 217:836-854



Reconstruction of mean
annual precipitation in
Caryophyllales

Amaranthaceae
“Megaphylogeny”
approach

Polygonaceae

Caryophyllaceae

o Diversification shift {Meousa ML)
® Diversification shift (Meousa set)
- O Putative duplication

Phytolaccoids

Portulacineae

Aizoaceae
Smith et al. (2018) New Phytologist 217:836-854



How many
species?
What does this
mean for
conservation?

Phylogenetics and
conservation biology:

g | raffes Brown et al. (2007) BMC Biol. 5:57



LAP. 1500 Nama stenophyllum
TFP. 7438 Nama stenophySum
GBH 28246 Nama

GBH 28613 Nama stenophyllum
G8H 28629 Nama stenophyllum
MM 1411.A Nama stenophyllum
MJM 1432 A Nama stenophylium

MM 1456 A

Nama
MJM 2072 A Nama constancei
JH 22198 Nama constancei
MIM. 1950 A Nama constances
constancer
MM 1962 A Nama
. constancei
constancer
JH. 13714 Nama constancel
| JH 20530 constancei
MJM 20050 Nama.constancei s I u
Nama flavescens
Nama flavescens
— c a e
BLT24_424 Nama havardii
FC 9774 Nama havardi
MCJ 12893 Nama havardi
94 IAJM. 1568 A Nama havardii -
MIM 2173 A Nama havardi
"y
MM 448 Nama havardhi ,
MM 481 Nama havardii I - )

Nama

Learning about
gypsum endemism:

Nam a 100

100

20 steps N. stevensii

MJM 987 Nama hispidum
BLT215

MM




C. 7609 Nama stenophylium
tenophy

1534 A Nama !

gypsum
shrub

clade
(10 taxa;
endemics)

BLT 24_424 Nama havardi
FC 9774 Nama havardii

Nama havardii
/M 1588 A Nama havardii
MIM 2173 A Nama havardii

Nama havardii

Reversal to Nama

non-endemism?®

100

GBH 19430, Nama hitchcocki
MJIM.1203 Nama paimen
IM.1850 Nama paimen
MM 1370 Nama palmeri
MM 1316 Nama canescens_palmen
"

MIM.1401 pal
‘GN.7414 Nama propinquum

MIM 1454 Nama serpylioides
MM 1483 A Nama serpyflides
DLV.769 Nama cuatrocienegense
BLT.25_5 Nama torynophyllum

JIC 284 Nama undulatum
tandie
AMP 231

20 steps

N. stevensii

ma stevens
MT 10072006_45 Nama xylopodum

MJM 987 Nama hispidum

BLT21 5

MM



In gypsum endemic clades,
allopatric speciation is the norm

20 stegs
. constancei
. johnstonii
flavescens
havardii
stewartii

N. earnesum

88

But sympatry does occur!



Floral divergence is typical
In sympatric taxa within the ) ‘-_N- hitchcockii
same gypsum clade ‘




Pinus

Psilotum

—— 1000 steps

Lotus

Spinacia

Nicotiana

Marchantia

Arabidopsis

Oenothera

Calycanthus
Nymphaea

Amborella

Pinus
Zea
Oryza
Triticum Ginkgo

Choice of taxa

Medicago
Arabidopsis
Lotus
Spinacia
Oenothera Atropa
icotiana
Saccharum
Ranunculus Calycanthus Zea
Nuphar tgeca Triticum

Nymphaea

(terminals) & characters
may influence the tree

topology!

Why do angiosperms have a

long branch? Grasses?

You must be careful-—

phylogenetics can be filled with traps

Physcomitrella

Marchantia

Oryza
Typha
Acorus
Amborella

Psilotum

Leebens-Mack et al. (2005)

MBE 22:1948-1963



Anu.reflex.242
Anu.leio.var.lasi.ND2144
AAnu rf(?fle)zls\lsD? 92
nu.reflex .
%9, Anu.leio.var.leio.RS13269 Rio Grande (west TX)
3! Anu.leio.var.leio.493.3
Anu.leio.var.lasi.610.2
Anu.leio.var.lasi.449.9
91 Anu.leio.var.lasi.431.7
Anu.leio.var.leio.823
Anu.leio.var.leio.DBrd100
o7 |_100 Anu.leio.var.leio.DBE )
— Anu.leio.var.1eio.820 Colorado River (AZ/NV)
Anu.leio.var.leio.825
Anu.leio.var.leio.ND2040
Anu.leio.var.leio.DBVOF

Anu.leio.var.gypso.ND2078
Anu.leio.var.gypso.408.2 )
0\ Anu.leio.var.gypso.658.2 New Mexico
10

sa|lydosdAb

Anu leio.var.gypso.402.2
Anu.leio.var. g¥]pso .423.5
Anu.leio.var.-howardii. WHsn

Anu.hintoniorum.PHL52
e&nu.erlp.GéB1l;1218438
nu.erio. ; .
Anu.erio.GBH28390 AnUIOCGUIIS
Anu.erio.ND2196
Anu.erio.JH23103
Anu.erio.JH24007
Anu.erio.ND2142

{ ﬁnu Ielo .var. }elo gg:;, (Q
nu.leio.var.leio . \<

- —(ﬁAnu.lelo var.leio.850 Central Arizona
122 O

Anu.leio.var.leio. l}l

D2
Anu.annulatus.RS3162
100 r Nyctaginia.617

Nyctaginia.590

Example 2: Among close relatives

You must be careful—
phylogenetics can be filled with traps




Anu.reflex.242
Anu.leio.var.lasi.ND2144
Anu.reflex.ND2192

Anu.reflex.483.6 .
99, Anu.leio.var.leio.RS13269 Rio Grande (west TX)
63 ' Anu.leio.var.leio.493.3
\; Anu.leio.var.lasi.610.2
Anu.leio.var.lasi.449.9
A a10Ss0le >91 Anu.leio.var.lasi.431.7
Anu.leio.var.leio.823
- Anu.leio.var.leio.DBrd100
100 | Anu.leio.var.leio.DBE

- = Anu.leio.var.leio.820 Colorado River (AZ/NV)
Anu.l . | .825
What does species Anulelo.var lelo:826
) P:L\nu.I(Ieic_J.var.leio.DBV'&')DF2078
non-monophyly mean” | Anuiloio:¥ar aypso Hb2g
- Andleiovar.gybso€88:2  New Mexico

Should we panic? 100 | v RS0, 592

— Anu.leio.var.-howardii.WHsn

52 Anu.hintoniorum.PHL52
| Anu.erio.GBH28438

anero it these are Anulocaulis
Anu eeigu.]?-lré%ﬁ'\(l)%m %

Anu.erio,JH24007 C p d ata

Anu.erio.ND2142

Anu.leio.var.gypso.648.4

51 Anu.lejo.var.leio.853 @
_|.|'| Anu.leio.var.leio.851 Central Arizona <

sa|lydosdAb

'DB‘,V'OF—‘A."l'g‘.o Sleio " Ry =
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Anu.leio.var.leio.850

Anu.leio.var.leio.ND2122
Anu.annulatus.RS3162
100 r Nyctaginia.617

! Nyctaginia.590
A. annulatus
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wo | Anu.reflex.ND2192
Anu.reflex.483.6
Anu.reflex.242
Anu.leio.var.lasi.431.7
' ﬁnu.:eio.var.lasi.ND'&I?)AZIA('.)78
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a a Ou a nUC ear OCUS : Anu.leio.var.leio.493.3
Anu.leio.var.gypso0.408.2

How could cp and ITS be so Anu.leio.var gypso 648 4

ﬁnu.:eio.var.gypso.ggg.g

. 99 nu.leio.var.gypso.423.

d |ffe Fen tf) Anu.Ieio.var.r?g\?vardii.WHsn
Anu.leio.var.leio.820
Anu.leio.var.leio.DBrd100

R o ey U W R T i Anu.leio.var.leio.825

'—L)le'or’g\."l'd.o vileiof AP R TN : Anu.leio.var.leio.851

Y% BG5S A 2o N Mt I 2 o [ Anu.leio.var.leio.ND2040

BIDE [EVAHIEIofv jleio N O /S q | ' I Anu.leio.var.leio.DBVOF
. T | S . Anu.leio.var.leio.DBE

Anu.leio.var.leio.ND2122
Anu.leio.var.leio.853
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