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Phylogenetics
Genetics at a Higher Level of Classification

Phylogenetics is the study of the relationships among
groups of organisms (e.g. families, species,
populations) based on DNA sequencing.

The result of phylogenetic studies are hypotheses
about the evolutionary history of taxonomic groups.

Angiosperms — flowering plants.

A definition of phylogenetics and its utility “I“ Hutton
Institute
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An update of the Angiosperm Phylogeny Group
classification for the orders and families of
flowering plants: APG 11

THE ANGIOSPERM PHYLOGENY GROUP*

for the monephyly of many major groups above the family level. With many el s of |
of phylogeny established, a revised sup ilial classification of fl g plants heeome
Here we precent a classification of 462 flowering plant families in 40 putatively mon
number of monophyletie, informal higher groups. The lutter sre the monocots, commelin
rosids including eurosids 1 and 11, and asterids including evasterids T and IL Under th
also listed a number of families without sssignment to order, At the end of the system is
of uncertain position for which no firm data exist regarding placement anywhere within t

The Angiosperm Phylogeny Group (1998, 2003, 2009)

A revised and updated classification for the families of the flowering plants is provided. Newly adopted orders include
Austrobaileyales, Canellales, Gunnerales, Crossosomatales and Celastrales. Pertinent literature published since the
first APG classification is included, such that many additional families are now placed in the phylogenetic scheme.
Among these are Hydnoraceae (Piperales), Nartheciaceae (Dioscoreales), Corsiaceae (Liliales), Triuridaceae (Pan-

: compiled by Birgitta Bremer, Kdre Bremer,
las E. Soltis, Pamela 5. Soltiz and Peter F.

1 alphabetical order only, with contributions
Olmstead, Paula .J. Rudall, Kenneth J.
Xiang and Sue Zmarzty (in alphabetical

it the Royal Swedish Academy of Sciences, PO
fice Chancellor, Stockholm University, SE-106
Laboratory, Royal Botanic Gardens, Kew,
1iley Hortorium, Department of Plant Biology,
'53-4301, USA; D. E. Soltis, Department of
11-8525, USA; F. S. Soltis, Florida Museum of
<ida, 32611-7800, USA; and P. F. Stevens,
and Missouri Botanical Garden, PO Box 299,

2009

danales), Hanguanaceae (C linales}, Br 1 May and Rapat (all Poales), Barbeui and
Gisekiaceae (both Caryophyllales), Geissolomataceae, Strasburgeriaceae and Vitaceae (unplaced to order, but
included in the rosids), Zygophyllaceae (unplaced to order, but included in eurosids I), Bonnetiaceae, Ctenolopho-
naceae, Elatinaceae, Ixonanthaceae, Lophopyxidaceae, Podostemaceae (Malpighiales), Paracryphiaceae (unplaced in
euasterid II), Sladeniaceae, Pentaphylacaceae (Ericales) and Cardiopteridaceae (Aquifoliales). Several major fami-
lies are recircumscribed. Salicaceae are expanded to include a large part of Flacourtiaceae, including the type genus
of that family; another portien of former Flacourtiaceae is assigned to an expanded circumscription of Achariaceae.
Euphorbiaceae are restricted to the uniovulate subfamilies; Phyllanthoideae are recognized as Phyllanthaceae and
Oldfieldioideae as Picrodendraceae. Scrophulariaceae are recircumscribed to include Buddlejaceae and Myoporaceae
and exclude several former members; these are assigned to Calceolariaceae, Orobanchaceae and Plantaginaceae. We
expand the use of bracketing families that could be included optionally in broader circumscriptions with other
related families; these include Agapanthaceae and Amaryllidaceae in Alliaceae s.l., Agavaceae, Hyacinthaceae and
Ruscaceae (among many other Asparagales) in Asparagaceae s.., Dichapetalaceae in Chrysobalanaceae, Turner-
aceae in Passifloraceae, Erythroxylaceae in Rhizophoraceae, and Diervillaceae, Dipsacaceae, Linnaeaceae, Mori-
naceae and Valerianaceae in Caprifoliaceae s./. © 2003 The Linnean Society of London, Botanical Journal of the
Linnean Society, 2003, 141, 399-436.

ADDITIONAL KEYWORDS: angiosperms — gene sequences — phylogenetics.

ering plants is provided. Many recent studies have
wmerly unplaced families, resulting in a number of
les, Bruniales, Buxales, Chloranthales, Escalloniales,
ramniales, Trochodendrales, Vitales and Zypophylla-
included here in orders, greatly reducing the number
1aeales), Haptanthacese (Buxales), Peridiscacese
ifflesiaceae (both Malpighiales), Aphloiaceae, Geisso-

Picramniaceae (Picramniales), Dipentodontacese
s), Balanophoraceae {Santalales), Mitrastemonaceas
nember of lamiid clade). Newly segregated families
gnized families include Petermanniaceae (Liliales),
:ae (both Brassicales), Schoepfiaceas (Santalales),
ae and Talinaceae {all Caryophyllales) and Linder-
‘keted families 15 abandoned because of its unpopu-
tained; these include Amaryllidaceae, Asparagaceace
sighiales), Primulaceae (Ericales) and several other
with a new linear order for APG, subfamilial names
lidaceae s.l., Asparagaceace s.l. and Xanthorrheaceae

ae. v mspar agassss auu o sups aviussas uasssacacos 207 the flowering plants.  © 2009 The Linnean Society

iety, 2008, 161, 105-121.
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Angiosperms

(flowering plants)

250,000 species
462 families
47 orders

APG Il (2003)

Fagales
Cucurbitales
Rosales

Fabales
Oxalidales
Malpighiales
Celastrales
Zygophyllales
Myrtales
SETIRDEIES

W EWEIES
Brassicales
Crossosomatales
Geraniales
Vitaceae
Saxifragales
Berberidopsidales
Dipsacales
Apiales

Asterales
Aquifoliales
Lamiales
SIEREES
[CMITEREIES
Garryales
Cornales

Ericales
Caryophyllales
Dilleniaceae
Santanales
Gunnerales
Trochodendraceae
Buxaceae/Didymeleaceae
Sabiaceae
Proteales
RERIIANEES
Ceratophyllales
Winterales
Magnoliales
Laurales
Piperales
monocots
Chloranthales
llliciaceae
Schisandraceae
Austrobaileyaceae
Nymphaceae
Amborellaceae

eudicots

basal angiosperms

and magnoliids
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non-commelinoid




‘....-..:, -_,

iy el x..__ 0

0
@
©
>
I
Q
O
>
| -
®
@)




7))
©
—

&)
)

7))

©







Plant Species Differ In Their

Shoot Elemental Composition (lonome)
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Evolution of the Angiosperm lonome
Data Sources

Meta-Analyses of
Comparative Studies

Experiments under

Controlled Conditions Botanical Surveys.,
i

Gy B The James
Insights to the Angiosperm lonome — Sources of Data iﬁii Hutton

Institute



Phylogenetic Effects on
Shoot Concentrations of Group Il Elements

Magnesium & Calcium
- - Essential Mineral Elements

Broadley et al. (2003) J. Exp. Bot. 54: 1431-1446
Broadley et al. (2004) J. Exp. Bot. 55: 321-336




Magnesium in Plant Physiology

Proteins — chlorophyll (5-50%)
Enzyme activities (photosynthesis, energy metabolism, protein synthesis)
Bound to cell wall components (5-10%)

/TABLE 6.11 Concentration and binding form of Mg in one-year-old needles of |
Norway spruce growing on two soil types

Proportion of total Mg

Total Mg concentration Pectate,
Soil type (mg g” dw) Water-soluble phosphate Chlorophyll
Rendzina 1.47 91.2 2.6 6.2
Podsol 0.31 64.8 10.0 25.2
\Based on Fink (1992a). /J
S B The James

Marschner’s Mineral Nutrition of Higher Plants, 2012 i'ITIi Hutton
Institute



Magnesium Transport Within A Plant

-

Chloroplast Mitochondria Vacuole

pH~7
0.2-0.5 mM

7 7.2<pH<7.8
Y 1-5mM

4.5<pH<5.9
5-80 mM

Mg2* Mg?* Mg2* MgATP MgADP
+Pi

MgATP  MgADP Cytosol
&l 7.3<pH<7.6 0.2-0.4mM

Apoplast
Mg?* H* pH~5.5  0.2-0.5mM

MRS/MGT @ MHX (Mg/H* exchanger)

Q The James
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Calcium in Plant Physiology

Stability of cell walls and membranes
Signal transduction through cytosolic Ca?* concentration
Cation/anion balance and osmoregulation
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Calcium in Plants
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Calcium Transport in Plant Cells
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Cation Transport Within A Plant

Shoot
13.59 0.82 0.96
N — -
'
Phloem
Mg | oz Ca
1.08 / 1.10 >
1.39 0.26 0.14
Roots Current Oplmion In Plant Blology
S 9 The James
T

Karley & White (2009) Curr Opin Plant Biol 12: 291-298
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Magnesium : Calcium Ratios in Shoot Tissues

Hydroponics Sampled from the field
Broadley et al. (2004) Thompson et al. (1997)
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Magnesium : Calcium Ratios in Shoot Tissues

Hydroponics Sampled from the field
Broadley et al. (2004) Thompson et al. (1997)
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® All other taxa
® Caryophyllales (e.g. sugar beet, carnation)




Fagales

Shoot Mg lca Ratlos Rosales

Oxalidales (n=1)

Of AngiOSperm Orders Malpighiales

Myrtales

> 200 species

grown hydroponically

Dipsacales
Apiales
Asterales

Lamiales

»“Ericales

Proteales
Ranunculales

Magnoliales
Laurales




Shoot Mg / Ca Ratios in the Caryophyllales

51 species

: Pol
grown hydroponically olygonaceas

Caryophyllaceae

Aizoaceae
/< Phytolaccaceae

Nyctaginaceae

Portulacaceae




Magnesium : Calcium Ratios in Shoot Tissues

Hydroponics Sampled from the field
Broadley et al. (2004) Thompson et al. (1997)
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® All other taxa
® Caryophyllales (e.g. sugar beet, carnation)




Magnesium : Calcium Ratios in Shoot Tissues

Hydroponics Sampled from the field
Broadley et al. (2004) Thompson et al. (1997)
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® All other taxa
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Magnesium : Calcium Ratios in Shoot Tissues

Hydroponics Sampled from the field
Broadley et al. (2004) Thompson et al. (1997)
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® All other taxa
® Caryophyllales (e.g. sugar beet, carnation)

® Asterales (e.g. the daisy / sunflower family Asteraceae)




Strontium : Calcium Ratios
In Shoots of 44 Plant Species
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Phylogenetic Variation In
Shoot Mineral Concentrations

Proportion of Genetic Variation

Ca Mg Sr
order and above (%) 64 65 76
within order (%) 36 35 24

Ancient evolutionary origin of variation
In Ca, Mg & Sr concentrations

S B The James
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Phylogenetic and Environmental
Effects on the Plant lonome
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Botanical Composition of Park Grass Plots
(Crawley et al., 1991-2000)
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Calcium : Magnesium Ratios
In Plants Receiving Contrasting Fertilisers

) 10 | | |
; Six plots with contrasting fertiliser regimes
0 g |- -
o [
(@)
o 6 F -
E Polygonaceae ®
N—r (Caryophyllales) °
(@) 4 - A AA -
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Shoot Ca (mg g™ DW)
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Phylogenetic and Environmental
Effects on the Plant lonome

Ecological Survey

% Variance Species Site
Calcium 81.4 18.6
Magnesium 62.6 37.4

Rothamsted Park Grass Experiment (six plots)

% Variance Species Treatment Residual
Calcium 70.8 8.2 21.0
Magnesium 32.8 19.9 47.3
Thompson et al. (1997) New Phytologist 136, 679-689 §- ﬂ‘ﬁ'&gﬁ

White et al. (2012) New Phytologist 196, 101-109 “I" Institute



Plant Calcium - Dietary Consequences

calcium deficiency disorders arise
when populations change from
bean-rich to cereal-rich diets

Normal anatomy Rickets Normal spine

T

Lateral (side) view
of the skull and spine

—

he James

Hutton
Institute

Thacher (2006) Ann. Trop. Paediatrics 26, 1-16
White & Broadley (2009) New Phytol. 182, 49-84




Ecological Implications - Serpentine Flora

name is derived from the mineral serpentine
((Mg,Fe);Si,05(0H),)

high Mg and Fe; low Ca
high Ni, Cr and Co; low organic matter; little water; low N, P and K

Edmonstons Chickweed - Cerastium nigrescens (Caryophyllaceae).
World distribution restricted to the serpentine debris on Unst

Proctor J (1999) Toxins, nutrient shortages and droughts: the serpentine challenge.
Trends in Ecology and Evolution, 14, 334-335




Growth & Survival in Solutions
With Large Mg/Ca Quotients

65 plant species:

26 Caryophyllales

16 serpentine flora
23 other angiosperms

2 treatments:
0.75 & 10 mM Mg

measured:
survival & shoot biomass

[Mg]shoot’ [Ca]shoot

Gy B The James
.

White, Shaw, Thompson & Wright, unpublished data “I" mgttlfl?tg



Growth & Survival in Solutions
With Large Mg : Ca Ratios
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White, Shaw, Thompson & Wright, unpublished data



Shoot Mg :

Ca Ratios

In Plants Supplied Non-Serpentine Solution
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Shoot Mg : Ca Ratios
In Plants Supplied Serpentine Solution

40

35 A
§ | Caryophyllales (grey)
5 30
"o 25 ® Serpentine flora (circles)
& n " m
€ A
I s

o

2 15 | AR o AWT W
S| FAS 6o .
< 10 ®
A I VO SR

5 1 ®

B Poales (white)
0 ;
0 2 4 6 8
ShootCa (mg g DM)
_ . ' Q Ee James
White, Shaw, Thompson & Wright, unpublished data “IT' In;ltti:&f;



Shoot Magnesium Concentration
In Plants Supplied Non-Serpentine Solution

Shoot Mg (mg g DM) [serpentine]
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Phylogenetic Effects On
Shoot Magnesium Concentrations

Species differ in their shoot Mg and Ca concentrations
Differences attributed to ancient evolutionary events

Shoot Mg and Ca concentrations are correlated
among many species

Commelinoid monocots - low shoot Mg and Ca concentrations
Caryophyllales - high Mg / Ca guotients

(Phylo)genetic variation can exceed environmental variation

S 8 The James

IAPN - Magnesium Symposium, 5" November 2014 i-lﬁi :'rll's-lttlrfl’tg






Calcium : Magnesium Ratios
In Plants Sampled From An Herbaceous Flora
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