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Working with Data

Genomes and Plant Phylogeny
(Textbook Figure 21.1)
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Introduction

Before large portions of plant genomes could be sequenced, many botanists classified green algae (including chlorophytes, coleochaetophytes, and charophytes), as well as bryophytes (including liverworts, mosses, and hornworts), as clades of plants. Inspection of Figure 21.1 (above) shows that we now consider “green algae” and “bryophytes” to be paraphyletic groups. This tree suggests that some green algae are more closely related to land plants than they are to other green algae, and some bryophytes are more closely related to vascular plants than they are to other bryophytes.

Over the past decade, genomes or partial genomes of many plants have been sequenced, and these genomes can be compared and analyzed to provide information about the evolutionary relationships of plants. These genomic analyses have shed considerable light on plant evolution and suggested that charophyte algae are the most closely related algae to land plants (see review by McCourt et al., 2004). Among the bryophytes, the liverworts are the sister-group of other land plants, and hornworts appear to be the most closely related to vascular plants (Qiu et al., 2006).
As a result of widespread genomic analyses, the relationships among the major groups of plants are becoming clear. In this activity, you will examine a small subset of nucleotide sequences that have been used to understand plant phylogeny.
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Links

The concatenated sequence matrix for the Qiu et al. (2008) study is deposited at TreeBase

http://www.treebase.org
The Tree of Life web project, page on plant phylogeny

http://www.tolweb.org/plants
Deep Green: Green Plant Phylogeny Research Coordination Group

http://ucjeps.berkeley.edu/bryolab/GPphylo/
Angiosperm phylogeny website
http://www.mobot.org/mobot/research/apweb/welcome.html
University of California Museum of Paleontology page about plant phylogeny

http://www.ucmp.berkeley.edu/plants/plantae.html
Analyze the Data
The DNA sequences that are used to reconstruct the evolutionary relationships of green plants are much longer than can be presented here (many tens of thousands of nucleotides long), and the DNA sequences have been collected from a large number of species. However, the table below is a sample of nucleotides positions of a chloroplast gene that has been used to reconstruct the relationships of these representative species (extracted from Qiu et al., 2006). For comparison, the full dataset used by Qiu et al. (2006) includes DNA sequences from 67 genes (each of which may be thousands of nucleotides in length) sampled across 193 species of plants. Twenty-seven of these nucleotide positions for ten of those species are shown in the table.
	Species
	Character 

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Outgroup
	T
	A
	T
	T
	A
	T
	G
	A
	T
	T
	C
	C
	A
	A
	A
	T
	A
	T
	T
	A
	T
	A
	A
	T
	C
	T
	A

	Stonewort
	T
	A
	T
	T
	T
	A
	A
	A
	T
	T
	A
	C
	T
	A
	A
	T
	A
	A
	T
	A
	T
	A
	A
	T
	C
	T
	A

	Liverwort
	A
	C
	T
	T
	T
	T
	A
	A
	T
	G
	A
	T
	T
	C
	A
	G
	A
	A
	T
	A
	T
	A
	A
	T
	C
	T
	A

	Moss
	A
	C
	T
	T
	T
	T
	A
	A
	T
	A
	T
	T
	T
	T
	A
	A
	T
	A
	T
	A
	A
	A
	A
	T
	C
	T
	T

	Hornwort
	A
	C
	T
	T
	T
	T
	A
	A
	T
	G
	T
	T
	T
	T
	A
	A
	T
	A
	C
	A
	G
	A
	A
	A
	C
	T
	T

	Lycophyte
	A
	C
	T
	C
	C
	C
	G
	G
	T
	G
	T
	T
	C
	T
	G
	A
	T
	A
	C
	A
	A
	G
	G
	A
	C
	C
	T

	Fern
	C
	C
	T
	C
	C
	G
	A
	G
	C
	G
	T
	T
	C
	T
	T
	A
	G
	A
	T
	A
	A
	G
	G
	A
	C
	C
	T

	Pine tree
	A
	C
	C
	C
	C
	G
	C
	G
	C
	G
	T
	T
	C
	T
	G
	A
	T
	G
	C
	G
	A
	G
	G
	A
	T
	C
	T

	Rice
	A
	C
	C
	C
	C
	G
	C
	G
	C
	G
	T
	T
	C
	T
	G
	A
	T
	G
	C
	G
	A
	G
	G
	A
	T
	A
	T

	Tobacco
	A
	C
	C
	A
	C
	G
	C
	G
	C
	G
	T
	T
	C
	T
	G
	A
	T
	G
	C
	G
	A
	G
	G
	A
	T
	A
	T


Question 1

Construct a phylogenetic tree of these ten species using the parsimony method (see Section 16.2 of the textbook for instructions, and the examples in Table 16.1 and Figure 16.3). Use the outgroup (data from a chlorophyte alga) to root your tree. Assume that all changes among nucleotides are equally likely.

Question 2

How many changes (from one nucleotide to another) occur along each branch on your tree?

Question 3

Which nucleotide positions (i.e., which character numbers) exhibit homoplasy (convergence or reversal of the character state)?

Question 4

Which group on your tree represents the streptophytes? The land plants? The vascular plants? The euphyllophytes? The seed plants? The angiosperms?
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