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Green Plant Phylogeny  Research Coordination Group: DEEP GREEN

Understanding the Diversity of Plants 

A five-year effort to reconstruct the evolutionary relationships among all green plants has resulted in the most complete "tree of life" of any group of living things on the planet, including animals. 

The up-to-date family tree has revealed several surprises about the evolution of green plants, such as how they emerged from the sea onto land and how they are related to the four other major kingdoms: the brown plants, the red plants, the fungi and the animals. 

Specifically, the team has overturned the traditional belief that the so-called "land-plant invasion" was led by seawater plants. Instead, the research team has found that primitive freshwater plants provided the ancestral stock from which all green plants now on land are descended, and that this ancestor spawned every green plant now alive on earth. 

This knowledge will help scientists in a broad range of disciplines, from those trying to develop new and better crops to those prospecting for new medicines.

Further information:

http://ucjeps.berkeley.edu/bryolab/greenplantpage.html

http://ucjeps.berkeley.edu/DeepGreen/DeepGreen.html

http://www.theadvocate.com/science/story.asp?storyid=837

http://globalarchive.ft.com/globalarchive/articles.html?id=010303000361&query=green+plants#docAnchor010303000361[image: image1.png]oY —————l
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BODY AND MIND: Plants that made the leap from the deep: THE NATURE OF THINGS: A project to unravel the ancestry of today's flora has produced a surprise, writes Clive Cookson 
Financial Times; Mar 3, 2001
By CLIVE COOKSON



Botanists have drawn up the first authoritative "tree of life" for the plant kingdom. One surprise is the finding that all land plants are descended from a green alga that emerged from a lake or river less than 500m years ago.Many scientists had thought that plants came out of the sea, rather than fresh water, and that plants successfully invaded the land on more than one occasion. 

The project, known as Deep Green and funded mainly by the US government, has involved 200 botanists using the latest genetic techniques to unravel the relationship between today's plants and their ancestors. Their latest discoveries were described last week at the American Association for the Advancement of Science meeting in San Francisco. 

The ancestor of all today's land plants, from mosses to ferns, roses to redwood trees, turns out to be a single-celled green alga that emerged from fresh water about 470m years ago. That was 70m years after the great proliferation of invertebrate animals, including many multicellular creatures, that had taken place in the oceans during the so-called "Cambrian explosion". 

The plants' emergence from the water enabled animals to follow - first arthropods (the ancestors of insects and spiders) and then our own vertebrate ancestors. "Animals could not move on to land until there were some plants there for them to eat," says Deep Green project leader Brent Mishler of the University of California, Berkeley. 

Once on land, the plants diversified fast. The ancestors of today's ferns and horsetails split off from the main lineage of land plants about 400m years ago. At that time all plants were small, growing a few centimetres high at most, and they reproduced by spores. The first trees appeared in the Carboniferous period 300m years ago. And soon afterwards seeds and pollen evolved, as a more efficient means of reproduction than simple spores. 

But flowers - a further reproductive refinement - did not appear until about 120m years ago, during the age of dinosaurs. Even after Deep Green, "the origin of flowers is one of the great continuing mysteries of plant biology," says Claude de Pamphilis of Pennsylvania State University. 

Flowering plants have the advantage of protecting their seeds in the fleshy bodies of their fruits - in contrast to more primitive plants such as conifers that carry "naked seeds". The closest living relation to the first flowering plants appears to be an obscure cream-coloured flower called amborella that is found today only on the South Pacific island of New Caledonia. 

The last really important evolutionary step for plants - and the animals that depend on them - was the appearance of grasses in the middle of the Tertiary period, about 30m years ago. Grasslands, which today form important ecological habitats such as savannas, steppes and prairies, are therefore a relatively recently development. 

Within the overall Deep Green story some fascinating strands of inquiry emerge. Take that first step from water to land. Although a single lineage of green algae, the charophyceae, gave rise to all land plants, it turns out that the other three main groups of green algae conquered the land, too - but they just did not get anywhere. 

Russ Chapman, a Deep Green biologist at Louisiana State University, in Baton Rouge, is particularly interested in the obscure algal group called trentepohliales, which specialise today in growing above ground on trees, walls and rooftops. Although these algae grow mainly in the tropics, they are also common in the damp and mild conditions of western Ireland, where several species form orange and red mats on stone and tree bark. (The orange colour of the carotenoid pigments in the trentepohliales overwhelms the green of the chlorophyll that is also present.) 

Chapman hopes that further research will give some clues about the reasons why the trentepohliales - which emerged from the sea rather than fresh water - seem to have hit an evolutionary dead-end. 

One of the most important adaptations made by algae to life on land was to tolerate desiccation. "When plants first invaded the land, they were all vegetatively tolerant - they could dry up completely and still be rejuvenated," Mishler says. "But as plants evolved more complicated structures, they lost this ability. 

"The interesting story is that desiccation tolerance re-evolved at least eight times within flowering plants, and again when the seed evolved. It appears from our initial work that many of the genes involved in seed desiccation tolerance are descendants of the early genes that were involved in vegetative desiccation tolerance in the first place." 

The researchers hope that, if they can understand the group of genes that enable primitive plants to withstand desiccation, they will find a way to breed crops that live on less water or survive drought better. 

Now that Deep Green is drawing to a close, the US National Science Foundation has agreed to fund two successor projects. The first, called Deep Time, will explore in greater detail the emergence of flowering plants and the relationship between existing plant families, by studying both the fossil record and living plants. The second project, Deep Gene, will choose the most representative selection of plants for complete DNA sequencing. 

At the same time, the foundation is considering a grander project, modelled on Deep Green, which would generate a definitive tree of life for all creatures, including not only plants but also bacteria and animals. 
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