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Classification

e 20+ classes of green algae have been described
since Linnaeus

e Many criteria have been used to establish classes
— Morphology
— Ultrastructure

e + mitosis, cell division, cytokinesis, flagellar apparatus
— Life history patterns
— Molecular

e Primarily rRNA genes, rbcL

e Ambiguity remains, but consensus is emerging
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Classification: Morphological Concept
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Evolution of structural comp

* Premise

— Primitive unicells evolved structural complexity over time
— Morphological divergence distinguishes groups 3
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Problems with Morphological Concept

e Selective environmental pressure may drive convergence

— Biologically/genetically distinct species appear similar

Charophyceae

Chlorophyceae
Ulvophyceae

Fig. 16.18 Graham et al. 2008. © 2009 Pearson Education, Inc. |



Morphological Convergence w/in Class

e bToY
Class: Ulvophyceae Ulvophyceae
Order: Ulvales Ulotrichales
Genus: Ulvaria Monostroma
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Chlorophyta: Morphological Convergence

7 Systematics of the green
algae: conflict of classic

* HOW can green and modern approaches
a I g a e b e C | a S S ifi e d if Thamas Prisschold and Froderik Lolaert

COMIEMTS

A

Sl L

L5

PR

aelzietnel Ly I

diver gent an d s
convergen t
patterns of ettt

RN

P Rl
BNk

Iy

113
b

[STETS IIISTIEI P

ol pzoen

. B
L

[T IS
Elome slwlis s appninecly G WL TUy sl Leine L
m O r h O I O ? B T I T T DO PR
° Bootvrieoes . Lo s

ABSTRACT

Trahwlle the siece aleae were clesiliod uo o o s o

wleotn ol oz
HIER T | T T

a e chesn
e gl her gy
coctl nppmesiie U0 Snentation
i .\|1|.'Li-.'> i the

HERATE
s ke b

celldiiom, The specie sl

weane chassliod e class Clilizepdesie, e connoredocss s 1C0W oz
ST TV [T

lrasactl v uilina-

':a.'|‘"u.|.ui-|‘l|1_1 cvine 1= Pleus |Ill|'||'l_\-Ll\.'ilL I |"|}|.ll"

D TS LA segu

szictinnnd el o, s ovcn sl rUIle

el I|.||.'.

= e

1 Lenl

arnl e s e |...|_\;=|1_1|...'I.ia.' il T oo .|I.|..||.\|.u|ls|\.'L\n..'L|.

123

£3

Pan-American Advanced Studies Institute 2™
% Advanced Methods in Tropical Phycology W



Ultrastructural Concept

e Mattox & Stewart (1984) proposed new Class-
level taxonomy on the basis of basal body
orientation

— 1stradiation of green algae occurred among
unicellular flagellates

— Numerous ancient flagellate lineages diversified into
contemporary forms along different evolutionary
paths, but many with similar morphological results

e 4 different basal body patterns identified
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Basal Body Orientations
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Molecular Concept

e Elucidation of green algal phylogeny in molecular
context commenced in early 1990s

e Early studies

— confirmed distinction between Chlorophyta &
Streptophyta already suggested by cellular and
ultrastructural characters elucidated from EM

— recognized 5 lineages:

e Prasinophyceae, Chlorophyceae, Trebouxiophyceae,
Ulvophyceae, Streptophyta + Land plants
— Subsequent studies have confirmed these lineages, but

relationships among & within the lineages remains q
unclear
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Molecular Concept

(McCourt & Lewis 2004, Working Classification)

molecular data support the recognition of two phyla and a poorly resolve graded of early
diverging flagellates informally known as Prasinophyceans

Chlorophyta Streptophyta

(Charophyceae +
Drier Green Algae)
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Class Ulvophyceae

e Most macroscopic marine green algae belong to
Class Ulvophyceae

e Ulvophyceae is circumscribed on the basis of a
suite of pleisiomorphic characters
— Closed mitosis, persistent spindle, furrowing, CCW,
flagellate cells with scales
e The absence of well-defined, shared-derived
characters has resulted in uncertain relations
within the class
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Class Ulvophyceae

e Generally, 5 (or 6) orders

are distinguished

— flagellar apparatus

— zoosporangial & gametangial

structures
— life history

e Orders are general

supported by molecular
analysis, but relationships
among orders are largely

uncertain

ly

McCourt & Lewis. 2004.
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Fig. 19. Summarv of the phylogenetic relationships of major lineages
within Ulvophveeae based on DNA sequence data (Hayden and Waaland,
2002; O'Kelly et al., 2004) and a preliminary analyses of 185 rDNA sequenc-
es (F. Zechman, California State University at Fresno, personal communica-
tion). The drawings are thumbnail composites meant to show representative

taxa.
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Figure 22. Maximum likelihood tree, estimated from Kimura two-parameter model of sequence evolution using Modeltest
parameters. -lnL =22774.1914. A total of 102 taxa with 1720 positions are represented in the phylogram. Genbank accession
numbers are given after the scientific name.
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Sub-ordinal classification

e Generic and species level classification is
frequently based on morphology which can be
problematic
— Phenotypic plasticity
— Morphological convergence

e |ntegrated approaches are required to resolve
these problems

e DNA sequencing (and distance clustering) is a
start that can lead to the recognition of novel
morphological, physiological or biological features
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Z-clades & Biological Species inferred from ITS2 2°structure
(see Coleman 2009)

As ITS2 differences
between potential mates
increase, sexual
compatibility and zygote
productivity decrease

Organisms that differ by
even one CBC in helix Il
are completely unable to
Cross

|dentity for the entire ITS2
correlates with significant
interbreeding potential.
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