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Summary y 

Thee Australian and New Zealand Microseris, M. lanceolata (Walp.) Sch.-Bip. and M. 
scapigerascapigera (Forst.) Sch.-Bip., have been investigated to study the process of adaptive 
radiation.. This is the process in which a single ancestor differentiates into an array of species 
inn response to a variety of environments. The Australian and New Zealand Microseris are a 
uniquee model system to investigate adaptive radiation because they are supposed to have 
originatedd from one or a few individuals after a singlee introduction into the region. At present, 
thee plants are distributed over south(east)ern Australia, Tasmania, and both islands of New 
Zealand,, where there exist different ecotypes. The adaptive radiation was studied by 
determiningg the relationships among populations and ecotypes on the basis of molecular 
variationn in the chloroplast (cp) and nuclear (n)DNA. The results were compared to each 
otherr as well as to the morphological differentiation in order to reconstruct the phylogeny of 
thee group. The case focuses on the onset of speciation by dealing with populations that are 
justt in the crucial stage at which geographical and ecological differentiation is becoming 
sufficientlyy pronounced to overcome gene flow, i.e., genetic exchange among populations. 
Becausee of this early stage of adaptive radiation the molecular markers showed very little 
reliablee phylogenetic resolution. The aims of the study were: 
(1)) to resolve and illustrate the adaptive radiation of Australian and New Zealand Microseris 

onn the basis of molecular markers and the comparison of their molecular and 
morphologicall diversification, and 

(2)) to investigate and debate the value of the different marker systems for tracing 
evolutionaryy histories at or below the species level. 

Inn Chapter 1, a general introduction on the subject is given with emphasis on adaptive 
radiation,, sources and uses of molecular markers at or below the species level, phylogenetic 
inferencess from the data, the classification of Microseris, the origin of the Australian and New 
Zealandd Microseris, the age of the plant group, and its breeding system. In Chapter 2, a 
phylogenyy reconstruction of Australian and New Zealand Microseris is presented on the basis 
off restriction fragment length polymorphisms (RFLPs) and trnL(UAA)-trnF(GAA) length 
variantss in the chloroplast DNA. Chapter 3 discusses the molecular evolution of a tandemly 
repeatedd trnF(GAA) gene that was found in the chloroplast genomes of all species of 
MicroserisMicroseris as well as their sister group Uropappus. Chapter 4 concerns the analysis of the 
nuclearr DNA genetic structure among Australian and New Zealand Microseris based on 
amplifiedd fragment length polymorphisms (AFLPs). In Chapter 5, the results of a detailed 
analysiss of the morphological diversification of Australian and New Zealand Microseris are 
described.. The plants used in the studies of Chapters 2, 4, and 5, concern mostly the same 
individualss of the same 55 populations of Microseris. These three chapters include an ongoing 
discussionn about the comparison of the molecular and morphological differentiation based on 
thee increasing amount of results, resulting in the most conclusive one in Chapter 5. 

Thee Australian and New Zealand Microseris are supposed to have evolved from a hybrid 
betweenn an ancestral North American annual and a perennial diploid species of the genus. 
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MicroserisMicroseris (Lactuceae, Asteraceae) includes ~16 species, and is primarily distributed in 
westernn North American, with two disjunct species in Australia/New Zealand and one annual 
speciess in Chile. The Australian and New Zealand Microseris are allotetraploid perennials and 
showw two sets of large chromosomes that are characteristic for the perennials, and two sets of 
smalll chromosomes, typically for the annuals. The different lineages of M. lanceolatal M. 
scapigerascapigera show different combinations of morphological characters present in the North 
Americann perennial and annual Microseris. 

Molecularr evidence obtained in this and other studies confirms the involvement of a 
perenniall and an annual genome in the origin of Australian and New Zealand Microseris. A 
phylogenyy reconstruction of cpDNA variation separates Microseris into a well-supported 
annuall and perennial clade, and places the Australian/New Zealand Microseris at the base of 
thee annuals. This suggests that an ancestral annual plant has been the maternal parent of the 
originall hybrid. Our cpDNA analysis (Chapter 2) confirms this suggestion and shows M. 
lanceolatalM.lanceolatalM. scapigera to be monophyletic. A phylogenetic analysis of sequence variation in 
thee internal transcribed spacers (ITS) of the nuclear ribosomal (nr)DNA also separates 
MicroserisMicroseris into an annual and perennial clade (Chapter 1). Based on the nrDNA, the 
Australiann and New Zealand Microseris are closest to the perennials, supporting the 
involvementt of a perennial genome in their origin. The results of the nrDNA analysis as well 
ass those of the AFLP study (Chapter 4) also support the monophyly of the Australian and 
Neww Zealand Microseris on the basis of nDNA. 

Thee age of the Australian and New Zealand Microseris is unknown, but they certainly 
existedd long before European settlement 200 y ago. The climate and environment allow for 
theirr occurrence in the region at least during the last 20 My. Molecular clock estimates based 
onn cp- and nDNA variation roughly suggest that the plant group is between 40.000 y and 2.8 
Myy old (Chapter 1). 

Historicall accounts indicate that Microseris is not introduced into Australia or New 
Zealandd via land or stepping stone connections with other continents. A most likely mode of 
itss introduction is via long-distance dispersal from North America by (a) seed(s) attached to a 
bird. . 

Thee process of adaptive radiation of the Australian and New Zealand Microseris is 
comparablee to the one found in well-known examples of plant groups on oceanic island. It 
includess a founding event of one or a few individual(s), an increase in population size followed 
byy dispersal and adaptation to different environments, a relatively pronounced morphological 
diversification,, and a low level of molecular variation. Based on morphology, two species are 
recognized,, and each of them comprises two ecotypes as well as a few populations of 
intermediatee or non-typical form of (an) ecotype(s). M. lanceolata, that occurs on the 
Australiann mainland, includes a tuberous lowland ecotype called "murnong" (M) and an 
"alpine"" (A) ecotype that is characterized by forming shoots from its roots. M. scapigera 
comprisess a "fine-pappus" (F) ecotype, that grows in Victoria, Tasmania, and New Zealand, 
andd a "coastal" (C) ecotype with waxy leaves, that occurs along the sea shores of New 
Zealand.. The F ecotype and part of the populations of the C ecotype have self-compatible 
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Summary Summary 

breedingg systems, whereas the others are self-incompatible obligatory outcrossers. The 
ecotypess are correlated to the different environments in which they grow, and their 
characteristicss can be interpreted as adaptations to exploit those different environments. The 
intermediatee or nontypical forms of ecotypes may be the result of hybridization between 
ecotypess or of selection or parallel evolution of similar adaptations (Chapters 4, 5). 

Bothh the cp- and nDNA show low levels of variation among the Australian and New 
Zealandd Microseris (Chapters 2-4). In the cpDNA, primarily small indels (<20 bp) are found 
thatt are located in the variable regions of the genome (Chapter 2). In the nDNA, a certain level 
off AFLPss could be detected. 

AA phylogeny reconstruction of Australian and New Zealand Microseris based on the 
cpDNAA variation (Chapter 2) shows a star shape (polytomy) at the base. The high 
consistencyy index of the analysis together with the extensive sample size of the plant group 
indicatee that this polytomy can not be resolved (is "hard"). "Hard" polytomies are often 
foundd in adaptive radiations, and are indicative for rapid and multiple speciation. They suggest 
thatt the morphological diversification might have been too rapid for the fixation of molecular 
mutationss and/or to involve characteristics that are prone to parallelism, e.g., in response to 
selection.. The cpDNA analysis confirms the monophyly of M. lanceolata, whereas it is 
inconclusivee about the monophyly of M. scapigera. Each of the two species includes three 
cpDNAA types, and these reflect, especially within M. lanceolata, more geographic distribution 
thann morphological entities. The results cannot resolve questions about the place of arrival of 
thee founding individual(s), the subsequent intra- and inter-island dispersal, the shift(s) in 
breedingg system, and the order in which the different ecotypes arose. 

Thee nDNA genetic structure of Australasian Microseris, resolved on the basis of 
AFLPss (Chapter 4), shows the strongest signal to be related to geographic separation, 
especiallyy between Australian versus New Zealand populations. The ecotypic differentiation 
iss less-well reflected in the AFLP pattern, and evidence is found for hybridization among 
plantss of the same geographic region or after dispersal, irrespective of the cpDNA and 
ecotypes.. The results suggest that ecotype characteristics are maintained or re-established by 
directionall selection in the presence of hybridization, and that genetic differentiation is not an 
irreversiblee process in the early stage of adaptive radiation. 

AA detailed morphological analysis of Australian and New Zealand Microseris (Chapter 
5)) confirms the previously defined ecotypes and species, and assigns the "nontypical" 
populationss to ecotype groups. The results indicate that a complex of characters rather than a 
feww ecotype characteristics are involved in the adaptive radiation of the plant group. They 
confirmm the conclusions based on the molecular results and show that the process of adaptive 
radiationn is progressing despite occasional hybridization among populations of different 
ecotypes. . 

Inn studies of adaptive radiation, the most variable DNA regions, e.g., introns and intergenic 
spacers,spacers, need to be investigated to detect a certain level of variation. At the same time, these 
regionss should preserve evidence of site homology and lineage diversification. These 
requirementss are not always met because particularly the variable DNA regions are subject to 
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ratee heterogeneity among sites, structural rearrangements, and reticulation. High consistency 
indexess in phylogenetic analyses may then judge the valuability of these markers. Reticulation 
concernss particularly the nuclear genome of organisms in which sexual processes are prevalent, 
e.g.,, at or below the species level. Reconstructing the evolutionary history of such genomes 
dependss on suitable phylogenetic methods and requires the further development of algorithms 
thatt include networks. 

SuitableSuitable markers for the study of adaptive radiation include RFLPs, selected 
sequences,, and anonymous marker polymorphisms (e.g., RAPDs and AFLPs). Sequences are 
nowadayss preferred, but RAPDs and AFLPs are popular in studies at or below the species 
levell because of their relatively high variability. Doubts about the homology of RAPDs and 
AFLPss interface with their use for phylogenetic reconstructions. High consistency indexes 
mayy in these cases indicate the usability of the markers. 

Inn the study of Australian and New Zealand Microseris, cp- and nDNA are analysed 
usingg RFLPs, sequences, and AFLPs. The primarily small (<20 bp) indels found in the 
cpDNAA (Chapter 2) appeared to be useful for phylogeny reconstruction of the plant group. 
Amongg the length variants, a duplicated trnF(GAA) gene was found in a number of Australian 
populations.. Further analysis of this variant showed a tandemly repeated trnF(GAA) gene, 
withh two, three, or four copies of the gene to be present in the chloroplast genomes of all 
speciess of Microseris as well as in Uropappus (Chapter 3). Sequences of the repeats, a 
chloroplastchloroplast phylogeny of Microseris, and the disjunct distribution of the plants, all suggest 
independentt origins of similar trnF copy numbers in different lineages of Microseris, The 
changess between copy numbers are best explained by interchromosomal recombination with 
unequall crossing over. The results indicate that length polymorphisms are likely to accumulate 
oncee a duplicated sequence has become incorporated, and illustrate that they are unreliable 
indicatorss for phylogenetic distance. At the same time, the overall amount of length variation 
mightt be useful for phylogeny reconstructions at or below the species level. 

Thee AFLP variation within the Australian and New Zealand Microseris (Chapter 4) do 
nott allow for phylogenetic reconstruction. The results are too different from those of the 
Northh American species for outgroup comparison, and show reticulate lineage relationships 
whichh cannot accurately be depicted in a strictly bifurcating tree. Consequently, the AFLP 
dataa are analysed by a distance-based clustering method [unweighted pair-group method using 
arithmeticc averages (UPGMA)] and multivariate analyses, and the results are phenetically 
interpreted. . 
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