
 

A new and diverse plastid-bearing microbial eukaryote and 

its position on the eukaryotic tree of life. 

 

 

 

Submitted by James William Harrison to the University of Exeter  

as a thesis for the degree of  

Masters by Research in Biosciences 

In September 2010 

 

 

This thesis is available for library use on the understanding that it is copyright 

material and that no quotation from the thesis may be published without proper 

acknowledgement. 

 

I certify that all material in this thesis which is not my own work has been identified 

and that no material has previously been submitted and approved for the award of a 

degree by this or any other University. 

 

Signature: ………………………………………………………….. 



 

  



Supervisor 
 Dr. T. A. Richards  

 

Acknowledgements. 

I would like to thank Dr. M. D. M. Jones for her training and assistance over my time 

at Exeter. Dr. E. Kim and Dr. J. M. Archibald for collaboration regarding clone library 

analysis and TSA-FISH. Dr. A. Z. Worden, Dr. S. Sudek and Dr. H. M. Wilcox for 

access to environmental samples and qPCR analysis. My heartfelt thanks go to Dr. 

G. Littlejohn and G. Leonard for their invaluable assistance with this thesis. I would 

like to thank all in our research group for their help and patience. Grateful thanks to 

Society for General Microbiology, Systematics Association and University of Exeter 

for funding my research. My special thanks go to Dr. T. A. Richards for putting up 

with me for over two years, always providing whatever help and guidance was 

necessary, raising my standards and opening my scientific horizons. Finally I would 

like to thank Rachel Mundy without whose belief and support I would have fallen at a 

much smaller hurdle long before this. 



Index.  

                                      Page 

  Index of Figures. 5 
    
  Index of Tables. 6 
    
  Abstract. 7 
    
1.  Introduction. 9 
    

 1.1 Identification of new microbial diversity using molecular 
methods. 

10 

 1.2 The molecular expansion of eukaryotic microbial diversity. 12 
 1.3 Limitations of environmental clone library analysis. 15 

 1.4 rRNA encoding genes as taxonomic identification tags for 
eDNA analysis. 

16 

 1.5 Ancestry of eukaryotic photosynthesis. 18 
 1.6 Red algal secondary endosymbiosis. 23 
 1.7 Green algal secondary endosymbiosis. 27 
 1.8 How many plastid endosymbiotic events? 27 
 1.9 Identification of novel putatively plastid bearing lineage. 30 
 1.10 Specific aims of this project. 31 
    
2.  Materials and Methods.  32 
    
 2.1 Sampling. 32 
 2.1.1 Oceanic sampling. 32 
 2.1.2 UK coastal and freshwater sampling. 33 
    
 2.2 DNA extraction, clone library construction and sequencing. 34 
 2.2.1 Oceanic samples. 34 
 2.2.2 UK coastal and freshwater samples. 34 
 2.2.3 Oligonucleotide primer design. 35 
 2.2.4 PCR of separate environmental DNA samples. 35 
 2.2.5 Testing ecological overlap of target plastid 16S SSU rDNA 

sequences and biliphytes. 
37 

 2.2.6 Comparison of the presence of target plastid 16S SSU rDNA 
sequences and biliphytes in different environmental size 
fractions.  

38 

 2.2.7 Amplification of near full-length target group plastid rDNA 
gene cluster sequences. 

38 

 2.2.8 Amplification of nucleus encoded rRNA gene cluster of 
biliphytes. 

39 

 2.2.9 Identification of chimaeric sequences. 40 
    
 2.3 Molecular phylogenetics. 41 



 2.3.1 Alignment construction. 41 
 2.3.1.1 Environmental sequence alignment. 41 
 2.3.1.2 Clustering of environmental sequences. 41 
 2.3.1.3 Near complete target group plastid rDNA gene cluster 

sequence alignment. 
42 

 2.3.1.4 Biliphyte nucleus encoded rRNA gene cluster alignment. 43 
 2.3.2 Methods of analysis. 43 
 2.3.3 Comparative topology test. 45 
    
 2.4 Quantitative PCR. 46 
    
 2.5 Tyramide signal amplification fluorescence in situ 

hybridization. 
48 

    
3.  Results and Discussion. 53 
    
 3.1. PCR amplification of rappemonad sequences from 

environmental DNA. 
53 

 3.2 Test of the ecological overlap of rappemonads and 
biliphytes. 

54 

 3.3 Clone library surveys to assess the presence of 
rappemonads and biliphytes in different size-fractionated 
marine samples. 

54 

 3.4 Phylogenetic analysis of clustered rappemonad 
environmental plastid 16S SSU rDNA sequences. 

55 

 3.5 Phylogenetic analysis of rappemonad plastid rDNA gene 
cluster. 

58 

 3.6 Phylogenetic analysis of biliphyte nuclear rDNA gene cluster. 59 
 3.7 Comparative topology test. 61 
 3.8 Quantitative PCR. 62 
 3.9 Tyramide signal amplification fluorescence in situ 

hybridization. 
64 

    
4.  Conclusion. 67 
    
5.  References. 71 
    
6.  Appendix. 78 
    
    



 Index of Figures 

  Page 

Figure 1 Comparative arrangement of the rDNA gene cluster of 
eukaryotic nuclear and plastid genomes. 
 

17 

Figure 2 Representation of endosymbiotic theory and 
endosymbiotic gene transfer during primary and 
secondary endosymbiosis. 
 

19 

Figure 3 Schematic diagram showing a hypothesis for the origin 
and spread of photosynthesis in eukaryotes. 
 

21 

Figure 4 Tree showing diversity of environmental sequences 
clustered at 99% similarity and map showing global 
sampling locations (Inset). 
 

57 

Figure 5 Phylogenetic tree showing branching position of near 
full length rappemonad plastid rDNA gene cluster. 
 

59 

Figure 6 Phylogenetic tree showing branching position of 
concatenated biliphyte nuclear 18S SSU and 28S LSU 
rDNA sequences. 
 

60 

Figure 7 Results of alternative topology comparison tests. 62 

Figure 8 Rappemonad distributions in the Sargasso Sea in 2003 
as revealed by qPCR assays. 
  

63 

Figure 9 Fluorescence micrographs of rappemonads in the 
North Pacific. 
 

65 

Appendix 
Figure 1 

Phylogenetic trees showing branching position of both 
rappemonad plastid 16S SSU and 23S LSU 
sequences separately. 
 

85 

Appendix 
Figure 2 

Further TSA-FISH results showing rappemonad cells. 86 

 



Index of Tables. 

  Page 

Table 1 Locations and characteristics of environmental 
samples used for eDNA clone libraries. 
 

33 

Table 2 PCR primers used to amplify rappemonad sequences 
from environmental samples. 
 

36 

Table 3 PCR primers used to target the biliphyte 18S rRNA 
gene. 
 

38 

Table 4 PCR primers used for amplifying near complete 
rappemonad plastid rDNA Genecluster. 
 

39 

Table 5 Oligonucleotide TSA-FISH probes. 
 

49 

Appendix 
Table 1 

Table of sequences gained from clone libraries 
constructed from freshwater environmental DNA using 
biliphyte specific primers. 
 

78 

Appendix 
Table 2 

PCR primers used for the amplification of the near full 
length biliphyte nucleus-encoded rRNA gene cluster. 
 

79 

Appendix 
Table 3 

Sequences contained in collapsed environmental 
sequence identity clusters shown in figure 1. 
 

80 

Appendix 
Table 4 

Table of Quantitative PCR sample sites and data.  83 

 

 


