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Overview 
 

This CASE studentship will apply evolutionary 

genomic approaches to understand environmental 

adaptation in the harmful bloom-forming macroalgae, 

Sargassum natans.  The studentship will be based in 

Durham (Dr Bothwell) and Newcastle (Dr Kapralov); 

the student will also have 3-6 months’ CASE 

placement with the Grupo Puntacana Fundación, 

which is responsible for coastal ecotourism on the 

east coast of the Dominican Republic.  The Dominican 

Republic is an Overseas Development Aid recipient, 

and has the largest economy of any Caribbean Island 

nation: we focus on it as an exemplar for dealing with 

harmful algal blooms in the Caribbean and western 

Atlantic. 

 

These harmful blooms are an increasingly urgent 

problem (Smetacek and Zingone 2013): the past 

decade has seen a significant rise in the number of 

harmful seaweed blooms washing up on the shores of 

the Caribbean. These blooms consist of brown 

seaweeds from the Sargassum genus; the biomass is 

currently believed to come from floating Sargassum 

from various latitudes in the western Atlantic and 

washes up primarily on south and east facing beaches 

across all the islands of the Caribbean, as well as the 

coasts of Mexico and south America (Fig 1, below). 

 
Fig 1: Possible sources and routes of Sargassum influx into 

the Caribbean. 

 

These blooms are economically damaging: the 

economy of the Caribbean is heavily dependent on 

tourism, but the rotting beachcast Sargassum reduces 

the length of the tourist season and leads to holiday 

cancellations.  Sargassum blooms are also highly 

ecologically detrimental as they lead to coastal 

eutrophication and ensnare larger animals: in the 

Dominican Republic (our partner country), animals as 

large as green turtles have been killed by 

entanglement in Sargassum mats. 

 

Critically, the amounts of Sargassum washing up in the 

Caribbean have been steadily increasing since 2011, 

and the removal of Sargassum to landfill is increasingly 

unable to meet capacity.  Many national Governments 

are debating whether or not to declare the blooms as 

national emergencies and, unless significant and rapid 

action is taken, the developing Caribbean economies 

will be hit very hard indeed over the next 5-10 years. 

 

https://www.dur.ac.uk/biosciences/about/schoolstaff/academicstaff/?id=11416
http://www.ncl.ac.uk/nes/staff/profile/maximkapralov.html#background
https://www.puntacana.org/


  

Despite this, very little research has been done on the 

origins of these Sargassum blooms: we know that 

specific strains of S. natans are associated with bloom 

formation (Amaral-Zettler et al., 2017) and satellite 

imagery gives some indication of their movement. But 

we do not know when and where blooms form and 

grow, and we do not understand how the different S. 

natans strains grow in response to environmental 

conditions. 

 

This CASE studentship will, therefore, represent the 

first application of evolutionary genomic techniques to 

understand harmful Caribbean macroalgal blooms. 

Such blooms are likely to become more frequent in 

Europe and Asia as a result of climate change and 

anthropogenic pollution, with the East China Sea 

already seeing comparable blooms of the green 

seaweed, Ulva spp.  Our findings will therefore be 

directly relevant to the management of marine and 

coastal ecosystems in the coming decades worldwide. 

 

The supervisory team is well placed to lead this 

research: the Durham PI led the recently published 

genome sequencing effort for the model green 

species, Ulva mutabilis (De Clerck et al., 2018) and has 

a decade of experience with algal genome work; the 

Newcastle PI has expertise with evolutionary 

genomics and the Dominican Republic partners have 

access to well-funded field-collection teams. 

 

Specific aims are: 

 

a)  To collect bloom-associated and non-bloom-

associated Caribbean S. natans strains and establish 

long-term cultures of each at our CASE partner's 

research station in Punta Cana, Dominican Republic 

b)  To generate draft genome sequences (PacBio) 

from each of these S. natans strains 

c)  To combine gene expression (RNAseq) and 

whole-genome polymorphism data to identify loci 

under selection in bloom-forming Sargassum seaweeds  

d)  To develop and encourage the student as an 

independent researcher 

 

 

Methodology 
 

Work will begin by field-collecting bloom-forming and 

non-bloom-forming S. natans strains in conjunction 

with our CASE partners.  Genomic DNA will be 

extracted and sequenced using PacBio reads to 

generate a draft genome (as per our De Clerck et al., 

2018 publication).  RNAseq data will also be collected 

from each strain under different growth conditions 

(high nutrient vs. low nutrient) to link differences in 

genome composition to differences in gene 

expression. 

 

Very little is known about adaptation and selection in 

seaweed genomes, so the student will develop an 

existing RNAseq bioinformatics pipeline to highlight 

differentially expressed genes between S. natans 

strains.  Genome-wide association scans (Q-Q plots) 

will give preliminary links between bloom-formation 

and genotype before more powerful tests are applied 

(single point/haplotype analysis).  The focus during this 

work will be on scanning for selection (identifying 

sweeps, etc.) using well-established genetic tools (cf. 

publications by Dr Kapralov), but combining these 

with environmental data collected for each sample in 

collaboration with the CASE partner (Grupo 

Puntacana Fundación) to highlight associations 

between haplotypes and the ability of the different 

strains to form blooms.   

 

These scans for selection will inform the identification 

of candidate adaptive loci.  Our results will establish 

how different S. natans strains are responding at the 

genetic level to the environmental conditions believed 

to trigger blooms (e.g. nutrient and fertiliser leaching 

from cultivated land in Florida and the Caribbean).   

 

Finally, our results will be fed into bloom mitigation 

plans for the Caribbean region. The Durham PI has 

already established links with multiple stakeholders in 

the Dominican Republic, using funding from Durham's 

Impact Acceleration Fund, and is currently advising 

the government of the Dominican Republic on 

responses to Sargassum blooms.  This studentship will 

therefore contribute directly to the funded Impact 

Case Study that is being prepared for the next REF. 

 

UNIBE: Melina Santos Vanderlinder, 

Universidad Iberoamericana, Dominican 

Republic 

 

 

Timeline 
 

Months 1-12: Induction and training - introduction to 

seaweed culturing and molecular biology - fieldtrip to 

CASE partner to collect S. natans strains and establish 

cultures in the Dominican Republic - gDNA 

extraction and PacBio sequencing – R coding 

 

Months 13-24: Scans for selection from PacBio reads - 

Second fieldtrip to carry out RNAseq on cultivated S. 

natans strains - development of RNAseq analysis 

pipeline 

 

Months 25-42:  - Development of the student’s own 

research ideas and generation of new NGS data - 

possible directions would be: 

a) Competitive growth experiments to use 

population genomics to test coexistence theory 

(associating competitive fitness with haplotypes). 

http://www.unibe.edu.do/es/perfil/ing-melina-santos-vanderlinder-msc
http://www.unibe.edu.do/es/perfil/ing-melina-santos-vanderlinder-msc
http://www.unibe.edu.do/es/perfil/ing-melina-santos-vanderlinder-msc


  

b) Acquiring population genomic data (e.g. 

RADseq) to correlate with satellite imaging data 

to investigate the dynamics of S. natans bloom 

formation 

c) Writing up 

 

 

Training & Skills 
 

Key skills taught will be: 

 

1) The key concepts of evolutionary and 

ecological genetics and genomics 

2) The application of molecular data to coastal 

ecosystem monitoring and management (in 

conjuction with the CASE partner) 

3) The generation and collation of Next-

Generation sequencing data (PacBio, RNAseq) 

4) The gathering and monitoring of 

environmental and species distribution data in 

the field (through the CASE partner) 

5) High throughput statistical analysis and coding 

(e.g. R, SPSS) 

 

In addition, the IAPETUS CDT operates a full range of 

first year training modules covering fundamental 

generic research skills (experimental design, scientific 

communication, etc.) 
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