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Steinfartz, Sebastian 
 
Leipzig University 
 

 
The evolutionary potential of species – a neglected force in biodiversity 

research 

 
Biodiversity is usually captured at the level of species and implications for related 
research areas are often biased by this approach. Facing the sixth mass 
extinction of animals and plants in earths’ history, we are challenged to adapt 
concepts and practical measures of conservation to cope with this threatening 
situation. Species are composed of populations and most of the evolutionary 
forces shaping biodiversity are acting on the level of populations. Thus, a shift in 
focus is needed to pinpoint biodiversity research on the level of populations of 
targeted species. Whether a species will survive depends on the evolutionary 
potential - the potential to adapt to new and changing environmental conditions – 
of its populations and is therefore of central importance for conservation. 
Currently, we are lacking this important knowledge for most threatened species. 
For emblematic examples of threatened species – the fire salamander and the 
Galápagos-marine iguana – I will demonstrate how molecular and genomic 
approaches can be used to unravel the evolutionary potential of species on the 
level of populations and how this can inform conservation measures and policy in 
the future. 
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Effects of water availability in the soil on tropane alkaloid production in 

cultivated Datura stramonium 

 
(i) Background: Tropane alkaloids are produced by different Solanaceae species. 
These alkaloids are the starting material in the production of different 
pharmaceuticals. The commercial demand for tropane alkaloids is covered by 
extracting them from cultivated plants. Datura stramonium is cultivated under 
greenhouse conditions as a source of tropane alkaloids. Here we investigate the 
effect of different levels of water availability in the soil on the production of 
tropane alkaloids by D. stramonium. (ii) Methods: We tested four irrigation levels 
on the accumulation of tropane alkaloids. We analyzed the profile of tropane 
alkaloids using an untargeted liquid chromatography/mass spectrometry method. 
(iii) Results: Using a combination of informatics and manual interpretation of 
mass spectra we generated several structure hypotheses for signals in D. 
stramonium extracts that we assign as putative tropane alkaloids. Quantitation of 
mass spectrometry signals for our structure hypotheses across different 
anatomical organs allowed us to identify patterns of tropane alkaloids associated 
with different levels of irrigation. Furthermore, we identified anatomic partitioning 
of tropane alkaloid isomers with pharmaceutical applications. (iv) Conclusions: 
Our results show that soil water availability is an effective method for maximizing 
the production of specific tropane alkaloids for industrial applications. 
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All in one sequencing using nanopore technology 

 
The use of standardized species-specific DNA barcodes has revolutionized species 
identification. Those target gene regions have been established for almost all 
kingdoms of life. Viruses, however, do not contain a generic barcode gene. To 
analyze genomes and transcriptomes from all organisms e.g. in soil, plants or gut 
of insects, we aim to develop a method to multiplex organisms from different 
kingdoms into one sequencing approach. 
In this work, we have developed a method to combine DNA barcode amplicon 
sequencing for bacteria and fungi with whole virus genome sequencing using 
nanopore sequencing. For sample preparation, we first ran a species-specific PCR 
for bacteria and fungi, followed by a PCR with artificial barcodes for separation 
(including viruses). This allows us to pool several samples together, each having 
its unique barcode tag. After sequencing, the data is sorted by these artificial 
barcodes. With our method, we can combine 1000 samples and more on a single 
flow cell. 
Applying our method, we were able to confirm single agent infections detected in 
culture and detect hard-to-culture bacteria in negative cultures, from a single 
sequencing run. Furthermore, we characterize microbial communities down to the 
species level and reconstruct viral consensus genomes with an accuracy of 
>99.9%. 
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Evolutionary rescue in complex environments 

 
Populations may avoid extinction by adapting to severe abiotic and biotic 
stressors, which is called evolutionary rescue. While evolutionary rescue is a 
beneficial mechanism to prevent extinction under environmental change, it is a 
threat in medical research when viruses and bacteria evolve as a response to 
substances used to kill them. Since the concept of rescue comes from population 
genetics, current research disregards the importance of interactions with other 
species and of environmental context. 
Here I monitor the evolutionary rescue potential of a focal bacterial species in 
presence or absence of its predator or other competitors. Specifically, I am 
monitoring a co-evolving bacterium-virus pair within an assembled community, 
along an antibiotic gradient using phenotypic and genotypic measurements. I also 
compare evolved individuals with their non-evolved ancestors to define 
adaptation costs. This work contributes to the understanding of complex rescue 
mechanisms, and aims to increase the predictability of evolutionary responses. 
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Transcriptome analysis of Deformed wing virus-infected bumble bees 

(Bombus terrestris) 

 
Partly due to an an increase in the prevalence of viral pathogens, the bumble 
bees (genus Bombus) is a major group of insect pollinators in decline worldwide. 
The full genome of Bombus terrestris is now available, allowing us to perform 
broader transcriptomic analyses on this species. By experimentally infecting 
individuals with the +ssRNA virus Deformed wing virus (DWV), we aimed at 
highlighting immune pathways triggered by viruses in Bombus terrestris. In a 
cage experiment, groups of 5 individuals of Bombus terrestris workers were 
subjected to four treatments. While many studies in honey bees use injections, 
mimicking viral transmission through feeding on honey bees by parasitic Varroa 
destructor mites, the natural transmission route for Bombus species is likely per 
os, through feeding on contaminated flowers. Ten days after our experimental 
treatment, total RNA of these 20 individuals were extracted and sent for Illumina 
next-generation sequencing. Here we explore differences in gene expression 
between the treatment groups to help identifying genes of importance in the 
response of bumble bees to viruses. We hypothesise that these genes might be 
under selection in wild Bombus species because of the increased prevalence of 
RNA viruses in honey bees and their spillover into wild bee species. 
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Systemic signalling in mycorrhizal and plant herbivore interactions 

 
Arbuscular mycorrhizal (AM) symbioses are mutualistic associations through 
molecular and genetic collaborations between the roots and fungi. Besides 
improved mineral nutrition, especially Phosphate (Pi), numerous studies reported 
that plants colonized by AM fungi showed increased biomass and higher tolerance 
to biotic and abiotic stresses. In addition, it has been widely concerned that 
herbivores depend on their host plants, even important agricultural crops, to 
uptake macro- and micronutrients. Although AMS have a significant impact on the 
plant interactions with organisms below- and above-ground, little is known about 
systemic defensive signalling pathways and molecules deriving from plant-
mediated communication between AM fungi and shoot herbivores. We focus on 
the identification of the main signalling pathways and candidate molecules 
involved in the interactions among a typical AM fungus Rhizophagus irregularis, a 
generalist insect Spodoptera exigua and several model legumes such as Medicago 
truncatula. To address these issues, phenotypical, molecular, transcriptomic and 
metabolomic approaches will be combined. 
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EcoMeteor - platform for support in eco-metabolomics 

 
Eco-Metabolomics is a relatively new research discipline and describes the 
application of metabolomics techniques to ecology with the aim to characterize 
biochemical interactions of organisms across different spatial and temporal 
scales. Changes in metabolite concentrations can provide mechanistic evidence 
for biochemical processes that are relevant at ecological scales. These include 
physiological, phenotypic and morphological responses of plants and communities 
to environmental changes and interactions with other organisms, too. 
Although, eco-metabolomics is a powerful tool to combine extrinsic ecological 
research and intrinsic biochemical research, biodiversity researchers are often 
limited in applying metabolomics due to lack of facilities and expertise. To 
overcome this lack the EcoMetEoR platform uniquely focusses on supporting, 
advising and teaching ecologists and biodiversity researchers to implement 
metabolomics analyses in their research programs. This support consists of 
providing the analytical equipment, support in sample preparation and data 
analysis and teaching during workshops and individual research stays. 
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Species diversity effects on the chemical profiles of tree root exudates 

 
The rhizosphere is a place where many interactions between plants and their 
environment take place. This includes interactions with pathogens, symbionts, 
herbivores and neighboring plants. Many of these interactions are mediated by 
chemical compounds. Rhizosphere chemicals, or metabolites, can be of different 
origins. They can be produced by soil biota, leached from litter or exuded by plant 
roots. Root exudates can have allelopathic effects and are affecting soil 
communities. While most of the research has been done on model plants, it is still 
unknown how plant diversity alters the chemical profiles of individual trees. 
Furthermore, the exact nature of the compounds involved in belowground 
signaling remains elusive. Untargeted metabolomics analyses provide a deeper 
understanding of how plant metabolites are shaping interactions in the soil. Here, 
we show how metabolomics can help to elucidate the effect of species diversity 
on tree root exudates chemical composition. We analyzed exudates of four tree 
species grown in a biodiversity-ecosystem functioning experiment (BEF China). 
We analyzed all samples by liquid chromatography – mass spectrometry. Our 
results show that chemical profiles of root exudates differ between individual tree 
species and that plant diversity affects the chemical composition of root exudates. 
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Dynamic aspects of chimpanzee diversification using paleoclimate and 

genomic data 

 
I present results from the halfway stage of this iDiv Flexpool project that 
elaborates how Pleistocene environmental change affected chimpanzee 
diversification across Africa. I use paleoclimate and genomic data to gain insights 
into the mechanistic processes responsible for population diversification and to 
provide data for future conservation management. 
Paleoclimate modelling is complete, with ecological niche models projected over 
the past 120,000 years that largely match previous estimates of forest refugia 
but provide higher resolution data than formerly possible. Using these models I 
show that some populations are located in areas of long-term stability at the core 
of the species range, while others exist in peripheral and highly dynamic 
savannah environments. Inter-population connectivity metrics over time based on 
electrical circuit theory help to reveal population diversification mechanisms in 
conjunction with a SNP based demographic modelling framework based on whole-
exome sequencing data. Finally, I show how inter-population connectivity over 
time can be linked to conservation genomics (genetic diversity, effective 
population sizes, inbreeding co-efficients) to provide highly relevant population-
specific data for conservation. 
These data provide an unprecedented level of eco-evolutionary information for 
chimpanzees, and provide general insights into diversity generating processes 
across the Afrotropics, also relevant to the conservation of other biodiversity 
hotspots. 
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Is sensation affected by molting? Insights into an outstanding behavior 

using the model organism Drosophila melanogaster 

 
The life cycle of holometabolous insects is characterized by two remarkable 
features: metamorphosis and ecdysis. Whereas metamorphosis represents the 
total reorganization from larvae to winged adults, ecdysis is responsible for larvae 
growth by periodical shedding of the cuticle. The main molting hormone, 20-
hydroxyecdysone, emerges from the pre-cursor molecule cholesterol, which has 
to be absorbed from the diet. For perceiving sensory stimuli from the 
environment Drosophila larva possess three main external gustatory and 
olfactory organs: the dorsal, terminal and ventral organ. These cuticular sensory 
organs are innervated by sensory receptor neurons that transmit information 
from the periphery and associated ganglia to the brain of the larvae. During 
ecdysis, the chitinous external organs and related anatomical structures e.g. the 
mouthparts, the pharynx and the foregut have to be shed and reorganized. To 
classify ecdysis related timepoints automatically during post-embryonal 
development of Drosophila larva, we have established a camera monitoring 
system. In addition, we want to investigate ecdysis sequence dependent 
differences in the innervation of cuticular sensory organs using high-resolution 
microscopy. Together with classical behavioural experiments on different diets, 
we aim to gain more insight and understanding for this remarkable behavior, 
which has contributed greatly to the enormous evolutionary success of insects. 
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Deep Molecular Characterization of Oomycete and Cercozoan Diversity 

and Community Composition in Air samples 

 
Eukaryotic single-celled organisms (protists) occupy a key position in food webs 
due to their high abundance, fast turnover and their functional significance as 
microbial grazers. However, investigation of their diversity is hampered by limited 
possibilities for cultivation, and as well as for morphological and molecular-
taxonomic characterizations. Furthermore, protists are heavily understudied in 
canopies, which are highly diverse and abundant habitats. This project uses 
cultivation-independent High Throughput Sequencing (HTS) with group-specific 
primers to characterize the protist diversity in the crown region and near the 
ground with the help of the Leipzig canopy crane. An important, but mostly 
unsolved question is how the protists get to the crown region. To tackle this 
question, airborne germs are collected with an airsampler under defined 
conditions near the ground (~2 m) and in the crown region (~25 m) from oak 
trees, linden trees and ash trees. After isolation of total DNA, group-specific 
primers were successfully applied to PCR-amplify molecular taxonomic markers 
for Cercozoa and Oomycota. PCR products were used for Illumina library 
preparation. Paired end sequences (300bp) will be clustered in operational 
taxonomic units (OTU) and taxonomically assigned against reference libraries and 
further used for phylogenetic analyses. 
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Deep molecular characterisation of Oomycete and Alveolate diversity in 

forest soils and tree canopies 

 
Protists occupy key nodes in terrestrial food webs due to their high abundance, 
fast turnover and functional importance as microbial grazers. However, 
methodological drawbacks in both culturing and molecular methods still strongly 
limit the knowledge of protist diversity, so that large groups remain virtually 
unknown. Here, we apply advanced cultivation-independent high throughput 
sequencing methods using newly designed group-specific primers and reverse 
rRNA-transcriptomics for a comprehensive assessment of protist diversity across 
all ecological compartments from forest soils (litter layer & mineral soil) to the 
canopy region (bark, leaves, dead wood, branch forks, knotholes, epiphytes) in 
temperate and tropical biomes. Our analyses yielded more than 600 oomycete 
OTUs. Diversity patterns show a distinct difference in community composition 
depending on the strata ground and canopy, indicating that stratification shapes 
oomycete diversity to a greater extent than microhabitat-filtering. 
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The EcoMeteor platform - the integration of Eco-Metabolomics in 

Biodiversity Research 

 
Eco-Metabolomics is a relatively new research discipline and describes the 
application of metabolomics techniques to ecology with the aim to characterize 
biochemical interactions of organisms across different spatial and temporal scale. 
Changes in metabolite concentrations can provide mechanistic evidence for 
biochemical processes that are relevant at ecological scales. These include 
physiological, phenotypic and morphological responses of plants and communities 
to environmental changes and interactions with other organisms, too.  
Although, eco-metabolomics is a powerful tool to combine extrinsic ecological 
research and intrinsic biochemical research, biodiversity researchers are often 
limited in applying metabolomics due to lack of facilities and expertise. To 
overcome this lack the EcoMetEoR platform uniquely focusses on supporting and 
teaching ecologists and biodiversity researchers to implement metabolomics 
analyses in their research programs. This support consists of providing the 
analytical equipment, support in sample preparation and data analysis and 
teaching during workshops and individual research stays. 
Giving support with the integration and implementation of metabolomic 
techniques in biodiversity reaearch the platform foster to bring the ecological and 
biodiversity research to a higher level of understanding of the mechanism of 
species interaction and ecosystem processes. 
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CFB, a cytokinin-regulated gene encoding an F-box protein targeting 

CAS1, a key enzyme in plant sterol biosynthesis 

 
Protein degradation by the ubiquitin-26S proteasome pathway regulates many 
cellular processes, but the function of most F-box proteins relevant to substrate 
recognition is unknown. We describe the gene Cytokinin-induced F-box encoding 
(CFB, AT3G44326), identified by transcriptomics as a primary cytokinin response 
gene. F-box domain-dependent interaction with ASK1 classifies CFB as a 
functional F-box protein. CFB contains no known functional domains apart from F-
box and transmembrane. CFB is expressed in all plant tissues, predominantly in 
root tissue in the lateral root cap and during lateral root formation. CFB-GFP 
fusion proteins were localized in nucleus, cytosol, and also at the plasma 
membrane. cfb mutants had no discernible phenotype, but CFB overexpressors 
showed a white upper inflorescence stem, similar to cas1-1, a hypomorphic 
mutant of the CAS1 gene encoding CYCLOARTENOL SYNTHASE 1, a key enzyme 
in plant sterol biosynthesis. CAS1 is the only enzyme in Arabidopsis catalyzing the 
reaction from 2,3-oxidosqualene to cycloartenol, the substrate of plant sterol 
biosynthesis. CFB overexpressors and cas1-1 mutants accumulated the CAS1 
substrate 2,3-oxidosqualene in the white tissue. Interaction studies indicated that 
CFB and CAS1 interact. Cytokinin treatment of cas1-1 mutants further increased 
2,3-oxidosqualene levels in the white tissue. Thus, CFB negatively links cytokinin 
signaling with sterol biosynthesis. 
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