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Hot Topics (some examples provided by the editors of Science, August 2018) 

Social Science 

Beethoven’s 250th anniversary (birthday) 
Music—science, math, behavior 
How music affects development  
How music enhances learning and education 
Music is an art and a science 
The connection between math and music 
The behavior/social effects of music  

Cities as Engines of Innovation 

Economics of Artificial Intelligence 

Evolution of Public Opinion 

Global Security and Digital Surveillance 

Immigration  

Women’s Suffrage Centennial in 2020 

Ecology & Plant Science 

Climate change biogeography 
Distribution changes, evolutionary responses, novel communities 

Connectivity 
The science of establishing connectivity for species, through land preservation and alterations of 
human structures, like roads, as natural environments become smaller and more and more 
fragmented 

Earth Day 2020—the 50th anniversary of Earth Day 
Climate change, conservation science, ecology, etc 

Ecological integrity 
Focus on ecosystems that are largely intact as a conservation tool, proactive, rather than 
reactive, approach 

Evolutionary cognition 
The study of comparative cognition, across taxa, from an evolutionary, or ecological perspective 

Improving the efficiency of photosynthesis 
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Insect decline 
Is it accelerating/universal?  

 
Manipulation of plant secondary metabolism to human purposes  

Biotech development of new products and new sources for rare products  
 
Marine conservation 

Including fisheries, response to climate change, megafauna decline, and the deep sea  
 
Restoration ecology  

As a conservation tool, rather than just a functional tool 
 
Soil ecology and microbiology 
 
Urban ecosystems 

Biodiversity, structure, and function 
 
Health and Medicine 
 
Aging and healthspan  

Human trials will tell in the next couple years whether supplementing NAD is as effective in 
promoting healthspan and extending lifespan in humans as it is in lab animals; DNA damage in 
aging  

 
Aging immune system 

This topical field of research encompasses areas including T cell exhaustion, B cell anergy, 
diseases of aging (cancer, diabetes, autoimmunity, neurodegeneration), autophagy, vaccines in 
the elderly, and the aging innate immune system.  

 
Cancer Immunotherapy  

In the last two years this field has rapidly evolved from proof-of-principal experiments to the 
clinic. We are seeing patients respond favorably in the clinic and need to understand better 
which tumor types respond and why. Neoantigens have taken center stage, and whilst it is now 
accepted that they are central to successful treatment responses, we don’t understand why or 
how they are generated. Personalized vaccines have recently shown safety and efficacy in 
human trials. The role of the microbiome in dictating successful immunotherapy response is a 
key area.  
 

Developmental roots of diseases of old age 
 

Drug discovery and use 
Pharmacological control of plasma cholesterol levels--there is evidence that the longer a person 
is on statins the less likely they are to develop heart disease, opening a debate about whether 
healthy people should start taking statins when they are young and stay on the drug for life; not 
everyone can tolerate statins to lower cholesterol 

 
Food allergy 
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This traditional immunological subspecialty becomes hot again as researchers begin to apply 
single-cell genomics, microbiome research, and new findings on immune tolerance 

 
Gene therapy  

The field has seen a mix of progress and setbacks but there definitely has been a resurgence of 
interest and there have been several FDA approvals over the past 2 years and perhaps more to 
come soon. Strategies include antisense oligonucleotides, RNA interference, gene delivery by 
viral vectors, gene editing, etc. Target diseases include hemophilia, sickle cell, inherited forms of 
blindness, various neuromuscular and muscle disorders.  
 

Health Disparities  
 
High cost of drugs for common diseases  

Notably, cancer and hepatitis C virus infection; issues include oncologists, big pharma, 
economists, patients--this is a big issue (causes and solutions) 
 

HIV 
Focus now is on “cure” studies compared to treatment. Much attention is on broadly 
neutralizing antibodies for vaccination or prophylaxis strategy.  

 
Immune system in early life 

Neonatal imprinting of the immune system, maternal immune transfer (IgA, etc.), neonatal 
responses to vaccines, allergies in early life, and the interaction between the microbiota and the 
developing immune system, fetal–maternal interface 

 
Immunometabolism 

This is a rapidly expanding field that has attempted to understand both the role of immune cells 
on metabolic homeostasis as well as metabolic pathways on immune cell function. 
 

Liquid biopsies for early detection of cancer (or cancer relapse) 
Liquid biopsies for the early detection of cancer and for patient monitoring (e.g. response to 
therapy, detection of relapse). There are several competing technologies in play. They include 
analysis of circulating tumor-derived nucleic acids alone or in combination with protein 
biomarkers; and analysis of circulating tumor cells (CTCs).  

 
Microbiome 

In plants and people and the physical environment; swapping back and forth, we are all in it 
together in healthy defense/homeostasis as well as disease/pathogen states.  

 
Mitochondrial biology and disease  
 
Neurodegeneration 

A health care disaster waiting to happen, as therapeutic targets and successful approaches 
remain elusive. Lifestyle choices are probably the most cost-effective way to address concerns 
of an aging population, but there are questions about how to promote effective change. Studies 
of particularly long-lived individuals may provide a key to successful therapies.  
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Neuroimmunology 
Increasing insight into interactions between the immune and nervous systems; 
neuroinflammation models for neurodegenerative diseases (Alzheimer’s, autism, multiple 
sclerosis) and brain injury; further identifying immune cells that have privileged access to the 
central nervous system 

 
Opioid Crisis 
 
Neurodevelopmental disorders.  
 
Tuberculosis 
 
Life Sciences and Biotechnology 
 
Expansion of phase transitions in biology 

Intrinsically disordered proteins if this mode of regulation turns out to be as widespread as it 
now appears 

 
Genome, epigenome and transcriptome detection and engineering 

CRISPR/Cas9 (Cpf) and other nuclease-mediated technologies enable sensitive detection and 
precise modification of genome (base editor), epigenome and even transcriptome (Cas13a, 
Cas13b), and the implication of these technologies to synthetic biology (new sensors), cancer 
prevention (liquid biopsy) and treatment (CAR-T, immunotherapy), reproduction (human 
embryo genome editing), combating infection diseases (SHERLOCK), and crop improvement. 
New specific, easy-to-use, cheap, and high-throughput tools are on the horizon. Consider the 
interphase of these technologies with medicine and society.  

 
Glia biology 

Their roles in building and defending the central nervous system, from embryo through old age 
 
Integration, storage and usage of omics data 

How can different omics data can be meaningfully integrated--this including genomics, 
epigenomics, Hi-C, transcriptome, microbiome of same samples (such as in one single cell or in 
one individual at different time points) and different omics data from different samples 
(different types of cancer, different patients, and different sequencing technologies from 
different centers, etc.). Issues include: the best way to present, store, and mind the data; how 
funding bodies and communities should embrace the chances; how big science such as consortia 
should be set up, funded, managed, and published; privacy issues, and health care industry 
involvement. 

 
Organoids  
 
Paleogenomics/Archaeology 

Revolutionizing our understanding of recent evolution/selection and consistently bringing up 
surprises. This is a field that has been severely limited due to the rarity of samples, but new 
environmental sampling methods are likely to explode the field.  
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Single cell biology 
Single cell and tissue specific transcription will remain big (GTEx, Human Cell Atlas etc.) Moving 
beyond transcriptomics in terms of identifying/quantifying cells within the human body -IE 
proteomics, imaging, identifying tissue composition rather than specific cell types (including 
microbiome) and application to disease especially cancer and autoimmune. Organoids are 
becoming a useful tool for elucidating basic biology and for testing medical interventions.    
 

Structures and modifications of RNAs 
Development of novel technologies to study structures of RNAs (especially noncoding RNAs) in 
vivo. Uncover whether their structures have any functional or biological relevance, as well as 
how RNA modifications are regulated and how they regulate RNA structures and functions in 
physiological contexts.  
 

Synthetic biology 
10th anniversary of first synthetic organism  
Advances in programming cells (e.g. refining CRISPR/CAS9 technology) and in developing a 
minimal cell.  
 

Tissue organization and biomechanics 
 
Unifying model for eukaryotic txn 

Issues include how txn is regulated on chromatin, and how the “phase separation” model is 
emerging as a fundamental unifying theory to explain the way TFs, RNAPs, RNAs and chromatin 
work together to achieve stochastic yet precise transcriptional programs.  

 
Novel cryo-EM and super-resolution microscopy  

Examples include cryo-EM structures of factors with nucleosome and sequencing technologies in 
combination with polymer science (e.g. Hi-C) in single-cell resolution and different temporal 
scales (4D nucleome with ENCODE and epigenome datasets) to understand how DNA is 
wrapped, condensed, stored, compartmentalized and retrieved in the cell nucleus.  

 
Astronomy/astrophysics 
 
Exoplanets 

This remains a fast-moving field, but 2020 is difficult to predict. CHEOPS is due to launch during 
2019, and the ground-based SPECULOOS telescope array will complete in the same year, so they 
should have produced some results. The emphasis will continue to shift away from simply 
discovering planets and towards characterising their atmospheres. 
 

Gravitational waves 
Things have moved quickly, though this will probably be less hot than the 2018 and 2019 
meetings. LVC observing run 3 starts ‘early 2019’ so they’ll have some more events by the time 
of the 2020 meeting. The next exciting sources they might detect are a black hole-neutron star 
merger or a sufficiently nearby supernova. Alternatively, they might just have a statistical 
sample of black hole binaries. Either way this is a solid topic for a session. 
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Radio astronomy 
Several new facilities are coming online in 2018 and 2019, including MeerKAT, HERA and CHIME. 
It’s not clear what they will find, but transient sources and the epoch of reionisation are likely 
topics. 

 
Planetary Science 
 
Asteroid sample collection 

Hayabusa2 is due to leave Ryugu in December 2019, so will be en route carrying its samples back 
to Earth at the time of the 2020 meeting. OSIRIS-Rex will have almost finished mapping asteroid 
Bennu and preparing for sample collection in July 2020. 

 
Mars rovers 

NASA’s Mars 2020 rover will be about to land, whilst ESA’s ExoMars rover will be just about to 
launch. No results yet, but a possible plenary talk. At the time of writing they’re both having 
schedule issues, so it’s not certain whether they will meet their launch windows. 

 
Solar physics  

ESA’s Solar Orbiter and NASA’s Parker Solar Probe will have been operating alongside each other 
for about a year. DKIST, which will be the world’s largest solar telescope, is expected to see first 
light at some point in 2019. A solid session topic which is bound to have new results. 

 
Physics 
 
Cold atom physics 

There are advances in using lasers to arrange individual atoms into an array, and then study 
their evolving properties to discern fundamental laws of physics. There is also progress in 
ultimately using these arrays as qubits in quantum computers.  

 
Condensed matter physics 

Weyl, Dirac, Majorana fermions – the unusual properties of electrons constrained by the 
environment of a solid material makes them emulate fundamental free particles which have 
been hypothesized but not found in high-energy physics experiments.  

 
Continuing Evolution of 2D Materials  

Issues include: graphene, boron nitride, transition metal chalcogenides, and phosphorene. The 
latest efforts look at synergies when you layer different types together.  

 
Metalenses / metasurfaces  
 
Microresonator frequency combs  
 
Nanophotonics 

The control over light at the nanoscale is leading to a variety of relevant applications, including 
new venues for integrated circuitry, optical computing, solar, and medical technologies.  

 
Optical dielectric nanostuctures  
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Quantum Information 
Leading quantum information groups have been given substantial financial support from 
industry and it is expected that one or more of them will reach “quantum supremacy” (a 
quantum computer performing a task that a classical computer can’t).   

 
Quantum nanophotonics  
 
Topological optics  
 
Ultrafast optics  

 
 
Chemistry and Materials Science 
 
Artificial photosynthesis  
 
Better membranes/separations technologies for commodity chemicals and water purification 
 
Biomimetics 
 
DNA and RNA origami 

Using the base-pairing characteristics of nucleic acids to make intricate 3-dimensional, 
nanometer-scale constructs, like with an erector set; most work has been on outside cells, but 
one ultimate goal is to do it inside 

 
Flow chemistry for pharmaceutical synthesis  
 
Science for a circular economy  

Issues include: recyclable/reusable materials, reuse planned into the design of the 
chemicals/materials/engineered structures 

 
Solid State cooling 

Compression-based cooling requires environmentally unfriendly compounds that involve noisy 
and failure-prone mechanical parts. Several strategies for developing solid state cooling devices 
rely on rapidly improving materials development in thermoelectrics, electrocalorics, 
pyrocalorics, barocalorics, and others. These devices need changes in the external field to pump 
away heat without the need for mechanical parts.  

 
Thermal transport across all scales 

The study of thermal transport is important at the macroscale as we seek new ways to passively 
cool by manipulating the radiative transport properties of materials. This include designing new 
types of fabric and materials for passive radiative cooling of buildings. At the nanoscale, 
understanding thermal transport from the atomic scale to small scale devices is important for 
determining the limits of our classical understanding of heat transfer.  

 
Upgrading natural gas to liquid fuels and chemicals 
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Geoscience 
 
Biosphere-Chemistry-Climate Interactions 
 
Climate change and the oceans 
 
Earthquake Forecasting & Early Warning 

The 2016 Kaikoura earthquake in New Zealand ruptured over two dozen faults and 
fundamentally broke the traditional constraints for regional earthquake forecasts. With dense 
geophysical networks, new databases compiled for hundreds of giant earthquakes, and 
applications of machine learning on the horizon, a dramatic improvement in our understanding 
of the fault rupture process should lead to robust regional earthquake forecasts.  

 
Energy/Water/Land resources  
 
Ocean-ice sheet interactions 
 
 

 


