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RESEARCH HIGHLIGHTS

Research highlights

With a changing climate, increasing need for food security,

growing threats to marine and freshwater fisheries, an

impending antibiotic crisis, invading species, and contin-

ued risks of emerging human and agricultural diseases, the

need for creative and forward-thinking solutions is critical.

The application of evolutionary theory to these everyday

problems is proving to be a reliable and powerful tool,

without which our ability to predict the responses of popu-

lations to change, both human-mediated and otherwise, is

not possible.

Evolutionary Applications is the only journal specializing

specifically in publishing papers that make contributions to

fundamental questions in evolutionary biology using study

systems that are of practical or applied importance in topics

including, but not limited to: agriculture, aquaculture,

biomedicine, biotechnology, climate change, conservation

biology, disease biology, forestry, invasion biology, and fish-

eries and wildlife management. As such, one of our main

goals is to promote interest of applied evolution to a diverse

audience including evolutionary biologists, ecologists, bio-

medical researchers, environmental consultants, and biolo-

gists within industry, government, and health care. Toward

this end, this new series of research highlights will offer brief

synopses of new work with direct relevance to readers of

Evolutionary Applications from across other journals with

the aim of exploring the breadth of potential applications of

evolutionary theory from across fields and disciplines.

This past year was full of noteworthy evolutionary appli-

cations, including a strong focus on the use of combination

therapy to slow or stop the spread of drug resistance. In

particular, the application of evolutionary theory to resis-

tance of cancers was a hot issue, with a special issue of Evo-

lutionary Applications (volume 6, issue 1), a Nature Reviews

Cancer piece about the importance of life-history trade-offs

to our understanding of cancer progression (Aktipis et al.

2013), a Nature review article on genomic instability of

cancer (Burrell et al. 2013), a Jacques Monod conference

on ‘Ecological and evolutionary perspectives in cancer,’

and the 2nd International Biannual Evolution and Cancer

Conference. This blossoming interest is uncovering the

roles of evolutionary processes in shaping the development,

spread, and virulence of cancers, but is also highlighting

the current gap in our ability to translate evolutionary the-

ory into successful treatment. An elegant example of the

great potential of this approach is the recent work by Shi

and coauthors identifying two core resistance pathways in

metastatic melanomas (Shi et al. 2014). The researchers

found that drug resistance of these cancers occurred most

often via two distinct ‘drug escape pathways,’ explaining

70% and 22% of resistance among disease-progressive tis-

sues. These data act as strong justification for the use of

combination treatment to target both BRAF inhibitor resis-

tance pathways simultaneously to block these common

routes of drug escape.

Similar approaches are being applied to tackle the cur-

rent antibiotic crisis, as has been reviewed in a recent Nat-

ure Reviews Genetics article (Palmer and Kishony 2013).

The authors point out the importance of using optimal

combinations of antibiotics, ideally chosen based on nega-

tive cross-resistance and antagonistic interactions among

resistance mechanisms. However, a recent paper by Pena-

Miller and colleagues, combining experimental and geno-

mic techniques with mathematical modeling, highlights

that caution must be employed when employing combina-

tion treatments, as the use of synergistic antibiotics can in

fact increase pathogen load under suboptimal treatment

durations or subinhibitory drug concentrations (Pena-

Miller et al. 2013). A similar warning has now been raised

for combination treatment of malaria due to the discovery

of high association among resistance alleles in multiple

regions of China (Ding et al. 2013). Furthermore, a clear

understanding of epistasis among resistance mutations is

key to predicting the spread of multidrug-resistant bacteria,

as has been nicely demonstrated by Borrell et al. (2013).

They found that combinations of drug resistance mutations

in Mycobacterium smegmatis showing a competitive fitness

advantage in vitro were also the most frequently observed

combinations found in multidrug-resistant clinical isolates

of human tuberculosis in South Africa.

The application of evolutionary theory to development

of combined treatments is certainly not limited to human

disease. Experimental evolution of the green chlorophyte,

Chlamydomonas reinhardtii, was used by Lagator and coau-

thors to demonstrate the utility of combined herbicides for

slowing the evolution of resistance in agricultural settings

(Lagator et al. 2013). However, their data come with a sim-

ilar word of warning: using these combinations at low

doses can select for both increased rates of resistance and a

more general resistance mechanism relative to single herbi-

cide treatment.

This small subsample of recent research published in

Evolutionary Applications and other high-profile journals
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on combination treatment emphasizes the power of apply-

ing evolutionary theory to treatment design, both in terms

of creating more ‘evolution-proof’ combinations and in

predicting potential negative consequences of this

approach. We look forward to future research on the topic

and continued monitoring of treatments designed in the

light of evolutionary theory.

Britt Koskella
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