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By Mark J. Fitzpatrick and 

Allan H. Edelsparre

H
uman-induced climate change is 

causing rapidly changing global 

temperatures and extreme fluctua-

tions in precipitation. These changes 

force organisms to adapt and evolve 

or face extinction. Understanding 

and predicting the evolutionary responses 

to climate change is critical for preserving 

biodiversity, but predictions are challenging 

because they involve interactions between 

adaptive plasticity (such as altered breed-

ing times) and evolved responses (such as 

increased metabolism). On page 83 of this 

issue, Bay et al. (1) combine high-resolution 

genomic sequencing with population trends 

and global climate predictions to estimate 

the adaptive potential (that is, the genetic 

variation necessary for adaptation) of yel-

low warblers (see the photo) to climate 

change and predict future population de-

clines. In doing so, they produce a powerful 

tool for estimating genomic vulnerability to 

climate change and locate candidate genes 

that are key for climate change adaptation.

Yellow warblers are migratory birds with 

a wide distribution across North America. 

They occupy a rich set of habitats that range 

from marshes and forests to urbanized ar-

eas. They can be found in lowlands as well 

as at high altitudes, such as in the Rocky 

Mountains in the west and the Appalachian 

Mountains in the east. Given their wide 

distribution and general abundance, recent 

declines of some populations have raised 

concerns that yellow warblers may be nega-

tively affected by climate change (2). 

Bay et al. initially obtained DNA samples 

from 229 birds, representing 21 populations 

that span the yellow warbler breeding range. 

They used more than 100,000 nucleotide 

markers [single-nucleotide polymorphisms 

(SNPs)] to characterize the statistical asso-

ciations between current population-level 

genetic variation and 25 environmental 

variables associated with climate change. 

The variables included factors associated 

with precipitation, temperature, elevation, 

tree cover, and vegetation. The strongest 

associations between genomic and envi-

ronmental variation were those related to 

precipitation. This makes sense, because 

changes in precipitation directly influence 

biomass, which in turn affects other fac-

tors, such as shelter and food availability. 

Extreme changes in precipitation remain 

among the most important, but least under-

stood, consequences of rising temperatures 

across the globe (3). 

By extracting information from their as-

sembly of the yellow warbler genome, the 

authors assessed the adaptive potential of 

each population by piecing together a por-

trait of genomic regions that respond to 

climate-related changes and then searched 

for traces of selection in those regions. One 
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major advantage to teasing out the adaptive 

potential from standing genetic variation is 

that it gives us the ability to ask whether 

such information can be used to forecast 

climate-related declines. By comparing the 

genomically determined adaptive potential 

of each population with local climate-re-

lated variables, Bay et al. were able to deter-

mine which populations have the greatest 

mismatch with their environment (as deter-

mined by the degree to which their genomic 

variation matches the environmental varia-

tion they experience), a metric they refer to 

as genomic vulnerability.

The most vulnerable populations largely 

reside along the Rocky Mountains, a region 

particularly affected by droughts over the 

past decade (4). The authors determined 

that these vulnerable populations coincide 

with recent population declines reported in 

the literature (5). This link between genomic 

vulnerability scores and realized population 

trends strongly suggests that genomic vul-

nerability accurately forecasts which popula-

tions may be at risk of declining. This allows 

conservation efforts to target these identified 

areas and populations before environmental 

conditions become unsustainable. 

The estimates of adaptive potential within 

species can be used to identify the traits 

and genes influenced by climate change. To 

do so, Bay et al. took a closer look within 

the important genomic regions discussed 

above. They found a strong association 

between climate (e.g., precipitation) and a 

SNP marker on chromosome 5, located very 

close to DRD4 and DEAF1; these two genes 

were previously linked with migration and 

exploratory behavior in several species, in-

cluding birds (6) and humans (7). Initial 

responses to climate change likely involve 

highly plastic traits like behavior, where 

individuals themselves can act to better 

match their current environmental condi-

tions; examples include avoidance behavior, 

retreating or reclaiming new habitats, diet 

modifications, dispersal, and migration. 

Although the direct involvement of 

DRD4/DEAF1 needs to be established, 

their potential role in climate change ad-

aptation is intriguing and raises the possi-

bility that behavioral genes may represent 

“first responders” to climate change adap-

tation. If these adaptations involve dietary 

changes, dispersal, and migration, then 

additional candidate genes may include 

Pgi (8), npr-1 (9), and foraging (10), all 

of which have been associated with food 

search and dispersal.

Identifying general features of evolution-

ary responses to climate change is a crucial, 

but intricate, mission. Climate-driven adap-

tations will necessarily involve the genome, 

but time- and context-dependent factors will 

likely influence the specific pathway that any 

given population takes (including extinc-

tion). Some scenarios will directly lead to the 

evolution of new/modified alleles, whereas 

other scenarios may exist without any tra-

ditional genomic responses but instead be 

regulated by factors such as adaptive plastic-

ity and epigenetics. The latter is particularly 

interesting, because both DRD4 (11) and for-

aging (12) can be regulated epigenetically to 

produce variations in behavioral tendencies 

that underlie food-searching and exploratory 

strategies within populations. 

Climate change is happening and, despite 

growing global concern, is predicted to prog-

ress (13). Bay et al.’s study of the yellow war-

bler shows that, although populations can 

evolve in response to climate change, this 

response is limited by the adaptive poten-

tial and genomic vulnerability found among 

populations. A critical next step will be to 

determine how broadly these findings apply 

to other species and communities, especially 

those that are highly threatened. Time is of 

the essence. The widespread impact of cli-

mate change on our ecosystems and biodi-

versity has occurred over a relatively short 

time scale (about 50 years). According to the 

global forecasts of future climate change, 

the pervasive impact and strain on biodiver-

sity will only intensify (3).        j 
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“...behavioral genes may 
represent ‘first responders’ to 
climate change adaptation.”

By Joshua C. Saldivar and 

Karlene A. Cimprich

D
uring mitosis, each duplicated chro-

mosome must be accurately attached 

to the microtubule spindle, which 

pulls the chromosomes to opposite 

poles of the cell, where they are seg-

regated to daughter cells. A num-

ber of mitotic kinases orchestrate mitosis 

to ensure accurate segregation, including 

cyclin-dependent kinase 1 (CDK1), the Polo-

like kinases, and the Aurora kinases (1). The 

kinase ATR (ataxia telangiectasia and Rad3-

related), which is involved in DNA damage 

responses during interphase of the cell cy-

cle, has also been shown to prevent chromo-

some segregation errors (2). However, this 

role of ATR was presumed to be an indirect 

effect. On page 108 of this issue, Kabeche et 

al. (3) unveil a mitosis-specific ATR activity 

that ensures proper chromosome segrega-

tion and that this activity is dependent on 

a specific three-stranded nucleic acid struc-

ture known as an R loop. 

ATR is a master regulator of the cellular 

responses to DNA damage and DNA replica-

tion stress by controlling cell-cycle progres-

sion, replication origin firing, replication fork 

stability, and DNA repair (4). These functions 

are mediated by the kinase activity of ATR 

and safeguard genome integrity. Kabeche et 

al. found that ATR is localized to and active 

at mitotic centromeres, the chromosomal re-

gion where the microtubule spindle attaches 

(see the figure). Because no mitosis-specific 

function of ATR was previously known, this 

is an intriguing observation.

Microtubules of the mitotic spindle at-

tach to kinetochores at centromeres to 

facilitate chromosome segregation (5). 

Given the local activation of ATR at the 

centromeres of mitotic chromosomes, the 

authors assessed chromosome segregation 
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