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Greetings ES Members, Alumni and Friends, 
I hope this semester’s magazine finds you well. As the year is coming to a close, I can’t help but feel excited about all that we 

have accomplished in 2025. 
In July 8-10, we hosted the International Society for Evolution, Medicine, and Public Health meeting. More than 150 research-

ers from around the world joined us in Nashville to talk all things Evolutionary Medicine. The meeting was a resounding success 
that included three-days of  non-stop science with a lovely conference dinner at Acme Feed and Seed.

The following weekend, we partnered with the National Center for Science Education to host the Scopes “Monkey” Trial Cen-
tennial Symposium (p. 22). We brought world-class experts on the trial, on creationism, on modern challenges to the teaching of  
evolution, on the relationship of  religion and the teaching of  evolution, on the evolutionary process and its applications and so 
on – all the talks are freely available on YouTube (you can find links on our website at https://www.vanderbilt.edu/evolution/
scopes-symposium/). It was a huge success – as one of  our speakers quipped, “the only other people […] who succeeded in 
getting this strong a lineup to come to Tennessee in the middle of  the summer was Scopes’ defense team.” I am sure they were 
being too kind, but I’ll take it!

To cap it all off, at the end of  the symposium, Amanda Townley, executive director of  NCSE, presented the Evolutionary 
Studies Initiative with the Friend of  Darwin award recognizing that our Initiative “is a model of  interdisciplinary focus on the 
importance of  evolution in higher education.” It’s a tremendous honor for our young initiative to receive this award, and so 
special that it happened in the year that marks the Centennial of  the Scopes “Monkey” Trial. 

In the middle of  the summer, we learned that our National Institutes of  Health T32 grant to build our graduate program on 
computational evolutionary approaches for the study of  disease was funded. We began this semester with selecting the first two 
students on the program, Layla Brassington (Lea Lab) and Josh Eis (Castiglione Lab). We matched these two slots with a pair 
supported through ESI funds. These new students are the ESI CoEvoD fellows, Abby Rose (Zhu Lab) and Ashlynn Bruder 
(Behringer Lab). We are excited to bring this new evolution-oriented program to Vanderbilt!

This past year, more than twenty of  our faculty served as mentors for undergraduate researchers; you can get a flavor of  those 
research projects and the amazing undergraduate students that led them in this edition (p. 30). Of  note is recent alumna Lauren 
Solecki, now at Epic in Madison, Wisconsin, who worked one year with physician scientist Tim Cover and a second year with 
bioarcheologist Tiffiny Tung.

We also had many exciting research publications, such as the ones from Gianni Castiglione’s group on the evolution of  oxygen 
metabolism in horses (p. 10), and from Amanda Lea’s group on human adaptation to extreme en-
vironments (p. 14). Both stories ended up in the journal Science and Amanda’s got the cover as well!

We are thrilled by the strides we’ve made and the bright prospects for Evolutionary Studies 
at Vanderbilt. In this issue, you’ll discover exciting research from Biological Sciences, Medicine, 
Chemistry, and Earth and Environmental Sciences. We are grateful for your unwavering support 
and look forward to keeping you updated on our progress. Please feel free to contact us with any 
questions or ideas you may have.

Sincerely,

Antonis Rokas, Director
Evolutionary Studies Initiative
Cornelius Vanderbilt Chair in Biological Sciences
Vanderbilt University

Executive Editor
Dr. Andy Flick
andrew.j.flick@vanderbilt.edu

Graphic Design Support
Tatum Lyles Flick

Unattributed photos credit to Dr. 
Andy Flick

Join our mailing list at 
vanderbilt.edu/evolution/faq

Vanderbilt University
2201 West End Ave
Nashville, TN 37235 

View the latest stories online at 
vanderbilt.edu/evolution
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S E M I N A R  S E R I E SS E M I N A R  S E R I E S
Fall 2025 Retreat 12/11 - Fat Bottom Brewery
John Gibbons 
University of  Massachusetts, Associate Professor
Department of  Food Sciences
Microbial Domestication of  Traditionally Fermented Foods
 

Natasha Vitek
Stony Brook University, Assistant Professor 
Department of  Ecology & Evolution
Evolution of  Variation within and between Species using the Fossil Record

Jennifer Wisecaver
Washington State University, Associate Professor
School of  Biological Sciences
The Genomic Basis for Evolutionary Innovation in Algae

Spring 2026
Michael Lynch - Darwin Day 2/18 
Arizona State University, Professor and Center Director
School of  Life Sciences
Evolution across Scales
 

Tyrone B. Hayes - J.T. Scopes Lecture 3/18
University of  California, Berkeley, Professor and Judy Chandler Webb Distinguished Chair 
Department of  Integrative Biology
Evolutionary Effects of  Environmental Contaminants

Greg Wilson Mantilla - Earth Day 4/15
University of  Washington, Professor
Department of  Biology
Evolution and Ecology of  Early Mammals

Find more information about our seminar series on Vanderbilt.edu/evolution 

2025 - ‘26

*Submitted photos
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Evolutionary Studies is ex-
cited to welcome Dr. Chance 
Meers, who joins Vanderbilt  
University from Columbia 
University, where he served 
as an NIH postdoctoral  
fellow in the Sternberg Lab. 
His research investigates 
how ancient mobile ge-
netic elements gave rise to 
RNA-guided molecular ma-
chines and how those sys-
tems have been repeatedly 
reinvented by life, and now 
by scientists, for genome 
defense, regulation and engi-
neering.

Meers studies mobile ge-
netic elements, often called 
selfish DNA. These seg-
ments of  genetic materi-
al move, copy, and insert 
themselves across genomes. 
Although they act in their 
own interest, their relentless 

drive to spread has seeded 
the origins of  some of  biol-
ogy’s most powerful molecu-
lar systems. In bacteria, this 
includes the ancestors of  
CRISPR.

During his postdoctor-
al work, Meers showed 
that CRISPR-Cas enzymes 
did not originally evolve to 
fight viruses. Instead, they 
first served transposons, the 
“jumping genes” that hop 
through genomes. Working 
in the heat-adapted bacte-
rium Geobacillus stearothermo-
philus, he developed experi-
mental approaches to watch 
transposons move in real 
time and discovered that 
without their RNA-guid-
ed DNA-cutting enzymes, 
these elements quickly dis-
appeared. His findings reveal 
that early CRISPR-like sys-

tems evolved as a transposon 
survival strategy, guiding 
reinsertion to ensure per-
sistence. This work helped 
resolve a longstanding evo-
lutionary question and un-
covered thousands of  CRIS-
PR-related enzymes that may 
eventually expand the ge-
nome-editing toolkit.

Meers blends biochemistry, 
genetics, and evolutionary 
analysis to understand how 
mobile DNA has shaped ge-
nome architecture and how 
its molecular machinery can 
be repurposed. His work 
extends beyond CRISPR: 
he has also contributed to 
uncovering the evolutionary 
roots of  snoRNA-guided 
RNA modification and high-
lighted parallels to the V(D)
J recombination system that 
generates immune receptor 

diversity in humans.
At Vanderbilt, the Meers 

Lab will explore how selfish 
DNA drives genome inno-
vation, how organisms tame 
and co-opt these elements 
for essential cellular process-
es, and how these domesti-
cated systems can be adapted 
for biotechnology and preci-
sion medicine.

Meers earned his B.A. 
from Berry College and his 
Ph.D. from the Georgia In-
stitute of  Technology. Music 
city is a good fit as Meers 
enjoys hiking and playing the 
guitar. His arrival strength-
ens Vanderbilt’s growing 
community in genome biolo-
gy, molecular evolution, and 
the development of  evolu-
tion-informed approaches to 
genome engineering.

Welcome, Chance Meers

Chance Meers (Harrison McClary / VU)
CRISPR in Action: The guide RNA directs the Cas9 ‘scissors’ to the matching 
sequence of  DNA, where it makes a precise cut. Image credit: MRS Bulletin
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Giant Sloths and Ecological Losses
Giant ground sloths were 

more than just Ice Age odd-
ities. They were ecosystem 
engineers whose disappear-
ance reshaped the landscapes 
they once roamed. A new 
study from Vanderbilt Uni-
versity’s DREAM Lab re-
veals just how diverse these 
megaherbivores’ diets were, 
highlighting the ecological 
roles that vanished when 
they went extinct.

Led by recent alum Aditya 
Kurre (‘25 Molecular and 
Cellular Biology; D1 Penn 
Dental Medicine) and Asso-
ciate Professor Larisa De-
Santis, the study shows that 
giant sloths were not simply 
oversized versions of  today’s 
tree-dwelling sloths. Instead, 
they filled complementary 
ecological niches, helping 
to disperse plants and fungi, 
dig for roots and tubers, and 

keep woody vegetation in 
check. These were services 
that no other species fully 
replaced.

“When we think about 
modern sloths, we think of  
lethargic, gentle creatures. 
And while it is hard to imag-

ine that their ancestors were 
some of  the most gigantic 
and diverse mammals to in-
habit the Western Hemi-
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Opposite page top: Kurre (right), 
DeSantis (center), and Chancellor 
Diermeier look at Kurre’s research 
model (Harrison McClary).

Opposite page bottom: From left, 
Juniper Koehler, DeSantis, Sola 
Johnson, and Kurre posing with a 
saber-toothed cat skeleton cast.

This page top: Giant ground sloth 
skeleton cast on display at the 
museum at the La Brea Tar Pits 
(photo credit: DeSantis). Cartoon 
from Vintage Illustrations with  
body outline.

This page bottom: DALL-E 
representation of  what the dinner 
table might need to look like if  
you wanted to feed the different 
species of  Pleistocene giant sloth.

sphere, layers of  evidence 
show us that their diets and 
behaviors reflected these 
characteristics,” Kurre said.

The paper, published in Bi-
ology Letters and titled “Lost 
giants, lost functions: paleo-
dietary insights into the eco-
logical niches of  Pleistocene 
ground sloths,” used dental 
microwear analysis to recon-
struct these ancient diets. 

“Sloth teeth do not have 
enamel like ours do, which 
makes them tricky to study,” 
DeSantis explained. “But by 
focusing on the dentin layer, 
we can still see microwear 
textures and compare them to 
both living sloths and other 
animals like armadillos with 
known diets.”

The team made molds of  
fossil teeth, created clear 

casts, and scanned them un-
der a 3D microscope. Com-
puter software measured tiny 
scratches and pits that act as 
dietary fingerprints and reveal 
what these animals were real-
ly eating thousands of  years 
ago.

Although once thought 
to be grass-eating grazers, 
evidence shows Paramylodon  
harlani specialized in hard 
foods such as roots, tu-
bers, or fungi. Its powerful 
forelimbs and claws would 
have aided this behavior, 
making it a crucial forager 
of  underground resources.  
Nothrotheriops shastensis, on the 
other hand, was a selective 
browser, feeding on desert 
plants like yucca, agave, pine, 
and saltbush and shaping 
shrubland habitats in the pro-

cess.
“Modern sloths are exclu-

sively arboreal leaf-eaters, and 
that is all they do,” DeSantis 
said. “But giant ground sloths 
were not simply ecological 
replicates of  other herbivores 
at the La Brea tar pits. They 
played unique and comple-

mentary roles, and when 
they disappeared, entire eco-
logical functions were lost.”

Their extinction reminds us 
that when we lose species, we 
also lose the ecological ser-
vices that keep ecosystems 
functioning.
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A New Look at Gestation Length in Mammals
New research sheds light 

on a key driver of  evolution 
in mammals: the length of  
pregnancy. By examining 
the diverse gestation periods 
across 845 species of  euthe-
rian mammals, including ev-
erything from mice to whales, 
scientists have uncovered 
surprising patterns that hint 
at how these varying time-
lines evolved and adapted to 
environmental pressures over 
millions of  years.

The work, led by graduate 
student Thodoris Danis, was 
published in the Proceedings of  
the Royal Society: B on Octo-
ber 30th, 2024. “The Evolu-

tion of  Gestation Length in 
Eutherian Mammals,” was a 
collaborative effort between 
Danis and his advisor, Cor-
nelius Vanderbilt Chair in 
Biological Sciences Antonis 
Rokas. 

Contrary to popular belief, 
Danis found that gestation 
length does not strongly de-
pend on body size across 
all mammals. This popular 
belief  was not unfound-
ed; though, most studies of  
gestation length and body 
mass looked at relatively few 
species from well-studied 
groups, such as the primates. 
Following that, the pair found 

many groups of  mammals 
did have strong, positive rela-
tionships between body mass 
and gestation lengths. These 
groups included primates, 
rodents, carnivores, and ar-
tiodactyls like elk and bison. 
However, the link between 
the two traits is simply absent 
in many other groups.

For example, the team 
found that bats, seals, and 
perissodactyls like zebras and 
rhinos did not have any cor-
relation between body mass 
and gestation length. 

Why does the relationship 
between gestation length 
and body mass vary between 

mammals? 
According to Danis, key 

shifts in evolutionary tra-
jectory often coincide with 
major splits in the tree of  
life. Notable shifts occurred 
when mammals returned to 
the water – gestation lengths 
become longer -- likely as 
an adaptation to marine life. 
Conversely, when mammals 
took to the skies, gestation 
lengths shortened. 

This seems to occur, in 
Danis’ mind, because the 
ecological environments of  
marine and flying mammals 
are vastly different from 
those of  terrestrial mammals. 

Danis presents his work at the Society for the Study of  Evolution annual conference in 
2024 in Montreal, Canada.
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Global Diversity of a 
Pathogenic Fungus

Annie Hatmaker, Ph.D., 
has spent the better part of  
a decade studying fungi and 
their secondary metabolites 
– small molecules they use 
to communicate, defend, and 
thrive. Her new publication, 
“Population structure in a 
fungal human pathogen is 
potentially linked to pathoge-
nicity,” closes her dissertation 
work and opens up a world 
of  possibilities. Her fungus 
of  choice is the Aspergillus ge-
nus, in this study, Aspergillus 
flavus.

This story is based on 
clinical and environmental 
data from more than a doz-
en countries. Using genomic 
methods on 300 collected 
isolates of  A. flavus, the team 
created an evolutionary tree 

suggesting that the isolates 
consist of  five distinct popu-
lations.

Hatmaker was excited 
about the potential research 
prospects offered by the A. 
flavus system and other proj-
ects in her Ph.D. advisor An-
tonis Rokas’ lab.

“Several studies had 
published whole-genome  
sequencing of  Aspergillus fla-
vus isolates just as I was con-
sidering topics,” she said. “I 
was incredibly interested in 
how it was a human patho-
gen and also of  agricultural 
interest due to its ability to 
produce aflatoxin (a type of  
secondary metabolite called a 
mycotoxin).”

Providing broader context 
on mycotoxins, collaborator 

from the Rokas Lab, post-
doctoral researcher Thomas 
Sauters, explained that my-
cotoxins are toxic chemical 
compounds produced nat-
urally by certain fungi, in-
cluding A. flavus, which can 
contaminate crops such as 
corn, peanuts, and tree nuts. 

Aflatoxins are among the 
most potent naturally oc-
curring carcinogens known, 
posing serious risks to hu-
man and animal health when 
ingested. Their production is 
influenced by environmental 
factors such as temperature, 
humidity, and nutrient avail-
ability, and while they are a 
major concern in agriculture, 
their role in human infections 
remains less clear.

“We know that aflatoxin 
production is reduced at the 
temperature of  the human 
body, possibly indicating it is 
not necessary or important 
for human infections,” ex-
plained Hatmaker. “In other 
studies, however, there’s evi-
dence that strains lacking the 
capability to produce aflatox-
in are able to produce other 
metabolites which might play 
a role in infections. There’s 
plenty of  future work to be 
done regarding aflatoxin, so 
this remains a mystery!”

Above: Simplified reproduction of  Fig-
ure 1B from the manuscript, showing 
five genetically distinct populations of  
Aspergillus flavus. Populations A, C, 
and D cluster closely, while Populations 
B and S are more divergent. Below 
Hatmaker poses with the evolutionary 
studies outreach casts.



10  |  Evolutionary Studies: The Magazine

Horses Run Faster by Ignoring an  
Ancient Mutation that Says ‘Stop’

Evolution often makes a 
deal with the devil, creating 
challenges for treating human 
disease. By mass, the muscles 
of  thoroughbred racehorses 
consume more than twice the 
oxygen of  elite human ath-
letes. Yet, oxygen produces 
free radicals, which damage 
organ tissues. Balancing ener-
gy production with oxidative 
stress is also a major challenge 
for extending lifespan, as well 
as treating epilepsy and Par-
kinson’s disease. How did 
horses overcome this ubiq-
uitous challenge to become 
paragons of  athleticism? The 
answer, according to Gianni 
Castiglione, assistant profes-
sor of  biological sciences and 
ophthalmology, seems to be 
by using a genetic trick previ-
ously thought to occur only in 

viruses.
New work from the Casti-

glione lab and that of  collab-
orator, Elia Duh (Johns Hop-
kins), is shaping the way we 
understand the evolutionary 
limits of  energy production. 
The team discovered that the 
horse, an oft-studied, physio-
logical powerhouse, evolved 
an enigmatic and ancient 
mutation that enables horses 
and their relatives to produce 
extreme amounts of  energy 
while avoiding deleterious 
side effects.

The new work, “Running 
a Genetic Stop Sign Acceler-
ates Oxygen Metabolism and 
Energy Production in Hors-
es,” was published in Science 
on March 28, 2025. The team 
discovered that a rare muta-
tional phenomenon known 
as opal recoding—occurring 
in only 0.1% of  proteins—
evolved in a horse ancestor 
millions of  years ago. Unlike 
those other 0.1% of  proteins, 
this opal recoding event fa-
cilitates adaptation, specifi-
cally by enhancing exercise 
performance by altering the 
biochemistry of  muscle cells. 
This biochemical pathway 
also has major effects on lifes-
pan and neuronal disorders.

Castiglione’s work was as-
sisted by the well document-
ed fossil record of  horses, 
which chronicles their ascent 
from dog-sized ancestors 
into modern physiological 
powerhouses. This record is 
one of  the earliest examples 
used in biology textbooks to 
showcase evolution and tran-
sitional forms. In fact, in the 

first books used that covered 
evolution at Vanderbilt, Nich-
olson’s Textbook of  Zoology 
(1883), notes, “all the variet-
ies of  Horses appear to be 
descended from the single 
species Equus caballus.” Cer-
tainly, this is a proper system 
to showcase the power of  
evolution. 

The team investigated a 
pathway that is well-known 
by both the exercise science 
and clinical communities to 
enhance energy production 
but avoid the tissue-dam-
age associated with excessive 
metabolic activity, such as 
that seen during exercise, and 
in energy demanding tissues, 
such as neurons. 

This pathway (NRF2/
KEAP1) senses free radicals, 
and then mounts a cellular re-
sponse.

According to Castiglione, 
“oxygen metabolism produc-
es energy for cells, but a side 
effect is free radicals (mol-

ecules with unpaired elec-
trons) that cause extensive 
cellular damage, dysfunction 
and death if  not counterbal-
anced by antioxidants. This 
oxidative stress damage accu-
mulates over our lives, leading 
to aging. Our bodies produce 
antioxidants, and these are 
proteins and small molecules 
regulated by the transcription 
factor, NRF2.”

He continued, “impor-
tantly, NRF2 cannot always 
be active, because too much 
antioxidant activity can trig-
ger cancer and can even be 
lethal. Thus, KEAP1 evolved 
to mitigate NRF2 activity by 
binding to it and destroying 
it. When KEAP1 senses free 
radicals,  it physically releases 
NRF2, allowing it to trigger 
cytoprotective antioxidant 
gene expression.”

According to the manu-
script, NRF2/KEAP1 is a 
major target in chronic dis-
eases like emphysema, but 



 Evolutionary Studies  |  11

has also facilitated the verte-
brate transition from aquatic 
to terrestrial life by protect-
ing against UV light-induced 
oxidative stress, and more 
recently, as Castiglione previ-
ously found, during the evo-
lution of  birds to counterbal-
ance the highly energetically 
demanding flapping during 
flight. The team found that 
horses have exploited this 
system as well. They show 
that a KEAP1 mutation pres-
ent in all horses, donkeys and 
zebras, makes muscle cells 
more resistant to free radical 
damage. 

The mutation has an addi-
tional benefit: it increases en-
ergy production through the 
muscle cell’s mitochondria, 
giving horses and their ances-

tors the best of  both worlds. 
Castiglione said, “in 99.9% 

of  known proteins, this mu-
tation in horse KEAP1 would 
stop protein production (opal 
stop codon), However, we 
found that the opal stop co-
don is recoded into the ami-
no acid cysteine, and it is this 
amino acid’s unique sulfur 
group that favorably alters 
horse biochemistry. Previ-
ously, it was thought that this 
opal recoding was only adap-
tively useful in viruses as they 
adapt to selection pressures. 
It seems that predatory selec-
tive pressures imposed on an-
cient horses were so intense 
that they had to dig deep into 
the evolutionary bag of  tricks 
to enable novel locomotion 
capabilities.” 

Beyond understanding 
the evolution of  horses and 
their relatives, this work can 
pave the way for novel treat-
ment strategies for multiple 
diseases. In fact, Castiglione 
explained, about 11% of  all 
human diseases are caused 
by the premature stop co-
dons that horse KEAP1 have 
evolved to overcome through 
additional adaptations in oth-
er proteins and RNA-based 
mechanisms. Castiglione’s 
team is developing gene ther-
apies that deliver these horse 
molecules into mice to im-
prove stop codon recoding. 
Moreover, KEAP1/NRF2 is 
a goldilocks pathway, where 
its therapeutic benefit be-
comes a cancer-causing agent 
if  it is too active. 

The horse mutation in 
KEAP1 hits that sweet spot 
of  moderate activity, creat-
ing a new molecular target 
to modulate NRF2/KEAP1 
to a desired level of  activity. 
This can therefore inform 
strategies targeting NRF2/
KEAP1, such as in the treat-
ment of  emphysema, Parkin-
son’s and epilepsy.

Read more >>
 

Opposite left: Castiglione poses for photo day in the lab. Opposite right: a DALLE-2 representation of  a horse blowing a stop sign. This page: Castiglione 
analyzes respiration data in the lab. 
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A Conservative Defense: Cellular NFLs 
Resist Evolutionary Blitzes

In football, defense keeps 
the opposing team in check. 
A similar strategy is at play 
inside our cells. Negative 
feedback loops (NFLs) help 
regulate how cells respond to 
signals, for example, dialing 
down activity when things 
get too intense. A new study 
from Vanderbilt University 
reveals that these molecular 
“defenders” evolve different-
ly depending on where they 
sit in the signaling pathway.

Danial Asgari, a postdoctor-
al researcher in the Tate Lab, 
and Ann Tate, associate pro-
fessor of  Biological Sciences, 
recently published a study in 
Molecular Biology and Evolution 
titled “How the Structure of  
Signaling Regulation Evolves: 
Insights from an Evolution-
ary Model.” Their findings 
show that NFLs acting clos-
er to a cell’s final decisions, 
such as turning genes on or 
off, are especially resistant to  

evolutionary change.
Downstream feedback 

loops operate near the cell 
nucleus, where small changes 
can significantly affect how 
genes are turned on or off. 
Upstream loops act earlier in 
the pathway, often at the cell 
surface, where they respond 
to signals from outside the 
cell.

“Our model predicts ro-
bust evolution of  down-
stream negative feedback 
loops under all conditions, 
which signifies their crucial 
role in controlling gene ex-
pression,” said Asgari. “This 
aligns with empirical observa-
tions showing a slower rate of  
change for proteins involved 
in downstream negative feed-
back loops.”

Upstream regulators, by 
contrast, evolved only under 
narrow conditions.

“I was surprised that up-
stream negative feedback 

loops evolve only under very 
specific conditions,” Asgari 
said. “I was expecting the 
evolution of  upstream neg-
ative feedback loops under a 
broader set of  conditions.”

To make the concept more 
accessible, Asgari offered an 
analogy. “Imagine an electric 
circuit. An upstream negative 
feedback regulates how much 
electricity flows into the cir-
cuit, which ultimately affects 
how much the LED lights 
up. A downstream negative 
feedback directly regulates 
the LED brightness without 
changing the input.”

Tate sees the work as a key 
step in understanding how 
immune systems balance cost 
and control. She touched on 
the importance of  pathway 
topology or the structure and 
order of  interactions within a 
signaling pathway, essentially, 
how the molecular parts are 
connected.

“Our study suggests the 
strength of  selection predict-
ed by the model aligns with 
evolutionary rate statistics for 
NFL genes in real animals,” 
said Tate. “Until now, most 
studies on immune gene evo-
lution have discussed varia-
tion in these statistics in terms 
of  host-parasite arms races 
or trade-offs driving protein 
evolution; here we show that 
this variation could instead be 
driven by pathway topology.”

These insights could have 
broader implications for un-
derstanding disease. 

“We think that multiple 
layers of  feedback regulation 
provide the opportunity to 
fine-tune this balance,” Tate 
added. “But we should figure 
out the contribution of  each 
layer in different disease con-
texts before we start messing 
with them in the clinic.”

Top: An electric circuit controlling a light. Left: Asgari working on the new models (sub-
mitted photo). Right: Tate posing in front of  her desk on picture day.
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Older Genes Take on More Roles
New research from Reese 

Martin and Ann Tate has un-
covered a fundamental pat-
tern in genome evolution: 
older genes tend to perform 
more jobs for the organism 
than younger ones.

In the paper, published in 
Evolution Letters, first author 
Martin and his advisor Tate 
examined six model organ-
isms, ranging from Arabidop-
sis to humans. They found 
that the number of  traits a 
gene influences, a property 
known as pleiotropy, steadily 
increases as genes get older, 
eventually leveling off  at a 
plateau that may represent the  
functional carrying capacity 
of  a gene.

Martin explained, “using 
public databases I was able 
to demonstrate the the ‘prev-
alence of  pleiotropy’ (how 
many jobs a group of  genes 

does) rises with evolutionary 
age. Put another way: the old-
er a gene is the more it does 
for the organism. This gener-
al pattern holds across multi-
ple multicellular species from 
Arabidopsis to Homo Sapiens, 
and across multiple measures 
of  pleiotropy.”

The study also revealed that 
genes involved in immune 
and developmental processes 
tend to be among the most 
pleiotropic, while metabolic 
genes are less so. Surprising-
ly, even genes with duplicated 
copies (paralogs) generally 
remained pleiotropic, chal-
lenging the expectation that 
subfunctionalization reduces 
their overall functional reach.

This style of  change may 
have implication on genomics 
and organismal biology. 

In the paper, the authors 
point to immune system 

genes as some of  the most 
pleiotropic in the genome, 
reflecting the complex, inter-
connected nature of  immune 
signaling networks. Devel-
opmental genes showed a 
similar trend, steadily accu-
mulating new functions as 
they aged. This finding helps 
explain how relatively small 
genetic toolkits can generate 
such diversity of  body plans 
across multicellular life.

While exploring the effect 
of  gene duplication on plei-
otropy, they found that du-
plicated genes frequently re-
tained overlapping functions 
rather than partitioning them 
entirely. In mice, for instance, 
the muscle-regulating genes 
MYOD1 and MYF5 remain 
associated with many of  the 
same biological processes de-
spite specializing in different 
aspects of  muscle differentia-

tion. This suggests that dupli-
cations can preserve or even 
enhance a gene’s complexity, 
providing organisms with a 
kind of  “backup copy” while 
still allowing for innovation.

Finally, Martin and Tate 
showed that these patterns 
hold across a diverse set of  
model organisms — includ-
ing plants like Arabidopsis 
thaliana and invertebrates like 
Drosophila melanogaster indi-
cating that the relationship 
between gene age and plei-
otropy is a general feature of  
multicellular evolution, not 
limited to animals or humans. 

This broad perspective 
opens the door to using gene 
age as a predictive tool for 
understanding gene function 
and disease relevance across 
species.

Martin working on pleiotropy models in the lab.
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Natural Selection and Extreme Environments

Through a collaboration 
between US and Kenyan re-
searchers and Turkana com-
munities of  northern Kenya, 
scientists have uncovered key 
genetic adaptations under-
lying survival in hot and dry 
environments, revealing how 
natural selection has enabled 
this pastoralist population to 
thrive in a challenging land-
scape.

A new analysis of  Turkana 
genomes through a collabo-
ration between US and Ken-
yan institutions shows how 
the activity of  key genes has 
changed over millennia to al-
low them to thrive in extreme 
desert conditions. The com-
prehensive study, published 
in Science, reveals how the 
Turkana people have evolved 
extraordinary physiological 
adaptations to survive in their 
harsh homeland, where wa-
ter scarcity and extreme heat 
have shaped their lifestyle.

Amanda Lea, assistant pro-
fessor of  Biological Sciences, 
is a co-principal investigator 
of  the study.

The Turkana Way of  Life
The Turkana homeland 

stretches across a vast arid 
landscape in Northern Ken-
ya where shade is rare and 
water even rarer. While their 
nomadic existence takes them 
around East Africa—into 
Uganda on the west, South 
Sudan on the northwest and 
Ethiopia on the north—this 
is one of  the most arid re-
gions of  the world. Rainfall 
arrives in short, unpredictable 
bursts, and in this environ-
ment, securing enough wa-
ter for themselves and their 
herds of  goats and camels is 
a daily chore. The journey to 

fetch water can take several 
hours each day, often across 
terrain that is hot and devoid 
of  vegetation.

The traditional pastoralist 
diet reflects both resourceful-
ness and adaptation to scar-
city: for those adhering to a 
nomadic pastoralist lifestyle, 
it is estimated that 70–80% 
of  their nutrition comes from 
animal sources, mostly milk, 
blood, and meat. This reli-
ance is a common solution 
among pastoralist societies 
around the world, in environ-
ments where crops cannot 
grow and markets may be far 
away on foot.

Through years of  docu-
menting the Turkana com-
munity’s lifestyle and studying 
blood and urine samples to 
assess their health, research-
ers found a striking paradox: 
“About 90% of  the people 
we assessed were dehydrated 
but generally healthy.” said 
the Project co-PI, profes-

sor of  integrative biology at 
UC-Berkeley Julien Ayroles.

“The Turkana have main-
tained their traditional way of  
life for thousands of  years, 
providing us with an extraor-
dinary window into human 
adaptation,” Ayroles contin-
ued.

Genomic Discoveries, 
Community Partnership
After consultation with 

the communities’ elders, area 
chiefs and local health of-
ficials, the team asked for 
permission to sample the 
communities’ DNA. Working 
with the Turkana communi-
ty, the researchers sequenced 
367 whole genomes and an-
alyzed over 7 million genetic 
variants to identify regions 
showing evidence of  natural 
selection.

The genomic analysis 
found eight regions of  DNA 
that had undergone natu-
ral selection, but one gene, 
STC1, stood out with excep-

tionally strong evidence of  
selection. STC1 is expressed 
in the kidneys and plays two 
vital roles that directly reflect 
the ecological challenges of  
both arid living and pastoral-
ism. 

First, it helps the body con-
serve water by responding to 
antidiuretic hormone, allow-
ing the Turkana to concen-
trate their urine and retain 
more water. Second, it may 
also play a role in protecting 
the kidneys from the waste 
generated by purine-rich 
foods like red meat. These 
waste products, such as urea 
and uric acid, must be filtered 
by the kidneys and in many 
people, too much dietary pu-
rine can lead to gout; a prob-
lem that appears to be rare 
among the Turkana.

Ancient Climate, 
Modern Genetics
Intriguingly, the timing of  

these genetic adaptations ap-
pears to coincide with the 

From UC Berkeley with edits by Andy Flick

This page: A traditional Turkana boma at sunset (Turkana Health & Genomics Project). Opposite top: 
Turkana bomas stand amid the savanna, sheltering families and livestock. (Wenfei Tong). Opposite Bot-
tom: Turkana women carrying water back to their village (Turkana Health & Genomics Project).



 Evolutionary Studies  |  15

aridification of  north-
ern Africa, suggesting 
that as the climate be-
came increasingly dry 
about 5,000 years ago, 
natural selection fa-
vored genetic variants 
that enhanced survival 
in desert conditions. 
This finding provides 
a compelling example 
of  how human pop-
ulations have evolved 
in direct response to 
major environmental 
changes. The genet-
ic analyses show that 
these changes are also 
present in neighboring 
groups, including the 
Rendille, who live in 
this arid environment.

“This research 
demonstrates how 
our ancestors success-
fully adapted to dra-
matic climate shifts 
through genetic evolu-
tion,” noted Dr. Epem  
Esekon, the County 
Executive for Health 
and Sanitation in Tur-
kana County, Kenya.

Evolution Meets 
Urbanization
But the story doesn’t 

end in the desert. As 
more Turkana migrate 
to towns and cities, a 
striking pattern emerg-
es: the very genetic 
traits that aid survival 
could now carry hid-
den costs. This phe-
nomenon, known 
as evolutionary mis-
match, occurs when 
adaptations shaped by 
one environment be-
come liabilities in an-
other.

By comparing bio-
markers and gene 
expression in the ge-
nomes of  city-dwelling 

Turkana compared to 
their pastoral kin, the 
researchers found an 
imbalance of  gene ex-
pression that may pre-
dispose them to chron-
ic diseases, such as 
hypertension or obesi-
ty, which the research-
ers have also found to 
be more common in 
urban settings, where 
diets, water availability, 
and activity patterns 
are radically different.

“With more people 
shifting from rural to 
urban lifestyles, we are 
also seeing a change 
in disease patterns,” 
said the Acting Direc-
tor General, KEMRI, 
Prof. Elijah Songok.

Read More >>
 



16  |  Evolutionary Studies: The Magazine

Learning to Sing: Kate Snyder on 
Birds, Culture, and Evolution

Like the songbirds she 
studies, Kate Snyder’s scien-
tific journey has been one of  
learning, adaptation, and dis-
covery. She earned her Ph.D. 
from Vanderbilt University in 
Spring 2023, working in the 
Creanza Lab, where she ex-
plored how ecology, culture, 
and communication shape 
evolution across species. Her 
path traces an arc from early 
undergraduate research on 
population dynamics in bee-
tles and cooperation in mi-
crobes to wide-ranging stud-
ies of  human kinship systems 
and birdsong, connecting 
themes of  survival, culture, 
and the power of  social be-
havior.

Before Vanderbilt: 
Population Ecology and 
Cooperation
Snyder’s early research ex-

amined population stability 
and the conditions that allow 
cooperation to persist.

Working with Joan Strass-
mann and others on the social 
amoeba Dictyostelium discoide-
um, the team demonstrated 
how genetic drift during col-
ony growth can create zones 
of  clonemates. Even in the 
absence of  kin recognition, 
these patterns of  relatedness 
promoted cooperation and al-
truism, providing insight into 
how social behaviors persist 
in microbes.

She then led a study in 
T.E.X. Miller’s lab on sex-se-
lective harvesting in beetles 
— a project firmly ground-
ed in population ecology. 
She showed that removing 
females destabilized popula-

tions far more than removing 
males, and that dispersal from 
harvest refuges could rescue 
declining groups. Togeth-
er, these projects highlight-
ed Snyder’s interest in how 
demographic pressures and 
structural context shape sur-
vival and reproduction. 

Vanderbilt: Human 
Culture and Comparative 
Frameworks

At Vanderbilt, Snyder ex-
panded her scope to cultural 
evolution and cross-species 
comparisons.

In a global study of  human 
kinship systems, she and her 
collaborators explored why 
matrilineal descent, where 
children belong to their moth-
er’s family and inheritance 
flows through the maternal 
line, is relatively uncommon, 

yet still found in diverse so-
cieties around the world. 
Their analyses revealed that 
subsistence practices, animal 
domestication, and inheri-
tance rules strongly influence 
whether matriliny persists or 
shifts to patriliny, reframing a 
longstanding anthropological 
puzzle in evolutionary terms.

She also drew explicit par-
allels between humans and 
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birds. In a commentary on 
birdsong and music, Snyder 
argued that studies of  duet-
ting birds, where individuals 
synchronize songs with pre-
cision, offer a unique win-
dow into the neural basis of  
rhythm and coordination, 
shedding light on the evolu-
tionary roots of  human mu-
sicality. 

Vanderbilt: Birdsong, 
Social Behavior and 
Sexual Selection
Much of  Snyder’s work at 

Vanderbilt has focused on 
birdsong as a cultural and 
evolutionary trait.

In a large-scale comparative 
study, she showed that polyg-
yny, where one male mates 
with multiple females, ac-
celerates song evolution. In-
stead of  pushing repertoires 
to extremes, polygynous lin-
eages tended to converge on 
moderate levels of  complex-
ity, challenging assumptions 
about how sexual selection 

operates.
Snyder and collaborators 

are also preparing a revised 
manuscript on cooperative 
breeding and birdsong evo-
lution, where they present 
evidence for an unrecognized 
evolutionary pathway to fe-
male song. 

In addition to females join-
ing males in territory defense 
or pair-bond maintenance, 
their results suggest that fe-
male song may sometimes be 
used for broader social cohe-
sion, particularly in cooper-
ative systems, a finding with 
exciting implications for un-
derstanding the evolution of  
female signaling.

She further examined how 
lifelong learning shapes bird-
song. Across 67 species, she 
found that adult song plas-
ticity was linked to more evo-
lutionarily flexible mating 
systems. The results suggest 
that sexual selection can in-
fluence not just song traits 

but also the learning strate-
gies that sustain them across 
evolutionary time scales.

Environmental Stress 
and Climate Change
Building on prior knowl-

edge that birds stressed during 
development show impaired 
learning as adults, Snyder pro-
posed that widespread stress-
ors, such as drought, could 
measurably alter songs on a 
population scale. Using citi-
zen-science recordings from 
a region experiencing increas-
ingly severe droughts, she 
captured the first hints that a 
changing climate might drive 
the evolution of  simpler, 
easier-to-learn songs — with 
potential consequences for 
mate choice and reproductive 
success.

Computational 
Approaches to Birdsong
Snyder has also been an 

advocate for applying com-
putational tools to behavior-
al research. In a Nature News 

& Views commentary, she 
offered a critical perspective 
on a deep-learning study of  
birdsong, cautioning that 
some methods may not cap-
ture biologically meaningful 
variation. While much of  her 
piece focused on clarifying 
methodological issues, she 
emphasized that deep-learn-
ing approaches, when applied 
appropriately, hold enormous 
potential for advancing the 
study of  communication and 
culture in animals.

Summary
Snyder’s career evolved 

from population ecology in 
beetles and microbes to the 
cultural and evolutionary dy-
namics of  birds and humans. 
Whether exploring the fate 
of  matriliny, the evolution of  
female song, or the parallels 
between music and commu-
nication, Snyder’s work illu-
minates how both biological 
and cultural forces drive evo-
lutionary change.

Opposite page: Snyder investigates a fossil she has found at the Coon Creek Science 
Center. This page: Snyder presents her work at the inaugural ESI retreat.
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A person’s native language 
is often referred to as their 
“mother tongue.” But does 
a first language always come 
from your mother?

In a new study conduct-
ed by Associate Professor 
of  Biological Sciences Ni-
cole Creanza, postdoctoral 
student Yakov Pichkar, and 
alumna Alexandra Surowiec 
BA’19, they found that cer-
tain cultural factors, such as 
being born in a matrilineal or 
patrilineal society and where a 
child grows up after parents 
separate from their respective 
households, may affect lin-
guistic and genetic evolution.

If  children learn their lan-
guage primarily from their 
mother, language transmis-
sion might follow the evolu-
tionary patterns of  their ma-
ternally inherited genes (such 
as X chromosomes and mito-
chondria) more closely than 
their genomes as a whole. 
When children grow up sur-
rounded by the language of  
their mother’s extended fam-
ily, the researchers hypoth-
esized that these maternal 
gene-language associations 
might be even stronger.

These matrilineal influenc-
es on the sounds in languages, 
which the researchers detect-
ed by comparing the asso-
ciations between genes, lan-
guages, and geography, were 
particularly strong in areas in 
Africa, however, there was no 
consistent global pattern. The 

association between maternal 
genetics and linguistic sounds 
had not previously been test-
ed worldwide.

“Overall, we found that this 
phenomenon seems to occur 
in some geographic regions 
but not others, indicating that 
cultural practices can affect 
how languages and genes 
are transmitted, but that it is 
difficult to make global pre-
dictions about these cultural 
practices,” Creanza said. “In 
particular, matrilineal popula-
tions in Africa appear to have 
a closer association between 
language and mitochondrial 
genetic variation than expect-
ed.”

To conduct the study, 
which was published in the 
Proceedings of  the Nation-
al Academy of  Sciences, the 
research team used genetic, 
linguistic, and ethnographic 
data from 130 populations 

around the world to explore 
whether language is prefer-
entially transmitted in parallel 
with maternally or paternally 
inherited genes.

“As people move around 
the globe, they take their 
genes and languages with 
them, and both the genes and 
the languages slowly change,” 
Creanza said. “Thus, when 
two populations are further 
apart, they tend to be more 
genetically different and 
have more different sounds 
in their languages. However, 
males and females do not al-
ways follow the same move-
ment patterns—for example, 
in some populations, wives 
might move to live near their 
husband’s family, and in oth-
ers, husbands might move 
near their wife’s family.”

Creanza said this study 
built upon her previous 
work, which showed that the 

sounds in languages followed 
similar geographic patterns as 
genes did.

“I hope that it inspires fu-
ture genetic researchers to 
more closely consider the 
cultural, ethnographic, and 
linguistic features of  the pop-
ulations they study,” she said. 
“Genes do not tell the full 
story of  human evolution, 
and incorporating these cul-
tural considerations is crucial 
for understanding humans 
and their history.”

The paper appears in a spe-
cial edition of  PNAS that 
highlights 50 years of  the 
quantitative study of  cultur-
al evolution, or how learned 
behaviors change over time, 
such as human cultural prac-
tices and languages.

Creanza co-edited the spe-
cial edition, which features a 
collection of  articles on the 
field of  cultural evolution. 

Genes + culture: Exploring how our first 
language is echoed in our genes
By: Mary Lou Watkinson, VU Arts & Science communicator

Creanza lab photo from Dr. Kate 
Snyder’s Ph.D. defense celebration 
(submitted photo).
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City Lights Are Rewriting the Calendar: Artificial Light 
Extends Urban Growing Seasons

City lights are rewriting the 
calendar. A new global study 
from Vanderbilt researchers 
Lin Meng and Huidong Li 
shows that artificial light at 
night is more powerful than 
temperature in extending ur-
ban growing seasons — keep-
ing trees greener longer, with 
consequences for carbon cy-
cling, frost risk, and even pol-
len season.

The study, “Artificial light at 
night outweighs temperature 
in lengthening urban growing 
seasons,” published in Nature 
Cities, analyzed satellite data 
from 428 cities across the 
Northern Hemisphere, com-
bining nighttime light mea-
surements, air temperature, 
and plant greenness to uncov-
er how urban environments 
shift plant phenology.

“Phenology — the timing 
of  events like spring leaf-out 
and autumn color change 
— is widely recognized as a 
sensitive indicator of  climate 
change,” said Meng, assistant 
professor in the Department 

of  Earth and Environmental 
Sciences. “But our research 
shows that local urban con-
ditions, like urban heat island 
effect and artificial light at 
night, also substantially re-
shape these responses. Our 
earlier work has shown how 
urban warming advances 
spring phenology and reduces 
its sensitivity to temperature, 
and now we’ve demonstrated 
that city lights can be even 
more influential than tem-
perature in shifting these sea-
sonal patterns. These shifts 
affect whether, and to what 
extent, vegetation cools or 
warms the climate, as high-
lighted in another of  our re-
cent studies.”

Global Data, Local 
Impact
According to the study, 

urban vegetation leafs out 
about twelve days earlier in 
the spring and holds onto 
their leaves about eleven days 
later in the autumn than veg-
etation in nearby rural areas. 
This means city vegetation 

stays green for nearly three 
extra weeks each year — a 
shift that can increase carbon 
sequestration and help cool 
cities by mitigating the urban 
heat island effect.

However, longer growing 
seasons can have downsides: 
extended greenery increases 
the likelihood of  late-season 
frost damage, can disrupt 
plant–pollinator interactions, 
and may prolong pollen sea-
son — an unwelcome change 
for allergy sufferers.

Artificial Light: 
A Key Player
The researchers found 

that artificial light at night is 
the strongest driver of  these 
changes, often outweighing 
temperature — a surprising 
finding given the long-stand-
ing assumption that warmer 
air temperatures are the pri-
mary factor behind earlier 
springs and delayed autumns. 
The study highlights the im-
portance of  considering light 
pollution alongside climate 
change when predicting how 
ecosystems will respond to a 
warming planet.

An International Effort
This research represents 

one of  the most comprehen-
sive global studies of  urban 
plant phenology and its driv-
ers, combining satellites, big 
data, and a global perspective. 
It is the result of  a collabo-
ration between Vanderbilt 
University, Oak Ridge Na-
tional Laboratory, Northern 
Arizona University, UCLA, 
and international partners 
in Germany and China. The 
project has received support 
through Vanderbilt’s Evolu-
tionary Studies Initiative pilot 
grants, which Meng credits 

for helping launch this line of  
research.

Why It Matters 
For Nashville
Although the dataset 

spanned hundreds of  cit-
ies, the study reports that 
this phenomenon is visible 
right here in Nashville. Van-
derbilt’s PhenoCam — a 
ground-based camera that is 
part of  the global PhenoCam 
Network — monitoring tree 
canopy changes on campus, 
captures earlier leaf-out and 
delayed fall color year af-
ter year — a trend mirrored 
across the globe.

Looking Ahead
The authors conclude that 

with global urbanization and 
the rapid transition to bright, 
energy-efficient LEDs, night-
time light levels are expected 
to continue increasing. Their 
findings underscore the need 
for city planners and re-
searchers to work together on 
sustainable lighting solutions 
that balance human needs 
with the health of  urban eco-
systems.

Lin Meng (submitted photo)
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Gene expression and the timing of 
epigenetic changes

A person’s full genetic code 
has the instructions to create 
every protein needed for ev-
ery cell in the body, but some-
how, these instructions are 
selectively applied to create 
unique cell types. Multicellu-
lar organisms use epigenetic 
modifications to ensure that 

each cell type only expresses 
genes that generate proteins 
relevant to its function.

Through DNA modifica-
tions such as methylation, 
stem cells, when differentiat-
ing into specialized cell types, 
make portions of  the genome 
more or less permissive to 
RNA transcription, which 
limits the types of  proteins 
that cell can make. DNA 
methylation was thought to 
repress transcription and re-
moving it was required for 
changes in gene expression.

Emily Hodges, associate 
professor of  biochemistry,  

and Ph.D. student Lindsey 
Guerin have robust experi-
ence in epigenetics and chro-
matin accessibility. A paper 
in Cell Reports led by Guerin 
looks at the timing of  chro-
matin accessibility and DNA 
methylation changes during 
the process of  cell differentia-
tion and how they affect gene 
expression. They found that 
DNA methylation doesn’t al-
ways limit gene transcription, 
especially early in differentia-
tion. In fact, both modifica-
tions collaborate on different 
timescales to shape the short- 
and long-term regulation of  

enhancers during cell fate 
specification. Enhancers are 
short regions in the DNA to 
which certain proteins can 
bind to regulate how much a 
particular gene is expressed.

Read More >>
 

Hodges Lab

By: Lorena Infante Lara, VU Basic Sciences science writer

Cell Subtypes that Increase the Risk of Diabetes
By: Lorena Infante Lara, VU Basic Sciences science writer

According to the American 
Diabetes Association, more 
than 10 percent of  the U.S. 
population—approximately 
38.4 million people—had dia-
betes in 2021, and 1.2 million 
more people get diagnosed 
each year. 

Type 2 diabetes occurs 
when the body develops resis-
tance to insulin, the hormone 
that helps regulate glucose 
levels in the blood. Insulin is 
secreted by pancreatic cells 
called β-cells, and in T2D, 
they ramp up insulin produc-
tion until the β-cells eventual-
ly become exhausted. Thanks 
to their importance, the func-
tional β-cell mass, or the total 
number of  β-cells and their 
function, determines a per-
son’s risk of  diabetes. 

Β-cells are not homoge-

neous even within a single 
individual and consist of  dif-
ferent “subtypes,” each with 
their own secretory function, 
viability, and ability to divide. 
In other words, each β-cell 
subtype has a different level 
of  fitness, and the higher, the 
better. When diabetes devel-
ops, the proportions of  some 
β-cell subtypes are changed. 
But a key question remains: 
Are the proportion and fit-
ness of  different β-cell sub-
types altered by diabetes or 
are the changes responsible 
for the disease? 

Cue Guoqiang Gu, Hodg-
es, and Ken Lau, Vanderbilt 
faculty who set out to answer 
these questions and more. 
Their recent work, published 
in Nature Communications, is 
a step toward determining 

whether it is possible to en-
hance functional β-cell mass 
to reduce the risk of  T2D. 
Studying β-cell subtypes is 
challenging. The most com-
mon method of  studying 
them is called “terminal ex-
amination of  samples at sin-
gle-cell levels,” which means 
that scientists can only study 
particular β-cell subtypes 
once, and only when they are 
fully developed, which pre-
cludes them from examining 
a specific cell subtype at dis-
tinct stages in differentiation, 
maturation, proliferation, se-
nescence, death, and more. 
If  they could monitor β-cells 
at multiple stages, researchers 
could better understand how 
cells’ states drift over time or 
under different physiological 
conditions.

Read More >>
 

Top: Emily Hodges (VUMC). 
Middle: Lindsey Guerin (submitted 
photo). Bottom: Cartoon of  β-cells 
generated in DALL-E.
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Genetic analysis reveals lung cancer susceptibility
Associate Professor of  

Medicine Eric Gamazon 
contributed his expertise in 
statistical genetics and com-
putational modeling to a new 
study published in The Ameri-

can Journal of  Human Genetics.
In “Genetic Analysis in Af-

rican Ancestry Populations 
Reveals Genetic Contributors 
to Lung Cancer Susceptibili-
ty,” Michael Betti, now a post-

doctoral researcher at St. 
Jude Children’s Research 
Hospital in Memphis, led 
a genome-wide associa-
tion study of  lung cancer 
in 6,490 individuals of  
African ancestry. 

The team identified 
ten risk loci and used ad-
vanced genomic methods 
to prioritize likely causal 
genes such as CHRNA3, 
EML4, PSMA4, and SN-
RNP200.

The study also introduced 
several methodological inno-
vations, which allowed the 
team to model population 
substructure and detect as-
sociations that would have 
been missed using standard 
approaches. Fine-mapping 
pinpointed variants with high 
posterior probability of  being 
causal, many of  which were 
present in African ancestry 
populations but absent in Eu-
ropean cohorts. 

Follow-up TWAS and caus-
al inference analyses further 
highlighted biologically rel-
evant genes and pathways, 
shedding light on mecha-
nisms of  disease suscepti-

bility and emphasizing the 
importance of  studying un-
derrepresented populations 
in genomic research.

This work highlights how 
genetic and evolutionary per-
spectives can reveal hidden 
contributors to disease and 
inform strategies for improv-
ing human health.

Read More >>
 

Other Work from VUMC

Betti, Ph.D. alumnus (2025) of  Aldrich 
& Gamazon labs.

Genetic analysis reveals lung cancer susceptibility
A new study from the 

Georgiev Lab at the Van-
derbilt Vaccine Center and 
the Bonami Lab in the Di-
vision of  Rheumatology and 
Immunology uncovered a re-
markable class of  antibodies 
that may help pave the way 
for next-generation antivirals 
and vaccines. The study was 
led by Matthew Vukovich and 
senior author Ivelin Georgiev. 
The paper, “Isolation and 
characterization of  IgG3 gly-
can-targeting antibodies with 

exceptional cross-reactivity 
for diverse viral families” was 
published in PLOS Pathogens.

The Georgiev team, includ-
ing Andrea Shiakolas, Alex-
andra Abu-Shmais, Kathryn 
Gripenstraw, Sabina Leonard, 
Ian Setliff, and Vukovich used 
single-cell sequencing and im-
mune-profiling technology to 
screen thousands of  B cells 
and identify rare antibodies 
targeting the sugar mole-
cules that coat viral proteins. 
Among their discoveries was 

antibody 2526, which showed 
an extraordinary ability to rec-
ognize glycans across a wide 
range of  viruses, including 
HIV-1, influenza, coronavi-
ruses, hepatitis C, and others. 

Rachel Bonami and her 
trainee, Lindsay Bass, also 
supported this work. Bona-
mi’s lab specializes in study-
ing B cell biology, immune 
tolerance, and autoimmune 
disease.

This is exactly the kind of  
interdisciplinary research that 

evolutionary studies strives 
to promote, bringing togeth-
er diverse expertise to reveal 
how evolutionary principles 
shape immunity and can 
guide the development of  
therapies.

Read More >>
 

Left half: Georgiev lab. Right half: Bonami Lab (all in white coats or gray vests). Photos from lab websites.
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On July 12–13, 2025, the 
Evolutionary Studies Initiative 
hosted the Scopes “Monkey” 
Trial Centennial Symposium to 
commemorate 100 years since 
the landmark Tennessee trial. 
The event brought together 
nearly two dozen leading schol-
ars in history, science, educa-
tion, and philosophy to reflect 
on the trial’s legacy, its impact 
on evolution education, and its 
ongoing relevance in today’s 
public discourse. 

The program covered six 
major themes: The History of  
the Scopes Trial; Modern Chal-
lenges to Teaching Evolution; 
Evolution Today; Applications 
of  Evolutionary Concepts; 
Teaching Evolution; and The 
Relationship between Evolu-
tion and Religion. Each session 
featured rigorous scholarship 
and lively discussion. 

An integral component of  

the symposium was the record-
ing and sharing of  talks, making 
the content accessible to audi-
ences beyond Nashville.  Top-
ics included reflections on how 
science and religion interact, 
debates over how evolution is 
taught in schools, and explora-
tions of  evolutionary theory’s 
broader resonance in public life. 

The symposium fostered 
deeper connections among re-
searchers, educators, and the 
public, all focused on ensuring 
that evidence-based evolution 
education is understood, de-
fended, and advanced. 

See the recordings here >>

The Scopes “Monkey” Trial Centennial Symposium

Above, Amanda Townely presents Antonis Rokas with the Friend of  Darwin award (Wesley Elsberry). 
After lunch on day two, Brynn Wooten, Neil Kelley, and Andy Flick led a tour of  the ESI History of  
Evolution at Vanderbilt exhibit in the central library. Here, Wooten shows off  a hands-on fossil activity.
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Ph.D. candidate Brynn 
Wooten received a Pilot 
Grant to explore the paleo-
ecology of  Archaeotherium, a 
pig-like animal that survived 
for more than 14 million 
years despite dramatic global 
climate shifts. These mam-
mals lived through the Eo-
cene-Oligocene extinction, a 
cooling Earth, and the tran-
sition from dense forests to 
more open habitats. Wooten’s 
work seeks to understand 
how Archaeotherium adapted 
to these changes, revealing 
insights into a group whose 

ecological role is poorly un-
derstood.

She will apply dental mi-
crowear texture analysis to 
Archaeotherium teeth, pro-
viding a microscopic view 
of  what these animals were 
eating in the final weeks and 
months of  life. Paired with 
stable isotope analyses of  car-
bon and oxygen from tooth 
enamel, the research recon-
structs climate conditions, 
vegetation cover, and dietary 
preferences across time and 
space. Sampling trips to ma-
jor fossil collections at Yale’s 

Peabody Museum, the 
Denver Museum of  Na-
ture & Science, and the 
University of  Nebraska 
State Museum ensure that 
Wooten’s data cover the 
full geographic and tem-
poral range of  this genus.

Beyond the scientific 
findings, this project fos-
ters collaboration between 
the DeSantis and Oster labs 
at Vanderbilt and provides 
training for both graduate and 
undergraduate researchers in 
cutting-edge paleoecological 
techniques. “Support from 

ESI allows me to collect data 
that will form the foundation 
of  my dissertation,” Wooten 
said. “These grants make it 
possible for students like me 
to ask big evolutionary ques-
tions using under-studied fos-
sil collections.”

Global Change and  
Extinct Animals

Postdoctoral researcher  
Rachel Petersen received 
a 2025 Evolutionary Stud-
ies Initiative Pilot Research 
Grant to investigate how so-
cial adversity shapes repro-
ductive biology. Her work 
uses rhesus macaques from 
the long-term Cayo Santia-
go field site to explore how 
early-life adversity and social 
rank influence gene regula-
tion in ovarian tissue. Under-
standing these mechanisms 
could help reveal whether re-
productive health differences 
arise primarily from socio-
cultural factors, like access to 

healthcare, or from evolved 
biological pathways that re-
spond to adversity.

With pilot funding, Peters-
en is applying a cost-effective 
single-cell RNA sequencing 
(scRNA-seq) technique to 
ovarian tissue samples from 
eight macaque females—half  
low-ranking, who experience 
greater social stress and lim-
ited access to resources, and 
half  high-ranking, who hold 
dominant positions in the 
group. This approach will  
allow her to identify gene ex-
pression patterns across thou-
sands of  individual cells, as 

well as the cell types most 
affected by social status. 
These data will serve as 
the first single-cell atlas 
of  ovarian gene expres-
sion from free-ranging 
non-human primates and 
provide a critical proof-
of-concept for expanding 
to additional reproductive  
tissues in future projects.

Beyond advancing primate 
biology, this project is a train-
ing platform for collabora-
tion and mentorship. Peters-
en is working closely with 
the Bick Lab and mentoring 
a high school student who 

will assist with data analysis 
pipelines, gaining experience 
with cutting-edge genomics 
tools. “These data will help us 
uncover the cellular process-
es that adversity disrupts,” 
Petersen said, “bringing us 
closer to understanding the 
biological roots of  resilience 
and vulnerability.”

Social Stress, Gene  
Expression and Reproduction

Brynn Wooten

Rachel Petersen
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Postdoctoral researchers 
Allyson Ray and Thomas 
Sauters received a Pilot Grant 

to establish the red flour bee-
tle (Tribolium castaneum) as a 
robust, ecologically relevant 

model for studying fungal 
virulence. Opportunistic 
fungal infections cause 
more than three million 
deaths annually, and many 
of  the pathogens respon-
sible live harmlessly in the 
environment until they 
encounter a susceptible 
host. The project seeks to 
understand how environ-
mental interactions—es-
pecially with arthropods 
like beetles—shape fun-
gal pathogenicity over 

evolutionary time.
Their approach uses T. 

castaneum to test virulence 
across multiple strains 
of  Aspergillus fumigatus 
and A. flavus, two major 
pathogens of  humans 
and crops. Flour beetles 
offer high-throughput 
experimental potential, 
a well-annotated genome, 
and advanced functional ge-
nomics tools. By combining 
survival assays, fungal load 
measurements, and RNA se-
quencing, the team will iden-
tify immune pathways acti-
vated in response to low- and 

high-virulence strains, com-
paring them with responses 
in mammalian model.

The project will also pro-
vide research opportunities 
for undergraduate students 
giving them hands-on experi-
ence in pathogen-host ecolo-
gy and molecular analysis.

A Beetle Model for Fungal  
Infection Research

Associate professor Nicole 
Creanza and assistant pro-
fessor Amanda Lea received 
a Pilot Grant to explore how 
rapid lifestyle change impacts 
women’s health worldwide. 
In many human populations, 
transitions from subsistence 
farming and foraging to ur-
ban living have happened in 
just the last two centuries—
an evolutionary blink of  an 
eye. Creanza and Lea’s collab-
oration examines how market 
integration, urban infrastruc-
ture, and other environmental 
factors affect cardiometabol-
ic and reproductive health, 
with a focus on the unique 
challenges faced by women 

during these transitions.
Preliminary analyses of  

more than 4,000 individuals 
from the Turkana of  north-
west Kenya and the Orang 
Asli of  Malaysia revealed two 
striking findings: first, local 
infrastructure and market-de-
rived material wealth predict-
ed cardiometabolic health 
better than diet or physical 
activity. Second, urbanization 
had a disproportionately neg-
ative effect on women, who 
showed greater increases in 
body fat and other health risk 
factors. These results suggest 
that interventions to improve 
health outcomes during ur-
ban transitions should pri-

oritize women and their 
access to care.

With this funding, the 
team will build a novel 
agent-based computa-
tional model using di-
rected acyclic graphs to 
integrate health data, 
reproductive outcomes, 
and lifestyle measures 
across populations. “Our 
goal is to predict which 
relatively easy-to-obtain 
measurements will offer the 
greatest insight into women’s 
health across different popu-
lations,” the team wrote. The 
resulting framework will help 
guide cost-effective, scalable 
health monitoring strategies 

and inform future interven-
tions designed to mitigate the 
health costs of  urbanization.

Predicting Health Outcomes 
with Computational Models

Allyson Ray

Amanda Lea (top) and  
Nicole Creanza

Thomas Sauters
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P I L O T
Another graduate student,  

Christopher Otieno (Ed-
wards Lab) will lead a project 
investigating how evolution-
ary history shapes the risk 
of  Diabetic Macular Edema 
(DME), a vision-threatening 
complication of  diabetic ret-
inopathy. This research builds 
on a recent Nature Medicine 
study that identified a strong 
association between the glu-
cose-6-phosphate dehydro-
genase (G6PD) locus and 
DME.

He will focus on genetic 
trade-offs that link past evo-
lutionary pressures to mod-

ern disease. Gene variants, 
which evolved under malar-
ia selection, protect carriers 
from infection but also cause 
G6PD deficiency. This con-
dition distorts red blood cell 
turnover and complicates the 
use of  HbA1c for diabetes 
diagnosis. Risk variants at 
the APOL1 gene, which rose 
in frequency under selective 
pressure from trypanosomia-
sis, are associated with kidney 
disease and may contribute to 
DME susceptibility, particu-
larly in individuals of  African 
ancestry.

To investigate these con-

nections, Otieno will use 
large biobank datasets 
with more than 15,000 
DME cases, making this 
the largest and most an-
cestrally diverse genetic 
study of  DME to date. 
By comparing risk across 
populations, the proj-
ect aims to identify both 
shared and ancestry-specif-
ic genetic loci that influence 
disease progression and diag-
nostic accuracy.

Goals and Hypotheses
First, Otieno will fine-map 

and evaluate genetic variation 
at the G6PD and APOL1 

loci, assessing how differenc-
es across populations contrib-
ute to DME risk. Second, he 
will test whether genetic risk 
for DME has been shaped 
by evolutionary pressures us-
ing selection analyses such as 
iHS and polygenic adaptation 
tests. 

Evolutionary Links to Vision 
Loss in Diabetes

Graduate student Ros-
seirys De La Rosa (Benn 
Torres Lab) will collect bio-
marker data to build individ-
ualized allostatic load profiles 
with community partners in 
Piñones, Puerto Rico. The 
project will explore how 
chronic stress accumulates in 
the body — a concept known 
as allostatic load — and how 
cultural and social factors 
may protect against its effects.

De La Rosa’s work centers 
on the concept of  flourish-
ing, defined within Piñones 
as “survival with meaning.” 
Rather than treating flourish-
ing as a universal, fixed state, 

the project considers it a dy-
namic, culturally grounded 
experience tied to land, com-
munity belonging, and place-
making. From an evolution-
ary perspective, aspects of  
flourishing such as social co-
hesion may function as adap-
tive mechanisms that reduce 
biological stress and support 
long-term health.

Fieldwork will include min-
imally invasive collection of  
dried blood spot samples, 
as well as on-site measures 
for cholesterol, glucose, tri-
glycerides, blood pressure, 
and other cardiometabolic 
indicators. Participants will 

receive immediate health 
feedback using a Car-
dioCheck Plus machine, 
linking community en-
gagement with action-
able health information. 
These data will be pro-
cessed and integrated 
with statistical modeling 
and mentoring support 
from Monica Keith’s Lab.

Goals and Hypotheses
This project hypothesiz-

es that flourishing, as locally 
defined, is associated with 
lower allostatic load. By con-
necting cultural experiences 
of  belonging and well-being 
with physiological measures 
of  stress, De La Rosa aims to 

test whether flourishing acts 
as a biological buffer against 
adversity. Results will guide 
future research on stress and 
health in racialized popula-
tions and generate prelim-
inary data for dissertation 
funding proposals, including 
the Wenner-Gren Disserta-
tion Fieldwork Grants.

Cultural Flourishing Shapes 
Biological Stress Responses

Christopher Otieno

Rosseirys De La Rosa (center)
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G R A N T S
Six trainees recieved honor-

able mention this year.
Evolution of  Virulence 

Under Variable Immune 
Responses: Rayshaun Pet-
tit is experimentally evolving 
the insect pathogen Bacillus 
thuringiensis through geneti-
cally modified Drosophila lines 
with deficiencies in specific 
immune pathways. By track-
ing host mortality, pathogen 
load, and genomic changes 
across serial passages, this 
project will determine how 
different arms of  host im-
munity select for changes in 
pathogen growth rate and 
virulence. 

Lifestyle Effects on  
Immune Response at the 
Single-Cell Level: Layla 
Brassington is testing how ur-
banization and other lifestyle 
factors influence immune 
cell gene expression during 
infection. Using cryopre-
served blood samples from 
Orang Asli, Turkana, and U.S. 
populations, she will gener-
ate single-cell RNA-seq data 
from stimulated and control 

immune cells to map cell 
type–specific transcriptional 
responses. 

Climate-Driven Autumn 
Phenology and Carbon  
Uptake: Xingyi Huang is 
investigating how climate 
change is shifting the end of  
the growing season (EOS) in 
deciduous and mixed forests 
and how those shifts impact 
global carbon uptake. Using 
satellite-derived phenology 
data, ERA5-Land climate re-
cords, and advanced causal 
forest modeling, Huang aims 
to detect a potential EOS tip-
ping point where warming 
could reverse current trends 
toward longer growing sea-
sons. The project integrates 
modeling with validation 
from experimental and obser-
vational datasets to improve 
predictions of  autumn phe-
nology and enhance Earth 
system models used to fore-
cast carbon cycle feedbacks.

Evolutionary Genomics 
of  Blood Pressure Regula-
tion: Human blood pressure 
regulation reflects deep evo-

lutionary history, yet current 
genetic studies remain Euro-
centric. Hannah Seagle’s proj-
ect uses data from 2.5 million 
individuals across diverse 
ancestries to fine-map caus-
al variants, explore evidence 
for polygenic selection, and 
uncover population-specific 
drug targets for treatment-re-
sistant hypertension. By inte-
grating GWAS, TWAS, and 
ancestry-stratified Mendelian 
randomization with massive 
electronic health record data-
sets, Seagle’s work will inform 
precision medicine approach-
es to cardiovascular disease 
that better serve underrepre-
sented populations.

Clonal Hematopoiesis  
and Cardiometabolic  
Disease: Marina Watowich 
is examining how clonal he-
matopoiesis of  indeterminate 
potential (CHIP) — a mu-
tation-driven expansion of  
blood stem cell lineages — 
varies across subsistence and 
urbanizing populations. With 
new sequencing of  Tsimane, 
Turkana, Orang Asli, and U.S. 

samples, this work will clarify 
how environment, aging, and 
genetic background shape 
CHIP dynamics and meth-
ylation profiles. The project 
will provide unprecedented 
insight into how industrializa-
tion may amplify age-related 
disease risks through hemato-
poietic mechanisms.

Forest Edge Age and 
Carbon Resilience: Xiuyi 
Wu’s project explores how 
forest edge age influences 
carbon storage and recovery 
in the Amazon rainforest, 
where edge effects contrib-
ute up to one-third of  annu-
al carbon loss. By combining 
GEDI and ICESat-2 LiDAR 
data with ecosystem models, 
Wu will map edge age, quanti-
fy its effects on aboveground 
biomass, and project future 
carbon dynamics under cli-
mate and disturbance scenar-
ios. This work will improve 
predictions of  Amazon car-
bon resilience and inform 
conservation strategies aimed 
at mitigating edge-driven  
carbon loss.

Honorable Mention: From Cells to  
Humans to Forests
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From left: Pettit, Brassington Huang, Seagle, Watowich, Wu
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Bringing Evolution Education to TN
From rural high schools 

to elementary classrooms, 
trainees of  the Evolutionary 
Studies Initiative (ESI) are 
bringing evolutionary science 
directly to the next genera-
tion.

A team of  ESI trainees vis-
ited McGavock Elementary 
School in Nashville to lead 
a series of  hands-on science 
activities with students from 
kindergarten through fifth 
grade. They ran short, rotat-
ing lessons in a festival-style 
format, including a dice-
based phylogeny game and a 
paleontology-themed activity 
developed in collaboration 
with Dr. Neil Kelley. Each 
session invited students to 
engage directly with the con-
cepts of  evolution, biodiver-
sity, and extinction in age-ap-
propriate, accessible ways.

“The vibes were definitely 
chaotic, but so much fun!” 

said graduate student Brynn 
Wooten. “There were so 
many moments that stood 
out—one student kept asking 
how I became a paleontolo-
gist, and another asked, ‘If  we 
evolved from monkeys, why 
are they still here?’ I explained 
it, and I could see in her eyes 
the moment it clicked.”

Wooten emphasized how 
early access to scientific role 
models can make a lasting 
impression. “I personally was 
bitten by the evolution and 
paleontology bug at around 
eight years old, so I know 
how it feels to be that in-
spired. I hope to instill that 
spark in these kids—whether 
or not they pursue science, a 
passion for learning is just as 
important.”

This elementary outreach 
builds on ESI’s growing com-
mitment to science education 
and engagement across Ten-

nessee. 
The Computational Bi-

ology Rural High School 
Research Program was 
launched by Vanderbilt grad-
uate students Ximena Leon 
and Olivia Riedling to bridge 
the opportunity gap for rural 
students interested in STEM. 
The pair mentored six stu-
dents from Marshall County 
High, guiding them through 
professional development 
and original research in evo-
lutionary biology. Projects in-
cluded computational analy-
ses of  birdsong evolution and 
comparative fungal genomics. 
Each student presented their 
findings at a public showcase 
and will be named co-authors 
on a forthcoming peer-re-
viewed publication—an ex-
traordinary milestone for 
high school students.

“Seeing the students’ con-
fidence grow throughout the 

program was the most re-
warding part of  mentoring,” 
said Leon. “They became 
more independent, found ex-
citement in presenting their 
findings, and realized their 
contributions to science truly 
matter.”

Riedling echoed that sen-
timent: “They really tackled 
a lot—computational skills, 
writing, presenting. Watching 
them step out of  their com-
fort zones and take charge of  
their projects was incredible. 
Some even continued their 
work outside the program 
and are now volunteering in 
our lab.”

The impact of  this pro-
gram has already rippled into 
students’ future plans. “One 
of  my students told me, ‘I 
didn’t think I would ever 
like biology,’ and now wants 
to minor in it alongside pre-
med,” Riedling said. “These 



 Evolutionary Studies  |  29

experiences can completely 
change a student’s outlook.”

“These programs aren’t 
just about science content,” 
said Antonis Rokas, director 
of  the ESI. “They’re about 
building scientific identity 
and making sure students, 
especially in rural and un-
derserved communities, see 
themselves as part of  the fu-
ture of  science.”

For the graduate students 

and postdocs involved, the 
experience has been equal-
ly transformative. “My view 
of  mentorship has shifted,” 
said Riedling. “We tailored 
the program to fit students’ 
needs, and that required learn-
ing how each student absorbs 
information and how best to 
support them. It’s something 
I’ll carry forward.”

Leon agreed, adding, “This 
experience significantly 

changed how I think about 
mentorship in scientific re-
search. We had to be flexible, 
resourceful, and inclusive in 
how we structured our sup-
port—and the results were 
more than worth it.”

ESI also went to the Ad-
venture Science Center for 
the Way Late Play Date, Juras-
sic Camp where hundreds of  
Nashvillians got to take home 
fossils and learn evolution.

Finally, in July, ESI helped 
run an evolution-themed 
Scopes Trial Day with the 
local Girl Scouts of  Amer-
ica. Sophia Rokas coordi-
nated the event as part of  
her Gold Award. Dozens 
of  girls learned about the 
Scopes “Monkey” Trial and 
participated in an interactive 
evolution simulator run by 
postdoctoral researcher, Kyle 
David.

Opposite: from right, Kelley, Larisa DeSantis, and Wooten teach visitors at the Adventure Science Center about paleon-
tology and evolution. This page top: Leon (left) and Riedling (right) present their students with achievement certificates 
(submitted photo). This page bottom: the Girl Scouts of  America Scopes trial day scenes and badge (Tracy Rokas).
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‘24/‘25 Undergraduate Research Fairs

Yewon Ahn The Elusive Pathomechanisms of  Kohlshütter-Tönz 
syndrome and its Associated Rogdi Gene

Tammy Le Developing Inhibitors for Receptor for Advanced Glycation 
End-products (RAGE) Using a Virtual Fragment Based 
Discovery Approach

Aditya Kurre A Multi-Proxy Approach to Pleistocene 
Ground Sloth Paleoecology

Melumo Togashi Characterization of  ZigA, a Predicted Zn-Dependent 
Metallochaperone from S. aureus

Hannah Bhattacharya Key B lymphocyte subsets undergo gene expression changes 
following immune checkpoint inhibitor-induced autoimmune sicca in 
melanoma participants

Isabella Bautista Rhodopsin-mediated penguin vision adaptation to 
extreme conditions

Yuchen Du Investigating the Role of  Serotonin in Learning and Memory 
Using Fragile X Syndrome Model

Ketan Hoey Do SLAMF1 Mutant Cells Display Decreased Sensitivity to IL-6?

Doris Jiang Distribution of  fitness effects of Lactobacillus acidophilus
Yenchan Kim Role of  Loss-of-Function Mutations in E. coli Resistance 

Against L. crispatus

Lauren Solecki Identification of  Protein-Protein Interactions in 
the Helicobacter pylori Cag Type IV Secretion System

Valeria Toscano Pasos Palmitoyl protein thioesterase-1 (Ppt1) Regulates Presynaptic 
Neurotransmission at a Glutamatergic Synapse

Mentor: Megan Behringer, Biological Sciences

Mentor: Alexander Bick, Medicine

Mentor: Rachel Bonami, Medicine

Mentor: Kendall Broadie, Biological Sciences

Mentor: Gianni Castiglione, Biological Sciences

Mentor: Walter Chazin, Biochemistry

Mentor: Tim Cover, Medicine

Mentor: Larisa DeSantis, Biological Sciences

Mentor: Emily Hodges, Biochemisry
Jacqueline Yap Understanding the Time-Dependent Role of  

TET Activity During NPC Differentiation

Lauren Solecki, now at Epic, 
worked with ESI mentors 
Cover and Tung. (LinkedIn)
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Margaret Jones Circadian Regulation of  Cyanobacterial Responses to 
Amoebal Predation

Michelle Bramlett Using Computational Methods to Design and Optimize Monobody 
Inhibitors of  the Glucagon Receptor

Andre Mendoza Analyzing the Effects of  a Large Extensive Green Roof  on Storm 
Water Runoff  in Nashville, TN

Muen Shen Rational engineering of  an obligate anaerobe to 
survive oxygen

Navin Vazrala Experimental Validation and Characterization of  Bioactive 
Compounds Produced by Actinoplanes teichomyceticus

Selina Wang Effects of  Early Life Adversity on Cardiometabolic 
Health in Turkana

Tierney Cunningham Llama and Alpaca Husbandry in the Ancient Andes: Reconstructing 
Diet and Migration with Stable Isotope Analysis of  Camelid Teeth 
from the site of  Chavín de Huántar, Peru

Lauren Solecki Analyzing Diet at Nuestra Señora de Belén through Stable Carbon 
and Nitrogen Isotopes

Rene Huerta Diversity in colony morphology across Saccharomycotina 
yeast species

Leon Li Investigating the role of  IR25a in Anopheles coluzzii

Phoebe Lin Investigating Fitness Costs to Two Pesticide Classes and 
Pseudomonas entomophila across Five Beetle Species

Karen Nie Characterizing the Function of  Putative Iron-Sulfur Cluster Protein 
A1S_0780 in Acinetobacter baumannii

Sowmya Senthilkumar Evolutionary Dynamics of  Pleiotropy in Drosophila Neuronal and 
Immune Genes

Xiyu Wang Understanding the roles of  green roofs in mitigating urban heat 
island in the U.S

Mentor: Carl Johnson, Biological Sciences

Mentor: Amanda Lea, Biological Sciences

Mentor: Lin Meng, Earth and Environmental Sciences

Mentor: David Rinker, Biological Sciences
Corey Wiseman Purpureocillium lilacinum: Genomic and Growth Comparison of  

Clinical and Environmental Samples
Mentor: Antonis Rokas, Biological Sciences

Mentor: Eric Skaar, Pathology, Microbiology and Immunology

Mentor: Ann Tate, Biological Sciences

Mentor: Tiffiny Tung, Anthropology

Mentor: Allison Walker, Chemistry

Mentor: Larry Zwiebel, Biological Sciences

Mentor: Huidong Li, Earth and Environmental Sciences

Mentor: Wenhan Zhu, Pathology, Microbiology and Immunology

Mentor: Eric Gamazon, Genetic Medicine
Namju Kim Modeling protein expression for proteome-wide association studies
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Initiative-wide
•	 Friend of  Darwin - National Center for  

Science Education
•	 T32 Training Grant - Naitonal Institutes of  Health

Faculty
•	 Alex Bick - VU Chancellor’s Faculty Fellow
•	 Gianni Castiglione - Keck Foundation Research Award
•	 Julián Hillyer - VU Centennial Professor
•	 Emily Hodges - VU Chancellor’s Faculty Fellow
•	 Ivelin Georgiev - VU Endowed Chair
•	 Eric Skaar - Innovation Catalyst Fund award, Elected  

Fellow of  the National Academy of  Science and 2025 
NAS Award in Molecular Biology

•	 Keivan Stassun - Innovation Catalyst Fund award, US 
National Medal of  Science

•	 Digna Velez Edwards - VU Endowed Chair
•	 Allison Walker - 2025 Cottrell Scholar

Postdoctoral Researchers
•	 Juan Carvajal-Garcia - VUSM Destination Biochemistry 

Advanced Postdoctoral Scholar

Graduate Students
•	 Audrey Arner - Leakey Foundation and Wenner Gren 

Foundation Dissertation Grants. SSE Rosemary Grant 
Advanced Award

•	 Anamika Bose - NSF GRFP Honorable Mention
•	 Darra Boyer - VU Dissertation Enhancement Grant
•	 Rosseirys De La Rosa - Meharry-Vanderbilt Community 

Engaged Research Core Community Scholars Award
•	 Owen Hale - Danone Corporation Annual Gut  

Microbiome, Yogurt, and Probiotic Fellowship
•	 Chloe Hecht - NSF GRFP Honorable Mention
•	 Kylie Jozwick - NSF GRFP Honorable Mention
•	 Amy Longtin - James P. Taylor Foundation Biology of  

Genomes Scholarship, NSF GRFP
•	 Katharine Walls - NSF GRFP Honorable Mention
•	 Brynn Wooten - Paleontological Society President’s  

Student Research Award

Undergraduate Students
•	 Karen Nie - VURF Poster Runner-Up
•	 Andrei Olaru (‘24) - NSF GRFP
•	 Joyce Sanks (‘24) - NSF GRFP Honorable Mention

Awards

Carvajal-García, has been working with his advi-
sor, Professor of  Biochemistry Houra Merrikh, since 
2021 to understand spontaneous mutagenesis and 
the evolution of  antimicrobial resistance. 

“It is through mutations that bacteria evolve an-
tibiotic resistance and cancer cells become resistant 
to chemotherapy,” he said. “However, the processes 
that promote spontaneous mutagenesis, and there-
fore drive evolution and disease, remain incompletely 
understood.”

The research program that Carvajal-García will es-
tablish combines genetics and genomics techniques 
that he learned during his postdoc with molecular bi-
ology and biochemistry-based assays that he learned 
during his Ph.D. at the University of  North Caroli-
na at Chapel Hill. His goal will be to understand the 
mechanisms behind mutagenesis-driven evolution 
and will seek to determine the evolution of  evolv-
ability, an extension of  the work he did in his first 
paper in the Merrikh lab showing that error-prone 
DNA polymerases are critical for evolution.

“Juan is a true scientist who is in science due to 
his passion to discover the unknown,” Merrikh said.

“He is a model trainee when it comes to evolution 
at Vanderbilt,” praised ESI director, Antonis Rokas.

Carvajal-García named Destination  
Biochemistry Advanced Postdoc Scholar
By: Lorena Infante Lara, VU Basic Sciences science writer with edits from Andy Flick
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ESI Quick Facts
The Evolutionary Studies Initiative 

was founded in 2019 by Antonis Rokas 
with the help of  the Advisory Board 
(Jada Benn Torres, Larisa DeSantis,  
Suzanna Herculano-Houzel, Owen 
Jones, Houra Merrikh, and Betsey Rob-
inson). 

In 2021, ESI began a Pilot Grant Pro-
gram with the aim of  funding collabo-
rative research projects across not just 
labs, but also departments. To date, we 
have given out 45 grants to fund research 
in Biological Sciences (BSCI), Earth and 
Environmental Science (EES), Anthro-
pology, Medicine, and Communica-
tion of  Science and Technology. These 

grants have started new collaborations 
between BSCI and EES as well as BSCI 
and Medicine.

Projects led by graduate students have 
already had a massive return on invest-
ment. Of  the 45 grants given out, 26 
have been to graduate students. Those 
students have received seven NSF 
GRFPs, two NSF DDIGs, one DoD 
NDSEG, two Wenner Gren fellowships, 
and two SSE Rosemary Grant Graduate 
Research Excellence Awards. 

We engage in several outreach activ-
ities, with our two major projects con-
sisting of  teaching high school students 
about evolution while digging for fossils 

at Coon Creek Science Center and work-
ing with local high schools to run re-
search projects in the biological sciences.

We also engage with the communi-
ty on many social media platforms. We 
have more than 2,700 followers across 
all platforms. Our pie chart below breaks 
down our followers by social media type. 
BlueSky has surpassed X as our larg-
est platform with significant growth on 
LinkedIn in the past year as well. Find us 
on most platforms as EvolutionVU.

On TikTok and Instagram, we have 
gained many new followers this year 
thanks to the Scopes “Monkey” Tri-
al Centennial Symposium. We post 
short clips daily featuring three roughly 
one-minute long sections of  each talk. 

On Instagram, short clips on Fossil 
Fridays of  Steve Brusatte’s talks have 
gotten nearly ten-fold more views and 
likes than our previous content. While 
on TikTok, about one short video from 
the symposium per week garners more 
than one thousand views. The top vid-
eo to date is Amanda Townley, executive 
director of  NCSE, talking about why 
she doesn’t believe in evolution - she 
accepts it based on the facts. The video 
has more than 1,800 views, 166 likes, 17 
comments, and 16 saves!

ESI Awarded NIH / NIGMS T32 Program
We are excited to report that the long 

wait from our initial application in Sep-
tember 2023 is finally over! We have 
received funding from the National In-
stitutes of  Health, National Institute for 
General Medical Sciences to fund two 
students in a new program on Compua-
tional Evolutionary Approaches to Dis-
ease (CoEvoD).

The first two students in the program 
are second year student Joshua Eis of  
the Castiglione Lab and third year stu-
dent Layla Brassington of  the Lea Lab.

Eis uses machine learning and other 
computational tools to reverse-engineer 
the molecular mechanisms by which 

birds evolved their long lifespans. Pre-
liminary data shows extensive variations 
in metabolic genes that are unique to the 
avian clade. Eis will infer the evolution-
ary timing of  avian-specific mutations at 
key phylogenetic nodes (e.g. the evolu-
tion of  flight), searching for coevolving 
mutations in deep time that may be com-
pensatory, followed by ‘fine-tuned’ adap-
tive variation in derived lineages hypoth-
esized to diverge between clades due to 
ecological and physiological variables. 

Brassington will look to answer a cen-
tral question in evolutionary medicine: 
why do humans remain vulnerable to 
chronic disease, despite strong selective 

pressures on survival and reproduction? 
A leading explanation is the evolution-
ary mismatch hypothesis—the idea that 
rapid lifestyle change has created a gap 
between the environments our genomes 
evolved in and the ones we inhabit today. 

Two additional students, Ashlynn 
Bruder of  the Behringer Lab and Abi-
gail Rose of  the Zhu Lab will join the 
program with funding provided by ESI. 
Bruder studies long term evolution of  
E. coli while Rose focuses on metabolic 
pathways of  the gut symbiont Bacteroides 
thetaiotaomicron.
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RECRUITING NOW
Brian O. Bachmann (Biochem)
Biosynthesis, Secondary Metabolites, Directed Evolution, Drug Discovery
Megan Behringer (BSCI)
Population genetics, genomics, microbiology, E. coli
Rachel Bonami (PMI) 
B cell evolution, T cell, autoimmunity, type 1 diabetes, arthritis, microbiome
Benjamin Bratton (PMI) 
Bacterial evolution, microscopy, cell shape, quantitative biology
Gianni Castiglione (BSCI)
Molecular evolution, vision, oxidative stress, evolutionary medicine
Larisa DeSantis (BSCI)
Vertebrate paleontology, paleoecology, paleoclimates
Ivelin Georgiev (PMI)
Immunology, virology, vaccines, antibodies, computational, disease
Monica Keith (Anthro)
Biological anthropology, data science, Bayesian modeling, maternal health disparities
Amanda Lea (BSCI)
Gene regulation, biological anthropology, genotype x environment interactions, early life effects
Lin Meng (EES)
Climate change, plant ecology, remote sensing, light pollution 
Antonis Rokas (BSCI)
Evolutionary genomics, molecular evolution, phylogenomics, fungi, mammals, fungal diversity
Eric Skaar (PMI)
Bacteria, host-pathogen interactions, biochemistry, molecular biology, cell biology
Ann Tate (BSCI)
Immune system, virulence, systems biology, coinfection, host-parasite coevolution, life history evolution

UNIVERSITY POSITIONS

Professor of  the Practice:
Climate and Environmental Policy
Environmental Engineering

Senior Lecturer:
Anatomy and Physiology
Biological Sciences
Chemical Biology
Neuroscience
Psychology

Assistant Professor:
Biomedical Engineering
Cell & Developmental Biology
Computational Systems Biology
Medical Anthropology

Current Job Postings
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Support our mission to create a world-class center for evolutionary studies at 
Vanderbilt! Our researchers conduct groundbreaking evolutionary research across 
the disciplines, while offering the highest quality education to our trainees. Your 
donation supports cross-disciplinary research, student travel grants, and helps us 
bring in the world’s best speakers to our seminar series.

Donate today at tinyurl.com/29tycx3p or 
https://vanderbilt.alumniq.com/giving/to/GrandChallengeEvolutionaryStudies?appealcode=CFE12
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About the artist: 
William McLaughlin joined 

Megan Behringer’s Lab in 2023 
and is studying the evolution of  
metabolic cooperation in popu-
lations of  E. coli. He is also look-
ing for causal agents to the per-
sistence of  cheater phenotypes 
in these bacteria by investigating 
resource limitation.

William has a BS in Cell and 
Molecular Biology from Au-
burn University where he served 
as a learning assistant mentor 
and a research assistant in the  
Rashotte Lab.

This work is titled: Life on 
land is for cool folks only! 


