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H
igh in the Canadian Arctic on Baf-

fin Island, beneath 10 meters of wa-

ter and many more of mud, sits a 

refrigerated archive of Earth’s past 

life. The deep sediments in a small 

lake called CF8 hold ancient pollen 

and plant fossils. But it now appears that 

the mud harbors something else: ancient 

DNA from as far back as the Eemian, a pe-

riod 125,000 years ago when the Arctic was 

warmer than today, left by vegetation that 

otherwise would have vanished without

a trace.

“We feel confident that we are getting 

authentic results,” says Sarah Crump, a 

paleoclimatologist at the University of 

Colorado in Boulder who is presenting the 

work here this week at the annual meeting 

of the American Geophysical Union. She 

acknowledges the finding needs to be con-

firmed. But if it holds up, it could open a 

window on the ecosystems that flourished 

in the high Arctic at a time when tempera-

tures were a few degrees warmer than to-

day. It would also attest to the power of 

sedimentary DNA, as it’s called, to show 

how Arctic plants responded to past cli-

mate shifts—hinting at how they might 

respond in the future. “We are now at the 

point that this is a really useful signal for 

reconstructing biodiversity,” says Ulrike 

Herzschuh, a paleoecologist at the Alfred 

Wegener Institute in Potsdam, Germany, 

who uses the technique to study how the 

larch forests of Siberia in Russia reacted 

after the end of the last ice age some 

12,000 years ago.

Although the search for bits of DNA pre-

served in sediments began 2 decades ago, 

it has taken off in the past few years as the 

cost of genetic sequencing has plummeted. 

Because cold temperatures help preserve 

DNA, the Arctic has been a prime hunt-

DNA from Arctic 
lakes traces 
past climate 
impacts
Ancient vegetation shifts 
offer clues to the impacts 
of future warming

ANCIENT CLIMATE 

By Paul Voosen, in San Francisco, California

NE WS   |   IN DEPTH

superexciting area,” says Benji Maruyama, 

a materials scientist with the U.S. Air Force 

Research Laboratory east of Dayton, Ohio. 

“The closed loop is what is really going to 

make progress in materials research go or-

ders of magnitude faster.”

With more than 100 elements in the 

periodic table and the ability to combine 

them in virtually limitless ways, the num-

ber of possible materials is daunting. “The 

good news is there are millions to billions 

of undiscovered materials out there,” says 

Apurva Mehta, a materials physicist at the 

Stanford Synchrotron Radiation Light-

source in Menlo Park, California. The bad 

news, he says, is that most are unremark-

able, making the challenge of finding gems 

a needle-in-the-haystack problem.

Robots have already helped. They are 

now commonly used to mix dozens of 

slightly different recipes for 

a material, deposit them on 

single wafers or other plat-

forms, and then process 

and test them simultane-

ously. But simply plodding 

through recipe after recipe 

is a slow route to a break-

through, Maruyama says. 

“High throughput is a way 

to do lots of experiments, 

but not a lot of innovation.”

To speed the process, 

many teams have added in 

computer modeling to predict the formula 

of likely gems. “We’re seeing an avalanche 

of exciting materials coming from predic-

tion,” says Kristin Persson of Lawrence 

Berkeley National Laboratory (LBNL) in 

California, who runs a large-scale predic-

tion enterprise known as the Materials 

Project. But those systems still typically 

rely on graduate students or experienced 

scientists to evaluate the results of experi-

ments and determine how to proceed. Yet, 

“People still need to do things like sleep 

and eat,” says Keith Brown, a mechanical 

engineer at Boston University (BU).

So, like Berlinguette, Brown and his 

colleagues built an AI-driven robotics sys-

tem. Their goal was to find the toughest 

possible 3D-printed structures. Toughness 

comes from a blend of high strength and 

ductility, and it varies depending on the 

details of a structure, even if the material 

itself doesn’t change. Predicting which 

shape will be toughest isn’t feasible, Brown 

says. “You have to do the experiment.”

As a test case, the BU team set out to 

make salt shaker–size, barrel-shaped struc-

tures from a plastic. They varied the num-

ber of struts that make up the outer wall 

of the barrel and details of each strut’s 

shape and orientation. Testing all possible 

combinations, about a half-million, wasn’t 

realistic. So, they initially had their robots 

fabricate 600 structures that sampled the 

full array of options. A kind of vise then 

squeezed each one until it gave way.

The group then added an AI decision-

making algorithm that calculated the most 

likely next best design after each test. The 

program spots trends in attributes that 

confer toughness, such as the thickness 

and radius of each strut, in order to pre-

dict even sturdier structures. “We basically 

turned on the machine and walked out the 

door,” Brown says. After 24 hours and just 

over 60 designs, the AI-driven system had 

come up with a tougher barrel than any of 

the original designs.

Many more closed loop efforts were 

showcased at the MRS meeting. Research-

ers at the Massachusetts Institute of Tech-

nology in Cambridge and 

LBNL have independently 

developed autonomous sys-

tems to find better perovskite 

photovoltaics—cheap, light-

weight materials that are 

poised to revolutionize so-

lar energy. A team at Carn-

egie Mellon University in 

Pittsburgh, Pennsylvania, 

reported using another AI 

system to find safer charge-

carrying electrolytes for 

lithium-ion batteries, which 

are now prone to catching fire. And re-

searchers at the University of Liverpool 

in the United Kingdom have developed a 

suite of AI-driven robots to discover novel 

catalysts for generating hydrogen gas, a 

potential carbon-free fuel, from water.

Few of these projects have turned up 

blockbuster results, researchers acknowl-

edge. However, Maruyama says, “It’s still 

early days.” One challenge is that materi-

als scientists themselves often don’t agree 

on how best to relate a material’s conduc-

tivity or other testable properties to its 

structure, says John Gregoire, a physicist 

at the California Institute of Technology in 

Pasadena. “If we haven’t figured out how 

to break that down in the community, it’s 

hard to imagine how we will teach a com-

puter to do it,” he says. 

Another issue is that each team must de-

sign its own robotics and software systems, 

as standards have yet to take shape. “Every-

one is exploring different ways to do this,” 

says Joshua Schrier, a computational chem-

ist at Fordham University in New York City. 

Eventually, the materials community may 

coalesce around a handful of systems that 

can be used by a wide swath of researchers, 

Schrier says. “Over the next year or two I 

think we’ll begin to see things converge.” j

“The good news is 
there are millions 

to billions of 
undiscovered 

materials out there.”
Apurva Mehta, 

Stanford Synchrotron 

Radiation Lightsource
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ing ground, drawing geneticists and geo-

scientists to sample permafrost, cave soils, 

and other settings, looking for molecular 

clues to the giant ice age animals that once 

roamed there (Science, 24 July 2015, p. 367).

Lately, Arctic lakes have emerged as the 

premier archive for sedimentary ancient 

DNA, because they collect clues to entire 

ecosystems. Leaves, flowers, dung—some 

part of every organism that lives around a 

lake ends up in the water. “You’ve got an 

incredibly complicated mixture of DNA 

there,” says Peter Heintzman, a molecular 

paleobiologist at the Arctic University of 

Norway (UiT) in Tromsø. DNA is sprung 

from its cells by decay, then attaches to min-

eral grains or organic compounds, which 

provide protection from ultraviolet radia-

tion and oxidation. Temperatures at the 

lake bottom hover just above freezing, keep-

ing the DNA stable. And year after year, the 

sediment keeps accumulating, its layers al-

lowing clear dating of the DNA’s deposition.

Traditionally scientists have used pol-

len grains from lakebed cores to study past 

plant communities. But most plants in the 

Arctic are pollinated by insects, not by wind, 

so that little pollen ends up in the soil—and 

what’s there could have blown in from a 

distance. DNA in lake sediments more ac-

curately reflects the plants and wildlife 

found nearby. For example, in a study pub-

lished last month in Global Change Biology, 

Crump and others used ancient DNA to 

show that, after the planet warmed follow-

ing the last ice age, dwarf birch arrived on 

Baffin Island some 2000 years later than re-

searchers had concluded from pollen. “The 

pollen records are a bit biased,” Crump says, 

“leading us to believe migration was rapid, 

when it was in fact slower and inhibited by 

migration barriers.”

It’s not easy to extract the DNA. Sci-

entists must be careful to collect a 

sample—typically 1 gram of mud—without 

contaminating it with modern DNA. Then, 

in a clean lab, the DNA must be extracted 

in a painstaking process of trial and error. 

“There’s not the most efficient way of pull-

ing this stuff out,” says Beth Shapiro, an 

evolutionary biologist at the University of 

California, Santa Cruz. Organic-rich soils 

seem to be particularly problematic; they 

are ripe with molecules like humic acid, 

which behaves like DNA and can foul later 

sequencing efforts. 

To identify plant species in the result-

ing mélange of DNA—most of which comes 

from microbes—researchers often turn to 

metabarcoding, a technique that targets 

and amplifies a section of DNA that’s nearly 

universal in plants but is bracketed by sec-

tions that are distinctive to species. Other 

researchers simply sequence all the DNA 

in a sample and sift through the result for 

genetic gold or use genetic probes that can 

capture even short strands of plant DNA. 

But existing databases of plant sequences 

aren’t always reliable enough to identify 

the species in the sediment. “There were a 

lot of erroneous sequences uploaded,” says 

Inger Alsos, a paleobotanist at UiT.

To get around that problem, Alsos and 

her peers have almost finished creating 

a full genome reference library for Arctic 

plants, called PhyloNorway, that contains 

some 2000 species. (A similar effort for 

the Alps describes 4000 species.) Armed 

with these improved databases, Alsos 

and her collaborators are sampling more 

than three dozen lakes in northern Nor-

way and the Alps, studying how shrubs 

spread across what had been tundra as 

the last ice age ended. Another European 

project, called Future Arctic Ecosystems, 

will examine a dozen lake cores from the 

continents ringing the Arctic, studying 

the dual roles played by climate and large 

herbivores, such as mammoths, in shaping 

past plant populations. Other researchers 

are sampling lakes in southeastern Ti-

bet in China or the Tetons in Wyoming—

anywhere cold where DNA could endure.

Early results challenge the simple notion 

that climate change triggers a wholesale 

turnover of plant species. “This is very of-

ten nonsense,” Herzschuh says. Take the Si-

berian larch forests she studies. Herzschuh 

found that certain larch species did not 

shift northward as the planet warmed after 

the last ice age, despite preferring a colder 

climate. Instead, she suggests, warming al-

lowed the forest to grow denser, which fa-

vored a cold-loving larch. Alsos is studying 

a core from Lake Bolshoye Shchuchye, at 

the northern end of Russia’s Ural Moun-

tains, that tells a related story. The DNA 

suggests taller plants invaded as the region 

warmed: first shrubs, then trees. But Arc-

tic flowers persisted, perhaps by retreat-

ing uphill.

Future climate warming, however, may 

dislodge—or extirpate—these holdouts. For 

clues to the fate of ecosystems in an even 

warmer world, researchers want to find 

other ancient DNA records that stretch 

back to the Eemian. Herzschuh is hope-

ful: Her oldest Siberian record goes back 

70,000 years so far, and DNA at its bot-

tom is as well-preserved as at the top. “We 

do not see a clear decaying signal some-

where,” she says.

And as the lakes yield even older re-

cords, the field is inching toward studying 

not only the changes in plant diversity and 

abundance, but also how individual spe-

cies adapted to climate change, Herzschuh 

adds. “We are not so far from tracing evo-

lution through time.” j

CF8, a 40-hectare lake on Baffin Island in Canada, holds a DNA record of the surrounding ecosystem that may go back 125,000 years. 
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