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There are many organisms living in lakes, for example, sh, aquatic
plants, microalgae, and bacteria. But have you wondered what

)
KENAN orgapisms have inhabited a Iake_throughout its history? Are there any
>, species that are no longer found in the lake today? Has the ecosystem
changed over time? When they die, most lake organisms leave their
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AGE: 12 remains (pollen, shells, fossils, and DNA). Remains are preserved for
many years in the sediments deposited at the lake bottom. Scientists

VINCENT are using an exciting technology that identi es organisms from DNA

AGE: 12 extracted from sediments that are over 100 years old. In this arti  cle,
we will tell you how DNA is preserved in sediments at the bottom of
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lakes and how it is used to nd out which organisms were present in
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the past and which are still living in a lake today.
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BIODIVERSITY

Living beings that exist
on the planet.

FOSSILIZE

Processes that allow an
organism to be
preserved over time
(e.g., a bone, a tooth).

GENES

A part of DNA that
determines a
characteristic of a
living being.

LAKES AND THEIR BIODIVERSITY

Lakes are bodies of freshwater formed in hollows at the Earth's sur face.
There are di erent types of lakes depending on how they form. GI  acial
lakes are formed by melting ice. Volcanic lakes store water in ina ctive
craters. Arti cial lakes are created by humans who excavate the gro und
and Il the area with water.

Lakes are important because they store fresh water, which can
be used for agriculture, energy generation, recreation, and as
drinking water.

Lakes provide a home to a wide variety of living things. In lakes,
we can nd many kinds of sh, water birds such as ducks and
herons, amphibians such as frogs, reptiles, aquatic plants, an d insects.
A lake's biodiversity can change over time due to changes in
lake conditions.

The biodiversity of a lake is related to the region's climate.
Changes in temperature, rainfall, or water quality can change
lake's biodiversity.

For example, the species that inhabit a lake are adapted to speci ¢
water temperatures. When the water temperature changes drastically,
species can die or migrate. When a lake receives less rain, bio diversity
may change because the lake dries out and water-dependent speci es
can die. Changes in water quality, such as pollution, can also aec t
the types of organisms that live in a lake. When the water is more
contaminated, it causes health problems for the plants and animal s
that live there.

When lake organisms die, they are buried in sediments at the bottom
of lakes. Some organisms have hard parts, like bones or shells,
that can fossilize and be preserved in rock or sediment for a long
time. Examples range from a huge dinosaur to microscopic algae
called diatoms (see this Frontiers for Young Minds article ). But some
organisms have only soft parts, and they break down in sediments
over time. Scientists can identify fossilized organisms preser ved in
sediments by eye if they are large, and using a microscope if they
are small.

However, to study organisms that do not fossilize, scientists must
use specialized techniques. One of them is DNA analysis, which is
used to identify the type of living beings through the study of the
genes. For example, scientists discovered the diversity of organisms
that have inhabited Lake Chalco (Mexico) throughout its history us ing
DNA analysis [1].
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NITROGENOUS
BASES

Compounds that make
up the unique
sequence of the DNA
molecule. There are
four bases, abbreviated
A, C, T,and G.

WHAT ARE LACUSTRINE SEDIMENTS?

Sediments are mainly formed by the breakdown of rocks over long
periods of time. The sediments that deposit at the bottom of alake ar e
speci cally called lacustrine sediments. They originate from  external
materials that enter the lake through rivers or through the air, like  soll
and animal waste, and from materials within the lake, including she lIs,
fossil remains, DNA, and proteins [ 2].

Each season, a new sediment layer is deposited over the sedimen t
layer from the previous year. Thus, the deeper the sediment, the ol der
it is! This means that lacustrine sediments can provide evidenc e of a
lake's history.

Scientists use sediments to nd out what a lake was like in the past
and to understand how species have changed through time. Can you
imagine knowing what kinds of sh, microbes, orinsectslivedin  alake
5, 50, or 100 years ago? Scientists can use DNA analysis to learn which
species inhabited a lake in the past, even if those organisms did n ot
leave fossil remains [3, 4].

OBTAINING LACUSTRINE SEDIMENTS FROM A LAKE

To perform DNA analysis, researchers must rst extract lacustr ine
sediments from a lake. From boats, researchers can use various
methods to recover sediments from the lake bottom. For example,
they can use an instrument called a hand corer, which they drop
from the boat to the lake bottom, where it penetrates the lacustrine
sediments (Figure 1). The sample that is collected is stored in a
transparent plastic tube. The tube is then opened in the lab so that
scientists can describe the sediments and take smaller samples fo r
other analyses. It is important for scientists to wear lab coats, mas ks,
and gloves to avoid contaminating the samples.

BEYOND FOSSIL REMAINS

DNA is found in the cells of all living organisms. It contains
the necessary information for building the organism's body and
maintaining its life processes. DNA is made from four compounds
called nitrogenous bases : adenine, guanine, thymine, and cytosine (A,
G, T, and C). The order of these compounds, called the DNA sequence
varies from organism to organism almost like a barcode that can be
used to identify organisms. When lake organisms die and are bur ied in
the sediments, the DNA can persist in the sediments for many years.
This means that sediments can store information about the organis ms
that currently live in a lake or that have lived there in the past[ 5].
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Figure 1

Sediment extraction
from a lake using a
device called a hand
corer. The device is
lowered from a boat
and it penetrates the
sediment layers to
remove a cylinder of
sediment, which is
stored in a transparent
plastic tube and then
studied in the lab. On
the right, you can see
an example of a
sediment sample with
several layers visible.

NUCLEASES

Substances that break
down DNA.
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Figure 1

In recent years, scientists have used DNA analysis to reconstruct the
history of lakes and their organisms. DNA analysis can detect all kinds
of organisms, including plants, animals, and even endangere d species.

HOW IS DNA PRESERVED IN LACUSTRINE SEDIMENTS?

Certain qualities of the lake bottom help to preserve DNA for many
years, for example, low light, low oxygen, and cold temperature s.
Scientists still do not know exactly how long DNA can survive in
lake sediments, but some studies have shown that DNA in lacustrine
sediments is up to 11,000 years old [ 6]!

But how exactly is DNA preserved in lacustrine sediments, and how
is it protected from being broken down? DNA in lacustrine sediments
can either be inside a cell (from an organism that recently died) or
outside a cell. When a cell breaks down, it releases its DNA into the
sediments. Often, substances called nucleases, which are present in
the sediments, can act like Pac-Man and break down the DNA. In this
case, DNA is no longer available for scientists to study. But DNA can
also stick to organic matter, minerals, and clays in the sediments, which
protects DNA against nucleases and preserves it. DNA can also be
preserved when it is taken up from the environment by certain other
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Figure 2

In lake sediments, DNA
can be found either
outside of cells or
inside of cells. When
animals and plants die,
DNA can be found
inside their cells for a
while, until those cells
break down. Once it is
outside of cells, DNA is
sensitive to breakdown
by substances called
nucleases. However, if
it sticks to clay,
minerals, or organic
matter in the sediment,
DNA can be protected
from nucleases. DNA
can also be protected
from nucleases if it is
taken up by other cells
and stored alongside
their own DNA.

PCR
AMPLIFICATION

A technique that allows
scientists to make
millions of copies of a
single DNA fragment,
making it easier

to study.

BIOINFORMATICS

Using computers and
software to make sense
of complex biological
data, like

DNA sequences.

cells, which store the DNA fragments along with their own DNA ( Figure
2) [7]. This preserves the DNA as well.
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WHO DOES THE DNA BELONG TO?

To nd out which organisms have lived in a lake, scientists rsti solate
the DNA fragments from their sediment samples. Since there might
be only tiny amounts of DNA in the samples, the DNA fragments
are multiplied using a laboratory technique called PCR ampli cation
This works like a DNA copy machine to provide billions of copies
from a single fragment, making the DNA much easier to study. The
sequences of nitrogenous bases in the DNA fragments are then
“read” with speci c machines that show the order of the bases.
Finally, when scientists have the sequences, they use a technique
called bioinformatics to compare the DNA sequences with known
sequences in big databases. This allows them to identify which
organisms the DNA came from ( Figure 3).

EXPLORING THE INCREDIBLE HISTORY OF LAKES

Sampling and analyzing the DNA preserved over many years in
sediments at the bottom of lakes is interesting and exciting. DNA
contains information about the lake's history and can teach us how
ecosystems have changed over time. Historical data are important
for detecting which species are common within a lake, as well as
those that are rare and/or those that do not fossilize. DNA analysi s is
an incredible scienti c technique! However, more research isn eeded
to understand exactly how many years DNA can be preserved in
sediments and how it can change over time. Information aboutala ke's
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Figure 3

To identify organisms
with DNA analysis, the
DNA must rst be
isolated (extracted)
from the sediment
samples. Then, the
DNA fragments are
copied many times by a
technique called PCR
ampli cation. Once
researchers have many
copies of the DNA, they
can use equipment to
“read” the sequence of
bases. These
sequences can be
compared to a
database of known
sequences to identify
which organisms the
DNA came from.

Figure 3

history can help us to propose solutions for protecting and keepin g
lakes healthy.
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KENAN

| am a high school senior this year, and will start college hope fully next year. Since
primary school, | have been fascinated by the complexity of the livi ng world. My
passion reached its maximum as | participated in the Internationa | Biology Olympiad
and won a bronze medal last year. When | am not busy decoding the secre ts of life,
you will nd me making a splash in the pool, or in engaging in erce badmin ton
battles with my friends.

TYAM, AGE: 12

My enthusiasm for biology runs deep, and itis re ected in my achie  vement of a gold
medal in the 2023 National Junior Olympiad Biology Competition. | beli  eve that a
promising future relies on dedicated biologists, and | am committed  to being one
of them. Beyond my passion for biology, | have a strong appreciation f or nature
and enjoy sports, particularly football. In my spare moments, | also indulge in virtual
games whenever | have some extra time on hand.

VINCENT, AGE: 12

I love animals, sports, video games, the outdoors! | play baseball dail y. | love science
and STEM topics. | was in the Science Olympiad Team for my elementar y school.
| have built water rockets and | also study animals, plants, and bir ds as a Backyard
Biologist for my team. | want to be a vet when | grow up because | like a nimals. | like
reading about science, and | love visiting national parks.

WILLIAM, AGE: 15

| love science and everything to do with it. My passion for scien ce helped me land
a spot in the Science Olympiad for my middle school, which | have gone t o the
National tournaments in the U.S. | am more of a hands-on person, wa nting to go to
medical school when | grow up, every aspect of science is interest ing for me. | also
play multiple sports, soccer, swimming, and baseball.

ZAIN, AGE: 14

| proudly represent my country as a member of the International Biolog y Olympiad
team. My keen interest in biology centers on physiology and anat omy, making me
quite passionate about the functional complexity of our body. Additio  nally, | am also
drawn to the world of basketball, and | eagerly use any available f ree time to indulge

in my sport.
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