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DNA Detectives: Outreach Activity Teaching Students
to Identify Fish Eggs Using DNA Barcoding†
Makenzie Kerra and Mya Breitbarta
University of South Florida, Saint Petersburg, FL 33701

INTRODUCTION
Fish are a valuable worldwide resource important in many
coastal economies. About 17% of people around the world rely
on ﬁsh as their main animal protein source (1). Since ﬁsh are so
important to our economy (2), there are many measures in
place to protect them, including ﬁshing regulations. While adult
ﬁsh are easier to catch and regulate, all stages in a ﬁsh’s development must be protected for effective species management.
Most ﬁsh start out as eggs, then hatch into larvae, grow to
become juveniles, and live out the rest of their lives as adults
(3). As they grow and move, many species of ﬁsh use different
habitats to live in and feed from. For example, salmon spawn in
rivers but live most of their lives in the ocean (4). The locations
critical for reproduction and development of early life stages are
still unknown for many of the thousands of ﬁsh species worldwide. To ﬁnd spawning locations, scientists can collect ﬁsh eggs
and identify them based on DNA. By the end of the lesson presented here, students will understand an example of ﬁsh reproduction, how ﬁsh eggs can be collected, and how scientists can
determine what species they belong to using DNA barcoding.
Many ﬁsh are broadcast spawners, releasing their eggs
and sperm into the water column, where the eggs are fertilized and ﬂoat to the surface. Scientists can collect these
eggs using surface plankton tows, which involve dragging a
large net (typical mesh size, 300 mm) either from shore or
from a ship. Plankton, the small plant- and animal-like organisms that drift with ocean currents, are concentrated and
collected in a jar at the end of the net.
Once the plankton sample is taken back to the lab, ﬁsh
eggs are picked out from the wide variety of planktonic
organisms using microscopes and forceps (5). Since ﬁsh eggs
are usually clear spheres with few distinguishable characteristics, accurate visual identiﬁcation of the species is difﬁcult
and often unreliable (6), leading scientists to use DNA
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barcoding to identify the eggs down to species level. The
most common region of DNA used for barcoding ﬁsh is a
portion of the mitochondrial cytochrome c oxidase I (COI)
gene (7). This region of the genome is variable enough to
have a unique code for most ﬁsh species but conserved
enough to be found in all animals. To extract the ﬁsh egg
DNA, scientists use a sterile toothpick to pop open the egg
and release its DNA, which is then extracted through heating and chemical treatment. The COI gene is ampliﬁed using
PCR, then Sanger sequencing (8). The sequence of this gene
serves as a barcode, like the ones you ﬁnd on grocery store
items, to differentiate ﬁsh species based on comparison
with sequences in the Barcode of Life Database (9). Instead
of the numbers of a barcode, four letters—G (guanine), T
(thymine), A (adenine), and C (cytosine)—are used to characterize DNA. This activity teaches students how DNA barcoding can be used to identify ﬁsh eggs from plankton samples. By accomplishing this activity, students become DNA
detectives, deciphering a series of colored beads to sequences, and then matching these to a database, thus solving the
case of the unidentiﬁed ﬁsh egg.
The “DNA Detectives activity” has been completed at
multiple events from 2019 to 2020, including the St.
Petersburg Science Festival, the Great American Teach-In,
Localtopia, and a Taste of Science event. While this activity
is designed for students in grades 2 to 5, it has been successfully completed by people of all ages as a fun, educational tool. To enable broad participation, this hands-on activity has also been adapted to a web-based format (https://
sites.google.com/view/dnadetectives/home).

PROCEDURE
Preparing the materials
Find the full materials list in Appendix 1. Using beads and
string, make strands of DNA or print 20 paper bead strands.
Enclose one strand in each plastic egg (Appendix 2) to represent the ﬁsh eggs. Make sure to mark one end of the string
with a red mark to indicate the starting position for reading
the DNA code. Place all the eggs ﬁlled with DNA into a large
bin or small plastic pool. To make the eggs more difﬁcult to
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FIGURE 1. Fishing for ﬁsh eggs.

capture with the nets, add stuffed animals of marine life or
other obstacles. Print out enough DNA decipher sheets
(Appendix 3) and coloring pages (Appendix 4) for the number
in your group. Print out the ﬁsh matching guide (Appendix 5)
on large paper or make your own poster boards using the
codes and ﬁsh drawings. Optionally, stickers with the DNA
Detectives logo (Appendix 6) can be produced as a prize for
ﬁnishing the activity (e.g., www.stickermule.com).
Teaching lesson and outreach activity
Begin the lesson by talking about how ﬁsh are important ecologically and as a protein source for the world, asking how many students eat ﬁsh. Explain the different life
stages of a ﬁsh (Appendix 7), going from egg, to larvae, to
juvenile, to adult, and their predominant form of reproduction—broadcast spawning. Describe how ﬁsh eggs are collected from the surface of the ocean using a plankton net.
Show students the pictures of ﬁsh eggs (Appendix 8) and
ask if they can tell which ﬁsh species each of them came
from. The response should be “no,” because they all look
the same. Next, ask students how scientists determine
which species the eggs belong to if they cannot tell by looking at them. Deﬁne DNA and describe how it can be used
like a grocery store barcode to differentiate between species, as described above in the introduction.
2

Review the entire activity before allowing students to
begin. Using a ﬁsh net (or their hands if nets are not available),
have students collect one ﬁsh egg from the pool (Fig. 1). They
will open the egg to release the DNA strand (beads or paper)
and begin to decipher the DNA code using the worksheet
(Fig. 2). Instruct them to start by putting the red mark of the
DNA string, or the number for the paper version, on the left
side of the worksheet and change each bead color into its
matching letter using the guide. There are 20 beads for each
strand and 20 lines on the worksheet, so every line should be
ﬁlled. Once they have completed the DNA code, have students match the code with the ﬁsh guide to determine which
species the ﬁsh egg belongs to. As a reward for correct identiﬁcation, give each student the coloring page belonging to their
ﬁsh species, which also contains a fun fact.
Once everyone has completed the activity, ask them
the following questions: What is DNA? How do you identify
ﬁsh eggs? Why is this important?
There are no safety issues associated with this activity.

CONCLUSION
This activity allows students to understand how ﬁsh eggs
are collected in the ﬁeld and identiﬁed in the lab, while learning
about the life stages of a ﬁsh and practical applications of DNA
barcoding. Students will become DNA detectives of the sea
and be rewarded with coloring pages and stickers. These items
will allow students to teach their families and friends about the
activity and remember the concepts more clearly.
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FIGURE 2. Deciphering the code.

SUPPLEMENTAL MATERIALS
Appendix 1: Materials list
Appendix 2: DNA codes
Appendix 3: DNA decipher worksheet
Appendix 4: Fish coloring pages
Appendix 5: Fish matching sheet
Appendix 6: DNA Detectives logo
Appendix 7: Fish life cycle and broadcast spawning
Appendix 8: Pictures (ﬁsh eggs and plankton net)

ACKNOWLEDGMENTS
This outreach activity was developed as part of the
broader impacts for National Science Foundation grants
DEB- 1555854 and OCE- 1566562 to M.B. The authors
declare that there are no conﬂicts of interest.

REFERENCES
1. Food and Agriculture Organization of the United States. 2014.
The State of World Fisheries and Aquaculture. Food and
Agriculture Organization of the United States.

Volume 22, Number 1

2. Tveterås S, Asche F, Bellemare MF, Smith MD, Guttormsen AG,
Lem A, Lien K, and Vannuccini S. 2012. Fish is food—the FAO’s
ﬁsh price index. PLOS One 7(5):e36731. https://doi.org/10.1371/
journal.pone.0036731.
3. Thresher RE. 1984. Reproduction in reef ﬁshes. T.F.H. Publications,
Inc., Neptune City, NJ.
4. Dittman A, Quinn T. 1996. Homing in Paciﬁc salmon:
mechanisms and ecological basis. J Exp Biol 199(Pt 1):83–91.
5. Kerr M, Browning J, Bønnelycke EM, Zhang Y, Hu C,
Armenteros M, Murawski S, Peebles E, and Breitbart M. 2020.
DNA barcoding of ﬁsh eggs collected off northwestern Cuba
and across the Florida Straits demonstrates egg transport by
Mesoscale eddies. Fish Oceanogr 29(4):340–348. https://doi.
org/10.1111/fog.12475.
6. Kawakami T, Aoyama J, Tsukamoto K. 2010. Morphology of
pelagic ﬁsh eggs identiﬁed using mitochondrial DNA and their
distribution in waters West of the Mariana Islands. Environ
Biol Fish 87(3):221–235. https://doi.org/10.1007/s10641-0109592-2.
7. Hebert, PD, Cywinska A, Ball SL, Dewaard JR. 2003. Biological
identiﬁcations through DNA barcodes. Proc Biol Sci
270(1512):313–321. https://doi.org/10.1098/rspb.2002.2218.
8. Burrows M, Browning JS, Breitbart M, Murawski SA, Peebles
EB. 2019. DNA barcoding reveals clear delineation between
spawning sites for neritic versus oceanic ﬁshes in the Gulf of
Mexico. Fish Oceanogr 28(2):228–239. https://doi.org/10.1111/
fog.12404.
9. Ratnasingham S, Hebert PD. 2007. BOLD: The barcode of life
data system. Mol Ecol Notes 7(3):355–364. https://doi.org/
10.1111/j.1471-8286.2007.01678.x.

Journal of Microbiology & Biology Education

3

Downloaded from https://journals.asm.org/journal/jmbe on 02 July 2021 by 2603:9000:aa06:c7ba:3c03:132e:963b:fbd6.

DNA DETECTIVES OUTREACH ACTIVITY

