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Students can develop an awareness and concern for biodiversity loss by learning to identify the 
organisms around their neighborhoods or campuses. Previous studies have suggested that this can be 
accomplished by inspiring a connection with nature [1], and by allowing students to develop a 
relationship with the species that surround them [2]. 
In response to this, we implemented DNA barcoding curriculum at St. Francis College (SFC) to identify 
species in New York City (NYC). Classifying species based on morphology can prove challenging for 
students because they often become frustrated by species descriptions and taxonomic keys. The use of 
DNA barcoding has been championed as a way to overcome this, while also providing an inquiry-based 
approach for student-driven research. DNA barcoding, or sequence-based specimen identification, was 
developed by Paul Hebert in 2003 to identify a broad range of taxa by sequencing a standardized short 
DNA fragment, the “DNA barcode” [3].  
Using the DNA barcoding method, students propose projects, collect samples, extract whole genomic 
DNA, and use PCR to amplify the appropriate gene for their taxonomic group (plants: chloroplast genes 
rbcL and matk; animals: mitochondrial COI; fungi: nuclear ITS; and bacteria: 16S rRNA). Successful PCRs 
(confirmed by gel electrophoresis) can then either be sequenced in-house or sent away to a company 
for Sanger sequencing. Students clean their data using any sequence editing program, and perform 
BLAST searches through Genbank to identify their samples. Students can also learn how to resolve 
evolutionary relationships by generating multiple sequence alignments and phylogenetic trees.
This poster will summarize how we have used DNA barcoding at SFC to introduce high school and 
undergraduate students to classifying NYC biodiversity. We focused on how DNA barcoding was used 
to identify plant biodiversity in two NYC wetland localities: Brooklyn Bridge Park and the Jamaica Bay 
Wildlife Refuge. Our study can be easily expanded to be included in many undergraduate laboratory 
courses such as genetics, ecology, evolutionary biology, and conservation biology. DNA barcoding can easily be implemented in a 

lab course by following the steps outlined 
here. For the fall semester, I suggest the 
following timeline:

Obtain permit by end of summer: Step 1
Week 1: Steps 2+3
Week 2: Step 4 (DNA extraction + PCR)
Week 3: Step 4 (Gels) + Step 5 (Send samples)
Week 4: Steps 6+7

Whole genomic DNA can be extracted using 
any protocol. We used a silica-based DNA 
extraction that can be ordered from Carolina 
Biological. 
We then amplified the chloroplast rbcL gene 
using previously published primers and 
conditions [4], with a 54°C annealing 
temperature. Gel electrophoresis was used 
to confirm PCR success.

Brooklyn Bridge Park Samples

6/8 samples (75%) could be identified to the genus 
level. 2/8 samples (25%) could not even be identified to 
the family level. Identified genera included:
• Lepidium sp.: pepperwort
• Oxalis sp.: “false shamrocks”
• Parietaria sp.
• Ulva sp.: “sea lettuce”
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Brooklyn Bridge Park

• 85 acre post-industrial waterfront site 
stretching 1.3 miles 

• 15 minute walk from St. Francis College!
• Worked with 13 high school students to 

collect and document samples in July 2016 
as part of SFC Summer Science Academy

Image from nycgovparks.org

STUDY SITES

Jamaica Bay

• Wildlife Refuge in Brooklyn/Queens 
managed by the National Park Service 

• Salt marshes offer prime habitat for 
migratory birds and other wildlife

• Collected samples with 23 undergraduate 
students in the SFC Ecology lab in Oct. 2016
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Step 2. Sample CollectionStep 1: Obtain necessary 
permission for sample collection Step 3. Catalog samples 

Step 4. Wet lab
DNA extraction, PCR, Gel Electrophoresis

Step 5. Sanger Sequencing Step 6. Sequence editing Step 7. BLAST searches on NCBI Genbank

Good

Bad
There are many software options for 
sequence editing including
- Geneious
- MacClade
- DNA Subway is useful for an 

introduction to sequence editing

At Brooklyn Bridge Park (left), students 
collected both animal and plant 
samples by seining. Only the plant 
samples were used for DNA barcoding 
(n=20).  In Jamaica Bay, students 
collected leaves that had fallen in the 
parking lot (n=24).

All collected samples need to be 
cataloged before the wet lab portion 
of the procedure can begin. All 
samples should be given an unique 
identifier code and photos should be 
taken with a scale bar for later 
morphological identification.

rbcL

Samples can be sent away to 
various companies for sequencing. 
We used Genewiz, Inc. It usually 
takes a few days to get results. 

Above are examples of “good” and 
“bad” sequence quality.

After sequence data is clean and edited, students 
then directly BLAST their results on Genbank. 
Students sometimes become frustrated when they 
cannot get a conclusive result; for example, here you 
can see that the top BLAST matches are to three 
different plant genera, all with identical scores. An 
example like this is discussed below.

Ulva sp. 

KKA-004

Sampling permits for collection on 
city or state lands should be written 
in advance because approval can 
take several months.  For private 
lands, you can sometimes obtain 
permission directly from the owner 
(i.e., community garden board 
directors).

 

City of New York Parks & Recreation 
Natural Resources Group 

 

Permit to Conduct Research in Parks 
 
The following individuals are authorized to conduct scientific research at the location(s) and dates listed below: 
 
 

Personnel: Antonia Florio, Christine Mazza 
 

Locations: Marine Park 
 
 

Dates: April 17 – December 31, 2014 

 

The following actions are granted by this permit: 
 

Taxon/Artifact/Material: 
 Collect invertebrates using bowl traps, butterfly nets, aspirators, and baiting (maximum 5 individuals per species 

per locality) 
 Collect leaf samples (maximum 5 leaves per species per locality) 

Permittees must contact the Park Administrator or Manager 48 hours prior to conducting the permitted activities. You may obtain 
contact information for Administrators and Managers by calling 646-613-1200. 
 
Permittees must have the permit, or a photocopy, in their possession when conducting the above-referenced research activities, as well 
as any required Federal or State permits. 
 
Permittees shall be held liable for any and all damages or injuries to persons or property that may occur or be caused by the use of the 
permit. By accepting a permit, permittees agree to indemnify and hold harmless the City and the Department from any and all claims 
whatsoever that may result from such use. 
 

 

As a condition of this permit, Parks requires an annual report, due 90 days after completion of research activities or after the calendar 
year, whichever is sooner.  The report should include:  

 
 Dates when research occurred 
 Number and type of samples collected 
 Disposition of samples 
 Summary of research results, including all data generated  

 
This information will be used internally only and will not be distributed to any outside person or group, except with written permission 
of the permittee. Send reports via e-mail to research.permits@parks.nyc.gov or to the following address: 
 

Research Permits c/o Novem Auyeung 
New York City Urban Field Station 
431 Walter Reed Road 
Fort Totten Park 
Bayside, NY 11359 

 
 

For additional information about Parks’ research permits, please call: (718) 225-3061 x312 
e-mail: research.permits@parks.nyc.gov, 
or write: New York City Urban Field Station, 431 Walter Reed Road, Fort Totten Park, Bayside NY 11359 
 
Permittees shall be held liable for any and all damages or injuries to persons or property that may occur or be caused by the use of the 
permit. By accepting a permit, permittees agree to indemnify and hold harmless the City and the Department from any and all claims 
whatsoever that may result from such use. 
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Overall Amplification Success

Lepidium sp.

Jamaica Bay Results

Overall. We found that:
• PCR success rate varied: 40% (BBP) vs. 75% (Jamaica Bay) 
• rbcL is not great for identifying species (<50% were 

identified to even the genus-level). 
• The identified genera in the two localities varied 
• The projects were successfully completed over 10 days 

with high school students, and in 4 lab sessions with 
college students

• All participating students were introduced to taxonomic 
methods by completing real research

What do you do when identification by rbcL fails?

Ilex sp.
Lonicera sp.

Prunus sp.

5/18 samples (28%) could be identified to the genus level, 
while most plants 13/18 (72%) could not be identified to the 
genus-level, and many not even to the family-level. Those 
that could be identified to the genus-level included:
• Ilex sp.: Holy
• Lonicera sp.: Honeysuckle
• Prunus sp.: includes plums, peaches, nectarines

There were several instances where we were unable to 
identify samples to the species-level using rbcL. If this 
happens, you can use another gene (such as matk or ITS) to 
help identify the plant, or you can rely on morphology to 
pinpoint the species identity. This is why taking sample 
photos is so important. For example, sample #7 (below) was 
identified (with identical NCBI scores) as belonging to 
potentially three genera, as seen below.

Gel electrophoresis was used to 
confirm PCR success:

Brooklyn Bridge Park: 
8/20 (40%) samples amplified

Jamaica Bay:
18/24 (75%) samples amplified

Does sample #7 
most closely 
resemble which of 
the following 
genera?

Artemisia sp.? Chrysanthemum sp.? Achillea millefoilum?

You should be able to see that this sample most closely 
resembles a Chrysanthemum sp.! The next step is to identify 
the sample down to the species level using a taxonomic 
guide. As a word of caution, multiple species should be 
examined for each genus, because plant morphology can 
differ quite a lot even within a genus.


