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Tree thinking is a fundamental skill in biology. This workshop highlights two exercises that are designed to
provide students with experience interpreting trees and using them to test a hypothesis. Both use a freely
available set of web tools (www.phylogeny.fr) to analyze sequences downloaded from GenBank. The first
exercise uses molecular data to simulate testing the identity of fish species served in a sushi restaurant. The
second is a guided inquiry exercise that allows students to use phylogenetic techniques to test the claims of
a simulated advocacy group. In this workshop, we will work through these exercises and then discuss how

the techniques can be adapted for other scenarios.
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Introduction

Tree thinking has become an essential part
of modern biological thinking (Baum et al. 2005), but
it is often a difficult concept for students to understand.
The exercises presented here are used to reinforce
concepts of tree thinking taught in an introductory
biology sequence course focusing on ecology, evolution
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and biodiversity. These exercises represent the second of
a two-week sequence of three-hour labs covering tree
thinking. They provide additional practice developing and
reading trees as well as an introduction to molecular tools
for creating and interpreting trees. The first week,
students learn the basics of constructing and interpreting
trees using models of imaginary organisms (similar to
Lemke and Jensen, 2012).


https://doi.org/10.37590/able.v41.sup11
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Student Outline

Exercise 1 — Food Fraud?

In 2013, several instances of fraud in the global food industry were revealed. In the United States and Europe,
horsemeat was eaten by consumers who thought they purchased beef. Honey from China was labeled as coming from a half-
dozen other countries to get around U.S. laws. Lastly, cheap or even toxic fish species were deceptively sold under the guise
of being expensive species that humans prize for their culinary value. This last example includes a phylogenetic study by the
advocacy group Oceana (Warner et al., 2013) that showed that 113 out of 120 samples of “red snapper" in the U.S. were
actually another species. When you see a whole cow, you can tell it is a cow, and you can see that a horse is a horse. What
about when it is ground up in your burrito or lasagna? A slice of expensive fish on rice doesn't have the distinctive fins, color,
or shape to help you tell it apart from other fish, allowing some wholesalers to be dishonest. With DNA testing, we can
identify animals or plants even if they are in small parts (sushi), ground up (herbal supplements), or mixed with other species
(ground horse and beef mixture).

Your best friend is visiting from out of town and you want to take them to the best sushi restaurant in town. You know
that they are very fussy about their sushi, so you decide to do a reconnaissance mission to see if the restaurant is serving the
fish that they claim. Before you go, you need to use molecular tools to create a tree based on similarities in their genetic
sequence to create a tree of known species. There are many different genetic markers that can be used for this. For our
purposes, we're going to focus on the gene for cytochrome oxidase subunit 1 (denoted “COT”).

1. Open the file sushispecies_COl.docx. This file contains genetic sequences for a set of species that you would

commonly find in sushi restaurants as well as a few unknowns that you will be testing later.

2. Open http://www.phylogeny.fr

3. Scroll down the page until you find a link that says ‘One Click.” Click on this.

4. You should now be on the ‘One Click Mode’ page. In the middle of the page, you’ll see a large text box. Copy the
known sequences from sushispecies_COl.docx and paste into this box. One person from your group should enter
their email address in the box below so the results will be sent to you (this is just so you have a backup file. The
final tree will also appear on the page after you’ve run the program). After entering both of these things, click
‘Submit’.

Alignment Curation Phylogeny Tree Rendering
"One Click" Mode MUSCLE (|  Gblocks ||  PhML  |=h|  TreeDyn

1. Overview 2. Data & Settings

Name of the analysis (optional): [ |

Upload your set of sequences in FASTA, EMBL or NEXUS format from a file:
Choose File no file selected

Or paste it here (load example of sequences)

Maximum number of sequences is 200 for proteins and 200 for nucleic acids,
Maximum length of sequences is 2000 for proteins and 6000 for nucleic acids.

[¥ Use the Gblocks program to eliminate poorly aligned positions and divergent regions

[ To receive the results by e-mail, enter your address(es): | |
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5. It will take a couple of minutes for the software to produce a tree for you.
6. Copy the tree into the space below.

Now that you have a tree of known species, it is time to see if the restaurant is on the up-and-up. While at the
restaurant, you discreetly collected samples of the fish that you ordered and brought them back to the lab for testing. After
generating sequences, you can compare them to what you found when you created your earlier tree.

The first sample that you want to check is the yellowtail (Seriola quinqueradiata).

7. Add Unknown 1 to your tree
a. Click on the 2. Data & Settings tab

FOE N T el R e LI I

/r—-

| 2 Data & Setfings

| L

1. Overview | 3. Alignment || 4

b. Copy the sequence labeled Unknown 1 from sushispecies_COIl.docx
c. Paste the sequence to end of your previous data file in the Input Data box
8. Repeat steps 4-5.
9. Do you think that you were served genuine yellowtail? Why or why not? Draw any relevant branches of the tree.
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The next sample that you want to process is the bluefin tuna (Thunnus thynnus), labeled as Unknown 2.

Repeat Steps 7-8, being sure to replace Unknown 1 with Unknown 2.

Did you get bluefin tuna from the restaurant? Why or why not? Draw any relevant branches of the tree.

Repeat this procedure for your last sample, which is from the chef’s special spicy snapper roll, labeled Unknown 3.
Is the chef serving snapper, or something else? What makes you think so? Draw any relevant branches of the tree.

Exercise 2 — Testing A Claim

Who Ate All the Crabs?

Striped bass (Morone saxatilis) (known regionally as ‘rockfish’) are an important fish in the Chesapeake Bay, both

ecologically and economically. They are a particularly popular fish with recreational anglers. Their populations in the
Chesapeake Bay declined throughout the 20n century, but more stringent fishing regulations initiated in the 1980s helped
their populations to rebound. Today, they are an abundant fish in the Chesapeake Bay.
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Figure 1. Striped bass landings (number of fish) in the Chesapeake Bay 1982-
2015. Data from Atlantic States Marine Fisheries Commission 2016 Atlantic
Striped Bass Stock Assessment (ASMFC, 2016).

You’re reading the local paper one morning, and you come across an op-ed from a local recreational angler’s

organization. The op-ed reads:

Rockfish and blue crabs make up two of the Bay’s most prized fisheries, both to recreational and
commercial fishermen. While historically rockfish populations had low abundance, today their populations are
experiencing a significant boom. Based off of observations made by members of the Maryland Angler’s
Association, there is reason to believe that blue crabs make up a significant portion of the diet of striped bass. With
the large and growing abundance of striped bass, there is concern that this could drive down the abundance of blue
crabs in the Chesapeake Bay. Currently, fishing regulations limit recreational anglers to a maximum of two fish per
person per day during brief spring and fall fishing seasons. We believe these regulations should be reconsidered in
light of our observations, and an increase in allowable catch should be implemented to protect blue crab
populations.

-- Maryland Angler’s Association

You question the assertions of this group and decide to run an experiment to test whether they are true. You and the

rest of the members of the class make up a team of fisheries biologists who are going to examine the gut contents from a
sample of striped bass caught in the Chesapeake Bay to see if blue crabs indeed make up a significant proportion of the
striped bass’s diet. Sixty striped bass are collected, their stomach contents removed, and a genetic analysis conducted on the
primary contents. Each group will randomly select a number of samples from the list (remember our discussion on random

4
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sampling?). You will determine how many fish your group will sample and how best to randomly sample them. It’s
important to note that results from the class will be pooled at the end of the activity so that we can get a sense of how many
fish are consuming blue crabs.

List the fish your group will be analyzing:

Part 1- Creating A Tree of Knowns

Before we get started, you will want to do some background research on what striped bass eat. Visit a few websites
(keep in mind what you know about reliable internet sources) and come up with a list of the top five food items that make up
the diet of the striped bass. Make sure you include fish as well as invertebrates in your list. NOTE - Because we’re
interested in whether the stomach contents contain remnants of blue crab (Callinectes sapidus), you’ll also want to
make sure you include them in your analysis.

List the common and scientific name for each species in Table 1.
Note: If the scientific name isn’t immediately apparent on the website(s) you use, some additional searching should help
identify the scientific name of the species.

Table 1. Common prey species of striped bass.

Number of Base

Common Name Scientific Name Pairs (from Step 4)

Blue Crab Callinectes sapidus

We’ll be using molecular tools to create a phylogenetic tree with the unknown samples, as well as some known
samples, to see if we can identify what is present in the striped bass stomach. There are different genetic markers that can be
used for this. For our purposes, we're going to focus on the gene for cytochrome oxidase subunit 1 (denoted “COI”™).

Creating Your Tree:
1. Visit https://ncbi.nlm.nih.gov/genbank
2. Using the search bar at the top of the page, type in the name of the first organism from your list, followed by ‘coi’
(to indicate the marker of interest). Make sure that the drop down to the left of the search bar is set to ‘Nucleotide’.
We’re interested in the sequence of nucleotides for this particular gene. Click Search.

©NCBI Resources ) HowTo @ Signin to NCB

GenBank Noceotide |3} callinectes sapidus coi m

GenBank v = Submit v Genomes ¥ WGS v Melagenomes ¥ TPA v TSA v |INSDC v Other v

GenBank Overview GenBank Resources
GenBank Home
What is GenBank?

GenBank ¥ s the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids
Research, 2013 Jan;41(D1):036-42). GenBank Is part of the International Nuckeotide Sequence Database Collaboration, which comprises
the DNA DataBank of Japan (DDBJ), the European Nucleotide Archive (ENA), and GenBank at NCBI. These three organizations exchange  Search GenBank

data on a daily basis. Update GenBank Records

Submission Types

Submission Tools

3. After searching the database, there should be a number of matches. Verify that the species and marker correctly
match your search term (see Note following if not). If your results look correct, you’ll first want to sort the results by
the length of the sequence to make sure you’re getting the longest sequence available. Using the ‘Sort by’ pull down
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menu at the top of the page, select ‘Sequence Length’. The results should re-sort, and the longest available sequence
should now be at the top.

Note: Sometimes a species hasn 't yet been added to GenBank. In this case, you won’t get any results or,

occasionally, the results will be for a different species. If this is the case, you’ll want to add a new species to your
list above and do a new GenBank search for this organism.

-'1 NCBI  Resources [¥] How To [¥) Sign in 1o NCB|

Nucleotide Nucleotide B callinectes sapidus coi
Create alet  Advanced Help

Species Summary ~ 20 per pige » Sort by Sequence Length « Sendto:~  Filters: Manage Filters

Animals (697 Sortby

G

ustomize See col coitus inthrru( Delau\l_order Results by taxon —
Molecule types coi reference nce | Accession

enomic DUAIRNA (67) b Date Modified Top Organisms [Tree]
& (o7 Date Released ! Callinectes sapidus (611)
Customize . : Chelonibia testudinaria (62)

Items: 11020 of pa7 - Sedaniem Mame Calinctos bocou
Source databases . i Taxanomy 1D G::necl: ansp::lrli]s @
INSDC (GenBank) (637) GSecpnce Langh | Page 1 of38 Ned> Last>>  Calinacles arcualus (3)
Customize ..
[# ~ subunit | (COI) gene, complete cds; M(;T.mm tach (3

Genetic 1. mitochondrial -
compartments.

Mitochondrion (697 1,534 bp linear DNA

Accession: AY682072.1 Gl: 50660308 Find related data =
Sequence length Protein Bxenomy Database: Select B
Cuslom range. GenBank FASTA Graphics PopSet
Release date
Cusiom range Callinectes sapidus from Maryland cytochrome ¢ oxidase subunit | (COI) gene, complete cds:
2. mitochondrial
Revision date 1,534 bp linear DNA
Custom range. Acoession: AYB82073.1 Gl: 50660310 Search detalls N
Protein  Taxonomy ("Callinectes sapidus”(Organism] OR
Clear alf GenBank FASTA Graphics PopSet callinectes sapidus(All Fields))

AND coifAll Fields)

4. Now that you’ve sorted your results, the first match on the list should be the most appropriate. Ignore results that
include the entire mitochondrial genome. Choose one of the sequences that is approximately 655 base pairs.
Record the length of the sequence in Table 1.

& NCBI Resources ¥| HowTo (¥ Sign In to NGBI

Nucleotide Nuslsatide [ callinectes sapidus coi { Search |
Creats alert  Advanced Help

) Leam more about upcoming changes to the Nucleotide, EST, and GSS databases.

Species Summary 20 per page = Sort by Default order = Send to: = Fllters: Manage Filters

Animals (243)

Customize -
See coi coitus intermuptus in the Gene database Results by taxon

e e ol refe sequences Top Organisms [Tree]

genomic DNAIRNA (243) Callinectes sapidus (150

Customize Chelonibia testudinaria (62)
Items: 1 to 20 of 243 Penaeus kerathurus (1)
Source databases
INSDC (GenBank) (243) Page 1 of 13 Nex> Lasts>
Customize o "
— whunit 1COlgene pagial  Find related data -
Genetic | cds; mitochendrial %

compartments
Mitochondrion (243)

Database: Solect B
637 b linear DNA _

Sequence length

Custom range...
Releasa dats S— Search details =
Custom range... 2. ds: milochondrial B ("Callinectes sapidus”[Organism] OR
1linect: idus[All Fields

Revision date 658 bp linear DNA D cot(ALL Figldsy o
Custom range. Accession: KRO30243.1 GI: 906344676

BioProject  Protein  Taxonomy
Cleaw 2l GenBank FASTA Graphics

Search
Show adgitional fillers See more...

5. Below the correct sequence, you’ll see a link entitled ‘FASTA’. FASTA files are how molecular scientists store
genetic information. They consist of an identifier line that gives some information about the sequence (species, the
accession number on GenBank, the marker, etc.) and the actual nucleotide sequence. Click on this link.

6. You’ll now be looking at a page with your nucleotide sequence. You’ll notice the identifier line, denoted with a
greater than symbol (>), followed by a sequence of As, Ts, Gs, and Cs. This is the sequence of nucleotides for your
marker. Copy the entire FASTA file (including the identifier line) and paste this into a new Word document.
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11.

= NCBl Resources [¥] How To (¥ Sign in to NCBI

Nucleotide Nucleotide [ s
Advanced Help
(L) Learn more about upcoming changes to the ide, EST, and GSS
FASTA ~ Send to: = .
Change region shown -

Callinectes sapidus voucher USNM:1Z:1463380 cytochrome oxidase subunit 1

(COIl) gene, partial cds; mitochondrial Customize view

GenBank: MH235922.1

GanRagk  Graphic Analyze this sequence =
>MH235922.1 Callinectes sapidus voucher USNM:IZ:1463380 cytochrome oxidase subuni Run BLAST

1 (COI) gene, partial cds; mitochondrial Fiok Primors
AGCATGATCTGGGATAGTAGGTACATCACTTAGTTTAATCATTCGAGCTGAACTAGGACAACCTGGARCT

CTTATTGGAAACGACCARATTTATAACGTTCTAGTCACAGCTCACGCCTTTGTTATAATTTTCTTCATAG Highlight Sequence Features
TTATACCTATTATAATTGGAGGATT TGGTAATTGACTAGTTCCCCTTATACTAGGAGCTCCTGATATAGC

CTTCCCACGAATARATAACATAAGATTCTGACTCCTACCTCCATCACTARCTCTATTACTAATARGAGGT Find in this Sequence
ATAGTCGAAAGTGGAGTTGGTACAGGATGARCTGTTTACCCTCCCCTTGCTGCCGCTATTGCTCACGCAG

GAGCCTCAGTTGATCTTGETATTTTCTCTCTCCACTTAGCTGGTGTATCATCAATTCTAGGGGCTGTTAA

CTTTATAACTACCGTTATTAATATACGTTCATTTGGCTATAAGAATAGACCAAATACCTTTATTCGTTTGA

TCTETATTTATTACCGCTATTCTTC TACTTCTTTCTCTACCTGTAT TAGCAGGTGC TATTACTATACTTC Related information =
TCACTGATCGAAACTTARATACCTCATTCTTCGACCCAGCTGGAGGAGGCGACCCTGTTCTCTACCARCA BioProject

TICTATTC

Protein

Repeat steps 2-5 with the other organisms from your list. Make sure that you’re using the same ‘coi’ marker each
time. Copy the FASTA files for each of these into the same Word document. Don’t forget to include the identifier
line (including the >).

To make this a little easier to read once we have our final tree, we’ll want to edit the identifier line to be shorter for
the sequences you pulled off GenBank. For each sequence, remove all text in the identifier line except for the name
of the species. It should look something like this:

>Callinectes sapidus
ATGCGTCACCTTGGAA...
>Fundulus heteroclitus
ATGCCGAATGACAGGT...
Okay, now we’re ready to build the tree! Visit http://phylogeny.fr to get started.
Scroll down the page until you find a link that says: ‘One Click.” Click on this.
You should now be on the ‘One Click Mode’ page. In the middle of the page, you’ll see a large text box. Copy the
entire list of sequences from your Word file and paste into this box. One person from your group should enter their

email address in the box below so the results will be sent to you (this is just so you have a backup file. The final tree
will also appear on the page after you’ve run the program). After entering both of these things, click ‘Submit’.
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Allgaement Curation Phylogeny Tree Rendering
"One Click" Mode MUSCLE ||  Gblocks  (c=p|  PhyML ||  TreeDyn

1.Overview | [ 2. Data & Seftings

Name of the analysis (optional): [ |

Upload your set of sequences in FASTA, EMBL or NEXUS format from a file:
Choose File _no file selected

Dr paste it here (oad example of sequences)

faximum number of sequences is 200 for proteins and 200 for nucleic acids
1 iy L

M for nucleic acid

[¥ Use the Gblocks program to eliminate poorly aligned positions and divergent regions

[ To receive the results by e-mail, enter your address(es): | |

12. The program will take a little time to run. When finished, a page will appear with a tree on it. This is the tree
showing the relatedness between the sequences you entered. Note: We won’t be focusing on the red numbers on the
nodes of the tree for our interpretation today, but you may wonder what they indicate. They represent our confidence

in the relationships depicted on the tree and range between 0 and 100, with numbers closer to 100 indicating a high
level of confidence.

Draw your tree of known species below:

Now you want to add the unknown samples onto your tree. On the same Word document as before, paste the
unknown sequences (identifier line and all) below the known sequences. Repeat steps 9-11 from above.
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Draw your full tree including all known and unknown species below:

Questions:
1. Based on your tree, are there any species you can identify? What do you suspect they are? Justify your answer.

2. Does your sample include blue crab? How do you know?

Part 2 - Identifying Unmatched Unknowns
It’s possible that you have some stomach content samples that didn’t match anything on your tree of known species.
We can determine what they are by using a BLAST search. If you didn’t have any unknowns, you can verify the
identification of one of your matched species.
1. Visit https://blast.ncbi.nlm.nih.gov/
2. On the front page, click on the box labeled ‘Nucleotide Blast’.
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BLAST Home RecentResults  Saved Strategies  Help

Basic Local Alignment Search Tool

Learn how to use BLAST
BLAST finds regions of similarity between biological sequences. The program See our i to help you.
compares protein to sequ and Wed, 17 Oct 2018 15:00:00 EST More BLAST news.

calculates the statistical significance. Leam more

0‘||')

3. On the next page, copy and paste one unknown sequence into the text box under ‘Enter Query Sequence’. It isn’t
necessary to include the identifier line. Scroll down to the bottom of the page and click on the ‘BLAST’ button.

BLASTN rams search leotide d using a uery. more...
Enter Query Sequence — = —
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
From
To
4
Or, upload file Choose File no file selected [¥1
Enter a descriptive title for your BLAST search &
Align two or more sequences &
Choose Search Set
Database Human genomic + transcript = Mouse genomic + transcript @Others (nr etc.):
Nucleotide collection (nr/nt) B L
Organism
O;gunll T Ongans e O ic pletions will be suggest Exclude *
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown &
Exclude Models (XM/XP) — Uncultured/environmental sample sequences
Optional
Limit to Sequences from type material
Optional
Entrez Query YoullllT Create custom database
Optional Enter an Entrez query to limit search &
Program Selection
Optimize for ©Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megablast)
Somewhat similar sequences (blastn)
Choose a BLAST algorithm &
Search Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences)
Show results in a new window

4. On the next page, scroll past the ‘Graphic Summary’ to the list under ‘Descriptions’. The first line is the best match
for your sequence. Write down the species name.

EDescriptions

Solect: Al NongSelected:0
3} Aiignments o
Max Total Query E

Description e et caniar hiie Ident  Accession
Callinoctes sapicus from Ocean Serings. MS cytachrome ¢ oxidase subunit | (COI gene. complete ods:; mitochondrial 2833 2833 100% 0.0 100% Avsszp77.
‘Calinoctes sapidus from Maryland cytochrome ¢ oxidase subynt | (COI) gone, complete cds; mitochondrial 2811 2811 100% 0.0 09% AY682073.1
Callinoctos sapidus from Connecticut cylochrome ¢ oxidase subun | (COI) gene. complote cds: mitochondrial 2800 2800 100% 0.0 99% AY§82072.1
Calinectos sapicus from Brownsville. TX cytochrome ¢ oxidase subunit | (COI) gene, complete cds, mtochondrial 2789 2789 100% 0.0 99% AY682079.1
Callinectes sapicus from Apalachicola, FL cytochrome ¢ oxidase subunit | (COI) gene. complete cds; mitochondia! 2789 2789 100% 0.0 99% AY882076,1
Calinectes sapidus from Naples, FL cytochrome ¢ oxidase subunit | (COI) gene, compiete cds; mtochondrial 2789 2789 100% 0.0 99% AY682074.1
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5. Repeat steps 1-4 for any remaining unknowns you have.

Now that you have identified your gut content samples, we’re going to pool the results from the whole class. Your
TA will facilitate this. After the unknowns have been pooled, answer the following questions.
1. How many fish had blue crab in their stomach? What proportion of the fish does this make up?

2. Do you agree with the assertions of the op-ed? Does blue crab make up a significant proportion of striped bass diet?

Assessment

Write a response to the Maryland Angler’s Association op-ed indicating whether you agree or disagree with their
assertions. Provide your tree and the results of the pooled class data to support your response.
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Materials

Websites

A web-based set of tools for conducting
phylogenetic analyses is available at www.phylogeny.fr.
Users can choose between a simple one-click interface that
makes important decisions for you, or a more flexible a-la-
carte version that allows you to choose between multitudes
of options. It is freely available and has a ton of options for
exporting the trees.

GenBank (www.ncbi.nlm.nih.gov/genbank/) is an
NIH sponsored database of annotated genetic sequences.
From here, you can download sequences and perform
BLAST searches.

Notes for the Instructor

Scenarios

By varying the species used with the basic
procedures included here, you can easily adapt this lab to
virtually any scenario you would like. There are countless
examples of food fraud that lend themselves to relatable
scenarios. For example, for our course we adjusted the first
scenario to match Oceana’s report on the substitution of
other crab species for Maryland blue crab (Warner et al.,
2015).

Exercise 2 includes an op-ed from the
Maryland Anglers Association. This is a fictitious
organization, but the ideas are based on common feelings
among fishermen in the Chesapeake Bay region.
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Appendix A: Sample Results

Exercise 1
Lepidocybium_flavobrunneum_-_Escolar

Lutjanus_campechanus_Red_Snapper
Hippoglossus_hippoglossus_Atlantic_Halibut

_l— Seriola_quinqueradiata_-_Yellowtail

[ Thunnus_thynnus_-_Bluefin_Tuna
Thunnus_alalunga_-_Albacore

Scomber_scombrus_Atlantic_Mackeral
Coryphaena_hippurus_Mahi-Mahi

L Oncorhynchus_tshawytscha_King_Salmon

0.3

Figure 2. Tree created with known fish species.

Hippoglossus_hippoglossus_Atlantic_Halibut
Scomber_scombrus_Atlanuc Mackeral

y'hunnus thynnus - Bluefin Tuna

L Thunnus_alaluinga_-_Albacore
Lepidocybium_flavobrunneum_-_Escolar
jSeriola_quingueradiata - Yellowtail

1 Unknown 1
Lutjanmus campechanus Red Snapper
I Oncorhynchus_tshawytscha_King_Salmon
Coryphaena_hippurus Mahi-Mahi
oryphaena_hippurus_Mahi-Mali

0.2

Figure 3. Tree with Unknown 1 included.
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Exercise 2

Part 1

_|_—KX459339.1 Dorosoma cepedianum
KX459326.1_Brevoortia_tyrannus

KX459322.1_Anchoa_mitchilli
_I—_MH378667.'I _Teiostomus_xanthurus
KX459327.1_Micropogonias_undulatus

M(3462696.1 Callinectes sapidus

04

Figure 4. Tree constructed with six of the most common prey species that are found in Morone saxatilis

Fish57 _Unknown
— KX4593349.1_Dorosoma_cepedianum
MH378667.1 Leiostomus xanthurus
KX459327.1_Micropogonias_undulatus
KX459326.1_Brevoeortia_tyrannus
KX459322.1 Anchoa_mitchilli
MG462656.1_Callinectes_sapidus

0.8

Figure 5. Tree with known prey species including unknown gut sample #57.

Part 2

Sequences producing significant alignments:

Select: All None Selected:0
i1 Alignments

Description

Anguilla rostrata voucher NXG2012236 cytochrome oxidase subunit 1 (COIl) gene, partial cds; mitochondrial

Anguilla rostrata mitochondrial DNA _complete genome

Anguilla rostrata voucher NXG2012174 cytochrome oxidase subunit 1 (COIl) gene, partial cds; mitochondrial

Anguilla rostrata isolate SJR_Y_34 mitochondrion,_complete genome

Anguilla rostrata isolate RB_Y_5 mitochondrion, complete genome

Anguilla rostrata isolate RB_Y_2 mitochondrion, complete genome

Anguilla rostrata isolate RB_Y_29 mitochondrion, complete genome

Figure 6. Results of BLAST search on Unknown 57.
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The Association for Biology Laboratory Education (ABLE) was founded in 1979 to promote information exchange among
university and college educators actively concerned with teaching biology in a laboratory setting. The focus of ABLE is to
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