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Abstract: 
This activity can be a stand-alone activity to demonstrate how DNA sequence is used to generate 
a  phylogenetic tree.  The intended use of the lesson is as a final activity of a Comparative Proteomics 
unit that explores alternative methods for analyzing evolutionary relationships between various species 
of fish.   Students will first analyze potential evolutionary relationships based on environmental niche and 
morphology.  Generating protein profiles using extraction and SDS-PAGE becomes a second method for 
considering species differences that students can utilize to develop their own cladograms.  As a final 
activity, DNA and a web based bioinformatics tool will be used to generate a final version of a 
phylogenetic tree.  DNA can be isolated and used for sequencing, the DNA sequence used in the online 
tool DNA Subway.  Alternatively, DNA sequence obtained from NCBI can be loaded.  Students can 
generate DNA sequence to be analyzed using NCBI-BLAST.  DNA sequence for mitochondrial cytochrome 
c oxidase 1 gene for six common fish is provided.  Cytochrome c oxidase was chosen because of its use in 
DNA barcoding.    
 
Subject, Grade, Level: 
Biotechnology II (10th and 11th grade) 
Biology/AP Biology 
 
Learning objectives: 
Students will access internet based websites to study evolution and biodiversity. 
Students will consider DNA sequence differences between six common fish to reinforce the concept of 
evolution  
Students will learn to access DNA sequence to look at evolutionary relationships  
Students will generate a phylogenetic tree showing the evolutionary relationship between selected 
organisms. 
Timeframe: 
If using supplied DNA sequence, this activity will take one class period. 
Additional time would be needed if students obtain their own DNA sequences.  To generate authentic 
DNA sequence, (see DNA Barcoding- www.dnabarcoding101.org) several additional class periods would 
be necessary. 
 
List of materials: 
Students will need a computer  

Procedure and general instructions (for instructor). REQUIRED. 
Students should be familiar with phylogenetic trees.  Molecular data provides an alternative method for 
creating the tree.  Provide the following information to students.  Access the blue line of DNA Subway 
from the DNALC website (can enter as a guest).  Copy DNA sequence provided below by highlighting all 
sequence in every cell.  (or generate your own sequence). Paste into the Enter sequences in FASTA 
format box. Select project type (Mitochondrial DNA) and name the project.  Continue. In the next 

https://en.wikipedia.org/wiki/Cytochrome_c_oxidase
https://en.wikipedia.org/wiki/Cytochrome_c_oxidase
https://en.wikipedia.org/wiki/Cytochrome_c_oxidase
http://en.wikipedia.org/wiki/FASTA_format#Format
http://en.wikipedia.org/wiki/FASTA_format#Format


window you will focus on analyze the sequence by 1)Selecting data 2)Running Muscle.  When Muscle is 
completed, you then have the option of running either of the two phylogenetic tree generating 
programs.  When completed a V will appear for viewing.  Note that there is an option for looking at 
alternative trees. 
 

Procedure and general instructions (for students). 
Students will need instruction on using DNA subway.  If using the provided DNA sequence it will need to 
be available electronically. 

 
 

 

 

This activity uses the BioRad 
Proteomic kit to help study cladistics 
and phylogenetic relationships. 
Students first collect morphological 
and behavioral information on 
common fish from the website, Fish 
Base and then use the information to 
construct cladograms. These 
traditional classification methods are 
then complemented by molecular 
methods of classification using SDS-gel 
electrophoresis to analyze the protein 
profiles of muscle extracted from each 
fish.  Cladograms can be constructed 
by analyzing differences in the profiles.   

The lesson provided here will compare 
DNA from each fish to generate a 
cladogram using the web based DNA 
Subway. 
https://dnasubway.cyverse.org/ 

DNA can be extracted from the fish.  
The DNA would be amplified via PCR 
and then sequenced.  Analyzing DNA 
sequence from the mitochondrial gene 
COI (cytochrome c oxidase subunit I) in 
animals is typically used in Bar 
Coding—a technique that exploits 
differences in DNA.  See the website: 
www.dnabarcoding101.org  

In lieu of actual DNA sequence, data 
can also be obtained from an NCBI 
BLAST search and used in the DNA 
Subway program.  See the attached 
table of DNA sequences that can easily 
be cut/pasted into DNA Subway. 

It is recommended 
to purchase the kit 
for first time use.  
If SDS-PAGE is a 
routine technique 
in your course, all 
you really need is 
the sample buffer 
for subsequent 
use 
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DNA Subway maintained by 
the Dolan DNA Learning 
Center (DNALC) of Cold Spring 
Laboratory 

This “line” will create 
phylogenetic trees with 
DNA data 

Input data 
here 

Check the 
source of 
DNA 



 

 

 

 

 

 

 

 

 

 

 

     
   Fish 

 
Scientific 
Name 

 
Accession # 

 
FASTA Nucleotide sequence coding for 
CO1 

Tuna Thunnus 
thynnus 

AB097669.1 >AB097669.1 Thunnus thynnus thynnus 
mitochondrial DNA, complete genome 
TTCCACCGTGCGCGCATATTTCAATATGTCTGCGC
ATGTACATATATGTAATTACACCATATTCATATAT 
AGACCATATATAATAATGTTTTAGGACATATATGT
ATTAAAACCATTACTAGTATTAAACCATTCATATG 
TCAATAAATGATGAAGATTTACATAAACCATACAA
ATAAACCTCAACATTCATCTTGAATTCAGGCGATT 
AAACGAGATTTAAGACCTAACATAAATCTAAATCG
TCTAAGCCATACCAAGTCTCCTCATCTCTGACATC 
TCGTAAACTTAAGCGCAGTAAGAGCCTACCATCCA
GTCCATTTCTTAATGCATACGGTTATTGAAGGTGA 

      
     

      
         

https://www.ncbi.nlm.nih.gov/nucleotide/AB097669.1?report=genbank&log$=nucltop&blast_rank=4&RID=MYVRCNHP014


GGGACAATAATTGTGGGGGTAACACTTAGTGAATT
ATTCCTGGCATTTGGTTCCTACTTCAGGGCCATAG 
CTTGGTAACACTCCCCATTCTTTCATTGACGCTTG
CATAAGTTGTTGGTGGAGTACATGAGATTCATTAA 
GCCACATGCCGGGCGTTCTCTCTAGGGGGTCAGGT
TATTTTTTTCTCTCCTTCCTTTCATTTGACATCTC 
ACAGTGCAAATGCAACAATGATCAACAAGGTAGAA
CATTTTCTTGCTTGCAGGGTAAATAGCCTGCATGG 
CTTAATTCCTATTACCTAAATAACCACATAAGAGG
ATATCATGAGCATAATGATAATATTACCCGTAAAA 
TATCTAAGACACCCCCTCTCGGCTTTTGCGCGTTA
AACCCCCCTACCCCCCTAAACTCGTGATATCATTA 
ACACTCCTGTAAACCCCCCGTAAACAGGAAAATCT
CGAGTGGGGTATTTTATGGCCCAAAACGTATCTAT 
TTACATTATTGTAAATATTACGCACGCTAGCGTAG
CTTAACTAAAGCATAACACTGAAGATGTTAAGATG 
GGCCCTAGAAAGCCCCGCAGGCACAAAGGCTTGGT
CCTGACTTTACTGTCAACTCTAGCTAAACTTACAC 
ATGCAAGTATCCGCGACCCTGTGAGAATGCCCCAC
AGTTTTCCGCCCGAAAACAAGGAGCTGGTATCAGG 
CACACCCAACGAAAGCCCATGACGCCTTGCTTAGC
CACACCCTCAAGGGAACTCAGCAGTGATAAACCTT 
AAGCTATAAGTGAAAACTTGACTTAGTTAAAGCTA
AGAGGCCGGTAAAACTCGTGCCAGCCACCGCGGTT 
ATACGAGAGGCCCAAGTTGACAGACACCGGCGTAA
AGCGTGGTTAAGGTACACGAAAACTAAAGCCGAAC 
ACCTTCAGGGCAGTTATACGCATCCGAAGGCACGA
AGCCCCACCACGAAAGTGGCTTTATAAACCCTGAC 
TCCACGAAAGCTATGACACAAACTGGGATTAGATA
CCCCACTATGCCTAGCCGTAAACATTGATAGAATT 
TTACACCCTCTATCCGCCTGGGTACTACGAGCATT
AGCTTGAAACCCAAAGGACTTGGCGGTACTTTAGA 
TCCCCCTAGAGGAGCCTGTTCTATAACCGATGACC
CCCGTTCAACCTCACCCTCCCTTGTTTCTCCCGCC 
TATATACCGCCGTCGTCAGCTTACCCTGTGAAGGT
CTAATAGTAAGCAAAATTGGCACCGCCCAGAACGT 
CAGGTCGAGGTGTAGCGCATGAGAGGGGAAGAAAT
GGGCTACATTCGCTAACATAGCGAATACGAACGAT 
GCACTGAAAACGTTCATCTGAAGGAGGATTTAGCA
GTAAGTGGAAAATAGAGTGTTCCACTGAAATCGGC 
TCTGAAGTGCGTACACACCGCCCGTCACTCTCCCC
AAGCTTACCAATTTATATATCTAAAACGCTTTAAC 
TGCGAAGGGGAGGCAAGTCGTAACATGGTAAGTGT
ACCGGAAGGTGCACTTGGAAAAATCAGAGTATAGC 
TAAGATAGAATAGCATTTCCCTTACACTGAAAAGT
CATCCGTGCAAACCGGATTACCCTGATGCTGACCA 
GCTAGCCCACCCTAACAAAAACAACAACCCAATAT
AAATAACCCCAAACACACTACTCCTCCTATAAACA 
AACCATTTTACCCCCCTAGTATGGGCGACAGAAAA
GGAACTATTGGAGCGATAGAGAAAGTACCGCAAGG 
GAACGCTGAAAGAGAAATGAAATAACCCAGTAAAG
CCTAAAAAAGCAGAGATTTTACCTCGTACCTTTTG 
CATCATGATTTAGCTAGTACTACCCAAGCAAAGAG
AACTTTAGTTTGGACCCCCGAAACTAGGTGAGCTA 
CTCCAAGACAGCCTATCAATAGGGCAAACCCGTCT
CTGTGGCAAAAGAGTGGGAAGAGCTTTGAGTAGAG 
GTGACAGACCTACCGAACCTAGTTATAGCTGGTTG



CCTGAGAATTGGATAGGAGTTCAGCCTCCAGGCTT 
CTCTATTCACCGCGGTCTTACCCCTACCGATGCAC
TAAAGAAGCCTAGAGAGTTAATCAAAGGGGGTACA 
GCCCCTTTGAGACAAGATACAACTTTTCCAGGAGG
GTAAAGATCATATTTACCCAAGGTAACAATGCCCA 
GGTGGGCCTAAAAGCAGCCATCCTTACAGAAAGCG
TTAAAGCTCAAGCATTACACCTTCCCACATATTCA 
GATAACCATATCCCAACCCCCTAATATTATCAGGC
CATCTCATGCATACATGAGAGTGCACATGCTAATA 
TGAGTAACAAGAGAGCCTCCGCCTCTCTCCTTGCA
CACGTGTAAATCGGAACGAACCCCCACCGAAACTT 
AACGGCCCCAAACAAAGAGGGCAATGAACAACAAG
TAAGCAACCAGAAAACCATCCAAAAAACAACCGTT 
AACCCCACACTGGTGTGCCATTAAGGAAAGACTAA
AAGAAAAAGAAGGAACTCGGCAAACATACCAAGCC 
TCGCCTGTTTACCAAAAACATCGCCTCTTGCAAAA
CAAAGAATAAGAGGTCCAGCCTGCCCTGTGACTAT 
 

Salmon Salmo salar HQ167685.1 >HQ167685.1 Salmo salar voucher 
Ss004 cytochrome oxidase subunit I 
(COI) gene, complete cds; 
mitochondrial 
GTGGCAATCACACGATGATTTTTCTCAACCAACCA
CAAAGACATTGGCACCCTCTATTTAGTATTTGGTG 
CCTGAGCCGGAATAGTCGGCACCGCCCTAAGTCTC
TTGATTCGAGCAGAACTCAGCCAGCCTGGCGCCCT 
TCTGGGAGATGACCAAATTTATAACGTAATTGTTA
CAGCCCATGCCTTCGTCATAATTTTCTTTATAGTC 
ATACCGATTATGATCGGCGGCTTTGGAAACTGATT
AATTCCTCTTATAATCGGGGCCCCCGACATAGCAT 
TCCCCCGAATGAATAACATAAGTTTTTGACTTCTC
CCTCCCTCCTTTCTTCTCCTCCTGGCCTCATCTGG 
AGTTGAAGCCGGCGCTGGCACCGGATGAACAGTCT
ACCCCCCTCTAGCAGGTAATCTTGCCCACGCAGGA 
GCTTCCGTTGACTTAACTATTTTTTCCCTCCATTT
GGCTGGTATTTCTTCAATTCTTGGGGCCATTAATT 
TTATCACAACCATTATTAATATAAAACCCCCAGCT
ATCTCTCAGTATCAAACCCCACTTTTTGTTTGAGC 
TGTATTAGTCACTGCCGTCCTTTTATTACTCTCCC
TCCCTGTTCTAGCAGCAGGCATTACCATACTACTT 
ACAGACCGAAATCTAAATACCACTTTCTTTGACCC
GGCAGGCGGAGGGGACCCAATCTTGTACCAACATC 
TCTTTTGGTTCTTTGGCCATCCAGAAGTCTATATC
CTCATTCTCCCAGGCTTTGGTATAATTTCACACAT 
CGTTGCATACTACTCTGGCAAAAAAGAACCTTTCG
GGTATATAGGAATAGTCTGAGCTATGATAGCCATC 
GGACTCTTAGGTTTTATCGTTTGAGCCCACCATAT
GTTTACTGTCGGGATAGATGTAGACACTCGTGCCT 
ACTTTACATCTGCCACCATAATCATCGCCATCCCA
ACTGGAGTAAAAGTGTTTAGTTGACTAGCCACACT 
GCACGGCGGCTCAATCAAATGAGAAACGCCACTTC
TTTGAGCCCTGGGGTTTATTTTCCTCTTTACAGTA 
GGAGGACTTACGGGCATTGTCCTTGCTAATTCCTC
ACTAGACATCGTCCTCCACGATACTTACTATGTAG 
TCGCCCACTTCCACTATGTTTTATCTATGGGAGCT
GTCTTTGCTATTATAGGCGCTTTTGTACACTGATT 
CCCGCTATTCACGGGATATACCCTCCACAGTACAT

https://www.ncbi.nlm.nih.gov/nucleotide/HQ167685.1?report=genbank&log$=nucltop&blast_rank=2&RID=MYW5P6K9014


GAACCAAAATCCATTTCGGGATTATATTTATCGGC 
GTAAATTTAACCTTTTTTCCCCAGCACTTCCTAGG
CCTTGCGGGGATACCTCGACGGTACTCCGACTACC 
CAGACGCCTACACACTCTGAAACACTATCTCCTCA
ATCGGATCTCTTATCTCCTTAGTCGCTGTAATTAT 
GTTCCTGTTTATTCTTTGAGAAGCCTTTGCTGCTA
AACGAGAAGTAGCATCAATTGAAATAACTTCAACA 
AACGTTGAGTGACTACACGGGTGCCCTCCACCTTA
CCACACATTTGAAGAACCAGCATTTGTCCAAGTAC 
AAGCAAGTTAA 
 

Swordfish Xiphias 
gladius 

GQ202122.2 >GQ202122.2 Xiphias gladius 
cytochrome c oxidase subunit I 
(COI) gene, complete cds; 
mitochondrial 
GTGGCAATCACACGTTGATTTTTCTCGACCAATCA
CAAAGACATCGGCACCCTCTATCTAGTATTCGGTG 
CTTGAGCCGGTATAGTAGGCACAGCCCTAAGTCTA
CTAATCCGAGCAGAACTCAGCCAACCTGGCGCCCT 
ACTAGGGGATGACCAGATTTACAACGTAATCGTTA
CAGCTCACGCCTTTGTAATGATTTTCTTTATAGTA 
ATGCCAATCATGATTGGAGGGTTCGGAAATTGACT
AATTCCCCTAATGATCGGAGCCCCCGATATAGCAT 
TCCCTCGAATGAATAACATAAGCTTCTGACTCCTC
CCTCCATCATTCCTCCTCCTCCTTGCTTCTTCTGG 
AGTTGAAGCTGGCGCTGGAACCGGGTGAACTGTCT
ACCCTCCTCTAGCAGGTAACCTAGCCCACGCAGGT 
GCATCTGTTGACCTTACCATCTTCTCCCTTCACCT
AGCTGGGATCTCCTCTATTCTGGGGGCAATCAACT 
TCATCACAACTATTATCAATATAAAACCAGCTGCC
GTTTCTATGTACCAGATTCCTCTGTTCGTGTGAGC 
CGTACTAATTACAGCTGTCCTCCTTCTCCTCTCCC
TTCCCGTTCTAGCTGCCGGAATTACCATGCTCTTA 
ACAGACCGTAATTTAAACACCGCCTTCTTTGACCC
TGCAGGAGGTGGGGATCCCATCCTCTACCAACACC 
TGTTCTGATTCTTCGGCCACCCCGAAGTATATATT
CTGATCCTCCCCGGCTTCGGAATAATTTCCCATAT 
TGTTGCCTACTACTCAGGCAAAAAAGAGCCTTTCG
GCTATATGGGTATGGTATGGGCTATGATGGCCATC 
GGCCTTCTAGGCTTCATTGTATGAGCTCACCACAT
GTTTACAGTCGGAATGGATGTAGACACCCGAGCCT 
ACTTTACATCCGCCACAATAATTATCGCTATCCCG
ACTGGTGTAAAAGTCTTCAGCTGGCTCGCAACTCT 
GCACGGAGGTGCTATTAAATGGGAAACCCCTCTAC
TATGGGCCCTTGGCTTTATTTTCCTCTTTACGGTA 
GGTGGACTAACTGGAATTGTCCTGGCTAATTCCTC
TCTGGATATTGTGCTCCACGACACTTACTATGTAG 
TTGCCCACTTCCACTACGTACTTTCAATGGGTGCC
GTCTTCGCCATTGTTGCAGCCTTTGTACACTGATT 
CCCCCTGTTTACGGGCTACACCCTTCACAGCACAT
GAACAAAAATCCACTTCGGAGTTATATTCGTCGGT 
GTTAACCTTACCTTCTTCCCTCAACACTTCCTAGG
ACTGGCTGGCATGCCTCGACGATATTCAGACTACC 
CAGATGCTTACGCACTGTGAAACACAGTCTCCTCT
ATCGGATCCTTAGTTTCTCTAGTAGCAGTTATTAT 
GTTCCTATTTATCATTTGAGAAGCATTTACCGCCA



AGCGAGAGGTTCTCTCAGTAGAACTAACCGCCACA 
AACGTGGAATGACTACATGGCTGCCCTCCACCTTA
CCACACATTTGAACAGCCTGCATTCGTTCAAGTAC 
GATCACACTAA 
 

Trout Oncorhynch
us mykiss 

HQ167682.1 >HQ167682.1 Oncorhynchus mykiss 
voucher Om004 cytochrome oxidase 
subunit I (COI) gene, complete cds; 
mitochondrial 
GTGGCAATCACACGATGATTTTTCTCAACCAACCA
CAAAGACATTGGCACCCTCTATTTAGTATTTGGTG 
CCTGAGCCGGGATAGTAGGCACCGCCCTGAGTCTA
CTGATTCGGGCGGAACTAAGCCAGCCGGGCGCTCT 
TCTGGGGGATGACCAAATCTATAACGTGATCGTCA
CAGCCCATGCCTTCGTTATGATTTTCTTTATAGTC 
ATGCCAATTATAATCGGGGGCTTTGGAAACTGATT
AATTCCCCTAATAATCGGAGCCCCTGATATGGCAT 
TCCCTCGAATAAATAACATAAGCTTCTGACTCCTT
CCTCCATCCTTTCTCCTCCTCCTGTCTTCATCAGG 
AGTTGAAGCCGGCGCGGGTACTGGATGAACAGTAT
ACCCCCCTCTAGCCGGCAACCTCGCCCACGCAGGA 
GCCTCTGTTGATTTAACTATCTTCTCCCTTCATTT
AGCTGGAATCTCCTCAATTTTAGGAGCCATTAATT 
TTATTACGACCATTATTAACATAAAACCTCCAGCC
ATCTCTCAGTACCAAACCCCCCTATTCGTTTGAGC 
CGTGCTAGTTACTGCTGTCCTTCTGTTACTTTCCC
TCCCCGTCCTGGCAGCAGGCATTACTATGTTACTT 
ACAGACCGAAATCTAAACACCACTTTCTTTGACCC
GGCAGGCGGGGGAGATCCAATTTTATACCAACACC 
TCTTTTGATTCTTCAGCCACCCAGAGGTCTATATT
CTCATCCTCCCAGGCTTTGGTATAATTTCACACAT 
CGTTGCGTACTACTCCGGCAAAAAGGAACCCTTCG
GGTATATAGGAATGGTCTGAGCTATAATAGCCATC 
GGGTTGTTAGGATTTATCGTTTGAGCCCACCATAT
GTTCACTGTAGGGATAGACGTGGACACTCGTGCTT 
ACTTTACATCTGCCACCATGATTATCGCTATCCCC
ACAGGAGTAAAAGTATTTAGCTGACTAGCTACACT 
ACACGGAGGCTCAATCAAATGAGAAACACCACTTC
TTTGAGCCTTAGGGTTTATTTTCCTGTTCACAGTG 
GGTGGACTTACAGGTATTGTCCTTGCTAACTCCTC
ATTAGACATTGTTCTACATGACACTTATTACGTAG 
TTGCTCATTTCCACTACGTACTATCTATAGGAGCT
GTATTTGCCATTATAGGCGCTTTCGTACACTGGTT 
CCCGCTATTTACAGGGTACACCCTCCACAGCACAT
GAACCAAAATCCATTTTGGAATTATATTTATCGGT 
GTAAATTTAACCTTTTTCCCACAGCATTTCCTAGG
CCTCGCAGGGATACCACGACGGTACTCTGATTACC 
CAGACGCCTATACACTGTGAAACACTGTATCCTCA
ATCGGATCCCTTGTATCCCTAGTAGCTGTAATTAT 
GTTCCTATTTATTCTTTGAGAAGCTTTTGCTGCCA
AACGAGAGGTAGCATCAATCGAACTAACTTCAACA 
AACGTAGAATGACTACACGGATGCCCCCCACCCTA
CCACACATTTGAAGAACCAGCATTTGTCCAAGTAC 
AAGCAAACTAA 
 

Cod Gadus X99772.1 >X99772.1 Gadus morhua complete 
mitochondrial DNA sequence 

https://www.ncbi.nlm.nih.gov/nucleotide/HQ167682.1?report=genbank&log$=nucltop&blast_rank=9&RID=MZ11XA0C01R


morhua GCTATCGTAGCTTAATTAAAGTTTAATACTGAAGA
TATTAGGATGGACCCTAGAAAGTCCCGAAAGCACA 
AAGGTTTGGTCCTGACTTTACTATCAATTGTACCC
TAATTTACACATGCAAGTCTCCGCCTCCCCGTGAG 
AATGCCCTTAATGTCCTGCCCGGAATTAAGGAGCA
GGTATCAGGCACATCTAATAGTTTACTAGCCCATA 
ACGCCTTGCTCAGCCACACCCCTACGGGTATTCAG
CAGTGATAAAATTTAAGCCATAAGTGAAAGCTTGA 
CTTAGTTAAGGGAAAGAGGGCCGGTAAAACTCGTG
CCAGCCACCGCGGTTATACGAGAGGCCCAAATTGA 
TGAAAAACGGCGTAAAGCGTGGTTAAGAAAAAAGA
GAAAATATGGCCGAACAGCTTCAAAGCAGTTATAC 
GCATCCGAAGTCACGAAGAACAATCACGAAAGTTG
CCCTAAAACCTCCGATTCCACGAAAGCCATAAAAC 
AAACTGGGATTAGATACCCCACTATGTATGGTCGT
TAACATTGATGGTTTTATACCCAAACCATCCGCCT 
GGGAACTACGAGCAATAGCTTAAAACCCAAAGGAC
TTGGCGGTGCTTTAGACCCCCCTAGAGGAGCCTGT 
TCTAGAACTGATAACCCCCGTTTAACCTCACCATC
CTTTGTTTTCCCCGCCTATATACCACCGTCGTCAG 
CTTACCCTGTGAAGGAAAATAGTAAGCATAAATGC
AAAGCCAAAAACGTCAGGTCGAGGTGTAGCGTATG 
GGATGGGAAGAAATGGGCTACATTCTCTGTTACAG
AGAATACGAATTGTAATTTGAAAAAAATTACCTGA 
AGGAGGATTTAGCAGTAAGTAGGGACTAGAGTGCC
CTGCTGAAAACGGCCCTGAAGCGCGCACACACCGC 
CCGTCACTCTCTCCAAATAAACCCTAGATATTACC
TAAAATGCTTTTTATAATAAGGGGAGGCAAGTCGT 
AACATGGTAAGCGTACCGGAAGGTGCGCTTGGATG
AACCAGAGCATAGCCAAGTTAGTAAAGCATCTCCC 
TTACACCGAGAAGTCGTCCGTGCAAATCGGACTGC
CCTGATGCCTAACAGCTAGCCTCAAAAATAAAAAT 
TTTACTATTATGGACCTAAAAACTCATAATAAACT
TAAACAAATCATTTTACCCCCTGAGTACGGGCGAC 
AGAAAAGGAGAAAAGAGCAACAGACAAAGTACCGC
AAGGGAACGCTGAAAAAGAAATGAAATAAACCATT 
TAAGCACCAAGCAGCAGAGTTTTCTACTCGTACCT
TTTGCATCATGATTTAGCAAGAAAACTACAAGCAA 
AGAGCCCTTTAGTTTGTAACCCCGAAACTGAGCGA
GCTACTCCAAGACAGCCTATAAAGGGCAAACCCGT 
CTCTGTGGCAAAAGAGTGGGAAGAGCTTTGAGTAG
AGGTGACAAACCTACCGAGCCCAGTTATAGCTGGT 
TGCCTGTGAAATGAATAGGAGTTCAGCCCTTTAAG
TCTTTCCCCCCTCACCCATGCTTACGCTAAAATTG 
ATTAAGGAAACTAAAGGCGTTAATCAAAAGGGGTA
CAGCCCTTTTGATAGAAGAAACAACTTTAACAGGT 
GACCCAAGATCATATTACCCAAGGATTTCAAATTA
AGTGGGCCTAAAAGCAGCCATCTTATCAGAAAGCG 
TTAAAGCTCAAATTAGCCTATATCCTCATATACTG
ATATTACATCTCCCTCCCTGCCCCTTACCAGGCTG 
TCTTATGCCCCCATAAGAACAATTATGCTAAAATG
AGTAATAAGAAGAATTTAATTCTTCTCCTAGCACA 
 



Flounder Paralichthys
  lethostigm
a 
 

NC_029223.1 >NC_029223.1 Paralichthys 
lethostigma mitochondrion, complete 
genome 
GCTAACGTAGCTTAATTAAAGCATAACACTGAAGA
TGTTAAGATGAGCCGTAGAAAGCCCCGTAAGCACA 
AAGGCTTGGTCCTGACTTTACTGTCGACTCTAACT
AGACTTACACATGCAAGTATCCGCCCCCCTGTGAG 
AATGCCCATAACTCCCTGCTTGGGAACAAGGAGCT
GGCATCAGGCACAGACCCCTCTAGCCCACGACGCC 
TTGCTTTGCCACACCCTCAAGGGAACTCAGCAGTG
ATAAATATTAAGCTATAAGTGCAAACTTGACTTAG 
TTAAAGTTAAGAGGGCCGGTAAAACTCGTGCCAGC
CACCGCGGTTATACGAGAGGCCCAAGTTGACAGAC 
AGCGGCGTAAAGGGTGGTTAGGGGATTATCCAAAC
TAAAGCCGAACGCTCTCAGAACTGTTATAAGTACC 
CGAGAGTATGAAACTCAATCACGAAAGTAGCTTTA
TTTACCCTGAACCCACGAAAGCTAAGGAACAAACT 
GGGATTAGATACCCCACTATGCTTAGCCCTAAACA
TCGATTGTACAGTACATTCAACATCCGCCTGGGGA 
TTACGAACATTAGTTTAAAACCCAAAGGACTTGGC
GGTGCTTAACATCCACCTAGAGGAGCCTGTTCTAG 
AACCGATAACCCCCGTTAAACCTCACCCTCTCTTG
CTTTTTTCCGCCTATATACCACCGTCGTCAGCTTA 
CCCTGTGAAGGCTTAACAGTAAGCAAAGTTGGCAA
AGCCCAAAACGTCAGGTCGAGGTGTAGTGAATGAG 
AGGGGAAGAAATGGGCTACATTTGCTAAGACTAGC
AAATACGAACGATGCATTGAAATATGCAACTGAAG 
GAGGATTTAGCAGTAAGCAGGGAATAGAGTGCCCC
GCTGAAACTGGCCCTAAAGCGCGCACACACCGCCC 
GTCACCCTCCCCGAGCCCCCAAGACTAAACTAACT
AAAAACAACTACCCGCGAAGGGGAGGAAAGTCGTA 
ACATGGTAAGTGTACCGGAAGGTGTACTTGGAAAA
ATCAGGGCGTAGCTAAGCTAGACCCAGCACCTCAC 
TTACACCGAGAAGACATCCGTGCAAGTCGGATCAC
CCTGACGCCCATTAGCTAGCCCAACCCCTTCACTC 
AACAACCCCCTATTAATAACCCTTAAAACACGTGA
CATCCACATAACCAAACCATTTTTCCCCCCAAGTC 
CAGGCGATGAAAAAGGAAATCCGGAGCAATAGAAA
AAGTACCGCAAGGGAAAGCTGAAAGAGAGATGAAA 
CAGCCCAGTAAAGCTTAATGAAGCAGAGATTTAGA
CTCGTACCTTTTGCATCATGATTTAGCTAGCACTT 
TCAAGCAAAGAGAACTTAGAGTTTGTAACCCCGAA
ACTGAGTGAGCTACTCCAAGACAGCCTATTTATAG 
GGCAAACCCGTCTCTGTGGCAAAAGAGTGGGAAGA
GCTTTGAGTAGAGGTGACAGACCTACCGAACTCAG 
TTATAGCTGGTTGCCCGTGAATTGGATAGAAGTTC
AGCCCCCTGGGTTCCCGACTCATTCACTGTTATCA 
CCCTTCAGACGCAGCGAGAAACCAGGGATGTTAGT
CAAAGGGGGTACAGCCCCTTTGAAACAAGACACAA 
CTTTTACAGCAGGATAAAGATCACATTAAATTAAG
GACAAATGTTTTAGTGGGCCTAAAAGCAGCCATCT 
TTACAGAAAGCGTTAAAGCTCAGACATACGCACCT
CCACATATACCGATACCCCTATCTTAAGCCCCTAA 
ATTTAACGAGCCCCCCTATGCTAACATAGGAACGA
CCATGCTAATATGAGTAATAAGAGAATATTAAGTA 
CTCTCTCCTCGCACATGTGTATGTCGGAACGGACC
CCCCACCGACTCTTAACGGCCCCAACAAAAGAGGG 



 

 

AATTGGAATGTGTCATAAACAGACTAGAAAAACAT
CCAACTCAACCCCGTTAACCCCACACTGGCGTGCT 
CCAGAGGAAAGACTAAAAAGGGAAGAAGGAACTCG
GCAAACTTACCCCAAGCCTCGCCTGTTTACCAAAA 
ACATCGCCTCTTGCAAAACATAAGTATAAGAGGTC
CCGCCTGCCCAGTGACAAGATAGTTTAACGGCCGC 
GGTATTTTGACCGTGCAAAGGTAGCGTAATCACTT
GTCTTTTAAATGAAGACCCGTATGAATGGCATAAC 
GAGGGCTTAACTGTCTCCTTCCCCCAGTCAATGAA
ATTGATCTCCCCGTGCAGAAGCGGGGATAAAATCA 
TAAGACGAGAAGACCCTATGGAGCTTTAGACGCAA
AGACAGATCATGTCAAATACACCTAGTTATAGGCC 
TGAACTAAATGAAACCAGTCTTGATGTCTTCGGTT
GGGGCGACCATGGGGAACACAAAACCCCCACGTGG 
AACAGGAGTACACCCCTATCTTTCCCACCTCCTAC
AAACTAGAGCAACAGCTCTAATAAGCAGAAATTCT 
GACCAAACTGATCCGGCAACGCCGATCAACGAATC
AAGTTACCCTAGGGATAACAGCGCAATCCCCTTTT 
AGAGCCCATATCGACAAGGGGGTTTACGACCTCGA
TGTTGGATCAGGACATCCTAATGGTGCAAGGACAT 
CCCAATGGTGCAGCCGCTATTAAGGGTTCGTTTGT
TCAACGATTAAAGTCCTACGTGATCTGAGTTCAGA 
CCGGAGTAATCCAGGTCAGTTTCTATCTATGTTGT
GATCTTTTCTAGTACGAAAGGACCGAAAAGAAGAG 
GCCCATGCCTCTAGCACGCCTCACCCCCACCTAAT
GAAAAAATCTAAACTAGACAAAAGGGCATGACCAC 
TTATGTCGAAGATAACGACGTGTTAGGGTGGCAGA
GCCCGGCTAATGCAAAAGACCTAAGCCCTTTCTAC 
AGAGGTTCAAGTCCTCTCCTTAACTATGATTTCGA
TACTCATTACGCACATCATCAACCCGTTAGCCCTA 
ATCGTACCCGTACTATTAGCGGTAGCATTCCTCAC
CCTGCTTGAACGAAAAGTGCTTGGCTACATACAAC 
TTCGAAAAGGCCCGAATATCGTGGGACCCTATGGC
CTCCTCCAACCCATCGCCGACGGCGTAAAACTTTT 
TATTAAAGAACCCGTTCGACCTTCAACCGCATCTC
CCCTCCTCTTCCTTCTAGCACCCATACTTGCACTC 
 


	Paralichthys  lethostigma

