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Discovery learning: DNA Barcoding & Biodiversity databases
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Objectives

Upon completion of this module, each student should be able to:
· Explain how databases are used to share biodiversity data broadly 
· Extrapolate and analyze biodiversity data from various databases 
· Incorporate collected data into a database
· Use two sequence databases (BLAST & BOLD) to identify your unknown sequence from the organism you collected 
· Use the GBIF database to obtain more information on your organism
· Submit your identified organism sequence into the BOLD database through the student portal

Introduction

Biodiversity refers to the variety of living species on earth. You can think of plants, animals, bacteria, and fungi but this also refers to other levels of diversity like the genetic differences among organisms, and the communities and ecosystems in which they occur. The biodiversity on earth is so rich that many species have yet to be discovered! 

Unfortunately, many species are at risk of extinction due to human activities. Therefore it is critical for ongoing monitoring and assessment of biodiversity, so we can identify changes in species distribution patterns and community composition. 

Measuring biodiversity comes in a variety forms, for example you can trap an organism and take measurements like length or you can take a picture or an organism and upload to an app like iNaturalist or eBird to document its occurrence. DNA barcoding is another method to measure biodiversity and is designed to use a single region of DNA to identify a species as simple as scanning a supermarket barcode. Regardless of how you are measuring biodiversity, you can imagine how quickly this data can add up! The effort to standardize and make this data accessible globally has led to Biodiversity databases.



Activities

BLAST Database

You will use the BLAST database to identify your organism’s identity based on sequence information.

You have been assigned a sequence and you will use this worksheet to submit your answers:
(https://docs.google.com/spreadsheets/d/1lJzQRG0GNdOTSCkGwUCSsXW2nKszPoJrjsQK5Bi9gog/edit?usp=sharing) 

Navigate to the BLAST website (https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_320521487). Click “Nucleotide BLAST” as pictured below.

[image: https://lh3.googleusercontent.com/KvRYQxM6aLRUSrn__-t3Ku-DDLHC32PcMkAZwYE7QPsp7oxQJ6eMT1sReOYScJTESI0prV_-yRfPmJCWD29Q1oV3Eh0UacdKjk9Uvzd12YmKnAOFi6LjHvpRy6_GhuyH8f6SHEzp]

Next, where it says enter accession number(s), insert your DNA sequence.
[image: https://lh3.googleusercontent.com/Co49X5puNKpeeYVeRmIT8WlWxMCYIjbeD0nRkYBtWlUAt9N7KkTdF6RYZ_eIzRidSWOSgNRpmnn-_IyemzZTNLHtahSPD29-Z2Dbiuxo9_VHnwv9RqtrRH2VgQvNtIffw_4i67dk]

Next, simply scroll down and click blast![image: https://lh6.googleusercontent.com/s-zIj52T-WELUez0PzjWCvyUR6cBt_vuXC1Jbn0v_ar8uWILEysA3BogiAOkSRvGKq5OarwKcKESEuvSmgHkB0jaNtEwHfckzGSTsehzBK3fiTrdN4PXNEdcQrDtJh_5qefBdAuE]
You will see the function running below, and it will take a few moments to load.[image: https://lh6.googleusercontent.com/EUpDHvyPdpa3go9USUpB779uJDTzwDCchU1jws5wbZdVF4-ve8roxUlqPNMVy0-IjsKC7MLjen0gtrhirG-62-dxQOZlTT0upYz9OhkD2mXe1eS41tJi3KdVACCrxglv-srgL2CK]
After the Blast loads, scroll down to view significant alignments.
[image: https://lh3.googleusercontent.com/O91CpZj0OumiRRhzyr-SBycqxWeIs3-Ya0piPJYmp2lOI1zUcCzVQJQcfdfWL2no1EeOOKZFEPg24VkmWUkRxoJ4GZodoJVpxBtm51BLEDSjegeN6BpcSn3hkio8_GsN5R9haBrH]
A Percent Identification of 99% or higher is preferable. Record the suggested identification only if it has a percentage of 85 or above and add the Accession number.

When you are finished exploring and identifying your sequence, scroll up to “Edit Search” to restart if needed.

















BOLD Database

Navigate to the BOLD website (http://v3.boldsystems.org/index.php/IDS_OpenIdEngine). Simply copy and paste your sequence where it says “Enter sequences in fasta format.” All this means is to run, the program needs a greater than (>) and a number (e.g. 1) ahead of the sequence. This is simply a formatting preference. See the figure below for an example.
[image: https://lh5.googleusercontent.com/sMjXCKAbo-pg2C_q5YCv6etnXGnfoxNn9jmBFXU-6Ti0lPfCih4w3cQLUhLA-dRJwYZ7L9TqybzUUZkriSVJKDcyR-9UIW3yYMb0iIFgIFY5JBkcAsEew5DU37WcONI3_5b6gc2W]
For simplicity, enter >1 followed by your sequence. Then, press submit to run.
[image: https://lh3.googleusercontent.com/bbNzGqyFUIXN3r5l9MRpwqFbsVV4UG5guqKXKpDYNEd8EhqSLV5u6foQlUCn9o5Rik7IgtGkh_oYlmWvUfLA22s3c_0o0I0fyVE67HS6xpmrAtF_8_TFK4KD9npC6a9fCxeBPVYm] 
Once BOLD searches its database, it will redirect you to a results page.












The results page will tell you if a species level match was made, the nearest match, or if no match was made at all. In the top right, the percent identification will be displayed. Again, record the suggested identification only if it has a percentage of 85 or above. 

[image: https://lh6.googleusercontent.com/ai90No-Ft95OMH9E2dRqBy4Ujltga75alSUePOiM2AZfRpP35tpV8hZwh0f_h0Q0a7SuCox04v2g3Ye_uNcGtfOL1zLkoH4qFRHXdvvWkTnjijGH4ydsdRuiYbtIjyAdrbkNyFy5]

You should now have identified your organism to species or genus level! A tentative match for those who are 90% or below.

If needed, simply press the back arrow on your browser to restart.
















GBIF Database

Now go to the GBIF database https://www.gbif.org/ and click Occurrences. Next type the name of your organism into the search box and search
[image: https://lh5.googleusercontent.com/PGawLMLGV8G6aBGrged0wrlNLNe3edbynD7gYUv5F5WnJ5cTE5wd9eiO-iEXwOdW11LwUx2ZEyzOIeUVBFpVEPVMg3jLHt75580_o8fTphi1abefefCD-zBe00w3pUY0pY-2KvCO]

This will take you to a page with different tabs, explore each one and record information on the Second tab of Google spreadsheet.
[image: https://lh6.googleusercontent.com/rs31RtyFRXoUnu8XrMQUEFal9OXzUHZQHdt8zo0IL6n3wpzHTDC8L0hVu4uUoCuddSEDLaWKVJEdEOx5rhSRvKqA3NZJPykmOyAvof8ASKh9hMwEUJLEcEFIXZwhiPfa5I3V_FHm]

Be sure to record specific information on the spreadsheet tab labelled GBIF!











BOLD Student Portal
Now go to the BOLD student portal http://v3.boldsystems.org/index.php/SDP_Home and click Students

[image: https://lh5.googleusercontent.com/2LtZc_rYi1mzfx4ZmuYlTqV2AoTEwzVskSr2yedE5J5BuZGP-xiRklVCfCbSJV61wCLWbum03vhdL_qyQLWadsC9wdEtoqadRR3YoZI5PSyD7pMwzhCuj5sCfWfkh_nPdMchObhq]

For the login information, type in class-878 for the username and DTL77 as the password (Be sure to type in). This will take you the main console. We will be working in the data management console. Click new specimen

[image: https://lh5.googleusercontent.com/PpNJQS7f4HEOUhpxZZVdgNBG7rHKfcE0VB-Y_B0np9GEh2aiUt8nZiYOTGSrpZjSh4bY2CDYaMlcGsUgG6fCleCfSo7JbAV5d_fZXTWRmIckLmSLew9AJ9sEGhQZ6MgG1zuGCul8]



That will take you to this window. For Specimen voucher, we will be using the format year_initialoftheschool_yourinitials_samplenumber. Some of you may have the larval or adult stage of the organism. Input the taxonomy from the GBIF or Genbank. Samples were collected on October 5th and the coordinates are as follows: Lat: 34.202856 Lon: -118.166464 
Accuracy: 66m

[image: https://lh3.googleusercontent.com/jfwItLtwgNGWGOau1HsNkmqqpAh8URauvBqxaFvG2pK0pFVuxslslRCLcq9oH2R2W-7UR_KyTdMWYFnwwmQ1foiFbeK1nKyivRNudQxcC7JfHjn1FRNVP7jMNVpX7Nf8WA30rMfd]

After you submit do not view record and you will be taken back to the data management console. Click upload images and you will be taken to this screen.
[image: https://lh5.googleusercontent.com/v17-ukvYB66m6vZetWYVoPhMwX7wOnmBlLbDqmW8V8JMegsc3APnigIN6zE0tTnpxvzSrrv0Jl-f8GfUROGKaGQr78Azv_6hCbQhGB8TL-S7hPbPs7sIqfdV9vVyxvWq6swBo7wP]
Search for the image of your specimen here (https://drive.google.com/open?id=1hd3zupVR0cDNgtsxuLgaOXB0ebSbfJPC) and upload. To change the view of the images, change from list to gridview. Download your image to desktop and then upload. Be sure to input Caroline Schreck as the photographer.




You can then view your submission or return to data management console. From the main console click upload traces and you will be taken to this screen.
Search for your trace files here (https://drive.google.com/open?id=1DMMLlA2wHXGTRw2J8HDa29UCOgeJ05p2) and upload corresponding sequence. Change view to list instead of gridview for easier access. Download your sequence files by clicking the three dots and select download to your Desktop and upload to the server. * Note you may only have one sequence, in that case submit a file with N’s for the sequence direction you are missing

[image: https://lh6.googleusercontent.com/yodE_0P2lJJK_9xcMYgeuFaaVxN8k7kgm2_JK_FcLZf58B3fq7wqgR9WSI4S74-kLwGp2r_d8Zez2gWPPHAttq0oAvzLgRHSV4E8YtYnLcWis2eBoCfLRRZC2xISxxYLvJpi96s4]

From the main console click add sequence and you will be taken to this screen. Follow the prompts to finalize sequence submission.

[image: https://lh6.googleusercontent.com/8LGtexzKrB8aVW51TVPHs9nenJs9pLIlCJyVMM1pWgPpLFb4Mju7nLwben0eIPc3U7ksyiLmXXuy55jS1uY-vs2nRAj_QHUpjW8OjzQJp-wmsmhnUfguVZGfCXxVHmkV3Fxqc1hV]

CONGRATULATIONS!!! You just submitted new data to the BOLD database.
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Assessment Pages

Summative Assessment
Submission assessment
Revise BOLD uploads to make sure everyone has submitted 
Evaluate information input in the google spreadsheet 

Reflection questions on the activity	
What did you find useful from your DNA mini-barcoding project?
What questions or curiosities do you have after the DNA barcoding activity?
What recommendations do you have for improving this DNA barcoding mini-project?

Pre and post-survey administered by Cold Springs Harbor Lindsay Barone (lbarone@cshl.edu)
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