Stuyvesant High School Biology (mn)
2
Student Instructions/Sequences



The Mouse Hunt for a Human Disease:

Using the Basic Local Alignment Search Tool (BLAST) to Study Genetic Diseases
Student Instructions/Sequences for the Workshop/Lab 21B:

Aim: What are the similarities between the genes “of mice and men”?
Introduction: Today, you will be working as groups to isolate the gene that causes a human disease based solely on the sequences of DNA and, in turn, translated protein, that have been found by scientists to encode these essential genes that can become faulty in a number of ways due to DNA mutation.  You will also decide, based on the results you record, whether you believe in the accuracy of the following hypothesis about the evolution and study of disease, which is: The field mouse Mus musculus has genes encoding proteins that are similar to the protein products of human Homo sapiens genes.  Therefore,  some aspects of human disease can be studied in the mouse.

Background: You will use a very special search engine, in a sense a form of “Google” for biological scientists, that requires complex math and computers to perform its function.  It is called BLAST (see above for meaning). A relatively new research field called Bioinformatics, among other things, enables individuals to search, point by point, for similarities between the sequences of nucleic acids or proteins that they find in their daily studies of organism genetics,  and the  sequences that other scientists around the world have found in a range of organisms, including the human being Homo sapiens sapiens.  The Homo sapiens database is connected with the Human Genome Project.  The consortium or group of hundreds of thousands of scientists working on many other organisms including humans contribute to a database maintained by the National Institutes of Health (NIH) called GenBank.  We will use GenBank to look at 8 serious human disease gene protein products and what similarities or differences they have with the common field (or apartment) mouse.

Research Objectives: You will be able to determine or see:

*How DNA encodes proteins.

*What the relationship is between genes in 2 species based upon their expressed proteins.

*Where the genes that encode the normal proteins are located on human chromosomes.

*Why and how human genes that can cause genetic disease are chromosomally linked.

Classwork: 8 groups of 4~5 students each; roles below.  Please have one person take notes, one read instructions, and at least two on the computers.  Please fill in the following information:

Name 1: ____________________________________________________ (note taking/answers)

Name 2: ____________________________________________________ (reading instructions)

Name 3: ____________________________________________________ (computer/technology)

Name 4: ____________________________________________________ (technology/analysis)

Name 5: ____________________________________________________ (analysis 2)

Unknown Sequence Number: _________

Pre-Lab exercise (IMPORTANT!!):

One day in advance of the workshop lab, students are strongly encouraged to inspect a slide show on “Replication, Transcription, and Translation” at the DNA interactive site:

http://www.dnai.org/lesson/go/17604/


One day in advance of the DNA workshop lab, students are required to explore the following sites to familiarize themselves with Bioinformatics tools:

http://www.ncbi.nlm.nih.gov/BLAST/

http://www.ncbi.nlm.nih.gov/mapview/

Materials:

*Instructions including BLAST tool manual for Porphyria (Vampire’s disease) search.

*Worksheet for data collection

*Report questions

*Internet interface

Instructions (Note that the provided manual gives site images for a gene that is NOT one of your 8 unknowns): Look for red arrowheads in the manual to guide you through these instructions:

1) Using this file and the provided sequences, go to http://www.ncbi.nlm.nih.gov/BLAST/   .

2) Click on the blue link under Basic BLAST “nucleotide blast”.  A window will come up with several fields.  The first one, labeled “Enter Query Sequence”, is where you will start.

3) Highlight with your computer mouse the approximately 650-base sequence n from your “Sequences” below beginning with number 1 and ending with the last a, t, g, or c for that sequence.  Do not worry about spacing, numerals, or carriage returns; include them all.  Hit command-c, apple-c,  or edit-copy to copy it as it is. Move to the “search” field and paste the whole sequence as it is, using command-v, apple-v, or edit-paste to paste.  Under “Choose search set”, enter “others” for database, click on “nucleotide collection (nr/nt)”, and under “Program selection”, click on “somewhat similar sequences (blastn)”.

4) After clicking “show results in a new window”, click on the blue BLAST round box at the bottom left of the window. A window will pop up within about 20 seconds that gives formatting results. Scroll down past the graphic summary of the hit distribution and click on the first blue “sequence” link you see on the left under “descriptions” that has a species name and disease name next to it, and click on the code called an Accession # on the right hand side; it may also appear purple when you see it.

5) A new window will pop up with a great deal of data including a DEFINITION. Record the full Definition for your gene on the worksheet provided. 

6) Scroll down to COMMENT, and read the summary of the disease state, about a paragraph.  Record the disorder description on your worksheet.

7) Underneath COMMENT, about another page length down on the left, you will see a heading for FEATURES.  In the section underneath that called source, you will see  /chromosome=,  and the chromosome number or letter in quotes; record it on your worksheet. 

8) Scroll down to the section that says CDS.  Within this section, there will be a heading that says /translation=.  The amino acid sequence for the gene, which is a combination of single-letter symbols for the 20 amino acids, will be in one-letter code within quotes.  Use the computer mouse to highlight every letter within the quotes, ignoring return carriages, spaces and numbers, and copy this entire text AS IS using the computer commands introduced in step 3.

9) Go back to http://www.ncbi.nlm.nih.gov/BLAST/   .

10) In the BLAST choices window you then get that says “BLAST Assembled RefSeq Genomes”, click on the blue link for “mouse”.  This will take you to a new window.  Click on the “blastp” tab at the top.  Using the computer commands to paste text, paste the text you copied in step 8 into the field under “Enter Query Sequence” that says: “Enter an accession, gi, or a sequence in FASTA format:”.

11) Change the following settings: Under “Choose Search Set”, In “Database” field, highlight the toggle selection for “Build Proteins”.  In the blue “Program selection” field, highlight the Algorithm selection for “blastp: protein-protein blast”.  At the bottom of the page, check “Show results in a new window.”  Then click the oval-shaped “BLAST’ button.

12) A results window will again pop up with the “BLAST” results.  Scroll down to “Alignments”, and you will see a line that says “Identities =”.  Record the ratio as well as the bracketed percentage in your worksheet. Note the appearance of the alignment between query (your human submission) and subject (your mouse answer). It indicates how similar the two sequences are at each amino acid.

13) Open another window, and go to http://www.ncbi.nlm.nih.gov/mapview/   selecting the following information: Under the “search” field on the left, type “Homo sapiens”. Under “for”, carefully type in the 1- or 2- word disease name you recorded in step 6 as simply as possible (ask instructor if you need help).  Click “Go!” or hit return on your keyboard.  You will then see a window appear with several chromosomes with red ticks.

14) To refine your search for a chromosome locus, type the chromosome number you recorded in step 7 above in the blue “on chromosomes “ field that popped up in step 13, then click “find” or hit return on your keyboard.  You may not need to do this step if the red marks localize to one chromosome only, but ultimately, you should see a single chromosome with red ticks on it, and a blue number underneath the chromosome corresponding to the blue number you typed, which is the chromosome number, as well as a red number, which is the number of genes related to your disease that you found on that chromosome in your refined search. 

15) Click on the blue underlined number link, and a chromosome map will pop up.  You should see your disease gene highlighted once or more in pink, and several other disease loci listed along the full length of the chromosome based on the map at left. From the column headings you see, record on your worksheet a gene that is linked to the one you are looking at on this chromosome. For some of the chromosome builds, you will see lots of information and no gene names.  If this is the case, zoom out using the toggle on the chromosome on the far left, and you will see any of the pink highlights correspond to your gene when you click on them.  To find linked genes, click on any of the abbreviations in the genes_seq column and the information you need about the linked gene will pop up in a separate window.  (The screentrap in the manual looks a little different than what you will see, but if you are confused, ask your teacher about it—they have a few examples of what the full page zoom out looks like for all of the diseases in their key.) Some of these gene products you will click on are fairly uncharacterized, and some are well known. Feel free to explore these for fun.

16) Based on your findings in step 12 regarding the actual % identity between a mouse and a human protein, go to the worksheet and evaluate whether or not your normal human gene has a normal mouse homolog.  

17) Congratulations! You have successfully completed your hunt for similar genes in humans and mice, as well as for chromosomally linked human diseases.  You will now share out your results with other students at lab and discuss what genes and relationships each of you found on the database.  Be prepared to discuss why you answered as you did in step 16 above. Share your disease identity and related information when the teacher asks you.


Students must obtain the following sequence files in an email or other format as text so that they can paste the content directly into the web-based search engines when they are assigned a sequence to investigate on the day of the lab; we will try to insure that text files are placed on the computers you will use:

Sequence 1

1 aattggaagc aaatgacatc acagcaggtc agagaaaaag ggttgagcgg caggcaccca

       61 gagtagtagg tctttggcat taggagcttg agcccagacg gccctagcag ggaccccagc

      121 gcccgagaga ccatgcagag gtcgcctctg gaaaaggcca gcgttgtctc caaacttttt

      181 ttcagctgga ccagaccaat tttgaggaaa ggatacagac agcgcctgga attgtcagac

      241 atataccaaa tcccttctgt tgattctgct gacaatctat ctgaaaaatt ggaaagagaa

      301 tgggatagag agctggcttc aaagaaaaat cctaaactca ttaatgccct tcggcgatgt

      361 tttttctgga gatttatgtt ctatggaatc tttttatatt taggggaagt caccaaagca

      421 gtacagcctc tcttactggg aagaatcata gcttcctatg acccggataa caaggaggaa

      481 cgctctatcg cgatttatct aggcataggc ttatgccttc tctttattgt gaggacactg

      541 ctcctacacc cagccatttt tggccttcat cacattggaa tgcagatgag aatagctatg

      601 tttagtttga tttataagaa gactttaaag ctgtcaagcc gtgttctaga taaaataagt

Sequence 2

1 acatttgctt ctgacacaac tgtgttcact agcaacctca aacagacacc atggtgcatc

       61 tgactcctga ggagaagtct gccgttactg ccctgtgggg caaggtgaac gtggatgaag

      121 ttggtggtga ggccctgggc aggctgctgg tggtctaccc ttggacccag aggttctttg

      181 agtcctttgg ggatctgtcc actcctgatg ctgttatggg caaccctaag gtgaaggctc

      241 atggcaagaa agtgctcggt gcctttagtg atggcctggc tcacctggac aacctcaagg

      301 gcacctttgc cacactgagt gagctgcact gtgacaagct gcacgtggat cctgagaact

      361 tcaggctcct gggcaacgtg ctggtctgtg tgctggccca tcactttggc aaagaattca

      421 ccccaccagt gcaggctgcc tatcagaaag tggtggctgg tgtggctaat gccctggccc

      481 acaagtatca ctaagctcgc tttcttgctg tccaatttct attaaaggtt cctttgttcc

      541 ctaagtccaa ctactaaact gggggatatt atgaagggcc ttgagcatct ggattctgcc

      601 taataaaaaa catttatttt cattgc

Sequence 3

1 atgctgtctg tgaagctgaa tctgtgagaa cacctcacta ttcacggcaa ccggagtgga

       61 agaaacaggt gcaaaaagat tgtgtgtttg tctgcttttg tgaggctggt cagagattct

      121 gtgcctgctt tatctgtgct tggctatgac tctacctcca ggtttaccat accccataga

      181 atgtgtaaga gaaaagtacc aacagggaaa tcagcaaaaa gctttcctat gaaggtgtgt

      241 agccagcctc cgcagaattt gaaatgtctg aggtttcttc tggtgagtaa aagctgcaga

      301 taatcaacag ccattcagaa gaatgataaa tgccacaagc atttggaaac aggcttccct

      361 aaagatgaaa gagaagatgt tcaaaagaaa acattcacaa aatgggtaaa tgcacaattt

      421 tctaagtttg ggaagcagca tattgagaac ctcttcagtg acctacagga tgggaggcgc

      481 ctcctagacc tcctcgaagg cctgacaggg caaaaactgc caaaagaaaa aggatccaca

      541 agagttcatg ccctgaacaa tgtcaacaag gcactgcggg ttttgcagaa caataatgtt

      601 gatttagtga atattggaag tactgacatc gtagatggaa atcataaact gactcttggt

Sequence 4

1 ttccggtttt tctcagggga cgttgaaatt atttttgtaa cgggagtcgg gagaggacgg

       61 ggcgtgcccc gcgtgcgcgc gcgtcgtcct ccccggcgct cctccacagc tcgctggctc

      121 ccgccgcgga aaggcgtcat gccgcccaaa accccccgaa aaacggccgc caccgccgcc

      181 gctgccgccg cggaaccccc ggcaccgccg ccgccgcccc ctcctgagga ggacccagag

      241 caggacagcg gcccggagga cctgcctctc gtcaggcttg agtttgaaga aacagaagaa

      301 cctgatttta ctgcattatg tcagaaatta aagataccag atcatgtcag agagagagct

      361 tggttaactt gggagaaagt ttcatctgtg gatggagtat tgggaggtta tattcaaaag

      421 aaaaaggaac tgtggggaat ctgtatcttt attgcacgag ttgacctaga tgagatgtcg

      481 ttcactttac tgagctacag aaaaacatac gaaatcagtg tccataaatt ctttaactta

      541 ctaaaagaaa ttgataccag taccaaagtt gataatgcta tgtcaagact gttgaagaag

      601 tatgatgtat tgtttgcact cttcagcaaa ttggaaagga catgtgaact tatatatttg

Sequence 5     

1 cctccgagag gggagaccag cgggccatga caagctccag gctttggttt tcgctgctgc

       61 tggcggcagc gttcgcagga cgggcgacgg ccctctggcc ctggcctcag aacttccaaa

      121 cctccgacca gcgctacgtc ctttacccga acaactttca attccagtac gatgtcagct

      181 cggccgcgca gcccggctgc tcagtcctcg acgaggcctt ccagcgctat cgtgacctgc

      241 ttttcggttc cgggtcttgg ccccgtcctt acctcacagg gaaacggcat acactggaga

      301 agaatgtgtt ggttgtctct gtagtcacac ctggatgtaa ccagcttcct actttggagt

      361 cagtggagaa ttataccctg accataaatg atgaccagtg tttactcctc tctgagactg

      421 tctggggagc tctccgaggt ctggagactt ttagccagct tgtttggaaa tctgctgagg

      481 gcacattctt tatcaacaag actgagattg aggactttcc ccgctttcct caccggggct

      541 tgctgttgga tacatctcgc cattacctgc cactctctag catcctggac actctggatg

      601 tcatggcgta caataaattg aacgtgttcc actggcatct ggtagatgat ccttccttcc

Sequence 6    

1 cagctggggg taaggggggc ggattattca tataattgtt ataccagacg gtcgcaggct

       61 tagtccaatt gcagagaact cgcttcccag gcttctgaga gtcccggaag tgcctaaacc

      121 tgtctaatcg acggggcttg ggtggcccgt cgctccctgg cttcttccct ttacccaggg

      181 cgggcagcga agtggtgcct cctgcgtccc ccacaccctc cctcagcccc tcccctccgg

      241 cccgtcctgg gcaggtgacc tggagcatcc ggcaggctgc cctggcctcc tgcgtcagga

      301 caagcccacg aggggcgtta ctgtgcggag atgcaccacg caagagacac cctttgtaac

      361 tctcttctcc tccctagtgc gaggttaaaa ccttcagccc cacgtgctgt ttgcaaacct

      421 gcctgtacct gaggccctaa aaagccagag acctcactcc cggggagcca gcatgtccac

      481 tgcggtcctg gaaaacccag gcttgggcag gaaactctct gactttggac aggaaacaag

      541 ctatattgaa gacaactgca atcaaaatgg tgccatatca ctgatcttct cactcaaaga

      601 agaagttggt gcattggcca aagtattgcg cttatttgag gagaatgatg taaacctgac

Sequence 7    

1 gctgccggga cgggtccaag atggacggcc gctcaggttc tgcttttacc tgcggcccag

       61 agccccattc attgccccgg tgctgagcgg cgccgcgagt cggcccgagg cctccgggga

      121 ctgccgtgcc gggcgggaga ccgccatggc gaccctggaa aagctgatga aggccttcga

      181 gtccctcaag tccttccagc agcagcagca gcagcagcag cagcagcagc agcagcagca

      241 gcagcagcag cagcagcagc aacagccgcc accgccgccg ccgccgccgc cgcctcctca

      301 gcttcctcag ccgccgccgc aggcacagcc gctgctgcct cagccgcagc cgcccccgcc

      361 gccgcccccg ccgccacccg gcccggctgt ggctgaggag ccgctgcacc gaccaaagaa

      421 agaactttca gctaccaaga aagaccgtgt gaatcattgt ctgacaatat gtgaaaacat

      481 agtggcacag tctgtcagaa attctccaga atttcagaaa cttctgggca tcgctatgga

      541 actttttctg ctgtgcagtg atgacgcaga gtcagatgtc aggatggtgg ctgacgaatg

      601 cctcaacaaa gttatcaaag ctttgatgga ttctaatctt ccaaggttac agctcgagct

Sequence 8

1 accactttca caatctgcta gcaaaggtta tgcagcgcgt gaacatgatc atggcagaat

       61 caccaggcct catcaccatc tgccttttag gatatctact cagtgctgaa tgtacagttt

      121 ttcttgatca tgaaaacgcc aacaaaattc tgaatcggcc aaagaggtat aattcaggta

      181 aattggaaga gtttgttcaa gggaaccttg agagagaatg tatggaagaa aagtgtagtt

      241 ttgaagaagc acgagaagtt tttgaaaaca ctgaaagaac aactgaattt tggaagcagt

      301 atgttgatgg agatcagtgt gagtccaatc catgtttaaa tggcggcagt tgcaaggatg

      361 acattaattc ctatgaatgt tggtgtccct ttggatttga aggaaagaac tgtgaattag

      421 atgtaacatg taacattaag aatggcagat gcgagcagtt ttgtaaaaat agtgctgata

      481 acaaggtggt ttgctcctgt actgagggat atcgacttgc agaaaaccag aagtcctgtg

      541 aaccagcagt gccatttcca tgtggaagag tttctgtttc acaaacttct aagctcaccc

      601 gtgctgagac tgtttttcct gatgtggact atgtaaattc tactgaagct gaaaccattt
Demo Sequence (for sample screens in manual; not assigned): UROD (porphyria)

1 atggcgacgc tcttggttcc ctacagaaag gggcggagcc tggactgggg ggcaggctca

       61 gattcaggtt aaattgtgga ttgagctcgc agttacagac agctgaccat ggaagcgaat

      121 gggttgggac ctcagggttt tccggagctg aagaatgaca cattcctgcg agcagcctgg

      181 ggagaggaaa cagactacac tcccgtttgg tgcatgcgcc aggcaggccg ttacttacca

      241 gagtttaggg aaacccgggc tgcccaggac tttttcagca cgtgtcgctc tcctgaggcc

      301 tgctgtgaac tgactctgca gccactgcgt cgcttccctc tggatgctgc catcattttc

      361 tccgacatcc ttgttgtacc ccaggcactg ggcatggagg tgaccatggt acctggcaaa

      421 ggacccagct tcccagagcc attaagagaa gagcaggacc tagaacgcct acgggatcca

      481 gaagtggtag cctctgagct aggctatgtg ttccaagcca tcacccttac ccgacaacga

      541 ctggctggac gtgtgccgct gattggcttt gctggtgccc catggaccct gatgacatac

      601 atggttgagg gtggtggctc aagcaccatg gctcaggcca agcgctggct ctatcagaga 







