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Supplemental Figure 1. Student self-assessment administered at the beginning and 

end of each semester.   

Supplemental Figure 2.  Molecular biology knowledge assessment administered at the 

beginning and end of each semester.   

Supplemental Figure 3.  Python Project Survey administered March 2014. 

Supplemental Figure 4.  A.  In silico assembly of python transcript assembly.  Students 

used the transcript from a reference species to search the python WGS for similar 

sequences.  The alignments were assembled into the putative python transcript for their 

gene of interest.  B.  The putative python transcript was validated by translating into an 

amino acid sequence using ExPasy.  Students selected the correct reading frame by 

determining whether STOP codons had been introduced.  The amino acid sequence 

was then entered into Protein BLAST to determined whether the gene of interest was 

encoded by the translated transcript. C.  Primer design and in silico validation. Students 

entered the assembled python transript into Primer3 to obtain a list of possible primer 

sets for their gene of interest.  Primer BLAST was then used to determine whether the 

intended product was amplified by the primer sets in a closely related species. 

Supplemental Figure  5.  In vitro primer validation.  Students performed conventional 

PCR and cDNA synthesized from the ventricles of 3 day post-fed (dpf) pythons to 

visualize the size of the product amplified by their primers. Expected product size is 

calculated during the primer design phase.  All products for qPCR are intended to be 

between 100 (red dashed line) and 200 (blue dashed line) bases long.  Free primers and 

primer dimers run below the 100 base line.  Students make an initial assessment of the 

quality of their primers using these gels.  In this example, students 1, 2, 4, 6, 7, and 10 

successfully amplified a PCR product of the correct size using their PCR primers. 

Supplemental Figure 6.  qPCR primer validation. Amplification curves (left columns) of 

primers designed for two genes show the cycle threshold (horizontal green bar) and 
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provide an estimate of the abundance of the gene in python ventricle obtained from 

snakes that were 6 days post fed (6dpf) ; students designed two sets of primers for each 

gene so each gene is shown twice.  A single peak in the melt curves (right columns) of 

each primer set indicates that a single product is amplified in the PCR protocol.  Each 

student in this example demonstrated successful amplified of a single product between 

cycles 20 and 30, reflecting the variable but adequate abundance of each of the genes. 

Supplemental Figure 7.  Midterm examination questions (Fall 2013) with Bloom’s 

taxonomy.  LOCS, lower order cognitive skill; HOCS, higher order cognitive skill. 

Supplemental Figure 8.  Example of a final research report. 

Supplemental Figure 9.  Faculty Course Questionnaire (FCQ) Summary. Results of the 

standard assessment administered by the University of Colorado at Boulder from 2010 

to 2013.  n = 96 student respondents. 



	  





 
  



The Python Project 
MCDB 4202 

Real Time PCR Primer Design Protocol Part I 
Spring 2014 

 
Procedure Overview: 
 

1. Obtain the mRNA sequence of your gene from a species that is closely related to 
the Burmese python and color code the alternating exons. 
 

2. Color-code exon-exon boundaries in the mRNA sequence. 
 

3. Find the Python contig sequences that align with pieces of the mRNA sequence 
obtained from lizard or chicken (or other closely related species like another 
reptile or bird). 
 

4. Map the exon alignment into both the cDNA (mRNA) sequence and the python 
contigs. 

 
5. Assemble the python transcript using the order of the exons from the reference 

species. 
 

6. Validate the assembly by translating the transcript into an amino acid sequence 
and performing a Protein BLAST search.  

 
7. Design primers using the assembled transcript. 

 
8. Validate the primer set in Primer BLAST. 

 
9. Refine the python transcript if necessary and validate the primer set in Primer 

BLAST. 
 
 
 
 
 
 
 
 
 
 
 



1.  Obtain the mRNA sequence of your gene from a species that is closely related to the 
Burmese python and color code the alternating exons. 
 
Go to PubMed:  www.ncbi.nlm.nih.gov/pubmed (alternatively, Google ‘Pubmed’ and it’s the first option: Home – 
PubMed – NCBI) 
 
Scroll to the bottom of the page and click ‘Gene’ under ‘POPULAR’  
 
In the search box, type in the name of your gene (either the full name or the appropriate gene abbreviation).  For 
this exercise, type ‘SIRT3’. 
 
If the expected gene does not appear, check Gene Card (www.genecards.org) for an alias or alternative full name 
that could be used for the search.  In the case of SIRT3, several other names could be used for the search. 
 
The gene abbreviation will appear, followed by the full name.  In parenthesis, the species is indicated.  The closest 
annotated relatives to the Burmese python are anolis carolinensis (Anole lizard) and gallus gallus (chicken).  Human, 
mouse, or rat may also be used but the relationship is more distant so finding the transcript in the python 
transcriptome will be more challenging.   
 
Scroll down until you find the species that is most closely related to the Burmese python.  If there are many listed, 
checked the ‘Top Organisms’ list at the right of the page.  The ‘Tree’ link will list the taxonomic groups.  From this 
list, you can select ‘Birds’ and gallus gallus will usually be present. 
 
Click on ‘SIRT3 sirtuin (silent mating type information regulation 2 homolog) 3 (S. cerevisiae) [ Gallus gallus 
(chicken) ]’.   
 
You should now see the Full Report for the gene, which may include the following information: 
   

1. Summary:  provides official naming scheme and basic information like whether the gene has been 
shown to encode a protein, 

2. Genomic context: gives the location of the gene in the genomes (chromosome number), 
3. Genomic regions, transcripts, and products: depicts the location of the gene along the chromosome 

relative to other genes.  Single nucleotide polymorphisms are shown as well as coding regions and 
Exons, 

4. Bibliography: lists published articles about the gene in PubMed and links to their abstracts, 
5. Variation: links to single nucleotide polymorphism and genotype reports, 
6. Pathways from BioSystems: links to specific pathways that involve the gene, 
7. General gene information:  homology to genes in other species with links to their nucleotide and animal 

acid sequences,  
8. General protein information: nomenclature for the protein the gene encodes, 
9. NCBI Reference Sequences (RefSeq): links to mRNA and Protein sequences, 
10. Additional Links:  links to Genome Browser and UniGene. 

 
Under NCBI Reference Sequences (RefSeq): links to mRNA and Protein sequences, click on ‘NM_001199493.1’  
This link takes you to the mRNA sequence and translation.  The link for the mRNA sequence (beginning with ‘XM’ 
or ‘NM’) is usually followed by the link for the protein sequence (beginning with ‘XP’ or ‘NP’). 
 

The page will show the amino acid and mRNA sequence.  Note that the format of the mRNA sequence 
includes numbers and spaces.  To switch the format to eliminate the numbers and spaces, click ‘FASTA’ 
under the gene name.  FASTA format removes numbers and spaces, making the sequence easier to 
navigate. 

 
 
 
 



Copy the text from gene name ‘Gallus gallus sirtuin (silent mating type information regulation 2 homolog) 3 (S. 
cerevisiae) (SIRT3), mRNA’ to the end of the sequence into a blank text document.  Change the font to Courier New 
8.  Your text should appears as follows: 
 
Gallus gallus sirtuin (silent mating type information regulation 2 homolog) 3 (S. cerevisiae) (SIRT3), mRNA 

NCBI Reference Sequence: NM_001199493.1 

GenBank Graphics 
>gi|313747483|ref|NM_001199493.1| Gallus gallus sirtuin (silent mating type information regulation 2 homolog) 3 
(S. cerevisiae) (SIRT3), mRNA 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAGCGCGGTGGCC 
TGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTACAAGGGACCAGGCCCTTCTC 
TCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGCTGGGGAGGTGACAGTGGGAAGCAGAAGCTC 
ACCCTGCAGGATGTGGCAGAGCTCATTCGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTG 
GGATTAGCACCCCCAGCGGCATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCA 
GTACAACATCCCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTGAGACTCCTGC 
ATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTGGAGCGAGTTGCTGGGATCCC 
TCCTGATAGACTGGTGGAAGCCCACGGCACCTTTGCTACTGCCACGTGCACAGTCTGTCGGAGGAAATTC 
CCAGGAGAGGACTTCAGGGGGGACGTTATGGCAGACAAGGTCCCTCACTGTCGTGTCTGCACCGGAATCG 
TCAAGCCTGACATCGTGTTCTTTGGCGAGGAGCTCCCGCAGCGCTTCTTCCTGCACATGACAGACTTCCC 
CATGGCAGACCTGCTTTTTGTCATCGGAACGTCCCTGGAGGTGGAGCCCTTTGCCAGCCTGGCAGGAGCT 
GTTCGCAACTCCGTTCCCCGGGTCCTCATCAACCGAGATCTTGTAGGACCGTTTGCCTGGCAACAACGCT 
ACAATGACATAGCCCAGCTGGGGGATGTGGTCACTGGGGTTGAGAAGATGGTAGAACTGCTGGACTGGAA 
TGAAGAGATGCAAACACTAATTCAGAAAGAAAAAGAAAAGCTGGATGCAAAAGACAAATAGGACAGCTGG 
CTCCCTGCTGCTGGAAAGCAATGTTCACCCTAAAGATGAGAAGATGCTGCCATACCCAGCGTGAGCAGAG 
AAAGAGACAATGGCAGGGAGCTGTGGAAGAGCCCATCCAGCTCTGCAGCAGCGAATCTACACAGGACTGG 
CACTTGGGGAAAAGGAGGATGCTCATGGCTCAACCCAGCCAGCCTGGAAGC 
 

Note that the sequence does not indicate the junctions between introns and exons.  We need this information to 
design appropriate primers for real time PCR.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2.  Color-code exon-exon boundaries in the mRNA sequence. 
 
To obtain the color-coded mRNA sequence that indicates the locations of introns and exons, scroll down the right 
side of the page and select ‘Ensembl’ under ‘LinkOut to external resources.’  This will direct you to your gene in 
Ensembl.  If there is no LinkOut, perform a Google search for Ensembl Genome Browser and follow the link.  In 
this case, you will need to type in SIRT3.  If hundreds of species are returned, limit the search to a closely related 
species.  Often, a gene will not be found in PubMed but will be present in Ensembl.  In the case of Sirt3, anole lizard 
gene sequence is available.  Search for ‘SIRT3’ and click on ‘Anole lizard’ under ‘Restrict species to’.  
 
On the left side of the page, click cDNA, a DNA copy of the mRNA transcript. 

You will now see the cDNA sequence for your gene, but there is more information than you need to find 
this gene in the python transcriptome.  The format will need to be changed to include only the cDNA 
sequence with color-coded introns and exons. 

 
On the left side of the page, click ‘Configure this page’.  Choose the following configuration: 
 
 Show exons:    yes 
 Show codons:    no 
 Show UTR:    no 
 Show coding sequence:  no 
 Show protein sequence:  no 
 Show RNA features:   no 
 Show variations:   no 
 High variations longer than 10bp: no 

Filter variations by consequence type: no filter 
Line numbering:   no 
 
To save the configuration settings, click the ✔ at the upper right corner of the window. 

 
Copy the text from the transcript name to the end of the cDNA sequence.  Change the font to Courier New 8.  It is 
also helpful to remove extra lines and hyperlinks.  Your text should appear as follows: 
 
Transcript: SIRT3-201 ENSGALT00000006685 
Description 
sirtuin [Source:RefSeq peptide;Acc:NP_001186422] 
Location 
Chromosome 5: 1,625,769-1,629,803 forward strand. 
Gene 
This transcript is a product of gene ENSGALG00000004201  This gene has 1 transcript (splice variant) Show 
transcript t 
cDNA sequence 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAGTTGCTGGGATCCCTCCTGATAGACTGGTGGAAGCCCACGGCACCTTTGCTACT 
GCCACGTGCACAGTCTGTCGGAGGAAATTCCCAGGAGAGGACTTCAGGGGGGACGTTATG 
GCAGACAAGGTCCCTCACTGTCGTGTCTGCACCGGAATCGTCAAGCCTGACATCGTGTTC 
TTTGGCGAGGAGCTCCCGCAGCGCTTCTTCCTGCACATGACAGACTTCCCCATGGCAGAC 
CTGCTTTTTGTCATCGGAACGTCCCTGGAGGTGGAGCCCTTTGCCAGCCTGGCAGGAGCT 
GTTCGCAACTCCGTTCCCCGGGTCCTCATCAACCGAGATCTTGTAGGACCGTTTGCCTGG 
CAACAACGCTACAATGACATAGCCCAGCTGGGGGATGTGGTCACTGGGGTTGAGAAGATG 
GTAGAACTGCTGGACTGGAATGAAGAGATGCAAACACTAATTCAGAAAGAAAAAGAAAAG 
CTGGATGCAAAAGACAAATAG 
. 
. 
Ensembl release 74 - December 2013 © WTSI / EBI 

	  



***When you begin your primer design document, include as many notes as possible.  A new document should 
be started for each gene.  This will be enormously helpful later on.  Your document should be in the following 
format at this point (below).  These documents, one for each of your genes, will be uploaded to D2L for review 
by 3pm on Monday, January 27, 2014. 
 
mRNA sequence obtained from PubMed: 
 
Gallus gallus sirtuin (silent mating type information regulation 2 homolog) 3 (S. cerevisiae) (SIRT3), mRNA 

NCBI Reference Sequence: NM_001199493.1 

GenBank Graphics 
>gi|313747483|ref|NM_001199493.1| Gallus gallus sirtuin (silent mating type information regulation 2 homolog) 3 
(S. cerevisiae) (SIRT3), mRNA 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAGCGCGGTGGCC 
TGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTACAAGGGACCAGGCCCTTCTC 
TCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGCTGGGGAGGTGACAGTGGGAAGCAGAAGCTC 
ACCCTGCAGGATGTGGCAGAGCTCATTCGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTG 
GGATTAGCACCCCCAGCGGCATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCA 
GTACAACATCCCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTGAGACTCCTGC 
ATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTGGAGCGAGTTGCTGGGATCCC 
TCCTGATAGACTGGTGGAAGCCCACGGCACCTTTGCTACTGCCACGTGCACAGTCTGTCGGAGGAAATTC 
CCAGGAGAGGACTTCAGGGGGGACGTTATGGCAGACAAGGTCCCTCACTGTCGTGTCTGCACCGGAATCG 
TCAAGCCTGACATCGTGTTCTTTGGCGAGGAGCTCCCGCAGCGCTTCTTCCTGCACATGACAGACTTCCC 
CATGGCAGACCTGCTTTTTGTCATCGGAACGTCCCTGGAGGTGGAGCCCTTTGCCAGCCTGGCAGGAGCT 
GTTCGCAACTCCGTTCCCCGGGTCCTCATCAACCGAGATCTTGTAGGACCGTTTGCCTGGCAACAACGCT 
ACAATGACATAGCCCAGCTGGGGGATGTGGTCACTGGGGTTGAGAAGATGGTAGAACTGCTGGACTGGAA 
TGAAGAGATGCAAACACTAATTCAGAAAGAAAAAGAAAAGCTGGATGCAAAAGACAAATAGGACAGCTGG 
CTCCCTGCTGCTGGAAAGCAATGTTCACCCTAAAGATGAGAAGATGCTGCCATACCCAGCGTGAGCAGAG 
AAAGAGACAATGGCAGGGAGCTGTGGAAGAGCCCATCCAGCTCTGCAGCAGCGAATCTACACAGGACTGG 
CACTTGGGGAAAAGGAGGATGCTCATGGCTCAACCCAGCCAGCCTGGAAGC 

	  
Color-‐coded	  mRNA	  sequence	  showing	  exon-‐exon	  boundaries.	  	  This	  sequence	  was	  obtained	  from	  Ensembl	  
Genome	  Browser:	  
	  
Transcript: SIRT3-201 ENSGALT00000006685 
Description 
sirtuin [Source:RefSeq peptide;Acc:NP_001186422] 
Location 
Chromosome 5: 1,625,769-1,629,803 forward strand. 
Gene 
This transcript is a product of gene ENSGALG00000004201  This gene has 1 transcript (splice variant) Show 
transcript t 
cDNA sequence 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAGTTGCTGGGATCCCTCCTGATAGACTGGTGGAAGCCCACGGCACCTTTGCTACT 
GCCACGTGCACAGTCTGTCGGAGGAAATTCCCAGGAGAGGACTTCAGGGGGGACGTTATG 
GCAGACAAGGTCCCTCACTGTCGTGTCTGCACCGGAATCGTCAAGCCTGACATCGTGTTC 
TTTGGCGAGGAGCTCCCGCAGCGCTTCTTCCTGCACATGACAGACTTCCCCATGGCAGAC 
CTGCTTTTTGTCATCGGAACGTCCCTGGAGGTGGAGCCCTTTGCCAGCCTGGCAGGAGCT 
GTTCGCAACTCCGTTCCCCGGGTCCTCATCAACCGAGATCTTGTAGGACCGTTTGCCTGG 
CAACAACGCTACAATGACATAGCCCAGCTGGGGGATGTGGTCACTGGGGTTGAGAAGATG 
GTAGAACTGCTGGACTGGAATGAAGAGATGCAAACACTAATTCAGAAAGAAAAAGAAAAG 
CTGGATGCAAAAGACAAATAG 
. 
Ensembl release 74 - December 2013 © WTSI / EBI 

	  
	  
  



The Python Project 
MCDB 4202 

Real Time PCR Primer Design Protocol Part II 
Spring 2014 

 
3.  Find the Python contig sequences that align with the mRNA sequence obtained from 
lizard or chicken. 
 
Go to blast.ncbi.nlm.nih.gov.  You can access this link easily by performing a Google search for ‘Blast NCBI.’  This 
will take you to the Basic Local Alignment Search Tool (BLAST) bioinformatics algorithm, which will allow you to 
compare your sequence from lizard or chicken to the nucleotide sequences of other genomes.  In this case, we are 
interested in the unannotated whole genome shotgun (WGS) for Burmese python (python molurus). 
 
In the BLAST window, under ‘Choose a BLAST program to run’, select ‘nucleotide blast.’ 
 
Copy the entire color-coded cDNA sequence from Ensembl and paste it into the ‘Enter Query Sequence’ box.  Note 
that each blue or black segment represents an exon; the sequence is a DNA copy of the mRNA.   
 
TIPS:   If your sequence is extremely long (over 750 bases), limit your search to a portion of the transcript rather 

than the entire transcript.  You must have at least 200 bases in your search to design primers of an 
appropriate length for real time PCR. 
Be sure that you are searching in the ‘blastn suite.’ 

 
For this example, use the first four exons from the SIRT3 transcript: 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 
Under ‘Choose Search Set’, select ‘whole-genome shotgun contigs’ in the pull-down menu. 
 
Type ‘python’ in the ‘Organism’ box.  A pull-down menu will appear.  Select ‘python molurus (taxid:51750).’ 
 
Verify that ‘Highly similar sequences (megablast)’ is selected in ‘Program Selection’. 
 
Click ‘BLAST’.  A new window will appear that indicates the length of time the search has been performed: 

 



 
When the search is complete, the results will be shown.  In the example, where the gallus gallus SIRT3 Ensembl 
sequence is pasted into BLAST, no significant similarity will be found.  
 

 
 
If this message is returned, it does not necessarily mean that the sequence does not exist in the python.  It is likely 
that the search criteria were too stringent.  In most cases, changing the Program Selection to ‘Somewhat similar 
sequences (blastn)’ on the search page will solve the problem, especially when lizard sequence is not available and 
gallus gallus is used. 
 
Return to the Query screen and change the Program Selection to ‘Somewhat similar sequences (blastn)’. 
 
Click ‘BLAST’. 
 
A graphic summary of the BLAST hits will appear: 

 
 
In this case, 19 pieces of python transcript (contigs) were similar to the sequence that was queried (SIRT3 from 
gallus gallus). 
 
If, for example, you scroll over the red line between 300 and 550, you will highlight ‘AEQU02054582 python 
bivittatus’.  A red contig indicates that the match is fairly good between a part of the sequence you queried and the 
Python contig. Scores represent the length of the contig and the percentage of matches. Remember that this 
sequence was derived from the whole python genome so includes both introns and exons. 
 



Click on the red line to see the alignment between the sequence you queried and the Python contig.   
 

 
 
The Query line is the sequence you put into BLAST.  The Sbjct line is the python contig.  The sequences are 81% 
similar, a decent match especially with no gaps in the sequence. Plus/Plus indicates that the orientation of the gallus 
gallus transcript is the same as the orientation of the python contig (5’ to 3’). 
 
Click on Sequence ID ‘gb|AEQU02054582.1|’ to retrieve the corresponding Python contig sequence. 
The contig is a contiguous piece of genomic DNA that is 11,858 bases long.  It contains one of the exons from the 
gallus gallus sequence. 
 
Examine the exon boundaries from the gallus gallus sequence and the region that aligns with the python contig.  
Highlight the location of the python contig.   
 
Gallus gallus: 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 

Highlighted in yellow is the sequence that aligned with Python molurus contig AEQU02054582.1. 
 
Note that the python contig aligned mostly within a single exon.   
 
Continue with this process until you have at least 200 continuous bases representing at least two exons mapped.   
 
TIPS:   For overlapping sequence, highlight in gray. 
 Choose different colors for each section mapped. 
 Avoid mapping very small lengths of sequence.  The likelihood of these sequences being a true match is low. 
 Choose alignments that have 0 gaps whenever possible. 
 Choose alignments that have greater than 80% identity whenever possible. 
 If the graphical depiction of the alignments has multiple contiguous sections, map these first. 
 Make as many notes as possible.  This will be enormously helpful later on if you have to redesign primers. 
 
Continue mapping the alignment of your gene. Your text should be similar to that shown below.  Make as many 
notations as possible to make clear what the identity of each sequence is.   
 



The second best alignment has two regions within the same contig.  This is indicated in the graphical representation 
by two bars separated by a vertical line.  It is also indicated in the alignments as Range 1, Range 2, etc.   

 
 

Range 1 is highlighted in the gallus gallus transcript in green.  Range 2 is highlighted in purple. 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 

Mapping these alignments did not help us achieve better coverage of more than one exon.  It is likely that 
Range 2 is not a ‘real’ alignment because the genomic sequence would have intron between exons 4 and 5.   
 
The third best alignment has one region mapped within contig AEQU02078587.1. 
  

 
This alignment is short but has 88% identity and no gaps.  This alignment is mapped in turquoise. 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 
 



The fourth alignment has a gap.  When there is a gap in the reference sequence (in this case, gallus gallus 
SIRT3), the corresponding nucleotide in the subject (python contig) must be removed so the extra nucleotide 
doesn’t cause a frame shift.   
 

 
This alignment is also short but has 93% identity and only one gap.  This alignment is mapped in blue. 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 
Again, this alignment is in the same exon as one that was already mapped.  However, this sequence provides 
more coverage of exon 3. 
 
Fifth alignment: 
 

 
 
This alignment is mapped in olive. 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 
The fifth alignment is also in exon 3 but provides more coverage. 
 
 
Sixth alignment: 
 



 
The sixth alignment is mapped in teal. 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 
The sixth alignment is also in exon 3, but additional coverage is provided. 
 
 
Seventh alignment: 
 

 
The first nucleotide of seventh alignment is mapped in purple. 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 

The seventh alignment is across the gray and turquoise alignments.  This is redundant and is therefore not 
mapped. 
 
 
Eighth alignment: 

 



 
The first nucleotide of the eighth alignment is highlighted in bright green.  The eighth alignment mostly overlaps 
with the gray alignment so it is not needed.   
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 
 

Ninth alignment: 
 

 
The ninth alignment is highlighted in purple.  The part that overlaps with the bright blue alignment is highlighted 
in gray. 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 
CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 
 
 
 
 
NEW BLAST SEARCH: 
 
At this point, the scores are becoming lower so a new BLAST is performed to limit the search to the 
unhighlighted region between the teal and yellow.  To provide more sequence, which will improve the 
specificity of the alignment, the sequence between the turquoise and yellow (including the teal) is used: 
 
CGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTT 
 
Four alignments are returned: 
 



 
 
The first alignment is identical to the teal: 
 

 
CGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTT 
 
 
Second alignment: 
 

 
The first nucleotide is highlighted in yellow.  The second alignment mostly overlaps with the teal alignment. 
 
CGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTT 
 

 
Third alignment: 
 

 
The first nucleotide is highlighted in yellow.  The third alignment mostly overlaps with the teal alignment. 
 



CGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTT 
 
 

Fourth alignment: 
 

 
The fourth alignment is highlighted in bright green.  The overlap between the yellow and teal is highlighted in 
gray. 
 
CGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTT 
 
 
 

NEW BLAST SEARCH: 
 

The coverage in the gallus gallus SIRT3 transcript is nearly complete.  A third search is performed using just 
the transcript from the teal to the beginning of the yellow: 
 
TAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGCATCCCAGACTT 
 

TIP: The alignments must have more than 18 bases.  It was determined that 18 bases is the minimum 
number of nucleotides that will provide sequence specificity. 
 

Alignment 2 is the first to have more than 18 bases: 
 

 
It overlaps with the teal alignment from the beginning of the search sequence. 
 
Alignment 4 is the second to have more than 18 bases: 
 

 
Alignment 4 is highlighted in red. 
 
TAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGCATCCCAGACTT 
 
ATGGAGCGGGGGGTTCGGCGCGGAGCGGCGCTGGTGGCGGCATGGAGAAGCCTGTGGGAG 



CGCGGTGGCCTGGCTCTGTTCCGCCCTCAGTGCAGGACTGGCTGCGGGGCGTGCAGGGTA 
CAAGGGACCAGGCCCTTCTCTCTGTCTGCTGCCGCCAGTGCTGTTCTAGGACTGGGCAGC 
TGGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 
From the olive alignment to the end of the yellow alignment, there are only 8 unmapped nucleotides.  This is 
acceptable to proceed with assembling the python transcript. 
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1. Using the assembled python transcript, map the designed primers. 
 
The assembled python transcript for SIRT3 is below.   
 
CATTCGGAAGAAGGAGTGTCATGGAGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCATCCCAG
ACTTCAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCATATTT
GAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAG 
Unhighlight the assembled python transcript and color-code the exons in the python assembled transcript using the 
highlighted chicken transcript (below) 
 
CATTCGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGCATCCCAG
ACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATCCCTTACCCCGAAGCCATCTTT
GAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTCACTTTGGCCAAGGAG 
 
 
CATTCGGAAGAAGGAGTGTCATGGAGTAGTGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCAT
CCCAGACTTCAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCA
TATTTGAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAG 
 
 

Because Exons 1 and 2 are not mapped, focus on the most mapped regions of Exons 3 and 4: 
 
GGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGG 
AAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGC 
ATCCCAGACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATC 
CCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTC 
ACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTCCTG 
AGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTG 
GAGCGAG 
 

Region1/Exon3 
Region2/Exon3 
Region3/Exon3 
Region4/Exon3 
Region5/Exon3 
Exon4 
 
Identify the corresponding python sequence from the alignments.  Copy and paste them in order.  Verify that you 
are copying the SUBJECT sequence (python) and not the QUERY sequence (reference species). 
 
GGGAAGGTGACAGTGGGAAGAAGAA 
 
AGCTGACCCTGCTGGTTTTGGCAGAGCTCATT 
 
AGAAGGAGTGTCATGGAGTAGTG 
 
CCCAGCTGCATCCCAGACTT 
 



TAGTGGTGGTGGCAGCTGCTGGGATTAG 
 
CAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGA 
AGCCATATTTGAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAA 
GGAGTTGTACCCTGGCAATTACAGACCAAACTATGCCCACTATTTTCTTCGACTTCTGTT 
TGACAAAGGGCTCCTTCTGCGCCTCTACACACAAAATATTGATGGGCTGGAGAGAG 
 
 
Place the highlighted alignments from the python contigs in the order of the reference species sequence.  This is the 
preliminary assembled python transcript for the gene. 
 
GGGAAGGTGACAGTGGGAAGAAGAAAGCTGACCCTGCTGGTTTTGGCAGAGCTCATTAGAAGGAGTGTCATGGA
GTAGTGTAGTGGTGGTGGCAGCTGCTGGGATTAGCAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAG
TATAATATTCCATACCCTGAAGCCATATTTGAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCTTCAGGTT
AGCTAAGGAGTTGTACCCTGGCAATTACAGACCAAACTATGCCCACTATTTTCTTCGACTTCTGTTTGACAAAG
GGCTCCTTCTGCGCCTCTACACACAAAATATTGATGGGCTGGAGAGAG 
 
Compare the highlighted reference species transcript from Ensembl to the assembled python transcript.  Change the 
format of the reference species so it is exactly the same as the assembled python transcript; this will make it easier to 
identify potential problems in the assembly. 
 
Chicken SIRT3 (mapped): 
 
GGGGAGGTGACAGTGGGAAGCAGAAGCTCACCCTGCAGGATGTGGCAGAGCTCATTCGGAAGAAGGAGTGTCGT
CGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGCATCCCAGACTTCAGGTCTCCGGGGAGCGG
CCTCTATAGTAACCTTGAGCAGTACAACATCCCTTACCCCGAAGCCATCTTTGAACTGGCCTACTTCTTCATCA
ACCCCAAGCCATTCTTCACTTTGGCCAAGGAGCTCTACCCTGGCAATTATAGACCCAACTACGCCCACTATTTC
CTGAGACTCCTGCATGACAAAGGGCTCCTTCTGCGTCTCTATACTCAGAATATTGATGGGCTGGAGCGAG 
 
There is missing sequence between mapped regions in the python transcript.  Use the nucleotides from the reference 
species to fill in these gaps. 
 
GGGAAGGTGACAGTGGGAAGAAGAAAGCTGACCCTGCTGGTTTTGGCAGAGCTCATTCGGAAGAAGGAGTGTCA
TGGAGTAGTGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCATCCCAGACTTCAGGTCTCCTGG
GAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCATATTTGAGCTTAGCTACTTTT
TCCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAGTTGTACCCTGGCAATTACAGACCAAACTATGCCCAC
TATTTTCTTCGACTTCTGTTTGACAAAGGGCTCCTTCTGCGCCTCTACACACAAAATATTGATGGGCTGGAGAG
AG 
 
There are six extra nucleotides in the python sequence.  The problem is likely between mapped regions. 
 
Between olive and turquoise, there is an extra ‘A’. 
 
GGGAAGGTGACAGTGGGAAGAAGAAGCTGACCCTGCTGGTTTTGGCAGAGCTCATTCGGAAGAAGGAGTGTCAT
GGAGTAGTGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCATCCCAGACTTCAGGTCTCCTGGG
AGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCATATTTGAGCTTAGCTACTTTTT
CCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAGTTGTACCCTGGCAATTACAGACCAAACTATGCCCACT
ATTTTCTTCGACTTCTGTTTGACAAAGGGCTCCTTCTGCGCCTCTACACACAAAATATTGATGGGCTGGAGAGA
G 
 
TAGTG is repeated between green and teal. 
 
GGGAAGGTGACAGTGGGAAGAAGAAGCTGACCCTGCTGGTTTTGGCAGAGCTCATTCGGAAGAAGGAGTGTCAT
GGAGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCATCCCAGACTTCAGGTCTCCTGGGAGTGG
ACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCATATTTGAGCTTAGCTACTTTTTCCAGA



ATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAGTTGTACCCTGGCAATTACAGACCAAACTATGCCCACTATTTT
CTTCGACTTCTGTTTGACAAAGGGCTCCTTCTGCGCCTCTACACACAAAATATTGATGGGCTGGAGAGAG 
 
TIPS:   Be sure to eliminate repeated sequence in the overlap between mapped contigs.   

If there was missing sequence in the python (indicated by a ‘-‘ in the python contig), fill in the space with the 
nucleotide from the reference species. 
If there was missing sequence in the reference query sequence, delete the corresponding nucleotide from the 
python. 

 
6.  Validate the assembly by translating the transcript into an amino acid sequence.   
 
Translate sequence in all 3 reading frames, looking for an intact open reading frame (ORF) without introduced 
STOP codons.  To do this, access the online translation algorithm http://web.expasy.org/translate/   
The site can be easily found by performing a Google search for ‘translate mrna sequence.’  It will return the 
translation for all three reading frames in the 5’ to 3’ direction as well as 3’ to 5’.  Ignore the 3’ to 5’ translation.  
ORFs that begin with methionine will be highlighted in red, however, your sequence may not begin at the start so 
consider ALL of the translation, regardless of whether there is a highlighted ORF. When the assembled python 
transcript for SIRT3 is entered, the following results are returned:  
 
Translate Tool - Results of translation 

Open reading frames are highlighted in red. Please select one of the following frames - in the next 
page, you will be able to select your initiator and retrieve your amino acid sequence: 

5'3' Frame 1 
G K V T V G R R S Stop P C W F W Q S S F G R R S V Met E Stop W W W Q L L G L A P P 
A A S Q T S G L L G V D Y T I I F S S I I F H T L K P Y L S L A T F S R I P S L S S G Stop L 
R S C T L A I T D Q T Met P T I F F D F C L T K G S F C A S T H K I L Met G W R E 
 
5'3' Frame 2 
G R Stop Q W E E E A D P A G F G R A H S E E G V S W S S G G G S C W D Stop H P Q L 
H P R L Q V S W E W T I Q Stop S S A V Stop Y S I P Stop S H I Stop A Stop L L F P E S Q A 
F L Q V S Stop G V V P W Q L Q T K L C P L F S S T S V Stop Q R A P S A P L H T K Y Stop 
W A G E 
 
5'3' Frame 3 
E G D S G K K K L T L L V L A E L I R K K E C H G V V V V A A A G I S T P S C I P D F R 
S P G S G L Y N N L Q Q Y N I P Y P E A I F E L S Y F F Q N P K P F F R L A K E L Y P G 
N Y R P N Y A H Y F L R L L F D K G L L L R L Y T Q N I D G L E R 
 
Frame 1 has several STOP codons so this frame is incorrect. 
Frame 2 also has several STOP codons so this frame is incorrect. 
Frame 3 has no introduced STOP codons.  Proceed to Step 7 with this amino acid sequence. 
 
7.  Validate the amino acid sequence. 
 
Copy the best predicted ORF.  Paste it into Blastp (accessed by going to the Blast home page and choosing ‘protein 
blast’ under ‘Choose a BLAST program to run’).  Do not specify a species in this initial search.  It should return 
chicken or lizard with a high degree of similarity and very few gaps, insertions or deletions.  Move the exon 
boundaries as necessary. 
 



 
The results for SIRT3, 5’3’ Frame 3 are: 
 

 
 
100 hits are identified.  The format of BLASTp is the same as BLASTn. The identities of the hits are below the 
graphical depiction of the alignments. 
 

 
 



Gallus gallus SIRT sequence appears as the second hit with 88% identity but it does not specify the isoform.  
However, SIRT3 is identified in 99 other species, including Anolis. 
 
 
 
8.  Design primers using the assembled transcript. 
 
Perform a Google search for ‘Primer3’.  Click the first link to Primer3 – BioTools – the University of Massachusetts 
Medical School.   
 
Use the presumptive transcript sequence to design primers in Primer3.  Design two sets for each of TWO PCR 
products.  The products will be 100-200 bases long, spanning at least one exon-exon boundary.  Enter at least 200 
bases from the assembled python transcript with the exon-exon boundary in the middle. 
 
CATTCGGAAGAAGGAGTGTCATGGAGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCATCCCAG
ACTTCAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCATATTT
GAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAG 
 
This is 207 bases long.  By examining the reference species transcript (chicken), the exon-exon boundary is between 
the red and yellow regions.  
 
Copy the assembled transcript and paste it into Primer3 search window.   
 
Check ‘Pick left primer or use left primer below’ and ‘Pick right primer or use right primer below (5’à 3’ on 
opposite strand).’ 
 
Verify that the following conditions are selected: 
 
Product Size  Min:  100 Opt:  150 Max:  200 
Primer Size  Min:  18  Opt: 20  Max: 27 
Primer Tm Min:  57.0 Opt: 60.0 Max: 63.0 Max Tm Difference: 
Product Tm Min:  Opt:  Max: 
Primer GC% Min:  20.0 Opt:   Max:  80.0 
 
Max Self Complementarity: 8.00 Max 3’ Self Complementarity 3.00 
 
Salt Concentration:  50.0 Annealing Oligo Concentration:  50.0 
 
Primer3 will produce the following output: 



 
 
 
9.  Validate the primer set in Primer Blast. 
 
Perform a Google search for ‘Primer Blast’.  The first result should be Primer-BLAST and will direct you back to 
the NCBI website.   
 
You will begin to validate primers for those sets with the best (lowest) scores).  For this exercise, choose the first set 
of primers: 
 
OLIGO            start  len      tm     gc%   any    3' seq  
LEFT PRIMER         44   19   59.56   57.89  7.00  1.00 CAGCTGCTGGGATTAGCAC 
RIGHT PRIMER       190   20   60.57   50.00  5.00  0.00 AGAAAGGCTTGGGATTCTGG 
 

Copy the left primer and right primer and paste them in the ‘Primer Parameters’ section that allows you to enter 
your own forward and reverse primers. 
 



Scroll down to ‘Primer Pair Specificity Checking Parameters’ and change the default organism (Homo sapiens) to 
Anolis. Leave all other settings as the default. 
 
Click ‘Get Primers’. The algorithm will now search all organism databases for sequences that your primers will 
amplify if a PCR were to be performed.  Click ‘Check’ periodically if the site does not update. 
 
The search returned the following for primer set 1: 
 

 
 
None of the products is SIRT3.  If this result is returned, either continue using Primer-BLAST to validate the other 
returned sets or try a different region of the assembled transcript. 
The first three primer sets share the same first primer.  The fourth primer set was Primer-BLASTed: 
 

 
 
10.  Refine the python transcript and validate the primer set in Primer-Blast, if 
necessary. 
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Goal:   
Design a reverse primer that will amplify intronic sequence.  The reverse primer will be used with the 
forward primer that was already designed.  It will amplify a larger product (approximately 500 bases).   

 
Purpose:    

• as a positive control, to validate the primer design method in genomic DNA, 
• as a negative control, to validate the real time PCR experiment. 

 
Procedure: 
 

2. Using the assembled python transcript, map the designed primers. 
 
The assembled python transcript for SIRT3 is below.   
 
CATTCGGAAGAAGGAGTGTCATGGAGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCATCCCAG
ACTTCAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCATATTT
GAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAG 
 
Unhighlight the assembled python transcript and color-code the exons in the python assembled transcript using the 
highlighted chicken transcript (below) 
 
CATTCGGAAGAAGGAGTGTCGTCGAGTAGTGGTGATGGCCGGTGCTGGGATTAGCACCCCCAGCGGCATCCCAG
ACTTCAGGTCTCCGGGGAGCGGCCTCTATAGTAACCTTGAGCAGTACAACATCCCTTACCCCGAAGCCATCTTT
GAACTGGCCTACTTCTTCATCAACCCCAAGCCATTCTTCACTTTGGCCAAGGAG 
 
Below is the unhighlighted python transcript with color-coded exons: 
 
CATTCGGAAGAAGGAGTGTCATGGAGTAGTGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCAT
CCCAGACTTCAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCA
TATTTGAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAG 
 
Primers that validated for this assembled transcript are below.  If you had to choose primers that did not validate 
using Primer BLAST, list the primers that were ordered. 
 
Primer pair 1 

 Sequence (5'->3') Length Tm GC% Self 
complementarity 

Self 3' 
complementarity 

Forward 
primer CTGCATCCCAGACTTCAGGT 20 59.38 55.00 4.00 3.00 



Reverse 
primer AGAAAGGCTTGGGATTCTGG 20 57.48 50.00 5.00 0.00 

Products on target templates 

 
 
>XM_776345.3 PREDICTED: Strongylocentrotus purpuratus NAD-dependent protein deacetylase sirtuin-3, 
mitochondrial-like (LOC575990), mRNA 
product length = 122 
Forward primer  1    CTGCATCCCAGACTTCAGGT  20 
Template        624  .G..................  643 
 
Reverse primer  1    AGAAAGGCTTGGGATTCTGG  20 
Template        745  ..........T..G....T.  726 
 
Forward:   CTGCATCCCAGACTTCAGGT 
Reverse:   AGAAAGGCTTGGGATTCTGG 
 
Create the reverse complement of the reverse primer.  Use the website, 
http://www.bioinformatics.org/sms/rev_comp.html, to design the reverse complement of the sequence.  This site 
can also be found by performing a Google search for ‘reverse complement bioinformatics.’ 
 
Enter the sequence of the reverse primer into the search box and click ‘Submit,’ 
 

 
 
The website will calculate the reverse complement for you: 
 

 
 
Reverse complement:  CCAGAATCCCAAGCCTTTCT 
 
Search for the forward primer and the reverse complement of the reverse primer in the assembled python 
transcript and highlight their locations.  Verify that the ENTIRE sequence of the primer is correct and that 
the primers amplify a product that spans an intron. 
 
CATTCGGAAGAAGGAGTGTCATGGAGTAGTGTAGTGGTGGTGGCAGCTGCTGGGATTAGCACCCCCAGCTGCAT



CCCAGACTTCAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTGAAGCCA
TATTTGAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCTTCAGGTTAGCTAAGGAG 
 
This is the product that is produced: 
 
CTGCATCCCAGACTTCAGGTCTCCTGGGAGTGGACTATACAATAATCTTCAGCAGTATAATATTCCATACCCTG
AAGCCATATTTGAGCTTAGCTACTTTTTCCAGAATCCCAAGCCTTTCT 
 
Perform a Word Count. Primer 3 predicted that the PCR product will be 122 bases long.  Your product 
size in the python transcript should be exactly the predicted length.   
 
 

3. Find the contig sequence for the forward primer. 
 
Return to the alignments with the python WGS and identify the contig that contains the forward primer.  All of 
your work should be in one document for each gene.  In the case of SIRT3, the forward primer starts in the red 
highlighted alignment.  The alignment for this contig is: 
 

 
Go to BLAST and click ‘nucleotide blast’, as in the original python WGS search.  In the ‘Enter Query 
Sequence’ search box, enter the Sequence ID of the contig shown in blue, starting with ‘AEQU’.  Select 
‘Whole-genome shotgun contigs (wgs)’ as the Database and Limit by ‘Python molurus (taxid:51750)’.  
You can leave the default ‘Highly similar sequences’. 
 
BLASTn returns the following results: 
 



 
 
The first hit is the correct contig; it should be in red and span the entire length of the Query.  Click on the 
alignment and then select the Sequence ID in blue.  This will link to the NCBI site for the contig, as it was 
deposited to the database.   
 

 
 
Contigs can be extremely long, up to as many as 30,000 bases.  Change the format of the NCBI page to 
FASTA so the sequence of the contig (shown at the bottom of the page) is without numbers or spaces. 
 
 



Copy the ENTIRE contig sequence into a text document.  Change the font to Courier, font size 8.   
 
Python bivittatus Python_molurus_bivittatus-5.0.2-11215.3, whole genome shotgun sequence 

GenBank: AEQU02239036.1 
GenBank Graphics 
>gi|540702772|gb|AEQU02239036.1| Python bivittatus Python_molurus_bivittatus-5.0.2-11215.3, whole genome shotgun 
sequence 
TATGGGCAAAGACCAAAGCAGCTGCAGCTATCACCAGAGAAAGGATAAGATGGCAGACATTCTTCCATAC 
AGTCCACAGGAGTCAGGGCTGACTCAGTGGCATCTAACCAACAACAGTAAACACCTTGATTAAGGCTGAG 
CGCAACAAGTGAGTCGTTACATAAATATACTATTAGAGGAAAATGCTATATAAGCAAGCAATATTCTGCC 
AAAGCCCCTTCATTAATAAACCTCTCCTCAAACTCAGCAAGTCCTTGGAATAATTCCACAATGCACCTAA 
GTCTGCAATCAAGGCAGATGTAAGCAGAAGTTACTAAAATCACTGCATCATTTTTTCTTTATTTAACCCA 
CCTCCATTTCTTTCTCCTTCCTCCTCTTTTCTATGTGAGTAAGTAGGGGTGTTCAAAGTACTTACACACC 
ACTGAGTCAAATCTAGTAAGAGCTGAAAGAGCTATTAGAAATTAAAGCGTATTGTCCTACAGGTACAGGT 
TTTATTCTCTCCAGGGAGCCTTAGGCAATTGGATTTGCATGCAGCCCTCCATCTTGTAGGATTATCTGGG 
GAAAGCCATGACAGTTAAACTGGCATAAAATTGAGATAGGTATGCATAAAATGTACTAATGATTCTTCCC 
TTTCAAGGGCAAAAATATAGCCTTCCTGAAAGAGAAATAACAAGATAACAGAGGCAGTCTTCCATATACC 
TTTGGTGAGTGTTATAGGTCCAAAGTAGTTGGCATCCATGATCTTTTTGTCAAGTTCCAGTGACATGTTC 
TGAACTGTCCCCTTGGCTGTTGTGCTAGCAGTGTGAATGAGTACATCAACGCATCCGTAACAATCCAGGA 
TTTCTTTAGCTACATCTTGGATACAGTTTACATCAGCAAGATCTAAAAGGATAAGCTTCGGTGTAAATGT 
CTACAAAAGAAGCAGGGTTTTTTTGTTACCGCACTATGTCGCTTGTAATACAGAGATATCTTAGTAGTTT 
TTGAAGTACAATACTTAACAAAAAAAGAGCTAATTCCCGTATGAGACAATAAAGCACCTTCCCCAATTTG 
CATACTTTTGGATGTAGTGCTCCCAGAATTCCCAGTCAGCCTAGCTGACGGTAGAAGAAATGGGGTTTAT 
CAGATGAGCACAACCATGTAGAAGGAAATCAGATCCAAAGATCAACATAAAGTAGAATCAGTACATTAAA 
GGTATAATTAGTAGCAGTTCCTTTGATAGAAGTGTCACTTTAGAAGATTTGGTAGTCCTCCTGCTGATTA 
AATCCAGGATCACCTATGTGTCTCTTTATATAATTTTCTGACCTCATATTTGGAAATAACTGGTTGTGAT 
TATATGGGGAAAAAAATGTGTATCATGTACACTACCTCTTTACTATAAAGCAGCATCATTCATTCATCAA 
TTAAAAACAACCAAACTAGACTGGTCTTAATTTTGATATTTTCCAGTAATGCATAATAATATAAATTAAA 
CAGTGTTATCATTCATCCTATAAGATAATACTGAGAGACAACAAAATCATAAAATTGCAAAGAGAGGCAA 
TAAAACTAATTTTAAAATGTCTTGGGAAATAAGTTTGTCTTGATCGAATGCTAAAAATATTGCAGGGTTT 
ATACTGTATGCACTGCATACTGTTTGAAATGTTGAGTGATCATCTATATTTTTCTGAAACTACATCTTAC 
AGCCTGTGGTCTATTGCCATCTTTTATCAAACTAATTATCCACAGGTTCAGAATGAATAATTAACCTGTA 
GATAATTAGTTTGTTGGCAAGCAATTTTTAATTCAGACATACTAAAAAAAACACAAAACCCTGGCCATTC 
TATATCAAGTGTCTCTTTTGTTGCCTTTATATAGTTCTTTAAAGATATGCAATACAAGGGACTTACTGCA 
GTAGGATCAGCCACACTGTTTAAAGCATCATAGAGAGCTTCTAATTTGTCCAGGTGTTTCCCACACAAAA 
TCAGCCTTGCTCCTCCTGTATGAAATACTCGTGAACATTCTGGAAGATAAACCAAGGGATAATTCAAGTT 
AATTGGAATAGTAATACTGTATCTCTGTTCTTGCTCATTCAACCCTAACAACAGAAAAAATATTCTTCTC 
ACCTCAGCGTTACCACACAGATGGACCCCCCCACACACACACACTCAACTGTTTATGCTTCAAATACAGA 
TCTTATGGATGGTTAAACAAATGCGCTGTACCCTCAAGCTATAATCCGTACATTTCCAAACAAACATATT 
TGTACCTCCGTTTGCTTACAAATGGATTCTATGAAGTCTTGTGCAAAGCATTGGGTGCAACAAGTAGAAC 
CCAGGACCACTGCAGTTGGGCTACAGTACTGAAAACGCAAAGACGTCATGATGTTTCCAGTGAGCAGATC 
CTCTGCAGTGAGAGGCGTATGCAAAGAAGTTAAGTGAAATCATCAGAAATCATCAACCAAGAAATACCGT 
TCATGTAGGGGGCCTGTGGACATAGGAGCTCAGGGTCCATTTCTCTCAGATCACCATAAATGCATCCATG 
TTGCTAGAGCAAGGTCAGGAGCCTGCTGCATGTCTATGCTGAGTGAGGTAAAAAGCAGCTTATTTAATAC 
TCCTCATTCAATGTAGAAATGTAGAGGGATACCAGAGCAGGATTTTTGCTTTGTCTCTGATTCTTGGCGT 
CATCCACACAGGATGTGGTGGAAGAGATGTATCTTCCTCTGTTACCAGCTTGGAAATGAATTGCTGGAAA 
TATCTTCCATAGAAAGTCACCACTGGGGCAGTTGTAGTGTGCAGTGGTGATGATGCCTTCCAAAGGTCTC 
CCCTCCCCATCCTGGAAAGGTAAGCCTGGGAACTCTGGGCAGCCAACACTTCATGAGCTTCAACAACGTA 
CAGTATGTCAGTGGCAAGAGTGCCCAAGAGAGAATTGGCTGCTGATAGTCACTGTGGCTGTCACCTTGTG 
ATAGAAAAAAGAAAGAATTCTACCCCTGGACATCCTCACAAGAAATAGCCTAGGATACACAGAGCATGCT 
CAGTAGCTGCAGCATGGAATGCCAGATGGAAGAGAAAACCAGAAAATACAGTGTTAGCAGGGAAAGAGAC 
AAAATGGCAGCTTGGAAGGAGCAAATGGTTTTTTGGCCAAAACCCAGAGTAAAATCATTAACTGAATCAA 
ACTTTATTGAATTAACTTGATTTCTTGGGTTTATACAACACAGAGTTAAAAATTAAGCCACCACATTTTA 
GATTAGTGAGATGCATGAACTCAACCACAGTATGCATCTCTCTCTATGTGAAAATAAGGACAAAATATTT 
AAAATAGGTGAACAGCATTCTCCTTTTCATAAAAACATACCACAATCTTCTTGTAGGATACCCTATATAA 
GAGAAATCTGGCAATATGATTAAGCAACGTTATAGAACAGAAGAACACAGCTATCTACAATTTGGAATAA 
TCTCTACCTATTTAACAAGAGATTTCTTACATCTTCCACACTCTGTTCTGGTCCAGCTCCAGTAAACACA 
AGAGTTCTGCAAAATTCACTACTTGGGGATGAAATGTATATCTGTATAATGTTGTCTTGTTCTGTCACTT 
GATGCATTTTTCCTAGTATGTTTGCCAATGGTGCACATGACCCCAATGATTTCTCAGTTGATGTCTCCTG 
TTTCCTCCCTCCTGACTGGCAGCAGAGCAGCAAGCTTCCTGCATACTTCTGAAAGGGATCATTTTCTATT 
CCCCTGACATTTCTGTAGCTATGAGCTTCATTCATTCACCAAACCATGGCTGCAGGTTCAAGGTCTTTGC 
TCCAAGGTCTGCAAATAATTTTGCTTCAAGATAACCCTTTGTATCTCAACTGCTTGATCCTGGACCTTAA 
AACTCACCACTGGTGCATAATTTAGGGATTACAGAAATAAGCTATTTATATCACACTGCTGCCACTTCAT 
ACGTCCTGTATGCGCAAATGGTTCTCACCACTACAGTGCAGCCAGCCAACTATAAATAGATTTTTTTTTC 
TCCTAAGGCATACAGTTTGTAGAGGCAGTTTTTCCAACTAATTGTGGATCTAAGTGCTGTTCTTCCTAAC 
CCACATTTCAGTAGTTGCATTGTAAGAGATATTGGTGGATGCAAATCTCTAAATAAATACAATTAAGTTT 
TTATTGCTGCTTACAGTTTGTGCAAAATATTATTATTTTTAACCACATTGAATTCTGAAAGTTGGCGCCA 
AACAAAACAACAAAGCAATGCATGATCAGATTTCTTGCAAAATCATACTACCTGTAGATCTATTGTTATA 
CATTTATACTGTCAATGCAGAGTTCAGTCCCTTTTTTACCCCCCTTCCCCCGTCTTCATACCCCATGGAT 
TATGTTTAGCTTCTCTGATTTATGTAAGCTGCAATATTTGGAATTCGGGATTCTGCAGACAATGTAATTT 
GTTCCAAGGTGTTATAATAGGTACAGAATGCATATGGACCATTAGAAGGCAATATTTCAGATTGGGCACA 
GAACATAGATTATATTCTGTAGGAAGAAATGTATAGGTGAATAGGAATAAACAGAGTAATTTGGAGAAAC 
TCCTCTGCGAATGTGCTCACTTGAAAAGGCCCACTCTGCTCCAATACACTATTTGCATGGCTTCCCTATT 
GATTTACGGGGCTGAAGCCTCGATCGCTGGTCCAGTTTCTAGTTTTTGAGTATTTAATGCTTCTTGTATT 
TCTAGGTTTTCCTTTATAATCACAAGGCTTACATTTCCCTATTTCAGTGTTTCTCAATCTTAGCAACTTT 
AAGATGGCTGGAGTCCAGCTCCCAGAATTCCCTAGCCAACACTGAAGTCCAGATTTCTTAAAGTTGTTAA 
GGTTGAGAAACAGGGCACTATTTCTTTTAAATGAATGCTGAAGGTCTTAGAATCCTGGATGTGTCACGCA 
TCAAATAGCTAGATTCCAGGAGGCAAACTGCAGTCATAGAAATGTTTACTTTTGCAACCTGTGTACGTTT 
GTGTGGTTACACTATAGAATATAAGTCACTTGCTGCGCTGCTTACCCTTGCCCAAGCCAGAGAGAGCATC 
ACTGATTATTACAACTTTGCTCCGCATAGCAGACTTCGACATCAGCTGAGTAACCATCCGATAAATGTAT 



ACAATCCCACTGATTCCAACCACAAGCAGTGGGAGGATTAGTATCGCCAAAATACCCATCGTCACCTAGC 
GAAAAAGGTAAATTGAAGTCACAGAGAAGATCCATCAAAATTGCCACAAAGATTCATTTTTCTTTTGAAA 
ATATACTTAAGCAAAGATCAGTGAGCAGGAGAACAGGTAATCTATTGCATATCCTGACCCAACCCCATAA 
TTAAGATAGAACATTATTTATTCAGCATCTCTCAGTACATATGGAGATTTTCAAAAGTGCACAAAGCCTA 
TTGTTTTGTTTTTGCTTTGGAAATGCAGAGCATTTTTTTTCTTCTTCAAATGAACCCATGCTATATATTT 
TTATCTTGTAAAATCAAGACTGTGACACAAATCCATTTAAATCCATTTCCTTATTGCCTACTATATATTA 
TAAACAGCTGTGTGCAGCAATCCATTTATTTATTGCAGTGCAAAAAAAAAAAAAAAGGAAAGGAGTAGAG 
GAAAAAAAAAACTTAAGTATTTCCTCTTAAAATTATAAAGACCAAACAGCAAATTACGTCAGACATTAAT 
CCCATGTGACATCCAACTACAGTTCTGCAATAAAGCTAATAACTTACTTGGAAGGCAAGCGGTCAGTCTG 
CTGATAAGGTGATGTCTCTTGCCAACAGGTTTATTCCAGAAGTTTAATTAAACTCGCAGACATTTTTGGA 
AAGGGAAAGCAGTCCACCAGCTGTAGACTTGTCCTTGGAGCAAAAGCAGCTATGTTTAGTGCCCAGCTGC 
ATCCCAGACTTTAAAAAAGTAAATATAGTATCTGTGGTCTCAGCCACATACCTGACCTATTTTGTTTCAC 
AGGGCTTCCACGTCCTTCTATAGCCTGATACAGAATGTTAGAAAGAAAGTCTCTTCATTTATTTGTTTGC 
TCTCAGAATCTGTAGTTACACGAGGCAAGGAAATCATTTTTAGGAGCCCATCCTGCATTCGCATGGTTTC 
TGGCCCCATTTGCAATAGTACACGATGGAAAGCTCACTTTCCACAATCCTTATGTGGTGGGAATGCCACT 
AGAAACTGACTATAACATTTCTATATGTAGATAAGAATATTTTTTTTAAGTATTAATATATTCTAGTTTA 
CCACGTAGTGTTTCCTCCCAGTTTGGTGTGCCACTGTGTCTCTTTAAGTGTTATCGCTTTGGGTGTTTCT 
AATTAGTTAGAAGAGGAATAGTACCAGTAAATAATATGGCTCTTGTGCAGGTTAAAAGTTTGCCATGGCA 
GAGTTAGTTCCCACACTTAATTTAGAGCTAGGCACAAATGACATTTTGAAATGATTAAGGCTGAGCCCAG 
CGGACCTCTGGGGAAGTAATGGCAAACTGAAGATGGCTTCACTTTCAGCGGAGCCGACAACTGTGGCATA 
ATGAGGAACCAGTGAAGGAGCAAAACCTAGAAATTGCTCCAACTTTCATCTTATAATGAGCTATGTCTGA 
CTCCATGGGATGTGATGCTGCATGACAGCTTGATCAGTCCATTTGTGCCTGATACCTGAAAGATGAAGTA 
CCTCTGGCAGTGAAATCTCTGGGTCTCATGAAGACTCTATACCTGGAAAACCAAAATAATGCAAGTAAAT 
TCATACTTGGGCTCAGTATGTTTTGTGTATTAAATTTTTTTTAGGCATGGTTTGAACATTTGATAGTCTG 
GTTAATAGTTCAGACAATGGGTATTATTTAGTGGACTCTTGAGGATTTTGAAATGACAGATACCTTTCAC 
TGTAATAGGACTGCGAGTCTTGGATCTTAATGAAAATATACTTTTTCTTTGCATAGCACATACAGTGTTG 
ATTTAAACATGTTTTTAATAAGAATAAAGGAGTTTGTTTTTACTAATCATAAAGCAAAGTCCAGAGCTTA 
AGGTTTCTGAAAACCTTGGTGATAGACTCTAAAGTCCTTTCAAATGTTGCCAGTATTTTATGTGCCAGTA 
GAAGGAAAATATTTGATATGTGAGAGTAATCATATTAACTGGATGTAATTAATTTAAGACAAATTCATTT 
TGTCCTGGTATGCGATTAAAAGTTCTACTGTGATTTTTCTGAAAAACAGTTGTTGCTATAAAATGTATAC 
ATTCTCTGTCAAATGTGATTTCACTTATTTCTCCCAGTCATTGTTAAGAAAGTGATTATAACATTTGGGA 
AATGGAAAATAGAGCAGATAGTAATTTTTACAAATCAGGCATTCTCTGATTCATTCAGCGGCATATTTGT 
TCCCATCAACGTGAAGGTCAATTTCATATGTGATCTTTTAGTAGTAGCAGACTTGCAATTTACAGCTGAG 
AGAGGAGTGGATGTCAGTATACCTTACTAAAAGACATCTAGACAAGGGGACTACAATCATTCT 
 

 
 

4. Map the forward primer in the python contig genomic DNA sequence. 
 
Search for the forward primer in the sequence.  If it cannot be found, search for the reverse complement of the 
sequence.  This would be necessary if the reference species transcript aligned in the plus/minus orientation with the 
python contig.   
 
Highlight the forward primer.  In this case, the primer spans an exon boundary, highlight only the part that lies in 
this exon.   
 
Select approximately 500 bases from the beginning of the primer, if available. If 500 bases are not available, select as 
many as possible but not less than 200.  
 
For this example, 494 bases were selected. 
 
CTGCATCCCAGACTTTAAAAAAGTAAATATAGTATCTGTGGTCTCAGCCACATACCTGACCTATTTTGTTTCACAGGGCTTCCACGTCCTTCTATAGCCTGATACAGAATGT
TAGAAAGAAAGTCTCTTCATTTATTTGTTTGCTCTCAGAATCTGTAGTTACACGAGGCAAGGAAATCATTTTTAGGAGCCCATCCTGCATTCGCATGGTTTCTGGCCCCATT
TGCAATAGTACACGATGGAAAGCTCACTTTCCACAATCCTTATGTGGTGGGAATGCCACTAGAAACTGACTATAACATTTCTATATGTAGATAAGAATATTTTTTTTAAGTA
TTAATATATTCTAGTTTACCACGTAGTGTTTCCTCCCAGTTTGGTGTGCCACTGTGTCTCTTTAAGTGTTATCGCTTTGGGTGTTTCTAATTAGTTAGAAGAGGAATAGTAC
CAGTAAATAATATGGCTCTTGTGCAGGTTAAAAGTTTGCCATGGCA 
 
 

5. Design a reverse primer that amplifies a PCR product that is approximately 450 
bases long. 

 
Enter the section of the contig sequence that contains the forward primer.  If the forward primer is incomplete as in 
SIRT3 (the primer spans an exon-exon boundary), design a new set of forward and reverse primers with the forward 
primer in the exon as close to the junction as possible and the reverse primer in the intron. 
 
CTGCATCCCAGACTTTAAAAAAGTAAATATAGTATCTGTGGTCTCAGCCACATACCTGACCTATTTTGTTTCACAGGGCTTCCACGTCCTTCTATAGCCTGATACAGAATGT
TAGAAAGAAAGTCTCTTCATTTATTTGTTTGCTCTCAGAATCTGTAGTTACACGAGGCAAGGAAATCATTTTTAGGAGCCCATCCTGCATTCGCATGGTTTCTGGCCCCATT
TGCAATAGTACACGATGGAAAGCTCACTTTCCACAATCCTTATGTGGTGGGAATGCCACTAGAAACTGACTATAACATTTCTATATGTAGATAAGAATATTTTTTTTAAGTA



TTAATATATTCTAGTTTACCACGTAGTGTTTCCTCCCAGTTTGGTGTGCCACTGTGTCTCTTTAAGTGTTATCGCTTTGGGTGTTTCTAATTAGTTAGAAGAGGAATAGTAC
CAGTAAATAATATGGCTCTTGTGCAGGTTAAAAGTTTGCCATGGCA 
 

Design the primer(s) using Primer 3 as in the Primer Design protocol.  Change the amplified product size 
to 400-500 bases with 450 as the optimal size. 
 
Because the forward primer for SIRT3 is on the exon-exon junction, extra sequence is included from the 
exon to improve the chances of getting a product that includes both exon and intron.  30 additional 
nucleotides were added to the beginning of the sequence.  30 were removed from the end so the entire 
sequence is shifted into the exon. 
 
GGAGCAAAAGCAGCTATGTTTAGTGCCCAGCTGCATCCCAGACTTTAAAAAAGTAAATATAGTATCTGTGGTCTCAGCCACATACCTGACCTATTTTGTTTCACAGGGCTTC
CACGTCCTTCTATAGCCTGATACAGAATGTTAGAAAGAAAGTCTCTTCATTTATTTGTTTGCTCTCAGAATCTGTAGTTACACGAGGCAAGGAAATCATTTTTAGGAGCCCA
TCCTGCATTCGCATGGTTTCTGGCCCCATTTGCAATAGTACACGATGGAAAGCTCACTTTCCACAATCCTTATGTGGTGGGAATGCCACTAGAAACTGACTATAACATTTCT
ATATGTAGATAAGAATATTTTTTTTAAGTATTAATATATTCTAGTTTACCACGTAGTGTTTCCTCCCAGTTTGGTGTGCCACTGTGTCTCTTTAAGTGTTATCGCTTTGGGT
GTTTCTAATTAGTTAGAAGAGGAATAGTACCAGTAAATAATATGGC 
 
Primer3 Output 

 
No mispriming library specified 
Using 1-based sequence positions 
OLIGO            start  len      tm     gc%   any    3' seq  
LEFT PRIMER         28   20   59.02   50.00  6.00  2.00 CAGCTGCATCCCAGACTTTA 
RIGHT PRIMER       453   21   59.99   42.86  2.00  0.00 GAAACACCCAAAGCGATAACA 
SEQUENCE SIZE: 494 
INCLUDED REGION SIZE: 494 
 
PRODUCT SIZE: 426, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00 
 
    1 GGAGCAAAAGCAGCTATGTTTAGTGCCCAGCTGCATCCCAGACTTTAAAAAAGTAAATAT 
                                 >>>>>>>>>>>>>>>>>>>>              
 
   61 AGTATCTGTGGTCTCAGCCACATACCTGACCTATTTTGTTTCACAGGGCTTCCACGTCCT 
                                                                   
 
  121 TCTATAGCCTGATACAGAATGTTAGAAAGAAAGTCTCTTCATTTATTTGTTTGCTCTCAG 
                                                                   
 
  181 AATCTGTAGTTACACGAGGCAAGGAAATCATTTTTAGGAGCCCATCCTGCATTCGCATGG 
                                                                   
 
  241 TTTCTGGCCCCATTTGCAATAGTACACGATGGAAAGCTCACTTTCCACAATCCTTATGTG 
                                                                   
 
  301 GTGGGAATGCCACTAGAAACTGACTATAACATTTCTATATGTAGATAAGAATATTTTTTT 
                                                                   
 
  361 TAAGTATTAATATATTCTAGTTTACCACGTAGTGTTTCCTCCCAGTTTGGTGTGCCACTG 
                                                                   
 
  421 TGTCTCTTTAAGTGTTATCGCTTTGGGTGTTTCTAATTAGTTAGAAGAGGAATAGTACCA 
                  <<<<<<<<<<<<<<<<<<<<<                            
 
  481 GTAAATAATATGGC 
                     
 
KEYS (in order of precedence): 
>>>>>> left primer 
<<<<<< right primer 
 
ADDITIONAL OLIGOS 
                    start  len      tm     gc%   any    3' seq  
 
 1 LEFT PRIMER         17   20   61.77   50.00  6.00  2.00 TGTTTAGTGCCCAGCTGCAT 
   RIGHT PRIMER       453   21   59.99   42.86  2.00  0.00 GAAACACCCAAAGCGATAACA 
   PRODUCT SIZE: 437, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 1.00 
 
 2 LEFT PRIMER         18   19   58.89   52.63  6.00  2.00 GTTTAGTGCCCAGCTGCAT 



   RIGHT PRIMER       453   21   59.99   42.86  2.00  0.00 GAAACACCCAAAGCGATAACA 
   PRODUCT SIZE: 436, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1.00 
 
 3 LEFT PRIMER         28   20   59.02   50.00  6.00  2.00 CAGCTGCATCCCAGACTTTA 
   RIGHT PRIMER       427   20   60.37   55.00  5.00  2.00 AGAGACACAGTGGCACACCA 
   PRODUCT SIZE: 400, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 0.00 
 
 4 LEFT PRIMER         28   20   59.02   50.00  6.00  2.00 CAGCTGCATCCCAGACTTTA 
   RIGHT PRIMER       452   20   58.15   40.00  2.00  0.00 AAACACCCAAAGCGATAACA 
   PRODUCT SIZE: 425, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00 
 
Statistics 
         con   too    in    in          no    tm    tm  high  high        high       
         sid  many   tar  excl   bad    GC   too   too   any    3'  poly   end       
        ered    Ns   get   reg   GC% clamp   low  high compl compl     X  stab    ok 
Left     794     0     0     0    84     0   280   230     0    26    17    13   144 
Right    872     0     0     0     1     0   499   157     0    10     0    14   191 
Pair Stats: 
considered 1452, unacceptable product size 1325, high end compl 35, ok 92 
primer3 release 1.1.4 
 
Map the primer set with the best (lowest) any and 3’ scores into the exon/intron sequences.  Note 
the junction between the exon and intron.  For SIRT3, the first set is used.  Again, the reverse 
complement of the reverse primer must be made to map it. 
 
GGAGCAAAAGCAGCTATGTTTAGTGCCCAGCTGCATCCCAG|ACTTTAAAAAAGTAAATATAGTATCTGTGGTCTCAGCCACATACCTGACCTATTTTGTTTCACAGGGCTT
CCACGTCCTTCTATAGCCTGATACAGAATGTTAGAAAGAAAGTCTCTTCATTTATTTGTTTGCTCTCAGAATCTGTAGTTACACGAGGCAAGGAAATCATTTTTAGGAGCCC
ATCCTGCATTCGCATGGTTTCTGGCCCCATTTGCAATAGTACACGATGGAAAGCTCACTTTCCACAATCCTTATGTGGTGGGAATGCCACTAGAAACTGACTATAACATTTC
TATATGTAGATAAGAATATTTTTTTTAAGTATTAATATATTCTAGTTTACCACGTAGTGTTTCCTCCCAGTTTGGTGTGCCACTGTGTCTCTTTAAGTGTTATCGCTTTGGG
TGTTTCTAATTAGTTAGAAGAGGAATAGTACCAGTAAATAATATGGC 
 

The forward primer should be entirely in the exon.  The second set is mapped as an alternative: 
 
Reverse complement of the reverse primer: 
 
TGTTATCGCTTTGGGTGTTTC 
 
 
GGAGCAAAAGCAGCTATGTTTAGTGCCCAGCTGCATCCCAG|ACTTTAAAAAAGTAAATATAGTATCTGTGGTCTCAGCCACATACCTGACCTATTTTGTTTCACAGGGCTT
CCACGTCCTTCTATAGCCTGATACAGAATGTTAGAAAGAAAGTCTCTTCATTTATTTGTTTGCTCTCAGAATCTGTAGTTACACGAGGCAAGGAAATCATTTTTAGGAGCCC
ATCCTGCATTCGCATGGTTTCTGGCCCCATTTGCAATAGTACACGATGGAAAGCTCACTTTCCACAATCCTTATGTGGTGGGAATGCCACTAGAAACTGACTATAACATTTC
TATATGTAGATAAGAATATTTTTTTTAAGTATTAATATATTCTAGTTTACCACGTAGTGTTTCCTCCCAGTTTGGTGTGCCACTGTGTCTCTTTAAGTGTTATCGCTTTGGG
TGTTTCTAATTAGTTAGAAGAGGAATAGTACCAGTAAATAATATGGC 
 

The following product will be produced: 
 
TGTTTAGTGCCCAGCTGCATCCCAGACTTTAAAAAAGTAAATATAGTATCTGTGGTCTCAGCCACATACCTGACCTATTTTGTTTCACAGGGCTTCCACGTCCTTCTATAGC
CTGATACAGAATGTTAGAAAGAAAGTCTCTTCATTTATTTGTTTGCTCTCAGAATCTGTAGTTACACGAGGCAAGGAAATCATTTTTAGGAGCCCATCCTGCATTCGCATGG
TTTCTGGCCCCATTTGCAATAGTACACGATGGAAAGCTCACTTTCCACAATCCTTATGTGGTGGGAATGCCACTAGAAACTGACTATAACATTTCTATATGTAGATAAGAAT
ATTTTTTTTAAGTATTAATATATTCTAGTTTACCACGTAGTGTTTCCTCCCAGTTTGGTGTGCCACTGTGTCTCTTTAAGTGTTATCGCTTTGGGTGTTTC 
 
Perform a Word Count to determine the expected size of the product.  This product should be 437 bases long.  
 
Clearly note at the end of the document the primer(s) you have designed.  If your forward primer for real time PCR 
mapped entirely to a single exon, you will note one reverse primer.   If your forward primer spanned an exon-exon 
boundary, you will note one forward primer and one reverse primer. 
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Fall 2014 
Primer Test 1 – PCR 

 
Purpose:   
 
The purpose of the test is to determine how many products the primers for real time PCR amplify.  This 
experiment will also indicate the size of the product produced. 
 
Method Overview: 
 
The primers will be added to 750ng cDNA synthesized from RNA isolated from hearts of pythons at a 
time point of your choice.  A master mix containing dNTPs, Taq polymerase, and buffer containing 
magnesium will be added to the cDNA and primers.  The number of reactions set up will equal the 
number of sets of real time PCR primers tested. 
 
Method: 
 
1.  Prepare the master mix that is specific to your primers. 
 
  Master Mix       X 1  X n + 2 
 
  PCR Reaction Buffer containing magnesium  2.5μL 
 

10nM dNTPs       1μL     
 
100ng/uL cDNA      1.5μL 
 
Water        16μL 
 

2.  Add 21μL of Master Mix to each PCR tube. 
 
3.  Add 1μL each of 12.5μM Forward and 12.5μM Reverse Primers so the total PCR reaction volume is 
25μL. 
 
4.  Store on ice. 
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RNeasy Protocol 

 
Introduction 

 
The RNeasy Kits are designed to purify RNA from small amounts of starting material.  They provide a fast and 
simple method for preparing up to 100 µg total RNA per sample. The purified RNA is ready for use in downstream 
applications such as: 
 
RT-PCR and real-time RT-PCR 
Differential display 
cDNA synthesis 
Northern, dot, and slot blot analyses 
Primer extension 
Poly A+ RNA selection 
RNase/S1 nuclease protection 
Microarrays 
 
The RNeasy Kits allow the parallel processing of multiple samples in less than 30 minutes. Time-consuming and 
tedious methods, such as CsCl step-gradient ultracentrifugation and alcohol precipitation, or methods involving the 
use of toxic substances, such as phenol and/or chloroform, are replaced by the RNeasy procedure 
 

Principle and procedure 
 

RNA purification using RNeasy technology: 
 
The RNeasy procedure represents a well-established technology for RNA purification. This technology combines 
the selective binding properties of a silica-based membrane with the speed of microspin technology. A specialized 
high-salt buffer system allows up to 100 µg of RNA longer than 200 bases to bind to the RNeasy silica membrane. 
 
Biological samples are first lysed and homogenized in the presence of a highly denaturing guanidine-thiocyanate–
containing buffer, which immediately inactivates RNases to ensure purification of intact RNA. Ethanol is added to 
provide appropriate binding conditions, and the sample is then applied to an RNeasy Mini spin column, where the 
total RNA binds to the membrane and contaminants are efficiently washed away. High-quality RNA is then eluted 
in 30–100 µl water. 
 
With the RNeasy procedure, all RNA molecules longer than 200 nucleotides are purified. The procedure provides 
an enrichment for mRNA since most RNAs <200 nucleotides (such as 5.8S rRNA, 5S rRNA, and tRNAs, which 
together comprise 15–20% of total RNA) are selectively excluded. The size distribution of the purified RNA is 
comparable to that obtained by centrifugation through a CsCl cushion, where small RNAs do not sediment 
efficiently.  
 
Isolation of Total RNA from Animal Cells and Tissues: 
 
Samples (maximum 1 x 107 cells or 30 mg tissue, are disrupted in lysis buffer containing GITC (Buffer RLT) and 
homogenized.  Ethanol is then added to the lysate, creating conditions that promote selective binding of RNA to the 
RNeasy membrane. The sample is then applied to the RNeasy mini spin column. Total RNA binds to the 
membrane, contaminants are efficiently washed away, and high-quality RNA is eluted in water. 
 
Equipment and Reagents to Be Supplied by User: 
 
When working with chemicals, always wear a suitable lab coat, disposable gloves, and protective goggles. For more 
information, consult the appropriate material safety data sheets (MSDSs), available from the product supplier. 
 



For all protocols: 
 
14.3 M β-mercaptoethanol (β-ME) (commercially available solutions are usually 14.3 M) 
Sterile, RNase-free pipet tips 
Microcentrifuge (with rotor for 2 ml tubes) 
96–100% ethanol 
Disposable gloves 
Equipment for sample disruption and homogenization  
Blunt needle and syringe 
Mortar and pestle 
 
 

Important Notes 
 
Determining the amount of starting material: 
 
It is essential to use the correct amount of starting material in order to obtain optimal RNA yield and purity. The 
maximum amount that can be used is determined by: 
 

• The type of sample and its RNA content 
• The volume of Buffer RLT required for efficient lysis 
• The RNA binding capacity of the RNeasy spin column 

 
 
When processing samples containing average or low amounts of RNA, the maximum amount of starting material 
can be used. However, even though the RNA binding capacity of the RNeasy spin column is not reached, the 
maximum amount of starting material must not be exceeded. Otherwise, lysis will be incomplete and cellular debris 
may interfere with the binding of RNA to the RNeasy spin column membrane, resulting in lower RNA yield and 
purity. 
 
Eliminating genomic DNA contamination: 
 
Generally, DNase digestion is not required with RNeasy Kits since RNeasy silica membrane technology efficiently 
removes most of the DNA without DNase treatment.  However, further DNA removal may be necessary for certain 
RNA applications that are sensitive to very small amounts of DNA (e.g., TaqMan RT-PCR analysis with a low-
abundance target). In these cases, residual DNA can be removed by optional oncolumn. The DNase is efficiently 
removed in subsequent wash steps. Alternatively, residual DNA can be removed by a DNase digestion after RNA 
purification.  
 

 
 
 
 

  



RNeasy Mini Protocol for Isolation of Total RNA 
from Animal Tissues 

 
Important notes before starting: 
 
• Use an appropriate amount of tissue.  
 
• Some tissues, including heart, spleen, and brain are difficult to homogenize. The volume of lysis buffer may need 
to be increased to facilitate complete homogenization and to avoid reduced yields.  
 
• Fresh or frozen tissue can be used. To freeze tissue for long-term storage, flash freeze in liquid nitrogen and 
transfer immediately to –70°C for storage up to several months. To process, do not allow tissue to thaw (e.g. during 
weighing) prior to disruption in Buffer RLT. Tissue lysates (in Buffer RLT) can also be stored at –70°C for several 
months. To process frozen lysates, thaw samples and incubate for 10 min at 37°C in a water bath to dissolve salt. 
Continue with step 2. 
 
• Buffer RLT may form a precipitate upon storage. If necessary, warm to redissolve. 
 
• β-Mercaptoethanol (β-ME) must be added to Buffer RLT before use. Add 10 µl β-ME per 1 ml of Buffer RLT. The 
solution is stable for 1 month. 
 
• Buffer RPE is supplied as a concentrate. Before using for the first time add 4 volumes of ethanol (96–100%) as 
indicated on the bottle to obtain a working solution. 
 
• All steps of the RNeasy protocol (including centrifugation) should be performed at 20 to 25°C. During the 
procedure, work quickly. 
 
1. Disrupt tissue and homogenize lysate. 
 
Note: Incomplete disruption and homogenization will lead to significantly reduced yields, and can cause clogging of 
the RNeasy mini spin column. 
 
Simultaneously disrupt and homogenize the sample using Buffer RLT and a rotor–stator homogenizer.  
 
Place fresh or frozen tissue in a suitably sized vessel for the homogenizer. Add the appropriate volume of Buffer 
RLT (see below), and homogenize immediately until a completely homogeneous lysate is obtained (typically 20–40 
sec). 
 
Starting material Volume of Buffer RLT 
up to 20 mg: 350 µl 
20 to 30 mg or if tissue is difficult to lyse: 600 µl 
 
Note: Ensure β-ME is added to Buffer RLT before use starting. 
 
Disruption and homogenization of starting materials 
 
Efficient disruption and homogenization of the starting material is essential for all intracellular RNA isolation 
procedures. Disruption and homogenization are two distinct steps. 
 
Disruption: Complete disruption of cells walls and plasma membranes of cells and organelles is absolutely required 
to release all the RNA contained in the sample. Different samples require different methods to achieve complete 
disruption. Incomplete disruption results in significantly reduced yields. 
 
Homogenization: Homogenization is necessary to reduce the viscosity of the cell lysates produced by disruption. 
Homogenization shears the high-molecular weight genomic DNA and other high-molecular-weight cellular 



components to create a homogeneous lysate. Incomplete homogenization results in significantly reduced yields. 
 
Disruption and homogenization using rotor–stator homogenizers:  Rotor–stator homogenizers thoroughly disrupt 
and simultaneously homogenize, in the presence of lysis buffer, animal tissues in 5–90 sec depending on the 
toughness of the sample. Rotor-stator homogenizers can also be used to homogenize cell lysates. The rotor turns at 
a very high speed causing the sample to be disrupted and homogenized by a combination of turbulence and 
mechanical shearing. Foaming of the sample should be kept to a minimum by using properly sized vessels, by 
keeping the tip of the homogenizer submerged and holding the immersed tip to one side of the tube. Rotor–stator 
homogenizers are available in different sizes and operate with differently sized probes. Probes with diameters of 5 
mm and 7 mm are suitable for volumes up to 300 µl and can be used for homogenization in microfuge tubes. Probes 
with a diameter of 10 mm or above require larger tubes.  
 
2. Centrifuge lysate for 3 min at maximum speed in a microcentrifuge and use only the supernatant in 
subsequent steps. 
 
For some samples very small amounts of insoluble material will be present, making the pellet invisible. 
 
3. Add 1 volume (600 µl) of 70% ethanol to the cleared lysate, and mix well by pipetting. Do not centrifuge. 
 
If some lysate is lost during homogenization, reduce volume of ethanol accordingly. 
A precipitate may form after the addition of ethanol, but this will not affect the 
RNeasy procedure. 
 
4. Apply 700 µl of the sample, including any precipitate that may have formed, to an RNeasy mini spin column 
sitting in a 2-ml collection tube. Centrifuge for 15 sec at 8,000 x g (10,000 rpm). 
 
If the volume of the mixture exceeds 700 µl, load aliquots successively onto the RNeasy column and centrifuge as 
above. Reuse the collection tube but discard flow-through* after each step. Reuse the collection tube in step 5. 
 
5. Pipet 700 µl Buffer RW1 onto the RNeasy column, and centrifuge for 15 sec at 8,000 x g (10,000 rpm) to 
wash. 
 
Discard flow-through* and collection tube. 
 
6. Transfer RNeasy column to a new 2-ml collection tube (supplied). Pipet 500 µl Buffer RPE onto the RNeasy 
column, and centrifuge for 15 sec at 8000 x g (10,000 rpm) to wash. 
 
Discard flow-through and reuse the collection tube in step 7. 
 
Note: Ensure ethanol is added to Buffer RPE before use. 
 
7. Pipet 500 µl Buffer RPE onto RNeasy column, and centrifuge for 2 min at maximum speed to dry the RNeasy 
membrane. Continue directly with step 8, or to eliminate any chance of possible Buffer RPE carryover, continue 
first with step 7a. 
 
It is important to dry the RNeasy membrane since residual ethanol may interfere with subsequent reactions. This 
spin ensures that no ethanol is carried over during elution. 
 
Note: Following the spin, remove the RNeasy column from the collection tube carefully so that the column does not 
contact the flow-through as this will result in carryover of ethanol. 
 
7a. Place the RNeasy spin column in a new 2-ml collection tube (not provided), and discard the old collection 
tube with the filtrate. Centrifuge at full speed for 1 min. 
 
8. Transfer RNeasy column into a new 1.5-ml collection tube (supplied) and pipet 30–50 µl of RNase-free water 



directly onto the RNeasy membrane. Centrifuge for 1 min at 8,000 x g (10,000 rpm) to elute. Repeat if the 
expected RNA yield is >30 µg. 
 
If a second elution step is performed, elute into the same collection tube using another 30–50 µl RNase-free water. 
	   	  



The Python Project 
Spring 2014 

cDNA Synthesis 
RATIONALE: 

cDNA or complementary DNA is a single stranded DNA copy of mRNA sequences.  An RNA-dependent 
reverse transcriptase is used to elongate the cDNA.  As with other polymerases, reverse transcriptase requires a 
double-stranded sequence at the 3’ end.  Hybridization of random hexamers is therefore required before addition of 
the reverse transcriptase.  We will add random hexamers (primers) and dNTPs (nucleotides) to the RNA samples 
and then heat them to promote hybridization.  We will then add the SuperScript III reverse transcriptase and heat 
again to promote elongation.  Superscript III achieves full activity at 50°C.  RNase OUT is also added in this step to 
degrade RNases that might be activated.  This is a one stage PCR without repeating cycles.   

 
NOTE:  The non-template control (NTC) produced in this cDNA synthesis will contain no cDNA because 

there will be no Superscript III.  DO include RNA in this step of the cDNA synthesis.  The NTC will be used in the 
real time PCR reaction as an indication of whether the RNA contained contaminating genomic DNA that can be 
amplified with your real time PCR primers.   
 
METHOD OVERVIEW: 
Prepare tubes with each sample containing RNA plus dNTPs, Random hexamers, and water and place on ice 

Heat samples containing RNA plus dNTPs, Random hexamers, and water at 65°C for 5 minutes in the thermocycler 

Transfer the sample tubes to ice 

Add the Master Mix containing first strand buffer, DTT, RNase OUT, and SuperScript III or Water AFTER the 
samples have been heated at 65°C 
 
Transfer the sample tubes to the thermocycler for one-step elongation 

 
METHOD DETAILS: 

1. Calculate volume (based on spectrophotometer reading) of 2,000ng (2μg) RNA. 
 

2. Set up a chart: Samples containing RNA from heart will be used for cDNA synthesis using random 
hexamers.  One tube will also be created for a non-template control (NTC) that will contain no SuperScript 
III.  In the last column of the chart, calculate the amount of water that will be required to make the final 
volume 13µL. 
 
 

Experiment 

 
Volume of 

Sample 
Containing 
500ng RNA 

(µL) 

 
 

dNTPs 

 
 

Hexamers 

Volume of 
Water Required 
to Make a Final 

Volume of 
13µL 

Fasted 
 

 1µL 1µL  

1dpf 
 

 1µL 1µL  

3dpf 
 

 1µL 1µL  

10dpf 
 

 1µL 1µL  

NTC – this can 
include RNA 
from any 
sample without 
SSIII 

 1µL 1µL  



 
 

3. Calculate volumes for the Master Mixes: 
 

NOTE:  DO NOT ADD MASTER MIX UNTIL AFTER THE RNA/Hex/dNTP/water SAMPLES 
HAVE BEEN HEATED FOR 5 MINUTES AT 65°C 
 
Two Master Mixes are required:  1 for Random Hex cDNA synthesis and 1 for NTC (does not contain 
SSIII) 
 
MMI (cDNA):   5X FSB 4µL 
   0.1M DTT 1µL 
   RNase OUT 1µL 
   SSIII  1µL 
                                                  --------- 
     7µL Total X number of samples (4) + a couple of extra 
 
MM2 (NTC):    5X FSB  4µL 
   0.1M DTT 1µL 
   RNase OUT 1µL 
   SSIII  0µL 
   H20  1µL 
                                                  --------- 
     7µL Total X number of samples (1) + an extra 
 

 
4. Set up tubes: 

 
Tubes 1-4: Samples containing RNA, dNTPs, Random Hexamers, Water 
Tube 5: NTC containing dNTPs, Random Hexamers, Water 

 
 
PCR reaction: 
 
STEP 1  HEAT AT 65°C  5 Minutes 
 
STEP 2   PLACE AT 4C (on ice) 
 
STEP 3   ADD THE MASTER MIX (7µL) to each tube 
 
STEP 4  ELONGATION at 55°C 60 Minutes 
 
STEP 5  INACTIVATION at 70°C 15 Minutes 
 
 
***Assuming that the reaction is 100% efficient (the amount of RNA put in compared to the cDNA that is produced 
is 1:1), 20µL total reaction volume containing 2,000ng RNA will produce cDNA at 100ng/μL. 
 
	   	  



The Python Project 
Spring 2014 

cDNA Synthesis 
RATIONALE: 

cDNA or complementary DNA is a single stranded DNA copy of mRNA sequences.  An RNA-dependent 
reverse transcriptase is used to elongate the cDNA.  As with other polymerases, reverse transcriptase requires a 
double-stranded sequence at the 3’ end.  Hybridization of random hexamers is therefore required before addition of 
the reverse transcriptase.  We will add random hexamers (primers) and dNTPs (nucleotides) to the RNA samples 
and then heat them to promote hybridization.  We will then add the SuperScript III reverse transcriptase and heat 
again to promote elongation.  Superscript III achieves full activity at 50°C.  RNase OUT is also added in this step to 
degrade RNases that might be activated.  This is a one stage PCR without repeating cycles.   

 
NOTE:  The non-template control (NTC) produced in this cDNA synthesis will contain no cDNA because 

there will be no Superscript III.  DO include RNA in this step of the cDNA synthesis.  The NTC will be used in the 
real time PCR reaction as an indication of whether the RNA contained contaminating genomic DNA that can be 
amplified with your real time PCR primers.   
 
METHOD OVERVIEW: 
Prepare tubes with each sample containing RNA plus dNTPs, Random hexamers, and water and place on ice 

Heat samples containing RNA plus dNTPs, Random hexamers, and water at 65°C for 5 minutes in the thermocycler 

Transfer the sample tubes to ice 

Add the Master Mix containing first strand buffer, DTT, RNase OUT, and SuperScript III or Water AFTER the 
samples have been heated at 65°C 
 
Transfer the sample tubes to the thermocycler for one-step elongation 

 
METHOD DETAILS: 

1. Calculate volume (based on spectrophotometer reading) of 2,000ng (2μg) RNA. 
 

2. Set up a chart: Samples containing RNA from heart will be used for cDNA synthesis using random 
hexamers.  One tube will also be created for a non-template control (NTC) that will contain no SuperScript 
III.  In the last column of the chart, calculate the amount of water that will be required to make the final 
volume 13µL. 
 
 

Experiment 

 
Volume of 

Sample 
Containing 
500ng RNA 

(µL) 

 
 

dNTPs 

 
 

Hexamers 

Volume of 
Water Required 
to Make a Final 

Volume of 
13µL 

Fasted 
 

 1µL 1µL  

1dpf 
 

 1µL 1µL  

3dpf 
 

 1µL 1µL  

10dpf 
 

 1µL 1µL  

NTC – this can 
include RNA 
from any 
sample without 
SSIII 

 1µL 1µL  



 
 

3. Calculate volumes for the Master Mixes: 
 

NOTE:  DO NOT ADD MASTER MIX UNTIL AFTER THE RNA/Hex/dNTP/water SAMPLES 
HAVE BEEN HEATED FOR 5 MINUTES AT 65°C 
 
Two Master Mixes are required:  1 for Random Hex cDNA synthesis and 1 for NTC (does not contain 
SSIII) 
 
MMI (cDNA):   5X FSB 4µL 
   0.1M DTT 1µL 
   RNase OUT 1µL 
   SSIII  1µL 
                                                  --------- 
     7µL Total X number of samples (4) + a couple of extra 
 
MM2 (NTC):    5X FSB  4µL 
   0.1M DTT 1µL 
   RNase OUT 1µL 
   SSIII  0µL 
   H20  1µL 
                                                  --------- 
     7µL Total X number of samples (1) + an extra 
 

 
4. Set up tubes: 

 
Tubes 1-4: Samples containing RNA, dNTPs, Random Hexamers, Water 
Tube 5: NTC containing dNTPs, Random Hexamers, Water 

 
 
PCR reaction: 
 
STEP 1  HEAT AT 65°C  5 Minutes 
 
STEP 2   PLACE AT 4C (on ice) 
 
STEP 3   ADD THE MASTER MIX (7µL) to each tube 
 
STEP 4  ELONGATION at 55°C 60 Minutes 
 
STEP 5  INACTIVATION at 70°C 15 Minutes 
 
 
***Assuming that the reaction is 100% efficient (the amount of RNA put in compared to the cDNA that is produced 
is 1:1), 20µL total reaction volume containing 2,000ng RNA will produce cDNA at 100ng/μL. 
 
	   	  



The Python Project - Fall 2013 
Standard Curve Production using a Protein Assay 

 
Materials: 
2mg/mL Stock Bovine Serum Albumin (BSA) 
ddH20 
Microtiter Plate 
P200 Pipetman 
P200 pipette tips 
1.5mL Tubes 
 
Method Details: 

1.  Prepare 5 Standard, as follows: 

Prepare six 1.5mL tubes by labeling them: 1, 2, 3, 4, 5, 6 

Dilute the stock BSA (2mg/mL) to 500µg/mL, a 1:4 dilution, into the tube labeled ‘1’. 

VORTEX! 

Prepare the first dilution (250µg/mL), a 1:2 dilution of the 500µg/mL (Standard #1), by transferring 500µL 
of ‘1’ into tube ‘2’ and adding 500µL ddH20 
 
VORTEX! 

Prepare the second dilution (125µg/mL), a 1:2 dilution of Standard #2, by transferring 500µL of ‘2’ into 
tube ‘3’ and adding 500µL ddH20 
 
VORTEX! 

Continue making 1:2 dilutions into tube #4 & #5, vortexing after each tube is prepared 

Add only water into tube #6 (the no protein control) 

  
NOTE:  These standards may be frozen for later use, if you need to repeat your standard curve. 

 

Tube 
Stock 
BSA 1 2 3 4 

5  
6 

Concentration 2mg/mL 500µg/mL 250µg/mL 125µg/mL 62.5µg/mL 31.25µg/mL 0µg/mL 

BSA --- 250µL 
(Stock) 

500µL (1) 500µL (2) 500µL (3) 500µL (4) 
 

0µL 

ddH20 --- 750µL 500µL 500µL 500µL 500µL 
 

1000µL 

Total Volume --- 1000µL 1000µL 1000µL 1000µL 1000µL 1000µL 

 
 
2. Add 50µL of each Standard in triplicate to the microtiter plate. 

3.  Add 40µL Dye Reagent to each of the Standards and Water 

4.  Incubate at room temperature for at least 5 minutes but not more than one hour. 

	  
	   	  



 
The Python Project 

Spring 2014 
Real Time PCR Experimental Setup 

Background: 
 
You will be performing a real time PCR experiment to examine whether the expression of your gene 
of interest changing in the hearts of Burmese pythons at various times after feeding.   
 
NOTE:  Real time PCR is also referred to as quantitative PCR and is sometimes abbreviated RT-
PCR.  This is confusing given that reverse transcriptase PCR used to produce cDNA from your RNA 
is also abbreviated RT-PCR.  The newest convention recommends using qPCR as an abbreviation for 
real time PCR.  Accordingly, in this class, we will use RT-PCR for reverse transcriptase PCR and 
qPCR for real time PCR. 
 
You will be creating the following for your qPCR plate: 
 

1.  Dilutions of a pooled sample of all cDNA samples for production of the standard curve  
 

**This is the most important part of setting up your experiment.  Be especially careful 
when creating these dilutions.  If your standard curve is not ‘good’, you will not be able 
to interpret the expression data produced by the real time PCR machine. 

 
 2.  Dilutions of all cDNA samples from 100ng/μL to 1ng/μL 
 

** 2μg of RNA were used to produce your cDNA.  The volume used was 20μL, so your 
concentration of RNA in the RT-PCR was 100ng/μL.  Assuming that the RT-PCR was 
100% efficient, the concentration of your cDNA is 100ng/μL as well.   

 
3.  One Master Mix containing the fluorescent mix and primers for each primer set used (gene 
of interest and reference gene). 
 
4.  Primer dilutions. 
 

**Oligonucleotides are most stable at higher concentrations.  We reconstitute our 
lyophilized primers to 100μM when we received them so they can be stored safely.  The 
working concentration of these primers is 12.5μM.  A dilution from 100μM to 12.5μM is 
therefore required for the Master Mixes. 

 
 
Supplies needed for qPCR set up: 
 1.  Ice 
 2.  PCR Strips 
 
  One strip for pooled cDNA sample and serial dilutions for standards 
  One strip for working dilution of cDNA (1ng/μL) 
 
 3.  Six 1.5mL Tubes 
 



Two tubes for dilution of the forward and reverse primers for the gene of interest to 
12.5μM 
Two tubes for dilution of the forward and reverse primers for the reference gene to 
12.5μM 
One tube for the gene of interest Master Mix  
One tube for the reference gene Master Mix 

 
 4.  One 96 well plate 
 
 5.  96 well plate holder 
 
Getting started: 
 
1.  Begin to dilute your pooled sample 1:10, creating a serial dilution.  
 

 
 Prepare a fresh PCR strip by labeling the first 6 tubes: P, 1, 2, 3, 4, 5 
 

Transfer 5μL of each cDNA sample into the tube labeled ‘P’ so a final volume of 20μL of cDNA 
is in the tube 
 
VORTEX! 
 
Prepare the first dilution (10ng/μL), a 1:10 dilution of the pooled cDNA, by transferring 10μL of 
‘P’ into tube ‘1’ 
 
VORTEX! 
 



Prepare the second dilution (1ng/μL), a 1:10 dilution of Standard 1, by transferring 10μL of ‘1’ 
into tube ‘2’ 
 
VORTEX! 
 
Continue making 1:10 dilutions into tubes 3 and 4, vortexing after each tube is prepared 
 
Add only water into tube 5 (a non-template control) 

  
Tube P 1 2 3 4 5 

Concentration 100ng/µL 10ng/µL 1ng/µL 0.1ng/µL 0.01ng/µL 0ng/µL 
cDNA 5µL each 10µL (P) 10µL (1) 10µL (2) 10µL (3) 0µL  

Nuclease-Free 
H20 0 90µL 90µL 90µL 90µL 100µL 

Total Volume 25µL 100µL 100µL 100µL 100µL 100µL 
 
 
 
NOTE:  Do not add your non-template control sample to the pool! 

 
2.  Dilute ‘Stock’ cDNA to ‘Working’ cDNA 
 
 Your stock cDNA is 100ng/μL.  It needs to be diluted to 1ng/μL.   
 

Label a new strip of PCR tubes 
 
Dilute each Stock cDNA sample into the new tubes so the final volume is 100μL 

 
 
3.  Create the Master Mixes: 
 
The SYBR mix for a real time PCR is similar to a conventional PCR.  It contains the following: 
 SYBR Green I Dye 

AmpliTaq Fast DNA Polymerase 
Uracil-DNA glycosylase (UDG) (enzyme from E. Coli, removes uracil from DNA) 
dNTPs 
Optimized buffer components 
 

For one sample, the master mix for each gene contains: 
 
MM X 1 sample: 
6μL    SYBR 
0.6μL Forward Primer 
0.6μL Reverse Primer  
 
Label two fresh 1.5mL tubes with ‘MM GOI’ (master mix, gene of interest) and ‘MM RG’ (master mix 
reference gene).   
 
You have five samples and one NTC that each need to be run in triplicate.  You also have five 
standards that each need to be run in triplicate.  Calculate the total number of samples for which you 



will need master mix (number of samples X 3 + 2 extra).  Then calculate the volumes of each 
component of the master mix that need to be added to tube 1.   
 
Repeat for your reference gene and add the appropriate volumes to tube 2.   
VORTEX and spin down you master mixes! 
 
Reference Gene MM X (number of wells + 2):     GOI MM X (number of wells + 2): 
 
     μL     SYBR       μL     SYBR 
 
     μL     Ref Forward Primer     μL     GOI Forward Primer 
 
     μL     Ref Reverse Primer      μL     GOI Reverse Primer 
 
4.  Create a ‘map’ of your plate layout using the Real Time PCR Template. 
 
5.  Label your plate and put the samples/master mix in the wells. (6μLMM + 4μL cDNA) 
 
6.  Place the sticker over the 96 well plate, cover in foil, label, and store at 4°C. 
 
7.  Store your cDNA (100ng/μL), Working cDNA (1ng/μL) and standard dilutions at -20°C. 
 
8.  Discard extra master mix by flipping open the cap and placing in solid waste. 
	   	  



The Python Project 
Fall 2013 

Primer Test 2 – Melt Curve 
 
Purpose:   
 
The purpose of the test is to determine how many products the primers for real time PCR amplify.   
 
Method Overview: 
 
The primers will be added to 8ng cDNA synthesized from RNA isolated from hearts of pythons that are 
fasted or 6dpf.  A master mix containing dNTPs, a fluorescent molecule that associates with double 
stranded DNA (SYBR), polymerase, and buffer containing magnesium will be added to the cDNA and 
primers.  Two reactions will be set up in a 96 well plate.  The 96 well plate will be shared by all students 
who are testing their primers. 
 
Method: 
 
1.  Prepare the master mix that is specific to your primers. 
 
  Master Mix   
  SYBR Green    20μL 
  Forward Primer (12μM)  2μL 
  Reverse Primer (12μM)  2μL 
 
NOTE:  the master mix above will provide enough volume for two reactions and are specific to a single set 
of primers.  If more than one set of primers is tested, separate master mixes must be prepared. 
 
2.  To each of two wells in the 96 well plate, add 6uL master mix. 
 
3.  To each of two wells in the 96 well plate, add 4uL cDNA (100ng/uL). 
 
4.  Label the plate with your sample names. 
 
5.  When the plate is completed, cover with clear film. 
 
6.  Wrap the plate in foil and label. 
 
7.  Store at 4°C. 
   
   
	   	  



 
Name:_________________________ 

 

The Python Project 
MCDB 4202 
Worksheet I 
Spring 2014 

 
 

1.  Describe how to make the following: 
 

 
150mL of a 1X TAE solution from 25X TAE stock 
 
 
 
 
 

  5mL of 1X Ethidium Bromide from 50X stock 
 
 
 
 
 
  750mL of 1.5% agarose using powdered agarose and 1X TAE 
 
 
 
 
 
 
 

1L of 2% agarose using powdered agarose and 50X TAE (remember that you will need to use 1X 
TAE in your final solution) 

 
 
 
 
 
 
 
 

500mL of 10% solution of sodium dodecylsulfate (SDS) from 20% SDS stock (liquid) 
 
 
 

 
 
 

 
 
 



Name:_________________________ 
 
 
125mL of 25mM anhydrous magnesium chloride (solid, powder), molecular weight = 95.211 
 
 
 

 
 

 
 
 
125mL of 70% ethanol from 100% ethanol (liquid) 

 
 
 
 
 
 
 
 

500mL of 3.7% formaldehyde in 1X phosphate buffered saline (PBS) using the following stocks:  
37% formaldehyde (liquid) and 50X PBS (liquid) 
 
 
 
 
 
 
 
 
 

 
 
 
 
2.  After diluting your DNA sample 1:40, you obtain an A260 of 0.14.  What is the concentration of DNA in your 
original sample? 
 
 
 
 
 
 
 
 
 
3.  After diluting your RNA sample 1:20, you obtain an A260 of 0.2.  What is the concentration of RNA in your 
original sample? 
 
 
 
  



 
NAME__________________________________ 
 

The Python Project 
MCDB 4202 

Solutions Worksheet II Spring 2014 
 
 
1.  How would you make 0.5% Triton x-100 (liquid) in 100mL of PBS (liquid)? 
 
 
 
 
 
 
 
 
 
2.  How would you make 500mL of 5M Sodium Chloride (NaCl, MW 58.44)? 
 
 
 
 
 
 
 
 
 
 
 
3.  Convert the following: 
 
 a.  243mL to nL 
 
 
 
 
 b.  2nL to µL 
 
 
 
 
 c.  5.6µM to pM 
 
 
 
 
 d.  500mM to pM 
 
 
 
 
 
 



NAME__________________________________ 
 
 
4.  How would you make 5L of 1X TBS from a 25X stock? 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.  How would you make 100mL of 25mM NaCl from 1M NaCl stock? 
 
 
 
 
 
 
 
 
 
 
 
6.  You dilute 5uL of your DNA sample in 100uL of water.  The measured absorbance of the diluted DNA at 
260nm is 0.11.  What is the concentration of your DNA sample? 
 
 
 
 
 
 
 
 
 
 
 
 
Bonus: 
 
Who runs the sponsor laboratory for this course? 
 
 
  



NAME:__________________________________ 
 

The Python Project 
MCDB 4202 

Worksheet III Spring 2014 
 

1. The python WGS contains (circle all that apply): 
 
a. Introns 

b. Exons 

c. Promoter regions 

d. Poly (A) tails 

e. Stop codons 

 

2. The forward primer you designed for real time PCR can be found in a 5’ to 3’ transcript without having to create 

the reverse complement of the sequence.  Explain why the reverse primer will be found as the reverse complement. 

 

 

 

 

 

 

 

 

 

3.  You assemble your python transcript using WGS contigs that aligned with the exons of the chicken transcript for 

your gene.  When you translate your assembled sequence, you notice that a Stop codon occurs about halfway into 

your translation.  Which of the following is the likely cause? 

 

a. A stop codon was introduced because a chicken transcript was used. 

b. The exon-exon boundary has duplicate sequence from aligning with two different contigs that overlap. 

c. The snake transcript is slightly different from the chicken transcript; the transcript in python is shorter. 

d. It’s not really a stop codon.  It looks like a stop codon but unlike the chicken, the codon encodes a useful 

amino acid in the snake.  

e. All of the above. 

 

 

 



NAME:__________________________________ 
 

4.  You designed a primer that anneals within an intron to serve as both a positive and negative control. 

 

What template will you use when the primer is used in a reaction that will serve as a positive control? 

  

a. Genomic DNA 

b. Ribosomal RNA 

c. Messenger RNA 

d. cDNA 

e. Any of the above will work 

 

Explain the purpose of the positive control.  What does it demonstrate? 

 

 

 

 

 

 What template will you use when the primer is used in a reaction that will serve as a negative control? 

 

a. Genomic DNA 

b. Ribosomal RNA 

c. Messenger RNA 

d. cDNA 

e. Any of the above will work 

 

Explain the purpose of this negative control.  What does it demonstrate? 

 

 

 

 

5.  Why are primers for real time PCR designed so the product spans an intron? 

 

 

 

 

 

 



NAME:__________________________________ 
 

6.  If your real time PCR primers were used with cDNA, approximately what size product do you expect to 

amplify? 

 

 

 

 

 

 

7.  If your real time PCR primers were used with genomic DNA, approximately what size product do you expect to 

amplify? 

 

 

 

 

 

8.  When you perform a Primer BLAST on your real time PCR primers, you amplify the correct gene.  However, 

there are several mismatches between your primers and the targets listed.  Is this a problem?  Why or why not? 

 

 

 

 

 

 

 

 

9.  Primer BLAST returns several ‘hits’ when you search for your real time PCR primers.  The first two are the 

correct gene with an expected product length of 153 bases.  The third hit is a different gene with a product length of 

95 bases.  Is this a problem?  Explain why or why not. 
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