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Molecular Evolution of the Casein Kinase 1 Gene Family

In this course we have been learning about the casein kinase I gene family, a group of serine/ threonine specific kinases with diverse roles in the cell.  Initially, you identified regions that were divergent between the different family members () in order to design PCR primers that would distinguish one family member from another.  
In this computational lab exercise, we will investigate how well conserved the CKI isoforms are at the nucleotide sequence level and the amino acid level across evolution.
Part 1:  Genome evolution and duplication events

The first eukaryotic cells appeared approximately 1.4 billion years ago, with multicellular animals arising 640 million years ago (Brown, p. 568).  More recently, insects, animals and plants appeared 350 million years ago, and hominoids arose only 4.5 million years ago   (Brown, p. 569).    During this period of evolution, genomes increased in complexity, reflected in gene number.  Genes in the first eukaryotic cells numbered approximately 10,000, where modern vertebrates contain at least 30,000 genes.  The increase in gene number arose by two means:  gene duplication and acquisition of genes from other species (Brown, p. 570).
When a gene duplication event occurs, one of the genes is redundant.  What can arise from this is a pseudogene, where one of the redundant genes is mutated extensively and is non-functional.  Alternatively, mutations can result in new gene function that is beneficial.  Multigene families, such as the casein kinase I family, are an example of gene duplication resulting in similar gene products that have similar or even redundant functions.
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Gene duplication can arise from unequal crossing over, unequal sister chromatid exchange, and errors during DNA replication (Figure 18.11, Brown p. 574).
You will be able to answer the questions below once we have completed this exercise:

Q 1:  Are the casein kinase genes in tandem on a chromosome, or do they have distinct locations in the genome (give their chromosomal location)?  Can any of the models in Figure 18.11 have given rise to the CKI family?  

Another way that duplications of genes can arise is through whole genome duplication.  In mammalian genomes (including humans), at least one whole genome duplication may have occurred between 350-600 million years ago.  However, many short duplications in the genome have arisen recently. 
Q2:  How far in evolution did the casein kinase I gene family arise?  (this can be answered by looking at sequences throughout evolution and identifying which kingdoms/ phyla have all of the family members – what was the last common ancestor that had the isoform?)  If all species examined have all family members, which duplication events are most likely to have given rise to the CKI family?
Part II:  Orthologues vs. paralogues
An orthologous gene is one that is derived from the same ancestral species (homologous genes located in the genomes of different species).

A paralogous gene refers to two or more homologous genes located in the same genome.

Q3: How would you describe the relationship between CKI delta and CKI epsilon in X. tropicalis?

Q4: How would you describe the relationship between CKI delta in X. tropicalis and CKI delta in humans?
A. First, let’s look at the sequence conservation between paralogs in one species.  We will use the sequences of the casein kinase I family in X. tropicalis.  Using MegAlign, you can enter the sequences as follows:

> file menu

> enter entrez sequences

> when the window appears, enter each accession number for the six casein kinase nucleotide (cDNA) sequences we have been looking at, and save to the desktop as a .seq file with the name “cki _____ (name of isoform)”
Xt Alpha NM_001001221
Xt Gamma 1 BC074656
Xt Gamma 2 NM_001015725
Xt Gamma 3 BC168565
Xt Delta AY926535
Xt Epsilon BC084453            
> as each sequence is entered, it will be added to the window 
> under alignment, choose ClustalW
> once the alignment has been completed, go to the view tab and choose alignment report

> under options, to get a visual of the consensus sequence, choose “alignment report contents” and click on “show consensus strength”

> under the view tab, choose “sequence distances”

Q5: From the visual alignment, which part of the cDNA sequence shows the highest consensus (general description:  all of the sequence?  One end?  Middle?)
Q6:  What is the % nucleotide identity between each of the different family members?
· You can take a screen shot of the sequence distances chart, open in powerpoint, and paste into your word document
Next, we will see how the consensus sequence may differ when we only consider the coding sequence of the cDNA.  
> from the original window where the sequences were deposited and aligned, go to the options tab and choose “set sequence limits” and “from feature table”

> choose the “cds”

> under alignment, choose ClustalW

> once the alignment has been completed, go to the view tab and choose alignment report

> under the view tab, choose “sequence distances”

You will see that the alignment report and the sequence distances have changed.  
Q7:  What is the new % identity between each of the different family members?  
Q8:  What accounts for the change?  
Q9:  Why do you think that the % sequence identity has changed by focusing only on the coding sequence?
Now we will compare the protein sequences of the casein kinase I family.  Use NCBI (http://www.ncbi.nlm.nih.gov/) to find the protein sequences IN THE PROTEIN DATABASE for each of the casein kinase family members.  Start a word document to record all of the accession numbers that you will collect.  Enter the accession numbers into MegAlign and align the protein sequences.
Q10:  How does the alignment look in comparison to the nucleotide alignments?  
Q11:  Which part of the protein seems to be most conserved between the different family members?

Q12:  What is the % amino acid identity between the different family members?  
Q13:  Is the number higher or lower than what you expected?  Think about the overall % and how the nucleotide sequence relates to the amino acid sequence.
Q14:  Based upon your reading about casein kinase, which part of the protein would you expect to be the most conserved?  Look at the Genbank form for your gene – are the functional domains identified on the form?  Is this what lines up with the other family members?

Q15:  If your original PCR primers did not work, how would you use the information that you just gathered to redesign your experiment?  
B.  Now let’s consider orthologs between two different species. We will begin by comparing two related species, X. laevis and X. tropicalis.  Choose one member of the casein kinase I family and use Genbank to find the accession numbers for the cDNA and the amino acid sequence from X. laevis.  Record these numbers in your word file.
Q16:  Align the sequences as above, and record the sequence distances between the entire cDNA and the coding sequence only.  
Q17:  How does this alignment differ from the alignment of paralogs?
We will now compare genomic sequence between diverse organisms. To do this, we will start with the ECR browser at http://ecrbrowser.dcode.org
The DCODE browser allows you to search for a gene by name, after defining which organism will be your “base genome” for comparison.  Choose “human” as your base genome, and under “feature or position” type in “casein kinase 1.”
What comes up on the screen is a list of sequences in the human genome that corresponds to “casein kinase 1.” 
Q18:   Do you see all of the ck1 family members that we have been studying on that list?  Are there more than one isoform for some of the family members?  Are the different casein kinase genes in tandem on the same chromosome, or are they located on different chromosomes?  What does this tell you about possible mechanisms for gene duplication? (this answers the first questions posed).
Choose one of the ck1 family members from the list.  When you click on your choice, an alignment will come up of genomic sequences from various animals in comparison to the human sequence.
First, add some additional organisms to the list by clicking on the blue + sign which is above the red X’s next to the pictures of the animals.  Add cow (Bos Taurus) and zebrafish (Danio rerio) and chimpanzee (Pan troglodytes) to the list of sequences to be displayed.

Click on the instructions link at the top of the page.  
Q19:  What do the different colors correspond to in the sequence plots?  
Q20:  How well conserved are the exons?  Are intronic sequences and UTR sequences conserved as well?  If so, are they conserved between all organisms, or just a subset?  And if these regions are not conserved in all organisms, which particular animals share more comprehensive sequence conservation?  Does this make sense to you?  Explain your answer.
Q21:  Choose another casein kinase 1 family member to look at.  Is it equally well conserved across evolution?  Look at both the exons and the non-coding regions.
ECR browser allows us to compare genomes of some animals, but does not address the conservation of sequence across different kingdoms.
Part III.  How well conserved is the casein kinase 1 family across evolution?
A place to start this enquiry is the HomoloGene site on NCBI: http://www.ncbi.nlm.nih.gov/sites/entrez?db=homologene
You can access this site from the NCBI “all databases” page, or use the link above.  If you type in “casein kinase 1,” lists of homologous sequences will appear from different organisms.  Some of the casein kinase 1 family members are listed there.  Choose one of the lists to examine further by clicking on the link.
What will appear is a list of nucleotide sequences and amino acid sequences from the different organisms where a homolog has been found.  At the bottom of the page, you can click on “show multiple alignments” under Protein Alignments.  How well do the amino acid sequences line up?  What part of the AA sequence is best aligned?  How many kingdoms are represented in the list?

You will be choosing 10 different amino acid sequences for phylogenetic analysis, and can start obtaining those sequences here.  Click on the accession number for protein for the organism that you are interested in.  The goal here is to choose as many diverse species as possible.  Once you have reached the GenBank form for the protein, you can change the format to FASTA.  Open a window in Word and copy and paste the sequence there.  Trim down the name to a short title (i.e. “>rice cki alpha”).  Save as a text file.
Before you leave the page with the FASTA sequence, click on “Conserved Domains” link on the right of the page.  Once the graphical summary comes up, note down the AA sequence range that contains indicated functional domains/ total # of AA.  
Q22:  Does the general area of the protein agree with the alignments you looked at above?
Continue to choose sequences from the list and save the FASTA amino acid sequences in your text file.
HomoloGene may not have the most comprehensive list of organisms that have homology to your casein kinase 1 family member.  To find out what else comes up in the database, use blastp (protein-protein).  Copy and paste one of the amino acids sequences that you already found, and choose the non-redundant protein database (nr) to search.  From this list you should be able to see all of the protein sequences in the database that have significant similarity to your sequence.  Complete your list of 10 amino acid sequences by copying and pasting the FASTA sequences from the GenBank forms accessed through blast.  If you do not know what an organism is, use the web to find out the common name.  .
Using Mega 4.0 to align sequences and create a phylogenetic tree     
After your text file has been completed, and the names trimmed, you should save as a “ .fas” file.
This is the proper format for opening sequences in Mega.  
First, we need to open the sequences.   Once Mega is open, under the Alignment tab, choose “alignment explorer.”  It will ask you if you are aligning nucleotide or protein sequence.  Choose protein sequence.  You will then need to open your .fas file by starting under Data, then choosing Open, and retrieve sequence file.  Choose your .fas file.

Next, you will need to align the 10 sequences that are entered.  You will align them with Clustal W (found under Alignment).  Once the alignment has been completed, you can export your alignment (under Data) in MEGA format.
Now you can create a phylogenetic tree.  In the Mega window, under file, choose open data to access the file that you just saved.  Once that data has been opened, go to Phylogeny and select “bootstrap test of phylogeny” where you can choose the neighbor-joining method.   Your tree will be constructed after you make this choice.  
You will then need to root your tree with your outlier.  You can do this by choosing the “place root on tree” tab on the left of the tree window (first tab down after the arrow), and clicking on your sequence that you will choose for your outgroup (what do you think is the best choice here?)  In this way, you are defining what diverged from the other sequences first.
Save and print out your tree.
Q23:  Which CK1 sequences are most distantly related to the others (the earliest branch point)?

Q24:  Does the evolution of CK1 match what you know about relationships between the groups on your tree?  How confident do you feel that by looking at this gene alone  that a species can be defined by the gene’s sequence?
Q25:  Do you think amino acid sequences or nucleotide sequences provide better phylogenetic data?  Explain your answer.
Part IV.  Final task: demonstrating your proficiency using these methods
The PERIOD1 and PERIOD2 genes (mammals) have been shown to be substrates of CK1 epsilon and delta. 

1. You will begin by finding homologs to PER1 and PER2 in as many species as you can find them.  How many did you find?

2. You will then need to construct a phylogenetic tree with both PER1 and PER2 sequences.  

3. You will submit to me an “electronic notebook” of the sequences that you downloaded in FASTA (.fas files) format, and a print-out of your tree.  
4. Address the following questions:

a. Are PER1 and 2 found in all of the species where CK1  and  are present?

b. Are the period genes as well conserved as the ck1 family?  Defend your answer based upon the two trees that you constructed.
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