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A BioinFORMatics Web Quest

 Exploring the Use of Genetic Markers In Stem Cell Research.

By David M. Form

Nashoba Regional High School

Your Task

We are pleased that you have chosen to conduct your doctoral research in our laboratory! Our research is aimed at comparing the properties of embryonic stem cells, cancer cells and differentiated cells, in vitro.  Gene D’Ranged, our cell culture technician, has recently left for Outer Mongolia to attend medical school. After receiving his acceptance letter he became lax and neglected to label the flasks containing our various cell cultures. 

For this project you will use your bioinformatics skills to assist us in identifying the cells that we have in culture. These include stem cells, various differentiated cells and retinoblastoma (a tumor of the neural tissue in the eye) cells. You will be collaborating with other scientists, who will isolate RNA from your cells, make labeled cDNA from your mRNA and sequence the cDNA. 

Each member of your group will be assigned two different cell cultures to identify. A collaborating scientist has isolated RNA molecules from each cell culture and determined the sequence of each isolated RNA molecule. The RNA was copied into single-stranded DNA, or cDNA, which was then sequenced. You will be given the cDNA sequences to use in your bioinformatics research. 

Your first task is to determine the identity of the gene represented by each RNA. This will tell you which genes are being expressed by that particular cell culture. Identification of the genes can be done using BLAST, the Basic Local Alignment Search Tool.  Remember that you must use BLASTn, since you are using nucleotide sequences as your query. 

Once you identify each gene with BLAST, you will use GeneNote to identify the gene expression profile for each gene. Scientists at the Weizmann Institute have performed microarray analyses for each gene in their database.  The results are posted in an online database called GeneNote. When you get to GeneNote, just enter the symbol for your gene in the input window,  click on search and the microarray results will be plotted as a bar graph, indicating the level of RNA for this gene as expressed in various tissues. You will need to look at the expression patterns of all RNA molecules isolated from your cells in order to make an accurate identification. 

Additional information about each genetic marker can be obtained by clicking on the link to GeneCards. The GeneCards entry for a gene can be accessed directly form GeneNote by clicking on the GeneCards ID number in the window. The full name of the gene can be found at the top of the GeneCard page for a gene. Headings for specific information sections are located along the left side of the GeneCard page. Information about the function of a gene product can be found under the Gene Function section. 

When you are done, get together with the other members of your group, fill out a cell identification profile for each cell and complete the Critical Thinking Exercises section of this activity. Happy data mining!

Background

Genetic markers of cell differentiation:

Each cell in the human body contains the genetic instructions for making any of the thousands of human gene products. However only a relatively few genes are in use, or expressed, in a given cell at a given time. Some of these expressed genes can be utilized as markers to help in the identification of specific cells or tissues. Genes that are uniquely expressed in particular cell types can be used as genetic markers to help in the identification of these cells. Other genes that are more uniformly expressed among all, or most, cell types are called housekeeping genes because they are involved in processes that are common to all cells. Housekeeping genes are not generally useful as genetic markers. Of course there is a spectrum of gene expression profiles with most genes being expressed by a few or many different cell types. Another consideration is that genes may be turned on or off in a given tissue at different times. For these reasons, you will need to look at more than one gene in order to identify your cells.

Embryonic stem cells are difficult to identify because they are capable of forming a large number of differentiated cell types. This property of stem cells is known as pluripotency. Other stem cells are multipotent. Meaning they can differentiate to form a limited number of tissue-specific cell types. These multipotent stem cells have been identified in the brain, lungs, the bone marrow and other organs. Recently,  several genetic markers have been identified that are associated with embryonic stem cells. Among these embryonic stem cell markers are Prou5f1 (Oct-4), Nanog and  Sox2, among others.  Genetic markers have also been found for some of the multipotent stem cells found in various organs and tissues. 

Microarray analysis


Microarrays are glass slides or silicon chips that have single stranded copies of genes arranged in linear arrays. Microarray analysis consists of isolating RNA from cells or tissues. Single - stranded DNA, complementary to the RNA, is prepared and labelled with a flourescent dye. This labelled cDNA is allowed to bind with its complement on the microarray. The microarray is analyzed with a laser that causes the labelled cDNA molecules to glow. The pattern of fluorescent dots indicates which genes are represented by the original RNA molecules that were isolated from the cells. Some microarrays are capable of analyzing over 100,000 genes on a single chip. The difference in expression of a gene by various tissues is known as an expression profile for that gene.

BLAST


BLAST stands for Basic Local Alignment and Search Tool. This is, by far,  the most commonly used bioinformatics tool. It can be located at the NCBI website. NCBI stands for the National Center for Biotechnology Information. It’s website  (http:// www.ncbi.nlm.nih.gov) houses databases of genomic, proteomic and transcriptional information, PubMed , OMIM and bioinformatics tools, such as BLAST and ORF-finder.


Select BLAST from the menu at the top of the NCBI home page. Select nucleotide BLAST from the menu. Paste your cDNA sequence into the Query Sequence window and click on the BLAST button on the lower right hand side of the page. BLAST will look for known nucleotide sequences (genes) that are similar to your sequence. The results of the search will be presented in a “hit list”,or table,  in order of decreasing similarity.

 When your search is done, look at the transcripts table in the results window.  Your gene should be the first transcript in the list. Under the Transcripts column, on the left of the table is the accession number for your gene. This is a link to the NCBI file for the nucleotide sequence of this gene. Under the heading “Description, you will find the name and symbol for this gene. Use the symbol for your search in GeneNote.

GeneNote

(from the GeneNote website @ http://bioinfo2.weizmann.ac.il/cgi-bin/genenote/about_page.pl:) 

GeneNote is a database of human genes and their expression profiles in healthy tissues. It is based on Weizmann Institute of Science DNA array experiments, which were performed on the Affymetrix HG-U95 set A-E.

It offers:



• An expression profile (tissue vector) for each gene in the human genome



• Gene and tissue clustering based on expression profiles

• A full genome ranking procedure according to the gene's tendency for tissues specificity, from tissue-specific to housekeeping genes.

You can find a GeneNote expression profile for the gene, Agr3. This gene is over-expressed in the lung but not in other tissues . Therefore, it is a candidate for being a genetic marker of lung tissue.

GeneCards


GeneCards  (http://www.genecards.org) is an integrated genomic database maintained by the Weizmann Institute in Israel. You can search GeneCards by gene name or symbol, protein, disease or biological process. You will get a list of genes that are relevant to your query terms. Each gene is described in a GeneCard that genomic, proteomic, and transcriptional information including sequence data, gene expression profiles, gene function, SNPS, disease relationships and more.

The following information about the function of BMP4 was obtained from the Gene Function section of the GeneCard for BMP4:

UniProt/Swiss-Prot: BMP4_HUMAN, P12644
Function: Induces cartilage and bone formation. Also act in mesoderm induction, tooth development, limb formation and fracture repair
Cell Identification Profile
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 Critical Thinking Exercises

I. Questions:

1. What are the differences between stem cells and differentiated cells?

2. What are genetic markers and how can they be used to identify specific cell types?

3. What are markers of differentiation?

3, What is cell differentiation and how does it occur?

4. What are microarrays (gene chips) and how can they used to identify cells?

5. What is a gene expression profile?

6. Scientists theorize that at least some forms of cancer may be caused by stem cells that proliferate and differentiate in an out of control manner.  In fact, stem cells have been identified in some cancers. Analyze the RNA molecules isolated from retinoblastoma cells. What do your results tell you about the stem cell theory of cancer?

II. Quotations:

Choose two of the following quotes. Explain, using two or three sentences for each quotation, how you think that each of the following quotes could pertain to stem cells and cellular differentiation.

1) Age is no guarantee of maturity.

Lawana Blackwell, The Courtship of the Vicar's Daughter, 1998

2) To live a creative life, we must lose our fear of being wrong.

Joseph Chilton Pearce
3) The secret to creativity is knowing how to hide your sources.

Albert Einstein
US (German-born) physicist (1879 - 1955)

4) I'm all in favour of free expression provided it's kept rigidly under control. 

Alan Bennett

III. Vocabulary:


Define each term in your own words, using complete sentences. Cite a specific example for each term.


Stem cell


Genetic marker


Marker of differentiation


Embryonic stem cell


Pluripotent stem cell


Multipotent stem cell


Diffferentiated Cell

Housekeeping gene


Microarray


cDNA


NCBI


BLAST


GeneNote

GeneCards
Cell Culture #1

RNA #1

ATGGAAATCCCGCCGACCAACTACCCAGCCTCCAGGGCGGCCTTGGTGGCACAGAACTACATCAACTACCAGCAGGGGACCCCGCACAGGGTGTTTGAGGTGCAGAAGGTCAAACAAGCCAGCATGGAGGATATTCCAGGAAGAGGACATAAGTATCGCCTTAAATTTGCTGTTGAAGAAATTATACAAAAACAAGTTAAGGTGAACTGCACAGCTGAAGTACTTTACCCTTCAACGGGACAAGAAACTGCACCAGAAGTCAACTTCACATTTGAAGGAGAAACTGGAAAGAATCCAGATGAAGAAGACAACACATTTTATCAAAGACTTAAGTCCATGAAGGAACCGCTAGAAGCACAAAATATTCCAGACAATTTTGGAAATGTATCTCCAGAAATGACGCTCGTTCTACATTTAGCCTGGGTTGCCTGTGGTTATATAATATGGCAAAATTCTACTGAAGACACATGGTATAAAATGGTAAAAATTCAAACTGTCAAGCAAGTGCAAAGAAATGATGACTTTATTGAATTAGACTACACCATTCTACTTCATAATATAGCATCTCAGGAGATTATTCCCTGGCAAATGCAAGTTCTCTGGCATCCACAATACGGCACTAAAGTAAAACATAATAGCCGTCTGCCAAAGGAAGTACAACTGGAATAA

RNA #2

GCCATGGCTGAGTCACACCTGCTGCAGTGGCTGCTGCTGCTGCTGCCCACGCTCTGTGGCCCAGGCACTGCTGCCTGGACCACCTCATCCTTGGCCTGTGCCCAGGGCCCTGAGTTCTGGTGCCAAAGCCTGGAGCAAGCATTGCAGTGCAGAGCCCTAGGGCATTGCCTACAGGAAGTCTGGGGACATGTGGGAGCCGATGACCTATGCCAAGAGTGTGAGGACATCGTCCACATCCTTAACAAGATGGCCAAGGAGGCCATTTTCCAGGACACGATGAGGAAGTTCCTGGAGCAGGAGTGCAACGTCCTCCCCTTGAAGCTGCTCATGCCCCAGTGCAACCAAGTGCTTGACGACTACTTCCCCCTGGTCATCGACTACTTCCAGAACCAGACTGACTCAAACGGCATCTGTATGCACCTGGGCCTGTGCAAATCCCGGCAGCCAGAGCCAGAGCAGGAGCCAGGGATGTCAGACCCCCTGCCCAAACCTCTGCGGGACCCTCTGCCAGACCCTCTGCTGGACAAGCTCGTCCTCCCTGTGCTGCCCGGGGCCCTCCAGGCGAGGCCTGGGCCTCACACACAGGATCTCTCCGAGCAGCAATTCCCCATTCCTCTCCCCTATTGCTGGCTCTGCAGGGCTCTGATCAAGCGGATCCAAGCCATGATTCCCAAGGGTGCGCTAGCTGTGGCAGTGGCCCAGGTGTGCCGCGTGGTACCTCTGGTGGCGGGCGGCATCTGCCAGTGCCTGGCTGAGCGCTACTCCGTCATCCTGCTCGACACGCTGCTGGGCCGCATGCTGCCCCAGCTGGTCTGCCGCCTCGTCCTCCGGTGCTCCATGGATGACAGCGCTGGCCCAAGGTCGCCGACAGGAGAATGGCTGCCGCGAGACTCTGAGTGCCACCTCTGCATGTCCGTGACCACCCAGGCCGGGAACAGCAGCGAGCAGGCCATACCACAGGCAATGCTCCAGGCCTGTGTTGGCTCCTGGCTGGACAGGGAAAAGTGCAAGCAATTTGTGGAGCAGCACACGCCCCAGCTGCTGACCCTGGTGCCCAGGGGCTGGGATGCCCACACCACCTGCCAGGCCCTCGGGGTGTGTGGGACCATGTCCAGCCCTCTCCAGTGTATCCACAGCCCCGACCTTTGATGAGAACTCAGCTGTCCAGCTGCAAAGGAAAAGCCAAGTGAGACGGGCTCTGGGACCATGGTGACCAGGCTCTTCCCCTGCTCCCTGGCCCTCGCCAGCTGCCAGGCTGAAAAGAAGCCTCAGCTCCCACACCGCCCTCCTCACCGCCCTTCCTCGGCAGTCACTTCCACTGGTGGACCACGGGCCCCCAGCCCTGTGTCGGCCTTGTCTGTCTCAGCTCAACCACAGTCTGACACCAGAGCCCACTTCCATCCTCTCTGGTGTGAGGCACAGCGAGGGCAGCATCTGGAGGAGCTCTGCAGCCTCCACACCTACCACGACCTCCCAGGGCTGGGCTCAGGAAAAACCAGCCACTGCTTTACAGGACAGGGGGTTGAAGCTGAGCCCCGCCTCACACCCACCCCCATGCACTCAAAGATTGGATTTTACAGCTACTTGCAATTCAAAATTCAGAAGAATAAAAAATGGGAACATACAGAACTCTAAAAGATAGACATCAGAAATTGTTAAGTTAAGCTTTTTCAAAAAATCAGCAATTCCCCAGCGTAGTCAAGGGTGGACACTGCACGCTCTGGCATGATGGGATGGCGACCGGGCAAGCTTTCTTCCTCGAGATGCTCTGCTGCTTGAGAGCTATTGCTTTGTTAAGATATAAAAAGGGGTTTCTTTTTGTCTTTCTGTAAGGTGGACTTCCAGCTTTTGATTGAAAGTCCTAGGGTGATTCTATTTCTGCTGTGATTTATCTGCTGAAAGCTCAGCTGGGGTTGTGCAAGCTAGGGACCCATTCCTGTGTAATACAATGTCTGCACCAATGCTAATAAAGTCCTATTCTCTTTTATGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Cell Culture #2

RNA #1

AGTGTTATGATGCAGTTCCACAACACACAGCCACATTCACCCACAGACCGAGGTACAGAACGAGAGACAACCTCTGCCCCCCCAGCAGCTGGCCAGCTTTGCAGCCCCAGTCTTGAGCCCCCAACTACCCTCCCCCCACCCACCCCCATCCCCTTCCCAATTGAAGGAGCGGAAAGAGAAGAGAGAAGAGTGAGCAGAGAGATTGAGAGATTGAGAGAGAGAGAGAGAGATAGACGGAGATCTCTGGAGCAGACCTCAAGGTGACTTCTATTTCTATCTGGTTCTCGTCTGGGGGGGCCCTGGCCGGGCAGCCCCCCAACACTTCTCCTGCCCTGAAACACGGCTCTAGCCAACCTGCTCCGCTGCTTCACCTGCGACCGTCTCTGCGGGGGCTGCACGGCGCCAGCCCCTCCAGCCCACCAGGGCATTGTCCTCCAGCCCGTCATGCCCAGCTGTGACCCCGGTCCGGGCCCTGCCTGCCTCCCCACCAAGACTTTCCGCAGCTATCTGCCCCGCTGTCACCGCACTTACAGCTGTGTCCACTGCCGTGCACACCTGGCCAAACACGATGAGCTTATTTCCAAGTCCTTCCAAGGGAGCCATGGCCGAGCCTACCTGTTTAACTCCGTGGTCAACGTGGGTTGCGGGCCAGCTGAACAGCGCCTCTTGCTCACGGGGCTCCACTCGGTAGCTGACATTTTCTGTGAGAGCTGCAAAACCACACTGGGCTGGAAATATGAGCAAGCTTTTGAGACGAGCCAGAAGTACAAGGAAGGGAAATACATCATTGAAATGTCACACATGGTGAAGGACAACGGCTGGGACTGAGGGGCTCAGGCAGGGTGTGCCCTTCCTCCGCATGCCCCTCCCTCCCCACGGCCCTGCCAAGCAGTCTATACCAGCATGAGTACTGCCCCACCCCTGGGGGAAACCTGGCTCCAACCAACCCCTCCCCTGCCTCCACCATATCCACTACCAGGCACCCTTTAGAACAGGGGTCTGGGGGTACCCCAGGGGTGTTAAGGCTCAGGAGTGGGCAGCAGTCAGGGAGAGACAGAACTGGGGGAAAGGGATGGTTGTGGGTCTTTCTGTTCCCAAGATCCTGAACATGGAAGCGATGGCAGGGCATAGACTCAGGCAGAGAGGATTGTGGGAGGAATCCGTTTTTGCTCCACCTCTTTTTGAGTGAACAGAGGACAAACCTTGGGTCACAGGGCAAGTAGATCATGGACCACAGAACAGCAGATGAGAAAAGACTTGGGTTGGAGTGAAATTCTGGTCTCAGACACCAGGAGACCAGAGTCTCTGAGGATGAAGTTTCCTACCCCTATTTGTAGGGAAAAGGACTTGAGTGCAGGGAAAACTCAAATCCCAGGCCCTGGGAAATAGTAAAATAATCAAAGGGTTTTCCATTTCACTCCACTTGTTAGTTTATCTTGGCACTGAAGAGGCACTTTCGAGTATCTAACTTTTGCCATTGGGTGGGGTGGGGACAGCTGCTCGCGGAACAGCCCCTAGTCGGCTGCTTCCAGAGTAAGCAGTCTTTATGGGCTTTCTCTGAGGCCCAGTCACTGCTCCTGGGACCCAGTCCCCTGGAGGGGAGGTGGAAAATCAGTGCTACGGGGCCAGTCTTTCCCGTGGCTGCCACCAGCGAATGAAACTTTTGTATGATACATAAAGTGCTTGAGTCTATTTTTAATAAAAAGGGAAAAAGCAACTTG
RNA #2

ATGAGCTACACGTTGGACTCGCTGGGCAACCCGTCCGCCTACCGGCGGGTAACCGAGACCCGCTCGAGCTTCAGCCGCGTCAGCGGCTCCCCGTCCAGTGGCTTCCGCTCGCAGTCGTGGTCCCGCGGCTCGCCCAGCACCGTGTCCTCCTCCTATAAGCGCAGCATGCTCGCCCCGCGCCTCGCTTACAGCTCGGCCATGCTCAGCTCCGCCGAGAGCAGCCTTGACTTCAGCCAGTCCTCGTCCCTGCTCAACGGCGGCTCCGGACCCGGCGGCGACTACAAGCTGTCCCGCTCCAACGAGAAGGAGCAGCTGCAGGGGCTGAACGACCGCTTTGCCGGCTACATAGAGAAGGTGCACTACCTGGAGCAGCAGAATAAGGAGATTGAGGCGGAGATCCAGGCGCTGCGGCAGAAGCAGGCCTCGCACGCCCAGCTGGGCGACGCGTACGACCAGGAGATCCGCGAGCTGCGCGCCACCCTGGAGATGGTGAACCACGAGAAGGCTCAGGTGCAGCTGGACTCGGACCACCTGGAGGAAGACATCCACCGGCTCAAGGAGCGCTTTGAGGAGGAGGCGCGGTTGCGGGACGACACTGAGGCGGCCATCCGGGCGCTGCGCAAAGACATCGAGGAGGCGTCGCTGGTCAAGGTGGAGCTGGACAAGAAGGTGCAGTCGCTGCAGGATGAGGTGGCCTTCCTGCGGAGCAACCACGAGGAGGAGGTGGCCGACCTTCTGGCCCAGATCCAGGCATCGCACATCACGGTGGA

GCGCAAAGACTACCTGAAGACAGACATCTCGACGGCGCTGAAGGAAATCCGCTCCCAGCTCGAAAGCCACTCAGACCAGAATATGCACCAGGCCGAAGAGTGGTTCAAATGCCGCTACGCCAAGCTCACCGAGGCGGCCGAGCAGAACAAGGAGGCCATCCGCTCCGCCAAGGAAGAGATCGCCGAGTACCGGCGCCAGCTGCAGTCCAAGAGCATCGAGCTAGAGTCGGTGCGCGGCACCAAGGAGTCCCTGGAGCGGCAGCTCAGCGACATCGAGGAGCGCCACAACCACGACCTCAGCAGCTACCAGGACACCATCCAGCAGCTGGAAAATGAGCTTCGGGGCACAAAGTGGGAAATGGCTCGTCATTTGCGCGAATACCAGGACCTCCTCAACGTCAAGATGGCTCTGGATATAGAAATCGCTGCGTACAGAAAACTCCTGGAGGGTGAAGAGACTAGATTTAGCACATTTGCAGGAAGCATCACTGGGCCACTGTATACACACCGACCCCCAATCACAATATCCAGTAAGATTCAGAAAACCAAGGTGGAAGCTCCCAAGCTTAAGGTCCAACACAAATTTGTCGAGGAGATCATAGAGGAAACCAAAGTGGAGGATGAGAAGTCAGAAATGGAAGAGGCCCTGACAGCCATTACAGAGGAATTGGCCGCTTCCATGAAGGAAGAGAAGAAAGAAGCAGCAGAAGAAAAGGAAGAGGAACCCGAAGCTGAAGAAGAAGAAGTAGCTGCCAAAAAGTCTCCAGTGAAAGCAACTGCACCTGAAGTTAAAGAAGAGGAAGGGGAAAAGGAGGAAGAAGAAGGCCAGGAAGAAGAGGAGGAAGAAGATGAGGGAGCTAAGTCAGACCAAGCCGAAGAGGGAGGATCCGAGAAGGAAGGCTCTAGTGAAAAAGAGGAAGGTGAGCAGGAAGAAGGAGAAACAGAAGCTGAAGCTGAAGGAGAGGAAGCCGAAGCTAAAGAGGAAAAGAAAGTGGAGGAAAAGAGTGAGGAAGTGGCTACCAAGGAGGAGCTGGTGGCAGATGCCAAGGTGGAAAAGCCAGAAAAAGCCAAGTCTCCTGTGCCAAAATCACCAGTGGAAGAGAAAGGCAAGTCTCCTGTGCCCAAGTCACCAGTGGAAGAGAAAGGCAAGTCTCCTGTGCCCAAGTCACCAGTGGAAGAGAAAGGCAAGTCTCCTGTGCCGAAATCACCAGTGGAAGAGAAAGGCAAGTCTCCTGTGTCAAAATCACCAGTGGAAGAGAAAGCCAAATCTCCTGTGCCAAAATCACCAGTGGAAGAGGCAAAGTCAAAAGCAGAAGTGGGGAAAGGTGAACAGAAAGAGGAAGAAGAAAAGGAAGTCAAGGAAGCTCCCAAGGAAGAGAAGGTAGAGAAAAAGGAAGAGAAACCAAAGGATGTGCCAGAGAAGAAGAAAGCTGAGTCCCCTGTAAAGGAGGAAGCTGTGGCAGAGGTGGTCACCATCACCAAATCGGTAAAGGTGCACTTGGAGAAAGAGACCAAAGAAGAGGGGAAGCCACTGCAGCAGGAGAAAGAGAAGGAGAAAGCGGGAGGAGAGGGAGGAAGTGAGGAGGAAGGGAGTGATAAAGGTGCCAAGGGATCCAGGAAGGAAGACATAGCTGTCAATGGGGAGGTAGAAGGAAAAGAGGAGGTAGAGCAGGAGACCAAGGAAAAAGGCAGTGGGAGGGAAGAGGAGAAAGGCGTTGTCACCAATGGCCTAGACTTGAGCCCAGCAGATGAAAAGAAGGGGGGTGATAAAAGTGAGGAGAAAGTGGTGGTGACCAAAACGGTAGAAAAAATCACCAGTGAGGGGGGAGATGGTGCTACCAAATACATCACTAAATCTGTAACCGTCACTCAAAAGGTTGAAGAGCATGAAGAGACCTTTGAGGAGAAACTAGTGTCTACTAAAAAGGTAGAAAAAGTCACTTCACACGCCATAGTAAAGGAAGTCACCCAGAGTGACTAA
Cell Culture #3

RNA #1

ATGGTTGATTTGGAGAGCGAAGTGCCCCCTCTGCCTCCCAGGTACAGGTTTCGAGATTTGCTGCTAGGGGACCAAGGATGGCAAAACGACGACAGGGTACAAGTTGAATTCTATATGAATGAAAATACATTTAAAGAAAGACTAAAATTATTTTTCATAAAAAACCAGAGATCAAGTCTAAGGATACGCCTGTTCAATTTTTCTCTCAAATTACTAAGCTGCTTATTATACATAATCCGAGTACTACTAGAAAACCCTTCACAAGGAAATGAATGGTCTCATATCTTTTGGGTGAACAGAAGTCTACCTTTGTGGGGCTTACAGGTTTCAGTGGCATTGATAAGTCTGTTTGAAACAATATTACTTGGTTATCTTAGTTATAAGGGAAACATCTGGGAACAGATTTTACGAATACCCTTCATCTTGGAAATAATTAATGCAGTTCCCTTCATTATCTCAATATTCTGGCCTTCCTTAAGGAATCTATTTGTCCCAGTCTTTCTGAACTGTTGGCTTGCCAAACATGCCTTGGAAAATATGATTAATGATCTACACAGAGCCATTCAGCGTACACAGTCTGCAATGTTTAATCAAGTTTTGATTTTAATATCTACATTACTATGCCTTATCTTCACCTGCATTTGTGGGATCCAACATCTGGAACGAATAGGAAAGAAGCTGAATCTCTTTGACTCCCTTTATTTCTGCATTGTGACGTTTTCTACTGTGGGCTTCGGGGATGTCACTCCTGAAACATGGTCCTCCAAGCT

TTTTGTAGTTGCTATGATTTGTGTTGCTCTTGTGGTTCTACCCATACAGTTTGAACAGCTGGCTTATTTGTGGATGGAGAGACAAAAGTCAGGAGGAAACTATAGTCGACATAGAGCTCAAACTGAAAAGCATGTCGTCCTGTGTGTCAGCTCACTGAAGATTGATTTACTTATGGATTTTTTAAATGAATTCTATGCTCATCCTAGGCTCCAGGATTATTATGTGGTGATTTTGTGTCCTACTGAAATGGATGTACAGGTTCGAAGGGTACTGCAGATTCCAATGTGGTCCCAACGAGTTATCTACCTTCAAGGTTCAGCCCTTAAAGATCAAGACCTATTGAGAGCAAAGATGGATGACGCTGAGGCCTGTTTTATTCTCAGTAGCCGTTGTGAAGTGGATAGGACATCATCTGATCACCAAACAATTTTGAGAGCATGGGCTGTGAAAGATTTTGCTCCAAATTGTCCTTTGTATGTCCAGATATTAAAGCCTGAAAATAAATTTCACATCAAATTTGCTGATCATGTTGTTTGTGAAGAAGAGTTTAAATACGCCATGTTAGCTTTAAACTGTATATGCCCAGCAACATCTACACTTATTACACTACTGGTTCATACCTCTAGAGGGCAAGAAGGCCAGCAATCGCCAGAACAATGGCAGAAGATGTACGGTAGATGCTCCGGGAATGAAGTCTACCACATTGTTTTGGAAGAAAGTACATTTTTTGCTGAATATGAAGGAAAGAGTTTTACATATGCCTCTTTCC

ATGCACACAAAAAGTTTGGCGTCTGCTTGATTGGTGTTAGGAGGGAGGATAATAAAAACATTTTGCTGAATCCAGGTCCTCGATACATTATGAATTCTACAGACATATGCTTTTATATTAATATTACCAAAGAAGAGAATTCAGCATTTAAAAACCAAGACCAGCAGAGAAAAAGCAATGTGTCCAGGTCGTTTTATCATGGACCTTCCAGATTACCTGTACATAGCATAATTGCCAGCATGGGTACTGTGGCTATAGACTTGCAAGATACAAGCTGTAGATCAGCAAGTGGCCCTACCCTGTCTCTTCCTACAGAGGGAAGCAAAGAAATAAGAAGACCTAGCATTGCTCCTGTTTTAGAGGTTGCAGATACATCATCGATTCAAACATGTGATCTTCTAAGTGACCAATCAGAAGATGAAACTACACCAGATGAAGAAATGTCTTCAAACTTAGAGTATGCTAAAGGTTACCCACCTTATTCTCCATATATAGGAAGTTCACCCACTTTTTGTCATCTCCTTCATGAAAAAGTACCATTTTGCTGCTTAAGATTAGACAAGAGTTGCCAACATAACTACTATGAGGATGCAAAAGCCTATGGATTCAAAAATAAACTAATTATAGTTGCAGCTGAAACAGCTGGAAATGGATTATATAACTTTATTGTTCCTCTCAGGGCATATTATAGACCAAAGAAAGAACTTAATCCCATAGTACTGCTATTGGATAACCCGCCAGATATGCATTTTCTGGATGCAATCTGTTGG

TTTCCAATGGTTTACTACATGGTGGGCTCTATTGACAACCTAGATGACTTACTCAGGTGTGGAGTGACTTTTGCTGCTAATATGGTGGTTGTGGATAAAGAGAGCACCATGAGTGCCGAGGAAGACTACATGGCAGATGCCAAAACCATTGTGAACGTGCAGACACTCTTCAGGTTGTTTTCCAGTCTCAGTATTATCACAGAGCTAACTCACCCCGCCAACATGAGATTCATGCAATTCAGAGCCAAAGACTGTTACTCTCTTGCTCTTTCAAAACTGGAAAAGAAAGAACGGGAGAGAGGCTCTAACTTGGCCTTTATGTTTCGACTGCCTTTTGCTGCTGGGAGGGTGTTTAGCATCAGTATGTTGGACACTCTGCTGTATCAGTCATTTGTGAAGGATTATATGATTTCTATCACGAGACTTCTGTTGGGACTGGACACTACACCAGGATCTGGGTTTCTTTGTTCTATGAAAATCACTGCAGATGACTTATGGATCAGAACTTATGCCAGACTTTATCAGAAGTTGTGTTCTTCTACTGGAGATGTTCCCATTGGAATCTACAGGACTGAGTCTCAGAAACTTACTACATCTGAGTCTCAAATATCTATCAGTGTAGAAGAGTGGGAAGACACCAAAGACTCCAAAGAACAAGGGCACCACCGCAGCAACCACCGCAACTCAACATCCAGTGACCAGTCGGACCATCCCTTGCTGCGGAGAAAAAGCATGCAGTGGGCCCGAAGACTGAGCAGAAAAGGCCCAAA

ACACTCTGGTAAAACAGCTGAAAAAATAACCCAGCAGCGACTGAACCTCTACAGGAGGTCAGAAAGACAAGAGCTTGCTGAACTTGTGAAAAATAGAATGAAACACTTGGGTCTTTCTACAGTGGGATATGATGAAATGAATGATCATCAAAGTACCCTCTCCTACATCCTGATTAACCCATCTCCAGATACCAGAATAGAGCTGAATGATGTTGTATACTTAATTCGACCAGATCCACTGGCCTACCTTCCAAACAGTGAGCCCAGTCGAAGAAACAGCATCTGCAATGTCACTGGTCAAGATTCTCGGGAGGAAACTCAACTTTGA
RNA #2

ATGATGAACATGTCTTTACCTTTTCTTTGGAGTTTGCTTACCTTATTAATATTTGCTGAAGTAAATGGCGAACGTGGAGAACTTGAGCTGCAGAGACAAAAAAGAAGCATCAATCTCCAACAGCCTCGAATGGCTACAGAGAGAGGAAATTTGGTGTTTCTTACGGGGTCTGCTCAAAACATTGAGTTTAGAACCGGATCCCTGGGAAAAATTAAATTAAATGATGAAGATCTCAGTGAGTGTTTACATCAGATCCAGAAAAACAAAGAAGATATTATAGAGTTAAAAGGGAGCGCAATTGGTCTGCCTCAAAATATATCTAGTCAAATCTATCAGCTTAATTCCAAGCTGGTGGATCTTGAGAGAAAATTCCAAGGCTTGCAGCAGACTGTTGACAAAAAGGTTTGCAGCAGCAATCCTTGCCAGAATGGTGGGAACTGCCTCAATCTGCATGATTCCTTTTTTTGTATCTGTCCCCCACAGTGGAAGGGTCCTCTCTGCTCAGCTGATGTTAACGAATGTGAGATTTACTCAGGAACACCCTTGAGCTGCCAGAATGGAGGCACATGTGTTAATACAATGGGAAGTTACAGTTGTCACTGCCCACCTGAGACGTACGGACCCCAGTGTGCATCCAAATATGACGACTGTGAAGGGGGTTCTGTGGCACGCTGTGTCCATGGCATCTGTGAGGATTTAATGCGAGAGCAAGCTGGAGAGCCCAAGTACAGCTGCGTCTGTGATGCTGGGTGGATGTCTTCACCCAACAGCCCTGCCTGCACGCTGGACAGAGACGAGTGCAGCTTCCAGCCCGGGCCTTGCTCCACACTTGTGCAGTGTTTCAACACTCAAGGCTCTTTCTACTGTGGGGCCTGTCCAACAGGCTGGCAAGGCAATGGATATATTTGCGAAGATATCAATGAATGTGAGATAAATAATGGCGGCTGTTCTGTGGCTCCACCCGTTGAGTGTGTGAATACACCTGGGTCTTCCCACTGCCAGGCCTGTCCACCAGGGTACCAGGGTGACGGAAGAGTGTGCACACTCACAGACATCTGCTCAGTCAGTAATGGAGGCTGCCACCCAGATGCCTCATGCTCCTCAACTCTAGGTTCCTTACCTCTCTGCACGTGTCTCCCGGGTTATACTGGAAATGGTTATGGGCCAAATGGATGTGTGCAGCTCAGTAATATTTGCCTAAGTCACCCCTGTCTAAATGGACAATGCATCGACACTGTCTCTGGTTATTTTTGTAAGTGTGACTCAGGTTGGACAGGTGTCAACTGTACAGAAAACATCAATGAGTGTTTGAGCAACCCCTGTTTGAATGGAGGAACTTGTGTTGATGGCGTTGATTCTTTCAGTTGTGAATGCACACGTCTCTGGACTGGAGCTCTCTGTCAGGTTCCTCAGCAAGTTTGTGGAGAGTCCCTCTCAGGAATAAATGGAAGCTTCAGCTACAGGAGCCCGGATGTTGGTTATGTTCATGATGTTAACTGCTTCTGGGTTATCAAAACTGAAATGGGAAAGGTCCTGCGTATCACTTTCACTTTTTTCCGGTTAGAATCCATGGACAACTGTCCACACGAGTTTCTTCAGGTTTATGATGGAGATTCCTCTTCTGCTTTTCAACTTGGAAGATTTTGTGGCTCCAGCCTCCCTCATGAACTCCTCAGCAGTGACAATGCTCTCTATTTTCATCTCTATTCTGAACATTTAAGAAATGGGAGAGGCTTTACAGTAAGATGGGAAACACAGCAACCAGAGTGTGGAGGTATCCTGACTGGTCCTTACGGTTCTATTAAGTCTCCGGGGTATCCTGGAAACTATCCCCCAGGAAGAGATTGTGTCTGGATTGTTGTAACTAGTCCTGACCTCCTGGTAACATTTACTTTTGGGACCTTGAGCCTCGAGCACCATGATGACTGCAACAAAGATTACCTTGAGATTCGAGATGGTCCTTTGTATCAGGACCCCCTTCTTGGGAAGTTCTGCACCACTTTCTCTGTCCCACCGCTCCAGACTACTGGCCCCTTTGCCAGAATTCACTTCCATTCAGACTCCCAGATTAGTGACCAAGGCTTCCATATCACCTACTTAACATCACCTTCGGATCTGCGTTGTGGTGGGAACTACACGGACCCAGAGGGTGAACTCTTCTTGCCTGAGTTGTCTGGGCCTTTCACTCACACCAGGCAATGCGTCTATATGATGAAGCAGCCCCAGGGAGAACAAATACAAATCAACTTCACCCACGTGGAGCTGCAATGCCAGAGTGACAGTTCTCAGAATTACATTGAGGTTCGAGATGGTGAAACCTTACTTGGAAAAGTCTGTGGCAACGGAACCATCTCTCACATTAAATCCATTACTAATAGTGTCTGGATCAGGTTTAAAATAGATGCTTCTGTTGAAAAAGCTAGTTTCAGAGCTGTTTATCAAGTCGCTTGCGGGGATGAATTAACTGGAGAAGGGGTCATTCGCTCGCCTTTTTTTCCTAACGTGTATCCTGGAGAAAGAACCTGTAGGTGGACCATCCACCAGCCCCAAAGCCAAGTCATTCTCCTCAACTTCACTGTCTTTGAAATTGGAAGTTCTGCCCACTGTGAAACAGATTATGTTGAGATTGGTAGCAGTTCCATTTTGGGTTCTCCTGAAAATAAAAAGTATTGCGGTACAGACATACCTTCATTTATAACATCTGTGTACAATTTTCTTTATGTCACATTCGTGAAAAGTTCTTCTACTGAAAACCATGGTTTCATGGCTAAGTTCAGTGCTGAGGATTTGGCATGTGGAGAAATTCTTACAGAATCAACAGGGACCATTCAAAGTCCTGGCCATCCAAATGTCTACCCCCACGGTATCAACTGTACTTGGCATATATTAGTCCAACCTAATCACCTGATTCATTTAATGTTCGAAACATTTCATCTGGAGTTTCATTACAATTGCACAAACGACTACTTGGAAGTTTATGACACCGACTCTGAGACATCCCTTGGAAGATACTGTGGAAAGTCGATCCCGCCATCTCTCACAAGCAGTGGTAACTCATTGATGCTGGTGTTTGTGACTGACTCCGACCTCGCTTATGAAGGCTTCTTAATAAACTATGAAGCAATCAGTGCAGCAACAGCATGTTTGCAAGACTACACAGATGATTTGGGGACATTCACTTCTCCAAACTTCCCCAATAATTATCCCAACAACTGGGAATGCATTTATCGGATCACAGTGAGAACTGGCCAACTGATTGCAGTGCACTTCACAAACTTCTCCTTGGAGGAAGCCATTGGAAACTATTATACAGATTTTCTGGAAATCAGAGATGGAGGCTATGAAAAATCACCATTGCTGGGAATATTCTATGGCTCAAATCTACCCCCAACAATCATCTCTCATAGTAACAAACTATGGTTAAAATTTAAGAGTGACCAAATAGACACAAGGTCTGGATTCTCAGCTTACTGGGATGGGTCATCAACAGGTTGCGGGGGTAATCTCACCACTTCAAGCGGTACGTTCATATCTCCCAACTACCCGATGCCCTATTACCACAGCTCTGAATGCTACTGGTGGTTGAAATCTAGCCACGGCAGCGCATTTGAACTGGAATTCAAAGACTTTCACTTGGAGCATCATCCAAACTGCACTTTAGATTACCTGGCTGTATATGATGGCCCAAGTAGCAACTCTCATCTGCTAACTCAGCTTTGTGGGGATGAGAAACCCCCTCTTATTCGTTCTAGTGGAGACAGCATGTTTATAAAACTGAGGACAGATGAAGGTCAGCAAGGACGTGGCTTCAAGGCTGAATACCGGCAGACATGTGAGAATGTGGTAATAGTCAATCAAACCTATGGCATCTTAGAGAGTATAGGGTATCCGAATCCTTATTCTGAAAATCAGCATTGCAACTGGACCATCCGGGCAACAACAGGCAACACTGTGAACTACACATTTTTAGCATTTGACTTGGAACATCACATAAACTGCTCCACAGATTATTTAGAGCTCTATGATGGACCACGGCAGATGGGACGCTACTGTGGAGTAGACCTGCCCCCTCCAGGGAGTACTACAAGCTCCAAGCTTCAAGTGCTGCTCCTTACAGATGGGGTTGGCCGCCGTGAGAAAGGATTTCAGATGCAGTGGTTTGTTTACGGTTGTGGTGGAGAGCTGTCTGGGGCCACAGGCTCCTTCAGCAGCCCCGGGTTCCCCAACAGGTATCCACCAAACAAGGAGTGTATCTGGTACATTAGGACGGACCCCGGGAGTAGCATTCAGCTCACCATCCATGACTTCGATGTGGAGTATCATTCAAGGTGCAACTTTGATGTCTTGGAGATCTATGGAGGCCCCGATTTCCACTCTCCCAGAATAGCCCAACTGTGTACCCAGAGATCACCTGAGAACCCCATGCAGGTCTCCAGCACTGGAAATGAGCTAGCAATTCGATTCAAGACCGACTTGTCCATAAATGGGAGAGGCTTCAATGCGTCATGGCAAGCAGTCACTGGAGGTTGTGGTGGGATTTTCCAGGCTCCCAGTGGAGAGATTCATTCTCCAAATTACCCCAGTCCTTATAGGAGCAACACAGACTGTTCTTGGGTCATTCGGGTTGACAGATATCATCGTGTTCTCTTGAACTTCACTGACTTTGATCTTGAACCACAAGACTCTTGTATTATGGCATACGATGGCTTAAGCTCCACAATGTCCCGCCTTGCCAGGACGTGTGGAAGGGAGCAGCTGGCTAACCCCATCGTCTCCTCAGGAAACAGCCTCTTCTTGAGATTTCAGTCTGGCCCTTCCAGACAGAACAGAGGCTTCCGAGCTCAATTCAGGCAAGCCTGCGGAGGCCACATCCTCACCAGCTCATTTGATACTGTTTCCTCTCCACGGTTCCCTGCCAATTATCCAAACAATCAGAACTGCAGCTGGATCATTCAAGCGCAACCTCCATTAAATCATATCACCCTCTCTTTTACCCACTTTGAACTTGAAAGAAGCACAACGTGTGCACGTGACTTTGTAGAAATTTTGGATGGCGGCCACGAAGACGCGCCCCTCCGAGGCCGTTACTGTGGCACCGACATGCCCCATCCTATCACATCCTTCAGCAGCGCCCTGACGCTGAGATTCGTCTCTGATTCTAGCATCAGTGCTGGGGGTTTCCACACCACGGTCACCGCATCAGTGTCGGCTTGTGGTGGAACGTTCTACATGGCTGAAGGCATCTTCAACAGCCCTGGCTACCCAGACATTTATCCCCCTAATGTGGAATGTGTCTGGAACATCATCAGTTCCCCTGGCAACCGGCTCCAGCTGTCTTTTATATCTTTCCAGTTGGAAGACTCTCAGGACTGCAGCAGAGATTTTGTGGAGATCCGTGAAGGAAATGCCACGGGTCACTTGGTGGGACGATACTGTGGAAACTCCTTCCCTCTCAATTATTCTTCCATCGTTGGACATACCCTGTGGGTCAGATTTATCTCAGATGGTTCTGGCAGCGGCACGGGCTTCCAGGCCACATTTATGAAGATATTTGGCAATGATAATATTGTGGGAACTCATGGGAAAGTCGCCTCTCCTTTCTGGCCTGAAAACTACCCACATAACTCCAATTACCAATGGACAGTAAATGTGAATGCATCTCACGTTGTCCATGGTAGAATCTTGGAGATGGACATAGAAGAAATACAAAACTGCTATTATGACAAATTAAGGATCTATGATGGGCCTAGCATTCACGCCCGCCTAATTGGAGCTTACTGTGGTACCCAGACTGAATCTTTCAGCTCCACTGGAAATTCTTTGACATTTCATTTTTACTCCGACTCTTCAATCTCGGGGAAGGGATTCCTTCTGGAGTGGTTTGCAGTGGATGCACCTGATGGTGTTTTACCTACCATTGCTCCAGGTGCTTGTGGTGGCTTCCTGAGGACGGGAGATGCACCCGTGTTTCTCTTCTCCCCGGGCTGGCCTGACAGTTACAGTAATAGAGTGGACTGTACGTGGCTCATCCAGGCTCCCGACTCTACCGTGGAACTCAACATTCTTTCCCTGGACATTGAATCTCACCGAACGTGTGCCTATGATAGCCTTGTGATACGAGATGGAGATAATAACTTGGCCCAGCAGCTAGCAGTTCTCTGTGGCAGAGAGATCCCTGGGCCCATCCGGTCTACTGGAGAGTACATGTTCATCCGCTTCACCTCGGACTCCAGTGTAACCAGGGCAGGCTTCAATGCATCCTTTCACAAGAGCTGCGGTGGATATTTGCATGCAGACAGAGGGATCATCACGTCCCCCAAGTATCCAGAGACTTACCCATCCAACCTCAACTGTTCTTGGCACGTCCTGGTCCAAAGTGGCCTGACCATTGCTGTCCATTTTGAACAGCCTTTCCAGATTCCAAATGGAGATTCTTCTTGCAACCAGGGGGATTACTTGGTGCTAAGAAATGGTCCTGATATCTATTCTCCACCCTTGGGACCCCCTGGAGGAAATGGTCATTTTTGTGGCAGTCATGCTTCATCAACTCTGTTCACCTCGGATAATCAAATGTTTGTTCAGTTTATTTCTGATCACAGTAATGAAGGGCAAGGATTTAAAATCAAATATGAGGCAAAGAGTTTAGCCTGTGGGGGCAACGTCTACATCCATGATGCTGATTCTGCTGGGTATGTGACCTCCCCCAACCACCCTCATAATTATCCCCCGCACGCTGATTGCATTTGGATCTTAGCGGCTCCACCGGAAACACGCATACAGCTGCAATTTGAAGATCGATTCGATATTGAAGTAACACCCAACTGTACTTCCAACTACCTTGAGTTGCGGGATGGAGTGGATTCGGATGCACCAATACTTTCCAAATTTTGTGGGACATCTTTGCCCAGCAGTCAGTGGTCCTCAGGAGAGGTTATGTATTTGAGATTTCGATCTGACAACAGCCCCACACATGTGGGATTCAAGGCCAAGTATTCTATAGCTCAGTGTGGGGGAAGAGTACCAGGGCAAAGTGGTGTTGTTGAAAGCATTGGACATCCAACACTTCCATACAGAGACAACTTATTCTGTGAGTGGCATCTCCAGGGGCTCTCTGGACACTATCTCACCATCTCTTTTGAAGACTTTAACCTTCAGAATTCTTGAAACATCTTGGGCAGATACTGTGGAAACACCATTCCTGACAGCATAGACACTTCTAGCAATACTGCTGTGGTCAGGTTTGTCACAGACGGCTCTGTGACTGCCTCAGGATTCAGACTGCGATTTGAATCCAGTATGGAAGAGTGTGGTGGGGATCTTCAGGGCTCTATTGGAACATTTACTTCTCCCAACTACCCGAACCCAAATCCTCATGGCCGGATCTGCGAGTGGAGAATCACTGCCCCGGAGGGAAGGCGGATCACCCTAATGTTTAACAACCTGAGGCTGGCCACGCATCCGTCCTGCAACAATGAGCATGTGATAGTATTCAATGGCATTAGAAGTAACTCACCCCAGCTAGAGAAACTGTGTAGTAGTGTGAATGTAAGCAATGAGATTAAATCTTCAGGAAACACAATGAAAGTCATTTTTTTCACGGATGGATCCAGGCCATATGGCGGCTTCACTGCTTCCTATACCTCCAGTGAAGATGCAGTGTGTGGTGGGTCTCTTCCAAATACTCCTGAAGGAAACTTTACTTCTCCTGGCTATGACGGAGTCAGGAATTACTCAAGAAACCTGAACTGCGAATGGACTCTCAGCAATCCAAATCAGGGAAATTCATCCATTTCCATTCACTTTGAAGATTTTTACCTAGAAAGTCACCAAGACTGTCAATTTGATGTCCTCGAGTTTCGAGTGGGTGATGCTGATGGGCCCCTGATGTGGAGACTTTGTGGTCCTTCAAAGCCTACATTGCCATTGGTTATACCTTATTCTCAGGTATGGATTCACTTTGTCACCAACGAACGTGTAGAACACATTGGATTCCATGCAAAGTATTCCTTTACAGATTGTGGCGGAATACAGATAGGTGACAGTGGAGTGATCACAAGCCCCAACTATCCAAATGCTTATGACAGCCTGACCCACTGCTCTTGGCTGTTGGAGGCCCCACAAGGGCACACCATCACTCTCACATTTAGTGACTTTGATATTGAACCCCATACAACTTGTGCTTGGGACTCTGTCACTGTCAGGAATGGTGGGTCCCCTGAATCACCCATCATAGGACAATACTGTGGAAATTCAAACCCCAGGACAATACAGTCAGGTTCCAATCAGCTGGTCGTGACTTTTAACTCAGACCATTCATTGCAAGGTGGTGGATTTTATGCTACGTGGAACACACAAACTTTAGGTTGTGGTGGAATATTTCATTCTGATAATGGTACAATCAGATCCCCTCACTGGCCTCAGAATTTTCCCGAAAACAGCAGATGTTCCTGGACGGCCATTACTCACAAAAGTAAACACTTGGAGATCAGCTTTGACAACAACTTCCTAATCCCCAGCGGTGATGGACAATGTCAGAATAGCTTCGTGAAGGTGTGGGCAGGAACTGAGGAGGTGGACAAAGCCCTGCTAGCCACTGGCTGTGGGAACGTGGCTCCGGGTCCCGTTATCACACCAAGTAACACATTCACTGCCGTCTTCCAGTCTCAGGAGGCACCAGCTCAGGGCTTCTCCGCGTCCTTTGTTAGCCGATGTGGAAGTAATTTCACTGGCCCTTCAGGTTACATCATTTCTCCAAATTACCCAAAACAATATGACAACAACATGAATTGCACCTATGTCATAGAGGCTAATCCTCTGTCAGTGGTCCTCTTGACTTTTGTGTCCTTCCACTTAGAAGCTCGTTCCGCTGTGACGGGAAGCTGTGTCAACGATGGCGTGCACATTATCAGAGGTTACAGCGTCATGTCCACCCCATTTGCTACTGTGTGTGGGGATGAGATGCCAGCTCCCCTCACCATCGCTGGGCCGGTTCTGCTTAACTTCTACTCCAACGAGCAAATCACAGACTTCGGATTCAAGTTTTCCTATAGGATAATCTCCTGTGGTGGTGTGTTCAATTTCTCTTCTGGAATCATCACAAGTCCTGCCTATTCATACGCAGACTACCCAAATGATATGCACTGTCTGTATACCATCACCGTTAGTGACGACAAGGTGATCGAGCTCAAGTTCAGTGATTTTGATGTGGTTCCCTCCACCTCCTGCTCCCATGACTACCTGGCAATTTACGATGGTGCCAATACCAGCGATCCCCTTCTTGGCAAATTCTGCGGTTCCAAGCGCCCACCAAATGTGAAGAGCAGCAATAATAGTATGCTCCTGGTGTTCAAGACAGATTCATTTCAGACAGCAAAAGGCTGGAAGATGTCTTTCCGGCAGACATTGGGGCCTCAGCAAGGATGTGGTGGTTATCTGACAGGCTCGAATAATACCTTTGCCTCTCCTGATTCTGATTCGAATGGAATGTATGACAAGAATTTAAACTGTGTATGGATCATAATTGCACCTGTAAACAAAGTAATTCACCTCACCTTCAATACATTTGCTCTGGAGGCAGCAAGTACTAGGCAAAGATGCCTTTATGATTATGTAAAGTTATATGATGGGGATAGTGAAAATGCGAACTTGGCTGGAACGTTTTGTGGTTCCACAGTACCTGCTCCTTTTATCTCTTCTGGTAACTTCCTTACGGTTCAATTCATCAGTGACTTAACATTAGAGAGGGAAGGATTTAATGCTACATACACCATCATGGACATGCCTTGTGGTGGAACGTACAATGCAACTTGGACCCCACAAAATATTTCATCACCCAATTCATCAGACCCAGATGTCCCATTTTCCATCTGTACTTGGGTCATTGATTCCCCTCCGCATCAGCAGGTCAAGATAACTGTGTGGGCATTACAGCTGACCTCGCAAGACTGCACGCAGAATTACTTACAGCTTCAGGACTCACCGCAGGGTCACGGAAATTCAAGATTTCAGTTCTGTGGCAGAAATGCTTCGGCTGTGCCAGTGTTTTATTCTTCTATGAGTACTGCAATGGTCATTTTCAAATCTGGAGTTGTAAACAGAAACTCTAGAATGAGTTTCACCTATCAGATTGCAGATTGCAACAGAGACTATCACAAGGCATTTGGCAACCTGAGAAGCCCTGGATGGCCAGATAACTACGACAATGACAAGGATTGCACCGTTACTCTCACAGCCCCCCAGAACCACACCATTTCCCTCTTTTTTCATTCACTTGGCATCGAGAACTCAGTTGAATGCAGAAACGATTTCTTGGAGGTGAGAAATGGAAGTAACAGCAATTCACCATTACTGGGCAAGTACTGTGGAACTCTGCTGCCAAACCCTGTCTTCTCTCAAAATAATGAACTATACCTACGATTTAAGAGTGATAGTGTAACTTCTGATCGTGGATATGAAATCATCTGGACTTCATCACCCTCTGGATGTGGTGGAACTCTTTATGGAGACAGAGGCTCATTCACCAGCCCCGGCTATCCAGGCACATACCCAAACAACACGTACTGCGAGTGGGTCCTTGTTGCTCCTGCTGGAAGGCTTGTCACCATCAACTTCTACTTCATCAGCATTGACGATCCAGGAGACTGTGTCCAGAACTATCTCACACTCTATGATGGGCCCAACGCCAGCTCTCCATCCTCTGGACCATACTGCGGAGGCGACACCAGCATAGCTCCCTTCGTGGCTTCCTCAAATCAGGTCTTCATAAAATTTCATGCTGATTATGCACGGCGTCCATCCGCATTCCGATTAACTTGGGACAGCTAA
Cell Culture #4

RNA #1

CCTTCGCAAGCCCTCATTTCACCAGGCCCCCGGCTTGGGGCGCCTTCCTTCCCCATGGCGGGACACCTGGCTTCGGATTTCGCCTTCTCGCCCCCTCCAGGTGGTGGAGGTGATGGGCCAGGGGGGCCGGAGCCGGGCTGGGTTGATCCTCGGACCTGGCTAAGCTTCCAAGGCCCTCCTGGAGGGCCAGGAATCGGGCCGGGGGTTGGGCCAGGCTCTGAGGTGTGGGGGATTCCCCCATGCCCCCCGCCGTATGAGTTCTGTGGGGGGATGGCGTACTGTGGGCCCCAGGTTGGAGTGGGGCTAGTGCCCCAAGGCGGCTTGGAGACCTCTCAGCCTGAGGGCGAAGCAGGAGTCGGGGTGGAGAGCAACTCCGATGGGGCCTCCCCGGAGCCCTGCACCGTCACCCCTGGTGCCGTGAAGCTGGAGAAGGAGAAGCTGGAGCAAAACCCGGAGGAG

RNA #2

ATGTACAACATGATGGAGACGGAGCTGAAGCCGCCGGGCCCGCAGCAAACTTCGGGGGGCGGCGGCGGCAACTCCACCGCGGCGGCGGCCGGCGGCAACCAGAAAAACAGCCCGGACCGCGTCAAGCGGCCCATGAATGCCTTCATGGTGTGGTCCCGCGGGCAGCGGCGCAAGATGGCCCAGGAGAACCCCAAGATGCACAACTCGGAGATCAGCAAGCGCCTGGGCGCCGAGTGGAAACTTTTGTCGGAGACGGAGAAGCGGCCGTTCATCGACGAGGCTAAGCGGCTGCGAGCGCTGCACATGAAGGAGCACCCGGATTATAAATACCGGCCCCGGCGGAAAACCAAGACGCTCATGAAGAAGGATAAGTACACGCTGCCCGGCGGGCTGCTGGCCCCCGGCGGCAATAGCATGGCGAGCGGGGTCGGGGTGGGCGCCGGCCTGGGCGCGGGCGTGAACCAGCGCATGGACAGTTACGCGCACATGAACGGCTGGAGCAACGGCAGCTACAGCATGATGCAGGACCAGCTGGGCTACCCGCAGCACCCGGGCCTCAATGCGCACGGCGCAGCGCAGATGCAGCCCATGCACCGCTACGACGTGAGCGCCCTGCAGTACAACTCCATGACCAGCTCGCAGACCTACATGAACGGCTCGCCCACCTACAGCATGTCCTACTCGCAGCAGGGCACCCCTGGCATGGCTCTTGGCTCCATGGGTTCGGTGGTCAAGTCCGAGGCCAGCTCCAGCCCCCCTGTGGTTACCTC

TTCCTCCCACTCCAGGGCGCCCTGCCAGGCCGGGGACCTCCGGGACATGATCAGCATGTATCTCCCCGGCGCCGAGGTGCCGGAACCCGCCGCCCCCAGCAGACTTCACATGTCCCAGCACTACCAGAGCGGCCCGGTGCCCGGCACGGCCATTAACGGCACACTGCCCCTCTCACACATGTGA
Cell Culture #5

RNA #1

CAGAGTTGGGAGTGACTCCAGAGCCTCCAGCGAGATGCTGCTGATTCTGCTGTCAGTGGCCCTGCTGGCCCTGAGCTCAGCTGAGAGTTCAAGTGAAG
RNA #2

ATGGCCAGTCAACCTCCTGAAGACACTGCGGAGTCTCAGGCCTCTGATGAGCTGGAGTGCAAAATCTGTTACAATCGATACAATCTGAAACAGAGGAAACCCAAAGTGCTGGAGTGTTGTCATAGGGTTTGTGCCAAATGCCTCTACAAGATCATAGACTTTGGGGACTCCCCACAAGGTGTCATTGTCTGTCCTTTCTGCAGGTTTGAGACGTGCCTGCCAGATGATGAAGTTAGTAGCCTGCCCGATGACAACAACATCCTTGTAAACTTGACTTGTGGAGGCAAAGGGAAGAAGTGCCTGCCAGAGAACCCTACTGAGCTGCTGCTCACCCCCAAGAGGCTGGCCTCTCTGGTCAGTCCTTCTCACACGTCCTCCAACTGCCTGGTCATAACCATCATGGAGGTGCAGAGAGAGAGCTCCCCGTCCCTGAGCTCCACTCCTGTGGTAGAATTTTATAGGCCTGCGAGTTTCGACTCTGTCACCACTGTGTCACACAACTGGACTGTGTGGAACTGCACGTCCCTGCTGTTTCAGACATCCATCCGGGTGTTAGTGTGGTTGCTAGGTTTGCTCTACTTCAGCTCCTTACCCTTAGGAATCTACTTACTGGTGTCTAAGAAAGTCACCCTTGGGGTCGTCTTTGTCAGCCTGGTCCCTTCGAGCCTCGTTATTCTTATGGTGTATGGTTTTTGCCAGTGTGTTTGTCATGAATTTCTAGACTGTATGGCACCTCCTTCTTAA

Cell Culture #6

RNA #1

ATGGAGGAGTTGGTGGGGCTGCGTGAGGGCTTCTCAGGGGACCCTGTGACTCTGCAGGAGCTGTGGGGCCCCTGTCCCCACATCCGCCGAGCCATCCAAGGTGGCCTGGAGTGGCTAAAGCAGAAGGTGTTCCGCCTGGGAGAAGACTGGTACTTCCTGATGACCCTCGGGGTGCTCATGGCCCTGGTCAGCTATGCCATGAACTTTGCCATCGGGTGTGTGGTCCGAGCACACCAGTGGCTGTACAGGGAGATTGGGGACAGCCACCTGCTCCGGTATCTTTCCTGGACTGTGTACCCTGTGGCCCTCGTCTCTTTCTCCTCAGGCTTCTCCCAGAGCATCACGCCCTCCTCTGGAGGTTCTGGAATCCCGGAGCTGAAGACCATGTTGGCGGGTGTGATCTTGGAGGACTACCTGGATATCAAGAACTTTGGGGCCAAGGTGGTGGGCCTCTCCTGCACCCTGGCCACCGGCAGCACCCTGTTCCTGGGCAAAGTGGGCCCTTTCGTGCACCTGTCTGTAATGATCGCTGCCTACCTGGGCCGTGTGCGCACCACGACCATCGGGGAGCCTGAGAACAAGAGCAAGCAAAACGAAATGCTGGTGGCAGCGGCGGCAGTGGGCGTGGCCACAGTCTTTGCAGCTCCCTTCAGCGGCGTCCTGTTCAGCATCGAGGTCATGTCTTCCCACTTCTCTGTCCGGGATTACTGGAGGGGCTTCTTTGCGGCCACCTGCGGGGCCTTCATATTCCGGCTCCTGGCAGTCTTCAACAGCGAGCAGGAGACCATCACCTCCCTCTACAAGACCAGTTTCCGGGTGGACGTTCCCTTCGACCTGCCTGAGATCTTCTTTTTTGTGGCGCTGGGTGGCATCTGCGGCGTCCTGAGCTGTGCTTACCTCTTCTGTCAGCGAACCTTCCTCAGCTTCATCAAGACCAATCGGTACAGCTCCAAACTGCTGGCTACTAGCAAGCCTGTGTACTCCGCTCTGGCCACCTTGCTTCTCGCCTCCATCACCTACCCGCCTGGTGTGGGCCACTTCCTAGCTTCTCGGCTGTCCATGAAGCAGCATCTGGACTCGCTGTTCGACAACCACTCCTGGGCGCTGATGACCCAGAACTCCAGCCCACCCTGGCCCGAGGAGCTCGACCCCCAGCACCTTTGGTGGGAATGGTACCACCCGCGGTTCACCATCTTTGGGACCCTTGCCTTCTTCCTGGTTATGAAGTTCTGGATGCTGATTCTGGCCACCACCATCCCCATGCCTGCCGGGTACTTCATGCCCATCTTTATCCTTGGAGCTGCCATCGGGCGCCTCTTGGGAGAGGCTCTTGCCGTCGCCTTCCCTGAGGGCATTGTGACTGGAGGGGTTACCAATCCCATCATGCCCGGGGGGTATGCTCTGGCAGGGGCTGCAGCCTTCTCAGGGGCTGTGACCCACACCATCTCCACGGCGCTGCTGGCCTTTGAGCTGACCGGCCAGATAGTGCATGCACTGCCCGTGCTGATGGCGGTGCTGGCAGCCAACGCCATTGCACAGA

GCTGCCAGCCCTCCTTCTATGATGGCACCATCATTGTCAAGAAGCTGCCATACCTGCCACGGATTCTGGGCCGCAACATCGGCTCCCACCATGTGAGGGTGGAGCACTTCATGAACCACAGCATCACCACACTGGCCAAGGACACGCCGCTGGAGGAGGTGGTCAAGGTTGTGACCTCCACAGACGTGACCGAGTATCCCCTGGTGGAGAGCACAGAGTCCCAGATCCTGGTAGGCATCGTGCAGAGGGCCCAGCTGGTGCAGGCCCTCCAGGCTGAGCCTCCTTCCAGGGCTCCAGGACACCAGTGTCTCCAGGACATCTTGGCCAGGGGCTGCCCCACGGAACCAGTGACCCTGACGCTATTCTCAGAGACCACCTTGCACCAGGCACAAAACCTCTTTAAGCTGTTGAACCTTCAGTCCCTCTTCGTGACATCGCGGGGCAGAGCTGTGGGCTGCGTGTCCTGGGTGGAGATGAAGAAAGCAATTTCCAACCTGACAAATCCGCCAGCTCCAAAGTGA
RNA #2

ATGGCTTTAGAGACGATCTGCCGACCCTCTGGGAGAAAATCCAGCAAGATGCAAGCCTTCAGAATCTGGGATGTTAACCAGAAGACCTTCTATCTGAGGAACAACCAACTAGTTGCTGGATACTTGCAAGGACCAAATGTCAATTTAGAAGAAAAGATAGATGTGGTACCCATTGAGCCTCATGCTCTGTTCTTGGGAATCCATGGAGGGAAGATGTGCCTGTCCTGTGTCAAGTCTGGTGATGAGACCAGACTCCAGCTGGAGGCAGTTAACATCACTGACCTGAGCGAGAACAGAAAGCAGGACAAGCGCTTCGCCTTCATCCGCTCAGACAGCGGCCCCACCACCAGTTTTGAGTCTGCCGCCTGCCCCGGTTGGTTCCTCTGCACAGCGATGGAAGCTGACCAGCCCGTCAGCCTCACCAATATGCCTGACGAAGGCGTCATGGTCACCAAATTCTACTTCCAGGAGGACGAGTAG
Retinoblastoma

RNA #1

CCTTCGCAAGCCCTCATTTCACCAGGCCCCCGGCTTGGGGCGCCTTCCTTCCCCATGGCGGGACACCTGGCTTCGGATTTCGCCTTCTCGCCCCCTCCAGGTGGTGGAGGTGATGGGCCAGGGGGGCCGGAGCCGGGCTGGGTTGATCCTCGGACCTGGCTAAGCTTCCAAGGCCCTCCTGGAGGGCCAGGAATCGGGCCGGGGGTTGGGCCAGGCTCTGAGGTGTGGGGGATTCCCCCATGCCCCCCGCCGTATGAGTTCTGTGGGGGGATGGCGTACTGTGGGCCCCAGGTTGGAGTGGGGCTAGTGCCCCAAGGCGGCTTGGAGACCTCTCAGCCTGAGGGCGAAGCAGGAGTCGGGGTGGAGAGCAACTCCGATGGGGCCTCCCCGGAGCCCTGCACCGTCACCCCTGGTGCCGTGAAGCTGGAGAAGGAGAAGCTGGAGCAAAACCCGGAGGAG

RNA #2

GCTACTCCCACCCCGCCCCGCCCCGTCATTGTCCCCGTCGGTCTCTTTTCTCTTCCGTCCTAAAAGCTCTGCGAGCCGCTCCCTTCTCCCGGTGCCCCGCGTCTGTCCATCCTCAGTGGGTCAGACGAGCAGGATGGAGGGCTGCATGGGGGAGGAGTCGTTTCAGATGTGGGAGCTCAATCGGCGCCTGGAGGCCTACCTGGCCCGGGTCAAGGCGCTGGAGGAGCAGAATGAGCTGCTCAGCGCGGAGCTCGGGGGGCTCCGGGCACAATCCGCGGACACCTCCTGGCGGGCGCATGCCGACGACGAGCTGGCGGCCCTGCGGGCCCTCGTTGACCAACGCTGGCGGGAGAAGCACGCGGCCGAGGTGGCGCGCGACAACCTGGCTGAAGAGCTGGAGGGCGTGGCAGGCCGATGCCAGCAGCTGCGGCTGGCCCGGGAGCGGACGACGGAGGAGGTAGCCCGCAACCGGCGCGCCGTCGAGGCAGAGAAATGCGCCCGGGCCTGGCTGAGTAGCCAGGTGGCAGAGCTGGAGCGCGAGCTAGAGGCTCTACGCGTGGCGCACGAGGAGGAGCGCGTCGGCCTGAACGCGCAGGCTGCCTGTGCCCCCCGCTGCCCCGCGCCGCCCCGCGGGCCTCCCGCGCCGGCCCCGGAGGTAGAGGAGCTGGCAAGGCGACTGGGCGAGGCGTGGCGCGGGGCAGTGCGCGGCTACCAGGAGCGCGTGGCACACATGGAGACGTCGCTGGGCCAGGCCCGCGAGCGGCTGGGCC

GGGCGGTGCAGGGTGCCCGCGAGGGCCGCCTGGAGCTGCAGCAGCTCCAGGCTGAGCGCGGAGGCCTCCTGGAGCGCAGGGCAGCGTTGGAACAGAGGTTGGAGGGCCGCTGGCAGGAGCGGCTGCGGGCTACTGAAAAG

TTCCAG
Teacher’s Key for Cell Culture Identification

Cell Culture #1: lung cell


RNA #1 = LXN (non-specific)


RNA#2 = SFTPB

Cell Culture#2: Neuron


RNA #1 = YPEL4


RNA #2 = NEFM

Cell Culture # 3: Liver


RNA #1 = KCNT2


RNA #2 = CUBN

Cell Culture #4: Embryonic Stem Cell


RNA # 1 = Pou5f1 (alias is OCT4)


RNA # 2 = SOX2

Cell Culture #5: Lung


RNA #1 = PRB4


RNA #2 = RNF182

Cell Culture # 6 = Liver


RNA #1 = CLCNKA


RNA# 2 = IL1RN

Retinoblastoma


RNA #1 = Pou5f1


RNA #2 = NESTIN

