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1) What types of information are contained in the following parts of the record? 

· Locus

· HUMHBB—Identifier of what the gene came from
 

· Definition

· Human beta globin region on chromosome 11 

· Keywords

· Alu repeat; HPFH; KpnI repetitive sequence; RNA polymerase III; allelic variation; alternate cap site; beta-1 pseudogene; beta-globin; delta-globin; epsilon-globin; gamma-globin; gene duplication; globin; polymorphism; promoter mutation; pseudogene; repetitive sequence; thalassemia.-- Word or phrase describing the sequence

· Accession

· U01317 J00179 J00093 J00094 J00096 J00158 J00159 J00160 J00161 J00162 J00163 J00164 J00165 J00166 J00167 J00168 J00169 J00170 J00171 J00172 J00173 J00174 J00175 J00177 J00178 K01239 K01890 K02544 M18047 M19067 M24868 M24886 X00423 X00424 X00672--The unique identifier for a sequence record. An accession number applies to the complete record and is usually a combination of a letter(s) and numbers, such as a single letter followed by five digits (e.g., U12345), or two letters followed by six digits (e.g., AF123456).

· NID


· g455025

· Source 

· Human mRNA, cDNA and DNA. Free-format information including an abbreviated form of the organism name, sometimes followed by a molecule type.

· Organism 

· Homo sapiens--The formal scientific name for the source organism (genus and species, where appropriate) and its lineage, based on the phylogenetic classification scheme used in the NCBI Taxonomy Database

· Reference(s) 

· (bases 62409 to 62631; 63482 to 63610)-- Publications by the authors of the sequence that discuss the data reported in the record. References are automatically sorted within the record based on date of publication, showing the oldest references first.

· Medline

· 74275150—References that include MEDLINE UIDs contain links from the sequence record to the corresponding MEDLINE record. 
· Comments

· These notes help to identify specific areas of the sequence where scientists either found mutations or other notable information.

· Features
· Information about genes and gene products, as well as regions of biological significance reported in the sequence. These can include regions of the sequence that code for proteins and RNA molecules, as well as a number of other features.

· CDS--Coding sequence; region of nucleotides that corresponds with the sequence of amino acids in a protein (location includes start and stop codons).

· /translation--The amino acid translation corresponding to the nucleotide coding sequence (CDS). In many cases, the translations are conceptual.

· /db_xref --A stable unique identification number for the taxon of the source organism. A taxonomy ID number is assigned to each taxon (species, genus, family, etc.) in the NCBI Taxonomy Database.

· Mutation --occurs when a DNA gene is damaged or changed in such a way as to alter the genetic message carried by that gene.

· Variation--a related strain contains stable mutations from the same gene (e.g., RFLPs, polymorphisms, etc.), which differ from the presented sequence at this location (and possibly others).

· exon-- region of genome that codes for portion of spliced mRNA, rRNA and tRNA; may contain 5'UTR, all CDSs and 3' UTR 

· intron-- a segment of DNA that is transcribed, but removed from within the transcript by splicing together the sequences (exons) on either side of it. 

· precursor_RNA--any RNA species that is not yet the mature RNA product; may include 5' clipped region (5'clip), 5' untranslated region (5'UTR), coding sequences (CDS, exon), intervening sequences (intron), 3' untranslated region (3'UTR), and 3' clipped region (3'clip).

· mRNA messenger RNA; includes 5'untranslated region (5'UTR), coding sequences (CDS, exon) and 3'untranslated region (3'UTR).

· Base Count 

· The number of A, C, G, and T bases in a sequence.

· Sequence--Number of nucleotide base pairs (or amino acid residues) in the sequence record.

(2) How many proteins are encoded within this region of human chromosomal DNA?

· The five beta-like globin genes are found within a 45 kb cluster on chromosome 11 in the following order: 

5'-epsilon -G-gamma -A-gamma -delta -beta-3'

How are they different from each other?

· The epsilon globin gene is normally expressed in the embryonic yolk sac

· The gamma globin genes are normally expressed in the fetal liver, spleen and bone marrow.

· The delta and beta genes are normally expressed in the adult.

(3) What happens when you click on the hyperlinks within the: 


Organism

· It refers to:  Common name, genetic code, mitochondrial genetic code, other names, and abbreviated lineage.


Medline

· Gives more information regarding certain sequences within the studied region, and what kind of studies were done.


CDS/db_xref 

· From all appearances, this refers to a specific sequence number on the gene, and outlines the research performed for that sequence, including the coding sequence.

(4) Scroll down through the features table until you reach the entries at nucleotide 62137. This is the region of the genome that encodes the beta chain of hemoglobin. Notice that the range of nucleotides corresponding to the precursor_RNA and CDS are different. Explain why. (Note: Use the CDS for beta-globin, not beta-globin thalassemia.) 

· In the RNA sequence, this includes all the bases that  are transcribed into RNA, where as in the CDS, this includes only that information that codes for proteins, etc.

(5)  What cis-acting sequence region would you expect to find somewhere 5' of nucleotide 62137? (Hint: You probably won't find the answer by looking at the sequence.)

· This is where transcription starts.  Eukaryotes use a protein to bind the TATA box (TATAAATA) at -25 bases from the start of transcription

(6) Based solely on the features table without referring to the nucleotide sequence below, what should be the sequence of nucleotides beginning at position 62187? What nucleotides should be just before position 63610? Check your answer now within the sequence.

· 62187 is where translation starts. Eukaryotes start at the first AUG from the beginning of the message and add methionine, so there should be an AUG at 62187.

62221 ttactgccct gtggggcaag gtgaacgtgg atgaagttgg tggtgaggcc ctgggcaggt

· 63610 is where translation stops.  A protein release factor recognizes a stop codon in the A site and releases the peptide chain from the tRNA at the P site so we should have a stop codon here, UAA, UGA, UGG

63601 gtatcactaa gctcgctttc ttgctgtcca atttctatta aaggttcctt tgttccctaa
 (7) Is nucleotide 62285 present in the mature messenger RNA? Why?

· An exon occurs between nucleotides 62187—62278.  Another exon occurs between 62390—62408.  Therefore, nucleotide 62285 must be an intron, because it is between the two sequences of exons, and also is in the region that causes thalassemia. So it won’t be in the final mRNA
(8) Add up the ranges of nucleotides encoding beta-globin listed under "CDS/join" at nucleotide 62187. How many amino acids would be encoded by that sequence?

· 147—since 3 nucleotides code for one amino acid and the total bases for each exon are:  91, 222, and 128 which equals 441, divided by 3 gives 147 amino acids. √
(9) What nucleotide position (number) is mutated giving rise to the sickle-cell form of hemoglobin beta chain? What nucleotide at that position encodes the normal form, and what nucleotide encodes the sickle-cell form? What amino acid is present in the normal beta chain of hemoglobin, and what amino acid is substituted in the mutant form?

mutation       
 62206

              

  /gene="HBB"

                     
          /note="a in normal hbb; t in sickle cell anemia 78]"

From the features table as shown above, nucleotide position number 62206 is mutated from a normal ‘a’ nucleotide to ‘t’ in the sickle cell anemia from.  Normally the amino acid glutanic acid is in the beta chain of hemoglobin, in the mutant form it is substituted by valine.

(10) What is the difference between the normal beta-globin protein and the beta-globin thalassemia protein listed with its own CDS entry (just above the normal beta chain CDS entry)? How does this difference in protein sequence come about?

· Hemoglobin is a protein that is carried by red cells. It picks up oxygen in the lungs and delivers it to the peripheral tissues to maintain the viability of cells. Hemoglobin is made from two similar proteins that "stick together". Both proteins must be present for the hemoglobin to pick up and release oxygen normally. One of the component proteins is called alpha the other is beta.  Genes can suffer damage to an extent that they no longer produce normal amounts of hemoglobin. Usually, only one of the sets of hemoglobin genes is affected, that is the alpha gene set or the beta gene set.  When one set continues to manufacture normal amounts of hemoglobin, then an imbalance occurs.  This imbalance is called "thalassemia”.  If the beta portion failed, then it would be beta-thalassesmia.  The condition is an inherited one, and therefore genetic. In this case, the thallesemia is caused by a mutation that leads to an incorrect spice, causing a  different CDS to be produced, and leading to the thallasemia.
(11) Compare the sizes of the first (exon/number=1), second (exon/number=2), and third (exon/number=3) exons of the beta-globin gene (starting at 62187) with those of the epsilon (19541), G-gamma (34531), A-gamma (39467), and delta (54790) globin genes. Which do you think occurred first during globin gene evolution: the divergence of each of these genes from a common ancestor, or the introduction of introns interrupting each globin gene's coding sequence? Why? 

Beta-globin gene
length


Other genes


length

Exon/number=1



epsilon
62187..62287

  91


19541..19632

 
   91

Exon/number=2



G-gamma-exon/number=1
62409..62631

  222


34531..34622

  
   91

Exon/number=3



G-gamma-exon/number=2
63482..>63610
  128


34745..34967


   222







A-gamma-exon/number=1






39467..39558

  
   91







A-gamma-exon/number=2






39681..39903


  222







delta-exon/number=1







54790..54881

 
   91







delta-exon/number=2






55010..55232


  222

Looking at the table summarizing the length of each exon, it would appear the all the genes diverged from a common ancestor as the first exon in the Beta-globin gene is identical in length to the 4 other genes’ exons.
(12) Compare the sizes of the first and second introns of the epsilon, G-gamma, A-gamma, delta, and beta globin genes. What is freer to evolve over time: exon size or intron size? Why? 

· The first and second introns of the epsilon, G-gamma, A-gamma, delta, and beta globin genes are all identical (91 and 222 respectively.) Intron size, on the other hand, varied significantly, and are not present in the final sequence. Intron size is more free to evolve over time. 
(14) What types of information are contained in the following parts of the record? 

Region

· A section of the gene.

Site 

· A specific nucleotide on the gene. √
(15) How many amino acids make up the hemoglobin beta chain polypeptide? 

· 147 
Does this match your answer from (8) above? 

· No
Explain any discrepancy.

(16) From the Features table, write down the amino acids numbers corresponding to the two key histidine residues, one of which binds oxygen and one of which binds the heme iron.

· Site 64 is the amino acid which binds to oxygen

· Site 93 is the amino acid, which binds the heme iron.

