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  Dr. Jon K. Laerdahl (jonkl@medisin.uio.no)                                                                             08.11.2014         


Applied Bioinformatics Exercise – Learning to know a new protein and working with sequences
In this Exercise we will explore some databases and tools that can be used to get more insight about a new protein coding gene and the corresponding protein.
1. Open your internet browser and go to the website http://www.genenames.org. Here you find the database of the HUGO Gene Nomenclature Committee (HGNC) approved gene names. Search for OGG1 and go to the OGG1 page. What is the approved symbol and name for this gene and what is the chromosomal location?
Approved symbol: OGG1

Approved name: 8-oxoguanine DNA glycosylase
Location: 3p26

2. There are many links to other databases from the OGG1 page. Follow the “UniProt” link under “Protein resources”. What is the UniProtKB identifier for human OGG1? Is it in the Swiss-Prot or TrEMBL part of UniProtKB? (Check under “Entry information” close to the bottom of the page) What does that tell you about the quality of this entry? Can you find any information about the function of this protein? Under the “Sequences” heading you will find the sequence of OGG1 (Isoform 1A, the “canonical” sequence). How many residues/amino acids are there in this variant of OGG1? How many other isoforms are there?

The identifier is O15527 and this is an entry in UniProtKB/Swiss-Prot. This means that a human curator/expert actually has checked this entry. Function: “DNA repair enzyme that incises DNA at 8-oxoG residues. Excises 7,8-dihydro-8-oxoguanine and 2,6-diamino-4-hydroxy-5-N-methylformamidopyrimidine (FAPY) from damaged DNA. Has a beta-lyase activity that nicks DNA 3' to the lesion.” There are 345 residues in the UniProtKB “canonical” sequence. There are 7 additional isoforms.
3. Go back to the genenames.org webpage for OGG1 and follow the “GenBank” link under the “Nucleotide sequences” category. What are the accession identifier and GI number for this GenBank entry? What is the identifier/accession for the corresponding protein? What is the length of this protein (click on the “/protein_id” link to find out)?
Accession: U96710

GI: 2078293

Protein Accession: AAB81132
Length of protein is 351 residues
4. Go back to the genenames.org webpage for OGG1 and follow the “RefSeq” link under the “Nucleotide sequences” category. What are the accession identifier and GI number for this RefSeq entry? What is the identifier/accession for the corresponding RefSeq protein? What is the length of this protein (follow the “/protein_id” link 2/3 down the page)? Is this the same length you found when following the GenBank link? Is it the same as the UniProtKB “canonical” sequence? Do you have any idea why?
Accession: NM_016821
GI number: 197276617
Protein Accession: NP_058214
Length of protein is 424 residues

The lengths are not the same, most likely because they represent three different, predicted splice variants 
5. Go back to the genenames.org webpage for OGG1 and follow the “Ensembl” link under the “Gene resources” category. What is the identifier for the human OGG1 gene? How many transcripts have Ensembl listed for OGG1? How many of these are protein coding? Do any of the Ensembl proteins have the same length as any of the three splice variants investigated above? If so, what are the transcript IDs for these? 
Human OGG1 gene Ensembl identifier is ENSG00000114026
It is 18 transcripts, but only 14 (or 12) are predicted to encode a protein
Protein with transcript ID ENST00000302036 has 424 residues
None of the 14 has 351
Protein with transcript ID ENST00000344629 has 345 residues 

6. Go back to the genenames.org webpage for OGG1 and follow the “Entrez Gene” link under the “Gene resources” category. What is the identifier (ID) for the human OGG1 gene in this database? How many transcripts are there listed for OGG1 here? In the “Related information” link on the right, click on “RefSeq Proteins”. How many proteins do you find here?  Do any of the RefSeq proteins have the same lengths as the splice variants investigated above (except Ensembl)? If so, what are the protein accession identifiers for these? Click on the links to these proteins to find the accessions for the corresponding transcripts. What are they? 
The identifier is 4968

There are 9 transcripts and 9 RefSeq proteins

None are 351 residues

NP_058214 has 424 residues, and the transcript is NM_016821
NP_002533 has 345 residues, and the transcript is NM_002542
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7. Based on all the information above, what do you believe are the main functional isoforms of human OGG1 in vivo?

In brief, it is one big mess with 8 proteins in UniProtKB, 9 in RefSeq, and 14 proteins in Ensembl. None of these are the 351 residues protein which is the translation of the GenBank entry we were pointed to. UniProt has a “canonical” sequence, but we find 8 of the isoforms in RefSeq. It is far from obvious which variants are most important, if any. In this case, as often, the solution is to read the literature! 
According to Klungland et al. “OGG1: From structural analysis to the knockout mouse”, in Oxidative Damage to Nucleic Acids (Landes Bioscience, Springer, 2007):
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The cloning of the human OGG! gene also uncovered the existence of two splice variants,
ahOGGI and B-hOGG1 with an open reading frame (ORF) coding for peptides of 345 and
424 amino acids, respectively. %' The f-OGGI gene structure appears o be absent n rodens.
Later studies have identified several alcernatively spliced forms of human OGG1 mRNAs, with
the two variants previously mentioned being predominant.*’ These two alternative spliced
forms are localized to the nucleus (-0GG1) and mitochondria (8-0GG1).

Substrate Specificity of OGG1

OGG1 is a bifunctional DNA glycosylase with both N-glycosylase and f-lyase activities.
‘The inical characterization of purified OGG1 from S, cerevisiae revealed an aciviry for release
of 8-0x0G and 2,6-diamino-4-hydroxy-5-formamidopyrimidine (FapyG) lesions (Fig. 3)."”
These two lesions are also substrates for the mammalian OGG1 enzyme. In addition, OGG1
incises 7.,8-dihydro-8-oxoadenine (8-ox0A) lesions.*** Although OGGI repais all these le-
sions with similar efficency, dependent upon the base on the opposite strand (discused be-
low), the vast majority of research has focused on 8-0x0G repair.’ Nevertheless, one should
‘have in mind that all three lesions are induced at significant rates by oxidative stress.** Also,
8-0x0A is as mutagenic as 8-0x0G and leads to A to G transitions and A to C transversions. >

OGGl Structure

‘The structure and reaction mechanism of OGG1 has been elucidated by strucrural stud-
ies of the native protein by Bjoris and colleagues’ and of hOGG1:DNA complexes in an
impressive series of articles by Verdine and coworkers?***—crystal structures of the
preglycosylation/substrate recognition complex (K249Q and D258N mutants), ™ the Schiff
basc intermediate (.., the borohydride trapped intermediate that differs from the imine only
by the bond order of the C-N bond) with and without the expelled 8-0x0G in the active site

j\)i —°  78Dihydro-8-oxoguanine (8-0x0G)

-
I

2,6-Diamino-4-hydroxy-5-formamidopyrimidine (FapyG)
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The 345 and 424 residues variants are -OGG1 and -OGG1, respectively, the nuclear and mitochondrial targeted isoforms. Quite possibly, many of the other splice variants we found above (in RefSeq, UniProt, and GenBank) represent “transcriptional junk”. In addition, many of the additional Ensembl variants are only computationally predicted with some bioinformatics algorithm. These variants most likely exist only on the computer and not in human cells at all!
This is important:

1. Some protein sequences in databases correspond to proteins that actually are present and have an important biological function in the organism – these are of course those that we are interested in studying
2. Some protein sequences in databases are translations of mRNAs that in reality never are properly translated in the organism – they do not represent biologically useful information

3. Many protein sequences in databases are translations of mRNAs that have been computationally predicted from the genome sequence. In many (most?) cases, not the mRNA and certainly not the protein, exists in the organism  
8. Go to the Ensembl page for the OGG1 gene again:

http://www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000114026
Note the names for α-OGG1 and β-OGG1. Halfway down the page you find a graphical illustration of the two isoforms under “Genes (Comprehensive Gene Annotations from GENCODE 21)”. What are the differences between the two isoforms (in terms of splicing)?
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OGG1-001 is -OGG1 while OGG1-002 is -OGG1. The six 5’ exons appear to be the same, but the 7th exon is different in the two variants.
9. At the top of the page, click on the ENST00000344629 transcript (i.e. -OGG1 or the 345 residues variant). At the left hand side click on “Protein” under “Sequence” to see the protein sequence. It is displayed with alternating black and blue colouring, corresponding to sequence encoded by exon 1, 2, 3 and so on. Residues spanning an intron are show in red. Take a screen shot of the window with the displayed sequence and paste it into PowerPoint, Word or some other suitable program. Crop the picture to show only the protein sequence and the explaining text.

After cropping, the screenshot looks like this (actually slightly different in 2014): 
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10. Do the same for -OGG1. What are the five last residues of the OGG1 protein that are identical in the two isoforms?
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Everything is identical until the sequence GWAQA, i.e. until the last intron. The 3’ exon is different in the two variants.

11. In order to see the exonic sequences click on “Exons (7)” at the left hand side under “Sequence”. Again take a screenshot and crop to get a nice picture. Which two nucleotides are at the start of all introns? And at the ends? What is the start codon of OGG1 and what is the stop codon? What are the lengths of the 5’ and 3’ introns in -OGG1?
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1 ENSE00002259329 9791628 9792107 - 2 a0 CTACTTCCGETGOTGCTGTGETCTGCCCCTRAGAACCCAGARGRACACAGCTGTGCGCG

CCCACAGGCTCTGGGEECGEEAGAAGATAAGTCACARGEAGGGGECGEEACCTACACCTC

AGGAAAGCCOGAGRATTGGGGCACGRAGCGGRGCTTTGATGACCCGCARAGGGCGAGGCA

TGCAGGAGGTGGAGGAATTAAGTGAMACAGGGAAGGTTGT TARACAGCACCGTGTGEGCG

AGGCCTTARGGGTCETGETCCTTGICTGGGCAGGCTCTTTGRGCGTCEACGAGECCTGET

TCTGGATAGGCGGGECTACTACGEGECAETCCCTECTETGEARATGCCTECCCGCRCGCT

TCTGCCCAGGCGCATGRGGCATCETACTCTAGCCTCCACTCCTGCCCTGTGEGCCTCCAT

CCCGTCCCTCECTCTGAGCTECGCCTGRACCTEETTCTGCCTTICTGGACRATCTTTCCG

. .CCTOCTECTCgUaTtggetacotetagotaaaatoageagtagtiaagee

Intron 12 9792,108 9,792,628 521 gtgagtgactgagectgagaagect . .. -gggrtgreatgtgeettaggetcag

2 ENSE00001669842 9,792,629 9,792,876 2 1 248 GTGGAGGGAGCARAGTCCTGCACACTGGAGTGGTGTACTAGCGGATCAAGTATGEACACT
GACTCAGACTGAGGAGCAGCTCCACTGCACTGTGTACCGAGGAGACAAGAGCCAGECTAG.
CAGGCCCACACCAGACGAGCTGGAGGCCGTGCGCARGTACTTCCAGCTAGATGTTACCCT
GGCTCAACTGTATCACCACTGGGETICCGTGEACTCCCACTTCCARGAGGTGGCTCAGRR.
ATTCCRAG

Intron 23 9,792,877 9,793,453 517 gtgagracaggacetgggctaggat

3 ENSE00001644854 9,793,454 9,793,633 1 1 180 GTGTGCEACTGCTGCGACARGACCCCATCGAATGCCTTTTICTCTTTTATCTGTTCCTCCA
ACAACAACATCGCCCGCATCACTGECATGETGRAGCGGCTGTGCCAGGCTTTIGGACCTC
GGCTCATCCAGCTIGATGATGICACCTACCATGECTTCCCCAGCCTGCAGGCCCTGECTG.

Intron 3-4 9793634 9,796,387 2754 gtgagraggrgggreceetgeccee.

4 ENSE00001165146 9,796,388 9,796,569 1 0 182 GGCCAGAGGTGGAGGCTCATCTCAGGRAGCTGGGCCTEGGCTATCGTGCCCRTTACGTEA
GTECCAGTGCCCRAGCCATCCTGRARGAACAGGECGEECTAGCCTGECTGCAGCAGCTAC
GAGAGTCCTCATATGAGGAGGCCCACAAGGCCCTCTGCATCCTGCCTGEAGTGRGCACCA.
6

Intron 45 9796570 9,798,154 1585 gtgaggecceagggugtaggagety.

5  ENSE00002823518 9,798,155 9,798,305 0 1 151 GTGGCTEACTGCATCTGCCTGATGECCCTAGACAAGCCCCAGGCTGTGCCCGTGRATGTC
CATATGTGGCACATTGCCCAACGTGACTACAGCTGGCACCCTACCACGTCCCAGGCGRAG.
GGACCGAGCCCCCAGACCAACAAGGAACTGE

.. -taccecotgeatttotggtetecag

.. .ttgecctectesteacteceogcag

.. .agggeteattetgtatetgtoasag

Intron 5.6 9798,306 9,798,450 145 9tgaggaaagtageCtacagaugct
6 ENSED0001764469 9,798,451 9,798,500 1 0 50 GARACTTTTTCCGGAGCCTGTGGGEACCTTATGCTGECTGRGCCCARGC,
Intron 6-7 9798501 9,807,492 8992 gtgagrgracetaggtgtectecet

7  ENSE00002896204 9,807,493 9,808,421 0 B 929 GGCCTCCTTGGCARTGCATTTGATGGCCACCAGCTTCTGCETCCICTTATCTTCIGCCAG.
GATCACCTCCGAGAAGGCCCCCCTATCGGRAGAGGGEATTCACAAGGTGAAGAACTGEAR.
CCCCAGCTTCCCTCCAGCCTCTCCTCCATICCCTATGAGTICTGIGACCACTGCIGRACC
AAGGACGTGGATGACCCTCCCCTAGTCACTCATCCATCCCCTGACTCCAGAGATGETCAC
ATGACCCAGGCCTGECCAGTCARAGTAGTCTCTCCCCTGRCCACAGTARTTGEICATETG
ATGCAAGCCAGCTTACTAGCACTTTGAGRATGAGTCTCCIGTTGAGCTGETAGGATGTAR
GCCTGGAGCTAATGGCEATCATCTTTGCCACCACCTGAGGAGAGCCTECTIGGGARTGAR -
ATTAACACARAGGAAGTCCAACCTGAGARATGGCCARATATATTTCCTGATAACATTATG
TGECCCTCTGGATCCAGCCATGCCTGAGGTCTACCCCTGGECTITTGRATTATGIGTACA
GTIGGTICATCCCITTTICTGCTARTICGAGTCATGECTARTTTAACACCCTTTAGRACC
TTAAAGAACCATCAGCATCACCCGGGAACTTTTTTAGAAATGCARARTCTCTACTGCTTT
GGATCCTGGETCARARAAAAGAAAARARRAAGARATGCARRACT TTAGGCCCTGCCCCAG
ATTTACTAARTCAATCTGCAGTTTAACARARTCCTCAGGTGATTTGTATGCTCATTGAAC
TTTAAGAAGCAGTCTTTTACAACAGETTCTTAAA AR GAAACAAATALLCTCATTTARCTE. -

...cttagtcteatcactictgatttag

.. -ccatgergecttectigecctecag





All introns start with GT and end with AG. This is very common. According to a large study (http://nar.oxfordjournals.org/content/34/14/3955.full.pdf) >98% of all introns are of the GT-AG type. Less than 1% is GC-AG type, and these often have less efficient splicing. This may lead to alternative splicing (See below). Start and stop codons are ATG and TGA, respectively. The 5’ intron has 521 nucleotides, while the 3’ intron has 8992 nucleotides.
Pagani and Baralle (Nat. Rev. Genet. 5, 389 (2004)) explain splicing as follows,

[image: image7.png]File Edt Goto Favortes Help
5 i Bioinfo ~ (J Bilogy ~ (Ji Journals ~ Jj Other + ] MBV-INFXA10 Y Wikipedia 53 PubMed &) Wol

x Fine [355

] Previous et | () Options |

@ nature.com

Mgk ¥

Answers [§] OED § TT-5.UIO G 609 78 FUGE bioinf TS cho-ll Adm [B] Bicinfo Links < Scifinder

the different protein isoforms that result from

Intron
5’ exon r Branch site 3 exon
TPy —— APl |
Ts'_splice 3-splicel

site site
Lariat >
5 exon g 3 exon
]+ A—Py—Ac |
Lariat o
3 Exons ligated
A— Py—AGp + 3
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intron-exon boundaries that act as essential
spiicing signals: GU and AG dinucleotides at the
exon-intron and inron-exon junctions, respectively
(5~ and 3-splice stes), a polypyrimicine tract (Py),
and an A nudleotide at the branch ste. Splicing
takes places in tWo TRANSESTERIFICATION steps. In
the first step, the 2-hycroxyl group of the A residue
at the branch site attacks the phosphate at the

GU 5"splice site. This leads to cleavage of the

5’ exon from the intron and the formation of a

lariat intermediiate. In the following step, a second
transesterfication reaction, which involves the
phosphate (p) at the 3" end of the intron and the
3-hydroxyl group of the detached exon, ligates the
two exons. This reaction releases the intron, sillin
the form of a lariat.
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genes, changes in SR protein-binding scores
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12. Check the “Exons (7)” link for the other main transcript. What are the lengths of the 5’ and 3’ introns in -OGG1?

The 5’ intron has 521 nucleotides, obviously. It is exactly the same intron as in -OGG1.

The 3’ intron has 244 nucleotides. 

13. Staying on the -OGG1 “Exons” page, click on the “Configure this page” button on the left. Change “Flanking sequence at either...” to 1000 and tick “Show full intronic sequence”. Then click on the little “tick mark” in the upper right-hand corner to save the changes. Again take a screenshot and crop to get a nice picture of the first exons and introns.
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Exons @

Start  End
Phase Phase

Length Sequence

actasaastacasaaattagetggacgtogtagcacgcac
sequence CRgTagTecCagEtactcaggaguCtaaggcaggagaategettgaaceeaggagataga
9CTTgCagTgagEcgagateatgecatoacactecagectagycgacagagtaagactes
gtctcasagaaaaaaaacttoCageCToatagttaagatacageaaceocaaatooctat
gctaseaggtgagaatggcccagatasaggtoatgtCtoCtagotoCcotgottiticaty
ccatcetocagaagugaagaaattaRataatcCATCCTCETACtOCagUCIacTagaagd
caggetgecteagggecacacactgggacttogactcaacctgatgggertotgagceca
gecocagacasaccecggeaaacatoccattccgaggaaagcatgageagatggagtat
ggaagasatgeccaagacggeaggeageagetatagcagceagcgggacgacaatocgag
gagaggectetgatatootgaggtotcagaguacacctaaaggCotigaataggacaage
££20C009Cg0gCoCagaAgagaaTaaTtaCtCTgUagacactieocgagggctetagage
©9gagCTItgTtCgeTeoggTiCTtagtaasgacaggatoatgagagycaacceaagga
gggegaacgectasagactgcaaaggctcgggggagarcggetoteggagaracygectaay
gaaggacatgactotgangacagacageectaagaaaccqeaggecgoocagatagaact
cgrtagegecccgagtgeagacaatcecggagggegaaaggegageagetggcagagage
ccagtgocggecaaccgegegagegCcteagaacagcoegescaceetgatttcteatty
gegectestacctosteoteggattgetacotetagatgaaatgagoggtagtiaagee

1 ENSE00002259329 9791628 9792107 - 2 480 CTACTTCCGETGGTGCTGTERTCTGCCCCTGEAGARCCCAGARGARCACAGCTGTGCGCE
CCCACAGGCTCTGEGEECGERAGAAGATAAGTCECAAGGAGGGEGCEEGACCTACACCTC
AGGAAAGCCGGAGAATTGGGGCACGAAGCGGGECTTTGATGACCCECARAGGECGAGECA
TGCAGGAGGTGGAGGAATTAAGTGARACAGGCAAGGTTGTTARACAGCACCGTEIGEECE
AGGCCTTAAGGGTCETGGICCTIGICTGRGCERGGTCTTIRECCTCGACGARGCCTGET
TCTGGETAGECGEEGCTACTACGEGECEGTGCCIGCTGTGRARRTGCCTGCCCRCGCECT
TCTGCCCAGGCGCATERGGCATCATACTCTAGCCTCCACTCCTGCCCTGTEEGCCTCEAT
CCCETGCCCTCGCTCTRAGCTGCRCCTGRACCTERTICTGCCTICTGRACAATCTTTCCG

Intron 9,792,108 9,792,628 521 gtgagtgactgagectgagasgCcetgtocCotcguactygeteetacogCtcascacty
cotggcatoggetacaaaggaattiouugIatoatggasgasaccegggotacasaagag
gaaacasgeacgggtagocasccrotiacctttastatgtotgtacagtgataattgtaa
ggatceagegatataaccgatacagaagataatageactigrttticttititigagaca
gggtetegetotgrtgoocagytaggasteagagaggeCoattocagectogaccecee
gggegcageeteeegagtagetgggactacaggtatgegccatgeccgattaaattitty
tattirttgtagagutoaggtticaccatgttgctcagactogasgatagoactattact
tgtattagtttcgtacatggagctattgtaggataggagggaccecaaagggtgcaagan
aggasattgagtgecagagttateatgtacctigagcteag

2 ENSE00001669842 9,792,629 9,792,876 2 1 248 GTGGAGGGAGCARAGTCCTGCACACTGGAGTGGTGTACTAGCGGATCAAGTATGEACACT
GACTCAGACTGAGGAGCAGCTCCACTGCACTGTGTACCGAGGAGACAAGAGCCAGGCTAG
CAGGCCCACACCAGACGAGCTGGAGGCCGTGCGCARGTACTTCCAGCTAGATGTTACCCT
GGCTCAACTGTATCACCACTGGGETTCCGTGEACTCCCACTTCCARGAGGTGGCTCAGRR.
ATTCCRAG

Intron 9792877 9793453 517 gtgagtacaggacctgggctogggttagggttcttggacataagtoactiototatgact
cagtttigocacctgtassatgoggattatatetacticataggettotatgaggattta
aggaactaatacatgtasagtacttagaataatgecaggcacatagtaagtattattace
attattattatcctgctaatcaccatagtgaagtgacaaggattttgagcccattoctyg
£TgTITgactagoucaagToatttCATICATIOTgTARATATATACAAAgCATOTOTT
tgtgaccggguatacaccagtgaacassacagacecasatgocagteotcatggagetta
CATTQTIICCToTITATCTOTgUaaTtIggatgatascteAgCeoToACaRgaTtaCTataa
99aatgagagatCtggtatiaCTItCTotaacggtactgactcteattoteotgagatee
tectggagtiitgatacctaguatotgacctatgagtoggaagaguCeacaccaacage
aggacctctectacceoctgeattictagtotcoag.

3 ENSE00001644854 9,793,454 9,793,633 1 1 180 GTGTGCEACTGCTGCGACARGACCCCATCGAATGCCTTTTICTCTTTTATCTGTTCCTCCA

ACAACAACATCGCCCGCATCACTGECATGETGRAGCGGCTGTGCCAGGCTTTIGGACCTC
55 GGCTCATCCAGCTIGATGATGTCACCTACCATGECTTCCCCAGCCTGCAGRCCCTGECTG





14. Make sure that the “OGG1-002”-line in the table is selected, i.e. it is light blue (as seen below) and click on “Variation table” under “Genetic variation” on the left.
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You get a table with many SNPs and other variants found in human individuals/populations. Click on “show” for the “Missense variants”. There are many columns. Try to find these columns: the ID for the SNP, position in chromosome, the two alleles, the allele frequency if it is known, the type of variation, the source database, the amino acid change (AA) and position of this residue in the protein (AA cord). The two columns at the right shows the output from two bioinformatics algorithms, SIFT and PolyPhen, that try to estimate if the amino acid change will affect the function of the protein. 
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10 Show [ 3 prime UTR variant AUTR variant of the 3 UTR (so.000162¢
156 Show [l Intron variant Atranscript variant occurring within an intron so.0001627
0 - W NMD transcript variant Avariantin a transcript that is the target of NMD (so.0001621)
0 - W Noncoding exon variant A sequence variant that changes non-coding exon sequence o.000i7ez)
0 - W NCanscript variant Atranscript variant of a non coding RNA (s0.0001613)
112 Show [ Upstream gene variant A sequence variant located 5' of a gene (so0001631)
138 Show [ Downstream gene variant A sequence variant located 3' of a gene (soo001e22)
520 Show AL Allvariations
Missense variants 2 Ibackto top]
ow YR entrie ‘Showlhide columns
D Chr: bp Alleles Glob Class Source  Valid  Type
al ation
MAF
150772125 39791977 Gic - SNP dbSNP - Missense variant
1511548133 3:9792049 cA - SNP dbSNP - Missense variant
1113572618 39792056 ci6 - SNP dbSNP - Missense variant
TMP_ESP_3 979 3:9792095 GIA - SNP ESP - issense variant
2095
1139505187 3:9792097 ci6 - SNP dbSNP - Missense variant
15104893751 39792107 GIA 0.001 SNP dbSNP §<|  Splice region
@ i
Missense variant
15142483098 39792642 NG - SNP dbSNP - Missense variant
15147083396 3:9792643 Gic - SNP dbSNP §<)  Missense variant
138037313 39792699 GIA 0001 SNP dbSNP )  Missense variant
@
1201580660 3:9792726 ci6 0.001 SNP dbSNP - Missense variant
©)
1517050550 39792744 < 0001(T)  SNP  dbSNP )  Missense variant
1149243735 39792760 ca - SNP dbSNP - Missense variant
5138111256 3:9792777 Gm - SNP dbSNP -
15139632793 39792798 Gic - SNP dbSNP -
TMP _ESP_3 979 3:9792622 o - SNP ESP -
2827
TMP_ESP_3 979 3:9793454 Gic - SNP ESP -
3458
Missense variant
TMP_ESP_3 979 3:9793469 GIA - SNP ESP - Missensevariant RIQ 134
3469
COSM180436  3:9793494 ca - somatic SNV COSMIC - Missensevarant FL 142
TMP _ESP_3 979 3:9793528 o - SNP ESP - Missensevariant RIC 154

3528




Are there any missense variants in human -OGG1 that have a relatively high frequency? Which residue does it affect and what is this residue mutated to? What do SIFT and PolyPhen think about this mutation?
The SNP rs1052133 has a minor allele frequency of 29.8%. This is a Ser326 to Cys mutation, often written as Ser326Cys or S326C. No other SNPs have a frequency of more than 2.5%. For S326C SIFT predicts “tolerated” and PolyPhen predicts “benign”. According to these predictors, S326C will most likely not change the function of -OGG1 significantly.   

15. Click on the rs1052133 link to go to the Ensembl page for this SNP/variation. Then click on the “Population genetics” link at the left. In the 1000 Genomes project data, which population has the highest ratio of G|G genotype (which means homozygote for Cys326)? Which population has the lowest? In each case, what are the G|G genotype ratios?

The highest is in the CHS population. By following the link (The little “i” symbol), one finds that this is “Southern Han Chinese”. 36% have a G|G genotype. The lowest is in the TSI population (Toscana, Italy) with 1.0%. Also YRI (Yoruba, Nigaria), AFR (“African”), and CEU (Utah residents) are low (less than 2.5%).
16. Can you find anything in the scientific literature about this mutation? Are their any studies on the effect of the OGG1 Cys/Cys genotype? Look for example here:

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0035970
According to several studies, individuals with the OGG1 Cys/Cys variant are more prone to get lung cancer.
17. Click on the “Gene:OGG1” tab at the top of the page to go back to the information about the gene. Click on the “Orthologues” link at the left. What are orthologous genes? Is there an OGG1 ortholog in the ferret? Click on the ferret OGG1 gene identifier link (marked ENSMPUG00000017122). Click on the “Transcript ID” and then on “Protein” under “Sequence” at the left. 
“Homologous sequences are orthologous if they were separated by a speciation event: when a species diverges into two separate species, the copies of a single gene in the two resulting species are said to be orthologous.” Yes, there is an OGG1 gene in the ferret genome.
Now go to the Jalview website (http://www.jalview.org) and “Launch Jalview Desktop” in the upper right-hand corner. Do “File” - “Input Alignment” - “from Textbox”. Copy the protein sequence from Ensembl and paste it into the textbox window with the header “ferret”. Use FASTA format, as you see below. If you do not know what that is, read about it here:

http://en.wikipedia.org/wiki/FASTA_format 
[image: image13.png]Eile_Tools Vomsas Help Window

Cut & Paste Alignment File
File Edit

>ferzec

LLARSIMLCSMEARTLASFPALNAS 1BCERSELRLDLVLASGOS FRRREQUEARRTGVLA

NQUNTLTQTEEQLYCTVYRGDKGRVGRPTBEELKTVYQY FQLOVSLAQLYRARS SVDBHE

‘OEVAQKFQGVRLLOODPTECLESFICSSHNNTARI TGMVERLCEARGBRLIQLDDVIYHG
FPSLQALAEGPEVEVQLRTLGLGYRARYVSTSARATLEEQGGL PHLOQLRKAPYEETHKA.

LCTLBGVGTKVADC ICLYAL DKBOAVBVDVEMAQTAQRDY SWPTTSQAKGBS BOANIKEL.

GNEFRSLNGEYAGHAQAVLESADLROPHRARE PPAKRRRS TDPEY





18. Go back to the human OGG1 “Orthologues” page. Do exactly as you did for the ferret OGG1 for the following species: cow, mouse (longest sequence), rat, squirrel, and human (-OGG1). That is, go to the gene, find the protein sequence, copy the sequence and paste it into the Jalview textbox under the ferret sequence (See below). When you believe you know how to do this and you have had enough practising, you can copy the remaining sequences from below.
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oo

MEMSVVSLLAGSMGARTLASFPALNAS TBCPRSELRLDLVLASGOSFRNREQSPARNSGY
LADQVWTLTQTEEALYCTVYRGDKGRVGRPTLEELKAVOQY FQLOVSLAPLYRRSSVDR
HEQEVAQKFKGVRLLOLDPTECLESFICSSHNNTART TGMVERLCQTGBRLIQLDDVTY
HGEBSLOALAGPEVEAQLRILGLGYRARFVSASARAT LEERGGLENLOOLRKABYEEARK
ALCTLPGVGTKVADC ICLYAL DKBOAVEVDVEVROT AQRDY SWPTTSQAKGBS BOAIIKE.
LGNEFRNLNGEYAGHAQAVLESADLRQLOOAQE BEAKRRKRCTGRES

>mouse

MLERSHLPS SMRARTLSSSPALNAS TBCPRSELRLDLVLASGOSFRNKE QS PARNSGVLA
DQVWTLTOTEDOLYCTVYRGDDSQUSRPTLEELETLAKY FQLOVSLAQLYSHRASVDSHE
(ORVAQKEFQGVRLLRQDPTECLESFICSSHNNTARI TGMVERLCOARGRRLIQLDDVIYHG
FPNLEAL AGPEAETHLRKLGLGYRARYVRASAKRT LEEQGGPANL QQLRVAPYEERRKAL.
CTLEGVGAKVADC ICLYAL DKBOAVEVIVAVWO T ARRDY GREBKT SQAKGRS PLANIKE LS
NEFRNLNGEYAGRAQAVLESADLROPSLSRE BRAKRKKGSKRPES

srac

MLESSSLSSSMRARTLTSSPALNAS TBCPRSELRLDLVLASGOSFRNREQSPARNSGVLA
DQVWTLTOTEDOLYCTVYRGDKGQVGRPTLEELETLAKY FQLOVSLTQLYSHRASVDSHE
OSVAQKFQGVRLLRQDPTECLESFICSSHNNTARI TGMVERLCOARGBRLVQLDDVIYHG
FPNLEAL AGPEVETHLRKLGLGKRARYVCASAKAT LEEQGGPANL QQLRVASYEERRKAL.
CTLEGVGTHVADC ICLYAL DKBOAVEVDI VRO T ARRDY GROPKT SQTKGBS PLANIKELG
NEFRNLNGEYAGRAQAVLESADLROONL SRE BRAKRKKGSKKTES

Ssquirrel

MVARSLLG IMKHRTLSSSPALWAS 1BCBRSELRLDLVLTSGOSFRRKEQS BARWSGVLAD





>ferret

LLARSLMLCSMEHRTLASFPALWASIPCPRSELRLDLVLASGQSFRWREQNPAHWTGVLA

NQVWTLTQTEEQLYCTVYRGDKGWVGRPTPEELKTVYQYFQLDVSLAQLYHHWSSVDPHF

QEVAQKFQGVRLLQQDPIECLFSFICSSNNNIARITGMVERLCEAFGPRLIQLDDVTYHG

FPSLQALAEGPEVEVQLRTLGLGYRARYVSTSARAILEEQGGLPWLQQLRKAPYEETHKA

LCTLPGVGTKVADCICLMALDKPQAVPVDVHMWQIAQRDYSWHPTTSQAKGPSPQANKEL

GNFFRSLWGPYAGWAQAVLFSADLRQPHRAREPPAKRRRSTDPEV

>cow

MEMSVVSLLRGSMGHRTLASFPALWASIPCPRSELRLDLVLASGQSFRWREQSPAHWSGV

LADQVWTLTQTEEHLYCTVYRGDKGRVGRPTLEELKAVQQYFQLDVSLAPLYHHWSSVDP

HFQEVAQKFKGVRLLQLDPIECLFSFICSSNNNIARITGMVERLCQTFGPRLIQLDDVTY

HGFPSLQALAGPEVEAQLRNLGLGYRARFVSASARAILEERGGLPWLQQLRKAPYEEAHK

ALCTLPGVGTKVADCICLMALDKPQAVPVDVHVWQIAQRDYSWHPTTSQAKGPSPQANKE

LGNFFRNLWGPYAGWAQAVLFSADLRQLQQAQEPPAKRRKRCTGPEG

>mouse

MLFRSWLPSSMRHRTLSSSPALWASIPCPRSELRLDLVLASGQSFRWKEQSPAHWSGVLA

DQVWTLTQTEDQLYCTVYRGDDSQVSRPTLEELETLHKYFQLDVSLAQLYSHWASVDSHF

QRVAQKFQGVRLLRQDPTECLFSFICSSNNNIARITGMVERLCQAFGPRLIQLDDVTYHG

FPNLHALAGPEAETHLRKLGLGYRARYVRASAKAILEEQGGPAWLQQLRVAPYEEAHKAL

CTLPGVGAKVADCICLMALDKPQAVPVDVHVWQIAHRDYGWHPKTSQAKGPSPLANKELG

NFFRNLWGPYAGWAQAVLFSADLRQPSLSREPPAKRKKGSKRPEG

>rat

MLFSSSLSSSMRHRTLTSSPALWASIPCPRSELRLDLVLASGQSFRWREQSPAHWSGVLA

DQVWTLTQTEDQLYCTVYRGDKGQVGRPTLEELETLHKYFQLDVSLTQLYSHWASVDSHF

QSVAQKFQGVRLLRQDPTECLFSFICSSNNNIARITGMVERLCQAFGPRLVQLDDVTYHG

FPNLHALAGPEVETHLRKLGLGXRARYVCASAKAILEEQGGPAWLQQLRVASYEEAHKAL

CTLPGVGTKVADCICLMALDKPQAVPVDIHVWQIAHRDYGWQPKTSQTKGPSPLANKELG

NFFRNLWGPYAGWAQAVLFSADLRQQNLSREPPAKRKKGSKKTEG

>squirrel

MVARSLLGIMKHRTLSSSPALWASIPCPRSELRLDLVLTSGQSFRWKEQSPAHWSGVLAD

QVWTLTQTEELLYCTVYRGDKGWVGKPTPEELETVHKYFQLDVSLAQLYSHWSSVDSHFQ

KMAQKFQGVRLLRLDPIECLFSFICSSNNNITRITGMVERLCQAFGPRLIQLDDVTYHGF

PTLQALAGSEVEACLRKLGLGYRAQYVSASARAILEEQGGLAWLQQLREAPYEEAHKALC

TLPGVGTKVADCICLMALEKPQAVPVDVHVWQIAQRDYSWHPTTSQAKGPSPQANKELGN

FFRRLWGPYAGWAQAVLFSADLHQPHRSQEPPAKRKKRSKGPEV

>human

MPARALLPRRMGHRTLASTPALWASIPCPRSELRLDLVLPSGQSFRWREQSPAHWSGVLA

DQVWTLTQTEEQLHCTVYRGDKSQASRPTPDELEAVRKYFQLDVTLAQLYHHWGSVDSHF

QEVAQKFQGVRLLRQDPIECLFSFICSSNNNIARITGMVERLCQAFGPRLIQLDDVTYHG

FPSLQALAGPEVEAHLRKLGLGYRARYVSASARAILEEQGGLAWLQQLRESSYEEAHKAL

CILPGVGTKVADCICLMALDKPQAVPVDVHMWHIAQRDYSWHPTTSQAKGPSPQTNKELG

NFFRSLWGPYAGWAQAVLFSADLRQSRHAQEPPAKRRKGSKGPEG

19. In the Jalview textbox window, press “New Window”. You get a window with 6 sequences, but they are not optimally aligned. In this window, do “Web service” - “Alignment” - “Muscle with defaults”. This will run the Muscle multiple sequence alignment program on a machine somewhere else on the internet (most likely in Dundee, Scotland) and send the result back to your Jalview session. Do all the sequences have a Met residue at the N-terminus? If not, which one is missing it? Why do you think it is missing?
The N-terminal residue of the ferret sequence is Leu, all the other have Met. It is unlikely that the Leu is the actual start codon of this sequence. More likely, the start codon is Met7 (which in that case is Met1), or possibly Met11. Actually, there are some indications that it is Met11 in the ferret sequence that is the actual start codon. If you get the other available carnivore sequences from Ensembl (the cat sequence is missing the N-terminus), you see (below) that Met11 is conserved in all 3 while no other Met (ATG) codons are near the N-terminus. Also the 3 sequences are nearly 100% conserved downstream of Met11, but not upstream, indicating that this actually might be part of the 5’ UTR. If you take a look at the 5’ UTRs for these 3 carnivore sequences in Ensembl, you will find that there are no in-frame ATG start codons nearby and upstream in the sequence. 

[image: image15.png]Jalview 28

Eile_Tools Vomsas Help Window

Cut & Paste Alignment File.
File Edit

"
temst-345

1 cowrt.aa7

| mousesr-345
/1345

oquinel/t-344

human/i-345

Conservation

auaiity

Consensus

MuscleWS alignment of Cut & Paste input - FASTA
File Edit Select View Format Colour Calculate Web Service

el

T IR e

MLARSLLP+Shs HRTLASSPALWAS | PCPRSELRLDLVLASGQSF RWREQSPAHWSGVLADQVWTLTQTEEQLYCTVYRGDKGOVGRP T+ EELETVHKYFQLDVSLAGL Y HWSSVDS

El

[ser=

55855

Cut & Paste input - FASTA = [B =
File Edit Select View Format Colour Calculate Web Service
10 E EY ) £ @

femet/1-345 LLARSLMLCSMEHRTLASF PALWAS PCPRSELRLDLVLASGQSFRWREGNPAHWTGVLANGVIWTL «
dog/1-344  LPGRGLWPKNMGHRTLSSFPALWAS [PCPRSELRLDLVLASGASF RWREQDPAHWTGVL ANRVITL
banda/t-344 LLAGFLLLCSMOHRTLASF PALWAS |PCPRSELRLDLVLASGQSF RWREQNPAHWT VL ANGVWTL

Conservation

TR T T R S R

Consensus|

LLAR-L-LCSMOHRTLASFPALWAS |PCPRSELRLDLVLASGQSF RWREQNPARWT GV LANGVWTL

< i ’
[Sequence 11D: ferret Residue: GLN (62)

Beauence position 121 H 100%





20. Are all the other sequences the same length at the N-terminus? If not, which is longer? Is it certain that it actually should be longer than the others?
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The cow sequence appears to have an extra 2 N-terminal residues. However, it also has a Met3. The nucleotide sequence is therefore ATGxxxATG. It is difficult from the sequence alone to determine if it is the first or second ATG that is the actual start codon. Quite likely no-one has checked experimentally if bovine protein OGG1 has MEMSVVS or MSVVS at the N-terminus, so we cannot know for sure. It is also possible that both forms exist, and that the function of the protein is identical for the two variants.
21. Show the multiple sequence alignment with Clustalx colouring. In the Jalview multiple sequence alignment window, you can move the mouse over the residues. You will then see the identity of the residue you are pointing to in the lower left corner of the window (See below).
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Use this technique to find human -OGG1 Ser326. Is this residue conserved in other mammals? Is Ser320 conserved?

Ser326, the residue affected by SNP rs1052133 investigated above, is not conserved in the other mammals. Ser320 is 100% conserved in the 6 mammals.
22. Find ferret OGG1 Glu189. Is there anything odd here? Can you find out what?
There is a single residue insertion in ferret OGG1 here, in a quite conserved segment of the protein. We better check it in Ensembl... The protein is found here:

http://www.ensembl.org/Mustela_putorius_furo/Transcript/Sequence_Protein?db=core;g=ENSMPUG00000017122;r=GL896899.1:32715972-32721358;t=ENSMPUT00000017267
Glu189 is encoded partly by exon 3 and exon 4. We click on the cDNA link at the left and locate the relevant part (below).
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We have the codons CTG-GCT-GAA-GGG-CCA, that encodes L-A-E-G-P. However, if we guess that AAG with the yellow background is actually a part of the intron we get the protein sequence L-A-G-P. This splicing is also perfectly ok, since the intron ends with AG. We also get rid of the insertion, the extra Glu residue. If we click on the “Exons (7)” link, we see that introns 1, 2 and 4-6 are normal GT-AG introns. However, intron 3 that we are fiddling with now is GT-AA! Impossible!!! For some unknown and stupid reason, the gene searching algorithm made a GT-AA intron, instead of a perfectly ok GT-AG intron. This created a most likely completely artificial insertion in the protein. Extremely likely, Glu189 does not exist in vivo, just in the computer...  

23. Let us remove ferret Glu189 in JalView. Select the column containing Glu189 by clicking just above the ferret sequence. You get a red square as seen below. Then click “Edit” - “Delete” to get rid of this quite likely erroneous insertion.
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24. In the middle of ferret OGG1 intron 3 (back in the Ensembl “Exons” page), there are a lot of nnnnnnnn. Why is that?

This is because the genomic sequence here is unknown. This part of the genome has not yet been sequenced.

25. Go back to UniProt (http://www.uniprot.org) and click on the UniRef link. Search (at the top) in UniRef for human OGG1, i.e. O15527. This protein is found in a UniRef50 cluster, i.e. a group of homologs with more than 50% sequence identity. Click on the identifier for this cluster. How many proteins are there in the OGG1 50% cluster? 
There are currently 147 proteins, but this might change with the next UniProt update. 
26. Select the following sequences (by setting a tick mark at the left): O15527 (human -OGG1), K7AAZ7 (Chimpanzee), F7B0F5 (Rhesus macaque), F7IC54 (marmoset), H0XK07 (galago), and G3RZB6 (gorilla). Choose “Add to basket” and select “Selected cluster members”. Open your shopping basket and click “Full View”. Choose “Download” – “FASTA (canonical) – Preview and copy the sequences into Jalview (using the input from textbox option). Show the alignment by clicking “New window”. We do not need to run Muscle. The sequences are already aligned and they all have the same length. Find the human -OGG1 Ser326 residue. Does it appear to be conserved in primates?

Ser326 is conserved in all great apes, in the New World monkey (marmoset), and Old World monkey (macaque), that is all the “higher primates”. It is not conserved in galago, a prosimian, related to lemurs. 
This could mean that Ser326 has some function in higher apes, but it could also be that, by chance, no mutation has yet happened at this position. 
[image: image20.jpg]


                  [image: image21.jpg]



27. Go back to http://www.uniprot.org/uniprot/O15527 again. Can you find any information about S326C on this page?

It says “Common polymorphism in the Japanese population” (with some literature references) and “Corresponds to variant rs1052133”.
28. Can you find any Molecular function GO terms for OGG1 on this page? Give the ID for one of them.

Yes, “damaged DNA binding”, “endonuclease activity”, and “oxidized purine nucleobase lesion DNA N-glycosylase activity” (GO:0008534, had to click on the link to find this).
29. Click on the “oxidized purine nucleobase lesion DNA N-glycosylase activity” GO term link. Click on the “Protein Annotation” tab to see other proteins given this annotation. Are their many proteins here? More than 50?

Yes, there are 19,655 proteins at present, and this number will most likely increase fast.
30. Click on the “Ancestor Chart” to see the ancestor GO terms. Take a screenshot and paste the chart below.
[image: image22.png]cellular
process

biological
process

——

metabolic
process

molecular
Tunction

isa
—

Part of

Regulates

Positively reguiates

Negatively reguiates

ocurs in

itrogen organic
el catabolic || compaund sibgiance catalyic
"orocess. Srocess || ‘metabolic metabolc ey
brocess brocess
celutar cetutar | [organic crelc organic
celuar heterocycie primary Imacromolecuie
aromaric rirogen | | “Compound stbgiance nydrolase
catabate || rematic, | | "mdtahoie || pivegen || compound | | kgl | | subsancs metaboic || ase acivey || PYdroks
Brocess || comepund brocess || Somegund ol process catabolc rocess

QUIckGD - http://varsws.ebi ac.uk/ QuickGO

aromatic | [ erocyen cettar | [organic eyl ucieobase—co] [ celluar et ydrofase
compouna | | heterocyete | | ivogen | | “compound nisining | acromalecul| [racremolecule actvity, aciing
catabolic catabolic compound catabolic compound metabolic catabolic on glycosyl
process process catabolic process metabolic process| process bonds’
nuckicacid || hydrolase i
Throcess | o esver bone hydrelyaing
W-giveosit
ucieobase—co] [ celuar nuceic acid
nisining | macromoiecule| [DNA metabalic | [ahosphodieste N
compouna | " *carabalic process Hoond gpycosyiaze
catabolic process hydrolysis activity

DNA catabolic

carbon-oxyge
process activiy | nlyase activity

e
DIA catabolic

process, | |deoxyribonuc | | endonuclease
endonucleaiyti| | ease activity activity

W

lendodeoxyribo
Ruclease
activity

oxidized base
fesion DIA
N-glycosylase
activity

DA~ Gapurinic
lor apyrimidinic|
site) lyase
activity





31. Let us go back to the human OGG1 Ensembl entry to get an impression of how much data you can find for OGG1 homologs there (and how messy it is):
      http://www.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000114026
Click on the “Protein families” under “Comparative genomics” at the left. Ensembl has 96 proteins in this family. Including other proteins from UniProtKB there is also a cluster of 434 OGG1 homologs. Click on “Jalview” in “96 Ensembl members of this family JalView”. Then click on the “Jalview” (96 members) button. You have opened the JalviewLite applet with less functionality that Desktop Jalview. Choose “File” - “Output to text box”, choose “FASTA”. Then copy all the text in the window and paste it into a textbox in Desktop Jalview. Open the multiple sequence alignment in Desktop Jalview (and close the JalviewLite applet). Now try to tide up the data by removing sequences that “obviously are wrong”, for example sequences that are missing one or more exons, have long segments of missing sequence (that is XXXXXXXXX), or have insertions that are found in one species only. “Edit” - “Remove Empty Columns” is useful for tidying up. See my result below…
In order to get a good set of sequences to work with one can, as here, start with a large amount and clean up by removing sequences that are very likely to be incorrect. The other possibility is to start with one or a few sequences and add more sequences that appear fine, one by one, similar to what we did earlier in this exercise. What is obvious, however, is that “all homologs” contains such a mess that is cannot be used for much!  

[image: image23.png]%) Jalview 28

Eile Tools Vomsas Help Window

Vece| | Cut@Pasteinput- FASTA s = o
4 Fie it | File Edit Select View Format Colour Calculate Web Service
File F e
>ter] iorssan] EVSMPO00000307sy1-3226 L BLBDVNHGF FELHALA LoVRA] 4 N v e
LA T oomooooooceosa 122 L BLOBVANHor PBLAALA ovR A ¥ ¥
T nirooocoryisr 1L DOVANHGE PBLBALA ovR A ¥ ¥
eese| SO e oooooor1rourssse L \BLDDVEVHGF PELBALA ovR A ¥ ¥
prex; ENSCIAPO0000029696/1-3226 LDDV] F ALA LGYRA n Y Ve
LL2R] ENSBTAPO0000010226/1-3226 LDDV] F ALA LGYRA n 4 Ve
ress Evcocorasmsiow o LIBLDDVEVHOF PBLAALA ovR A ¥ ¥ i
e Evcompocoooosriaan ssse Lo FovRA A ¥
acr R YA A ¥
>mouy ENSCINFO0000021491/1-3226 FOYRA Al Ve
MLER] ENSSSCRO0000012307/1-3226 LoYRA] n Ve
. Ecunirocsssorrorrssse ovn A "

equence]

Consenvaion

270720071236 9237 1338833 3+ 5 440637+ 7498432-4020 55 523726840 8856 + & 6. o oo 85 5 560 |“Togg

Consensus|

B T T P F I R

LIDLDDVTYHGFPSLOALA - GPEEVEARLRKLGLGYRARYVSASARA | LEEDGGLAWLOOLREAPYEEARKALETLPGVGTKVADC | CLMALDKPGAVPVDVAVWE [ TPEEDTRTAE

equence 5 1D: ENSMMUPDD000008035 Residue: MET (257)





Make sure you are understand everything in this exercise and are able to do all the manipulations. If you are stuck, please ask for help!

[image: image24.jpg]



PAGE  
3

[image: image25.png]