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Prerequisites

Detecting and Interpreting Genetic Homology

Re®urces

TheNCBIBLASTweb server is available https://blast.ncbi.nlm.nih.gov/Blast.cgi

TheUCSC Genome Browser available ahttps://genome.ucsc.edu

The GENSCANweb server is available http://hollywood.mit.edu/GENSCAN.html

The packagecontainingthe files forthis walkthroughis v ai | ab | e ChirhprBAQ gh t he 7
Analysis: Genes and Pseudoggnepage on t.he GEP website

Introduction

Recent technological adwees have@ramatically increagkthe rate at which we can generate
high-quality DNA sequence. However, characterization of features (genes, repetitive elements,
etc) found within these raw sequences remains a slow andilatieoisive processMultiple
computatioal methods have been devised to improve the efficiency of sequence annotation. In
this walkthrough we will focus on the identification of genes and pseudogenes in a chimpanzee
BAC clone. TheGENSCANandBLASTprograms, along with the CSC Genome Browsewill

be used to facilitate the annotation process.

GENSCANSs a program that predicts the locations of genes in DNA sequences. While potential
genes identified bEENSCANNust still be experimentally confirmed, its predictions can
nonetheleskelpnarrow the scope of the investigation by itignng regions where genes are

most likely to be found GENSCANuses a probabilistic model to predict locations of promoters,
exons and polyadenylation signals.

Discussion of the actual implementationGENSCANSs beyond the scope of this tutorial. For
additional information on hoWBENSCANworks and on how to uSeBENSCANplease see the
paper by Burget al* andthe GENSCANwvebsite fittp://hollywood.mit.edu/GENSCAN.htl

The Chimp_BAC_Analysi®lder contains all the files required for this tutorial. The file
ChimpBAC_sequence.fastantains a 170kb sequence from chimpanZée
ChimpBAC_sequence_RM.faftta containstherepeatmasked version of the same sequence
using the primate library witRepeatMaskerGENSCAN_ChimpBAC.htrobntains the
GENSCANpredictions for our sequence.

1Burge, C. and Karlin, S. (199Pyediction of complete gene structures in human genomic.DNMol. Biol.
268(1):7894.
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Overview ofGENSCApredictions

The GENSCAMNandysis of our BAC is available in the lBENSCAN_ChimpBAC.htmTo
view theGENSCANesults launch a web browser and open the html fifreorder b reducethe
number of spurious gene predictipmge havanaskedepetitive sequences (including low
comgexity sequences) in the BAC sequence prior to runGBRHISCAN You can run the
GENSCAMNanalysis yourself by submitting the sequer@€kithhpBAC_sequence_RM.fasta the
GENSCANweb server attp://hollywood.mit.edu/GENSCAN.html(If you run theanalysison
the GENSCANweb server, pleasete that thdinks to thePDF and PostScrigiles are currently
broken)

GENSCAN predicted genes in sequence Unknown
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Figurel Schematic representation of tB&NSCANyene predictions for our unknown sequercigher
resolution version of thisnageis available irthe file GENSCAN_ChimpBAC_genes.pdf the exercise package

GENSCANwas run on the chimp BAC using the vergk parameter set. It predici@denes in
this sequence of about 170KEdurel). However, most of these genes condisirdy one or
two exons, which is unusual (the median for chimp is about 8 exons).

The first part of th&sENSCANoutput(GENSCAN_ChimpBAC.htjné a table that summarizes
the 8 predicted genes within this BAC. Explanations of the columns in the taladealable at
the end of th6sENSCANbutput. lllustrations of the locations of the predicted genes are also
available in PDF formatGENSCAN_ChimpBAC_genesydfhe rest of the output consists of
the peptide (amino acid) and coding (nucleotide) serpgeaf the predicted genes. We will use
these sequences to evaluate the validity ofB&ISCANpredictions.
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Analysis opredictedgene 1(singleexon, 423codingbases

Examine conserved domain matches from bhastp searchof the predicted
peptide against thenr protein database

To get an idea of what this predicted gene could be, we will run a pptEginBLAST(blastp
sear ch agai n sredundantgnr) dafaBdseéusingrdefault parameters. b{abp

results are avikable in the fileblastpGeneixtin the tutorial package.) The nr database consists

of most of the known and hypothetical protein sequences that have been submitted to GenBank,
with groups of essentially identical sequences reduced to a single se(hwmmmethe name
Aneredundant 0BLASThitS\thoducesl with the nr database often contain relatively
little information to help us interpret them, the names of these hits and their corresponding
references nonetheless provide us with a reasortténg point.

Copy the peptide sequence of this geregliction(from the GENSCAN output)
onto the clipboard. Open a new web browser window, navigate to the BLAST
server at NCBI Ifttps://blast.nchbinim.nih.gov/Blast.cgi andclick on the

AProtein BLAS® image. Paste the contents of the clipboard into the query
sear ch box an #igued).i ForkeadhiBgLpdr@ges, yo can find
the results of the blastp search in the file blastpGéxiel.

Standard Protein BLAST

blastn blastx tblastn tblastx

BLASTP programs search protein databases using a protein query. more...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) © Clear Qwryswrangee

>Unknown|GENSCAN _predicted_peptide_1|140_aa
MSAYAFYVQTCREEHRKKNPEVPVNFAEFSKKYSERWKTMSGKDKSKFDEITK

From

ADKMRYDQEMKDYGPAKGAKKKKDPNASKRPLSGFFLFCSELGPKIKSTNPTIS

IRDMAKKLGEMWNNLNGSEKQPYITKAAKLKEK To
Or, upicad file Browse... | No file selected. 2]
Job Title Unknown|GENSCAN _predicted_peptide_1|140_aa

nter a descriptive titie for your BLAST search @

__| Align two or more sequences 0

Choose Search Set

Database Non-redundant protein sequences (nr) v |@
Organism —
Optional __| exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown e
Exclude Models (XM/XP) Non-redundant RefSeq proteins (WP) Uncultured/environmental sample sequences
Optiona

Program Selection

Algorithm _) Quick BLASTP (Accelerated protein-protein BLAST)
@ blastp (protein-protein BLAST)
_) PSI-BLAST (Position-Specific lterated BLAST)
_) PHI-BLAST (Pattern Hit Initiated BLAST)
_) DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)

Choose a BLAST algorithm 0

Figure?2 blastpsearch of the firsEENSCANprediction against the nr protein database.

Click on the niGr alamniagrapBicaloveeiew obtiBitA§Toesultso This
tab shows that theredicted protein contained two copies of a conserved domain (thelbtiMG
superfamily,Figure3). We can learn more abatis conserved domathroughthe Conserved
Domain database (CDD).
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Descriptions Graphic Summary Alignments Taxonomy

{0 hover to see the titie & click to show alignments K Show Conserved Domains Alignment Scores [ll<40 [40-50 []50-80 [@80-200 [@>=200 @
100 sequences selected @ Putati ved d ins have been detected, click on the image below for detailed results.
O s 1 L T T s O e s A s o e IR b
Query seq. HSAYRF YVQTCREEHRKKNPE VPYNF REF SKKYSERMK TNSGKOKSKFOE ITKADKMRYDOENKDYGPAKGAKKKKDOPNASKRPLSGFFLFCSELGPKIKSTNPT ISTRONAKKLGE MMNNLNGSEKQPY I TKAAKLKEK
DN binding #ite A4 AL MM A A A_A_A A ONR binding site 4 AL AA  AA A A A A A
Specific hits
Superfamilies [ _ HMG-box superfamily D HMG-box superfamily

Figure3 Conserved domain search shows theljsted protein contains two HM@ox domains

Open a ew web browser window and navigate back to the NCBI home page at
https://www.ncbi.nlm.nih.gov On the top search bar, change
Domai nso and sexkguigd).fCtick onfihefddi® link with the accession
numbercd00084(Figure5) . The fAcdo phe=dfatNCBI cudtedcthastreecsd. t h a t

Each record in GenBank has an accession nurelger¢d00084) that uniquely
identifies the record in all the major sequence databasgsNCBI, DDBJ, EMBL).

2 NCBI Resources (¥ How To ¥ Sign in to NCBI

-
(':; NCBI | Conserved Dor v | HMG-box ‘ @

National Center for
Biotechnolegy Information

Figure4 Search for HMGbox in the NCBI Conserved Domairathbase.

HMG-box

High Mobility Group (HMG)-box is found in a variety of eukaryotic chromosomal proteins
and transcrip...

Accession: cd00084 |D: 238037

View in Cn3D  Specific Protein Protein Superfamily Superfamily Members PubMed

Download alignment s

High Maobility Group (HMG)-box is found in a variety of eukaryotic chromosomal proteins and transcription factors. HMGs bind to the minor
groove of DNA and have been classified by DNA binding preferences. Two phylogenically distinct groups of Class I proteins bind DNA in a
sequence specific fashion and contain a single HMG box. One group (SOX-TCF) includes transcription factors, TCF-1, -3, -4; and also SRY
and LEF-1, which bind four-way DNA junctions and duplex DNA targets. The second group (MATA) includes fungal mating type gene
products MC, MATA1 and Stel1l. Class II and III proteins (HMGB-UBF) bind DNA in a non-sequence specific fashion and contain two or

more tandem HMG boxes. Class II members include non-histone chromosomal proteins, HMG1 and HMG2, which bind to bent or distorted
= DNA such as four-way DNA junctions, synthetic DNA cruciforms, kinked cisplatin-modified DNA, DNA bulges, cross-overs in supercoiled
DNA, and can cause looping of linear DNA. Class III members include nucleolar and mitochondrial transcription factors, UBF and mtTF1, which bind four-
way DNA junctions.

Conserved Features/Sites 7]
DNA binding

PubMed References

Source: Smart
Taxonomy: root

PubMed: 11 links Feature 1: DNA binding site [nucleic acid binding site]
Book: 9 links Evidence:
Protein: Representatives ® Comment: aromatic residues interact directly with the DNA backbone

. ® Structure: 2LEF_A, sequence-specific LEF-1 binds TCR-alpha enhancer

Specific Protein - View structure with Cn3D

Related Protein = Citation: PMID 7651541

Related Structure W Structure: 1J5N_A, non-sequence-specific HMGB (Nhp6a) binds SRY DNA
- View structure with Cn3D

= Citation: PMID 12381320

Architectures
Superfamily: cl00082

Statistics 2 Download Cn3D for Viewing 3D Structure Scroll to Sequence Alignment Display

PSSM-Id: 238037

Figure5 Detail record of the HM@ox domain in the&dCBI Conserved Domain database.
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The resultpage provides a summary and lin&giterature referencef®r this conservediomain.
You can also see the 3D structure of the HbliXx (HMGboxcn3in the exercise package) if you
have the structure view@n3Dinstalled Figure6). The bottom of the pagdowsthe multiple
sequence alignment used to constrhetRosition Secific Score Matrix (PSSMpr this
conserved domainThe CD-Searchprogramuses this PSSM tidentify conserved domains a
guery sequenceSee thefiConserved Domains and Protein Classification Blphmge
(https://www.ncbi.nIlm.nih.gov/Structure/cdd/cdd_help.shtfolF more information.

HMG-box - Sequence/Alignment Viewer

Figure6 Cn3D display for the HM&ox domain.

We canlearn the function of the HM&ox from thedescription of th€€DD record

High Mobility Group (HMG)  -box is found in a variety of eukaryotic chromosomal proteins

and transcription factors . HMGs bind to the minor groove of DNA and have been classified

by DNA binding preferences . Two p hylogenically distinct groups of Class | proteins bind

DNA in a sequence specific fashion and contain a single HMG box . One group (SOX -TCF)
includes transcription factors, TCF -1, -3, -4; and also SRY and LEF -1, which bind four -way
DNA junctions and duplex DNA targets . The second group (MATA) includes fungal mating

type gene products MC, MATA1 and Stell . Class Il and Il proteins (HMGB -UBF) bind
DNA in anon -sequence specific fashion and contain two or more tandem HMG boxes

Class Il members include non -histone chromosomal proteins, HMG1 and HMG2, which

bind to bent or distorted DNA such as four -way DNA junctions, synthetic DNA cruciforms,
kinked cisplatin -modified DNA, DNA bulges, cross -overs in supercoiled DNA, and can cause
looping of linear DNA . Class lll members include nucleolar and mitochondrial transcription
factors, UBF and mtTF1, which bind four -way DNA junctions.

If you would like to learn more about the HM&x domain thedescription pagealso contains
links to 11original research articles. You caocesshe PubMed entries for these articles by
clickingonthedinknext t o thei MPulbhMedidai nkls®l secti on
addition to the abstracts, most of the PubMed entries contain links eatireresearctarticle.

Now that we have a basic idea the potential function of the predicted gene, we are ready to
examinethe alignments from owlastpsearch against the database To summarize our
conclusions from the motif portion of tlB. ASTsearchthe firstGENSCANoredicted gene is
probably a real gene with a DNA binding function, or a pseudogene derived from a real gene
Because this prediction is a singdeon gene (only about 7% of known human genes have a
single exon), we shoulde vigilantlooking for signs that thigpredictionis either a pseudogene or
a mispredicted fragment of a mu#tkon gene. It would not be terribly surprisingsSENSCAN
missed an exon or split two exons of the same transcripinaligple gene predictius.
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Examineblastpalignmentsof predicted peptide against the mrotein database

The graphical overview tab shows thagite are many significant hits to the nr database that

cover the entire length of the predicted protein, supporting the gene model of the predicted gene.

You can confirm this by clickingn t he @A Descri pti ondedcriptiambf and
eachhit and examining the alignmentigure7). However, many of the top hits have accession
numbers that begin wittheAXP_0  p 1 vehich means that these predicsare unconfirmed

and have no experimental evidence to support them. Generally, we do not want to rely on
(possibly incorrect) computational predictions alone for any part of our annotation; instead, we
will seek matches that are based on more direceacil

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download “ [ Selectcolumns ¥ Show | 100 v | @
select all 700 sequences selected GenPept Graphics Distance tree of results  Multiple alignment [EMMSA Viewer

Max Total Query E Per. Acc.

D ipti ientific N: 3
escrlp on s ‘f e Score Score Cover value Ident Len Accession
- - - v - -
PREDICTED: high mobility group protein B3 isoform X2 [Chinchilla lanigera] Chinchilla lanigera 249 249 100% 6e-82 86.43% 202 XP_005406486.1
high mobility group protein B3 [Heterocephalus glaber] Heterocephalus glaber 248 248 100% 1e-81 85.71% 191 XP_004838561.1
PREDICTED: high mobility group protein B3 isoform X1 [Chinchilla lanigera) Chinchilla lanigera 248 248 100% 3e-81 86.43% 221 XP_005406485.1
high mobility group protein B3-like [Marmota flaviventris] Marmota flaviventris 239 239 100% 4e-78 87.86% 195 XP_034492804.1
—_— —_—

high mobility group protein B3 isoform a [Homo sapiens] Homo sapiens 239 239 100% 4e-78 87.86% 200 NP_001288157.1 I
high mobility group protein B3 [Piliocolobus tephrosceles] Piliocolobus tephrosc... 239 239 100% 4e-78 87.86% 200 XP_023075672.1

Figure7 blastphits to our predicted protein in the nr database.

Thebest experimentally confirmed RefSeq match (with the accession number
NP_001288157.1corresponds to theuman HMGB3 proteinHigure 7). Click
on thelink in the Descriptiorcolumnto jump to the alignmenE{gure 8).

high mobility group protein B3 isoform a [Homo sapiens]
Sequence ID: NP_001288157.1 Length Number of Matches: 1
See 26 more title(s) v See all Identical Proteins(IPG)

Range 1: 13 to 152 GenPept Graphics

Score Expect Method Identities Positives Gaps
239 bits(611) 4e-78 Compositional matrix adjust. 123/140(88%) 130/140(92%) 0/140(0%)

Query 1 MSAYAFYVQTCREEHRKKNPEVPVNFAEFSKKYSERWKTMSGKDKSKFDEITKADKMRYD 60
MSAYAF+VQTCREEH+KKNPEVPVNFAEFSKK SERWKTMSGK+KSKFDE+ KADK+RYD
Sbjct 13  MSAYAFFVQTCREEHKKKNPEVPVNFAEFSKKCSERWKTMSGKEKSKFDEMAKADKVRYD 72

Query 61  QEMKDYGPAKGAKKKKDPNASKRPLSGFFLFCSELGPKIKSTNPTISIRDMAKKLGEMWN 120
+EMKDYGPAKG KKKKDPNA KRP SGFFLFCSE PKIKSTNP ISI D+AKKLGEMWN
Sbjct 73  REMKDYGPAKGGKKKKDPNAPKRPPSGFFLFCSEFRPKIKSTNPGISIGDVAKKLGEMWN 132

Query 121 NLNGSEKQPYITKAAKLKEK 140
NLN SEKQPYITKAAKLKEK
Sbjct 133 NLNDSEKQPYITKAAKLKEK 152

Figure8 Theblastpalignment of the human HMGB3 protein (subject) against our predicted protein (quibgy)
AS@emor e t i thleen(esa)toh Itihnek A $dicptesethatbessubjed sequeniceein tiledatabase
actually corresponds to multiple sequence records at GenBank.

t
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Lookingatthd&iLengt ho f i el d b e nweaee that thdrf@dMGBS groteam c e
has a length of ZDamino acids. However, recall that our predicted peptider@d¥40 anino
acids. There are three potential explanations fordisiepancy First, GENSCANmight have
missed part of the real chimp protein. This scenario could hapdtNSCANailed to identify
one or more exons, or called them as part of another gdtenatively, the predicted gene
mightbe a pseudogene that has acquired draime stop codanThe stop codon would cause
the GENSCANprediction to end prematurely. A third hypothesis is GBNSCANas

accurately predicted a functional protein tisatlosely related to the human HMGB3 protein but
lacks some part of it, such as one or more functional domains.

We carretrievethe GenBank entry for thBLASThit by clicking on the accession number
NP_001288157.1 In thispage you can display andkport the GenBank record in a variety of
formats, including FASTAKigure9). The most useful thing here is the PubMed links to the
primaryresearctpapers thatlescribes the human HMGB3 protein.

& NCBI  Resources (¥ How To [ Sign in to NCBI

Protein Protein v
Advanced Help
GenPept « Send to: « .
Change region shown -

high mobility group protein B3 isoform a [Homo sapiens]

Customize view -

NCBI Reference Sequence: NP_001288157.1
Identical Proteins FASTA  Graphics

- K Analyze this sequence S
Go to: (v Run BLAST
Locus NP_001288157 200 aa linear PRI 83-0CT-2021 Identify Conserved Domains
DEFINITION high mobility group protein B3 isoform a [Homo sapiens].
ACCESSION NP_@@1288157 XP_005274724 Highlight Sequence Features

VERSION NP_0@1288157.1
DBSOURCE REFSEQ: accession NM_001301228.2
KEYWORDS RefSeq. Show in Genome Data Viewer
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Protein 3D Structure
Catarrhini; Hominidae; Homo. Solution structure of
REFERENCE 1 (residues 1 to 200) the second HMG-box
AUTHORS  Gu M, Jiang Z, Li H, Peng J, Chen X and Tang M. domain from high

Find in this Sequence

TITLE MiR-93/HMGB3 regulatory axis exerts tumor suppressive effects in PDB: 2YQlI
colorectal carcinoma cells Source: Homo
JOURNAL  Exp Mol Pathol 120, 104635 (2821) sapiens

PUBMED 33773992 Method: Solution

REMARK GeneRIF: MiR-93/HMGB3 regulatory axis exerts tumor suppressive NMR

effects in colorectal carcinoma cells.

REFERENCE 2 (residues 1 to 200) See all 2 siructures...

AUTHORS  Chen Z, Pei L, Zhang D, Xu F, Zhou E and Chen X.
TITLE HDAC3 increases HMGB3 expression to facilitate the immune escape of

breast cancer cells via down-regulating microRNA-130a-3p Articles about the HMGB3 gene &
JOURNAL  Int J Biochem Cell Biol 135, 185967 (2021) The role of high mobility group protein B3
PUBMED 33727043 (HMGB3) in tumor [Mol Cell Biochem. 2021]

Figure9 The GenBak RefSq record for the human HMGB3 protein.

nam

Go back to thaBLASToutput. Cl i ck on t he A GeReeloda tleidn kl nufnodrenmma ttihc
and then clicknlnnexte thdHMGCB8 centiry with the de

box 3 Homo sapien$ h u mamagckss thiEntrez gene recordrigure10).
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Search results
Items: 5

0 Showing Current items.

Name/Gene ID Description Location Aliases MIM
[J HMGB3 high mobility group box 3 Chromosome X, NC_000023.11 HMG-2a, HMG-4, 300193
ID: 3149 \ [Homo sapiens (human)] (150980507..150990773) HMG2A, HMG4
[J HMGB3 high mobility group box 3 [Pan  Chromosome X, NC_036902.1 CK820_G0046457
ID: 736144 troglodytes (chimpanzee)] (146317223..146327629)
(J HMGB3 high mobility group box 3 Chromosome X, NC_044625.1
ID: 101129467 [Gorilla gorilla (western (144565670..144575945)
gorilla)]
) HMGB3 high mobility group box 3 Chromosome X, NC_036926.1 CR201_G0046453
ID: 100444359 [Pongo abelii (Sumatran (146156449..146163899)
orangutan)]
[J HMGB3 high mobility group box 3 Chromosome 7, NC_044555.1
ID: 104663193 [Rhinopithecus roxellana (137187759..137192361)

(golden snub-nosed monkey)]

= NCBI  Resources (¥ How To (%) Sion In to NGB
o - e
Advanced Help
. - . Table of content =
HMGB3 high mobility group box 3 [ Homo sapiens (human) ] &, Download Datasets sam;:w“" ents
i

Gene ID: 3149, updated on 5-Dec-2021 Genomic context

“ Summary 417! Genomic regions, transcripts, and products
Expression

Official Symbol HMGB3 provided by HGNC
Official Full Name high mobility group box 3 provided by HGNC
Primary source HGNC:HGNC:5004 Phenotypes

See related Ensembl:ENSG00000029993 MIM:300193
Gene type protein coding

RefSeq status REVIEWED Interactions
Organism Homo sapiens

Bibliography

Variation

General gene information
Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Markers, Related pseudogens(s), Clone

Euarchontoglires; Primates; Haplorrhini; Catarrhini; Hominidae; Homo Names, Homology, Gene Ontology
Also known as HMG4; HMG-4; HMG2A; HMG-2a

Summary This gene encodes a member of a family of proteins containing one or more high mobility group DNA-
binding motifs. The encoded protein plays an important role in maintaining stem cell populations, and NCBI Reference Sequences (RefSeq)
may be aberrantly expressed in tumor cells. A mutation in this gene was associated with
microphthalmia, syndromic 13. There are numerous pseudogenes of this gene on multiple
chromosomes. Alternative splicing results in multiple transcript variants. [provided by RefSeq, Jul 2014]  Additional links

Expression Broad expression in placenta (RPKM 24.9), bone marrow (RPKM 7.8) and 21 other tissues See more
Orthologs mouse all
w Try the new Gene table Genome Browsers £

Try the new Transcript table Genome Data Viewer

Figure10 The Entrez Gene record for the humdMGB3gene

General protein information

Related sequences

Thefi Al so known BEndrez Géne redorghoves thattie bthesnames that have been
used tadescribe thédumanHMGB3 proteini nc | u d ecafinld MG H MG héfioGe n o mi ¢
contexb section we learn that the protein is locatedtba X chromosome at locus XqZBigure

11). We canobtain amore detailedyraphical overview of the region surrounding HidGB3
proteinby cl i cking on the AGenome Data Viewero
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“ Genomic context 2|?
See HMGB3 in Genome Data Viewer
Location| Xq28
Exon count: 7
Annotation release = Status Assembly Chr Location
109.20211119 current GRCh38.p13 (GCF_000001405.39) X NC_000023.11 (150980507..150990773)
105.20201022 previous assembly GRCh37.p13 (GCF_000001405.25) X NC_000023.10 (150148980..150159244)

Chromosome X - NC_000023.11
[ 150766336 b [ 151023731 p

coaaLz RNUG-33F - RPL19P21
PPIAPS1 HHGES me
RPL12PSO

Figure1l The "Genomic context" section shows the human HMGB3 protein is fomitide X chromosome.

We can find information on all knowend predictedran s cr i pt s f or etomic s gene
regions transcripts, and products s e.cl'thieo i NathB $apien&nnotationRelease

10920211119 evi dence ttheldaMGB3genkhasfive known &anscripts
(NM_001301231.2NM_00130122&8,NM_005342.4NM_001301229.2and

XM_024452369.1 We alsodiscoverthatHMGB3is a multtexon gene in humafirigure12).

“ Genomic regions, transcripts, and products 2|7

Go to reference sequence details

Genomic Sequence:  NC_000023.11 Chromosome X Reference GRCh38.p13 Primary Assembly v

Go to nucleotide:  Graphics FASTA GenBank

=~ | Find: vi@opla @ % = I A Tools~ | ¥ Tracks = ¥, Download + & 7 =
150,98 K 150,982 K 150,984 K 150,986 K 150,988 K 150,998 K 150,
Genes, MANE Project (release v0.95) i -
HMBE3
HH gpsz4z 4 ——t - ——— 8 »> » HP_B@5333.2
NCBI Homo sapiens Updated Annotation Release 109.20211119 .. LOO
NH_B91301231.2 [ »>
Hr1_Be13 —— >
NM_001301228.2 |[sn.serserzza 2 s ——
— NP_P01288157.1 [ —
HHM_B 24 | — »
HM_BB1381229 I »
XM_P24452369.1 [FH—>— »

Figure12 The"NCBI Homo sapien&nnotation Release 138211119 track in the'
and productssection showshatthe umanHMGB3is a multiexon gene on the ghromosome. The dark green

boxes in tiis track correspontb the coding regions and the light green boxes correspond to the untranslated regions.
When you click on a featue.g, NM_001301228), the feature will expand into two separate recotusptrple
featurecorrespondto the mRNA recordand the redeaturecorrespong to the protein record

To summarize our findings so far, we have learned that our predicted protein shows strong
sequence similarity to the human HMGBS3 proteinibig truncatedelative to that protein. We
need to decide among three possible explanations for the trun¢a)iGENSCANas failed to
accurately predict the gen@) the predicted gene is a pseudogené3pthe predicted gene may
produce a functiongdroduct that lacks part of the human protéelio determine which of these
hypotheses is correave need to gather additional evidence usingX88C Genome Browser
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UCSGenomeBrowseranalysis othe GENSCAprediction

Go back to the GENSCAN outpatge. Copy the first predicted codif@DS)sequence
(Figurel3) and go to the UCSC Genome Browdgtgs://genome.ucsc.eduClick on
thet BL AITion k Ourtdotsy andihens e | e cHumadndhgenorieand the
fiMar. 2006(NCBI36/hg18Y assembly Paste the gedicted sequence into the teak
and c b mikFigurels).

>Unknown | GENSCAN_predicted _CDS_1|423_bp

atgtctgcttatgccttctatgtgcagacgtgcagagaagaacataggaagaaaaaccca
gaggtccctgtcaattttgcagaattttccaagaagtactctgagaggtggaagacaatg
tctgggaaagataaatctaaatttgatgaaataacaaaggcagataaaatgcgctatgat

caggaaatgaaggattatggaccagctaagggagccaagaagaagaaggatcctaatgec
tccaaaaggccactgtctggattettectgttetgttcagaattaggecccaagatcaaa
tctacaaaccccaccatctctattagagacatggcaaaaaagctgggtgagatgtggaat
aacttaaatggcagtgaaaagcagccctacatcactaaggcggcaaagctgaaggagaag
tag

Figure13 Retrieve the coding DNA sequence (CDS) for the BENSCANyene prediction.

Human BLAT Search

BLAT Search Genome Mar. 2006 (NCBI36/hg18)

Genome: [] Search all Assembly: Query type: Sort output: Qutput type:
Human v Mar. 2006 (NCBI36/hg18) ~ | |BLAT'sguess v |query,score v |hyperlink v

>Unknown | GENSCAN_predicted_CDS_1]423_bp
atgtctgettatgecttetatgtgcagacgtgcagagaagaacataggaagaaaaaccca
gaggtccctgtcaattttgcagaattttccaagaagtactctgagaggtggaagacaatg
tctgggaaagataaatctaaatttgatgaaataacaaaggcagataaaatgcgetatgat
caggaaatgaaggattatggaccagctaagggagccaagaagaagaaggatcctaatgec
tccaaaaggccactgtctggattcttectgttetgttcagaattaggecccaagatcaaa
tctacaaaccccaccatctctattagagacatggcaaaaaagctgggtgagatgtggaat
aacttasatggcagtgaaaagcagccctacatcactaaggcggcaaagetgaaggagaag
tag

A
[J All Results (no minimum matches) Submit I'm feeling lucky || Clear

Figure14 BLAT search of the CDS of our predicted gene against the human genome a$¢€Bi3§hg18

The predicted sequence matches many loci in the human geR@uee(5), which is not

surprising because it contains a conserved domain. The top hit shows an identity of 99.1% to the
human genomic sequence over the length of the entire query (423bp). This is within the range of
percent identity we would expect for a pair of hunaad chimp orthologs. The next best match

has an identity of only 93.6%, which is substantially below what we expect for human and chimp
orthologs. (Coding regions of chimp and human are approximately 98% identical on average.)

BLAT Search Results

Go back to chrX:151073054-151383976 on the Genome Browser.

Custom track name: | blat 423_bp
Custom track description: |blat on 423_bp

| Build a custom track with these results |

\_, ACTIONS QUERY SCORE START  END QSIZE IDENTITY CHROM STRAND START END  SPAN
browser details 423_bp 415 1 423 423 99.1% chr7 - 26989053 26989475 423
browser details 423_bp 366 1 422 423 93.6% chrX + 149984767 149906426 1660
browser details 423_bp 350 1 422 423 91.8% chrl + 162592664 162593084 421

Figure15BLATresult that shows the regions of the human genome with similarity to the first predicted gene.
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Click on the fAbrowsero |Iink next to the align
nextscreen willshowyoursegun ce as a bl ack bar undBat t he t i
Searcho. You can change the display options
theUCSC Genome Browseélser Guiddor additional information.)
Reset thalisplay settings for the genother ows er by <clicking on the
Expandt he fAMapping and Sequencing Trackso sect.i
configure the tracks to use the folliogy options:
Adjust the following track to Apacko mode:
fUnder AMapping and Sequencingo: Bl at Seq!
Adjust the following tracks to fidenseo mod
fTUnder fnAGene aned :GeUnCS CPrGedniecst,i oRnef Seq Gene
Genscan Genes,-SCAN, SGP Genébigure16).
fTUnder AMRNA and ESTOo: Human mRNASs, Splic
fTUnder AComparative Genomicso: Mouse Chai |
fUnder AVariations and Repeatso: Repeat Ma:
- | Genes and Gene Predictions  refresh |
UCSC Genes RefSeq Genes ACEScan AceView Genes = Aygustus CCDs
dense v dense v hide - ‘hide v |hide v hide v
CONTRAST Ensembl Genes EvoFold EvoFold v.2 Exoniphy B Gencode Genes
hide v | dense v ‘hide v hide v hide v hide v
Geneid Genes Genscan Genes MGC Genes = N-SCAN Old UCSC Genes ORFeome Clones
hide v dense v ‘hide v |dense v |hide v 'hide v
Other RefSeq W Pos Sel Genes RNA Genes SGP Genes SIB Genes
hide v ,m—v hide v hide v dense v hide v
sno/miRNA tRNA Genes UCSC Alt Events ™ Vega Genes
hide v hide v hide v hide v
Figurel6Conf i gure the fAGenes andUGSE GenonkeBrewkserct i onsod section

Hi t Ar e ftheneosrh aut 3X to det a broader viewtbis region Figurel?).

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly

move | <<<| << | <|>|>> |>>> zoomin | 15x | 3x | 10x | base | zoom out | 1.5x | 3x | 10x | 100x

| multi-region | chr7:26,988,630-26,989,898 1,269 bp. ‘ gene, chromosome range, or other position, see examples go | examples

E B> ot Do BB oo 00 o SRl

|cm7m152, ]

| Scale 500 bases | | hgte
che | 26988800 26988900| 26989000 26.989,100] 26980200/ 26989,300| 26989.400| 26,989.500| 26,989,600 26989.700| 26,989,800
‘Your i it reh

423 bp
UCSC Genes (RefSeq, GenBank, tRNAs & Comparative Genomics)
UCSC Genes
ReiSeq Genes

| RelSeq Genes
Ensembl Gene Predictions - archive 54 - may 2009

Ensembl Genes

N-SCAN Gene Predictions

SGP Gene Predictions Using Mouse/Human Homolog

Human mRNAs from GenBank

Human mANAs
Human ESTs That Have Been Spiced

Spiced ESTs
Human ESTs Including Unspiced
| Human ESTs
Non-Human ESTs from GenBank
oter £sTs IINEG—_——— I 4 (N
Mouse (July 2007 (NCBI37/mm9)), Chain and Net Algnments
Movse Chan [ EESENEY > ENEEIIISETYIESY ||| EEERRERREY BEESE »5 CHURER < <L<<<< ¢<is o005 SI33TTya NSRS TS U533
Mouse Net EEETEIEIITE - TN 793332507730 300 I 1133 7I 300133732 00033 3337330300 00000 00000000 02200030222230033309230333 8327722737 7777 3 AR T317333300 LTI 111 ISR
Repeating Elements by RepeatMasker
Repeatiasker - " ——

Figurel7 UCSC Genome Browsgiew of our region of interestsn chromosome.7
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According to RefSeq and other curated gene lis&se are no known genes in this regidrhe

only evidence we have for our prediction comes from hypothetical genes predicted by programs
like SGPandGENSCAN InterestinglyN-SCAN(another gene prediction prograwuhd not

predict a gene in this regioilsGP, whichtendsto fusemultiple genesnto a single feature

predicts that our putative gene is in fact part of a larger gene with two eidns.hypothesis is
plausible because t&ENSCANorediction is shorter thahé matches to known proteins.)

There are no human ES®ssplicedESTSs that aligned to this regioithe lack of spliced human
ESTs isconsistent with our prediction of a singdgon gene There are als&STs from other
organisms, which are generally a more reliable guide to the presence of anectiiage
unspliced hman ESTs.

To see the EST evidence in more detail, c h
andt hen c | irafrksioo b ulFijues 18j

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly

move <<<| <<|<|>|>> |>>> zoomin 1.5x|3x | 10x | base zoom out 1.5x | 3x | 10x | 100x

multi-region | chr7:26,988,630-26,989,898 1,269 bp. gene, chromosome range, or other position, see examples go | examples

bases | { npr8
| 26983800| 26968900/ 26.989.000] 26969100 26969200/ 26989.300| 26989400 26.969500| 26,989.600| 26.989.700] 26.969.800|

Your Sequance from Biat Search

N-SCAN Gene Predictons

MouseHuman H

Human mRNASs from GenBank

Human ESTs That Have Been Spiced

Human ESTs Including Unspiced

o+ INpor}ymian DTS wors Genbeek’ |1 L L L

B < < << << 123233333333
Pe o 8G teceee]
P CC— 1323353335533 kecceceecenceed
7 KB 1532335593351 Aoncs 12573005 KREE
« =) ==
o G-I D23235333] « R
Pe E iy i |
P 9 = =1
Pe = = —
P 5 = |
P 8 =) _—
» CO— = =
5 KX - [

Figure18 'fhe "Other ESTs" track shows that ESfiom many different species mapped to the same region as the
GENSCANpredicted feature.

The expand e dtratkGhowsdhat thEr& dresntany ESTs supporting thisgbeedi
gene from pecies such asefiopus, mouse, and chicken. The shades of grey for each feature in
the AOther ESTso0O track c dheEST saahrthe higherthe he per c
percent identity, the darker the feature. The presence of these ESTs frohethspeties

12
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provides evidence that our prediction migkta real genélote thatalthoughSGPpredicts a
two-exon gene (the extra exon is-gffreen to the right dfigure18), the EST evidence from
other species does not support this gengtire because none of the ESWMatching our
prediction also matches the other predicted exon.

Analysis of the mgsing parts of the HMGRBS8otein

To determine why thEENSCANor edi cti on matches only part
alignment from the BLAT search.

Go to the GenBank record for the Hnkman H
under thetitle of theGenBank recordFigure19). Copy the sequence to the clipboard.

Go back to the BLAT search page (uRaster i
the sequence intoubmérgire?®d.t box, and click

high mobility group protein B3 isoform a [Homo sapiens]

NCBI Reference Sequence: NP_001288157.1
Identical Proteins FASTA  Graphics

Go to: (v

LOCUS NP_001288157 200 aa linear PRI 03-0CT-2021
DEFINITION high mobility group protein B3 isoform a [Homo sapiens].

ACCESSION NP_@01288157 XP_005274724

VERSION NP_001288157.1

DBSOURCE REFSEQ: accession NM_001301228,.2

KEYWORDS RefSeq.

SOURCE Homo sapiens (human)

Figure19 Click on the "FASTA" link in the GenBank record to retrieve the sequence for the human HMGB3 protein
in FASTA format.

Human BLAT Search

BLAT Search Genome

Genome: Search all Assembly: Query type: Sort output: Output type:
Human v Mar. 2006 (NCBI36/hg18) ~ | BLAT's guess v |query,score v |hyperlink v

>NP_001288157.1 high mobility group protein B3 isoform a [Homo sapiens]
MAKGDPKKPKGKMSAYAFFVQTCREEHKKKNPEVPVNFAEFSKKCSERWKTMSGKEKSKFDEMAKADKVR
YDREMKDYGPAKGGKKKKDPNAPKRPPSGFFLFCSEFRPKIKSTNPGISIGDVAKKLGEMWNNLNDSEKQ
PYITKAAKLKEKYEKDVADYKSKGKFDGAKGPAKVARKKVEEEDEEEEEEEEEEEEEEDE

Y
All Results (no minimum matches) Submit I'm feeling lucky || Clear

Figure20 BLAT search of the human HMGB3 proteigainst the human genome assembly hg18

First, you should notice that the match to the part of human chromosombkategreviously
identified is only the ¥ best match, with a sequenidentity ofonly 88.8% Figure21). We
havepreviously suspected that our predicted protein is a paralog (arise through a duplication
event) ofHMGB3 so it is not stprising that the best match from human (the likely ortholog) is
not in this region An identity of 88.8% is actually quite gd for a paralog.
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BLAT Search Results

Go back to chr7:26988630-26989898 on the Genome Browser.

Custom track name: | blat NP_001288157.1
Custom track description: blat on NP_001288157.1

Build a custom track with these results

Last Update12/23/2021

ACTIONS QUERY SCORE START  END QSIZE IDENTITY CHROM STRAND START END  SPAN

browser details NP_001288157.1 597
browser details NP_001288157.1 487
browser details NP_0@1288157.1 473
browser details NP_001288157.1 466
.1
.1

browser details NP_001288157 461

1
1
1
1
1
1

browser details NP_001288157 458

200 200 100.0% chrX ++ 149904731 149907042 2312
200 200 90.8% chr9 +- 36293524 36294921 1398
170 200 96.1% chrl ++ 162592628 162593136 509
189 200 90.6% chr5 ++ 179053804 179054355 552
200 200 88.2% chrX +- 133923406 133924004 599
188 200 90.1% chrl7 +4+ 38053722 38054282 561

[ browser details NP_001288157.1 456 2 197 200 88.8% chr7 +- 26988921 26989508 588 |
browser details . .5% chr +—

Figure21 BLAT searchof the human HMGB3 protein against the human genome shows that the match to

chromosome 7 ithe ' best match with aequence identity of 88.8%.

Click on the fAnbrowsero | ink t

there might be a longer singéxon gene at this locus thtre GENSCANprediction To
understandvhy GENSCANwould predict a shorter gene, we need to examine the alignment.

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly

move <<<| <<|< > |>> |>>> zoomin 15x|3x|10x | base | zoom out 1.5x | 3x | 10x | 100x

0O see
zoom out 3x. The melh appears as a single block that completely overlaps witBENSCAN
prediction but also extends beyond it in both directidigure22). This evidence suggestsat

multi-region | chr7:26,988,333-26,990,096 1,764 bp. | gene, chromosome range, or other position, see examples ‘ go | examples
|Ch(7 (p15.2)
Scale 500 bases | { hg18
i chr7: 26,988,500 26,989,000/ 26,889,500| 26,980,000/
Your Sequence from Blat Search
NP_001288157.1

UCSC Genes (RefSeq, GenBank, tRNAs & Comparative Genomics)
UCSC Genes
RefSeq Genes
RefSeq Genes
Ensembl Gene Predictions - archive 54 - may2009
Ensembl Genes

N-SCAN Gene Predictions

SGP Gene Pradictions Using Mouse/Human Homolog

Human mRNAs from GenBank
Human mANAs

Human ESTs That Have Been Spliced
Spliced ESTs

Human ESTs Including Unspliced

Human ESTs

Other ESTs I
Mouse (July 2007 (NCBI37/mmg)). Chain and Net Alignments
Mouse Chain IENE) X MRS WIE EX3E)> NEEEEEEM | SR I <ol oo L IR
R e RO C )

Non-Human ESTs from GenBank

Mouse Net

RepeatMasker | ] | |

t he

Figure22 The BLAT alignment of the human HMGB3 protdiblue box)overlaps but extends beyond the

GENSCANyene prediction in both directions.

Go back to the BLAT results page, or resubmit the BLAT search using the human
nfdet ai |l s

HMGB3proteinsequence frorthe GenBankecord Clic k
to examine the alignment of HMGB3 to chromosome 7.

For each alignment block, matches are in blue capital letters while mismatched orhauimatc

on

t he

residues are in black lowease letters. In general, the alignment looks good ekzeatfew
amino acid changes. However, when we examine some of the unmatched (black) regions, we

noticed that one of t hes & whichswoddtemchde ®r alstaps

codon if it were in the correct reading franfeglure23).
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Alignment of NP_001288157.1 and chr7:26988921-26989508

Click on links in the frame to the left to navigate through the alignment. Matching bases are
colored blue and capitalized. Light blue bases mark the boundaries of gaps in either sequence.

NP_001288157.1

mAkGDPKKPK GKMSAYAFfV QTCREEHKKK NPEVPVNFAE FSKKCSERWK TMSGKeKSKF 6@
DEmakKADKVR YDrEMKDYGP AKGgKKKKDP NApKRPpSGF FLFCSEfrPK IKSTNPQISI 120
gDvAKKLGEM WNNLNDSEKQ PYITKAAKLK EKyEKDVaDY KSKGKFDGAk GPAKVArkKv 180
EEEDEEeEEE EEEEEECede

Human.chr7 (reverse strand):

CTaacGGTG ACCCCAAGAA ACCAAAGGGC AAGATGTCTG CTTATGCCTT CtatGTGCAG 26989449
ACGTGCAGAG AAGAACATag gAAGAAAAAC CCAGAGGTCC CTGTCAATTT TGCAGAATTT 26989389
TCCAAGAAGT GCTCTGAGAG GTGGAAGACA ATGTCTGGGA AAgatAAATC TAAATTTGAT 26989329
GAAataacaA AGGCGGATAA AatgCGCTAT GATcagGAAA TGAAGGATTA TGGACCAGCT 26989269
AAGGGAgCcCcA AGAAGAAGAA GGATCCTAAT GCCtccAAAA GGCCActgTC TGGATTCTTC 26989209
CTGTTCTGTT CAGAAttagg cCCCAAGATC AAATCTACAA ACCCCaccAT CTCTATTaga 26989149
GACatgGCGA AAAAGCTGGG TGAGATGTGG AATAACTTAA ATGACAGTGA AAAGCAGCCC 26989089
TACATCACTA AGGCGGCAAA GCTGAAGGAG AAAGA AGGATGTTcc tGACTATAAG 26989029
TCGAAAGGAA AGTTTGATGG CGCAgagGGT CCTGCTaatG TTGCCtggAA AAAGGTGGAA 26988969
GAGGAAGATG AAGAAggcGA AGAAGAAGAA GAGGAGGAGG AGGAGGA:!

Figure23 A potential stop codo(tag)in the BLAT alignment to the human chromosome 7.

We can verify t hatinframe stop éotloayexamisirgthan®deloySidei s
Alignmenb between the human HMGB3 protein and chromosotftéguire24). The color
scheme for the Sidey-Side Alignment isas follows: a line for match, green for similar amino
acids, and red for di ssi rastopcodory iine thaoslat@d i d s
region ofchromosome that isalignedwith afi Y @yrosine) in the human HMGB3 protein.

Side by Side Alignment*
opeoeee4 A K G D P K K P K G KM S A Y A F F V Q 00000063
<<<<<<<< | N | | L | LY | <<<<<<<<
26989508 gctaacggtgaccccaagaaaccaaagggcaagatgtctgcttatgecttctatgtgecag 26989449
R E EHKKKN
|

P EV PV N F A E F 00000123
<L

26989448

Ll LR L T LT L L LT ]| <<<ee<<e

oee0ee64 T C

|1
acgtgcagagaagaacataggaagaaaaacccagaggtccctgtcaattttgcagaattt 26989389

K

|

cLLLCI<<L

00000124 S
|
26989388 tc

K CSERWEKTMSGEKTEKS KF D 020000183
| T S T o U T O O i

caagaagtgctctgagaggtggaagacaatgtctgggaaagataaatctaaatttgat 26989329

00000184 E M A K A D KV R Y D REMIEKTDY G P A 00000243
<<<<<<z<< | I T | | | | M | Q] <<<<<<<<
26989328 gaaataacaaaggcggataaaatgcgctatgatcaggaaatgaaggattatggaccagct 26989269

P000R244 K G G K K K K D P N AP KR RUPP S G F F 00000303
<<<<<<<s | | A | | | | | [ | S | | | L | | | <<<<<<<<
26989268 aagggagccaagaagaagaaggatcctaatgcctccaaaaggccactgtctggattettc 26989209

opOA304 L F C S E F R P KI KSTNUPGTI S I G 00000363
<<<<<<<< | | | | L G | | | L1111 T | | | R <<<<<<<<
26989208 ctgttctgttcagaattaggccccaagatcaaatctacaaaccccaccatctctattaga 26989149

00000364 D V A K K L G E M W INNLNUD S E K Q P 00000423

o D S T T T T S o L U U T T s
26989148 gacatggcgaaaaagctgggtgagatgtggaataacttaaatgacagtgaaaagcagccc 26989089
oeePR424 Y I T K A A K L K E K

Y|E K D V A D Y K 00000483
sw<<<<<< || | L O DL L T
9

26989088 tacatcactaaggcggcaaagctgaaggagaagitaggagaaggatgttcctgactataag 26989029

000PP484 S K G K F D G A K G P A KV A R K K V E 00000543
<<<<<<z<< | | | | L | | I E | | | N | | W | | | | <<<<<<<<
26989028 tcgaaaggaaagtttgatggcgcagagggtcctgctaatgttgcctggaaaaaggtggaa 26988969

Peeods44 E E D E E E E E E E E E E E E E 00000591
<g<z<z<< | | | | LG | 1] =<e=<<e<
26988968 gaggaagatgaagaaggcgaagaagaagaagaggaggaggaggaggag 26988921

Figure24 Side by-Side Aignment of the human HMGB3 protein against a regiothefhumarchromosome 7
contains an ifframe stop codon (X).
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The fact that the protein alignment runs right over this stop codon, with no deterianation
similarity, strongly suggests that our prediction is a recently retrotransposed pseudogene, which
has been inactivated by the mutation but has not yet diverged significantly from its source gene.

To confirm this hypothesis, go back to BBeATresultsa n d
the place whereIMGB3best matches the genone(100% identity athe X chromosomjand
then zoom out 2 We observe thaiMGB3actually has four coding exonsthe human

genomgFigure25)! Case closed.

cl i

ck on

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly

move  <<<| << <|>|>> |>>> zoomin | 1.5x | 3x | 10x | base zoom out 1.5x| 3x | 10x | 100x

multi-region chrX:149,894,327-149,917,446 23,120 bp. | gene, chromosome range, or other position, see examples

| go | examples

[enox ee) I T W W BT B

Scale
chrX:

UCSC Genes
RefSeq Genes

Ensembl Genes

N-SCAN PASA-EST
N-SCAl

SGP Genes
Human mRNAs
Spliced ESTs
Human ESTs
Other ESTs

Mouse Chain
Mouse Net

-
RepeatMasker ] IR | HIEE 1

10 kb}

149,900,000| 149 905 oool

equenc

149,910,000|
from Bln Search
NP_ —{

ucsc Cenes HefSeq GenBank, tRNAs & Comparative Genomics)
H | islsle——

lﬂe|.Seq Cines

- L | L]
Ensembl Gene Predictions ﬁc} ive 54 - may2009

-

! i

N-SCAN Gene Predictions
-

-—H—I—I
e Predictions Using Mo

SGP Ge
1 [ - |

se/Human Homology

149,915,000

| L B | |
Human mRNAs from GenBank

Human ESTs That Have Been Spliced

Human ESTs Including Unsiliced

n ESTs from GenBanl

[]

Mouse (July 2007 (NCBI37/mm3)), Chain and Net Alignments
’I I i | II L]

5 > reaey
ating Elemenrs by He atMasker
TN i

t he

Figure25 The best match tlMGB3on the X chromosome shows that it is actualgene withfour coding exons.

Based on all the evideneee have collectedve canconclude that, asgrocessedDNA, the
four-exonHMGB3genefrom the X chromosomeas retrotransposedto chromosome &nd

acquired a stop coddne. a nonsensmutatior) prior to the split of the chipanzee and human
lineages. However, this transposition evismelatively recent, because the pseudogene still

retains 88.8% idntity to its source protein.

Abr ows

But how do we explain all the supporting evidence (i.e. ESTSs) for our prediction, given that it
turned out to be a pseudogene? They are almost certainly due to the fact that our pseudogene has
ahigh degree okimilarity to the functioal HMGB3 protein. To confirm this hypothesis, we can
perform additionapairwiseBLASTalignments of the ESTs agat the pseudogene and the

functional protein.

protein than to the pseudogene.

If our hypothesis is correct, the ESTs should be more similar to the functional

In order b estimatethe age of this pseudogene, we can 8.AT search using the pseudogene

If we find the corresponding
pseudogene in the syntenic regions of the rodent gentimeeshe transposition evefik ely
occurred prior to the divergence of rodents and primates.

or the HMGB3 protein against the mouse or rat genome browsers.
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Estimating theage of thepseudogene

To estimate the age of the pseudogene, go back BLiN€results showing the hum#MGB3

sequene compared to homologous regimihuman chromosome 7. &Will examine the

AMouse Chain/ Neto track more closely. The QM
differenttracks The @A Chai no track attempts to map ever)
mousegenomel t was bui |l t by lighmdnia iogether igtolong sirdichesithdtu a | ¢
indicate regions of orthology between mouse and huriadme @A Net 6 track attemp
summarize the chains into multiple levels, with the longest chain classified as level 1. Chains at

subsequent levels fill in éhgaps in the Net levels above. Boxethia trackrepresent ungapped
alignments, while lines signify the presence of gaps.

Because therarea ar ge number of alignments in

t he ACH
UCSC GenomeBrowssero t hat it onl y. Serdildowstothétrack i Net 0 tr a
configuration section anldkuoderi c& ©G6omhar &Miowus e
Genomi comChangethéiMa xi mum di s pl athef 8d ddro@dotvrobox@ f ul | o

to Ahideodo andowmebdNEL mmc K fr ndhd Znom otldx (Figure26).

Mouse Chain/Net Track Settings

Mouse (July 2007 (NCBI37/mm9)), Chain and Net Alignments (+All Comparative Genomics tracks)

Maximum display mode: iull‘ v | Submit | Cancel Reset to defaults
Select views (Help):

Chain ~ | dense o Net ~ | full o v

List subtracks: O only selected/visible @® all

views!! Track Name!2
dense Chain  Mouse (July 2007 (NCBI37/mm89)) Chained Alignments Schema
fuil Net Mouse (July 2007 (NCBI37/mm9)) Alignment Net Schema

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly

move <<<| <<|<|>|>> |>>>|zoom in|1.5x | 3x | 10x | base | zoom out | 1.5x | 3x | 10x | 100x

multi-region  ¢hr7:26,986,275-26,992,154 5,880 bp,| gene, chromosome range, or other position, see examples go | examples

[en 152 O] [TEN] W I Bl W
Scale 2 kb} | hgi8
chr7: | 26,887.000| 26,987,500| 26,988,000| 26,988,500| 26,989,000| 26,989,500| 26,990,000| 26,990,500] 26,991,000| 26,991,500| 26,992,000
Your Sequence from Blat Search
NP_001288157.1
UCSC Genes (RefSeq, GenBank, tRNAs & Comparative Genomics)
UCSC Genes
RefSeq Genes
ReiSeq Genes
Ensembl Gene Predictions - archive 54 - may2009
Ensembl Genes —
)
A PASAEST N-SCAN Gene Predictions
SCAN —
SGP Gene Predictions Using Mouse/Human Homology
SGP Genes
Human mRNAs from GenBank
ol Human mANAs
Human ESTs That Have Been Spliced
Spliced ESTs
Human ESTs Including Unspliced
Human ESTs
Non-Human ESTs from GenBank
Other ESTs | |
Mouse (July 2007 (NCBI37/mm3)), Chain and Net Alignments
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RepealMasker - P inN
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Figure26 The mouse Net track shows homologous genomic regions betiaeletmman and mouse chromosomes.
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When we click on the levdlfeaturein the MouseAlignmentNettrack(i.e. the boxes in pink)
we find that the regiorsurroundinghe pseudogene is most similar to chromosome 6 of the
mouse genomeBy contrastwhen we click on the feature in leveb2the MouseAlignment
Net track(i.e. the boxes irbrown), we find thathe region that overlaps with the pseudogsne
most similar to chromosomeirl the mouse genome&igure27).

Mouse (July 2007 (NCBI37/mm9)) Alignment Net

View alignment details of parts of net within browser window.
Open Mouse browser at position corresponding to the part of chain that is in this window.

Type: nonSyn
Level: 2

Human position: chr7:26987411-26989603

Mouse position: chr1:4869273-4870824
Strand: +

Score: 107,007

Chain ID: 6622

Bases aligning: 1,526

Mouse bases duplicated: 1,552

Human N's: 0 (0.0%)

Mouse N's: 0 (0.0%)

Human tandem repeat (trf) bases: 0 (0.0%)
Mouse tandem repeat (trf) bases: 57 (3.7%)
Human RepeatMasker bases: 666 (30.4%)
Mouse RepeatMasker bases: 61 (3.9%)
Human size: 2,193

Mouse size: 1,552

Figure27 The HMGB3pseudogene region in human is homologous to chromosome 1 in mouse.

To investigate this difference further, we wifiorma BLAT search against thiM ouse

genomdiJuly 2007(NCBI37/mm9)0 a s s| asmytie hwuman HMGB3 proteisequence
(Figure28).

Mouse BLAT Search

BLAT Search Genome

Genome: Search all Assembly: Query type: Sort output: Output type:
Mouse v July 2007 (NCBI37/mm?9) v || BLAT's guess v |query,score v | hyperlink v

>NP_001288157.1 high mobility group protein B3 isoform a [Homo sapiens]
MAKGDPKKPKGKMSAYAFFVQTCREEHKKKNPEVPVNFAEFSKKCSERWKTMSGKEKSKFDEMAKADKVR
YDREMKDYGPAKGGKKKKDPNAPKRPPSGFFLFCSEFRPKIKSTNPGISIGDVAKKLGEMWNNLNDSEKQ
PYITKAAKLKEKYEKDVADYKSKGKFDGAKGPAKVARKKVEEEDEEEEEEEEEEEEEEDE

4
All Results (no minimum matches) Submit I'm feeling lucky || Clear
Figure28 BLAT search of the human HMGB3 protein against the mouse assembly.

TheBLATresults show two regions in the mouse genome with higl®786) sequence identity

to the human HMGB3 proteirrigure29). Both of thesdits matchthe entire lengtiof the
HMGB3 protein.
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Mouse (mm9) BLAT Results

BLAT Search Results

Go back to chr12:57795963-57815592 on the Genome Browser.

Custom track name: | blat NP_001288157.1 |
Custom track description: blat on NP_001288157.1

' Build a custom track with these results:

ACTIONS QUERY SCORE START  END QSIZE IDENTITY CHROM STRAND START END  SPAN
browser details NP_0@1288157.1 567 1 200 200 97.5% chrx ++ 68811233 68812976 1744
browser details NP _001288157.1 564 1 200 200 97.0% chrl += 4870133 4870732 600
browser details NP_081288157.1 498 1 197 200 92.5% chrl3 +- 85712593 85713183 591

Figure29 BLAT alignment of the human HMGB3 protein against the mouse genome revealed deodthl
matches with high percent identity.

Click ontheil b r o wirsk éor tide match with the highest percent identity (97.5%haX
chromosomeand then zoom out 3XWe dservel thatthis feature is supported yefSeq
MRNAsand spliced ESTsThe feature has four coding exossnilar to what we savior the
real orthologof theHMGB3genein the human genomé&igure30).

UCSC Genome Browser on Mouse July 2007 (NCBI37/mm9) Assembly

move <<<| <<|<|>|>> |>>> zoomin 1.5x 3x|10x base zoom out 1.5x|3x | 10x 100x

multi-region chrX:68,809,489-68,814,720 5,232 bp. gene, chromosome range, or other position, see examples go examples

chrX (gA7.2)

Scale 2kb} | mmo
chriX: | 68,810,000] 68,810,500 68,811,000 68811,500| 68,812,000 68812500/ 68,813,000/ 68813500 68,814,000 68,814,500
STS Markers on Genetic and Radiation Hybrid Maps

STS Markers
Your Sequence from Blat Search
NP_001288157.1
UCSC Genes (RefSeq, GenBank, tRNAs & Comparative Genomics)
UCSC Genes ——————————————————————— L ﬁ rrrrrrrr -
Ensembl Gene Predictions - archive 65 - may2012
Ensembl Genes =

Human Proteins Mapped by Chained tBLASTn

HMGB1 ]

HMGE: -1l - a

RefSeq Genes
RefSeq Genes 4 L e
Non-Mouse RefSeq Genes
Other RefSeq - eh 7 isss s & —
Genscs 3ene Predictior
es NI - - - 1 = [
SGP Gene Predictions Using Mouse/Human Homology
SGP Genes [ E—— -
Publications: Sequences in Scientific Articles
Sequences |

1
Mouse ESTs That Have Been Spliced
Spliced ESTs = . Hill e ]
Mouse ESTs Includi
Mouse ESTs
21

Unspliced
' I

Placental Mammal Basewise Conservation by PhyloP

Mammal Cons WMWWWWMM b ARl AL Moy et

-3.3
Multiz Alignments of 30 Vertebrates
Rat = I m
Human
Orangutan ————————
Dog 11
Horse [l TNV SN0 11T O] O 1 10—
Opossurm —————— I INHITNRIR I ERY DTN 0T NEOT IO 1 1 4 IR
Chicken = i e H—————
Stickleback | M U 100 RO |
Simple Nucleotide Polymorphisms (dbSNP build 128)
SNPs (128)

Repeating Elements by RepeatMasker

RepeatMasker [ Bl M|
Figure30 Putative ortholog of the human HMGB3 protein is found on the X chromosome of the mouse genome.
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Now go back and click othefi d e t lak td examire the alignment to the matah

chromosome 1 (with®B0%identity). We see in the Sid®y-Side Alignment thaieven though

the feature consists of only a single exthre, inframe stop codon hamtyetbeenintroduced

into this sequencd~{gure31). Ouranalysissuggest the functional mouse ortholog tife

HMGB3 protein is located othe X chromosomehile the ortholog to the pseudogaadound

on chromosome 1. In addition, our results suggest that the stop codon mutation was introduced
into the pseudogene after the split of the primate and rodent lineages.

Side by Side Alignment*

000001 M A K G D P K K P KGKMSAY A F F V 0000060
<<<<zz< | | | [ L L bbbt <ssee<
4870732 atggctaaaggtgaccccaagaaaccaaagggcaagatgtctgcttatgccttctttgtg 4870673
@eePee6l Q T C R E E H K K K N P E V P V N F A E 0000120
i L T R O R I I I T T I T T s
4870672 cagacatgcagggaagaacataagaagaaaaacccagaggttcccgtcaattttgctgag 4870613
@0PR121 F S K K C S E R W K T M S G K E K S K F 000018e@
<<<<<<< | | | L bS] sss<es<
4870612 ttctccaagaagtgctcggagaggtggaagaccatgtctagcaaagagaaatcaaagttt 4878553
0000181 D E M A K A DKV RYDREMIEKTDY G P 0000240
<ec<zz< | | | L L L bbbt <ss=<
4870552 gatgaaatggcaaaggcagataaagtccgatatgatcgggagatgaaagattatggacca 4870493
Q000241 A K G G K K K K D P NAPIKI RUPUVP S G F 0000300
<<<<<<< | | | L L bt <s<<<<<
4870492 gctaaaggaggcaagaagaagaaggacccaaatgcccccaaaagacctecgtectggattt 4870433
@ePO301 F L F C S E F R P KTIKJSTNUPGTI S I 0000360
<<<<<<< | | | L bbb ssss<<<
4870432 ttcttattctgttctgaattccgccccaagatcaaatccacaaaccctggecatctccatt 4870373

Pe0@361 G D V A K K L G E M W N NILND S E K Q 0000420
<c<<<<< || | L L L L L L LTS TN ||| <<<<<<<
4870372 ggagatgtggcaaaaaagctgggtgagatgtggaataacttaagtgacaatgaaaagcag 4870313

<c<<<<< | |V T N T T O O B

0000421 P Y I T K A A K L K E K|Y|E K D V A D Y 0000480
|
4870312 ccttatgtcaccaaggcagcaaagctgaaagagaagitatijgagaaggatgttgectgactat 4870253

<<
4870252 aagt

<<<<<L<L<
taaagttgcccggaaaaaggtg 4870193

K VvV ARK
L

— X

0000481 K S K K FDGAIKTGFP
[ (I N O O e
agtctaaa a

+ < >

G V 0000540
| |
gggaagtttgatggtgccaagggtcctg t

m

<<<<<<< | | | E | | [ <<<<<<<
4870192 gaagaagaggaagaggaggaggaagaggaagaagaggaggaggaagaggaggaagatgaa 4870133

Figure31 The Sde-by-Side alignment of the human HMGB3 protein against the mouse chromosome 1 shows that
the stop codon hawot yet been introduced into thpstentialretrotransposedseudogene.

@0e@541 E E E D E E E E E E E E E EE E E D E 0000600
L [T | I
atgaa

We can iteratively conduct the same experiment (i.e. perBirATl searche against other
genomes using the human HMGB3 protein) to obtain a better estimate as to when the
pseudogene first acquired the stop codon. This analysis is left as an exercise for the reader.
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Analysis of predicted gene 5 (three exons, 1017 coding bases

Examine conserved domain matches from bhastpsearch of the predicted
peptide against the nprotein database

We begin our analysisf the fifth GENSCANoredictionwith ablastpsearchagainst the nr
database (Theblastpresults are available in the fildastpGene3xtin the tutorial packagg.
TheCDDsearch esul t undeSumnaipe sho®s tlepredicted protein contains a
conservedHomeobox domaiijFigure32).

Descriptions Graphic Summary Alignments Taxonomy

Q hover to see the title  k click to show alignments Show Conserved Domains Alignment Scores  [ll<40 [40-50 [D]50-80 [80-200 [W>=200 @
100 sequences selected @ Putative conserved domains have been detected, click on the image below for detailed results.
Query seq, specific DWA base contacts
M binding site
specific hits Homeobox

superfanilies —
R e

Figure32 The fifth GENSCANprediction contains a conserveldmeobox domain

To obtain additional information regarding the function oftfeeneobox domainopen a new
webbrowser window and navigate back to the NCBI home page. On the top search bar, change
the database t o ntens e ar ¢kothdoBom rRrigured3. Clickond
thefirsthit(wi t h t he ac pRamidl4@) to acoesshebCOD redordFigure34).

Figure33 Search for Homeodomain" in the Conserved Domain database.

Figure34 TheHomeobox domaimecord at the NCBI Conserved Domain database.
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