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GUIDE TO EXPLORING THE HUMAN GENOME

As scientists around the world sequenced sections of the human genome, they all uploaded
their DNA sequences to a centrally located database. These data have always been publicly
available through the Web so that the worldwide scientific community can benefit from this
information. This process has continued with the genomes of other organisms that are being
sequenced (mouse, rat, chimpanzee, corn, etc.)

But in its raw form, this information is merely a very large collection of four letters (A, T, C, G)
and is difficult to make sense of unless you have a tool to organize it. Many search tools have
now been developed to allow you to interpret the A-T-C-G sequences. In this guide, we will
focus on just one (relatively) easy-to-use tool — the University of California at Santa Cruz
(UCSC) Genome Browser:

http://[genome.ucsc.edu/

The UCSC Browser can be used in many ways. In this guide, we’ll focus on just one of its
functions — using the Browser to locate and investigate human genes of interest.

Let’'s walk through an example search to see how to use the UCSC Genome Browser.

1. Let's suppose that you’ve been asked to locate and investigate a gene called RPS11.

2. First, open a Web browser and type in the UCSC Genome Browser address. Click on the
top link in the side navigation bar: Genome Browser.

\‘_:' 1;‘/.4 fé—] {[L\ @ htp://genome.ucsc.edu/ v Gl

LUCSC Genome Bioinformatics

Genomes - Blat - Tables - Gene Sorter - PCR - Proteome - FAQ - Help

'=_ - <> About the UCSC Genome Bioinformatics Site

7/ This site contains the reference sequence and working draft assemblies for a large collection of
: genomes. It also provides a portal to the ENCODE project.

We encourage you to explore these sequences with our tools. The Genome Browser zooms and
scrolls over chromosomes, showing the work of annotators worldwide. The Gene Sorter shows
expression, homology and other information on groups of genes that can be related in many ways.
Blat quickly maps your sequence to the genome. The Table Browser provides convenient access to
the underlying database. VisiGene lets you browse through a large collection of in situ mouse and
frog images to examine expression patterns.

3. This will bring you to a page which allows you to search the human genome (as well as the
genomes of other organisms). The top part of that page contains a search form. You can
search for a gene by entering your search terms into the “position” form field and then
clicking on the Submit button. In our case, we will type in RPS11:
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Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

clade genome assembly position or search term image width
Vertebrate ~| | Human ~| [Mar. 2006 ] | |RPS11 620 submit

Click here to reset the browser user interface settings to their defaults.

add your own custom tracks | configure tracks and display | clear position |

4. After a very brief moment of hunting through all 3 billion base pairs of the human genome,
the Browser will have found sequences that match the search term you have entered, and a
new window will appear with your search results:

Known Genes

RPS11 (NM 001015) at chr19:54691445-54694756 ~ ribosomal protein S11
RefSeq Genes

RPS11 at chr19:54691445-54694756 ~ (NM_001015) ribosomal protein S11

5. It is best to scan through the links in the first two headings — “Known Genes” and “RefSeq
Genes”. The “Known Genes” list is appropriately named as it is a list of genes that are
recognized as being related to your search term. The “ReSeq Genes” is the sequence that
has been selected by Genome researchers as the “official” version of the gene. Choose the
appropriate link in either of these two lists. Either one will open up a new window:

move <<< << _<__j.i_J >> >>> |zoom in 1.Sx] 3x] 10x [ base [zoomout 1.5x l 3x] 10x|

position/search Ichr19:54,691.445—54.694.756 jump | clear |sizc 3,312 bp. configure

lchmg (413.33) e el ||
chrig: | S4692604] S46925608( S4693604] 54693508] S4694000] S54694500]
STS Markers on Genetic (blue) and Radiation Huybrid (black) Maps
578 Markers [N =
UCSC Known Genes Based on UniFrot, Ref3ed, and GenBank mRNA
kP 11 L - Fis =
RefSeq Genes
rRefseq Genes mf———————— i
Human mRNAS from GenBank
Human mRNAS o=
Human ESTs That Have Been Spliced
spliced ESTs Il R R |
Vertebrate MUltiz Alignment & Conservarion (17 Species)
Conservation - q -
! I Lelne!ingl!lemen s bs.Repe!tMasker‘ I
RepeatMasker I [ |
move start Click on a feature for details. Click on base position  y5ye end
igz—o— - | to zoom in around cursor. Click on left mini-buttons Lﬁ—o—- p
ol = | for track-specific options. E _J
default tracks I hide all | custom tracks J configure | refresh J

6. This new window includes a number of sections. Don’t be surprised if the chart looks a lot
more complicated than the one shown above. The Genome Browser is a very powerful
genome analysis tool and there is a wealth of information at your fingertips which may be
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both exciting and daunting. However the Genome Browser allows you to configure the
display to add or remove any information you care to, so you can simplify it in a number of

ways. Try this:

a. Click on the “Hide All” button. This will close all of the data display options

at once.

_ ge—
r refresh |

B
default track4I hide allhcustom tracks J configu é >

b. You now want to open two data display Known Genes

sections on the chart: “Known Genes” and
“Base Position”. Scroll down a little below the | | full ¥

RefSeq Gc_ncs

|full <

chart and make these selections in the drop
down menus in the section entitled, “Genes

and Gene Prediction Tracks”. Then click on the “Refresh” button and your window will

look simpler.

c. If you want to make the information on the chart even more manageable, you can
“‘window shade” sections in the chart to shrink down how much information is displayed.
Click on any heading within the chart and it will hide that information displayed below the

heading:

move <<< | << | <| > | >> | >>> |zoomin 1.5x | 3x | 10x | base |zoom out l.Sx'| 3x | 10x |

posi[ion/scarch]chr19154,691,445-54,694,756 jump | clear [Sizc3,312bp. configure]

|cnrts cats.50) [ERTEEEIEE e < e

chrig: | S4692000[ S54692508] S4695008] 54693568]

sTS
378 Markers R
L e 1

RefSeq Genes

RefSeq Genes mf—————————

Click on this heading and it

TS Markers on Genetic (biued and kaasation | WIill hide he information

UCSC Known Genes Based on Unifrot, rerseq, | displayed below it like rolling
- o up a “window shade”

N

o1 T
Human mRNAS from GenBank / /
Human mRNAs [

. il
Human ESTs That Have Been Spls
Spliced ESTs I o RN st s e
Vertebrate MUltiz Alignment & Con arion (17 Species)

W

mouse - il

[] M|
Conservat ion “ Toggle the display density of Conservation
l : dln. e
2
i

T
vt IR0
| ———ll |

tetraodon

iy
JTTNNE N .
Repeating Elements by RepeatMasker
RepeatMasker [ ] ||

d. Once you have done this your chart should look like our original “simplified” version

above (in Step #5.)

7. As you can see, the chart displays a map of the gene — RPS11 — showing its exact
position (on chromosome 19). It also displays a lot of information in a characteristic fashion

and once you learn how to interpret the Genome Browser interface, you can
about any genes you look up here.

decipher a lot
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a. Above the chart is a horizontal drawing of a chromosome. This indicates to you — with a
red line — the location of the gene on the chromosome. Also the information now written
in the “position/search” form field is the exact location of the gene on the chromosome
(written in number of bases).

move <<< | << |_<__|~i_| >> [ >>> |zoomin 1.5x | 3x] 10x [ base |zoomout 1.5x ] 3x | 10x[

position/scarcychrw:54,691‘445-54.694,756 jump | clear |size 3,312bp. configure
Y m— e e e — |

ﬁhis information
shows you that
the gene is on
chromosome 19
and starts at
base 54,691,445

chria: | S4692000[ 54692568 54693008( 54693568 546940668
STS Markers on Genetic (blue) and Radiation Hybrid (bla
s Markers [N
UCSC Khownh Genes Based on UniFrot,

RP S 1 - -l

54694568
Maps

RefSeq, and GenBank

This line indicates
RefSeq Genes .
RefSeq Cenecmml———— B R \ the relative

Human mRNAS from GenBank .
location of the

Human mRNAS

Human ESTS That Have Been Spliced
Spliced ESTs

2 > Vertebrate MUltiz Alignment & Conservation (17 Species) ge ne on
znd eg;eggd‘ts 7t‘;6 i, I UM, N S R -m \Chromosome 19.
ase : z NI}
\ Y Click on a feature for details. Click on base position  0ve end
Go | to zoom in around cursor. Click on left mini-buttons ko ‘
] s for track-specific options. ] |
default tracks [ hide all ] custom tracks J configure ] refresh I

So we now know our RPS11 gene is located towards the end of chromosome 19 and it
starts at base 54,691,445 and extends to 54,694,756. So the gene is 3,312 bases

b. At the very top of the window are “Move” and “Zoom” tools. These allow you to explore
the chromosome further: The “Move” arrows allow you to slide to the left or the right
along the chromosome and the “Zoom” buttons allow you to zoom in or out to look at the
DNA “neighborhood” around the RPS11 gene.

c. And there is more information about the gene coded in this chart. The arrowheads along
the line representing the gene tell you that the DNA is transcribed from left to right when
this gene is read. The thick parts of the line are exons and the skinny parts (with the
arrowheads) are introns. So, RPS11 has 5 exons and 4 introns.

move <<< | << |_<_*|”>_| >> [ >>> |zoomin 1.5x | 3x] 10x [ base |zoomout 1.5x | 3x ] 10x[

position/search !chr19154,691‘445—54.694.756 jump | clear ]Sizc 3,312 bp. configure
lcnmg (413,33 [[Spic.cpigie 10  BESERe-<EErTEN i5.2 | II
chrig: | S4692604] S46925608( S4693604] 54693508] S4694000] S54694500]
STS Markers on Genetic (blue) and Radiation Huybrid (black) Maps

578 Markers [N
UCSC Khnown Genes Based oh UniFrot, RefSeq, and GenBank mRNA
T . fasy

RefSeq Genes

Human mRNAS from GenBank

The thick sections of
the line are exons

Human ESTs That Have Been Spliced

Yertebrate MUlItiz Alignment & Conservation (17 Species) The arrOWheads

and the thin sections ' L e L aer indicate that the
are introns. A Click on a featre for details. Click on base position | 9€ne IS trans_c” bed
Go | to zoom in around cursor. Click on left mini-buttons from left to right.
Saje) Es for track-specific options.
default tracks ‘ hide all ] custom tracks J configure ] refresh |
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8. For detailed information, click on the label RPS11 on the left side of the chart. A new
window will open with a brief, but informative description of the gene and its protein product.

move <<< | << _<_j_>_j >> | >>> |zoomin 1.Sx] 3x| 10x | base | zoom out 1.le 3xJ 10x |

position/scarchIchr19:54.691.445—54,694.756 jump | clear |size 3,312 bp. configure

|enr1s cats.o0) [ERTS oEIGE TN NEDE —m _imow ]
chrig: | 54692000] S546925600] S4693000] S54693500] S4694008] S54694500]
STS Markers on Genetic (blue) and Radiation Hybrid (black) Maps
R B RS R R i T Sl =
UCSC Knhown Genes Based on UniFrot, RefsSeq, and GenBank mRNA =
.- o
RefSeq Genes
es ml————R— =
Human mRNAS from GenBank
o=
Human ESTs That Have Been Spliced
I ||
. Vertebrate MUltiz Alignment & Conservarion (17 Species)
Click on the name of the - Lelpe!insl!lemas bs.Repe!tMasker‘ el
gene and it will b!'lng Click on a feature for details. Click on base position  qve end
you to more detailed l to zoom in around cursor. Click on left mini-buttons <po >
information about its = for track-specific options. 0 |
known functions. It tracks | hide all | custom tracks [ configure [ refresh |

9. As you can see below, the description on this page holds the basic facts about the protein,
which turns out to be a protein in the small ribosome subunit.

' Human Gene RPS11 Description and Page Index

Description: ribosomal protein S11

Alternate Gene Symbols: BC007283, BC007603, BC007945, BC010028, BC016378, BC018829, BC070224,
BC100025, X06617

Representative Refseq: NM 001015 Protein: P62280 (aka RS11_HUMAN)

RefSeq Summary: Ribosomes, the organelles that catalyze protein synthesis, consist of a small 40S subunit and a large
60S subunit. Together these subunits are composed of 4 RNA species and approximately 80 structurally distinct proteins.
This gene encodes a ribosomal protein that is a component of the 40S subunit. The protein belongs to the S17P family of
ribosomal proteins. It is located in the cytoplasm. The gene product of the E. coli ortholog (ribosomal protein S17) is
thought to be involved in the recognition of termination codons. This gene is co-transcribed with a small nucleolar RNA
gene, which is located in its third intron. As is typical for genes encoding ribosomal proteins, there are multiple processed
pseudogenes of this gene dispersed through the genome.

Position: chr19:54691446-54694756

Genomic Size: 3311

e

\Page Index Quick Links |UniProt Commcrﬁ Sequence ) Microarray | RNA Structure
(U Protein Structure Dther Species|GO Annotations |mRNA Descriptions | Pathways |Methods

10. To find even more about RPS11, click on the other links in this section — these “Page
Index” links are “quick links” to lower sections on this same Web page.

a. The “Sequence’” link brings you to the DNA sequence of the gene, the mRNA sequence
of the transcript, and the amino acid sequence of the protein product. It is interesting to
click on each of these links to see how the information changes from gene to mRNA
transcript to protein product.
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" Sequence

|Gcnomic (chr19:54,691 ,446-54,694,756) | mRNA (may differ from genome) | Protein (158 aa)|

b. Click on the “Genomic” Sequence link and this will open up a new page that allows you

to customize how you want this gene sequence presented to you. Try different
configurations:

» The 5’UTR and 3'UTR Exons are the Untranslated Regions at the beginning and end
of a gene — they are transcribed to mRNA but are not translated into protein
because they lie before the “Start” codon and after the “Stop” codon.

» The CDS Exons are the actual coding sequences of DNA.

» Most people find it easier to interpret a gene sequence if introns and exons are
distinguished by using lowercase vs. capital letters.

' Genomic Sequence Near Gene
Get Genomic Sequence Near Gene

Note: if you would prefer to get DNA for more than one feature of this track at a time, try the Table
Browser using the output format sequence.

Sequence Retrieval Region Options:
Try different settings to
P stream by [1000 bases see how it changes the

display of the gene coding
sequence.

»"CDS Exons
+"3' UTR Exons
[v" Introns

1000 bases

% One FASTA record per gene.

" One FASTA record per region (exon, intron, etc.) with |0 extra bases upstream (5') and |0
extra downstream (3')

I~ Split UTR and CDS parts of an exon into separate FASTA records
Note: if a feature is close to the beginning or end of a chromosome and upstream/downstream bases are
added, they may be truncated in order to avoid extending past the edge of the chromosome.

Sequence Formatting Options:

="
@ Exons in upper case, everything else in lower case.

These settings especially
help to distinguish
different parts of the
sequence. Try different
options.

" All upper case.
¢ All lower case.
|~ Mask repeats: ¢ tolowercase ¢ toN

submit
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After you click “Submit”, a
window will open with your
gene sequence. You can Qo
back and forth to the previous
Web page and reconfigure the
display in different ways to see

AP Biology

>hgl8_knownCGene_NM 001015 range=chrl9:54691446-546
ACTTCCTCTCCAGCCCCTGCGTAATCCATAAGCAMRACCCGCGACGCTGCTG
CCCCTTTCTTTTTTTCAGGCGGCCCGGCGAACGATGCCCGCACATTCACgtgey
gactcggggttggatgeccagggtgecggggtecgecttggecttcagggge
gcgtccgggagggecagageccggecggecaagttegggggttaattececggyg
cgtccgtgattattttctagagattaactggagtggagggecgettgettt
tgtttctagatgagtgcttectaattectgggggetectggegttaatgg
aggctcaagcgttttaggacttaccttcttaaaaaccaagtttaagaagy
tttttttggagttctececggtecttcaggggtaattectgtggaaacggacte
ctaagggctaatccagggagectgecgtectggtatttaattctgaatect

how the coding

etc.

sequence
changes if you only view exons,
or remove the UTRs, or if you
include the promoter region,

tatgtactacataaggagtgaatcctgggtgggecgatcttgggtcttgga
gaatgatcctecgectgaaaggtgtccagggtgtgagagggttgatecctggt
ttagaggatgaattttgcaatcecctgagaggecttctggagtatataaat
tgaaataacctcgggcttagatctgagtatgaattacaggtaaggtcagg
gtggtcatgtcttagagggtgattctggggecaccaggecttggacgeecgyg
cgctttgcaagtaaatgtagagecatggggtctgggaggttctgggaaggt
ctctagggctggttggectgecggettcaaacttagecagetcatcagtttt
ctcctcataatctgtagACTGAGCGTGCCTACCAAAAGCAGCCGACCATC
TTTCAAAACAACGAACAGCGCTCCTGCTCGCCACGAAACTCGCAAGCAGAAGCT
CCCGCGGTACTACAAGAACATCGGTCTGGGCTTCAAGACACCCAAGCGAGY
tgcggggaacctcagaagaaagaaggggaacctggegttectgecacgtgt
gcccacgacgagttgeecctgectgecatctaagtggettectggggetgetyg
ggaattgtagttgcttcecctgaggeccacgecectggetecttttaaggaac
cgcccgeccaaggetcactectttatectttectatectttcagGCTATTC
ACGGGCACCTACATTGACAACGAAATGCCCCTTCACTGGTAATGTGTCCATT
CCAGGGCCGCATCCTCTCTCGgtaagtgecgggagttactggtgtectggggece
tgaaatactgaaagaagggtcttggggcccagactectgggtecctgggtyg
agaggggtggttaggaatgcaaacttgtaggtccaggtacattggecagat
gatgtttgttttcacgatggtcttcagatgeccacgtgggcactgetgag
aaagccacttggtaaaactgatgccggaaatggggetttttgggateect
gctcagctgettctgagtecccagecatgeecctgggttacctatggeecctet
ttcccatgggacctgacctatgatcggeccececgetecctagGCCGTGGTCGAC
CAACATCAACATCGCACAGCACCATTGTCATCCGCCCGAGACTATCTGCACT
ACATCCGCAAGTACAACCGCTTCGAGAAGCGCCACAAGAACATGTCTGTA
CACCTGTCCCCCTGCTTCAGgtgagecgcagtggcccatcaggttgetecag
gccacgctctctcagecttcagatteccagatcggaccaatttaaggecaa
ctgagggagggaaagactgaggtggcatctectgggaageccccagaatecte
aggatttgtatatcatatgttcttcagaatcaaagecgttctacagggtga
atatctctacctgaaatgcttggaaccagattttggaatgttctecgeata
catagtgagatgttttggggatgtgacataggtctaaacaagaagectcat
ttgtttcatatacaccttattcacatagectgaaagtagtcttacgecagt
gcgttttataattctgtgtgaaacaaagtttgegtacattgaaccattgyg
aaagcaaaggtgtcacgctggtattgaagaagtttcagattctagecagy
caccgtggctcaageccagtaatcccagecactgtaggaggectgaggecagga
ggatcccttgageccaggagtttgagaccagectgggcaacatggecaaaa

c. Go back to the “Sequence” links and click on the “mRNA” Sequence link to view the
sequence of the mRNA transcript that is produced after splicing out introns. Oddly, this

sequence is expressed in
DNA nucleotides, so you will
see thymine in the
sequence instead of uracil.

Don’t be confused; it's a
matter of scientific
convention: The mRNA

sequences were completed
by sequencing cDNA copies
made from the extracted
mRNA.

>NM_001015 (RPS11)
acttcctcteccagececctgegtaatecgataaggaaaccecggacgetgetgecectttett
tttttcaggcggececgggaagatggecggacattcagactgagegtgectaccaaaagecage
cgaccatctttcaaaacaagaagagggtcctgectgggagaaactggcaaggagaagetee
cgcggtactacaagaacatcggtctgggecttcaagacacccaaggaggectattgagggea
cctacattgacaagaaatgcceccttcactggtaatgtgteccattecgagggeggatectet
ctggcgtggtgaccaagatgaagatgcagaggaccattgtcateccgecgagactatctge
actacatccgcaagtacaaccgcttcgagaagecgeccacaagaacatgtctgtacacctgt
ccecectgettecagggacgteccagateggtgacategtcacagtgggecgagtgecggecte
tgagcaagacagtgcgcttcaacgtgctcaaggtcaccaaggctgeccggcaccaagaage
agttccagaagttctgaggctggacatcggecccgeteccccacaatgaaataaagttattt
tctcattccaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Now click on the “Protein” Sequence link to view the sequence of amino acids that

construct the protein product from this gene. This sequence is expressed in the single
letter code sometimes used to symbolize amino acids. A dictionary for these codes is

available on our “Human
Genome Scavenger Hunt”
Web site.

>NM_001015 (RPS11)
MADIQTERAYQKQPTIFONKKRVLLGETGKEKLPRYYKNIGLGFKTPKEAIEGTYIDKKC
PFTGNVSIRGRILSGVVTKMKMORTIVIRRDYLHY IRKYNRFEKREKNMSVELSPCFRDV
QIGDIVTVGECRPLSKTVRFNVLKVTKAAGTKKQFQKF
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11. Go back to the “Page Index” links and click on the “Protein Structure” link; this shows you
the three-dimensional structure of the protein product (if known).

ModBase Predicted Comparative 3D Structure on P62280

Side

12. You can also get further detailed information about the gene by clicking on one of the “Tools
and Databases” links. For example, the “OMIM” (On-Line Mendelian Inheritance in Man) or
the “Stanford SOURCE” links are especially useful, and will link you to a wealth of
information about the gene. Either of these will tell you the scientific background of the gene,
list any genetic disorders associated with the gene, and refer you directly to scientific
publications on the gene or its protein product.

Quick Links to Tools and Databases

Genome Browser|Gene Sorter Proteome Browser| Table Schema | UniProt| Entrez Gene
PubMed OMIM GeneLynx GeneCards HGNC (CGAP
Reactome Stanford SOURCE |Jackson Labs H-INV

Here’s the OMIM page returned from our RPS11 search:

OMIM

Online Mendelian Inheritance in Man S
~| for|180471
Limits Preview/Index History Clipboard Details

Display | Detailed v|Show|20 ~||Sendto  ~|

Al:2 (%
Items 1 - 2 of 2

™ 1:*180471
RIBOSOMAL PROTEIN $11; RPS11

TABLE OF CONTENTS

e TEXT

o REFERENCES

o CONTRIBUTORS
o CREATION DATE
OMIM Facts e EDIT HISTORY
Statistics

Happy Gene Hunting!



