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The Gene Ontology

Three directed acyclic graphs (aspects):
@ Biological Process
@ Molecular Function

@ Subcellular Component
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The Gene Ontology
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The AmiGO browser

@ . The Gene Ontology - Mozilla Firefox RO
Fle Edit Wiew History Bookmarks Tools Help

S € O @ |so hupymwwwgeneontologyorgr v [~ sgd @

W SGD Gene Ontology Slim ... €@ | Gene Ontology Term Finder € | BMS 270: Practical Bicinfo... €@ || ¢o The Gene Ontology Q|+ v

the=Gene Ontology gene or protein name | gol
Downloads Tools Documentation Projects About Contact
Welcome to the Gene Ontology website!
The Gene Ontology project is a major bicinformatics initiative with the aim of standardizing the Quick Links
representation of gene and gene product attributes across species and databases. The project provides Tools
a controlled vocabulary of terms for describing gene product characteristics and gene product AMIGO browser £
annotation data from GO Consortiurmn members, as well as tools to access and process this data 0BO-Edit ontology editor
Read more about the Gene Ontology. Ontology downloads

Annetation downloads

Search the Gene Ontology Databhase Gzt daoaleih

Documentation

GO FAQ
Search for genes, proteins or GO terms using AmMiGO: GO onSourceForge @
Go! Contact GO
® gene or protein name O GO term or ID News
GO on Twitter (€

Finding updates.

) is the official GO browser and search engine. Browse the Gene Ontology with AmiGO . GO newsdesk

G0 news RSS faed (3i]hg

Done (]
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The Gene Ontology

@ How might we annotate genes with GO terms?

@ How do we calculate the significance of the GO terms
associated with a particular group of genes?
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Associating GO terms

How might we annotate genes with GO terms?
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Associating GO terms

How might we annotate genes with GO terms?
@ By sequence homology (e.g., BLAST)
e By domain homology (e.g., InterProScan)
e Mapping from an annotated relative (e.g., INPARANOID)

@ Human curation of the literature (e.g., SGD)
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Associating GO terms: Evidence codes

@ Experimental

EXP: Inferred from Experiment

IDA: Inferred from Direct Assay

IPI: Inferred from Physical Interaction
IMP: Inferred from Mutant Phenotype
IGI: Inferred from Genetic Interaction

|EP: Inferred from Expression Pattern

o Computational Analysis

ISS: Inferred from Sequence or Structural Similarity
ISO: Inferred from Sequence Orthology

ISA: Inferred from Sequence Alignment

ISM: Inferred from Sequence Model

IGC: Inferred from Genomic Context

RCA: inferred from Reviewed Computational Analysis

hor Statement
TAS: Traceable Author Statement
0 NAS: Non-traceable Author Statement
@ Curator Statement Evidence Codes
@ IC: Inferred by Curator

~+ © 060060660

oAu

@ ND: No biological Data available
@ Automatically-assigned

@ |EA: Inferred from Electronic Annotation
@ Obsolete

@ NR: Not Recorded
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The Gene Ontology

@ How might we annotate genes with GO terms?

@ How do we calculate the significance of the GO terms
associated with a particular group of genes?
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Sampling with replacement: Mutagenesis

How many transformants do we have to screen in order to “cover”
a genome?
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Sampling with replacement: Mutagenesis

How many transformants do we have to screen in order to “cover”
a genome?

Probability that a transformant has (1) disrupted gene: pn,
Number of genes in organsim: N,
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Sampling with replacement: Mutagenesis

How many transformants do we have to screen in order to “cover”
a genome?

Probability that a transformant has (1) disrupted gene: pn,
Number of genes in organsim: N,

Probability that a specific gene is disrupted in a specific

transformant: )
Pm
=pm|— === 1
pd =P <Ng> Ng M)
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Sampling with replacement: Mutagenesis

How many transformants do we have to screen in order to “cover”
a genome?

Probability that a transformant has (1) disrupted gene: pn,
Number of genes in organsim: N,

Probability that a specific gene is disrupted in a specific

transformant: )
Pm
= Pm _— = — 1
pd =P < Ng > Ng M)

Probability of not disrupting that gene:

Pm
—1_FPm 2
Pu Ng ()
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Sampling with replacement: Mutagenesis

Probability of not disrupting that gene:
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Sampling with replacement: Mutagenesis

Probability of not disrupting that gene:
pu=1-10 (3)

The probability of not disrupting that gene n independent times is:

Pup = (1 - ”N’D 4)
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Sampling with replacement: Mutagenesis

Probability of not disrupting that gene:
p
Pu=1— - (3)

The probability of not disrupting that gene n independent times is:

n
And the probability of disrupting that gene n independent times is:
p n
pd,n:]-_pu,n:]-_<1_l\;n> (5)
g
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Sampling with replacement: Mutagenesis

Probability of not disrupting that gene:
p

Pu=1— - (3)

The probability of not disrupting that gene n independent times is:

Pup = (1 - ”N’D 4)

And the probability of disrupting that gene n independent times is:

n
pd,nzl_pu,n:1_<1_ll3\;n> (5)
8

This is also the expected genome coverage.
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Sampling with replacement: Mutagenesis

p_i or coverage
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Sampling with replacement: General Cases

Calculating the probability of zero events was easy.
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Sampling with replacement: General Cases

Calculating the probability of zero events was easy.

What about exactly k events?
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Sampling with replacement: General Cases

Calculating the probability of zero events was easy.

What about exactly k events?
Binomial distribution:

b= (7)1 = pm)* ™)
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Sampling with replacement: General Cases

Calculating the probability of zero events was easy.

What about exactly k events?
Binomial distribution:

b= (7)1 = pm)* ™)

What if there is more than one type of event?
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Sampling with replacement: General Cases

Calculating the probability of zero events was easy.

What about exactly k events?
Binomial distribution:

b= (7)1 = pm)* ™)

What if there is more than one type of event?
Multinomial distribution:

n! k:
pkl,k2,...,n = H k,' Hpi’ (8)
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Sampling without replacement: GO Annotation

The binomial distribution assumes that event probabilities are
constant:

Pin = <:> pro(1— pm)" (9)
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Sampling without replacement: GO Annotation

The binomial distribution assumes that event probabilities are
constant:

Pin = <Z> pro(1— pm)" (9)

What if there are m virulence factors in our genome, and every
time we discover one it is magically removed from our library?
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Sampling without replacement: GO Annotation

The binomial distribution assumes that event probabilities are
constant:

Pin = <Z> pro(1— pm)" (9)

What if there are m virulence factors in our genome, and every
time we discover one it is magically removed from our library?
Hypergeometric distribution:

Pk,m.n = W (10)
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Sampling without replacement: GO Annotation

The binomial distribution assumes that event probabilities are
constant:

Pin = <Z> pro(1— pm)" (9)

What if there are m virulence factors in our genome, and every
time we discover one it is magically removed from our library?
Hypergeometric distribution:

Pk,m,n =

(10)

More than one disjoint type of label:

(11)

Pk ka,...;m1,my,....n =
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Extracting gene lists from JavaTreeView

B ¢ Java TreeView jects/Courses/Pr ioinformatic g i cdt DRCRES
File Settings Analysis |Export| Window Help
Dendrogram | Save List
fiew Status SR (WS Usage Hints
" Click to select node
Export to Postscript... etk - Use arrow keys to navigate tree
Export to Image. g
Export ColorBar to Postscript... T
Export ColorBar to Image... kel
Save Tree Image
Save Thumbnail Image
~[voR256C [CTAL  OMIDATIVE STRESS RESPONS CATALAS
Save Zoomed Image [ |ykraesc FOXZ  FATTY ACID METABOLISM  PEROXIS
Jlggen  SIP4  GLUCOSE DEREPRE CF
HE5AC (ACSL L- TOSTNTHESIS  ACETYI
ER1ZSH  RSPS  PROTEIN DEGRADATION, UBI LBIQUIT
L O |HFG2  STEROL METABOLISH - HIDROXT
S|vogere e el
FLaoSn  CDCA R con
GRIGTC  SNGL NITRDSDGUANIDINE RESRRE UnEN
PLE2AN ICE4 PARATION
| ||veracow S PRI LEVGTY recULATE TeCouE
PL12GH PS30 VACLIOLAR EROTELN, TARCETI LA
PL1O4W DC1
GL240N 60 G Grole AP eE PrOM
HLE16C URZ  TRANSFORT UREA PERMEASE
HRLSAH SC4 SILENCING
FLESIN FK2  CARBOMIDRATE WETASCLLS; DIHIDRC
BR2GAN UL ERMEAS
praai  LRss TRANSCRIFTION/FONA SILEN UNKHCK
NLELZH P31 WEIboro (SPoR ) TRANSCRIPTIC
LR3I Thlo AT SriTIEGES FIFQ_ATPASE
iz MEd RIFTION FAC
MLGG1C  RPM2  TRMA PROCESSING, MITOCHO RNASE
MRESEC ACL NDRIAL |
BROGIC  NTH?  TREMALOSE METABOLISM .
FLIISC  DEFl  MRNA PROCESSING _ RWA HELICAS
GLIBOA PGL_ AUTOPHAGY PROTEIN KIMASE
ILL7IN W12 TRANSPORT HEXUSE PERMEASE
ILIJGN  HXT1Z  TRANSPORT HEXOSE PERMEASE
JLz1en TS TRANSPORT HEXOSE PERMEASE
OL156H  HXT11  TRANSPORT HEXOSE PERMEASE
LR273C T6L  OLUCOSE REPRESSION  (PUTATIVE]
GL163¢ DS4  DNA REPATR. Dht- DEFENDENT |
PLISZH  RAD2  DRUG RESISTANCE  LNKNGHN
HEM14  HEME BIOSYMTHESIS PROTOFORFY
GL203C  KEXL PTIDAS
LR433N  (CAR2  ARGINIME METABOLISM  ORNITHINE
PLLLIW  (CAR1 ARGININE RETABOLISH  ARGINASE
g4z CAT2 PO IT.
DRASC WS FADTELh SERAOATION: JELE2 1B
GROLIN  SNLUZ1  MRNA SPLICING [1_SHENP PR
SVILZIaN  HXTE TRANSPORT HEXOEE FoWERSE
| | T[] 1 ] Iy
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The SGD GO Slim Mapper

@.

5GD Gene Ontology Slim Mapper - Mozilla Firefox
Hle Edit Wiew History Bookmarks Iools Help

s v @ O 4 | hapywwwyeastgenome org/egi-bin/Go/gosimMapperpl

v [#gv sad
WP SGD Gene Ontology Slim ... @ || Gene Ontology Term Finder € || BMS 270: Practical Bicinfo... €@ || ¢o The Gene Ontology Q + -
@ Search Site Map | Search Options | Help | Home | T=® EJ [}
Community Info SubmitData  BLAST  Primers  PatMatch  Gene/Seq Resources  Advanced Search  Community Wiki
SGD Gene Ontology Slim Mapper
The GO Slim Mapper maps annotations of a group of genes to more general terms and/or bins them into broad categories, ie. GO Slim terms

Three GO Slim sets are available at SGD

1. Macromolecular complex terms: protein complex terms from the Cellular Companent ontology
2. Super GO-Slim: very broad, high level GO terms

3. Yeast GO-Slim: high level GO terms that represent the major biological processes, functions, and cellular components in S. cerevisiae

To find significant shared GO terms, or parents of those GO terms, used to describe the genes in your list, use the GO Term Finder

Step 1: Choose Gene/ORF hames

Either Enter Gene/ORF names (separated by a returnora |OR
space)
YOLLSSH
YKLO22C Erowse.
YGLOO3C

YFROEH

Upload a file of Gene/ORF names:
(.txt or .tab format)

Step 2: Choose GO SLIM Terms(s) by choosing a GO Set
Terms from the selected GO Set will be automatically entered in the box in Step 3

Veast GO-Slim; Process ]

Step 3: Refine your list of GO Slim Terms

--- GO Slim Terms ---

‘ « You must choose at least one term from the list
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Multiple Hypothesis Testing

JELLY BEANS WE FOUNDNO | | THAT SETILES THAT:
CAUSE ACNE! LINK BETWEEN H s
somoy || Evomene || | B0
INVESTIGATE! AQNE (P> 005). THAT CAUSES IT.
B scomsr
e l e
" VErmon | [vermono | [VErmone | [veroon
UNK GETWEEN UNK BETWEEN LINK BEWEEN UNK BETWEEN UNK GEWEEN
v BLUE T TEAL Fuv
norE o | | Gems moE o, SERS MO
(p)a,os) (p>z/>os) (P)D,M) (P>005). (p)a,m)
WE NO WE FOUNONO WE FONONO WE FouNONO WE FOUNDNO
incoove | | occeve | | oo ceve | | o ceveny | | Laicenesn
N JEuY RED Jewy MAGENTA JELY YELOW JEuy
o o BEnsromi | | teasome | | teasmooe
(p>005) (P>008), (>o05) (>005) (p>005)

http://xked.com/882/
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Alternatives to Hierarchical Clustering

o GORDER and pre-clustering by SOM
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Alternatives to Hierarchical Clustering

o GORDER and pre-clustering by SOM

@ Pre-calling number of clusters: k-means and k-medians
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Alternatives to Hierarchical Clustering

o GORDER and pre-clustering by SOM
@ Pre-calling number of clusters: k-means and k-medians

@ Principal Component Analysis (PCA)
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Homework

@ Download PyMol
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