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“false” genes , which look like real genes but have no
apparent function

First recognized and dubbed pseudogenes during the
late 1970s, when early gene hunters began trying to
pinpoint the chromosomal locations associated with
production of important molecules

Gerstein, M & Zheng, D. The real life of pseudogenes. Sci Am 295: 48-55 (2006).

For example, while seeking the gene responsible for
making betaglobin (a key component of the
hemoglobin protein that transports oxygen through
the bloodstream) scientists identified a DNA
sequence that looked like a globin gene but could not
possibly give rise to a protein.

Essential functional parts of the gene’s anatomy were
disabled by mutations, making it impossible for
cellular machinery to translate the gene into a useful
molecule.

Gerstein, M & Zheng, D. The real life of pseudogenes. Sci Am 295: 48-55 (2006).




Pseudogenome
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Pseudogenes are the molecular remains of broken genes,
which are unable to function because of lethal injury to
their structures.

The great majority of pseudogenes are damaged copies of
working genes and serve as genetic fossils that offer
insight into gene evolution and genome dynamics.

Identifying pseudogenes involves intensive data mining
to locate gene-like sequences and analysis to establish
whether they function.

Recent evidence of activity among pseudogenes, and
their potential resurrection, suggests some are not
entirely dead after all

Gerstein, M & Zheng, D. The real life of pseudogenes. Sci Am 295: 48-55 (2006).

Birth of Pseudogene
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PSEUDOGENE BIRTH AND GENE DEATH

Two distinct processes can duplicate genes, and together they allow genomes to grow and
diversify over evolutionary time. If errors in a copy destroy its ability to function as a gene,
however, it becomes a pseudogene instead (right). The mutations that can kill a gene (below)
range from gross deletions (such as the loss of the promoter region that signals the start of
agene sequence) to minute changes in the DNA sequence that skew the meaning of the gene's
protein-encoding segments, called exons.

GENE DEATH

Genes die and become pseudogenes when can alter their amino acid meaning, and base
mutations generated during the gene-copying  deletions orinsertions can affect neighboring
process oraccumulated overtime renderthem  codons by shifting the cellular machinery's

incapable of giving rise to a protein. Cellular reading frame. The alignment shown here of
machinery reads the DNA alphabet of nucleotide ~ a partial sequence fora human gene (RPL21)
bases (abbreviated A, C, 6, T) in three-base againstone of its pseudogene copies
increments called codons, whichname anamino  (WRPL21), along with each codon’s corres-
acid building block in a protein sequence or ponding amino acid (AA), illustrates some of
encode “stop’ signals indicating the end of a the disabling mutations typically found
gene. Even single-base mutationsin codons in pseudogenes.
Synonymous
Premature stop codon mutation
AA N v R I E H I K H S K S R D S F L K R v
RPL21 AAmvorvArM,n.cAtAAvA:Bmtvtvu(,nacmuﬂ,«srvrf(lAAA(GTGH.A
WRPL21 AATGToclAl ATTEAGCACATTAAGCACTCCAAGACGTEAGATAACTCCCTAAAAAACATGA
AA N v H I E H I K H S K S R D N F L K S S
Nonsynonymous
mutation

Gerstein, M & Zheng, D. The real life of pseudogenes. Sci Am 295: 48-55 (2006).




Birth of Pseudogene

FLAWED COPIES

Aduplicated” pseudogene
arises when a cellis replicating
itsown DNAand inserts an
extracopyofageneinto the
genomein anew location. GENOMIC
DNA

Duplication and mutation

Promoer | ENENOE Duplicated pseudogene

Gene. Processed pseudogene
A“processed” pseudogene is formed during
gene expression, when a gene is transcribed
into RNA, then that transcript is processed into
ashorter messenger RNA (mRNA). Normally, A 4 Reverse transcription
the mRNAis destined for translationintoa RNA transcript and mutation
protein—but sometimesitcan instead be

reverse-transcribed back into DNAform and
nsertedinthe ganame. o — ] ———

mRNA

Transcription

Gross deletion

N
AATGATCAGAAAAAGAAAGAAGCCAAAGAGAAAGGTACCTGGEGTTCAACTAAAGCGCCAGCCTGCTCCACCCAGAGAAGCACA CTTTGTGAGA

AATGATCAGAAAAAG

AAA[JsCCAAAGAGTTCAACTGAAGTGCCAGCCTECTCTACCAAGAGAAGTCCARCTTTGTGAGA

NN WGN NON WK K K 0 R A KN NN K c I BE B . BE A O
Base deletion and Base insertion and
frameshift frameshift
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PSEUDOGENE DESCENDANTS (blue) of the ribosomal protein gene preserve mineral fossils. Identification of genes and pseudogenes is
RPL21 (orange) are scattered across the human chromosomal anongoingprocess, butto date morethan 19,000 pseudogenes have
landscape. Overall distribution of pseudog inthe human g beenidentified in the human genome—onlyslightly less than the
appears to be completely random, although some local genome currenttally of around 21,000 human genes (inset). About 8,000 of
regions tend to contain more pseudogenes. Those DNAregions may our pseudogenes are pracessed; the restinclude duplicated

be analogous to certain geochemical environments that better pseudog and other nonpr dsubcategories.




Pseudogenomics

O

Pseudogenomics

O




Pseudogenomics

O

Pseudogenomics

O




Pseudogenomics

O

PseudoPipe

O




Pseudogene Classification
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- Processed Pseudogenes
- Lack introns, have small flanking direct repeats and a 3’
polyadenine tail
- Duplicated Pseudogenes

- Distinguished from processed pseudogenes by a combination
of these features, with the emphasis on the evidence of ancient
introns

- Pseudogene Fragments

- are protein/chromosome homologies that have high sequence
similarity, but are too decayed to be reliably assessed as
processed or duplicated (i.e. <70% coverage of the parent
gene)

Pseudogene Data Set
O

SECTION TWO




Pseudogene Dataset
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The Pseudogene Classifier

Question
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Solution

O

» Use data mining techniques
o Cluster the data into two groups
o Label the clusters as processed and duplicated pseudogenes
o Remap the pseudogene fragments to the clusters
¢ Clustering Technique
o K-means

The Clustering
O

SECTION THREE
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» K-means is one of the simplest unsupervised
learning algorithms that solve the well known
clustering problem.

» The procedure follows a simple and easy way to
classify a given data set through a certain number of
clusters (assume k clusters)

» The main idea is to define k centroids, one for each
cluster

http://www.elet.polimi.it/upload/matteucc/Clustering/tutorial_html/kmeans.html

1. Place K points into the space represented by the
objects that are being clustered. These points
represent initial group centroids.

. Assign each object to the group that has the closest
centroid.

5. When all objects have been assigned, recalculate
the positions of the K centroids.

4. Repeat Steps 2 and 3 until the centroids no longer
move. This produces a separation of the objects
into groups from which the metric to be minimized
can be calculated.

http://www.elet.polimi.it/upload/matteucc/Clustering/tutorial_html/kmeans.html
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Data Pre-Processing
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Clustering Result

K-means with PCA
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Principle Component Analysis

O

- PCA transforms the data to a new coordinate system such
that the greatest variance by any projection of the data
comes to lie on the first coordinate (called the first
principal component), the second greatest variance on
the second coordinate, and so on.

- PCA can be used for dimensionality reduction in a data
set while retaining those characteristics of the data set
that contribute most to its variance, by keeping lower-
order principal components and ignoring higher-order
ones. Such low-order components often contain the
"most important" aspects of the data.

http://en.wikipedia.org/wiki/Karhunen-Lo%C3%A8ve_transform
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Clustering PCA Result
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Work to do
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