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ORF1	protein	 binds	LINE	 RNA;
localizes	 to	TTT	rich	 sequences

ORF2	enonuclease	 activity
nicks	target	 sequence

ORF2	reverse	 transcriptase
activityà
makes	reverse	 transcription

priming

ORF2	reverse	 transcriptase
activityà
makes	reverse	 transcription

Generation	 of	direct	 repeats
in	target	 site

DNA	repair	 by	host	 cell

FINAL	PRODUCT

Tr a n s p o s i t i o n  o f  R e t r o t r a n s p o s o n s

LINE1
ORF1:	RNA	binding	protein
ORF2:	Endonucelase,	Reverse	transcriptase

LINE	elements	(L1,L2,L3)
(21%	of	genome;	800.000	copies)

LINE:	Long	interspersed	nuclear	elements



R e t r o t r a n s p o s o n s c a n  c h a n g e  g e n e t i c
c o n t e x t



R e t r o - t r a n s p o s i t i o n  m a c h i n e r y
h i j a c k s  e n d o g e n o u s  m R N A s  

ORF1	protein	 binds	LINE	 RNA;
localizes	 to	TTT	rich	 sequences

ORF2	enonuclease	 activity
nicks	target	 sequence

ORF2	reverse	 transcriptase
activityà
makes	reverse	 transcription

priming

mRNA	of	protein	coding	gene	- spliced

ORF2	reverse	 transcriptase
activityà
makes	reverse	 transcription

Generation	 of	direct	 repeats
in	target	 site

DNA	repair	 by	host	 cell

FINAL	PRODUCT:	PROCESSED	PSEUDOGENE

mRNA	protein	coding
gene	- spliced

mRNA	protein	coding
gene	–spliced	(fragment)

ß



P s e u d o g e n e  d e r i v e d  R N A s
c a n  a c q u i r e  n e w  f u n c t i o n s

+	chromatin
regulation	on
ancestral	gene

Competing
endogenouse
RNA	(ceRNA)

endo-siRNA
generation

Nuclear

Cytoplasm

Cytoplasm

Cytoplasm



PSEUDOGENE	BIOTYPES

Duplicated/Unitary	pseudogenes:	can	bring	regulatory	sequences,	often	spliced
Processed	pseudogenes:	hitch	hike	on	regulatory	elements	dispersed	throughout

throughout	the	genome



PSEUDOGENE	BIOTYPES

The	majority	of	pseudogenes	are	processed	pseudogenes:
Burst	of	retro-transposition	events	in	recent	phase	of	evolution



GENOMICS	STRATEGIES	TO	IDENTIFY	AND	CLASSIFY	PSEUDOGENES

- Parent	gene/ancestral	gene	=	functional	gene	with	greatest	sequence	similarity
- Ancestral	gene	can	be	identified	for	ca.	90%	of	pseduogenes
- 10%	of	pseudogenes	are	highly	degraded	and	is	derived	from	a	parent	gene	with	highly	similar	paralogs
Or	parent	gene	contains	a	commonly	found	functional	domain
-NOTE:	most	parental	genes	have	only	1	pseudogene	
-NOTE:	some	parental	genes	–mainly	housekeeping	genes	- have	MANY	pseudogenes:

-Robosomalprotein	L21:	143	pseudogenes
-Gapdh:	68	pseudogenes

Pseudogene	decoration	resource



Features	of	transcribed	pseudogenes
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tissue
specific	expression

differential	expression
parental/pseudogene

tissue
specific	expression

differential	expression
parental/pseudogene

Pseudogene	expression
levels	are	LOWER	than
coding	gene	expression

Pseudgenesare	expressed	in	a	
different	manner	compared	to	
parental	mRNAs	(different	

tissues)

2012:	ca	9000	pseudogenes:	873	are	transcribed	according	to	STRINGENT	psiDRparameters	(real	number	is	higher)
Problem:	precise	analysis	of	RNA-seq/array	data:	high	sequence	similarity	pseudogene	–parental	gene



The	majority	of	pseudogenes	show	tissue	specific	expression

duplicated/processed	
pseudogenes	have	specific
regulatory	elements!!

Categories:
-Expressed	in	all	tissues
(10	out	of	344	tested	pseudogenes)
-144/344	pseudogenes	expressed	in
more	then	1	tissue
-190/344	pseudogenes	exclusively
expressed	in	1	tissue



Evolutionary	constraint	on	pseudogenes
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High	CDS	conservation
High	3’UTR	conservation
=high	selective	constraint

low	CDS	conservation
=	high	selective	constraint

high	3’UTR	conservation

one	pseudogene

Sequence	identity	between	parental	and	pseudogenes
with	focus	on	coding	sequence	(CDS)	and	3’UTR

Most	pseudogenes	have
Similar	sequence	identity	
between
CDS	and	UTR	(high:	>80%;	low:	
<60%)

?

high	CDS	conservation
=	high	selective	constraint

low	3’UTR	conservation

Inconsistency implies thatmutationswererejected by natural selection non-randomly. Certainregions in thesequencemay be
under higher evolutionary constraint than the others.We identified 998 pseudogenes showing a high (>80%) sequence identity to parent
CDS and simultaneously poor (<60%) sequence identity to the3’UTR, and 36 pseudogeneswith high (>80%) sequence identity to the
parent3’UTR and small (<60%) sequence identity to CDS.

Selective constraint in	pseudogen lncRNAs

Mutations were rejected by natural
selection

non-randomly. Certain regions in the 
sequence may be

under higher evolutionary constraint than
the others.



Chromatin	at	transcriptional	start	sited	of	transcribed	pseudogenes
is	similar	to	coding	genes

H3K36me3	 is	enriched
in	transcribed	 gene	bodies

Frequency	of	transcription	factor
binding	sites	enriched	in	transcribed

Pseudogenes	vs non-transcribed	pseudogenes

Transcribed	pseudogenes
resemble	coding	genes;	however:
Peaks	are	not	as	clear	defined	=

average	chromatin	marks	are	less	concentrated:
Reason:

àlower	expression
à expressed	pseudogenes	do	not	show	marks

in	an	uniform	manner



Selective	constraint?

ca	10%

ca	2%

Ca.	0.5%

Real	number	is	probably	lower!!!

Pseudogenes	are	a	diversified	group	of	genetic	elements

à few	pseudogenes	show	consistently	active	signals	across	all	biological	features
that	describe	gene	activity

àmany	pseudogenes	show	little	or	no	activity	

K562	cancer cell line



Transcribed
DNase hypersensitive	sites
Histonemarks
Transcription	factor

Pseudogenes	are	a	diversified	group	of	genetic	elements

Transcribed
DNasehypersensitive	sites
Histonemarks
Transcription	factor

Transcribed

DNasehypersensitive	sites
Histonemarks
Transcription	factor

Pseudogene
under	selective	constraint

àmaintained

Pseudogenes
under	low	selective	constraints

àThis	stage	also	involves	
acquisition	of	new	splice	sites	–
resembles	a	stage	of	testing	new	

mutations	for	evolutionary	
advantage.	Result:

A.	dying	pseudogene	or
B.	acquisition	of	critical	feature	
leading	to	the	resurrection	to	

become	a	functional	pseudogene


