
Non-‐Coding	  DNA	  and	  RNA	  



Agenda	  

•  Most	  of	  the	  genome	  (in	  eukaryotes)	  doesn’t	  
code	  for	  proteins,	  though	  some	  of	  it	  may	  s?ll	  
be	  func?onal,	  structurally	  important,	  
mutagenic,	  or	  biologically	  interes?ng	  

•  Overview	  of	  types	  of	  non-‐coding	  DNA/RNA	  
•  Small	  RNAs	  
•  TEs	  
	  



Non-‐coding	  &	  repe??ve	  DNA	  may	  be	  non-‐
coding,	  but	  it	  is/may	  be	  s?ll	  important!	  

•  Introns,	  self-‐splicing	  introns	  
•  Pseudogenes	  
•  Telomeres,	  centromeres	  
•  Cis-‐	  and	  trans-‐regulatory	  elements	  
•  Binding	  sites	  
•  Transposable	  elements	  (TEs)	  
•  Short	  tandem	  repeats	  (1-‐5	  bp)	  
•  Noncoding	  func?onal	  RNAs	  (big	  &	  small	  RNAs,	  many	  kinds)	  

–  e.g.,	  rRNAs	  and	  tRNAs	  
–  e.g.,	  miRNAs	  

•  Noncoding	  “elements”	  (NCEs;	  oTen	  conserved,	  func?onal?)	  
–  e.g.,	  lincRNAs	  



Alexander	  et	  al.	  2010	  
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Many types of small RNAs 
More discovered all the time… 

 

– snRNA	  
– snoRNA	  
– gRNA	  
– miRNA	  
– piRNA	  
– siRNA	  
– casiRNA	  
–  tasiRNA	  
–  rasiRNA	  

Ghildiyal	  and	  Zamore	  2009	  



Func?ons	  of	  
small	  RNAs	  

–  Gene	  regula?on	  
–  An?viral	  defense	  	  
–  Regula?on	  of	  host	  

func?ons	  by	  viruses	  
–  Immune	  system	  

regula?on	  
–  Maintenance	  of	  

stem	  cells	  
–  Chroma?n	  

remodeling	  

–  “Knockdowns”	  
–  An?viral	  therapy	  
–  An?cancer	  therapy	  

–  Gene?c	  diseases	   	  
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Using	  Small	  RNAs	  in	  the	  Lab:	  RNAi	  
– C.	  elegans	  unc22	  encodes	  muscle	  protein	  twitchin	  

•  Mutants	  show	  uncoordinated	  “twitching”	  movement	  

+	  double-‐stranded	  
	  	  	  unc-‐22	  RNA	   twitching!	  

Wild	  type	  worm	  

– RNAi	  can	  rapidly	  and	  efficiently	  silence	  a	  gene	  
– Specific	  
– Results	  from	  dsRNA	  
– Only	  small	  amounts	  required	  
– Can	  inject	  or	  even	  feed	  the	  dsRNA	  

Don’t	  ignore	  
weird	  results	  
when	  you	  
get	  them!	  



	  
Nobel	  Prize	  in	  2006:	  RNA	  interference	  (RNAi)	  

	  

Andrew	  Fire	  and	  Craig	  Mello	  

	  

	  

	  

	  

	  

"for	  their	  discovery	  of	  RNA	  
interference	  –	  	  

gene	  silencing	  by	  double-‐stranded	  
RNA"	  



3	  of	  the	  Categories	  of	  Small	  RNAs	  
Micro	  RNAs	   Small	  interfering	  RNAs	   Piwi-‐interac?ng	  RNAs	  

miRNAs	   siRNAs	   piRNAs	  

~22	  nt	   20-‐25	  nt	   26-‐31	  nt	  

ssRNA	  precursor,	  hairpin	   dsRNA	  precursor,	  cut	  up	   ssRNA	  precursor	  

DICER-‐dependent	   DICER-‐independent	  

Proks,	  Euks,	  &	  Viruses	   Euks	   Animals	  only	  

TranslaGon	  InhibiGon	  

ChromaGn	  ModificaGon	  

Cleave	  Complimentary	  RNAs	  
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We	  can	  use	  what	  we	  know	  about	  miRNA	  biogenesis	  and	  
func?on	  to	  search	  for	  them	  using	  bioinforma?c	  tools	  



Small	  RNA	  Predic?on	  
– miRNA	  secondary	  structure	  

•  “hairpin”	  structure	  and	  stability	  
•  >15	  nt	  paired	  region,	  no	  internal	  hairpins	  

– search	  regions	  flanking	  known	  small	  RNAs	  
•  miRNAs	  are	  oTen	  found	  in	  clusters	  
•  cleavage	  sites	  for	  processing	  

– compara?ve	  genomics	  
•  many	  miRNAs	  are	  evolu?onarily	  conserved	  
•  some	  miRNAs	  found	  in	  gene	  families	  
•  Databases:	  NONCODE,	  miRBase	  

–  target	  sequences	  
•  Iden?fy	  poten?al	  genes	  that	  may	  be	  silenced	  by	  the	  
candidate	  miRNA	  



Small	  RNA	  predic?on:	  Challenges	  

– Small!	  
– Untranslated	  
– Generated	  from	  a	  larger	  transcript	  
– May	  be	  encoded	  in	  introns	  or	  other	  “junk”	  
sequences	  

– Lack	  consensus	  sequence	  clues	  because	  recently	  
discovered	  



Part	  II	  



Transposable Elements	


Other	  names:	  Mobile	  elements,	  selfish	  DNA,	  genomic	  parasites.	  
Features:	  	  Common,	  mobile,	  poten?ally	  replica?ve.	  

Types:	  Many	  
	  
	  
	  

Can	  resemble	  genes	  (ORFs,	  some?mes	  introns)	  
But	  oTen	  include	  many	  unique	  mo?fs	  (inverted	  repeats,	  direct	  repeats)	  
Some?mes	  found	  in	  clusters,	  oTen	  more	  abundant	  in	  heterchroma?n	  

A	  TE	  is	  a	  piece	  of	  DNA	  that	  is,	  or	  once	  was,	  capable	  of	  
moving	  or	  replica?ng	  and	  reinser?ng	  in	  the	  genome.	  



How common are they?	


	  
	  

Cordaux	  and	  Batzer	  2009	  
De	  Koning	  et	  al.	  2012	  

But	  may	  be	  as	  high	  as	  66%!	  



TEs,	  not	  genes,	  explain	  genome	  size	  differences	  across	  species	  
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Image	  courtesy	  of	  Bang	  Wong,	  	  
Jinchuan	  Xing,	  and	  Mark	  A.	  Batzer	  	  

Understanding	  the	  quan?ty	  and	  distribu?on	  of	  TEs	  
is	  cri?cal	  to	  understanding	  both	  their	  	  

posi?ve	  and	  nega?ve	  impact	  on	  the	  genome	  

Disease	  
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Elonga?on	  

Development	  Alterna?ve	  	  
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Gene	  
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recombina?on	  

Genome	  	  
Enlargement	  

Gene	  
Misregula?on	  

Interrup?ng	  	  
Genes	  



So,	  there	  are	  many	  reasons	  we	  want	  to	  find	  TEs	  
(and	  there	  are	  many	  programs	  out	  there	  for	  finding	  them!)	  

•  Cytogene?c	  techniques	  
–  Staining	  
–  FISH	  
	  	  	  	  	  	  	  	  	  	  	  (difficult	  to	  quan?fy!)	  

•  Bioinforma?c	  techniques	  
–  RepeatMasker	  
–  RepeatScout	  
–  RepeatExplorer	  
–  CENSOR	  
– MGE-‐Scan	  (LTR	  and	  non-‐LTR)	  
–  BLAST	  
– Many	  others	  

Menzel	  et	  al.	  2006	  



Transposase 

Class 2: DNA Intermediate 

Translation Excision 

Reintegration 

Transcription 

Translation 

Homology-based Searching: ���
2 Main Classes of TEs Characterized by Different Proteins	
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An Example of How A TE Moves	


Transposase 

Terminal Inverted Repeats (TIRs) 

Target Site Duplications (TSDs) 

Transcription 

Translation 

Excision 

Reintegration 



Homology-based Searching	
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Motif-Based Searching	


Terminal Inverted Repeats (TIRs) 

Target Site Duplications (TSDs) 

Binding	  Sites	  
Integra?on	  Sites	  
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When TEs Replicate à Family of TEs	


TEs	  accumulate	  muta?ons	  over	  ?me.	  
Copies	  can	  be	  used	  to	  es?mate	  the	  
founder	  (mobile)	  element.	  

AGTTAGATCT!
AGTGAGATCT!
CGTTAGATCT!
AGTTAGATGT!

AGTTAGATCA!
AGCTAGATCT!
ACTTAGATCT!
AGTTTGAGCT!

Consensus	   AGTTAGATCT!

All	  the	  copies	  of	  a	  par?cular	  TE	  
type	  in	  a	  genome	  are	  referred	  
to	  as	  a	  “TE	  family”	  



Repetitive Sequence Throughout the 
Genome Can lead to Non-Homologous 

Recombination	


Homologous	  Recombina?on	  

Non-‐	  Homologous	  Recombina?on	  

Indirect	  Costs:	  Increased	  risk	  of	  non-‐homologous	  recombina?on	  and	  therefore	  indels	  

5’	   Exon	  1	   Exon	  2	   3’	  

Direct	  Costs:	  Increased	  risk	  of	  interrup?ng	  genes	  



If	  Indirect	  costs	  are	  important….	  

….we	  would	  expect	  TEs	  to	  accumulate	  	  
in	  regions	  of	  low	  recombina?on	  	  

because	  the	  risk	  of	  non-‐homologous	  recombina?on	  	  
would	  also	  be	  lower.	  

How	  can	  we	  test	  this	  by	  looking	  for	  TEs	  using	  
bioinformaBc	  methods?	  

	  
Compare	  TE	  levels	  in	  recombining	  and	  non-‐recombining	  regions!	  



Which region of the human genome 
does not recombine during meiosis?���

(or recombines the least?)	




So, let’s use CENSOR to compare how 
many TEs there are on the Y versus on the 
X versus versus on a randomly selected 
autosome and see if low recombination 

areas accumulate more TEs than expected.	
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