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SV	
  forma3on	
  mechanism	
  

•  Non-Allelic Homologous 
Recombination (NAHR) 

•  Non-homologous 
Recombination(NHR) 
–  Non-homologous end 

joining (NHEJ) 
–  Fork Stalling and Template 

Switching (FoSTeS) 

•  Transposable Element 
Insertion (TEI) 

•  Variable Number of Tandem 
Repeats (VNTR) 



Some Issues 

•  Limited resolution of recent SV surveys 
(e.g., microarray based) 
– Prevented from intersecting with exons of 

genes or analyzing gene fusion events. 
– Prevented systematic deduction of the SV 

formation process. 
– Prevented from inferring the ancestral states 

of the SV events. 
– Prevented estimation of the physical 

properties of the SVs. 
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SV	
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x-axis is the parameter space. y-axis is the number of SVs of different formation mechanisms 
classified by the pipeline using corresponding value of the varied parameter and default values of 
other parameters. Dotted vertical lines indicate the default parameters.  
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Active L1 Transposition 

14	
  

431	
  fully	
  rec3fiables	
  overlapped	
  with	
  147	
  Ac3ve	
  L1s	
  by	
  Mills	
  et	
  al.	
  2007	
  consolidated	
  from	
  Brouha	
  et	
  al.	
  2003	
  and	
  Mills	
  et	
  al.	
  2006	
  

Chr Source Event Start End Size Mech Active L1 Supported 

chr1 Korbel Insertion 84290516 84297219 6703 Mech "MTEI"; Rectified "2:2:2" chr1:84290591-84296677['L1HS', 'Ta-1d'] 2 

chr1 Korbel Insertion 245917096 245923148 6052 Mech "STEI"; Rectified "2:2:2" chr1:245917098-245923129['L1HS', 'Ta-0'] 3 

chr10 Korbel Insertion 5277306 5283354 6048 Mech "UNSURE"; Rectified "2:2:2" chr10:5277317-5283348['L1HS', 'Ta-1dn(g)'] 1 

chr11 Korbel Insertion 24306070 24312135 6065 Mech "STEI"; Rectified "2:2:2" chr11:24306073-24312103['L1HS', 'Ta-1d'] 1 

chr11 Korbel Deletion 92791150 92800593 9443 Mech "NAHR"; Rectified "1:1:1" chr11:92793800-92799845['L1HS', 'Ta-1d'] 1 

chr11 Venter Insertion 92793799 92799859 6060 Mech "STEI"; Rectified "2:2:2" chr11:92793800-92799845['L1HS', 'Ta-1d'] 1 

chr11 Watson Insertion 94809017 94815068 6051 Mech "UNSURE"; Rectified "2:2:2" chr11:94809028-94815058['L1HS', 'Ta-1d'] 1 

chr15 Venter Insertion 53005523 53011731 6208 Mech "MTEI"; Rectified "2:2:2" chr15:53005558-53011589['L1HS', 'Ta-0'] 3 

chr15 Kim Insertion 68808908 68814562 5654 Mech "MTEI"; Rectified "2:2:2" chr15:68809138-68814556['L1HS', 'L1HS'] 2 

chr18 Korbel Insertion 46124318 46130363 6045 Mech "STEI"; Rectified "2:2:2" chr18:46124336-46130355['L1HS', 'Pre-Ta (ACG/G)'] 1 

chr2 Venter Insertion 176054929 176060981 6052 Mech "STEI"; Rectified "2:2:2" chr2:176054939-176060968['L1HS', 'Ta-1d'] 1 

chr20 Venter Insertion 7044794 7050858 6064 Mech "STEI"; Rectified "2:2:2" chr20:7044828-7050846['L1HS', 'Ta-0'] 4 

chr4 Watson Insertion 59627149 59633191 6042 Mech "UNSURE"; Rectified "2:2:2" chr4:59627160-59633190['L1HS', 'L1HS'] 1 

chr5 Venter Insertion 57715759 57721867 6108 Mech "STEI"; Rectified "2:2:2" chr5:57715758-57721790['L1HS', 'Ta-0'] 3 

chr5 Venter Insertion 103882188 103888239 6051 Mech "STEI"; Rectified "2:2:2" chr5:103882187-103888216['L1HS', 'Ta-1d'] 3 

chr5 Watson Insertion 108622973 108629020 6047 Mech "UNSURE"; Rectified "2:2:2" chr5:108622987-108629018['L1HS', 'Ta-1d'] 1 

chr6 Venter Insertion 133383514 133389578 6064 Mech "STEI"; Rectified "2:2:2" chr6:133383548-133389578['L1HS', 'Ta-1d'] 3 

chr7 Venter Insertion 113203413 113209458 6045 Mech "STEI"; Rectified "2:2:2" chr7:113203413-113209443['L1HS', 'Ta-1d'] 4 

chr8 Venter Insertion 73950330 73956387 6057 Mech "STEI"; Rectified "2:2:2" chr8:73950346-73956377['L1HS', 'Ta-1d'] 4 

chr8 Venter Insertion 126664312 126670324 6012 Mech "STEI"; Rectified "2:2:2" chr8:126664312-126670315['L1HS', 'Ta-1d'] 5 

chr8 Korbel Insertion 135152107 135158208 6101 Mech "STEI"; Rectified "2:2:2" chr8:135152168-135158198['L1HS', 'L1HS'] 3 

chrX Venter Insertion 11863121 11869370 6249 Mech "STEI"; Rectified "2:2:2" chrX:11863128-11869354['L1HS', 'Ta-1d'] 2 

chrX Venter Insertion 95199436 95205519 6083 Mech "STEI"; Rectified "2:2:2" chrX:95199466-95205497['L1HS', 'Ta-0'] 1 

[Lam et al. Nat. Biotech. ('10)] 



Active L1 Transposition 
Example 
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Pseudogene Number Variation 

Chr Source Event Start End Size Mech Pgene Type 

chr10 Kidd Deletion 100678090 100692331 14241 Mech "NAHR"; Rectified "1:1:1" PSSD 

chr12 Venter Deletion 22467006 22473645 6639 Mech "NAHR"; Rectified "1:1:1" PSSD 

chr17 Kidd Deletion 65603123 65859003 255880 Mech "NHR"; Rectified "1:1:1" PSSD 

chr20 Kidd Deletion 1503149 1536176 33027 Mech "NAHR"; Rectified "1:1:1" PSSD 

chr3 Korbel Deletion 74230280 74237487 7207 Mech "NHR"; Rectified "1:1:1" PSSD 

chr5 Watson Deletion 64538468 64548395 9927 Mech "NHR"; Rectified "1:1:1" DUP 

chr5 Kidd Insertion 69544715 69817387 272672 Mech "NAHR"; Rectified "2:2:2" DUP/PSSD 

chrX Kidd Deletion 47752047 47874915 122868 Mech "NAHR"; Rectified "1:1:1" PSSD 
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Ancestral state analysis reveals balance of insertions 
and deletions, and biases in formation mechanisms 
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THE	
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The	
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The	
  Pipeline	
  Modules	
  

SV	
  Annota)on	
  

Library	
  
Standardiza3on	
  

• Remove	
  duplicated	
  and	
  out-­‐of-­‐
range	
  SVs	
  

Mechanism	
  
Classifica3on	
  

• Classify	
  SVs	
  by	
  their	
  forma3on	
  
mechanisms	
  

Ancestral	
  State	
  
Analysis	
  

• Rec3fy	
  SVs’	
  events	
  based	
  on	
  
their	
  ancestral	
  states	
  

Features	
  
Analysis	
  

• Calculate	
  physical	
  features	
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  with	
  gene	
  annota3on	
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  Library	
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• Generate	
  an	
  SV	
  junc3on	
  
library	
  

Junc3on	
  
Alignment	
  

• Align	
  junc3ons	
  to	
  short	
  
sequencing	
  reads	
  

Alignment	
  
Filtering	
  

• Filter	
  out	
  SVs	
  with	
  alignment	
  
mapped	
  to	
  their	
  ref	
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SV	
  Calling	
  

• Score	
  the	
  SVs	
  with	
  alignment	
  
only	
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  their	
  alt	
  alleles	
  	
  

[Lam et al. Nat. Biotech. ('10)] 



BreakSeq enables detecting SVs in Next-Gen 
Sequencing data based on breakpoint junctions 

Detec)on	
  of	
  inser)ons	
   Detec)on	
  of	
  dele)ons	
  

[Lam et al. Nat. Biotech. ('10)] 

Leveraging read data to identify previously known SVs (“Break-Seq”)  

       Library of SV  
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Personal genome (ID) Ancestry 
High support hits  

(>4 supporting hits) 
Total hits  

(incl. low support)  

NA18507* Yoruba 105 179 

YH* East Asian 81 158 

NA12891  
[1000 Genomes Project, CEU trio] European 113 219 

*According to the operational definition we used in our analysis (>1kb  
events) less than 5 SVs were previously reported in these genomes … 

Applying BreakSeq to short-read based personal genomes 
boosts numbers of bp-level SVs by ~50-fold 

[Lam et al. Nat. Biotech. ('10)] 



PCR validations in NA12891 demonstrate high accuracy  
  of BreakSeq and add 48 validated calls to the CEU trio 

 48 positive outcomes out of 49 PCRs that were scored in NA12891:  
98% PCR validation rate (for low and high-support events) 

    
           

Adrian Stütz 

12 amplicons sequenced in NA12891: all breakpoints confirmed 

[Lam et al. Nat. Biotech. ('10)] 
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More Information on this Talk 
SUBJECT: Assembly!

DESCRIPTION:  
Computational Biology Center, IBM T J Watson Research Center, Yorktown Heights, NY, 
2010.02.11, 11:00-12:00; [I:IBM] (Takes 25' with many questions questions.) 

MORE DESCRIPTION: 
Talk works equally well on mac or PC. Paper references in the talk were mostly from Papers.GersteinLab.org. The above topic list can be easily 
cross-referenced against this website. Each topic abbrev. which is starred is actually a papers “ID” on the site. For instance,  
the topic pubnet* can be looked up at  
http://papers.gersteinlab.org/papers/pubnet  ) 

PERMISSIONS: This Presentation is copyright Mark Gerstein, Yale University, 2008. Please read permissions statement at  
http://www.gersteinlab.org/misc/permissions.html . Feel free to use images in the talk with PROPER acknowledgement (via citation to relevant 
papers or link to gersteinlab.org).   
.  
PHOTOS & IMAGES. For thoughts on the source and permissions of many of the photos and clipped images in this presentation see http://
streams.gerstein.info . In particular, many of the images have particular EXIF tags, such as  kwpotppt , that can be easily queried from flickr, viz: 
http://www.flickr.com/photos/mbgmbg/tags/kwpotppt . 


