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CRISPR AND ASSEMBLY 

 What are CRISPR? 
 What is their structure and function? 
 WGS Assembly and CRISPR 
 How can CRISPR be identified from 

unassembled reads? 
 Spacer mapping 
 Spacer anomalies 
 Using CRISPR for phylogeny 
 Horizontal gene transfer 



WHAT ARE CRISPR? 

 Clustered Regularly Interspaced Short 
Palindromic Repeats  

 They are a family of repetitive DNA 
sequences that are separated by short, 
generally unique DNA sequences.  

 About 40% of sequenced Bacteria and 90% of 
sequenced Archaea have CRISPR systems 

 CRISPR may act as an adaptive immune 
system against invading phages and 
plasmids 



CRISPR STRUCTURE 



MECHANISM OF ACTION 



STRAINS USED 
Source Location Year Isolated 

Mountain Lion Arizona 2007 

Soil Arizona 2007 

Human Arizona 2007 

Human New Mexico 2002 

Mouse Passage  New Mexico 2002 

Flea New Mexico 2002 

Flea New Mexico 2002 

Squirrel Colorado 2007 

Squirrel Colorado 2007 

Squirrel Colorado 2007 

Squirrel Colorado 2007 

Rabbit Colorado 2007 

Flea Colorado 2007 



ASSEMBLY METHODS OVERVIEW 

De novo Sequence Assembly 

Identify CRISPR repeats 

Identify spacers and 
CRISPR loci 

Order and map spacers 
within loci 

Group loci based on 
spacer sequences 

Create phylogenetic 
trees from spacer 

sequences 

Identify cas genes 

Associate cas genes with 
CRISPR loci 



ASSEMBLY METHODS- PART 1 

  The direct repeat sequence 
(TTTCTAAGCTGCCTGTGCGGCACTGAAC) was 
used to identify the CRISPR loci. 

  NGS reads were assembled using the command line 
version of the Newbler de novo assembler (Roche). 

  cas genes were identified using BLAST to find the 
seven genes associated with the Ypest subtype locus  
  each cas gene was aligned to the assembled 

contigs to determine their presence in each 
genome. 

  Repeats were identified using bl2seq (NCBI), which 
aligned the repeat sequence to each contig and 
identified all contigs containing repeats. 



ASSEMBLY METHODS-PART 2 

  A Perl script, IDcrispr, parsed the BLAST formatted 
output of bl2seq by ordering the starting location.  
  The repeat was identified if it occurred within 

200bp and on the same strand of an adjacent 
repeat on the alignment list.  

  A second Perl script was used to extract spacers 
sequences.  

  Spacer sequences were input into a spacer 
visualization tool. 

  Spacer sequences were aligned using ClustalW, and 
the output was used to generate phylogenetic trees. 



ASSEMBLY METHODS- ISSUES ENCOUNTERED 
  Extra or missing spacers were verified by inspecting 

the raw read data.  
  When an extra spacer(s) was observed in one of the 

contigs in an assembled genome, BLAST was used to 
look for that spacer sequence within the unassembled 
raw reads from all of the other samples. 

  Additionally, the spacer with its flanking repeat 
sequence was verified by BLAST alignment to identify 
whether the spacer was not only present, but was also 
adjacent to a direct repeat.  

  In some cases spacers appeared to be missing  
  The repeat-spacer-repeat sequence was aligned to the 

raw reads using BLAST, to determine if the sequence 
was truly missing or was present but had not been 
assembled into the contig. 

  In one sample our identification pipeline failed to 
identify spacers 5 and 6 in CRISPR1. Further 
investigation revealed that CRISPR1 spanned two 
contigs, and the missing spacers were found 
unassembled in the raw reads, flanked by the CRISPR 
repeat sequence. 



SPACER MAPPING IN Y. PESTIS 



 









  

  

    



PHYLOGENY OF  
Y. PESTIS:  
OUR STUDY 



EVIDENCE FOR 
HORIZONTAL GENE 
TRANSFER 
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