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Background
sanger sequencing | next generation sequencing



DNA Sequencing



DNA Sequencing 
biology

accgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaag
tggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattc

accgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaagaccgcgtaag

tggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattctggcgcattc



accgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaag

tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattctggcgcattc tggcgcattc tggcgcattc tggcgcattc

tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattctggcgcattc tggcgcattc tggcgcattc tggcgcattc

tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattctggcgcattc tggcgcattc tggcgcattc tggcgcattc

tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattctggcgcattc tggcgcattc tggcgcattc tggcgcattc

tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattctggcgcattc tggcgcattc tggcgcattc tggcgcattc

tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattctggcgcattc tggcgcattc tggcgcattc tggcgcattc tggcgcattc

accgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaag

accgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaag

accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag

accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag

accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag accgcgtaagaccgcgtaag accgcgtaagaccgcgtaag accgcgtaag accgcgtaag

DNA Sequencing 
alignment

Reference Position :    1     2    3 4   5    6    7     ……………………………………………………………………….. 



DNA Sequencing 
map reduce

accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag

tggcgcattc
tggcgcattc
tggcgcattc
tggcgcattc
tggcgcattc

accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag

tggcgcattc
tggcgcattc
tggcgcattc
tggcgcattc
tggcgcattc



DNA Sequencing | Alignment

• Maximize Similarity 

• Bound Search Space 

• Make assumptions to do this



Targeted Resequencing

• r



Cell Pathways



Cell Pathways
cancer normal



Next Gen Sequencing



Big Data in Genetics
Parallel Data Structures | Map Reduce | Distributed Computing



Parallel Data Structures
trie | burrow-wheeler’s algorithm



Trie Formation

read : actgcgttag……………………………
read : actgcgtatg……………………………

read : accgcgtaag……………………………

read : actgcgttag……………………………
read : actgcgtatg……………………………

read : accgcgtaag……………………………

read : accgcgtaag……………………………

read : actgcgttag……………………………
read : actgcgtatg……………………………

read : accgcgtaag……………………………

read : actgcgttag……………………………
read : actgcgtatg……………………………

read : accgcgtaag……………………………

read : accgcgtaag……………………………



Trie Formation
read : accgcgtaag

read : accgcgtaag$ 
    ccgcgtaag$ 
     cgcgtaag$ 
    gcgtaag$ 
   cgtaag$ 
  gtaag$ 
 taag$ 
aag$ 
ag$   
g$ 
$

Step 1 : create suffixes Step 2 : alphabetize suffixes
read : aag$    

              accgcgtaag$ 
      ag$ 

           ccgcgtaag$ 
            cgcgtaag$ 
          cgtaag$ 
           gcgtaag$ 
      gtaag$ 

     g$ 
        taag$ 

    $



Step 2 : alphabetize suffixes

Trie Formation
read : accgcgtaag

Step 3 : build trie
hash : 1346579028

a
a
g
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8
g ta c

c
c
g
c
g
t
a
a
g
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g
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c
g
c
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a
a
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c
g
t
a
a
g
6

t
a
a
g
7

g
a

0

g
c
g
t
a
a
g
4

t
a
a
g
5

read : 0 aag$    
              1 accgcgtaag$ 

      2 ag$ 
           3 ccgcgtaag$ 
            4 cgcgtaag$ 

          5 cgtaag$ 
           6 gcgtaag$ 
      7 gtaag$ 

     8 g$ 
        9 taag$ 

  $



Reference : …ccgcgtaagaccgcgtaagaccgcgtaaga…

Burrows-Wheeler



Burrows-Wheeler (actual)

Reference : …ccgcgtaagaccgcgtaagaccgcgtaaga…



Map-Reduce in Genetics
Regions of Analysis



Map Reduce
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag

tggcgcattc
tggcgcattc
tggcgcattc
tggcgcattc
tggcgcattc

accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag
accgcgtaag

tggcgcattc
tggcgcattc
tggcgcattc
tggcgcattc
tggcgcattc



ROA Partitioning

accgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaaga
ccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaa
cgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaac
gcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
cgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccg
gtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgc
taagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcg
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgt
agaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgta

aaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaag
gaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaa

cgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaac
gcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
cgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccg
gtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgc
taagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcg
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgt
agaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgta

ROA
Ref : …taagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgc…

Length : 34 BP

ccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaa

gaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaa



Dictionary Formation

aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc

ROA
Ref : …taagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgc…

Length : 34 BP

aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtccgaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagatccgcgtaagaacc

aagaaccgcgtaagaaccgcgtaagaacagcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc

aagaaccgcgtaagaaccgcgtaagaaccgtgtaagaacc



Dictionary Formation



Dictionary Thresholding



Baseline Reconstruction



Dictionary Reconstruction



Repeat



Distributed Systems in Genetics



Distributed Systems


