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  to	
  Genomics	
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A	
  typical	
  eukaryo$c	
  gene	
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Transcrip$on	
  

Alterna/ve	
  splicing	
  can	
  result	
  in	
  different	
  proteins	
  
derived	
  	
  
from	
  the	
  
same	
  gene	
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Transcrip$on	
  

Chloroplast	
  

Chromosome	
  Nucleus	
  

mRNA	
  

ATATACGGCATATACGGCAT	
  CGTCCGATAATATACGGCA	
   CGTCCGATTAACGGCAGG	
  ACGTCCGATAATATACGC	
  ATATACGGCATATACGGCAT	
  CGTCCGATAATATACGGC	
  

Nuclear	
  isola/on	
  

DNA	
  purifica/on	
  

ATATACGGCATCGTCCG	
  

Plant	
  Cell	
  How	
  do	
  we	
  
sequence	
  a	
  
genome?	
  

Large-­‐insert	
  
clone	
  sequencing	
  

approach	
  

CGTCCGATAATATACGGCA	
  

Physical	
  map,	
  anchored	
  to	
  the	
  chromosomes	
  

Large-­‐insert	
  cloning	
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BAC	
  fingerprin$ng	
  

EtBr	
  or	
  Fluorescent	
  labeling,	
  
electrophoresis	
  and	
  FPC	
  

Restric/on	
  diges/on	
  

BAC	
  fingerprin$ng	
  

Restric/on	
  diges/on	
  

Select	
  minimum	
  /ling	
  path	
  (MTP)	
  

EtBr	
  or	
  Fluorescent	
  labeling,	
  
electrophoresis	
  and	
  FPC	
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Luo	
  et	
  al.	
  Genomics	
  2003	
  

High information 
content  fingerprinting 
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Nuclear	
  isola/on	
  

DNA	
  purifica/on	
  

Chloroplast	
  

Chromosome	
  Nucleus	
  

mRNA	
  

ATATACGGCATCGTCCG	
  

Plant	
  Cell	
  

Whole	
  genome	
  
shotgun	
  approach	
  

Random	
  shearing	
  

ATATACGGCGTCCGCGTCCGANNNATATACGGCAATCGTCCGATAATATACGGCAACGTCCGATAATATACGGCAATATACGGCCGTNNNAATATACGGCAACATATACGCGTCCGATAATATACGGCAGCAT	
  

How	
  do	
  we	
  
sequence	
  a	
  
genome?	
  

Chloroplast	
  

Chromosome	
  Nucleus	
  

mRNA	
  

Plant	
  Cell	
  

mRNA	
  
purifica/on	
  

cDNA	
  synthesis	
  and	
  
EST	
  sequencing	
  

(expressed	
  genes)	
  

EST	
  sequencing	
  

ATATACGGCATCGTCCG	
  

Expressed	
  
Sequence	
  
Tags	
  (ESTs)	
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cDNA	
  
synthesis	
  

RT	
  may	
  not	
  
reach	
  5’	
  end	
  	
  

Second	
  strand	
  
may	
  not	
  reach	
  

3’	
  end	
  	
  

cDNA	
  
synthesis	
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cDNA	
  
normaliza$on	
  

EST	
  libraries	
  

developmental	
  stages	
  

di
ff
er
en

t	
  /
ss
ue

s	
  

gene/c	
  diversity	
  

environmental	
  factors	
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Tissues	
  are	
  heterogeneous	
  

....AGTAGCTACGTAACGTCGAACGTTCGATACGTCTACGTGAGCATACGTCGTACGTACGATCGATCGTACGTACGGCTAGTATCGATCGATT.... 

Once	
  the	
  genome	
  is	
  sequenced...	
  

Genome	
  
annota/on	
  

Similarity/mo/f	
  
searches	
  

Func/on	
  

nc-­‐RNA	
   Repeats	
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•  De	
  novo	
  genome	
  sequencing	
  
•  Genome	
  re-­‐sequencing	
  

•  RNA-­‐seq	
  (Shotgun	
  –	
  DGE)	
  
•  Targeted	
  re-­‐sequencing	
  
•  Other	
  applica/ons	
  

– Chroma/n	
  immunoprecipita/on	
  
– Bisulfite	
  sequencing	
  
– Small	
  RNA	
  seqencing	
  

Nuclear	
  isola/on	
  

DNA	
  purifica/on	
  

Chloroplast	
  

Chromosome	
  Nucleus	
  

mRNA	
  

ATATACGGCATCGTCCG	
  

Plant	
  Cell	
  

Whole	
  genome	
  
shotgun	
  approach	
  

Random	
  shearing	
  

ATATACGGCGTCCGCGTCCGANNNATATACGGCAATCGTCCGATAATATACGGCAACGTCCGATAATATACGGCAATATACGGCCGTNNNAATATACGGCAACATATACGCGTCCGATAATATACGGCAGCAT	
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Nuclear	
  isola/on	
  

DNA	
  purifica/on	
  

Chloroplast	
  

Chromosome	
  Nucleus	
  

mRNA	
  

Plant	
  Cell	
  

Next-­‐gen	
  
whole	
  genome	
  

shotgun	
  approach	
  

Random	
  shearing	
  

ATATACGGCGTCCGCGTCCGANNNATATACGGCAATCGTCCGATAATATACGGCAACGTCCGATAATATACGGCAATATACGGCCGTNNNAATATACGGCAACATATACGCGTCCGATAATATACGGCAGCAT	
  

454	
  Life	
  Sciences	
  (Roche)	
  
www.454.com	
  

Roche	
  454:	
  Pyrosequencing	
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•  Uses the 
pyrophospahte to 
synthesize ATP and 
generate light with 
luciferase 

•  One of the 4 dNTPs 
is added at a time 

•  Excess nucleotides 
are degraded after 
each addition 

•  Strings of repeated 
bases are read as 
higher signal picks  

Roche	
  454:	
  Pyrosequencing	
  

Illumina	
  (Solexa)	
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Applied	
  Biosystems	
  

SOLiD:	
  Sequencing	
  by	
  liga$on	
  

Pacific	
  BioSciences	
  
www.pacificbiosciences.com	
  

Single-­‐Molecule	
  Sequencing:	
  	
  
Pacific	
  Biosciences	
  (SMRT)	
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A	
  human	
  genome	
  in	
  minutes	
  for	
  $100	
  
Pacific	
  BioSciences	
  

www.pacificbiosciences.com	
  

Single-­‐Molecule	
  Sequencing:	
  	
  
Pacific	
  Biosciences	
  (SMRT)	
  

Sequence	
  
capture	
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Other	
  Next-­‐gen	
  
applica$ons	
  

Next-­‐gen	
  sequence	
  

poly(A)	
  RNA	
  

Shear	
  RNA	
  

cDNA	
  short	
  read	
  
seq	
  

Map	
  to	
  genome	
  

Calculate	
  
transcript	
  level	
  

2	
  RPKM	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1	
  RPKM	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1	
  RPKM	
  

(Reads	
  Per	
  Kilobase	
  of	
  exon	
  model	
  	
  
per	
  Million	
  mapped	
  read)	
   Mortazavi	
  et	
  al.,	
  Nat	
  Methods	
  2008:	
  

Maximize	
  coverage	
  
for	
  SNP	
  discovery	
  
with	
  normalized	
  
cDNA	
  input	
  

Next-­‐gen	
  transcriptome	
  sequencing	
  


