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TASSEL	
  
• Tools for phenotype to 

genotype analysis 
• Specialty is association 

mapping of structured 
populations 
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TASSEL	
  :	
  Tools	
  for	
  Gene5c	
  Research	
  
•  Associa5on	
  Analysis	
  (General	
  Linear	
  Model;	
  GLM	
  
and	
  Mixed	
  Linear	
  Model;	
  MLM)	
  

•  Genomic	
  Selec5on	
  (Ridge	
  Regression)	
  
•  Linkage	
  Disequilibrium	
  Analysis	
  
•  Missing	
  Data	
  Imputa5on	
  (genotype	
  and	
  
phenotype)	
  

•  SNP	
  Extrac5on,	
  filtering,	
  numericaliza5on,	
  
formaQng	
  (Hapmap,	
  Plink,	
  Flapjack,	
  and	
  Phylip)	
  

•  Diversity	
  Analysis	
  
•  Kinship	
  and	
  Principal	
  Component	
  Analysis	
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What’s	
  New	
  in	
  TASSEL?	
  
2.1 3.0 

Marker Number 1000s 1,000,000s 

PCA ü ü 

Genotypic Imputation ü 

LD Analysis ü ü 

Sliding Windows ü 

GLM ü Simpler Interface & 
Faster 

MLM ü Faster & More Data 

EMMA ü ü 

3PD & Compression ü 

Pipeline ü Many Improvements 

 

TASSEL can now handle millions of 
SNPs and it 1000X faster for key 

association analyses. 
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GLM/MLM	
  for	
  GWAS	
  

Phenotype on individuals 

Population  
structure 

Unequal  
relatedness 

Unequal  
relatedness 

Y = Q (or PCs) + Kinship + residual 
(fixed effect) (random effect) 

Mixed Linear Model (MLM) 
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New	
  algorithms	
  for	
  MLM	
  
•  EMMA:	
  Convert	
  op5miza5on	
  on	
  two	
  dimensions	
  

(gene5c	
  and	
  residual	
  variance	
  components)	
  to	
  one	
  
dimension	
  (their	
  ra5o),	
  faster.	
  By	
  Kang	
  et	
  al	
  (2007,	
  
Gene5cs)	
  

•  Compression:	
  To	
  group	
  individuals	
  into	
  group	
  to	
  reduce	
  
size	
  of	
  MLM	
  equa5ons.	
  Be_er	
  speed	
  and	
  be_er	
  power.	
  
By	
  Zhang	
  et	
  al	
  (2010,	
  Nature	
  Gene5cs)	
  	
  

•  P3D/EMMAx:	
  Popula5on	
  parameters	
  (such	
  as	
  variance	
  
components)	
  op5mized	
  only	
  once	
  and	
  fixed	
  in	
  screening	
  
SNPs,	
  Faster.	
  By	
  Zhang	
  et	
  al	
  (2010,	
  Nature	
  Gene5cs,	
  
named	
  as	
  P3D)	
  and	
  Kang	
  et	
  al	
  (2010,	
  Nature	
  Gene5cs,	
  
named	
  EMMAx).	
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Demonstra5on	
  
• How	
  to	
  start?	
  
• TASSEL	
  Graphic	
  User	
  Interface	
  (GUI)	
  
• Data	
  formats	
  
• GLM	
  as	
  example	
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www.maizegenetics.net/tassel 
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<Trait> EarHT dpoll EarDia
811 59.5 -­‐999 -­‐999

33-­‐16 64.75 64.5 -­‐999
38-­‐11 92.25 68.5 37.897

4226 65.5 59.5 32.21933
4722 81.13 71.5 32.421

A188 27.5 62 31.419
A214N 65 69 32.006
A239 47.88 61 36.064
A272 35.63 70 -­‐999
A441-­‐5 53.5 67.5 35.008
A554 38.5 66 33.41775
A556 28 65 31.929
A6 109.5 80.5 31.5175
A619 36 61 40.63
A632 60 61 35.953
A634 54 59 35.601
A635 37 64 35.3005

<Covariate>
<Trait> Q1 Q2 Q3
33-­‐16 0.014 0.972 0.014
38-­‐11 0.003 0.993 0.004

4226 0.071 0.917 0.012
4722 0.035 0.854 0.111

A188 0.013 0.982 0.005
A214N 0.762 0.017 0.221
A239 0.035 0.963 0.002
A272 0.019 0.122 0.859
A441-­‐5 0.005 0.531 0.464
A554 0.019 0.979 0.002
A556 0.004 0.994 0.002
A6 0.003 0.03 0.967
A619 0.009 0.99 0.001
A632 0.993 0.004 0.003
A634 0.897 0.1 0.003
A635 0.825 0.171 0.004

277
33-­‐16 2.00 0.18 0.02 0.00 0.15 0.00 0.02 0.00 0.18 0.17 0.02 0.10 0.00 0.00 0.00 0.00
38-­‐11 0.18 2.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.03 0.13 0.00 0.05 0.08 0.00 0.00
4226 0.02 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.10 0.00 0.02 0.00 0.00 0.00
4722 0.00 0.11 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.04 0.10 0.00 0.00 0.00
A188 0.15 0.00 0.00 0.00 2.00 0.02 0.01 0.00 0.00 0.00 0.16 0.00 0.00 0.07 0.00 0.00
A214N 0.00 0.00 0.00 0.00 0.02 2.00 0.08 0.00 0.00 0.02 0.00 0.00 0.00 0.87 0.78 0.73
A239 0.02 0.00 0.00 0.00 0.01 0.08 2.00 0.19 0.00 0.00 0.19 0.06 0.01 0.00 0.00 0.00
A272 0.00 0.00 0.00 0.00 0.00 0.00 0.19 2.00 0.14 0.11 0.10 0.01 0.00 0.00 0.00 0.00
A441-­‐5 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.14 2.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00
A554 0.17 0.03 0.06 0.05 0.00 0.02 0.00 0.11 0.00 2.00 0.08 0.00 0.00 0.05 0.00 0.15
A556 0.02 0.13 0.10 0.00 0.16 0.00 0.19 0.10 0.00 0.08 2.00 0.05 0.14 0.00 0.00 0.00
A6 0.10 0.00 0.00 0.04 0.00 0.00 0.06 0.01 0.11 0.00 0.05 2.00 0.00 0.00 0.00 0.00
A619 0.00 0.05 0.02 0.10 0.00 0.00 0.01 0.00 0.00 0.00 0.14 0.00 2.00 0.00 0.00 0.00
A632 0.00 0.08 0.00 0.00 0.07 0.87 0.00 0.00 0.00 0.05 0.00 0.00 0.00 2.00 1.16 1.12
A634 0.00 0.00 0.00 0.00 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.16 2.00 1.03
A635 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.00 0.00 0.15 0.00 0.00 0.00 1.12 1.03 2.00

Population 
structure 

Kinship 

Phenotype 

rs# alleles chrom pos strand assembly# center protLSID assayLSID panel QCcode 33-­‐16 38-­‐11 4226 4722 A188
PZB00859.1 A/C 1 157104 + AGPv1 Panzea NA NA maize282 NA CC CC CC CC AA
PZA01271.1 C/G 1 1947984 + AGPv1 Panzea NA NA maize282 NA CC GG CC GG CC
PZA03613.2 G/T 1 2914066 + AGPv1 Panzea NA NA maize282 NA GG GG GG GG GG
PZA03613.1 A/T 1 2914171 + AGPv1 Panzea NA NA maize282 NA TT TT TT TT TT
PZA03614.2 A/G 1 2915078 + AGPv1 Panzea NA NA maize282 NA GG GG GG GG GG
PZA03614.1 A/T 1 2915242 + AGPv1 Panzea NA NA maize282 NA TT TT TT TT TT
PZA00258.3 C/G 1 2973508 + AGPv1 Panzea NA NA maize282 NA GG CC CC CG CC
PZA02962.13 A/T 1 3205252 + AGPv1 Panzea NA NA maize282 NA TT TT TT TT TT
PZA02962.14 C/G 1 3205262 + AGPv1 Panzea NA NA maize282 NA CC CC CC CC CC
PZA00599.25 C/T 1 3206090 + AGPv1 Panzea NA NA maize282 NA CC TT CC TT TT

Genotype 

Association? 
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Visualiza5on	
  
Tools	
   Manhattan 

Plots 

LD Plots 
QQ Plots 
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Tassel	
  Pipeline	
  
www.maizegene*cs.net/tassel/docs/TasselPipelineCLI.pdf	
  

	
  •  Automates Complex Analyses. 
•  Don’t need to write Java Code. 
•  Threaded (Pipeline segments run 

simultaneously). 
•  Works from web site Tassel launch. 
•  Works from Command Line Interface. 
•  Can produce same graphs as GUI. 
•  XML Configuration Files 



PAG	
  2012	
  

Example	
  Pipeline:	
  GLM	
  Analysis	
  
	
  

java -classpath "%CP%" -Xms128m -Xmx1024m 
net.maizegenetics.pipeline.TasselPipeline 
-fork1 -h "mdp_genotype.hmp.txt“ 
-filterAlign -filterAlignMinCount 78 
-filterAlignMinFreq 0.05 -fork2 
-r "mdp_traits.txt" -fork3 
-q "mdp_population_structure.txt“ 
-combine4 -input1 -input2 -input3 
-intersect –glm -glmOutputFile glm_output 
-glmMaxP 0.001 -runfork1 -runfork2 
-runfork3	
  

Evaluated	
  	
  
2.4	
  Billion	
  	
  

GLM	
  Analyses	
  in	
  
14	
  CPU	
  Hours!	
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www.gramene.org/diversity/tassel_launch.html 
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TASSEL 4.0 introduces the next major 
improvements since TASSEL 3.0! Our new design 
puts emphasis on Efficiency, Performance, and 
Consistency. This is accomplished largely due to 
our bit-wise data storage and analysis algorithms. 
 

•  1.6 Million LD Calculations Executes 30 times 
faster in TASSEL 4.0! 

•  Distance Matrix for 1320 Taxa Executes 25 
Times faster in TASSEL 4.0! 

TASSEL 4.0 – It’s All About the Bits! 



PAG	
  2012	
  

Join	
  the	
  TASSEL	
  Community	
  
•  ~3000	
  Users	
  
•  TASSEL	
  Documenta5on,	
  Tutorial	
  Data	
  Sets	
  
	
  h_p://www.maizegene5cs.net/tassel	
  

•  Discussion	
  Group:	
  
h_p://groups.google.com/group/tassel	
  

•  Source	
  Code:	
  
	
  h_ps://sourceforge.net/projects/tassel	
  

•  Visit	
  Poster	
  993	
  (TASSEL	
  4.0:	
  Faster,	
  Larger	
  
Diversity	
  Analysis:	
  It’s	
  All	
  About	
  the	
  Bits)	
  

•  Email	
  developers	
  listed	
  on	
  the	
  poster	
  


