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Before Moving Forward, You May 
Wish to…	  

•  Download, install, and open R 
– R is available at www.r-project.org

•  Download the script and data
– Available at www.extension.org/pages/

61006 
– Script – TBRT2011.txt 
– Data - TBRTQuality.csv 



Objectives 

•  Locate and obtain SolCAP phenotypic data

•  Estimate trait heritability on a line mean 
basis

•  Estimate BLUPs for a trait on a per line basis



Experiment Design 

•  Field evaluations conducted in 2009, 2010 
•  Locations in CA, OH 
•  2 reps in each year in each location (OH 

2010 1 rep only) 
•  Randomized complete block design 
•  143 processing breeding lines and varieties

– Donated by public breeding and genetics 
programs or commercially available 

•  Multiple fruit collected for each plot 



Data Collection 
•  Fruit cut & scanned for 

size, shape, & color 
analysis

•  Images analyzed using 
TomatoAnalyzer
http://
www.extension.org/
pages/32374 

•  Quality analysis – pH, 
Brix, titratable acids

•  Obtain standardized 
data that can be stored 
in databases



Locate Data – SolCAP Website 

www.solcap.msu.edu 



http://www.solcap.msu.edu/tomato_phenotype_data.shtml 

•  Data available in 
coop guides (.xls 
format) 

•  Images available in 
zip folders – 
WARNING – these 
are large!



Locate Data – SGN Website 
www.solgenomics.net 

•  Data will be available in a searchable database 



Sample Analysis Using Brix Data 

•  Data file ready for analysis: 
TBRTQuality.csv 

•  R Script used for analysis: TBRT2011.txt 
•  Available at: www.eXtension.org/pages/

61006 



Working with R 

www.r-project.org 

Introduction to R Webinar Recording
http://www.extension.org/pages/60427 



Setting Working Directory in R	  
•  Simplifies commands for importing and 

exporting data by eliminating the need to 
write full path statements 

PC	   Mac	  



Importing & Checking Data	  



Visualizing Data	  
hist(Brix, col=“gold”)  boxplot(Brix~Loc, 

xlab=“Location”, 
ylab=“Degrees Brix”, main 

= “Degrees Brix by 
Location”, col=“pink”) 



Multi-year, Multi-location Data	  
•  Brix data from 143 lines collected in 2 

years, 2 locations, 2 reps per location 

•  Model - (BRIX ~ (LINE) + (LOC) + (YEAR) 
+ (REP%in%LOC:YEAR) + (LINE:LOC) + 
(LINE:YEAR)) 
– Denote nesting using %in%
– Denote interactions using a colon or asterix 

between terms



Treating Main Effects	  
•  Need to make decisions of whether to treat main 

effects as fixed or random
–  This has implications for analysis

•  Random effects – used when we believe our data 
are drawn from a subset representing all possible 
genotypes (locations, years, etc…) 

•  For many plant breeding applications we would 
consider main effects to be random, and would 
want to estimate the proportion of variance due 
to effects in our experimental design (e.g. 
estimates of heritability) 

•  Use lme4 package in R 



Installing & Loading lme4 Package	  
•  Install - first time 

•  Load – every time 
•  library(lme4) 



Calculating Variance Components	  
•  brixvarcomp = lmer(BRIX ~ (1|LINE) + (1|

LOC) + (1|YEAR) + (1|REP%in%LOC:YEAR) + 
(1|LINE:LOC) + (1|LINE:YEAR)) 

•  summary(brixvarcomp) 



Estimating Heritability on a Line 
Mean Basis	  

•  Heritability = var(LINE)/[ var(LINE) + var
(LINE:LOC)/2 + var(LINE:YEAR)/2 + var
(RESIDUAL)/4] 
= 0.1919/[0.1919 + (0.0095/2) + (0.0102/2) 
+ (0.2578/4)] 
= 0.72 



Selection	  

•  When estimating heritability, ignore main 
environmental effects

•  Justification for doing so is in part 
because assume that will account for 
these effects prior to selection 

•  Make selections based on BLUPs



BLUPs	  

•  Best Linear Unbiased Predictor
•  Allows us to account for environmental 

factors in our model, missing data, etc..
•  BLUPs shrink estimates toward the mean 
•  Calculate a BLUP for each line for each 

trait 
•  Make selections based on BLUPs



Estimating BLUP for Each Line	  



BLUP Distribution	  



BLUPs and Line Means	  

•  Highest values for 
lines developed for 
arid environment 

•  BLUP shrinks outliers 
toward the mean 

•  Brix and yield are 
significantly 
negatively correlated 
– this has 
implications for 
selection…..
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