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Goal 
 
(1) Discuss the possibility of multi-trait indices for 
quality within the context of traditional breeding 
and genome wide selection (gws) 
 
(2) Discuss opportunities for new products based 
on real or perceived health benefits 
 
 



Breeding for quality may require that we have answers to the 
following questions: 

-What are the characteristics of quality? όǎǳƎŀǊΣ ŎƻƭƻǊΣ ŦƭŀǾƻǊΧύ 

-Can we measure them? 

-Is there variation for the trait? 

-Can objective data and trait indices help us improve quality or is 
quality about marketing new niches? 
 
-²Ƙŀǘ ƛǎ ǘƘŜ ǎŎŀƭŜ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ όάƭƻǿέ ƛǎ ƎƻƻŘ ƻǊ άƘƛƎƘέ ƛǎ 
good)?  .ǊƛȄ   Σ [    Σ IǳŜ    Σ ŜǘŎΧΦ 
 
-How do we weigh components of  quality with respect to each 
other? 

-Is there economic value and what is the market willing to pay? 



Examples drawn from processing tomato 
breeding 



Definition of quality might depend on end-use 
 (whole-peel vs paste) 



For the whole peel 
market, color is 
valued in contracts;  
Brix are not. 

tomato 

We can measure color as: L, a, b, 
Hue, chroma, G, R, B, luminosity, 
҈ ǊŜŘ ǘƛǎǎǳŜΣ ҈ ȅŜƭƭƻǿ ǘƛǎǎǳŜΣ ŜǘŎΧ 
 
Which measurements should we 
select for? 



L*

y = 0.9589x + 1.3866

R
2
 = 0.983

P<0.0001
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a*

y = 1.1612x - 8.2186

R
2
 = 0.9794

P<0.0001
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b*

y = 0.976x - 4.5399

R
2
 = 0.9604

P<0.0001
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Tomato Analyzer ς Color Test 
(Darrigues et al., JASHS, 2008, 133, 579-586 ) 



PCA and Development of Multi Trait Index 

  Principal Component 1     Principal Component 2     

BC2     BC2S4   TC19F2 BC2   BC2S4   TC19F2 

  Fremont Wooster Fremont Wooster Fremont Fremont Wooster Fremont Wooster Fremont 

%YSD 0.4819 0.4535 0.4463 0.4157 -0.39377 -0.0267 -0.0911 -0.2147 -0.2896 0.301172 

%RED -0.4171 -0.4487 -0.401 -0.4371 0.444605 0.0485 -0.0451 0.1552 0.0994 -0.28885 

L* 0.3731 0.338 0.3658 0.4263 0.110363 0.1677 0.0969 0.2416 0.0798 0.396884 

a* -0.3764 -0.3708 -0.3528 -0.1054 0.506258 0.4461 0.4675 0.4582 0.6575 0.156219 

b* 0.2341 0.2807 0.3517 0.3974 0.190713 0.5801 0.5583 0.4777 0.3682 0.588045 

Hue 0.5078 0.512 0.4609 0.4471 -0.43707 -0.0179 -0.0161 -0.159 -0.2279 0.347519 

Chroma 0.0178 0.0198 0.2138 0.2923 0.389094 0.658 0.6707 0.6388 0.5293 0.421159 

Proportion 0.5382 0.5283 0.6178 0.6228 0.517 0.3265 0.3138 0.2726 0.313 0.3333 

Cumulative - - - - - 0.8647 0.8422 0.8904 0.9358 0.8503 

For three separate populations, PCA-1  is strongly weighted 
toward color uniformity and color while PCA-2 is weighted 
toward color intensity (Audrey Darrigues) 



y = 0.7004x + 4.9876

R2 = 0.271
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There is a moderate genetic signal for measures 
of color uniformity (h2 = 0.25 ς 0.35) 

Equal weight to % YSD and Hue measurements 
(in both cases, lower is better) 



How does our evaluation strategy compare to 
processor grades? 
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Hue uniformity 

Proportion No. 1 tomatoes VS Hue uniformity 

Data for 8 varieties, 2 years, 552 loads 



For color/color uniformity we can focus on two 
measures (out of ~ 11) 
 
We weigh them equally, and scale them such that lower 
values are better. 
 
A change in 2 units (50% improvement) is worth 
~$60/acre (a 5% increase in yield is worth ~$150) 
 
What about Birxo  ? 
What about firmness ? 
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What about flavor? 

Correlation between flavor ratings conducted 
ōŜǘǿŜŜƴ ǘǿƻ ƭƻŎŀǘƛƻƴǎ ŘǳǊƛƴƎ ǘƘŜ D[±²D άIŜƛǊƭƻƻƳ 
ŜǾŀƭǳŀǘƛƻƴǎέΦ 



Traits for human health and nutrition 
 
Do we know what compounds are nutrients? 
(biochemical substance used by the body that must be supplied in 
adequate amounts and are essential for the growth of organisms) 

 
Can we measure them? 





Naturally occurring variation in 
the biochemical pathway leads to 
variation in carotenoid 
concentration and structure 



Genes in carotenoid biosynthesis pathway have 
been cloned and markers exist for many of the 
genes and alleles 

Extraction of DNA 



High throughput analysis of lycopene & 
other carotenoids using IR Spectra 
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Lycopene 

            Red Tomato 
            Yellow Tomato 
            Green Tomato 

trans-

lycopene 



Infrared Spectroscopy 

Yuwana Halim and Luis Rodriguez-Saona 


