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Changing Landscape
 

Invention Model Connection Model
 

The lab is The world 

my world is my lab 

Colleagues Universities Government Labs
 

Suppliers Food Other 
Manufacturers Industries 
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Complex Breeding Focus
 

Grower Needs Miller Needs Product Needs Consumer Needs 

Johnson 

Advantaged Finished Product 

Yield Components 

Processing components 

Hedonic components 

L. 2002. A dozen years of marker assisted sweet corn 

breeding. Presented at the International Plant and Animal Genome 

Meeting, San Diego, CA USA, 12 January 2002. 
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High Paced Breeding Cycle
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Workflow
 

Genotype
 
Illumina
 
Genotype by Sequencing
 

Clean the genotypic matrix 

Segregation 

Minor allele frequency 

Missing data/imputation 

avgbs_26372 13A 4.6 0 1 1 1 1 . . . . . 0 1 0 0 1 1 0 1 1 1 1 1 . 1 1 . 1 1 1 .

avgbs_81267 13A 4.6 0 1 . 1 1 . 0 0 0 0 0 1 0 0 0 1 1 1 . 1 1 1 1 . 1 1 1 1 1 1

avgbs_81268 13A 4.6 0 1 . 1 1 . 0 0 0 0 0 1 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_57381 13A 8.4 1 . 1 . 1 0 . . . 0 0 1 0 0 1 1 1 . . 1 1 1 1 1 1 1 1 . 0 1

avgbs_57378 13A 8.4 1 . 1 . 1 0 0 0 . 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

avgbs_30458 13A 9.7 1 0 . . 1 . 1 0 . 0 0 1 0 0 1 1 1 1 . 1 1 1 . 0 1 1 1 . 0 1

avgbs_91152 13A 9.7 1 0 . . 1 0 1 0 0 0 0 1 0 0 1 . 1 . 1 1 1 1 1 1 1 1 1 . 0 1

avgbs_28258 13A 9.7 1 0 0 1 1 0 1 0 0 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 . 0 1

avgbs_34946 13A 16.3 1 0 0 . 1 . 1 0 0 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 . 0 1

avgbs_69473 13A 23.5 1 . 1 1 1 0 1 0 0 1 0 0 1 1 1 . 1 1 0 1 1 1 0 . . 1 . . 0 .

avgbs_103639 13A 29.2 0 1 1 . 1 1 1 1 1 . 1 . 0 . 1 1 1 1 1 . 1 1 . 1 1 1 . 1 1 1

avgbs_31799 13A 29.6 1 . 1 1 1 . 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 . . 1

avgbs_101493 13A 29.9 0 1 1 1 1 1 1 1 1 . 0 0 0 . 1 1 1 0 1 0 0 1 1 1 0 1 1 1 1 1

avgbs_9188 13A 34.6 1 1 . 1 . 1 . 1 . 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1

avgbs_13413 13A 34.6 0 1 . 1 1 0 . 1 1 . 0 1 0 . 1 1 . 1 1 1 1 . 1 1 1 1 1 1 1 .

avgbs_6734 13A 34.6 1 1 . 1 . 1 1 . 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_14696 13A 34.6 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 . . 1 1 . 1 1 1 1 1 1

avgbs_120659 13A 34.6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_32223 13A 38.3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_87945 13A 44.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . . 1 1 1 . . . 1 1 1 1 1

avgbs_124422 13A 44.6 . . 1 1 1 . 1 0 0 1 1 1 0 . 1 1 1 1 1 1 1 1 1 1 1 1 1 . . 1

avgbs_110874 13A 44.6 1 1 . 1 . 0 1 0 0 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 . 1

avgbs_53509 13A 44.6 1 1 1 1 1 0 1 0 0 1 1 1 0 0 1 1 0 . 1 1 1 1 1 1 . 1 1 0 . 1

avgbs_83987 13A 50.7 1 1 1 1 1 1 1 1 1 . 0 . 0 0 1 1 1 1 . 1 1 1 1 . 1 1 1 1 1 1

avgbs_4261 13A 55.3 1 . 1 1 . 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 . . . . 1

avgbs_59646 13A 55.3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_9758 13A 56.3 1 1 1 1 1 1 1 1 1 . . 0 0 0 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1

avgbs_56116 13A 63.1 1 0 1 0 1 0 . 1 1 . 0 . 1 1 . 1 1 1 1 1 1 1 1 1 1 . . 1 1 .

avgbs_26419 13A 63.1 1 . 1 0 1 0 0 1 1 . . 0 1 1 . 1 1 1 1 1 1 1 1 1 1 . 0 1 1 .

avgbs_25639 13A 63.1 1 . . 0 1 0 . 1 1 0 0 . 1 1 . 1 1 1 1 1 1 0 1 1 . . 0 1 1 .

avgbs_106830 13A 63.1 1 0 . 0 1 0 . 1 1 0 0 . 1 1 . 1 1 1 1 0 0 . 1 0 0 . 0 1 1 .

avgbs_84250 13A 63.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_84249 13A 63.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_65480 13A 64.3 1 1 . 1 1 1 1 1 1 . . . . . 1 1 1 0 1 1 1 1 . 1 0 1 1 1 1 1

avgbs_80920 13A 64.3 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_117017 13A 66 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1

avgbs_75746 13A 66 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_116601 13A 66 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_114867 13A 71 1 1 . 1 1 1 1 1 . 1 1 1 1 0 1 1 1 1 1 . . . 1 . 1 1 1 1 0 1

avgbs_72065 13A 71 1 1 1 1 1 0 1 0 . 1 1 1 0 0 0 1 . 1 . 1 1 . 0 1 . 1 1 . 0 1

avgbs_118144 13A 71 1 1 1 1 1 1 1 1 . 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

avgbs_94361 13A 71 1 1 1 1 1 1 1 1 . 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

avgbs_24516 13A 71 1 1 . 1 1 0 1 0 . 1 1 1 0 0 1 1 1 1 1 1 1 1 . 1 1 1 1 1 0 1

avgbs_79663 13A 71 1 1 1 1 1 1 1 1 . 1 1 1 1 0 1 1 1 1 1 1 1 1 . 1 1 1 1 1 0 1

avgbs_92520 13A 71 1 1 1 1 1 1 1 1 . 1 1 1 1 0 1 1 . 0 1 1 1 0 1 1 0 1 1 1 0 1

avgbs_118146 13A 71 1 1 1 1 1 1 1 1 . 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

avgbs_76309 13A 71 1 1 1 1 1 1 1 1 . 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

avgbs_49972 13A 71 1 1 1 1 1 1 1 1 . 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

avgbs_17301 13A 71 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_17300 13A 71 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_9973 13A 72.9 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 . . . . . . 1 . 0 1 1 1 1 1

avgbs_32658 13A 77.2 1 0 . 0 . 1 . 1 1 0 0 0 . 1 . 1 1 1 1 1 1 1 1 1 1 . 0 1 1 .

avgbs_81302 13A 77.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 . 1 1 0 1 1 1 1 1

avgbs_51241 13A 78.8 1 1 1 1 1 0 1 0 1 1 1 1 0 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1

avgbs_104327 13A 85.2 1 1 1 1 1 0 1 0 . 1 1 1 0 0 0 1 1 . . 1 1 . . . . 1 1 0 0 1

avgbs_122530 13A 85.2 0 0 . . 1 . 0 1 1 0 0 . 1 1 0 1 0 1 1 1 1 . 1 1 1 . 0 1 1 .

avgbs_69283 13A 85.2 1 1 0 1 1 0 1 0 . 1 1 1 0 0 0 1 1 . 1 1 1 1 . 1 . 1 1 0 0 1

avgbs_99633 13A 85.2 1 1 . 1 1 0 1 0 1 1 1 1 0 1 0 1 1 . 1 1 1 . 0 . 0 1 1 . 1 1

avgbs_123948 13A 85.2 1 . 1 1 1 0 1 0 . 1 1 1 . . 0 1 1 1 1 1 1 1 1 1 1 1 1 0 . 1

avgbs_40494 13A 85.2 1 1 . 1 1 0 1 0 1 1 1 1 . 1 . 1 1 1 1 1 1 1 . 1 1 1 1 0 1 1

avgbs_70829 13A 85.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . . 1 1 1 . 1 1 0 1 1 1 1 1

avgbs_107919 13A 85.2 1 1 0 1 1 0 1 0 . 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1

avgbs_36877 13A 88.2 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1

avgbs_122829 13A 88.2 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 . 1 1 1 1 1

avgbs_125179 13A 90 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1

avgbs_32931 13A 103.4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

avgbs_117693 13A 117 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1

Evaluate phenotypes 

ANOVA 

BLUP 
Optimize predictive models 

Marker-trait 
Must handle n << p 

associations 
Cross validation 

Virtual breeding cycles 

Cross evaluation and selection 

Progeny simulation 
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Predictive Model Selection
 

Try various models across all traits 

Grid of tuning parameters 

Automated workflows 

Cross validation 

Learning curves
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~ Predicted: BG_WINTER 

NAME COOPERATOR BG_WINTER2010~ 2010AB ... . .. 
103 SECTARIAT l.A495 LSU 4.92413328 4.95000 JS 
104 UFRGS077026.2 LSU 4.93758656 4.99000 

105 TX07CS1268 TXA&M 4.96337543 4.92000 

106 TX07CS2235 TXA&M 4.96337543 4.98000 

107 TAM0606 TXA &M 4.96587521 4.87000 

0.92 108 TX05CS 542 TX A&M 4.96790619 5.11000 . 
109 FL03001BSB.S7 LSU 4.99364088 5.05000 . . 
110 UPF95H900.10 LSU 4.99453399 5.14000 

Pft(ljded 111 l.A04014SBSB.39 LSU 5.01249361 5.09000 
lW'f_lg_hl_Cass_2011 112 l.A04004SBSB.121 LSU 5.01463286 5.06000 

113 TROPHY LSU 5.01745808 4.95000 
0.63 0.92 114 HARRISON LSU 5.03024168 4.98000 

. 11 5 Rogers 5 03361809 5.00000 . 
116 TX05CS 556 TX A &M 5.03476041 4.98000 

lWT gl 117 UPFA22 LSU 505722227 5 07000 
hll_CASS_2010 .. 118 TX05CS347.1 TX A &M 5.06391996 5.20000 

119 Clintland 64 5.08907712 

120 FL0238BSB.22 LSU 5.1102711 4 5.12000 

121 Sure Grain NC State 5.11245196 5.25000 

122 TX07CS1039 TX A&M 5.12585795 5.16000 

1WT_LB_BU_CASS_201t 123 TX07CS2140 TX A&M 5.12585795 5.18000 

124 UPF98H2000.4 LSU 5.12598583 5.20000 

125 UFRGS087129.1 LSU 5.15376563 5.26000 

0.66 126 TX07CS1402 TX A&M 5.15872817 5.15000 

127 TX07CS2350 TXA &M 5.15872817 5.27000 

6.5 128 l.A04018SBSB.181 LSU 5.1658908 5.19000 

6.0 
129 Floriland NC State 5.19391745 5.28000 

CD g~/ 130 HORIZON 270 LSU 5.21327203 5.20000 <( . / 0 5.5 131 TX07CS1965 TX A &M 5.23528629 5.20000 c; ,. 
N 8 ·'P' 132 FL03167BSBS.3 LSU 5.30234613 5.41000 
0:: 5.0 .. ~"ii w 133 Florida 500 NC State 5.34196285 5.36000 I-

/~ z .. 
~ 4.5 134 Santa Fe NC State 5.34902826 5.38000 

C) 135 FL03053.S06.15.B.S1 B LSU 5.46843863 5.57000 
CD 4.0 

· : 0 136 TX07CS1948 TX A&M 5.74128564 5.88000 
Beta glucan 3.5 : 137 l.A03046SBS7.B.S1 LSU 5.74654424 5.82000 

138 l.A97006GSB.59.2.4.SBS1 LSU 5.82432728 5.90000 
3.5 4 4.5 5 5.5 6 6.5 

139 FL04155.S06.31 .B.S1 LSU 6.28286917 6.47000 
Predicted_ Value 

imp · _ §.sas. 1 =ow. 

Predictive Model Validation
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Cross Evaluation
 

Training population 

25 crosses 

20 lines/cross 

All pair-wise crosses 

Summary stats of 

distribution 

> 1 million crosses 

Min. -1 μ 1 Max. 

SD 
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File Edit Tables 

~ rJl ~ J 
G:_ nam2_ce 

C• Source 
\. Multivariate 

~Columns (5410) 

~ p_idP 
~ m_id(Q 
... BU__AC_Mean 
.... BU_AC_Max 
A BU_AC_Mln 
... BU_AC_Range 
A BG_Mean 
A BG_Max 

A BG_Min 
A BG_Range 
A FAT_Mean 
... FAT_Max 
A FAT_Mln 

A FAT_Range 

A BYDV Mean 
A BYDV_Max 
A BYDV_Min 
A BYDV_Range 
A SR_Mean 
A SR_Max 
A SR_Mln 
A SR_Range 
..illl CR_Mean 
A CR_Max 
A CR_Min 

8 Rows 

All rows 
Selected 
Excluded 
Hidden 
Labelled 

File Edit Tables Rows Col File Edit Tables Rows Cols DOE Analyze Graph Lucky Tools View Window Help 

•' "" ?'3>el () "P O.. + l!..JS C>o . Rows Cols DOE Analyze Graph Lucky Tools Viev. ~ rJI t) .J (iil d' :U 
I C ~ l;t ~ N .. 1111 II;. ~ H • Untitled 7 

989,1211 

0 
0 
0 
0 

BU_A1 Linked Subset This subset is link 

p_ld 

2010YOOO 

2010YOOO 

2010YOOO 

4 2010YOOO 

5 2010YOOO 

m_ld 

2010YOOO 

2010YOOO 

2010YOOO 

2010YOOO 

2010YOOO 

66.645 

64.613 

66.331 

66.645 

66.645 

6 2010YOOO 2010YOOO 
~~~~~~~~~~ ..... 

65.628 • Columns (54/0) 

67.158 ~ p_ld(.:l 2010YOOO 2010YOOO 

8 2010YOOO 2010YOOO 

9 2010YOOO 2010YOOO 

10 2010YOOO 2010Y001 

11 2010YOOO 2010Y001 

12 2010YOOO 2010Y001 

13 2010YOOO 2010Y001 

14 2010YOOO 2010Y001 

15 2010YOOO 2010Y001 

16 2010YOOO 2010Y001 

~ Select dominant high v ... 

Check boxes for high values 
Uncheck boxes for low values 

~ BU_AC_Max 

~ BG_Max 

0 FAT_Min 

0 BYDV_Min 

0 CR_Min 

~ PERCENT_GROATS_Max 

~~~ 

64.718 ~ m_idtO 

66.114 A BU_AC_Mean 

64.878 A BU_AC_Max 

67.970 A BU_AC_Min 

62_682 A BU_AC_Range 

64_145 A BG_Mean 
A BG Max 

66.438 A BG - Min 
62·682 A BG=Range 
65.547 A FAT_Mean 
65.918 A FAT_Max 

67.490 4111 FAT_Min 

65.828 ... FAT_Range 

67.189 A BYDV _Mean 

67.513 ... BYDV_Max 
A BYDV Min 

66·588 A BYDV - Range 
66.724 -

65.198 R 
67.030 • OWS 

All rows 
67

·
071 

Selected 
64.078 Excluded 

68.158 Hidden 

67.31 Labelled 

30 2010YOOO 2010Y003 66.242 

31 2010YOOO 2010Y003 65.960 

32 2010YOOO 2010Y003 68.193 

33 2010YOOO 2010Y003 63.902 

34 2010YOOO 2010Y003 65.39 

0 

0 
0 

A c......._ 

BYOV_Min 

CR_Min 
PERCENT_GROATS_Max 

7.4 

6.4 

11 

78 
76 
74 
72 

BU_AC_Max BG_Max FAT_Min BYDV_Min CR_Min PERCENT _GROATS_Max 

-0 4428 -0 4579 0 3331 1.0000 -0 1 815 0 6165 
-01180 -03803 05884 -01815 1.0000 0 0977 
-0 4787 -0 6402 04841 06165 0 0977 1.0000 

~CENT_GROATS_ 

<,-..-,.~,-.-.,.--.--l.,....l"TT"',.,"T"T"',...-,-\-.......,l"TT''T"'"1-......,,--\--r.,...T""'T..,..TTT-,.-'r.,-......,"TT'"TTT,.,.....,,+,,-,......,...,,.,....,-..,....-' 

65 70 75 80 6.2 6.6 7 7.4 5.6 6 6.4 6.8 -5 -3 -1 0 1 3 4 5 6 7 8 9 11 72 76 80 82 

imp §.sas. 1 ~~. 

Cross Selection 
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Output Description 

LI Drill Downs 
r Select progeny then click 

Evaluate Crosses I 

View Data I 
Reopen Dialog I 
Create Report I 

Close All 

Trait Statisful 

LI 8 Multivariate 

LI Correlations 
BU_AC_Score BG_Score 

BU_AC_Score 1.0000 -0.5721 
BG_Score -0.5721 1.0000 

LI 8 Scatterplot Matrix 

92 

90 

88 

86 

84 

82 

80 

78 

76 

74 

BU_AC_Score • 

7.4 
1.3 
7.2 
7. 1 

1 
6.9 
6.8 
6. 1 
6.6 
6.5 
6.4 
6.3 
6.2 
6.1 

.6 ... 

\ ,, . 

BG_Score 

..,__~~~~~~~~~~~~-':=~'****~****'~****~'****"" 

74 76 78 80 82 84 86 88 90 92 6.1 6.3 6.5 6.7 6.9 7.1 7.3 

imp -·-.___ §.sas. 1 ~~. 

Progeny Simulation 
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Applications to Tox Research
 

Build “genomic selection” predictive models on mouse or rat 

lines 

Optimize animal line selection and potentially create new breeds for 

desired traits 

Dittos for microbes and viruses that interact with the environment 
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