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 Example of MAB Pipelining in Action:  

Large Fruit for Sweet Cherry
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Fast-Tracked Pipelining in 2010

Peach
1.Texture: endoPG 

F-M locus

2. Flavor: sweetness 

& acidity QTL

Cherry
1.Fruit quality: fruit 

size and firmness 

QTL

2. Flavor: acidity QTL

Apple
1.Flavor and Texture: 

acidity, crispness, 

juiciness  QTL

2.Texture: Firmness 

QTL

for Fruit Quality



A High-Impact Target                              

for Cherry Breeding



• Fruit size for sweet cherry

A High-Impact Target

Disease 

resistant

Disease 

susceptible

Elite sweet cherry cultivars

Wild forest cherries



Mapping & QTL Studies

Olmstead JW, Iezzoni AF, Whiting MD (2007). Genotypic differences in sweet cherry fruit size are primarily a function of cell number.  J. Amer. Soc. Hort. Sci. 132:697-703

EF   x   NY

• Sweet cherry genetic map created

• Nice QTL for fruit size identified

Zhang G, Sebolt AM, Sooriyapathirana SS, Wang D, Bink MCAM, Olmstead JW, Iezzoni AF (2009). Tree Gen. Genomes 6:1614-1642



• Functional alleles reported (thanks Amy!)

QTL Study

CPSCT038

BPPCT034

Fruit size               

QTL peak                           
(location of gene 

influencing cell 

number)

QTL
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• QTL paper published

Reported M-L-T Association



Total:  117    317      58       11          6            3

Plenty of Reported M-L-T Associations!



“Available M-L-T Associations Warehouse”

Total:  117    317      58       11

Warehouse

Breeding 

decision 

support



Example of MAB Pipelining in Action:

Large Fruit for Sweet Cherry



The MAB Pipeline
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The MAB Pipeline for Fruit Size
Consumer & 

industry value 

of large fruit

QTLs for 

fruit size

• Which crosses to 

make for efficient 

genetic gain in 

fruit size

• Efficient wild 

introgression

• Identify new 

genetic sources 

for large fruit

• Efficient seedling 

selection scheme 

to avoid wasting 

resources on 

small-fruited 

seedlings



Warehouse

Pipeline Infrastructure Components

Breeding 

decision 

support



1. Prioritization

Trait groups Traits in group
DNA info 

available?
MAB approach

Market-

defining

Harvest season,                       

Self-fertility, Fruit color,     

PM resistance

Usually Yes Parent selection

Primary Fruit size, Firmness Usually Yes
Parent & Seedling 

selection

Secondary

Sweetness, Acidity, 

Taste, Low astringency 

and bitterness

Usually Yes
Parent & Seedling 

selection



“Selection Target Identifier”

PI = $ x G x H

1. Prioritization



“Selection Target Identifier”

1. Prioritization

PI Marker-Locus-Trait Association

9.7 Fruit size   8-12 g

3.1 Fruit size 12-14 g

1.2 Sweetness 16-22
o

Brix

1.1 Fruit size 14+ g

1.0 Self-fertility

0.9 Powdery mildew resistance

0.8 Acidity - in balance with sweetness



2. Genetic Screening Efficiency

Sampling DNA 

extraction
Genotyping Information 

delivery

Silica Bead Method
ABI                    

(or PAGE)

Electronic 

database



2. Genetic Screening Efficiency

“Technology Portfolio”

Welcome to the      

TECHNOLOGY PORTFOLIO



3. Improved Markers

CPSCT038

BPPCT034

Fruit size 

QTL

SSR, 4 alleles

SSR, 7 alleles

…and fine mapping 

underway: SNPs being 

developed, controlling 

gene being sought



3. Improved Markers

genes

chromo-

some

markers

“Genome Database Resources”

Candidate genes to test 

(SCAR, SSR, SNP, or seq)



4. Validation

41 cultivars and 3 populations (417 seedlings)

Validation on “Pedigree Set”



4. Validation

57 cultivars and 23 populations (183 seedlings)

Sweet Cherry Crop Reference Set

“Crop Reference Germplasm Databases”

EmpressEugenie Napoleon BlackHeart EmperorFrancis Schneiders Rube Windsor BlackRepublican

Van Lambert JI2420 Regina Sam PMR-1 Bing Schmidt Gil-Peck

Stella EarlyBurlat Beaulieu F_PC7147-4 Summit Rainier Ambrunes P8-79 Vic Chinook Pop_5.4.15 Pop_9814-010 Ulster Sel_9819-031 Pop_9819-027

Newstar Cashmere Tieton Glacier 46-11 Benton Chelan 47-4 CC EE AA BB DD MIM17 JJ Pop_9816-112 GG Lapins Selah Sel_4.14.17-001 Pop_5.14.15 Pop_6.14.2 Brooks

Sweetheart Kiona Cowiche Pop_6.30.49 Pop_6.32.49 Pop_6.29.49 Pop_6.31.49 Pop_6.33.49 Pop_4.10.19 Pop_5.23.2 Pop_5.23.15 Pop_5.14.23 Sel_4.10.5-002 Sel_4.10.5-034 Pop_4.10.5 Sel_4.10.15-001 Pop_4.18.2 Pop_4.10.2 Pop_4.16.2

Sel_4.18.12-005 Pop_5.12.5 Sel_4.18.15-010 Sel_4.18.15-039 Sel_4.18.15-042 Sel_4.18.15-047 Pop_4.18.12 Sel_4.18.15-048 Pop_5.28.15 Pop_5.28.37



5. Utility

22 populations (219 seedlings)

Utility assessment on fruiting seedlings
EmpressEugenie F_Van EmperiorFrancis Napoleon F_Bing Kordia Gold Dzherlo Linda Katalin

Van Lambert J12420 Bing PopKo-8 PopGoxDz-10 PopLi-3 PopKa-2

Stella Beaulieu Schneiders Rube EarlyBurlat Rainier PopBi-2

Newstar Lapins Ambrunes Chelan PMR-1 Regina Tieton Cashmere P8-79

Sweetheart Kiona Selah PopLaxLa-4 PopLaxAm-26 PopLaxCh-41 PopLaxRe-4 Pop-LaxTi-11 PopRaxLa-1 PopLaxPM-3

PopSw-17 Pop-SwxSw-4 PopSwxAm-11 PopSwxCh-3 PopSwxPM-4 PopSwxRe-51 PopSwxTi-5 PopSwxKi-1 Pop-SexSe-7 PopSexPM-1 PopSexAm-1 PopSexVa-6 PopSe-16



5. Utility

E = large, firm

A = large, soft

B, C, D, F  

= small



5. Utility

EmpressEugenie Napoleon BlackHeart EmperorFrancis Schneiders Rube Windsor BlackRepublican Hedelfingen Kordia 8011-3 F_Van F_Bing F_PC7147-009

Van Lambert JI2420 Cristobalina Regina Moreau Sam Bertiolle Vittoria PMR-1 Bing Dzherlo Venus Schmidt Gil-Peck Pop_4.3.1 Pop_5.3.1

Stella EarlyBurlat Beaulieu F_PC7147-4 Summit Rainier Ambrunes P8-79 Vic Chinook Pop_5.4.15 Pop_9814-010 Pop_6.4.44 Pop_6.4.45 Pop_5.4.6 Pop_6.4.55 Pop_5.13.40 Ulster Sel_9819-031 Pop_9819-027 Pop_6.20.45 Pop_5.20.6 Pop_5.13.26

Newstar Sunburst Cashmere Tieton Glacier 46-11 Benton Chelan Krupnoplodnaya 47-4 CC EE AA BB DD MIM17 MIM23 JJ Pop_9816-112 GG Lapins Selah Pop_5.14.15 Pop_6.14.2 Pop_6.14.45 Pop_5.14.6 Pop_5.14.26 Brooks Index

Sweetheart Kiona Cowiche Pop_6.30.49 Pop_6.30.50 Pop_6.32.49 Pop_6.32.50 Pop_6.29.49 Pop_6.29.50 Pop_6.31.49 Pop_6.31.50 Pop_6.33.49 Pop_6.33.50 Pop_4.10.19 Sel_4.14.17-001 Pop_5.23.2 Pop_5.23.15 Pop_5.14.23 Pop_6.23.44 Pop_5.23.6 Pop_6.23.55 Sel_4.10.5-002 Sel_4.10.5-034 Pop_4.10.5 Sel_4.10.15-001 Pop_4.18.2 Pop_4.10.2 Pop_5.10.25 Pop_5.10.26 Pop_5.10.40 Pop_6.10.55 Pop_4.16.2 Pop_6.16.44 Pop_5.16.25 Pop_5.16.26 Pop_5.16.40 Pop_6.16.55

Sel_4.18.12-005 Pop_5.12.5 Pop_6.12.45 Sel_4.18.15-010 Sel_4.18.15-039 Sel_4.18.15-042 Sel_4.18.15-047 Pop_4.18.12 Sel_4.18.15-048 Pop_5.18.25 Pop_5.18.26 Pop_5.28.15 Pop_5.28.37 Pop_6.28.44 Pop_6.28.45 Pop_6.28.55

66 cultivars and 59 populations (414 seedlings)

PNWSCBP Breeding Pedigree Set

“Breeding Pedigree Germplasm Databases”



6. Parent Selection Decisions
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“Cross Planning Tool”

6. Parent Selection Decisions

X
„Glacier‟
large (DE)

self-fert.
(S4‟S9)

„DD‟
med (AF)

PM res (Rr)

self-incomp. 
(S1S4)

Glacier

DD



7. Seedling Selection Cost Efficiency & Logistics 

Spreadsheet tool:

Predicted savings for 1 marker, 50% cull



7. Seedling Selection Cost Efficiency & Logistics 

“Seedling Selection Efficiency Tool”

Welcome to your

EFFICIENCY TOOL

SEEDLING SELECTION



8. Trial Use

Fall 2010: Genotype ~1000 seedlings for 

fruit size, cull predicted small-fruited



The MAB Pipeline for Fruit Size

QTL for 

fruit size

• Which crosses to 

make for efficient 

genetic gain in 

fruit size

• Efficient wild 

introgression

• Identify new 

genetic sources 

for large fruit

• Efficient seedling 

selection scheme 

to avoid wasting 

resources on 

small-fruited 

seedlings

Consumer & 

industry value 

of large fruit



Further Benefits

•Describe genetic potential of new cultivars                                 

– to enhance cultivar adoption by growers

Dr. Nnadozie Oraguzie, 

sweet cherry breeder

Breeding 

orchard

Fruits of our labor
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Questions?


