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Market value of field peas

Visual quality requirements to qualify as “Canada No. 1” grade

• Green cotyledon peasGreen cotyledon peas
• Good natural green color

• Less than 2% bleached seeds

• Yellow cotyledon peas
• Good natural yellow colory

(Official grain grading guide of the Canadian Grain Commission, 2005)



Important visual quality traits

Market value of field peas
Important visual quality traits

• Seed size

• Shape  p

• Seed surface texture

• Uniformity of the seeds



How to improve the market value of peas 

• Need promising varieties with improved grade potential

• Genetic study of these quality traits are challenging

• Complex inheritance

• Strongly influenced by the environment

• Identification and characterization of the genetic and environmental 

control of these traits is vital for plant breeding

• Development of molecular markers to assist the breeding programs 



Objectives

• Characterize the genetic basis

• Green cotyledon bleaching in green pea

• Seed color in yellow pea

• Seed shape• Seed shape

• Seed dimpling in both yellow and green types

• Identification of molecular markers

Understand the biochemical changes of green cot ledon bleaching• Understand the biochemical changes of green cotyledon bleaching  

• Investigate the gene action of the seed coats during seed development



Development of test populations

Green pea Yellow pea

OrbCDC Striker

X

Alfetta CDC Bronco

X

OrbCDC Striker Alfetta CDC Bronco

90 individuals 121 individuals 



Characterization of test populations

• Evaluated in field experiments in 2006 and 2007

•Two locations with two replicates

•Saskatoon (SPG) and Rosthern( )

•Seeds harvested were evaluated for the quality traits



Assessment of seeds for visual quality

Accelerated bleachingColor related traits

High intensity light chamber
Hunter Lab colorimeter

Seed shape Seed dimpling: Visual scale

More blocky 
seeds

More round 
seeds

Dimpled: 5Smooth :1



DNA fingerprinting of the two test populations

Pea SSR and AFLP marker analysis of all the test lines
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Segregation of a microsatellites locus recognized by Pea SSR marker AA135

SSR markers
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Segregation of a AFLP locus recognized by the primer combination E_AAC and M_CAG

AFLP markers



Genetics of visual quality traits 

•Quantitative inheritance

•Controlled by several genes

Heritability : Seed shape

E E

Heritability : Seed dimpling

E E

G Y ll

G=0.90 G=0.86

Green peas Yellow peas

G=0.73 G=0.86

E

Green peas Yellow peas Green peas Yellow peas

Heritability : Seed bleaching Heritability : Yellow seed color
E

G=0.83G=0.72

E E

G=0.73

E
G=0.86

E

After lightBefore light Lightness Greenness



G t l d bl hi i t

Genomic regions controlling visual quality traits

Green cotyledon bleaching resistance

Based on Hunter Lab ‘a’ value of cotyledons after exposed whole seeds to light

AGAC1100.0

CAAA2226.8

G1-GROUP5

ACTC2230.0

LGIV-3

CCAT2300.0

AC586.2
ACAT26010.4
AC11 31712 1

LGV

ACTG3180.0

CCTA924.8

ACAG4509.8

G1-GROUP10

AB440.0

ACTC1559.1

LGIII-1

ACTC18611.6
CATT10513.6

AGAC29021.7

10.8

CCTA25011.8
CCAG20714.7

CCAG20520.5
AGAC11823.4
CAAT12525.3
CCAC26027.2
ACAC10529.0
ACTC12929 7

12.1

24.1

AC11_31712.1
AD55.2_28714.7
AD175_44215.1
CAAT16716.6
ACAA17718.0
ACAA18221.4
AGAC26523.8

AA399_26529.0
12.6

6.5

7.2

9.8
AD18912.8

CCAT33016.6
CAAA31519.3

CCAT44022.9 11.2

ACTC1559.1

ACTG20813.0

CCTG32018.5

ACAC14621.7

CCTC17225.9

7.8

AGTC11930.9

AGTA23036.0

ACTA18345.2

8.9

ACTC12929.7
AGTC54031.0
CCTG28234.1
AC11_30136.2
AD186_32039.0
CCTA17241.8
ACTC13943.3
CCTA17546.2
B11_38948.6
B17 42550 3

7.4

6
ACTA22630.8
AGTC14032.5
CAAG30835.7
CAAG29636.4
CCAC17439.9

2006 Rosthern

10.3

B17_42550.3

ACAT15256.9

23.8CAAG20256.0

2006 SPG

2007 SPG

2007 Rosthern
*Significant QTLs detected for two locations over two years are indicated as color coded boxes
*Number associated with the boxes indicated  the percentage of variance explained by that QTL location



Genomic regions controlling visual quality traits
S d h (G t t l ti )Seed shape (Green pea test population)
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ACTT17330.1
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CAAA2226.8

ACTC18611.6
CATT10513.6

AGAC29021 7

ACAA1753.8
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ACTT1759.5
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ACAT27017.3
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AGTC43549.0
ACTA29251.0
CCAG24551 6

AGAC29021.7

AGTC11930.9

AGTA23036.0

10 710

_
AA37_47521.0
ACTG19022.7
CATT25624.0
CGAG16626.1
ACAC13327.8
CCTC32529.7
CCTC36032.9
CGAG12336.2
CAAG26238.4
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8.0
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CCAG13836.6
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8.9

8.9
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0.2

7.8
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AC11_31162.9
CCAG18164.2
ACAA13164.7
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ACAG24566.3
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9 9
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ACAG37585.1

2006 SPG

2007 SPG

2007 Rosthern
*Significant QTLs detected for two locations over two years are indicated as color coded boxes
*Number associated with the boxes indicated  the percentage of variance explained by that QTL location



Seed shape (Yello pea test pop lation)

Genomic regions controlling visual quality traits
Seed shape (Yellow pea test population)
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AD146

2006 Rosthern

.1

B11_36344.8

CCTA28652.5

CAAG15355 8

2

CCAA14264.7
C19_32965.1
CATG12265.6
CGAG22866.8
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CATT24069.3
CCAC15770.8
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ACTC13775.2
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ACTA30283 2

AD14691.2
CATG20792.8
ACAG18593.9
AA92_426/44097.2
CCAC13699.4
CATT188100.9

ACAC142104.5
CAAA278106.0
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CCTA164112.5
AGTG286113.4

AGAT220117.3

2006 SPG

2007 SPG

2007 Rosthern
*Significant QTLs detected for two locations over two years are indicated as color coded boxes
*Number associated with the boxes indicated  the percentage of variance explained by that QTL location

CAAG15355.8 ACTA30283.2

ACAC18886.9
CGAT34087.5

CCTT253120.1

AGTT345130.2



Seed color in yellow pea LG VII - 2

Genomic regions controlling visual quality traits
Seed color in yellow pea

CGAC1180.0

CATA829.9

CGAG16613.2

CAAA23218.0

LG VII - 2

LG II - 2

9.8

* ** 22.3

*
CCTC2000.0
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AGAC18830.9
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2006 Rosthern8.5

17.3
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CCTT253120.1

AGTT345130 2

CAAG16550.0
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2007 Rosthern*Significant QTLs detected for two locations over two years are indicated as color coded boxes
*Number associated with the boxes indicated  the percentage of variance explained by that QTL location

AGTT345130.2



Seed dimpling (Green pea test population)

Genomic regions controlling visual quality traits
Seed dimpling (Green pea test population)

CCAT2170.0
B17_3397.4
CGAA21012.9
ACAA17315.7
CAAT51017.8
ACAG39719.9
CCAC42521 9

LGIV-1

AGAC1100.0

CAAA2226.8

G1-GROUP5

AA174_4200.0

AD186_2498.0

LGIV-2

AGAC1900.0
AGAC1921.3
ACAA1753.8
AGTG2955 6

LGI-4

CCAC42521.9
CCTG11823.4
CCTA14124.7
CCAG14128.1
ACTT17330.1
CAAG11531.1
CCAG47034.7
AGTG14237.4
AGAC24838.4
CAAT29039.2

ACTC18611.6
CATT10513.6

AGAC29021.7
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8.4

1

CCAG13412.6
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AD14419.6

ACTC14124.8

CCAC38029.0

AGTG2955.6
AGTA1188.6
ACTT1759.5
AA155_37313.0
CCTA15514.9
CCAC24615.4
ACAT27017.3
AD14718.2
AA31_27220.6
AA37_47521.0
ACTG19022 7 CAAG22841.1
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CATG13742.5
CGAA23543.7
ACAC10744.7
AGTC43549.0
ACTA29251.0
CCAG24551.6
B17_42752.7
ACTC17453 6

AGTC11930.9

AGTA23036.0

ACTA18345.2

12.6

9 0

AGTC14837.0

16.2

ACTG19022.7
CATT25624.0
CGAG16626.1
ACAC13327.8
CCTC32529.7
CCTC36032.9
CGAG12336.2
CAAG26238.4
CCAG24039.2
CCAG17742.4 ACTC17453.6

CATG48054.8
ACAA12756.9
AGTC13957.2
AD51_33058.1
CCAG7558.6
ACTC42059.1
CATT26460.4
AB44_28361.4
AC11_31162.9
CCAG18164 2 CCAG18164.2
ACAA13164.7
ACAG24065.7
ACAG24566.3
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CGAG23869.2
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15.6
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*Significant QTLs detected for two locations over two years are indicated as color coded boxes
*Number associated with the boxes indicated  the percentage of variance explained by that QTL location



Green cotyledon bleaching resistance

Bleaching whole seeds

Whole seeds CotyledonsCotyledonsWhole seeds

CDC Striker

21 days after 
bleaching

CDC Striker

bleaching 
treatment

Orb

B f d t li ht Aft d h l d t li htBefore exposed to light After exposed whole seeds to light 



Green cotyledon bleaching resistance

Bleaching of seed coat removed cotyledons

CDC Striker

Bleaching treatment 
for 7 days

Orb

After bleaching treatmentBefore bleaching treatment



Analysis of bio-chemical profiles of seed coats

Changes in total Chl in pea cotyledons
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Gene expression analysis of seed coats
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Gene expression analysis of seed coats

KEGE pathway analysis of transcriptional data



Conclusions

• Inheritance of all four visual quality traits are quantitative and under 

polygenic control with moderate to high heritabilitypolygenic control with moderate to high heritability

• Recognized several genomic regions controlling the market quality traits

• Molecular markers associated with identified genomic regions could be 

used to develop markers

• Seed coats protects green pea cotyledon from light mediated bleaching

• Chemical composition of the seeds coats may have an effect on p y

bleaching resistance

• Gene expression patterns are different between two pea cultivars• Gene expression patterns are different between two pea cultivars 



Future research 

• Fine tuning of recognized genomic regions in this study with more 

robust and accurate molecular markers than SSR and AFLProbust and accurate molecular markers than SSR and AFLP

• “Single Nucleotide polymorphic markers” (SNP)

• Development of global SNP genotyping flat form to fine map core 

mapping populations 
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