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Health benefits of pulse crops
Whole grain/natural
Moderate protein content
Moderate starch/energy content
Moderate fiber content
Low fat content
Low glycemic index
Gluten free
Low alergencity

Can we improve them further?



Issues with gluten ....

 1-2% with celiac disease
 2% with wheat allergy
 5% with irritable bowel syndrome (gluten sensitive)

= 9% of the USA population

Source: Buhler (Switzerland)

BUT,
40% of the USA population 
avoided wheat in 2014

A good opportunity for pulses!



The nutritional value and 
health benefits of pulses 
for obesity, diabetes, 
heart disease and cancer 



Presenter
Presentation Notes
From HarvestPlus:  2 billion people suffer from ‘hidden hunger’ caused by diets lacking in essential micronutrients, often Vitamin A, Fe, and ZnGoal of biofortification is providing crop varieties of staple foods which are more nutrient denseLonger term goal of improving diets is increasing diversity of diets (fruits, vegetables, pulses). 
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Top Canadian pea export 
destinations in 2013-14

Country tonnes
India 985,000
China 967,000
USA 193,000
Bangladesh 186,000
Others 449,000
Total 2,780,000

Statistics Canada, Saskatchewan Ministry of Agriculture, 2014
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Vermicelli noodles
from Canadian yellow
pea starch (Shandong Prov. China)



Some emerging markets for pea ....

 Protein fractions from dry and wet milling
in China (wet), integrated with starch noodle production
in France and Belgium (wet) [Roquette, Cosucra]
in USA (dry) [Alliance Grain Traders]

 New food uses as flours or fractions [Nestle, 
General Mills, others]

 Expanded pet food uses

 Flour incorporated into Chinese wheat-based staple foods
(noodles, steamed bread, biscuits)



Key pea breeding/research goals

•2% annual gain in yield 
•Implement marker-assisted selection for key traits

mycosphaerella blight, lodging, Fe
•Genome sequence development and utilization

international consortium
•Biofortification

increased concentration 
increased bioavailability (low phytate)

•Heat tolerance during flowering



Percentage of RDA provided by 100 g (dry wt.) pulses
% of RDA in 100 g dry wt

Component RDA Bean Chickpea Field pea Lentil

male female units male female male female male female male female

K 4700 4700 mg 44 44 n/a n/a 22 22 20 20

Mg 420 320 mg 54 70 40 53 28 36 24 31

Ca 1000 1000 mg n/a n/a 5 5 n/a n/a 3 3

Zn 11 8 mg 27 38 23 31 27 38 42 58

Fe 8 18 mg 87 39 65 29 67 30 109 48

Mn 2.3 1.8 mg 56 72 104 133 54 69 60 76

Cu 0.9 0.9 mg 113 113 78 78 64 64 90 90

Ni 1 1 mg 60 60 n/a n/a 27 27 15 15

Se 55 55 μg 81 81 133 133 85 85 215 215

Ray et al. 2014 Crop Sci 54:1698-1708



 Phytic acid
- Storage form of P in seeds
- Mixed cationic salt 
- Not well digested

• Binds K+, Mg++, Ca++, Mn++, Zn++, Fe+++

(Ref: http://www.seedbiology.de)

Myo-inositol hexakisphosphoric acid Phytate-Metal Complex



Performance of low-phytate pea lines 1-150-81 and 1-2347-144 in comparison to CDC Bronco 
in field trials in Saskatchewan in 2009 and 2010
Variety Grain yield 

(t/ha)
Seed weight 

(g/1000)
Total P (mg/g) Phytate-P 

(mg/g)
Inorganic-P 

(mg/g)
1-150-81 5.15 203 3.37 1.12 1.08
1-2347-144 5.53 204 3.17 1.01 1.00
CDC Bronco 6.02 217 3.20 2.50 0.25
LSD (0.05) 0.42 6.6 ns 0.23 0.07
n 4 4 4 4 4

T.D. Warkentin, T. Delgerjav, G. Arganosa, A.U. Rehman, K.E. Bett, Y. Anbessa, B. Rossnagel, and V. 
Raboy, 2012. Development and Characterization of Low-Phytate Pea.  Crop Science, 52:74-78. 



F2:4 RILs of six populations from crosses of low and normal phytate field pea lines 
Cross Expected

†
Observed χ

2‡

Normal Segregating Low Normal Segregating Low
1-150-81/CDC Bronco 59 119 59 68 125 44 5.57
CDC Bronco/1-150-81 42 83 42 41 91 34 2.13
1-150-81/CDC Meadow 51 101 51 50 108 44 1.33
1-2347-144/CDC Bronco 39 78 39 42 83 30 2.64
1-2347-144/CDC Meadow 44 88 44 37 105 34 6.67
1-150-81/1-2347-144 - - 131 0 3 128 0.07§

† Based on single gene recessive (1:2:1 ratio for normal:segregating:low)

A. Rehman, A. Shunmugam, G. Arganosa, K.E. Bett, and T.D. Warkentin, 2012. Inheritance of the Low 
Phytate Trait in Pea.  Crop Science, 52:1171-1175. 



CDC Bronco (black bars) and low-phytate genotypes 1-150-81 (light grey bars) 
and 1-2347-144 (dark grey bars) assessed at Saskatoon and Rosthern in 2010 and 2011. 

Shunmugam, A.S.K., Bock, C., Arganosa, G., Georges, 
F., Gray, G.R., and Warkentin, T.D. (2015) Accumulation 
of phosphorus-containing compounds in developing 
seeds of low-phytate pea (Pisum sativum L.) mutants.   
Plants 4:1-26.



 Iron Bioavailability (FeBIO) using Caco-2 cell culture assay

Source: http://www.atc-pharma.be/en/node/151
Glahn et al. (1998)

http://www.atc-pharma.be/en/node/151
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Iron bioavailability of two low phytate lines and three normal phytate varieties 
at 2009 SPG, 2009 Outlook, 2009 Rosthern and 2010 Rosthern environments. 

Liu, X., Glahn, R.P., Arganosa, G.C., and Warkentin, T.D. (2015) Iron bioavailability in low phytate 
pea. Crop Sci. 55:320-330. 



Correlation between phytic acid-P and iron 
bioavailability in lines from PR-15

Pea LG V 

Shunmugam et al. 2015 Crop Sci 55: 828-836

QTL mapping of phytic acid-P
and iron bioavailability



Ashokkumar, K., Tar’an, B., Diapari, M., Arganosa, 
G. and Warkentin, T.D. (2014) Effect of genotype 
and environment on carotenoid profile 
in field pea and chickpea. Crop Sci. 54:2225-2235.  
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Ashokkumar, K., Diapari, M., Jha, A., Tar’an, B., Arganosa, G., and Warkentin, T.D. (2015) 
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4802-8 Phytic 
Acid Iron Violaxanthin Lutein ß-carotene Zeaxanthin

Ferritin -0.34 -0.15 0.03 0.41 -0.17 -0.15

Pr>F
value 0.02 0.34 0.82 0.01 0.25 0.32

Correlation of ferritin with phytic acid and carotenoids in 4802-8 sublines

Correlation of ferritin with phytic acid and carotenoids in 4803-4 sublines

4803-4 Phytic 
Acid Iron Violaxanthin Lutein ß- carotene Zeaxanthin

Ferritin -0.37 0.10 0.22 0.25 -0.03 0.04

Pr<F
value 0.01 0.49 0.14 0.09 0.84 0.77

Parminderjit Bangar, MSc student



Correlation of ferritin with phytic acid and carotenoids in PR-07 RILs

Phytic acid Iron Violaxanthin Lutein Zeaxanthin ß-Carotene

FeBIO -0.24 0.36 -0.09 -0.01 -0.24 -0.06

Pr<F Value 0.12 0.02 0.57 0.95 0.12 0.70

Parminderjit Bangar, MSc student
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4802-8 Sublines showed up to 3.2 times higher iron 
bioavailability than CDC Bronco
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Folates (µg/100 g) in common bean, lentil, chickpea and pea (mean of 4 cultivars X 3 reps X 2 locations)
Crop Genotype FA 10-FFA THF 5-MTHF 5,10-MTHF 5-FTHF Total folate

Bean
1

Mean 10.8 3.1 27.7 75.5 11.3 63.1 191.6

LSD0.05 0.9 0.5 4.2 12.5 2.8 7.6 18.9

Lentil
2

Mean 7.8 4.2 18.8 53.3 11.2 58.1 153.4

LSD0.05 0.7 0.9 2.7 12.5 1.5 3.5 21.7

Chickpea
3

Mean 8.3 8.2 18.4 176.5 29.3 242 482.7

LSD0.05 3.0 3.7 4.9 26.4 8.7 78.5 90.3

Pea
4

Mean 0.7 0.8 5.7 14.7 0.8 3.5 26.2

LSD0.05 0.1 0.2 0.9 1.7 0.3 1.1 3.1

1 Saskatoon & Rosthern; 2 Limerick & Saskatoon; 3 Elrose & Limerick; 4 Meath Park & Saskatoon;  
FA, Folic acid; 10-FFA, 10 Formyl folic acid; THF, Tetrahydrofolate; 5-MTHF, 5-Methyl tetrahydrofolate; 
5,10-MTHF, 5,10- Methenyl tetra hyrofolic acid; 5-FTHF, 5-Formyl tetrahydrofolic acid

Jha, A., Ashokkumar, K., Diapari, M., Ambrose, S. J., Zhang, H., Tar’an, B., Bett, K.E., Vandenberg, A., 
Warkentin, T.D., and Purves, R. (2015) Genetic diversity for folate profile in seeds of chickpea, lentil, 
common bean and pea.  J Food Composition and Analysis 42:134-140.
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Pea LG II  (6)
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PsC14979p125113.7
PsDof1116.3
PsC10320p143116.4
PsC4450p272 PsC19344p128116.6
PsC6844p132117.2
PsC2692p398117.6
PsC8016p73118.4
PsC14587p248119.2
PsC20302p95119.7
PsC16290p89124.4
PsC18618p78124.8
PsC14645p416125.4
PsC16024p301130.4
TE002G22130.5
PsC12032p118130.6
PsC23580p84132.0
PsC7635p78134.0
PsC7190p130134.2

Pea LG III  (5)
PsC8901p1580.0
PsC19463p980.5
PsC3424p780.7
PsC25231p3810.8
PsC3807p2681.0
NPGAPDH11.9
Gpt22.6
PsC21835p2653.1
PsC9619p1205.7
PsC8649p4355.9
PsC1957p3416.6
PsC15300p2417.2
PsC8715p2098.2
PsC8027p4618.9
PsC13132p6229.9
PsC28982p6712.2
PsC3577p9314.6
PsC17119p7514.8
PsC16121p10915.0
PsC19271p34715.5
Sucsyn15.8
PsC21191p16616.6
PsC2962p25018.1
PsC3200p191 PsC17513p7018.6
PsC6188p34318.9
PsC10328p56419.1
PsC21767p8719.6
PsC16260p18020.1
PsC10261p8320.2
PsC19657p208 PsC29043p18120.9
PsC9163p12921.0
Ugfgt21.5
PsC4683p41622.3
PsC7073p35622.9
PsC12169p20523.2
SPS23.4
PsC20003p14023.5
PsC6766p36823.7
PsC9418p24024.2
PsC2487p32824.9
PsC14728p11625.1
Abcisind(P393) PsC17189p22827.2
Xyft27.4
PsC14408p39827.5
PsC18299p38827.9
PsC19484p18828.5
PsC902p14628.7
PsC7590p8929.7
PsC8704p37730.9
PsC20799p15331.3
PsC14297p38631.7
PsC17809p63 PsC18065p7631.9
PsC12344p6835.9
PsC7981p9738.8
PsC15043p11341.5
PsC3570p12547.2
PsC19558p10756.1
PsDof557.2
PsC11200p24657.5
PsC6805p31657.9
PsC14392p10059.1
PsC7884p44959.9
PsC26683p9261.8
PsC14933p31362.0
PsC8508p46863.7
PsC7497p542 PsC20402p28164.5

PsC10298p72668.7
PsC16767p14569.7

PsC3190p16572.0

PsC27111p29780.7

PsC12700p31589.3

PsC11934p21391.9

PsC3684p31493.7

PsC11690p239103.0
PsC9886p84 PsC15344p247103.4
PsC3456p133104.2
PsC11397p468104.7
PsC8134p75104.9
Cwi2105.3
PsC5560p626 PsC7631p74105.9
PsC15954p193106.6
PsC5966p69106.8
PsC4914p436106.9
PsC1258p620107.1
PsC8418p234110.2
PsC4871p476112.1
PsC6101p313114.7
PsC16191p253115.2
PsC6989p290116.4
PsC7117p145116.9
PsC1904p532117.4
PsC5218p76118.8
PsC6485p188120.5
PsC9234p250 PsC647p102120.8
PsC9490p82121.3

Pea LG IV  (4)
PsC20318p2300.0

PsC713p4121.9

PsC22556p2409.5
PsC26750p18712.0
PsC12889p28313.7
PsC4403p7613.8
PsC13003p35516.0
PsC26393p8720.1
PsC23878p15820.7
PsC5495p47824.3
PsC18120p9325.9
PsC19206p6728.3
PsC11254p23629.6
PsC19553p11829.8
PsC7035p9431.3
PsC29045p22231.9
PsC21264p11432.7
PsC22198p12234.5
PsC6023p43434.8
ArfB336.4
PsC11152p16138.3
RNAH40.5
PsC8801p45946.6
PsC27421p35848.2
PsC2582p10648.8
PsC2053p20849.5
PsC18968p13550.2
PsC9736p8450.4
PsC7848p9550.8
PsC20442p33351.0
PsC11373p13351.1
PsC8015p30751.5
PsC17044p209 PsC8547p15751.9
PsC16039p135 PsC19062p7354.2
PsC2453p141854.7
kdsa54.8
PsC6129p160 PsC20188p35154.9
PsC13888p19455.0
PsC24919p25455.3
PsC8448p35855.6
PsC12850p26956.0
PsC65p8156.5
PsC13511p8156.9
CNE007I2357.3
MitPhos57.9
Tir158.0
PsC20729p32060.2
PsC15410p234 PsC5027p56260.7
PsC7692p316 PsC3871p207
PsC11912p15260.8
catAAtrans61.0
PsC2224p51262.2
PsC14118p30362.3
PsC4486p12762.5
PsC38p26266.7
PsC16528p49568.7
PsC13756p27368.8
PsC13505p7670.4
PsC6084p29671.6
Sugtrans71.9
PsC13167p28172.4
PsC8426p15973.3
PsC25202p29974.0
PsC5316p23475.0
PsC10287p21675.3
PsC466p12776.6
PsC14876p24578.2
PsC5994p79478.8
PsC4223p509 PsC3348p24878.9
PsC11390p16979.2
PsC4035p22479.3
PsC9867p26479.8
PsC2218p33480.0
PsC9429p30080.1
PsC15521p17180.4
PsC33p15680.6
PsC9429p14381.0
PsC18987p6481.9
PsC7666p40682.0
PsC4359p49482.5
Sbe1(r*)83.1
PsC2509p33083.5
PsC12474p40483.7
PsC17841p14984.4
PsC13749p17884.6
PsC1538p63484.7
PsC4586p20884.8
PsC12754p28384.9
PsC9144p23489.7
PsC8828p17590.5
SS90.7
PsC14181p25191.0
Sts191.7
PsC6041p30392.2
PsC13258p9492.4
PsC7624p15092.6
GAL93.3
PsC4439p35494.6
PsC6526p6195.0
PsC9516p12596.9
PsC5697p65798.7
PM34Like98.9
PsC4126p15299.5
PsC13345p165101.0
PsC11723p627102.1
PsC12436p252 PsC5387p461103.8
PsC29679p215106.7

Pea LG V  (3)

Ga2ox0.0
PsC11306p2870.4
PsC6994p2431.2
PsC7787p272 F40121.6
PsC8385p3442.2
PsC723p4722.3
PsC18397p1483.7
PsC10128p3514.1
PsC9216p1724.9
PsC5085p3505.8
PsC19086p1236.2
PsC19664p2037.9
TNE003F159.1
Pin19.5
PsC2007p53710.9
PsC5305p19917.3
PsC21695p16418.3
ThiorPer18.4
PsC17461p44219.9
PsC11455p30820.0
PsC3267p19221.1
PsC22752p33821.3
PsC4624p255 PsC2423p23222.3
PsC11465p48322.4
PsC11475p17322.9
PsC26551p13225.0
PsC2663p41425.6
PsC2663p6226.1
PsC6678p37828.6
PsC10018p25329.2
PsC20342p13930.2
PsC13143p35331.2
Snrk131.5
PsC10168p6232.4
PsC25597p33732.8
PsC18778p9035.3
PsC4940p15536.2
PsC1853p20636.3
PsC9756p7036.4
PsC27596p42636.8
PsC17032p9137.8
PsC8791p25738.6
PsC682p12040.0
RNAhel40.2
PsC10063p55240.4
PsC6136p25540.5
Cabb41.0
PsC9379p17241.5
PsC18612p6741.6
PsC16192p23843.2
PsC11091p97044.2
AGO144.3
PsDof645.9
PsC19474p16846.5
PsC3218p6946.6
PsC29414p11347.0
PsC3875p76648.3
PsC10352p25448.8
PsC21269p146 PsC16146p15549.2
PsC14430p6650.3
PsC10868p10750.6
PsC8231p12051.5
PsC2404p8552.0
FVE52.8
PsC14437p31452.9
PsC14990p9253.6
PsC19374p17753.8
PCT56.7
PsC1847p18859.0
PsC4431p13659.8
PsC3003p58161.8
PsC4675p7362.5
PsC6423p6963.5
PsC15520p14864.4
PsC12797p16564.5
PsC5903p6364.9
PsC16518p12165.1
PsC9288p38465.4
PsC15255p8565.6
PsC4101p9765.9
PsC10222p144 PsC10763p6466.0
PsC15255p601 PsC13253p61266.1
PsC6669p47266.4
PsC6187p18368.0
PsC28635p29068.3
PFK68.5
PsC18841p26468.8
PsC2120p87769.1
PsC10745p8869.2
PsC2120p59169.3
PsC5554p34670.0
PsC13135p8370.1
PsC10598p12971.2
PsC13174p31972.2
PsC11043p23773.5
PsC4314p33773.7
PsC12247p8474.2
PsC8874p35576.3
PsC8482p9476.6
PsC8160p33477.2
PsC12789p11479.3
PsC13035p18879.8
PsDof380.8
PsC2362p39980.9
PsC18872p12381.0
PsC1446p69081.3
PsC19134p9081.7
PsC9187p12182.2
PsC13188p29382.9
PsC14005p35284.1
PsC4829p9184.2
PsC16439p299 PsC4052p34284.4
PsC2857p9984.5
PsC17320p29384.9
PsC16710p46985.1
PsC10309p39385.4
PsC6429p23285.6
PsC6033p32286.2
PsC10610p40986.4
PsDmi1 PsC19853p37686.9
PsC1405p15387.7
PsC13805p217 PsC10455p131
PsC12697p33888.4

PsC17490p12088.5

Pea LG VI  (1)
PsC13219p1250.0
PsC22478p1930.3
PsC7311p2350.7
PsC18582p2382.2
PsC3585p4452.7
PsC17880p3494.6
PsC10628p1204.7
PsC27413p945.6
PsC18284p3445.9
PsC5200p4236.0
PsC11765p816.1
PsC17315p2866.2
PsC11241p4067.2
PsC9230p3647.3
PsC26196p2858.8
PsC3005p2029.1
PsC13780p2319.3
PsC21060p1799.4
PsC15812p8910.4
PsC13373p33311.8
PsC3662p74812.7
PsC18751p23012.9
PsC21196p9113.4
PsC8132p11913.6
PsC19665p14714.2
PsC20520p23716.1
PsC15198p209 PsC9328p9916.2
PsC10731p10516.9
PsC27607p20817.0
PsC7627p16617.6
PsC4963p21917.7
PsC4363p38318.1
FabatinL19.9
PsC6058p22620.0
PsC2575p276 PsC9143p862
PsC6683p543 PsC23855p13523.2
PsC7687p13223.5
PsC9468p15223.8
PsC28444p17923.9
PsC6701p22624.3
PsC6668p226 PsC8294p19025.6
PsC5371p15525.7
PsC11510p36326.0
PsC1725p227 PsC6302p33526.3
PsC22157p20326.9
PsC6083p164 PsC10537p24428.2
PPT228.4
PsC20136p18228.6
PsC6972p13629.2
PsC20617p9230.1
PsC8364p64130.4
PsC21822p38430.9
PsC4609p200 PsC6555p15532.4
PsC10650p44334.2
PsC4342p16834.4
PsC4984p93634.6
PsC17259p14734.8
PsC6812p27134.9
PsC15288p7535.6
PsC8876p33736.4
PsC12669p543 PsC14542p18140.1
PsC21074p39041.2
PsC9042p44743.3
PsC7612p685 PsC28247p43143.9
PsC14648p14044.5
PsC17565p6245.1
PsC17285p9145.3
PsC894p66645.6
PsC908p62246.0
PsC6197p8446.7
PsC4713p39148.0
PsC5588p480 PsC13063p11348.8
PsC16531p11349.2
PsC4056p22449.7
PsC4872p24450.0
PsC10249p445 PsC3679p7250.4
PsC4635p48551.0
PsC8033p31451.3
PsC6157p6751.8
PsC1492p54852.2
PsC15983p364 PsC18508p18152.4
Htrans52.8
PsC5621p8653.1
PsC9656p33153.3
PsC9646p10853.5
PsC4676p59753.9
PsC8268p52855.0
PsC16537p23655.9
PsC14285p63056.4
PsC29303p361 PsC7748p17856.5
PsC5078p11256.6
PsC2929p13356.7
PlcSyn57.2
PsC6355p337 PsC2967p27857.3
PsDof457.6
Ptrans57.7
Selbin59.1
PsC1750p21059.5
PsC9680p42359.8
PsC15424p24763.3
Acetisom69.5
SuTMem71.8
PsC6534p48872.8
NUM173.2
PsC4738p230 PsC14533p8474.2
PsC9575p19475.7
Aldo78.7
PsC15767p71083.6
PsC6075p35483.9
PsC6518p386 PsC12961p22484.9
SOD985.8
PsC19007p13787.1
PsC15212p34589.3
PsDof293.7
PsC6261p572 Pip296.3
PsC5840p45298.8
PsC2986p33499.0
PsC28011p83100.1
PsC19315p378100.9
PsC4546p72101.8
PsC779p715102.3
PsC29276p168103.2
PsC12799p134103.4
PsC22400p68105.0
PsC20088p248105.7
PsC14689p247106.9
PsC20388p292107.5
PsC20870p104109.9
PsC345p304110.5
PsC17730p467112.2
PsC1480p126113.8
PsC2075p904114.0
PsC14753p74114.9
PsC28549p226115.4
PsC27183p403116.1
PsC2722p226117.8

Pea LG VII  (7)

Consensus SNP linkage map 
of Pisum sativum generated 
by using five RIL mapping 
populations. 

Sindhu, A., Ramsay, L., Sanderson, L.A., Stonehouse, R., Li, R., Condie, J., Shunmugam, 
A.S.K., Liu, Y., Jha, A.B., Diapari, M., Burstin, J., Aubert, G., Tar’an, B., Bett, K.E., 
Warkentin, T.D., and Sharpe, A.G. (2014) Gene-based SNP discovery and genetic 
mapping in pea. Theoretical and Applied Genetics 127:2225-2241.



Manhattans plot of –log10P-values of the marker-traits association study for the iron (Fe) concentration in seed in Pea Association Mapping (PAM) panel using mixed linear 
model (MLM). Threshold of –log10(p-value) = 2.0 indicated by the horizontal lines. Dashed lines indicate sequential Bonferroni correction at –log10(p-value) = 4.27. Letters 
indicated significant associated markers. A. PsC22912p327; B. PsC7893p98; C. PsC8677p415; D. PsC13009p652; E. PsC9886p84; F. PsC5316p234; G. PsC12961p224; H. 
PsC16473p224; I. PsC25762p728. Hypothetical quantile-quantile plots of the marker-traits association study for the (Fe) concentration in seed of 7 datasets.

Diapari, M., Sindhu, A., Warkentin, T.D., Bett, 
K.E., Ramsay, L., Sharpe, A.G. and Tar’an, B. 
(2015) Population structure and marker-trait 
association studies of iron, zinc and selenium 
concentration in seed of field pea (Pisum 
sativum L.). Mol Breeding 35:30 doi 
10.1007/s11032-015-0252-2.
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Figure 6. Manhattans plot of –log10P-values of the marker-traits association study for the iron (Fe) concentration in seed in Pea Association Mapping (PAM) panel using mixed linear model (MLM). Threshold of –log10(p-value) = 2.0 indicated by the horizontal lines. Dashed lines indicate sequential Bonferroni correction at –log10(p-value) = 4.27. Letters indicated significant associated markers. A. PsC22912p327; B. PsC7893p98; C. PsC8677p415; D. PsC13009p652; E. PsC9886p84; F. PsC5316p234; G. PsC12961p224; H. PsC16473p224; I. PsC25762p728. Hypothetical quantile-quantile plots of the marker-traits association study for the (Fe) concentration in seed of 7 datasets.



International consortium for pea genome sequencing

INRA, Dijon: J. Burstin, G. Aubert, J. Kreplak
Genoscope, Paris: A. Madoui, P. Wincker
University of Saskatchewan: T.D. Warkentin, B. Tar’an, K. Gali
Curtin University, Australia: J. Lichtenzveig, D. Edwards, J. Batley
USDA-ARS: C. Coyne
Czech: J. Dolozel

Approach
Shot gun sequencing – Genoscope
Whole Genome Profiling (Keygene) – U of S 
Genotype by Sequencing – U of S, Curtin
PacBio sequencing – USDA 
Chromosome sorting - Czech
Annotation – INRA



Future directions
Chicken model
Phenolic effects 
Markers for breeding
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