
© University of Reading 2008 www.reading.ac.uk 

School of Agriculture, Policy and Development 

SNP discovery and validation for 
genomic-assisted breeding of 

faba bean (Vicia faba L.) 

Donal O’Sullivan 
 8th Oct 2013, Rabat 



School of Agriculture, Reading 

2 

20 miles from London, UK 

All-faculty campus near town centre 

School of  
Agriculture 

Ag research supported by 2  
farms 



Sonning farm (180ha) 

The Crops Research Unit 



Acknowledgements: 
 

NIAB Colleagues – Jane Thomas, Amanda Cottage, Anne Webb, Krystyna 
Gostciewicz, Douglas Hobbs 
 

Visiting Scientist (INAT,Tunisia) - Khalil Khamassi 
 

The Genome Analysis Centre – Melanie Febrer, Jane Rogers 
 

Wherrys - Peter Smith    NPZ-Lembke – Olaf Sass 
 

Collaborators – Ana Maria Torres (IFAPA), Wolfgang Link (Goettingen), Fred 
Stoddard (Helsinki), Gérard Duc (INRA-Dijon), Fouad Maalouf, Francis 
Ogbonnaya (ICARDA), Mahmoud Zeid (Alexandria) 
 

MergeMap (UC-Davis, Close Lab), Strudel (JHI, Matthews et al) 

 



Why faba bean? 

1. Faba bean is the broadacre grain legume best placed (in 

UK) to provide:  

– sustainably produced protein for food and feed 

– return N to soil in a sustainable rotation 

2. We have identified several researchable topics that can 

be readily addressed IF we have the right tools to do so. 

 



SNP DISCOVERY 



BPL10 
nematode resistant 

“normal” flower 

ALBUS 
nematode-susceptible 

“white” flower 

Alignment of 14k gene 

transcripts present in 

both lines to Mt3.5 

predicted CDSs 

 
 

 

 

40,000 putative SNPs  
Validation on 37 

reference lines 

 

 888 new 
KASPAR  
assays 

designed 

>ALBUS  AGGACTTGTACGTACG 
>BPL10   AGGACATGTACGTACG 
>Mt3.5     ACGACTTGTAGGTACG 

26.7k contigs  23.2k contigs  
454 sequence of RNA 

From 10-day old seedlings 



SNP VALIDATION 



• 888 new Albus-BPL10 polymorphic assays attempted 
• Genotyped on 37 diverse inbred lines  
•Results: 
 Class I  - High quality - 726  
 Class II & III – Minor flaws – 52   
 Class IV - Less robust - 67  
 Class V – Junk  - 43 
• Paid for by 5 institutions pooling resources 
• Validation panel also a community effort 
• Added SNP assays validated in a previous study - 
 Cottage et al (2012) Mol Breeding 

KASPar assay validation summary 

polymorphic class I and II  
used for mapping 

Quality Class I 



MAPPING 



Populations used 

• ALBUS x BPL10 (anchor) – 136 F2s 

– Segregates for white flower (zero tannin) 

• NV657 x NV643 – 170 F2s 

– Segregates for ZT 

• NV644 x NV153 – 125 F2s 

– Segregates for dwarfism, hilum colour, ZT 

• NV639 x NV658 – 50 F2s 

– Segregates for closed flower mutation 

 

• 128,615 good datapoints  

• Call rate across pops ranged from 98-99%  

 



A consensus faba bean SNP linkage map 
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Vf_Mt2g013690_001 Vf_Mt2g013900_00111.7
Vf_Mt2g015010_001 Vf_Mt2g015370_00114.4
Vf_Mt2g019790_00124.6

Vf_Mt2g026550_00137.3
Vf_Mt2g099510_00139.9
Vf_Mt7g024540_00141.1
Vf_Mt7g026340_00144.1
Vf_Mt7g032240_00146.7

Vf_Mt2g036810_00150.9

Vf_Mt8g062520_00167.6

Vf_Mt5g005990_00175.0
Vf_Mt5g007360_00176.7
Vf_Mt7g051360_00177.5
Vf_Mt5g008210_00178.6
Vf_Mt5g009120_00180.5
Vf_Mt5g009240_00180.8
Vf_Mt5g012030_00186.0
Vf_Mt5g013540_00188.4
Vf_Mt5g015050_00190.9
Vf_Mt5g015500_00193.6
Vf_Mt5g015280_00193.9
Vf_Mt7g080890_00198.1
Vf_Mt2g063200_00199.1
Vf_Mt7g108490_001104.7
Vf_Mt7g073340_001110.0
Vf_Mt7g078800_001110.8

Vf_Mt7g073970_001119.2
Vf_Mt7g075940_001120.4
Vf_Mt5g011180_001123.5

Vf_Mt7g088050_001144.5
Vf_Mt7g086700_001145.5
Vf_Mt7g084590_001145.8
AnMtS37SNP Vf_Mt7g079680_001
Vf_Mt7g079840_001 Vf_Mt7g080040_001
Vf_Mt7g080250_001 Vf_Mt7g081010_001

146.4

Vf_Mt7g083230_001 Vf_Mt7g085090_001
Vf_Mt7g084010_001

147.5

Vf_Mt7g088340_001147.8
Vf_Mt7g088720_001148.2
Vf_Mt7g088140_001150.4
Vf_Mt7g090150_001153.6
Vf_Mt7g090890_001154.7
Vf_Mt7g092450_001158.2
Vf_Mt7g092260_001160.4
Vf_Mt7g093200_001160.6
Vf_Mt7g093500_001161.7
Vf_Mt4g076080_001168.1
Vf_Mt8g078370_001170.4
Vf_Mt7g098250_001 Vf_Mt7g099040_001
Vf_Mt7g099280_001

172.0

Vf_Mt7g098440_001172.3
Vf_Mt7g099950_001177.3
Vf_Mt7g061150_001 Vf_Mt7g100730_001179.1
Vf_Mt7g101170_001180.8
Vf_Mt7g101070_001182.8
Vf_Mt7g102310_001186.7
Vf_Mt7g104020_001194.1
Vf_Mt7g104220_001195.9
Vf_Mt7g104430_001197.1
Vf_Mt7g104600_001 Vf_Mt7g104720_001197.5
Vf_Mt7g104870_001197.8
Vf_Mt7g105070_001198.5
Vf_Mt7g108590_001207.0
Vf_Mt7g109340_001208.9
Vf_Mt7g109820_001210.5
Vf_Mt7g110600_001211.6
Vf_Mt7g111090_001215.8
Vf_Mt7g112640_001 Vf_Mt7g112740_001224.1
Vf_Mt7g113850_001 Vf_Mt7g114210_001227.1
Vf_Mt7g114590_001228.1
Vf_Mt7g114940_001228.7
Vf_Mt7g115070_001229.4
Vf_Mt7g116600_001230.6
Vf_Mt7g117970_001234.4

VfLG5

Vf_Mt8g107640_0010.0

Vf_Mt8g106690_001 Vf_Mt8g107140_001
Vf_Mt8g107310_001 Vf_Mt8g104520_001

11.3

Vf_Mt8g105250_00114.0
Vf_Mt8g103840_00115.2
New_GLIP307SNP16.0
Vf_Mt8g102840_00118.1
Vf_Mt8g102920_00120.7
Vf_Mt8g102770_00122.8
Vf_Mt8g102250_00123.8
Vf_Mt8g101390_00129.6
Vf_Mt3g034100_00130.7

Vf_Mt8g100120_00146.5

Vf_Mt8g095410_00149.8

Vf_Mt8g093680_00158.3
Vf_Mt8g091280_00159.8
Vf_Mt8g093440_00160.3
Vf_Mt8g092620_00161.4
RNARSNP62.0
Vf_Mt8g088590_00167.5
Vf_Mt8g087990_00173.2
Vf_Mt8g086470_00176.3
Vf_Mt8g085780_00178.4
Vf_Mt8g083140_00181.6
Vf_Mt4g085880_001 Vf_Mt4g085890_001
Vf_Mt4g085480_001

86.9

Vf_Mt4g085900_00187.2
Vf_Mt4g087420_00190.2
Vf_Mt4g086640_00191.0
Vf_Mt4g087540_001 Vf_Mt4g087590_00192.9
Vf_Mt4g087630_00193.7
Vf_Mt4g088010_00195.9
Vf_Mt4g091530_001105.4
Vf_Mt4g092800_001107.9
Vf_Mt4g093600_001108.7
Vf_Mt4g093990_001109.0

Vf_Mt4g077840_001135.3
Vf_Mt4g077610_001 Vf_Mt4g078200_001136.9
Vf_Mt4g083970_001139.0
Vf_Mt4g075050_001 Vf_Mt4g075200_001
Vf_Mt4g076870_001 Vf_Mt4g076990_001
Vf_Mt4g078660_001

140.7

LG068SNP Vf_Mt4g072160_001141.1

Vf_Mt4g080100_001151.3

HYPTE3SNP157.0
Vf_Mt4g068110_001 Vf_Mt4g068130_001
Vf_Mt4g068480_001 Vf_Mt4g068550_001

162.1

Vf_Mt4g068010_001162.7
Vf_Mt4g064820_001163.7

Vf_Mt4g061670_001173.5
Vf_Mt4g061070_001174.8
Vf_Mt4g061010_001175.2
Vf_Mt4g060940_001176.8
Vf_Mt2g094640_001181.3

Vf_Mt4g053880_001192.3

Vf_Mt4g053250_001 Vf_Mt4g053270_001
Vf_Mt4g053520_001

200.4

Vf_Mt4g049540_001205.1

VfLG6

• 643 high quality SNPs mapped 
• Map length – 1,596 cM 
• 6 linkage groups = haploid 
chromosome number 
• each LG cross-linked to previous 
gene-based maps 



SYNTENY 



Vf2 

Mt3 

Vf5 
Mt7 

Vf1 

Mt6 

Vf4 

Vf6 
Mt8 

Mt1 

Vf3 

(3) 

(1) 

(2) 

(2) 

(2) 

(4) 

Mt2 

Mt4 

Mt5 



? The Vicia faba 
orthologue of  
the WD40 TF 

AtTTG1/Pisum A2 
gene is a good 

positional  
and biological 

candidate for ZT 

BPL10 
“normal” flower 

ALBUS 
“white” flower 



MUTAGENESIS 



Hedin/2 inbred line 

• ~Medium-small seeds 

• Spring habit 

• Highly autofertile 

• Highly inbred 

• Summer 2013 multiplication 

– 2x pollinator-free cages 

– Isolation distance 

– 2 x single inbred plant progenies 

– 300 plants total 

– c. 25,000 seeds 
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Mutagenesis 2013/14 

• Mutagen dose response  and herbicide growth inhibition 

tests over winter 

• Spring 2014 – >20,000 M0 – harvest bulk of >2,000,000 

M1 

• Winter 2014 – screen batches of 50,000 using a high 

density seedling screen every 10 days 

• Herbicide targets TBC 
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Sebastien 1992  
sulfonylurea-resistant  soybean patent 
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Beware ease of evolving resistance 
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THANK YOU! 
SHOKRUN! 

MERCI! 


