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Paragon Mutants Plant  
Morphology 

waxless – 11/6500 monoculm – 15/6500 awned – 8/6500 



Types of resources 
• Germplasm collections 

– AE Watkins  
– Gediflux 

• Segregating populations 
– Avalon x Cadenza 
– Paragon x Garcia 
– Paragon x Chinese Spring 
– Paragon x Synthetic 

• Near Isogenic Lines 
– Avalon x Cadenza (Yield, height, heading, grain shape*, stem characters*) 
– Malacca x Hereward 
– Lr19, 3N* 

• Mutant populations 
– Paragon EMS 
– Paragon gamma 

• Molecular markers 
– Conserved orthologous set (COS) 

 



Types of resources 
• Germplasm collections 

– AE Watkins  
– Gediflux 

• Segregating populations 
– Avalon x Cadenza 
– Paragon x Garcia F2-F3 seed- so F4 seed in August, F5 Feb 13, F6 Aug 13, Multiply from a 2013 

drilling- John F measure anything? 
– Paragon x Chinese Spring 
– Paragon x Synthetic 

• Near Isogenic Lines 
– Avalon x Cadenza (Yield, height, heading, grain shape*, stem characters*) email spreadsheet, grain 

shape is at BC3 going to BC4, so multiplied homozygotes Feb 2013 
– Malacca x Hereward- homozygous BC3F2 in ear now (Malacca background) Hererward vern 

problems- now in outside glasshouses- likely to lose 1 generation. 
– Lr19, 3N*- Lr19 Paragon at BC4, select to self in June, select homzygotes in December, multiplies homozygotes for 

drilling in 2013.  Problem germinating Alchemy (BC3), seem to get male sterility in BC2 plants 
– 3N at BC2 

• Mutant populations 
– Paragon EMS 
– Paragon gamma- Reextracting DNA for X 1000 

• Molecular markers 
– Conserved orthologous set (COS) 

 



 
Delving Back 

The A. E. Watkins Collection  
 Foresight for collection in the 1930s through the 

London Board of Trade to ‘capture’ diversity 
 

 Currently 1200 accessions from around the world  
 

 32 Countries 
 
 

 
 



Germplasm Collections 

• AE Watkins previously discussed- 800?? Lines 
exapnded to 10?? Accessions as they 
segregated.  

• Focus today on Gediflux Collection 



Country Varieties Years of release examples 

Austria 40 40-90 Tassilo (50s)  Hubertos (90s) 

Belgium 24 50-90 Norda (60s)  Escorial (80s) 

Germany 18 80-90 Calif (80s)  Pegassos (90s) 

E Germany 30 40-80 Mahndorf (50s) Kanzler (80s) 

W Germany 19 50-90 Muck (50s) Borenos (90s) 

Denmark 5 80-90 Anja (80s) Pepital (90s) 

France 34 40-90 Vague d’epis (40s) Isengrain (90s) 

UK 66 40-90 Holdfast (40s) Equinox (90s) 

Netherlands 19 40-80 Lovink (40s) Nautica (80s) 

Sweden 26 25-90 Jarl (20s)  Meridien (90s) 

UK NL 229 



Gediflux  genotyping 

• 42 SSR markers Trait Genetics as part of 
original Framework 6 work programme 

• Used to identify core sets and structure within 
population 

• WGIN committed to DArT on Gediflux, 
changed milestone to equivalent expenditure 
on KASPar 
 















Gediflux phenotyping 

• 3 replicates of 1m2 plots at JIC in ’10-’11 season 
• Field measures 

– Height 
– Ear emergence 

• Post harvest on grab samples 
– Spikelet number 
– Non/Fertile floret number 
– Ear weight and length 
– Thousand grain weight + grain length and width 
– Internode length and number 

 



Height RHT2 4D 43.50056 1.17E-10 

Trait Marker Chromosome F p 



Avalon x Cadenza QTL summary- ear emergence 



Avalon x Cadenza QTL summary- height 



Avalon x Cadenza QTL summary- grain yield 



New traits for WGIN eg grain length 



Stem solidness and its relationship to water-soluble 
carbohydrates: association with wheat yield under water deficit  
Author(s): Saint Pierre, C (Saint Pierre, Carolina)1; Trethowan, R (Trethowan, Richard)2; Reynolds, M (Reynolds, Matthew)1  

Source: FUNCTIONAL PLANT BIOLOGY  Volume: 37   Issue: 2   Pages: 166-174   DOI: 10.1071/FP09174   Published: 2010  

Times Cited: 4 (from Web of Science)  

Cited References: 41 [ view related records ]     Citation Map      

Abstract: A study of 36 wheat (Triticum aestivum L.) genotypes with different levels of stem solidness was conducted to assess the 
heritability and relationship among stem morphological properties, stem water-soluble carbohydrates (WSC) storage capacity and grain 
yield. The total amount of pith-fill in the upper stem internode (VOL) was highly correlated with the total content of WSC per stem under 
both water deficit (DEF) (r = 0.56) and well irrigated conditions (IRR) (r = 0.49). A positive correlation was also found between VOL and grain 
yield under DEF (r = 0.49), which was explained by the positive contribution of WSC to grain yield. A closer association of grain yield and 
morphological traits was identified under DEF than under IRR. The closer associations found among estimations of % WSC and WSC-area and 
grain yield under DEF indicate that these variables may be adaptive rather than constitutive traits. High heritability values (0.77-0.84) 
observed for stem morphological traits reinforce their potential use in breeding for high WSC and ultimately, higher grain yield under water-
limited environments. Stem length, diameter and solidness could be combined in an ideal plant ideotype to maximise WSC reserves as a 
strategy to improve yield under water-limited conditions.  

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=R2BbN4N6Hfbil91eE69&field=AU&value=Saint Pierre, C
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=R2BbN4N6Hfbil91eE69&field=AU&value=Trethowan, R&ut=14130879&pos={2}
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=R2BbN4N6Hfbil91eE69&field=AU&value=Reynolds, M&ut=1636023&pos={2}
http://apps.webofknowledge.com/CitingArticles.do?product=UA&search_mode=CitingArticles&SID=R2BbN4N6Hfbil91eE69&parentProduct=UA&parentQid=1&parentDoc=16&REFID=288640120&recordId=WOS:000274193400009&alldbColName=WOS&colName=WOS
http://apps.webofknowledge.com/CitedRefList.do?product=UA&search_mode=CitedRefList&SID=R2BbN4N6Hfbil91eE69&colName=WOS&parentProduct=UA&parentQid=1&parentDoc=16&recid=WOS:000274193400009&UT=WOS:000274193400009&sortBy=PY.D&recordId=WOS:000274193400009
http://apps.webofknowledge.com/Related.do?UT=WOS:000274193400009&refColName=FASTRDB&parentProduct=UA&parentQid=1&product=UA&search_mode=RelatedRecords&SID=R2BbN4N6Hfbil91eE69&colName=WOS&parentDoc=16&recordId=WOS:000274193400009
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Adaptations: Now from Argentina to Canada to New Zealand 

Map to show the migration of wheat from the Fertile Crescent (years BC)  
 



Early Development 
• Eight Lines - derived from India (1190034), 

China (1190141), Egypt (1190209), Cyprus 
(1190292), Yugoslavia (1190352), Afghanistan 
(1190468), Poland (1190481), Iran (1190729) 
 

• Initially selected on height and heading time 
extremes from single row trial 2006 
 

• F1s produced 2008 – early initiative (F6) 
 
 

 





NIL field trials 
• 1m2 plots grown in10-11 season for Cadenza background 
• Cadenza and Avalon background sown Autumn ‘11 
• 225 lines in Avalon background representing height, heading, and yield 

QTL in non replicated 1m2 plots 
• 125 lines in Cadenza background grown in three randomised blocks of 

three hundred and seventy five 1m2 plots 
• Sow replicated 6m2 plots this year 



Aknowledgements 
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• Cathy Mumford 
• Luzie Wingen 
• Simon Orford 
• Michelle Leverington 



Objective 8 – Nitrogen update

M J Hawkesford
WGIN Management Meeting

21st February 2012



Why nitrogen?

• Required for yield
• Required for protein
• Costs – financial/environmental
• Low efficiency on worldwide scale but higher in UK
• Management and genetic components

WGIN management 21st February 2012



WGIN NUE Objectives

• Define important NUE traits
• Identify and evaluate 

diversity
• Determine mechanisms 
• Provide leads for markers 

and genes
• Examine trait stability over 

multiple years
• Trials and basic datasets

WGIN management 21st February 2012



Approaches

• Modern commercial germplasm 
(Diversity) and mapping population 
(Avalon x Cadenza) trials

• Assessment of trial diversity in the 
field

• Identify QTL

WGIN management 21st February 2012



WGIN 2009‐2013

• Deeper phenotyping
– Partitioning
– Canopy longevity
– Roots and uptake

• Stability data
• NUE – WUE – Take‐all interactions
• Encourage spin off projects

WGIN management 21st February 2012



Diversity trial history
Trial Year Varieties (core of 9) N‐levels kg N/ha

1 2004 32 4 0,50,200,350

2 2005 20 2 0,200

3 2006 24 3 0,100,200

4 2007 24 4 0,100,200,350

5 2008 24 4 0,100,200,350

6 2009 24 (include 6 x A x Cs) 4 0,100,200,350

7 2010 25 (include 6 x A x Cs) 4 0,100,200,350

8 2011 25 (include 4 x A x Cs) 4 0,100,200,350

9 2012 25 (include WUE/take‐all lines) 4 0,100,200,350

10 2013 25 (include WUE/take‐all lines) 4 0,100,200,350

WGIN management 21st February 2012



Diversity Trial 2011

WGIN management 21st February 2012



2012 varieties list (part 1)
Wheat varieties for WGIN‐NUE 2010/11  W=WGIN data, D=desk study

Variety Source Code Nabim Rationale inclusion in 
trial requested 
by

Previous years 
of trials 
(harvest year)

1. Avalon Av AV 1 WGIN DH parent; Low NupE & NutE (D) PB, RG, MJH 05‐10

2. Cadenza Ca CA 2 WGIN DH parent; Best NupE (W) PB, RG, MJH 04‐10

3. Chablis NEW
09/10

KWS 2 SPRING variety (previous grown in 2004 trial) as very N‐
responsive variety

MH only in 04 and
10

4. Claire NEW 2005 Nick CL 3 Biggest area on RL; WGIN DH parent; Good second wheat PB,PS 05‐10

5. Conqueror KWS CN 4 New Grp 4, very high yielding MH  new

6. Cordiale NEW
2006

KWS CO 2 Good second wheat. BBSRC Quality project RG 06‐10

7. Crusoe NEW 10/11 Nick CR 2 Carries dicoccoides. Shows the 'stay green' character

8. Gallant NEW
09/10

Syn GA 1 new claimed high yield and high protein type MH

9. Hereford Syn  HF 4 Feed (not on RL), high yield, brown rust susceptible,
possible low take‐all build‐up and good resistance.

KHK/RG  new

10. Hereward RAGT HE 1 Best protein on RL; benchmark bread variety. BBSRC
Quality project

PB,PS 04‐10

11. Istabraq
NEW 2005

Nick IS 4 Best yield on RL; Distilling cultivar; In LINK ‘GREENgrain’;
Good second wheat. BBSRC Quality project. WUE trial

PB,PS 05‐10

12. Malacca KWS MA 1 Biggest Group 1 area; DH choice; Low NupE, high NutE
(W). BBSRC Quality project

PS 04‐10

13. Marksman RAGT MK 2 new for 2009, PRS request for BBSRC Quality project
PS

only 09 and 10
WGIN management 21st February 2012



2012 varieties list (part 2)
W=WGIN data, D=desk study

Variety Source Code Nabim Rationale inclusion in 
trial 
requested by

Previous years 
of trials 
(harvest year)

14. Maris 
Widgeon

MW 1 Tall (rht), old cultivar PB, AM 04‐10

15. Mercia  ME 1 Low NupE & NutE (desk); Low Canopy N requirement; In IGF micro‐
array. WUE trial. RHT series

RG 04 and 06‐10

16. Paragon RAGT PA 1 Spring variety; WGIN mutagenesis population; High NupE (W) PB 04‐10

17. Riband RAGT RI 3 WGIN DH parent; Distilling cultivar; In LINK ‘GREENgrain’; High NutE
(W)

RG 04‐10

18. Robigus
NEW  2005

KWS RO 3 Best Group 3 yield; Best NUE, high NupE & NutE (D); Good second
wheat. WUE trial

PB, AM 05‐10

19. Stigg
NEW 10/11

Nick ST ?4 Carries dicoccoides. High disease resistance. Shows the 'stay green'
character

20 Soissons Elsoms SS 2 WGIN DH parent; Early maturing; High NupE, low NutE (W) PB,RG, AM 04‐10

21. Solstice Nick SL 2 Biggest Group 2 area; DH choice; Worst NupE (W) RG 04‐10

22. Xi19   Nick XI 1 Best Group 1 yield; High NUE, NupE, NutE (D); Low NupE (W). BBSRC
Quality project. WUE trial

PB,PS 04‐10

23. Zebedee LIM  ZE 3 High WUE, grp 3 JFoulkes  new

24. AxC line 127 D5 new in 2009 ‐ good early export from leaves MJH 09/10/

25. AxC line 82 D6 new in 2009 ‐ slow early export from leaves MJH 09/10/

WGIN management 21st February 2012

Removed from trial: 2 A x C lines and Oakley



Example results

• Trait performance rankings
• Stability
• Yield plateauing
• qtls

WGIN management 21st February 2012



WGIN management 21st February 2012

Variety Performance at 200 kg‐N/ha (2004‐08)

Variety Code Nabim Years Yield %N Uptake Utilisation
Avalon AV 1 5
Flanders FL 1 1 Upper‐Q
Hereward HE 1 5 Inter‐Q
Hurley HU 1 5 Inter‐Q
Malacca MA 1 5 Lower‐Q
Mercia ME 1 4
Maris Widgeon MW 1 5
Shamrock SH 1 4
Solstice SL 1 5
Spark SP 1 1
Xi 19 XI 1 5
Cadenza CA 2 5
Cordiale CO 2 3
Einstein EI 2 1
Lynx LY 2 5
Rialto RL 2 1
Scorpion SC 2 1
Soissons SS 2 5
Beaver BE 3 4
Claire CL 3 4
Riband RI 3 5
Robigus RO 3 4
Istabraq IS 4 4
Napier NA 4 3
Savannah SA 4 4
Paragon (spring) PA 1 5
Chablis (spring) CH 2 1
Arche AR F 1
Batis BA G 5
Caphorn CP F 1
Cappelle Desprez CD F 1
Enorm EN G 1
Isengrain IG F 1
Monopol MO G 5
Opus OP G 1
PBis PB G 1
Petrus PE G 1
Sokrates SK G 5
Zyta ZY P 1

Summary of variety 
performance (quartile 
rankings) based on 
2004‐07 WGIN 
datasets

EJA (2010) 33, 1‐11



WGIN management 21st February 2012
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Avalon x Cadenza traits

WGIN management 21st February 2012

• Yield (at high and low N availability)
• Height, flowering time
• N uptake/parƟƟoning → NUpE, NUtE, NHI
• Canopy senescence
• Roots
• Micronutrients and other macro nutrients
• Take all



Avalon x Cadenza Trials
Trial Harvest

year
Sites Notes kg N/ha

1 2007 Blackhorse 200

2, 3 2008 Bones and Woburn Woburn trial split Both 100

4 2009 Fosters/Summardells Split over 2 fields 
(wet)

100

5 2010 Blackhorse (very dry) 200

6 2011 Great Harpenden (very dry) 200

7* 2012 Bones Tbc: 100?

8* 2013? ? 200?

WGIN management 21st February 2012

*= not WGIN funded



Avalon x Cadenza 2011

WGIN management 21st February 2012



Height data – all trials

WGIN management 21st February 2012



Yield data – means

WGIN management 21st February 2012



NUtE (2007‐10)

WGIN management 21st February 2012



Grain %N versus yield – all trials

WGIN management 21st February 2012



Variation in root traits: mapping QTLs

WGIN management 21st February 2012



Forward plans….

• 2 years Diversity –varieties now fixed
• NUE/RUE/Take‐all interactions to be evaluated
• Addition field trial(s) for  Avalon x Cadenza
• Greenhouse N uptake trials for  Avalon x Cadenza 
(one completed)

WGIN management 21st February 2012



WGIN management 21st February 2012

Thanks

• RRes Farm staff
• WGIN team
• Group and field team: Peter 

Barraclough, Caihong Bai, Peter 
Buchner, Andrew Riche, Yongfan
Wan, Saroj Parmar, Janina Jones, 
Adinda Derkx, + many summer 
students



Drought toleranceDrought tolerance

WGIN-2 SG meeting

Rothamsted Research 21 Feb 2012

http://www.wgin.org.uk/


Activity 9, Drought tolerance (2009-14)

Obj 1. Identify traits for WUE and drought tolerance (DT) in elite
winter wheat varieties. (Yrs 1-2)

Obj 2. Identify QTLs for WUE and DT traits using one DH pop in an
elite background. (Yrs 2-3)elite background. (Yrs 2-3)

Obj 3. Develop one new DH pop for drought research. (Yrs 2-4)

Obj 4. Identify novel genes and alleles for WUE and DT using the
AE Watkins and Gediflux collections. (Yrs 2-4)

Obj 5. Collate a diverse germplasm (cvs, advanced lines) for
future association genetics studies. (Yrs 4 -5)

http://www.wgin.org.uk/


WUE trial 2009-10 & 2010-11

Split plot design (3 reps): plot size 1.6 x 12 m
Main plot: Fully irrigated (trickle irrigation)

Unirrigated

WGIN 2 (9.1 Trait Identification)

Split plot (variety):
1. Avalon *
2. Beaver
3. Cadenza *
4. Cappelle Desprez/Sterling
5. Cordiale
6. Glasgow
7. Hereward *
8. Hobbit
9. Istabraq

* Common with NUE trial

10. M. Widgeon *
11. Oakley *
12. Panorama
13. Paragon *
14. Rialto
15. Savannah
16. Soissons
17. Xi 19 *
18. Zebedee



Grain yield responses to irrigation
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2010 LTM 75-09

Jan 33 54.1
Feb 41.6 43.4
Mar 36 45.7
Apr 24 44.4
May 18.2 45.6
Jun 69.2 58.7
Jul 42.6 49.8

Sutton Bonington 2009-10

http://www.wgin.org.uk/


Drought effects 11 July 2011

Panorama Cadenza Istabraq
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Drought tolerance index: (YDr/YIrr) / (mean YDr / mean YIrr)
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Water use efficiency: definition and
measurement

● Water-use efficiency (WUE) is the ratio of above-
ground dry matter production to evapotranspiration.

13C/12C isotope ratio of fixed CO can be used as an● 13C/12C isotope ratio of fixed CO2 can be used as an
indicator of WUE

● Low discrimination against 13CO2 → high WUE
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Grain yield versus stem WSC reserves
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Spectral Reflectance Index (RSpectral Reflectance Index (R970970/R/R990990): 27 June): 27 June
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WGIN 2 (9.2 QTL Detection)

2010-11 and 2011-12 expts

• Rialto x Savannah DH population for phenotying for yield
physiological traits (94 lines and 2 parents)

• 2 sites: Nottingham - irrigated & unirrigated; JIC - unirrigated• 2 sites: Nottingham - irrigated & unirrigated; JIC - unirrigated

• Target traits

 13C Δ grain
 senescence kinetics
 canopy temperature
 stem WSC



Measurements on DH pop

• Combine grain yield, yield components
• % stem WSC at GS61+10d (unirrigated)
• Leaf senescence kinetics for flag-leaf, L2
and L3.

• Canopy temperature• Canopy temperature
• grain  13C (unirrigated)
• NDVI

Drought effects 11 July 2011

L2 L39 L47



Grain yield responses to irrigation
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SAVANNAH
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Spectral reflectance (NDVI)Spectral reflectance (NDVI)

 Shows promise for biomass in
some crops

 May be used to estimate chemical
components, e.g. water soluble
stem carbohydrates
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LSD: Irr 0.003 ***; Line
0.002 **, Int 0.004 ns
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LSD:
Irr 0.074 ***;
Line 0.061 ns
Int 0.042 ns

NDVI

Spectral Reflectance Indices vs Grain Yield
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Preliminary Conclusions
 Consistent differences in Drought Tolerance Index identified

amongst panel of 18 cultivars

 Ability to access water appears to be a key driver for productivity
under UK drought.

 High 13C Δ correlated with grain yield under drought. 
Physiological basis ~ increased stomatal conductance, deeper
roots?
Physiological basis ~ increased stomatal conductance, deeper
roots?

 Measurement of stable isotopes in plant dry matter may a useful
phenotypic tool for speeding up breeding

– Grain 13C Δ

– Flag leaf  18O

 Work is ongoing to:
– identify opportunities to break linkage between WU and WUE
– develop high-throughput screens for breeding
– Understand the genetic basis of drought tolerance and WUE

traits (QTL detection)



WGIN 2 (Drought tolerance, 9.2)
Project

Month Milestone

30/11/2012 48

Act 9 Obj2: QTL analysis to identify genome
locations associated with WUE and drought
tolerance traits completed.

2011-12 expts

Rialto x Savannah DH population for phenotying for yield
physiological traits (94 lines and 2 parents)

~ 2 sites: Nottingham - irrigated and unirrigated

JIC - unirrigated

~ extend molecular map as necessary with Dart and SSR



WGIN 2 (9.3 Develop new SSD pop)
Project

Month Milestone

31/03/2012 40

Act 9 Obj3. Complete development of one new SSD
population in an elite modern background
segregating for drought-tolerance traits.

• Candidate F1(s) made at JIC informed by data analysis from• Candidate F1(s) made at JIC informed by data analysis from
LK0986 project

• Population segregating for Ppd1a:

 use WGIN resource to select against PpdD1a - ie make the pop
photoperiod sensitive.

 keep the pop large, so we can have flowering time strata and perform
analysis within them

• F2 sown in October 2011, population is in excess of 350 lines





WGIN 2 (9.4 Association Genetics)
Project

Month Milestone

31/03/2012 40

Act 9 Obj3. Complete development of one new DH
population in an elite modern background
segregating for drought-tolerance traits.

120Watkins lines assessed for leaf Ps rate (quantum yield, fluorpen) and
visual senescence scores (weekly post anthesis) in 2010-11



WGIN 2 (Activity 9, Drought tolerance)
Project Month Milestone

30/11//2011 36
Act 9 Obj1: Complete phenotyping and data analysis for drought

tolerance traits in elite winter wheat varieties in 2009/10 &10/11.

30/11/2012 48
Act 9 Obj2: QTL analysis to identify genome locations associated with

WUE and drought tolerance traits completed.30/11/2012 48 WUE and drought tolerance traits completed.

31/03/2012 40
Act 9 Obj3. Complete development of one new DH population in an

elite modern background segregating for drought-tolerance traits.

28/02/2013 51
Act 9 Obj4: Association genetics analysis of drought tolerance traits

using AE Watkins & Gediflux collections completed.

28/02/2013 51

Act 9 Obj5: Collation of diverse germplasm collection (cultivars,
advanced lines) from worldwide drought-tolerance wheat
breeding programmes completed.



WGIN Sub-Contract Update

26



Chemical analysis Total

No. samples 13C 18O Ash%

Flag leaf @ GS61 108 108 216

Samples (per year) on 18 cultivars x 2 Irr trts x 3 reps
(=108 plots)

Chemical analysis in WGIN drought tolerance trial in
2009/10 & 2010/11

Grain @ harvest 108 108 216

Sub-contract funding

Core funding



Isotope analysis, sample submission: :Weighing and encapsulate
of milled samples samples for 13C and O18 isotope analysis

Encapsulation of 2 mg sample

Submit samples to Mylnefield Isotope lab at JHI

All 2009/10 samples submitted 25 Jan
2011 (data returned Mar 2011)

2010/11: 18 cv grain 13C and S x R DH
grain 13C submitted to lab on 5 Jan 2012
(data returned Feb 2012)

2010/11: 18 cv FL 13C and 18O submitted
on 15 Feb 2012



Mineral ash content ~ water use

 Total leaf ash content of plant tissues is suggested as a useful tool to predict
yield under drought.

 The mechanism of mineral accumulation in plant tissues appears to be
explained through the passive transport of minerals via xylem driven by
transpiration.

 Ash content measured provides an indicator of the total water transpired.

 Analysis of mineral ash content is less expensive than Δ13C or Δ18O. 
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Flag leaf Flag leaf ΔΔ13 C 13 C vsvs Grain Yield 2009Grain Yield 2009--1010

y = 0.4125x + 1.7719
R² = 0.0268

9

10

11

12

t/
h

a
8

5
%

D
M

) Irrigated Unirrigated

30

y = 0.8106x - 7.8803
R² = 0.1837

6

7

8

19 19.5 20 20.5 21 21.5

Y
ie

ld
(t

/h
a

8
5

%
D

M
)

Flag leaf Δ13C (‰)



Techniques: Oxygen isotope ratio ~ leaf transpiration

• 18O/16O ratio determined by enrichment in
the leaf water due to transpiration.

• Leaf water enriched due to the preferential
loss of the lighter H2

16O during evaporation.

• An increase in stomatal conductance
decreases leaf ToC (hence intercellular
vapour pressure) resulting in less H2

18O
enrichment at the evaporating site.



Flag leaf Flag leaf ΔΔ13C 13C vsvs Flag leaf Flag leaf ΔΔ18O   200918O   2009--1010
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Resistance to Take-all 
Resistance to Septoria 



Take-all disease – soil-borne fungus   

A major problem 
for 2nd / 3rd wheat crops 
2nd wheat syndrome 

In 1st wheats - no disease problem  

Typical take-all patch showing stunting  
and premature ripening of the crop 
 -  in dry years even lower disease levels 
    can causes patches    

The risk of take-all is largely dependent on the amount of fungal 
inoculum in the soil at the time of sowing  



Objective 10 - Talk Outline  

Diploid wheat  
 - mapping populations  
 - introgression  to T. aestivum  
 

Hexaploid wheat – Watkins / Gediflux collections 
Diploid wheat 
 
 - field evaluation to identify potentially  
             resistance genotypes 
 
  

Hexaploid wheat – inoculum build-up in 1st wheats – 2010, 2011 
  

- results so far / current activities 



Watkins / Gediflux  Hexaploid wheat collections  
 Take-all  assessments 

2008 and 2009  field season – one plot / genotype – 
established from 45 seeds  
           823 lines Watkins +  60 lines Gediflux collection    

 

   

3rd wheat situation 

2010 field season   -  one plot / genotype 
 504 Watkins lines and 36 Gediflux lines  
 5 blocks of 8 controls + 20 Hereward control plots.  
   

Method - Discarded all lines more susceptible than Hereward 

2011 field season   -  one plot / genotype 
 490  Watkins lines and 36 Gediflux lines  
  
   All roots assessed 
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Watkins field experiment 2011 – 
Control plots  

Low disease 
pressure 



Watkins / Gediflux  Hexaploid wheat collections  
 Take-all  assessments 

3rd wheat situation 

Field experiment 2012: one plot / genotype  
104 Watkins lines, 36 Gediflux lines 
5 blocks of 8 controls, 20 Hereward plots.   
Sown October 2011. 

Plus the most resistant 144 lines Watkins lines have gone into the   
wheat pre-breeding LoLa field trials  - 5 reps / genotype 

2011 - hand sowing 60 seeds per plot (3 rows x 50cm)  
2012 - combined drilling 200 seeds (4 rows x 1m)  - WORKED WELL  

30% of Watkins lines  (248 lines) remaining after 4 years of trialling   

Protocol change  

Feb 2012 - All plots have full plant cover   



Objective 10 - Talk Outline  

Diploid wheat – T. monococcum  
 - mapping populations  
 - introgression  to T. aestivum  
 

Hexaploid wheat – Watkins / Gediflux collections 
Diploid wheat 
 
 - field evaluation to identify potentially  
             resistance genotypes 
 
  

Hexaploid wheat – inoculum build-up in 1st wheats – 2010, 2011 
  

- results so far / current activities 



T. monococcum (AA genome) domesticated from T. boeoticum 

Heun  et al., 1997. Science 278(5341): 1312-1314. 

Karacadag mountain 



SED = 8.56 
FPr <0.01 

CONTROLS 

Diploid wheat field experiment 2008 
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5 or 10 replica plots / line  

High disease year  



10 replica plots / line 

SED 4.858 
FPr <.001 Moderate disease year  



Diploid wheat field experiment 2011 

10 replica plots / line 

Low disease year  



T. monococcum introgression  to T. aestivum  

New strategy 

1. Graham Moore ( JIC)  
New T. aestivum sources  
 
Paragon    - ph1 mutant   and  wild-type 
Chinese Spring  - ph1 mutant   and  wild-type 
 
 

Received  10 seed from JIC in July 2011  
and multiplying up the stock  
 
To sow in batches starting late Feb  to ensure good  
Tm pollen production      



Objective 10 - Talk Outline  

Diploid wheat – T. monococcum  
 - mapping populations  
 - introgression  to T. aestivum  
 

Hexaploid wheat – Watkins / Gediflux collections 
Diploid wheat 
 
 - field evaluation to identify potentially  
             resistance genotypes 
 
  

Hexaploid wheat – inoculum build-up in 1st wheats – 2010,  2011 
  



The genotype of the 1st wheat influence the amount of  
take-all inoculum build-up in the bulk soil 

A key discovery in  WGIN 1  

Diversity trial – 200 kg N / plots 

8 soil cores / plot  – just post harvest  

Pot bioassay to assess Take-all 
Infectivity   



Hexaploid wheat – inoculum build-up in 1st wheats – 2010 , 2011 
  

2009 / 2010  :  no inoculum  build up  due to the very dry winter / spring  

2010 / 2011 – cores taken from all plots  
   +  entire trial over-sown with cv Oakley  

Avalon x Cadenza   mapping population  = 203 lines 
  3 REPLICA BLOCKS   

BLOCK 1 – just out of the pot bioassay  -   more promising levels of disease    



T. monococcum – Introgression of the TmStb1 locus 
conferring resistance to Septoria tritici 

blotch  into hexaploid wheat    

Objective 11 



5 years of field assessment of resistance 

Triticum monococcum 
      - diploid wheat AA   

Hexaploid wheat 

No lesions !!! 

Jing et al. (2008) New Phytologist 



Fine Mapping and Bulk Segregant Analysis  

Xbarc174 
45.2  

Xwmc283 
21.7 

F3 :  30  Resistant  lines  and 25 Susceptible lines    

M308 x M002 
    R          S 

1. Assess each for presence / absence of flanking  SSR markers – DNA made  
2. Identify closer  markers – which type?  
3. Make bulks of 10 lines  x 2  per phenotype 
4. Apply a NGS strategy  
5. Define a very small segment for Ta introgression via ph1 crossing  

Chr7  



Many thanks to  

 
RRes Farm staff 
 
Richard Gutteridge 
Vanessa McMillan (HGCA-BBSRC) 

  
Kostya Kanyuka 
Steve Freeman (WGIN casual)  

Gail Canning (BBSRC-Pre-breeding LoLa)  

 

Summer students 2011 
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Background and Aims

� EMS mutated Paragon population is a major resource but 
trait data sparse

� Image analyzers and Near Infra Red (NIR) spectroscopy can 
provide rapid and non-destructive grain quality 
assessments

� GG LINK project developed NIR calibrations for alcohol 
yield and gliadin content

� Hypothesis that reduced Gli would be a valuable trait for 
reduced N storage requirements and better N use efficiency

� Aim: to transfer GG NIR calibrations to JIC and to scan the 
EMPP to identify potentially interesting lines



Approach

1. Grain samples transferred from JHI and reference data from 
ADAS to Aunir (n=552)

2. Reference samples scanned on FOSS 6500 NIR at Aunir,

3. Calibrations developed for grain protein fractions  and alcohol 
yield (AY)

4. NIR calibrations transferred to FOSS 6500 NIR to JIC (Norwich) 
and train staff to use with small sample cell

5. 4,737 samples from EMPP scanned with FOSS 6500 and Marvin 
analysers (inc. 14 control samples)

6. Data transferred to ADAS for analysis



Crop sown March 2006 (JIC)Crop sown March 2006 (JIC)Crop sown March 2006 (JIC)



Example of poor areaExample of poor areaExample of poor area
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Key traits for NIR calibration

• Alcohol yield (litres/tonne)

• Residue viscosity (mPa.s)

• Gliadin content (% DM)

• LMW Glutenin content (%DM)

• HMW Glutenin content (%DM)

• Albumin & Globulin content (%DM)

• Gliadin fraction (proportion of protein)

• LMW fraction (proportion of protein)

• HMW fraction (proportion of protein)

• Albumin & Globumin fraction (proportion of protein)



Plus

Standard FOSS calibrations for:

� Protein

� Moisture

� Starch

And by Marvin image analyzer:

� Grain dimensions (length, width, L:W ratio)

� Thousand grain weight



Database in Excel spreadsheet





Results

Histogram - TGW (EMPP)
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Results

Histogram - protein EMPP
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Results

EMPP

y = -6.2818x + 512.7

R2 = 0.9008
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Results

EMPP
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Results

EMPP

y = 0.4213x - 0.3726

R2 = 0.8279
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Identification of high/low gliadin lines

EMPP
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Identification of high and low gliadin lines
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Identification of low and high gliadin lines
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Spatial variation in grain protein

� Spatial variation assessed by ANOVA

� appears to be a relatively small part of the total variance, 

� but care should be taken to check the exact position of lines 
before selection for further analysis 



Summary

� The EMPP & Paragon parent appear to be 
relatively low gliadin for a given protein content, 
compared to the elite lines seen previously

� GG ref data set were:

� winter types

� grains of soft endosperm texture

� low grain protein samples (<15%) due to N 
deficiency, and

� predominantly varieties other than Paragon



Questions

� How relevant is Paragon as a hard/spring 
wheat

� Is the apparent, low gliadin content 
significant (requires wet chem to confirm)

� Given that the trial was droughted (low 
TGW/high protein) how useful are these 
samples

� Identification strategy



Further work

� Multiplication of EMPP followed by 

reference chemistry on grain

� Repeat screening using material from less 

droughted/lower protein experiment(s)

� Paragon deletion mutant set ?

� Develop other populations

� Winter types ?



Thank you

Richard Weightman

ADAS Boxworth

richard.weightman@adas.co.uk



BBSRC funded BBR project  - Phytopath   
(Jan 2011  - Dec 2013) 

European Bioinformatics Institute (EBI)  
                               – Genome Campus,  Hinxton, Cambs 
   PIs : Paul Kersey + Ewan Berney     

2 partners  

Rothamsted Research 
                    PIs : Kim Hammond-Kosack + Mansoor Saqi   

Topic :   Full sequenced plant pathogen genomes   
               (35 - 50 Mb in size)   
               Linking individual pathogen genes / gene variants  
               to disease phenotypes  
                                                                                                              
Focus : Fungi and protists which cause disease on key  
              Agricultural Crops   



http://www.phytopathdb.org/ 



A portal  to the genomes of phytopathogenic  fungi  and  
protists which infect key crop species   

= wheat infecting 



• PHI-base: is a database of interactions between 
                    pathogens and their hosts  
• The current version contains 1335 interactions associated  
   with 1065 genes from 102 pathogenic species 
• PHI-base contains highly curated phenotypic data linked   
  to gene sequences, checked by the international community 

www.PHI-base.org.uk 

              @ RRes is linked to EBI PhytopathDB  

Gene sequence within the genome browser in Phytopath  
                             are directly linked to the    
    phenotype and the peer reviewed literature in PHI-base    

Key point  

25% cereal infecting fungi (15% wheat)  



        Geospatial Resource  for Agricultural Species and Pests (GRASP Wheat) Workshop  
 
The University of Nottingham  Rothamsted Research The University of Reading 
Dr Rumiana Ray   Dr Toby Bruce  Dr Alastair Culham 

Background -GRASP Prototype at The University of Nottingham 

   Not yet a  
funded project  



Aim: to develop a source/standards-based framework for geospatial 
data capture to exploit genetic trait diversity in crop breeding 

integrating environment, pest and pathogen data 

How: One day International workshop 
 
Objectives: 
• Use cross-institutional and multi-disciplinary expertise to generate common framework 

and standards – ontologies and phenotyping 
 

• Integrate existing database resources – reference database from Breeders, PHI-base, 
Plantwise, RRES insect survey, Crop Monitor, i4life into a geospatial prototype for 
Wheat UK as proof of concept 
 

• Develop consortium for future collaborative proposal on GRASP Wheat EU/Global 
 
Who: Pathologists, Physiologists, Entomologists, Breeders, Geospacial scientists, Integrative      

Biologists, Bioinformaticians, Geneticists working on Wheat traits for Food Security 
     
When: Provisionally Autumn 2012   Where: TBC 
 

Contact : Rumiana.Ray@nottingham.ac.uk 
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