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Development of Near Isogenic 
Lines



Near Isogenic Line development
-Example of strategy for 3A height 

WGIN1 WGIN2
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Near isogenic line development- Yield

DNA for heterozygotes (BC2) and homozygotes BC2F2 now extracted 
ready for MAS
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Near isogenic line development- Crop height

DNA for heterozygotes (BC2) and homozygotes BC2F2 now extracted 
ready for MAS



QTL F1 BC1 BC2 Homozygotes
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Near isogenic line development- Ear emergence

DNA for heterozygotes (BC2) and homozygotes BC2F2 now extracted 
ready for MAS



Gamma mutagenesis



Gamma M1 mutants:
CS bagged left (2500) sown). Paragon (2000 sown) currently bagging right
50% fertility rate expected

Now harvested M2 seed- for sowing in spring 2010
Scope for a further 4000



Taking Paragon EMS alleles 
forward



Mutant x Spring cultivars: F2 families
12 families – segregations of mutant types height, flowering, leaf senescence 
and biomass

Tagging plants by visiting students for
DNA collection and trait scoring

Leaf senescence segregating



Paragon mutants in Hege 80s
Left – flowering time differences (first two plots) Right – leaf senescence



Heading date DArT data returned 
for heading date

• 2939a mutant was crossed with Maris 
Dove

• 2939a mutant was crossed with Wembley
• 423a mutant was crossed with White Fife
• 423a mutant was crossed with Koga 



Segregation of ear emergence 
for 2939a
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Flowering time of paragon wheat varieties, 2939a mutant 
parents, maris dove parents, and F2 cross
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‘Late late’ 423a  



Grp 7 associations for 423a 



Koga 7A nullisomics



AE Watkins and population 
development



Ten AE Watkins x Paragon SSD 
populations- now at F3

• Extremes- height and ear emergence. Ten SSD populations up to F3 plants, 
therefore F5 seed in June ’10.

• More to come eg- Thousand grain weight, grain length and grain width 
measured on 1100 Watkins lines. Done, data ready for website now and 
lines sown for crossing to Paragon.

• Also 2 SSDs Paragon X CS and JIC synthetic up to F4.  F5 seed now sown 
and DNA extracted.

• 1071 Watkins accessions in soil house and field (Hege 90, 1m2) Autumn 
’09.

• DNA extraction of soil house material (bagged) and minimum 800g of 
Watkins seed for further work. 



Avalon x Cadenza
• Workshop When?   3rd Nov

• Where? JIC- Genome Centre Seminar Room

• JIC continues to maintain stocks



Improving A x C map

• http://cbr.jic.ac.uk/threadmapper



Handling data

• Development of relational database as 
core resource at JIC

• Propose to link version containing WGIN 
data to WGIN website
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Gamma M2 mutants: CS left 
Paragon right
Frequent flag leaf rolling

"And he gave it for his opinion, that whosoever could make two ears of corn 
or two blades of grass to grow upon a spot of ground where only one grew before, 
would deserve better of mankind, and do more essential service to his country, 
than the whole race of politicians put together." 
— Jonathan Swift (Gulliver's Travels) 

http://www.goodreads.com/author/show/1831.Jonathan_Swift
http://www.goodreads.com/book/show/2181473.Gulliver_s_Travels


Phenotypes confirmed
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Insect resistance in wheat: Cereal aphids 
(RRes) 
Ruth Gordon‐Weeks and Lesley Smart 

RESEARCH
ROTHAMSTED



Objective 1.  To explore whether the differential response of hexaploid wheats to 
two different cereal aphid species has a genetic basis. 

Milestone 1. Determine the differential susceptibility to two cereal aphid species of 
targeted lines from the Spark x Rialto mapping population.



Schizaphis graminum

Genotype  no. of aphids per plant
SR 21  24.33 most
SR 8  23.50 preferred
SR 92  20.86
SR 6 18.00
SR96 18.00

SR 110  2.83
SR 95  2.50
SR 4  2.25
SR 39 2.00 least
SR 144 1.88  preferred

Spark  16.88
Rialto  5.43

Spark x Rialto Mapping population extreme responses
Diuraphis noxia

Genotype  no. of aphids per plant
SR 120 23.33
SR 111 22.6
SR 98 16.29 

SR 7 2.00
SR 67 2.00
SR 122 2.00
SR 10 1.86
SR 39 1.22

Spark  4.44 
Rialto  2.71

Data from John Snape



Diuraphis noxia
Russian Wheat aphid

Schizaphis graminum
Greenbug

Sitobion avenae
Grain aphid

Rhopalosiphum padi
Bird‐cherry oat aphid

Family

Aphididae

Sub‐family

Aphidinae

Tribe

Macrosiphini Aphidini



17 Genotypes plus the parental lines tested in choice tests, with cv. Solstice as the standard
variety, against Sitobion avenae and Rhopalosiphum padi.
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D. noxia S. graminum S. avenae R. padi

most preferred SR120 SR21 SR120 SR120

SR111 SR8 SR10 SR111

SR98 SR92 SR92 SR144

SR6 SR7 SR110

SR96 SR110 SR4

SR7 SR110 SR8 SR96

SR67 SR95 SR122 SR39

SR122 SR4 SR95 SR21

SR10 SR39 SR111 SR6
least preferred

SR39 SR144 SR98 SR67

Spark x Rialto antixenosis responses

Of the two parental lines, Spark is preferred to Rialto by all aphid species tested
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Further Work

• Conduct comparative development tests for both UK cereal aphid 
species on some of the least and most preferred genotypes

• Investigate levels of BX gene upregulation in some of the least and 
most preferred genotypes after infestation with the UK cereal aphid 
species 

• Determine whether there is any genetic difference between the 
least and most preferred genotypes
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Sitobion avenae choice tests. Nymphs produced at 24h as a proportion of 
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Rhopalosiphum padi choice tests. Nymphs at 24h as a proportion of 
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Objective 8 ‐ NUE and NUE linked 
QTLs 

M J Hawkesford

WGIN management Meeting, 20th

October 2009



Objectives

1. Dissect components of yield and NUE parameters in varieties of 
interest as identified in the preliminary screening in WGIN 1.

2. Examine physiology/biochemical processes contributing to NUE 
and quantify expression of key genes in selected varieties.

3. Examine variation in NUE in more ‘exotic’ germplasm arising from 
WGIN.

4. Use mapping populations to identify robust key QTLs for NUE.
5. Examine variation in early seedling nitrogen uptake ability.
6. Determine whether functionality can be maintained at reduced 

grain protein. This will utilise bread making quality QTLs which are 
independent of protein content (and known storage proteins) as 
identified in a previous LINK project and derived from the 
Hereward x Malacca population.



Workplan

• Diversity/N trials 2009‐2013 ( 5years)
– Core 15
– Exotics e.g. Watkins
– Specific A x C lines
– Other germplasm as deemed appropriate

• Avalon x Cadenza field trials 2009/10/11 (3 years)
– high/low N (one low, 2 high N)
– to supplement WGIN1 trials (one high, 2 low)

• Avalon x Cadenza – G/H trial 2012
• Hereward x Malacca NILS

– fields trials 2012/13
– 20 lines



Diversity trial

• Germplasm
– Core set
– New varieties: Marksman, Gallant, Oakley (Chablis) 
– Inclusion (6 varieties) as part of BBSRC‐IPA on quality‐yield 
relationships

– Inclusion of exotic materials, e.g. A x C, Watkins, 
suggestions???

• Traits
– Yield, NUE etc
– Partitioning information
– Analysis of post anthesis canopy longevity
– Analysis of genotypic variation in early N‐uptake efficiency



08/09 Diversity Varieties
Wheat varieties for WGIN-NUE 
2008/9 

Variety Code Dressing Code Data
(04/05/06/07)

Rationale

1. Avalon Av recleaned AV No/05/06/07 WGIN DH parent; Low NupE & NutE (D)
2. Cadenza Ca recleaned CA 04/05/06/07 WGIN DH parent; Best NupE (W)
3. Claire NEW 2005 Cl kinto CL No/05/06/07 Biggest area on RL; WGIN DH parent; Good second

wheat
4. Cordiale NEW 2006 Co redigo deter CO No/no/06/07 Good second wheat
5. Hereward He anchor HE 04/05/06/07 Best protein on RL; benchmark bread variety
6. Hurley NEW 2005 Hu recleaned HU No/05/06/07 Low NupE & NutE (W)
7. Istabraq NEW 2005 Is kinto

lattitude
+IS No/05/06/07 Best yield on RL; Distilling cultivar; In LINK

‘GREENgrain’; Good second wheat
8. Malacca Ma redigo deter MA 04/05/06/07 Biggest Group 1 area; DH choice; Low NupE, high

NutE (W)
9. Marksman Mk redigo MK new for 2009, PRS request
10. Maris Widgeon Mw sibutol MW 04/05/06/07 Tall (rht), old cultivar
11. Mercia Me recleaned ME 04/no/06/07 Low NupE & NutE (desk); Low Canopy N

requirement; In IGF micro-array
12. Monopol Mo recleaned MO 04/05/06/07 Breeder choice; High NupE, worst NutE (W)
13. Paragon Pa redigo twin PA 04/05/06/07 Spring variety; WGIN mutagenesis population; High

NupE (W)
14. Riband Ri recleaned RI 04/05/06/07 WGIN DH parent; Distilling cultivar; In LINK

‘GREENgrain’; High NutE (W)
15. Robigus NEW 2005 Ro redigo deter

lattitude
+RO No/05/06/07 Best Group 3 yield; Best NUE, high NupE & NutE (D);

Good second wheat
16. Soissons Ss redigo SS 04/05/06/07 WGIN DH parent; Early maturing; High NupE, low

NutE (W)
17. Solstice Sl beret gold

lasttitude
+SL 04/05/06/07 Biggest Group 2 area; DH choice; Worst NupE (W)

18. Xi19 Xi redigo deter XI 04/05/06/07 Best Group 1 yield; High NUE, NupE, NutE (D); Low
NupE (W)

19. AxC line 100 D1 recleaned new for 2009 - good early export from leaves
20. AxC line 116 D2 recleaned new for 2009 - poor early export from leaves
21. AxC line 99 D3 recleaned new for 2009 - high leaf %N at anthesis
22. AxC line 155 D4 recleaned new for 2009 - low leaf %N at anthesis
23. AxC line 127 D5 recleaned new for 2009 - high NUtE
24. AxC line 82 D6 recleaned new for 2009 - low NUtE



Wheat varieties for WGIN-NUE 2009/10 W=WGIN data, D=desk study

Variety Code Dressing Code Nabim Rationale inclusion in trial 
requested by

previous years of trials

1. Avalon Av recleaned AV 1 WGIN DH parent; Low NupE & NutE (D) PB, RG, MJH No/05/06/07/08/09
2. Cadenza Ca recleaned CA 2 WGIN DH parent; Best NupE (W) PB, RG, MJH 04/05/06/07/08/09
3. Chablis NEW 09/10 Ch 2 SPRING variety (previous grown in 2004 trial) as very N‐responsive variety MH only in 04

4. Claire NEW 2005 Cl kinto CL 3 Biggest area on RL; WGIN DH parent; Good second wheat PB,PS No/05/06/07/08/09

5. Cordiale NEW 2006 Co redigo deter CO 2 Good second wheat. BBSRC Quality project RG No/no/06/07/08/09

6. Gallant NEW 09/10 1 new claimed high yield and high protein type MH

7. Hereward He anchor HE 1 Best protein on RL; benchmark bread variety. BBSRC Quality project PB,PS 04/05/06/07//08/09

8. Istabraq NEW 2005 Is kinto + lattitude IS 4 Best yield on RL; Distilling cultivar; In LINK ‘GREENgrain’; Good second wheat.
BBSRC Quality project. WUE trial

PB,PS No/05/06/07/08/09

9. Malacca Ma redigo deter MA 1 Biggest Group 1 area; DH choice; Low NupE, high NutE (W). BBSRC Quality
project

PS 04/05/06/07/08/09

10. Marksman Mk redigo MK 2 new for 2009, PRS request for BBSRC Quality project
PS

only 09

11. Maris Widgeon Mw sibutol MW 1 Tall (rht), old cultivar PB, AM 04/05/06/07/08/09
12. Mercia Me recleaned ME 1 Low NupE & NutE (desk); Low Canopy N requirement; In IGF micro‐array. WUE

trial. RHT series
RG 04/no/06/07/08/09

13. Oakley NEW 09/10 Oa 4 (hard) Hard milling type. Highest yielding wheat on RL. MH

14. Paragon Pa redigo twin PA 1 Spring variety; WGIN mutagenesis population; High NupE (W) PB 04/05/06/07/08/09

15. Riband Ri recleaned RI 3 WGIN DH parent; Distilling cultivar; In LINK ‘GREENgrain’; High NutE (W) RG 04/05/06/07/08/09

16. Robigus NEW 2005 Ro redigo deter + lattitude RO 3 Best Group 3 yield; Best NUE, high NupE & NutE (D); Good second wheat. WUE
trial

PB, AM No/05/06/07/08/09

17. Soissons Ss redigo SS 2 WGIN DH parent; Early maturing; High NupE, low NutE (W) PB,RG, AM 04/05/06/07/08/09

18. Solstice Sl beret gold + lasttitude SL 2 Biggest Group 2 area; DH choice; Worst NupE (W) RG 04/05/06/07/08/09

19. Xi19 Xi redigo deter XI 1 Best Group 1 yield; High NUE, NupE, NutE (D); Low NupE (W). BBSRC Quality
project. WUE trial

PB,PS 04/05/06/07/08/09

20. AxC line 100 D1 recleaned new in 2009 ‐ high NUtE 09/
21. AxC line 116 D2 recleaned new in 2009 ‐ low NUtE MJH 09/
22. AxC line 181 D3 recleaned new in 2010 ‐ rapid canopy senescence MJH 10/
23. AxC line 112 D4 recleaned new in 2010 ‐ slow canopy senescence MJH 10/
24. AxC line 127 D5 recleaned new in 2009 ‐ good early export from leaves

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

MJH 09/10/



2008/09 Diversity Trial

BBC filming, 3rd August, 2009



A x C traits ‐ Rothamsted

• Flowering time and height
• Yield (grain and straw) and tgw
• Nitrogen (grain and straw)
• Computed NUtE, N uptake (final)
• Early N uptake

• Leaf N and SPAD (anthesis and 21 dpa)
• Leaf size (leaf 2)
• Canopy longevity, reflectance, rate of senescence
• Gene expression



Canopy reflectance in wheat

0

10

20

30

40

50

60

400 600 800 1000 1200

Wavelength  (nm)

R
ef

le
ct

an
ce

  (
%

)

Low N
High N

oNVDI=(750‐680)/(750+680)

Canopy screening
Reflectance (550nm)



Status 2009‐10 field expts



Drought tolerance

WGIN-2 SG meeting
Sutton Bonington 20 October 2009



WGIN 2 (Activity 9, Drought tolerance)

1. To identify the physiological traits explaining improved 
water-use efficiency and drought tolerance in elite winter 
wheat varieties. 

2. To identify robust QTLs for water-use efficiency and 
drought-tolerance traits using one existing DH population 
in an elite background. 

3. To develop one new DH population in an elite modern 
background segregating for drought-tolerance traits.

4.  To identify novel genes and alleles controlling water-use 
efficiency and drough tolerance using the AE Watkins and 
Gediflux collections.

5.  To collate a diverse germplasm collection (cultivars, 
advanced lines) from worldwide drought-tolerance wheat 
breeding programmes as a resource for future association 
genetics studies. 



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.

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.  



WUE trial 2009-10

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

Unirrigated 

Split plot (variety):
1. Var 1 (LINK, Tol)
2. Var 2 (LINK, Tol) 
3. Var 3 (LINK, Tol)
4. Var 4 (LINK, Intol)
5. Var 5 LINK, Intol)
6. Var 6 (LINK, Intol)
7. Cadenza ~ parent EMS pop  *
8. Beaver ~ low WUE
9. Gallant - crossover variety high GPC and yield *
10. Hereward - standard variety in several NUE projects *
11. Istabraq - included as a main variety in the 'Green Grain' project *
12. Oakley - high YP (good for examining trade off between YP and WUE) *
13. Xi19 - some reports that has high WUE  *
14.Rialto ~ parent DH pop
15.Savannah ~ parent DH pop
16.Soissons ~ high WUE
* Common with NUE trial





Measurements
• Combine grain yield, yield components  
• DM and partitioning at GS31, GS61, 
harvest 
• % stem WSC at GS61+10d 
• Leaf senescence kinetics for flag-leaf, L2 
and L3. 
• TE by 13C Δ grain samples 
• Stomatal conductance/photosynthetic 
rate using Licor (subset only)
• Water use ~ gravimetric analysis of soil 
cores (subset only) 



Evaluation of novel genetic resources

• NIAB backcrossing CIMMYT synthetic wheats 
(shown in Mexico to have improved drought tolerance) 
in Xi19 background.

• 29 BC1F3 families grown in small plots (4 x 1 m) and 
the recurrent parent (Xi19) on the drought-prone light 
sand at Bunny Park Farm.



Ideotype for high sustainable yield under drought

Optimised 
ABA root 
signalling

OPTIMIZE WUE

• High 13C Δ
• Pn capacity 
• Specific leaf N

MAXIMIZE WATER CAPTURE

• RLD at depth
• β (distribute roots deeper)
• Specific root length

EARLINESS

• Extend stem elongation phase
• Early onset GS31

MAXIMIZE HARVEST INDEX

• Stem CHO reserves
• Stay green



Crop

water

use

Water-use

efficiency

(biomass)

Harvest

index

Grain

yield = X X

• Flowering

• Stem CHO reserves

• Transpiration 
efficiency (13C Δ)
• Awns

• Stay-green

• Root density

Target traits →

Drought Resistance: Target traits
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• Beaver x Soissons DHs phenotyped in
2003 and 2005 

• Identify lines with contrasting 13C Δ ~ 
QTLs

• Investigate role of leaf activity sub-traits

Sutton Bonington 2005

13C Δ grain negatively correlated with TE 



Relationship between 13C Δ (grain) and grain yield 

Mean GL 2002-3 and SB 2004-5
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WGIN MM@UoN
20th Oct 2009

Richard Gutteridge
Hai-Chun Jing
Kim Hammond-Kosack

Resistance to Take-all and Septoria



Take‐all disease of wheat

• Gaeumannomyces graminis var. 
tritici (Ggt)

‐ ascomycete soil borne fungus

‐ related to rice blast fungus
Magnaporthe oryzae (previously 
M. grisea)

Seminal root

Crown root

Ggt infected wheat seedling



Runner hypha

A Ggt infected seminal root

Take‐all lesion



Typical take‐all patch showing stunting and premature ripening of the crop 



Talk Outline

Diploid wheat
- phenotyping via pot bioassay and field trials

- mapping populations

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

resistance genotypes

- results so far / current activities

Hexaploid wheat – inoculum build-up in 1st wheats



Watkins Hexaploid wheat collection 
Take-all / eyespot assessments

• 2007 – 2008 field season – one plot / 
genotype – established from 45 seeds 

• 740 lines from the collection 



Watkins collection sown into a 3rd wheat situation 



The harvested roots – August 2008 

severe  
infection

light
infection

root drying 

Stored at room temp prior 
to assessment in a white tray 

filled with water



Hereward - Extra 20 plots - mean TAI = 45.3

5 control blocks
Variety         TAI
Hereward    35.6
Triticale       18.4
Rye               1.7
Oats              0.0

Watkins Experiment 2008 RRes Take-all severity - control plots

0-5
6-15
16-25
26-35
36-45
46- 55
> 55

TAI

Mean of all plots 
Hereward = 43.4

N = 800 plots

Alpha design



Watkins Hexaploid wheat collection 
2008 Take-all / eyespot assessments

•All assessments completed – 740 lines
12,000 plants

• Initial findings suggest that 253 lines 
(34%) can be omitted due to 
susceptibility to Take-all.

• Further  lines may also be discarded 
once the stats is completed



Watkins Hexaploid wheat collection 
2008 Take‐all / eyespot assessments

All  740 lines also assessed for stem  
base diseases 

eyespot
sharp eyespot 
brown foot rot (fusarium spp.)
74,000 straws assessed
now in stats 

Note : the 2008-2009 trial was fungicide treated in the 
spring 2009 to minimise stem base diseases 

Only this one year of data



500 lines carried forward from the 2008 trial but some    
may be discarded once statistical analysis complete

78 new lines added not previously tested

Watkins / Gediflux collections assessment 
2009 - 2010 

Watkins

Gediflux collection – 60 lines in total
All lines:  For 2 years

2008 – 2009  - done, roots to be assessed   
2009 – 2010  exp planned



A.E.Watkins and Gediflux collection          
2008 – 2009 field trial 

• The same single plot – Alpha design

• Foliar diseases
winter/ spring infection by septoria and mildew
but then did not develop further

late infection by yellow rust and brown rust 

ALL lines affected recorded but not assessed

- overall less FOLIAR disease than in 2007-2008



Talk Outline

Diploid wheat
- phenotyping via pot bioassay and field trials
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T. monococcum domesticated from T. boeoticum

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

Karacadag mountain



Gill et al. (2004) Genetics 168: 1087–1096

Origin of bread wheat
T. monococcum AmAm

Sexual gene transfer



T. monococcum - pot bioassays and field trials

Pot bioassays started in 2005

- Naturally infected soil
- Naïve soil + 12 Ggt isolates 

Min. 5 reps – total of 50 seeds
per genotype

Field trials started in 2006 

Some promising results



The Pot Bioassay ‐ Standard two 
methods

• Collected field soil‐crumble to an even texture, with large 
stones removed, stored in a cold room until required.

• Two experimental set‐ups
1. Fill pot fill with 50cc of moist sand, 300g of naturally 
infected soil, sown with 10 seeds evenly over the soil surface 
and covered with horticultural grit. 
2. Artificial inoculum addition ‐ shake 300g of ‘naïve’ soil with 
50g of dilute inoculum in a plastic bag, transfer to bioassay 
pot. (inoculum = sand/maize meal cultures, 10 different 
isolates, including both A and B types, mixed together)

Min. 5 reps – total of 50 seeds

Assess - % roots with Take-all



Take‐all Assessment of field 
experiments

Whole plant root systems are assessed in a white dish under water 
and the proportion of roots affected by the disease are graded as 
follows:

Slight 1: 1 – 12%;  Slight 2: 13 – 25%;  Moderate 1: 26 – 50%      
Moderate 2: 51 – 75%;  Severe >75%

Take‐all Index (TAI) calculated by:
1 x %plants with slight 1; + 2 x %plants slight 2; + 3 x %plants moderate 1; + 4 x 
%plants moderate 2; + 5 x % plants severe

Divide by the number of categories (5) ; Maximum index = 100 



Field experiment 2008
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Tested 5 Tm lines with contrasting Take-all susceptibility

Plus 5 tetraploids, 10 hexaploids, rye and triticale, 
5 replicates of each 

Genotype TAI (2008 field)
MDR046 12
MDR0229 18
MDR037 30
MDR002 32
MDR308 30

T. monococcum lines in the field 2008 - 2009

Note : Results from the previous field experiment  
(i.e.  those on the previous slide) were not available 
when deciding which lines to test

All plots sampled in July. Stored and awaiting assessment  



T. monococcum lines in the field 2009 - 2010

Note : This selection is based on the 2008 field data  
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Triticarte - custom wheat array 

1536 clones derived from the two T. monococcum
accessions

2304 clones derived from hexaploid wheats 
(including the Triticarte Wheat 2.3 array)

1536 clones derived from tetraploid durum wheat 
(including the Triticarte Durum 2.0 array)

1536 clones derived from 15 Iranian accessions of 
other Triticum species with genomes homologous 
to the A-genome of bread wheat (Ali Mehrabi, unpublished)

Jing, Bayon, Kanyuka, Berry, Wenzl, Hunter, Kilian and Hammond-Kosack (2009)
BMC Genomics Oct



DArT marker and PCA analysis of T. monococcum accessions 
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(Iran)

MDR652 (Turkey)

S - MDR043 (Greece)

MDR040
(Bulgaria)

mR - MDR229 (Spain)

S - MDR037 (Armenia)

MDR050

S - MDR024 (Chechen)

MDR045 (Denmark)S - MDR308 (Italy)

mR- MDR217(Turkey)

R - MDR046
(Romania)

MDR044
(Bulgaria)

S - MDR002
(Balkans)

MDR001 (Algeria)

MDR657

0.3-0.5

-0.1

-0.0

0.2

0.1

0.0

0.2

-0.2

0.3

-0.4

0.4

0.5

-0.2

-0.1-0.3 0.1

Principal coordinate 1 (13.05%)

Pr
in

ci
pa

l c
oo

rd
in

at
e 

2 
(1

0.
69

%
)

Triticarte - WGIN 
custom array
- 6912 clones 

800 DArT markers
297 mapped in TmHai-Chun Jing, unpublished

Not yet
in DArT
analysis
MDR218
MDR232
MDR280
MDR286
MDR031



Glasshouse crosses completed

2008
MDR037 x MDR046
MDR037 x MDR229 F2 seed harvested

~ 85 lines
SSD for 
each popn

2009

2009

< 10 grain X = not done
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Take-all and inoculum build up WGIN 1 

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

- A soil core bioassay, taken after harvest, is used to 
measure the take-all infectivity of the soil 

- Results from WGIN 1 have suggested that varieties can 
build up the take-all fungus differentially when grown as 
a first wheat.

Background 



THE
SOIL CORE

POT
BIOASSAY



Severe take-all infection Slight take-all infection

Soil core bioassay plants



www.WGIN.org.uk

200 kgN plots



WGIN winter wheat bioassay 2008

Take-all infectivity in the soil after different winter wheat varieties
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Variety  2004 2006 2007 2008
Overall 
ranking

Cadenza 1 2 1 1 1.25

Xi19 7 1 2 2 3

Riband 5 4 4 3 4

Mercia 3 5 3 6 4.25

Monopol 6 7 5 4 5.5

Avalon 2 * 6 8 5 6.33

Soissons 8 3 6 9 6.5

Malacca 4 9 7 7 6.75

Hereward 9 8 9 8 8.5

Take-all inoculum build up ranking by varieties:
1 = Low – 9 = High

nd



Objective 10.8 – take-all inoculum build 
up in 1st wheat situation 

Diversity trial 2009 – The experiment included 6 
DH lines from A x C  (82, 99, 100, 116, 127, 155 )

Soil cores taken from all varieties after harvest, 
one nitrogen rate (N2 ~200kgN/ha, total 360 
cores (5 cores per plot), being processed using 
the pot bioassay.

Diversity trial 2010
Standard varieties –
Hurley and Monopol - omited
Chablis, Gallant and Oakley  - new 
6 DH lines from A x C  (82, 100, 116, 112, 127, 181 )  



Objective 10.9    Avalon x Cadenza

Attempting to define the genetic basis of take-all
inoculum build up (TAB) 

- A very tough goal



% roots infected with take-all in a soil core bioassay 
Avalon and  Cadenza 2005 - 2008 WGIN Diversity trials
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Avalon x Cadenza DH trial

Just the parental plots soil-core sampled in 2007 and 
2008

and the pot bioassays done  



% roots infected with take-all in a soil core bioassay 
Avalon v Cadenza



Disappointment then a lucky break 

Disappointment:  Due to the late harvest in 2008 and the 
present of cereal volunteers the A x C line DH 
population, this trial  was not sampled for the take-all soil 
infectivity.



The lucky break – 2007-2008 Seed multiplication trial

62 A x C lines in a separate field + parental lines 
(plot size 20m x 2m) for multiplication in 2008 were 
ploughed and then over sown with Oakley

By July 2009 take-all patches were showing in the areas 
where the 2008 plots had been sown 

These areas were scored for take-all patches as a 
percentage of area affected

Middle 2 m of each plot was harvested and yield measured



Square Take-all patches
June 2009 



Plot 180 (95% TA)
Yield 5.25 t/ha

Plot 181 (5% TA)
Yield 9.61 t/ha



Plot 167 (80% TA)
Yield 6.04 t/ha

Plot 166 (5%  TA)
Yield 9.65 t/ha



Plot 177 (95% TA)
Yield 4.52 t/ha

Plot 176 (40% TA)
Yield 8.14t/ha



Avalon x Cadenza seed multiplication field plots 
over-sown with Oakley wheat in 2009 

Ahh!!! what is this then? Hm !!! That is better



Avalon x Cadenza lines in 2008, oversown with
wheat cv. Oakley in 2009. Relationship between
take-all patch score and yield

Take-all patch score (% area of plot affected)
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Can we genetically analyse and map the trait  ? 

319 markers on the  A x C map 
62 DH lines + parentals scored 



2009 A x C DH trial harvested in August

Soil cores have been taken from A x C field 
experiment in 2009 from all 203  + parentals lines, 
total 1272 cores (6 cores / plot from one rep)

Bioassays are in progress
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Build up of take-all inoculum
in the soil is 
genotype dependent

Year 2 

Economic loss
threshold

Differential genotype
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infection

Hereward

Cadenza

Riband

Cultivar rotation trial – R/CS 688

Overall objective: Explore the effect of sowing different 
sequences of cultivars on take-all disease pressure



Step 1: Year 1 To create different take-all disease 
pressures in the field using the varieties Hereward (high 
inoculum build up) and Cadenza (low inoculum build up)

Overall objective: Explore the effect of different cultivar  
sequences on take-all disease pressure

12m x 82m, of each variety 
4 replicates of each
done in 2008 – 2009
Sown - 10th October 2008
Harvested – 16th August 2009

Cultivar rotation trial – R/CS 688



Step 2: Year 2 Each of the 2009 large plots divided into 
eight 10m x 3m for the 2009 – 2010 field season

10 m plot 

14 m discard (for tractor movement) 

1

2

3

8 Plan NOT drawn to scale
1       2      3        4       5       6

After 2009 harvest, five soil cores 
were taken from each of the 
designated 2010 plots
i.e. 64 plots x 5 = 320 cores, 

being processed.

Overall objective: Explore the effect of different cultivar  
sequences on take-all disease pressure

Cultivar rotation trial – R/CS 688



Step 2: Year 2 Each of the 2009 large plots divided into 
eight 10m x 3m for the 2009 – 2010 field season

10 m plot 

14 m discard

1

2

3

8 Note : Plan NOT drawn to scale
1       2      3        4       5       6

8 different wheat cultivars representing the 
NABIM  groups 1 – 4 sown

Cultivar rotation trial – R/CS 688



The eight selected cultivars for the rotation trial 

Variety                    Group

Hereward                   1
Gallant                       1
Xi 19                           1
Solstice                      1
Cordiale                     2
Einstein                     2
Robigus                     3
Duxford                     4



1st wheat crop‐
very little disease
Yield average 12.69t/ha

3rd wheat crop‐
severe disease
Yield average 7.64t/ha

1st and 3rd wheat 
variety trials; 45 NL 
winter wheat varieties.

Both variety trials 
sown on 09th October 
2008 on Rothamsted 
Farm.
Photographs taken 08th

July 2009.

HGCA – BBSRC studentship 



2008-9 Bulking up seed 
9 Tm lines (MDR 2, 25, 26, 30, 37, 43, 45, 46, 229) 
were bulked up in the field

Harvest in August. Awns were removed from individual 
ears and seed + glumes separated.  

Approximately 1.5Kg of seed obtained/line.

2010 Field experiment
The experiment consists of 5 Tm lines (MDR 46, 37, 25, 45, 2)
+ Hereward control  + Cadenza control x 3 replicates

Take-all inoculum build-up under T. monococcum



Overall Take-all summary – root resistant  

Not known if root resistance to take-all is controlled 
by the same mechanism which confers the  
reduction in take-all inoculum build-up (TAB) in soil

Already 250 lines from the Watkins collected discarded
- fully Take-all susceptible

T. monococcum resistance - as good as Triticale 
Current  focus
- generating mapping populations 
- rapidly advancing them to F4 by SSD 
- only then screen for resistance in pots



Overall summary – Take-all inoculum build up (TAB) 
in the soil of a 1st wheat crop 

Ongoing NUE Diversity trial with new genotypes 

Avalon x Cadenza DH population
- consistent parental differences - years / trials  
- a promising 1st data set on 62 DH lines
- 212 plot bioassays for 2009 trial in progress 

(>1200 pots) 

T. monococcum – now enough seed to start first 
TAB trial with 5 MDR lines 

- includes MDR037, MDR046  mR   +  3  S lines
Hereward (high TAB) and Cadenza (low TAB) 



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 !!!



Resistance conferred the TmStb1 locus on 7Am

Jing et al. (2008) New Phytologist

F2 analysis



Wheat Stb genes for resistance to 
Septoria tritici blotch
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Fine-mapping of TmStb1 locus on 7Am
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Introgression of TmStb1 locus
into hexaploid wheat   

Ta x Tm crosses
Genotypes tested - Chinese Spring, Cadenza, Riband  

14 days post pollination – immature grain recovered
and into embryo rescue

Best F1 plant recovery rate with Chinese Spring 

F1 plants exhibit Septoria resistance to a normally
virulent fungal isolate on Chinese Spring  

What has been completed in 2009

Angela Doherty and Mike 



Staff change

Hai-Chun Jing – left RRes August 2009

New post Sorghum – salinity stress
Head, Centre for Bioenergy Plants Research and Development,
Institute of Botany, 
Chinese Academy of Sciences
20 Nanxincun, Xiangshan, 
Beijing 100093,  China 
Email: hcjing@ibcas.ac.cn
Webpage: www.ibcas.ac.cn

Replacement
Wing-Sham Lee   - ‘Sam’   
Cambridge – undergraduate and PhD graduate
She starts at RRes 2nd Nov 2009

mailto:hcjing@ibcas.ac.cn
http://www.ibcas.ac.cn/


Introgression of TmStb1 locus
into hexaploid wheat   

Plans for 2009 and 2010

Allison van der Meene, Sam, Angela and Mike  

Backcross the F1 plants and F1 selfed plants
exhibit Septoria resistance to Chinese Spring

B. Use the closest SSR markers to the TmStb1 locus
to check for the presence of Tm7A interval 

A. Chromosome counting of all the parental material
by root squashes / cytology  

Convert the flanking DArT into PCR based markers

By the A / B strategy we plan to eliminate the plants 
lacking Tm7A interval prior to crossing



Many thanks to….. 
Wheat Pathogenomics 
Team (RRes)

Richard Gutteridge
Sanja Treskic
Vanessa McMillan
James Bruce
Adrian Czaban

Hai-Chun Jing

BAB Dept
Statistics
Sue Welham 
Rodger White

Watkins Exp.
Simon Orford
Elke Anzinger
Sarah Usher
Steve Freeman

The Triticarte team



Cadenza Pedigree



Avalon 
Maris 

Ploughman 
Bilbo

Avalon Pedigree 



The Resource Search
A Monogram Facility

with the BBR project

A community resource for wheat functional genomics

PJ Verrier

Biomathematics & Bioinformatics Department

Rothamsted Research



Some history

 Monogram Cross Institute Programme

◦ The Monogram web site

 Small Grain Cereals Network

◦ The Monogram Network

 BBR funded project

◦ A community resource for wheat functional 

genomics (a 5 year project)



Result of merger

 Monogram network

◦ Its own web resources

◦ Long term support for web

◦ Delivery portal for resources

 Web pages

 Working parties

 Web sites

 Data resources

 Merged searches



http://monogram.ac.uk













BBR Objectives 2008/9

 Continue to develop the Monogram web site 
as the one stop shop for UK wheat activity

 Bristol – updated resource search to 

include all genetic resources so far 

identified

 Rothamsted – updated facilities & tools





Parallel Search
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Framework

 Linux based server at Rothamsted

 Apache web server

 MySQL database

 PHP development

 Re-usable scripts

 AJAX techniques for Javascript xhtml transfers

 SOAP based web services for data transfer

 Enable capture of remote site data/pages

 Enable searching of remote site data



Creating a page
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Filestore
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Browser-side

(front end)
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Next Steps

 SNPs from Bristol

 454 wheat data

 Gbrowse

 Revised Resource centric web



FUTURE: Resource centered

 Consortium  resources

 New Menu:







Brassica tools into Wheat tools



Jbrowse vs GBrowse



Future: wheat Ensembl?
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