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The Genetic Gain Race 

Species Genetic gain DM  
(% per annum) 

Reference 

Maize 1.5 - 2% Duvick 1992; Tollenaar & Lee 
2002 

Lucerne 0.2%, 0.2%, 0% Hill et al. 1998; Holland & 
Bingham 1994; Wiersma 1997 
 

Smooth bromegrass 0.15% Vogel et al. 1996 

White clover 0.6%, 1.3% Woodfield & Caradus 1994; 
Woodfield 1999 

Perennial ryegrass 0.2%, 0.4% Sampoux et al. 2010 
Easton et al. 2002 

Presenter
Presentation Notes
As we’re aware, due to a number of factors, genetic gain in forages (and I’ve highlighted clover and ryegrass here) has been relatively modest
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Pastoral Agriculture’s Central Role in New Zealand 

Half of our land area is under grazing in temperate and sub-tropical 
zones, primarily improved pastures 

 
Agriculture generates a fifth of our economic activity, and half of 

our export earnings 
 
 

USA NZ 
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Forage Breeding Team  
 

•Grasses, Legumes, 
Herbs 
 

•Novel Endophyte 
 

•Marker-Aided 
Breeding 
 

•Seed Production 
 

•Physiology – Seed 
& Plant 

Kerikeri 

Ruakura 

Poukawa 

Aorangi 
Grasslands 
Ballantrae 

Lincoln 

Southland 

Staffed 

Off Station 
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Breeding Targets 

Grass 
 
• Endophyte Performance 

 
• DM Yield 

 
• Persistence 

 
• Quality/Intake 

 
• Drought/Abiotic Stress 

 
• Heading / Aftermath 
 
 

Legume 
 
• Legume Content / Mixed Sward 

 
• Persistence / Pest Tolerance 

 
• Drought/Abiotic Stress 

 
• Quality 

 
• Seed Yield 
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Forage Breeding System 
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Seed 
Increase 

Presenter
Presentation Notes
A typical system, which is reasonably successfulMost crosses 20 or more parents from 4 or more source populationsHow to best apply markers?Are fixed loci even the preferred outcome?10 years minimum, $0.5 – 1.0M per new productTarget trait(s) may be lost in process? (Parsons et al.)Hybrid vigour lost in process?  (Brummer, etc.)Low levels of genetic gain?  MAB will be about putting a part of this on the fast track.We won’t do MAB in all populations



Barrett / NAFA / 11 July 2012 

Approach 
Test a Global 
Collection in 
New Zealand 

Goal 
Red Clover 
with Grazing 
Tolerance 
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Four Summers Later… 

Plant survival after rotational grazing by cattle at  
                         Aorangi Research Farm, Manawatu, 2007-2011  

LSD(0.05) = 21 

Ford & Barrett (2011) NZGA 
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Persistence & Yield Under Grazing 

Release of  
Grasslands Relish 
 
4 Experimental Lines  
Topped the Trial 
After 4 Summers 
 
Not a molecular 
marker in sight 
 
Genetic resources and 
relevant phenotyping 
 
 
 

LSD(0.05) = 1.7 

Ford & Barrett (2011) NZGA 
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Molecular Breeding 
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Seed 
Increase 

Marker  
Assisted 
Selection 

Tracking &  
Protection 

Prioritisation 
& Novel Traits 

Presenter
Presentation Notes
A typical system, which is reasonably successfulMost crosses 20 or more parents from 4 or more source populationsHow to best apply markers?Are fixed loci even the preferred outcome?10 years minimum, $0.5 – 1.0M per new productTarget trait(s) may be lost in process? (Parsons et al.)Hybrid vigour lost in process?  (Brummer, etc.)Low levels of genetic gain?  MAB will be about putting a part of this on the fast track.We won’t do MAB in all populations
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Molecular Breeding 
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Seed 
Increase 

Prioritisation 
& Novel Traits 

Presenter
Presentation Notes
A typical system, which is reasonably successfulMost crosses 20 or more parents from 4 or more source populationsHow to best apply markers?Are fixed loci even the preferred outcome?10 years minimum, $0.5 – 1.0M per new productTarget trait(s) may be lost in process? (Parsons et al.)Hybrid vigour lost in process?  (Brummer, etc.)Low levels of genetic gain?  MAB will be about putting a part of this on the fast track.We won’t do MAB in all populations
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T. repens 

Activating Condensed Tannin Accumulation in 
White Clover and Alfalfa Leaves 

Hancock et al. 2012 

Presenter
Presentation Notes
new biotechnology approaches such as MtPAR and TaMYB14 gene transformation, aimed at increasing the levels of CT in important forage legumes, have yielded a number of promising opportunities. Investigation Young T  arvense, mature T. arvense. In arvense the CTs accumulate in the epidermisT. arvense is closely related to white clover (Genus). Chosen over T. affine which is not self fertile, an outcrosser and perennial (similar to white clover) Produces significant  amounts of CTs in leaves. MW 7900-8200 Monomers 26-27 Mixed flavonol polymer  57:43 delphiniin:cyanidinCT biosynthetic pathway is switched on entire leaf life.2n genetic background, annual and is self-fertile (Mol. Biol. Dream!!)Due to the high levels of CTs in the leaves, it is easier to detect alterations of the pathway through staining/ find the needle in the haystack (gene isolation).
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Trifolium Phylogeny 

Ellison et al.  Molecular Phylogenetics 
and Evolution 39 (2006) 688–705 

T. arvense T. repens 

Presenter
Presentation Notes
Trifolium, based on rbsC chloropast sequence.. Within the 240 or so Trifolium species, proved only two actually proven to produce tannin in the leaf tissue at any appreciable level -Dimethylaminocinnamaldehyde (DMACA).These two are T. arvense and T. affine.  Two others reported in same cluster.. T. stipulaceum –extinct only in Uni cape town herberium; T. wettsteinii- 1 sample proved –ve..  T. saxatile- 1890???Molecular Phylogenetics and Evolution 39 (2006) 688–705 Molecular phylogenetics of the clover genus (Trifolium—Leguminosae)Nick W. Ellison a, Aaron Liston b,¤, Jeffrey J. Steiner c, Warren M. Williams a,Norman L. Taylor dChose T. arvenseThey are not as closely related to T. repens as T. occidentale, but gene sequencing…incredibly close homology in structural gene DNA sequences
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• Transcription factor 
• Isolated from T. arvense 
• 942 bp coding region 
• 314 amino acids 

 

TaM4
1296 bp

In B
Exon1 Exon2 Exon3

deletion

Cla I (1113)

Nco I (145)

Eco RI (2) Eco RI (1292)

TaMYB14- a Leaf Specific MYB Factor   

TAMYB14 Structure 

Presenter
Presentation Notes
T. arvense has two alleles for this gene. Only one is expressed in leaf tissue. Two alleles differ at DNA and amino acid levelIdentification of a gene from Trifolium arvense  responsible for biosynthesis of Condensed Tannin Isolation of mRNA then genomic allele coding for mRNA,  Placement into binary vector (35S promoter, ocs terminator)Figure 3. Phylogenetic tree of Trifolium and Medicago R2R3-MYB14 homologues with selected PA-related R2R3 MYB proteins from other species.The scale bar measures substitutions per site. The length of a branch is the average number of substitutions that occurred at each site of the sequence between the two ends of the branch. Accession numbers: TaMYB14 (T. arvense MYB14, JN049641), AtTT2 (A. thaliana TT2, Q9FJA2), LjTT2a (L. japonicus TT2a, AB300033), LjTT2b (L. japonicus TT2b, AB300034), LjTT2c  (L. japonicus TT2c, AB300035), PtrMYB134 (P. trichocarpa MYB134, XP_002308528.1), GhMYB36 (G. hirsutum MYB36, AAK19617), GhMYB38 (G. hirsutum MYB38, AAK19618), GhMYB10 (G. hirsutum MYB10, AAK19615), VvMYBPA1 (V. vinifera MYBPA1, CAJ90831), MYBPA2 (V. vinifera MYBPA2, ACK56131), DkMYB4 (D. kaki MYB4, AB503701), TafMYB14-1 (T. affine MYB14-1, JN117921), TrMYB14-1 (T. repens MYB14-1, JN117923), MYB14-1 (T. occidentale MYB14-1, JN117926), MYB14-1 (M. sativa MYB14-1, JN120176), MtMYB14-1 (M. truncatula MYB14-1, JN157820) , MtPAR (M. truncatula PAR, HQ337434).
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Deactivating CTs in T. arvense 

B/E 

TaM4
1296 bp

In B
Exon1 Exon2 Exon3

deletion

Cla I (1113)

Nco I (145)

Eco RI (2) Eco RI (1292)

pHZBARSMYB
15326 bp

RB

SpR

pdk

ocs3'

LB

RK2 ori

ori322

trfA

oriT RK2

BAR
CaMV35S promoter

35S Promoter

ocs3'

SMYB14F

SMYB14R

BamHI (46)

BamHI (12572)

HindIII (76)

HindIII (12566)

NotI (10088)

NotI (13664)
SpeI (13627)

SpeI (13671)

EcoRI (64)

EcoRI (630)

EcoRI (11755)

Nco I (4267)

Nco I (4795)

Nco I (13689)

PstI (62)

PstI (1614)

PstI (10085)

PstI (13609)

RNAi Gene Silencing  
of TAMYB14 

Wild Type 

Silenced 

Presenter
Presentation Notes
Used an RNAi silencing strategy fragment of the TaCT gene was cloned into a silencing vector; transformed into T. arvense;  regeneration of transgenic plantsTransformation into White clover, Medicago, Ryegrass, Tobacco, Brassica  DMACA staining of CT in transformed plant cellswe managed to knockout the endogenous TaMyb14 leading to reduction of tannin levels in the leaf.HPLC/LCMS analysis (C) showed wild-type T. arvense plantlets had detectable levels of CT monomers and dimers. The majority of these monomers were catechin (a), with small amounts of gallocatechin (c) monomers. In contrast, only traces of these compounds were detected in the transformed plantlets, if at all (b,d). C  in the HPLC trace are the silencedFigure 5. LC-MS/MS composite extracted ion chromatograms of ions for PA dimers978 in T. arvense leaf extracts.979980 Chromatograms are the sum of ions 291 + 409 + 427 m/z from MS2 product ion scans981 of 579 m/z (PC: PC) dimers in extracts of:982 (A) Grape seeds.983 (B) T. arvense wild-type.984 (C) T. arvense TaMyb14 silenced leaves.985 (D) MS2 spectrum of the highlighted PC: PC dimer in grape seeds.986 (E) MS2 spectrum of the highlighted PC: PC dimer in T. arvense wild-type.
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WT 

Activating CT Accumulation in Tobacco Leaf 

M14ApHZBar
15212 bp

RB

SpR

ocs3'

LB

RK2 ori

ori322

trfA

oriT RK2

BAR

ocs3'

CaMV35S promoter

CaMV 35S

E1

E2

E3

BamHI (46)

BamHI (12766)

Hin dIII (76)

Hin dIII (12760)

NotI (10088)

NotI (13550)

EcoRI (64)

EcoRI (630)

EcoRI (11447)

EcoRI (12731)

NcoI (4267)

NcoI (4795)

NcoI (11590)

NcoI (13575)

Pst I (62)

Pst I (1614)

Pst I (10085)

Pst I (13495)

T 

Wild Type 

Transformed 

Presenter
Presentation Notes
HPLC/LCMS (B) confirmed CT synthesis, with epicatechin, epigallocatechin and gallocatechin monomers detected. Dimers and trimers were also detected.Monomers, dimers and trimers seen in tobacco.Figure 6. LC-MS/MS composite extracted ion chromatograms of ions for PA dimers989 in N. tabacum leaf extracts.990991 Chromatograms are the sum of ions 291 + 409 + 427 m/z from MS2 product ion scans992 of 579 m/z (PC: PC dimers). Peak 1 and 2 have MS2 spectra consistent with PC:PC993 dimers. The chromatograms are from leaf extracts of:34994 (A) N. tabacum wild type.995 (B) Green N. tabacum transformed with CaMV35S::TaMYB14.996 (C) Red N. tabacum transformed with CaMV35S::TaMYB14.997
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….and in White Clover 

M14ApHZBar
15212 bp

RB

SpR

ocs3'

LB

RK2 ori

ori322

trfA

oriT RK2

BAR

ocs3'

CaMV35S promoter

CaMV 35S

E1

E2

E3

BamHI (46)

BamHI (12766)

Hin dIII (76)

Hin dIII (12760)

NotI (10088)

NotI (13550)

EcoRI (64)

EcoRI (630)

EcoRI (11447)

EcoRI (12731)

NcoI (4267)

NcoI (4795)

NcoI (11590)

NcoI (13575)

Pst I (62)

Pst I (1614)

Pst I (10085)

Pst I (13495)

Wild Type Transformed 

Presenter
Presentation Notes
In white clover over expression of TaMyb14 leads to CT accumulation in cortical cells of palisade and spongy mesophyll.1006 Figure 8. LC-MS/MS composite extracted ion chromatograms of ions for PA dimers1007 in T. repens leaf extracts.10081009 Chromatograms are the sum of ions 291 + 307 + 409 + 427 + 443 m/z from MS21010 product ion scans of 595 m/z (PC: PD) dimers. Peaks (1-3) have spectra consistent1011 with PC:PD dimers. The chromatograms are from leaf extracts of:1012 (A) T. repens wild type.1013 (B) T. repens transformed with CaMV35S::TaMYB14.



Barrett / NAFA / 11 July 2012 

…..and in Alfalfa 
WT 

T 

Wild Type 

Transformed 

Presenter
Presentation Notes
Epicatechin-glycoside clearly detected Only trace levels of epigallocatechin detected No gallocatechin detectedFigure 7. LC-MS/MS composite extracted ion chromatograms of ions for PA dimersin M. sativa leaf extracts.Chromatograms are the sum of ions 291 + 409 + 427 m/z from MS2 product ion scans of 579 m/z (PC: PC dimers). The chromatograms are from leaf extracts of:(A) M. sativa wild type.(B) M. sativa transformed with CaMV35S::TaMYB14.7 of the nine plant samples had catechin and epicatechin monomers and some dimers and trimers.Good levels of PC2 dimers detected in 141, 142, 143, 145 Trace levels of PC2 dimers detected in 146, 147, 149 Novel PC:PD dimer @ 8 mins detected in 141, 142, 143, 145 No PD2 dimers detectedTrace PC3 trimer detected in samples 141,142 @ 26minsTracer PC2PD trimer detected in samples 141,142 @ 16minsNo trimer in the NIL control
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Providing Novel Traits to Farmers 
 

• Patent assignee is Grasslanz Technology Ltd 
 

• Alfalfa:  Licensed to Forage Genetics USA 
• White Clover:  further in-house development 
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Molecular Breeding 
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Seed 
Increase 

Prioritisation 
& Novel Traits 

Presenter
Presentation Notes
A typical system, which is reasonably successfulMost crosses 20 or more parents from 4 or more source populationsHow to best apply markers?Are fixed loci even the preferred outcome?10 years minimum, $0.5 – 1.0M per new productTarget trait(s) may be lost in process? (Parsons et al.)Hybrid vigour lost in process?  (Brummer, etc.)Low levels of genetic gain?  MAB will be about putting a part of this on the fast track.We won’t do MAB in all populations



Barrett / NAFA / 11 July 2012 

Molecular Breeding:  Genetic Resource Prioritisation 

The  
White Clover 
Complex 

Ellison et al.  Molecular Phylogenetics and 
Evolution 39 (2006) 688–705 

Williams et al. 



Barrett / NAFA / 11 July 2012 

Diversity of the White Clover Complex 

Habitats from the Atlantic coast 
of Europe to the Caucasian 
mountains 

 
Habits from prostrate, creeping 

to 1.5 metres tall, non-
creeping 

 
Life cycles from annual to long-

lived perennial 
 
Adaptations maritime to alpine 
 
Resistances to diverse diseases 

and pests 
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Trifolium uniflorum 

Mediterranean 
 
Natural tetraploid (2n=4x=32) 
 
Very robust tap-root system + nodal 

roots 
 
Probably drought resistant 
 
Sturdy (durable?) stolons 
 
Chromosomes pair – we aim to 

introgress traits into T. repens 
 

Photo SW Hussain 
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Nodal Root Systems of Adjacent  
T. repens (L) and T. repens X T. uniflorum (R) 

Photo SW Hussain 
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Trifolium Hybrids 

White Clover Inter-Specific 
Hybrid 
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Double Bridge Breeding Scheme 
 
T. occidentale crosses with white 

clover to produce seeds (no 
embryo rescue needed) 

 
Hybrids between T. ambiguum and T. 

occidentale are fertile and produce 
seeds 

 
T. occidentale and T. ambiguum can 

potentially now be used as bridges 
to transfer traits from 11 other taxa 
into white clover 

 
 
 

Williams et al. (2011) Annals of Botany 
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Synthetic White Clover 
T. pallescens X T. occidentale 

 
May be the closest living 

species to the ancestors of 
white clover 

 
One partially fertile diploid (po) 

hybrid (pp x oo) 
 
5% pollen stainability 
 
Seeds set and progeny 

established 
 
F1 is stoloniferous with weak 

nodal rooting 
 
 

Williams et al. (2012) BMC Plant Biology 
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Molecular Breeding 
G

en
et

ic
 D

iv
er

si
ty

 

Seed 
Increase 

Marker  
Assisted 
Selection 

Faville et al. 

Presenter
Presentation Notes
A typical system, which is reasonably successfulMost crosses 20 or more parents from 4 or more source populationsHow to best apply markers?Are fixed loci even the preferred outcome?10 years minimum, $0.5 – 1.0M per new productTarget trait(s) may be lost in process? (Parsons et al.)Hybrid vigour lost in process?  (Brummer, etc.)Low levels of genetic gain?  MAB will be about putting a part of this on the fast track.We won’t do MAB in all populations
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Markers and Genomic Resources 
Current platform 
 Sequence Resources 

 White clover and ryegrass EST (>50,000 each) 
 White clover GeneThresher® (>364,000) 
 Full genome for white clover and perennial ryegrass (in progress) 

  
 Bioinformatics – in silico alignment with model species 
  
 Marker resources 

 EST and GeneThresher®-derived SSRs 
 Candidate Gene based SNP 

  
 Linkage maps 
  
 QTL:  Herbage yield, seed yield, drought tolerance, root 

morphology, stolon morphology, shoot morphology, leaf 
morphogenesis, endophyte compatibility 

151 147 

147 141 

151 141 

151 147 

147 141 

147 141 
  r068p091r180p091r0…0.fsa 10 Blue    r068p091 

  r068p092r180p092r0…2.fsa 12 Blue    r068p092 

  r068p093r180p093r0…4.fsa 14 Blue    r068p093 

  r068p094r180p094r0…6.fsa 16 Blue    r068p094 

  r068p888r180p888r0…3.fsa 13 Blue    r068p888 

  r068p999r180p999r0…5.fsa 15 Blue    r068p999 

Presenter
Presentation Notes
In terms of markers and genomic resources, we have a current resource that is primarily based on markers developed from EST and GeneThresher sequence databasesMicrosatellite markers, and some CG-SNPs have been populated linkage maps and these in turn have been used to identify QTL for a range of agronomically significant traitsWe now have a new platform is progress that will be based on genotyping-by-sequencing, which we currently have in development, with a view to application on both marker-assisted selection and also genomic selection

http://portal/resource/corpaff/lowport/Farm/close-up-grass.jpg
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Current Platform:  Of What Value in Breeding? 

Goal:  utilise existing information and markers for MAS, 
accelerating gain in existing field breeding systems. 

 
Specifically:  what can be achieved with QTL-associated SSRs in 

our elite breeding populations of complex parentage?? 
 

Presenter
Presentation Notes
However, currently we do have access to elite breeding germplasm, breeders and breeding infrastructureSo we’re interested in what can be achieved with our current marker resources within these structures.�What can we do in breeding populations where there is potentially extended LD, conducive to LD-MAS approaches?
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Method 

pps0251b
pps0381y
pps0698a
pps0711c
pps0066b
pps0030y
pps0963b
pps0319y
pps0255a
pps0586b
pps0094y
pps0270a
pps0136b

pps0038a

LG1

pps0766c

pps0577b
pps0198a
pps0133b
pps0502a
pps0558c
pps0488c
pps0710a
pps0642b
pps0469a
pps0419y
pps0295b
pps0068y
pps0051a
pps0339y
pps0373x
pps0698b
pps0061a
pps0213b
pps0163z
pps0560b
pps0687b
pps0164a
nffa109a

pps0759a
pps0724z

pps0322b
pps0483x

LG3

pps0490b
pps0154z
pps0265a
pps0252b
pps1071b
pps0410a
pps0223b
pps0113y
pps0122a
pps0755b
pps0663b
pps0037a
pps0153a
pps0732b
pps0328z
pps0080x
pps0497a
pps0810a
pps1091y
pps0400b
pps0395y
pps0660b
pps0551b
pps0188b
pps0234b
pps0347a
pps0172z
nffa023b

pps0420a
pps0123a

LG2

pps0761a

pps0312c
pps0326a
pps0048d

pps0040y
pps0202a
pps0433b
pps0753b
pps0356b
pps0130y
pps0018a
pps0439c
pps0345a
pps0495b
pps0146b
pps0423y
pps0261x
pps0317a
pps0150b
nffa071a

pps0983a
pps1099b
pps0106b
pps0284z
pps0714b
pps1135b

LG4

pps0509b

pps0111b

pps0504b
pps0388b
pps1146a
pps0385y
pps1116b
pps0869a
pps0052e
pps0273y
pps0032a
pps0404b
pps0073a
pps0074y
pps0359b
pps0036b
pps0377a
pps0718y
pps0397c
pps0601a

pps0149a

LG5
pps0098b
pps0132a
pps0457a
pps0197b
pps0013d
pps0463z
pps0432a
nffa015b

pps1004a
pps0210a
pps0192y
pps0052a
pps0374a
pps0189d
pps0031a
pps0892a
pps0617b
pps0310b
pps0022x
pps0450a
pps0523a

LG6

pps0766b
ppt0007a
pps0049a
nffa024b

pps0494b
pps0466b
pps0065b
pps0060a
pps0376a
pps0462y
pps0593b
pps0521c
ppt0003b
pps0736a
pps0447b
pps0777a
pps0624a
pps0099a
pps0342x

pps0817y

pps0502b

pps0002x

LG7

Shoot DM (glasshouse)
Key to QTL:

Visual growth score (f ield)

Leaf /tiller development 
(glasshouse)

QTL marker discovery 
(biparental research population) 

Marker: trait associations 
(multi-parent breeding population) 

Marker selection index Evaluation  
(HS progeny) 

Cultivar development 

Seed increase 

Multisite evaluation 

M + 
polyX 

M - 
polyX 

Presenter
Presentation Notes
The scheme we have applied is simply to take candidate markers from under QTL that were identified previously for the targeted trait and todetermine marker: trait associations using these markers, in multi-parent elite breeding populationsThose marker: trait associations are used, singly or combined into amrker indices, to complete marker-divergent crosses (M+ and M-) in phenotypically equivalent materialResponse to selection is assessed by evaluating HS progenies from those crosses in the field, preferably under sward conditions and grazingWhere needed, seed increases are completed to support multi-site evaluation which will provide information needed to proceed to cultivar development, if indicated
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Species Trait Status 
White clover Seed yield In use 

Herbage yield In development 

Stolon Branching In development 

Perennial ryegrass Herbage yield In development 

MAS with SSR Markers in Forage Breeding Populations 

Presenter
Presentation Notes
This approach has been tested in is now applied for seed yield in white clover and is currently under evaluation for more complex traits: herbage yield in both white clover and perennial ryegrassand the persistence-related traits stolon node number and internode length in white clover
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White Clover Seed Yield 
Breeding Populations with Complex Parentage  

Top Performers Under Grazing, Highly Variable Seed Yield 

Single Marker Effects (p<0.001) in 8 of 12 Populations Tested 

Mean 38% Differential in Seed Yield 
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Herbage Yield in 
Perennial Ryegrass 

Population DM Yield 
(% Ultra AR1) 

GA208 AR37 108 

Alto AR37 104 

Extreme AR37 103 

Arrow AR37 102 

One50 AR1 101 

Samson AR37 101 

Ultra AR1 100 

Helix AR1 99 

GA207 AR37 96 

Samson AR1 96 

Stellar AR1 85 

Presenter
Presentation Notes
First I’ll be talking about herbage yield in ryegrass
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Herbage QTL Identification 

Field 
Multi-site, -year, -season  
Visual growth score 

Glasshouse  
Dry matter yield (DM) 
Morphogenetic & structural traits 

Sartie et al. 2011 Euphytica.  Faville et al. 2012 NZJAR.  

Presenter
Presentation Notes
We have previously identified QTL for herbage yield and associated structural and morphogenetic traits, from glasshouse studies and a multi-site, multi-year field experiment using one mapping population
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QTL For Yield And Related Traits In Ryegrass 

pps0251b 
pps0381y 
pps0698a 
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Presenter
Presentation Notes
These studies highlighted 14 regions, shown on this genetic linkage map,  where QTL controlling herbage production in ryegrass co-locatedAnd it’s marker candidates from these QTL that we have commenced testing in elite breeding populations
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Yield Markers in GA208 

Field trial  Plants (n=130) in simulated 
sward, replicated spatial design, single 
site over two years 
 
BLUPs: Growth scores prior to each 
grazing, DM four times per annum  
 
24 SSR markers subtending 14 QTL 
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Presenter
Presentation Notes
Prospective parent plants from each population were established in a single site field trial in a simulated sward, to provide some level of competition – this was a fine fescue background against which the ryegrass plants could be distinguishedThe trial was run for two years during which time BLUPs were determined for dry matter measured directly and also estimated indirectly by visual growth scoreThe plants were genotyped using 24 SSR markers from the 14 QTL regions identified previouslyRegression of BLUPs on marker data identified 12 significant marker:trait associations – 9 in GA208 and 4 in GA207Data on individual phenotypic traits were regressed on whole 1–0 binary marker data for each individualMarker association between traits values and marker genotypes or alleles from a single marker at a time‘Baselining’ high worth breeding populations
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Associations Generally Population-specific 
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Presenter
Presentation Notes
Marker: trait associations were generally population-specific. QTL regions that provided markers associated with yield in GA208 are shown here in red and GA207 in purple.However, markers from one region, at the terminal end of LG6, had significant effects in both GA207 and GA208.Looking in detail at the effect of one of those LG6 markers in GA208  ….
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A Single Marker Detects a Substantial Herbage Yield 
Increase in GA208 
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Presenter
Presentation Notes
This figure shows the trend in visual growth score over the two year trial period for GA208 plants.  The green line represents the subset of the population that lacks the influential marker allele (M-) and the blue line those plants that have it (M+).We can see that the marker had a substantial effect in the GA208 population, particularly in autumn where up to 23% differential was observed.  This is consistent with the seasonal effect of the QTL observed in the original mapping population.So, in a top breeding pool, already better than most cultivars, there is potential to achieve a 20% difference in yield on the basis of a genotype that is present at only at 0.6 frequency.  This suggests MAS can contribute substantially to further yield improvements in this population.
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Dry Matter Yield effects in GA208 
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Presenter
Presentation Notes
The trend was similar with DM but we could only get one year’s data before the plants became difficult to accurately measure; however we are confident in the correlation between DM and growth score in our experiment as illustrated in this figure.
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Presenter
Presentation Notes
And as I alluded to earlier, the same marker appeared to exert an effect in the second population, GA207, although the effect was confined only to the first year and the magnitude was smaller.We haven’t followed through on GA207 at this stage but have with GA208….
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GA208 Single Marker Selections 
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Presenter
Presentation Notes
We selected parent plants from the top ranked portion (~30%) of the population and split these into M+ and M- groups that were phenotypically equivalent (mean annual DM of 12.8 vs. 12.2 g)The plants were polycrossed within groups and sufficient seed was obtained to support a small row trial.
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Evaluation Of Single Marker Selections 
HS progeny (M+ and M- composites) testing in rows 
DM and growth score data 
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Presenter
Presentation Notes
Composites seed samples of HS families in the M+ and M- groups were sown as rows in a larger trial at a single site.And DM and growth score measurements are being taken to evaluate the response to marker-assisted selection To date the data trend  indicates a positive response to MAs, with the M+ selection outperforming M-.  The magnitude of the difference mirrors what was observed in the parental plants in the spaced plant trial and suggests that the effect has been maintained in the more sward-like row format. As you’ll notice from the LSD bar, the differences are not statistically significant in this experimental format but highly encouraging nevertheless.
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Method 

pps0251b
pps0381y
pps0698a
pps0711c
pps0066b
pps0030y
pps0963b
pps0319y
pps0255a
pps0586b
pps0094y
pps0270a
pps0136b

pps0038a

LG1

pps0766c

pps0577b
pps0198a
pps0133b
pps0502a
pps0558c
pps0488c
pps0710a
pps0642b
pps0469a
pps0419y
pps0295b
pps0068y
pps0051a
pps0339y
pps0373x
pps0698b
pps0061a
pps0213b
pps0163z
pps0560b
pps0687b
pps0164a
nffa109a

pps0759a
pps0724z

pps0322b
pps0483x

LG3

pps0490b
pps0154z
pps0265a
pps0252b
pps1071b
pps0410a
pps0223b
pps0113y
pps0122a
pps0755b
pps0663b
pps0037a
pps0153a
pps0732b
pps0328z
pps0080x
pps0497a
pps0810a
pps1091y
pps0400b
pps0395y
pps0660b
pps0551b
pps0188b
pps0234b
pps0347a
pps0172z
nffa023b

pps0420a
pps0123a

LG2

pps0761a

pps0312c
pps0326a
pps0048d

pps0040y
pps0202a
pps0433b
pps0753b
pps0356b
pps0130y
pps0018a
pps0439c
pps0345a
pps0495b
pps0146b
pps0423y
pps0261x
pps0317a
pps0150b
nffa071a

pps0983a
pps1099b
pps0106b
pps0284z
pps0714b
pps1135b

LG4

pps0509b

pps0111b

pps0504b
pps0388b
pps1146a
pps0385y
pps1116b
pps0869a
pps0052e
pps0273y
pps0032a
pps0404b
pps0073a
pps0074y
pps0359b
pps0036b
pps0377a
pps0718y
pps0397c
pps0601a

pps0149a

LG5
pps0098b
pps0132a
pps0457a
pps0197b
pps0013d
pps0463z
pps0432a
nffa015b

pps1004a
pps0210a
pps0192y
pps0052a
pps0374a
pps0189d
pps0031a
pps0892a
pps0617b
pps0310b
pps0022x
pps0450a
pps0523a

LG6

pps0766b
ppt0007a
pps0049a
nffa024b

pps0494b
pps0466b
pps0065b
pps0060a
pps0376a
pps0462y
pps0593b
pps0521c
ppt0003b
pps0736a
pps0447b
pps0777a
pps0624a
pps0099a
pps0342x

pps0817y

pps0502b

pps0002x

LG7

Shoot DM (glasshouse)
Key to QTL:

Visual growth score (f ield)

Leaf /tiller development 
(glasshouse)

QTL marker discovery 
(biparental research population) 

Marker: trait associations 
(multi-parent breeding population) 

Marker selection index Evaluation  
(HS progeny) 

Seed increase 

Multisite evaluation 

M + 
polyX 

M - 
polyX 

Presenter
Presentation Notes
The scheme we have applied is simply to take candidate markers from under QTL that were identified previously for the targeted trait and todetermine marker: trait associations using these markers, in multi-parent elite breeding populationsThose marker: trait associations are used, singly or combined into amrker indices, to complete marker-divergent crosses (M+ and M-) in phenotypically equivalent materialResponse to selection is assessed by evaluating HS progenies from those crosses in the field, preferably under sward conditions and grazingWhere needed, seed increases are completed to support multi-site evaluation which will provide information needed to proceed to cultivar development, if indicated
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Molecular Breeding 
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Presenter
Presentation Notes
A typical system, which is reasonably successfulMost crosses 20 or more parents from 4 or more source populationsHow to best apply markers?Are fixed loci even the preferred outcome?10 years minimum, $0.5 – 1.0M per new productTarget trait(s) may be lost in process? (Parsons et al.)Hybrid vigour lost in process?  (Brummer, etc.)Low levels of genetic gain?  MAB will be about putting a part of this on the fast track.We won’t do MAB in all populations
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Presenter
Presentation Notes
Cross-pollinated, perennial legume with two growth phasesAllotetraploid (2n=4x=32), disomic inheritanceHigh sequence similarity between homeologues Haploid genome size of 960 MBp (2x M. truncatula)Strong gametophytic self-incompatibility systemVarieties are a heterogeneous mixture of highly heterozygous genotypesGreater than $3B per annum to the NZ economySeed Crop, Grazed Fodder, N Fixation



Barrett / NAFA / 11 July 2012 

DNA Fingerprinting:  Cultivar Tracking & IP Protection 
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Presenter
Presentation Notes
Neighbour-joining clustering algorithm, Rogers genetic distance (same picture regardless of distance measure used)The 7-SSR fingerprint is sufficient to reliably separate populations into cultivars based on genetic distanceMajor split between Italian (Warr, Stat) and perennial varieties evident, hybrid variety Supreme intermediate to these two groupsClustering consistently based on cultivar, regardless of the year, seed class or endophyte background
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Frequency-Based Assignment Testing 
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Presenter
Presentation Notes
Frequency-based assignment testing (Paetkau D, Calvert W, Stirling I, Strobeck C (1995) Microsatellite analysis of population structure in Canadian polar bears. Molecular Ecology 4, 347-354)Population in red was used as ‘reference’ cultivar, others treated as unknown.Major assignment category (blue) identifies the correct reference cultivarOn average 84% of individuals correctly matchedMinimum 68% for Samson 2006, despite nearly 30% data missing - robust
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Seed 
Increase 

Marker  
Assisted 
Selection 

Tracking  & 
Protection 

Prioritisation 
& Novel Traits 

Presenter
Presentation Notes
A typical system, which is reasonably successfulMost crosses 20 or more parents from 4 or more source populationsHow to best apply markers?Are fixed loci even the preferred outcome?10 years minimum, $0.5 – 1.0M per new productTarget trait(s) may be lost in process? (Parsons et al.)Hybrid vigour lost in process?  (Brummer, etc.)Low levels of genetic gain?  MAB will be about putting a part of this on the fast track.We won’t do MAB in all populations
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Marker-Assisted Selection:  Looking Ahead 

 Continued focus on utility for breeding and relevant phenotyping 
 

 Ramp up application of herbage yield and other single marker tests in 
forage breeding populations 
 

 Paternity testing in white clover and perennial ryegrass 
 

 Beyond single locus selection, grappling with (& reaping the rewards 
of?) genomic selection 
 

 Marker:trait association via spatial-temporal trends in allele 
frequencies for grazed plots & swards 
 

 Beyond SSRs, implementation of high density marker system; 
Genotyping by Sequencing  
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