-
Rt e

s
g
-

@)
-
O
Q
Q
LSS
af
O
-
qu
£
O
.S
©
Q
7p)
Q
e
&)
@)
qu
—
®
LL

d Grass

in
at the Noble Foundation

NAAIC, Trifolium an

Advances




The Noble Foundation - Values

Mission Statement

The purpose of the NF is to advance agricultural
science and practice by conducting field and
laboratory research.

Vision Statement

The NF will provide solutions to the agriculture
challenges facing the region, nation and world,
thereby contributing to improved global food
security.

The NF will generate purposeful outcomes of
knowledge, technology and products that
benefit agricultural producers and consumers
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Access to Water




mendments and Fertilizers




Impact of Climate Change on Agricultural
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" A key culprit in climate change ‘\

- carbon emissions — can also help
agriculture by enhancing
photosynthesis in many important {...)
crops such as wheat, rice, and

soybeans. The science, f/
Eowe;er;]ics farL froTe celrtain on the N Change in agricultural productivity / )
enefits of carbon fertilisation.” -
_ ] between 2003 and the 2080 o
Thig map represents the case of J‘__. :
beneficial carbon fertilisation processes. - | I I | I . |
+25 +10 +5 0 -5 -15 -25% No data

Source: Cline W., 2007, Global Warming and Agriculture.



Sustainable Agriculture Initiatives
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Acid and Al Tolerance in Alfalfa - Overview

Develop and optimize phenotypic assay

|dentify genetic variation

Develop
Trait populations Marker-trait
Integration discovery
—| Breeding
Select and Al tolerance
Intermate mechanisms

Field evaluations

Alfalfa cultivar

NOBLE



Acid and Al Tolerance in Alfalfa - Phenotype

Develop and optimize phenotypic assay
|

|dentify genetic variation

Modified Blaydes Media  Modified Hoagland Media Least Macro Salt Media

(MBD) (MHG) (LMS)

pH 7 4 4 4 4 4 4 71 4 a4 4

]
Al(uM) 0 0 100 400 0 0 500 100 0 0 500 100

THE SAMUEL ROBERTS

NOBLE

FQUNDATION



Seedling Assay - Al Tolerance in White Clover

Selection Seed production

Base population Phenotype

500 plants at 1200 uM AIClI,

CO C-1(S) C+1(T)

Field trials (B2) Phenotype

et RN Y

Population Root length (cm)
Sus (C-1) 3.65¢
Cycle O 4.29bc
Tol (C+1) 5.002




Al Tolerance Seedling Assay — Bulldog805

Develop and optimize phenotypic assay
|

Germplasm Selection




Acid and Al Tolerance in Alfalfa - Populations

3 5 S|

Develop

Trait populations
Integration
— | Br N
Select and eed 9
intermate

Marker-trait
discovery

————————————

Al tolerance
mechanisms

Khu et al., 2013. Crop Sci. NQBLE



Marker-Trait Discovery (SNP Genotyping)

Chr01 Chr02 Chr03 Chr04 Chr05 Chr06 Chr07 Chr08

I TT T

(M1 1

e Infinium iSelect Chip
e 9,277 SNP in CG

« 576 alfalfa genotypes

Han et al., 2011.

333333333

AAAA  AAAC AACC"ACCC ctca
" 5_6677923

|
74 75

BMC Genomics; Han et al., 2012. Mol. Breeding.
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Al Tol QTL (Refine and Discover
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Acid and Al Tolerance in Alfalfa — Mechanisms

Trait
Integration

Select and
Intermate

RNA Seq
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Develop
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—| Breeding

Metabolomics

NAAIC Poster #1
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discovery

Al tolerance
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Discovery of miRNASs in Alfalfa
Small, non-coding RNAs that regulate gene expression

i ; v
s -

A e Al

Phosphorus
NAAIC Poster #24

mtr-mjR5558 N
iR169 tr-miR162

iR159

mtr-

M tr-miR171

aitr-miR168

&

3 |
mtr- \SEEV
mtr-miR408

mtr-miR 4

mtr-mfR529 ; r-miR2088

mir-miR164
mtr-miR319b

mtr-miR398b mtr-pmiR-015 THE SAMUEL ROBERTS

mtr-miR5554 NOBLE

mtr-miR2118 FOUNDATIORN

mtr-miR2668
mtr-miR5274b



Acid and Al Tolerance in Alfalfa - Breeding
Altet-4 x NECS-141

Fy Phenotype
Al Tol F; x Bulldog805 /

Develop NFAAQ7-6
i opulations
Trait POp Phenotype: field and WPA
Integration
‘ T=C+1 ‘ S=C-1
= lerant Sensitive
Breedin To
Select and 9 x -
_ BC Bulldog805 (Nd+2)| | BC Bulldog805 (Nd+2)
Intermate
Phenotype
Recombme Select



Acid and Al Tolerance in Alfalfa - Testing

Develop
Trait populations

Marker-trait
Integration discovery

—| Breedin
Select and J Al tolerance

intermate mechanisms

Field evaluations

Alfalfa cultivar

NOBLE

1
FQUNDATION




Phosphorus Utilization (M. truncatula & Alfalfa)

MtCore44 MtCore 57

pH7-Al P pHA4+Al
Mt-core 23 (pH4+Al/pH7=0.97)

(Dry canopy weight, P-/P+=1.126)

High P LowP High P Low P

Root growth

pH7-Al pH4-Al pH4+Al Biomass

Mt-core 35 (pH4+Al/pH7=0.33)

(Dry canopy weight, P-/P+=0.800)

High P: KH,PO, 1000 pM
Low P: KH,PO, 0.5uM P deficient Control

NOBLE



Drought Tolerance in Alfalfa

Germplasm characterization (field) Drought responses

2 S wisal
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Over-expression of WXP1 for Drought Tolerance

10 14 17 T CK WT

14 wWT
WXP1
Actin e ——— R N

T = WXP1 construct: CK = empty vector control E%:egﬁcs NOBLE

laternational



Growth and Development of Alfalfa Roots

{Arbuscular) mycorrhizal
symbiosis

MNodulation

vt
-t
-
!
L
-

Lateral root emergence Root hairs

Root apical meristem

Nutrient and water-use-
efficiency

Beneficial microbes
Site of Al toxicity

Root structure affects
capacity to access water

Opportunity to understand
root architecture in alfalfa

Winterhardiness,
persistence

“Root breeding”

THE &

Adapted from Den Herder et al., NOBLE
i e

2010. Trends Plant Sci. 15:600-607. r o v ¥ © &



Root Phenotyping in the Field

Challenges:
- labor intensive
/ . ng=
,{({;\\% - large variability

YN \ ﬁ( - underestimation of fine roots
%ﬁ % - lost 3-D, spatial distribution
A - High throughput is difficult

/ (]
M A ( - Roots in space and time
‘Shovelomics’ in corn
T - Visual vs. measured traits
- Numbers, angles and patterns

Trachsel et al., 2010. Plant and Soil. DOI 10.1007/s11104-010-0623-8 NOBLE

FOUNDATION



Evaluation of Root Growth in Alfalfa

A. Containers in media (3D)
seed vs. clones

B. Root growth in response to
pH and Al

C. Harvesting roots
D. Root growth in the field

NOBLE



Reduced Lignin Alfalfa Root Growth

180

160 AB C BC
140
;'-EU‘ 120
HCT30A- HCT30A+ 8
—y 100
@ 80
£
IS 60
2 4
o
g 2
0
Nal S 'S & st
‘?\G\% \e\\’bs \?\G\% ch,* Q&q‘a“

Gallego-Giraldo et al., 2013. Plant Physiology.




Root Traits to Enhance WUE (Yield) in the Field

Are root traits in the laboratory and greenhouse
correlated with field-grown performance?

Uga et al., 2013. Nature Genetics. doi:10.1038/ng.2725.



Cultivated Alfalfa Structured by Dormancy

FD GWAS population
Eg:“ S e [m2 - 16 cultivars

Maverick| FD1 - 5 ND breeding populations

Dormant

WL325HQ

FD4 |Legend

G-2852

ND?1 - 217 genotypes

- Infinium SNP array

Bulldog 805

UC-1465 FD11

ND2

o cuF 101] FDO | Non-dormant
FD6 | ABI700
| Plerce| FD8 |

Archer

IE uUC-1887
oA ND3 Dona Ana ‘ FD10
Semi-

dormant

Li, X., Y. Han, Y. Weli, A. Acharya, A.D. Farmer, J. Ho, M.J. Monteros, E.C. Brummer.
2014. SNP array. PL0S One 9:e84329. doi:10.1371/journal.pone.0084329.




QTL for Fall Dormancy in Alfalfa (Stem length)

Lug(P-vilue)
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High Density Alfalfa Linkage Map (4X) - GBS

GBS with 100-plex; $20 per sample; 8,922 SNPs
DM3 x DM5 linkage map, 2,154 SNPs mapped on 32 LGs, total length 2,133 cM
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Phenotyping of DM35 Populations
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Insect (Whitefly) Resistance in Alfalfa

UC-356
Source of WF resistance

One cycle of
selection

)

L

s:;:::s; (f:f,r Flite subset of UC-2458 L. Teuber
W (1/2 sib families)
UC-1872 anted

Highlfsuscegtible UC.2458
e Resistant population

L. Walling

Selection for Resistant genotypes
3 cycles of \
: aphid ®, (#3, 27, 30, 37) chosen
selection for hvtothohora® .
WER Phytothphora®, (Jiang et al 2007)
nematode ,

R
i‘ anthracnose Expansion of

UC-2598 seed

Highly resistant
@ UC-2933
e — Highli resistant

THE §

NOBLE
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GBS to Identify Changes in Allele Frequency

Ratio of allele frequency in C+7 to C-1 (Mt V3.5)
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Target vs. non-target Allele Frequency Changes

Normalized Melting Peaks

ence)/dT

ormalized -d{Fluoresc

=01

SNP

Chr

Position (Mbp)
Allele Frequency
Change

C+4 vs. C-1
C+7 vs. C-1

Tt

Target Region

SNP0335 SNP1632 SNP0947

8 8 8
22.4 22.7 26.1
0.18 0.21 0.18
0.22 0.25 0.33

Non-target

SNP0693 SNP0065

8 8
6.0 9.2
0.04 0.02
0.07 0.03

Non-target

SNP0128 SNP1257

2 2
17.5 31.5
0.04 0.08
0.01 0.05




Identification and phenotypic characterization
of a M. truncatula staygreen mutant

Wild-type

Zhou et al., 2011. Plant Physiology. 157:1483-1496.



Dark induced senescence of alfalfa
MsSGR-RNAI transgenic leaves

5 10 LS 20 (DAD)

e o 0

e o oe@ @ iy

‘.‘ "’ \,’ ‘!’ CTRL

- - S SGRi-10

SGRi-17

SGRi-29

SGRi-39 THE $AMUEL ROBERTS

NOBLE

FOUNDATION




Dark induced senescence of alfalfa
MsSGR-RNAI transgenic plants
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Tetraploid Alfalfa Genome - WGP

BACs in order of their FFC map position
[d'm ] = F— oo [ | -—
o | o (e — w
Ly o L o (=] -t
SIS 3E S8 S Sequence Chrom bp
i x| x| x| | x|
: O|o|m| | | o
’ GARATTCAAGAGTACCTTICAAGGGAG Chr3 17644262

GAATTCCAGTGTATCCATTAGGCCCT Chr3 17648937
GAATTCCAAGTTCTTGTIGCAGCCAT Chr3 17648957
GAATTCAATCGAGTAAACTCTTCGCA Chr3 17652220
GAATTCTCCCTGAGGAACTATAATTG Chr3 17652240
GAATTCAGAAGAACCCTAGACTAAAT Chr3 17674036
GAATTCAATGCATTTITGATITTCCA Chr3 17674106
GAATTCTATCCCTAAGTGCTACAACA Chr3 17676583
GAATTCCATAAAGTTCTCGGATCACA Chr3 17676613
GAATTCGCTAGTTTTAAGATCATTAT Chr3 17650904
GAATTCGGATTTAALCGCGTTCTCGA Chr3 17680924
GAATTCAACACGGTATCAATGAACAL Chr3 17681881
GCAATTCACGGTAATGTTGAGCTTGCA Chr3 17683056
GAATTCGGAGATGAATCTTITGGTITC Chr3 17683621
CAATTCAGCATGGAMAAAMAGTGGTGCT Chr3 17691042
GAATTCACTAAATTAATCAAACCTCA Chr3 17691062
GAATTCTATATAAACCTITTITTGTG Chr3 17694949
GAATTCATGGTTAATTTGTATAGATT Chr3 17694969
GAATTCTATGATACACTTATGTAGTT Chr3 17697899
GAATTCCTCTTGCTCAAAAMATTTATC Chr3 17697919
GAATTCAGGTATTCGATGGTTAATTT Chr3 17698336
GAATTCTACACTACACTAATGAGGTC Chr3 17698356
GAATTCGCCACCAGAACTACTCAGGT Chr3 17698722
GAATTCAACACCAATAGTGGATTTAG Chr3 17698742
GAATTCGGTTTATTAATTATGGCAGC Chr3 17701063
GAATTCAGARATATACATTCCTTACTT Chr3 17701083
GAATTCCGTCAGTTGTGCACCCATCG Chr3 17702722
GAATTCCGCAGGAAALCAGTGGTCCAG Chr3 17702887
GAATTCTACTATGGGTCCAACGTATG Chri 17705872
GAATTCGTITTCTACCTTACACATTC Chr3 17705892
GAATTCTTGATCGATATATAGACATG Chr3 17707204
GAATTCATAGAACCTCTAACALATGT Chr3 17707224
GAATTCCATCAGATGTGCACCTTATG Chr3 17708033
GAATTCTAGCCGCATTTGATGATGCC Chr3 17708053
GAATTCCCCATAAACTAAGCATATAT Chr3 17718489
GAATTCCCAAAAGAGTAAGGAARMAG Chr3 17718519
GAATTCGAATCCTTTTGTGCGGTITC Chr3 17721809
GAATTCAACATGTGATCTTCATCTAL Chr3 17721829
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Alfalfa Genome BLAST Server

Alfalfa Genome BLAST Result

Mew BLAST Help

Inspect BLAST output

Filter current page by score:

Show | Top score

w | for each query sequence | Filter |

Re-parse current blast results (please select cutoff cnterion):

® Similarity percentage Cutoff %:

. Blast score

lag

Cutoff score: (1000

| Parse again |

Retneve and download subject sequences in FASTA format:

[ | Check here to download All sequences... OR select particular sequences of interest below
Subrmit | yvour selection of sequences to download

| Query

| Subject

Score

Identities

| Percentage |

Expect

Queryl

LITc21088

34

21/21

100

0.12

1. 454 assembly = 24,144 contigs

2. LIPE libraries (3) + SIPE libraries (5) = 272,573 contigs
3. PacBio sequencing planned

THE SAMUEL ROBERTS
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Integrated Databases - Alfalfa
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From Available Datasets to Meaningful Information

Store Integrate Organize
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Alfalfa Breeder’s Toolbox

Organize
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Breeders

Alfalfa Breeder’s Toolbox

Internet browser’s for data retrieval, analysis and visualization

4

A

Alfalfa genome browser and breeding toolbox

Virtual analysis tools

Molecular
markers

Legume
genomics

Pathways
& Networks

Machine learning and
Statistical models

Databases

v

Collaboration

Data Integration

! !

baa 2R
+ e AT
. N

M. truncatula and
other legumes

Alialfa genome

Mapping (QTL, GWAS)

Yield, stress tol, grazing,
persistence
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Alfalfa in Forage Based Systems

- Production and economics of grazing alfalfa-tall fescue mixtures
- Production and economics of alfalfa-wheat/crabgrass rotation

- Establishment of alfalfa in existing bermudagrass (3 planting dates, 3 seedbed
preparations, 7 fungicide/insecticide seed treatments).

- Estimating alfalfa forage mass and nutritive value with mobile sensors

THE SAMUEL ROBERTS
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Genetic variation

Phenotyping

Phenotyping
to identify/select
best populations

Base e

germplasm genotypes

pool

Characterized

with markers

to identify

hovel

germplasm v

Mapping traits
for marker
toolbox

Forage Legume Improvement
Strategies - Summary

s
Cultivar development

Evaluation

Integrate
phenotypic or
marker screen
for diseases/insects
prior to GS

Phenotyping

Marker-only
Genomic
Selection

Evaluate
for

potential
release

Develop/update
GS model and
introduce new

genotypes/traits

into population

Yield, composition,
stress tolerance




Forage Legume Research Team
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Christy Motes  Xuehui Li

Kazuyo Ueda Yanling Wel
Yanina Alarcon  Will Chaney
Alyssa Nedley  Postdoctoral Fellow
Denis Jaquez

Previous lab members

l  Yuanhong Han

Dong-Man Khu
Kishor Bhattarai

Jiging Gou
Andrew Rogers

Danny Canny
Raquel Schneider
Shauna Smith
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Tory Dwyer
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Yan Zhang
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Multi-year and multi-location field trials

Target agronomic traits

- Leaf characteristics and stolon number
- Persistence

- Plant flowering

Evaluate molecular markers in a different
genetic background (broad-based white clover
germplasm)

Target traits: stolon number and leaf size

White clover and tall fescue grazing study (Dupy
Farm)

A Leaf length

gl Lot width

Internode length

8l Stolon diameter




Multi-Loc & Year QTL Identification
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WC Divergent Selection Strategy

Selection Selection production
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Developing a Breeder’'s Toolbox
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