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= 5. Conclusion: Integrating multiple threads into one strong
strand




Plant Introduction Activities

= “It is believed by many that the most suitable
. - \ . species to use in replanting an eroded area are
AWARP&T?{%IT{‘UJ(E:[]{?(?]&YPTUS those which grew there formerly and still are
} SRR ) found in the neighboring region, for certainly
B e B e it Sl i i oo what plant would be better fitted than one
' found growing in the same climate? “

“Erosion has changed the environment to stark
desert conditions as far as the plant is
concerned, and it can not regain a foothold.
Much hardier kinds of plants must be the
pioneers.”

“They represent essentially plants that will
survive under particularly difficult conditions
and will serve to reestablish the green cover
that once was everywhere. .... there is the
knowledge that there must be more seed and

PRESENTATION OF THE MEYER MEDAL o more seedlings than would be needed under
favorable conditions; and hardier and tougher
J Hered (1941) 32 (7): 211-214 strains, for nature is no longer helpful .”

Morrison BY (1935) Painting the hills
green. The Scientific Monthly 40:173-

177
(5)

215* Century: The New Biology
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NRC: A New Biology for the 21st Century
(2009)

= “the essence of the New Biology is integration -— re-integration of
the many subdisciplines of biology, and the integration into biology
of physicists, chemists, computer scientists, engineers, and
mathematicians to create a research community with the capacity
to tackle a broad range of scientific and societal problems.”

= “... solving problems in the areas of food, environment, energy
and health ...”

NRC: A New Biology for the 21st Century

“A genome seguence provides both a list of parts and a resource for plant breeding
methods, but does not give the information needed to understand how each gene
contributes to the formation and behavior of individual plant cells, how the cells
collaborate and communicate to form tissues (such as the vascular system or the
epidermis), and how the tissues function together to form the entire plant.”

“Such predictive models, combined with a comprehensive approach to cataloguin
and appreciating plant biodiversity and the evolutionary relationships among plants,
will allow scientific plant breeding of a new type, in which genetic changes can be
targeted in a way that will predictably result in novel crops and crops adapted to
their conditions of growth.”

“... recast the principles of highly successful traditional plant breeding into a new
and accelerated type of plant breeding termed “genetically informed breeding.”

“... application of novel engineering methods to automatically record the relevant
traits of growing plants, ...”’

“Molecular and cellular biologists, ecologists, evolutionary biologists, and
computational and physical scientists will all be needed.”

http://www.nap.edu/catalog/12764.html
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Multidisciplinarity in plant breeding:
Example of the processing tomato harvest at
UC Davis

= Plant breeding and agricultural engineering

= Tomato variety (cv. VF-145) + mechanical
tomato harvester

= Tomato: Gordie “Jack” Hanna (1903-1993):

= suitable for mechanical harvesting; less
than round (“square”)

= Harvester: Coby Lorenzen & Steven Sluka,
commercialized by Blackwelder, Rio Vista,
CA; American Soc1ety of Agricultural and
Biological Engineers' 45th historic landmark
http:/[www.youtube.com/watch?v=Xg1UfcJqTss

= Large increase in acreage and productivity;
increase in labor offsetting initial reduction
in menial manual labor

%\ Current Challenges for Plant
Breeding
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Availability and Demand for Food are (and
will be) in Disequilibrium

= Increase in population levels and affluence leads to increased

and changed demand

= Climate change will lead to higher temperatures and

unpredictable rainfall distribution

= Increasing demand for agricultural, non-food products

Population parameters
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Population parameters

Total Population Population by Continents
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U.N.: World Population Prospects: The 2012 Revision @

Increase in Population

Affluence & Diet Change ;.
(Gerbens-Leenes et al. 2010) 7 oo
= Transition in low-income é’”""
countries: low GDP per capita (< T e T R T

Annual per capita GDP [dollar]

$5,000)
= Eventually, change in macro-
nutrient content:
= Protein ~
= Carbohydrates <
= Fats &

= This represents:

= Increase in animal
consumption

= Larger use in natural resources

a ofal
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Changing the Demand Side of the Food
Equation: Eating less grain-intensive livestock

Warld Animal Protein Production Per Person, 1961-2009
40

= Feed conversion
efficiency: Ibs grain/lb s
weight gain
= Beef 7 0
= Lamb 5
= Pork 3.5 2 g
= Poultry >2 » =
= Eggs 2 520 E
= Farmed salmon: 1.2-3 £ | s
= Tilapia 1.7 1 — Famed -~ :
10 - E
. Q\icécgpt a Mediterranean _— // g
’ S =
= Eat more legumes! I Sheep and Goats ki
a -
1560 1570 1580 1550 2000 2010

Source: EF! from FAQ; UNPop

©

Climate change & agricultural
productivity

-
Cline (2007) (with C fertilization)

Rule of thumb: For each 1°C increase in temperature, the farmer can expect 10%
reduction in grain production

o
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Some numbers...

Optimum temperatures
Hot-season: melon, sweet potato: 64-95°F

Warm-season: tomato, cucumber,
peppers, sweet corn: 68-77°F

Temperature (F)

BEHBRBRIWE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Cool-season: Lettuce, broccoli, spinach:

Mar Apr May Jun Jul Aug Sep Oct New Dec| 41-77°F; legume cover crops
Month

Jan Feb

—s— Davis, Yolo —=—Los Banos, Merced

Lesson: Switch crops or crop mixtures

Reproductive development is particularly vulnerable:

« Pollen viability and production: maize: <77°F; rice: <95°F
* Kernel development: maize: <86°F
* Fruit trees: chilling requirement

Jackson et al. 2009

Perennial Crops: Chilling

- Mean winter chill

1200

Chilling Hours
-]
23

GO0
i Safe winter chill
200 (10% Quantile)

1950 2000 2050 2100
Year

Lesson: Existing variability for adaptation
traits; use it!

Safe winter chitl
(Chillimg Hoursh

Luedeling et al. 2009

EEEEEEE




Plants for fuels Sugar crops

= Biofuels:
= Plant or animal biomass to produce power or heat
= Concerns about:
= Depleting stocks of fossil fuels
= National self-sufficiency and dependence on oil-producing states =
= Air pollution from vehicle exhausts
= Greenhouse gas emissions

= Alcohol & bio-diesel

Trees, shrubs

I

Starch crops

,‘k ¥,

Forage crops

Plant breeding is fashionable again!

\ oSO

iation of Pl
@ 't 8,
0

= Plant breeding as a delivery channel for new
technologies

6’3
= Inthe U.S.:
= National Association of Plant Breeders é \;
= Attracts undergraduate and graduate students

Improving Plants to Improve Lives

()
Q’@):r

= Attracted to field experimentation

= Worldwide: e.g., Brazilian Society of Plant Breeding
(SBMP)

= [AASTD: International Assessment of Agricultural
Science and Technology for Development
(http://www.agassessment.org/):

= Plant breeding and Agroecology
= Socio-economic and policy factors

= Agriculture as provider of food security, but also
economic security, ecosystem services, and
landscape values.

= Equivalent to IPCC for agriculture and
development

2013-07-24
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Opportunities for Plant Breeding

The Future is Here!

New analytical tools: Genomics

= Genomics: the study of the
“entire” genome sequence and
“all” genes, RNA products, protein 2
products and metabolites

Growth in Plant Genomes

= Whole-genome sequencing: “
= Sanger sequencing of BAC
clones (Arabidopsis, rice) 2>
whole-genome shotgun
sequencing + high-density
genetic maps & physical maps;
paired-end sequences (e.g.,

Total Published Genomes

BES); Ionger [llumina reads; etc. o 2000 2002 2004 2006 2008 2010 2012
= Large increase in sequence -
information

= Expressed Sequence Tags (EST)
= Proteomics & Metabolomics

2013-07-24
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http://genomevolution.org/wiki/index.php/Sequenced_plant_genomes

Whole-genome sequencing & marker
development
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What Make
Marker?

s a Good

»>Simple
> Fast
»Robust
»Cheap

»BOTTOM LINE: Markers
(DNA sequence) are the
limiting factor for
Marker-Assisted
Selection because of
attrition in developing
new markers

Contrasting Gene Pools in Common Bean (P. vulgaris):
Andean vs. Mesoamerican
Co-evolution with Pathogens

ABOUT/METHODS

GENOME BROWSER CMAP DOWNLOAD

PhaseolusGenes

PhaseolusGenes is a web resource for identifying and exploring markers, quantitative-trait loci (QTL), and

simple sequence repeat (SSR) region information for Phaseolus vulgaris. Use this database to find marker

information and explore them through the associated UCSC Genome Browser and Cmap implementations.

Te use PhaseolusGenes, enter @ search term to the right or click below for advanced options. You may also

enter 2 sequence to use our online blast tool to blast a sequence against the soybean genome.

Explore PhaseclusGenes

Markers QTL
Explore data from various Search

traits, as well as PhaseolusGenes'  QTL

searching sequences. list by entering traits in the

search box to the right.

How to use PhaseolusGenes... Altenatelysiyon; com e an
entire list of searchable traits,

-Direct Data Contributor

SSR

We have a number of

)

confirmed and
predicted SSR regions in the
database,  accessible by

searching to the right, or blasting
suspected SSR regions against
the soybean genome with our
Blast Search feature.

Jim Kelly, SCAR markers, Michigan State University

Jan Brazolot & Peter Pauls, Bng markers (STS), Guelph University

- Phil McClean, Samira Mafi Moghaddam, Sujan Mamidi, Juan M. Osorne, Rian Lee (North
Daleota State University) and Qijian Song and Perry Cregan, USDA-ARS, Beltsville

e B

Learn to use PhaseclusGenes

term:
Search Al figlds -
field:

| Search

Last search (1 resutt)

Blast search

Sequence in simple text

Database:
P. vulgaris v.1.0 (Andean:G19833) = |

- Phil Miklas & Richard Larsen, SCAR markers, USDA-ARS, Prosser, WA
- Thiage L. P. C. de Souza, Everalde Gongalves de Barros & Maurilio Mareira, SCAR markers,
Universidade Federal de Vigosa, Brasil

Kangfu Yu, SSR markers, Agriculture Canada, Greenhouse and Processing Crops Research
Centre, Ontario, Canada

- Bodo Raatz, SSR markers, Centra Internacianal de Agricultura Tropical, Cali, Colombia
Phaseolus Genome Sequencing Project, funded by NIFA: co-directors Scott Jackson
(siackson@uga.edu), Jeremy Schmutz (jschmutz@hudsanalpha.org), and Phil McClean
(Phillip.Mcdean@ndsu.edu)

bit.ly/pgenes or
phaseolusgenes.bioinformatics.ucdavis.edu

2013-07-24
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UCSC Genome Browser on P. vulgaris Andean-G19833 Assembly (phaVul1)

move\ <<< | << | < | = | > I 3> |zoomm| 1.5% | 3x | 10x% I base |zoomou‘[| 1.5x | 3x | 10x |
Chr08:58,185,867-58,885,866 700,000 bD.| enter position or search terms “_E]

Query
Scale 288 kel | phavuli

chres: | 58,308, 00| 58,408, aeg| 58,500, ae6| 58,500, aes| 5= .o, 88| 58,500, 08| Sequence
User Suppi\wec{ Track

User Track
Scar Markers from Fhaseolus Genes
sMe2

Legacy

PVM512| .
ETS Markers from Fhaseolus Genes -
Ena7eF] Pl otss| markers:
Eng73_R | gzes1 |
MDEU Ingel Markers (MoClean) SCAR SSR ST
DEU_IND_S_58.2153 I MOSU_IND_5_55 3756 | MOSU_IND_5_55.5193 | MOSU_IND_5_S&. 6694 | NDSU_IND_5_5&5.5569 | ’ 2
DEU_IND_S_S&5.2267 | NDSU,IND,B,58.3835| NDSU,IND,B,SB.6852| NDSU,IND,8,58.7328| NDSU,IND,S,SS.BBEQ\
DEU_IND_8_55.2369 HDEU_IMD_S_538 4816 | b B854
DSU_IMD_S_S58.2496 | NDSU_[ND_B_58.4295| [
D3U_IND_&_5&.2555 | MDSU_IND_&_S&.4541 | _IHD_ 8678
NDSU_IND_6_55.5783|
ATignments of FY reads containing predicted SSRS (QD0, SsSPit, SSR fikder) WGS_baSed
_|v-ssr_predictions [BEAR R INIRIIN T FHEEIEEEm e o e e 0 e e rn e e nr

markers:

Py SNF Markers With £1anking seduence (Cook)
_snp_markers_cook | | I 1 | |
EATOS reads
batas_reads 01 LTI IEHHHHS—H—HHHH B D IS -
Fhase01us ACUT iF0TiUS MRNA
_|eolus_acutiforius B I—HHHHE FHE— L D HHHE BHHHHEEH D | SR H-H

Fhaseo1us ANZUSTissimus mRMA

Tus_angust iss imus | 1 I 1IH 1 —+—#H 1] e
Fhaseolus coccineus mREMA
| Jasentus_coccineus MHH L | NHIH—H W N W CRHEEE W nwe 22w HEH
Fhaseo1us vUulzaris mRMA EST

| |naseotus_uigar s - HHEIT EHH-HHHBHH-BEHT T H | RO I H e | B

Gene annotation From Fhutozome Phaseolus sp
| |me_pvi_cene_exans 1| B 00 GHEHBEEHIT L WH DIEE #H D0 B IR RO B0 NI IO O T BEEIEE DA WD e J

Fhaseolus vulaaris contigs (McCleany
| |pv_contigmeciean W11 EMHH—HH—HHEE L DD R0 EHCHEER BT S a0 e &cowpea
Coypesa Assenk 14 -
coupea_azsenn 1 —HEIHENHHHHHHE HHHH-HHHHSEH I SR O O (V|gna)

Coupes GSR reads
cowpea_gsr_resds

Vigha unguiculata EST (cowpea, plantgdb)
| isna_ungus cu1ata 0 HEE-HIHE—BHHHH—H I 0 LI
Repeat Regions

Py _repeat_regions 1] 11} n |

Alternative to SNo2 (ALS Phg-2) Tamara Miller

= Polymorphism is crucial:
= Four-parent cross: need to distinguish source of resistance from all three other
parents

= High level of attrition of markers - the more markers, the better

NDSU_IND_8_58.8634 relative to
SNO02

SNO2 8634

UCSC Genome Browser on P. vulgaris Anlean-G19833 Assembly (phaYul1)

MOVe | <<< || << || < || > || >> || >>>|Z0OMIN | 1.5x | 3| 10x | | base | Zoomout 15x | 3x || 10x

Chr08:58,188,942-58 688,941 700,000 bp. | enter position or sdrch terms 0
scale 268 iy p——————————| phavul1
crras: | 58,300, 4ee| 5,409, 800l 54,508, and| 8,600, 40| 58,708, 008] 58,509, 000
User Sugnied Track
user Track |
HOSU Inde! Harkers cMcClean)
OSU_IND_B_E5,2153 | HDSU_INDL8._S3,5756|  WDSULIND_S.S8.5183|  NOSU_IND_5.56.6694| NOSU_IND_B_58 8569 |
1o, 2 1 NDSU_IND_B_55, 3836 | NOSU_THD_& 58,6652 | NOSU_IND_6.53,7520|  MDSU_IND_B_S2, 3654
| 10SU_IND_5_58. 4618 | HOSU_IND_5_58.6654 |
| NOSU_IND_5_58 4235 | HOSU_IND_8_S8.6668 |
| HOSU_IND_G 58, 4541 | HOSU_IND_8_58.5676 |
NOSU_IND_8_58 6783 |

Sear Marksrs from Phaseolus Genes
r_narkers_from_ng |
S8R Markers from Phaseolus Gemes
r_markers_from_pg |
TS Markers From Fhaseclus Genes
s_narkers_from_pg I [ I

Distance between SN02 and NDSU_IND_8_58 8634 = 327 226 bp

2013-07-24
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Examples of
Synteny
e i ANy 77 e e commor Utilization &
S S Marker
Discovery

ORIGINAL PAFER

Co-segregation analysis and mapping of the anthracnose Co-10 e A 4 2013
and angular leal spot Phg-ON disease-resistance genes = _ 3 3
in the common bean cultivar Ouro Negro Identification and Characterization

M. . Gongalves-Vidigal - A. 8. Crue - G. ¥, Lacamalln - . 8. Vidigal Fillo - of a Homologue to the Arabidopsis
L. L Sowsa < O, M. N, AL Pacheen + P, MoClean - P s + M. AL Pastor-Corrales 'NDEHISCENT Gene in

5 K

Taras SreGHy ZEu, A Pa

Genetic Characterization and Molecular

Mapping Pse-2 Gene for Resistance to Halo T M_ ;,:;,“
Blight in Common Bean

; Nucleotide diversity of a genomic sequence similar
Phillip M. Miklas* Deideé Fourie, Jennifer Trapp, Richard €. Larsen, Caroling Chavarm, 5 Bk e 2

Matthew W, Blair, and Paul Gepes to SHATTERPROOF (PyvSHPI) in domesticated
and wild common bean (Phaseolus vulgaris 1..)

L. Nanni - E. Bitoechi - E, Bellucct - M, Rossd -
I R = G Adtene - B Gepts < B, Papa

©

Population-specific Genomics in Plant Breeding & Genotyping by
Sequencing: Developing genomic resources for lima bean
Sarah Dohle
y 3!

UC Haskell ucez Re-Sequencing of P1, P2
Indeterminate, Determinate, BLAST onto bean and
Small seeds Large seeds soybean genomes
Resistant to Lygus Nematode R --> physical map
Use RI population for
X genetic map and QTL
analysis
Identify polymorphisms
--> potential markers
/F-‘\‘
Recombinant Inbred Inbred Backcross Other breeding
population population populations
Genetic experiment Breeding experiments (multiple crosses)

Field Breeding @

Marker-assisted breeding

2013-07-24
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Mapping of lima bean SNPs through
synteny with common bean  Sarah Dohle

Lima Bean SNPs
o Distribution of ~ 50,000 lima bean
© I single-base-pair (SNP) markers on
B - ; ] ' the common bean chromosomes.
5§ o - | i : Each horizontal line represents an
= Y 3 ¢ b individual SNP.
g4 1| 5 i i
s _ I i | - L Such markers will be used to
§ o . 1o ! i . | P determine where genes for
o i | P 1 g i P I resistance to Lygus and
" HE I | ¢ | I H ' nematodes are located.
1 1 ] ] 1 ! s
T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 1
Chromosomes @

New analytical tools: Geographic
Information System (GIS)

= Wikipedia: “integrates, stores, A ' ' T\
edits, analyzes, shares, and displays i
geographic information for

informing decision making.” '_ %%

= Applications to germplasm \r\{
conservation? a%
oy o 'fi“
oPEN B ACCESS Fraaly svaitable snline PLoS one * ¥ e e
A Gap Analysis Methodology for Collecting Crop .. ¢y
Genepools: A Case Study with Phaseolus Beans {
Jullin Ramirez-Villegas"", Colin Khoury®, Andy Jarvis"™*, Danlsl Gabriel Debouck®, Lulgl Guaring® g‘

oSpatial and temporal analyses

= Applications to breeding?

oHigh-throughput phenotypic -
evaluations @

2013-07-24
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Eco-geographic variation of common bean
in Brazil Marilia Burle

‘Mulatinho’” market
class:

15°s

Amarelo
® Amendoim

lower altitudes,

precipitation; | |0 o
higher | Hun
temperature - [

¢ o Preto
05 Rosinha
+ Roxo

« Vermelho

T . T
B0°W 45"W

Significant* Contrasts between Mulatinhos and
Other Commercial Types

Preto: 114
Rosinha: 120
Roxo: 121 Others: 18.0
Pardo: 19.6
Temperatufe range
Amarelo: 756 0 2 Preto: 18.6
Roxo: 742 (8102) (°G, weekly) ““\) cQ) Roxo: 20.1

Manteigdo: 598 Outros: 1371

;ard<?:6€;172 Pardo: 1415
0X0: Preto: 1513
Roxo: 1374

* Tukey test (a = 0.05)

Manteigdo: 1373

G4)

2013-07-24
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New analytical tools: Phenomics

= High-throughput evaluations of phenotypes in field conditions

= Match precision obtained by DNA sequencing (SNP level) by similar precision at
the phenotypic level
= Limitations of greenhouse and growth chamber evaluations:

o Limited air volume precludes flowering & maturation: cannot assess stress
tolerance during reproductive growth

o Limited soil volume: different growth & development, nutrient and water
regimes

o Different solar radiation, wind strength, evaporation rates

o Field-based phenotyping:
o More accurate description of trait expression

o Needs to be high-throughput: large populations (100s plots), diurnal cycles
(recovery from stresses), multipletraits and tissues simultaneously

o Non-destructive
o Close-range sensing
o Combine with wireless sensor network to monitor environmental conditions

o Correlate individual traits with overall performance: yield, phenology

Examples of Types of
Analyses

Lemnatec

= Direct measures:
= Visible light
Near-infrared: water status

Infrared: heat/temperature
status

Multispectral imaging:
composition, disease status,
etc.

Fluorescence: chlorophyll

Height profiling (top,
sideways)

= Processed data:
= Image analyses

= Mathematical models of
growth and development

2013-07-24
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Large collections of crop germplasm:
Ex situ conservation

jcanon ke * = CGIAR system
E * = USDA-NPGS
. = Other national or
international banks

taly

WARDA
Bouaké v
Cite d'lvoire alrobi

Kenya

McCouch S et al. 2013. Agriculture: feeding
the future. Nature 499:23-24

Feeding the future

We must mine the biodiversity in seed banks to help to overcome
food shortages, urge Susan McCouch and colleagues.

= Sample of sequence information of ITPGRFA accessions

= Analyze phenotypes of the same accessions and combine data
with sequence, crossing progeny, geographical, and ecological
data

= Create an informatics infrastructure to link the different data

types @

2013-07-24
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The role of domestication studies

ey
L}
()
The Putative Domestication Center of
Common Bean in Mexico
M. Kwak, J. Kami & P. Gepts, Crop Sci., 2009 @

20



Why the Lerma-Santiago Basin?

3 I
: =y

i e e

e > Climate: Cwa

» Subtropical: t° coldest month:
5-18 °C

» Subhumid: 4-6 months of
humidity in summer

» Semi-warm: average annual t°:
18-22 °C

» Vegetation:

» Dry deciduous forest to drier
thorn forest

“ Towards Distributed Breeding: Farmer
Participatory Breeding/Selection

MEHD A1 2000 =

= By analogy with distributed computing

= Currently, varietal development is
centralized: AES, Seed companies
= Complement with local capabilities?
o Local adaptation:
o Broad vs. narrow adaptation
o Maximize G x E interactions
o Local consumer needs:
o Cultural and gender differences
o Novelties & flexibility

o Deal with future uncertainties of climate
change

Thornton et al. 2009 ™. = & w0 w0 =0 e 0 @ m s omeowe

2013-07-24
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Integration with Human Effects: Are Farmers
Agents of Selection and Gene Flow?

Selection During and After Harvest

Photos: D. Zizumbo

Payré de la Cruz et al. 2005

Different Genetic Structure in W &D

Zizumbo-Villarreal et al. 2005 ol
H h Ggr Nm
wild 0.24 | 0.13-0.18 0.40 0.78
Landraces 0.26 | 0.22-0.29 0.26 1.40
Breeding -- 0.03-0.06 -- --
lines

= Wild: less diversity within populations, more
among populations compared to Domesticated

= Higher gene flow in Domesticated:
= Diversity within landraces: outcrosses
= Seed exchange among farmers
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Wide range of diversity including
improved cultivars and wild beans

Average
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Three main taxa

Phaseolus vulgaris

race Mesoamerica

Phaseolus coccineus
& P. dumosus

Phaseolus vulgaris
race Jalisco
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Farmer 2
by 0.1

e M. Worthington, D. Soleri, & P. Gepts, Crop Sci 2012
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Social sciences: Socio-cultural preferences, economic
circumstances of households, demographic changes

Conclusion: Integrating multiple threads
into one strong strand

= Our food supply is at risk
= Population
= Consumption choices
= Climate change
= Energy production

= Plant breeding is part of the solution: Multiple threads
= Adoption of new analytical tools
= Use of existing collections and domestication studies
= Different breeding strategies: MAS, distributed breeding

= Modified from B.Y. Morrison: Painting the Hills Green (1935)
=%,.. green hills clad with forests or with pastures, but

in any case luxuriant and verdant, have become a
symbol of happiness and well-being. “
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