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Most of our food comes from a few domesticated species

Large- scale
agriculture

<10

Domesticated

Species
<1,000
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Centres of crop domestication

The Iocatlon of the known lndependent centers of domestlcatlon
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Pepo squash 5,000 B.P. 7 LS R
~ Sunflower 4,800 B.P. o Broomcorn millet 8,000 B.P.
Chenopod 4,000 B.P. e Foxtail millet 8,000 B.P.
Marshelder 4,400 B.P. 5 g
Pepo squash 10,000 B.P. = African rice 2,000 B.P Rice 8,000 B.P.
Maize 9,000-7,000 B.P. ~ Pearl millet 3,000 B.P. AWe Foxnut 8,000 B.P.
Common bean 4,000 B.P. Sorghum 4,000 B.P. Emmer wheat 10, 000 B.P Yo
Einkorn wheat 10,000B.P. / P}
Barley 10,000 B.P._ 4
Arrowroot 8,000 B.P. "y " ]
Yam (D. trifida) 6,000 B.P. £
Cotton 5,000 B.P. Peanut 7 . .
Sweet potato 4,500 B.P. Manioc 8,000 B.P. R Yam (D.alata) 7,000 B.P.? TR
Chile peppers 6,000 B.P. [ | .~ Banana 7,000 B.P.
N Taro 7,000 B.P.?
Potato 7,000 B.P.? 1 '
Quinoa 5,000 B.P. \
J '“;-':’
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THE INTIMATE RELATIONSHIP BETWEEN CROP
DOMESTICATION AND CIVILISATION
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Teosinte branchedl (tb1): a DNA binding transcriptional regulator that

represses the outgrowth of lateral buds

LOQOP HELIX

HELIX

BASIC







The Power of Artificial Selection

Different selected versions of a single crop species (Brassica oleracea).




Simple Single Gene Inheritance

Prostrate growth-1 (Progl) - vegetative phase plant architecture.

Progl (dominant) progl (recessive)

Wild Rice. Domesticated Rice



Nature of the Changes in the Genes

Crop | Gene Class Comment
Rice gSH1 |cis regulatory altered CRE binding site
Rice gifl cis regulatory restricted/reduced expression
Tomato |fw2.2 |cis regulatory heterochronic expression shift
Maize tbl cis regulatory enhancer; up regulation
Tomato |fas cis regulatory down regulation
Maize tgal protein function transcriptional repression
Rice shal protein function AA change in DNA binding domain
Rice progl |protein & cis-reg multiple changes
Wheat Q protein & cis-reg dimerization; message level; miRNA
Rice sh4 protein & cis-reg multiple changes
Barley Vrs Loss of function frame shift or AA change
Rice gnla LOF & cis-reg multiple alleles / different lesions
Barley nud LOF deletion of the entire gene (17 kb)




Temperature Difference (°C)
with respect to the end of the 19th Century

THE WORLD IS GETTING WARMER

Global Average Near-Surface Temperatures 1850- 2007
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POPULATIONS ARE INCREASING

GEO-4 2007
“Our Shrinking Earth”

Hectares of land per
person from 1900 to
2050:

7.9 to 1.6

128m x 128m =4
acres



WATER AND OTHER RESOURCES ARE LIMITING

40% of land surface
and more than 2
billion inhabitants

Lowest levels of
human well-being

10-20% of drylands
degraded

Only 8% of
renewable water

supply

MRC | Medical Research Council
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TODAY, AVERAGE
SUB-SAHARAN
AFRICAN YIELDS
ARE AT - OR
BELOW - THESE
LEVELS

0- L
| 1865 1675 185 1895 1905 1015 1925 1935

Sources March 2'005,*_ Crop Science. Ref# 46:528-543







The Three Pillars of Yield

BREEDING AGRONOMICS BIOTECHNOLOGY
ﬁ ﬁ
— —
| S———— | S— | S—————
| | | | | |
Strategically breed plantsto  Use precision ag, planting density, plant Supplement breeding
create new, more robust seeds health protection, and conservation advancements by adding
that perform better — and tillage to make acres more productive.  special beneficial genes to

longer - in the field. the plant.



BUSHELS PER ACRE

The Combination of Maize Breeding, Agronomic Practice
Improvements and Biotech Can Maximize Yield Gains

300
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M Germplasm

i Agronomic Practices

B Advanced Breeding

M Biotech



5

genetic variation
into breeding

(uses wild relatives and
new genetic combinations)

After Tanksley and McCouch. Science 277,1063.
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lasm

Faster, more precise

selection of desired genetic
combinations using genetic markers
and precision phenotyping

(potential to shorten period to about 5 yrs
from 20 yrs)

Precise genetic
combinations
selected with desired
phenotypes

(new traits taken from
the wild into elite lines)

21



The grass family (Poaceae)

Ehrhartoideae
Oryza

Oryza sativa (rice)

Brachypodium

1000
Hordeum

1 Q00 .
894 Triticum

Orza

Saccharum
1000 ‘
Sorghum

1000

| “ea

Panicoideae
Paniceae
Panicum (switchgrass)
Andropogoneae
Sorghum
Saccharum (sugarcane)
Zea (maize)

Miscanthus

Source: http://beta.uniprot.org/taxonomy/




The wheat genome is a major challenge, but is feasible

: ancestral dlplold

~

3 species . t_.-:
P Vo divergence s
\ ancestral species ’,‘ 2.5-6 MYa , e
B - 7" BB 7T~
" l ~Aegilops from the sifepsis }

Amam
T. monococcnm ssp.
boeaticimr
(wild einkorn)

(wild emmer)

secton) -

? hybridization %
0.5-3 Mya)

| domest-icat-ion 10-12.000 va |

v

Amam AABB
T. miongcoccum SSp. T. trrgidune ssp. dicoccR
PR OROEOCCH I -'I:u]u\ ated emmer ; hulled)
(cultvated einkom ; hulled)

yvbridization
(¥000- 9500 Ya)

AABBDD
T. aestivam ssp. spelta
(spelr 3 hulled)

AABB

(durum wheat ; free-threshin

AABBDD
T. turgiduns ssp. durvm T aestivim
H s {(bread whear ; free-threshing)




Genetics of Resistance to Wheat Leaf Rust, Stem Rust,
and Powdery Mildew in Aegilops sharonensis

P. D. Olivera, E. Millet, Y. Anikster, and B. J. Steffenson

First and fourth authors: Department of Plant Pathology, University of Minnesota, St. Paul 55108; and second and third authors: Institute for
Cereal Crops Improvement, Tel Aviv University, Ramat Aviv 69978, Israel.
Accepted for publication 13 November 2007.
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Rice/Wheat/Brachypodium Synteny; guidelines for wheat

Wheat w6 w7
5003 unigenes e GEED G GE———
7 chromosomes 4

621 orthologs

Brachypodium
37809 genes
268 Mb
5 chromosomes

5555 orthologs

Rice
41046 genes
372 Mb

12 chromosomes r12

> Alignement criteria CIP CALP
> Statisitical validation

Courtesy of Jerome Salse



Wheat genomics strategies

INTERNATIONAL CONSORTIUM BBSRC (TGAC/JIC), CSHL TGAC/EBI/IIC

WHEAT ANEUPLOID LINES PURIFIED

CHROMOSOMES
A
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3 INDIVIDUAL GENOMES
5 TIMES HUMAN GENOME

PHYSICAL MAP OF BACS

ASSEMBLY,
ANALYSIS

SEQUENCED FRAGMENTS

LOW COVERAGE
WHOLE GENOME SEQUENCE




Market Forces Are Changing Supply-Demand Patterns
Globally, Creating a New Dynamic Across Agriculture

EMERGENCE OF DEMAND-DRIVEN AGRICULTURE: NEW DEMAND AND PRODUCTION TRENDS

Growing wealth and
population in Asia ¢
new demand f
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Advanced crop*'breedlpg\yitems |
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