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Abstract | The completion of reference genome sequences for many important crops and
the ability to perform high-throughput resequencing are providing opportunities for
improving our understanding of the history of plant domestication and to accelerate
crop improvement. Crop plant comparative genomics is being transformed by these data
and a new generation of experimental and computational approaches. The future of
Morrell etcrop
al. 2012
improvement will be centred on comparisons of individual plant genomes, and
Monday, February 27, 12 some of the best opportunities may lie in using combinations of new genetic mapping

Soybean Genomics
Strategic Plan
• Goal 1: Improve Utility of Genome
Sequence

• Improve bioinformatics resources practical applications

• Goal 2: Translational Genomics - Optimize
Breeding Efficiency

Boerma et al. 2011
Monday, February 27, 12

Topics
•

Next generation
populations

•

Selection against
deleterious mutations

•

Applications of genomewide SNP data
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Observational
Astronomy

•Information about places we

won’t ever visit
•The visible portion of the
electromagnetic spectrum is
only a fraction of what exists
•DNA resequencing data latent
with information about the past
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DNA Resequencing
•

Most direct measure of
genetic diversity

•

Can assay all heritable
variation

•

Can now be collected
very rapidly
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Genome Size

REVIEWS
18,000

No published sequence

16,000

Published sequence
Average angiosperm

14,000

Genome size (Mb)

12,000
10,000
8,000
6,000
4,000
2,000

Gr
ap
e
Ca
ss
av
a
So
rg
hu
Pi
m
ge
on
pe
a
Po
ta
to
To
m
at
So o
yb
Su ean
ga
rb
ee
t
M
ai
ze
Su
ga
rc
an
e
Ba
Br
rle
ea
y
d
w
he
at

ce
Ri

ra
ng
e
Pa
pa
ya
M
ed
Fo ica
go
xt
ai
lm
ill
et
Ca
ca
o

rry

O

be

ch
ra
w

Pe
a

St

Cu

cu
m

be

r

0

Figure 1 | Crop genome size. Genome size of all published crop genomes (shown in green) and the five most
Nature
Reviewsgenome
| Genetics
important production crops with unpublished genome sequences (shown in blue). The average
angiosperm
size of ~6 Gb is shown by the dotted line for comparison.
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Understanding of agronomic traits is also being improved

use of local patterns of linkage disequilibrium (LD), will

Short Read Mapping
a
b
c
d
e

?

Transposable elements

Genes

Gene with SNP

Figure 2 | Challenges of read mapping in plant genomes. The mapping of short
Nature Reviews | Genetics
sequence reads to a reference plant genome is shown with the genome at the bottom
and with sequencing reads above. Coloured shapes represent transposable elements
or genes; the two orange ovals represent a pair of paralogous genes. Short sequence
reads are shown directly above where they would map to the reference. Different
Morrell etscenarios
al. 2012 are shown in lines a–e. a | Uniquely mapping reads, including junctions
Monday, February 27, 12 between sequence repeats. b | A sequence from a diverse genome that would fail to
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Number of SNPs

Silent Sites
Replacement Sites
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7

QTL & SNP Frequency

Fig. 4. (A) Heat map for DS QTL effects by chromosomal position and allele donor. Of the QT
69% had both positive and negative effects relative to B73, which suggests that allelic series a
Buckler important
et al. 2009for maize flowering-time variation. The QTLs and population were clustered and sort
Monday, February 27, to
12 show maximal population differentiation of QTLs and lines. Although some QTLs certainly a

Next Generation
Populations
• Where are mutations that control
quantitative variation?

• How large an effect do they have?

• What is their frequency in the population?
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QTL Mapping
A

•

Quantitative Trait Locus
mapping

•

Progeny segregating for
portions of the parental
genomes

•

Statistical test of
association between
genotype and phenotype
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F1

F2

B

Association Mapping
•

Statistical association
between SNPs and
phenotype

•

Generally assumes
common disease (trait)
common variant

•

Fails under selection
mutation balance

•
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Constant flux of rare
causative mutations

Assumptions
• Future Resources - Next Generation
• Reference genome sequences and fully

resequence genomes for all major crops

•
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105 - 106 SNPs will be available for
inexpensive genotyping in most crops

Multiparent QTL
•

Multiple parental lines;
multiple generations

•

Similar to barley
composite crosses from
1920’s

•

Arabidopsis MAGIC
populations

•

Drosophila synthetic

Macdonald & Long 2007
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Mating Designs
Recombinant Inbred Advanced Intercross Lines

Figure 1.—Mating schemes. Each mating scheme is represented in the M-matrix format of Boucher and Nagylaki (1988) and
as a three-generation pedigree. In the M matrix, each row represents a progeny of the parental generation represented by the
columns. Entry mij is the number of gametes from individual j contributing to the zygote of individual i. Row totals are always 2. In
the regular-mating schemes (left), the matrix is fixed from generation to generation, while in random schemes (right) it is a
random realization each generation. Some schemes have zero variance in offspring number (equal contributions), so that column
totals are also constrained to equal 2. In the pair mating schemes, each column must share all entries with another. In the pedigrees, hermaphrodites are circles, males are squares, and the lines depict parent–offspring relationships. For the random-mating

Rockman & Kruglyak 2008
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Multiparent Population
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S. J. Macdonald and A. D. Long
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eight founders. Found

Multiparent QTL

Macdonald & Long 2007
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Allelic Effects

Macdonald and A. D. Long

Macdonald & Long 2007
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Deleterious Mutations
• An mutation that reduces fitness or viability
(yield)

• Premature stop codons, insertions/
deletions, splice site variants

• Amino acid changes
• Cis-acting regulatory factors

• 100s to 1000s per genome in humans
Monday, February 27, 12

Deleterious Mutations

ox 1 | Genetic load
Rice
Brachypodium
Sorghum
Maize

Morrell et al. 2012
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...AACCACCTT...
...AACCACCTC...
...AATCATCTC...
Asn His Leu
...AACGATCTC...
Asn Asp Leu

Ancestral populat

Deleterious vs. Lethal
• Lethal mutations - quickly purged upon
inbreeding

• Deleterious mutations - modest frequency
• Can reaching higher frequencies due to
linkage drag or ‘allelic surfing’

• Harbored in genomic regions with low
recombination rate
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Recombination Rate

Gore et al. 2009
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Box 1 | Genetic load
a

Rice

...AACCACCTT...
...AACCACCTC...
...AATCATCTC...
Asn His Leu

In Breeding Populations
Brachypodium
Sorghum

...AACGATCTC...
Asn Asp Leu

Maize

b

Ancestral population
Gene 1

Gene 2

...AACGCGTTC...
...AACGACTTC...
...AACGCCTTC...
...AATGCCTTC...
...AACGCCTTT...
...AACGCCTTT...

...AGAGGACTC...
...CGAGGCCTC...
...AGAAGACTC...
...AGGGGACTC...
...AGAGGACTC...
...AGGGGACTC...

Gene 1

Gene 2

Gene 1

Gene 2

...AACGCCTTC...
...AACGACTTC...
...AACGCCTTC...
...AACGACTTC...
...AACGACTTC...
...AACGACTTC...

...AGAGGACTC...

...AACGCCTTT...
...AATGCGTTC...
...AACGCCTTT...
...AACGCCTTC...
...AACGCCTTC...
...AACGCCTTT...

...AGAAGACTC...

...CGAGGACTC...
...AGGGGACTC...
...AGGGGACTC...
...AGGGGACTC...
...AGAGGACTC...

Derived population 1

...AGAAGACTC...
...AGAAGACTA...
...AGAAGACTC...
...AGAAGACTC...
...AGAGGACTC...

Derived population 2

Nature Reviews | Genetics
Genetic load refers to the reduction in fitness caused by suboptimal genotypes in a population121. Genetic load can
arise in a number of ways, including directional selection, recombination or mutation. Mutational load — the
presence of deleterious mutations segregating in a population — is of particular interest for crop genomics.
Deleterious mutations are most readily detected in protein-coding genes and can take several forms, including
premature stop codons, splice site variants or insertions and deletions (indels) that result in the loss or impairment
Monday, February 27, 12of protein function. These types of mutations are frequently associated with Mendelian disorders in humans,

Morrell et al. 2012

Relevance to Crops
• The potential to purge deleterious

mutations is related to population size

• Many breeding programs have very small
effective size

• Biggest diminution in fitness when

deleterious mutations are homozygous

• Barley, soybeans, and wheat...
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Applications
• ‘Reverse genomic selection’ against

deleterious mutation could improve yield

• Deleterious changes in genes that aren’t
directly associated to traits

• Targeted recombination - purge deleterious
changes
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that may substantially enrich and accelerate the search
for useful variation. Clegg 100 pointed to three major areas
of focus in evolutionary genetics that each have important implications for plant breeding — the genetic basis
of adaptation, the quantification of variation and the
processes of genetic transmission.

Adaptation. The identification of loci that are responsible for adaptive evolution has long been a goal in
evolutionary genetics (for example, REF. 4), and many
of the approaches developed in the field (reviewed in
REFS 101,102) are directly transferable to the identification
of loci of agronomic interest 103.

Genomic Selection

Box 2 | Genomic selection
Standard breeding

Genomic selection

Make crosses

Make crosses
4 months
Genotype and
predict value

Large-scale
trials

5 years

Inbreed
Doubled
haploid
The model

Small-scale
trial

Small-scale
trial
4 years

Sell or release
cultivars

Data from

Large-scale
trials

Sell or release
cultivars
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Genomic selection is a form of indexed, marker-assisted selection in which a marker data set is used to make phenotypic
predictions133,134. Genomic selection and genome-wide association studies (GWASs) can use the same genotypic and
Nature
Reviews | Genetics
phenotypic data, but genomic selection models de-emphasize the identification of individual
polymorphisms
that
control complex traits in favour of weighted prediction of phenotypic values based on a training data set. Like GWASs,
genomic selection has traditionally been limited by the cost and availability of dense genome-wide marker data, but
recent developments in high-throughput genotyping allow for inexpensive genome-wide marker data to be rapidly

Genome Level Analysis
• Extended linkage disequilibrium in teosinte
• Genetic provenance of climate adapted
mutations in barley
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0

Decreased
recombination rate in
inversion region

Haplotype Number (H)

•

Genetic Distance (cM)

Inversion Evidence

Inversion Frequency

Fang et al. (in review)
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Wild Barley Diversity
Collection
Sample Sizes - 196, 116

Average
FST
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BOPA1
0.09

BOPA2
0.13

Aridity - Western Asia
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FST - Chromosomal

443 SNPs
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Opportunities
• Genomics era has just begun
• Many patterns are easy to find
• SNP metadata ‘data about data’ is very
important

• Latent with information from places we
can’t visit!
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Diversity
Analysis

Genomewide Scan

Scans for
Selection

