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Introduction

As a growing population challenges the
world’s limited resources, scientists around the
globe are leveraging sophisticated genomics
technologies to improve the yield, quality and
sustainability of our food supply. But despite the
wealth of genome sequence information that
already exists, a tremendous amount of work
remains to be done to convert the sequence
into a usable format, work that ties specific
traits, phenotypes and functions to genes and
genome regions.

At LGC Biosearch Technologies™, we develop
and commercialise enabling genomics
technologies, such as our proprietary KASP™
genotyping chemistry, that make powerful
genomics approaches efficient and affordable
enough to conduct at industrial scales.

With KASP, teams in Colorado, USA, and the
United Kingdom are breeding hardier strains
of wheat, an oil palm plantation in Malaysia is
increasing the sustainability of their operations
and plant biologists in California, USA, are
developing disease-resistant peppers.

In this collection, we highlight just a few of the
ways KASP genotyping chemistry is making

a difference in the world, helping scientists
achieve mission critical projects aimed at
overcoming today’s many food sustainability
and health challenges. We hope these stories
inspire you to consider how KASP technology
can support your efforts to address these global
challenges.

Working together with you,
Biosearch Technologies is using
science for a safer world.

Let’s get started with how KASP technology
works followed by a deep dive into each
individual success story.

In this collection,
we highlight just
a few of the ways

KASP genotyping
chemistry is making
a difference in the
world



How KASP works

1. Assay components:
A) KASP Assay Mix: consists
of 2 allele specific primers and I

1 reverse primer. 5 e
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Allele-specific forward primers:

o

«|
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universal fluorescent probes, Reverse primer:
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In the first round of PCR, one of the allele-specific primers matches the target
SNP and with the common reverse primer, amplifies the target region.
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2. Denatured template and annealing i
components — PCR round 1:
5' 3' Allele-1 tail FAM-labelled

oligo sequence

Allele-2 tail HEX-labelled
oligo sequence

Common reverse primer
FAMdye
HEX dye

Target SNP

3. Complement of allele-specific tail sequence
generated — PCR round 2:
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Quencher

(Reverse primer binds,
elongates and makes a
complementary copy of
the allele-1 tail.)

4. Signal generation — PCR round 3:

FAM-labelled oligo binds to new complementary
tail sequence and is no longer quenched.
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In further rounds of PCR, levels of allele- specific tail increase. The
fluor labelled part of the FRET cassette is complementary to new tail
sequences and binds, releasing the fluor from the quencher to generate
a fluorescent signal.
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Fluor for incorporated  Fluor for non-incorporated
G allele no longer T allele remains
quenched. quenched.




Application note

Discovery and development of exome-based,
co-dominant single nucleotide polymorphism

markers in hexaploid wheat
(Triticum aestivum L.)

Keith J. Edwards, University of Bristol, Bristol, UK; LGC Biosearch Technologies™, Hoddesdon, UK

Summary

Wheat is a key food source both for humans
and animals, but the modern varieties are
reducing in genetic diversification. Introducing
genes from related species could increase its
resistance to pests and diseases, and increase
crop yields. Improvements in next generation
sequencing (NGS) and our understanding of
wheat’'s complex genome will help the process
to identify molecular markers for useful wheat
characteristics, to improve this development of
novel wheat cultivars.

Kompetitive Allele Specific PCR (KASPM)
genotyping technology is a one-step system
that can validate SNPs (single nucleotide
polymorphisms) that have been identified by
NGS, and is particularly suited to use with
polyploid species. Researchers led by the
University of Bristol used KASP to validate

varietal SNPs mined from UK and European
cultivars of wheat. The SNPs were derived from
a publicly-available wheat expressed sequence
tag (EST) database and unique sequences
generated by the team using NGS.

The team created the first large scale assembly
of genotyping and genetic map information for
elite UK wheat varieties based on individual
SNP markers, and was the first to demonstrate
the use of KASP-based technology to genotype
wheat cultivars and generate an extensive
linkage map. The research goes on to find more
SNPs in areas where the information is sparse.
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Application note

Discovery and development of exome-based, co-dominant
single nucleotide polymorphism markers in hexaploid wheat

(Triticum aestivum L.)

Introduction

The global population is growing, and it is
estimated that it will reach nine billion by 2050.
There is an increasing demand for cereals, both
as a food source and as feed for animals’. As
wheat is among the three most important food
sources and the main cereal crop for temperate
climates?, increasing the yield of wheat crops
will be very important®.

Modern bread wheat has a complex genome;
it is allohexaploid (AABBDD), formed by
introgression between the diploid (DD) genome
of Aegilops tauschii and the tetraploid (AABB)
genome of Triticum turgidum*. Modern wheat
has lost a large proportion of its genetic
diversity®, and introducing genes from its

wild relatives could increase stress, pest and
disease resistance®. Finding and using
molecular markers such as SNPs will enable
precision breeding of important desirable traits.

This application note describes the use of
KASP genotyping technology from Biosearch
Technologies to validate varietal SNPs mined
from UK wheat germplasm’.

The map positions of the different SNP
marker types were investigated to determine
whether any bias in genetic location was
introduced by using co-dominant SNP
assays in two double haploid (DH) mapping
populations developed from UK cultivars
Avalon x Cadenza (A x C) and Savannah

x Rialto (S x R). Of the 3214 SNP markers
developed to date, 2109 were identified as
polymorphic between Avalon and Cadenza,
of which 1807 were placed on the Avalon x
Cadenza map.

‘KASP genotyping technology is a
one-step system that can validate

SNPs that have been identified by
NGS, and is particularly suited to
use with polyploid species.’
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Discovery and development of exome-based, co-dominant
single nucleotide polymorphism markers in hexaploid wheat

(Triticum aestivum L.)

Materials and methods

Plant material

For SNP genotyping, the researchers selected
23 different wheat varieties to represent the UK
wheat germplasm, harvesting and freezing the
root and leaf tissues at six weeks.

Preparation of normalised cDNA libraries

For NGS, the researchers extracted and
purified total RNA from root and leaf tissue of
five wheat varieties (Avalon, Cadenza, Rialto,
Savannah, Recital) and then synthesised,
purified and normalised complementary DNA
(cDNA).

Next generation sequencing

The University of Bristol Transcriptomics Facility
processed and sequenced 5 ug of normalised
cDNA for each variety.

SNP discovery
Putative varietal SNPs came from two sources:

* The publicly-available wheat expressed
sequence tags (EST) data from NCBI
(National Center for Biotechnology
Information) — the researchers selected
213 SNPs with a high probability of being
varietal for validation.

« Combining the NCBI wheat sequence
data set with the next generation
sequencing data from the five wheat
varieties sequenced as part of the study.
The resulting reference data set of 91,368
sequences was mined for SNPs with at
least two alternative bases at a reference
position.

SNP validation
For each putative varietal SNP, KASP assays
(two allele-specific forward primers and one

common reverse primer) were designed by
Biosearch Technologies. Genotyping reactions
were performed in a thermal cycler in a final
volume of 5 pL, containing 1x KASP Master
Mix, the SNP-specific KASP Assay Mix and 10-
20 ng of genomic DNA.

Importantly, the cycling conditions were the
same for every SNP assay:

e 15minat94 °C

* 10 touchdown cycles of 20 sec at 94 °C

* 60 sec at 65-57 °C (dropping 0.8 °C per
cycle)

» 26-35 cycles of 20 sec at 94 °C

* 60secath7 °C

After detecting the fluorescence and analysing
the data, the team calculated polymorphic
information content for each marker, and
carried out hierarchical cluster analysis.

Genetic map construction

The software program MapDistro v. 1.7 was
used to place the SNP markers into the
previously established genetic map derived
from 190 Avalon x Cadenza doubled haploid
lines. The Kosambi mapping function was used
to calculate map distances.

Results and discussion

This was the first large scale assembly of
genotyping and genetic map information for
elite UK wheat varieties based on individual
SNP markers.

The mining for SNPs specifically targeted
varietal SNPs in exon sequences in order to
generate molecular markers with a potential link
to QTL’s, and to include both synonymous and
non-synonymous point mutations.
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SNP discovery

By screening the publicly-available wheat
EST database the researchers identified
around 3500 putative varietal SNPs in 8668
sequences. Sequencing the normalised
whole-seedling cDNA from the five wheat
varieties grown for the purpose generated
24-45 million, 75-base paired-end reads for
each line, and SNP discovery led to 14,078
putative SNPs in 6255 distinct reference
sequences (2.7 megabases). This is an
average of five varietal SNPs per kilobase in
the reference sequences that have one or more
SNP.

Both techniques identified a similar number
of varietal SNPs per kilobase, and matched
previous work on varietal SNPs in wheat® °.

SNP validation and characterisation

The researchers selected 1659 putative SNPs
for validation with genomic DNA (213 from
sequences from the NCBI database; 1446

from the NGS process). The NGS SNPs were
selected based on their predicted polymorphism
level and validated using the KASP genotyping
platform on 21 hexaploid wheat varieties, with a
diploid and a tetraploid variety.

Of these 1659 SNPs, 1114 (67%) were
polymorphic between the different varieties.
This conversion rate of around 67% from the
KASP system is relatively high for a complex
polyploid species', but still has

potential to be increased using primer design
and PCR optimisation if necessary. 70 (4%)
were monomorphic in the hexaploid varieties,
but polymorphic between the hexaploid
varieties and the diploid and/or tetraploid,
which suggests that these markers represent
intravarietal homoeologous SNPs.

The primers can be redesigned as
homoeologous-specific KASP primers, to
discriminate when homoeologous copies do
or do not contain varietal SNPs. Screening
markers from this category against the Chinese
Spring nullisomic lines confirmed that this
was the case in 26 of 28. As intravarietal
homoeologous SNPs normally account for
around 74% of all SNPs in wheat'?, this
suggests that these data sets have been
enriched for varietal SNPs. However, as the
process is time- and work-intensive, this is
probably only useful for specific projects, such
as investigating homoeologs tightly linked to
specific loci of interest.

475 (29%) failed to generate a useful
amplification signal, and this could be improved
by using optimised PCR conditions and
alternative primers.
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Figure 1. Distribution of PIC of SNPs among the 23 wheat varieties.

The polymorphism information content

(PIC) values for the validated markers were
0.08-0.975, with an average of 0.300,
comparable to other results from wheat'": 2,
and no significant differences between markers
from different genomes or homoeologous
groups (Figure 1).
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Figure 2. Genetic relationships between the 23 wheat lines screened with 1114 KASP probes.

Hierarchical cluster analysis suggests possible
genetic relationships between the 23 lines
(Figure 2).
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Genetic map construction

This study produced the first SNP-based
linkage map, based on 500 transcript-linked
varietal SNPs and 574 existing markers. The
total map length is similar to maps previously
created' %15 using a variety of markers, and
showed similar map lengths for the A, B and D
genome. There was a significant difference

in the distribution of markers between the
three genomes, and the markers were not
evenly distributed between the homoeologous
chromosome groups, with markers clustered
around the centromeres, particularly on the

A and B chromosomes.There were fewer
SNP markers on the D chromosomes, both
compared with the A and B chromosomes and
with other marker studies. This is probably
because SNP markers target genic regions,
and this reflects the lack of genetic diversity in
modern wheat varieties. Future SNP discovery
studies should target the D chromosomes to
counterbalance this lack of diversity' 6.

The researchers compared the genetic

map locations of the 500 SNP loci with their
predicted map location based on physical
mapping experiments. Overall, the correlation
was relatively high, and is useful for identifying
and mapping deletions. Discrepancies, for
example SNPs mapping further apart than
expected based on linkage group information,
suggests that the relative positions of
ancestral markers have been altered through
chromosomal rearrangements.

Some SNPs were similar to sequences in

the NCBI non-redundant protein sequence
database but mapped to multiple regions of

the genome. This suggests that KASP-based
genotyping has high enough levels of sensitivity

to map individual paralogous genes in a
complex polyploid genome such as the wheat
genome.

Conclusion

According to the researchers, this is the first
report of a public linkage map for hexaploid

wheat containing several hundred individual
SNP markers, and the first demonstration of
KASP-based technology to genotype wheat
varieties and generate a linkage map.

Creation of the linkage map took 102,220
individual KASP reactions, using 538 probes on
190 plants.The reactions were carried out within
24 hours, using simple microplate technology,
and read with a standard fluorescence
resonance energy transfer (FRET)-capable
plate reader. The team behind the study is
confident that this could lead to fast and cost-
effective genotyping of thousands of plants with
a large and flexible number of markers.

The next step will be to find more SNPs,
particularly focusing on the D genome and the
homoeologous group 4 chromosomes, which
would make genome-wide association studies
(GWAS) possible in wheat. This project has
also shown that it‘s not just the SNP markers
that are important, but also the information
associated with these, such as the surrounding
sequences. This additional information means
that the SNP data can be used in a variety of
genotyping platforms, now and in the future.
Making this information freely available will
provide the power needed to develop new
varieties of wheat and meet the global food
needs in the future.
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By tracking SNPs they are able to link specific
genes to desirable crop characteristics or
‘traits’. When a gene of interest is found, the
plant carrying this gene is then backcrossed
into the population in the greenhouse to fully
isolate it or ‘clean it up’.

Colorado State University
Wheat Breeding and Genetics Program

The Colorado State University Wheat
Breeding and Genetics Program is a long-
standing initiative run out of Colorado State
University (CSU), USA. Lead by Scott Haley,
Professor of Plant Breeding at CSU, this
ground-breaking program is using traditional
breeding techniques combined with modern
plant genomics to breed the next generation of
wheat varieties for the Colorado wheat growing
industry and beyond. Their locally-developed
winter wheat varieties are specifically adapted
to Colorado’s tough climate.

Over 60% of all the wheat grown in Colorado is
supplied by this wheat-breeding group, as well
as Kansas, Nebraska and Montana, and there
is a very close symbiosis between them and
the growers they supply. Scott Haley and his
team also conduct basic research into genetic
and environmental factors that affect wheat
yield and end-use quality.

BIOSEARCH
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The work undertaken by Scott Haley and his
team of extremely dedicated and experienced
research associates involves:

» Plant genomics research
» Greenhouse propagation
* Double haploid production
» Screening

+ Extensive field testing.

This combined effort produces new wheat
varieties specifically bred, selected and tested
for yield, drought tolerance, disease resistance,
quality and other essential traits.

Using molecular biology for plant
breeding:

Scott Haley has used molecular biology as
part of his wheat-breeding program at CSU
for many years, in particular marker-assisted
selection (for intergeneric introgressions) and
wheat-maize doubled haploid development
(for breeding line development and parent
building).

Scott Haley’s research team sample the leaf
tissue, extract the DNA and then genotype the
samples in order to identify and track single
nucleotide polymorphisms (SNPs) within a set
wheat population. By tracking SNPs they are
able to link specific genes to desirable crop
characteristics or ‘traits’. When a gene of
interest is found, the plant carrying this gene
is then backcrossed into the population in the
greenhouse to fully isolate it or ‘clean it up’.

“From October to early June we are gene
jockeys, working in the lab, generating and
analysing data; from mid-June to early October
we put our overalls on and become farmers.

It is a very holistic process”.- Tori Anderson,
Research Associate on Scott Haley’s team.

The team takes advantage of an extensive
network of local trial locations. These trial
locations include eighteen main field plot
locations around Colorado and west Kansas,
over 17,000 wheat plots and 30,000 early
generation head rows where the team carry out
pilot studies and initial analysis.

The challenge: time and money

Narrow windows between harvest in July and
planting in September in the University’s wheat
breeding programme schedule mean that the
programme’s researchers need to process a
large number of samples for genotyping with a
very quick turnaround.

Initially the team were using assays for SSR
markers but discovered that SNPs were much
more plentiful.

The team has long collaborated with the USDA
Hard Winter Wheat Genotyping laboratory in
Manhattan KS for routine marker analyses.
These tests have included SSR markers and
more recently KASP assays for SNP marker‘s
linked to key traits in the breeding programme.
The staff at the USDA has been especially
helpful in optimisation of new markers for
selection and sharing information on
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development of new KASP markers.

As part of her work on Scott’s team, Tori
Anderson investigates new genotyping
technologies to integrate into their wheat
breeding programme. The group started
looking into KASP genotyping a couple of
years ago, when it was mentioned by the
USDA genomics facility, who were talking
about using KASP markers for their work.

A TILLING program at CSU is working to
identify novel variants for traits of interest

in wheat production or utilisation. Sanger
sequencing allowed a greater degree of
customisation but they found that sequencing
in order to genotype every SNP mutant that
they wanted to look into was very expensive
and took time.

The group needs to perform SNP assays on

a large number of samples quickly to allow
them to select variants. In the back crossing
programme this is normally a one month
window, but can be more or less depending on
the wheat strain they are growing, how fast it
grows and greenhouse conditions.

Discovering KASP

Tori Anderson contacted our genomics
technical support team to find out what we
could do for them and found that KASP assays
lend themselves very well to exactly the type
of work that CSU is doing. KASP genotyping
allowed assays for new SNPs identified by

the team at CSU to be designed and made

available very quickly; they have had great
success with how easy KASP genotyping is
to use and are now trying to convert as many
markers as possible to KASP assays.

KASP SNP genotyping is based on a universal
detection system where the fluorescence
detection system is in the KASP Master

Mix and generation of an assay against

a new target is only a matter of ordering

and assembling three short unlabelled
oligonucleotides designed using the software
of LGC Biosearch Technologies™. For each
new SNP marker, new KASP assays can easily
be designed, ordered and supplied at very little
cost.

After an initial period trialling KASP genotyping
to see whether it would work for their projects,
the team has now been using KASP in earnest
for full blown production work for over a year.
Adoption of KASP genotyping has enabled the
team to do more where previously costs and
time prohibited them.

They order new KASP assays as KODs
(sometimes KBDs) and run them in their lab
on BIO-RAD CFX real-time machines. In this
way the team in the past year conducted over
16,000 total KASP assays to enable selection
for 15 different trait-associated SNPs.

The team started with simple SNP assays,
representing novel mutations that they want to
track, and are now working with more complex
assays analysing small and now larger indels
(insertation/deletions) as well as haplotypes.
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Desirable traits — human health and pest
resistance

As well as breeding crops tailored for the
Colorado climate, traits for human health are
now a focus, including traits related to starch
production and antioxidant properties. Another
example is selection for strains of wheat with
specific aleurone layer colour, which could
potentially improve product color in whole
grain products made from hard white wheat.
Consumers like to have the health benefits of
wholewheat flour without the brown colouring
that it gives to the bread, and improved strains
allow the more of the healthy bran to survive
the milling process without carrying with it the
brown colour.

Wheat produces a volatile compound, which is
attractive to crop-damaging pests such as the
wheat stem sawfly. Wheat varieties are being
selected, that produce less volatiles and are
therefore less likely to be attacked by pests.

Funding

The Wheat Breeding and Genetics Program is
funded in a very unique way. The programme
has a very strong relationship with wheat
industry groups in Colorado and the majority of
funding for their work comes from the Colorado
Wheat Administrative Committee (CWAC) and
the Colorado Wheat Research Foundation
(CWREF). These funds are used to complement
and leverage the vital base support that comes
from the university through the Agricultural
Experiment Station (the US Land Grant

University funding mechanism for agricultural
research).

A small percentage from every bushel of
wheat, grown by the varieties CSU supplies, is
paid back into the group to fund their work. All
or parts of the salaries of 5 of the programme’s
workers are paid in this way, plus laboratory
instruments and consumables.

“They fund our work and our equipment and in
return we are able to work better...to produce
a better product for them. It is a real symbiotic
relationship”. - Tori Anderson

This unique funding mechanism gives

the group freedom to explore and find

the technologies that work, but with that
responsibility to deliver for their sponsors. The
consortium also funds postdoctoral positions
which have allowed the team to look more

in depth at double haploid wheat varieties,
TILLING mutants and genomic selection.

‘In our sixth decade of continuous wheat
breeding activity, we continue to enjoy the
excellent support provided through the
partnership between CSU and the wheat
industry in Colorado. Funding for our program
comes from a combination of state and federal
funds provided by the Colorado Agricultural
Experiment Station (CSU AES) and Colorado
wheat industry groups, including the Colorado
Wheat Administrative Committee (CWAC) and
the Colorado Wheat Research Foundation
(CWREF).™



CSU developed wheat varieties

+  Since inception of the CSU’s Wheat Breeding and
Genetics Program in 1963, over 35 improved wheat
varieties have been developed and released by the
program

*  Over 60% of the Colorado wheat acreage is planted
to CSU-developed wheat varieties.

+  Colorado growers have made substantial yield gains
with new CSU varieties like Hatcher, Ripper and Bill
Brown, proven in 2010, when Colorado set a new
yield record of 45 bushels per acre. Recent releases
such as Snowmass, Byrd, Brawl CL Plus, and Denali
promise to bring even greater benefits to the wheat
industry in Colorado and surrounding states.

«  Varieties are marketed under the PlainsGold Brand.

«  Over $3 million has been returned to CSU under
the CWREF royalty program. This is money that will
then fund further improved varieties for the Colorado
growers.
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Why wheat?

Wheat is one of the three most important
crops for human and livestock feed, and with
food supply an increasing global concern,

the pressure is on to increase cereal crop
production as a solution to feeding the growing
world population.

It has been estimated that the demand on
cereal production will increase by 50% by
2030; scientists and breeders alike must now
look to understanding the genetic make-up of
wheat to help maximise its growing potential.

-
It has been estimated that the denra"n i
cereal production will increase by _
scientists and breeders alike must now ka.
understanding the genetic make-up of wheat

to help maximise its growing potential.

— wheat genomics

Industry challenge: struggling to meet a
growing demand

Compared with other crops, the increase in
wheat yields has slowed since the ‘green
revolution’ of the 20" century due to the
domestication of the crop.

This domestication of wheat has resulted in
a decline of genetic diversity and it has been
suggested that in order to increase it, genes
from ‘wild relatives’ of the crop could be
introduced. Such strategies, often referred to
as pre-breeding, can be resource intensive.
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Diploid crops (consisting of two sets of
chromosomes), such as rice and barley, have
benefited from extensive genetic analysis
and molecular breeding programmes. The
complexity of a polyploid species (more than
two sets of chromosomes) such as wheat
coupled with a decline in genetic diversity has
hindered these types of studies.

Aside from the challenge of meeting a
growing global demand for wheat, the crop
is also vulnerable to pests and disease. For
example, the stem rust pathogen known as
Ug99 is one of the most serious diseases
found in wheat and poses a significant
challenge to production. To combat this,
researchers need to identify genes within the
wheat genome that can provide a strong and
durable resistance; access to new screening
technology is essential in defending it from
this and other threats and to sustainably
produce sufficient and safe food.

Technical challenge

The Cereal Genomics group, based in The
School of Biological Sciences, University of
Bristol, has recognised the need to better
understand the complexity of the wheat
genome in order to assist molecular breeding
programmes.

Marker assisted selection (MAS) is a process
whereby a marker (morphological, biochemical
or one based on DNA/RNA variation) can

be tracked through populations and used for
indirect selection of genetic determinants of the
trait of interest such as:

* Productivity

* Disease resistance
» Stress tolerance

* Quality.

MAS has a long history of successful use by
academic laboratories, genotyping service
providers and breeding companies for this
type of genetic analysis in plant and animal
breeding.

However, the complexity of the wheat genome
coupled with a decline in genetic diversity
within modern elite cultivars has made
application of MAS in wheat breeding
programmes a significant technical challenge.

A crucial step in the successful application

of MAS in breeding programmes is the
development of cheap and easy-to-use
molecular markers, such as single-nucleotide
polymorphisms (SNPs). Until recently, most
wheat laboratories used microsatellite markers
in their MAS projects. However, for wheat the
new type of SNP marker is becoming more
readily available.

This new approach has been adopted by
wheat genome scientists at the School of
Biological Sciences, University of Bristol, led by
Professor Keith Edwards.



“Our aim is to identify tools and technologies to
make it easier to do smart breeding to create
new varieties of wheat. In particular, this would
be used to improve yield and pest and disease
resistance, including in commercial lines.”

The group has identified that, in order to
make wheat pre-breeding more efficient, the
development of molecular markers capable
of tracking any introduced genomic regions
in large numbers of lines is vital. According to
Professor Edwards:

“SNP analysis is straight forward and can be
automated with relative ease but the task of
identifying useful SNPs polymorphisms in wheat
is problematic due to its complex and large
genome.”

Molecular markers must be capable of
distinguishing between the relatively

large numbers of polymorphisms seen in
homoeologous and paralogous genes,
compared with the relatively infrequent varietal
polymorphisms.Homoeologous/paralogous and
varietal SNPs have previously been studied and
used in polyploid crops. However, these studies
have also shown that distinguishing intervarietal
markers from intergenomic polymorphisms

is complicated and prone to error. These

results, together with the large size of the

wheat genome, mean that, despite the global
importance of wheat, there are still relatively few
validated varietal SNP markers in regular use.
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The solution

Developing new strategies to enable UK wheat
breeders to breed for yield and crop resistance
by MAS underpins the UK’s strategy to
generate improved wheat varieties.

The development of SNP-based genotyping
platforms has lead to an increase in the
number of protocols available for analysing
genetic variation in numerous species.

Despite the inherent challenge of large-scale
genotyping in polyploid species, which carries
with it a high instance of homoeologous and
paralogous genes, a number of platforms have
recently been devel