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USDA’s National Institute of Food and Agriculture (NIFA) awarded $25 million to develop new varieties of wheat and barley
through the Triticeae Coordinated Agricultural Project (T-CAP). The T-CAP merges two large communities of US breeders: barley
and wheat breeders, previously funded by the BarleyCAP and the WheatCAP. As a result, researchers, breeders and educators
across 21 states, from USDA and 55 universities compose the T-CAP consortium. All areas of expertise have a specific vocabulary.
Practitioners of a specialty become so familiar with that vocabulary they often forget it has no meaning for most people. It is our
goal in this article to explain some of the vocabulary particular to the TCAP. If there is TCAP jargon you would like to be explained
in the future send a request to jsheman@montana.edu.

 Association mapping is a technique used to identify markertrait associations in lines that are not derived from a single cross.

these differences that we are looking for to improve
wheat and barley.
 Genomics is the study of the genome. The genome is a
complete set of instructions for the organism. You can
think about it like an instruction manual for that organism.

 Bacterial Artificial Chromosomes (BAC) are pieces of DNA
that can be used as vectors for a variety of purposes. For
example, genomic DNA from barley is cut into smaller
pieces and inserted into BACs, creating a complete library
 Genomic selection is when markers spread throughout the
of the Barley DNA. BACs can be amplified creating a
genome are used to predict the performance of individusource for DNA sequencing. Since BAC libraries are creatals to facilitate breeding.
ed with random pieces of the Barley DNA, there will be
 Genotyping is when the genetic makeup of an organism is
overlap between BACs, thus providing a complete secharacterized. The genotype controls the way an organquence that has a physical relationship and can be anism looks, which is called the phenotype. In our analogy,
chored.
determining the genotype would be like reading the in Canopy Spectral Reflectance (CSR) is a new phenotyping
struction manual, while determining the phenotype is
tool TCAP is exploring. It is based on the observation that
like testing the product created after following the inplants under stress reflect different colors of light. Measstructions.
uring the light reflected might be a way to predict plant
 Germplasm is a collection of genetic resources, which in
performance.
wheat and barley is usually a collection of seed.
 Copy Number Variation (CNV) are differences in DNA be KASP Markers are a cost efficient method of SNP genotyping
tween individuals that occurs when a large number of
developed by KBioscience. KASP stands for Kompetitive
building blocks called nucleotides are either duplicated or
Allele Specific PCR. Advantages of KASP over other sysdeleted. CNVs generally range in size from thousands of
tems may be less expense, greater flexibility, and higher
base pairs to millions of base pairs. In contrast, SNPs are
conversion
another DNA difference that only involves single base
rate.
changes. The number of CNVs reported here in Barley of
15% is in a similar range as what has been reported in
humans.

 A marker is a
difference in
the DNA that
 Deoxyribonucleic acid (DNA) is the genetic material for most
acts like a
organisms. An organism's complete set of DNA is called
bookmark
its genome.
indicating the
 A gene is the instructions for a specific structure in the orposition of a certain set of instructions. It can be a differganism. For an organism to survive certain instructions
ence in the instructions (gene) itself but it can also be a
(genes) are required. However, the details or order of the
difference in a neighboring part of the DNA.
instructions may vary from organism to organism and it is

Ja
 Making Marker/trait associations is identifying good bookmarkers
for the instructions that are important. DNA Markers can facilitate breeding by making selections more efficiently. Before
they can be used in breeding, markers that are good bookmarkers for important genes must be identified. To make associations, lines must be genotyped and phenotyped. An example of a good bookmarker is in the figure at right. All the individuals in the population were analyzed for a marker. In this
example, there are two possibilities (called alleles) for this
marker – allele A and allele B. The seed from each individual
was also tested for percent protein and is graphed above
(allele A individuals in green and allele B in blue). Most of the
individuals with the A marker type have lower protein than
most of the individuals with the B marker type, so that this
marker would be a good marker to predict differences in seed
protein concentration. Once marker/trait associations are
made, markers can be used to make selections.
 Marker Assisted Selection is a technique that uses DNA markers
to identify individuals carrying certain genes to facilitate breeding.
 National Small Grain Core Collection, NSGC collection is an important germplasm resource for the TCAP. TCAP participants
will be evaluating and distributing an extensive collection of
seeds representing material from around the world. TCAP is
searching this material for unique genes that will be used to
improve wheat and barley.
 Nested Association Mapping is a hybrid technique that uses
attributes of both bi-parental mapping and association mapping.

 Quantitative Trait is a trait that can be measured and is controlled by many different locations in the genome. The different locations controlling a specific quantitative trait are called
QTL (Quantitative Trait Loci). In our analogy of the instruction manual, several different instructions (QTLs) together
control a trait. Most traits important to stakeholders are
quantitative (e.g. yield and quality).
 QTL Mapping is a technique used to make marker/trait associations using a bi-parental mapping population from a cross
between two lines that are different for a trait of interest.

 Sequencing is reading the order of the nucleotides. Some of the
 Nitrogen use efficiency (NUE), Nitrogen is required by plants for
new technology we are exploring are methods that look for
growth and enters plants from soil through roots. Farmers
differences by determining the sequence, for example gene
replenish nitrogen using fertilizers and have found maximizing
capture and genotyping by sequencing.
nitrogen can increase yields; however, nitrogen can be costly
 Single nucleotide polymorphism (SNPs) is
not only for farmers but also to the environment. An imthe difference in one building block
portant goal of the TCAP is to improve the NUE of wheat and
(nucleotide) in the DNA sequence. In our
barley, both saving money and the environment.
analogy it is like changing “TAG” to “GAG”
 Nucleotides are the building blocks of DNA and can be thought
in our instruction manual. An advantage
of as the letters making up the instruction book. The instrucof SNPs is more potential differences and
tion book for wheat is composed of 16 billion letters or nucleso more markers at a higher resolution,
otides (= 16GB). It is the order of the building blocks that
making it easier to make marker/trait assostore the genetic information.
ciations.
 Principle Coordinate Analysis (PCoA) is a method to explore and  Water Use Efficiency (WUE), Water is the limiting resource in
visualize dissimilarities in data. For example, on page 3 each
much of the world today and is likely to continue to be in the
accession is plotted by how different the genotyping data is
future due to climate change and loss of arable land. An
from every other accession, creating scatter plots with more
important goal of the TCAP is to improve WUE of wheat and
similar accessions closer together. The scatter plots are two
barley, providing resistance to drought and new varieties for
dimensional, while the data can have multiple dimensions. To
low moisture areas.
better view the information the plots can be rotated to obtain
multidimensional views.

