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Report

l. Executive summary

Cereals provide the majority of calories consumed by humans. Cereal production faces
growing challenges due to increasing human population, changing nutritional
requirements and variable environmental conditions that require new approaches to crop
production. Wild relatives of modern crop species have survived for millions of years
using natural genetic defenses to endure biotic and abiotic aggressions. These wild
relatives represent a valuable source of under-utilized genetic variation that is available to
plant breeders and represent an invaluable source of genetic information for modern
genomics research initiatives. A systematic approach is required to identify and
characterize genes from wild species that can be used to enhance crop productivity in a
range of environments and under diverse cultural conditions. Using rice as a model, we
propose to (1) develop four libraries of interspecific lines called Chromosome Segment
Substitution Lines (CSSLs), targeting chromosomal introgressions from different rice
relatives, (2) develop a set of 140 molecular markers (called SNPs) identified in genes
associated with tolerance to abiotic stress (drought, acid soils, mineral deficiencies or
toxicities), (3) validate the utility of the SNPs by using them in the development of the
CSSLs in this project and exploring their value in breeding programs for other cereals (4)
analyze a set of advanced CSSLs generated from Asian x African rice crosses for their
phenotypic response to drought stress. Generating such resources and knowledge will



contribute to the objectives of Subprograms 1 and 3 by (i) utilizing natural genetic
diversity to develop whole-genome libraries of CSSLs as a permanent genetic resource
for both breeding and genomics-based research (ii) producing high-throughput, cost-
effective markers to facilitate access to genetic diversity in a range of different cereal
species (iii)) making the CSSLs available to breeders and geneticists so that the
intersection of their efforts will continue to generate new knowledge.

Key words: Chromosome Segment Substitution Lines (CSSLs) — Natural Genetic
diversity — Oryza glaberrima — Oryza rufipogon — Oryza barthii — Oryza glumaepatula —
Single Nucleotide Polymorphisms (SNPs) — Simple Sequence Repeats (SSRs)

1. Introduction/Background

The future of crop improvement depends on the availability of genetic variation. Most
modern crop varieties have undergone a genetic bottleneck associated with the process of
domestication resulting in a restriction of the genetic options that are available to plant
breeders. There is a larger pool of genetic variation available in landraces and wild
relatives of crops. These resources are known to contain many interesting traits for
breeding, including good to strong tolerance to abiotic and biotic stresses and various
nutritional traits of interest (Sun et al 2001). However, it is often difficult to utilize these
natural sources of genetic diversity because of fertility barriers, linkage drag, the time and
resources required to recover useful recombinants. This project is designed to take
advantage of the unexploited reservoir that exists in the wild relatives of cultivated rice
(Oryza sativa L.) through the development of introgression lines that will be of immediate
use to breeders and will simultaneously serve to enhance our understanding of the “wild
alleles” that contribute favorably to plant performance under drought stress.

The cereal crops, rice, maize and wheat, are together the most important human food
crops in the world. The demand for cereals is expected to increase dramatically,
particularly in the developing world where population is increasing the fastest. Cereal
production faces the difficult challenge of obtaining reliable yields under variable
conditions, notably due to the prevalence of biotic and abiotic stresses. Among the abiotic
stresses, water deficit is among the most prevalent and the most severe in terms of
restricting yields in cereal crops. Fresh water is the most limiting resource on the planet
and as it becomes more scarce, breeders will devote increasing energy to developing
crops that are better able to withstand water deficits or to use water more efficiently.

Rice evolved as an aquatic plant and traditional rice cultivation makes use of standing
irrigation water to control weeds. Upland rice represents an adaptation to dry land. There
is enough genetic variation within the genus to enable rice to adapt to drought-prone
conditions. Upland genotypes are widely grown throughout West Africa and large parts
of Brazil. These areas represent important targets for our work to identify Chromosome
Segment Substitution Lines (CSSLs) that perform well under drought. To improve current
levels of drought tolerance in new varieties, we propose to search for “new” alleles
associated with drought and acid soil tolerance in the reservoir of natural genetic diversity
available in wild relatives.

It is well established that (1) a great deal of genetic diversity was left behind during rice
domestication in Asia and (2) rice relatives belonging to the O. AA genome complex
contain a high level of diversity that is sexually compatible with O. sativa and can be
accessed via crossing and selection.

Plant geneticists have long recognized the value of exotic libraries. Interspecific crosses
between O. sativa and two African species, O. glaberrima and O. barthii, an American
species, O. glumaepatula and an Asian species, O. rufipogon, have demonstrated the
utility of targeted introgressions as the basis for gene identification and plant
improvement. These relatives are known to be a good source of genes for tolerance to



biotic or abiotic stress and the transgressive behavior of progeny derived from
interspecific crosses has been demonstrated in several studies.

The evaluation of complex phenotypes relevant to agriculture remains a laborious activity
that requires direct and sustained attention. To make the exploration of the phenotype-
genotype relationship more efficient, a series of tools is required that will leverage the
availability of genomic information and link it directly to field evaluation of germplasm
resources.

We propose to develop a comprehensive toolkit of genetic and genomic resources that
will allow breeders and geneticists to explore and more efficiently utilize wild relatives in
crop improvement. Our approach involves the systematic introduction of foreign alleles
from four different AA genome O. species into one elite, highly productive O. sativa
varieties and to provide introgression lines (ILs) or sets of overlapping CSSLs as the basis
for genetic analysis and applied plant breeding.

CSSLs are particularly valuable when complex, quantitatively inherited phenotypes are
the breeding target. Because they represent permanent (inbred) genetic resources that can
be easily replicated by seed and distributed to collaborators working in different
environments. Each set of CSSLs consists of a relatively small number of lines that can
be evaluated in replicated trials. They are constructed to provide maximum power of
statistical analysis because each line can be compared to all others or may simply be
compared to the recurrent parent, making it possible to extract a great deal of valuable
information from a relatively small number of lines. For phenotypes that are difficult to
measure, or require repeated evaluation over years and environments, the ability to focus
quickly on a small number of lines is a critical component of success.

Complex phenotypes can be dissected genetically by evaluating and comparing CSSLs as
a first pass. By linking the information about gene identity back to the Gramene database,
we will be able to provide a dictionary of genes with known function that are contained in
each of the CSSLs. This dictionary is also a key ingredient in enabling comparative
approaches to the study of phenotype-genotype relationships. Once an association is
established between a phenotype and a specific introgression line, it is possible to use
advanced forward and reverse approaches to genetic analysis to mine down and identify
the gene(s) that are directly involved (Yano, 2001; Jander et al., 2002), but it is also
feasible to use the introgression line directly in a breeding program without knowing the
identity of the gene(s) that are involved (Gur and Zamir, 2004). Genes known to be
associated with a plant’s response to water stress or adaptation to acid soils will be
targeted for Single Nucleotide Polymorphisms (SNPs) development.

In addition to the targeted introgression of traits that can be identified phenotypically in
the wild material, such as biotic or abiotic stress tolerance, it has been demonstrated that
alleles hidden in low yielding, agronomically undesirable ancestors can enhance the
productivity of many of the world’s most important crop varieties. These yield-enhancing
alleles are the basis of ‘transgressive variation’ and may confer an advantage in both
favorable (irrigated) and unfavorable conditions (drought and weed competition)
(Moncada et al., 2000; Gur and Zamir, 2004). Thus, the use of wild and exotic germplasm
for CSSLs construction carries with it the possibility that favorable transgressive
segregants will be identified, providing the basis for studies aimed at understanding the
genetic basis of transgressive variation associated with resistance or tolerance to drought
and acid soils.

Il Scientific activities (including tables and figures)

Universal Core Genetic Map of the rice genome
In order to facilitate the monitoring of the introgression process in the CSSL populations,
we developed a Universal Core Genetic Map for rice. A total of 511 SSR markers



distributed as anchors were selected based on genomic sequence. Sixteen AA-genome
accessions were selected to evaluate the polymorphism level for each anchor. A mean of
83.2% polymorphism was observed for the different interspecific combinations. The
Universal Core Map is used for genetic mapping and genotype construction purposes.
The URCGM Database was created and is available upon request.

Development of CSSL populations
O. glaberrima (Caiapo x MG12)

59 lines were chosen and backcrossed to the O. sativa parent Caiapo and selfed to obtain
59 BC4F, families. 4200 individuals were planted in the field with the aim to identify
plants bearing the target chromosomal fragment. The DNAs were bulked and they are
currently being evaluated with SSRs. The BC3DH population is available to the scientific
community upon request and has been already distributed to eleven partners. The BC4F3
lines will be available by 2009.

O. meridionalis
Foreground and background selection of 516 BC2F1 lines led to the selection of 60 lines
that were subsequently backcrossed. Six seeds from each of the 60 lines were sown to
generate a population of 360 BC3F1 plants. Foreground pre-selection is currently in
progress to select candidate BC3F1 lines. We will develop double haploid lines from the
pre-selected BC3F1 lines through anther culture at CIAT.

O. rufipogon
Similar results were obtained for this population, except that 600 BC2F1 plants were
analyzed. The selected BC3F1s will be processed for anther culture during the second
semester of 2008.

O. barthii
214 BC2F1 lines bearing 54 O. barthii segments were selected among the 600 genotyped
plants. For backup purpose, the BC3F1 crosses were made from all BC2F1 plants. The
number of BC;F; seeds produced per plant varied from 5 to 62. They are currently being
sowed and the plants will be checked for the presence of target O. barthii segments.

O. glumaepatula
153 BC;F, plants were selected and the BC4F, seeds are now available. 142 BC,F, plants
were evaluated for yield-related traits at an experimental field in Porangatu, Goias, Brazil,
under two conditions, one fully-irrigated and one under water stress. A QTL analysis was
performed and eight QTLs were detected in both conditions, from which four were
detected in the first treatment and four under water stress. A scientific paper will be
submitted with the results from this experiment.

Drought stress screenings

54 CSSLs from the cross IR64 x TOG5681 (O. glaberrima) was screened in
hydromorphic soil during the dry seasons of 2006 and 2007 at WARDA trial fields in
Cotonou, Benin. In 2006, percentage yield loss under drought varied from 3 to 88%.
Yield loss due to drought in 2007 was more severe with a mean of 78%, ranging from 44
to 100%. Several CSSLs yielded higher than IR64 under both drought stress and
continuous irrigation. This may mean that O. glaberrima has contributed several genes in
this cross that either alone or through epistatic effects can increase grain yield of rice in
these conditions. Nine transgressive genotypes were found to yield consistently higher
than the average yield under drought stress in both years of screening. The SSR data
available for this population will help in identifying the genomic regions associated to the
drought tolerance.



Next steps

Molecular genotyping of the BC3DH of BC3F2 lines of the O. barthii, O. meridionalis
and O. rufipogon will be done at Cornell University during the first semester of 2009. We
may switch from the SSR to the SNP (Illumina technology available at Cornell), which
offers a better marker density and higher throughput. BC4F2 seeds will also be prepared
and made available to the scientific community. Additionally, a set of SNPs is currently
being optimized at CIAT (Luminex technology), which will help in saturating the current
SSR genetic map. The application and some alterations of the breeding strategies used
during the course of this project will help breeders to improve future breeding programs.
Further field trials for different important agronomic traits could permit the detection of
several QTLs of significant relevance for cultivar improvement.

IV. Deviations from the work plan

There is no major deviation from the work plan. However, a few minor deviations need to
be mentioned:

- The construction of the Universal Core Map was not planned in the original project. The
construction of this tool was decided later on to facilitate the construction of CSSLs and
the related activities were partially financed with external sources of funding. The results
and outputs issued from this activity, we believe, represent a substantial added value to
the project.

- Also, the decision was made to build a new O. sativa x O. meridionalis genetic map
from a new population was taken due to the uncertainty in some genotypes identification
stamps. We decided to redo the job in order to discard any even minor source of mistake
in the subsequent selection of chromosomal segments.

- The same strategy was adopted for the two O. sativa x O. glaberrima populations in
order to recover lost fragments and validate the genetic map.

- Overall, we estimate that we’re about six month late on the CSSL development activity.
This was mainly due to difficulties in handling some logistical aspects, i.e., re-directing
some initial activities from WARDA to CIAT, or delays related to visa issues or other
logistical issues.

- Drought stress screenings: it has not been possible to carry out drought stress screenings
at Fedearroz experimental station in good conditions. However, a collaboration (external
to this project) with Thaura Ghneim’s group (IVIC, Venezuela) that aims to screen 93
lines for various physiological parameters under drought stress from the Caiapo x MG12
cross should adequately complete the field screening, although the results cannot be
considered as a GCP product.

V. Data Availability

Various data sets have been produced so far:

- Genotyping data (SSR markers) of 6 interspecific BC1F1 populations,

- Partial genotypic data of 5 BC2F2 populations

- Genotypic data for two advanced pre-CSSL populations from O. sativa x O. glaberrima
crosses

- Six interspecific genetic maps aligned to the Nipponbare sequence,

- Various sets of phenotypic data collected on two O. sativa x O. glaberrima 1Ls
populations,

- Interspecific SNP locations and primers,

- SSR polymorphism for a collection of cultivated and wild rice accessions,

- SSR genomic location of the Universal Core Genetic Map.



All of these data will be posted on the public GCP database after their publication, if
applicable.

Publications:

Orjuela J, Garavito A, Bouniol M, Tranchant C, Wilson G, McCouch S.R, Tohme J,
Ghesquiére A, Lorieux M. 2007. Universal Rice Genetic Core Map. Presentation given at
the VI Encuentro Latinoamericano de Biotecnologia Agropecuaria REDBIO 2007, Viia
del Mar, Chile, October 22-26 2007.

Gutiérrez AG, Alvarez MF, Martinez CP, Giraldo OX, Tohme J and Lorieux M. 2007.
Development of Chromosome Segment Substitution Lines in two interspecific Oryza
sativa x O. glaberrima populations. Poster presented at the VI Encuentro
Latinoamericano de Biotecnologia Agropecuaria REDBIO 2007, Vina del Mar, Chile,
October 22-26 2007.

VL. Conclusions
Although some deviations have occurred from the initial work plan, the main goals for
this project have been achieved so far. As a summry:

We pursued the development of six populations of CSSLs (Chromosome Segment
Substitution Lines) that bear introgressions from the AA-genome species O. glaberrima,
O. barthii, O. meridionalis, O. rufipogon and O. glumaepatula. These populations will
constitute a valuable tool for genetic analyses and will allow us to identify key genomic
regions that are associated to agronomically important traits. The populations are now at
the BC3 stage and they should be ready for use by middle 2009.

We are almost finished with the development of a Universal Core Genetic Map for
rice. This map has already been demonstrated as a very useful tool to help at designing
introgression populations, particularly in the case of interspecific crosses. It is based on
microsatellite markers that we discovered and choose with the help of several
bioinformatic packages, including some that we develop at CIAT.

A database, Rice Universal Core Map, was developed and is available upon request to
the author (contact: m.lorieux(@cgiar.org). This database aims to provide means to easily
and quickly choose a series of genetic markers to be used to genotype a population
derived from a specific cross.

Five first-generation backcross segregating populations were genotyped and five
interspecific genetic maps were developed from these data. These maps will be useful to
assess the recombination rates for every wild species we use and will facilitate the
localization of important genes or QTLs. All the map we generated were based on the
Universal Core Genetic Map.

In order to fully exploit the information given by the genetic mapping analyses carried
out using crosses that involve the O. glaberrima species, we collaborated with the
Arizona Genomics Institute to develop a library of Bacterial Artificial Chromosomes
(BAC) for this species. The library is available to the international community of plant
genomicists, and it will constitute the basis of positional cloning approaches to identify
and characterize important genes for O. glaberrima (this work was also supported by
USAID funds).

In parallel of this project, we designed a computer program that helps geneticists at
creating CSSL populations. The program is called CSSL Finder at is available for
download as a freeware at http://mapdisto.free.fr/.

A bioinformatic tool to facilitate the discovery of single-nucleotide polymorphisms
(SNPs) was set up.

The first SNP validation tests were successful and are encouraging. They let us hope
that we will soon count with a tool for fast and reliable genotyping system that will make
our marker-aided breeding programs more efficient.




Seven students and four research assistants were trained.

Four students from Africa and Latin America do shuttle research between their
respective centers and Cornell University.

The international collaboration between several ARIs, CG centers and NARS was
strengthened.

Several publications are in preparation.
We expect the outputs of this project to provide very useful tools to the scientific
community, for gene identification in wild species and pre-breeding purposes.
It is worth to mention that this project is now strongly connected to the OMAP project
(Rod Wing, Arizona Genomics Institute). Indeed, BAC libraries for four of the parental
wild accessions involved in this project have been or will be constructed soon at AGI.
Also, LGDP (Olivier Panaud’s group) have developed a BAC library for the TOG 5681
(O. glaberrima) accession. Having this genomic resource available will add a great value
to the populations of CSSLs developed here, as rice geneticists will have access to
complete kits for gene identification and positional cloning in wild rice species.
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Appendix A. Activities, Quantifiable Outputs, and Key Products

Objective 1: Creation of six CSSL populations using AA genome rice species as donors

Tabla 1. Activities

Quantifiable Outputs

1. Develop CSSL populations using
wild rice species as donors

1. Four CSSL populations of interspecific lines sharing the same genetic
background (O. sativa tropical japonica cv. Curinga) and bearing
introgressed genome segments from the AA genome wild species O.
meridionalis, O. barthii, O. rufipogon and O. glumaepatula

2. Complete the development of
two O. sativa x O. glaberrima CSSL
opulations

2. Two CSSL populations of interspecific lines and bearing introgressed
genome segments from the AA genome cultivated species O. glaberrima

Objective 2: Development of a

Universal Core Genetic Map for Rice

Tabla 2. Activities

Quantifiable Outputs

1. Define and validate a series of

anchors along the rice genome that
provide wide polymorphism across
the wild rice species (AA genome)

3. A set of 125 anchors represented by three SSR loci each. At least one
SSR per anchor is polymorphic for any of the worked crosses of this
project

4. A database of polymorphic markers eases the definition of the best set of|
SSRs to be used for a specific cross

Objective 3: Development of a

SNP kit for genotyping

Tabla 3. Activities

Quantifiable Outputs

1. Search for SNPs in stress-related
genes, define primers and validate
them for polymorphisms in the
worked crosses

5. A set of 125 SNP markers based on the single base extension
technology. These markers can be multiplexed in batches of 30 markers.
The polymorphisms are validated for all the six worked populations

Objective 4: Analysis of O. sativa x O. glaberrima CSSLs for drought response

Tabla 4. Activities

Quantifiable Outputs

1. To screen the O. sativa x
O. glaberrima CSSLs for drought
response in order to identify alleles

6. Lines with superior behavior under stress (drought) conditions
7. Chromosomal locations of QTLs for drought tolerance from
O. glaberrima

from O. glaberrima




Key Products Developed by the Project (those that you think have the biggest potential impact — please limit to 5):
1. Four interspecific rice CSSL populations using wild species as donors (tool for gene identification and pre-breeding)
2. Two interspecific rice CSSL populations using the african cultivated species as donor

3. Universal Core Genetic Map for Rice

4. Kit of SNPs for rice genotyping

5. Chromosomal location of drought response QTLs



Appendix B. Timeline

Year | Year 2 Year 3
1R2BAB 67 RP 101112 13 14 1516 (17 18 19 20 21 22 23 24 25 26
Activity
Objectivell
1 Activity
2
ObjectivelActivity
2 1
ObjectivelActivity
3 1
ObjectivelActivity
4 1

'Year 4
37 38 39 40 41 42 43 44 45 46 47 48




Quantifiable Outputs:

1. Four CSSL populations of interspecific lines sharing the same genetic background (O. sativa tropical japonica cv. Curinga) and bearing
introgressed genome segments from the AA genome wild species O. meridionalis, O. barthii, O. rufipogon and O. glumaepatula

2. Two CSSL populations of interspecific lines and bearing introgressed genome segments from the AA genome cultivated species O. glaberrima
3. A set of 125 anchors represented by three SSR loci each. At least one SSR per anchor is polymorphic for any of the worked crosses of this
project

4. A database of polymorphic markers eases the definition of the best set of SSRs to be used for a specific cross

5. A set of 125 SNP markers based on the single base extension technology. These markers can be multiplexed in batches of 30 markers. The
polymorphisms are validated for all the six worked populations

6. Lines with superior behavior under stress (drought) conditions

7. Chromosomal locations of QTLs for drought tolerance from O. glaberrima



Appendix E. Data Production and Availability Section Format
For each proposed project, please provide the information below:

Various data sets have been produced so far:

- Genotyping data (SSR markers) of 6 interspecific BC1F1 populations,

Format: Mapmaker/EXP compatible txt file

- Partial genotypic data of 5 BC2F2 populations

Format: CSSL Finder compatible Excel file

- Genotypic data for two advanced pre-CSSL populations from O. sativa x O. glaberrima crosses
Format: CSSL Finder compatible Excel file

- Six interspecific genetic maps aligned to the Nipponbare sequence

Format: MapDisto output txt file (Cmap-compatible format),

- Various sets of phenotypic data collected on two O. sativa x O. glaberrima ILs populations,
Format: Excel files

- Interspecific SNP locations and primers,

Format: Excel files

- SSR polymorphism for a collection of cultivated and wild rice accessions,

Format: Universal Core Map database (Excel-compatible)

- SSR genomic location of the Universal Core Genetic Map

Format: Universal Core Map database (Excel-compatible)

All of these data will be published on the GCP central database as soon as they have been valorised in publications.



