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ABSTRACT

An ability to access and then transfer genes from bread wheat into durum wheat and vice-
versa is an excellent way to improve the genetic architecture of these two closely related
but a different ploidy level wheat species. Bread wheat has number of desirable characters
such as partial resistance to crown rot and head blight that can complement durum wheat.
Durum wheat has a number of desirable traits such as seed weight, seed colour, and
nematode tolerance that can complement bread wheat. Therefore, developing
hexaploid/tetraploid crosses can be one of the useful breeding techniques to addresses
bread and durum wheat improvement for yield, pest and disease resistance. Before
screening for any traits that have been incorporated from bread and durum wheat into
hexaploid/tetraploid derived lines, it is necessary to understand how these inter-ploidy
crosses are different with regards to inheritance of the nuclear and cytoplasmic genomes.
Thus the present study aimed to screen nuclear and cytoplasmic genome inheritance of

different hexaploid/tetraploid wheat crosses.

To determine the proportion of nuclear genome inheritance from either parent of the
hexaploid/tetraploid derived wheat lines, high-density polymorphic DArT markers and
cytological genomic and fluorescence in situ hybridisation were employed. To investigate
the cytoplasmic mitochondrial inheritance, targeted cytochrome maturation genes ccmfn,
ccmfc and nad3 genes of bread and durum wheat were sequenced using Sanger sequencing.
Different hexaploid/tetraploid crosses were established following different breeding
techniques, i.e.,, reciprocal crosses, crosses involving different hexaploid and tetraploid
cultivars, crosses made at different time points; and crosses involving a bread wheat
cultivar with an introgressed 2G segment. Retention of D-genome chromosomes,
proportion of chromosome A and B genome alleles inherited, and how introgressed 2G
segment of bread wheat cultivars inherits when combined with tetraploid durum wheat
were discussed in different respective research chapters. This thesis also has an additional
chapter summarising the maternal inheritance of cytoplasmic DNA in polyploidy crosses.
Overall this study has illustrated how hexaploid/tetraploid wheat crosses can be used in

the commercial plant breeding programs for bread and durum wheat improvement.
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Chapter 1

General Introduction

The global population is estimated to reach 9.6 billion by mid-2050. With the growing
population, the demand for food, especially for cereals, is also expected to grow. Key
cereal crops such as maize, wheat, and rice, are vital for feeding the global population.
In order to manage the global food demand, the current production of cereal crops
needs to be increased by 940 million tonnes to reach 3 billion tonnes in the next 30
years (Gao et al.,, 2016). Among the key cereal crops, wheat is considered the second
most important after rice. The success of the wheat crop partly results from its
adaptability to a wider range of growing environments than many other cereal crops.
Wheat also contributes essential amino acids, minerals, vitamins, beneficial
phytochemicals and dietary fiber to the human diet, and these are predominantly
supplemented with whole-grain products. Because wheat is a central part of the diet for
many people around the world, the significance and the necessity of bread and durum
wheat production and improvement are critical and must be clearly understood. The
global wheat production for the year 2015/2016 was 735 million tonnes and it is
estimated to reach 751 million tonnes in 2016/2017 with an increase of 16 million

tonnes (2.19%) (https://www.worldwheatproduction.com). Increasing wheat

production to meet the global requirement is one of the major challenges that need to

be addressed to secure food for the growing population.

High yielding bread and durum wheat cultivars are released regularly by breeders,
however, changes in climatic conditions such as increasing temperature, altered
patterns of precipitation and an increasing level of atmospheric carbon dioxide (CO2)
can affect the wheat crop yield significantly (Sreedhar, 2016). Furthermore,
combinations of low rainfall with increased temperature or prolonged soil temperature
with low humidity can facilitate the appearance of new pests and diseases which can
affect the performance of even high yielding and tolerant varieties. In order to feed the
growing population, improving high yielding cultivars to make them suitable for current
growing conditions has to be prioritised in current plant breeding programs.
Developing new high yielding wheat cultivars with improved resistance and tolerance

to pests and diseases is only achievable by increasing the genetic diversity of current


https://www.worldwheatproduction.com/

breeding populations. By accelerating the genetic variability that is related to economic

traits while increasing genomic resources is a key to achieving this ambitious task.
Generating genetic variability

Plant breeders may follow different breeding strategies based on their objectives and
the aim of the specific plant breeding programme. For generating genetic variability
different methods are available such as, wide hybridisation that includes inter or
intraspecific hybridisation which helps to transfer chromosomal regions or desirable
traits or genes from the wild (or) relative species to the cultivated species (Friebe et al,,
1996; Sears, 1956). Mutation breeding is another strategy where seeds of whole plants
are exposed to mutating chemicals (Ethyl methyl sulphate, Colchicine etc.,) or radiation
(X-rays, a-rays etc.,) to develop a mutant with favorable traits (van Harten, 1998).
Applying biotechnology tools such as recombinant DNA or genetically modified (GM)
techniques are also employed in plant breeding for crop improvement (Hsu et al., 2014).
Although many hybridisation tools are available to increase the genetic variability, the
goal of this thesis is to transfer genetic information from one wheat species to another

through inter-ploidy hybridisation.
Meiotic cell division in interploidy wheat hybrids

Formation of haploid gametes usually occurs through (i) the process of DNA replication
and (ii) two successive nuclear divisions (meiotic prophase division I and meiotic
prophase division II). The first division includes the pairing of homologous
chromosomes, recombination, and segregations, i.e. shuffling of the paternal and
maternal genome and reducing to half the chromosome number. However, the second
meiotic division is similar to mitosis, involving the separation of sister chromatids and
giving rise to four haploid daughter cells. Thus as Kleckner (1996) explained, meiosis I
is a reduction division and meiosis II is an equational division. Meiosis is an important
event that maintains genome stability and generates genetic variability and successful
inheritability. Failure of normal meiosis can lead to serious genetic consequences

including sterility, aneuploidy, and polyploidy (Cai & Xu, 2007; Cai etal., 2010).

In the case of hexaploid/tetraploid crosses, the hexaploid bread wheat has three
genomes, i.e. A, B and D. Each genome (A, B, D) has seven pairs of chromosomes 1A to

7A, 1B to 7B and 1D to 7D, respectively and the chromosomal composition is 2n=6X=42.



And the tetraploid durum wheat only has two genomes, i.e. A and B. Each genome (4, B)
has seven pairs of chromosomes 1A to 7A and 1B to 7B, respectively and the
chromosomal composition is 2n=4X=28. Crossing these two different ploidy level wheat
species, i.e. hexaploid and tetraploid, leads to unique ploidy level F1 hybrids that are
pentaploid. Kihara (1924) explained that the chromosomal constitution of pentaploid
wheat hybrids is 2n=5x=35 which includes 14 bivalents (A and B genome) and 7
univalent (D genome). The 14 bivalent chromosomes behave normally throughout
meiosis. The univalent D-genome chromosomes divide longitudinally at meiosis
division I and without any division in meiosis I, chromosome arms migrate to either
pole randomly. Thus the chromosomal constitution in both egg and nucleus varies
between 14 and 21 depending on the combination of univalents. For example, an egg
cell might contain 14 bivalent chromosomes and one D chromosome 1411+ 11 (for
instance 1D) when it combines with a sperm cell that contains 14 bivalent and two D
chromosomes 1411 +21 (for instance 1D and 3D). The resultant F; progeny would be
expected to have a complete set of the A and B genome together with a pair of 1D

chromosomes and a univalent 3D chromosome.
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Figure 1 Schematic representation of the development of pentaploid derived wheat

lines through the hexaploid and tetraploid parent.



Thus every successful F; seed generated from each pentaploid hybrid has various
combinations of D-genome chromosomes. Some combinations can produce fertile seeds,
whereas others do not survive to the next generation due to their unbalanced
chromosomal nature. The current research on pentaploid wheat hybrids was
summarised in our review paper (Padmanaban et al., 2017b), which also forms the part
of the literature review of this thesis. This article demonstrates the advantages and
disadvantages of the existing methods characterising pentaploid derived wheat lines.
The potential application of pentaploid derived wheat lines in commercial plant
breeding programmes and future directions for research into pentaploid wheat lines

are also discussed.

“Pentaploid Wheat Hybrids: Applications, Characterisation, and Challenges”.
Padmanaban S, Zhang P, Hare RA, Sutherland MW and Martin A. Frontiers in Plant
Science, 8:358. doi: 10.3389/fpls.2017.00358

Wheat and Introgression breeding

Wheat species with higher ploidy levels can tolerate introgressions of a whole
chromosomal arm, a chromosomal segment or a gene, at a higher rate than many typical
diploid species; due mainly to their buffered polyploid nature (Dubcovsky & Dvorak,
2007). This ability allows this wheat to combine with their wild or related Triticum
species to increase their genetic diversity. It is desirable to generate and to maintain
genetic diversity in breeding populations and released varieties in order to respond to
emerging climatic and agronomic challenges or new pest or disease incursions (Dundas
et al,, 2007). There are several potentially useful genes that have been transferred from
wild and related species and successfully deployed in commercial wheat cultivars
(Friebe et al., 1996). These wheat cultivars have had or continue to have a greater
impact on agriculture and food security. The most successful and well-known example
is the transfer of the Rye (Secale cereale) chromosomal arm 1RS to wheat chromosome
1BL. This successful introgression has been extensively studied and has significantly
contributed to the release of many successful wheat cultivars in the USA and Mexico.
This 1R/1B translocation harbors a group of genes that confer resistance to powdery
mildew (Pm8), leaf rust (Lr26), stem rust Sr32 and yellow rust Yr9 and also improves

root and agronomic yield characters (Mago etal., 2004).



Other examples of introgression in bread wheat include Sr36/Pm6, from T. timopheevii
to bread wheat chromosome 2B, Pm13 gene from Aegilops longissimia, to bread wheat
3DS, Lr28 gene from Ae. Speltoides to bread wheat chromosome 4AL, Lr9 gene
transferred from Ae. umbellulata to bread wheat chromosome 6BL and many useful
genes Sr38/Lr37/Yr17 transferred from Ae. ventricosa to bread wheat chromosome 2AS
(Sears 1956; Delibes et al, 1993; Friebe et al, 1996; Seah et al., 2001). These
introgressions have significantly contributed to food security and are still used

throughout the world.

There may be many useful resistance genes present in wild or related Triticum species,
but they are often not an easy target for introgression because of the presence of
fertility genes or pairing genes such as pairing homologous gene Phl or unique
translocations (Jiang et al.,, 1993). Furthermore, there is always a trading of useful genes
that are critical for expression of certain traits when the chromosomal arm or segment
is translocated. Chromosomal translocations are often undetected, unless if the
investigations applied proper screening techniques in studies related to inter, intra
specific wheat crosses or wide hybridisation. There may be any number of useful traits
introduced via alien introgression and often not characterised efficiently (Wulff &

Moscou, 2014).

Furthermore, there is an incomplete understanding of the way the bread wheat
cultivars with introgressed chromosomal segment transmitted to the progenies when
combined with other genotypes or other species. Preferential retention of introgressed
segments has been observed in past investigations (Friebe et al.,, 1996: Dundas et al,,
2007). For example, a 2B/2G introgression that deployed gene SrTt3 for stem rust
resistance into bread wheat from T. timopheevi has a strong preference to be retained as
a whole translocation (Dundas et al., 2007). These investigations determined that the
chromosomal segment that contains gene SrTt3 neither shortened nor was able to
produce a recombinant through a crossover event. However, in contrast, some
investigations have also proved that introgressed chromosomal segment could be

shortened when crossing it with other genotype or species(Periyannan et al., 2011).



Background of the study

This Ph.D. study was part of a national research project focussing on improving crown
rot resistance in existing Australian durum wheat cultivars. Australia plays a significant
role in producing about 500,000 tonnes of high-quality durum wheat annually (Kneipp
2008). Currently, no durum variety has been identified that is resistant or tolerant to
crown rot. However partial resistance has been reported in a number of hexaploid
bread wheat lines (Martin et al.,, 2013). The major target of our research group is to
transfer the chromosomal segments, genes that confer partial resistance to crown rot
from bread wheat cultivars to the current durum wheat cultivars. To achieve this goal,
it is essential to understand how hexaploid bread wheat and tetraploid durum wheat

crosses inherit the genetic material in various hexaploid/tetraploid crosses.

The hexaploid/tetraploid crosses developed through this study have the potential to be
employed as candidate lines for improving durum wheat for crown rot resistance. The
knowledge developed through the various research experiments can serve as a
guideline for plant breeders while choosing the parent material for inter-ploidy
hybridisation. Furthermore, this study also addresses the importance of understanding
different ploidy levels and how to combine them in the right direction for successful
hybridisation. Thus this study provides additional knowledge on the comparative
difference between the nuclear and cytoplasmic genome inheritance in a set of

tetraploid/tetraploid and hexaploid/tetraploid wheat crosses.
Aims of the study

Despite the rich source of genetic variation that can be generated by hybridising bread
and durum wheat species, this technique has not been widely used in breeding
techniques, screening, and selection of lines for commercial release. The overall aim of
the study is to enhance current tetraploid Australian durum lines by transferring
desirable traits from Australian hexaploid bread wheat. Thus this Ph.D. dissertation
focusses on understanding how the hexaploid/tetraploid crosses differ with respect to
the nucleus and cytoplasmic genome inheritance from either parent by employing
advanced molecular and cytological techniques. This thesis has four major research
chapters; each research chapter has a different but related theme with a set of

objectives explained in each chapter.



Research questions

1. At which generation do hexaploid/tetraploid derived progenies stabilise the

univalent D-genome chromosomes?

The majority of previous studies have focussed on the retention of D-genome
chromosomes using F2 or Fs progeny (Gilbert et al., 2000, Wang et al,, 2005, Eberhard et
al,, 2010; Lanning et al., 2008) respectively. However, an observation of one generation
with a limited number of lines is not sufficient to validate the fate of D-genome
chromosomes in later generations. In order to understand the retention or elimination
of D-genome chromosomes, it is essential to closely follow the successive generations.
Following a number of generations of a particular cross by tracing the D-genome
content of previous generations will also assist in determining how many generations it

takes for D-genome stability.

2. Are reciprocal tetraploid/hexaploid crosses worth considering for durum

wheat improvement?

Clearly there is a growing interest in developing hexaploid/tetraploid crosses for trait
transfer from one species to another; however, most of the crosses were made using
hexaploid as maternal parent. Only a small amount of research has been undertaken on
reciprocal tetraploid/hexaploid crosses where the hexaploid is the paternal parent. This
is mainly because having the higher ploidy level as a maternal parent will improve the
success rate in relation to seed set and germination (Kihara 1924). For reciprocal
tetraploid/hexaploid crosses, very little is known regarding the proportions of
hexaploid and tetraploid derived material inherited in the A and B genomes, or the

comparative retention of the D genome in the F; and subsequent F3 generations.

3. Can hexaploid/tetraploid hybridisation help to transfer the introgressed 2G

segment from bread wheat into durum wheat?

Many successful introgressions have been made and studied mainly on the commercial
bread wheat cultivars (Jiang et al., 1993; Friebe et al., 1996) but not much consideration
has been given to durum wheat. To overcome the knowledge gap, part of this Ph.D.
study seeks to determine how bread wheat cultivar with introgressed 2B/2G segment

inherits when combined with tetraploid durum cultivars to understand whether it is



possible to transfer the introgressed 2B/2G translocation from bread wheat to durum

background via hexaploid/tetraploid crosses.

4. Maternal inheritance of cytoplasmic genome in a pair of hexaploid/tetraploid

and tetraploid/hexaploid cross

Cytoplasmic organelle mitochondria inherit strictly maternally; however paternal
inheritance has been witnessed in a number of inter or intraspecific hybridisations
(Hattori et al., 2002; Laser et al., 1997; Nagata, 2010). Inheritance of paternal sequences
and expression of novel sequences through inter or intraspecific hybridisation affects
the pollen fertility in many crops including wheat. Even though cytoplasmic inheritance
has been studied in a number of wide crosses in Triticum species, there is a knowledge
gap in the literature regarding organelle inheritance in either hexaploid/tetraploid or

tetraploid/hexaploid wheat crosses.
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Chapter2

Literature review

This thesis has a published review article entitled “Pentaploid Wheat Hybrids:
Applications, Characterisation, and Challenges”. This review first focussed on recent
research into the production of hexaploid/tetraploid- and tetraploid/hexaploid-derived
pentaploid hybrids, mainly between hexaploid T. aestivum and tetraploids T. durum, T.
timopheevii, and T. dicoccoides, and then discusses current techniques for characterising
the chromosome composition of lines derived from them. This review also
demonstrates the potential application of pentaploid derived wheat lines in commercial
plant breeding programmes and future directions for research into pentaploid wheat

lines are also discussed.

Padmanaban S, Zhang P, Hare RA, Sutherland MW and Martin A (2017) “Pentaploid
Wheat Hybrids: Applications, Characterisation, and Challenges”. Frontiers in Plant

Science, 8:358. doi: 10.3389/fpls.2017.00358.

Note: Supplementary data associated with this chapter are attached along with the

article.
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Interspecific hybridisation between hexaploid and tetraploid wheat species leads to
the development of Fy pentaploid hybrids with unigue chromosomal constitutions.
Pentaploid hybrids derived from bread wheat (Triticum aestivum L.) and durum wheat
(Triticum turgidum spp. durum Desf.) crosses can improve the genetic background of
either parent by transferring traits of interest. The genetic variability derived from bread
and durum wheat and transferred into pentaploid hybrids has the potential to improve
disease resistance, abiotic tolerance, and grain quality, and to enhance agronomic
characters. Nonetheless, pentaploid wheat hybrids have not been fully exploited in
breeding programs aimed at improving crops. There are several potential barriers for
efficient pentaploid wheat production, such as low pollen compatibility, poor seed set,
failed seedling establishment, and frequent sterility in Fy hybrids. However, most of
the barriers can be overcome by careful selection of the parental genotypes and by
employing the higher ploidy level genotype as the maternal parent. In this review,
we summarize the current research on pentaploid wheat hybrids and analyze the
advantages and pitfalls of current methods used to assess pentaploid-derived lines.
Furthermore, we discuss current and potential applications in commercial breeding
programs and future directions for research into pentaploid wheat.

Keywords: in situ hybridisation, interploidy crosses, pentaploid hybrids, Triticum aestivum, Triticum turgidium
spp. durum

INTRODUCTION

The two major wheat species, hexaploid bread wheat Triticum aestivum L. (2n = 6x = 42) and
tetraploid durum wheat T. turgidium spp. durum (2n = 4x = 28), are commercially important
wheat species globally. Hexaploid wheat has three diploid sets of seven chromosomes belonging
to the A-, B-, and D-genomes (AABBDD), whereas tetraploid wheat only has two diploid sets of
seven chromosomes belonging to the A- and B-genomes (AABB). Hybridisation between these two
species with different ploidy levels leads to a pentaploid hybrid (AABBD) that has the chromosomal
constitution of 2n = 5x = 35 (Kihara, 1924). The genetic variability that is combined from
hexaploid and tetraploid wheat into a pentaploid hybrid has great potential in crop improvement
(Eberhard et al., 2010; Martin et al., 2013; Kalous et al., 2015). However, while several reviews
have focussed on the successful establishment of interspecific wheat hybrids (Sharma and Gill,
1983; Jiang et al., 1993; Friebe et al., 1996), little emphasis has been placed on developing efficient
methods to incorporate these pentaploid hybrids into commercial breeding practices.
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Although pentaploid wheat hybrids can be efficiently used in
crop improvement programs, pest and disease resistance have
principally been transferred into hexaploid or tetraploid wheats
through alien introgression. Sharma and Gill (1983) reviewed
the status of wide hybridisation and listed successful crosses that
had been established between wheat and its related genera. They
also focussed on the genes that had been successfully transferred
from related wild species into commercial wheat cultivars up
to that time. Jiang et al. (1993) discussed further advances in
successful alien gene transfer from related species into cultivated
bread and durum wheat. Friebe et al. (1996) comprehensively
reviewed a number of important wheat-alien translocations and
their potential in plant breeding for developing pest and disease
resistance. Complications occur when trying to introgress traits
across different wheat species. These include incompatibility
between different Triticum species and sterility of the F;
hybrids. Developing wheat hybrids through alien introgression
is highly challenging when compared to hybridisation between
domesticated inter-ploidy species such as bread and durum
wheat. Recently, there has been a renewed interest in developing
hexaploid/tetraploid wheat crosses to improve elite bread and
durum wheat lines for a number of economically desirable
characters (Martin etal., 2011, 2013; Han et al., 2014, 2016; Kalous
etal., 2015).

This review first focusses on recent research into the
production of hexaploid/tetraploid- and tetraploid/hexaploid-
derived pentaploid hybrids, mainly between hexaploid
T. aestivum and tetraploids T. durum, T. timopheevii, and
T. dicoccoides, and then discusses current techniques for
characterizing the chromosome composition of lines derived
from them. In pentaploid wheat hybrids, the predominance of
heterozygous loci present in their A and B genome, together
with the retention of a haploid D genome, results in breeding
material that has captured a high degree of genetic variation.
Despite this rich source of genetic variation, there is still much to
learn regarding the efficient screening, selection, and application
of populations derived from pentaploid wheat hybrids in
commercial breeding programs. This review will examine these
challenges and consider the future potential of pentaploid wheat
hybrids in crop improvement.

GENETIC VARIABILITY IN PENTAPLOID
WHEAT HYBRIDS

Chromosome Morphology

Combining two or more different genomes into one cell may
cause changes in chromosome morphology, including differences
in the size, thickening, or lengthening of chromosomes,
a phenomenon referred to as genome shock (Navashin,
1934). Genome shock has been well-documented (Matsuoka,
2011) and, in addition to changes in morphology, includes
chromosomal rearrangements, gain or loss of chromosomal
segments, gene activation and suppression, variations in the
epigenome especially with respect to the pattern of cytosine
methylation, and activation of transposons (Matsuoka, 2011).
Increases in genome dosage and genes in alloploid wheat

lines causes chromosomal imbalance, genome instability, and
incompatibility. For example, morphological changes were
observed in the satellite D chromosome in an interploidy cross
in Crepis species. These observations indicated that there were
chromosomes that lacked satellites in the F; progeny (Pikaard,
1999).

Chromosomal Constitution

Chromosome elimination is an essential process that takes
place in subsequent generations derived from F; pentaploids, It
may take a few generations to resolve the complex process of
chromosome pairing and to give rise to a stable durum or bread
wheat line. Subsequent generations derived from F; pentaploid
wheat hybrids can be broadly classified into three groups,
based on the presence or absence of D-genome chromosomes
(Figure 1). The progeny belonging to the first group have lost all
seven D-genome chromosomes (2n = 4x = 28); the second group
consists of progeny that have intermediate numbers of D-genome
chromosomes (total chromosome numbers ranging from 2n = 29
to 41); while the third group have retained two copies of all
seven D-genome chromosomes (2n = 6x = 42). Based on the
objective of the breeding program that aims to develop bread
or durum wheat lines, these three groups of pentaploid-derived
wheat hybrids can by selfed or backcrossed with either parent.
For example, lines belonging to the first group of hybrids can be
selfed or backcrossed to a durum parent to develop elite durum
lines (Figure 1).

To determine the general fate of D-genome chromosomes
in the lines derived from F; pentaploids, we analyzed previous
studies of pentaploid-derived populations from different
generations of hexaploid/tetraploid and tetraploid/hexaploid
crosses. The number of D-genome chromosomes retained was
determined using cytological characterisation (Kihara, 1982;
Wang et al., 2005; Eberhard et al., 2010), or molecular markers
(Lanning et al., 2008; Eberhard et al., 2010; Martin et al., 2011;
Kalous et al., 2015). Molecular marker data indicates the presence
or absence of unique chromosomes, but fails to determine the
number of copies of unique chromosomes. The cytological
studies used in the analysis identified the number of copies of
unique chromosomes present, but, did not distinguish individual
chromosomes. For this analysis the cytological and molecular
data that represent D-genome retention were collected and
divided into two main groups. Group-1 includes (i) lines without
any D-genome chromosomes and (ii) lines with an intermediate
number of D-chromosomes, including lines which had lost both
copies of at least one unique D-genome chromosome. With the
latter the assumption was made that these lines would loose
their D chromosomes in later generations and revert back to a
tetraploid constitution. Group-2 includes lines which retained at
least one copy of all seven D-genome chromosomes.

The proportion of D-genome chromosomes retained within
each group was calculated for each cross (Supplementary
Table 1). The main finding from the D genome retention
analysis is that there is a high probability that viable progeny
derived from pentaploid wheat hybrids will lose their D-genome
chromosomes in subsequent generations (P < 0.001), resulting in
stable tetraploid lines (Supplementary Table 1). Differences were

Frontiers in Plant Science | www.frontiersin.org

March 2017 | Volume 81 értic\e 358


http://www.frontiersin.org/Plant_Science/
http://www.frontiersin.org/
http://www.frontiersin.org/Plant_Science/archive

Padmanaban et al.

Pentaploid Wheat Hybrid

Tetraploid durum wheat
2n=4x=28

Hexaploid bread wheat
2n=6x=42 X
Pentaploid Hybrids
2n=5x=35

Lines without any D
chromosomes

rﬁl F, lines selfed

(BC) F, lines X
—*| durum wheat

Durum wheat
improvement

_J F, lines selfed

L 1

v

Lines with intermediate

»| BC) F, lines X

D chromosomes

durum wheat

Bread wheat
improvement

b

(BC) F, lines X
bread wheat

Lines with allD
chromosomes

FIGURE 1 | Summary of pentaploid wheat production for bread and durum wheat improvement. BC, back crossing.
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observed in the retention of D-genome chromosomes depending
on the parents used in the cross. For example the hexaploid
parent Choteau crossed with tetraploid parents Mountrail and
Monroe, resulted in a larger number of D chromosomes
being eliminated compared to the F8_Choteau/Avonlea cross
(Figure 2). In the tetraploid/hexaploid cross involving tetraploid
parent AS295 as female parent with hexaploid parents CN16 as
male parent, a large proportion of D-genome chromosomes was
eliminated (Figure 2).

Crosses involving Chinese Spring as hexaploid maternal
parent and different tetraploid paternal parents retained high
proportions of D-genome chromosomes. These lines are
potentially useful for developing bread wheats. Conversely,
Martin et al. (2011) observed that crosses involving the
hexaploid variety Sunco and tetraploid breeder’s line 230604 and
those involving the synthetic hexaploid CPI133814 lost their
D-genome chromosomes in early generations. Thus, the parental
combinations used in pentaploid crosses greatly influence the
degeree to which D-genome chromosomes are retained.

Relationship between Retention of
Tetraploid-Derived A and B Genome and

Hexaploid-Derived D Genome

Genomic analysis of generations derived from pentaploid F,
lines indicated a significant relationship 