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Development of soft kernel durum wheat
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Abstract Kernel texture (grain hardness) is a funda-
mental and determining factor related to wheat (Triticum
spp.) milling, baking and flour utilization. There are three
kernel texture classes in wheat: soft and hard hexaploid
(T aestivum), and very hard durum (7. turgidum subsp.
durum). The genetic basis for these three classes lies with
the Puroindoline genes. Phenotypically, the easiest means
of quantifying kernel texture is with the Single Kernel
Characterization System (SKCS), although other means
are valid and can provide fundamental material properties.
Typical SKCS values for soft wheat would be around 25
and for durum wheat=80. Soft kernel durum wheat was
created via homeologous recombination using the phlb
mutation, which facilitated the transfer of ca. 28 Mbp of
5DS that replaced ca. 21 Mbp of 5BS. The 5DS
translocation contained a complete and intact Hardness
locus and both Puroindoline genes. Expression of the
Puroindoline genes in durum grain resulted in kernel
texture and flour milling characteristics nearly identical to
that of soft wheat, with high yields of break and straight-
grade flours, which had small particle size and low starch
damage. Dough water absorption was markedly reduced
compared to durum flour and semolina. Dough strength
was essentially unchanged and reflected the inherent gluten
properties of the durum background. Pasta quality was
essentially equal-to-or-better than pasta made from
semolina. Agronomically, soft durum germplasm showed
good potential with moderate grain yield and resistance to
a number of fungal pathogens and insects. Future breeding
efforts will no doubt further improve the quality and
competitiveness of soft durum cultivars.
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1 Introduction

Kernel texture (grain hardness) is a fundamental and
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determining factor related to wheat (Triticum spp.) milling,
baking and flour utilization''). Generally speaking, there
are three kernel texture classes: soft and hard hexaploid
(T aestivum), and very hard durum (7. turgidum subsp.
durum). The genetic basis for these three classes lies with
the Puroindoline genes, Puroindoline a and Puroindoline b
(Pina and Pinb, respectively)®>!. A fourth class exists,
“Super Soft,” but it has not been commercialized and its
genetic basis is incompletely understood'* . This paper
focuses on the development of soft kernel durum wheat, an
endeavor led by the author at the USDA Western Wheat
Quality Laboratory, but one that required the talents and
contributions of numerous collaborators.

1.1 Measurement of kernel texture phenotype

Before discussing further the development of soft kernel
durum wheat, it is useful to consider the techniques of
measuring wheat kernel texture. Each technique exploits
an aspect of the underlying material properties of the
endosperm, and encompasses particle size distribution of
meals after grinding and flours after milling, the effect of
particle size on near infrared light reflectance, and the
resistance of the endosperm to crushing/fracture. Clearly,
the most relevant has to do with producing alimentary
meals and flours. In this regard, various means of grinding
wheat or producing flour have direct meaning!”!. Among
the earliest standardized methods was the Particle Size
Index, which simply sieved a sample of ground meal and
expressed the amount that passed through the sieve as a
proportionality®!. Softer wheats due to their finer particle
size, had a greater proportion that would pass through. On
a simple laboratory test mill, which attempts to emulate
commercial flour milling, the parameter known as “break
flour yield” may provide a better estimate of kernel texture
(especially softness). The fact that greater kernel hardness
translates into meals of coarser (greater) mean particle size
was exploited by Norris and coworkers!” who used the
reflectance of light in the near infrared to assess kernel
texture. Upon scanning the reflectance spectra of a group
of soft and of hard wheats, wavelengths at 1680 and
2230 nm were used to develop an algorithm that arbitrarily
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assigned a value of 25 to soft wheats, and 75 to hard
wheats. These values have no units and also no particular
limits, although values less than, say 10, and greater than
110 are rarely encountered; the highest values are
associated with very hard, vitreous, and high protein
durum wheat!'*'"). Regarding crushing strength, the most
fundamental approach involves preparing a specimen of
defined dimensions and applying a stress until the
specimen fails. Typical response variables include failure
stress, failure strain, failure energy (area), and Young’s
modulus!'?'%!. Specimens may be parallelepipedal
(“brick”) or cylindrical. Although specimen preparation
is somewhat tedious, the analysis expresses texture in
universally understood material properties.

A variation on the crushing approach that is much
simpler involves using the Single Kernel Characterization
System (SKCS) 4100 (Perten Instruments). With this
device, kernels are individually crushed but no specimen
preparation is required. A computer algorithm adjusts for
kernel weight, dimension and moisture!' "),

1.2 Role of Puroindolines in kernel texture

As mentioned above, the Puroindoline genes and proteins
are the underlying genetic basis of soft kernel texture.
Early on, before the discovery of the Puroindolines, a small
ill-defined group of small proteins termed “friabilin” were
consistently found associated with the surface of starch
isolated from soft wheat. When hard wheat was examined,
the occurrence was much reduced, and friabilin was absent
in durum wheat!'* 2,

The nature of this friabilin—starch association was
complex, but clearly involved on some level bound polar
lipids'*' ). Eventually, the fields of friabilin research and
kernel texture coalesced with a largely unrelated field, that
of lipid binding proteins from wheat flourt?. Through this
work, friabilin was resolved into Pina, Pinb and a third
closely related gene/protein, Grain softness protein-1
(Gsp-1/GSP-1, respectively). Although Pina, Pinb and
Gsp-1 clearly share an evolutionary history>***!. Some-
what surprising, an additional paralog, Puroindoline b-2
(Pinb-2), although polymorphic across multiple loci,
similarly shows no distinct association with kernel
texture** =2,

The significant breakthrough regarding the genetics of
kernel texture came with the discovery of sequence
variants (mutations) in Pina and Pinb"****). These reports
set off a number of searches for new Puroindoline
sequences in wheat germplasm from Northern Europel®”),
North America?®*®], China®"*!!, and Eastern Asial*’!.
These and other studies showed that all wheats of the ‘soft’
phenotype class possessed Pina and Pinb in unaltered
forms, which were derived from Aegilops tauschii during
the initial hexaploidization event(s)****). Conversely, all
hard kernel hexaploid wheats were shown to possess one
(rarely two) mutation in Pina or Pinb, most often in
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Pinb?>*4. The discovery of these mutant sequences has
continued and they have been assigned a systematic
nomenclature based on the guidelines of the Catalogue of
Genes Symbols for Wheat!*>!, which involves an abbrevia-
tion of the gene, Pina and Pinb, the sub-genome location
first in a series of loci, Pina-D1 and Pinb-D1, and lastly a
lowercase letter assigned to the allele/sequence. The wild-
type alleles/sequences are assigned ‘a’, Pina-Dla and
Pinb-Dla. This is also, as noted above, the soft kernel
haplotype. Each of these unique mutant sequences has the
potential to increase the hardness of the endosperm
through partial loss of the softening function of the
Puroindolines. Since not all mutations have an equal effect,
different levels of kernel texture phenotype resultt' ¢,

2 Development of soft kernel durum wheat
2.1 Homeologous recombination

The development of soft kernel durum wheat was aimed at
removing its primary limitation to milling, processing and
utilization, that is, its very hard kernel texture®”. And
although uncertain at the outset, the transfer of the
Puroindolines effectively converted durum into the
equivalent of the soft class of hexaploid wheat. (In fact,
since all commercial durum cultivars possess white bran,
soft durum is a ‘soft white spring wheat’). The transfer of
the Puroindolines was accomplished through the use of a
mutation in the Pairing homeologous-1 gene (Phl) (the
mutation is variously identified as phlb or Phlb), which
allows non-homologous chromosomes to pair. The step-
wise sequence and details of crossing, cytology and
selection are described in Morris and coworkers™'!,
Essentially, a small portion of the distal tip of chromosome
5D short arm (5DS) was transferred to chromosome 5BS.
It has recently been resolved that ~28163252 bp of 5DS
replaced ~20742425 bp of 5BS, and that the crossover
occurred in a 39-bp region in the middle of a putative
genel™?]. Although this fragment of 5DS carries an entire
and intact Hardness locus with promoters, etc.>*>% the
Puroindolines alone can function effectively as transgenes
in wheat, rice and maize!>> " to soften the endosperm of
these cereals. Conversely, silencing the Puroindolines™®
or deleting the Ha locus!™ results in an endosperm texture
similar to that of durum wheat.

2.2 Milling and baking quality

Durum wheat is recognized as having variable but limited
baking quality!®®. A major factor in both the commercial
use of durum wheat and the laboratory assessment of
durum wheat milling and baking quality relates, inescap-
ably, from its very hard kernel texture. Flours (or semolina)
will be coarser (larger particle size distribution) and may
have greater levels of starch damage, which greatly affects
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dough water absorption and rheology. The creation of soft
durum impacted nearly every aspect of milling, baking,
pasta and noodle quality. SKCS hardness, break flour yield
and flour yield were similar to commercial soft white
wheat cultivars, and tempering response was also con-
sistent with the soft kernel trait'®'***. On a per unit weight
of flour produced, soft durum required only from one-fifth
to one-third the energy as hard durum!®*!. Soft durum
flours had low starch damage and low solvent retention
capacity (SRC) water and SRC carbonate. Dough water
absorption was also reduced relative to hard kernel
durum!®*°); cookie quality in some ways surprisingly
performed better than soft hexaploid wheat!®*!. Given the
caveat of altered dough water absorption, dough strength
was essentially unchanged and reflected the inherent gluten
properties of the durum background.

2.3 Pasta and noodles

Pasta and noodle quality of soft durum were either
improved or unchanged relative to hard durum cultivars.
The smaller particle size (flour vs. semolina) and low
starch damage contributed to faster and more uniform
hydration. A lower hydration requirement was considered
a positive feature from a drying and energy standpoint.
Although there is little consensus on laboratory evaluation
of pastal®”)] fresh pasta made from soft durum exhibited
lower cooking loss, lower water uptake, higher firmness,
and lower stickiness. Color (L* and b*) was comparable to
semolina. For sheeted noodles, white salted, alkaline and
egg, soft durum exhibited low darkening over time (AL¥),
which is likely related to its low level of polyphenol
oxidase. At neutral pH, the soft durum noodles were, not
surprisingly, much yellower than the hexaploid wheat
noodles. At alkaline pH, although hexaploid wheat flours
show a dramatic increase in yellow color, the soft durum
did not!** 7%,

2.4 Agronomics

One question was whether the soft kernel trait either
directly or as a consequence of the SBS-5DS translocation
would alter agronomic traits, including resistance to pests.
In a broad study spanning multiple crop years, the answer
appears to be ‘no’”"1. Soft durum lines were compared to
commercial hard red spring wheat cultivars and proved to
be relatively competitive for grain yield, exceeding by
>90% the yield of the hard red spring wheat cv. Buck
Pronto at over half of 34 locations. The soft durum lines
exhibited moderate-to-strong resistance to stripe rust
(Puccinia striiformis f. sp. tritici), good resistance to
stem rust (Puccinia graminis f. sp. tritici), and near
complete resistance to dwarf bunt (7illetia controversa).
Variable levels of resistance to cereal cyst nematode
(Heteroderma filipjevi) were observed among lines, some

being highly resistant. Resistance to Hessian fly (Maye-
tiola destructor) was observed in some of the plants, which
were selected and re-screened. Increasing the seeding rate
up to two-times the local management levels did not
significantly impact grain yield. The soft durum lines
showed no tolerance to acid soils with high levels of
aluminum, and appear to be highly susceptible to fusarium
crown rot (Fusarium pseudograminearum). Regardless of
these studies, a more detailed analysis of the genes lost and
gained, respectively, with the replacement of the original
~20.7 Mbp of 5BS of cv. Svevo with the ~28.2 Mbp of
Chinese Spring is worthwhile.

These studies show that there is good agronomic
potential in the current soft durum lines for moderate
grain yield and good pest resistance. (Current germplasm is
all derived from Soft Svevo, although high backcross
derived lines have been obtained from commercial durum
cultivars, and crosses have been made with CIMMYT
lines). Further breeding efforts and germplasm introgres-
sion will likely improve the competitiveness of soft durum
wheat with currently-grown hard red spring wheat and
commercial durum cultivars. From a technological stand-
point, soft kernel durum shows equal-to-or better end-use
quality compared to normal hard kernel durum; milling is
essentially equal to soft hexaploid wheat. Considering the
breadth of studies, no disadvantage related to the soft
kernel trait nor the 5BS-5DS translocation has been
observed.

3 Conclusions

Homoeologous recombination successfully transferred a
small amount of chromosome 5DS containing the Hard-
ness locus from bread wheat to durum wheat. The result
was soft kernel durum. Expression of the Puroindoline
genes in durum grain resulted in kernel texture and flour
milling characteristics nearly identical to that of soft wheat,
with high yields of break and straight grade flours, which
had small particle size and low starch damage. Dough
water absorption was markedly reduced compared to
durum flour and semolina. Dough strength was essentially
unchanged and reflected the inherent gluten properties of
the durum background. Pasta quality was essentially equal-
to-or-better than pasta made from semolina. Agronomi-
cally, soft durum germplasm showed good potential with
moderate grain yield and resistance to a number of fungal
pathogens and insects. Future breeding efforts will no
doubt further improve the quality and competitiveness of
soft durum cultivars.
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