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FOREWORD

This thesis is written in the paper style, specified in
the 1976 Plant Science Thesis Preparation Guide. It con-
tains two manuscripts. The first entitled 'The differention

between chromosome 7D of Triticum aestivum (cv. Canthatch)

and Triticum tauschii as measured by chromosome pairing.'
will be submitted to the Canadian Journal of Genetics and
Cytology. The second entitled 'The effects of chromosome 7D

of Triticum aestivum (cv. Canthatch) and of four varieties

of Triticum tauschii on milling and baking quality.' will be

submitted to the Canadian Journal of Plant Science.



GENERAL ABSTRACT

Chromosome 7D of Triticum aestivum cv. Canthatch was as-

sayed for its effects on milling and baking quality and for
its ability to pair with the corresponding homologous chro-

mosome from each of four wvarieties of Triticum tauschii (2n

14 = DD), typica, RL5003, anathera and stranqulata. In

addition, disomic substitutions in which chromosome 7D of
Canthatch was replaced by chromosome 7D from each of these

same varieties of Triticum tauschii were assayed to deter-

mine how well tauschii 7D compensated for Canthatch 7D in
regards to milling and baking quality. Synthetic hexaploids
(2n = 42 = AABBDD) produced by combining Tetra-Canthatch (2n

"= 28 = AABB) with these same varieties of Triticum tauschii

were also tested for milling and baking gquality.

To analyze the effect of Canthatch chromosome 7D on mill-
ing and baking quality, three aneuploid lines were used; one
ditelosomic for 7DS, one ditelosomic for 7DL and one nulli-
somic for 7D. The long arm of Canthatch 7D was shown to af-
fect seed size and density. Seed size had a significant
negative regression on flour protein (r = -0.62). In addi-
tion, the long arm of chromosome 7D suppressed a w-gliadin
protein. The long arm of 7D was also shown to have a posi-
tive effect on dough mixing time which was independent of

flour protein content. In regards to milling and baking

- vi -



guality, chromosome 7D of Triticum tauschii compensated

fully for 7D of Canthatch. However, the D genome of Triti-

cum tauschii did not fully compensate for the positive ef-

fects of the D genome of Canthatch in this regard.

The same disomic substitution lines used in the milling
and baking analysis were crossed with Canthatch to investi-
gate to what degree Canthatch 7D had differentiated from

Triticum tauschii 7D in regards to pairing. These disomic

substitutions were also crossed with a Canthatch plant doub-
lemonotelosomic for chromosome 7D. Three doubletelotrisom-
ics were produced in which the complete chromosome 7D was

derived from two of the Triticum tauschii varieties (typica

and strangulata) and from Canthatch. Analysis of chromosome

pairing demonstrated that chromosome 7D from typica formed
fewer chiasmata with Canthatch 7D than the corresponding
chromosome from the other three tauschii varieties. The re-
duction in pairing between chromosome 7D of typica and 7D of
Canthatch was greater than that previously reported in in-
traspecific D-genome chromosome pairing studies within Tri-

ticum aestivum. It is suggested that intraspecific diver-

gence for at least chromosome 7D occurred between typica and
the other three tauschii varieties tested before common hex-
aploid wheat evolved. It is also suggested that Canthatch
chromosome 7D had not differentiated significantly in re-

gards to pairing with chromosome 7D of the Triticum tauschii

varieties anathera, RL5003 and stranqulata.
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Chapter I

‘"GENERAL INTRODUCTION

Common hexaploid wheat is one of the most important cul-
tivated plant species 1in the world in regards to- human nu-
trition. The Canada Grains Council (1984) estimated that
worldwide in 1984, 231,548,000 hectares of wheat were grown
producing 491,762,000 tonnes of grain. Of this grain, most
is used directly for human consumption and of this a signif-
icant portion is in the form of leavened products. The his-
tory of leavened products is a long one. Shellenberger
(1971) noted that the first written references to bread date
back to about 2600 B.C.. Thus a selection pressure within
common wheat for functional quality has been applied for at
least 5,000 years. Kerber and Tipples (1969) demonstrated

that the removal of the D genome from Triticum aestivum

drastically reduced baking guality. This substantiates pre-

vious evidence (See Harlan, 1981 for a review) that hexa-

ploid wheat (2n = 42 AABBDD) has gained prominence over
tetraploid wheat (2n = 28 = AABB) because of the baking
quality characteristics imparted to it by the addition of

the D genome.

Chromosomes from the wild diploid species Triticum taus-

chii (2n = 14 = DD) have been shown to be homologous with
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the D genome of hexaploid wheat (Kihara, 1982 cites Kihara,
1944; McFadden and Sears, 1944; Riley and Chapman, 1960).
This discovery has uncovered a vast unexploited gene pool of
potential significance in the improvement of hexaploid
wheat. A great deal of variability in regard to baking

quality within Triticum tauschii has been reported (Mettin,

1964; Yamashita et al., 1957; Kerber and Tipples, 1969).

Aneuploids, 1interspecific crosses and substitution lines
have been wused very effectively in common wheat in three
ways. One, these techniques have been used to determine
chromosomal control of qualitative and gquantitative traits
(Law, 1982). Two, both aneuploids and interspecific substi-
tution lines have been used to elucidate the nature of the
interaction within duplicate and triplicate sets of genes in
common wheat (Hart, 1979). Three, interspecific crosses be-
tween common wheat and wild Triticum relatives have been
used to transfer potentially useful genes info common wheat.
An example of the successful use of this technique was the

transfer of rust resistance genes from Triticum tauschii

into Triticum aestivum (Kerber and Dyck, 1969, 1978 Dyck and

Kerber, 1970).

The scope of this investigation was limited to chromosome

7D of Triticum aestivum cv. Canthatch and of four varieties

of Triticum tauschii. However, several previous reports have

indicated that within Triticum aestivum a number of grain

and flour characteristics which impinge on functional quali-

ty could be attributed to this chromosome (Garcia-Olmedo and
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Carbonero, 1970; Jha et al., 1971; Kosmolak et al., 1980;

_—te SR -

Doekes and Belderok, 1976; Morris et al., 1966).

By using aneuploids and interspecific substitution lines
"we attempted to answer three questions: first, whether Can-
thatch chromosome 7D has differentiated significantly from

chromosome 7D of Triticum tauschii in regards to pairing.

Second, whether chromosome 7D of Canthatch has an effect on
milling and baking quality and third, to ascertain how well
chromosome 7D of Canthatch is compensated for in regards to
milling and baking quality by the corresponding homologue

from Triticum tauschii.




Chapter 1I1I

LITERATURE REVIEW: A) PAIRING STUDY

2.1

Origin of the D genome of Triticum aestivum

Hexaploid wheat is made up of three genomes A, B and D
each containing seven pairs of chomosomes. Sax and Sax

(1924) demonstrated that Triticum cylindricum (2n = 28 =

_CCDD) contained the D genome of Triticum aestivum. In 1939

DD) had

Kihara suggested that Triticum tauschii (2n = 14

the D genome in common with Triticum cylindricum (RKihara,

1982). This was substantiated on the basis of meiotic pair-
ing in hybrids produced from crosses of cylindricum and

tauschii (Sears, 1941; Kondo, 1941). In 1944 McFadden and

Sears, and Kihara produced synthetic hexaploids (2n = 42 =
AABBDD) from crosses between Triticum turgidum (2n = 28 =
AABB) and Triticum tauschii (Rihara, 1982)., Chromosome

pairing in the hybrids produced from crosses of these syn-

thetics with Triticum aestivum indicated that Triticum taus-

chii was the source of the D genome of Triticum aestivum

(Kihara, 1982). This was further confirmed by Riley and
Chapman (1960) through the observation of chromosome pairing

in a hybrid (2n = 28 = ABDD) produced from a Triticum taus-

chii by Triticum aestivum cross,

- 4 -
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Eig (1929) classified Triticum tauschii on the basis of

morphology into two subspecies, namely, sSsp. eu-squarrosa

and ssp. stranqulata. Subspecies eu-squarrosa contains

three varieties, typica, meyeri and anathera whereas subspe-

cies stranqulata contains only the variety stranqulata.

Types intermediate between these varieties also exist. Va-
riety typica is the most common, with the widest distribu-
tion. Several studies have indicated the occurrence of in-

traspecific genetic variation within Triticum tauschii

(Kihara et al., 1965; Kerber and Dyck, 1969; Johnson, 1872;

Furata et al., 1975). Chennaveeraiah (1960) found differ-

ences in karyotypes among varieties. Typica had the most
characteristics in common with other varieties. Meyeri and

strangulata appeared to be specialized forms of typica.

This correlates well with the geographical distribution of

these varieties (Nakai, 1979).

2,2

Intraspecific chromosome pairing.

Hollingshead (1932) provided one of the first reports of
differences in chromosome pairing between varieties in Tri-

ticum aestivum. She found that the percentage of cells con-

taining univalents within the varieties Red Fife, Marquis,
Garnet, H-44-24 and Marquillo ranged from 2.9 to 9.7%. In
hybrids between these varieties the percentage of cells con-

taining univalents ranged from 5.2 to 39.1%, Multivalent
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associations were seen only rarely. Also, crosses which re-
sulted in high univalent freqguencies contained more open bi-
valents than those with fewer univalents. She concluded
that the frequency of wunivalents was linearly related to
chiasma frequency. Watanabe (1962) reported that in eight
Japanese common wheat varieties the percentage of cells with
at least one univalent ranged from 0.80 to 11.25%. However,
the percentage of cells with wunivalents in hybrids produced
from crosses between these varieties ranged from 4.40 to
72.80. Person (1956) observed univalent frequency over a
number of generations in an intervarietal backcross program.
He found that a high percentage of cells contained univa-
lents in the F; hybrids and in the BC1 generation. Return
to normal pairing was very slow and linear over subsequent
backcross generations. He concluded that chromosome pairing

was genetically determined in a quantitative manner.

Dvorak and McGuire (1981) crossed Chinese Spring with the
varieties; Hope, Cheyenne and Timstein and found that the F1
hybrids had a higher frequency of univalents than that found
in the parental lines. Since they found no multivalent as-
sociations they concluded that chromosome translocations
were not implicated. Dvorak and Appels (1982) suggested
that the amount of chromosome heterochromatin was not re-
sponsible for the reduction in pairing in interspecific hy-
brids. They referred to Kihara's (1963) work which indicat-

ed that the D-genome chromosomes of Triticum ventricosum (2n
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= 28 = DDMvMv) pair well with those of Triticum tauschii and

Triticum aestivum. On the other hand the Mv-genome chromo-

somes of Triticum ventricosum pair poorly with those of Tri-

ticum crassum (2n = 28 DDMcrMcr) and with those of Triti-

cum ovatum (2n = 28 CuCuMoMo) (Kihara, 1954),. All

chromosomes in Triticum ventricosum are extensively heter-

ochromatic. The D genome in Triticum tauschii and in Triti-

cum aestivum has very little heterochromatin. Kihara (1954)

also showed that in Triticum variabilis (2n = 28 = CuCuSvSv)

the Cu genome pairs well with the Cu genome of Triticum ova-

tum (2n =28 = CuCuMoMo) but the Sv genome pairs poorly with

the S genome of Triticum speltoides (2n = 14 = SS) (Kihara,

1963). Similar amounts of heterochromatin were found in

both of these genomes in Triticum variabilis (Dvorak and Ap-

pels, 1982). Diploid S-genome species have prominent termi-
nal C-bands. These particular bands are not found in Triti-

cum variabilis or Triticum aestivum (Gill and Kimber, 1974).

Nevertheless, S-genome chromosomes of wvariabilis pair no

better with gestivum than they do with diploid species.

Dvorak and Appels (1982) also state that the reduction in
pairing in intraspecific hybrids can not be adequately ex-
plained by structural differences. The two parental geno-

types of Triticum araraticum that they used differed in the

number of chromosome translocations and inversions. Both
genotypes paired well with A-genome chromosomes of Chinese
Spring and poorly with B-genome chromosomes. However, the

number of translocation and inversion differences between
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the Triticum araraticum genotypes and Chinese Spring did not

differ significantly. Similar results were obtained by

Feldman (1966) for Triticum timopheevi ssp. timopheevi and

Chinese Spring.

More recently Crossway and Dvorak (1984) investigated the
distribution of nénstructural variation along three chromo-
some érms of the common wheat cultivars Chinese Spring and
Cheyenne. They also measured the mean pairing frequencies
of Chinese Spring telosomes in Chinese Spring (2n = 20" +
t') and as monotelosomic lines (2n = 20" + t1') substituted
into Cheyenne. \Pairing in the monotelosomic substitution
lines was significantly lower than telosome pairing in Chi-
nese Spring. Further, they produced recombinant monosomic
lines (2n = 20" + 1') from these monotelosomic substitution
lines. Subsequent pairing of the Chinese Spring telosomes
with the recombinant monosomics varied between the extremes
exhibited by the pairing frequencies of these telosomes with
the original Chinese Spring and Cheyenne chromosomes. From
this work they concluded that the pairing variation exhibit-

ed was of a guantitative nature.

Rihara et al. (1965) produced 24 different hybrids from

eight varieties of Triticum tauschii representing eight geo-

graphic regions, They reported that in both the parental
varieties and in the hybrids seven bivalents were normally
found. Pollen fertility was reduced in the hybrids relative
to the parents. They attributed this to genetic differences

rather than to meiotic iregqularities., Riley and Kimber
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(1961) analyzed chromosome pairing in five diploid Triticum

species including Triticum tauschii. They reported that an

average of 1.7% of the pollen mother cells contained univa-
lents over all five varieties; however, no univalents were

observed in Triticum tauschii.

2.3

The use of telosomes in chromosome pairing studies.

Telocentric chromosomes of wheat have been used exten-
sively in aneuploid and cytogenetic analysis. Feldman
(1966) 1investigated the relationship between wheat telocen-

tric chromosomes and the chromosomes of Triticum timopheevi.

Linde-Laursen and Larsen (1974) used telosomes to identify
translocations in wheat varieties. Chapman et al.(1976) in-
vestigated the relationship between the genome of Triticum
urartu and the A genome of common wheat wusing telocentric
and ditelocentric lines. Dvorak (1976) performed the same
type of analysis on both the A and B genomes of Triticum
urartu. Chapman and Riley (1966) crossed ditelocentric

lines of Triticum aestivum with Triticum thaoudar 1in order

to allocate chromosomes to either the A or the B genome.
These studies are based on the fundamental aséumption that
telocentric chromosome arms pair as well with homologous
complete chromosomes as do two homologous complete chromo-

somes.
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Sears (1972) demonstrated that crossing over between the
centromere and a closely linked locus 1is reduced in the as-
sociation of a telosome and the corresponding complete homo-
logous chromosome. Sallee and Kimber (1978) attempted a
comprehensive analysis of telocentric pairing in Triticum
aestivum. They recorded chiasma formation in 41 of the 42
possible chromosome arms in monotelodisomics of Chinese
Spring, and found that there was no significant difference
between the mean chiasma frequency of normal disomic Triti-

cum aestivum and the sum of the chiasma frequencies of each

of the telocentric lines. Moreover, there were no signifi-
cant differences between the genomes in telocentric chiasma
frequency. The D-genome telocentrics are shorter than the
telocentrics of the other genomes. Conseguently, the D-ge-
nome chromosomes had a significantly higher frequency of
chiasma formation per unit length. They concluded that it
was entirely valid to use telocentric lines to investigate

chromosome relationships between Triticum aestivum and re-

lated species.



Chapter III

B) BAKING QUALITY AND ENDOSPERM STORAGE
PROTEINS.

3.1

Structure of functional components

Wheat as a typical cereal grain produces a one-seeded
fruit which consists of an embryo and an endosperm, enclosed
by a nucellar epidermis, pericarp and a seed coat (Esau,
1977). Botanically this type of fruit, generally called a
kernel or grain, is a'caryopsis, After sieving, milled
flour consists almost entirely of pulverised endosperm tis-
sue. Thus it is chiefly the endosperm which concerns us as

it alone determines the functional properties of flour.

The starchy endosperm 1is composed of two major regions.
The sub-aleurone is the outermost layer and is characterized
on a cellular 1level by containing relatively few small
starch granules and large quantities of protein (McMasters
et al., 1971). The central endosperm is the other region
and on a cellular level it is characterized by large amounts
of large starch granules and relatively small amounts of
protein. The abilitf of a wheat dough to produce a leavened

product is due to the presence of these proteins (Bushuk et

al., 1969).
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3.2

Proteins

Osborne (1907) classified wheat proteins into four groups
based on solubility in various solvents. One group is made
up of the albumins and globlins which are soluble in 10%
NaCl solution; a second group, the gliadins, are soluble in
70% ethanol; glutenins, the third group, are soluble in acid
solutions and the fourth group consists of the residual non-

soluble proteins.

Albumins are relatively small proteins with molecular
weights ranging from 10,000 to 20,000 daltons (Kasarda et
al., 1971). The albumin purified by Ewart (1969) and by
Fish and Abbott (1969) did not have free sulfhydral groups.
Ewart (1969) suggested that albumin was stabilized by,a hy-
drophobic core with the surface carrying the polar and ionic
groups. The relatively high content of the basic amino ac-
ids lysine and arginine in globulins and to some degree in
albumins could account for their relatively high electopho-
retic mobility compared with gliadins (Bushuk and Wrigley,
1974). Another class within the albumins and globulins are
the chloroform-methanol (CM) proteins. Meredith (1965)
classified this group of proteins as albumin contaminants in
the extraction of gliadins, as they are soluble in 70% etha-
nol and occur in the same gel-filtration peak as the albu-
mins and globulins (Bietz and Wall, 1972). However, Rodri-

guez-Loperena et al. (1975) indicated that these CM proteins
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had properties identical to proteolipid proteins identified

by Folch and Lees (1951) in brain tissue.

Gliadins have been classified into four groups on the ba-
sis of their electophoretic mobility in polyacrylamide gel
electrophoresis (PAGE) by Bushuk and Zillman (1978). 1In or-
der of ascending mobility these classes are w, ¥, ﬁ and %,
The w-gliadins range in molecular weight from 60,000 to
80,000 daltons, while the ¥, /# and *-gliadins range from
30,000 to 40,000 daltons (Bietz and Wall, 1972). Autran et
al. (1979) sequenced the N-terminal amino acids of gliadins
and found two major groups, one contained the % and A-gliad-
ins and the other the J-gliadins. Bietz et al. (1977) dem-
onstrated that the w-gliadins fall into a third group as
they are distinctly different in their N-terminal amino acid

sequence from the Y-gliadins.

Payne and Corfield (1979) fractionated glutenin into
twelve major subunits. They classified these subunits in
order of descending molecular weight into groups A, B and C.
Group A contains subunits ranging in molecular weight from
140,000 to 95,000 daltons, group B between 51,000 and 40,000
daltons and group C between 36,000 and 31,000 daltons.
Group A has been classified as high molecular weight (HMW)
glutenins whereas groups B and C have been labelled as low
molecular weight (LMW) glutenins. Glutenin occurs naturally
as an aggregation of these subunits which are primarily
bonded by disulfide linkages. Ewart (1979) hypothesized a

linear model for glutenin with only one disulfide bond be-
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tween chains, based on observations of the drop in viscosity

after addition of A-mercaptoethanol.

Residue protein can be dissolved by reducing agents such
a F—mercaptoethanol in 1M SDS (Bietz and Wall, 1975). The
resulting subunits are similar to those of glutenin. Bietz
and Wall (1975) obtained both quantitative and qualitative
differences between extractions with acetic acid, mercurie
chloride and mercaptoethanol. Wall (1979) noted that since
mercuric chloride 1is a mild reducing agent for disulfide
bonds (Danno et al., 1975) these differences could be ac-
counted for by differences in the number of disulfide cross
linkages between subunits in the glutenin and residue frac-
tions. Wall (1979) suggested that perhaps the residue pro-
tein is more 1like a three-dimensional matrix than a linear

chain,

3.3

Dough formation

Dough consists of three major component groups (Blbksma,
1971). The most important group is that derived from the
flour. This group contains the proteins mentioned above as
well carbohydrates, lipids and many miscellaneous minor com-
ponents. Another group includes water, which is essential
for dough development, and air, which is necessary for the
formation of gas cells. The final group consists of subs-
tances which are added to the dough, including vyeast, malt,

enzyme preparations, yeast nutrients, sugar, salt, dough
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conditioners, improvers, fats, emulsifiers, milk solids and

mold inhibitors.

The first step 1in dough formation involves mixing these
ingredients together. The function of mixing 1is twofold:
First, it serves to evenly distribute the ingredients and
second, it induces the development of gluten structure.
Protein must be hydrated before gluten structure can develop
(Pomeranz, 1971). This development depends on the formation
of a network of protein molecules with occasional cross-
linkages. When this network is adsorbed at an air-water in-
terface it forms a stable and highly compressible film with
viscoelastic properties (Tschoegal and Alexander, 1960a,b).
This film appears mostly as a sheet, but when exposéd to
lateral tension it ruptures and parallel fibres with lateral
connections can be observed (Bernadin and Kasarda, 1973).
These fibrils provide evidence that the gluten network is
made up of aggregated elongated proteins (Wall, 1979),
Seckinger and Wolf (1970) with the use of a transmission
electron microscope, observed the spreading of wheat pro-
teins on a liquid surface. Gliadins dispersed into discrete
particles, whereas glutenin remained together with fibril
extensions. Freeze dried glutenin appeared fibrous when ex-
amined by scanning electron microscopy (Orth et al., 1973;
Khan and Bushuk, 1978). Disulfide bonds are probably pre-
eminently responsible for this aggregation of wheat pro-
teins. Within the wheat proteins the aminq acid cysteine is

responsible for these linkages.
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Pence and Olcott (1952) found that by adding reducing
agents such as sulfite to glutenin the viscoelastic proper-
ties of the dough were destroyed. Neilsen et al. (1962)
demonstrated that after sulfite reduction the molecular
weight of glutenin dropped markedly. Ewart (1972) attempted
to measure the relative proportions of intra and intermole-
cular disulfide bonding in glutenin. He found that less
than half of these bonds were intermolecular. The amino
acid sequences of gliadin and glutenin differ in that the
sequence of the gliadins favours intramolecular disulfide

bond formation, whereas the sequence of glutenins favours

intermolecular disulfide bonds (Wall, 1979).

Freshly mixed doughs contain up to 20% air by volume.
These air cells form pockets in the dough in which the car-
bon dioxide produced by the yeast accumulates (Baker and
Mize, 1946), The ability of common wheat dough to retain
gas much bétter than dough from other cereals is the key to
the development of a leavened product from wheat flour.
This retention of gas is primarily due to the characteris-

tics of the gluten network.
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3.4

Components of functional guality.

3.4.1

Kernel characteristics

Functional quality is a complex characteristic made up of
many components. One of the simplest parameters is that of
test weight. This is simply the weight of the kernels per
unit volume. This character is a function of not only the
individual weight of each kernel but also the uniformity in
size and shape (Hylinka and Bushuk, 1959). Hylinka and Bu-
shuk (1959) also indicated that kernel size has very little
effect on test weight. The manner in which the kernels pack
into the container used is of greater importance. Mangels
and Sanderson (1925) and Shuey (1960) found correlations of
+0.762 and +0.744, respectively,between test weight and
flour yield. Shrivelling of wheat kernels reduces test

weight.

Kernel weight, wusually expressed as weight per thousand
kernels, is a function of kernel density and seed size
(Schellenberger, 1971). The range in thousand kernel weight
for U.S. hard red spring wheats is from about 20 to 32g
(Schellenberger, 1971). Baker and Golumbic (1970) demon-
strated that in hard red spring wheat kernel weight was su-

perior to test weight in predicting flour yield.
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Symes (1969) indicated that seed density and kernel hard-
ness were eqQuivalent. Baker and Dyck (1975) found that ker-
nel hardness was positively related to flour yield and sev-
eral baking quality tests. Symes (1969) reported that among
lines which differed by a single gene for kernel hardness,
those that were hard had superior flour yields, loaf texture
and loaf volumes to those that were soft. Marshall et al.
(1984) indicated on the basis of a theoretical analysis that
both seed size and shape affect the ratio of interior volume
to surface area of the wheat kernel and therefore flour
yield. Seed size was shown to be the most important parame-

ter in optimizing flour yield.

3.4,2

Protein content

It is generally accepted that protein content is related
to baking quality (Pomeranz, 1971). Strong wheat flours are
usually high in protein content and form tenacious, elastic
gluten that produces high volume loaves with good texture.
Weak wheat flours usually are low in protein, and form soft,
weak gluten which results in doughs that are more prone to
failure in baking. Finney and Barmore (1948) carried out a
comprehensive analysis of the relationship between protein
content and loaf volume. They found that the major factor
accounting for variation in loaf volume was protein content.

The relationship between the two was essentially linear for



19
a range of protein contents between 8 and 18%. This linear

relationship was also reported by Fifield et al. (1950).

3.4.3

Protein quality

The kinds of proteins and the amounts of various types
present are also important in determining baking quality.
Bushuk et al. (1969) demonstrated that bread making quality
varied among common wheat varieties of equal protein con-
tent. He concluded that this was due to variation in pro-
tein quality. Both Finney and Barmore (1948) and Fifield et
al. (1950) found that the linear regressions which they had
worked out between protein content and loaf volume were va-
riety~dependent. The level of the regression line for any

variety was dependent on its inherent protein quality.

3.4.3.1

Albumins and globulins.

Pence et al. (1951) reported that of the various endos-
perm protein fractions tested in reconstituted flours, the
crude albumin fraction had the largest effect on loaf vol-
ume. The globulin fraction resulted in a slight decrease in
loaf volume. Pence et glo (1954) attempted a more compre-
hensive analysis of these proteins and found that neither

albumin nor the globulin quantity was correlated signifi-

cantly with loaf volume. Also, the proportion of globulins
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and albumins to glutenins and gliadins was not correlated
with loaf volume. However, the ratio of albumins to globu-
lins was correlated with baking quality. The authors sug-
gested that perhaps this could be explained on the assump-
tion that albumins had a beneficial effect on baking quality

while globulins were deleterious.

3.4.3.2

Gliadins

Polyacrylamide gel electrophoresis is the most generally
accepted method for separating gliadin proteins on a one-~di-
mensional level. In this system proteins are separated on
the basis of molecular size and electric chafge. Using a
computer-based grouping system of analysis, Wrigley et al.
(1981) . demonstrated that certain patterns of gliadin bands
were significantly linked to varying dough strengths. In
addition, they identified 11 bands that were individually
associated with dough strength characteristics. However,
the authors were unable to separate possible pedigree ef-
fects from gliadin group differences. Finney et al. (1982)
fractionated wheat gluten with ultra-centrifugation and then
reconstituted synthetic flours by adding fractions from var-
ious common wheat varieties. They found a strong relation-,
ship between gliadin composition and 1loaf volume. It is
also of interest to note that a specific gliadin, band '45',
has been positively correlated with dough properties in du-

rum wheat (Damidaux et al., 1978; Kosmolak et al., 1980).
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Subsequent analysis by duCros et al. (1980) has shown that
this association appears to involve more than one gliadin

protein.

304.353

Glutenins

Glutenin i§ the fraction of wheat gluten that contributes
elasticity to the mixing properties of dough (Bushuk, 1977).
Tanaka and Bushuk (1973) demonstrated that wheats with long-
er dough development times contained glutenin subunits of
higher average molecular weight than wheats with shorter
dough development times. Payne et al. (1979) identified a
high molecular weight (145,000 daltons) glutenin subunit
that was positively correlated with baking quality. They
labelled this subunit '1' on the basis of its position in
SDS-polyacrylamide electrophoregrams. A more comprehensive
study by Payne et al. (1981a) substantiated the importance
of this subunit. Plants containing subunit '1' had higher
mean sedimentation values than those which did not. In ad-
dition, they discovered that subunits '5' and '10' were also
strongly correlated with baking guality in the progeny of
three crosses. They also discovered that the effects of su-

bunits 1,5 and 10 were additive.

Burnouf and Bourigquet (1980) indicated that European
wheat varieties with good baking quality contained glutenin

subunits 3 and 5. They also suggested that subunits 9 and
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10 had a definite but less important role in determining
baking quality. Moonen et al. (1983) noted that wheat cul-
tivars that contained subunits 3 and 10 had a higher average
baking quality than cultivars which contained the allelic
counterparts 2 and 11, In addition, they reported that the
subunit 2*, which had been identified as being distinct from
subunit 2 by Payne et al. (1981b), also was positively cor-
related at a significant level with baking quality. Baking
gquality in the Moonen et al. (1983) study was measured by
loaf volume. These results appear to countradict those of
Finney et al. (1982) who concluded that glutenin had a pri-
mary effect on mixing properties and that gliadin composi-
tion was more directly related to loaf volume. It would ap-
pear that these relationships are, to some extent, dependent
on the baking procedure used. Hamada et al. (1982) indicat-
ed that with stronger doughs the AACC straight dough method
resulted in lower than expected volumes ,whereas the remix

procedure optimized loaf volumes.

3.40304

Residue protein

Booth and Melvin (1979) investigated the factors respon-
sible for the poor baking ability of the high yielding cul-
tivar Maris Huntsman. They found that the amount of residue
protein (protein insoluble in lactic acid) was much lower in
this cultivar than in Canadian Western hard red spring

wheat (CWRS). Reconstitution studies which involved increas-
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ing the amount of residue protein in Maris Huntsman to the
level found in CWRS wheats did not result in any change in
quality. Thus they concluded that the composition of the
residue proteins of CWRS wheats is instrumental in their su-
perior baking quality. Orth and Bushuk (1972) demonstréted
that the amouﬁt of residue protein (insoluble in dilute
acetic acid) was positively associated with mixing strength.
Also, Hamada et al. (1982) reported that this protein was
positively related to loaf volume in tests where the remix

baking procedure was used.

3.5

Chromosomal control of functional components

3.5.1

Albumins, globulins and chloroform methanol extract (CM)

proteins

Garcia-Olmedo and Carbonero (1970) demonstrated that com-
ponents of the chloroform-methanol (CM proteins) extract
were controlled by chromosomes 7D and 7B. Bozzini et al.
(1971) reported that chromosomes 3D and 4D each controlled
the synthesis of an albumin protein. Aragoncillo et al.
(1975) investigated the chromosomal control of the so called
non-gliadin components extracted by 70% ethanol. They found
that component 5 was controlled by the F -arm of chromosome

3D while several components were controlled by the short arm

of chromosome 3B, Components 12, 13 and 16 were found by
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these authors to be controlled by the ﬂwarm of 4A and
several other components were associated with chromosomes
4D, 5D, 6B, 7DS and 7BS. Components 12 and 13 correspond in
electrophoretic mobility to the CM3 protein for which chro-
mosomal control by 4A was also implicated (Aragoncillo,
1973). Chromosome arms 7DS and 7BS had previously been
linked to the synthesis of CM1 and CM2, respectively (Garci-
a~Olmedo and Carbonero, 1970). Thus it is possible that
these two reports refer to the same proteins. Aragoncillo

t al. (1975) also noted that the component éontrolled by

chromosome 6B is inhibited by 7B when 7D is absent.

3#502

Gliadins

It has become generally recognized that genes for the
synthesis of all gliadin proteins are associated with six
wheat chromosomes: 1A,1B,1D,6A,6B and 6D (Payne et al.,
1982), Shepherd (1968), wusing one-dimensional PAGE, as-
signed 9 of the 17 major gliadin bands of the common wheat
variety Chinese Spring to the nonstandard arms of chromo-
somes 1A,1B and 1D and the standard arms of chromosomes 6A
and 6D. Standard arms being, those which are identified
first. He also indicated that of the remaining eight bands,
five were controlled by chromosomes 1A,1B,1D and 6B. With
the improved resolution of fwo—dimensional gel electrophore-
sis Wrigley and Shepherd (1973) substantiated and added to

these findings. They demonstrated that of 46 gliadin spots
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of Chinese Spring, 33 could be assigned to chromosomes of
homoeologous groups 1 and 6. Twelve of the remaining thir-
teen spots were faint to the extent that the verification of
their presence varied. This chromosomal assignment of
gliadin genes was also substantiated by Kasarda et al.

(1976).

Brown and Flavell (1981) reported that all gliadin pro-
teins of Chinese Spring were synthezised by the short arms
of chromosomes of homoeologous groups 1 and 6. They also
demonstrated that chromosome 2A had a regulatory effect on
the synthesis of & -gliadin bands 17 and 18 which are syn-
thesized by chromosome 6D. It was also suggested that chro-
mosome 2B and 2D contained regulatory alleles as well. La-
fiandra et al. (1984) indicated that the gliadin proteins of
the American whgat variety Cheyenne are coded for by the
same chromosomes as in Chinese Spring. Galili and Feldman,
(1983) using a high resolution SDS-PAGE system, were abie to

attribute faint bands, previously poorly resolved, to the

short arms of group 1 homoeologous chromosomes.

More recently Galili and Feldman (1984) provided evidence
that genes in the D-genome of the common wheat cultivar
"Prelude" suppress the activity of gliadin synthesis genes
in the A and B genomes. They reported the presence of two
new bands in Tetra-Prelude, the tetraploid AABB component
extracted from Prelude. These bands were not present in

hexaploid Prelude nor in the Triticum turgidum ssp. durum
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cv. Stewart used in the production of the extracted tetra-
ploid. They also reported that at least six gliadins of
hexaploid Canthatch (2n = 42 = AABBDD) were expressed in Te-
tra-Canthatch (2n = 28 = AABB) with increased staining in-
tensity. In addition, two gliadins of hexaploid Canthatch
were present with reduced staining intensity in Tetra-Can-

thatch.

3.5.3

Glutenins

Among cultivars of common wheat up to 20 different glute-
nin subunits have been 1identified electrophoretically (Law-
rence and Shepherd, 1980; Payne et al., 1980). Orth and Bu-
shuk (1974) indicated that several of these subunits are
coded for by chromosome 1D. Payne et al. (1980) demonstrat-
ed that all of the HMW glutenin subunits of the seven vari-
eties they investigated were controlled by either chromosome
1A,1B or 1D. Bietz et al. (1975) reported that four of the
HMW glutenin subunits were coded for by the long arms of
chromosomes 1B and 1D. They also attributed a presumed LMW
glutenin subunit to the long arm of chromosome 4D. Subseqg-
uent work by Brown and Flavell (1981) indicated that this
was most probably a HMW globulin. Lawrence and Shepherd
(1980) demonstrated that a HMW glutenin subunit in the vari-
ety 'Hope' was controlled by a gene on the long arm of chro-

mosome 1A, The location of genes for glutenin subunit
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synthesis on the long arms of the chromosomes of the homoeo-
logous group 1 has been confirmed by the inheritance studies
of Lawrence and Shepherd (1981), Payne et al. (1982) and Po-

perelya and Babayants (1978).

Jackson et al. (1983) investigated the chromosomal local-
ization of the genes coding for the LMW glutenins (groups B
and C of Payne and Corfield (1979)). They indicated that
genes controlling the synthesis of these subunits are on the
short arms of the chromosomes of homoeologous group 1. This
raises the question of whether these subunits are identical
to the HMW gliadins that are controlled by genes on the same
chromosome arms. Jackson et al. (1983) found that the two-
dimensional electrophoresis patterns of these subunits are
different from the patterns for the HMW gliadins. Bietz and
Wall (1973) showed that the sulfur content and amino acid
composition of the major LMW glutenin subunits and w-gliad-
ins are different. However, these properties as well as
electrophoretic mobility after reduction and alkylation
(Charbonnier, 1973) are common to the LMW glutenins and

Y-gliadins. Payne et al. (1984) found no recombination be-
tween LMW glutenin subunits and gliadins known to be con-
trolled by the same chromosome arm. However, this is far
from conclusive evidence that these two groups are in fact
encoded by the same cistrons since the gliadin genes are be-
lieved to be very complex. Kasarda (1980) has speculated
that the gene family on chromosome 6A coding for A-gliadin

may be made up of as many as 100 structural cistrons.
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3.5.4

Protein content

A number of researchers have investigated ghromosomal
control of protein content, but no consensus has been
reached. There are two reasons for this; first, different
groups of researchers have studied different varieties and
second, the relationship between phenotype and gene action
is not always clear for this trait. Genes can affect this
characteristic in many ways and at many stages of develop-
ment ., For example, Law and Payne (1983) discovered that
dwarfing genes Rht1 and Rht2, which are thought to desensi-
tize the plant to gibberelic acid, also have a deleterious

effect on protein content.

However, there have been studies that have identified
specific chromosomes of some varieties as having a major ef-
fect in determining protein content. Morris et al. (1978)
indicated that chromosome 5D of the variety 'Atlas 66' car-
ried a major gene for protein content and that chromosome 5A
carried a minor gene for this trait. Giorgi et al. (1978)
noted that when 'Cheyenne' and 'Hope' chromosomes were sub-
stituted into Chinese Spring, chromosomes 1B, 1D, 2D and 7A
resulted in lower protein content in Chinese Spring. Only
chromosomes 2A and 2B from Hope and 2A from Cheyenne im-
proved the protein content significantly. Jha et al. (1970)
implicated chromosomes 1D, 2A, 3A, 3B, 5A, 6B, 7a&, 7B and 7D
as having genes controlling protein content in two Indian

varieties when crossed to Chinese Spring. Miazga and Tar-
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kowski (1982) reported that in the Polish wheat. variety
Luna, chromosomes 5A and 6A were associated with high pro-
tein, whereas chromosomes 3D and 5B were associated with low

protein content.

RKuspira and Unrau (1957) working with chromosome substi-
tution lines from the Canadian variety Thatcher into Chinese
Spring indicated that Thatcher chromosomes 3D, 4D, 5a, 5B
and 7B produced higher protein content in Chinese Spring.
Kosmolak et al. (1980) using Cadet-Rescue reciprocal substi-
tution lines noticed that Rescue chromosomes 5B and 6A in-
creased protein content, while chromosomes 74,1B and 7D de-
creased protein content in Cadet. Cadet chromosomes 1B and
5B reduced protein content in Rescue. In summary, among
cultivars of common wheat it would appear that chromosomes
from homoeologous groups 5 and 7 are primarily involved in

the control of protein content.,

30505

Baking guality

The results of investigations into chromosomal control of
baking quality also have been noted to be highly contradic-
tary. This probably should be expected since baking quality
is a function of protein content and several other parame-
ters., In addition, the methods of measuring baking quality
have varied from one investigation to another. Morris et

al. (1966), using substitution lines of Cheyenne chromosomes
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into Chinese Spring, indicated that chromosomes 4B, 7B and
SD of Cheyenne contained genes for strong dough mixing prop-
erties. In addition, the control of loaf volume, crust ap-
pearance and texture characteristics were assigned to chro-
mosomes 1B, 4B, 7B and 7D. In a subsequent study, Morris et
al. (1978) pointed out that their 1D substitution line was
in error (i.e. did not contain chromosome 1D of the donor).
They developed a new substitution line which did contain
this chromosome and discovered that it too contributed to

strong dough mixing ability.

Welsh et al. (1968) wusing substitution lines in which
chromosomes from the varieties Hope, Thatcher and Timstein
were placed into Chinese Spring, found that only chromosome
2A of Thatcher had an effect on flour guality. Chromosome
2B of Hope was associated with major effects on quality
while minor effects were ascribed to ten other chromosomes.
Sixteen Timstein chromosomes altered flour properties, with
chromosomes 3B and 6B being the most important. Kosmolak et
al. (1980) using Cadet-Rescue reciprocal substitution lines
noted that Rescue chromosomes 1B, 7A and 7D decreased loaf
volume in Cadet, whereas chromosomes 2A, 2D, 5B and 6A in-
creased loaf volume. In the reciprocal substitution series
only chromosome 5D of Cadet had a significant effect by

causing a decrease in loaf volume. Several chromosomes were

implicated in dough development.
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Kerber and Tipples (1969) demonstrated that the D-genome

from Triticum tauschii 1is the main source of the desirable

baking properties of common wheat. The AABB tetraploid ex-
tracted from Canthatch was much inferior in baking tests
than either the normal hexaploid Canthatch or the synthetic
hexaploids produced by the addition to the tetraploid of the

D-genome from any of five varieties of Triticum tauschii.

3.6

Variation of endosperm storage proteins and baking quality

3.6.1

Endosperm storage proteins in Triticum aestivum.

In Triticum aestivum considerable unexplored and unex-

ploited variation for endosperm storage proteins exists.
Allelic differences for most of the identified protein genes
have been discovered. Studies by Payne et al. (1981a) and
Payne and Lawrence (1983) indicated that three different
patterns of glutenin subunit variation were found for chro-
mosome 1A, eleven for 1B and six for 1D. Similar allelic
differences for gliadins has also been noted. Galili and
Feldman (1983) reported 16 different band combinations for
those gliadins controlled by chromosome 1B and four differ-
ent combinations for those controlled by 1D. These results
were only for HMW gliadins and thus reflect only a part of

the total gliadin variation. Given this variation Law and
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Payne (1983) concluded that the number of possible combina-
tions is enormous and that only a small proportion of this
variation has been investigated and exploited 1in breeding

programs.

3.6.2

Endosperm storage proteins in Triticum tauschii

As noted previously, considerable variation exists within

Triticum tauschii in regard to many traits. Rodriguez-Lop-

erena et al. (1975) reported that all the CM proteins in the

variety of Triticum tauschii they investigated were also

contained in Triticum aestivum. Caldwell and Kasarda (1978)

indicated that in their investigation of albumins and globu-

lins in four accessions of Triticum tauschii all bands could

be accounted for in Triticum aestivum. Konarev et al.

(1974) demonstrated that Triticum tauschii falls into two

groups, delineated by the subspecies, on the basis of elec-
trophoregram patterns and antigenic composition of their

gliadins. They concluded that the subspecies stranqulata

represents an enlarged version of the subspecies eu-sgquarro-

sa since the ssp. stranqulata contains all the antigenically

active gliadins of eu-squarrosa plus a few more.

Bushuk and Kerber (1978) investigated the variance in

PAGE gliadin patterns for the Triticum tauschii varieties

typica, stranqulata and meyeri and in the synthetic hexa-
ploids produced from these and Tetra-Canthatch. While there

were differences among these varieties, especially for the
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slowest moving of the w-gliadins, all the bands expressed

are found in Triticum aestivum. However, there are some

faint tauschii bands which are suppressed in the synthetic
hexaploids as well as a few bands which appear in the hexa-
ploid but not in either the diploid or in the tetraploid pa-

rent.

Orth and Bushuk (1973) investigated glutenin subunit com-

position of the Triticum tauschii varieties, typica, anath-

era, strangulata and meveri. The patterns produced by the
first three varieties were almost identical. However, 1in

the remaining variety, meyeri, the two highest molecular
weight subunits were smaller than the corresponding subunits
in the other varieties. The highest molecular weight band
was the same as the subunit '1' identified by Payne et al.
(1979) as being related to baking quality. All bands pres-
ent in the first three varieties were also present in Triti-

cum aestivum. Dhaliwal (1977) concluded that all differenc-

es within the Aegilops-Triticum group for gluten proteins

could be attributed to allelic differences rather than dif-
ferences in structural genes. This does not rule out the
possibility that alleles exist in the wild species of this

group that are not found in Triticum aestivum.
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3.6.3

Baking quality of Triticum tauschii

Mettin (1964) reported that intraspecific variability

within Triticum tauschii existed for protein content (a

range from 19.5 to 26.8%) and for gluten quality. Yamashita
t al. (1957) investigated the baking potential of two vari-

eties of Triticum tauschii. They found that both varieties

produced loaves similar in volume but lower in quality of

appearance than those produced from Triticum aestivum. Ker-

ber and Tipples (1969) analyzed the baking gquality of syn-
thetic hexaploids produced by c¢rossing Tetra-Canthatch

(AABB) with five varieties of Triticum tauschii. They found

differences between these 1lines for almost all the quality
tests utilizied. Although none of the lines was equal in
quality to Canthatch, all were considerably better than Te-
tra-Canthatch. They indicated that presumably this was only

a small sample of the variation present in Triticum taus-

chii. Lines may exist which approach the baking guality of

Canthatch more closely.
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The differention between chromosome 7D of Triticum aestivum

(cv. Canthatch) and Triticum tauschii as measured by chromo-

some pairing.

Abstract

Disomic substitution stocks in which chromosome 7D of

Triticum aestivum cv. Canthatch was replaced by the corre-

sponding chromosome of each of four varieties of Triticum
tauschii were crossed with Canthatch to investigate the de-
gree of differentiation for this chrémosome between these
two species. These disomic substitutions were also crossed
with a Canthatch plant doublemonotelosomic for chromosome
7D. Three doubletelotrisomics were produced, one in which
- the complete 7D chromosome was derived from Canthatch and

two in which the complete 7D chromosome was derived from the

Triticum tauschii varieties typica and strangulata. Analy-
sis of chromosome pairing demonstrated that chromosome 7D
from typica formed fewer chiasmata with Canthatch than did
the corresponding chromosome from the other three tauschii
varieties. The reduction in pairing between chromosomes 7D
of typica and Canthatch is greater than that previously re-
ported from intraspecific D-genome chromosome pairing stud-

ies within Triticum aestivum. It is suggested that intras-

pecific divergence for at least chromosome 7D occurred
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between typica and these other three tauschii varieties be-
fore the synthesis of common hexaploid wheat. It is also
suggested that Canthatch chromosome 7D had not differentiat-
ed significantly in regards to pairing with chromosome 7D of

the Triticum tauschii variety from which the D genome of

common wheat was derived.
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Introduction

Substitution of chromosomes of common wheat by chromo-
somes from wild relatives has been used to determine the
chromosomal location of common wheat genes (Law 1982) and to
investigate the interaction of duplicate and triplicate gene
sets in wheat (Hart 1979). Interspecific crosses between
common wheat and wild relatives have been used to transfer
potentially useful genes into common wheat (Kerber and Dyck
1969, 1973, 1978; Dyck and Kerber 1970; The 1973). One wild

relative of common wheat, Triticum tauschii (2n = 14 = DD

syn. Aegilops sguarrosa) has been shown to have been the

source of the D genome of Triticum aestivum (McFadden and

Sears 1944; Kihara 1982; Riley and Chapman 1960). Kimber et
al. (1981) have demonstrated that the degree of similarity

between Triticum tauschii and the D genome of Triticum aes-

tivum is greater than that between either of the A or B ge-

nomes of aestivum and any of their putative diploid sources.

The objective of the present investigation was to deter-
mine whether Canthatch chromosome 7D has differentiated sig-
nificantly from its corresponding homologue in Triticum
tauschii on the basis of metaphase pairing. This investiga-
tion also enabled us to determine whether a significant de-
gree of intraspecific differentiation in this regard had oc-
curred for chromosome 7D within the four varieties of

Triticum tauschii tested.
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Materials and Methods

Synthetic hexaploids (2n 42 = AABBDD) were previously
produced (Kerber and Rowland 1974) by combining Tetra-Can-

thatch (2n = 28 = AABB) with each of four varieties of Tri-

TABLE 1

Accession numbers and pedigrees for synthetic hexaploids

Accession No. Pedigree'
RL5401 Tetra-Canthatch X T, tauschii RL5003
RL5402 Tetra-Canthatch X T, tauschii var. typica RL5261
RL5403 Tetra-Canthatch X T. tauschii var. anathera RL5266

RI.5405 Tetra-Canthatch X T. tauschii var. strangulata RL5288

! Kerber and Rowland (1974)

ticum tauschii (Table 1). Chromosome substitution lines

used in this investigation were produced in which chromosome
7D of the common wheat cultivar Canthatch was replaced by 7D
of each of the four synthetic hexaploids listed in Table 1

(2n = 20" + 7D" Triticum tauschii (7D Triticum aestivum)).

BEach synthetic hexaploid was crossed with Canthatch nulli-
somic 7D (2n = 20" + 0"7D). F1 plants (2n = 41) were back-
crossed to the nullisomic 7D parent. Progeny with 41 chro-
mosomes were selected by cytological observation and
successively backcrossed five more times to the nullisomic

7D parent. Monosomic progeny (2n = 41) from the last back-
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cross were selfed and disomic substitutions (2n = 42) were
cytologically selected in the progenies. Two of these di-
somic substitutions and Canthatch-K were crossed with Can-
thatch doublemonotelosomic plants in which both telosomes
for chromosome 7D were present (2n = 20" + ¢t'7DS + t'7DL).
Three doubletelotrisomic plants were produced, one in which
the complete chromosome 7D was derived from Canthatch and
two in which the complete chromosome 7D was derived from the

tauschii varieties typica and strangqulata, respectively.

All four disomic substitution lines were also crossed with
Canthatch-K to produce substitution lines in which one chro-

mosome 7D of Triticum tauschii was present together with its

homologue 7D from Canthatch-K (2n = 20" + 1'(7D) Triticum

aestivum + 1'(7D) Triticum tauschii), hereafter referred to

as mono-wheat, mono-tauschii substitutions. Canthatch nul-
lisomic 7D and ditelosomic 7DL were derived from the same
monosomic plant selection. Ditelosomic 7DS was derived from

a different single plant selection designated Canthatch-K.

The standard acetocarmine squash technique was used to
analyze chromosome pairing in pollen mother cells (PMCs) of
the doubletelotrisomic plants, mono-wheat, mono-tauschii
substitution lines and in the monosomic substitution lines
used to produce the disomic substitutions. At least 100
cells per plant were analyzed in the doubletelotrisomic
plants with the exception of the line involving typica in

which only 70 cells were examined. For the mono-wheat,
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mono-tauschii substitution lines at least 50 cells per plant
were observed from anthers from three different plants per
line. In addition, at least 50 cells per plant were ob-
served from anthers from two different plants for the mono-
somic substitutions with the exception of the line typica in
which only 60 cells from anthers of one plant were analyzed.
The data were analyzed first by an analysis of variance and
second where significant F values were obtained, by Dunnet's

t method (Steele and Torrie 1980).

Results

In the doubletelotrisomic lines chiasma formation involv-
ing chromosome 7D was amenable to direct observation as the
heteromorphic trivalents and heteromorphic bivalents formed
between the two telosomes and the substituted 7D chromosome
could be readily distinguished from the other chromosome as-
sociations. A telosome paired with the complete substituted
chromosome was considered to represent one chiasma. Table 2
presents a summary of the frequencies of all possible pair-
ing configurations between the two telosomes and the com-
plete 7D chromosome. Chromosome 7D from typica formed sig-
nificantly fewer chiasmata (at the 99% 1level) with the
corresponding Canthatch telosomes than chromosome 7D from

either strangulata or Canthatch. The difference in chiasma

frequency between strangulata and Canthatch is not signifi-

cant.

— s - el
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TABLE 2
Frequencies of chiasmata and chromosome configurations

involving chromosome 7D and the corresponding telosomes in
doubletelotrisomic lines

Source of No. of cells with given

complete heteromorphic confiquration Total Mean
chromos. 7D tt1 t + t1 t + t + 1 no. cells xmta (f)
strangulata 102 4 0 106 1.96a
typica 58 9 3 70 1.79b
Canthatch 109 4 0 113 1.96a

' Significant at the 99% level

Chiasma frequency was also evaluated in the remaining 20
chromosome pairs in the cell to determine whether the heter-
omorphic configuration had an effect on overall pairing (Ta-
ble 3). A closed bivalent was assumed to represent two chi-
asmata and an open bivalent one chiasma. Cells containing
univalents and quadrivalents were also included in this
analysis. Closed quadrivalents were assumed to represent
four chiasmata and open quadrivalents three chiasmata. The
mean chiasma frequency among the three doubletelotrisomic
lines, disregarding the heteromorphic configuration, did not
vary significantly. An expected chiasma frequency for 20
bivalents for Canthatch may be calculated by dividing the
mean chiasma frequency for this line (Table 5) by 21 and
then multipling by 20. This value of 39.26 is not signifi-
cantly different from the mean chiasma frequencies in Table

3. Thus, it would appear that the heteromorphic configura-
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TABLE 3
Frequencies of chiasmata and chromosome configurations

involving complete chromosomes other than 7D in the
doubletelotrisomic lines

Source of No. of cells with given No. of
complete no. of xmta/cell cells with Total Mean
chromos., 7D 40 39 38 37 36 1! 1 no., cells xmta(f)
i
strangulata 57 30 13 4 2 2 1 106 39.28
ica 39 23 17 4 1 4 0 70 39.34
Canthatch 50 32 21 8 2 6 9 113 39.31
'F = 1.25 (df. = 2, 286)

tions did not have an effect on the pairing of the other bi-

valents.

Data on chromosome pairing of the monosomic substitutions

TABLE 4

Frequencies of chiasmata and chromosome configurations.
involving chromosomes other than the substituted 7D in the
monosomic substitution lines

Source of No. of cells with given

complete no. of xmta/cell Total Mean
chromos. 7D 40 39 38 37 36 35 no. cells xmta (f)
RL5003 49 42 20 7 1 1 120 39.07
typica 27 18 12 3 0 0 60 39.15
anathera 57 37 13 5 1 0 113 39.27
strangulata 39 34 25 8 0 1 107 38.94
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is summarized in Table 4. No significant wvariability in
chromosome pairing was found. Moreover, the overall mean
chiasma frequency for this analysis (39.11) was not signifi-
cantly different from that calculated for Canthatch (39.26).
In the mono-wheat, mono-tauschii substitution analysis it
was neccesary to assume that variation in chiasma frequency
was due solely to the substituted 7D chromosome. The mono-
somic substitution analysis substantiates this assumption.

Table 5 provides a summary of the pairing data for the mono-

TABLE 5

Frequencies of chiasmata and chromosome configurations
involving all chromosomes in the mono-wheat, monc—tauschii
substitution lines

Source of No. of cells with given Total no.

substituted no. of xmta/cell cells with Total Mean
chromos, 7D 42 41 40 39 38 37 1! 1 no. cells xmta(f)
RL5003 56 66 38 11 3 0 8 9 174 40.93a
typica 28 71 49 19 6 1 15 13 174 40.53b
anathera 52 55 46 14 1 0 11 13 168 40.85a
strangulata 45 65 33 12 2 0 9 6 157 40.89a
Canthatch 84 69 24 9 0 0 8 9 186 41,.23a
(Control)

F = 9.,9969** (df. = 4, 852)

wheat, mono-tauschii substitution lines. Chromosome 7D from
typica formed significantly fewer chiasmata with Canthatch
chromosome 7D than 7D from the other varieties. There were
no significant differences among the other three tauschii

varieties and Canthatch regarding chromosome 7D.
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Quadrivalents were observed in most of the material
analyzed, suggesting the presence of translocations. How~
ever, approximately the same frequency of quadrivalents was
observed in the monosomic substitution and doubletelotrisom-
ic material as in the mono-wheat, mono-tauschii substitution
lines. In the doubletelotrisomic and monosomic substitution
lines the substituted 7D chromosome did not appear to be in-
volved in multivalent associations. Thus, these quadriva-
lents probably are the result of translocations involving

chromosomes other than 7D.

Discussion

Chromosome 7D from all Triticum tauschii varieties used

in the mono-wheat, mono-tauschii substitution analysis
formed fewer chiasmata with Canthatch chromosome 7D than
would be expected‘from the analysis of doubletelotrisomics.
(Table 6). Canthatch itself, however, does not exhibit re-
duced pairing from one analysis to another. There are at
least three possible explanations for this difference.
First, the values derived from the doubletelotrisomic plants
may be inflated due to an inherent observational error. A
second possibility is that the substituted chromosome inhib-
its chiasma formation in the other bivalents. Finally, a
third potential explanation is that the substituted chromo-

somes pair more completely with the telosomes than they do
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TABLE 6
Differences in chiasmata frequency between the

doubletelotelotrisomic and the mono-wheat, mono-tauschii
substitution lines

Source of Mean xmta frequency in 7D configuration
.substituted 7D Mono-wheat, mono—tauschii Doubletelotrisomic
RL5003 1.66 -
typica 1.27 1.79
anathera 1.59 -
strangulata 1.62 1.96
Canthatch (control) 1.96 | 1.96

t = 12.528** (df. = 2)

with the complete 7D chromosome. Of these possibilities the
first appears the most likely. When analyzing the hetero-
morphic configurations in the doubletelotrisomic plants,
those cells 1in which the complete 7D chromosome and both
telosomes were not positively identifiable were excluded
from the data. In cells which contained heteromorphic tri-
valents it was easier to positively identify both telosomes
than in those cells in which either one or both of the telo-
somes were unpaired with the complete 7D chromosome. In the
latter case the likelihood of one of the telosomes being
hidden by another chromosome association was increased.
This would tend to inflate the estimates of chiasma frequen-
cies given in Table 2. This error would not affect the end
analysis as it should be of the same magnitude for all

lines.
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As for the second explanation, Dvorak and McGuire (1981)
analysed a Chinese Spring monotelodisomic series in which
the telosomes were of Chinese Spring origin and the corre-
sponding complete chromosome had been replaced by a homolo-

gous chromosome from another Triticum aestivum variety.

They found that in some cases the substituted chromosome ap-
peared to affect the pairing of .other Chinese Spring chromo-
somes. However, it would appear that this is not the case
in our material as the substituted 7D chromosome did not ap-
pear to have an effect either on chiasma frequency of the
remaining chromosomes in the doubletelotrisomic plants or in
the monosomic substitution lines (Tables 3 and 4). As for
the third possibility, Sallee and Kimber (1978) have indi-

cated that within Triticum aestivum there is no significant

difference between telocentric chromosome pairing and normal
bivalent formation., This would seem to substantiate our as-—
sumption that variation in chiasma fregquency in the mono-
wheat, mono-tauschii substitution lines is attributable pri-
marily to the bivalent involving the substituted 7D

chromosome.,

Results from the mono-wheat, mono-tauschii substitution
analysis appear to substantiate those from the doubletelo-
trisomic analysis in indicating that for chromosome 7D the

Triticum tauschii variety typica has diverged significantly

in its ability to pair with chromosome 7D of Canthatch rela-

tive to chromosome 7D from the other three Triticum tauschii

varieties tested. It has been suggested that the major
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cause of variability in intraspecific chromosome pairing is
nucleotide sequence divergence (Dvorak and Appels 1982; Dvo-
rak and McGuire 1981). 1In light of this argument it is pos-—
sible that the nucleotide sequence differences between chro-
mosome 7D of typica and chromosome 7D of Canthatch are
greater than the differences between 7D of Canthatch and 7D
of the other three tauschii varieties. This supports the
hypothesis that typica diverged from the other three taus-

chii varieties tested before the origin of Triticum aesti-

vum., The possibility that typica is one of the more primi-

tive varieties of Triticum tauschii, and may in fact have

given rise to the other more specialized varieties, has been
suggested by Chennaveeraiah (1960) on the basis of karyo-
types and by Nakai (1979) in regards to geographical distri-
bution. The qualification that this coﬁclusion is based on
the analysis of the pairing of a single chromosome is prob-
ably necessary. It 1is possible that the pairing of other
typica chromosomes with corresponding homologous Canthatch
chromosomes could be better than for the corresponding chro-

mosomes from the other three tauschii varieties tested.

Is the variability expressed by chromosome 7D of typica
greater than the intraspecific chromosome variability re-

ported within Triticum aestivum? The differences in mean

chiasma frequencies for the pairing between Chinese Spring
telosomes and the corresponding Chinese Spring complete

chromosomes and the same telosomes paired with the corre-
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sponding substituted complete chromosomes from three other

Triticum aestivum cultivars can be calculated using the data

from Dvorak and McGuire (1981). This produces a range of
0.09 to 0.21 for the A-genome differences, 0.31 to 0.38 for
the B-genome differences and 0.01 to 0.02 for the D-genome
differences. In our data the difference in mean chiasma
frequency between chromosome 7D of typica and Canthatch is
0.18 and 0.69 for the doubletelotrisomic and mono—wheaf,
mono-tauschii data, respectively. Thus, while the variance
exhibited by typica chromosome 7D ié not greater than that

found within the A or B genomes of Triticum aestivum, it is

greater than that found in the D genome. Sallee and Kimber
(1978) found a significantly higher frequency of chiasmata
per unit of relative length in D-genome chromosomes relative
to A- and B-genome chromosomes. However, D-genome chromo-
somes are shorter than those of either the A or B genomes.
The overall meaﬁ number of chiasmata per telocentric in the
A, B and D genomes in their study was not significantly dif-
ferent from one another. Thus, the marked reduction in in-

traspecific variability within the D genome of Triticum aes-

tivum is not completely explained by an increase in chiasma
frequency. An alternative explanation is that the origin of
hexaploid wheat 1is a relatively recent evolutionary event
compared to the origin of tetraploid wheat. Thus the D ge-
nome of hexaploid wheat has had 1less time in which to di-
verge within aestivum than have the A or B genomes. Alter-

natively, perhaps the characteristics imparted by the D
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genome to hexaploid wheat have been more stringently select-—
ed for than those of the other genomes,thereby maintaining

less variability within the D genome.
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Chapter V
THE EFFECTS OF CHROMOSOME 7D OF TRITICUM
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The effects of chromosome 7D of Triticum aestivum (cv. Can-
thatch) and of four varieties of Triticum tauschii on mill-

ing and baking quality.

Abstract

Chromosome 7D of Triticum aestivum cv. Canthatch was as-

sayed for its effects on milling and baking quality by in-
vestigating three aneuploid lines -one ditelosomic for 7DS,
one ditelosomic for 7DL and one nullisomic for 7D. Also,
disomic substitutions in which chromosme 7D of Canthatch was
replaced by the corresponding chromosome of the Triticum

tauschii (2n = 14 = DD) varieties typica, anathera, RL5003

and stranqulata, were assayed to determine how well 7D of

tauschii compensates for 7D of Canthatch in regard to mill-

42 =

ing and baking quality. Synthetic hexaploids (2n
AABBDD) produced by combining Tetra-Canthatch (2n = 28 =

AABB) with these same varieties of Triticum tauschii were

also tested for milling and baking quality. The long arm of
Canthatch chromosome 7D was shown to affect seed size and
density. Seed size had a significant negative regression on
flour protein content (r = -0.62). In addition, the long
arm of chromosome 7D suppressed a w-gliadin protein. More-
over, evidence was produced which suggested the presence of

a factor(s) on the long arm of Canthatch chromosome 7D which
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was related to longer dough development times. This effect
appeared to be independent of flour protein content. In re-
gard to milling and baking gquality chromosome 7D of Triticum
tauschii fully compensated for 7D of Canthatch. However,

the complete D genome of Triticum tauschii did not fully

compensate for the D genome of Canthatch in this regard.

Introduction

Kerber and Tipples (1969) demonstrated that the removal

of the D genome from Triticum aestivum cv. Canthatch dra-

matically reduced baking quality. These authors also re-
ported that the addition of the chromosomes of Triticum
tauschii (2n = 14 = DD) to Tetra—-Canthatch (2n = 28 = AABB)
partially compensated for the D genome of Canthatch in re-
gard to baking quality. Of the D genome chromosomes, 7D has
been reported to have some control over loaf volume (Morris

et al., 1966; Kosmolak et al., 1980), protein content (Jha

et al., 1971; Kosmolak et al., 1980), protein quality (Ara-

t al., 1975) and kernel hardness (Doekes and Bel-

goncillo

derok, 1976).,

The objectives of this study were to determine whether
chromosome 7D of Canthatch has an effect on milling and bak-
ing quality and to determine how well chromosome 7D of Can-
thatch-K is compensated for by the corresponding chromosome

from four varieties of Triticum tauschii. In addition, we

analyzed the same synthetic hexaploids investigated by Ker-
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ber and Tipples (1969) in order to determine whether a sig-
nificant proportion of the reduction in quality exhibited by
the synthetic hexaploids when compared with Canthatch-K

could be attributed to chromosome 7D of Triticum tauschii.

Materials and Methods

5.3.1

Materials

Aneuploids used in this investigation included nullisomic
7D (2n = 20"), ditelosomic 7DS (2n = 20" + t"7DS) and ditel-
osomic 7DL (2n = 20" + t"7DL), all of the <cultivar Can-
thatch. Ditelosomic 7DS was derived from a monosomic 7D
plant (2n = 20" + 1'7D) which was derived from a single
plant selection designated Canthatch-K. Nullisomic 7D and
ditelosomic 7DL were derived from a monosomic 7D sib of the
original Canthatch-K plant. Doublemonotelosomics (2n = 20"
+ t'7DS + t"7DL) derived from reciprocal crosses between the

two ditelosomic lines were also included.

Synthetic hexaploids (2n 42 = AABBDD) wused in this in-
vestigation were produced by Kerber and Tipples (1969) by
combining Tetra-Canthatch (2n = 28 = AABB) with each of four

varieties of Triticum tauschii (2n = 14 = DD) (Table 7).

Disomic substitution lines (2n = 20" + 1"Canthatch

7D/Triticum tauschii 7D) were produced in which chromosome
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7D of Canthatch-K was replaced by the corresponding chromo-

some of Triticum tauschii by crossing Canthatch nullisomic

7D with each of the four synthetic hexaploids listed in Ta-
ble 7. A series of successive backcrosses of F1 monosomic
plants to Canthatch nullisomic 7D were made. On the comple-
tion of the final backcross F1 monosomic plants were selfed

and disomic substitutions (2n = 42) were selected in the

TABLE 7

Accession numbers and pedigrees for synthetic hexaploids

Accession no. Pedigree'
RL5401 Tetra-Canthatch X T, tauschii RL5003
RL5402 Tetra-Canthatch X T. tauschii var. typica RL5261
RL5403 Tetra-Canthatch X T. tauschii var. anathera RL5266
RL5405 Tetra-Canthatch X T. tauschii var. strangulata RL5288

' Rerber and Rowland (1974)

progeny. Seed of the disomic substitutions was increased,
under controlled pollination to provide enough seed for the
field plots. For electrophoretic analysis the disomic sub-
stitution lines were subjected to an additional backcross

before they were selfed.



58
5.3.2

Methods

5.3.2.1

Electrophoresis

For gliadin analysis two kernels from which the embryos
had been removed, were ground and the endosperm solubilized
in 70% ethanol for each line. A ratio of 3mg of endosperm
to 1ul of 70% ethanol was used. After centrifugation the
supernatant was diluted by a ratio of 1:1 by the addition of
sodium lactate buffer ph 3.1 (100ul), glycerol (10mg) and
methyl-green tracking dye (5mg). Polyacrylamide gel elec-
trophoresis (PAGE) was carried out according to the proce-
dure of Bushuk and Zillman (1978) with some modifications.
Sodium lactate was substituted for aluminum lactate and the
amount of ferrous sulfate per gel was reduced to 0.0025mg.
Gels were horizontal and 3mﬁ thick. Gels were stained over-
night in a 12% TCA/Commassie Brilliant Blue solution and

destained in a 12% TCA solution. Triticum aestivum cv. Mar-

quis-K was included as a standard reference in each gel.

Glutenin was extracted from two kernels per line accord-
ing to the procedure of Bietz et al. (1975). The procedure
was modified by dissolving the glutenin in 0.125 M Tris/HCl
(pH 8.7) containing 0.1% SDS and 1% 2-mercaptoethanol in-
stead of 0.125M Tris/Borate (pH 8.9). For SDS-PAGE, the O'-
Farrell (1975) technique was followed with a 5% acrylamide

stacking gel layered onto a 10% acrylamide separating gel.
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Gels were run at 20mA until the tracking dye entered the
separating gel then run for 3 hours at 35mA (constant cur-
rent) at 20 C in an LKB 2001 Vertical Electrophoresis Unit.
Gels were stained overnight in Coomassie Brilliant Blue fol-
lowed by destaining in several changes of an acetic acid and
methanol solution. For better resolution of low molecular
weight'glutenin subunits, gels were silver stéined according

to the procedure of Merril et al. (1981).

Whole protein was extracted according to the procedure of
Brown et al. (1981). SDS-PAGE was performed according to
the procedure of O'Farrell (1975) with a 5% acrylamide
stacking gel layered onto a 14% acrylamide separating gel.
Gels were run at 10mA until the tracking dye entered the
separating gel and then run at 25mA (constant current) for 4
hours. Staining and destaining of the gels was performed as

for glutenin.

5.3.2.2

Functional quality

Lines were grown at Glenlea in the summer of 1984 in a
completely randomized block design in two replicates., In
order to generate enough seed, two plots of the aneuploid
lines were included in the first replicate. For the majori-
ty of the quality tests, lines were analyzed using the field
plots as replicates and the extra aneuploid plots were not
included. However, additional flour was required for the

aneuploids for the farinograph and loaf volume tests. At
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this point flour derived from the grain of extra aneuploid
plots was added to the respective lines and’two laboratory
samples were analyzed per line. Flour from all other plots

was bulked within lines and two samples similarily analyzed.

Measurement of grain characteristics was facilitiated by
the use of an electronic seed counter. Seed size was deter-
mined by dividing the number of seeds in a 30ml beaker by
the volume of the beaker (41ml). Seed density was derived
by multiplying seed size by the weight of the seeds in the

above beaker and adjusting to mg/cm?.

Yield of flour was determined on grain from two repli-
cates milled in the Brabender micro-mill. Samples were tem-
pered to equal moisture content before milling (15.5%).
Enough grain was available for two replications of milling
in the Buhler mill for all lines except the aneuploids and
the synthetic hexaploid RL5403 in which the D genome was de-

rived from the Triticum tauschii variety anathera.

Protein content of flour (14% moisture) was determined
with the Dickey-John near-infrared protein analyzer.  The
Zeleny sedimentation test was performed according to Ap-

proved Methods of the American Association of Cereal Che-

mists (AACC) (1983) procedure except that 50ml of lactic
acid was used for a total volume of 100ml instead of 25ml
and 75ml, respectively. Mixographs were produced according

to AACC procedure on a 10g Electronic Recording Mixograph
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(developed by the Engineering and Statistical Research
Branch of the Canada Department of Agriculture, Ottawa). A
constant absorption of 60% was used. Farinograms were pro-
duced on the 50g Brabender Farinograph according to AACC
procedure, Baking was performed using the standard remix
baking procedure (Kilborn and Tipples, 1981) with 50g of
flour. Baking absorption was 2% lower than farinograph ab-
sorption. Loaf volumes were measured by the rapeseed dis-
placement method. Data were first analyzed by an analysis
of variance. Where there were significant F values, data
were re-analyzed by the 1sd multiple comparison method % =

.05 (Steel and Torrie, 1980).

Results

5.4.1

Electrophoresis

PAGE analysis of gliadins revealed the presence of up to
25 distinct bands in Canthatch-K (Figure 1). Canthatch nul-
lisomic 7D and ditelosomic 7DS exhibited a w-gliadin band
'with a relative mobility of 26.6 which was not found in ei-
ther Canthatch-K, ditelosomic 7DL or either of the two doub-
lemonotelosomic lines. This would seem to indicate that a
gene suppressing the formation of this protein is present on

the long arm of chromosome 7D, but its presence in nullisom-
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ic 7D suggests that a chromosome other than 7D is responsi-
ble for its synthesis. Interestingly, this protein is also
found in Marquis-K, indicating that Marquis-K does not con-

tain this suppressor gene.

Figure 2 shows the gliadin pattern of the disomic substi-
tutions and synthetic hexaploids. The synthetic hexaploid
RL5403 in which the D genome came from anathera and the two
Canthatch disomic substitutions in which chromosome 7D was

derived from anathera and stranqulata, exhibit the w-gliadin

band which 1is suppressed in Canthatch-K. This indicates
variability for this suppressor gene exists within Triticum
tauschii, Other than the ngliadin band all other bands
produced by the disomic substitutions are in common with
those found in Canthatch. In the synthetic hexaploids four
bands of relative mobility 11.5, 14.6, 16.7 and 44.8 were
absent when compared to Canthatch-K (indicated by arrows in
Figure 2). The synthetic hexaploid in which the D genome
was derived from typica exhibited a band not found in Can-

thatch-K (relative mobility of 20.8).

SDS-PAGE analysis was applied to Canthatch nullisomic 7D,
ditelosomic 7DS, ditelosomic 7DL and Canthatch-K. No quali-
tative differences in glutenin subunit composition were
found for any of these lines even when the extremely sensi-
tive silver nitrate stain was used (Figure 3). The protein
composition derived from the whole protein extraction of the

aneuploids, Canthatch-K and the disomic substitutions is



FIGURE 1

PAGE of gliadiné from Canthatch 7D aneuploids and from

Canthatch (K)

Mq Marquis (K); CS = Chinese Spring; Ct = Canthatch (K);

Canthatch nullisomic 7D; Dts = Canthatch ditelosomic 7DS;

N1
Dtl = Canthatch ditelosomic 7DL; 17 and 19 are doublemonotelo-

somics derived from reciprocal crosses (2n = 20" + t'7DS + t{7DL)

Arrow indicates suppressed w-gliadin
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FIGURE 2

PAGE of gliadins of disomic substitutions and synthetic

hexaploids

Mq = Marquis (K); Ct = Canthatch (K); DS1,2,3 and 5 are

disomic substitutions in which chromosome 7D was derived

from RL5003, typica, anathera and strangulata, respectively;
SH1, 2, 3 and 5 are synthetic hexaploids in which the D genome

was derived from RL5003, typica, anathera and strangulata,

respectively

Arrows indicate bands whose presence varied among lines.
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shown in Figure 4. Again no differences among lines could
be detected. The protein extracted from the disomic substi-
tutions did not resolve as well as the protein from the
aneuploids presumably because of a 1less pure extraction.
Thus the bands missing in the disomic substitutions may be

present but cannot be distinguished.



FIGURE 3

SDS~-PAGE of glutenin.

N1 = Canthatch nullisomic 7D, Dts = Canthatch ditelosomic

7DS, Dtl = Canthatch ditelosomic 7DL, Ct = Canthatch (K).

Schematic composite for SDS PAGE of glutenin.







FIGURE 4

SDS-PAGE of whole protein

MW = molecular weight; Ct = Canthatch (K); Dtl = Canthatch
ditelosomic 7DL; Dts = Canthatch ditelosomic 7DS;

N1 = Canthatch nullisomic 7D

Schematic composite for SDS-PAGE of whole protein
MW = molecular weight; An = Aneuploids; DS = Disomic

substitutions

DS5 = Disomic substitution involving strangulata; DS3 = Disomic
substitution involving anathera; DS2 = Disomic substitution

involving typica; DS1 = Disomic substitution involving RL5003
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5.4.2

Functional quality

Mean values for grain characteristics seed size, density

TABLE 8

Mean values for grain characteristics

Seed Thousand Seed
Lines tested size(mm’) kernel wt.(qg) density(mg/cm’ )
Canthatch-K 28.46a 20.,94a 7.35a
Cth. Nulli 7D 24.06b 16.20b 6.73ef
Cth. Ditelo 7DS 19.80c¢ 12.95¢ 6.54f
Cth. Ditelo 7DL 23.36b 17.20b 7.36a
D.S. RL5003 32.444 21.89ad 6.75ef
D.S. typica 31.694 21.94ad 6.92bcd
D.S. anaihggﬁ 32.564 22.15ad 6.80de
D.S. strangulata 32.254 22.65ad - 7.02bc
S.H. RL5003 35.49e 23.99d | 6.76e
S.H. typica 35.46e 24,154 6.81cde
S.H. anathera 41.46¢ 28.03e 6.74ef
S.H. strangulata 42,14f¢€ 29.46e 6.99bcd

' Disomic substitution (D.S.) in which chromosome 7D Was derived from
the variety of Triticum tauschii listed.

2 Synthetic hexaploid (S.H.) in which the the D genome was derived
from the variety of Triticum tauschii listed.

Values with the same letter are not significantly different at = .05 -

and thousand kernel weight are presented in Table 8. Can-

thatch chromosome 7D appears to have a significant positive
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effect on all of these characteristics as evidenced by the
reduced values in the absence of the entire chromosome or of
either arm. Seed size is more profoundly affected in the
absence of the long arm of chromosome 7D than in the absence
of the entire chromosome. This result may indicate the
presence of a factor(s) on the short arm of chromosome 7D
which reduces seed size but is normally suppressed by a fac-
tor(s) on the long arm of 7D. Seed density appears to be
controlled by the 1long arm of chromosome 7D as ditelosomic
7DL is not significantly different from Canthatch for this
characteristic whereas ditelosomic 7DS and nullisomic 7D are
significantly below Canthatch-K. A regression of seed size
on seed density is nonsignificant, indicating that seed den-

sity is independent of seed size.

Variability for grain characteristics was expressed by
the disomic substitutions and the synthetic hexaploids. All
disomic substitutions produced larger seeds with lower den-
sities than Canthatch-K. Seed of the synthetic hexaploids
was significantly larger than that of the disomic substitu-
tions, thus there must also be factors on chromosomes 1D to

6D of Triticum tauschii that affect this character.

Table 9 provides a summary of the milling data. The low
flour yield of the aneuploids may be accounted for in part
by small seed size. However, the slightly higher flour
yield of Canthatch ditelosomic 7DL may be linked to the
higher seed density of this line. There are no significant

differences between any of the disomic substitutions and
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TABLE 9

Mean values for milling properties

Brabender Buhler
Lines tested flour vield (%) flour yield(%)
Canthatch-K 66.6a’ 75. 44’
Cth. Nulli 7D 56.9d -
Cth. Ditelo 7DL 59.3cd -
Cth. Ditelo 7DS 61.6bc -
D.S. RL5003 63.5ab 75.2a
D. S. typica 64.3ab 75.5a
D.S. anathera 65.9a 75.3a
D.S. strangulata 63.5ab 75.6a
S.H. RL5003 45.6e 72.5d
S.H. typica 47.7e 73.4c
S.H. anathera 49.1e -
S.H. stranqulata 56.24 74.0b

! Disomic substitution (D.S.) in which chromosome 7D was derived from

the variety of Triticum tauschii listed.

2 Synthetic hexaploid (S.H.) in which the the D genome was derived
from the variety of Triticum tauschii listed.

Values with a letter in common are not significantly different

at « = ,05

Canthatch-K for flour yield from either the Brabender or the

Buhler milling tests.

A summary of the flour quality data is presented in Table
10 and the farinograms are represented in Figure 5. Al-
though protein content 1is lower in ditelosomic 7DL than in

nullisomic 7D, mean values for sedimentation,.mixograph peak



TABLE 10

Mean values for flour quality tests

Mixograph (cm) Farinograph

Flour Sedimentation Falling Peak Mixing Peak pDT FAB MT1 Loaf
sted protein(%) value(ml) number (sec) ht. time area(em” ) (min) (%) (BU) volume(cc)
h-K 15,28 5730 366 12.2% 6.12"  37.0%® 40 9.8 25 33g3P¢
1i 7D 16.8° 43¢ 389 15.6°¢ 4.5 35.3% 40 s6.7 30 33330¢
elo 7DS 18.3° 5830 408 18.0° 5.7°P¢ 50,9 4.5 63.6 30 34330¢
elo 7DL 16.1¢ oL 196 15.7°¢ 5.8%P¢ 45.0%% 3.3 62.6 40 303°
5003 13.9%% 5637 375 12.72 5.9%%  37.53% 39 50,5 30 375%P
1ca 14.2%F 53°¢ 398 12.9%%  5.5°¢ 354 35 sg6 30 37120
thera 13.8%F 5630 390 11.9% 6.2 37.0%® 3.5 9. 25 328°¢
angulata 14.4° 61% 402 16,12 6.8% 47,65 4.3 59.5 25 379%°
5003 14.4° aget 392 12728 18t ot 2.0 ss.e 50 2139
ica 13.9°F 494 461 14,37 254 178 2.0 556 50 2309
thera 14.2%% 37t 412 16 18?123t 200 ssee 40 207¢
angulata 14.3%¢ 39°f 378 13.22% 2.0 13.3% 25 570 30 2409
Disomic substitution with chromosome 7D of Canthatch substituted for by the corresponding chromosome of the variety of Triticum tauschii listed.

Synthetic hexaploid (2n =

AABBDD) in which the D genome was derived from the Triticum tauschii listed.
ith a letter in common are not significantly different at = 0.05.



Figure 5:

Farinograms of all lines
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area and farinograph absorption were significantly higher
for ditelosomic 7DL. Ditelosomic 7DS had a higher flour
protein content than ditelosomic 7DL but did not perform
significantly better than 7DL on any of the flour quality
tests. It would appear that the 1long arm of chromosome 7D

has a positive effect on baking gquality.

Flour protein content of all four disomic substitution
lines was significantly lower than that of Canthatch-K. The
mixograph peak area of the line in which chromosome 7D was

derived from stranqulata was significantly larger than that

of Canthatch-K., There were no other significant differences
between any of the disomic substitutions and Canthatch-K for
any of the flour quélity tests listed in Table 10. All four
of the synthetic hexaploid lines produced significantly low-
er values than that produced by Canthatch-K for the flour
quality parameters, sedimentation value, mixograph mixing
time and peak area, farinograph mixing time, strength and
absorption, (Figure 5) and loaf volume The lower sedimenta-
tion values, mixograph peak heights and farinograph stabili-
ty values for the synthetic hexaploids when compared to Can-
thatch-K indicates a lower gluten strength. Lower gluten
strength translates into poor gas retention, which in turn
results in poorly formed loaves. The sedimentation value of

the synthetic hexaploid produced from the Triticum tauschii

variety typica was more similar to Canthatch-K than any of

the other three synthetic hexaploids.



79

Analysis of variance of the values for falling number in-
dicated that the means for all lines did not vary signifi-
cantly. Loaf volume means for all the aneuploids and disom-
ic substitutions were also not significantly different from
that of Canthatch-K. The loaves produced from the synthetic
hexaploids were significantly smaller and more dense than

that of Canthatch-K.

Flour quality data were regressed on loaf volume to de-

termine how well these parameters explained variation in

TABLE 11

Regression of baking quality data on loaf volume

X Loaf volume
Flour protein N.S.
Sedimentation 0.83*%
Peak height (mixograph) N.S.
Mixing time (mixograph) 0.78%%
Peak area (mixograph) 0.83*x%
DDT (farinograph) 0.85**
MTI (farinograph) N.S.
FAB (farinograph) N.S.

** significant at <= 0.01

N.S. Non-significant at <= 0,05

DDT = Dough development time; MTI = Mixing tolerance index;
FAB = Farinograph absorption

loaf volume (Table 11). Two parameters which exhibited sig-

nificant variability among lines and high regression values
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with~loaf volume were mixograph peak area and sedimentation
value (Table 11). Mixograph peak area is a function of both
peak height and mixing time. Flour protein content re-
gressed significantly on mixograph peak height (r = 0.82%%)
and on mixograph peak area (r = 0.44*) but not on mixing
time as mixing time has been reported to be associated with
protein quality. A significant negative regression of
—-0.62** is obtained when seed size is used to explain pro-
tein content. Presumably a dilution effect is responsible

as larger seeds had lower flour protein content.,

Discussion

The suppression of gliadin proteins synthesized by genes
on chromosomes of the A and B genomes by D-genome chromo-
somes has been reported by Galili and Feldman (1984) 1in the
Canadian wheat variety Prelude. They also indicated that
some gliadins were less intensely stained in Tetra-Canthatch
(2n = 28 = AABB) than in Canthatch (2n = 42 = AABBDD).
Since their extraction differed from ours and because they
used SDS-PAGE, it is difficult to establish whether the w-
gliadin we report as suppressed by the long arm of chromo-
some 7D is the same as any of the proteins affected in their
investigation. In our analysis, it seems that the the Tri-

ticum tauschii variety anathera does not contain this sup-

pressor gene(s) as the affected w-gliadin is expressed in
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both the corresponding disomic substitution and synthetic

hexaploid. It also appears that the Triticum tauschii vari-

ety strangulata contains this suppressor gene(s) on a D-ge-

nome chromosome other than chromosome 7D as the affected w-
gliadin is expressed 1in the corresponding disomic
substitution but not in the synthetic hexaploid. The other

two Triticum tauschii varieties tested, typica and RL5003,

appear to have this suppressor on chromosome 7D.

All synthetic hexaploids performed poorly relative to
Canthatch-K in the functional qguality tests. The synthetic
hexaploid in which typica was the D genome parent performed
somewhat better than the other synthetic hexaploids. This
conflicts with the conclusions of Kerber and Tippleé (1969)
who indicated that of these synthetic hexaploids the one in

which the D genome was derived from strangulata approached

Canthatch in guality more closely than the corresponding
synthetic hexaploid in which typica was involved. This led

them to speculate that strangulata could be the source of

the high baking quality characteristics imparted by the D
genome of common wheat. Baker and Kosmolak (1977) demon-
strated that of the two characteristics, remix loaf volume
and sedimentation value, the former exhibits a significant
environmental interaction whereas the latter does not. Sed-
imentation values in the investigation by Kerber and Tipples
(1969) were similar for all synthetic hexaploids tested.
Thus the discrepancy between our findings and theirs may be

due to differences in environment during the growing season.
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These differences in environment are quantitated to some
extent by the higher flour protein values obtained in our
investigation. Speculation by Kerber and Tipples (1969) on

the role of stranqulata in the origin of the D genome of

hexaploid wheat is substantiated by a comparison of gliadin
patterns in the synthetic hexaploids and Canthatch-K (Fig.
2). The lack of certain Canthatch-K gliadin proteins in all
four synthetic hexaploids may be at least partially respon-
sible for their relatively poorer quality. The only band
absent ffom all the synthetic hexaploids but present in Can-
thatch-K was the first w-gliadin band. The synthetic hexa-
ploid in which the D genome was derived from typica contains
an extra w-gliadin band not found in the others or in Can-

thatch-K.

It does not appear that differences in protein quality in
regard to qualitative band differences are responsible for
the variability in baking quality performance of the Can-
thatch aneuploids and disomic substitutions. The only pro-
tein difference detected for these lines 1is the aformen-
tioned suppressed w-gliadin. The variation in expression of
this protein may be due to variability in the amount pres-
ent; insufficient quantities to be detected were produced by

lines which did not exhibit this band.

However, chromosome 7D of Canthatch-K did appear to have
an effect on the rheological properties of flour. In this

analysis effects on sedimentation value, mixograph peak
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height and farinograph strength are predominantly explained
by flour protein content. Mixing time, however, has been
linked in other varieties to the ratio between the relative
amounts of residue protein and acetic acid soluble glutenin
(Orth and Bushuk, 1972). They reported that larger relative
amounts of residue protein were correlated with longer mix-
ing times. Both Canthatch-K and ditelosomic 7DL had signif-
icantly longer mixing times than nullisomic 7D and both mix-
ograph mixing time and farinograph dough development time
exhibited high regression values when-regressed on loaf vol-
ume. This would seem to strongly suggest that an investiga-
tion into the effect of chromosome of Canthatch on protein

group ratios could prove interesting.

The Canthatch 7D aneuploids had significantly higher
flour protein content than Canthatch-K but did not produce
significantly larger loaves. This is not entirely unexpect-
ed as Tipples et al. (1977) and Bushuk et al. (1978) report-
ed that raising the protein content within a cultivar above
16% results in a decrease in loaf volume. Strabac et al.
(1974) demonstrated that an increase 1in protein content
within a cultivar resulted in a disproportionate increase in
the amount of gliadins relative to other storage proteins.
Bushuk et al. (1978) indicated that this decrease in baking
quality could be due to the relatively higher ratio of solu-
ble glutenin to insoluble glutenin in the higher protein
lines. Measurement of the relative proportions of different

protein species was beyond the scope of this study.
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Chromosome 7D from all four Triticum tauschii varieties

tested appeared to compensate fully for <chromosome 7D of
Canthatch-K in regard to milling and baking quality. There
are two possible reasons for this. First, this may indicate
that chromosome 7D of Canthatch-K has not diverged signifi-
cantly in regard to factors controlling functional quality

from the corresponding chromosome of Triticum tauschii or

secondly, that chromosome 7D of Canthatch-K does not affect
functional quality in a significant way. These two explana-
tions are not mutually exclusive and both are probably use-
ful to some degree. Obviously the D genome of Canthatch-K

has diverged significantly from Triticum tauschii in regard

to baking quality as evidenced by the relatively poor per-
formance of the synthetic hexaploids. It seems dubious that
divergence would be found for tauschii chromosomes other
than 7D, wunless factors existed on tauschii 7D which have
been conserved because of their crucial importance. As for
the second explanation, chromosome 7D of Caﬁthatch—K ap-
peared to have a significant effect on both protein content
and guality. Thus, neither of these explanations by them-
selves adequately explain our results, but taken together

they provide a reasonable intrepretation.

Strangulata chromosome 7D appears to have a gene(s) for

seed density in common with Canthatch-K. This 1is in con-
trast to the other three tauschii varieties tested which ap-
pear to lack this gene(s)., Thus it would appear that stran-

gulata chromosome 7D has diverged from Canthatch-K



85
chromosome 7D less than the corresponding chromosomes of the
other three tauschii varieties tested. This substantiates
other studies (Nishikawa et al., 1975 Jaaska, 1980; Konarev,
et al,, 1979) which have suggested that within Triticum

tauschii the variety strangqulata has diverged the least from

the D genome of Triticum aestivum.

In summary, our data substantiates the conclusions of Jha
et al. (1971) and Kosmolak et al. (1980) in that chromosome
7D of common wheat has an effect on protein content. How-—
ever, this countradicts the conclusions of Morris et al.
(1978); Giorgi et al. (1977); Miazga and Tarkowski (1982);
and Kuspira and Unrau (1957). All previous reports of chro-
mosomal control of any of the characteristic investigated in
our study have utilized varieties other than Canthatch, thus
these contradictions may not be real. We have also substan-
tiated the conclusion of Doekes and Belderok (1976) that
chromosome 7D has a positive effect on seed density. In ad-

dition we have shown that in regard to milling and baking

quality chromosome 7D from Triticum tauschii compensates

fully for chromosome 7D of Canthatch-K.
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Chapter VI

GENERAL DISCUSSION

Results from this investigation of intraspecific diver-

gence within Triticum tauschii for the pairing of chromosome

7D with the corresponding chromosome from Triticum aestivum

(cv. Canthatch) indicates that a significant degree of div-
ergence has occurred. Chromosome 7D from the tauschii vari-
ety typica exhibited a lower chiasma frequency when paired
with chromosome 7D of Canthatch than did the corresponding
chromosomes from the three other tauschii varieties tested.
Dvorak and Appels (1982); Dvorak and McGuire (1981) suggest-
ed that the major cause of the reduction in chiasmata in in-
traspecific chromosome pairing compared to intravarietal
chromosome pairing is divergence 1in nucleotide sequence.
However, Appels and Dvorak (1982) demonstrated that intras-
pecific nucleotide sequence divergence can be primarily ex-
plained by differences in regions of repetitive DNA, They
suggested that in an evolutionary sense, modifications in
base pair sequence could be tolerated much more easily with-
in repetitive DNA elements than in unique DNA. Thus, al-
though chromosome 7D from typica possibly exhibited a higher
degree of nucleotide sequence divergence from 7D of Can~
thatch than did the corresponding chromosomes of the other

tauschii varieties tested, this could be of 1little conse-

- 89 -
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quence because the majority of the divergence 1is likely to

be contained within non-transcribed DNA regions.

Dvorak and McGuire (1981) reported a low level of intras-
pecific divergence within D-genome chromosomes of Triticum
aestivum, We have suggested that this could be due to the
relative importance of D-genome genes and the subsequent
conservation of the nucleotide sequences found therein. At
first this appears to be at odds with the suggestion of Ap-
pels and Dvorak (1982) that repetitive DNA is predominantly
the location of sequence divergence. However, two factors
offset this: First, D-genome chromosomes are shorter (Sal-
lee and Kimber, 1978) and contain fewer and less prominent
C-bands (Gill and Kimber, 1974) than A or B-genome chromo-
somes. This suggests that these chromosomes contain rela-
tively less repetitive DNA than do the other aestivum chro-
mosomes. Second, Owen and Larter (1983) have demonstrated
that rye heterochromatin can have an effect on the expres-—
sion of gliadin synthesis on genes of the A and B genomes of

Triticum turgidum ssp. durum within triticale. Galili and

Feldman (1984) have demonstrated that the D genome of aesti-

vum also affects gliadin synthesis on genes of the A and B
genomes. It is possible that repetitive elements within the
D genome are responsible for this effect. The very low lev-
el of intraspecific divergence for D-genome chromosomes re-
ported by Dvorak and McGuire (1981) would seem to substanti-
ate the importance of the repetitive DNA in the D-genome as

evidenced by its sequence conservation. If this is the
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case, then the variation found on chromosome 7D of typica
may be of a useful nature. 1In fact, the frequency of chias-
mata formed when chromosome 7D of Canthatch was paired with
the corresponding 7D chromosome of the other three tauschii
varieties tested was lower than that reported by Dvorak and
McGuire (1981) for intraspecific pairing of D-genome chromo-
somes. This may signify that the degree of nucleotide se-
gquence divergence for these tauschii chromosomes is also
greater than that which 1is found intraspecifically within
aestivum. The expression of a w-gliadin protein in the di-
somic substitution in which chromosome 7D was derived from

the tauschii varieties anathera and strangulata, which was

not expressed in Canthatch may therefore be the result of
differences in repetitive DNA within chromosome 7D. A band-
ing study of the substituted 7D chromosomes and Canthatch 7D

could prove interesting.

The aneuploid investigation into the effect of chromosome
7D of Canthatch-K on grain characteristics demonstrated that
the long arm of this chromosome has a significant effect on
protein content and seed density. However, these character-
istics appeared to have little or no effect on either mill-
ing or baking quality in this analysis, Chromosome 7D from

each of the Triticum tauschii varieties tested appeared to

compensate fully for chromosome 7D of Canthatch-K in regard
to milling and baking quality. The only disomic substitu-

tion which approached the kernel density of Canthatch-K
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were those from the line in which chromosome 7D was derived

from the tauschii variety stranqulata. This substantiates

the conclusion that chromosome 7D affects seed density sug-
gested by the variance expressed for this character in the
aneuploids lines. 1In addition, this agrees with the conclu-
sions of others (Cheneevaraiah, 1960; Nakai, 1979; Jaaska,

1980) that Triticum tauschii ssp. strangulata could be the

source of the D genome of Triticum aestivum.

The synthetic hexaploids exhibited additional variation
in regard to baking guality which was not accounted for by

Triticum tauschii 7D for the characters seed size, thousand

kernel weight and baking quality. This suggests that a
study of a disomic substitution series utilizing chromosomes

1-6 of the Triticum tauschii varieties tested in this analy-

sis would be of considerable interest.

In conclusion, it would appear that variation exists

within Triticum tauschii for baking quality which is un-

doubtly the most important characteristic of common wheat.

Triticum tauschii chromosome 7D pairs fully with chromosome

7D of Canthatch-K. Therefore, the potential appears to be
great for the discovery of useful baking quality character-
istics in Triticum tauschii and for the transfer of these

characteristics to Triticum aestivum even if they are of a

guantitative genetic nature. The combination of tetraploid

wheat with Triticum tauschii to form hexaploid wheat was a

chance occurence yet it is an event which provided the world

with one of its most important food sources. Still, evi-
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dence indicates that the D genome of hexaploid wheat con-
tains only a narrow selection of the total variation found

within Triticum tauschii and thus it seems unlikely that the

optimum hexaploid has yet been generated.
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