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Abstract A monosomic addition line of Aegilops tau-
schii chromosome 1D in Triticum durum cv. PBW114
was produced in 1990. This line was self-pollinated and
maintained for several generations while following the
presence of chromosome 1D carrying the gene for red
glume color. Cytological analysis indicated that two of
the three derivative lines had substitution of chromo-
some 1D for 1A and another had substitution of chro-
mosome 1D for 1B. One of these lines carried a pair of
small chromosomes in addition to the 1D chromosome.
Sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) of the derived lines showed the
presence of high-molecular-weight (HMW) glutenin
encoded by the Glu-D1 locus. The small chromosome
found in one of the lines had nearly regular pairing and
transmission to daughter nuclei. Fluorescent in situ
hybridization (FISH) and analysis of molecular mark-
ers indicated that the small chromosome was derived
from the short arm of chromosome 1A and carried the

Glu-A3 locus. Microsatellite mapping based on the
deletion bin map revealed that the small chromosome
had terminal deletions on both the terminal and cen-
tromeric sides. The line with the small chromosome
showed improvement of the sodium dodecyl sulfate
(SDS)-sedimentation value as compared to parent
durum. However, the increase in SDS-sedimentation
value was more signiWcant in the substitution line of
chromosome 1D for 1A without the small chromosome.
These facts suggest a negative eVect of the Glu-A3 locus
on dough strength. The sequence of the Glu-D1 locus
from these lines showed that the HMW glutenin
subunits were Ae. tauschii speciWc 2t + T2, which were
previously found to be associated with poor rheological
properties and bread loaf volume in synthetic hexa-
ploid wheat by other workers. Thus, the signiWcant
improvement in the SDS-sedimentation value of the
substitution line of 1D for 1A suggests that the absence
of the negative eVect of chromosome 1A on quality is
more important than the presence of Glu-D1 of Ae.
tauschii.

Introduction

Durum wheat (Triticum durum, 2n = 4x = 28, AABB)
has traditionally been used for pasta products and
common wheat (Triticum aestivum, 2n = 6x = 42,
AABBDD) for bread, because of the diVerent physi-
cal properties of the glutens from the respective
Xours. In recent years, wheat breeding objectives
have included the development of crop varieties with
dual-purpose end use. Homoeologous group 1 chro-
mosomes in wheat and related species are known to
carry genes of seed storage proteins; high-molecular-
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weight (HMW) glutenins, low-molecular-weight
(LMW) glutenins, and certain subunits of gliadin stor-
age proteins. These proteins aVect processing and
nutritional qualities (Shepherd 1968; Wrigley and
Shepherd 1973; Bietz et al. 1975; Lawrence and Shep-
herd 1980, 1981). Most T. durum cultivars possess low
gluten and poor bread-making quality because of the
absence of the D genome and silencing of the Glu-A1
locus due to the insertion of transposon and/or pres-
ence of stop codon within the locus (LaWandra et al.
1997; Bustos et al. 2000). Several attempts have been
made to improve the protein content and quality of
T. durum cultivars by the transfer of genes of homo-
eologous group 1 chromosomes through interspeciWc
hybridization and following chromosome manipula-
tions (Lukaszewski and Curtis 1994; Vitellozzi et al.
1997; Joppa et al. 1998; Blanco et al. 2002; Lukaszew-
ski 2003; Dhaliwal et al. 2002). Dhaliwal et al. (1990)
developed a complete series of Aegilops tauschii-D
genome chromosome addition lines in an Indian
durum wheat cultivar, ‘PBW114.’ The plants with
monosomic 1D addition could be easily identiWed by
the presence of a dominant allele of red glume color,
the Rg gene, on the short arm. Selfed seeds of mono-
somic 1D addition plants with red glume color have
been maintained for several generations since 1990 at
the Punjab Agricultural University, Ludhiana, India.
ModiWcation of nearly true bred derivatives of the
monosomic 1D addition line led to the formation of
small (midget) chromosomes. Several Aegilops spe-
cies carry gametocidal (Gc) genes that lead to chro-
mosome deletions, breakage-fusion-bridges and
healing of broken ends (Tsujimoto 2005). These types
of gametocidal genes have not been reported in T.
durum or Ae. tauschii. Thus, some other phenomenon
might be involved in the formation of small chromo-
somes in the derivatives of the monosomic 1D addi-
tion line. This study deals with the chromosome
constitution of derivatives of the monosomic 1D addi-
tion line, the origin of a small chromosome and its
eVect on bread-making quality.

Materials and methods

Plant material

Selfed seeds of three true bred derivatives (3596,
3598, and 3602) from the monosomic 1D addition
line of T. durum cv. PBW114 were used in this study.
These lines were grown in evenly fertilized, well con-
ditioned Weld with at least four plants per line for two
consecutive years, i.e., 2005 and 2006 at Tottori

University, Japan. In addition in the year 2006 these
lines were also grown in at least four replications in
glass house with one plant per pot for morphological
analysis.

Analyses of chromosomes

The young spikes were Wxed at an appropriate time
of heading in Wxative (acetic acid + ethanol = 1v/3v),
and meiosis in pollen mother cells (PMCs) was
observed by the acetocarmine smear method. The
images were captured with a digital camera (Olym-
pus DP12). Mitotic chromosomes were prepared
from root tips using the acetocarmine squash method
and subjected to Xuorescent in situ hybridization
(FISH) analysis (Kishii et al. 1999). Total genomic
DNA of Ae. tauschii and pAs1 (D genome speciWc
sequences) were labeled with Xouresciene-12-dUTP
or tetramethyl-rhodamine-5-dUTP by the random
primer labeling method (Gene Images™ Random
Prime Labeling Module, Amersham Bioscience,
Piscataway, NJ, USA). Total genomic DNA of
T. durum cv. PBW114 was sonicated by autoclaving
for 2 min, and used as the blocking DNA to examine
the presence of the 1D chromosome. To determine
the origin of the small chromosome, total genomic
DNA of Triticum urartu and 45S rDNA (speciWc for
1B, 6B, and 1AS) were labeled similarly. Chromo-
somes were counterstained with 4�, 6-diamidino-2-
phenylindole (DAPI). The chromosomes were
observed with a Xuorescent microscope (Olympus
BX61) and images were captured with a cooled CCD
camera Olympus U-CMAD-2 (Photometrix, Kew,
VIC, Australia).

Analyses of proteins

The composition of glutenin subunits from the endo-
sperm half of the seeds was determined by polyacryl-
amide gel electrophoresis in the presence of sodium
dodecyl sulfate (SDS-PAGE), using 10% acrylamide,
according to Smith and Payne (1984) with two modiW-
cations. The pH of the separating gel was changed
from 8.8 to 8.6 and the volume of bisacrylamide was
changed from 1.63 to 2.08 ml to increase the resolution.
Gliadins were fractionated by acid polyacrylamide-gel
electrophoresis (A-PAGE; Tanaka et al. 2003). Protein
content (Zaman and Verwilghen 1979) and SDS sedi-
mentation values (Takata et al. 1999), were measured
on a small scale in three replications per plant, from at
least four plants except for lines 3598 and 3596 under
Weld conditions, which had low yield per plant to do
three replications.
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Analyses of genes

DNA was isolated from young seedlings by the CTAB
method (Murray and Thompson 1980). To amplify genes
of LMW glutenins, speciWc primers on the short arm of
homoeologous group 1 were used (Long et al. 2005).
Microsatellite markers supplied by Dr. A. Torada, Hok-
kaido Greenbio Co. (Hokkaido, Japan), were used based
on their relative map position. Additional primers spe-
ciWc for the short arm of chromosome 1A were synthe-
sized based on the position on the microsatellite-based
deletion bin map (Sourdille et al. 2004). Sequences of the
primers were retrieved from Xgwm (Röder et al. 1998),
Xcfa and Xbarc: (http://www.wheat.pw.usda.gov/GG2/
index.shtml). PCR reaction was performed in a Wnal vol-
ume of 20 �l in a GeneAmp PCR system 9700 (Applied
Biosystems, Foster City, CA, USA).

To amplify Ae. tauschii HMW glutenin genes, spe-
ciWc primers were synthesized and ampliWed by PCR
according to Liu et al. (2003). DNA fragments of the
expected size were recovered from the gel and subse-
quently cloned into pGEM-T Easy Vector (Promega,
Madison, WI, USA). The inserts were sequenced by
the CREST-Akita Plant Molecular Science Satellite
Laboratory at the Life Research Report Centre estab-
lished at Akita Prefectural University. The sequences
were compared with published HMW gene sequences
using open reading frame (ORF) Wnder program
(http://www.ncbi.hml.nih.gov/blast).

Results

Morphology of derivative lines

All the progenies of the 1D addition line showed red
glume color (Fig. 1). They were full male and female
fertile compared to the parent T. durum cv. PBW114.
In the green house all the lines had similar morpholog-
ical characters including yield to those of the parent
except line 3602, which had stronger stems than the
others, and some plants in line 3598 having fewer tillers

and compact spikes with more spikelets per spike
(Table 1). In the Weld lines 3596 and 3598 were weak
with signiWcantly lower yield than the parent, while line
3602 was not signiWcantly diVerent in morphology
including yield from the parent durum.

Cytological analyses

Fluorescent in situ hybridization probed with total
genomic DNA of the Ae. tauschii and D-genome-
speciWc repetitive sequence pAs1 revealed the presence
of a pair of 1D chromosomes in all of the lines (Fig. 2).
Line 3596 carried a pair of small wheat chromosomes in
addition to 26 normal durum wheat chromosomes and a
pair of chromosome 1D (Fig. 2a). The small chromo-
somes paired well with each other in meiosis and segre-
gated normally (Fig. 3). Lines 3598 and 3602 had 26
normal durum wheat chromosomes and a pair of 1D
chromosomes (Fig. 2b, c). No small chromosome was
observed in these lines. To identify the origin of the
small chromosome, FISH probed with the total genomic

Fig. 1 Spikes of true breeding lines with chromosome 1D show-
ing red glume color. Yellow colored spike of parent Triticum
durum cv. PBW114 is shown on the left side

Table 1 Mean values of yield, number of spikelets per spike and number of tillers of the lines derived from monosomic addition line of
durum wheat with chromosome 1D of Ae. tauschii

G glass house, F Weld

*Means followed by the same letter within each trait in the column are not signiWcantly diVerent at the 5% level as determined by LSD

Lines Yield per plant 
(gm) 2006(G)

Yield per plant 
(gm) 2006(F)

Number of 
spiklets/spike* 2006(G)

Number of 
tillers* 2006(G)

PBW114 4.60a 3.24a 11.75a 11.75a

3596 4.71a 1.03b 10.50a 10.75a

3598 5.14a 0.22b 14.25b 4.00b

3602 4.08a 3.08a 12.00a 13.67a
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DNA of T. urartu and 45S rDNA was conducted in line
3596 (Fig. 2d). It revealed the presence of 12 complete
and two small A-genome chromosomes, in addition to
16 other chromosomes. The presence of 45S rDNA sig-
nals on the small chromosome indicated that it
belonged to the short arm of chromosome 1A.

Composition of seed storage proteins

The SDS-PAGE indicated that the parent durum car-
ried 6 + 8 subunits of HMW glutenin, the genes of

which were located on the long arm of chromosome 1B
(Fig. 4). Lines 3596 and 3602 carried two extra subunits
of HMW glutenin, in addition to the 6 + 8 subunits.
Cytological analyses and molecular analyses, which are
described below, revealed that the extra subunits were
encoded by genes on chromosome 1D. One line, 3598,
however, carried only extra subunits of HMW glutenin,
and the 6 + 8 subunits of the parent durum were
absent. The extra subunits belonged to chromosome
1D, suggesting that chromosome 1D had substituted
for 1B in this line. LMW-glutenin subunits are

Fig. 2 Fluorescent in situ 
hybridization of mitotic 
chromosomes of the lines de-
rived from the monosomic1D 
addition line of durum wheat. 
a–c Total Ae. tauschii genomic 
DNA was labeled with green 
color and D-genome speciWc 
repetitive sequence (pAs1) 
with red color. a Line 3596 
having 26 normal, two small 
wheat chromosomes (red 
arrows), and a pair of chromo-
some ID (white arrows).  
b–c Lines 3598, and 3602, 
respectively, carrying 26 nor-
mal wheat chromosomes and 
a pair of 1D (white arrows).  
d Total Triticum urartu DNA 
was labeled with green color 
and 45S rDNA (speciWc for 
1B, 6B, and 1AS) with red col-
or, and hybridized to line 
3596. Complete 12 and two 
small A-genome chromo-
somes have been indicated by 
white and red arrows, 
respectively

Fig. 3 Meiosis in pollen 
mother cells of the 1D substi-
tution line 3596 with small 
wheat chromosomes in diso-
mic state. a Normal pairing of 
small chromosomes at the Wrst 
metaphase. b Normal trans-
mission of the small chromo-
somes to the daughter cells at 
the Wrst anaphase
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classiWed into three classes, A, B, and C, based on
mobility. The B-LMW glutenin subunit of the parent
cultivar, PBW114, was most probably Glu-B3d, which
belongs to the LMW-2¡ model (Carrilo et al. 1990)
(Fig. 4). In line 3598 second and sixth subunits of the
seven of B-LMW glutenin subunits were missing,
which most probably belongs to Glu-B3 locus and
further supports that this line is substitution line of
chromosome 1D for 1B. In line 3602 third subunit of B-
LMW glutenin subunits was missing. This band most
probably belongs to Glu-A3 locus, suggesting that this
line is substitution line of chromosome 1D for 1A.
Acid-PAGE of gliadin seed storage protein of the
parent durum and derived lines indicated that these
carried the �-45 type band encoded by the gene at the
Gli-B1 locus (Fig. 5). Several subunits were missing in
the lines with (3596) or without (3602) the small chro-
mosome but present in a substitution line of chromo-
some 1D for 1B (3598) with the full 1A chromosome
(Fig. 5; indicated by arrow heads). This indicates that
the Gli-A1 locus is missing in the small chromosome.

Molecular analyses of the small chromosome

To determine the chromosome constitution of the
lines, PCR was conducted using microsatellite markers
and primers for LMW glutenins (Fig. 6). Line 3596 car-
rying the small chromosome exhibited all the molecu-
lar markers analyzed except Xbarc158 present on the
long arm of chromosome 1A. This Wnding and the
FISH results (Fig. 2a, d) indicated that chromosome
1D is substituted for 1A and that the small chromo-
some originated from a part of chromosome 1A. Line
3598 did not give ampliWcation with Xwmc 44 and
GluB3.2 on the long and short arm of chromosome 1B,
respectively. This indicates that this line is a substitu-
tion line of chromosome 1D for 1B. Line 3602 did not

Fig. 4 SDS-PAGE of chromosome 1D addition derivatives
showing additional subunits 2t + T2 encoded by Glu-D1 locus and
LMW-2¡ glutenin subunits belonging to Glu-B3d. CS is Chinese
Spring (2 + 12, 7 + 8). PBW114 has three HMW glutenin subunits
(6 +8 + 8�). 8� is considered to be a byproduct of 1By8

Fig. 5 Acid PAGE of gliadins of chromosome 1D addition deriv-
atives. CS is Chinese Spring wheat and Langdon is durum used as
controls. Cultivar PBW114 carries a �-45 type band (indicated by
arrows). Gli1-A1 locus-speciWc subunits (indicated by arrow-
heads) are absent in lines with (3596) and without (3602) the small
1AS chromosome but present in the substitution line of chromo-
some 1D for 1B (3598) with full 1A chromosome
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show ampliWcation with Xbarc158 and GluA3.2 located
on the long and short arm of chromosome 1A, respec-
tively, indicating that this line had disomic substitution
of chromosome 1D for 1A.

To determine the construction of the small chromo-
some in line 3596, the microsatellite-based bin map was
ampliWed. From the mitosis and meiosis images this chro-
mosome appeared small, but microsatellites present in all
the three deletion bins of the short arm of chromosome
1A showed ampliWcation in the line carrying the small
chromosome (Fig. 7). While none of the markers on the
long arm of chromosome 1A showed ampliWcation indi-
cating that small chromosome belongs to the short arm of
chromosome 1A. In the Wrst deletion bin (1–0.47) of
short arm of chromosome 1A, out of three microsatellite
markers studied two were present while the third was
missing. This indicates that part of this deletion bin is
missing in the small chromosome. All the microsatellite
markers in the second deletion bin (0.47–0.86) showed
ampliWcation. This indicates that this deletion bin is pres-
ent in the small chromosome. In the third deletion bin
(0.86–1) all molecular markers studied showed ampliWca-
tion. Also, 45S rDNA signals near the tip of the short
arm of chromosome 1A were observed in the small chro-

mosome. However, Gli-A1 encoded subunits were
absent in the acid-PAGE of this line. Since Gli-A1 is
present at the tip of this deletion bin, this means that the
small chromosome has a short terminal deletion and this
deletion is after the 45S rDNA signal. Thus, in the small
chromosome, the short arm of chromosome 1A has been
deleted from both the terminal and centromeric sides.

Analysis of protein content and eVect on bread-making 
quality

To examine the eVect of 1D substitution and the small
chromosome on bread-making quality, the protein

Fig. 6 PCR ampliWcation using diVerent markers indicated on the
right to determine the chromosome constitution of selected lines

Fig. 7 Estimation of the size of the small 1A chromosome in the
1D substitution lines of T. durum using deletion bin map of chro-
mosome 1A. Microsatellites placed on the right according to their
more likely position were used for estimating the size of the small
chromosome. Primers, which did not give ampliWcation in the
lines carrying the small 1A chromosome are indicated. C-bands
on the chromosomes are drawn to scale. The breakpoints of the
various deletions are indicated with arrows. Fraction length mea-
surements are shown inside the chromosome
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content, and SDS-sedimentation value of the lines
were measured (Table 2). The protein content of all
the lines was not signiWcantly diVerent from parent
durum in the glass house, but under the Weld conditions
it varied in years 2005 and 2006. Line 3598 had signiW-
cantly higher protein content than parent durum under
Weld condition for both the years. Lines 3596 and 3602
had signiWcantly higher protein content only in 2006
(Table 2) indicating that protein content is a character
controlled environmentally more than genetically.
SDS-sedimentation value of line 3602, with disomic
substitution of chromosome 1D for 1A, was signiW-
cantly higher than parent durum PBW114, for both
years, in the Weld as well as glass house. This indicates
either a negative eVect of chromosome 1A or a positive
eVect of chromosome 1D on the SDS-sedimentation
value related to dough strength. Line 3598, a disomic
substitution line of chromosome 1D for 1B, showed a
signiWcant increase in protein content under Weld con-
ditions but its SDS-sedimentation value was similar to
the parent durum. But its speciWc SDS sedimentation
was lower than the parent durum PBW114 under Weld
conditions, suggesting lower dough strength. This indi-
cates that chromosome 1D produced a larger amount
of protein but the increase did not reXect the SDS-
sedimentation value. In glass house this line (3598)
showed no diVerence in protein content as compared
to the parent but its SDS-sedimentation value and spe-
ciWc SDS-sedimentation were signiWcantly lower than
parent durum. This indicates that chromosome 1B is
more important for dough strength of durum wheat
than chromosome 1D. The results from these two lines
combined conclude that chromosome 1A has a nega-
tive eVect on bread-making quality. This conclusion is
further supported by the result of line 3596. The pro-
tein content of line 3596 with the 1D chromosome and
a small chromosome from 1A was not signiWcantly
diVerent from control in 2005 (Weld) and 2006 (glass
house) but was signiWcantly higher than parent durum

in 2006 (Weld), The SDS-sedimentation value of this
line was between those of the durum parent and line
3602 without the small chromosome under Weld condi-
tions and similar to line 3602 in the glass house. Spe-
ciWc SDS-sedimentation of line 3596 was between
those of parent durum and line 3602 for 2005 (Weld)
and 2006 (glass house) but almost similar to parent
durum in 2006 (Weld). In other words overall dough
strength of line 3596 was between parent durum and
line 3602. Both lines 3596 and 3602 carried chromo-
some 1D, and only line 3596 carried the small chromo-
some. The lower SDS-sedimentation value of this line
as compared to 3602 conWrms the negative eVect of the
small chromosome on dough strength.

As the HMW-glutenin subunits are major determi-
nants of bread-making quality, we cloned and
sequenced the N- and C-terminals of both the 1Dx and
1Dy genes encoded by Glu-1D in these lines. Blast
search using these sequences indicated that these were
equivalent to 2t + T2 (Anderson et al. 2003).

Discussion

A major objective in durum breeding is to produce
varieties with strong, elastic gluten that is satisfactory
for bread and pasta. Such dual-purpose durum would
be an ideal crop for future markets. A highly eYcient
approach for durum wheat improvement can be by
introducing genes of seed storage proteins from
chromosome 1D (Liu et al. 1996). The substitution
lines of 1D reported here have arisen spontaneously
from a monosomic addition line. The substitution line
of chromosome 1D for 1A (3602), showed signiWcant
improvement in SDS sedimentation value. Liu et al.
(1995) reported twofold increases in the rheological
properties including SDS-sedimentation value, mix
time and peak resistance values of a 1D (1A) substitu-
tion line of durum cv. Langdon. Rogers et al. (1990)

Table 2 Mean values of protein content, sodium dodecyl sulfate (SDS) sedimentation value, and speciWc SDS sedimentation of the lines
derived from monosomic addition line of durum wheat with chromosome 1D of Ae. tauschii

F Weld, G glass house

*Means followed by the same letter within each trait in the column are not signiWcantly diVerent at the 5% level as determined by LSD

**SDS-sedimentation value divided by protein content

***Small chromosome derived from chromosome 1A

Lines Chromosome 
constitution

Protein content (%) SDS sedimentation value (ml)* SpeciWc SDS sedimentation**

2005(F) 2006(F) 2006(G) 2005(F) 2006(F) 2006(G) 2005(F) 2006(F) 2006(G)

PBW114 14A + 14B 9.60a 8.00a 7.48a 5.00a 5.32a 9.42a 0.52 0.66 1.26
3596 12A + 14B +2D + 2*** 10.01a 11.75ba 8.63a 7.50b 7.90b 12.77b 0.75 0.67 1.48
3598 14A + 12B + 2D 12.76b 10.83b 8.53a 5.00a 5.5a 5.98c 0.39 0.51 0.7
3602 12A + 14B + 2D 10.28a 10.15bc 7.33a 9.30c 8.22c 12.78b 0.9 0.81 1.74
123
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also reported twofold increase in the SDS sedimenta-
tion value in the nulli 1A tetra 1D lines of Chinese
Spring. However, the use of these lines for varietal
improvement was not recommended because of the
unacceptable yield of the former and meiotic instability
of the later. Although detailed studies on the agronom-
ical traits of the present lines are still needed, prelimi-
nary studies in the glass house indicated them to be full
male and female fertile and to have similar yields as
compared to the parent cultivar. Substitution line of
chromosome 1D for 1B (3598) had rather higher num-
ber of spikelets per spike as compared to the parent
durum. This line also had a lower number of tillers as
compared to the parent durum. Although lines 3596
and 3598 did not perform well in the Weld. The SDS
sedimentation value of line 3598, with substitution for
chromosome 1B, was similar or less than that of the
parent durum. This is in contrast to a previous report
by Joppa et al. (1983) of the improved gluten quality of
1D (1B) substitution line of durum cv. Langdon. This
might be because of the presence of poor quality, �-42
type gliadin and LMW-1, on the short arm of chromo-
some 1B in Langdon. Indian cultivar PBW114 studied
here had �-45 type gliadin and LMW-2¡. The HMW
glutenin subunits located on 1BL are the same in both
cultivars, i.e., 6 + 8. �-45 type gliadin allele and LMW-
2¡ on the short arm of chromosome 1B have been
found to be associated with good pasta quality in
durum wheats in contrast to, �-42 type gliadin allele
and LMW-1 (Carrilo et al. 1990). Moreover, PBW114
is a relatively recent cultivar, because of selection pres-
sure toward better end use quality; it has better alleles
at the gliadin and glutenin loci as compared to Lang-
don. Line 3596 carried a small chromosome derived
from chromosome 1A, and thus the Glu-A3 locus. This
line showed an SDS-sedimentation value between
those of the parent line and 3602 (1D(1A)). This sug-
gested that gene(s) on the small chromosome, most
probably Glu-3 of chromosome 1A, had a negative
eVect on the SDS-sedimentation value. Rogers et al.
(1990) reported that Chinese Spring ditelosomic lines
of the short and long arms of chromosome 1A,
1DT1AS, and 1DT1AL, had improved quality traits
and postulated that this might be because of the
presence of a negative quality allele at the Glu-A3/
Gli-A1 locus on the short arm and a null allele at the
Glu-A1 locus on the long arm of chromosome 1A of
Chinese Spring. Chinese Spring is a hexaploid cultivar,
with inferior quality, and ditelosomic lines are meioti-
cally unstable. Line 3596 is durum wheat with a small
chromosome, is stable and has improved quality.

The small chromosome present in line 3596 has
arisen spontaneously from a monosomic 1D addition

line over more than 15 years. The mechanism of its ori-
gin is unclear. Several species of the genus Aegilops
carry Gc gene that kill gametes lacking them in the
monosomic addition state. Using the action of gameto-
cidal genes, many chromosome deletions and translo-
cations have been produced in wheat chromosomes,
and alien chromosomes added to wheat (Tsujimoto
2005). This type of Gc gene has not been reported in T.
durum or Ae. tauschii. This suggests that some phe-
nomenon other than Gc genes might be involved in the
formation of the small chromosome reported here. The
small chromosomes paired well in meiosis and segre-
gated normally to the tetrad. This indicates that they
are stable and might have acquired telomere repetitive
sequences. This type of small chromosome of 1A in T.
durum without the eVect of Gc genes has been
reported for the Wrst time.

Bread-making quality is dependent on grain protein
content and type of the grain proteins (glutenin and glia-
dins) (Finney and Barmore 1948). Higher protein con-
tent, in the case of reduced yield, results in increased
SDS-sedimentation value. However, the overall correla-
tion between protein content and SDS-sedimentation
value of the derivative lines was ¡0.11. This indicates
that the increase in SDS-sedimentation value of deriva-
tive lines is not a function of protein content but rather
of protein type, i.e., glutenins and gliadins.

The Glu-1 locus has been found to have a determi-
nant eVect on bread-making quality, with the 5 + 10
subunits of the Glu-D1d locus having the most signiW-
cant eVect. As a result, many workers tried to express
this allele in hexaploid wheat. Klindworth et al. (2005)
studied the agronomic and quality characteristics of
1AS.1AL-1DL translocations line of durum wheat car-
rying Glu-D1d (5 + 10). The loaf volume of translo-
cated lines did not diVer from that of the parent cultivar
Renville, indicating that HMW glutenin subunits 5 + 10
alone are not suYcient to improve quality. They
showed that loaf volume was related to diVerent alleles
at the Glu-B3 locus of the recipient durum wheat.

The Glu-D1 allele transferred in this line was
2t + T2. Hsam et al. (2001) and Weiser et al. (2003)
found that HMW glutenin subunits 2t + T2 were associ-
ated with poor rheological properties and bread loaf
volume in synthetic hexaploid wheat. Since the HMW
glutenin subunits in this case are 2t + T2, this indicates
that the approximate twofold increase in the SDS-sedi-
mentation value of the disomic substitution line of
chromosome1D for 1A, 3602, cannot be because of
chromosome 1D. Furthermore, the lack of increase in
the SDS-sedimentation value of the disomic substitu-
tion line of chromosome 1D for 1B (3598) supports the
notion that chromosome 1D does not have a signiWcant
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positive eVect on quality characters of durum wheat.
Genes on 1B are equally important as genes on 1D for
bread-making quality.

The dough strength of line 3596 with small 1A-
derived chromosomes was lower than that of line 3602
without the small chromosome, although both had the
1D chromosome. This indicates a negative eVect of the
short arm of chromosome 1A on quality-related traits
rather than a positive eVect of chromosome 1D. Thus,
the signiWcant improvement in the SDS-sedimentation
value of the substitution line of 1D for 1A suggests that
the negative eVect of chromosome 1A on quality is
more important than the allele present at the Glu-D1
locus and that this negative eVect is contributed by
both the long arm and short arm of chromosome 1A.
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