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Dosage response of rye genes in a wheat background
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Summary. A series of hexaploid wheat lines containing
zero, two or four doses of rye chromosome arm 1RS was
used to investigate the response to changes in dosage by
the rye genes when in a wheat background. The quantity
of protein produced by the secalin protein genes con-
tained on 1RS was directly related to the number of
copies of 1RS present in the line. No response could be
detected by representative wheat proteins suggesting that
the increase in secalin protein observed was due to an
increase in mRNA produced when four copies of the
secalin gene was present. These results suggest that in-
creasing the dosage of alien genes introgressed into wheat
may be a useful tool for enhancing their expression.
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Introduction

Techniques for alien gene transfer into wheat (Triticum
aestivum L. em Thell.) are well established. However, it
is difficult to predict how alien genes will function when
put into a new genetic background. There have been
many studies examining the regulation of seed storage
protein (SSP) gene expression in wheat (Aragoncilli etal.
1978; Galili and Feldman 1984; Bartels and Thompson
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1986; Galili et al. 1986; Halford et al. 1988; Rogers et al.
1990), but there have been few studies examining the
regulation of foreign SSP genes when they are transferred
into a wheat background. When the short arm of chro-
mosome 1 (1RS) of rye (Secale cereale L.) is transferred
into the wheat genome, the opportunity arises to examine
the interactions between the wheat genome and the genes
contained on 1RS.

Chromosome arm 1RS contains many genes which
have proven useful in wheat breeding programs such as
disease resistance, stress tolerance, improved nutritional
quality and yield enhancement (Rajaram et al. 1983;
Zeller and Hsam 1983; Gustafson 1988). In addition,
1RS contains genes that code for SSP denoted as secalins
and the rRNA genes. This particular chromosomal seg-
ment has been used in wheat breeding programs around
the world and is found in cultivars covering significant
world acreage (Rajaram etal. 1983; 1990). However,
1RS does confer some negative properties on many of the
cultivars that possess the segment, most notably sticky
dough.

The mechanisms regulating wheat SSP production
tend to maintain a threshold level of protein in the seed.
When SSP genes are lost, the remaining genes increase
protein production to compensate for the lost genes
(Galili et al. 1986). Wheat SSP genes exhibit a nonlinear
dosage response. As the gene dosage increases so does the
amount of protein produced by that gene (Aragoncillo
et al. 1978; Galili and Feldman 1984). Galili et al. (1986)
postulated a complex series of interconnected mecha-
nisms regulating SSP production at the levels of both
transcription and translation.

Because of the importance of alien chromosome seg-
ments in general, and 1RS in particular, to wheat breed-
ing programs a series of lines were constructed which
contained zero, two or four doses of 1RS in a wheat



background (Bittel et al. 1991). These lines enabled the
evaluation of the effect of differences in dosage of 1RS on
the expression of SSP genes carried by the rye arm.

Materials and methods

The wheat varieties used were: ‘Anza’, a hexaploid wheat;
‘Anza/S149 (hereafter referred to as S149), a 1R/1D substitu-
tion line derived from ‘Anza’ (Gustafson 1988); ‘Glennson’, a
hexaploid wheat from the Centro Internacional de Mejoramien-
to de Maiz Y Trigo (CIMMY'T, Mexico), containing a 1BL/1RS
translocation; and ‘Amigo’, containing a 1AL/1RS transloca-
tion (Sebesta and Wood 1978). Additional lines were con-
structed by crossing the three varieties ‘S149°, ‘Amigo’ and
‘Glennson’. From F, or F; plants lines were selected which
contain zero, two or four copies of 1RS as determined by the
C-banding method of Lukaszewski and Gustafson (1983).
Those lines containing the rye translocations or intact rye chro-
mosome were missing the corresponding wheat chromosome;
e.g. line 7841-34-4 contained two copies of 1BL/1RS and 1R but
did not contain 1B or 1D. Thus, all lines contained 42 chromo-
somes. Table 1 lists the lines used in the present study and their
chromosome constitution. All lines are maintained at the US-
DA-ARS, University of Missouri seed storage facility.

Acid-PAGE (A-PAGE) essentially followed the procedure
of Ng et al. (1988) but modified to accommodate a Biorad mini-
protein I electrophoresis unit. A Bradford assay (Bradford
1976) was performed on each sample, and the amount of protein
loaded was adjusted so that total protein in each lane was equal.
Samples were loaded onto 2 mm-thick 6% acrylamide gels. The
proteins were fractionated at a constant voltage of 180V for
approximately 60 min until the tracking dye ran off the gel. The
gels were stained in 12% trichloroacetic acid (TCA) with 0.04%
coomassie brilliant blue R-250 and destained in 12% TCA.

The fractionated proteins were scanned on an LKB scan-
ning laser densitometer. The intensity of each band was record-
ed, as well as the percentage of the total protein for the lane. The
values for two replicates for each sample were averaged, and the
percentage of total protein due to the secalins was compared
between lines by t-tests. By averaging the values and comparing
only the percentage of total protein in the lane due to a partic-
ular band we ensured that the comparison of bands between
lines represented an increase in protein relative to the total
protein present in the sample.

Table 1. Lines and chromosome constitution

Line number Cross Rye arm present (Number
of 1RS arms)
7841-46-1 SxG  Norye 0
7841-28-6 SxG 1R 2
7841-31-2 SxG 1BL/1IRS 2
7841-34-4 SxG 1R, 1BL/IRS 4
88-265-5 SxA  Norye 0
88-30 SxA 1R 2
88-48 SxA 1AL/IRS 2
88-41-5 SxA 1R, 1AL/1IRS 4
48-144-1 GxA Norye 0
48-148 GxA 1AL/IRS 2
48-136-1 GxA 1BL/IRS 2
48-145-8 GxA 1AL/IRS, 1BL/IRS 4
48-145-5 GxA 1AL/IRS, IBL/IRS 4

S=8149, A= Amigo, G=Glennson

Results and discussion

Figures 1 and 2 show the A-PAGE patterns of the lines
selected for variable numbers of 1RS. The secalin
proteins coded for by genes on 1RS are labeled 1 and 3,
(Figs. 1 and 2). Bands 1 and 3 were determined to be w
secalins when run on an SDS-PAGE gel and subsequent-
ly compared to the pattern of ‘Imperial’ rye (unpublished
data). Lanes 12, 17 and 18 (Fig. 2) contained samples
from lines containing four doses of 1RS. These lines had
six doses of 1RS in the endosperm: four maternal and
two paternal. Bands 1 and 3 are noticeably darker in
lanes 12, 17 and 18, which have six doses of 1RS in the
endosperm, in contrast to the other lanes, which have
zero or three copies of 1RS in the endosperm. The bands
labeled 2, 4 and 5 (Figs. 1 and 2) are wheat gliadins
measured as controls in order to gauge the response of
the rye secalins. Figure 3 shows the percentage of total
protein in the lane accounted for by each band.

The percentage of total protein due to the two w
secalin bands was greater in the samples from the lines
with four copies of 1RS than in the lines which have only
two doses. The percentage of total protein due to band 1
was 7.07% in the samples with six doses of 1RS in the
endosperm in contrast to 3.83% in lines with three doses
in the endosperm, which is a highly significant difference
(P <0.001). The percentage due to band 3 was 7.83% in
samples with six doses of 1RS, which differed significant-
ly from the 4.40% found in the samples with three doses
(P <0.001). This observation is in agreement with Galili
et al. (1986) who saw an increase in protein in response
to increases in wheat SSP gene copy number. Rogers
et al. (1990) also observed a correlation between bread-
making quality and an increase in the copy number of
glutenin genes associated with quality characteristics.
Apparently, as the number of doses of the genes which
produced favorable proteins increased, so did the quality
of the dough.

The bands labeled 2, 4 and 5 represent wheat gliadins.
The percentage of total protein due to each of the five
bands is shown in Fig. 3. The wheat gliadin bands varied
within groups, but no pattern was distinguishable. How-
ever, there was a tendency to maintain a constant level of
the total of the three wheat bands. Figure 4 shows the
sums for the three wheat bands and for the two rye
bands. Although each individual gliadin varied, both
within groups and between groups, the percentage of
total protein accounted for by the sum of the three
gliadins remained relatively constant regardless of the
number of rye arms present. The only significant change
in band intensity was with respect to the w secalin bands
when they were compared between lines that contained
two doses of 1RS and those with four doses.

Since all of the lines studied were hexaploid, each rye
arm replaced a corresponding homoeologous wheat arm.



Figs. 1, 2. A-PAGE. Lines with zero, two or four doses of 1RS. Note: line 88-41-5 is not shown in photographs. It was analyzed in

a separate gel
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Fig. 2. A-PAGE. Lines with 0, 2 or 4 doses of 1RS

Fig. 1. A-PAGE. Lines with 0, 2 or 4 doses of 1RS
Lane Sample (Number of 1RS arms) Lane Sample (Number of 1RS arms)
1 $149 x Glenn (F,) V) 11 7841-28-6 )
2 Amigo x Glenn (F,) 2 12 7841-34-4 4
3 S149 (2) 13 7841-31-2 2
4 Anza x S149 (F,) 1) 14 7841-46-1 0]
5 Anza 0) 15 Glennson ?
6 Amigo 2) 16 48-148 @)
7 88-256-5 ) 17 48-145-5 4)
8 88-48 ) 18 48-145-8 4)
9 88-30 @ 19 48-144-1 0)
10 Glennson Q) 20 48-136-1 2
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Galili et al. (1986) showed that when SSP genes were
removed, more protein was produced by the remaining
genes to compensate for the loss. 1t is possible that a
mechanism exists which regulates the translation of
mRNA to ensure an adequate level of protein is provided
for the germinating embryo. However, if this were the
case, then the translation of all SSP mRNAs would be
expected to increase. It seems unlikely that specific
mRNAs would be selectively singled out for changes in
translation. In the present study there was no evidence of
nonspecific increases in protein levels. Rather, the only
SSPs which were present at an increased level were those
coded for by the ® secalin genes on 1RS. It is unlikely
that nonspecific translation of only the secalin mRNAs
would occur. Therefore, it appears that when more
copies of the secalin genes were present, more protein
was produced as a result of an increase in the amount of
mRNA from the secalin genes.

Lane 4 contained a sample from an F, hybrid be-
tween ‘Anza’, which has no rye chromosomes, and
‘S149’, which contains a 1R /1D substitution. It therefore,
has one copy of 1RS in the endosperm originating from
the paternal parent, ‘S149’. In the F, the value for band 3
was 3.15% (Fig. 1, lane 4), which was less than that
found in any other sample. It was less than half of the
average value observed in samples from lines with six
doses of 1RS (7.65%) in the endosperm and only two-
thirds of the average value of samples with three doses of
1RS (4.77%) in the endosperm. For this polypeptide the
change in quantity was directly related to the number of
copies present. However, the relationship was not linear,
which agrees with the observations of Galili et al. (1986).

Although the dosage of 1RS affected the quantity of
secalin produced, environmental and other genetic regu-
lating mechanisms also play an important role in regulat-

ing protein production. This was illustrated when the
level of protein in band 1 extracted from the F, from the
cross ‘Anza’ x ‘S149’, (Fig. 1, lane 4) was compared with
the rest of the samples. The percentage of total protein
recorded for band 1 in the F, (3.15%) was less than that
found in all but 2 other samples: ‘S149° (2.45%) and
‘Glennson’ (2.50%), (Fig. 1, lanes 3 and 10 respectively).
However, ‘S149’ is the male parent and contained three
doses of 1R in its endosperm, whereas the F; seed con-
tained only one dose of 1R. Putting the rye chromosome
into a new genetic background caused an increase in the
amount of protein produced by the secalin genes. Obvi-
ously, factors other than dosage are important for regu-
lating the amount of protein produced by the secalin
genes.

Lanes 1, 2 and 4 contain F; hybrids between various
lines. Comparisons between the F, s and the parent lines
reveal that the bands present in the parent are all present
in the F,. Although there are changes in intensity, all of
the genes were expressed in the F, s. Apparently, mecha-
nisms exist which modify the amount of protein pro-
duced by each individual gene, but no mechanism was
found that was capable of completely suppressing gene
expression in the F, s examined.

The results of the analysis of the dosage response of
the rye secalin genes indicated that SSP genes from rye
respond to regulating factors in the wheat genome much
the same as the wheat SSP genes. Investigations are in
progress to determine if other genes carried by 1RS also
respond to changes in dosage in the same manner as the
o secalin genes. If alien genes are generally found to
respond positively to increases in dosage, it may prove to
be a useful mechanism for enhancing the expression of
desirable alien sequences when they are introgressed into
cultivated wheat.
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