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Summary. Calli were initiated from immature embryos
of 12 lines of hexaploid wheat (Triticum aestivum L. em.
Thell). The lines were from 3 varieties — April Bearded,
Bersee and Maris Huntsman - isogenic for the reduced
height/gibberellic acid insensitivity (Rht) genes — Rhtl,
Rht2 and Rht3 — and the ‘tall’ (rht) allele. The dwarfing
genes had significant effects on the growth and morpho-
genesis of calli. The genes interacted with the 2,4-D in
the medium and the varietal background. Calli of each
line were cultured in the presence and absence of
1 mg/1 of gibberellic acid (GA), but there was no in-
teraction of the Rht genes with GA in vitro. The effect of
the Rht genes is discussed in relation to their effects on
cellular hormone metabolism and their involvement in
previously described chromosome 4B effects in culture.
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Introduction

Intervarietal differences in the initiation frequency,
growth and regeneration capacity of calli from hexa-
ploid wheat have been described by several authors
(Shimada 1978; Sears and Deckard 1982; Lazar etal.
1983; Maddock et al. 1983; Mathias and Simpson 1986).
The availability of a large number of aneuploid stocks
in wheat provides the opportunity to investigate, in de-
tail, the genetic controls that underlie these intervarietal
differences by studying the effect of particular chromo-
somes, or chromosome fragments, on in vitro perform-
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ance. Early experiments with ditelosomic lines suggest-
ed that, in general, whole arm deletions were deleteri-
ous to callus initiation (Shimada and Makino 1975) and
growth (Baroncelli et al. 1978). However, recent reports
have described significant improvements in the in vitro
response of calli as a result of specific chromosome sub-
stitutions (Mathias and Fukui 1986; Higgins and Mathi-
as 1987). Mathias and Fukui (1986) suggested that sub-
situting chromosome 4B of Cappelle-Desprez into the
nucleus of Chinese Spring might modify cellular hor-
mone metabolism and alter the in vitro response. They
also noted that loci for the reduced height (Rht) and
grass clump (D3) genes were located on the homoeolo-
gous group 4 chromosomes.

The Rht and D3 genes have significant effects on the
whole plant phenotype, the most notable being a dra-
matic reduction in plant height (Gale and Youssefian
1985). In Rht lines, the ‘dwarfing’ effect is caused by a
reduction in the length of the internodes of the ped-
uncle, which is itself a result of a reduction in the aver-
age length, and some reduction in the number of cells of
the internodes (Nilson et al. 1957; Gale et al. 1986). Sev-
eral Rht alleles are known: the best characterised are
Rht]l and Rht2, which are located on the 4A and 4D
chromosomes, respectively, and Rht3, a more potent al-
lele of Rhtl (McVittie etal. 1978). D3 is located on
chromosome 4B (Hermes 1963) and may occupy the
‘Rht’ locus on this chromosome (Gale and Youssefian
1985). In addition to their effect on cell size, Rhtl 2 and
3 genes have a pleiotropic effect on hormone metab-
olism. Tall (Rht null) plants produce fewer tillers and
increase in height when treated with gibberellic acid
(GA). In contrast, Rht lines are insensitive to applied
GA, showing little stem elongation, although they do
produce more tillers (Gale and Marshall 1973). This
GA-insensitivity may be linked to cellular responses to



auxin, as cell extension in excised coleoptiles of rht (tall)
wheat lines is inhibited by IAA but is unaffected in
Rht 3 lines (Flintham 1981).

In order to test whether or not Rht genes could af-
fect the in vitro performance of wheat calli, or are relat-
ed to the 4B chromosome effect described by Mathias
and Fukui (1986), we cultured three rht varieties and
their Rhtl, Rht2 and Rht3 isogenic lines (Gale and
Youssefian 1985).

Materials and methods

Plant material

The plants used in these experiments were three varieties of
Triticum aestivum L. em. Thell: April Bearded, Bersee and
Maris Huntsman. Within each variety four lines were used, iso-
genic for Rhtl, Rht2, Rht3 and rht (tall). All lines were kindly
supplied by Dr. M.D. Gale of the Plant Breeding Institute,
Cambridge.

Tissue culture

Plants were grown and tissue cultures initiated and maintained
as described by Mathias et al. (1986). Approximately 14 days
post-anthesis, immature embryos were removed from freshly
harvested and surface sterilised grains. Embryos in which the
scutellum was 1 mm long were plated onto initiation medium
and subcultured at 4 week intervals onto maintenance and re-
generation media. Initiation, maintenance and regeneration
media contained 1.0, 0.5 and 0.1 mg/1 of 2,4-D, respectively.

Approximately 130 embryos of each line were used in the
experiment. One third of the calli from each line were main-
tained throughout the culture period in the presence of 1 mg/1
of GA; (Sigma), in addition to the 2,4-D in the medium.

Callus growth on initiation and maintenance media was
measured as average callus fresh weight. Morphogenic/regen-
erative responses were recorded as the number of calli with
green spots on initiation, maintenance and regeneration media,
the number of calli with roots on regeneration medium and the
number of calli with shoots on maintenance and regeneration
media.

Statistical analysis

The data was analysed using an analysis of deviance as de-
scribed by Higgins and Mathias (1987). Deviation among the
12 lines was broken down into variation as a result of 3 main
effects (variation between the Rht lines, between GA treat-
ments and between the varieties) and their interactions (Rht
X GA, variety X GA, Rht X variety, Rht X GA X variety).

Results

More than 99% of the plated embryos initiated callus;
no effect of variety, dwarfing gene or GA was observed
on callus initiation.

Callus fresh weight

The mean fresh weight of calli on initiation and main-
tenance media are depicted in Fig. 1 and the analysis of
deviance is presented in Table 1.
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Table 1. Analysis of deviance for callus fresh weight increase
among 3 wheat varieties isogenic for rht, Rht I, 2 and 3 alleles
on initiation and maintenance media, with and without 1 mg/1
of GA

Effect df  Mean change

Initiation Maintenance
variety 2 3.54x 1073%%x () 0407 ***
Rht 3 5.53Xx 107%%*xx  (0(109%**
GA 1 3.64%x10°° 0.0000
Rhtx GA 3 1.74x 107 0.0063
variety X Rht 6 2. 75X 107%%* 0.0135%=*
variety X GA 2 1.96 X 10~ 0.0037
variety X Rt X GA 4 2.19%1074* 0.0043*

The main effects on initiation and maintenance
medium were associated with between variety and be-
tween Rht differences. There were also significant
variety X Rht and variety X Rht X GA interactions
(Table 1). There was no direct effect of GA on callus
fresh weight. On initiation medium, the variety effect
results from the generally higher fresh weight of Bersee
calli when compared with both April Bearded and
Huntsman. On maintenance medium, the effect is the
result of Huntsman’s generally lower callus fresh
weight. The other significant main effect was Rht. How-
ever, Rht may not be an independent effect as the
variety X Rht interaction was significant, suggesting
that the Rht effect is dependent on the varietal back-
ground.

Shoot primordia formation

The mean percentage of calli forming shoot primordia
on initiation, maintenance and regeneration media are
presented in Fig. 2 and the analysis of deviance is pre-
sented in Table 2.

The major effects on initiation medium were variety
and Rht differences and the variety X Rht and
variety X Rht X GA interactions. There was no direct
effect of GA on primordia formation. On maintenance
medium, the only significant effect was the interaction
of variety X Rht. Variety, Rht and GA effects were sig-
nificant on regeneration medium as were variety X Rht
and variety X GA interactions.

The variety effect on primordia formation was large-
ly due to the poor performance of Huntsman in com-
parison to April Bearded and Bersee. The main Rht ef-
fect, although significant, again depended on the
varietal background, as demonstrated by the significant
variety X Rht interaction. The main effect of GA on re-
generation medium was to inhibit primordia formation.
However, the significant variety X GA interaction dem-
onstrates that the effect was not entirely independent,
but dependent on the varietal background.
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Fig. 1. Average callus fresh weight after 1 month on initiation and maintenance media, with (+ GA4) and without (-GA) 1 mg/1

of GA
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Fig. 2. Percentage of calli with shoot primordia after 1 month on initiation maintenance and regeneration media, with (+ GA) and
without (-GA4) 1 mg/1 of GA



Table 2. Analysis of deviance for percentage of calli with shoot
primordia among 3 wheat varieties isogenic for rht, Rht 1, 2
and 3 alleles on initiation, maintenance and regeneration me-
dia, with and without 1 mg/1 of GA

. Effect df  Initiation Mean change
Main- Regener-
tenance  ation
variety 2 39.400%**  0.111 26.701 ***
Rht 3 10.623%+* 2,171 8.694 **x*
GA 1 1.752 1.869 20.864 %*+*
Rhtx GA 3 0.829 0.465 1.228
variety X Rht 6 11.726*%* 4 827*** 8 487 *+**
variety X GA 2 1.353 0210 6.175%*
variety X Rht 4 3.860** 0.403 1.869
X GA

Table 3. Analysis of deviance for percentage of calli with
shoots among 3 wheat varieties isogenic for rht, Rht 1, 2 and 3
alleles on maintenance and regeneration media, with and with-
out 1 mg/1of GA
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Root formation

The major effects on root formation were associated
with variety and Rht effects and the interaction between
them. The main Rht effect was again not independent of
the varietal background.

Shoot regeneration

The mean percentages of calli regenerating shoots on
maintenance and regeneration media are presented in
Fig. 3 and the analysis of deviance for shoot regener-
ation is presented in Table 3. All of the major effects,
except for the Rht effect on regeneration medium, were
significant. The variety X Rht and variety X Rht
X GA interactions had significant effects on shoot re-
generation. The Rht effect on maintenance medium was
not independent of varietal background. The significant
variety X Rht effect on regeneration medium demon-
strates that there was a Rht effect, but that the main ef-
fect was not significant. The effect of GA on mainte-
nance medium appears to be to promote regeneration.

Effect df  Mean change On regeneration medium GA had the opposite effect,
Mot R - inhibiting regeneration of Bersee and Huntsman but
aintenance egeneration promoting shoot formation in some April Bearded lines.
variety 2 66.571 *** 130.678 %%+ These differences indicate an interaction of GA with
Rht 3 6.782 %% 2.634 2,4-D in the medium.
GA 1 11.566** 8.370 %=
Rht X GA 3 1.075 1.944 . .
variety X Rht 6 4.939%#* 7.902 **x Discussion
::gzgzgﬁx GA 4 é Zgg*** 31 g(l)?* This is the first report to link a known genetic locus with
modified in vitro responses.
- GA + GA
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Fig. 3. Percentage of calli with shoots after 1 month on maintenance and regeneration media, with (+ GA) and without (-GA)

1 mg/lof GA
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Among the main effects (variety, Rht, GA), variety
and Rht had significant effects on callus growth and
morphogenesis. The interaction of variety with Rht also
had significant effects on culture response. Intervarietal
differences among wheat calli in culture are well es-
tablished (Shimada 1978; Sears and Deckard 1982;
Lazar etal. 1983; Maddock etal. 1983; Mathias and
Simpson 1986). The trend in response for each of the
scored characters among the three varieties was:

April Bearded > Bersee > Huntsman.

The significant variety X Rht interactions demon-
strate that allelic variation at the Rht locus affects cul-
ture response. In vivo the Rht genes result in a fun-
damental shift in cellular hormone balance (Radley
1970; Flintham 1981; Stoddart 1984). In the seedlings of
Rht lines the size of the GA pool is increased (Radley
1970), the accumulation of GA being directly related to
the potency of the Rht gene (Lenton et al. 1986). How-
ever, although the endogenous GA pool may be 15
times that of tall lines, the rate of GA synthesis is not af-
fected (Stoddart 1984). The Rht alleles are apparently
‘active’, encoding a product that is responsible for the
reduced height phenotype (Rht null=tall), and not re-
sponsible for the deletion of an essential step in GA bio-
chemistry (Gale and Marshall 1975). There is some
suggestion that the genes operate on a hormone re-
ceptor system (Baroncelli et al. 1980; Singh and Paleg
1984).

On different concentrations of 2,4-D the pattern of
response among isogenic lines was different, suggesting
an interaction of Rht X 2,4-D or Rht X variety X 2,4-
D. Some evidence suggests that auxin responses are
modified by the Rht genes. First, IAA inhibits the ex-
pansion of coleoptiles from tall varieties in vitro, but has
no effect on the coleoptiles of Rht3 lines (Flintham
1981). Secondly, apical dominance phenomena, usually
associated with auxin effects (Phillips 1969), are modi-
fied in dwarf wheats. The tillering of Rht lines is in-
creased by GA application while tall varieties produce
fewer tillers (Gale and Marshall 1973). Thirdly, there is
a rapid increase in extractable IAA when GA is applied
to tall varieties which does not occur in GA insensitive
Rht lines (Romanova and Prilyuk 1975). The apparent
interaction of the Rht genes with 2,4-D in the medium
supports the suggestion that the genes have an effect on
both auxin and GA responses.

Although the effects of the Rht/Gai genes in vivo
are largely independent of varietal background, no in-
dependent Rht effect was found in culture. This was not
entirely unexpected, as various in vitro responses are
the result of complex interactions between genetic,
physiological and exogenous factors; within this com-
plex the Rht genes potentially affect cellular responses
to both GA and auxin.

GA has been reported to have no effect on shoot re-
generation from wheat calli but to promote root forma-
tion (Ozias-Akins and Vasil 1982). In these experiments
GA did not affect root formation or callus fresh weight,
but there was a GA effect on shoot regeneration on
maintenance medium and shoot primordia and shoot
formation on regeneration medium. In contrast to the
situation in vivo, no Rht X GA interaction was found in
vitro. However, as exogenous GA has no dramatic ef-
fects on wheat callus cultures, any interaction effects
would be difficult to detect.

Under the described culture conditions the domi-
nant media effect appears to be the concentration of
2,4-D in the medium. It is reasonable to assume that the
differences in vitro between Rht lines might reflect dif-
ferences in their sensitivity to exogenous hormones.
Mathias and Fukui (1986) suggested that substituting
the 4B chromosome of Cappelle-Desprez into Chinese
Spring might result in a shift in cellular hormone
metabolism, which would alter the sensitivity of cells to
exogenous growth regulators. Higgins and Mathias
(1987) have since described the interaction of two genes
on the regeneration of wheat calli, which they suggest

‘may have their effect via modification of hormone

metabolism, stress tolerance or carbohydrate synthesis.

The Rht genes affect cellular and whole plant re-
sponses to exogenous auxin and GA, possibly through
alteration of receptor systems. The genes also have sig-
nificant effects in culture through their interaction with
the genetic background and hormones in the medium.
The demonstration of an Rht effect in culture indirectly
supports the suggestion (Mathias and Fukui 1986) that
homeologous genes on chromosome 4B might be in-
volved in the effects reported by Mathias and Fukui
(1986) and Higgins and Mathias (1987). However, only
gene mapping studies will resolve whether the Rht genes
and related alleles are indeed involved in the 4B chromo-
some effects on callus regeneration response.
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