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Abstract

This study was conducted to determine the reciprocal effects for anther culture response in wheat (Triticum aestivum L.)
using a set of 4 x 4 full diallel crosses. Both reciprocal and nuclear genetic effects were highly significant for anther
culture response and useful for selection and breeding purposes. General combining ability (GCA) effects were
predominant for all investigated anther culture traits. Also, significant differences for specific combining ability (SCA)
effects were detected between reciprocal crosses. Although significant reciprocal differences for responding anther,
callus number and green plant regeneration were recorded in some reciprocal crosses, there were no significant
reciprocal differences for albino plant regeneration. The use of one parent as male or female could lead to change at the
production of green plants from the F; hybrids and screening of inbred lines for response to anther culture, without
reciprocal effects, could decrease the utilization of breeding material.
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The genes governing traits can be transmitted from
parents to progenies via the nucleus (chromosomes) or
the cytoplasm (mitochondrial DNA or chloroplast DNA).
Cytoplasmic organelles such as mitochondria and
chloroplasts, which contain their own DNA and genes,
are almost entirely inherited through the female line and
hence give rise to permanent differences between lines
over many generations of selfing or outcrossing. Maternal
effects are important because they can bias the means and
variances of families and mislead breeders in their
attempts to understand the genetics of a given
quantitative trait (Kearsey and Pooni 1996). The success
of anther culture ability in wheat, as with other crops, is
found to be influenced by genotype (Andersen et al. 1987,
Smykal 2000), donor plant growth conditions (Orshinsky
and Sadasivaiah 1997), the developmental stage of
microspores (Gonzalez and Jouve 2005), pre-culture
treatments, and media components (Hatipoglu and
Dogramaci 1995).

Information on the reciprocal or maternal effects on
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anther culture response of wheat is limited, although
much useful genetic information on nuclear genetic
control has been reported. All androgenic component
traits of anther culture have been found to be
polygenically controlled and are independently inherited
traits (Ekiz and Konzak 1994, Lazar et al 1984).

Most of the studies on the inheritance of anther
culture response in wheat have focused only on nuclear
genetic control and have not examined the reciprocal
effects (Becraft and Taylor 1992, Deaton et al. 1987,
Agache et al. 1989, Moinei et al. 1997). Tuvesson et al.
(1989) and Chaudhery et al. (2003) reported that maternal
and cytoplasmic effects are not important for anther
culture response. However, Ekiz and Konzak (1991),
Sagi and Barnabas (1989), Ekiz and Konzak (1994), and
Ghaemi et al. (1995) reported significant reciprocal
effects affecting the anther culture responses of wheat.
This study was conducted to estimate the effect of
reciprocal and nuclear genetic factors on the anther
culture response of wheat.

Abbreviations: GCA - general combining ability; SCA - specific combining ability.
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Four spring wheat (Triticum aestivum L.) genotypes
were used to obtain 4 x 4 full diallel crosses. The parents
and their 12 F, hybrids were grown in the field in 2002, at
the Experimental Station of Cukurova University, Adana-
Turkey (37°00226"N and 35°2126"E). Spikes at
uninucleate microspore stage were taken from the first
three tillers of each plant when the tips of the spikes were
at the ligule of the penultimate leaf. After 3-d incubation
at 4 °C, forty anthers from the central part of each spike
were isolated and cultured on Petri dishes (60 x 15 mm)
containing P2 culture medium (Chuang et al. 1978).
Twenty anthers at uninucleate microspore stage were
plated in each Petri dish. An average of 33 Petri
(replications) for each genotype was cultured. Petri dishes
with anthers were kept in dark incubators at 27 £ 1 °C for
4 weeks. Anthers produced calli in each Petri dish were
counted and percentage of responding anthers was
calculated. The structures (calluses and embryoids) that
formed on anthers were transferred to a regeneration
medium (Henry and De Buyser 1990) and placed under
cool white fluorescent lamps (irradiance 17.5 pmol m? s,
16-h photoperiod and temperature 25 + 1 °C). The
number of green and albino plantlets regenerated in each
Petri dish was counted after about 30 d depending on
plant development.

The diallel analysis was conducted according to
Griffing (1956) method 1 (including parents and
reciprocals) by a SAS (1998) program from Zhang and
Kang (1997) with genotype and treatment as fixed
effects. Comparisons of means were made using the
Tukey least significant difference test (LSD) at P = 0.05.
Before statistical analysis, the data related to all
investigated traits were transformed by arcsin x'? to
normalize the distribution.

Genetic factors for all anther culture traits were found
to be highly significant. The general combining ability
(GCA) effects were greater than specific combining
ability (SCA) effects for all traits (Table 1). GCA/SCA
values were calculated as 1.11 for responding anthers,
1.20 for number of calli formed per 100 anthers, 2.75 and
1.53 for green and albino plant regeneration, respectively.
Probability level of albino plant regeneration for all
source of variation was low or non-significant. For all
traits reciprocal effects were highly significant, the ratio
of reciprocal effects to total genetic effects had high
percentages for all traits; responding anther (24 %),
number of calli (28 %), green plant regeneration (39 %),
albino plant regeneration (51 %). Of 6 crosses, reciprocal
differences were found to be significant in 2 crosses for
responding anther, in 2 crosses for number of calli, in
2 crosses for green plant regeneration and in 1 cross for
albino plant regeneration (Table 2). When compared with
the parents, F; and reciprocals were in the range of best-
parental values for responding anthers. However, some
crosses had significantly higher values from mid-parent
values for responding anthers, number of calli and green
plant regeneration. The cytoplasm of Genc 99 had
positive effects in most of crosses for all anther culture
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traits. 84CZT04 had negative cytoplasmic effects for
responding anther. Chil’s and Weaver showed negative
and positive cytoplasmic effects for all traits.

Table 1. Analysis of variance for anther culture traits of parents
and their 4x4 full diallel crosses of wheat. *, *** - values
significantly different at P < 0.05 and 0.001, respectively.

Source of df RespondingNumber Green Albino
variation anthers of calli  plants plants
Replications 32  57.9 53 1.4 0.27
Genotypes 15 585.3%**  64.0%** 10.0%*** (.62
GCA 3 1177.4%%% 125.1%*%* 22.4%%*%  (.92%
SCA 6 528.6%**% 52 1%k*  41* 0.30
Reciprocals 6 346.0%**% 454%**  QR¥**k () 78*
Error 480  58.6 7.3 1.9 0.30

Some parents increased or decreased the traits of
anther culture response depending on its using as male or
female parent in crosses. For example, Weaver has the
highest value for all investigated traits, but its cytoplasm
reduced the performance of all traits. In addition to
maternal effects, nucleus x cytoplasm interaction differed
for different nucleus and cytoplasm combinations. The
cytoplasms of Chil’s and 84CZT04 showed different
interactions with different parents. Ekiz and Konzak
(1994) observed significant nucleus x cytoplasm inter-
action effects on anther culture ability of wheat.

Differences between reciprocal crosses would indicate
that cytoplasmic factors or the maternal tissue could also
be involved. Cytoplasmic effects on responding anther
were less than cytoplasmic effects on callus number and
green plant number. Reciprocal effects of albino plant
regeneration in total genetic variance had high value,
although reciprocal differences were not significant in
five crosses (Table 2). The cytoplasm of Genc 99 caused
significant increase in the first three anther response traits
and decrease in albino plant regeneration.

Significant differences at GCA effects were obtained
for all traits, positive or negative, depending on the trait
(Table 3). The half of the hybrids was ranked above the
average response and half below, indicating an important
influence of the specific combination. Different SCA
effects were observed between F; and reciprocal hybrids.
These differences were significant for some cross
combinations (Table 3). When reciprocal hybrids of Geng
99 x 84CZT04 showed significant SCA effects for all the
traits, the SCA effects were not significant for its F,. Also
the sign of SCA effects for F; and reciprocal hybrids
changed as negative or positive depending on the trait.

Our results contrast with those of Tuvesson et al.
(1989), Agache et al. (1989) and Chaudhary et al. (2003),
who reported that the anther culture response of wheat
was under the control of nuclear genes with no maternal
or cytoplasmic effects. Studies by Sagi and Barnabas
(1989), Ekiz and Konzak (1994) and Ghaemi et al. (1995)
support our observations of reciprocal cross differences
for all components of anther culture response.



WHEAT ANTHER CULTURES

Table 2. Anther culture responses and plant regeneration of wheat parents and their F; hybrids and reciprocal hybrids. Means were

redundant.
Responding  anthers Number of calli Green plants [%] Albino plants [%]
[%] [anther]
Parents
Geng 99 (Ge) 1.12 5.81 0.14 0.15
84 CZT 04 (84) 1.06 1.67 1.21 0.61
Chil's (Ch) 0.00 0.00 0.00 0.00
Weaver (We) 3.49 15.41 7.47 0.68
Hybrids F, RF, F, RF, F, RF, F, RF,
F, (Ge x 84) 4.36 1.18 22.13 5.15 4.09 0.00 2.58 0.00
F, (Ge x Ch) 1.20 1.61 4.83 1.82 2.12 0.00 0.00 0.30
F, (Ge x We) 4.85 4.25 26.52 14.24 7.73 6.21 0.00 0.30
F, (84 x Ch) 1.93 2.84 6.06 5.76 1.06 0.76 0.00 0.15
F; (84 x We) 14.84 5.67 59.12 19.84 11.13 242 1.56 0.91
F; (Ch x We) 4.72 2.87 21.22 9.09 5.60 0.30 0.23 0.00
LSDg s 2.75 15.23 5.01 1.50

Table 3. Estimates of GCA and SCA effects of parents and crosses for different parameters of androgenetic response in wheat
(*, ** - values significantly different at P < 0.05 and 0.01, respectively).

Responding  anthers Number of calli Green plants [%] Albino plants [%]
[%] [anther]
GCA effects
Geng 99 (Ge) -1.00* -0.23 -0.06 -0.01
84 CZT 04 (84) 0.67 0.15 -0.05 0.06*
Chil's (Ch) -2.26%* -0.78%* -0.28%* -0.07*
Weaver (We) 2.60** 0.86** 0.40** 0.02
+SE 0.41 0.14 0.07 0.03
SCA effects F] RFI F] RF1 Fl RF] Fl RFI
F, (Ge x 84) -0.47 2.65%* 0.01 0.89%* -0.06 0.33* 0.06 0.21**
Fi (Ge x Ch) 0.75 -0.41 0.02 0.15 0.05 0.22 0.03 -0.04
F; (Ge x We) 0.73 -0.07 0.18 0.27 0.35%* 0.09 -0.07 -0.03
F; (84 x Ch) 0.40 -0.23 0.04 0.11 0.05 0.03 -0.06 -0.02
F, (84 x We) 4.65%* 4.88%* 1.47%* 1.74 0.20 0.74%* 0.08 0.12
F; (Ch x We) -0.23 0.49 -0.03 0.41 -0.16 0.40%** -0.01 0.04

If the reciprocal differences observed in this study are
due to cytoplasmic effects, a considerable cytoplasmic
variation would be present among the hybrids studied.
This observation suggested that the response of wheat
genotypes to anther culture depended on both nuclear and
cytoplasmic variation. Considering cytoplasmic effects in
hybrid anther culture of wheat will permit breeders to
more effectively exploit the use of anther culture in every
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