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ABSTRACT

e

Eleven wheat (Triticum aestivumm L.) genotypes were screened for salinity
tolerance. Seeds were germinated under six salinity levels {0 — 12000 ppm) with
quarter strength of Hogland solution. Sea salt was used as a source for salinity. Three
genotypes, i.e. Sids 1, Sakha 8 and line 25 were selected for performing crosses
among the salinity tolerant (Sids 1 and Sakha 8) and the salinity sensitive Line 25,
Three crosses were conducted between the selected genotypes and their Fy plants
were grown to obtain their anthers. Anther culture was used as a breeding technique
to obtain pure lines in a short time. P-45 medium was used for callus induction. Great
differences were observed in callus induction among the anthers of the three crosses.
Embryogenic callus induction reached 10.1, 61.9 and 51.4 % for hybrd 1 (Sids 1 X
Sakha 8), hybrid 2 (Sakha 8 X Line 25), and hybrid 3 { Sakha 8 X Line 25),
respectively. Plant regeneration medium 190-2 was used. Frequency of regenerated
plants reached 1.4, 8.5, and 9.0 % for crosses 1, 2, and 3, respectively. Root tips of
regenerated plants were cytologically examined to determine their ploidy level. All the
examined plants were haploid type. Hapleoid plants were treated by colchicine for
chromosome doubling. The doubled haploid plants reached 22.3, 24.4, and 22.1 % for
crosses 1, 2 and 3 respectively.

INTRODUCTION

Wheat is the most strategic crop in Egypt. It covers 3.064 million
Feddan, with total production of 8.274 million Ton and average yield of 2.69
Ton/Feddan (Agricultural Statistics, 2006).

Haploid production is a method to obtain homozygous individuals in a
single step (Inagaki,et.al 1998; Trop et al., 2001; Kim et al., 2003). Anther
culture technique with an efficient piant regeneration system could be used in
plant breeding programs. Chromosome doubling of haploid plants is
potentially considered an efficient source for homozygous pure lines in wheat
(Ball et al. 1992; Moieni et.a/ 1997; Tuvesson et al. 2000; Trop et al., 2001;
Konieczny', et al. 2003). The induction of androgenesis from wheat anther is
strongly controlled by genetic make up and environmental factors as well as
the interaction between them (Konieczny', et al. 2003).

In the gametophyte phase, microspore mother cells in anther locules
undergo meiosis and that forms male gametophytes or polien grains { Zheng,
2003). This process promoted by certain cues. immature polten grain
(microspore) can be switched from gametophytic pathway to sporophytic
pathway, leading to the formation of pseudoembryos commonly known as
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embryoids. Embryoids germinate 1o produce either haploid or doubled
haptoid plants. This phenomenon is considered an excelient exampie of plant
cell totipotency, and defined as androgenesis or microspore embryogenesis,
these two terms are often used interchangeable (Zheng, 2003). Thus, the
method is important for piant genetic improvement, genetic manipulation, and
in many other areas of basic research related to plant development biology
(He,and Quvary, 1984; Kim, et al. 2003; Zheng, 2003). The attainment of
homozygosity in one generation helps to reduce the numerous cycles of
inbreeding necessary in conventional pure line breeding methods (Trop, ef
al., 2001). Chromosome doubling of plants can now be effectively performed
during the in vitro culture with colchicines or other chromosome doubiing
chemical agents (Inagaki, et al, 1998; Trop,et .al. 2001; Kunz,et.al 2000).

Many wheal genotypes show a total lack of embryo induction or high
percentage of albinos among regenerated plants. The optimization of media
and culture conditions for high androgenic response of such genotype is still
a challenge (Heszky and Meseh 1976; Redha, et al. 1998; Kunz, 2000).

The goal of our research was to use anther culture for developing a
simple and rapid technique for breeding wheat homozygous lines.

MATERIALS AND METHODS

Screening for salinity tolerance:

Eleven wheat (Triticum aestivurm L.) genotypes, i.e. Giza 168, Sids 1,
Yakora, Sakha 8, Sakha 61, Tosson, Giza 155, Giza 157, Gemmiza 5,
Gemmiza 7 and Line 25 were germinated in petri dishes containing quarter
strength of Hogland solution (Hogland and Amon, 1950) under six salinily
levels (0, 6000, 9000, 10000, 11000 and 12000 ppm). All genotypes seeds
were provided by the Wheat Research Department, Field Crops Research
Institute, Agricuiture Research Center. Sea salt (Sigma #-S-9883) was used
as a source of salt stress. Each treatment was represented by five petni
dishes. Each dish contains one hundred seeds. The germination percentage
was calculated after two weeks.

Donor plants and growth conditions:

Two genotypes i.e. Sakha £ and Sids 1 were selected due to their
efficient performance under salt stress (salinity tolerant). A third genotype
(Line 25) was introduced due to its inefficient performance under salt stress
{salinity sensitive). The three genotypes were sown as parents under open
field conditions on 20™ Nov., 2001, Three crosses were conducted among the
selected genotypes, i.e. Sids 1 X Sakha 8, Sakha 8 X Line 25 and Sids 1 X
Line 25. After six months, the seeds of wheat hybrids were harvested.

First experiment:

F: hybrid wheat seeds were sown under open field conditions on 25"
Nov, 2002 to use their anthers in anther culture.

To identify the suitable spike age for anther cutture, five spikes from
each hybrid at booting stage were collected at -5.0, -3.0 and 0.0 cm as
distance between the top of the spike (last floret) and flag leaf auricles. The
proper spike age for each hybrid was cytologically determined according to

5082



J. Agric. Sci. Mansoura Univ., 31 (8), August, 2006

the method of (He and Quyang, 1984). The suitable spike age produced the
highest frequency of microspore cells in the mid-uninucleate. Three hundred
anthers distributed in three replicates were tested for each hybrid.

To identify the duration of spikes cold treatment, ten spikes from each
hybrid were collected at -5 cm of spike age. The basal parts of the spikes
were immersed in distilled water. Then, they were covered with black plastic
bag to keep humidity and incubated at 4° C for §, 7, 14 and 20 days. After
cold treatments, the spikes surface were sterilized by 70% ethanol for 2-3
minutes, washed for five times with sterilized waler, followed by soaking in
0.1% mercuric chloride for 10 minutes and finally rinsed for five times by
sterilized water.

Under laminar air flow cabinet, anthers were isolated from the lateral
florets of each spikelet iaying in the middle third of the spike, the anthers from
the middle florets were discarded.

Isolated anthers were cultured on Petri dishes containing 15 ml of P4s
medium (OQuyang et al. 1983) to induce embryogenic callus formation. Seven
grams per liter agar was added as gelling agent and pH was adjusted to 5.8,
Anthers were incubated in darkness at 28" C for two months, Each treatment
was conducted in five replicates. Each replicate contained one hundred
anthers. After two months, the number of anthers forming embryoids was
counted.

Second experiment:

The obtained data from the applied treatments in the first experiment
was exploited during the second experiment was explained.

Hybrid seeds were sown in open field under similar conditions of that in
the first season. Spikes were collected at -5 ¢m in booting stage and
incubated for seven days at 4" C as cold treatment. Anthers were isolated
from spikes and cultured on P-4s medium for embryogenic callus induction as
previously.

Approximately 1-2 mm in diameter embryogenic calli were cultured in
glass jars (50 mi) containing 25 ml of 190-2 regeneration medium (Zhuhang
and Jia, 1983). Seven grams per liter agar were added to regeneration
medium and pH was adjusted to 5.8. Cultures were incubated for two months
at 27° C and exposed to 12 hours photoperiod with a light intensity of 1500
lux using fluorescent tubes (white cool). After two months, the number of
regenerated plantlets was scored.

Regenerated green plantlets were transferred to plastic pots filled with
mixture peatmoos, vemmiculite and clay (2:1:1, viviv), The plantiets were
covered with transparent polyethylene bags for one week, The plantlets were
grown in green house for another one week at 21 /16° C (day/night) and 14 h
photoperiod.

To determine ploidy level, root tips of two weeks old plantlets were
collected and soaked in ice-cold water for 24 h (Ram, 2002). Then, root tips
were transferred into Camoy solution ethanol : glacial acetic acid (3:1, v/v) for
fixation 24 h. The root tips were preserved in aceto-carmine for one week.
Root tips were heated for 30 seconds and squashed in acetic acid 45%.
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Chromosome number was counted by using light microscope to identify the
ploidy levels of green plants.

Haploid plants (five weeks old) were removed from pots and roots were
washed with tap water and soaked in colchicine soiution (500 mg/l. colchicine
and 20 miA. dimethylsulphoxide) for five hours at room temperature in
darkness (Saber, 1991). Plants were removed out from colchicine solution
and carefully nnsed with tap waler for two hours. Plants were again
transplanted in pots

After three weeks, root tips from colchicine treated plants were
collected for cytological test to identify the ploidy level of the obtained plants
as previously mentioned.

Statistical analysis:

in both experments, the obtained data were analyzed using two faclor
completely randomized design according to MSTAT-C (1990) computer
program,

RESULTS AND DISCUSSION

Screening for salinity tolerance:

Data in table 1 showed that seed germination percentage in all tested
genotypes significantly decreased with increasing salinity level. Sids 1 and
Sakha 8 cultivars showed significant higher seed germination percentage
over the other tested genotypes under all salinity levels. The germination
percentage for Sakha 8 and Sids 1 decreased from 86.1 and 86 % at the
control level to 25 % at 12000 ppm. Both cultivars were significantly the
highest cultivars in the germination percentage under 12000 ppm salinity
level. Line 25 was introduced to the crosses program as recommended by
the Wheat Research Depariment, Agriculture research Center for its higher
yield capacity, in spite of its low gemnination percentage under 12000 ppm
salinity levels (6 %).

Table (1): Seed germination percentage of eleven bread wheat
genotypes under different sea salt levels.

Saﬁnnyleveﬂ

ppm) 0. 6000 | 9000 | 10000 | 11000 | 12000 |Mean (a)
enctype

Giza 168 87.0 | 60.2 ™,7 ¥..2 ¥o.0 7,1 Y4.5
ids 1 86.0 1.7 S,A .4 ¥v.0 Yo D £4,0
acora 85.0 o+ ¥1.0 1,1 Y..0 13,9 £,0
akha 8 ALY 1.0 1.0 oT.0 £1,9 Yo 0 25,4

Line 25 v, f £0,) ¥4.0 7.0 Ve 0 1.0 Ti.5

Sakha 61 A5 £..0 1.0 Y1 waH 11,1 ¥1.5 |

Gemmieza 7 AAS °Y.0 A0 YAQ \T.0 1-.0 ¥3.8

Toson 1.5 .0 £..0 A0 ¥.0 Yr.0 £4,8

Giza 155 AAS 10.0 YA TV, A0 Y0 2,4
iza 157 Ao 0 1.0 v.0 V.0 YA QD Y0 £4,0
emmieza 5 Y0 Yo 0 Y..0 Va0 -0 Y- 0 Yo 0
ean (b} 87.1 52.1 375 30.1 23.2 16.2

L.S5. D, gps a=06 b=05 aXb=18
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Suitable spike age for anther cuiture:

Consequently, according to He and Cuyang (1984}, it was proposed
that mid-uninucleate is the proper stage for microspore cells to induce
embryogenic callus. Data in table 2 revealed that spikes at -5 cm stage in the
three tested hybrids possessed higher frequency of microspore cells in the
mid-uninucleate stage as compared to the other two older spikes ages, i.e. -3
and 0 ¢cm. The mean percentage of anthers/spike produced microspore cells
in the mid-uninucleate stage reached 89.9, 67 and 11 for spike ages -5, -3
and 0 cm, respectively.

Table (2);: The effect of spike age on the percentage of the three wheat
ybrids anthers possess microspores in mid-uninucleate

stage.

ike age {cm)
Genotype -5 -3 0 Mean a
Hybrid 1 86.3 §57.3 10.6 514
Hybrid 2 94.3 736 12.0 60.0
Hybrid 3 89.0 70.0 10.3 56.4
Mean b 89.9 67.0 11.0

L.5.D.ops a=278 b=2.78 aXb=483

Mid-uninucleate ceil with nuclei at the 'oppomte side to the cell pore,
which consider the proper stage for induction of embryogenic callus
by anther culture.

Cold treatments of spikes:

Table 3 showed that cold incubation of spikes for 7 or 14 days induced
significant higher number of embryos compared with the other incubation
periods (5 and 20 days).This result was in agreement with those obtained
from Datta and wenzel(1987), Henry and Buyser (1990) and Chu and Hil
(1996). Cold treatment was used to starve the microspore cells inside their
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anthers 10 switch on their normal pathway {(pollen grain formation) to the
embryos formation pathway (Cistue, ef al, 1999 and Konicny, et.al. 2003).
On the other hand, starving microspores for short time, i.e. 5 days could not
be enough to change the normal pathway of microspore cells to form
embryos. Meanwhile, starving microspores for long period, i.e. 20 days might
kil them in the spikes. Therefore, it seams that under our experiment
conditions as well as the tested hybrids the incubation of spikes for 7 or 14

days was highly recommended.

Table (3): Number of embryogenic callus produced from anthers of the
three hybrids in response to cold pretreatment durations.

retreatment durations (day)
5 7 14 20 [Meana

Genotype
Hybrid 1 14.00 [36.60|34.80| 0.01 | 21.35
Hybrid 2 20.40 |59.80 | 62.20] 8.00 | 37.60
Hybrid 3 17.00 |52.2051.80| 0.60 [ 30.40
IMean b 17.13 |49.53[49.60| 2.87
L.S.D.oos a=1.698b = 1.959 aXhb=3139411

Embryogenic callus of hybrid 2 on P4s medium n response to

anther culture
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Second Experiment:

In the second experiment, anthers from the three wheat hybrids
differed in their response to callus induction medium. The number of embryos
induced from the embryogenic callus showed small differences among the
three hybrids. The percentage of embryogenic callus induction reached 10.1,
61.9 and 51.4 for the three hybrids 1, 2, and 3, respectively. The number of
embryos reached 8784, 10764, and 10147 for the three hybrids 1, 2, and 3
respectively. These results could be ascribed to the genotype effect and / or
the culture medium composition on both embryogenic callus and number of
embryos. These resuits are in agreement with those obtained from Quyang et
al,, (1983) and Weiguo ef al .(2002).

Table {4): Number of embryogenic callus and derived embryos induced
from anthers of the three hybrids cultured for ftwo months on

P4s medium.
No. of No. of _ .
T cultured embryogenic Embnl'rog;mc Nz‘ of
anthers callus callus 7 embryos
Hybrid 1 8000 807 10.1 8784
Hybrid 2 8000 4957 61.9 10764
Hybrid 3 8000 4113 51.4 10147 |

The results in table (5) showed that number of total regenerated
plants (green and albino plants) reached 29.2, 13.3 and 16.0 % for hybrids 1,
2, and 3, respectively. However, the percentage of green regenerated plants
did not take the same trend. It reached 1.4, 8.5 and 9.0 % for the three
hybrids 1, 2, and 3 respectively. These resuits might reveal that, the parent
genotypes in each hybrid could affect the response of each hybrid. Similar
results were obtained by QOuyang ef a,, (1983), and Weiguo (2002). In this
regard, genotype vanration and differential responses of genotypes to
changes in growth and culture conditions make it difficult to devise growth
and culture procedures suitable far alt genotypes. The dominant and additive
gene effects could provide opportunity to improve androgenic response
through cross breeding and recurrent setection.

Table (5): Number and percentage of green and alhino plants derived
from embryos of three wheat hybrids cultured for two
months on 190-2 medium.

s L3 |38 |2 3.3, %a
~— - ow |wan - —-@a°
52 10588 50,| 588 (C5c | E5E |85

oo occL8 &£g° £08 10co Cecm | O0cc

zg z§,mn. %g §,Tun. zgg l-g,a. l-§'_;_

=4 roTm o E‘é 9. =

"Hybrid 1| 8784 121 1.4 2437 27.8 2558 | 29.2
Hybrid 2 | 10764 921 8.5 503 4.7 1424 13.3
| Hybrid 3 | 10147 915 9.0 709 7.0 1624 18.
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Data in terms of embryogenic callus, humber of embryos, number of
regenerated green plants, number of regenerated albino plants and number
of total regenerated plants showed that, hybrid one was the lowest in
response to embryogenic callus and green plants while gave the highest
percentage of total regenerated plants with highest percentage in albino
plants. These results revealed that, the parent involved in the hybrids might
have genotype had negative performance under the described technique of
anther culture. Meanwhile, the parent genotypes involved in uniform of both
hybrids 2 and 3 showed high performance in response to anther culture.

The Cytological examination of root tips from all regenerated plants
revealed that all tested plants possessed 21 chromosomes in their somatic
cells (haploid plants) as shown in fig. 3. Several research groups i.e. Wang et
al. (1973), Craig (1974), Schaeffer et al (1979), Henry and De Buyser (1590)
found that both haploid and with very low frequency of spontaneous double
haploid plants were produced from anther culture.

Somatic cell of root tip eat geen haploid pilant with
21 chromosomes {1n = 3x = 21).

Colchicine treatment:

Table 6 showed that colchicine treated plants produced double
haploid plants after soaking of roots in colchicine for 5 hours. The percentage
of double haploid plants was almost identical for the three hybrids. The
results in the present study could imply that, the genotype effect on the
response (o colchicine treatment is very low. These results were in
agreement with those obtained by Saber (1991).

Kasem ef. al, (1998) reported that the different genotypes varied
widely in response to colchicine-treatment and that the genetic differences
affect the sensitivity of those plants to colchicine treatment.
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Table (6): Number of double haploid plants obtained from haploid plants
of three-wheat hybrids treated with colchicine for § hours.

j No. of haploid No. of double | Percent of Double

| _green plants haploids Haploids {%)

| Hybrid 1 121 27 22.3
Hybrid 2 921 225 24.4

! Hybrid 3 915 203 22.1

In summary, double haploid production is providing plant breeders
with a good technique which offers the advantages of saving time and
producing high homozygozity simultaneously and both highly needed by ptant
breeders.
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