



























































































































































Donor Plant Material: Hordeum vulgare L F; Hybrids
Growth Period: Approximately 4-6 weeks from plantings

Growth Conditions: average temperature of 20°C, 16 hour photoperiod, 8 hour night

——

T

Pre-treatment A:
Liquid 0.3 M Mannitol.
Incubation Period: 7 days

Incubation Conditions: 4°C in
the dark

Pre-treatment B:
Solid 0.7 M Mannitol.
Incubation Period: 4 days

Incubation Conditions: 4°C in
the dark

Pre-treatment C:
Cold treatment with moist cloth (CMC)
Incubation Period: 14 days

Incubation Conditions: 4°C in the dark

Induction: Modified MS medium (Murashige and Skoog, 1962)
Incubation Period: 3-4 weeks

Incubation Conditions: 25°C in the dark

Record
and
discard
albino
plantlet

Regeneration: Modified MS medium (Murashige and Skoog, 1962)
Incubation Period: Approximately 2-4 weeks

Incubation Conditions: 25°C in the light

Green Plant Transfer: Modified MS medium (Murashige and Skoog, 1962)
Incubation Period: Approx 2-4 weeks

Incubation Conditions: 25°C in the light

Glasshouse Transfer: Potting Soil
Growth Period: Approximately 4 months until harvest

Growth Conditions: average temperature of 20°C, 16 hour photoperiod, 8
hour night

Harvest

Doubled Haploid Progeny

Figure 3.1. Flow diagram of experimental design.

Sterile Plant
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3.1. Plant Material and Growth Conditions.

Hordeum vulgare L. F; were grown in the greenhouse of the research institute. The donor
plants were grown in potting soil with a 16 hour photoperiod and an 8 hour night in a
greenhouse kept at an average temperature of 20°C and 80% relative humidity. The donor
plants were watered only until they reached the three-four leaf stage (+3 weeks), after which
they were fertilized with a combination of 2 ml Polaris (2x10® ml/L) (N 8.6%, Ca 7.3%, Mg
2.3%) per litre, 2.5 ml Orion-plus (3x10™ ml/L) (N 1.0%, P 1.0%, K 10.1%, Mg 0.4%, S
0.5%) and 5 ml Trelmix (Kompel) trace element solution (1x10™ ml/L) (Fe 21.3 g/L, Cu 3.0
g/L, Mn 3.1 g/L, Zn 2.3g/L, B 1.0 g/L, Mo 0.3 g/L, Mg 0.3 g/L). The fertilizer application
frequency was determined by the season, thus during the spring and summer season the donor
plants received fertigation twice a week with one application of water; and during the fall and
winter season the donor plants received fertigation once a week with one additional

application of water.

The spikes were harvested when the microspores were at the mid- to late-uninucleate phase.
This developmental phase is indicated when the distance between the flag leaf and the
penultimate leaf is 3 to 6 cm and the awns are visible just above the flag leaf. However, using
the former mentioned criteria is not the most accurate way to determine whether donor plant
is in the correct development phase as each genotype of barley shows different agronomical
properties. Figure 3.2 is an example of how developmental phase’s accuracy was ensured for
each genotype used over the harvesting period. The initial harvested spikes were labelled by
genotype and their size (small, medium and large) photocopied and measured Fig 3.2A). The
phase was verified by staining the anthers of the mid florets with a 1% acetocarmine stain,
utilizing the squash method, and looking at the microspore development phase under a
standard microscope. The microspores on the slide were then compared to Figure 3.2B and

Figure 3.2C (Maluszynski et al., 2003). All donor plants harvested afterwards were compared

42



to the photocopied donor plant to ensure uniformity. The spikes were kept in water after
harvesting to prevent wilting, surface sterilized with an aerosol of 70% ethanol in a laminar

flow bench and then placed on the various pre-treatment options.

Figure 3.2 displays the process taken to select the donor plant material. Figure 3.2A:

Donor plant material from the same genotype cut at different physiological stages to
determine the correct pollen developmental stage. Figure 3.2B: Mid-late uninucleate
microspore development stage in barley. Figure 3.2C: Late uninucleate microspore

development stage in barley (Maluszynski et al., 2003).
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3.2. Pre-treatment
The spike harvesting period occurred during mid-April until mid-September. This time period

provides the optimal growing conditions for spring type barley in the Southern Cape.

Three pre-treatment methods were tested: Sterilized spikes (Fig 3.3A), covered partially with
liquid 0.3 M Mannitol (54.651 g/L) in a 65 mm diameter petri dish that was sealed with
parafilm and incubated in the dark at 4°C for a duration of 7 days (Pre-treatment A), excised
anthers (Fig 3.3B) placed on a solid 0.7 M Mannitol plate (127.51 g/L; 15 g Bacteriologic
Agar), 65 mm diameter, sealed with parafilm and incubated in the dark at 4°C for a duration
of 4 days (Pre-treatment B) and spikes (Fig 3.3C) placed in a 90 mm diameter Petri dish with
a sterile moist cloth (approximately 2 cm? in size) sealed with parafilm and incubated in the

dark at 4°C for a duration of 14 days (Pre-treatment C).

Figure 3.3 provides a visual aid for the description of the various pre-treatment methods that

were used in this study.

The plant material used in Pre-treatment A and B were sterilised using the sterilizing method
mentioned below before being placed on the respective pre-treatments, thus not requiring

sterilization before it was placed on the induction medium.

The spikes on Pre-treatment C were sterilized before the excised anthers were placed on the
induction medium. The ears were sterilized by placing it in 70% ethanol for two minutes,
then in a 15% sodium hypochlorite (commercial bleach) solution for 8 to 10 minutes, rinsing
with double distilled water for 1 minute followed by rinsing in 70% ethanol. Pre-treatment C
was used as the control for the experiment as this method has been used extensively at our
research institution for the production of doubled haploid barley, and has proven to be a
successful method. The performance of the other pre-treatment methods was measured

against it.
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Figure 3.3. Comparison of pre-treatment methods. Figure 3.3A: liquid 0.3 M Mannitol.

Figure 3.3B: solid 0.7 M Mannitol. Figure 3.3C: Cold treatment with moist cloth (CMC)

45




3.3. Induction, Regeneration, Transfer and Harvest

The protocol used for anther culture media was Dr. G. Daniel’s (1993) modified MS medium

(Murashige and Skoog, 1962) provided by the organisation Sensako (Table 3.1). The stock

solutions for the media are listed in Table 3.2.

After pre-treatment the excised anthers were placed on the filtered induction medium (65 mm

diameter Petri dish, modified MS medium (Table 3.1 and Table 3.2). The culture plates were

sealed with parafilm and incubated at 25°C in the dark for 4 weeks. During this period,

embryo-like structures (calli) grew on the induction medium which was transferred to the

regeneration media after the four week incubation period.

Table 3.1. Dr. G. Daniel’s (1993) modified MS medium (Murashige and Skoog, 1962)

Induction Regeneration Rooting
Media Media Media

In-organic Fraction g/L
KNO; 1.900 ¢ 1.900 g 1.900 ¢
NH;NO; 0.165¢g 0.165¢ 0.165¢
KH,PO,4 0.170 g 0.170 ¢ 0.170 ¢
MgS0,.7H,0 0.370 g 0.370 ¢ 0.370 ¢
CaCl2. 2H20 0.440¢g 0.440 ¢ 0.440 ¢
FeNa2.EDTA 0.040¢ 0.040g 0.040 g
Micro Stock 1 10 ml 10 mi 10 ml
Micro Stock 2 1ml 1ml 1ml
Organic Fraction
Thiamine hydrochloride stock 1ml 1ml 1ml
a-naphthaleneacetic acid solution 1mi - -
6-Benzylaminopurine solution (BAP) 1ml - -
Maltose 639 - -
Sucrose - 209 209
Myo-Inositol 0.100g - -
Phytagel 30 30 39
KOH pH58-pH59 | pH58-pH59 |pH5.8-pHS5.9
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Table 3.2. Stock solutions

Micro Stock 1 9/500 ml ddH20
MnS0O4.4H20 0.825
ZnS0O4.7H20 0.43
H3BO4 0.31
Micro Stock 2 9/500 ml ddH20

KI 0.415
CuS0O4.5H20 0.0125
Na2M004.2H20 0.125
Thiamine hydrochloride stock mg/500 ml ddH20
Thiamine HCL 80

For the regeneration phase, 30 calli was placed on a solid filtered regeneration media (90 mm
diameter Petri dish, modified MS medium) (Table 3.1), sealed with parafilm, and incubated

under light at 25°C until shoots and or roots were formed.

These green plantlets were then transferred to solid non-filtered rooting media (7 mi
regeneration media in 30 ml McCartney bottles, Table 3.1) and incubated under light at 25°C
until the green plantlets have grown to a height of 6 cm to 8 cm. From there it was transferred
to the greenhouse and planted in soil. For the first three days after transferring the green
plants to the greenhouse, the plantlets were covered with vented plastic bags to facilitate the
acclimatization of the plantlets. The plantlets were fertilized with approximately 300 ml of
kelp (Effekto Wondersol kelp, 25 ml/L) per pot for the first two weeks after transfer, after
which the plants received the same fertilizer blend mentioned above for the donor plants.

Plant fertility was evaluated on the basis of seed set.

Albinos generated from the study was recorded and used for comparing the ratio between

albinos and green plants per genotype.
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The following parameters were monitored ; (i). The number of calli induced per treatment per
genotype, (ii). The number of green plants and albinos generated per treatment per genotype

and (iii) the ratio of doubled haploids to haploids.

The software, STATISTICA version 12, was used to analyse the data. Basic statistical

analysis as well as a t-test was performed. Data analyses were performed on the following:

Responding anthers per treatment

Number of calli induced per treatment

Number of plants regenerated per treatment

Number of albinos regenerated per treatment

Number of green plants regenerated per treatment

Number of doubled haploid plants regenerated per treatment

Number of sterile plants per treatment.

3.3. Media PreparationThe induction media as well as the regeneration media was prepared in
two phases as it contains an organic fraction and an in-organic fraction. The organic fraction
was filter sterilized and the in-organic fraction was sterilized through autoclaving (refer to
Table 3.2) The two fractions were mixed together to make up a final volume of 1000 ml, and
the pH adjusted between the range of 5.8 — 5.9 with potassium hydroxide (KOH) pellets.
After pH adjustment the media were poured into 65 mm and 90 mm diameter Petri dishes,

respectively.
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The rooting media has the same chemical content as the regeneration media but is prepared
differently. The organic fraction was not separated from the in-organic fraction. Both parts
were added together and made up to a volume of 1000 ml with distilled water. The solution
was sterilized by autoclaving for 15 minutes at 121°C. After sterilization, the media was
allowed to cool off to 75°C before adjusting the pH. The pH was adjusted between 5.8 — 5.9
using potassium hydroxide pellets. After adjustment the media was dispensed into 30 ml
McCartney bottles (7 ml per bottle). The caps were replaced on the bottles and the bottles

were sterilized again for 15 minutes at 121°C.
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CHAPTER 4

RESULTS AND DISCUSSION

In this study three different pre-treatment methods (0.7 M Mannitol, 0.3 M Mannitol and
Cold treatment with moist cloth) were explored that are used in anther culture, to determine
which one is the optimal pre-treatment. Pre-treatment C (cold treatment with moist cloth) was
used as the control treatment as it has been used extensively in the laboratory of SABBI. The
mannitol pre-treatments were used as the test treatments. The performance of the test
treatments were compared to the control. The following variables were analysed to assess
efficiency of the pre-treatment techniques; (1) Anthers responding to the treatments (2) Calli
per 100 anthers, (3) green plants per 100 anthers, (4) percentage of doubled haploid plants per

total regenerated green plants.

The amount of calli induced per treatment per genotype, the number of green plants as well
as the number of albinos generated per treatment per genotype and the number of doubled

haploids produced versus the number of haploids produced was compared.

The performance of five varieties (CM 01-CM 05) of barley against the three protocols was
compared with each other; the results were both compared between the different genotypes as
well as within a given genotype. It is well known that anther culture is genotype specific
(Jahne and Lorz, 1995); hence it was expected to obtain different levels of performance

between the varieties. This is also one of the reasons why it was important to test the

protocols on different varieties instead of just one, so as to make an informed decision.
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4.1. Pre-treatment

Pre-treatment A (0.3 M Mannitol) and Pre-treatment B (0.7 M Mannitol) were spread equally
across the five barley varieties (CM 01-CM 05). Initially Pre-treatment C (CMC) which was
the control had a higher amount of spikes on the pre-treatment, due to production
requirements; the ratio for the division was 2:1:1. Due to contamination, the percentage
spread was altered and the effect thereof can be seen in Figure 4.1 as it shows the actual
average percentage spread of the plant material across the pre-treatments used. Pre-treatment
A had a contamination percentage of 40.0 %, Pre-treatment B 23% and Pre-treatment C was

41%.

® 0.3 M Man
® 0.7 M Man
m CMC

Figure 4.1: Average Percentage Spread Per Pre-Treatment

Reducing the contamination of the plant material, induction plates and regeneration plates is
very important. In this study we observed yeast and bacterial contamination during the

induction phase and the regeneration phase of the protocol. There were protocols in place to
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minimize contamination. Some of the protocols used were the surface sterilisation (70%
ethanol aerosol) of the plant material before placing it on the pre-treatments and induction
media, ensuring that the work place was sterile by wiping the benches with 70% ethanol and
using sterile tools. Also, surgical masks and latex gloves were worn to prevent any bacterial
contamination that may originate from the laboratory technician performing the tasks.
Unfortunately these methods can only prevent further contamination from occurring after the
spike has been harvested. Most of the contamination observed during this study was due to
yeast and/or bacterial contamination originated from the anther. Unfortunately contamination
originating from the anther cannot be eliminated completely as harsher protocols may destroy
the anther which would render anther culture as inadequate. It is important to ensure that if
there are contaminated material present that it is disposed of properly to prevent it from

spreading to other culture plates.

No further tests were done to identify the cause of contamination. However, it would be
valuable to identify the bacterial, yeast and fungal species that cause the contamination. As
the information obtained from the results would help to eradicate and prevent future

contamination incidences.

4.2. Induction

An average of 60 anthers was placed on the induction media per plate (Figure 4.2A). Each
plate represented a spike. Calli formation usually occurs within 3-6 weeks of induction
(Figure 4.2B); in some instances it may take up to 8 weeks before the genotype will respond
to the treatment. The quality and quantity of calli induced varies from genotype to genotype

as well as the treatment it was exposed to. It was observed that the calli induced from the
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anthers that were treated with 0.3 M Mannitol were fewer compared to those induced from

0.7 M Mannitol or the cold treatment with a moist cloth.

Figure 4.2A: Excised anthers on induction media, day 1. Figure 4.2B: Calli induced on

induction media approximately 3 — 6 weeks after incubation.

The amount of anthers that formed calli from the various barley varieties (Codes CM 01-05)
was compared and the percentage of responding and non-responding plates/spikes per
treatment per genotype was calculated. Figure 4.3 shows how well the spikes responded to
the various treatments it was exposed to. On average CMC and 0.7 M Mannitol had the
highest percentage spikes responding to their treatment, with 32.5% and 31.3% respectively.
This means that at least 31% of the spikes on CMC and 0.7 M Mannitol have induced callus
formation, where 0.3 M Mannitol have an induction percentage of 2.4%. When investigating
the individual pedigrees (Figure 4.3), it is noticeable that certain genotypes respond better on
certain treatments, again confirming that the treatments are genotype dependent. For
example, genotype combination CM 01 had a higher induction percentage in callus formation

(62.1%) on CMC than CM 05 where only 8% of the spikes responded to the same pre-
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treatment. The highest percentage for 0.7 M Mannitol was seen in CM 02 with 46.7% and the
lowest was seen in CM 05 with 10.5%. For 0.3 M Mannitol the highest was seen in CM 05
with 10%, with multiple genotypes (CM 01, CM 02 and CM 04) not responding to the pre-
treatment at all. Thus suggesting that 0.3 M Mannitol was the least reliable pre-treatment
option. The genotype CM 05 was also the genotype with the lowest responding percentage,
showing that this genotype is the least suitable to use for doubled haploid production through
anther culture. The results conflicted with most researchers whom believe that Mannitol pre-
treatment is superior to that of cold treatment as well as those who suggest that mannitol
treatment used in combination with cold is better (J&hne and Lorz, 1995; Hoekstra et al.,

1997 and Cistué, Ramos and Catillo, 1999).

In Figure 4.3, the role of genotype dependency is clear. VVariety CM 05 showed to be the least
responsive across all treatments, whereas variety CM 01 showed to be the most responsive

even though variety CM 01 showed no response towards 0.3 M Mannitol.
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i % Responding anthers i % Non-responding anthers

Figure 4.3: The Percentage Of Responding Anthers Versus Non-Responding Plates Per

Genotype.
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Table 4.1. Comparison Of The Responding Anthers Per Treatment.

Responding Anthers (RA) per Treatment
TR Valid N Mean Std.Dev. % Responding Anthers
03M 82 1.46341 9.31240 2.4
0.7M 144 18.75000 | 27.90782 313
CMC 166 19.51807 28.19429 32.5

On average CMC showed to have the highest percentage of anthers responding to the
treatment, 0.7 M Mannitol had the second highest percentage and 0.3 M Mannitol had the
lowest response to the treatment. The pre-treatment with the lowest responding mean was 0.3

M Mannitol and the highest responding pre-treatment was CMC (Table 4.1).

A t-test was performed on the results obtained. Significance was established at a 95%
Confidence interval (p<0.05). There were no significant difference between the results
obtained from 0.7 M Mannitol and that of CMC (Table 4.2.). The results suggest that the
anthers responded equally to both pre-treatments. However, there were a significant
difference observed between 0.3 M Mannitol and 0.7 M Mannitol as well as 0.3 M Mannitol

and CMC. Those who showed significance are highlighted in red in Table 4.2.

This suggests that cold treatment with a moist cloth and 0.7 M Mannitol pre-treatment is the
optimal pre-treatment to use to induce calli formation regardless of the genotype used in
barley anther culture. The results agrees with other researchers that suggested that cold-
treatment out performs mannitol, specifically 0.3 M Mannitol (Hou et al., 1993). Another

researcher (Cistué, Ramos and Castillo, 1999) suggested that the higher the molarity of
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Mannitol in the pre-treatment solution the better the results for induction. Suggesting that 0.7

M Mannitol is better than 0.3 M Mannitol. However, in that study the researchers observed

that the results obtained between 0.7 M Mannitol and 1.0 M Mannitol had no significance.

Table 4.2. T-Test For Responding Anthers.

T-test for Independent Samples (Responding Anthers)

Note: Variables were treated as independent samples
Group 1 vs. Group 2 _

Mean Mean F-ratio p

t-value |df |[p

Group 1 |Group2 Variances |Variances
0.3Mvs. 0.3 M 1.46341 |1.46341 |0.00000 (162 (1.000000 |1.000000 |1.000000
0.3Mvs.0.7M 1.46341 |18.75000 |-5.43491 [224(0.000000 [8.981070 |0.000000
0.3 Mvs. CMC 1.46341 |19.51807 |-5.64365 [246]0.000000 [9.166396 [0.000000
0.7Mvs.0.7M 18.75000 |18.75000 (0.00000 [286|1.000000 (1.000000 |1.000000
0.7 Mvs. CMC 18.75000 [19.51807 |-0.24035 (308 (0.810219 |1.020635 |0.902643
CMC vs. CMC 19.51807 |19.51807 |0.00000 (330 (1.000000 |1.000000 |1.000000

We compared the number of calli induced per pre-treatment (Table 4.3.). CMC induced the
highest amount of calli, with a mean of 94.1 calli per spike. The pre-treatment, 0.7 M
Mannitol, came in second (mean = 39.1 calli per spike) and 0.3 M Mannitol induced the

lowest amount of calli per spike (mean=5.9). The results of the t-tests (Table 4.4) indicated
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that there was a significant difference in the amount of calli formed on the induction medium
between the pre-treatments. The results suggest that CMC will induce higher callus formation
frequency than mannitol pre-treatment, even though the anthers have responded equally to
the 0.7 M Mannitol and CMC pre-treatment. Thus, the quantity of calli induced on CMC is

higher than that produced on the 0.7 M Mannitol pre-treatment.

Table 4.3. Comparison Of The Number Of Calli Induced Per Treatment

Induced Calli per Treatment
Vil Valid N Mean Std.Dev.
0.3 M 82 5.85366 49.7637
0.7M 144 39.08333 112.6447
CMC 166 94.08434 248.2780
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Table 4.4. T-Test For Calli Induced

T-test for Independent Samples (Calli)

Note: Variables were treated as independent samples
Group 1 vs. Group 2 _

Mean Mean F-ratio p

t-value [df |[p

Group 1 |Group 2 Variances [Variances
0.3Mvs. 0.3 M 5.85366 |5.85366 [0.00000 |162(1.000000 {1.00000 (1.000000
0.3Mvs. 0.7M 5.85366 [39.08333 |-2.53243 [224(0.012012 |5.12385 |0.000000
0.3Mvs. CMC 5.85366 [94.08434 |-3.18347 [246(0.001643 [24.89153 |0.000000
0.7Mvs.0.7M 39.08333 [39.08333 [0.00000 {286 (1.000000 {1.00000 (1.000000
0.7 Mvs. CMC 39.08333 |94.08434 [-2.44835 308 0.014909 (4.85797  |0.000000
CMC vs. CMC 94.08434 (94.08434 |0.00000 (330 (1.000000 |1.00000 |1.000000

Table 4.5 gives a comprehensive view of the results obtained during the induction phase of
anther culture with regards to callus formation. On average Pre-treatment A gave the least
amount of calli formed per anther and per plate, 0.1 and 4.9 respectively, even in the
genotype CM 05 where it showed a higher percentage of spikes responding to it than in Pre-
treatment C (control) which had a lower percentage. Pre-treatment C had a higher amount of
calli forming per anther for the abovementioned genotype. In some varieties (CM 04 and CM
05) 0.7 M Mannitol outperformed the control by inducing higher calli formation in total,

however CMC produced the highest amount of calli overall. These results support the
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hypothesis that anther culture is genotype dependent as described by so many other
researchers such as Bregitzer et al., (1998), Ward and Jordan (2001), Hussein et al., ( 2004 )
and Jaquard et al., (2009). Also, the results suggest that even though mannitol pre-treatment,
specifically 0.7 M Mannitol pre-treatment, is an effective treatment in inducing calli, CMC
seems to be effective across all varieties. Thus CMC can be used as a broad spectrum pre-

treatment that guarantees results irrespective of the genotype or variety involved.

Pre-treatment B proved to be more successful than Pre-treatment A with an average of 0.7
calli forming per anther and an average of 39.5 calli forming per plate. Pre-treatment C,
which had the same induction percentage as Pre-treatment B, had the highest callus formation
per anther and per plate, 1.6 and 97.6 respectively. Pre-treatment C had more than double the

callus formation capacity per anther than Pre-treatment B.
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Table 4.5: Comparison Of Average Callus Formation Per Treatment Per Genotype

Genotype Pre-treatment | Total number of | Calli per spike | Calli per anther
Calli

0.3 M Mannitol 0 0.0 0.0
CM 01 0.7 M Mannitol 1955 75.2 1.3
CMC 8902 307.0 5.1
0.3 M Mannitol 0 0.0 0.0
CM 02 0.7 M Mannitol 1140 38.0 0.6
CMC 3828 95.7 1.6
0.3 M Mannitol 450 21.4 0.4
CM 03 0.7 M Mannitol 1283 27.9 0.5
CMC 2547 59.2 1.0
0.3 M Mannitol 0 0.0 0.0
CM 04 0.7 M Mannitol 1034 45.0 0.7
CMC 648 22.3 0.4
0.3 M Mannitol 30 3.0 0.1
CM 05 0.7 M Mannitol 216 11.4 0.2
CMC 93 3.7 0.1
0.3 M Mannitol 96.0 4.9 0.1
AVERAGE 0.7 M Mannitol 1125.6 39.5 0.7
CMC 3203.6 97.6 1.6
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cMC | 3.71
0.7 M Man 2.|10
0.3 M Man 1.60
cCMC | 0.78
0.7 M Man 1.80
0.3 M Man | 0.50
CcMC 2.16
0.7 M Man 2.15
0.3 M Man | 0.00
CcMC | 2.83
0.7 M Man 1.?4
0.3 M Man :
CMC |
0.7 M Man 1.36
0.3 M Man 0.00 |
CMC |
0.7 M Man
0.3M Man | 0.00 | | |
0

Mean

CM 05

CM 04

Pre-treatment

CM 03
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CM 02

cM 01

.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

callip RA

Figure 4.4. Calli Induced Per Responding Anther

4.3. Regeneration, Transfers and Harvest

Callus formation is an important indicator with regards to doubled haploid production as
every single callus has the potential to become a green plantlet and develop into a doubled
haploid plant. Thus the higher the amount of calli formed, the higher the number of doubled
haploids that can be produced. However, it is clear that the quantity of calli formed is not the
only factor that determines the success of green plant regeneration. The quality of the calli
plays a vital role as well. It has been observed that calli that has been transferred to the
regeneration medium within the first two weeks of formation has a higher likelihood of
regenerating into a green plant compared to older calli (4 weeks and older) that is more likely

to regenerate into an albino plant.
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The highest plant regeneration (green plant and albino plant) was obtained from Pre-
treatment C (CMC). The second highest was obtained from Pre-treatment B (0.7 M Man) and
the lowest regeneration frequency was obtained from 0.3 M Mannitol (Figure 4.5). The

results obtained were 77%, 22% and 1% respectively

® 0.3 M Man
m 0.7 M Man
mCMC

Figure 4.5. Percentage Of Plants Regenerated Per Treatment

The regeneration phase of barley anther culture is visualised in Figure 4.6. Figure 4.6A
displays the embryos/calli placed on regeneration medium; Figure 4.6B shows the
regenerated plantlets that grew on the regeneration medium. In Figure 4.6B albino plantlets
and green plantlets can be observed. The growth phase of the green plants to be transferred to

the rooting media can be observed in Figure 4.6B. The Rooting Media phase of anther culture
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can be observed in Figure 4.7. The green plants that were developed during the regeneration
phase of the protocol were transferred to the rooting media. The green plants grew stronger
whilst they were on the rooting media and the weaker green plants that would die off in the
rooting media. However, the green plants that reached the optimal size for transplanting to
the greenhouse were moved to the greenhouse (Figure 4.8) and matured to be harvested

(Figure 4.10A).

Figure 4.6A: Calli/Embryos placed on Regeneration medium, day 1. Figure 4.6B:

Green- and albino plantlets developed from calli after approximately 3 weeks.

The highest green plant regeneration (Table 4.6) was observed in CMC (mean = 3.1 green
plants per spike). 0.3 M Mannitol had the lowest green plant regeneration frequency (mean =
0.1 green plants per spike). There was a significant difference (Table 4.7) observed between
the results obtained between CMC and both mannitol pre-treatments. However, there was no
significant difference between the two mannitol pre-treatments. Thus, the results suggest that
the mannitol pre-treatments would produce similar green plant volumes even though the

number of calli for 0.3 M Mannitol would be less. Thus suggesting that the quality/ green
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plant regeneration frequency ability of the calli induced would be higher than that of the 0.7

M Mannitol.

Table 4.6. Comparison Of Green Plants Per Treatment

Variable

Green Plants per Treatment

Valid N Mean Std.Dev.
0.3M 82 0.146341 1.325178
0.7M 144 1.076389 5.146905
CMC 166 3.114458 9.522804

After approximately + 3 weeks the green plants that were transferred to the Rooting Media

(Figure 4.7) was transferred to the greenhouse (Figure 4.8). The plantlets were grown to full

maturity before the doubled haploids were harvested and the sterile plants were recorded and

discarded. Unfortunately, not all of the green plants survived the transfer to the greenhouse.

The green plants that died after being transferred to the greenhouse were recorded.

Approximately 38.53% of the green plants died within the greenhouse (Figure 4.9). Further

research has to be done to ensure higher survival percentages after the greenhouse transfer.
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Table 4.7. T-Test For Green Plants Regenerated.

Group 1 vs. Group 2

T-test for Independent Samples (Green Plants)

Note: Variables were treated as independent samples

Mean Mean F-ratio p
t-value [df |[p

Group 1 |Group 2 Variances [Variances
0.3Mvs. 0.3 M 0.146341 |0.146341 |0.00000 |162|1.000000 |1.00000 |1.000000
0.3Mvs. 0.7 M 0.146341 |1.076389 |-1.60489 [224|0.109928 |15.08494 (0.000000
0.3Mvs. CMC 0.146341 |3.114458 |-2.80622 |246]0.005414 |51.63938 |0.000000
0.7Mvs.0.7M 1.076389 |1.076389 |0.00000 {286 |1.000000 |{1.00000 {1.000000
0.7 Mvs. CMC 1.076389 (3.114458 [-2.29370 (308 (0.022481 (3.42324  |0.000000
CMC vs. CMC 3.114458 [3.114458 |0.00000 [330(1.000000 (1.00000 (1.000000
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Figure 4.7A: Green plantlet growing in rooting media, approximately 3 weeks after
transfer. Figure 4.7B: Partial albinism shown in plantlet, approximately 3 weeks after

transfer.
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Figure 4.8: Green plantlets transferred to potting soil in the greenhouse.

Figure 4.9 shows that there were a higher percentage of sterile plants for CMC than that of
0.3 M Mannitol and 0.7 M Mannitol. However, the number of green plants obtained for 0.3
M Mannitol (total = 7) was too low to confidently conclude that it performed better in

generating doubled haploids than CMC.

In Figure 4.10, the difference between a doubled haploid plant and a sterile plant can be seen.
The doubled haploid plant (Figure 4.10A) will have a full seed set and the sterile plant

(Figure 4.10B) will have no seed set at maturity.
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Figure 4.9: Comparison Of Doubled Haploid Plants And Sterile Plants Per Treatment

The number of doubled haploid plants that were developed through anther culture was low
for each pre-treatment (Table 4.8). However, CMC had the highest doubled haploid mean (1)
per anther. 0.3 M Mannitol produced the lowest number of doubled haploids per anther
(mean = 0.1) and 0.7 M Mannitol had a mean of 0.4 doubled haploid plants per anther. The t-
test revealed that there was a significant difference between the doubled haploid plant
regeneration frequency of CMC and 0.3 M Mannitol, and no significant difference between
0.7 M Mannitol and 0.3 M Mannitol. The t-test also revealed a slight significance between

0.7 M Mannitol and CMC with a p value of 0.0509.
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Figure 4.10A: Doubled haploid barley plant. Figure 4.10B: Sterile barley plant, no seed

set on mature spike.

Table 4.8. Comparison Of Doubled Haploids Per Treatment

Doubled Haploids per Treatment

Vil Valid N Mean Std.Dev. % DH
03 M 82 0.073171 0.662589 50

0.7 M 144 0.444444 1741223 41.83
CMC 166 0.963855 2736712 31.07
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Table 4.9. T-Test For Doubled Haploids

T-test for Independent Samples (DH)

Note: Variables were treated as independent samples
Group 1 vs. Group 2 _

Mean Mean F-ratio p

t-value [df |[p

Group 1 |Group 2 Variances [Variances
0.3Mvs. 0.3 M 0.073171 |0.073171 [0.00000 {162 1.000000 {1.00000 (1.000000
0.3Mvs.0.7M 0.073171 (0.444444 |-1.85444 (224 (0.064991 |6.90590  |0.000000
0.3 Mvs. CMC 0.073171 (0.963855 |-2.90265 (246 (0.004036 |17.05963 [0.000000
0.7Mvs.0.7M 0.444444 10.444444 (0.00000 [286 (1.000000 {1.00000 (1.000000
0.7 Mvs. CMC 0.444444 10.963855 [-1.95915 (308 (0.050997 [2.47030  (0.000000
CMC vs. CMC 0.963855 |0.963855 [0.00000 [330(1.000000 {1.00000 (1.000000

T-tests (Table 4.10 and Table 4.11) were performed to establish significance between the pre-
treatments based on the number of sterile plants regenerated per responding anthers. The
results show that CMC delivered the highest number of sterile plants per anther (mean =
1.03), 0.7 M Mannitol produced the second highest with a mean of 0.1 plant per anther and
0.3 M Mannitol produced the least amount of sterile plants (mean = 0.01) for this experiment.
The p-values for the comparison between 0.3 M Mannitol with 0.7 M Mannitol was 0.18
(95% C.I) which suggest that the results obtained was not significantly different. Comparison

between 0.3 M Mannitol and CMC was p=0.008 which also suggests significance. The

71



results obtained from comparing 0.7 M Mannitol and CM was p=0.002 suggesting a
significant difference between the results obtained. The results suggest that CMC have

produced the highest number of sterile plants out of all three pre-treatments tested.

Table 4.10. Comparison Of Sterile Plants Per Treatment

Sterile plants per Treatment
VEIELLE Valid N Mean Std.Dev. % Sterile
0.3 M 82 0.012195 0.110432 8.33
0.7M 144 0.111111 0.670154 10.46
CMC 166 1.030120 3.489247 33.2

The results for all the above mentioned (responding anthers, calli induction, regeneration,
doubled haploid and sterile plants) suggests that CMC will produce the highest volumes for
all the parameters tested (responding anthers, calli induction, regeneration, doubled haploid
and sterile plants). However, in Figure 4.9 it shows that CMC produced the lowest percentage
of doubled haploids (31%) compared to 0.3 M Mannitol (50%). The t-test performed on the
results show that CMC produced higher doubled haploid plantlets, thus producing conflicting
results. The different perspectives the two conflictive results were taken from has to be
considered. Figure 4.9 were taken from the holistic perspective, from all the green plants that
were planted that were produced from CMC, 31% were doubled haploid plants and 33% were

sterile. On the other hand for 0.3 M Mannitol, 50% of the green plants that were planted in
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the greenhouse were doubled haploid plants. These results suggest that 0.3 M Mannitol

would be a better pre-treatment option as it would yield a higher percentage of doubled

haploid plants. The results are flawed due to low population counts for 0.3 M Mannitol. The

pre-treatment, 0.3 M Mannitol produced 12 green plants in total compared to CMC that

produced 515 green plants in total. Clearly the number of doubled haploids and sterile plants

produced by the pre-treatments mentioned above would not be a true reflection on the

doubled haploid production capability of either of the pre-treatments. Further research should

be done to determine the optimal pre-treatment for doubled haploid production.

Table 4.11. T-Test For Sterile Plants

Group 1 vs. Group 2

T-test for Independent Samples (Sterile)

Note: Variables were treated as independent samples

Mean Mean F-ratio p

Group 1 |Group 2 tvalue df Variances [Variances
0.3Mvs.0.3 M 0.012195 |0.012195 |0.00000 {162|1.000000 |1.0000 1.000000
0.3Mvs.0.7M 0.012195 |0.111111 |-1.32516 |224]0.186469 |36.8267  |0.000000
0.3Mvs. CMC 0.012195 |1.030120 |-2.63839 (2460.008862 [998.3373 |0.000000
0.7Mvs.0.7M 0.111111 |0.111111 |0.00000 {286|1.000000 |1.0000 1.000000
0.7 Mvs. CMC 0.111111 |1.030120 |-3.11059 (308]0.002042 |27.1090 |0.000000
CMC vs. CMC 1.030120 {1.030120 |0.00000 [330|1.000000 |1.0000 1.000000
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4.4. Albinism

As mentioned above, callus formation has a direct impact on the formation of green plant
regeneration as well as the regeneration of albinos. Albinism in barley through anther culture
is very common (Kumari et al., 2009) and further research has to be done to determine how

to lower the percentage of albinos generated, or completely eradicate it.

The percentage of green plants obtained versus that of the albinos regenerated per treatment
is displayed by Figure 4.11. In all pre-treatments used, there was a higher percentage of
albino plantlets regenerated than green plants (0.3 M Man: 57.1% Alb & 42.9% GP; 0.7 M
Man: 59.8% Alb & 40.2% GP; CMC: 61.6% Alb & 38.4% GP). The results suggest that the
albino regeneration frequency is higher than green plant regeneration frequency for all the
pre-treatment tested. However, it also suggests that 0.3 M Mannitol has the lowest albino
regeneration frequency. The pre-treatment, 0.3 M Mannitol is the optimal a pre-treatment for

a low albino regeneration frequency.

As mentioned before there are different environmental factors that influences albino
regeneration frequency. Acquaah (2007) suggested that the regeneration frequency of albino
plants can be reduced if there is a higher concentration of nitrogen present in the donor
material. Thus, it would be advised to study the effects of different fertilizer components on
the production of plants through anther culture. If the fertilizer components have an effect on
albino and green plant regeneration frequency it would be an easy solution to implement in

breeding programs to reduce albinism.

Acquaah (2007) also stated that colder temperatures will reduce green plant regeneration;
however it was unclear whether the author meant that colder temperatures were to be
introduced during the growth period of the donor plant material or during pre-treatment of the

anthers.
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Figure 4.11. Green Plants VS Albinos Regenerated
Table 4.12. Comparison Of Albino Plants Regenerated Per Treatment
Albinos per Treatment
\Variable Valid N Mean Std.Dev.
0.3 M 82 0.195122 1.65879
0.7 M 144 1.583333 7.03786
CMC 166 4.915663 11.87481
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Table 4.13. T-Test For Albinos Regenerated

T-test for Independent Samples (Albino)

Note: Variables were treated as independent samples
Group 1 vs. Group 2 _

Mean Mean F-ratio p

t-value [df |[p

Group 1 |Group 2 Variances [Variances
0.3Mvs. 0.3 M 0.195122 |0.195122 (0.00000 {162 (1.000000 {1.00000 (1.000000
0.3Mvs. 0.7M 0.195122 (1.583333 |-1.75702 [224(0.080280 |18.00110 |0.000000
0.3Mvs. CMC 0.195122 |4.915663 |-3.57895 (246 (0.000415 [51.24728 |0.000000
0.7Mvs. 0.3 M 1.583333 [0.195122 [1.75702 [224]0.080280 (18.00110 |0.000000
0.7Mvs.0.7M 1.583333 |1.583333 (0.00000 [286|1.000000 [1.00000 |1.000000
0.7 M vs. CMC 1.583333 14.915663 [-2.94781 |[308]0.003445 (2.84690  (0.000000
CMCvs. 0.3 M 4.915663 [0.195122 |3.57895 [246|0.000415 |51.24728 |0.000000
CMCvs. 0.7 M 4.915663 (1.583333 [2.94781 |308(0.003445 [2.84690 |0.000000
CMC vs. CMC 4.915663 (4.915663 |0.00000 |330{1.000000 |{1.00000 {1.000000

Table 4.14 compares the amount of albinos and green plants regenerated per anther and per
plate/spike per genotype and per pre-treatment. On average Pre-treatment C produced a
higher amount of albinos and green plants compared to Pre-treatment A and B, this however

is expected due to the higher number of calli formed per treatment as shown in Table 4.14.
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What is most important to note here is that the average number of albinos regenerated is
almost double that of the green plants generated across the pre-treatments used which concur

with previous research.

A total number of 22126 calli have developed across the different varieties and all the pre-
treatments used. From the 22126 calli, 1070 albinos and 522 green plants were developed.
The number of albinos regenerated was almost double the amount of green plants
regenerated. Thus there’s an average of a 2:1 ratio in the albino: green plant regeneration
capacity throughout the different varieties. Green plants have the potential of developing into
a doubled haploid, or alternatively a haploid. It is well known that barley has a 70%
chromosome doubling capacity, meaning that 70% of the green plants regenerated from
embryos have the potential of becoming a doubled haploid plant. With the 2:1 ratio
mentioned above, in theory it would also mean that there would be twice as many albino
plantlets generated than doubled haploids, and in some instances the number would be even

greater.

Very limited literature is available on effective reduction of albinism in anther culture. There
IS a unanimous concern about the general high volumes of albino plantlet regeneration in
anther culture as well as microspore culture. Further research needs to be performed to reduce

the number of albinos regenerated through anther culture.
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Table 4.14: Comparison Of Albino And Green Plant Regeneration Per Pre-Treatment.

Albino per | Albino per | Green plant per | Green  plant
Genotype | Pre-treatment | anther plate anther per plate
0.3 M Mannitol | 0.0 0.0 0.0 0.0
0.7 M Mannitol | 1.4 8.3 0.4 2.3
CM 01 CMC 5.8 19.3 1.7 5.6
0.3 M Mannitol | 0.0 0.0 0.0 0.0
0.7 M Mannitol | 0.5 2.0 1.6 7.0
CM 02 CMC 4.2 17.8 5.0 21.5
0.3 M Mannitol | 0.3 15.0 0.2 12.0
0.7 M Mannitol | 1.2 6.4 0.4 2.4
CM 03 CMC 2.5 9.9 1.6 6.2
0.3 M Mannitol | 0.0 0.0 0.0 0.0
0.7 M Mannitol | 0.7 5.0 0.1 0.5
CM 04 CMC 1.3 15.8 0.2 2.6
0.3 M Mannitol | 0.0 1.0 0.0 0.0
0.7 M Mannitol | 0.1 3.5 0.0 0.5
CM 05 CMC 0.0 0.5 0.1 35
0.3 M Mannitol | 0.1 3.2 0.0 2.4
0.7 M Mannitol | 0.8 5.0 0.5 2.5
Mean CMC 2.8 12.7 1.7 7.9
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CHAPTER 5

CONCLUSION

The aim of the study was to determine the optimal pre-treatment method for green plant
production through barley anther culture. The results showed that anthers treated with CMC
had a higher response percentage than anthers treated with 0.3 M Mannitol. The results show
that the cold treatment with a moist cloth (CMC) induced a higher embryo formation
frequency per 100 anthers than mannitol starvation combined with temperature. However,
when comparing the two mannitol variations it is shown that the mannitol pre-treatment with
a higher molarity (0.7 M Mannitol) shows a higher embryo formation frequency per 100
anthers than that of 0.3 M Mannitol. These findings are consistent to that of Cistué¢, Ramos
and Catillo’s findings in 1999, where the authors stated that 0.7 M Mannitol pre-treatment

induced higher callus and green plant formation than that of 0.3 M Mannitol.

The results for green plant regeneration capacity after callus formation obtained in this study
conclude that CMC will produce higher green plants per spike than the 0.3 M Mannitol pre-
treatment. However, 0.3 M Mannitol produced a higher percentage green plant yield (50%)
from the total number of calli formed. This suggests that if the total number of calli formed
from the anthers treated with 0.3 M Mannitol were higher, then 0.3 M Mannitol could be

considered to be a superior treatment than CMC.

It was also seen that the success of barley anther culture is highly genotype dependent. The
pre-treatment CMC performed well across all genotypes used as donor material where 0.3 M

Mannitol and 0.7 M Mannitol did not induce calli formation in all of the genotypes used.
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This leads us to conclude that the success of green plant regeneration through anther culture
is dependent on two things. The first is the genotype of the donor plant, as recalcitrant donor
plants will not give the desired outcome. The second is the pre-treatment used to induce
callus formation. CMC showed to be the most effective pre-treatment option on a broad
spectrum of genotypes. However, further research needs to be conducted, because the results
are inconclusive. The results obtained from this study conflicts with results obtained from
other researchers such as Kasha et al. (2003 b) and Jahne and L6rz (1995) that stated that 0.3
M Mannitol pre-treatment is the optimal pre-treatment to use for doubled haploid production

in barley.

The use of anther culture for doubled haploid production, even though it is labour intensive,
has its use for barley breeding institutions. However, there is a need to optimise the pre-
treatment methods to improve the doubled haploid success rate percentage and decrease the

number of sterile plants as well as albinos regenerated during the process.
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Addendum A

List of Materials And Suppliers

Item Suppliers
6-Benzylaminopurine solution Sigma-Aldrich
Ammonium nitrate Merck
Bacteriologic agar Merck

Boric acid Merck
Calcium chloride Merck

Cloth, wipe Spar supermarket
Copper (1) sulphate pentahydrate Merck
D-Maltose Sigma-Aldrich
d-Mannitol Merck
Ethylenedinitrilotetraacetic acid iron sodium salt Merck

Glacial acetic acid 100% Merck

Indigo carmine solution (C.1. 73015) Merck

Kelp (Effekto Wondersol) Overberg Agri
Magnesium sulphate heptahydrate Merck
Manganese (11) sulphate monohydrate Merck
Myo-Inositol Sigma-Aldrich
Nitrocellulose filter membrane Sigma-Aldrich
Orion plus Yara

Phytagel Sigma-Aldrich
Polaris Yara
Potassium di-hydrogen phosphate Merck
Potassium hydroxide Sigma-Aldrich
Potassium iodide Merck
Potassium nitrate Merck
Sodium hypochlorite Spar supermarket
Sodium molybdate dehydrate Merck

Sugar

Spar supermarket

Thiamine hydrochloride

Merck

Trelmix (Kompel trace element mix 200) Overberg Agri
Zinc sulphate heptahydrate Merck
a-naphthaleneacetic acid solution Sigma-Aldrich
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