=

PRODUCTION OF MICROSPORE DERIVED PLANTSAND SOMATIC HYBRIDS
FROM MAIZE GENOTYPES

PhD theses

Béla Szarka

Gaodolls, 2002



PHD SCHOOL

Title: PhD School of Plant Science

Science: Agriculture Science

Coordinator of PhD school: Dr. Ferenc Viranyi, university and MTA professor,

SZIE, Agriculture and Environmental Science,

Crop Production Institute

Supervisor: Dr. Sandor Mérocz, PhD, Cereal Research Institbzeged

Maize Breeding Dpt.

PhD school leader’s confirmation Supervisoosfadmation



1. THE ANTECEDENTSAND GOALSOF THE WORK

The development of the vitro tissue and cell culture methods widened the rasfgmols,
which can support the plant breeding. The somatiritlization and the haploid plant production
techniques became useful breeding tools and gamgoktant practical role. The protoplast fusion
technically broke the limitations of sexual incortipéity. Production of haploid plants
incorporated in several practical breeding projectseasing the breeding efficiency. However
both techniques are still challenged by genotypétditions in case of corn.

In the present thesis’s maize genotypes, which weee for microspore culture and the somatic
hybridization showed unique tissue culture traikdoocz et al.1990). The genotypes were
maintainable on hormone free N6M media produciny aad regenerating fertile plants on long
run. We supposed these phenomena gave advantaigg toth the microspore culture and the
somatic hybridization.

The main goals of the presented experiments were:

1. Production of fertile DH (doubled haploid) majants, using simplified method lacking

preliminary anther isolation, nurse culture ancchalin treatment.

1.1. Increase the post-isolation viability of th@crospores using culture media, which
proved to be suitable for protoplast culture ofbs&ted androgenic maize genotype.

1.2. Examine the effect of pH, osmolality, and B,Zapplied in the culture media on the
microspore viability.

1.3. Compare the androgenic response of the PHh@C@racrospore derived MH SC plants.

2. PEG mediated fusion of the albino maize prostglavith wheat mesophyl protoplasts.

2.1. Selection of green hybrid colonies and plageneration.

2.2. Morphological and molecular characterizatbthe regenerates.



2. MATERIALSAND METHODS
2.1. Maize microsporeisolation and culture

2.1.1. Donor plant growth

The donor plant material for the first experimerasvthe three-way cross maize hybrid 3AL/95
produced from parent lines obtained via anthercalby one of the authors (S. Morocz) in earlier
experiments. Donor plants were grown under field greenhouse conditions. In greenhouse the
plants were grown in 2 | pots filled with 1:1:1 rre of turf, sand and Floraska B (commercially
available soil for ornamental plants). The tempemtegime was 25/1%€ (day /night). In addition
to the natural daylight, plants were exposed tdttige illumination (from 8 pm to 7 am) with Na
and HGLR OSRAM Mercurium vapor lamps (400 W), tiplants were under nearly continuous
light. Plants were watered daily and supplied withtrients (Volldiinger) weekly. Tassels,
containing the responsive late uninucleate — ehiryicleate microspores, were harvested when
they were tangible through the covering 3-4 upparés. This developmental stage was reached
60-78 days after sowing for greenhouse grown pléntsvinter) and 68-75 days in the field (in
summer). The collected tassels were wrapped irtiplaad paper bags and treated % # the
dark for 14-28 days.

2.1.2. Microspore isolation and culture conditions

Prior to isolation, florets were removed from tledel branches by forceps and were sterilized
with 50 % dilution (v/v) of commercial sodium hygdarite solution for 10 min, followed by three
rinses in sterile deionized water. Microspores weoéated mechanically with a mixer mounted on
a commercial coffee mill. Spikelets (300-400 pesriple) were blended in 100 ml ISO (Gaillard et
al. 1991) for 8 seconds (12000 rpm). To clean tiheraspores from the debris, a 2t (Tetex)
sieve was used. The appropriate microspore fragt@s collected with a 60 sieve. This fraction of
microspores was suspended in 2 ml of ISO and eyeréd on a two-phase gradient, containing 20
% and 30 % Percoll (v/v) diluted in 1SO, and cdogged at 1000 rpm for 3 min. Only the
microspore fraction floating at the top of 20 % d¢@dr gradient was used for further steps
consisting of suspending in the culture medium efliéd et al (1991) with 0.44 M sucrose and
centrifuged at 1000 rpm for 3 min. This step wagseeted with the culture medium of Galliard et
al. (1991) containing 0.09 M sucrose. The microspowere cultured at 6x¥énl density in
separately sealed 35 x 10 mm Greiner Petri disbetaining 2 ml YPM-G without co-culture with
ovaries or intact anthers. For media tests 24-@ediner macro plates were used. Microspore
cultures were kept in the dark at°@8for 14 days, then at 20 to @tunder varying illumination
until colony formation. All the microspore derivedlonies (MDCs) reaching 1mm in diameter
were transferred individually onto an N6§Md&rocz et al. 1990) hormone-free medium with 5g/I
Gelrite as gelling agent, and were subculture e&fydays to establish SMC as well as to
regenerate plantlets. The SMC cultures grew &€ 20 continuous light. The differentiated well-
rooted plants with 6-10 cm shoot were removed fittve Petri dish, cleaned from the rest of
medium, washed with tap water, and transferreailo Bhe young plants were covered with plastic
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bags in order to keep high humidity during thetfir@ days of adaptation to greenhouse conditions.
Microspore-derived plants were grown as donor gladiature plants were either self-pollinated or
cross-pollinated with plants from other microspdegived clones.

2.1.3 Plant regeneration

The microspore calli, which grew up to the sizeoné mm in the liquid culture medium, were
transferred onto 50 ml solid N6M hormone free mediln order to maintain the intensive growth
| transferred the calli to fresh culture media gvEd-14 days. Reduction of the passage cycle to 3-
4 weeks initiated the plant regeneration. In thist fexperiment, microspore culture response of
tassels representing differenty Families from PH-TC was investigated, and well-gnogy
microspore derived regenerates (RSMCs) were estadali Effort was made to regenerate plants
and to obtain seeds from all the redeemable SM@sruyur greenhouse conditions.

2.1.4. Effect of medium modification on microsperability

The main goal of this media experiment was to iaseemicrospore viability. The experiment
involved maize protoplast culture medium ppN6M/88(ocz et al. 1990) (0.600 Osmol/kg, pH
3,0, 0.2 mg/l 2,4-D), its mN6M modification and YP® (Galliard et al. 1991) (0.475 Osmol/kg,
pH 5.8, 0 mg/l 2,4-D). The mN6M was prepared like ppN6M/89 except of pH value, osmolality
and 2,4-D content that referred to YPM-G. The ostitgl of mMN6M was adjusted to 0.475
Osmol/kg with 0.1 g/l sucrose and adding water.

The N6 type microspore culture media and the vitenof the YPM-G were filter sterilized
(through 0,2um pore size membrane), while the remaining compisneh the YPM-G were
autoclaved. All the solutions were stored and wet°’C. The donor plants were grown in similar
condition as described earlier for 3AL/95. Tassedse used from both the original 3AL/95 and the
ML SC hybrid plants that were produced by intermgtiwo microspore-culture derived lines from
the first experiments.

Viability of microspores was estimated by countimgnimum 1.500 microspores per
experiment. Post isolation viability of microsponess identified by fluorescein dictate (FDA)
staining in the preliminary experiments (data nebven). To simplify the evaluation of culture
treatments at day 1 only enlarged microspores gétiise cytoplasm were regarded as viable ones.
At 7-day viability recordings dividing microsporesd the visually assessed viable cells were
summed, since they could be easily differentiatethfthe dead, shriveled microspores.

2.1.5. Statistical analysis

The culture media experiments were designed ina@ied complete blocks. Individual tassels
were used as repetitions. The Microsoft Excel safewwas used for the analysis of variance.



2.1.6. Culture media

Table 1.: Culture media applied for microspordurel

ppN6M /89 MN6M mYP
mg/I mg/I mg/I
KNO3 2830 2830 2500
(NH4),S0O, 463 463 0
KH.PO, 400 400 510
MgSOux7H.0 370 370 3700
CaChLx2H,0 300 300 176
NH4NO; 0 0 165
mi mi mi
N6 vitamins+ glicin (Chu et al 1975) 1 1 0
Strauss vitamins —L asparagin (Green 1975 0 0 1
MS microelements (Murahige and Skoog 1 1 1
1962)
FeNaEDTA 5 5 2,5
mg/I mg/I mg/I
Fructose 30000 30000 0
Glucose 50000 50000 0
Maltose 2500 2500 0
Galactose 2500 2500 0
Galacturonic acid 500 500 0
Glucoronic acid 500 500 0
L-asparagin 500 500 0
L-glutamin 100 100 0
L-serin 100 100 99
Inositol 0 0 100
Szacharose 10000 100 29950
2,4D 0,4 0 0
Naftil acetic acid 0,7 0 0
Zeatin (mixed isomers) 0,7 0,7 0
PH 2,9-3,0 58 5,8
(without (KOH) (KOH)
adjustment)
mOsmol/kg | mOsmol/kg | mOsmol/kg
Osmolality 700 475 475




2.2 Maize and wheat somatic hybridization

2.2.1. Plant materials

Maize protoplasts were isolated from H 1160 allnmaize cell line, which derived from anther
culture of H229 x C2-A-18 maize hybrid (Mérocz 199Wheat plants were grown in sterile
conditions from seeds of GK Othalom variety (CeResearch Inst. Szeged, Hungary).

2.2.2. Suspension culture

The suspension culture was maintained and cultweskly for protoplast isolation in 2 g/50 ml
N6M medium (Mérocz et al. 1990).

The osmolarity, pH and cell mass growth curves veeteup in order to control the cell culture
repeatability and try to find a specific optimurage for fusion. As a preliminary experiment forty-
two 2 g/50 ml cultures were initiated and every tfage samples were measured for osmolarity,
pH and cell mass growth. After recording the daHi evere mixed from the three dishes for
protoplast isolation and fusion.

Plant cells were sedimented and the remainingdiguedia was maximally removed by electric
pipette, then the packed cell weight was recortiethe waste culture medium pH was measured
and the osmotic value with cryoscopy osmometer @sat 030-D) respectively.

2.2.3. Donor wheat plant production

Prior to germinating wheat seeds underwent surkdeelization by treating with absolute
ethanol (1 min), 0.1 % Mercuric chloride (3 min}, % sodium hypo chlorite (15 min) then rinsed
3 times with sterile deionized water. Wheat plamése grown 8 days in 18 cm Schott tubes under
continuous light and 22C.

2.2.4. Protoplast isolation

Isolation of maize protoplasts was done accordinlylérocz et al. (1990), except that we used
split incubation: 14 hrs (overnight) at $@ without shaking, followed by a two hours treatinan
room temperature with gentle (15 rpm) shaking.

Prior to wheat protoplast isolation, leaves of § dil plants were cut off sterile amtimersed
into 10 ml solution A (Sarhan and Cesar 1988). Haahwere than laid into 2-3 drops of the same
solution in the middle of a Petri dish, and thedepinis was removed from the reverse side of
leaves by fine forceps. Mesophyl protoplasts weteased by floating 2 g of leaf tissue for 4 hours
in 10 ml digestion solution, which was preparedoadimng to Sarhan and Cesar (1988) without heat
treatment.

2.2.5. Protoplast fusion and culture

Isolated maize and wheat protoplasts were mixed:htratio and suspended in 10 ml UM
solution (Uchimaya and Murashige 1974), than ckrmged in swing bucket rotor (3 min, 1000
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rpm). Dense suspension of (1.5 2 1800 pul UM) protoplast was incubated for 20 minutes in a
single droplet of 10 mm diameter on a vibratiorefpdace. One ml of PEG solution was added in a
very slow continuous flow to the protoplasts (40/84/of 3500 MW Sigma PEG, dissolved in
solution D according to Kao and Michayluk 1974).r€al pipetting was important to avoid
flotation of the protoplasts, which adhered to Iblegtom of a 35 mm Greiner Petri dish. Elution of
the PEG solution started after first fused celld bppeared (5-10 minutes) that was controlled
under microscope. Fusion mixture was eluted dragewvith 10 ml of Kao C solution (Kao and
Michayluk 1974). Finally the washing solution waplaced by 1 ml ppN6M/89 culture medium
(Mérocz et al. 1990). Effectiveness of the elutiwwas controlled at each step by taking |H0
samples and measured by osmometer.

Depending on the amount of the isolated protoplafter each experiment one to six PEG
treated and three non-treated control (maize, waredimixed protoplasts) samples were made.

Protoplasts were cultured in liquid ppN6M/89 mediah room temperature in dark. The
positions of visible hybrid cells were recordeddmgbedding cultures in agarose after first divisions
had appeared (fresh 1:1 rate mixture of double eatnated culture medium and 2.4% low gelling
temperature agarose, both containing normal corat@m sugar composition and 2,4-D of the
ppN6M /89 medium).

Developing small calli of 0.5-1 mm size (two moiaffter fusion) were transferred onto hormone
free N6M regeneration medium. Amount of dedifferatieid and embryogen calli was regulated by
the subculture frequency using the same medium.

The differentiated well-rooted plants with 6-10 shpot were removed from the Petri dish,
cleaned from the rest of medium, washed with tapervand transferred into soil. The young
plants were covered with plastic bags in ordergegkhigh humidity during the first 10 days of
adaptation to greenhouse conditions. Plants devejaars or tassels were self and also cross-
pollinated with other maize varieties.

2.2.6 Identification of the hybrids

The number of hybrid cells was counted under lightroscope immediately after fusion.
Cultures were embedded with low gelling temperatagarose and the positions of the visible
hybrid cells were marked on the bottom of the dish.

The chromosome number of the putative hybrid catid plants were revealed by Feulgen
staining method.

The total DNA for RAPD analysis was extracted WitiiAB procedure (Bousquet et al. 1990).
In the PCR reaction 10 ng DNA was used inuP@eaction mix containing 5 pmol primer (Operon
Alameda), 2 pl from 2 mM dNTP solution (Boehringdannheim), and lunit Taq polimerase
(Boehringer Mannheim). DNA was amplified in Hybalimnigene thermocycler at R for 1
min followed by 35 cycles each with & for 30 sec, 72C for 1 min, 949C 5 sec with a final
cycle of 350C for 30 sec and 10 min 7&C. The reaction products were separated on 2.0 %
agarose gel (Boehringer Mannheim) that was staoe80 min in 0.5 % ethidium bromid bath.



2.2.7.In situ hybridization

The albino maize chromosome plates were prepaieih feitu hybridization according to Kao
(1982), with minor modifications. The protoplasblegtion was carried out according to Mérocz et
al. (1990), and the cells were stained with acetoge. In the case of wheat and the hibrid plants
we used squash preparatum.

The FISH analysis was performed according to Reatlat. (1994). Total genomic DNA was
isolated from wheat tissue (GK Othalom) and brokéth sonication to 1000-1500 bp. Labeling
procedure was the following: 8 Nick translation puffer (0.5 M Tris HCI, pH: 7.8;05 M MgC};

0.5 mg/ml Bovine Serum Albumin), @ unlabelled nucleotide mixture (0.5 mM solution exch
dCTP, dGTP, dATP in 100 mM Tris HCI, pH: 7.5), 3/5luorochrome-labelled nucleotide mix (1
wl 0.05 mM dTTP; 2.5ul Fluorogreen [Amersham]); 1 pl 100 mM dithiotréjt@00 ng/ul
sonicated wheat DNA were mixed, and the volume made up to 45 pl with sterile water. 5 pl
DNA polymerase/DNase | (Gibco) was added, and iatedfor 3.5 hours at 15 °C. At the end of
the incubation, the enzime activity was arresteith Wil 0.3 M EDTA (pH: 8.0). Unlabelled maize
DNA was shared by autoclaving for 20 minutes aretiuss a competitor in 30 times the quantity of
the probe amount in order to block common sequeimctee hybridization step. 1/10 volume of 3
M sodium acetate, and 3 volumes of ice-cold ethamrk added. Mixing of the contents followed
by precipitation at —80 °C for 1 hour. The supeanatvas removed after spinning the tubes, and
pellet was incubated for 30 min at 4 °C with 50070% ethanol. After centrifuge and discarding
supernatant, the pellet was dried overnight. THiefpeas dissolved in 20 pl TE buffer.

Fifty ul of hybridization solution containing 20 g5 % dextran sulphate, 5 pl 20x SSC, 1,25 ul
10 % sodium dodecyl sulphate and 50 ng labelletdgptogether with the competitor DNA, were
loaded per slide and incubated for 2 h at 65 °Qlowong appropriate washes the slides were
counterstained with DAPI (4’,6-diamino-2-phenylinelol pg/ml).

The chromosomes were examined with a Zeiss AxiosROpepifluorescence microscope
equipped with Filter 10 for FITC and triple banlidr (25) set for DAPI. The images were captured
with a SPOT CCD camera using the appropriate SRiffiare (Diagnostic Instruments, Inc.) and
processed with the Image Pro Plus software.



3. RESULTS
3.1. Production of microspore derived maize plants

3.1.2. Production of sustainable regenerable edttnom PH TC microspores

Forty microspore colonies (25 %) PH TC grew updbtus size (>1 mm), and 24 (15%) proved to
be develop into of sustainable regenerable cultonelsormone free N6M media (Table 2.) (Picture
2.A).

Table 2: Microspore reaction of PH TC maize genetgpaluated on 160 tassels

Developmental stage Sum of microsporédResponsible Microspore

response /1604F tassel response
tassel pcs (%) pcs pcs /R tassel

Microspore derived callus 40 (25) non applicablenon applicable

Sustainable culture 24 (15) 6 2..12

Regenerable culture 6 (3.8) 4 1.3

Fertile plant production 4 (2.5) 4 1-1

Self fertile DH lines ) ) 1-1

Six microspore derived culture resulted in greeamfd. Four plants were fertile. Albino plants
did not develop.

3.1.3. Fertile microspore derived plants and theigeny

Twenty, twenty- five days culture maintenance cyaé initiated 1- 1.5 g calli, resulted in 10-
12 plants, which were suitable for transferringisbil (Picture 2.B.). Among the fertile DH lines
two (ML-8, ML-15) set seeds only in field conditioihe “greenhouse effect” reduced the seed
production of the two other lines (ML-1, ML-2) aglv In contrary their hybrids were fertile and
viable both in greenhouse and field conditions t(Re 2.C,D,E,F). The ML-1 and ML-2 plants
produced selfed seeds.

3.1.4. Effect of media modifications on microspuoiability

The application of the mN6M media increased therosigore viability in the early stage, as
compared to mYP and ppN6M/89 media (Table 3).



Table 3.: Effect of culture media on microsporebility (% £SE), microspore colonies (MSPK,
+SE), and regenerable calli (RKSE).

Viability % Microspore colonies (pcs Regeneratddi
Media (pcs)
Day 1 Day 7 Day 30 Month 6
ppN6M/89 6.1+1.5 1.60.3 2.50.9 0.0
mM6M 25.3t6.2 5.80.7 246.@28.2 5.31.8
mYP 13.2:2.9 4.10.8 165.315.9 1.30.5

The media experiment did not yield fertile plants.

The media comparison revealed the significant (P=ddvantage of pH 5.6 as compared to the
pH 3.0. The effects of tested two osmolality artt B} doses did not affect the microspore viability
significantly (Table 4.).

Table 4: effects of pH, 2,4-D and osmolality (Osfkg) on the microspore viability after the first
day of culture in mN6M (%+SE) (n=12). Data marked with star (*) indicate #igant
differences.

pH Viability after| 2,4-D mg/I Viability after] Osmolality | Viability after
dayl day day 1 day Osmol/kg day 1 day
%+SE %xSE %+SE
3.0 9.7A1.87* 0.2 13.9&1.71 0.475 13.94:2.28
5.8 16.981.72* 0 13.4'A#2.39 0.600 12.76:1.90

The MH SC microspores showed higher viability (28)than the PH TC (18,64%) in the early
phase of development. The androgenic reaction;afdfor plants grown in identical conditions
showed high variation (Table 5.).
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Table 5.: Variability of the androgenic reactionRifl TC k tassels grown in identical conditions
(78 day old donor plant, 18 day cold treatmentZC).

Sample Cover Quantity of Microspore reaction

Leaveq Separated microspores Division | Microspore| Sustainable Plant Fertile plan

(pcs) (mm) colonies callus regeneration
20% | 20/3030%
%
129 4 5 8 - - - - -
/30 5 8 05| O - - - - -
/31 4 0.5 3 3 + + - - -
132 5 2 5 5 + + - - -
/33 5 6 1 0.5 + + + + +
134 5 2 3 3 + + + + +
/35 3 15 4 6 + + + + -

3.2. Maize x wheat somatic hybridization

3.2.1. Protoplast isolation, fusion, culture

The survival hybrid cells usually started to divide the 10 day, 5-7 days after intact maize
cells. The wheat chloroplasts remained visiblehm maize cytoplasm until 3-4 weeks post fusion
(Picture 3.D.). The 10-15 cells colonies were rififecentiable from the albino maize colonies.

3.2.2. Regeneration of green plants

Seven green callus line were selected which deffingd 3 independent experiment. One clone
resulted green plants, which shoved stepwise impgomorphological appearance between the
months 6-12 of the regeneration phase. The plaets sterile despite of the continuous attempt to
pollinate them with either self or foreign polleGreen calli appeared only from hybridized
cultures.

3.2.3. Analysis of the putative hybrid plants

The green calli developed to normal maize planistife 3.F.). The cytological study revealed
variable number (47-56) of chromosomes in differeatples. Prior to plant regeneration there
were pro-metha phase chromosomes in the callus lsammstead of more reliably countable
metaphase stage. Later the root tip samples caadirthe number of 56, without intact or
fragmented wheat chromosome.

Appearance of the green chloroplasts and the signif plant size increase (8-10 times plant
height) indicated first the hybrid nature of thgererates.
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The RAPD test revealed hybrid type bands with thgeron 07, 09, 10 primers (Picture
4.A,B,C.). Two experiments resulted in similar fm@@nts using the whole DNA extract for
template from the green plants.

The in situ DNA hybridization revealed wheat DNA in the maizhromosomes (Picture
3.G,H,l). The hybrid plants did not show morphatad)intermediary traits.

3.3. New scientific results

| consider as new scientific results:

1, Production of first Hungarian maize lines frosnlated microspore via simplified
method as compared to preliminary results (withapplication of anther
isolation, -preculture, nurse cultures and colet)ici

2, Presentation of the second generation of mponas plants (PH SC) and their
advantages over the initial material (PH TC).

3, Presentation of the role of pH in the culturedraexperiments.

4, completion of maize and wheat fusion protocol.

5, Production of viable maize x wheat hybrid celeland plant regeneration.

6, Characterization of putative hybrid plants witblecular tools.

4. CONCLUSIONS AND SUGGESTIONS

4.1. Culture of maize microspores and haploid plant production

The viability of PH TC microspores was similar taat of published by Gaillard et al. (1991)
while Coumans et al. reported lower (50%) viabilitp89). Same amount of microspores stayed
alive in mN6M media on the first day of culture @sumans et al. (1989) and Pescitelli et al.
(1990a) reported. The two other media were lesslsei for culture. In case of mYP this can be
explained with the possible adaptation of the ggrext to N6 type media (Mdérocz et al. 1990), and
with the very low pH of the ppN6M/89.

The responsive microspores developed into sustaineddlus cultures rather than embryos
(Pescitelli et al. 1989, Gaillard et al. 1991). §imcreased the chance of seed setting, because in
case of embryo producing genotypes, each embryel@ey one plant, thus in case of fertilization
failure the whole new DH genotype can be lost. Praduction of fertile progeny is a guarantee
for the complete microspore- plant system. Pathefproduced seeds was occasionally unable to
germinate, or produced only rudimentary sterilenfda Early results of Miao et al. (1978)
supported this observation, because out of 65ddMe seed they obtained, only 8 contained
embryo, and only one germinated. Such level ofosjoore-derived plants does not make progress
over a model system, either for breeding or tramsédion purposes. Jardinaud et al. (1995)
successfully transformed the highly effective mggore — plant system developed by Gaillard et
al. (1991) but could not regenerate fertile transgplants.
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The viability of the isolated microspores decreasguldly in the first few days of culture. Three
media were tested in order to improve the cultdieiency. The ppN6M/89 media was richer than
the mYP, with low pH (3,0) (Table 1.), and the priasts of HE/89 genotype (Mdrocz et al. 1990)
grew very well in it. The PH TC contained HE/89iia pedigree; | assumed that microspores
would react positively for the ppN6M/89 media. riality | obtained opposite results (Table 2.).
This observation was the basis for composition diei (Table 2.) With this modification made
the mN6M provided better survival for the microgmithan the mYP, although the advantage
reduced during the culture. The pH had the higiagact on the microspore viability, and the
positive effect of pH 5.8 got confirmed.

| observed high variation of microspore inducti@ter among the tassels grown in standard
conditions (Table 5.). A seasonal variation wa® g@ikesent among the tassels of PH TC and MH
SC. | concluded that beside the genetic backgroeactual physiological state is also critical in
the androgenic response.

The anther derived PH TC and microspore derived $34Hgenotypes presented here increased
the limited number of genotypes (Brettel et al. 1,9Betolino et al. 1988, Barloy et al. 1989,
Genovesi and Yingling 1990, 1994) suitable for climaicrospore culture. These genotypes, which
are result of agronomical and androgenic selectioaly be useful for further studies on genetic
background or linkages of microspore induction. Bheeding application requires further studies
whether the responsible genes for microspore inoluetbility are linked with positive or negative
breeding traits.

4.2. Maize somatic hybridization

The H1160 morphogenic albino maize cell suspensiasn good object for fusion experiments.
No green revertant was observed either in maindaadbino culture or the PEG treated albino
protoplast control. However we do not study theegienbackground of the albino genotype, thus
the option of spontaneous reversion cannot be dgdlu

Expectation of a collaborating maize and wheat genavould be unrealistic because of the
somatic incompatibility (Dudits 1982), the phylogéin distance and different physiological
systems of the two donor species. However there avabance for transferring chromosome
fragments or gene sequences.

The microscopic observation after the PEG medi&istn showed the division of the fused
cells. The mixture of wheat chloroplasts and may®plasm was clearly visible. Out of few
hundred viable fusions 7 green callus clones welectd and one regenerated green plants. These
data showed that the albino defect could be reeolviervery rear cases.

The availability of a single hybrid makes very aifilt to interpret the molecular and cytological
processes that can results in the formation ofeauadr cytoplasm hybrids. The present observation
that a prolongedn vitro culture period improved the viability and regetiera potential is in a
good agreement with the early studies on carrotitigi{Dudits et al. 1977, Dudits et al. 1980).
This might be related to chromosomal loss or regeaents. The extended influence of
incompatible responses was evidently shown byable bf normal function of sexual organs. Up to
now we were able to propagate this genotype onljtro cultures. Therefore we might expect a
continuous alteration in genomic constitution aégl plant materials. In addition to the phenotypic
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characterization showing maize traits, the chromsstudies were expected to provide insight to
the genetic nature of the selected green tissueptardt material. Since the wheat and maize
chromosomes are significantly different in size andrphology we can safely state that the
selected tissues carry only maize chromosomes.ath&l chromosome number was found to be
56 in the green regenerant. Fusion of more thanpwtoplasts was frequently observed in the
mixture of different cells during PEG treatmentisT@bservation can explain the high chromosome
number in the analyzed cells. The failure of redtgm of intact wheat chromosomes emphasized
the need for the additional molecular tools to wecdhe origin of selected genotype.

The RAPD analysis indicated the presence of whpatic sequence elements. The size of
amplified PCR fragments suggested the combinaticdhetwo parental DNA representing either
nuclear and/or organelle markers.

The existence of wheat DNA in the genome of thdaetp was visibly shown by in situ studies.
Since total wheat DNA was labeled we can suggest thpetitive sequence elements were
integrated into the maize genome.

Considering the high number of signals distributegeveral chromosomes we can predict an
extensive rearrangement between the parental gendbiMAs. In interpretation of the origin of
genomic constitution we can rely on the resulteafly studies on fusion between mitotic and
interphase plant protoplasts (Szabados and Dugi#8.1 The premature chromosome condensation
(PCC) can cause complete fragmentation of intelmagleus. The cytological pictures showed
formation chromatin droplets that can be incorpeanto the nuclear DNA of the hybrid cells
during the subsequent division cycles. HoweverSkghase related PCC is expected to occur only
in very rare cases the above cytological eventhtrpgovide a hypothetical explanation for the
formation of DNA islands from wheat.

Despite of the fact that unique, unknown molecalad cellular events produced the described
new genotype with maize and wheat DNA, the regeedralants exhibit several potentials for
applications in functional genomic and stress neted-urther studies are in progress to search for
expression of wheat specific genes or characters.

The genotype does not carry direct breeding valuguccessful fusion procedure was presented
for mixing of the maize and wheat genomes. Sineegtteen regenerates selection efficiency was
extremely low, application of mesophyl protoplasith selectable marker (phosfinotrycin acetyl
transferase) would be desirable in case of fuffill@on experiments (Pauk et al. 1998).

The selection pressure may activate wheat DNA nediieiently, than in the present system
where recovery of the green chloroplast was thg ordrker. This would serve with direct proofs
for the presence of wheat derived DNA in the putliybrids as well.
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