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Genotype effect and histocytological events in relation
to embryo formation after intergeneric crosses between
durum wheat ( Triticum turgidum Desf. var durum) and maize
(Zea mays L.) or teosinte (Zea mays L. ssp mexicana)
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fruit-like structures in fertile spikes as compared with cv. Armet. Cvs. Primadur, Villemur and Aristan
ranked first for embryo occurrence in fruit-like structure. Pollen genotype effects were less evident except
for a strong positive effect of teosinte pollen on embryo occurrence in fruit-like structures. These results are
discussed in comparison with other published experiments.

Key words: Fruit-set, Gynogenesis, Haploid, In vitro culture

INTRODUCTION

Haploidization is a powerful biotechnological
tool widely used in plant genetics and breeding.
Besides rapid creation of pure lines for genetic or
breeding purposes after diploidization (De Buyser
and Henry, 1987), haploid cells and tissues can
serve as targets for in vitro selection (SwaANSON et
al., 1988) and genetic transformation (Neunaus et
al., 1987). Anther culture has been used for more
than 15 years for the routine production of new
inbred lines in hexaploid bread wheat (Picarp and
DE Buyser, 1977). Unfortunately, tetraploid durum
wheat has so far been more recalcitrant to this
technique (SHARMA ef al., 1982): in addition to poor
embryo recovery from anther culture, more than
95% of developed plantlets were albinos (HADWIGER
and HEBERLE-BORS, 1986).

A second way of producing haploid plants is to
use female gametes. Bread wheat ovule and
embryo sac culture were obtained by Znu and Ly
(1981) and Yanc and Zuou (1982). However, the
efficiency of the method was found to be very low.

* Corresponding author.

The third way of producing haploid plant relies
on intergeneric or interspecific crosses. The gyno-
genesis technique induced with foreign inter-
specific pollen was first introduced in cereals for
the production of haploid barley plants with Hor-
deum bulbosum pollen (KasHa and Kao, 1970).
This technique has been adapted to bread wheat
Triticum aestivum castrated flowers (Srrcu and
SNAPE 1986, KoBa et al., 1991); however, it was
found to be ineffective in wheat genotypes with
some Kr alleles (Kosa et al., 1991: Srren and SNAPE,
1987a; Sitcn and SNark, 1987b).

In crosses involving wheat as the female parent
and maize as the pollen parent, rapid elimination
of the male genome was observed by Laurie and
BENNETT (1988), allowing the development of hap-
loid embryos under controlled conditions. Maize
pollen and male gametes from other species such
as pearl millet (AumMAD and ComEau, 1990), teosinte
(UsHrvama et al., 1991) and sorghum (OHkAwA e? al.,
1992) were used to fertilize T aestivum flowers for
breeding uses under special circumstances.

Crosses between Triticum turgidum var. dur-
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um and Zea mays have also been performed:
fertilization potential was assessed by O"DONOUGHUE
and BennerT (1988), and green haploid plants re-
covered (Coumans et al., 1992; Riera-Lizarazu et
al., 1992; AMRANI et al., 1993; SARRAFI et al., 1994).

This paper describes the occurrence of some
cytological events during the fertilization of durum
wheat by maize and teosinte pollen. The haploid
status of plantlets recovered after embryo culture
and the effects of female and male genotypes on
fertilization and embryo occurrence are discussed
here.

MATERIALS AND METHODS

Plant material

This paper deals with the results we obtained during
the 1992-1993 season in Mauguio (INRA) and Montpel-
lier University laboratories.

Female parents. On each parent, more than nine
spikes (i.e. more than 340 castrated flowers) were
studied. The 11 parents are cultivars of durum wheat
registered in the French official catalog (Geves, 1993)
and are, or have been, grown extensively in this country
during the past ten yéars (Table 1). They were all bred by
French laboratories except cv. Lloyd which was released
by North Dakota University.

Male parents. Each pollen donor was used on more
than 14 emasculated spikes. The maize material was CM
139 a line from Agriculture Canada, Kiwase, a Japanese
population, Zapalote, a Mexican population and Liza, a
commercial hybrid from Pioneer. Teosinte was a Z.
mays spp wmexicana population maintained at INRA
Montpellier, France.

Emasculation and pollination

Emasculation and pollination were done according to
Laurie and BennerT (1986). About 3 days before anthesis,
in order to facilitate the castration process the spikelets
of the basal third of the spike as well as each central
flower of the remaining spikelets, were removed. The
apical third of the spike was cut out. The remaining
flowers were emasculated after cutting out the apical
part of glumes, lemmas and paleas. After emasculation,
spikes were protected by a light paperbag in order to
keep a sufficient moisture level (Suenaca and NAKAIMA,
1989). The flowers were pollinated 3 days after.

Immediately after pollination, the culms were cut at
30 cm from the top, maintained in the growth chamber
in a solution described by Karo et al. (1990), modified by
UsHrvama ez al. (1991) under 16 h light photoperiod and
25° C constant temperature. One day later, a solution of
0.75 mg/L of gibberellic acid (GA 3) was sprayed on the
spike.

Histological observations

Pollen viability was assessed using fluoresceine dia-
cetate (HesLop-Harrison and HesLop-Harrison, 1970) and
Alexander blue (ALEXANDER, 1969). Pollen germination on
stigma was observed after staining with decolorized
aniline blue under fluorescence microscopy (O’'DONOUGH-
ve and BennerT, 1994);. Ovaries were imbedded in histo-
logical resine GMA (Gerrits and Smm, 1983) after glutar-
aldehyde fixation. Thin sections were stained with
periodic Schiff-naphtol blue black (Cruang Ying CHao,
1979), or Groat hematoxyline (Marrosa and MARTOIA,
1967).

Ten days after pollination fruit-like structures from
some swollen ovaries were dissected and the occurrence
of embryos surrounded by liquid tissue replacing endo-
sperm was checked. Dissection of swollen ovaries was
done after disinfection with 6% calcium hypochlorite and
washing with sterile distilled water in a sterile laminar
flow environment. Embryos were transferred on to B5
medium (GamBorG et al., 1968) under 16h photoperiod at
25° C. Plantlets were tranferred in potting mixture in the
greenhouse. The haploid status was checked using flow
cell apparatus PARTEC (Software DPAC Version 2.0
Data pool). -

Statistical analysis

The Chi? test was used to compare female and male
genotypes for fruit setting on pollinated flowers and
embryo occurrence on fruits, each genotype contrasting
with the others. Some data were evaluated using Fisher’s
exact test for small samples.

RESULTS AND DISCUSSION
Chronological events
Pollen tube observations showed that maize

pollen from the four genotypes analysed germi-
nated and entered the silks within less than 30 min

FIGURE 1 - Maize pollen tubes on durum wheat stigma



in all observed pollinated flowers. The first pollen
tubes reached the style after 2 h and the ovule after
4 h (Fig. 1). In wheat genotypes such as cvs Acalou
and Mondur, which showed high fruit-setting, pol-
len tubes were visible at the ovule level in all
pollinated flowers. However, the aniline blue tech-
nique did not allow clear visualization of the ferti-
lization event. Similar results were obtained in
durum wheat by O'DoNouGHUE and BeNNETT (1993).

Thin sections of ovules embedded 48 to 72 h
after pollination showed first divisions of the zygote
as well as of the surrounding endosperm cells (Fig.
2 and 3). Proembryos developed in some fruits and
aborted in others (Fig. 4).

The next obvious event was the swelling of
ovaries (Fig. 5), which developed typical fruit-like
structures where endosperm was replaced by
liquid tissue. Ten days after pollination the
embryos were easily recovered and could develop
green plants after growing on B5 medium. The
haploid status of the regenerated small and sterile
plants was confirmed by flow cytometry.

FIGURE 2 and 3 - Divisions of zygote and endosperm cells
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FIGURE 4 - Endosperm degeneration

FIGURE 5 - Fruit-like structures in swollen ovaries

Female parent effects

Ovary swelling and fruit-like structures did not
occur in all pollinated spikes (Table 1). Spikes with
reactive ovaries occurred less frequently in cvs
Arcour and Ardente, and more frequently in cv.
Primadur.

Pollinated flowers on fertile spikes did not
always develop into swollen ovaries and fruit-like
structures (Table 2). Cvs Acalou, Aristan, Armet
and Mondur were found to be inferior for ovary
swelling and fruit-like structures, whereas cvs Ar-
dente, Lloyd and Primadur were shown to be
superior.
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TABLE 1

Occurrence of ovary swelling and fruit-like structures
in durum wheat spikes

TABLE 3

Embryo occurrence on fruit-like structures
in durum wheat genotypes

%

Number of '
Spikes with
Female Number of ovary swel- % Fruitful Probabi-
genotype spikes ling and spikes lity*
fruit-like
: structures
Acalou K 14 11 78.6 0.259
Ambral 25 16 64.0 1.000
Arcour 17 3 17:7 0.000
Ardente 21 6 28.6 0.001
Aristan 10 6 60.0 1.000
Armet 13 9 812 0.213
Lloyd 16 11 68.8 0.790
Mondur 24 19 62.5 1.000
Néodur 11 4 36.4 0.107
Primadur 45 37 82.2 0.002
Villemur 20 o 730 0.238
Mean 64.0

 Fisher's exact test (2-tail)

The presence of embryos after dissection of
fruit-like structures was checked for the different
females (Table' 3). Cvs Aristan, Primadur and Vil-
lemur yielded more embryos than cvs Arcour and
Armet. Cvs Lloyd and Néodur did not develop any
embryo.

A comparison of the different steps leading to
embryo formation did not indicate any particular
coherence except for cv. Primadur, which was
significantly better for embryo occurrence on fruit

TABLE 2

Fruit-like structures (ovary swelling) in fertile spikes
of durum wheat

Number Number
Female of flowers of fruit- Fruits/100 e %2 Probabi-
genotype on fertile like flowers X lity
spikes  structures

Acalou 409 194 47.4 6.34 0.012
Ambral ST 306 53.0 0.03 0.852
Arcour 103 56 54.4 0.04 0.842
Ardente 195 122 62.6 6.84 0.009
Aristan 209 90 43.1 9.34 0.002
Armet 390 146 37.4 43.17 0.000
Lloyd 458 302 65:3 31.74 0.000
Mondur 789 392 49.7 S5 0.023
Néodur 151 13 48.3 1:59 0.206
Primadur 1385 814 58.8 s bt 0.000
Villemur 529 279 52.7 0.10 0.749
Mean 53.4

Number of Embryos/ Probabi-

Female S Number of <y
e ke " T T T
Acalou 194 113 Tl 0.226
Ambral 306 22 7.2 0.227
Arcour 56 1 1.8 0.026
Ardente 122 17 13.9 0.229
Aristan 90 18 20.0 0.008
Armet 146 8 5.3 0.004
Lloyd 302 0 0.0 0.000
Mondur 392 32 8.2 0.093
Néodur 73 0 0.0 0.000
Primadur 814 124 152 0.000
Villemur 279 57 20.4 0.000
Mean 10.6

2 Fisher's exact test (2-tail)

(Table 4). The case of cv. Lloyd with good ovary
swelling and production of fruit-like structures

without any embryo, is noticeable.

Pollen parent effects

No significant effect of the pollen parent upon
the number of spikes with ovary swelling and

fruit-like structures was observed (Table 5).

TABLE 4

Caracterization of durum wheat genotypes with respect
to intergeneric crosses

Ovary swelling
Female Spike and fruit-like Embryo
genotype reaction structures on occurrence

fertile Spike

Acalou n.s. inferior n.s.
Ambral 0.5, 5. n.s.
Arcour inferior n.s. inferior
Ardente inferior superior n.s.
Aristan n.s. inferior superior
Armet n.s. inferior inferior
Lloyd n.s. superior none
Mondur n.s. inferior n.s.
Néodur na n:S: none
Primadur superior  superior superior
Villemur n.s. n.s. superior

n.s. not significant: p>0.05
superior/inferior: p<0.05
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TABLE 5

Occurrence of durum wheat spikes with ovary swelling and
fruit-like structures in intergeneric crosses with different
maize or teosinte pollen donors

Number of
Spikes
Male Number with ovary % Fruitful 2> % Probabi-
genotype of spikes swelling and spikes X lity
fruit-like
structures
CM 139 23 11 A8 29 013
Kiwase 123 T 62:3 0.02 0.87
Liza 15 11 73.3 0.85 0.35
Teosinte 61 4 72.1 3.41 0.06
Zapalote 34 16 47.1 37T 0.05

The proportion of ovary swelling and fruit-like
structures in 100 flowers varied from 54.0 to 60.0
according to the male genotype (Table 6). Kiwase
was found to be significantly inferior, and Zapalote
significantly superior for this trait.

The proportion of embryo varied from 6.1 to
13.9 per 100 fruit-like structures, teosinte pollen
being markedly superior for this trait (Table 7).

TABLE 6

Ovary swelling and fruit-like structures in flowers from on
fertile spikes pollinated with different Zea sp. genotypes
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TABLE 7

Embryo occurrence in wheat fruits parent after pollination
with different Zea sp. genotypes

Mt N&?Ti{: of Number Embryos/ ; 22 Probabi-
-like of 100 X i

gsnoiype structures embryos fruits ey
CM 139 215 13 6.1 3:13 0.07
Kiwase 1657 137 8.3 5.40 0.02
Liza 239 16 6.7 2.30 0.12
Teosinte 966 134 13.9 30.57 0.00
Zapalote 325 22 6.8 3.04 0.08
Mean 9.5

Comparison of these results with those obtained
in early experiments involving a range of durum
genotypes pollinated with maize (Table 8), in-
dicates some agreement for fertility as determined
by frequency of developed ovaries or fruit-like
structures. However, the relatively low embryo
occurrence in our material as compared with those
of O'DoNoucHUE and BENNETT (1994) and Riera-
Lizarazu et al. (1992), could be due to the excessive
temperature (25° C) in the growth chamber.

The striking result was the relative -high fre-
quency of embryo in spikes pollinated with Teosin-
te as previously observed by UsHryama (1991) in T.
aestivum female parent. Kiwase pollen parent was
found to be somewhat inferior for ovary swelling

Number of o Fruitlike and fruit-like structures.
2 i v .
Male flowers on o e it like Structures .,  x* Probabi- The influence of genotype on the different steps
g p P
genotype fruitful R 100 lity ; : :
Spikes flowers leading to embryo formation was marked in our
material, particularly with the female cv. Lloyd,
CM 139 389 215 55.3 005 ' 0817 which was good in ovary swelling and fruit-like
Kiwase 3071 1657 54.0 8.85  0.003 structures and poor in embryo formation. Sur-
vy - o i See il prisingly, the teosinte pollen showed a strong effect
Teosinte 1694 966 57.0 1.34 0.246 5 b e farcili
Zapalote 537 325 © 800 828 0.023 Of SIn (ecumoRce Gk Dot W Spwee fertility,
Mean 55.8 ovary swelling and development of fruit-like struc-
tures.
TABLE 8

Range of fertility and embryo occurrence in different durum wheat parents pollinated with Zea sp. in five experiments

Reference

Number of female
durum parent lines

Fruit-like
structures/100
pollinated flowers
on fertile spikes:

Fruit-like
structures/100
pollinated flowers
on fertile spikes:

Embryos/100
pollinated flowers
on fertile spikes:

" Embryos/100
pollinated flowers
on fertile spikes:

e e minimum maximum
AMRANI et al., 1993 11 28 60 2 12
O’DONOUGHUE & BENNETT, 1994 10 43 67 30 62
RIERA-LIZARAZU ef al., 1992 5 — — 12 22
SARRAFI et al., 1994 6 74 74 2 14
Present results 11 37 65 0 11
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The relationship between the presence of the
pollen tube at the ovule micropyle and the induc-
tion of zygotic divisions is currently being investi-
gated.
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Influence of genotype on the induction of haploidy
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ABSTRACT

The influence of gamma ray doses (0.6, 1.2 and 2.4 KGy) and of the genotype on the induction of
haploidy by irradiated pollen was studied in three genotypes of Cucumis melo var. reticulatus and two of
var. inodorus employed as both male or female parents in ten cross-combinations. Haploid plants of melon
were obtained at 0.6 and 1.2 KGy, haploid production being strongly influenced by the genotype and the
dose used. Among the cross-combinations, the highest frequency of haploids was obtained when inbred line
L. 7-82 and cv. Isabelle were employed as female and male parents, respectively. Pollen irradiated at 0.6
KGy showed the highest frequency of parthenogenetical response. Thirty-seven haploid and 74 diploid
embryos were extracted from 4-week-old fruits and cultured in vitro. All the plants obtained exhibited

normal phenotype.

Key words: ®°Co y-rays, melon, parthenogenesis.

INTRODUCTION

The establishment of an efficient system to
produce haploids in vitro represents a real tool for
breeding progress in melon (Cucumis melo L.)
because spontaneous haploidy occurs rarely in this
species (SavIN et al., 1988). The first haploids, at a
very low production rate, were obtained by Dumas
DE VAuLx (1979) through interspecific crosses be-
tween C. melo (2n) and C. ficifolius (4n), whereas
attempts to produce haploids by in vitro
androgenesis and gynogenesis were unsuccessful
(DryaNOVSKA and ILIEVA, 1983, 1985). Few authors ob-
tained gynogenic embryos through parthenogenesis
induced in situ by pollen denatured with high doses
of gamma rays (SAutoN and Dumas DE Vaurx, 1987;
Cuny et al., 1993; FiCCADENTI ef al., 1993). This tech-
nique proved to be effective for haploid production
but the embryo yield was found to be highly influ-
enced by different factors such as genotype, environ-

* Corresponding author.

mental conditions and dose of gamma-rays utilized
(Sauton, 1988; Cuny et al., 1991; 1993).

In order to evaluate the response in haploid
production in relation to the doses of gamma rays,
in the present work, the irradiation pollen tech-
nique was applied to genotypes of Cucumis melo
L. belonging to reticulatus or inodorus botanical
varieties.

MATERIALS AND METHODS
Plant material

Cvs Isabelle and Vedrantais and inbred line L. 7-82 of
C. melo var. reticulatus as well as cvs Purceddu and
Giallino di Paceco of C. melo var. inodorus were used.
Plants were grown in open field from April to August
1993. Ten plants of each genotype were employed as
either male or female parent in a cross-combination
scheme. The average temperature was 13.7 © C at night
and 27.4 °C during the day.
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