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SUMMARY

In this study, development of anther wall of Helianthus annuus L. male
fertile HA 89 "B" line and cytoplasmic male sterile HA 89 "A" line were com-
pared by light and electron microscopy. It was observed that there was no dif-
ference between male fertile HA 89 "B" line and male sterile HA 89 "A" line
development of anther wall until tetrads were formed. After tetrad stage it was
observed in male fertile HA 89 "B" line that the middle layer was lost, tapetum
was parted from anther wall and it surrounded the microspores. In cytoplas-
mic male sterile HA 89 "A" line, middle layer was vacuolated and widened,
tapetum also enlarged and it filled anther sac. It was determined that middle
layer and tapetum were permanent with epidermis and endothecial cell during
the further development of anther wall, and also there was no secondary thick-
ening in endothecial cells. In conclusion it was found that the plasmodial tape-
tum which developed in fertile HA 89 "B" line transferred nutrients to
microspores and helped them develop normally, but in cytoplasmic male ster-
ile HA 89 "A" line the plasmodial structure did not develop. The inner tangen-
tial wall of the tapetum which was related with tetrads was not degenerated,
sufficient nutrient were not transferred to microspores and thus they degener-
ated into the callose wall.

Key words: anther wall, cytoplasmic male sterility (CMS), Helianthus
annuus L., sunflower, tapetum

INTRODUCTION

Cytoplasmic male sterility is used in various crops for hybrid seed production.

The first stable source of cytoplasmic male sterility in sunflower was discovered by
Leclercq in 1968 from an interspecific cross involving Helianthus petiolaris Nutt.
and Helianthus annuus L. (Leclercq, 1969). Subsequent identification of genes for
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fertility restoration was made by Kinman (1970), which allowed for efficient and
economical production of hybrid seed. CMS system is used for hybrid seed produc-
tion in Helianthus annuus since 1972 (Fick and Miller, 1997). Male sterility in
higher plants has been reviewed by Kaul (1988). Three types of male-sterility were
recognized in that study.

1. Genic male sterility (GMS) mutants often occur spontaneously;

2. cytoplasmic male sterility (CMS) generally arises through interspecific or

intraspecific hybridization;

3. gene-cytoplasmic sterility involves both nuclear and cytoplasmic genes.

There have been over 40 source of cytoplasmic male sterility (CMS) reported in
Helianthus annuus since the original discovery by Leclercq in 1968 (Miller and
Fick, 1997). There have been studies, conducted primarily at light and electron
microscope levels, of certain aspects of anther wall (especially behavior of tapetum)
and origin of the abortive process in cytoplasmic male sterile Helianthus annuus
(Paun, 1974; Horner, 1977; Kini et al., 1994). Horner (1977) described 11 stages
of microsporogenesis in the fertile Helianthus annuus, from premeiosis to
engorged pollen stage. According to Horner (1977), in CMS lines there was no more
development after stage 5.

This study compared histological aspects of anther wall and behavior of tape-
tum (which caused male sterility) in one N sunflower line with its CMS counterpart
at both light and electron microscopy levels.

MATERIAL AND METHODS

Helianthus annuus seeds were obtained from Trakya Agricultural Research
Institute (Turkey). Fertile line HA 89 B and cytoplasmic male sterile line HA 89 A
were selected. Seeds were grown in experiment fields of Trakya Agricultural
Research Institute. Flowers were dissected from closed and open inflorescences of
both N and CMS lines to obtain anthers at all stages of development. Some of
anthers were fixed with a mixture acetic acid-ethyl alcohol (1:3 v/v) for 24 h and
changed by 70% ethyl alcohol. After graded ethyl alcohol series infiltrated with
xylene, anthers were embedded in paraffin (60°C). Sections from different develop-
mental stages of anthers, cut 4 um thick with a rotary microtome, were stained with
Delafield's Hematoxylin (Jensen, 1962). For electron microscopy, anthers were pre-
fixed with 3% glutaraldehyde in 0.1 M phosphate buffer for 2 h. Prefixed anthers
were washed in buffer and than postfixed with 1% osmium tetroxide in the same
buffer for 2 h, washed with buffer, dehydrated in graded acetone series to propy-
lene oxide, and embedded in Epon 812.
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RESULTS

In this study, 13 stages of microsporogenesis and development of anther wall in
fertile and CMS lines of Helianhus annuus, from sporogenous mass to pistillate
stage, were described (Table 1).

Anther wall of fertile HA 89 "B" line

In microspore mother cell stage, anther wall consists of four distinct layers; an
epidermal layer, an endothecial layer, a middle layer and a tapetal layer (Figure 1).
The tapetum is of plasmodial type. It was observed that the first nucleus divisions
of tapetum cells occurred before the meiosis of pollen mother cells. During the first
meiosis, there was no change observed in epidermis and endothecium, but middle
layer was flattened (Figure 2). Different size and number of nuclei were observed as
a result of secondary nucleus fusions and divisions in tapetum.

In early vacuolate microspore stage, it was observed that the tapetum layer
parted from the anther wall and the protoplasts of tapetum cells went through
anther sac and fused with microspores (Figure 3). This structure is called plasmo-
dial or ameboidal type of tapetum behavior and is necessary for the development of
microspores as pollen grains. It was observed that tapetum protoplasts were joined
with microspores until the maturation of pollen grains (Figure 4). In the late vacu-
olate microspore stage the mid layer disappeared.

In vacuolate pollen stage, after tapetum disappeared, endothecium cells wid-
ened radially, big vaculi occurred in their cytoplasm and fibrous thickness was
observed in their inner tangential walls (Figure 5). In this stage, it was observed that
the compartment between the two sacs of anther was dissolved and in staminate
stage anthers were opened (Figure 6).

Anther wall of cytoptasmic male sterile HA 89 "A" line

Development of anther wall up to tetrad formation was similar in fertile and
cytoplasmic male sterile anthers (Figure 7). After the late tetrad stage, middle layer
vacuolated and widened (Figure 8). In this stage, the tapetum was also enlarged, but
it did not part from the anther wall. In early vacuolate microspore stage, the tape-
tum was filled through anther sac and abortion of the microspores was completed.
In the following developmental stage tapetum cells became small and anther sac
shrunk (Figure 9). Tapetal cells and middle layer cells were persistent until wilted
flower stage and middle layer continued its vacuolar structure. In this stage, vacuoli
occurred also in epidermal and endothecial cells which are the other layers of the
anther wall (Figure 10). In endothecial cells no fibrous thickness occurred. The
sterile anthers shriveled and became indehiscent (Figure 11).

In the cytoplasmic male sterile line, on abortion at the microspore stage, the
inner tangential wall of the tapetum which was contacted with tetrads was not disin-
tegrated and the plasmodial structure that was seen in the fertile line did not occur
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(Figure 12). Thus sufficients nutrient were not transferred to microspores and they
degenerated in callose wall.

DISCUSSION

Horner (1977) described 11 stages of microsporogenesis in the fertile Helian-
thus annuus, from premeiosis to engorged pollen stage. He observed that no fur-
ther development occurred within the CMS in anthers beyond stage 5. He also
reported that within a short time, the tapetum and tetrads were completely disor-
ganized and abortion was completed. In this study, 13 stages of microsporogenesis
and development of anther wall in fertile and CMS lines of Helianthus annuus,
from premeiosis to tricellular mature pollen stage, were described.

Another microscopic study carried out on GMS line of sunflower has been done
by Nakashima and Hosokawa (1974). Their results showed that the tapetum of the
male sterile line remained peripheral, enlarged and did not lose its cell wall at the
time that the N line tapetum become plasmodial. This persistence was suggested as
a cause of abortion (Nakashima and Hosokawa, 1974). The persistence of the tape-
tum in male sterile lines has been reported by many researchers. (Katti et al., 1994;
Lalonde et al., 1997). In this study it was observed that the tapetum was persistent
until wilted flower stage. The tapetum seems critical in the abortive process and its
malfunctioning is often regarded as the direct or indirect cause of CMS (Nakashima
and Hosokawa, 1974; Horner, 1977; Bino, 1985). In the N line the tapetum was
plasmodial, in the CMS line it did not separate from the anther wall and the inner
tangential wall did not break down. For this reason sufficient nutrient were not
transferred to microspores and they degenerated in the callose wall.

In the N line at the stage that the tapetum disintegrated, the inner tangential
walls of endothecial cells had fibrous thickenings, and in the CMS line endothecium
cells had no fibrous thickenings. In many sterile plants, failure of endothecium
development is attributed to the inhibition caused by the persistent tapetum (Chau-
han, 1979). According to Chauhan (1979), in most anthers of GMS and CMS plants
endothecial cells did not widen and no fibrous thickenings had been observed.
Although persistent tapetal cells continue to produce the inhibitor that checks the
differentiation of the endothecium (Chauhan, 1979). Katti et al. (1994) reported
that in GMS Cajanus cajan (L.) Millsp. the endothecium was well developed even
though the tapetum was persistent.

In conclusion, it was determined that persistent tapetum prevented the develop-
ment of endothecium. It was postulated that the malfunctioning of tapetum is a
cause for the induction of male sterility.
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Figure 1: The anther wall
in male fertile anthers
at callose meiocytes
stage (Bar 10 um)

Figure 2: The anther wall
in male fertile anthers
at meiosis I stage
(Bar 10 um)

Figure 3: The anther wall
in male fertile anthers
at early vacuolate
microspore stage
(Bar 3 um)
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Figure 4: The tapetum
protoplast surroun-
ded the microspores
in late vacuolate
microspore stage
(Bar 2 um)

Figure 5: The tapetum
disappeared at vacu-
olate pollen stage
and endothecium
cells were fibrous
thickness
(Bar 10 um)

Figure 6: The sacs of
anther opened in
staminate stage
(Bar 50 um)
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Figure 7: The anther wall
in CMS anthers at
meiocytes with
callose stage
(Bar 10 um)

Figure 8: The anther wall
in CMS anthers after
the late tetrad stage
(Bar 10 um)

Figure 9: The anther wall
in CMS anthers at sta-
minate stage
(Bar 10 um)
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Figure 10: The anther
wall in CMS anthers
at pistillate stage
(Bar 10 um)

Figure 11: The sterile
anthers shriveled
and indehiscent
(Bar 50 um)

Figure 12: The inner
tangential wall of
tapetum did not dis-
integrate at aborted
microspores stage
(arrow)

(Bar 2 um)




16 HELIA, 26, Nr. 39, p.p. 7-18, (2003)

ACKNOWLEDGEMENTS

We would like to thank Trakya Agricultural Research Institute for pro-
viding the material. This study is a part of Ciler Meric's Ph.D. thesis
and it was supported by The Scientific Research Fund of Trakya Uni-
versity (Project No: TUBAP-364).

REFERENCES

Bino, R.J., 1985. Histological aspects of microsporogenesis in fertile, cytoplasmic male sterile
and restored fertile Petunia hybrida. Theor. Appl. Genet. 69: 423-428.

Chauhan, S.V.S., 1979. Development of endothecium in relation to tapetal behaviour in some
male sterile plants. Phytomorphology 29(3-4): 245-251.

Fick, G.N. and Miller, J.F., 1997. Sunflower Breeding, In: Schneiter, A.A. (ed.), Sunflower
Technology and Production. No 35. ASA, CSSA, SSSA, Inc. Publishers Madison, Wiscon-
sin, USA, pp. 395-439.

Homer, H.T., 1977. A comparative Light and Electron Microscopic Study of Microsporogenesis
in Male-Fertile and Cytoplasmic Male-Sterile Sunflower (Helianthus annuus). Amer. J.
Bot. 64(6): 745-759.

Jensen, W.A. 1962, Botanical Histochemistry. W. H. Freeman and Company, San Francisco,
USA.

Katti, R.Y., Giddanavar, H.S., Naik, S., Agadi, S.N. and Hedge, R.R., 1994. Persistence of Callose
and Tapetum in the Microsporogenesis of Genic Male Sterile Cajanus cajan (L.) Millsp.
With Well Formed Endothecium. Cytologia 59: 65-72.

Kaul, M.L.H. 1988. Male sterility in higher plants, In: Frankel K. (ed.). Monographs on
Theoretical and Applied Genetic. Vol. 10. Springer Verlag, Berlin, pp. 364-370.

Kini, A.V., Seetharam, A. and Johsi, S.S., 1994. Mechanism of Pollen Abortion in Cytoplasmic
Male Sterile Line of Sunflower. Cytologia 59: 121-124.

Kinman, M.N., 1970. New developments in the USDA and state experiment station sunflower
breeding programs, In: Proc. 4™ Int. Sunflower Conf, Memphis, TN. 23-25 June. Int.
Sunflower Assoc, Paris, France, pp. 181-183.

Lalonde, S., Beebe, D.U. and Saini, H.S., 1997. Early signs of disruption of wheat anther
development associated with the induction of male sterility by meiotic-stage water deficit.
Sex Plant Reprod. 10: 40-48.

Leclercq, P., 1969. Une sterilite male cytoplasmique chez le tournesol. Ann. Amelior. Plant. 19:
99-106.

Miller, J.F. and Fick, G.N., 1997. The Genetics of Sunflower, In: Schneiter A.A. (ed.), Sunflower
Technology and Production. No 35. ASA, CSSA, SSSA Inc. Publishers Madison, Wiscon-
sin, USA, pp. 441-495.

Nakashima, H. and Hosokawa, S., 1974. Studies on histological features of male sterility in
sunflower (Helianthus annuus L.). Proc. Crop Sci. Soc. Jpn. 43: 475-481.

Paun, L., 1974. The cytologic mechanism of male sterility in sunflower, In: Proc. 6 Int.
Sunflower Conf, Bucharest, Romania. 22-24 July. Int. Sunflower Assoc, Paris, France,
p-249-257.



HELIA, 26, Nr. 39, p.p. 7-18, (2003) 17

ASPECTOS HISTOLOGICOS DE LA PARED DE ANTERAS
EN LAS LINEAS MASCULINAS FERTILES Y LAS
MASCULINAS CITOPLASMATICAS ESTERILES DE
GIRASOL (Helianthus annuus L.)

RESUMEN

En este estudio, con la microscopia de luz y la electrénica, fue comparado
el desarrollo de la pared de anteras en la linea masculina fértil de girasol (Heli-
anthus annuus L.) HA 89 By la linea masculina citoplasmatica estéril HA 89
A. Entre dos lineas investigadas, no habia diferencias en el desarrollo de la
pared de anteras hasta la fase de formacién de tétradas. Una vez observadas
las tétradas, en la linea HA 89 B, la capa intermedia se perdio, el tapetum fue
separado de la pared de las anteras y rode6 microesporas, mientras que en la
linea HA 9 A, la capa intermedia se vacuolizé y se extendid, y el tapetum tam-
bién fue aumentado y llen6 el saco de anteras. Se establecié que la capa inter-
media y el tapetum eran constantes con epidermis y célula endotelial durante
la continuacién del desarrollo de la pared de anteras, y tampoco hubo espesa-
miento secundario en las células endoteliales. Fue deducido que el tapetum
plasmodial que se desarroll6 en la linea fértil HA 89 B, trasmiti6 los elementos
nutritivos y microesporas y los ayudé a desarrollarse normalmente. Mientras
tanto, en la linea estéril masculina HA 89, la estructura plasmodial no se
desarroll6. La pared tangencial interior del tapetum, que estaba vinculado con
las tétradas, no resulté6 degenerado, la cantidad suficiente de los elementos
nutritivos no llegé a las microesporas, asi que ellas resultaron degeneradas en
la pared del callo.

ASPECTS HISTOLOGIQUES DE LA PAROI D’ANTHERES
DANS LES LIGNES DE TOURNESOL MALES FERTILES ET
CYTOPASMASMIQUES MALES

RESUME

Dans cette étude, le développement de la paroi d’anthéres de la ligne male
fertile Helianthus annuus L HA 89 B et la ligne cytoplasmique male stérile HA
89 A ont été comparés au moyen des microscopies optique et électronique. Les
deux lignes n’ont pas montré de différences dans le développement de la paroi
d’anthéres avant la formation de tétrades. A l'apparition des tétrades, la
couche centrale était perdue dans la ligne HA 89 B, le tapetum était séparé de
la paroi d’antheres et entourait les microspores tandis que dans la ligne HA 9
A, la couche centrale était devenu vacuolaire et était élargie; le tapetum, de
méme, était élargi et remplissait le sac d’antheres. Il a été établi que la couche
centrale et le tapetum étaient constants avec I'épidermis et la cellule endothé-
ciale dans le cours du développement ultérieur de la paroi d’antheres et qu’il
n'y avait pas d’épaississement secondaire dans les cellules endothéciales. En
conclusion, il a été constaté que le tapetum plasmodial qui s’était développé
dans la ligne fertile HA 89 B transmettait des éléments nutritifs et des micro-
spores et les aidait a se développer normalement. Cependant, dans la ligne
male stérile HA 89, la structure plasmodiale ne s’était pas développée. La paroi
intérieure tangentielle du tapetum qui était en rapport avec les tétrades n’avait
pas dégénéré, une quantité suffisante d’éléments nutritifs n’avait pas été trans-
mise aux microspores qui avaient de ce fait dégénéré en paroi de callose.
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