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ABSTRACT

Camellia grijsii Hance is used as a woody ediblgree in the South of China. The oil contains pedyphenols and
camellia glucoside, which can effectively improeedmvascular and cerebrovascular disease, loweolesterol

and glucose. However, it is particularly prone toagic fruit set showing very low and have littleosk on the
reproduction biology. In order to verify whethereth was any obstacle of sexual reproduction in sig the

megasporogensis and development of the female gahyee of C. grijsii were observed by a paraffirctam

technique. The results are showed that the devedopof embryo sac conformed to Allium type. Archespnder
the nucellar epidermis directly developed a megesmaother cell. The megaspore tetrad were arranigéa a T
shape, the megaspore of chalazal end was functioregaspore. The functional megaspore formed 7ecelle
8-nucleate embryo sac following its three timegsibw successively. The ovules were anatropousgiriinous and
tenuinucellate. Abnormal embryo sacs or abortiveles were observed in the ovary. Based on our t®sthe
abortive rate of the examined ovules was 37.9%g¢hwviere likely the cause of the low seed set igrigsii.
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INTRODUCTION

Camellia grijsii Hance belongs to the gen@amellia (Theaceae) which contains about 119 species widely
distributed in tropical and subtropical regionskzst and Southeastern Asia [1-2]. grijsii was firstly found in
Youxian County, Hunan province, Chin@. grijsii is the evergreen shrub species and is listed asdtienal
second-grade protected plant species in Chinalf#se endangered trees are scattered across & mange from
25°48-27°32N and 112°30113°30E, and from sea level to 286m, where the annuatageetemperature is
17-18C, and the average rainfall is about 1420mm [4is &n important non-wood forest tree for commertaal

oil production from their seeds [5]. As cooking, dflcompares favorably with olive oil and has tiedherapeutic
value. In addition, it is used in the manufactufesaap, margarine, lubricants, hair oil, painttpusof oil and other
compounds with a high-molecular weight as well msdsmetology and dermopharmacy [6]. This plantgiyna
propagate by seed. However, this species has dosxerseed reproduction limits its propagation.

The research of reproductive biology of the plantansidered as the key factors responsible foergéing seeds
[7].- The development process of male and femaleegaphyte play a prominent role in contributing tpplation
maintenance and regeneration of important spe8iedr recent years considerable attention has Ipedoh to the
embryology ofCamelliaspecies [9-25]. Unfortunately, the causes of tive $eed set of sexual reproduction in this
species were still unclear, largely because mameas of the reproductive processes, especiallyfeheale
reproductive development remain elusive. Therefoeggiled studies of the species’ embryology acessary.

484



De-yi Yuan et al J. Chem. Pharm. Res,, 2013, 5(11):484-488

In this paper, we aims at increasing our basic rstdeding of the megasporogensis and female gamgtetop
development in theC. grijsii by a paraffin section technique. Knowledge of rejpiciive biology is not only
providing embryological information for the low ftuset, but also important in the conservation aggtematic
analysis of this family.

EXPERIMENTAL SECTION

2.1 Sampling

Seedlings ofC. grijsii grown in the Central South University of Forestiyd Technology, Changsha city, Hunan
province (28°1K9"'N, 112°5842"E), approximately 70 m above sea level were usethig study. This site is
located in a typical subtropics moist climate, withmean annual precipitation of 1392 mm and a nasarual
temperature of 17.5°C. More than 10 floral budslowers of C. grijsii at different developmental stages were
collected each time every week from 2008 to 2011 fléBwer materials were obtained from three 10ejd-trees
selected for good yielding ability and being repreative of theC. grijsii population from th&€amelliaorchard.

2.2 Fixation
Collection materials were fixed for 24h in FAA (foalin: glacial acetic acid: 70% ethyl alcohol=5:98, v/v), then
transferred to 70% ethanol, and were stored atp4fe to sectioning [26].

2.3 Pre-infiltration, infiltration, and embedding
The material was dehydrated in an ethyl alcohaéseembedded in paraffin wax [26].

2.4 Sectioning
Sections were cut to a thickenss of 10um by leigRB65(Germany).

2.5 Staining
Sections were stained with haematoxylin-eosin Y.[24

2.6 Photography

Observation and photomicroscopy of sections werdethout using an Olympus BX-51 microscope (Japsve
also investigated the aborted ovules during thedhling season by microscopy. The abortive ovules jwdged by
the presence of darkly stain with shrunken embagocells or empty embryo sac [27].

RESULTSAND DISCUSSION

3.1 Megasporogensis and Megagametogensis

In the tenuinucellate ovule, an archesporial agticfions directly as a megaspore mother cell (EigurB). The
megaspore tetrad were arranged into a T shapenadtiesis (Figure 1, C). Three megaspores of thadetventually
degenerated, While the chalazal one became furdtigigure 1, D). The first division produced tweegaspore
nuclei, which, respectively, moving to each polégfe 1, E) and underwent the second meiotic dinisgiving
rise to a four-nucleate female gametophyte (Fiduyr&-G). An additional division of these nuclei uksd in an
eight-nucleate megagametophyte (Figure 1, H-J). palar nuclei (positioned close to each other) ndotce the
centre of the embryo sac, and a synergid cell w#seamicropylar end (Figure 1, H). Two synergidlscand an egg
cell that composed the egg apparatus were at tbmpyilar end (Figure 1, I). The three ephemerabpadal cells
were at the chalazal end (Figure 1, J). Thus, théenof embryo sac formation was of thdum type [28].

3.2 Ovule Development

The periclinal division of some cells under thecglatal epidermis led to the formation of ovule mrdial (Figure 1,
A). The inner integument was initiated from derroells at the base of the ovule primordial earlf@mt the outer
one. The outer integument always grew more slowbntthe inner (Figure 1, A). The inner integumembrs

enclosed the nucellus and formed the micropylea Agpodermal archesporial cell enlarged directlg agegaspore
mother cell, the ovule becomes fully anatropougyfé 1, B). Therefore, the ovule were anatripoitegimic and

crassinucellate.

3.3 Abortive ovules during development

Abortion happened both before and after the devedoy of the embryo sac. We examined about 37.9%tiabo
ovules in 2736 ovules. It was hard to discrimiragéwveen the normal and aborted ovules unless therlambryo
sac appeared in the ovules. The aborted ovules degkty stained with shrunken embryo sac cellsamitg embryo
sacs (Figure 1, K-L). Thus, It was reasonably suas that these ovules were going to abort.
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Figure 1: Formation of megaspores and development of female gametophytein Camellia grijsii A, Longitudinal section showing ovule
primordium, septa and ovary wall. B, Longitudinal section showing megaspore mother cell. C, Longitudinal section showinga T shape
tetrad of megaspores. D, Longitudinal section showing uninuclear embryo sac, outer integument and inner integument. E, Longitudinal
section showing binuclear embryo sac, outer integument and inner integument. F-G, Longitudinal section showing four-nucleate embryo
sac, outer integument and inner integument. H-J. Developmental stages of the mature embryo sac. H, L ongitudinal section showing a
synergid cell, two central polar nuclei, ovarian wall, inner integument and outer integument. |. Transver se section showing an egg cell,
two synergid cell at the micropylar end. J, Enlarged embryo sac showing three antipodal cells at the chalazal end. K, Longitudinal
section showing degenerated embryo sac. L, Longitudinal section showing cavity of embryo sac, ovarian wall, inner integument and outer
integument

R

(I = inner integument; MAC = megaspore mother;c@ll = outer integument; OP = ovule primordial; OWovarian wall; SE = septum;
ANT = antipodal cells; AO = abortive ovule; BE =rhiclear embryo sac; CE = cavity embryo sac; DE geleerate embryo sac; EG = egg cell;
ES = embryo sac; FE = four-nucleate embryo sag; lhner integument; L = locule; ME = micropylar enT = megaspore tetrad; Ol = outer
integument; OW = ovarian wall; PN = polar nucleuslls; SY = synergid; UE = uninuclear embryo sa@al® bars: A and L = 400um; B, C, D,

F, G H, land K =50pum; E = 200pum; J = 20pm.

The method of embryogenesis@n grijsii was the same as those reported for other speciéarélliain terms of
the tenuinucellate, unitegmental, and anatropousesy and th&llium-type embryo sac [11,13-14,16,18,20-25].
However, In otheCamelliaspecies, the development of embryo sac was oAdoxa[29] or Polygonumtype [17].
Thus, the embryological characters Gamellia provide clearer factual basis for phylogeneticeiehces of
angiosperms.

It is generally known that the normal ovule deveh@mt is important for high fruit set in seed oratsaf30]. Each
ovule might be fertilized and be capable of prodgca seed. It was proposed that all of the ovilas develop a
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normal embryo sac are potential seeds [27,31]. Un experiment, although most of the female gamettgph
developed normal, some ovules were abortiv€.imgrijsii. The observed anomalies Gamelliaspecies also were
consistent with previous observations [12,15-16,2B) our knowledge, the ovule is the source of the
megagametophyte and the progenitor of the seed [B@br fruit set has been attributed to an undelgira
environmental conditions or male sterility or fematerility [7,33]. However, in our study, we fou@d grijsii not
only grew under a good hydrothermal condition inhards, but also exhibited male fertility. We exaad about
37.9% abortive ovules in 2736 ovules at floweritgge. Cao Hui-juan [12], Li Tian-ging et al. [16hdaLuo
Xiao-ying et al. [23] also observed the abortiote raf ovules were 75.0%, 11.0%, 39.4%, respectiviglg cause of
female sterility appears to be due to postzygatiedsabortion. Essentially, abnormalities in emhigwelopment
lead to abortion and resultant female sterility][3emale sterility leads to low seed set in maggdsplants [35].
Thus, our observations suggest that the low fritisC. grijsii could be partially explained by abortive ovules in
the female gametophyte development [12,15-16,28],the high percentage of abortive ovules weretifiet as
the major factor causing female sterility and polsty influenced the seed production@ grijsii orchards. But
further studies should be performed to delineatetiadr the abortive ovules were caused by resolirogation or
fertilization failure in the future.

CONCLUSION

This study provided basic information on the sexearoduction aspects . grijsii and could shed light on the
embryogenesis in this species.@ngrijsii the macrogametogenesis belongs toAliem type. Abnormal embryo
sacs or abortive ovules were observed in the ovarggesting that the same cellular mechanisms naighin
somatic as well as in embryo rescue and embryogemahiction [19]. A large number of abortive owsllmay
influence yield inC. grijsii, and further studies are needed to corroborasettesults.
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