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Embryology o Swertia cincta ( Gentianaceae) and Its
Sysematic Value

XUE Chun - Ying*?, HE Ting- Nong?, LI De- zhu
(1 Kunming Irstitute o Botany, Chinese Academy o Sdences, Kunming, 650204, China;
2 Northwest Plateau Ingtitute o Biodlogy, Chinese Academy of Sdencss, Xining, 810001, China)

Abgract : This paper reports the megar , micro- porogenes s and femde- , mae-gametogeneds of  Swer-
tia cincta for the fird time, with the am of discusing the sygematic podtion of section Patynema and
sction Ophdia o Snertia. Anthers are tetraporang ate. The development of anther wals corforms to the
dootyledorous type.  The tapetum cells have dud orign and are smilar to the dandular type. There are
two midde layers The endothecium and epidermisperds. Cytokinessin the microgporocyte meiossis -
multaneoustype and the microgore teads are tetrahedrd. Rollen grains are 3-cdled. The ovary is hi-
carpellum and unilocuar. The placentetion isof suparietd placentation with 12 seriesdf ovues Theovule
is unitegmic, tenuinucelar and ana-carpylotropous  The embryo sac orignates from the snge-archego-
rid cel. The one chdaza megagpore in linear tetrad becomes the functionad megagpore. The development
o embryo sscisdf the Pdygonum type. Beforefertilization, two polar nuclei fuse into one secondary nu-
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cleus Three artipodd cdlspersged and divided into 5- 8 cdls A compari on between two sectionsin-
dicatesthat section Patynema is better treated as didinct section and is nore advanced than section
Ophdia acoording to the evol utionary trends of embryologica characters
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Swertia cincta Burk. belongsto Swertia section Platynema T.N. Ho et S W. Liu ( Gentianacese) .
The section Platynema was lit off from Swertia section Ophdia (D.Don ex G Don) Benth. e
Hook. f. ex Glg by Ho & Liu (1980) on the badsdf nomphologica characters: filaments connate into
a dhort tube surrounding ovary ; nectary horseshoe-shape, naked and gyle filiform. Acoording to the
evolutionary trends of normphological characters, Ho (1994) regarded section Platynema is nore ad-
vanced than section Ophdia. The section Platynema has never been invedigated embryologicaly. The
aims of the present pgper are to report the observations results of embryology of S. cincta and to discuss
gysemetic inplications of the embryologica data.

1 Materialsand Methods

Materid's invedigated were oollected from Lijiang, Yunnan province, China. The woucher (Liu
Jian-quan 206) was depodited in the Herbarium of Northwest Flateau Inditute of Biology , Chinese A-
cademy of Sciences, China (HNWP) .

Anthers and ovules at different stages of development were fixed in the formalin-acetic-acohol
(FAA) . After being sained in Enrfichs hematoxylin, the materid was embedded in pardfin by the
oonventional method and sectioned at the thickness of 5 - 10U m. Sections were gained with sfranin-
fag green. Observation and photographs were taken under Olynmpus BH2 microsoope.

2 Observationsand Results
2.1 Microsporangia, Microsporogensis and Male Cametogenesis

Howersof Swertia cincta were bisexual and protandrous Anthers were tetragporangate. At an
early dage of development , 4 rows of archegorial cels differentiated below the epidermis of the an-
thers Archegoria cells were recognizable by their dense cytoplasm and congpicwous nucle. These
cells divided periclinaly forming outer primary parieta cells and inner primary gporogernous cells The
primary parietal cells divided periclinaly and anticlinally forming two layers of the secondary parieta
cells The inner secondary parietal cells gave rise to the tapetum, which partly came from the ground
tissue near the connective tissue. Thus, the tapetumwasdf dud origin (Pate : 1). Theouter sec
ondary parietal cellsformed a subepiderma endothecium and two middle layers by periclina and anti-
clina divison. Anther wall was cormposed of five layers: epidermis, endothecium, two midde layers
and tgpetum (Fate : 3). Endothecium and middle layers originated from the primary parieta
cells The development of microgpornga wall thus corformed to the dicotyledornous type (Davis,
1966) .

Cdlsof tgpetumon the connective sde showed radid elongation or periclina divison and intrud-
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ed into the anther locule. All the tgpetd cells degenerated at their original Stes and degenerating tape-
tum unclel in the middle of the anther locule were from the early differentiation protruding of the tape-
tum (Pae : 3) ; therdfore, the tapetumis smilar to the gandular type.

The middle layers were crushed during meiloss df microgporocytes.

As the anther matured , the epidermisd the anther wal perssed and the cellsdf the endotheci-
um became pillar and fibrous (Fate : 5).

Smultaneous changes took place in the wall of microgporangia. The primary sporogenous cells un-
derwent mitods, forming secondary gporogenous cdlls, which microgporocytes were derived. Melossin
each microgorocyte resulted in a microgore tetrad. The cytokines s was the smultaneous type. Mi-
crogore tetrads were tetrahedral (Fate @ 2) . Microgoores were separated from the tetrad as a uninu-
cleate pollen grain (Rate : 3). Each microgpore had a dense cytoplasm with a prominent and cen-
traly placed nucleus As the centra vacwle developed, the nucleus took a periphera postion. The
firg divison of the microgore nucleus resulted in the formation of two unequd cells, a large vegeta
tiveone and a svdler generativeone (Fate : 4) . The generative cell gave rise to two gperms by mi-
tods PRollen grains were 3-celled a time of anther dehiscence (Pate : 6).

2.2 Megaspor ogenesis and Female gametogenesis
2.2.1 Macrogporangium and macrogporogens s

The ovary was superior , bicarpdlary , syncarpous and unilocular with parieta placentae. There
were 12 rows of ovulesin the transection of ovary (Fate : 16). The integument initiated by pericli-
na and oblique divison at the base of nucdlus. Theovuleof S. cincia was unitegmic. The integument
reached the top of nucedllus and formed a micropyle by continued divison. The type of ovule was anar
campylotropous (Pae : 17).

At the sage of microgporocyte, a snge hypodermal archegorid cedll differentiated in the young
nucellus and functioned directly as the megagporocyte (FHate : 7) which was characterized by alarge
nucleus and dense cytoplaam. Thus, theovuledf S. cincia wastenuinucellate. The megagporocyte un-
derwent meios's, forming a linear tetrad of megagoores (Plate @ 8, 9). Three micropylar megas
pores eventually degenerated , in which the chalazal one became functional (Fate : 10- 11).
2.2.2 BEmbryo sac and femade gametophyte

A 7-cdls and 8 nucleate fema e gametophyte of  Polygonum type formed by three meioss divisons
o functiona megagore (Pate : 12). Three micropylar nuclé became the egg and two synergids,
they formed the egg gpparatus The o nuclel became the polar nuclei. The chdaza nuclei became
the three antipoddls (Fate : 13- 14). The polar nuclel fused a the center and the resulted sec-
ondary nucleus then noved close to the egg gpparatus (Flate : 15).

In the mature 8 - nucleate embryo sac, the egg cell was recognized by nucleus at the chalazal
end and a large vacwole at the micropylar end, two synergidswas recognized by their nuclel at the mi-
cropylar end and a large vacwle a the chaaza end.

Three antipodal cdlls of S. cincia were rot ephemeral as observed in nog angogperms (Hu,
1982) . They perdged a the mature embryo ssc gage (Pate : 13- 14). Afterward, three cdls
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divided into 5- 8 cdls with enlarged and multiseriate nuclei and persged like a layer of“ out enr
dogperm” around embryo sac.

3 Discussion

Acoording to our recently sudy (Liu e a, 1998) , the embnylogica characters of
S. franchetiana in section Ophelia are summarized: tetragporang um anthers; dicotyledorous type of
microgporang um development ; dua tepeta origin; placenoids formed by dividon of tapetd cdls;
dandular tgpetum; 2 middle layers; perdgent epidermisin the mature anther; dmultaneous cytoki-
nessa meioss of mcrogorocytes; tetrahedra microgoore tetrads; 2-celled pollen; superior, bi-
carpellary and unilocular ovary with typicd placentae; anatropous, unitegmic and tenuinucelar ,
ovules 8 in number ; Polygonum type of megagametophytes, antipoda cells5 - 8. Although there are
numerous smilar embryological characters between S. cincta and S. franchetiana, S. cincta is differ-
ent from S. franchentiana in the embryology: (1) S. cincta has ana-carpylotropous ovules, while
S. franchetiana has anatropous ovules, and (2) S. cincta has 12 rows of ovules and superficia plar
centae, whereas S. franchetiana has 8 rows of ovules and typica parietd placentae.

Fom above conparidon of embryological characters between section Platynema and section
Ophdia, the result indicates that they are dgnificantly different in embryology. The embryologica
characters corfirm the treatment that section Platynema should be separated from section Ophdlia.

The ewolutionary trends of embryologica characters have been ducidated by many authors
(e.g-Johri et al, 1992; Tobe, 1989). The embryologica featuresdf ana- canpylotropous ovules and
superficid placentae in section Platynema are advanced characters, while anatropous ovules and typi-
ca perficid placentae are primitive characters Thus, section Platynema is nore advanced than section
Ophdlia acoording to evol utionary trends of the embryological characters.
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Explanation of Pates

AC: Antipodd cell. DM: Degenerating megasgoore. E: Egg. En, Endothecium Bp: Bpidermis FM: Functiond megagore. M:
Midde layer. Pn: Polar nudeus $: Serm Sy: Synergd. SN: Secondary nucleus Sy: Synergd.

Pate | 1. Anther wal & early dage of microgocyte. 2. Tetrahedrd tetrad. 3. Fve layers of anther wall cells: epidermis, endotheci-
um, 2 mdde layers and tapetum. 4. Anther wall of two-nucleate pollen grain. 5. Anther wall before rdleasng pollen, showing fibrous
thickened endothecium and persisted epidermis 6. 3-celed pollen grains (1 x634, 2, 6x1200, 3- 5x452)

Pate Il 7. A unitegmic ovue and megagporocyte. 8. Angphase | of meloss in megagporocyte. 9. Linear megagoore tetrad. 10 -
11. Gonsecutive transactions showing the functiond chalazd megagpore, with other three degenerating. A one-nucleaste embryo sac and
showing the other three degenerated megagpores 12. The two-nucleste embryo sac. 13 - 14. Gonsecutive transactions of meture embryo
sc, dowing an egg, two synegds, two polar nude and 5 - 8 antipodd cells 15. Sowing egy goparatus and secondary nucleus
16. Transverse section showing 12 rows of ovules 17. Showing ana - canpylotropousovule. (7 - 14 x 768, 15x 1128, 16 x136, 17 x
86) .
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