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Abdract : The present paper reports embryologica charactersdf  Tripteropsermum cordatum (Marg. ) H. Srith
for the fird time and discusses the sydemdatic reationships of  Tripterospermum.  Anthers are tetragporang ete.
The development of anther walls corforms to the Dicotyledbrous type. The tgpetd cellsorigin from the primery
parietd cdls, and thusthe tgpetumisaf sngeorign. The development of the tgpetumwith uninucleate cdlsis
o the Gandular type. The tepetd cdlson the connective sde dow radid eongation or pericling divison and
intrude into the anther locule to form placenoids. The anther wall has only one middle layer ; the endothecium
persds and its cells become pillar and fibrous, and the epidermis degenerates. Cytokineds a meiogs of mi-
crogorocytesis of the dmultaneous type and the microgore tetrads are tetrahedra. Pollen grains are 3 -
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celled. Theovary is hicapdlary and unilocuar. The placentation is of reduced or typica parieta placentae
with 4 or 8 rows of hypertropous ovules. The ovule is unitegmic and tenuinucellar. The embryo sac orig nates
from a dnge archegoorid cell. The one chalazal megagoore in linear tetrad becomes functiond. The develop-
ment of embryo ssc isdf the Polygonum type. Before fertilization , two polar nucle fuse into a secondary nucle
us. Three antipoda cellsperss. Howers are protandrous. Fertilization is poroganmous. The development of the
encoperm isd the Nuclear type. The embryogeny corresponds to the Slanad type Physlis  variation type.

Qorrpared with Gentiana and Crawfurdia, Tripteraspermum is different from Gentiana and Cranfurdia in emr
bryologica characters. The embryologica data indicate thet it is better to trest Tripteraspermum as an indepen-
dert genus.

Key words: Tripteraspermum cordatum; Embryology ; Sygemetic rdaionships

Tripteraspermum was egablished by Blume in 1826 based on the gecies Tripteraspermum trinerve.
Tripteraspermum was reexamined by Marquand in 1931 and 1937, who did mot accept the genus
Tripterospermum and merged it into Gentiana. Carke (1875) tranderred Tripterospermum to Craw-
furdia Wall . ,and divided this genus into 2 sections Dipterospermum Oarke and  Tripterospermum
(Blume) Aarke. However , the genus is retained as indgpendent one by many authors (Ho & Liu,
1990; Ho, 1988; Wu, 1984; Smith, 1965; Glg, 1895 ect.). This genus has never been embry-
ologcaly invedigated. The objective of the present paper isto report the results of observations on enr
bryology of genus Tripteraspermum and to discuss sysemdtic inplications of the embryologcd data.

1 Materials and Methods

Materid invedigated for the present gudy was oollected from Tianquan, Schuan Province, Chi-
na. The wvoucher (LiuJian- quan 270) is deposted in the Herbarium of Northwes Fateau Inditute of
Biology , Chinese Academy of Sciences, China (HNWP) .

Anthers, ovules and seeds at different dages of development were fixed in acetic and abslute
etharol in aproportiondf 1: 3. After being gained in Ehrfich’ s hemetoxyfin , the meterial was embe-
ded in pardfin by the conventional method and sectioned at the thicknessof 6 121 m. Sections were
gained with sffranin - fag green, and then observed and photographed under Olynmpus BH2.

2 Observations
2. 1 Microspor ogensis and male gametogenesis

Howersof  Tripterospermum cordatum were bisexual and protandrous. Anthers were tetragporan-
gate. At early dage of development , 4 rowsdf archegorid cells differentiated under epidermisdf anr
thers. Archegorial cells were recognizable by their dense cytoplasm and congpicuwous nuclei. These
cells divided periclinaly forming an outer primary parieta cells and inner primary goorogerous cells
(Pate  :1). Theprimary parietal cells divided periclinaly and anticlinally forming two layersof the
secondary parietal cells. The inner secondary parieta cells gave rise to the tapetum. Thus, the tape
tumwas dof dnge orign. The outer secondary parietal cellsformed a subepiderma endothecium and a
midde layer by periclind and anticlina divison. Anther wall was conposed of four layers: epidermis,
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endothecium, middle layer and tapetum (FRate  : 2) . Endothecium and middle layer originated from
the primary parietal cells. The development of the microgporangia wall thus corforms to the dicotylen-
donous type (Davis, 1966) .

Cdls o the tapetum on the connective Sde showed radial elongation or periclina divison and in-
truded into the anther locule. At this regon where divisons occur , the tapetum becomes 2 to 3 layers
and gppears as trabeculae and placeroids (Sefen et al , 1958) . Tapeta cells were uninucleste
throughout their development. At about the time of pollen tetrads, wallsof the tapetal cells became in-
diginct and the tapetal cells degenerated at their origind ste (Fate : 3 4). Thetgpetd cells de
generated conpletely at the gage of 1 - nucleste pollen grains (Fate @ 7). Thus, the tapetum of
Tripteraspermum cordatum is gandular.

The middle layer was crushed during meioss of microgporocytes As the anther metures, the en-
dothecium of the anther wall perdsed and the cells became pillar and fibrous. The epidermi s degener-
aed. (Rae : 8).

Smultaneoudy with changes in the wall of microgporanga, the primary goorogenous cell s under-
went mitods, forming secondary gporogenous cells, from which microgporocytes were derived. Meios s
in each microgorocyte resulted in a microgoore terad. The cytokinessisaof the dmultaneous type. Mi-
crogore tetrads were tetrahedral (Pate @ 4 5). Microgores were ssparated from the tetrad as a
uninucleate pollen grain (Fate : 7). Each microgpore had a dense cytoplasmwith a prominent and
centrally placed nucleus. As central vacwle developed , the nucleus took a periphera postion. The
firg divison df the microgore nucleus resulted in the formetion of two unequal cells, a large vegetative
one and a smdller generative one. The generative cell gave rise to two gperms by mitods. Rollen grains
were 3 - celled a time of anther dehiscence (Hae : 6).

2. 2 Megasporogenesis and Femal - gametogenesis
2. 2. 1 Macrogporangum and macrogporogends  The ovary was superior , bicarpellary , syncarpous
and unilocular with parietal placentae. There were 4 rows of ovules in the transection of ovary. (Pate
: 13) . The integument initiated by periclind and oblique divison at the base of nucdlus. The
ovule of Tripterospermum cordatum is unitegmic. The integument reached the top of nucelus and
formed a micropyle by continued divison. When the whole ovule body reverses, and the raphe elon-
gates and curves during the course of development , the hypertropous form occurs. Thus, the type of
ovule is hypertropous (Pate : 14).

At the gage of microgorocyte, a Snge hypoderma archesgporid cell differentiated in the young
nucellus and functioned directly as the megagoorocyte (Plate @ 1) which was characterized by large
nucleus and dense cytoplasm. Thus, theovuledf T. cordatum was tenuinucelate. The megagporocyte
underwent meiosis forming a linear tetrad of megagpores (Plae  : 2 3). The three micropylar
megaspores eventually degenerated , while the chalazal one became functional (Pate  : 4) .

2. 2. 2 Bmbryo sac andfemd - gametophyte A 7 - celled and 8 - nucleate femal gametophyte of the
Rolygonum type formed by three mitotic divisons of the functional megaspore (Plate 5 7). The
three micropylar nuclei became the egg and the two synergids. The two median nuclei became the polar
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nuclei. The chaaza nucle became the three antipodals. The polar nucle fused at the center and the
resulted secondary nucleus then noved close to the egg gpparatus (Fate :8 9and Hae :1
2).

In the mature 8 - nucleate embryo sac , the egg cell was recognized by nucleus a the chalazal end
and a large vaclole at the micropylar end. The two synergids (Pate  : 8) were recognized by their
nuclei a the micropylar end and a large vacwle at the chalaza end. The three antipodal cells were
gained densdy and their nuclei each may divided into two (Plate  : 2). The antipoda cdlls persg-
ed until the gage of 4 - celled proembryo.

2. 3 Fertilization

The fertilization was poroganous. The pollen tube entered the megagametopyte by the micropyle.
Although we did not catch the course of fuson between the goerm and egg or secondary nucleus, we in-
ferred occurring fuson between mae and fema nucleus. Because the nucleoli of zygote and primary
endosperm nucleus are larger than that of the egg and secondary nucleus (Rate @ 3) . Thefirg divi-
gon of the primary endogperm nucleus preceded that of the zygpte.

2. 4 Endosperm

The development of endogpermaof T. cordatum isof Nuclear type. The primary endogperm nucle-
us gave rie to 2 free endogperm nuclei. A large number of free nuclel formed by a seriesdf successve
divisons o the two free endogperm nucleé (Pate @ 5). At the sage of multi - celled proembyo ,
wadl formeation of endogperm cells initiated from the micropylar end to the chalazal end. After the for-
metion of endogerm cdl wall , endogerm cells moved to the center of the embryo sac and surrounded
the proembryo (Rate  : 10) . A few of endogperm cells were absorbed by the embryo during the de-
velopment of the latter.

2. 5 Embryo and seed coat
The zygpte had a large nucleus , congpicuous nucleolus, dense cytoplasm and small vacwle (Hate

: 3). The zygote divided transversdly forming a termina cell (Ca) and a basal cell (Cb). The Ca
and Cb (Fate :4 5) underwent transverse divisonforming a4 - celed linear proembryo - these
cells are dedgnated L ,L’ ,M, O (Rate :6). TheL andL’ divided transversdly forming a 6 -
celed linear proembryo (Plate @7 9) —they are desgnated Ly, Lo, Ly , L, , M, . Thel,
and L, divided vertically and transversgly forming prinordia of cotyledons (Poo) , sem apex (Pvt) and
hypoootyl (Phy) . By vertical and transverse divisons, the cellsL; and L, gave rise to prinordia of
centra cylinder of stem (lcc) , central cylinder of root (lec) and rot cap (). The celsM and G
produced the supensor (9 by vertical and transverse divisons.

Thus, in this gecies, the cdl Cb of 2- celled proembryo did not contribute to the formation of
the entire dicotyledonary embryo. The cell L of 4 - celled proembryo contributed to the development of
ootyledons, gem gpex and hypoootyls. The proembryo &ter three turnsof divisons were conmposed of 6
cells. The embryogeny corregoonds to the Physdlis |l variation of Slanad type (Johansen, 1950) .

In mature seeds, the embryo was dobular (Pate  : 11) . The epidermis of the integument be-
came the exotesta (Pate  : 12) . Mog inner layers of the integument were aborbed. Two and five



layers of inner integument became the endotesta (Rate  : 12).

3 Discussion

Tripterogoermum ot only was placed in the genus Gentiana by Marquand (1937, 1931) , but a-
© was placed in the genus Crawfurdia (Garke, 1875). Ho et al. (1999) * summarizes embryologi-
ca charactersof Gentiana: tetragporangate anthers; dicotyledonous type of microgporang um develop-
ment ; dua tgpetd origin; binucleate and multinucleate tapetal cells; trabecula and placenoids formed
by divison of tepeta cdls; dandular tepetum, 2 middie layers; perd gent epidermisin the mature an-
ther ; smultaneous cytokiness a meiosgsaf the microgorocytes; tetrahedral microgpore tetrads; 2 - or
3 - cdled pollen; superior , bicampelary and unilocular ovary with superficia placentae; anatropous,
unitegmic and tenuinucedlar , ovules20 30 in humber ; Rolygonum type of megagametophytes; porogar
nous fertilization ; nuclear endogperm; embryogeny of the Physdis variation of Slanad type; gobular
embryo in mature seeds. Although there are numerous smilar embryologica characters between
Tripteraspermum and Gentiana, Tripterospermum is different from Gentiana in embryology : (1) Inthe
anther wall , Tripteraspermum hasone or two middle layers; while Gentiana has dways two midde lay-
ers; (2) In differentiation of tapetum, Tripterospermum has snge origin of tapetum, while Gentiana
has dua origin of tapetum, and (3) Tripteraspermum has 4 or 8 rows of hypertropous ovules in the
transection of ovary and reduced or typica parieta placentae; whereas Gentiana has 20 30 rows of
anatropous ovules and superficia placentae (Gopd e al. , 1962) .

Tripteraspermum has nore dmilar embryologica charactersto Crawfurdia “thanto Gentiana. But
Tripteraspermum is different from Crawfurdia in embryology : (1) In the anther wall , Tripterospermum
has fibrous endothecium , while Crawfurdia has fibrous epidermis; (2) In the differentiation of tgpe-
tum, tgpetd cellsof Tripteraspermum form placenoids (Seffen et al. , 1958) , while the tgpetd cells
o Crawfurdia only show radial elongation; and (3) Tripterospermum has hypertropous ovules; while
Crawfurdia has anatropous ovule.

Fom above conparison of embryologica characters anmong Tripterospermum, Gentiana and
Crawfurdia , the resultsindicate that Tripteraspermum is neither dmilar to Gentiana ror to Crawfurdia
embryologically. We support the trestment of Tripterospermum as a diginct genus. The evolutionary
trends of embryological characters have been eucidated by many authors (Hohri et al. , 1984, 1992;
Tobe , 1989) . There exigt both advanced and primitive charactersin a snge genus, Tripteraspermum,
Gentiana or Crawfurdia. Thus, the sygemetic relationships among Tripterospermum, Gentiana and
Crawfurdia, can not be discussed only with embryological characters.
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Explanation o Plates

Ant, Antipodd cdl. Ca, Termind cdl. Cb, Basd cdl. DM, Degenerating megespore. E, Egg. Bmb, BEvbryo. En, Endothed-
um. BEp, Bpidermis. Fe, Free endogperm nudeus. AV, Functiond megagpore. ML, Midde layer. Nu, Nudeus. PMC, Microgporocyte.
Pn, Rlar nudeus. $, erm. S/, Snergd. T, Tgpetum. Ts, Teda. TT, Tetrahedrd tetrad. Z, Zygote.

Pate 1. Anther wal a early dage o microgocyte. 2. Four layersdf anther wal cdls: epidermis, endothecium, midde layer , and
tepetum. 3. Anther wal a late gage of microgorocyte. 4. Angphase Il of meoss in mcrogorocytes. 5. Tetrahedrd tetrad. 6. 3 -
cdled pollen gains. 7. Anther wall of one - nudegte pollen grain and nudeus near the wal. 8. Anther wal before rdleasng pollen,
showi ng fi brous thickened endothecium and degenerated epidernis. (1 2x637;3 4, 7 8x412;5 6x1165)

Pate 1. A unitegmic ovde and a megagporocyte. 2. Angphase | of meiossin megagoorocyte. 3. Linear megagpore tetrad. 4. The
functiond chdazd megagpore, with other three degenerating. A 1 - nudeate embryo sac and showing other three degenerated megapores.
5. Two- nudeste embryo ssc. 6 7. The same sectiond 4 - nudeste embryo sac. 8 9. Gonsecutive transectionsof an 8 - nudeste emr
bryo sac shoning an egg, two synergds, two polar nudei. (1 3x426;4 7x732;8 9x622)

Pate 1. 1 2. Gonsecutive transectionsdf an 8 - nudeate embryo sac showing two polar nudel and antipodd cdls. 3. Zygote. 4
5. Gonsecutive sections o the termind cdl and basd cdl , showing two - cdlled proembryo. 6. A linear 4 - cdled proembryo. 7 9.
onsecutive sections o a linear 6 - cdled proembryo. 10. Walsformed infree endogperm nude . 11. Gobuar embryo & nmeture dage of
berry. 12. Teda & dobuar embryo dage. 13. Four rowsdf ovde. 14. Soning hypotropousovde. (1 2x622;3 9x396; 10 11
x306; 12 13 x88; 14 x 39)
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