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the first time, The results are used to discuss the systamatic position of Gentiana Sect

Stenogyne A nthers are tetragporangiate The development of anther walls conforms to
the dicotyledonous type The tapetum cells origin from the primary parietal cells, and
thus the tgpetumn isof single origin T he development of the tapetum w ith uninucleate
cells is of the Glandular type The tapetal cells on the connective side show radial
elongation or periclinal division and intrude into the anther locule There are onem iddle
layers Parts of the epidemis and endothecium persist and the cells become pillar and
fibrous Cytokinesis in the microgorocyte meiosis is simultaneous type and the
microgore tetrads are tetrahedral Pollen grains are 3-celled The ovary is bicarpellary
and unilocular. The placentation isof reduced parietal placentaew ith 4 row s of ovules

The type of ovule is Hypertropous The ovule is unitegnic and tenuinucellar. The
enbryo sac originates from a single-archegporial cell The one chalazal megagore in
linear tetrad becomes functional The development of enbryo sac is of the Polygonum
type Before fertilization, two polar nuclei fuse into a secondary nucleus T hree antipodal
cells persist Flowers are protandrous Fertilization is poroganous The development of
the endogpem is of the N uclear type The enbryogeny correponds to the Soland type
Physalis II variation type The present paper indicates that Gentiana Sect Stenogyne is
more similar to Tripteropemum than to other sections of Gentiana in enbryological
characters Sect Stenogynemight be separated from Gentiana

Key words Gentiana striata; Embryology; Systematic position

1 Introduction

Gentiana Sect Stenogynew as established by Franchet in 1884 and w as revised by
Kusnezov in 1894'%. It is amost digputable and poorly known section anong the 15
sections in genus Gentiana A bout this section, several authors had different suggestions
on its systamatic relationships® !
Gentiana striata for the first time The purpose of present investigation is to discuss the

. This paper systanatically reports enbryology of

systanatic position of the section based on enbryological characters

2 M aterials and methods

M aterial investigated was collected from Pingan County, Q inghai Province, China
The voucher (L u Xue-feng 094) is preserved in the Herbarium of Northwest Plateau
Institute of Biology, Chinese A cademy of Sciences, China (HNW P).

A nthers, ovules and seeds at different stagesof developmentw ere fixed in acetic and
abwlute ethanol in a proportion of 1 3 A fter being stained in Ehrfich’s henatoxyfin,
the material was enbeded in paraffin by conventional method and sectioned at the
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thicknessof 6 12 um. Sectionsw ere stained w ith safranin-fast green and observed and
photographed under O lympusBH 2

3 Observations

3 1 The development of stamens

3 11 Microgorangia and microsporogensis Flowers of Gentiana striata are 5
stanens A nthers are tetragpporangiate At the early stage of development, 4 row s of
archegorial cells differentiate under epidem s in each lobes of transections of anthers
(Plate I, 1). A rchegporial cells are recognizable by their dense cytoplasn and
congpicuous nuclei These cells divide periclinally form ing an outer primary parietal cells
and inner primary sorogenous cells (Plate 1, 2). The primary parietal cells divide
periclinally and anticlinally forming two layersof the secondary parietal cells The inner
secondary parietal cells give rise to the tapetum. Thus, the tapetum isof a singleorigin

The outer secondary parietal cells form a subepidemal endothecium and am iddle layer
by periclinal and anticlinal division A nther wall is composed of four layers epidemis,
endothecium, middle layer and tapetum (Plate I, 3). Endothecium and middle layer
originate from the primary parietal cells The development of the microgorangial w all
thus confom s to the dicotylendonous type'®.

Cells of the tagpetum on the connective side show radial elongation or periclinal
division and intrude into the anther locule Tapetal cells are uninucleate throught out
their development At about the time of pollen tetrads, the walls of the tapetal cells
become indistinct and the tagpetal cells degenerate at their original site (Plate 1, 4). The
tapetal cells degenerate completely at the stage of 1-nucleate pollen grains and nucleus
near thewall Thus, the tapetum of Gentiana striata is glandular.

Them iddle layer is crushed during meiosis of microgorocytes

A s the anther matures, Parts of the epidemis and endothecium of the anther wall
persist and the cells become pillar and fibrous (Plate 1,5 7).

Smultaneously w ith changes taking place in thew all of microgorangia, the primary
gorogenous cells undergo mitosis forming the secondary sporogenous cells, from w hich
microsporocytes are derived M eiosis in each microgporocyte results in a microgore
terad The cytokinesis is of the smultaneous type M icrogore tetrads are tetrahedral
(Plate I, 4).

3 1 2 Malegametogenesis M icroores are separated from the tetrad as a uninucleate
pollen grain (Plate I,5). Each microgore has a dense cytoplasn w ith a prominent and
centrally placed nucleus A s central vacuole develops, the nucleus takes a peripheral
position The first division of the microgpore nucleus results in the formation of two
unequal cells, a large vegetative one and a snaller generative one The generative cell
gives rise to wo ems by mitosis Pollen grains are 3-celled at tme of anther
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dehiscence (Plate [, 6).

3 2 The development of pistil

3 2 1 Macrogporangiun and macrosporogensis The ovary is superior, bicarpellary,
syncarpous and unilocular w ith parietal placentae There are 4 row s of ovules in the
transection of ovary. (Plate III, 10). The integument initiates by periclinal and oblique
division at the base of nucellus The ovule of Gentiana striata is unitegmic The
integument reaches to the top of nucellus and form s am icropyle by continued division

W hen the whole ovule body reverses, and the raphe elongates and curves during the
oourse of development, the hypertropous form occurs (Plate III, 11). Thus, the type of
the ovule is hypertropous'®.

At the stage of microgorocyte, a single hypodemal archesorial cell differentiates

in the young nucellus and functions directly as themegagporocyte (Plate 1, 1) which is
characterized by large nucleus and dense cytoplasn. Thus, the ovule of G striata is
tenuinucellate The megasorocyte undergoes meiosis forming a linear tetrad of
megagores (Plate 1,2 4). The threemicropylar megagores eventually degenerated,
w hile the chalazal one becom e functional (Plate I, 5).
3 2 2 Fanal-gametophyte A 7-celled and 8-nucleate fenal gametophyte of the
Polygonum type isformed by threemiitotic divisionsof the functional megagpore The 1-
nucleate enbryo sac (Plate II, 5) is formed by enlargenent of the megagore and
increase in vacuole and in size of the nucleus The 2-nucleate enbryo sac (Plate II, 6) is
fomed by onemiitotic division of the 1-nucleate enbryo sac The 2-nucleate enbryo sac
become 4-nucleate enbryo sac (Plate 1I, 7) by another mitotic division The 4-nucleate
embryo sac undergoesm itotic division to form the 8-nucleate enbryo sac in w hich three
lie in themicropylar end, two near of the center, and three in the chalazal end The three
m icropylar nuclei become the egg and the two synergids The two median nuclei become
the polar nuclei The chalazal nuclei become the three antipodals Thepolar nuclei fuse at
the center and the resulting secondary nucleus then moves close to the egg apparatus
(Plate 11,8 10).

In themature 8- nucleate enbryo sac, the egg cell is recognized by nucleus at the
chalazal end and a large vacuole at themicropylar end The two synergids have obvious
filiform apparatus (Plate II, 8) and are recognized by their nuclei at themicropylar end
and a large vacuole at the chalazal end T he three antipodal cells are stained densely and
their nuclei each may divided into o (Plate II, 10). The antipodal cells persist until
the stage of 4-celled proenbryo.

3 3 Fertilization

The fertilization is porogamous (Plate II, 11). The pollen tube discharges two
gem s One of pem s fusesw ith the egg nucleus forming the zygote and the other w ith
the secondary nucleus forming the primary endogpem nucleus W e observed that the
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gem nucleus entered into the secondary nucleus and fusion between them would be
happening (Plate III, 1). A Ithough fusion betw een the egg nucleus and perm nucleus
w as not found,we geculated that two nuclei had fused because the zygote nucleus is
larger than the egg nucleus (Plate III, 2). The primary endogpemm nucleus is larger than
the zygote nucleus The first division of the primary endogem nucleus precedes that of
the zygote

3 4 Endosperm

The development of the endogppem of G. striata is of Nuclear type The prmary
endogpem nucleus gives rise to 2 free endogpem nuclei A large number of free nuclei
form by a series of successive divisions of the two free endosperm nuclei (Plate IlI, 7).
At the stage of multi-celled proanbyo, w all formation of endogpem initiates from the
micropylar end to the chalazal end A fter the formation of endogpem cell wall,
endogpem cellsmove to the center of the anbryo sac and surrounded the proenbryo. A
fav of endogpem cells is absorbed by the enbryo during the development of the latter.
3 5 Embryoand seed coat

The zygote has a large nucleus, congicuous nucleolus, dense cytoplasn and snall
vacuole The zygote divides transversely foming a teminal cell (Ca) and a basal cell
(Cb) (Plate I.). TheCaand Cb (Plate III, 3) undergo transverse division forming a 4-
celled linear proembryo-these cells are designated L ,L ',M ,Ci (Plate III, 4 5). ThelL
and L' divide transversely forming a 6-celled linear proenbryo (Plate III, 6) - they are
designated L 1,L 2,L 1,L 2,M ,Ci TheL 1 and L > divide vertically and transversely foming
the primordia of the ocotyledons (Pco), stem apex (Pvt), and hypoootyl (Phy). By
vertical and transverse divisions, theL 1 and L 2 give rise to primordia of central cylinder
of stem (lcc) and central cylinder of root (lec). TheM produces the rot cap (Co) and
the sugpensor (S) by vertical and transverse divisions The cell Ci does not divide

Thus, in this ecies, the cell Cb of 2-celled proenbryo does not contribute to the
formation of the entire dicotyledonary embrya The cell L of 4-celled proanbryo
contributes to the development of cotyledons, stean apex and hypocotyls Cells of the
third generation of the proenbryo after three turnsof divisions are composed of 6 cells
The enbryogeny correponds to the Physalis 11 variation of Solanad type!™’.

In mature seeds, the enbryo is cordate (Plate III, 8). During the development of
enbryo sac, integument cells at both micropylar and chalazal ends divide from ing
outgrow th w hich gives rise to thew ing (Plate III, 11). The epidem s of the integument
becomes the seed coat (Plate III, 9). The inner layers of the integument are absorbed

4 Discussion

Gentiana Sect Stenogyne was included in genus Gentiana since the section was
established The sectionwas firstly reexamined by Smith!”’who suggested that it should



6 : () 965

be related to T ripteropemum. L ove & L ove'® considered the section as subgenusof the
genus T ripteropermum. Yuan et al. ) suggested that the section should be segregated
from the genus Gentiana according to IT S phylogeny.

Table 1 Camparison of enbryological character sof Sect Stenogyne
with other sectionsof Gentiana and Tripterospemmum

O ther section of

Characters Sect Stenogyne Gentiana Tripterogpemum

Anther
N umber of gporangia 4 4 4
Epidemis Persistent Reduced Reduced
Endothecium Not all reduced Persistent Persistent
M iddle layers 1 2 lor2

Origin Single Dual Single
Tagpetun) Type Glandular Glandular W ell developed

Placentoid Developed W ell developed W ell developed
N umber of nuclei in the tagpetal cell 1 1 1
M eiosis of microgporocyte Simultaneous Smultaneous Smultaneous
Shgpe of microgpore Tetrahedral Tetrahedral Tetrahedral
N umber of cells in amature pollen 3 3 3
Ovule
Na of ovule row s 4 10 30 4o0r8
Type Hypertropous A natropous I;n)gat?cl;'t)lgggusor
Na of integument 1 1 1
No. of archegoria 1 1 1
N ucellus Tenuinucellate Tenuinucellate Tenuinucellate
Type of megagporogenesis Polygonum Polygonum Polygonum
Filiform apparatus of synergids Present Present A bsent or present
A ntipodal cells Persistent Persistent Persistent
No of antipodal cells 3 3(4, 8) 3
Character of antipodal cells Not enlarged Not enlarged Not enlarged
Seeds
Type of endogpem fomation N uclear N uclear N uclear
A ppendages of seed W inged \\/Av/iir?g?;ceifs (rarely W ingless or w inged
Exotesta Sclerechymatous 1 absent 1, sclerechymatous
Endotesta A bsent Present or absent

Compared Sect

[12]

Tripteropermum ™, lots of smilar enbryological

Stenogyne with other

sections of

[11]

Gentiana and

characters exist among Sect

Stenogyne, other sections of Gentiana and Tripteropermum (Table 1). such as
tetragporangiate anthers dicotyledonous type of microgporangial development;
simultaneous cytokinesis in the microgorocytes the tetrahedral microgore tetrads 3-
celled pollen; superior, bicarpellary and unilocular ovary; unitegmic and tenuinucellar
ovule, polygonum type of megaganetophyte; porogamous fertilization; nuclear
endogpem; the Physalis Il variation of Solanad type of embryogeny. Besides above
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similar enbryological characters, there are other smilar characters between Sect

Stenogyne and other sections of Gentiana such as uninucleate tapetal cells obvious
filiform apparatus in synergids 3 antipodal cells But Sect Stenogyne is different from
other sections of Gentiana in some important enbryological characters as follow: (1) In
the development of antherw all, Sect Stenogyne hasonem iddle layer, partsof epidemis
and endothecium are fibrous O ther sectionsof Gentiana have two middle layers, fibrous
endothecium and degenerated epidemis (2) In the differentiation of tapetum, Sect

Stenogyne has single origin of tapetum which show s radial elongation or periclinal
division and intrude into the anther locule other sectionsof Gentiana have dual origin of
tapetum, tapetal cells fom trabeculae™ and placenoids ™ (3) Sect Stenogyne has 4
row s of hypertropousovules in the transection of ovary and reduced parietal placentae

other sections of Gentiana have 20 30 row s of anatropous ovules and superficial
placentae'™.

Besides smilar eanbryological characters anong three taxa, Sect Stenogyne has
more similar characters to Tripteroppermum than to other sections of Gentiana These
characters are one middle layer, single origin of tapetum, obvious filiform apparatus in
synergids (in Tripteropemum Sect Platyspemum, ? synergids don’t have obvious
filiform apparatus), 4 row sof hypertropousovules in the transection of ovary (8 row sof
anatropous ovules in T. Sect Platyspermum ), 3 antipodal cells But Sect Stenogyne is
different from Tripteropermum in some embryological characters as follow: (1) In the
development of anther wall, parts of epidemis and endothecium of Sect Stenogyne are
fibrous endothecium of T ripterogpermum is fibrous and epidem is degenerates (2) In
the differentiation of tapetum, Sect Stenogyne has single origin of tapetum w hich show s
radial elongation or periclinal division and intrude into the anther locule in
T ripteropermum tapetal cells form placenoids ™.

From above comparion of enbryological characters anong Sect Stenogyne, other
sections of Gentiana and T ripteropemum, the results indicate that Sect Stenogyne is
more similar to Tripteropermum than to other sections of Gentiana in enbryological
characters It appears probable that Sect Stenogyne might be more closely related to
Tripteropemum than to other sections of Gentiana in regpect of embryological
characters It might be reasonable to separate Sect Stenogyne from the genus Gentiana
How ever,W e don't want to make a taxonom ic attenpt upon this section until w e obtain
nev dataon the section
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Explanation of Plates

Plate 1. A nther and microgorogenesisof Gentiana striata 1 The archesporial cells differentiated under epidemis 2

The primary parietal cells undergoing periclinal divisions (PM C, microsgporocyte). 3 Four layers of anther wall cells

epidemis (Ep) , endothecium (En),middle layer (ML), and tgpetum (T). 4 Tetrahedral tetrad (TT) and antherwall

5 1-nucleate pollen grain and anther wall G 3-celled pollen grains 7. A nther wall before releasing pollen, show ing
fibrous thickened epidem is and partially fibrous thickened endothecium. (1,2 x 812;3 5,7 x 478, 6 x 1 280)

Plate II. Ovaries and early development of the embryo sac of Gentiana striata 1 A unitegnic ovule and a
megagorocyte 2 M etgphase | of meiosis in macrogorocyte 3 A naphase 11 of meiosis in macrogporocyte 4 L inear
megaspore tetrad 5 The functional chalazal megagpore (FV ) ,w ith the other three degenerating A 1-nucleate enbryo
sac and show ing the three degenerated megagpores (DM ). 6 Two nucleate enbryo sac 7. The 4-nucleate enbryo sac

8 10 Consecutive transections of an 8-nucleate enbryo sac showing an egg (E), wo synergids (Sy), secondary
nucleus (N) and antipodal cells (A nt). 11 Show ing pollen tube (PT). (1 7 x 867, 8 10 x 788; 11 x 296)

Plate IIl M ature enbryo sac, fertilization and ovule tape of Gentiana striata 1 The spem (Sp) in the secondary
nucleus 2 The zygote (Z) and the primary endogperm nucleus (Pn). 3 The teminal cell (Ca) and basal cell (Cb),
showing two celled proanbryo 4-5 Consecutive sections of a linear 4-celled proenbryo 6 A linear 6-celled
proembryo 7 A multicellular proembryo and free nucleate endosperm. 8 Embryo (Emb) at the cardio-shaped stage
when seeds released from capsule 2@ A layer of testa and wing of seed 1Q four rows of ovule 11 Showing
hypertropousovule (1 2 x 788, 3 7 x 290, 8x 233; 9 x 46; 10 x 97; 11 x 197)
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