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Abgract The present pgper firdly reports the development of microgorangum , male gametophyte , megas
porogenes s, femde gametophyte and embryogeny of Halenia dliptica , afanous Tibetan medicine. The an-
ther is tetragporang ae and itswal development corforms to the dicotyledorous type and comprises of epider-
mis, endothdium, two layersof midde cdls and tgpetum a the meture gage. The tgpetum has dud orign
and is dmilar to the dandular type. Cytokinedsisdf the dmultaneous type and microgore tetrads are mainly
tetrahedrad . Rollen grains are mainly 3 - celled when shed. The ovary is bicapdlate. The fused margns of
two carpels enlarge and intendvely protrude into the ovary locue with four lines of ovdes. The ovue is
unitegmic, tenuinucellate and orthotropous. The development of embryo sac isdf the Poygonum type. The
development of endogperm corforms to the nuclear type and the embryogeny corregponds with the Physalis |
varidion o Sdanad type. A masdve hypodase tissue exigsfromthe 2 - nuceate embryo sac to the polyce-
lar proembryo dage. Three antipodd cellspersd at the mature embryo gage. The embryo is a the late dob-
ular gage when seeds released from the capsule. Mog embryologicad characters are smilar when conpared
with other taxa in Gentianinae. However , it differs from them in three diginctive embryologcd traits: ernr
largement and protruding of the fused margnsof two carpelsinto the ovary locule; orthotropous ovules and a
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developed hypodase. However , its sygematic and taxoromic sgnificance needs more conmmpari on and reva u
ation.
Key words Halenia dliptica, Embryology , Tibetan medicine

In Qinghai - Xizang Pateau , with a cold climate and short growing ssan, many ephemera or
annua ecies mugt conplete ther life cycle within a few weeks. It is a mysery why and how these
plants acquire their reproductive adaptations to the arid plateau and normally produce their off goring.
Up to now, few gudies were taken to ducidate the reproductive patterns and recruitment of these
apine plants. The ephemera annual Gentianaceae Pecies are widdy didributed in the plateau moun-
tain aswell asits perennid ecies, which conprises” three fanous flowers in the alpine mountains’
with primroses and rhododendrons. Gentianaceae ecies are ided taxa for gudying the reproductive
patterns, adgptations and evolution of the Qinghai - Xizang Rateau plants. Furthernore, nog gecies
of Gentianacese are used as important Tibetan medicines. The wild resources decrease annudly with
the risng oollections. It is necessary to propagate the wild goecies and to conserve the wild resources.
However , these practical uses mug be based on the well knroniedge of natura reproductive patterns of
these gecies.

Halenia dliptica , an efective Tibetan medicine to cure liver diseases, is digributed in the Qing-
hai - Xizang Fateau and its adjacent area. Thisannual ecies relieson the seeds to reproduce in nat-
urd conditions. But during the propagation of this gpecies, it is difficult to germinate seeds. The pre-
snt pgper report the embryology of H. dliptica for thefirg time , with a hope to provide a bassfor in-
vedigating its reproductive pattern and adaptation to the Qinghai - Xizang Hateau. Moreover , based on
the embryologicd irformetion , we intended to discuss the sygemetic postion of Halenia.

1 Materialsand Methods

Buds, flowers and fruits at different gagesdf development were collected from Menyuan Gounty of
Qinghai Province and fixed in the formdin - acetic - doohol (FAA). After being gaining with
Ehrlich’ s hematoxylin diluted solution for three days, meterids were dehydrated and embedded in
Paraffin wax. Seria sectionswere cut 6 - 10p min thickness. Observation and photographs were pro-
gressed on Olynmpus BH2 microsoope.

2 Obsrvation and Result

2.1 Microsporangium, Microsporogenesis and Male gametophyte

The anther is tetragporangate. The anther wall conprises bascaly five to sx cdl - layers: an
gpidermis, an endothecium, two middle layers, and tapetum (Pate |: 3) . The midde layers have a
comnon hi gogenetic origin with the endothecium (Plate | : 2) ; the wall formation corforms to the di-
ootyledorous type. The epidermis perdds a meturity and develops fibrous thickenings as well as the
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endothecium (PRate | : 10) . The middle layers are ephemera and become crushed during meios' s sage
in pollen mother cells. The tgpetum isof dua origin, mainly coming from the primary parietal layer ,
and partly from the ground ti ssue near the connective tissue (Fate |: 2) . Sme tgpetd cells contain 2
3 nucleate and show radid elongeation from the very early gage of differentiation , and protrude in the
anther locule (Rate 1: 3 4). All the tapetd cells degenerate at their origind Stes and the degener-
ating tapetum nuclei in the midde of the anther locule (Plate |: 9) are from the early differentiation
protruding of thetgpetum (Patel: 3 4) ; therdfore, the tgpetu is Smilar to the dandular type.

Microgoorocytes (Pate | : 3) originating from the primary gorogenus layer and the secondary
goorogenous cells (Fate |1 1 2) undergp meiod's resulting in tetrahedra microgoore tetrads (Pate
I: 4 6) by centripetal furrowing. The microgoores separating from the tetrad divide to form a large
vegetative cell and a sraller generative cell (Fate |: 7). The generative cell undergpes afurther divi-
don resulting in two germs (Fae |: 8) . Pollen grains are shed at this sage.

2.2 Megasporangium and female gametophyte

The ovary is superior and bicarpdlary syncarpous. The fused margins of two carpdl s enlarge and
intensvely protrude into the ovary locule with four linesof ovules (Rate I11: 9) . Ovules are tenuinu
cellar (Pate Il: 1) , unitegmic and orthotropous (Pate I1: 10) . A snde hypoderma archegporia
cell is differentiated and functions directly as the megagporocyte (Fate I1: 1) . The megasporocyte un-
dergoes meios s to form a linear tetrad and the chalazal one becomes functiona while the res three de-
generating (Pate I1: 2) . An eight - nulceate femae gametophyte of the Polygonum type results from
three succesdve free - nuclear divisons and enlargement of the functional megaspore (Pate 11: 3
6) . The egg goparatus condgsof apear - shaped egg and two synergids (Rate I1: 7) . Two polar nu
cle fuse a the nearby area of the gpparatus (Pate II: 8) .

Three antipodd cells of H. dliptica were not ephemerd as observed in mogt angogperms (Hu,
1982) . They perd¢ a the mature embryo sac dage (Pate I1: 7 8) . Afteward , three cdlls enlarge
oond derably and each of them has a prominent nucleus and dense cytoplasm (Fate Il1: 9) . They be-
gn to degenerate a the divison o the zygpte and are conpletely absorbed at the polycelar proembryo
dae.

A hypogtase exidsfrom the two - nucleate embryo sac gage to polycellar proembryo sage. It con-
tains a goup of ecia cellswith dense cytoplasm and very thickened walls (HFate I11: 9) . The hy-
pogase borders directly on the persgent antipoda cells &ter the gametophyte is mature. It begins to
degenerate dter dl antipoda cells are aborbed. We guess the hypogase is related to absorbing and
trangporting of the nutrition to the embryo sac from the integument.

2.3 Endosperm and Embryo

The development of the endosperm is of the nuclear type (Pate Ill: 8). The zypte divides
transversely to form atermina cell and abasa cell (Rate Ill: 1 3). Both the termina and the basal
cell undergpes a further divigon resulting in a linear proembryonal tetrad (Pate I11: 4) . The eight -
celled proembryo condstsof alinear of eight cell sfrom the third transverse divison of the tetrad (Hate
[11:5). Four celsfrom the basa cdl undergp a verticad dividons, to form a two seriate supensor
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(Fae Ill1: 6 7). Thefour cdlsfrom the termina cells contribute to the development of the entire
embryo. Therefore , the embryogeny corforms to the Solanad type (Hu, 1982) . The third generation
o the zygote condgsaof linear eight cells, and the cellsfrom the top cell of the tetrad at 1ag contribute
to the formetion of the gem tip and cotyledons; therefore the variation type is smilar to the Physalis
variation of Solanad type (Johanson, 1950) .

Mog seeds are shed from the capsule at the gobular to heart - shaped embryo sage (Pate Il :
7) . Before germinating , seeds must undergp a pos maturing. The seed contains abundant endogperm
cells. Only the epidermisdf the integument becomes the seed coat and the inner layers are al crushed
and aborbed. The time’ s gan between flowering to shedding seeds anounts to no nore than 20 days.

3 Discussion

(1) The present sudy reveds the annual H. dliptica with perdgent antipodal cells and devel-
oped hypostase , which may account for its gpeedy seeds development under the arid surrounding of the
Qinghai - Xizang Pateau. The timé s gan in H. dliptica between flowering to shedding seeds
anounts to no nore than 20 days. It iseasy for it to produce norma seeds and conpl ete recruitment of
dfpringin ite of dort goowing seaon in the arid habits of the plateau. Akhalkatd and Wagner
(1997) found smilar resultsin the arid Alps. mountain, that the perdgent antipodd cellsdof the an-
nual gentians accelerate the embryogeness and dhorten the time of seeds developing. Because of the
short growing seaon , the ephemera plantsin the dpine nountains mugt acquire ome peculiar traitsto
help them to conplete their life higorieswithin such short time. Asfor Gentianaceae plants, nogs an-
nual species have perdgent antipodal cells to help them accelerate seeds developing (Liu and Ho ,
1997; 1996a, b) . It might be one of reasons why 0 many ephemeral Gentianaceae goecies digtribute
widely on the arid nountains especialy on the arid Qinghai - Xizang Fateau. Furthernore, we found
the difficulty of germinating and propagating of this Tibetan medicine exids in its pos maturing of
seeds.

(2) Mog embryological featuresof H. dliptica are sSrilar to those found in other taxon and con-
form to the embryological framenork of Gentianinae (Liu and Ho , 1997 ; 1996a, b; Reo and Nagara,,
1982) : tetragporangiate anthers, dicotyledonous type of the anther wall , gandular tgpetum, Smultane-
ous cytokines sin the microgorocytes, two - or three - celed pollen, unitegmic , tenuinucellar ovules,
Polygonum type of the embryo sac, nuclear endogperm, Solanad type of embryogeny and endogperm
cels seeds.

However , H. dlipitica diglays three didinctive traits of its own, which are unique in Gentiani-
nee and of sysematic dgnificance. Frdly, the fused margins of two carpels enarlge and intensvely
protrude into the ovary locule. Secondly, dl ovules are orthotropous different from the anatropous
ovules reported in the other taxa. Thirdly , a hypostase tissue exi¢sfrom the two - nucleate embryo sac
to polycelar proembryo dage.

All these embryologica characters are thought as evol utionary , for they are uncommon in the an-
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dosperms and might derive from nmore comnon states with nore gecid functions (Tobe, 1989) . The
results of this embryologica sudy indicate Halenia might be a a nore evolutionary sage than other
generain Gentianinee. Ho and Liu (1990) suggesed Halenia have a cdose relaionship to Swertia
and nore evol utionary than it based on the analyses of the gross norphology. Except for common emr
bryological features for al Gentianinae taxa, no obvious embryological connection is found between
Halenia and Swertia when conmpared with embryology of several Swertia ecies reported by (Reo and
Nagara, 1982; Reo, 1977) and Mahesvari and Lakgminarayana (1975) . ITS sequence phylogeny
sowed H. dliptica, Swertia tetraptera and S. speciosa formed a norophyletic clade while
S. frachetiana , a nore typical Peciesin Swertia, nested in Gentiandla - Comastoma branch (Yuan
and Kupfer , 1995) . S. tetraptera and S. speciasa were thought to represent two diginct genera (Ana-
galidium and Frasera) ddimited from Swertia by different authors (Pringe, 1978; Ho and Shih,
1976) . Molecular datainplied that , in order to make the genus Swertia nonophylogenetic , two genera
ghould be sparated and excluded from Swertia unless Halenia would be included in Swertia. Never-
theless, up to now , thisirferring haven’ t been supported by other evidences. If the unique embryolog
icd charactersdof H. dlipitica are ds found in S. tetraptera and S. specioa , the taxonomic treatment
of Swertia and the sygematic relationshipsof genera in Gentianinae may realy need to be reeval uated.
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Explanation of Rates

ANT. Antipodd cels; DM. Degenerated megagpores; E. Egg cdl ; EP. Bpidermis; BN. Endothecium; M. Midde layer; PN. Rolar
nudeus; . Jerm. Sy. Snergd cdl ; T. Tepetum;

Pate | 1. Archesporid cdlls (arrow) . 2. The primary parietd layer dividing to form an outer endothelium and a midde layer , the arrow
sowing the tapetum orig nating from the ground ti ssue near the connective tissue. 3 4 Anther wall , and the arrow indi cating the dlongat-
ing and protruding of the 2 3 nucleate tgpetum cdls. 5. Angphase Il of meiodsin microgorocytes. 6. A tetrahedra microgpore tetrad.
7. A bicdlular pollen grain sowing the vegetative and generative cdls. 8. A 3 - celed pollen grain. 9. Sowing the degenerating of the
tapetum cells a the snge - nucleate gage, noting the centra tagpetum cells (arrow) being from the early differentiation protruding (see
3 4). 10. The perdgent epidermis aswell asthickened endothdium. (1 3x652; 4x560; 5 8x1630; 9 10x400) .

Fate 11 1. A megagore nother cdl. 2. A snde nucleste embryo sac, moting three degenerated megagpores. 3. A 2 - nudeste embryo
s=c. 4. A 4- nudeste embryo sac. 5 6. Succesdve sectionsof a8 - nucdeate embryo sac. 7 8. Succesdve sections of a meture ermbryo
sc. 10. Sowing the intensve protruding of the fused carpels and four linesof ovde. (1 6x652; 7 8x344;9x100) .

Rate |11 1. A zygote. 2. The dividing of the zygpte 3. A 2 - cdlled proembryo; 4. A linear 4 - celed proembryo. 5. A linear 8 - celled
proembryo. 6. The verticd dividingdf the 8 - celled proembryo cells. 7. A early gobular embryo when seeds shed. 8. Sowing nuclear en-
dogperm. 9. Sowing the hypogase and persgent antipodd cdls a the meture embryo sac. 10. Stowing the unitegmic and orthotropous
ovde. (1 5x652;6 8x200;9x400; 10 x 136) .

( 211 )

Kadkman C, 1988. The phylogeny of the Rosaceae. Bat Jour Linn Soc, 98: 37 59

Oliver , 1886. Hagogermum snense. Hooker's Icog Plant, 16: t. 1526

Rehder, 1915. Sufam. Pruroidese. Sarg. A. Wils 2: 344 345

Rauschert , 1982. Nomina nova generica et combinationes novae permetophytorum et pteridophytorum.  Taxon, 31 (3) : 561

Sebbins GL , 1958. On the hybrid orign of the Angogperms  Bwdution, 12: 267 270

Sering, C, 1963. The dfinitiesof Prinsspia (Rosaceae) . Amer J Bat, 50: 693 699

Takhtgian A L, 1995. Dictionary of generic namesdof seed plants QGolumbia Univ. PressTekhtgian, AL, 1997. Diversty and dassfi-
cation of flonering plants Golumbia Univ. Press

Zhang S'Y, 1992. Sygemetic wood anatorry of the Rosacese. Blumea, 37: 81 158



See explanation a the end of text

b © 1994-2009 China Academic Journal Electronic Publishing House. All rightsreserved.  http://mww.cnki.net



See explanation at the end of text

2 © 1994-2009 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



See explandtion a the end of text

b © 1994-2009 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



