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西南獐牙菜的胚胎学及其系统学意义 
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(1中国科学院昆明植物研究所，云南 昆明 蚴 ；2中国科学院西北高原生物研究所，青海 西宁 81~01) 

摘要：报道 了西南獐牙菜的大 、小孢子 发生及雌 、雄 配子体发育 过程，并 此讨论 了獐 牙 

菜属宽丝组和多枝组 的分类 等级和系统演化关 系。西南獐牙菜花药四室 ；药壁发育为双子 

叶型；绒毡层二型起 源 ，腺质 型 ；中层细胞 2层 ：药室 内壁纤 维状加厚 ，药 壁表皮宿存 。 

小孢子母细胞减数分裂为同时型；小孢子 四分体 的排 列为四 面体形 ；成熟花粉 为 3一细胞 

型 ：子房为 2心皮 ，1室 ，胚珠 l2列 ，故 为超侧膜 胎座。薄珠心 ，单珠被 ，倒 弯生胚 珠。 

大孢子母细胞减数分裂形成 4个大孢子呈直线形排列 ，台点端的大孢 子具功能。胚囊 发育 

为蓼型 ：两极核在受精前融台为次生核：3个反足细胞 次生增殖为 5—8个 ．宿存 ：比较 宽 

丝组和多枝组的胚胎学性状表明宽丝组从 多枝组 中分 出是台理 的，在 系统位置上宽丝组较 

多枝组进化。 
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Embryology of Swertia cincta(Gentianaceae)and Its 

Systematic Value 
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A h甜 ：1tIis p Pe rep0他 the n ，血 cr 。p0 嗍  and female-， male-gan：etogenesis of,~t,er- 

￡ c／nora for the first thne．wj山 the aim 0f disusing the systematic posifi~ of F~ction 时m洲 and 

section印 幽̂：of S~rt／a．．~ahers aretetrasporang~e．The develol~ nt of antherw日lls codormstothe 

dicotyledonoustype．Thetapetum cells have dLIal嘞 and are血m tothe glauduh~"type There are 

two mi&Ue hy,~s．The end~ ecium and epideⅢ pe耐st．Cytoki~esis in the~crosporocyte meiosis is - 

muhaneoustype andthe n~cmspore reads arctcmthedra1．Pollen a1m arc 3-ce]1]1]1]1]1]1]1]1]1]~d．The ovary is bicar- 

pellum and unil~ fiar The pl~enmionisof e placentationwith l2 series 0fo ．The o)xleis 

unitegmic，tenuirmeellar and ana-campylotropous．The e『nbry0 8粒 girIa from the日i e-archespodal 

cel1．The∞ e cha]a,~ megasporeinline~ te~-ad becomesthe 6mcfionalmen,spore．The& velo~ em of 

ofthe Polygon~ntype Before ∞曲n，m pdarnucleifuseinto one 9ec1)r y nuele- 
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us Three antipodal cells pemisted and击 ided ioto 5—8 cells
． A compmim~k ween two sectiollB indi． 

cares that section Pb~t．)qqema is better treated as distinct$t~：lJ
．on and is i／lO1~advanced than Bec60n 

according lo the evolutionary tre~ds of embryolngical characters 

Key wotfls： 口 c船 ； GentJanaceae；Embryology； Sy 日n日 c relationships 

Swert／a cir~~a Burk．belongsto Swertut sectionPhUynenm T．N．H0 et S．W ．Liu(Genfia~ eae)． 

The section Plat)Tteoia was spht off from Swert／a section Ophel／a (D．Don ex G．Don)Benth．e1． 

Hook．f．ex Gilg by Ho＆ Liu(1980)Oil the basis ofmorphological characters：filaments eoililate into 

a shon tube surrounding ovary； nectary horseshoe—shape， naked and style filiform
． According to the 

evolutionary
． trends of morphological characters，Ho(1994)reS~ d section P／atynema is more ad— 

ran ted than section Ophelia The section Ptat)nema has never been investigated embryologlcally．The 

aims of the present paper are to report the observations results of embryology of S．cincta an d to discuss 

s)~temafie implications of the embryological data． 

1 M aterials and M ethods 

Materials investigated were collected from IJjiang，Yunnan province，China．The voucher(Liu 

Jian-quan 206)was deposited in the Herbarium of Northwest Plaleau Institute of Biology，Chinese 

Academy of Sciences，China(HNWP)． 

Anthers an d o~qlles at difierent stages of development were~Lxed in the formalin．acetic．．aloehol 

(FAA)．After being stained in Ehff'mh s hematoxylin，the material was embedded in p&l'01ffln by the 

conventional method an d sectioned  at the thickness of 5— 10／an．Sectioias were stained  with safranin- 

fast grDen．Observation an d photographs wero taken under Ol,nnpus BtL2 microscope． 

2 Observations and ResulIs 

2．1 M  叩 0l 嚷 _岣 ，M icroslmrogemis and M ale Cametogm ~ s 

FIO'e,q~rs of Swertht cincta were bisexual and protandrous ．_4nthers were tetrasporangiate．At an  

early stage ofdevelopment， 4 lows of archespofial cells differentiated below the epidermis ofthe oil— 

thers．M-chesporial cells were recognizable by their dense cytoplasm an d conspicuous nuclei．Th ese 

cells divided  peficlinally forming outer prinmi), cells and inner wim~ 'spomgenous ceIls．Th e 

primary parietal cells dM ded  perielinally and an ticlinally f0Tm two layers of the secon~c,parietal 

cells．Th einner seco ndary parietal cells gave risetothetapetum， which p酬 y camefrom the ground 

tissue nearthe connectivetissue．Thus，tl1etapetam was of dual origin(PlateI：1)．The outer sec． 

ondary parietal cellsformed a sube pidermal endothecium andtwomiddlelayers by
．

perielinal andan ti— 

clinal division．Anther wall was comr~ ed  of five layers： epidemais， e~Mothecium ， two middle layers 

andtapetlml(Plate I：3)．Endothecium and middle layers originated from the primary pari州  

cells．The dm'elopment of microspomgial wall thus confomrM to the dicotyledonous type (Davis， 

1966)． 

Cells of tapetlm~on the connective side showed radial elongation or periclinal division and intmd— 
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ed into the anther loeule．M 1 the tapetal ceils degenerated at their 0d t sites and degenerating tape- 

tulli uncleiinthemiddle ofthe antherloculewerefrom the ear1),differentiation protruding  ofthetape - 

rum (PlateI：3)；therefore，the tapetum is similartothe出ndul且rtype． 

The middle layers were crushed during meios is ofmicrospo recytes． 

A吕theanthermatured， the e dennis ofthean ther wallpe rsisted and the cells ofthe endotheci- 

ilm became pillarandfibrous(PlateI：5)． 

Simultaneous ch丑I 8es took place in the wall of microsporangia．Th e prinmry spo rogenous cells un- 

derwent mitosis， forming~ ona ry spomgenous ceils，which micrcspo rccytes were derived．Meiosis in 

each microspo rocyte resul1ed in a microspo re tetrad．The cytokinesis w∞ the simultaneous type．Micros— 

poretetrads weretetrahedral(PlateI：2)．Microsporeswere separatedfromthetetrad as a uninucle- 

atepollen grain(PlateI：3)．Eachminrospore had adense cytoplasmwith a prominentandcentrally 

placed nucleus．As the ce ntral vacuole developed． the nucleus took a peripheral position．Th e first di- 

~dsion ofthe nficrespore nucleus resulted intheformationof two un qu丑lce lls，alarge vegetative one 

and a smaXler generative one(PlateI：4)．The generative cell gave rise to two sperms by mitosis． 

Pollen grainswere 3-celled attime ofanther dehiscence(PlateI：6)． 

2．2 M egaslmrogenefis and Female gametogenesis 

2．2．1 Macrospo tangium and macrospo mgensis 

Th e ovary was superior． bicarpellary． s
．

'

．

yncarpous and unilocular with parietal placentae．There 

were 12rews of 0vLll inthetransition of ovary(PlateII：16)．Theintegumentinitiated bypericli— 

nalan d o~ique division atthe baseof nucellus．Th e ovuleof S．c妇  wa吕unitegnaic．Theinte~ at 

reached thetopof nucellusan dformed a nficrepyle by continued division．Th e typeof ovule was aua- 

campylotrepous (PlateH：17)． 

the 8rage of microsporocyte．a single hypodemml archesporial cell differentiated in the young 

nucellusandfunctioned directly a8themegesporoeyae(PlateII：7)whichwas characterized by a [ge 

nucleusand dense cytoplasm．Th us．the ovuleof S．c／nc／a w噩 ten uinucellate．Themegesporocyteun - 

derwent meiosis，fomai~g a hnear tetrad of megaspores(PlatelI：8，9)．Three mlcrepylar meges— 

pores eventuallv degenerated，in which the chalazal one became functional(PlateII：10—11)． 

2．2．2 Embryo sac and female gametoph~ae 

A 7-ce lls aI1d 8-nucleatefemale gametophyte ofPolygonum typeformed bythreeme iosisdivisions 

offunctional megaspore(PlateH：12)．ThIee nficrepylar nuclei becamethe eggandtwo sy~,gids， 

the：formed the egg apparatus．Th e two nuclei bG~．a／ifle the po lar nuclei．Th e cbalmal nuclei became 

the three anti~ (PlateH：13—14)．The polar nuclei fused at the center and the resulted see- 

0nd nucleusthenmoved closetothe egg apparatus(PlateH：15)． 

In the man 8一nucleate embryo sac， the egg cell was recognized by nucleus at the ctm1．q~mi 

endan d alarge vacuole atthemicrepylar end， two synergidswas1w  bytheir nuclei atthe mi— 

crepylar end and a LBI芎e vacuole atthechalazal end． 

Three anar~ a cells of S．c !c were not ephemeral as observed in most angiosperrra (Fin一 

1982)．They persisted atthe mature embryo s日c stage(PlateH：13—14)．Afterward，threecells 
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dividedinto 5—8 cells with ea,~csed and multiseriate nuclei and persistedlike alayer of“out endo— 

sperm”around embu,o sac
． 

3 I)iscost~on 

According to OH／"recently study (Ⅱu et al，1998)，the embryological characters of 

S． nchet／arm in section Ophel／a are stmmmrlzed： teUasporangium an thers ； dicotyledonous type of 

microsporaagium development； dual tapetal origin； place noids formed  bv divis|0n of tapetal cells； 

glandular tapetum；2 rsiddle Layers；persistent epidemds in the mature anther；simultaneous cytoki． 

nesis at meiosis of microsporoc~es； tetrahedral microspore tetrads；2-celled  pol~n； superior， bicar- 

pe llarymad unilocular ovary with typical placentae； an atropous， un itegmic and tenuinucellar ， ovules 

8 in number； Pol3gomaa t)q3e of megagmnetophytes， an tipo,~ cells 5— 8．Althon gh there ale nu— 

merous similar emb~-ological characters between S cincta and S．franchetiana．S． is different 

from S．fi'anchent／ar~a in the embryolo~,： (1)S．c／ncta has ana—campylotropous ovules．while 

S．franchetiana has anatropous ovules，and(2)S．c／ncta has 12／ows of ovules and superficial pla- 

cent~-whereas S．francheaarm has 8 rows of o,,qules and typical parietal placentae． 

From abo代 eomparlsion of embryological characters between s。c'don Platynema and section 

Ophelia， the result indicates that they are significan tly different in embryology．The embryological 

characters confirm the treatment that section P emⅡ should be separated  from section Ophe／／a． 

The evolutionary trends of embryological characters have been elucidated by many authors(e．． 

g Johfi et ol，1992；Tobe，1989)．The emb ryologicalfeatures ofana-cmnpylotmpous ovules and su· 

pe rficial placentae in section Plm')j~ema are advan ced characters．whik an atmpous ovules an d typical 

perflcial placentae are primitive characters．Th us． section P／at~nema is more advan ced  than section 

Ophel／a accordhag to evolutionart trends of the embryological characters． 

A6mowkmgmmt This research was supported by s grant for systemanc and evolutionary biolQgy(Chinese Academy of 

Sciences)．The authors express sincere thanks to Dr．Liu Jian—quan for his help in collecting matenals 
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AC：Antip~al cell DN： DegeneratLI】g megasp,~ ．E： ErL． Endothecitlm Ep： d 9 FM ：nm m M： 
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薛春迎等 ： 图版 I XUE Chun—Ying et al 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


期 薛春迎等 ：西南獐牙菜的胚胎学及其系统学意 义 8l 

薛春迎等 ： 图版 Ⅱ XUE Chun—Ying at： Plate Ⅱ 
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