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“藏茵陈”——川西獐牙菜的大孢子

发生及雌配子体发育

薛春迎1, 2, 何廷农2, 李德铢1

( 1. 中国科学院昆明植物研究所, 云南昆明 650204; 2. 中国科学院西北高原生物研究所, 青海西宁 810001 )

摘　要: 首次报道了藏茵陈川西獐牙菜的大孢子发生及雌配子体发育。川西獐牙菜为倒生胚珠, 薄珠心, 单

珠被, 线形大孢子四分体, 胚囊发育为蓼型, 反足细胞分裂为 5～ 8 个, 宿存, 每个细胞均异常膨大, 并多核。反

足细胞在龙胆科一些一年生高山植物中的宿存和分裂具有重要的生殖适应和进化意义, 这对于这些植物在

青藏高原严酷的自然环境下, 在短时间内完成其生活史是非常重要的。
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M ega sporogenesis and fema le gam etogenesis deve-

lopm en t of the T ibetan m ed ic ine“Zang Y in
Chen”——Swer tia m ussotii (Gen tianaceae)
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Abstract: T he p resent paper first ly repo rts the developm ent of m egaspo rogenesis, fem ale gam etophyte in

Sw ertia m ussotii, a famous T ibetan m edicine. T he ovule is anatropus, tenuinucella te, in itegm ic, the m egas2
po re tetrad is linear and em bryo sac developm ent is of the Po lygonum type. T he th ree ant ipodal cells can be

divided in to 5～ 8 cells w ith enlarged and po lyp lo id nuclei. T he dividing and persist ing of the ant ipodal cells in

alp ine annual Gentianaceae p lan t are of sign ificance in rep roduct ive adap tat ion and evo lu t ion, w h ich is impo r2

tan t fo r tho se ephem eral species of Gentianaceae to comp lete their life cycle under the arid surrounding of

Q inghai2X izang p lateau w ith in a few w eeks’ grow ing season.
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　　Sw ertia m ussotii (Gen t ianaceae) , an effect ive

T ibetan m edicine to cu re liver disease, is m ain ly

dist ribu ted in the Q inghai2X izang P lateau, w ith a

co ld clim ate and sho rt grow ing season. T he annual

species comp lete their life cycle w ith in a few w eek s

in th is arid su rrounding. It is a m ystery w hy and
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how these p lan ts acqu ire their rep roduct ive adap ta2
t ion s to the p lateau and no rm ally p roduce their off2
sp ring. T h is ephem eral species relies on the seeds

to rep roduce in natu ral condit ion s. B u t du ring the

p ropagat ion of th is species, it is d iff icu lt to germ i2
nate seeds.

T he p resen t paper repo rts the ovary of S.

m ussotii fo r invest igat ing its rep roduct ive pat tern

and adap tat ion to the Q inghai2X izang P lateau.

1　M a ter ia ls and M ethods

M ateria ls invest igated fo r the p resen t study

w ere co llected from Yu shu, Q inghai p rovince, Ch i2
na. T he voucher (L iu J ian2quan) is depo sited in the

H erbarium of N o rthw est P lateau In st itu te of B io lo2
gy, Ch inese A cadem y of Sciences, Ch ina (HNW P).

O vu les at d ifferen t stages of developm en t w ere

f ixed in the fo rm alin2acet ic2alcoho l (FAA ). A fter

being sta ined in Eh rf ich’s hem atoxylin, the m ateri2
al w as em bedded in paraff in by the conven t ional

m ethod and sect ioned at the th ickness of 5～ 10

Λm , sect ion s w ere sta ined w ith safran in2fast green.

O b servat ion and pho tograph s w ere taken under

O lympu s BH 2 m icro scope.

2　Observa tion s and Results

211 M acrosporang ium and macrosporogen sis

T he ovary w as superio r, b icarpellary, syncar2
pou s and un ilocu lar w ith parieta l p lacen tae. T here

w ere 8 row s of ovu les in the t ran sect ion of ovary

( F ig. 10). T he in tegum en t in it ia ted by periclinal

and ob lique division at the base of nucellu s. T he

ovu le of S. m ussotii is un itegm ic. T he in tegum en t

reached the top of nucellu s and fo rm ed a m icropyle

by con t inued division. T he type of ovu le is anat2
ropou s.

A t the stage of m icro spo rocyte, a single hypo2
derm al archespo ria l cell d ifferen t ia ted in the young

nucellu s and funct ioned direct ly as the m egaspo ro2
cyte (F ig. 1)w h ich w as characterized by a large nu2
cleu s and den se cytop lasm. T hu s, the ovu le of S.

m ussotii w as tenu inucella te. T he m egaspo rocyte

underw en t m eio sis, fo rm ing a linear tet rad of

m egaspo res ( F igs. 2、3 ). T he th ree m icropylar

m egaspo res even tually degenerated, w h ile the cha2
lazal one becam e funct ional (F ig. 4).

212 Em bryo sac and fema le gam etophyte

A 72cells and 82nucleate fem ale gam etophyte

of the Po lygonum type fo rm ed by th ree m eio sis di2
vision s of the funct ional m egaspo re (F igs. 5、6).

T he th ree m icropylar nuclei becam e the egg and the

tw o synergids, they con sisted the egg apparatu s

(F igs. 7、8). T he tw o nuclei becam e the po lar nu2
clei. T he chalazal nuclei becam e the th ree an t ipo2
dals. T he po lar nuclei fu sed at the cen ter and the

resu lted secondary nuclen s then moved clo se to the

egg apparatu s (F ig. 8).

In the m atu re 82nucleate em b ryo sac, the egg

cell w as recogn ized by nucleu s at the chalazal end

and a large vacuo le at the m icropylar end; the tw o

synergids (F igs. 7～ 8)w ere recogn ized by their nu2
clei a t the m icropylar end and a large vacuo le at the

chalazal end.

213 An tipoda l cells

T h ree an t ipodal cells of S. m ussotii w ere no t

ephem eral as ob served in mo st angio sperm s
〔1〕.

T hey persist a t the m atu re em b ryo sac stage. A f2
terw ard, th ree cells d ivide in to 528 cells w ith en2
larged and m u lt iseria te nuclei and persist like a lay2
er of“ou t endo sperm ”around em b ryo sac (F ig. 9)

3　D iscussion

(1) T he p resen t study reveals the annual S.

m ussotii w ith persisten t and secondly m u lt ip licat ion

an t ipodal cells, w h ich m ay accoun t fo r it speedy

seeds developm en t under the arid su rrounding of

the Q inghai2X izang P lateau. T he t im e’s span in S.

m ussotii betw een flow ering to shedding seed

amoun ts to no mo re than 20 days. It is easy fo r it

to p roduce no rm al seeds and comp lete recru itm en t

of offsp ring in sp ite of sho rt grow ing season in the

arid hab its of the p lateau. A khalkatsi and W agn2
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er
〔2〕

found sim ilar resu lts in the arid A lp s. moun2
ta in, that the persisten t an t ipodal cells of the annu2
al gen t iana accelerate the em b ryogen sis and sho rten

the t im e of seed developm en t. B ecau se of the sho rt

grow ing season, the ephem eral p lan ts in the alp ine

moun tain s m u st acqu ire som e pecu liar t ra it s to help

them to comp lete their life h isto ries w ith in such

sho rt t im e. A s fo r Gen t ianaceae p lan ts, mo st an2
nual species have persisten t an t ipodal cells to help

them accelerate seeds develop ing
〔3～ 4〕. It m igh t be

one of reason s w hy so m any ephem eral Gen2
t ianaceae species dist r ibu ted w idely on the arid

moun tain s especially on the arid Q inghai2X izang

P lateau. T he dividing and persist ing of the an t ipo2
dal cells in alp ine annual Gen t ianaceae p lan ts are of

sign if icance in rep roduct ive adap tat ion and evo lu2
t ion, w h ich is impo rtan t fo r tho se ephem eral

species of Gen t ianaceae to comp lete their life cycle

under the arid su rrounding of Q inghai2X izang

P lateau w ith in a few w eek s’ grow ing season.

( 2) A s regards the em b ryo logical featu res of

Sw ertia s. l. , there are eigh t species (S. ca roline2
sis, S. corym obosa, S. ang ustif olia , S. m inor, S.

iberica S. f ranchetiana , S. ery th rosticta, S. te2
trap tera, )〔5～ 10〕

concern ing to earlier repo rts and re2
cen t studies. T he resu lts show that these species of

Sw ertia s. l. share the fo llow ing ovary characters:

tenu inucella te, w ith a single in tegum en t, the

m egaspo re tet rad is linear, em b ryo sac develop2
m en t is of the Po lygonum type. T he abovem en2
t ioned featu res have been found in S. m ussotii.
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Explanation of Pla tes

A n t, an t ipodal cell. DM , D egenerat ing m egaspo re. E, Egg, SN , Secondary nucleu s, Sy, Synergid.
F ig. 1. A un itegm ic ovu le and m egaspo rocyte; 2. A naphase I of m eio sis in m egaspoRocyte; 3. L inear
m egaspo re tet rad; 4. T he funct ional chalazal m egaspo re, w ith o ther th ree degenerat ing. A one2 nucleate
em b ryo sac and show ing the o ther th ree degenerated m egaspo res; 5. T he tw o2nucleate em b ryo sac; 6. T he
fou r2nucleate em b ryo sac; 7～ 8. con secu t ive t ran sact ion s of an eigh t2nucleate em b ryo sac, show ing an egg,
tw o synegids, and secondary nucleu s; 9. T he m atu re em b ryo sac stage show ing 528 an t ipodal cells; 10.
T ran sverse sect ion show ing eigh t row s of ovu les (123×768, 428×684, 9×1168, 10×136).
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