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摘　要: 首次报道了条纹龙胆 (Gentiana stria ta M axim. )的胚胎学特征,研究结果用以讨论龙

胆属狭蕊组 (Gentiana Sect. Stenogyne)的系统演化关系。主要研究结果如下:花药四室;药壁

发育为双子叶型; 绒毡层细胞仅来源于初生壁细胞,故绒毡层起源属单型起源,细胞具单核,

原位退化,属腺质型绒毡层,药隔处的绒毡层细胞经多次平周分裂形成 2层至多层的绒毡层

细胞,其余部位的绒毡层细胞仍为 1层细胞; 中层细胞 1层; 在花药成熟时,花药的表皮细胞

和药室内壁均部分纤维状加厚且柱状伸长。小孢子母细胞减数分裂为同时型,四分体的排列

主要为四面体形;成熟花粉为 32细胞型。子房为 2心皮, 1室,侧膜胎座。胚珠 4列。薄珠心,

单珠被,珠心基部产生珠被原基,进而形成珠被,条纹龙胆仅有 1层珠被。珠被沿珠心向上生

长并将珠心包围,于胚珠顶部形成珠孔。胚珠在发育过程中,整个胚珠的本体倒转,而且珠柄

继续生长并弯曲,使珠孔与合点端的连线与珠柄垂直,形成 H ypertropous胚珠。大孢子母细

胞减数分裂形成的 4个大孢子呈直列式排列,合点端的大孢子具功能。胚囊发育为蓼型。极核

在受精前融合为次生核,反足细胞 3个、多宿存。雄蕊先熟。珠孔受精。胚乳发育为核型。胚

胎发育为茄型酸浆Ê变型。通过比较龙胆属狭蕊组与龙胆属其它组和双蝴蝶属的胚胎学特
征表明,龙胆属狭蕊组在一些重要的胚胎学特征上与双蝴蝶属较相似,而与龙胆属其它组存

在较大差异,故建议应将龙胆属狭蕊组从龙胆属中移出。
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the first t im e, T he resu lts are u sed to discu ss the system at ic po sit ion of Gen tiana Sect.

Stenogyne. A n thers are tet raspo rangia te. T he developm en t of an ther w alls confo rm s to

the dico tyledonou s type. T he tapetum cells o rig in from the p rim ary parieta l cells, and

thu s the tapetum is of single o rig in. T he developm en t of the tapetum w ith un inuclea te

cells is of the Glandu lar type. T he tapeta l cells on the connect ive side show radia l

elongat ion o r periclina l d ivision and in trude in to the an ther locu le. T here are one m iddle

layers. Parts of the ep iderm is and endo thecium persist and the cells becom e p illar and

fib rou s. Cytok inesis in the m icro spo rocyte m eio sis is sim u ltaneou s type and the

m icro spo re tet rads are tet rahedra l. Po llen gra in s are 32celled. T he ovary is b icarpellary

and un ilocu lar. T he p lacen ta t ion is of reduced parieta l p lacen tae w ith 4 row s of ovu les.

T he type of ovu le is H ypert ropou s. T he ovu le is un itegm ic and tenu inucellar. T he

em b ryo sac o rig inates from a single2archespo ria l cell. T he one chalazal m egaspo re in

linear tet rad becom es funct ional. T he developm en t of em b ryo sac is of the Po lygonum

type. Befo re fert iliza t ion, tw o po lar nuclei fu se in to a secondary nucleu s. T h ree an t ipodal

cells persist. F low ers are p ro tandrou s. Fert iliza t ion is po rogamou s. T he developm en t of

the endo sperm is of the N uclear type. T he em b ryogeny co rresponds to the So land type

Physalis Ê varia t ion type. T he p resen t paper indica tes that Gen tiana Sect. Stenogyne is

mo re sim ilar to T rip terosp erm um than to o ther sect ion s of Gen tiana in em b ryo logica l

characters. Sect. Stenogyne m igh t be separa ted from Gen tiana.

Key words: Gen tiana stria ta; Em b ryo logy; System at ic po sit ion

1　 In t roduct ion

Gen tiana Sect. Stenogyne w as estab lished by F ranchet in 1884 [1 ] and w as revised by

Ku snezov in 1894 [2 ]. It is a mo st d ispu tab le and poo rly know n sect ion among the 15

sect ion s in genu s Gen tiana. A bou t th is sect ion, severa l au tho rs had differen t suggest ion s

on its system at ic rela t ion sh ip s[3～ 7 ]. T h is paper system at ica lly repo rts em b ryo logy of

Gen tiana stria ta fo r the first t im e. T he pu rpo se of p resen t invest iga t ion is to discu ss the

system at ic po sit ion of the sect ion based on em b ryo logica l characters.

2　M ateria ls and m ethods

M ateria l invest iga ted w as co llected from P ingan Coun ty, Q inghai P rovince, Ch ina.

T he voucher (L u Xue2feng 094) is p reserved in the H erbarium of N o rthw est P la teau

In st itu te of B io logy, Ch inese A cadem y of Sciences, Ch ina (HNW P).

A n thers, ovu les and seeds at d ifferen t stages of developm en t w ere fixed in acet ic and

ab so lu te ethano l in a p ropo rt ion of 1∶3. A fter being sta ined in Eh rfichπs hem atoxyfin,

the m ateria l w as em beded in paraff in by conven t ional m ethod and sect ioned at the
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th ickness of 6～ 12 Λm. Sect ion s w ere sta ined w ith safran in2fast green and ob served and

pho tographed under O lympu s BH 2.

3　O b serva t ion s

3. 1　The developm en t of stam en s

3. 1. 1　M icrosporang ia and m icrosporogen sis　 F low ers of Gen tiana stria ta are 5

stam en s. A n thers are tet raspo rangia te. A t the early stage of developm en t, 4 row s of

archespo ria l cells d ifferen t ia te under ep iderm is in each lobes of t ran sect ion s of an thers

( P la te É , 1 ). A rchespo ria l cells are recogn izab le by their den se cytop lasm and

con sp icuou s nuclei. T hese cells d ivide periclina lly fo rm ing an ou ter p rim ary parieta l cells

and inner p rim ary spo rogenou s cells (P la te É , 2). T he p rim ary parieta l cells d ivide

periclina lly and an t iclina lly fo rm ing tw o layers of the secondary parieta l cells. T he inner

secondary parieta l cells g ive rise to the tapetum. T hu s, the tapetum is of a single o rig in.

T he ou ter secondary parieta l cells fo rm a subep iderm al endo thecium and a m iddle layer

by periclina l and an t iclina l d ivision. A n ther w all is compo sed of fou r layers: ep iderm is,

endo thecium , m iddle layer and tapetum (P la te É , 3). Endo thecium and m iddle layer

o rig inate from the p rim ary parieta l cells. T he developm en t of the m icro spo rangia l w all

thu s confo rm s to the dico tylendonou s type [8 ].

Cells of the tapetum on the connect ive side show radia l elongat ion o r periclina l

d ivision and in trude in to the an ther locu le. T apeta l cells are un inuclea te th rough t ou t

their developm en t. A t abou t the t im e of po llen tet rads, the w alls of the tapeta l cells

becom e indist inct and the tapeta l cells degenera te a t their o rig inal site (P la te É , 4). T he

tapeta l cells degenera te comp letely at the stage of 12nuclea te po llen gra in s and nucleu s

near the w all. T hu s, the tapetum of Gen tiana stria ta is g landu lar.

T he m iddle layer is cru shed du ring m eio sis of m icro spo rocytes.

A s the an ther m atu res, Parts of the ep iderm is and endo thecium of the an ther w all

persist and the cells becom e p illar and fib rou s (P la te É , 5、7).

Sim u ltaneou sly w ith changes tak ing p lace in the w all of m icro spo rangia, the p rim ary

spo rogenou s cells undergo m ito sis fo rm ing the secondary spo rogenou s cells, from w h ich

m icro spo rocytes are derived. M eio sis in each m icro spo rocyte resu lts in a m icro spo re

terad. T he cytok inesis is of the sim u ltaneou s type. M icro spo re tet rads are tet rahedra l

(P la te É , 4).

3. 1. 2　M a le gam etogenesis　M icro spo res are separa ted from the tet rad as a un inuclea te

po llen gra in (P la te É , 5). Each m icro spo re has a den se cytop lasm w ith a p rom inen t and

cen tra lly p laced nucleu s. A s cen tra l vacuo le develop s, the nucleu s takes a periphera l

po sit ion. T he first d ivision of the m icro spo re nucleu s resu lts in the fo rm at ion of tw o

unequal cells, a large vegeta t ive one and a sm aller genera t ive one. T he genera t ive cell

g ives rise to tw o sperm s by m ito sis. Po llen gra in s are 32celled at t im e of an ther
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deh iscence (P la te É , 6).

3. 2 The developm en t of p ist il

3. 2. 1　M acrosporang ium and macrosporogen sis　T he ovary is superio r, b icarpellary,

syncarpou s and un ilocu lar w ith parieta l p lacen tae. T here are 4 row s of ovu les in the

tran sect ion of ovary. (P la te Ë , 10). T he in tegum en t in it ia tes by periclina l and ob lique

division at the base of nucellu s. T he ovu le of Gen tiana stria ta is un itegm ic. T he

in tegum en t reaches to the top of nucellu s and fo rm s a m icropyle by con t inued division.

W hen the w ho le ovu le body reverses, and the raphe elongates and cu rves du ring the

cou rse of developm en t, the hypert ropou s fo rm occu rs (P la te Ë , 11). T hu s, the type of

the ovu le is hypert ropou s[9 ].

A t the stage of m icro spo rocyte, a single hypoderm al archespo ria l cell d ifferen t ia tes

in the young nucellu s and funct ion s direct ly as the m egaspo rocyte (P la te Ê , 1) w h ich is

characterized by large nucleu s and den se cytop lasm. T hu s, the ovu le of G. stria ta is

tenu inucella te. T he m egaspo rocyte undergoes m eio sis fo rm ing a linear tet rad of

m egaspo res (P la te Ê , 2～ 4). T he th ree m icropylar m egaspo res even tually degenera ted,

w h ile the chalazal one becom e funct ional (P la te Ê , 5).

3. 2. 2 Fema l-gam etophyte 　A 72celled and 82nuclea te fem al gam etophyte of the

Po lygonum type is fo rm ed by th ree m ito t ic d ivision s of the funct ional m egaspo re. T he 12
nuclea te em b ryo sac ( P la te Ê , 5 ) is fo rm ed by en largem en t of the m egaspo re and

increase in vacuo le and in size of the nucleu s. T he 22nuclea te em b ryo sac (P la te Ê , 6) is

fo rm ed by one m ito t ic d ivision of the 12nuclea te em b ryo sac. T he 22nuclea te em b ryo sac

becom e 42nuclea te em b ryo sac (P la te Ê , 7) by ano ther m ito t ic d ivision. T he 42nuclea te

em b ryo sac undergoes m ito t ic d ivision to fo rm the 82nuclea te em b ryo sac in w h ich th ree

lie in the m icropylar end, tw o near of the cen ter, and th ree in the chalazal end. T he th ree

m icropylar nuclei becom e the egg and the tw o synerg ids. T he tw o m edian nuclei becom e

the po lar nuclei. T he chalazal nuclei becom e the th ree an t ipodals. T he po lar nuclei fu se at

the cen ter and the resu lt ing secondary nucleu s then moves clo se to the egg appara tu s

(P la te Ê , 8～ 10).

In the m atu re 82 nuclea te em b ryo sac, the egg cell is recogn ized by nucleu s at the

chalazal end and a large vacuo le at the m icropylar end. T he tw o synerg ids have obviou s

filifo rm appara tu s (P la te Ê , 8) and are recogn ized by their nuclei a t the m icropylar end

and a large vacuo le at the chalazal end. T he th ree an t ipodal cells are sta ined den sely and

their nuclei each m ay divided in to tw o (P la te Ê , 10). T he an t ipodal cells persist un t il

the stage of 42celled p roem b ryo.

3. 3　Fertil iza tion

T he fert iliza t ion is po rogamou s (P la te Ê , 11). T he po llen tube discharges tw o

sperm s. O ne of sperm s fu ses w ith the egg nucleu s fo rm ing the zygo te and the o ther w ith

the secondary nucleu s fo rm ing the p rim ary endo sperm nucleu s. W e ob served that the
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sperm nucleu s en tered in to the secondary nucleu s and fu sion betw een them w ou ld be

happen ing (P la te Ë , 1). A lthough fu sion betw een the egg nucleu s and sperm nucleu s

w as no t found, w e specu la ted that tw o nuclei had fu sed becau se the zygo te nucleu s is

larger than the egg nucleu s (P la te Ë , 2). T he p rim ary endo sperm nucleu s is larger than

the zygo te nucleu s. T he first d ivision of the p rim ary endo sperm nucleu s p recedes that of

the zygo te.

3. 4　Endosperm

T he developm en t of the endo sperm of G. stria ta is of N uclear type. T he p rim ary

endo sperm nucleu s gives rise to 2 free endo sperm nuclei. A large num ber of free nuclei

fo rm by a series of successive division s of the tw o free endo sperm nuclei (P la te Ë , 7).

A t the stage of m u lt i2celled p roem byo, w all fo rm at ion of endo sperm in it ia tes from the

m icropylar end to the chalazal end. A fter the fo rm at ion of endo sperm cell w all,

endo sperm cells move to the cen ter of the em b ryo sac and su rrounded the p roem b ryo. A

few of endo sperm cells is ab so rbed by the em b ryo du ring the developm en t of the la t ter.

3. 5　Em bryo and seed coa t

T he zygo te has a large nucleu s, con sp icuou s nucleo lu s, den se cytop lasm and sm all

vacuo le. T he zygo te divides t ran sversely fo rm ing a term inal cell (Ca) and a basal cell

(Cb) (P la te É . ). T he Ca and Cb (P la te Ë , 3) undergo tran sverse division fo rm ing a 42
celled linear p roem b ryo2these cells are designated L , L′,M , C i (P la te Ë , 4～ 5). T he L

and L′divide tran sversely fo rm ing a 62celled linear p roem b ryo (P la te Ë , 6) - they are

designated L 1, L 2,L ′1, L ′2,M , C i. T he L 1 and L 2 divide vert ica lly and tran sversely fo rm ing

the p rimo rdia of the co tyledon s ( Pco ) , stem apex ( Pvt ) , and hypoco tyl ( Phy ). By

vert ica l and tran sverse division s, the L ′1 and L ′2 give rise to p rimo rdia of cen tra l cylinder

of stem ( Icc) and cen tra l cylinder of roo t ( Iec). T he M p roduces the ro t cap (Co ) and

the su spen so r (S) by vert ica l and tran sverse division s. T he cell C i does no t d ivide.

T hu s, in th is species, the cell Cb of 22celled p roem b ryo does no t con tribu te to the

fo rm at ion of the en t ire d ico tyledonary em b ryo. T he cell L of 42celled p roem b ryo

con tribu tes to the developm en t of co tyledon s, stem apex and hypoco tyls. Cells of the

th ird genera t ion of the p roem b ryo after th ree tu rn s of d ivision s are compo sed of 6 cells.

T he em b ryogeny co rresponds to the Physalis II varia t ion of So lanad type [10 ].

In m atu re seeds, the em b ryo is co rdate (P la te Ë , 8). D u ring the developm en t of

em b ryo sac, in tegum en t cells a t bo th m icropylar and chalazal ends divide from ing

ou tgrow th w h ich gives rise to the w ing (P la te Ë , 11). T he ep iderm is of the in tegum en t

becom es the seed coat (P la te Ë , 9). T he inner layers of the in tegum en t are ab so rbed.

4　D iscu ssion

Gen tiana Sect. Stenogyne w as included in genu s Gen tiana since the sect ion w as

estab lished. T he sect ion w as first ly reexam ined by Sm ith [7 ] w ho suggested that it shou ld
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be rela ted to T rip terosp erm um. L ove & L ove [6 ] con sidered the sect ion as subgenu s of the

genu s T rip terosp erm um. Yuan et a l. [4 ] suggested that the sect ion shou ld be segregated

from the genu s Gen tiana acco rd ing to IT S phylogeny.

Table 1　Compar ison of embryolog ica l characters of Sect. Stenogyne

with other section s of Gen tiana and Trip terosp erm um

Characters Sect. Stenogyne O ther section of
Gen tiana

T rip tero sperm um

An ther

N um ber of spo rangia 4 4 4

Ep iderm is Persisten t Reduced Reduced

Endo thecium N o t all reduced Persisten t Persisten t

M iddle layers 1 2 1 o r 2

T apetum
O rigin
T ype
P lacen to id

Single
Glandu lar
D eveloped

D ual
Glandu lar
W ell developed

Single
W ell developed
W ell developed

N um ber of nuclei in the tapetal cell 1 1 1

M eio sis of m icro spo rocyte Sim ultaneous Sim ultaneous Sim ultaneous

Shape of m icro spo re T etrahedral T etrahedral T etrahedral

N um ber of cells in a m atu re po llen 3 3 3

Ovule

N o. of ovu le row s 4 10～ 30 4 o r 8

T ype H ypertropous A natropous H ypertropous o r
anatropous

N o. of in tegum ent 1 1 1

N o. of archespo ria 1 1 1

N ucellus T enu inucellate T enu inucellate T enu inucellate

T ype of m egaspo rogenesis Po lygonum Po lygonum Po lygonum

F ilifo rm apparatus of synergids P resen t P resen t A bsen t o r p resen t

A ntipodal cells Persisten t Persisten t Persisten t

N o. of an tipodal cells 3 3 (4, 8) 3

Character of an tipodal cells N o t en larged N o t en larged N o t en larged

Seeds

T ype of endo sperm fo rm ation N uclear N uclear N uclear

T ype of em bryogeny So land sub type
physalis Ê

So land sub type
physalis Ê

So land sub type
physalis Ê

A ppendages of seed W inged W ingless ( rarely
w inged) W ingless o r w inged

Exo testa Sclerechym atous 1 absen t 1, sclerechym atous

Endo testa A bsen t P resen t o r absen t

　 　 Compared Sect. Stenogyne w ith o ther sect ion s of Gen tiana
[11 ] and

T rip terosp erm um
[12 ] , lo ts of sim ilar em b ryo logica l characters ex ist among Sect.

Stenogyne, o ther sect ion s of Gen tiana and T rip terosp erm um ( T ab le 1 ). such as

tet raspo rangia te an thers; d ico tyledonou s type of m icro spo rangia l developm en t;

sim u ltaneou s cytok inesis in the m icro spo rocytes; the tet rahedra l m icro spo re tet rads; 32
celled po llen; superio r, b icarpellary and un ilocu lar ovary; un itegm ic and tenu inucellar

ovu le; po lygonum type of m egagam etophyte; po rogamou s fert iliza t ion; nuclear

endo sperm ; the Physalis Ê varia t ion of So lanad type of em b ryogeny. Besides above
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sim ilar em b ryo logica l characters, there are o ther sim ilar characters betw een Sect.

Stenogyne and o ther sect ion s of Gen tiana such as un inuclea te tapeta l cells; obviou s

filifo rm appara tu s in synerg ids; 3 an t ipodal cells. Bu t Sect. Stenogyne is d ifferen t from

o ther sect ion s of Gen tiana in som e impo rtan t em b ryo logica l characters as fo llow : (1) In

the developm en t of an ther w all, Sect. Stenogyne has one m iddle layer, parts of ep iderm is

and endo thecium are fib rou s; O ther sect ion s of Gen tiana have tw o m iddle layers, f ib rou s

endo thecium and degenera ted ep iderm is. ( 2) In the differen t ia t ion of tapetum , Sect.

Stenogyne has single o rig in of tapetum w h ich show s radia l elongat ion o r periclina l

d ivision and in trude in to the an ther locu le; o ther sect ion s of Gen tiana have dual o rig in of

tapetum , tapeta l cells fo rm trabecu lae[13 ] and p laceno ids. [14 ] (3) Sect. Stenogyne has 4

row s of hypert ropou s ovu les in the tran sect ion of ovary and reduced parieta l p lacen tae;

o ther sect ion s of Gen tiana have 20～ 30 row s of anatropou s ovu les and superf icia l

p lacen tae[15 ].

Besides sim ilar em b ryo logica l characters among th ree taxa, Sect. Stenogyne has

mo re sim ilar characters to T rip terosp erm um than to o ther sect ion s of Gen tiana. T hese

characters are one m iddle layer, sing le o rig in of tapetum , obviou s filifo rm appara tu s in

synerg ids ( in T rip terosp erm um Sect. P la tysperm um , [12 ] synerg ids donπt have obviou s

filifo rm appara tu s) , 4 row s of hypert ropou s ovu les in the tran sect ion of ovary (8 row s of

anatropou s ovu les in T. Sect. P la tysperm um ) , 3 an t ipodal cells. Bu t Sect. Stenogyne is

d ifferen t from T rip terosp erm um in som e em b ryo logica l characters as fo llow : (1) In the

developm en t of an ther w all, parts of ep iderm is and endo thecium of Sect. Stenogyne are

fib rou s; endo thecium of T rip terosp erm um is f ib rou s and ep iderm is degenera tes. (2) In

the differen t ia t ion of tapetum , Sect. Stenogyne has single o rig in of tapetum w h ich show s

radia l elongat ion o r periclina l d ivision and in trude in to the an ther locu le; in

T rip terosp erm um tapeta l cells fo rm p laceno ids[14 ].

F rom above comparison of em b ryo logica l characters among Sect. Stenogyne, o ther

sect ion s of Gen tiana and T rip terosp erm um , the resu lts ind ica te that Sect. Stenogyne is

mo re sim ilar to T rip terosp erm um than to o ther sect ion s of Gen tiana in em b ryo logica l

characters. It appears p robab le that Sect. Stenogyne m igh t be mo re clo sely rela ted to

T rip terosp erm um than to o ther sect ion s of Gen tiana in respect of em b ryo logica l

characters. It m igh t be reasonab le to separa te Sect. Stenogyne from the genu s Gen tiana.

How ever,W e donπt w an t to m ake a taxonom ic at temp t upon th is sect ion un t il w e ob ta in

new data on the sect ion.
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Explana tion of Pla tes:
P late É . A n ther and m icro spo rogenesis of Gen tiana stria ta. 1. T he archespo rial cells differen tiated under ep iderm is. 2.

T he p rim ary parietal cells undergo ing periclinal divisions (PM C, m icro spo rocyte). 3. Four layers of an ther w all cells:

ep iderm is (Ep) , endo thecium (En) , m iddle layer (M L ) , and tapetum (T ). 4. T etrahedral tetrad (T T ) and an ther w all.

5. 12nucleate po llen grain and an ther w all. 6. 32celled po llen grains. 7. A nther w all befo re releasing po llen, show ing

fib rous th ickened ep iderm is and partially fib rous th ickened endo thecium. (1, 2 ×812; 3～ 5, 7 ×478; 6 ×1 280)

P late Ê . O varies and early developm ent of the em bryo sac of Gen tiana stria ta. 1. A un itegm ic ovu le and a

m egaspo rocyte. 2. M etaphase I of m eio sis in m acro spo rocyte. 3. A naphase II of m eio sis in m acro spo rocyte. 4. L inear

m egaspo re tetrad. 5. T he functional chalazal m egaspo re (FM ) , w ith the o ther th ree degenerating. A 12nucleate em bryo

sac and show ing the th ree degenerated m egaspo res (DM ). 6. Two nucleate em bryo sac. 7. T he 42nucleate em bryo sac.

8～ 10. Consecu tive transections of an 82nucleate em bryo sac show ing an egg (E ) , two synergids (Sy) , secondary

nucleus (SN ) and an tipodal cells (A nt). 11. Show ing po llen tube (PT ). (1～ 7 ×867; 8～ 10 ×788; 11 ×296)

P late Ë . M atu re em bryo sac, fert ilization and ovu le tape of Gen tiana stria ta. 1. T he sperm (Sp ) in the secondary

nucleus. 2. T he zygo te (Z) and the p rim ary endo sperm nucleus (Pn). 3. T he term inal cell (Ca) and basal cell (Cb) ,

show ing two celled p roem bryo. 425. Consecu tive sections of a linear 42celled p roem bryo. 6. A linear 62celled

p roem bryo. 7. A m ulticellu lar p roem bryo and free nucleate endo sperm. 8. Em bryo (Em b) at the cardio2shaped stage

w hen seeds released from cap su le. 9. A layer of testa and w ing of seed. 10. four row s of ovu le. 11. Show ing

hypertropous ovu le. (1～ 2 ×788; 3～ 7 ×290; 8× 233; 9 ×46; 10 ×97; 11 ×197)
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H E T ing2nong, et a l. : Em b ryo logy of Gen tiana stria ta (Gen t ianaceae) P la te É

See exp lanat ion at the end of tex t
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