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摘要 对延龄草属(Trillium L)23种进行了光镜和电镜的观察研究。其中 14种作了遗射电镜的 

研究 研究结果表明，本 属花扮的形状和大小在种 间变化不大，但在外壁纹饰上却有较大的差 

异，大致可分为 4个纹饰类型， 即颗粒状纹饰 (多数种类)，疣状纹饰，星状纹饰及稿状纹饰。 

外壁结构上，大 多数种类结构层攻模糊，无明显的复盖层和拄状层分化。但 grandO$orum 和 

cateabaei 2个种则有较明显的复盖层和柱状层的分化。 lancifol~和 lanceolatum 具有截 

然不 同的纹饰特征，前者为霸粒状纹饰，后者为星状纹饰 从孢粉学考虑这 2个种不宣合并，应 

独立为 2个种。本文还对产于亚洲和北美的种类进行 了比较和讨论。 

关■锕 延龄草属，花粉形态 

POLLEN M ORPHOLOGY OF TRILLIUM  

W EI Zhong—Xin 

(LaboratoryofBiodiversity矗Biogeography Ktmminglmtttute ofBotany,ChineseAcademyofSciences, 

Kunming 650204) 

Abstract The poUelI of 23 species of Trillium was examined by LM ，SEM  and TEM ．1'he result 

showed that the pollen shape．the size and the ape rture typc ar{similar basically,charac~Azed  by 

spherical or subspherical pollen grains．inaperturate，size rangin8 from 20—38 lm in diameter．The 

exine sculpture，however, shows d胁 rent and four type s are recognized ． i．e．，granulate一， 

vcrraca~一，s切Lrred—and spinulate types．The wall~xine stratification is faint in most species exeept 

grand(Jor螂 and cateabaei which have obviOUS tectum and collumellae in wall structure． 

lancifolia and lanceolatum  have different sculpture，the former has granulate sculpture，the latter 

started sculpture．Palynology suggests that the two species be treated as separate sD0cics． 

Key words Pollen m orphology，Trilium 

The genus TrH~um  L_．toge ther with Paris L_．M edeola L．and Scoliopus Tort．composes the family 

Trilllaee ae according to most taxonomi sts，though some authors retained  it in Lilineeae．In th e fam ily， 

Tr~／h'um istheinrgestgenuswith 50 or so specaasdistributed disjumctlybetweenNorthAmerica and east- 

ernAsia，othertwoge neraM edeolaan d Scoliopus are small and"stri删 toNorthAm erica ， pc酬 tyin 

eastero N．America 一 ．Freeman J D．divided the genus TriR~u搬 into two subgenera,subgerns Trillium 

amd subge rus Phyllanterum ， the former comprises the pedicellate—flowered species and the latter 
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includes all other sessile flowered species except T．
．
~J．sillum which has pedicellate and sessile forms Free． 

mall believes that the pedicellate flowered species probably preceded the sessile flowered  0n髑 

phylogenetically by reason of the presence pedicels in more prnnitive related genus Paris．In general，the 

external morphology of the two genera is similar except for the leaf number and fiowerm ery，i．e．，Trillium 

with a whorl of 3 leafy bracts and trimerous flower，and Paris a whorl of 4 leafy bracts and tetramerous 

flower．Paris distributes in north timperate zone from Asia to Europe ，and Trillium in both Asia and North 

America 

In Trillium ．the remarkable uniform ity in external morphology and internal structure makes the · 

delimitation of interspe cies diffi cult，some species which were separated  by some taxonomis~ arc incorlx~ 

rated into one species by other authors，for example lancifMia and T．1anceolatmn．Palynology data 

sometime possess the potential in determ ing the dellmitation ofspecies and in assessing the taxonomic rela· 

tionships 

Pollen motphology of Trillium has becm studied by Ikuse (1965) ，Nair& Sharma (1965) and 

Takahashi M．c ·” Takahnshi exstained 17 species from North America_n 1982 and five species and tw0 

interspe cies hybrids from eastern Asia in 1983，and his study being the most demiled  and systematic so far． 

However,bc~tllge of the large number of species in the genus，his study has not involved  half of the total 

sp。des ofth e genus，it is nec cgsary to exam ine the other mole than halfspecies fo r sam marizhag the pollen  

morp hology character of the whole gen us．In this paper ．23 species have been exam ined  by SEM and TEM 

(14 species)From the comparison four ty of exine sculpture~are divided ．Wc hope that this study 

would supply a deficiency in pollen morphology of the genus and provide some additional data for the 

classification and systematic study of Tr#tium． 

M a riaIS and M ethods 

All pollen grains wcro removed  from herbarium material depo~ted  at the UniverSity of South western 

Louisiana(LAF)and the collections and locations are listed in Appendix． 

Pollen w∞ treated by 5％ KOHfirst andthen acctolyzed after themethodofErdtlnan(19~0)．Pollen 

sizes arc based on the measurement of I5— 20 acetolyzed  pollen grains mounded  on slides wi th a 

polystyrene mounting med ium．F0f SEM ．acetolyzed polio was dehydrated in an alc0hol series and 

mounted 0n stubswiththe high vacuum W ax ApiezonW 一100，coated withgoldpa lladium byBalzer CDS 。 

040，viewed  and photographed  wi th a Hitachi S一450 scanning electron microscope ．However,doe to the 

very thin pollen wal1．the aectolyzed pollen of most species collapsed and the shape of the po llen grain ． 

cha l1ged very much，unaectolyzed po llen was mounted direc tly oil stubs and photographed again as the 

sa e manner stated  above．For TEM ．acctolyze d pollen was put into I％ heated  agar,after ccntrifugation 

and coo1．CUtthebottom part ofagar containingpo llen and dehydratedIn an alco hol s 船 from 3O％ to 

10o％ and at last in 100％ acetone After 2— 3 changes of aectone．the agar containing pollen sample was 

embedded in Spurffs low viscosity resin，sectioned and stained with Patassium Perm anganate(KMnO~)， 

and viewed and photographed with a Hitachi H一600 transmission electron microscope． 
● 

Result 

All species of Trillium exam ined  in this study have po sen grains characterize d by spherical or 

subspherical(railyJ shape，ioapertur~，size ranging from 20 t0 38,am in diameter Four types of sculptnxe 
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afc recognized，that is granulate一，verrucate一，starred and spinulate ty0es．The pollen wall has very thin 

e~ine which is usually collapsed and make the shape change form time to time The poHen  wall 

stratification is faint except grandiflorum and catesbaei which have stratified wall structure composed 

oftectum ，collmeilae and footlayer 

Detailed Description 

$tamineum(plate I：l—14：Ⅳ一A) 

po llen  grain spherical to subspherical，inape rturate，size ranging from 22 t0 36 pm in diameter，exine 

sculpture is composed ofverruca~，and two types ofverrucae can be recognized，one is m 0fc than l pm ，the 

other O．3— 1 pm ．the surface of verrucae is striato—reticulate，the pollen wall is unstratified 。composed only 

ofverrucae and the underlying very thin footlayer 

decumbens(plate I：7—喝：IV B) 

Pollen grain spherica 1．inapcrturate，size 2O一 38 ／zm in diameter，exine sculpture is comprised of 

granula which are multangular and evenly distributed  over the wall surface of pollen The po llen  wall is 

unstratified，composed only ofgranula and underlying，discontinuous，very thin footlayer． 

discolor(plate I：5—_6：Ⅳ一C) 

Pollen grain spherical or subspherical，inaI~'turate，size railging from 18 to 28 pm in diameter Exine 

sollpture is composed ofgranula which are m ultan~ lar．The pollen wall is unstratified ，composed only of 

gran~a and the underlying,discontinuously very thin foolayer 

gleasoni(plate I：9— 1O：IV—D) 

Pollen grain spherica1．inaperturate．size 2O一 32 pm in diam eter．Exine sculpture is co mpo sed ofsmall 

and compact granula which arc muhangular．Pollen  wall is unstratified and only compo sed  ofgranula and 

underD／ing thin footlayer． 

grcmdiflorum(plate I：l1一 l2：IV—E) 

Pollen grain spherical，inape rturate，size ranging from 24 to 36 ／tm in diameter．Exine surface  is co v- 

ered by extremely few and scattered (sparse)Spinulose，but the surface between the spinulose is rugulate． 

The pollen wall is stratified and three layers afc recognized 。th at is relatively continuous te~Uln，poorly de- 

velope d columellae and footlayer ． 

I~meeolaturn(plate I：13— 15：Ⅳ一F) 

Pollen grain spherica 1．inape rturate．size 2 34 ／Im in diameter．Exine sculpture is composed  of 

sparsely starred units which are above l 5 pm in diam eter and easily separate from wail surface (plate I 

：15)The surface between  starred units is scabrate一 一 rugulate The pollen wail is unstratified and only 

co mpozed of started units and theunderlying footlayer 

recurvatum(plate I：l6— 17；Ⅳ一G) 

Pollen grain spherica l，inapcrturate，size ranging form 22 to 32 pm in diameter Exine s~ face is COV- 

ered  by starred units which are sm allerthan thatinT．1anceolatum，ca1 pm in diam eterbut denselydistal· 

bution．The pollen wall is uns tratified．composed only ofstarred umts and the underlying footlayer 

catesbaei(PlateⅡ：1—4；IV—H) 

Pollen grain sphedca1．inaperturate．size ranging from 20 to 30／zm in diameter．Exine sculpture is 

co mposed ofgranula which are round and sm ooth ca．0 5 to 1 pm in diameter Pollen wall is stratified  and 

can be divided  into discontinuous  tectum ，distinctive and high co lumellae and relatively thick fo otlayer． 
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Under the footlayer，a thin lamellate layer(endexine?)can be seen(plate IV—H) 

Jexipes(口lateⅡ：5— ) 

Pollen grain spherical，inaperturate，size ranging from 23 to 28 m in diameter
． Exine s*ulpture is 

composed of grannla 

T．re蛔 Ⅻ (plateⅡ：7— ) 

Pollen grain spherical，inaperturate，size ranging from 24 to 30 ／tm in diameter
． Exine s~nlptture is 

co mposed ofgrannla andtwo kinds ofwhich are recognized
， oneislargebutirregularin shape，the other 

smaller 
．  

viride(plateⅡ：9一 l o) 

Pollen grain spherica l，inaperturate,size ranging from 22 to 28／tm in diameter
． Exine sculpture is 

co mposed ofdifferent size ofgranula which arc smooth． ’ 

3es3出 (plate Ⅱ：l1～ l2；Ⅳ l，J，K) 

Pollen grain spherical，inaperturate，size ranging from 22 to 30／*m in diametor．Exine s*ulpturc is 

co mpo serl ofdifferent sized granula Pollen wall is unstratified ，composed only ofgranules and underlying 

footlayer．The granules stand side by side on the footlayer(plate IV—J，K)． 

laneifo／／ton(plateⅡ：l3— 14) 

Pollen grain spherical，inaperturate,size ranging from 20 to 30／xm in diameter 

composed ofdifferent sized grannies which are smooth 

啪 删la拥 (plateⅡ：I5一 l 61 

Pollen grain spherical，inapcrturate，size ranging from 24 to 32 mn in diameter 

co mpo sed  ofvarious sizes and shapes ofgranules． 

gracile(plateⅡ：I7一 I8) 

Pollen grain spherical，inaperturate，size ranging from 25 t0 33 m in diameter 

co mposed ofdifferent sizcd granules which arc round and smooth． 

cfHm(plate nl：卜—五 Ⅳ一L，M ，N) 

Exine s*ulpturc is 

Exine sculpture is 

Exine sculpture is 

Pollen grain spherical，inapcrturate，size ranging from 22 to 30 mn in diameter．Exine sculpture is 

composed of various sized granules which are round and sm ooth．Pollen wall is unstrarified only com． 

posed ofnumerous granula and underlying  footlayer 

vaseyi(plate m：3—6；Ⅳ一0) 

Pollen grain spherical，inaperturate，size ranging from 2O t0 30 m in diameter．Exine s*alptur~is 

co mposed of various sizes of granules which are round and sm ooth．Pollen wall is unstratificd co mposed 

only ofgranules an d underlying footlayer which is basically co ntinuous  

texanum(plate m：7— 8；Ⅳ一P) 

Pollen grain spherical，inaperturate，size ranging from 24 to 28 m in diameter,Exine sculpture is 

co mposed ofsmall gran ules which are co mpaudy distributed  over the surface ofpo llen grain．Pollen  wall is 

unstratified ，co mposed  only ofgranula and underlying，thin and discontinuous foo~ yer． 

foetidissimum(platem：9一l0；Ⅳ一O) 

Pollen grain spherical，inaperturate，size ranging from 24 to 28／xm in diameter．Exine s*ulptur~is 

co mpo sed ofvarious sized  and shaped granules．Pollen wall is unstratifiod，only co m posed ofgranula and 

thin，dis*outinUOU$footlayer 

ludovicianum(plateⅢ：l3一 l4) 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


3期 韦仲新：延龄草属花扮形态的研究 321 

Pollen grain spherical，inape rturate size ranging from 25 to 30 m in diameter Exine sculpture is 

composed ofdifie refit sized granules which a round and smooth． 

rugelii(plateⅢ：ll—I2：Ⅳ R' 

Pollen grain spherica1．inaperturate，size ranging  from 24 to 32 m in diameter Exine sculptue is corn· 

~sosed of different sized granules which axe smooth Pollen wall is unsL,afified，composed only of granuh 

and thin． scominuoas foolayer． 

cuneata(plateⅢ：15—1 6】 

Pollen grain spherical，inape rmrate，size ranging from 24 to 28蛐 in diameter．Exine sculpture is 

composed ofgranuleswhich arc round and smooth but unevenly distributed  OVerthe surface ofthepollen 

gr ain 

i／tqg~erwoo (口lateⅢ：I7一 I8) 

Pollen grain spherica1．inaperturate size rang ing from 24 to 32 n in diameter．Exine sculpture is 

co mposed ofdiff erent z。d granuleswhich are unevenlydistributed  overthe surfaceofthepo llen grain． 

Discession 

From above description of pollen morphology of Trillium ．we can sce there arc no remarkable differ- 

e in pollen shape．size and ape rture among different species．The greatest variation wits observed in 

exiti~sculpture．ofwhich four type s are recognized： 

a)granular scu tufa which can be subdivided into two kinds，one kind of granules is round and 

smooth，for exam ple catesbaei． gracile． erectzl~． vase~ ete；the other kind of granules is 

multangular．such as 出 cw~bens． discolor and gleasoni 

b)velTucate sculpture。only one species， stam~ettm． 

c】stm'r0d sculpture，i．e．， lanceolatum and recurvatum 

d) a~late sculpture，onlyone species, grandLCorum． 

As flr a●the wall st1"ncture is concerned ，most species in the genus have only faint stratification and 

the wall ex is composed only ofgranul=s,verruc ae，spinules or other structure units and the underlying, 

thin footlayes． grandLCorum and catesbaei,however,have stratified exine strw~ure composed of 

t∞恤m．po orly developed columtlla~and footlayer，especially in catesbaeL the exine sLru~ure at 

nonape rturaI area consists ofpe rfora te and thick tectum，well—developed columellae and th ick fooLlayer， 

the columellae stand side by side on the footlayer,and tw o columellae support a tectum unit(plateⅣ—羽)， 

the footlayes is underlain by a thin lamella(endexine∞．The exine struct：m-e of T．catesbael is very similar 

tO【batofPar& ( 
．  

T lancealatum an d T larm J6lium have been treated  as OlrlO spe~es by some auth ors，such asGates 

(1917)．Freeman(1975)and Takahashi(1982】．The pollen morphology，especially the exine sculpture， 

however，shows that the two spe cies are remarkably different， lanc has exina of granulate sculp* 

ture hut lanceolatum  has mnltan gular starred sculpture exine．Palynology suppo rts that tb~two species 

are treated as separate species． 

如nceolafum and recurvatum have very similar exine sculpture，i．e．starred sculpture，showing 

that the two species are closely related．The result gives support to Takahashi s view“ ， 

grandiflorum is the only one example with spinnlate sculpture in our study．According to Takahasi， 

ovafurr=and nivale also have  spinulate exine sculpture．The similarity of exine sc ulpture shows that 
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they are closely related to each other 

Relationship ofasiatic species and North American species of Trillium
． According to Takahashi．most 

spec ies except govanianum have exine sculpture composed ofgranules
，such as smailii, apetalon 

kamtsehaticum and tschen oskii．In our study
， of 24 species~~amined，19 species also have graⅡulaw 

sculpture-This suggests that they are closely related to each other．With regard to T．govaniatmm
． Nair and 

Sharma(1965)reported that the poUert was monocolpate with crystallat~ exine surface and Takahashi 

described  as angular and striately sculptured 
． Haga and Watanabe(1966)reported that gova ianum 

was an allotetraploid composed  of two different genomes
， neith er of．which is found jn Japanese of ． 

Am erican species of TriHiurn They treated this species as Trillidium govanianum
， a distinct geⅡus．and so 

did Takahashi in 1983，he said The isolated features in pollen m orphology of Trillium goPa iâ  suO
-  

port the exclusion of the species from Trilfiurn 
． Indeed，when we co mpared the SEM micrographs and 

description of Noah American species undulatum (Takahashi 1982
， Figs 2卜 28)with tho9e 0f 

govanianum 盯akahashi 1983，Figs 16～ 17)，wc found that the two species have the same exine sculpture
．  

In the pollen of T．govanianum
， he said exine ornamentation is clavate，characterized by projections w 

are sculptured striately and angular"tsrand in underlatum he said'％xine omamentation verruca~
． cha r． 

ac terizcd by verrucae which are sculptured striately and arc angulous 
． The descriptions show tha t the tw0 

spe cies have the same exine sculpture．The resemblance in exine sculDture would suggest that T 

govanianurn and u2tderlatum are closely related ea ch oth er
，
and the exclusion of govanianum from 

Trillium isworthyoffurtherco nsideration 

The author wish to thank the Herbarium of the University of Southwestern Louisiana(LAF)for pro． 

viding the pollen materia1．This project was suppoNed by Th e National Natural Sciences ofFoundation 0f 

China and Th e Laboratory ofBiodiver~ty＆ Bi0geography~Kunming Institute ofBotany 

Appendix Species IiIm~ and voucher spe cimens 

Tril~um stamineum Harbison LAF(Herbarium ofThe University ofSouthwestern Louisiana) 

51 58I． 

’ decumbes Harbison LAF 43601
． 

discolor W ray ex Hooker LAF 30931．S．Carolina． 

gleasoni Fern LAF 65856 

grcmddflorum(Michx．)Salish．LAF 71783． 

lanceolatum Boykin LAF 3O927．S．Carohna 

recurvatum Beck LAF 26853． 

catesbaei Elliott LAF 66o16． 

妇xipesRa LAF 55039． 

re细蜊 Freeman LAF 01，Georgia，Richmond． 

virideBeckLAF 7019．M issouri． 

sessile L．LAF69904． 

lanclfolitonRaf．LAF 16346． 
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T．啪 c“lalure Raf．LAF 65938 

T gracile Freeman LAF 46423 

P cf‘删 L LAF 46302．N．Carolina． 

vasey Harbison LAF 31385 

texanum Buck1．LAF 44932． 

faetldissimum Fr~man LAF 46439．W Fellciana 

／udovicianum Harbison LAF 72803 

rugelli Rendle．LAF 16341． 

cuneatRcN Raf．LAF 43575． 

Ⅻ deFWO0dif SmalI LAF 43599． 
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Explanation of plates 

Pinte I figs 1— 4 Trillium slammewn，figs 2＆ 4 showing partiaI areas oftheframesinfigs l＆ 3 

respectively and magnifying the frames 5 diameters； 5 6 d~color，fig 6 showing a partial 

are~．oftheframein 5 andmagnifyingthefram e 5 diameters；fig 7— 8 T．decumbens，fig 8 

showing apartial area oftheframeinfig 7 andmagnifyingtheframe 5 diameters；fig 9--10 

gleasoni，fig 10 showing a partial ariel,of the frame in fig 9 an d magnifying the frame 5 

diameters；fig ll— l2 grand(torura，fig12 showing a partial ~l'ea oftheframein I1an d 

magnifying the frame 5 diam eters；fig 13一 l5 lanceolatura．fig 14 showing a partial Ⅲ ofthe 

framein埏 13 andmaSnifyingtheframe 5 diam eters， 15 showing a partialwall surfa~ sepa· 

ratedfrom pollen grain．themagnificationisthe same asinfig14；figl6一 l7 mmm，fig 

17 showLag a partiaI area ofthe frame jn fig 16 and magnifying the frame 5 diamete~． 

Plate Ⅱ figs 1— 4 T．catesbaei，figs 2＆4 showing partial areas oftheframesinfigs l＆ 3 andmagni- 

fyiag theframe~5diam eters；fig 5__6 flexipes， 6 showing a partial areaofthefram einfig 

5 and magnifying the fram e 5 diameters；fig 7— 8 reliquum．fig 8 showing a partial area of the 

frameinfig 7 andmagnifyingthefram e 5 diameters；figs 9--10 virMe，fig10 showing a partial 

area oftheframeinfig 9 andmagnifyingtheframe 5 diameters；figs l1一 l2 sesslie fig 12 

showing a partial area of the frame in fig l1 and magnifying the frame 5 diameters；figs l3一 l4 

lane lium，fig14 showi ng a partial areaofthefram einfig13 andmagnifyingtheframe 5 di- 

am eters；figs l5— 16 T maculatum  fig 16 showing a partial area ofthe frame in fig 15 and mag- 

nifyingthefrmae 5 diam eters；figs l7— 18 T gracile， 18 showinga partial are~．oftheframein 

fig17an dmagnifyingtheframe 5diam eters． 

Platem fig 1— 2 T．erectum．fig 2 showing a partial area oftheframeinfig l andmagnifyingthe 
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frame 5 diameters：figs 3— 6 vaseyi．figs 4 and 6 showing partial aeeas ofthe fram es in 3 

and 5 and magnifyingtheframe 5 diameters；figs 7— 堪 T． x 脚  ng 8 showinga p~tial arsa 

oftheframeinfig 7 andmagni毋ingtheframe 5 diameters；figs 9一 l0T．foeetidissimttm，衄 l0 

showinga partial area ofthe frameinfig9 and magnifyingthe frame 5diam eters；M slI— l2 

ruge~L魄 12 showing a partial area oftheframein艇 lI andmagnifyiI1暑theframe 5diameters； 

figs l3一 l4 ludovicianum．fig 14 showing a partiaI area ofthe frame ia ；13 and  lllagnifying 

the frame 5 diameters；figs l5～ l6 eullealum．啦；16 showing apattial ar~~t oft "frn~tein呱 

l5 and magnifying the fr4rⅡc 5 diameters； s 17一 l8 underwoodii，fig l8 sho~ ng a partial 

~．reaof eframein 6g lZandmagnifyingtheframe 5 diametcr,s． 

PlateⅣ (A) stamineura．×10 000；(B) 出0 枷 ．× 15O00； c)T ~liseolor × l7ooo；(D) 

g~asoni．17 000；(E】T．grd删 如m  x 8舯0；(Fl T lancedatum．x l2000；(G)T． 珥‘r阳l“m， 

× 2O000；(H) ~atesbaei．× 10 o00；(I—K) sess~e．I x 2-5OO，J犀 lK × 10 000；(L—lN) 

ereclum．L ×3加0，M ＆ N × 800D-(0) vaseyi,× 10 000；㈣ ，．tcxanum．×8 000； 

etldissimum．×15000；(R) rugetli．× 12000． 
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粉叶小檗愈伤组织的培养及小檗碱的含量 

李启任 
(云 

曹安飞 赵 梅 

~1 650091) e ?gg'd- 
摘要 由粉叶小檗 (Berberispruinosa)的茎、腋芽、叶、实生苗的子叶及旺轴均可诱导出愈仿 

组织。Bs+2，4 D 0．5mg／L+KT 0 2mg／L培 养基对诱导较好，而 B +2，4 D 0．5mg／L+KT 

0．5 mg／L对禽伤组织生长较适宜。接种量在 0 4—O 8g (20 mL培养基)之间较为适宜。经薄 

层层析 一分 光光虚 i击、 薄层扫描 i击鉴定， 证明 愈伤组织 具 有合 成 小檗 碱 的能 力，含量 高选 

1．8148％，接近原植物体含量 (茎，1．58％)。 ， ， 

关键词
．
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CALLUS CULTURE oF BERBERIS PRUIN0SA 

AND BERBERINE C0NTENT 1N CALLUS 

LI Qi—Ren YANG Jun—Yun，cAO An—Fei，zHAO Mei 

(Department ofBiology Yunnan University，Kunming 650~91) 

Allan,or Form the excised stcm，axillary bud，leaf,cotyledon，plumutax axis ofBerberis pruinosa 

Franch the Callus could been induced on Gamborg(B5)medium or Murashige Skoog(MS)me· 

dlum，but B5 wasbe tterthanM S．The combination of2,4一D 0．5mg／L and KT 0．2mg／L was 

foundmost effecti~ forinduction．whilethe combination of2,4一D 0．5mg／L andKT 0 5mg／L 

was better to growth and alkaloids synthesis．The opitimum inoculum quantities for callus growth 

was about 0．4— O 8g／20 m L media． 

Identification by thin layer chromatography，ultraviolet and visible absorption spectrum of 

alco ho1 extracts of ca llus  and stem．1eaves of B pruinosa Franch．proved  that the callus had the 

capability to synthesize be rberinc．The contents of berbe rine in the callus was 1．8148％ ．it is 

slightly higher than the contents ofberberine in the stems ofinfact plants(it was 1．58％)． 

The growth cuives of the caaus a『c sigmold W hen the callus had cultured for about 27 days．the 

growth rate and conten~ofbefbefine wffl'~highe than other times． 

Key wo|ds Berberis pruinosa．Berberine．Callus 

粉叶小檗 (Berberis pruinosa Franch．)又称大黄连蒯 、三颗针等， 多年生灌术，分布 于广Nil：部， 

云南中部至西北部，西藏南部及东南部 ̈ 。它的化学成分中有小檗碱 掌叶防已碱及药根碱，是西南 

几省提取黄连素的主要原料之一。经昆明市第一^民医院临床试验，谖药对菌痢、酗炎、结磷炎、中耳 

炎、感 冒、浦虫性阻道炎等病确有 效，对浸润性肺结 棱、渗出性胸膜炎、流行性腮腺炎等方面亦有一 

．云南省教委基金赍助曝题 

1 4—∞ 一30收稿，1994—10—27修回 
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定疗效 。但由于对植株需要量大，植物生长又缓慢，经历年大量采挖，野生资源已渐枯竭。羲们试 

应用细胞培养技术，从粉叶小檗培养物 中提取小檗碱，对细胞生长和产物积累等种种因素进行研究。国 

内曾有小檗属植物的有关报道 m ，但 目前未见粉叶小檗组织培养研究的报道。 

材料和方法 

1．愈伤组织的诱导 

用粉叶小檗野生植株的茎 艘茅 叶片及种子萌发苗的子叶和肛轴作外植体材料，用自来水冲洗 l5 

rain后，在无酶洗衣粉液 中振荡 l0 min，再用 自来水冲洗 15 min，无菌条件下于 75％酒精 中浸泡 10 s 

后，用 0 1％升汞作表面灭菌 8 mm，无菌水冲洗 4—5次后，将茎和胚轴切成 0．5 cm长的小段，叶片切 

成 0．5 cm 的小块，艘芽剥除外层老叶，子叶切下，接种于 MS H 和 B5 培养基上，激素为 2，4一D 

0．5+KT0．2，或 2，4-D1．0+KT0．2(激素掖度单位为 mg／L，以下同)。在温度 2O±1℃的恒温箱中暗 

培养。子叶及肛轴在培养 L局左右出现浅黄色愈伤组织，腋芽及茎的盘伤组织在 2周左右产生，叶 片盘 

伤组织在 2周后陆续形成。 

2．禽伤组璺l的墙养 

来 自子叶的意伤组织在 B +2，4 D O．5+KT0．5培养基上继代培养选择 (3—4周继代一次)，经 7代培 

养后进择出生长快、颜色黄、质地麓捡的意伤组织无性系，转移到 13种不同的培养基上避光培养，培养 

用 50 mL三角烧瓶，内盛 20 mL培养基，每接种盘伤组织 2—3块 (约 O 5—1．5 gFw)，生长速度以每 

天每升培养基上平均增加的鲜重或干重的克数表示 (g．d-L．L )。 

小壁碱的提取：意伤组织干粉 (65~C下烘干)100mg,用 50mL甲醇在索氏提取器中提取至甲醇无 

色，提取液浓缩后，用甲醇定容为 5mL戒 10mL，作点样用 E6, 。 

小檗碱 的鉴定及含量涮 定：小壁碱含量测定用薄层层析一分光光度i击 ，点样量 5o_I100 jUm，相 

当于样品 O 5— 1mg。色斑刮取后用 0．05mol／L砬酸乙醇埕提 30min，4000 r／min离心 l5min，提取 

上清液在 uV一120型分光光度计 (日本岛津)上 420rim处，以同等面积的硅胶硫酸乙醇提取液 (膏心 

上清液)作对照涮量吸光度，井在 200---500rim波长范围内测定吸收光谱，另用 CS 910型双渡长薄且 

扫描仪 (日本岛津)在 200---50Ohm 波长对样品的与标准 品 (硫酸小檗碱)的县析斑点进行扫描 (抉缝 

lmm x lmm，扫描宽度 1×5mm，锯齿扫描，反射吸收)。 

以上实验均重复 3—6次。小檗碱含量以干重的百分比 (％)表示。 

结果和讨论 

1．不同培养基对禽伤组鲺诱导和生长舶影响 

意伤组织的诱导结果如表 1，B5培养基较 MS培 养基好，两种培养基中，KT一定澉 度时
， 2， 4-D 

浓度稍低更有利盘伤组织诱导，单加 2，4-D也能诱导出愈伤组织，但没有 2，4-D和 KT复合使用效 

果好。 

对意伤组 织的生长，B5培养基仍优 于 MS，其生长速度较 MS高一倍左右， 当 KT浓 度一定时
． 

2，4-D过高会抑制生长。根据这一结果，以后继 代培养主要采用 B 培养基。 

接种量 多少对意伤组 织生长亦会影响，结果如表 2，接种量偏低或偏高都不利于盘伤组织的生长
。 

展适宜的接种量是 0．4—0．8 gFW (20 mL培养基)，此范围内接种
， 鲜重和干重增长较高。 
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Percent ofcallusformation calcuatedatI9 days afterinoculadng explant(cotyledon)Callus grewfor 23 days 

衰 2 接种■对鑫伤组缎生长的影响 

Table 2 Effect ofinoculum quantity on callus growth 

M edium ：B 2，4一D 0．5mg／L+KT 0 5mg／L Callusgrew for 23 days 

2．粉叶小纂】矗仿组龋中小檗碱的含量 

为了解寂伤组织是否含有合成原植物所含的有效成分小檗碱的能力，进行了分析鉴定。薄层层析的 

结果表明，愈伤组织中含有和原植物相同的有效成分小壁碱，其 Rf值和标准品 (硫酸小檗碱)的 Rf一 

致．为 0．43 样品和标准品的层析斑点扫描结果 (图 1)表明，扫描峰在 同一位置，且两者的分别峰面积 

之和与二者叠点样得到的峰面积近相等。据文献[2】记载，粉叶小檗地上部分含有掌叶防 已碱，但藐们做 

的另一试验 (展层剂为苯一氯仿一异丙醇 =8：8：2，v／v)，禽伤组织中无掌叶防已碱，RiO．32的斑点和 

文献报道的药根碱位置相近 ]。 寂伤组 织 (甲醇提取液)层析层，小檗碱斑点洗脱液的紫外光和可见 

光吸收光谱，除 228nm 处吸收峰有所前移外，其余与标准 品吸收光谱是一致的 (图 2)}小檗碱斑点薄 

层扫描结果，显示两者的吸收光谱基奉相同，证明从寂伤组织 中分离出的是小檗碱。 

寰 3 童伤组蛆、檀怕茎、叶小橐蕾音■比较 

Table 3 The comparlsionofberbcrine contents between callus and stem s．1eaves ofinfactplant 

3，4一Grownmedium ofcallusisBj+2I4一D 0．5mg／L+KT 0．5rag／L，B 5mg／L+KT 0 5mg／L respectively 

． Resvitofthistest ‘’Theinformat／oninliterature Callusgrew for2O一 23 days． 
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