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POLLEN MORPHOLOGY OF TRILLIUM
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Kunming 650204)

Abstract The pollen of 23 species of Triffiusn was examined by LM, SEM and TEM. The result
showed that the pollen shape, the size and the aperture type are similar basically, characterized by
spherical or subspherical pollen grains, inaperturate, size ranging from 20— 38 um in diameter. The
exine sculpture, however, shows different and four types are recognized, i.e., granulate—,
verrucate—, starred—and spinulate types. The wall exine stratification is faint in most species except
T. grandiforum and T catesbaei which have obvious tectum and coliumellae in wall structure. 7.
lanciplia and T, lanceolatum have different sculpture, the former has granulate sculpture,the latter
starred sculpture .Palynology suggests that the two species be treated as separate species.

Key words Pollen morpholegy, Trifium

The genus Trilliimm L., together with Paris L., Medeola L. and Scofiopus Torr. composes the family
Triliaceae according to most taxonomists, though some authors retained it in Liliaceae. In the family,
Trillivm is the largest genus with 50 or so species distributed disjumctly between North America and east-
ern Asia, other two genera Medenla and Scofiopus are small and resiricted to North America, especially in

[1—22

eastern N. America . Freeman J.D. divided the genus Triflium into two subgenera, subgerus Triflium

amd subgerus Phypllanrerum, the former comprisss the pedicellate—flowered species and the latter
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includes all other sessile—flowered species except T~ pusiffum which has pedicellate and sessile forms.Free-
man believes that the pedicellate—[lowered species probably preceded the sessile—flowered ones
phylogenetically by reason of the presence pedicels in more primitive related genus Parés. In general, the
cxternal morphology of the two genera is similar except for the leaf number and flowermery.i.e., Triflium
with a whorl of 3 leafy bracts and tnmerous flower, and Paris a whor! of 4 leafy bracts and teframerous
flower. Paris distributes in north timperate zone from Asia to Europe, and Triffium in both Asia and North
America.

In Triflivrn, the remarkable uniformity in externa! morphology and internal structure makes the -
delimitation of interspecies difficult,some species which were separated by some taxonomists are incorpo-
rated into one species by other authors,for example T. lanciflia and T.lanceolatum. Palynology data
sometime possess the potential in determing the delimitation of species and in assessing the taxonomic rela-
tionships. l

Pollen morphology of Trilfiwm bhas beem studied by lkuse (1965) , Nair& Sharma (1965) and
Takahashi M, “**° | Takahashi examined 17 species from North America in 1982 and five species and two
interspecies hybrids from eastern Asia in 1983 ,and his study being the most detailed and systematic so far.
However, because of the large number of species in the genus, his study has not involved half of the total
species of the genus, it is necessary to examine the other more than half species for summarizing the pollen
morphology character of the whole genus. In this paper, 23 species have been examined by SEM and TEM
(14 species). From the comparison four types of exine sculptures are divided. We 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 Trilfiun..

Materials and Methods

Al pollen grains were removed from herbarium material deposited at the University of Southwestern
Louisiana (LAF) and the collections and locations are listed in Appendix.

Pollen was treated by 5% KOH first and then acetolyzed afier the method of Erdtman {1960). Pollen
sizes are based on the measurement of 15— 20 acetolyzed pollen grains mounded on slides with a
polystyrene mounting medium. For SEM, acctolyzed pollen was dehydrated in an alcobol series and
mounted on stubs with the high vacuum Wax Apiezon W—100, coated with gold palladium by Balzer CDS
040, viewed and photographed with a Hitachi S—4350 scanning electron microscope. However, due to the
very thin pollen wall, the acetolyzed pollen of most species collapsed and the shape of the pollen grain .
changed very much, unacetolyzed pollen was mounted directly on stubs and photographed again as the
same manner stated above. For TEM, acetolyzed pollen was put into | % heated agar, after centrifugation
and ¢cool, cut the bottom part of agar contaiming pollen and dehydrated in an alcohol series from 30% 1o
100% and at last in 100% acetone. After 2—3 changes of acetone, the agar containing pollen sample was
embedded in Spurr’s low viscosity resin, sectioned and stained with Patassium Permanganate (KMnO,).

and viewed and photographed with a Hitachi H-600 transmission electron microscope.
Result

AN species of Trilfiurm examined in this study have pollen grains characterized by spherical or
subspherical (rarely) shape, inaperture, size ranging from 20 to 38 ym in diameter. Four types of sculpture
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are recognized, that is granylate—, verrucate—, starred— and spinulate types. The pollen wall has very thin
exine which is usually collapsed and make the shape change form time te time. The pollen wall
stratification is faint except T. grandiforum and T. cateshbaei which have stratified wall structure composed

of tectumn, collmellae and footlayer.
Detailed Description

T. stamineum (plate 1:1-—4: [V-A)

pollen grain spherical to subspherical, inaperturate, size ranging from 22 to 36 um in diameter, exine
sculpture is composed of verrucag, and two types of verrucae can be recognized, one is more than ! pm, the
other 0.3—] um. the surface of verrucae is striato—reticulate, the pollen wall is unstratified, composed only
of verrucae and the underlying very thin footlayer.

T. decumbens (plate I:7—8; [V-B)

Pollen grain spherical, inaperturate, size 20— 38 um in diameter, exine sculpture is comprised of
granula which are multangular and evenly distributed over the wall surface of pollen. The pollen wall is
unstiratified, composed only of granula and underlying, discontinuous, very thin footlayer.

T. discolor (plate T :5—6; V-C}

Pollen grain spherical or subspherical, inaperturate, size ranging from 18 to 28 pm in diameter. Exine
sculpture is composed of granula which are multangular. The pollen wall is unstratified, composed only of
granula and the underlying, discontinuously very thin foolayer.

T. gleasoni (plate I :9—10; [V-D}

Pollen grain spherical, inaperturate, size 20—32 um in diameter. Exine sculpture is composed of small
and compact granula which are multangular. Pollen wall is unstratified and only composed of granula and
underlying thin footlayer.

T. grandiforum (plate 1:11—12; [V-E)

Pollen grain spherical, inaperturate, size ranging from 24 to 36 pm in diameter. Exine surface is cov-
ered by extremely few and scattered (sparse) Spinulose, but the surface between the spinulose is rugulate.
The pollen wall is stratified and three layers are recognized, that is relatively continuous tectum, poorly de-
veloped columellae and footlayer.

T. lanceolaium (plate 1: 13—15, IV-F}

Pollen grain spherical, inaperturate, sizé 26— 34 im in diameter. Exine sculpture is composed of
sparsely starred units which are above 1.5 #m in diameter and easily separate from wall surface (plate I
:15) The surface between starred units is scabrate— — rugulate The pollen wall is unstratified and only
composed of starred units and the underlying footlayer.

T. recurvaium (plate 1: 16—17;, V—G}

Pollen grain spherical, inaperturate, size ranging form 22 1o 32 um in diameter. Exine surface is cov-
ered by starred units which are smaller than that in T. lanceolatum, ca.l gm in diameter but densely distri-
bution. The pollen wall is unsiratified, composed only of starred units and the underlying footlayer.

T. caresbaei (Plate T : 1—4; [V-H)

Pollen grain spherical, inaperturate, sizé ranging from 20 to 30 gm in diameter. Exine sculpturc is
composed of granula which are round and smooth ca. 0.5 to | pm in diameter. Pollen wall is stratified and
can be divided into discontinupus tectum, distinctive and high columellae and relatively thick footlayer.
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Under the footlayer, a thin lamellate layer (endexine ?) can be seen (plate [V-H)

T. flexipes (plate [1:5—6)

Pollen grain spherical, inaperturate, size ranging from 23 to 28 um in diameter. Exine sculpture is
composed of granula

T. religuum (plate I1: 7—8)

Pollen grain spherical, inaperturate, size ranging from 24 to 30 ym in diameter. Exine sculpture is
composed of granula and two kinds of which are reco'gniz:cd. one is large but urregular in shape, the ¢ther
smaller. -

T. viride (plate [1: 9—10)

Pollen grain spherical, inaperturate, size ranging from 22 to 28 pm in diameter. Exine sculpture is
compased of different size of granula which are smooth.

T. sessile (plate 11: 11—12; V-1, J, K)

Pollen grain spherical, inaperturate, size ranging from 22 to 30 pm in diametor. Exine sculpture is
composed of different sized granula. Pollen wall is unstratified. composed only of granules and underlying
footlayer. The granules stand side by side on the footlayer (plate TV-J, K).

T. lanci Biium (plate 11: 13-—~14)

- Pollen grain spherical, inaperturate, size ranging from 20 to 30 gm in diameter. Exine sculpture is
composed of different sized granules which are smooth.

T. maculatm {plate II: 15—16)

Pollen grain spherical, inaperturate, size ranging from 24 to 32 gm in diameter. Exine sculpture is
composed of various sizes and shapes of granules.

T. gracilfe (plate IT: 1718}

Pollen grain spherical, inaperturate, size ranging from 23 to 33 pm in diameter. Exine sculpture is
composed of different sized granules which are round and smooth.

T. erectus (plate W: 1—2; W-L, M, N}

Pollen grain spherical, inaperturate, size ranging from 22 to 30 gm in diameter. Exine sculpture is
composed of various sized granules which are round and smooth. Pollen wall is unstrarified, only com-
posed of numercus granula and underlying footlayer.

T. vaseyi (plate : 3—6, [V-0) )

Pollen grain spherical, inaperturate, size ranging from 20 to 30 #m in diameter. Exine sculpture is
composed of various sizes of granules which are round and smooth. Pollen wall is unstratified, composed
only of granules and underlying footlayer which is basically continuous.

T. texanum (plate [1: 7—38; [V-P)

Pollen grain spherical, inaperturate, size ranging from 24 to 28 um in diameter. Exine sculpture is
composed of small granules which are compactly distributed over the surface of pollen grain. Pollen wall is
unstratified, composed only of granula and underlying, thin and discontinuous footiayer.

T. foetidissimure (plate T: $—10; IV-Q)

Pollen grain spherical, inaperturate, size ranging from 24 to 28 pum in diameter. Exine sculpture is
composed of various sized and shaped granules. Pollen wall is unstratifiod, only composed of granula and
thin, discontinuous footlayer.

T. ludevicianum (plate [1: 13—14)
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Pollen grain spherical. inaperturate, size ranging from 25 to 30 gm in diameter. Exine sculpture is
composed of different sized granules which are round and smooth.

T, rugeiii (plate - 11—12; IV—R}

Pollen grain spherical, inapertorate, size ranging from 24 to 32 pm in diameter. Exine sculptue is com-
posed of different sized granules which are smooth. Pollen wall is unstratified, composed only of granula
and thin, discontinuous i'oolaycr.

T. cuneata (plate [; 15—16) .

Pollen grain spherical, inaperturate, size ranging from 24 to 28 pm in diameter. Exine sculpture is
composed of granules which are round and smooth but unevenly distributed over the surface of the pollen
grain.

T. underwoodii (plate M: 17—I18)

Pollen grain spherical. inaperturate, size ranging from 24 to 32 gm in diameter. Exine sculpture is
composed of different sized granules which are unevenly distributed over the surface of the pellen grain.

Discussion

From above description of pollen morphology of Trilfiwm, we can see there are no remarkable differ-
etice in pollen shape, size and aperture among different species. The greatest variation was observed in
exine sculpture, of which four types are recognized:

a) granular sculpture which can be subdivided into two kinds, one kind of granules is round and
smooth, for example T. catesbaei, T. gracile, T. erectum. T. vaseyi etc; the other kind of granuies is
multangular, such as T, decumbens. T. discolor and T. gleason..

b} verrucate sculiure, only one species, T. stamineum.

c¢) starred sculpture, i. e., T. lanceoiatum and T. recurvatum.

d) spinylate sculpture, only one species, T. grandi forum,

As far as the wall structure is concerned, most species in the genus have only faint stratification and
the wall exine is composed only of granuies, verrucae, spinules or other struciure units and the underlying,
thin fooulayer. T. grandiforum and T. catesbaei, however, have stratified exine structure composed of
tectum, poorly developed columellae and footlayer, especially in T. catesbaed, the exine structure at
nonapertural area consists of perforate and thick tectum, well-developed columellae and thick footlayer,
the columellae stand side by side on the Tootlayer, and two columellae support a tectum unit (plate IV -H),
the footlayer is nnderlain by a thin lamella (endexine 7). The exine structure of T. catesbaei is very similar
to that of Paris ™ .

T, lanceolatwm and T. lancifpliur have been treated as one species by some authors, such as Gales
(1917). Freeman (19?5) and Takahashi {1982). The pollen morphology, especially the exine sculpture,
however, shows that the two species are remarkably different, T. lanciBfium has exine of granulate sculp-
ture but 7. ianceolatn has multangular—starred sculpture exine. Palynoclogy supports that tbe tlwo species
are treated as separate species.

T lanceolatum and T. recurvatum have very similar exine sculpture,i. e. starred sculpture, showing
that the two species are closely related. The resuit gives support 10 Takahashi's view 2
T. grandiforum is the only one example with spinulate sculpture in our study. Accordmg to Takahasi,

T. ovatum and T. nivale also have spinulate exine sculpture. The similarity of exine sculpture shows thal
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they are closely related to each other.

Relationship of asiatic species and North American species of Triliium. According to Takahashi, most
species except 7, govanianum have exine sculpture composed of granules, such as T smallii, T. aperaion, T.
kamtschaticumn and T. tschonoskii. In our study. of 24 species examined, 19 species also have granulate
sculpture. This suggests that they are closely related to each other. With regard to 7. govanianum, Nair and
Sharma (1965) reported that the pollen was monocolpate with “crystallate” exine surface and Takahashi
described as "angular and striately sculptured”. Haga and Watanabe (15966) reported that 7. govanianum
was an allotetrapleid composed of two different genomes. neither of which is found in Japanese or -
American species of Trilfium. They treated this species as Triflidium govamianum, a distinct genus. and so
did Takahashi in 1983, he said "The isolated features in pollen morphology of Trillium govanianum sup-
port the exclusion of the species from Triflium”. Indeed, when we compared the SEM micrographs and
description of North American species 7. wndularum (Takahashi 1982, Figs 25— 28) with those of T
govanianum (Takahashi 1983, Figs 16—17), we found that the two species have the same exine sculpture.
In the pollen of 7. govanianum, he said “exine ornamentation is clavate, characterized by projections which
are sculptured striately and angular””and in 7. underiasum he said "exine ornamentation verrucate, char-
acterized by verrucae which are scul]:;tured striately and are angulous”. The descriptions show that the two
species have the same exine sculpture. The resemblance in exine sculpture would suggest that T.
govanignum and T. underiatum are closely related each other, and the exclusion of 7. gevanianmuem from

Trilifum is worthy of further consideration.
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Appendix Species names and voucher specimens

Trillium stamineurn Harbison LAF (Herbarium of The University of Southwestern Louisiana)
51581, '
* T. decumbes Harbison LAF 43601.
T. discolor Wray ex Hooker LAF 30931, 8. Carolina. .
T. gleasoni Fern. LAF 65856
T. grandiforum (Michx.) Salisb, LAF 71783.
T. lanceofatum Boykin LAF 30927, 8. Carolina.
T. recurvaium Beck LAF 26853,
T. catesbaei Elliott LAF 66016.
T. flexipes Raf. LAF 55039,
T. religum Freeman LAF 01, Georgia, Richmond.
T. viride Beck LAF 7019, Missouri.
T. sessile L. LAF 69904,
T. lancifofium Raf. LAF 16346,
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T. maculatum Raf, LAF 65938,

T. gracife Freeman LAF 46423,

T.erectum L. LAF 46302, N. Carolina.

T. vaseyi Harbison LAF 31385,

T. texanum Buckl. LAF 44932,

T. Jbetidi ssimum Freeman LAF 46439, W. Feliciana.
T. .{?davic:'anum Harbison LAF 72803.

T. rugelii Rendle. LAF 16341.

T. cunearum Ral. LAF 43575,

T. underwoodii Small LAF 43599,
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Explanation of plates

Plate I figs 1—4 Trilfismm stamineum, figs 2 & 4 showing partial areas of the frames in figs | & 3
respectively and magnifying the frames 5 diameters; figs 5-6 T. discolor, fig 6 showing a partial
area of the frame in fig 5 and magnifying the frame 5 diameters; fig 7—38 T. decumbens, fig 8
showing a partial area of the frame in fig 7 and magnifying the frame 5 diameters; fig 9—10 7.
gleasoni, fig 10 showing a partial arga of the frame in fig 9 and magnifying the frame 5
diameters; fig 11—12 T. grandifiorum, fig 12 showing a partial area of the frame in fig 11 and
magnifying the frame 5 diameters; fig 13—15 7. fanceslamm, fig 14 showing a partial area of the
frame in fig 13 and magnifying the frame 5 diameters, fig 15 showing a partial wall surface sepa-
rated from polien grain, the magnification is the same as in fig 14: fig 16—17 T recurvatum, fig
17 showing a partial area of the frame in fig 16 and magnifying the frame 5 diameters.

Plate II figs 1—4 T. catesbhaei , figs 2 & 4 showing partial areas of the frames in figs 1 & 3 and magni-
fying the frames 5 diameters: fig 5—o6 T. fexipes, fig 6 showing a partial arca of the frame in fig
S and magnifving the frame 5 diameters; fig 7—8 T refiguwm, fig 8 showing a partial area of the
frame in fig 7 and magnifying the frame 3 diameters; figs 9—10 7. viride, fig 10 showing a partial
area of the frame in fig 9 and magnifying the frame 5 diameters. figs 11—12 T. sessfie, fig 12
showing a partial area of the frame in fig 11 and magnifying the frame 5 diameters; figs 13— 14
T. lanci Biium, fig 14 showing a partial area of the frame in fig 13 and magnifying the frame 5 di-
ameters; figs 15—16 T. maculatum, fig 16 showing a partial area of the frame in fig 15 and mag-
nifying the frmae 5 diameters; figs 17—18 T gracile, fig 18 showing a partial area of the frame in
fig 17 and magnifying the frame 5 diameters,

Plate Il fig 1—2 T. erectum. fig 2 showing a partial area of the frame in fig | and magnifying the
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frame 5 diameters: figs 3—6 T. vaseyi, figs 4 and 6 showing partial areas of the frames in figs 3
and 5 and magnifying the frame 5 diametecs: figs 7—=8 T texarmen, fig § showing a partial area
of the frame in fig 7 and magnifying the frame 5 diameters, figs 9—10 T. foectidissimum, fig 10
showing a partial area of the frame in fig 9 and magnifying the frame 5 diameters; figs 11—12 T.
rugelii, fig 12 showing a partial acea of the frame in fig 11 and magnifying the frame 5 diameters;
figs 13— 14 T. Indovicianmimn, fig 14 showing a partial area of the frame ia fig 13 and sagnifying
the i’rarne 5 diameters; fgs 15—16 T. cupeatum, {ig 36 showing a pactial area of the frame in fig .
15 and magnifying the frame 5 diameters; figs 17— 18 T. underwoodii, fig 18 showiag a partial
acea of the frame in €fig 17 and magnifying the frame 5 diametess.
Plate [V (A) T. stamineum, x 10 000; (B) T. decumbens, x 15 000; {C) T. discolor, x 17 00%; (D) T. .
gleasoni, 17 000; (E} T. grandiform, x § G00; (F) T. fancesiatum, x 12 000; (G} T. recurvaium,
x 20000, (H} T. cateshaei, > 10 000, (1-K} T sessile, 1 x 2 500, J & X = 10 000; (LN} T.
erectum, L > 3000, M & N x 8 000; (O) T vasesi, x 10 Q00; (P) 1. texanum, x B 000; (@) T.
Jbetidissimum, x 15 000; (R} 7. rugelti, < 12 060.
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CALLUS CULTURE OF BERBERIS PRUINOSA
AND BERBERINE CONTENT IN CALLUS

LI Qi~Ren, YANG Jun-Yun, CAQ An-Fei, ZHAQ Mei
{ Deparimens o f Biology, Yunrnar Upiversity, Kunming 650091)

Abstract Form the excised stem, axillary bud, leaf, cotyledon, plumulax axis of Berberis pruinosa
Franch. the callus could been induced on Gamborg(B,) medium or Murashige—Skoog(MS} me-
dium, but B; was better than MS. The combination of 24-D 0.5 mg /L and KT 0.2 mg / L was

. found most effective for induction. while the combination of 2,.4-D0Smg /L and KT 0.5mg /L
was better to growth and alkaloids synthesis. The opitimum inoculum quantities for callus growth
was about 0.4—0.8g / 20 mL media.

Identification by thin—layer chromatography, uliraviclet and visible absorption spectrum of
alcohol extracts of callus and stem, leaves of B. pruinose Franch. proved thai the callus had the
capabilily to synthesize berberine. The contents of berberine in the callus was 1.8148%, it is
slightly higher than the contents of berberine in the stems of infact plants (it was 1.58% ).

The growth curves of the callus are sigmoid. When the callus had cultured for about 27 days, the
growth rate and contents of berberine were highe than other times.
Key words  Berberis pruinosa, Berberine, Callus
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FEFERE L FHNMHEBESTEMRERSET (gd' L,

o hmER SRS EMNE

MEERERRAL: BGEEATH (65C FHT) 100mg, B Soml PRERERREGRNEPRX
e, BEREREE, HPMZENSmLR I0mL, fEA8R S 7,

ARRHEETR SRR MERSBENEARER T EE D, AHE 50100 4m,
LFHA 05— mg. BHEMEEH 0.05 mol/ L kB AF1# 48 30min, 4000 r/ min B4 15 min, R
HIREAE UV-120 e BEH (A gHED L 420om ik, DEZEANERERZBRBIE (KD
L) e MR, H I 200—500nm HEFEREAMERK L, BHCSI0RELER
HES (AF5E) 7£ 200-500nm B HHE RN SHES (/R ORI SHEFOR (R
Imm > Imm, EHEEE 1 x5mm. EEHOE, AR,

ELEBHEE 36 k. MRRSBATEMHSFH (%) #F.

SR Mitie Y

L FRENENEHSEAESNE KR

BUFASIUHIE FERMNE |, B, HHEE MSIEHLHT, M#MEHED, KT —%REM, 2, 4-D
BEMEESHMEEARES, B2, 4 DEBEESHAGES, Hs 2, -DHKTRESEAR
217,

HEGHSM AR, BERERRT MS, KARKER MS B —1844, 4 KTRE—TM,
2, 4-DEESMAER, REx £, LIESREREELE B, &3,

BRSO H BIGHAE KFAERN, SRnE2, BHRRERRESTATFRGHANE K.
B HMEMER 0.4—08gFW (20mL &58), WA REAT BN LSS,
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Table 1 Effect of different medium on growth and induction of callus

Basic medmum 24-D KT Percent of callus Increment of FW lncrement of DW
{mg /L) formation (%) (g4 L™ (g.d.”'L
1.0 0.2 17.72
0.5 0.2 25.11
MS 0.5 0 15.00
1.0 0.5 27874+ 0.9817 0.1635+ 0.0595
0.5 0.5 3.2627 1 1.0485 0.1762+0.0434
1.0 (] 15 Q0
1.0 0.2 55.77
B 0.5 0.2 58 95
[0 0.5 4. 1999 + I G485 0.2400 * 0.0654
0.5 Q.5 4.3868 + 0.8085 0.2655+ 0.0661

« Percent of callus formation calcuated at 19 days after inoculating explant {cotyledon). Callus prew Tor 23 days

2 EMERNGEEEHER

Table 2 Effect of inoculum gquantity on callus prowth

lnoculative quantity Increment of FW Incement ol D'W
(g FW # 20 mL media) (gd L} (gd.”'L ™"
0.3602 3.7385 0.2044
0.4567 ' 4.0059 0.2191
0.5707 4.6511 0.2544
0.6518 4.3412 02374
0.7476 5.239% 0.2866
0.8477 51769 02832
1.3207 0.3985 0.0217

» Medium: Be+2,4-D 0.5 mg / L+KT 0 5mg # L. Callus grew for 23 days

2. BAnt el i5 AR SR S

AHTRAGHHAEESHARBHSRAMERE> MmMESH, #nTonEE. ABREFD
PR, AGAs TS HENEES AR E SRS R, K RFAEFEES (S8 M R —
B, 2H 043, HEMGEEANBEFESONER (B 1) F9, QAR &R, HFEENHsNSER
S-S SHEBSANNEBLEHEYE, HTRR2lCE, B EERS & aEHBEWR, BERITH
HBE—-RE (RENIE-ME-SRE=8:8:2v/v), ENHEASTEHHEE, R0.32 HBEAR
TRAEMBRBOESRE . SFHS (PRERE) BWE, /B0REE RN E LT R
TR, BR 228nm AEREEEE Fran s, HAaSHE SR RIRR B (B 2 EERBEAH

B R, BonmEmRKL L AHERA, A SEA R T o Hm R A

*3 EiES. ANE. HARRSEHE

Table 3 The comparision of berbernine contents between callus and sterns, leaves of infact plant

Material

Callus 3 Callus 4 Stem ™ * Stem *

leave *

berberine
cont. (% DW)

1.5210 1.8148 0.8941 1.5800

0.2130

3,4 Grown medium of callus is B;+2,4-D 0.5mg # L+KT 0.5mg - L. Bs+0.5mg / L+KT 0.5mg - L respectively.

« Resutt of this test. ' " The information in literature. Callus grew for 20—23 days.
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