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Abstract

Immature mulberry leaves isolated from winter buds were cultured on MS media7) differing 
in the nitrogen source, sugar(s) or pH, or containing various kinds and concentrations of plant 
hormones, antibiotics or a herbicide.  The ratio of the concentration of nitrate ion to that of 
ammonium ion remarkably affected the frequency of adventitious bud formation (FABF) and 
ratios in the ranges of 1:1 and 3:1 were optimum.  The most suitable sugars for adventitious 
bud formation were sucrose, glucose and fructose among the tested sugars.  The highest 
FABF was usually observed in the medium containing 1 µM thidiazuron and the addition of 1
µM abscisic acid further enhanced FABF.  Changes of pH and addition of other plant 
hormones did not produce better results than in the control.  Kanamycin, geneticin, hygromy-
cin and bialaphos suppressed adventitious bud formation, showing that the antibiotics and the 
herbicide may be effective for the selection of transgenic plantlets of mulberry.
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Introduction 

Stable regenerat ion systems of crops are impor­
tant for the application of more advanced tech­
niques, i.e. genetic transformation by introduct ion 
of foreign gene(s). First successful adven titious 
bud formation o f mulberry was reported by Oka 
and Ohyama11l, who were able to induce adventi­
ti ous buds on leaves removed from shoots cul­
tured in vitro. On the basis of the firs t report, a 
more convenient single-step adventitious bud induc­
tion method was developed, whereby adventitious 
buds were formed on cultu red immature leaves 
isolated from winter buds of field-grown mulbcrry 13>. 
II is also possible to induce adventitious buds by 
culturing immature leaves isolated from lateral buds 
(unpublished data). 

Present ly, immature leaves inside of winter 
buds o r in latera l buds are the most suit able 
materials for use for plant regeneration through 
tissue culture of mulberry for 2 reasons. Fi rst , 
stable regeneration of plantlets was observed only 
when 2 materials, i.e. immature leaves and leaves 
o f cultured shoots were used. Adventi tious bud for­
mation on cultured immature leavcs'·7·12· 15·17· 19> and 

leaves of cu ltured shoo ts11
> of mulben y was 

reported for many cultivars by a large number of 
researchers. Second, a large number of materials 
can be collected easily from the field. Preparation 
of the leaves of cu ltured shoots requires previous 
shoot culture, which is laborious and takes time as 
in the case of the culture of leaves from cultured 
shoots. In the case of immature leaves inside of 
terminal buds, the number of explants is limited. 
Onl y severa l dozens of terminal buds can be 
obta ined from a mulberry tree grown in the field, 
whereas several hundreds of winter o r latera l 
buds can be obtained from the same tree17l . 

This method can be applied to a limited num­
ber of mulberry culti vars ( unpublished data). 
Although there are several reports on the improve­
ment of this culture system5

•
7
·
18

' , optimum culture 
cond itions, especiall y medium condit ions, have 
not been full y elucidated. In th is report , we stud­
ied the optimum medium conditions for adventi­
tious bud format ion using immature leaves isolated 
from winter buds. Fu rthermore, we examined the 
suppressive effect of antibiot ics and of a herbicide 
on adventitious bud formation to identify suitable 
one(s) for selection of t ransformed plants. 
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Mate rials and methods 

I) Plant materials 
Winter buds of mu lberry (Morus spp. cv. Shin­

ich inose , Hayatesakari , Ko ku so 21 , Unryu, 
Kyukyokusou, Kibajumonji, Garyu, Shidareguwa, 
Jikunashi, Ryomensou, Shinjiro. Keikansou and 
Turugisansou) grown in the Cield were used in this 
study. 

2) Medium 
( l) Effect of nit rogen sources18> 

MS medium8> containing 3% fructose. 5 µM 6-
benzylaminopuri ne (BAP) and L% agar, and BS 
medium3> containing 2% fructose, and 5 ,uM BAP 
and I 'Yo agar were used as basal med ia. The 
media were modified by the addition of various con-

JARQ 33(4) 1999 

centrations of nitrate ion and ammonium ion (Table 
1 ). The media were adjusted to pH 5.8 and then 
autoclaved for 15 min before use. 
(2) Effect of sugar(s) 

MS medium containing 10 ,uM BAP and 1 % agar 
was used as basa l medium. Eight kinds of sugars 
were tested al various concentrations alone or in 
combination (Tables 2, 3). The sugar(s) were added 
into the basal medium before or after 10 min of 
autoclaving (Tables 2, 3). In the lau er case, a 
concentrated solution of sugar was added into the 
autoclaved medium. The medium was adjusted to 
pH 6.0 bdore autoclavi11g. 
(3) Effect of pH 

L iquid MS med ium containing 10 pM BAP 
and 3% fructose was used as basal medium with 
a f il ter paper as a supporting material. Various 
volumes of l.N HCI or 1 N NaOH were added into 

Tn.blc 1. Effccl of concentratiom1 of nitrate ion and ammonium ion on 
adventitious bnd formafion in mulberry 

Basal Concentra tion Concent rat ion Ratio of nitrate ion Adventitious 
of nitrate ion of ammonium concentration 10 ammonium bud formation medium 

(mM) ion (mM) ion concentration (%) 

Series I 
MS 40 0 I :0 0 
MS 40 l 40: I 0 
MS 40 5 8: I 13 
MS 40 10 4: I 33 
MS 40 20 2: I 80 
MS 40 40 1 : I 52 

Series 2 
MS 0 20 0: 1 -·> 
MS 10 20 0.5: l 0 
MS 25 20 1.25: I 74 
MS 40 20 2: I 63 
MS 60 20 3: I 50 

Series 3 
B5 25 0 1 :0 2 
85 25 2 12.5: I 4 
BS 25 5 5: 1 47 
85 25 10 2.5: I 57 
85 25 20 1.25: l 59 
135 25 40 0.63 : I 6 

Series 4 
MS 24 36 0.67: 1 34 
MS 30 30 1 : I 56 
MS 36 24 1.5 : I 54 
MS 42 LS 2.33: J 61 
MS 48 1.2 4 : l 34 
MS 54 6 9: I 27 
MS 60 0 I :0 0 

ConccntrnLions o f ni trate ion and ammonium ion in origina l MS medium$) were 39.4 and 20.6 mM , respec-
Lively. and those in original 135 medium3

) were 24.7 and 2 mM, respectively. 
a): A ll the leaves pla ted 0 11 Lhe medium d ied. 
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the medium before autoclaving. The medium was. 
autoclaved (or LO min followed by the measure­
ment of the pH. 
( 4) Effect of cytokinins 

MS medium containing I% sucrose, I% glu­
cose, 1 % fructose and 1 % agar was used as basal 
me dium. BAP, lhidiazu ron a nd ki netin were 
added before autoclaving. In the cases of 2-
isopentenyladenine (2-IP) and zeatin, a concentrated 
solution was added into the med ium after auto­
claving. 
(5) Effect of other plant hormones 

MS medium containing 1 % sucrose, I% glu­
cose, 1 % fruc tose, l pM lhidiawron and I% agar 
was used as basal medium. 2, 4-dichlo rophenoxy­
acetic acid (2, 4-D) and naphthylacetic acid (NAA) 
were added before autoclaving. In the cases of 
other plant hormones, i.e. 3-indoleacetic acid (TAA), 
indolebutyric acid ( IBA), dicamba, gibbcre llin A3, 

abscisi.c acid , brassinosteroid and me thy l jas ­
monate, concentrated solut ions were added into 
the autoclaved medium. 
(6) Effects of ant ibiotics and a herbicide19> 

MS medi um containing I% sucrose, 1 % glu­
cose, 1 % fructose, I pM thidiazuron and 1 % agar 
was used as basa l medium . Ant ib iotics i.e. 
kanamycin, gene ticin and hygromycin, and a her­
bicide, i.e. bialaphos, were likewise s te rilized by 
filte ring and added into the medium afte r auto­
claving. 

3) Leaf c11/111re 
O ne-yea r-old elongated mulbe rry branches 

were collected in winter and stored in a refrigera­
to r at 2.5°C. The winter buds excised from the 

branches were sterilized with 70% e thanol for 30 
s followed by 0.5% sodium hypochlo rite solution 
contain ing 0.005% Triton X-100 for 15 min . 
T hen, the ste ri lized materials were rinsed 4 times 
with sterilized distilled wate r. Immature leaves were 
aseptically isolated from winter buds and were 
placed on the medium. Culture was conducted a l 
27°C unde r 14 b light and 10 h dark conditions 
for 30 days. Freq uency of adventitious bud for­
ma tion (FABF) was calculated as the percentage 
of leaves on which adventitious bud(s) were formed 
Lo th e num ber of leaves that survived after 
culture. 

Results 

I) Effec1s of nitrogen sources18> 

FABF was remarkably in fl uenced by the changes 
in the concentrat ion or nitrate ion and ammonium 
ion in !he medium (Table I ). Higher FABF than 
50% was observed in the medium conta ining 40 mM 
nitrate ion and 20 and 40 mM ammonium ion in 
series I , in the medium containing 25, 40 and 60 
mM nitrate ion and 20 mM ammonium io n in 
series 2, and in the medium containing 25 mM 
nitrate ion and 10, 20 mM ammonium ion in 
series 3 (Table I). Whe n the concentra tion of 
total inorganic nitrogen was adjusted 10 60 mM 
(series 4), highe r FABF than 50% was obse rved 
in the medium containing 30- 42 mM nitrate ion 
(30- 18 mM ammonium ion). These results indi­
cated that the ratio of the concentration o r nitrate 
ion lo that of ammonium ion was more important 
rather than the concentration of ei ther ion. It was 
reported that the optimum ratio for adventitious 

Table 2. Effect of' sugar kind on ad,•enlilious bud formation of mulberry 

Adventitious bud rormation (%) 

Sugar Shin-ichinosc Hayatcsakari Kokusou 21 

A'> r1•> A•> p bl A•> fbl 

Sucrose 64 52 28 31 53 54 
Glucose 36 55 43 38 55 82 
Frnctosc 63 33 30 40 70 76 
Maltose 9 4 6 6 () 7 
Lactose 3 10 4 9 4 7 
Galc1c1ose 0 () 4 14 5 3 
Xylose 0 19 l 19 15 24 
Mannose () () 8 4 0 3 
Sorbitol 3 3 0 () 3 6 
Mannitol 0 0 () () () 0 

a): Sugar was added into lhc medium berore autoclaving. 
b): Concentrated sugar solution which had been sterilized by filter was added into the 

medium after autoclaving. 
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bud formation of apple was in the ranges of 10:l 
and 4: J 2>. The most sui table ratio of the concen­
tration o[ nitrate ion to that o f ammon ium ion 
was in the ranges of 1: I and 3: I. As for the 
nitrogen source composi tion, original MS medium 
is considered to be suitable for adventi tious bud 
formation of mulberry. 

2) Effec1 of sugar(s) 
Sucrose, glucose and [ructose were more suit­

able for adventitious bud formation than oLher 
suga rs (Tab le 2). The average length of the 
leaves cu ltured on Lhe medium con taining each 
one of these 3 kinds of sugars exceeded 1.8 mm 
(Table 3). No advent itious bud was observed in 
the leaves cultured on the medium con taining 
mannitol (Table 2). The average length of the leaves 
cultured on the medium containing mannitol was 
shortest (Table 3). Ii appeared that there was a 
positive correlation between FABF and the aver­
age length of leaves. Meanwhile, Lhcre were no 
apparent differences between the average length 

Table 3. 

Sugar 

Sucrose 
Glucose 
Fructose 
Maltose 
Lactose 
Gi1lactosc 
Xylose 
Mannose 
Sorl>itol 
Mannitol 

Effect of sugar kind on the growth of 
cultured mulberry (cv. Hayatcsakuri) 
lca,•cs 

Average length or cultured leaves (mm) 

18.5 
21.7 
22.7 
5.1 
7.1 

11.4 
6.5 
6.7 
3.2 
2.8 

21.0 
22.8 
24.7 
6.3 
7.8 

12.1 
10.7 
7.3 
3.6 
2.7 

a), b): Sec Table 2. 
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of leaves which Cormed adventitious buds and the 
length of leaves which dicl not form them among 
the leaves cultured under Lhe same sugar condi­
tions (data not shown). T hese results indicate 
that the sugars suitable for the growth of cultured 
leaf were also suitable for advent itious bud for­
mation and that a higher f requency of advent i­
tious bud formati on was not caused by more 
active growth of cultured leaves. The concentra­
tions of sucrose. glucose, fructose and mixtures 
for sui table adventitious bud formation were in 
the ranges of 2 and 4% (Table 4). 

3) £.ffec1 of pll 
FABF did no t va r y appreciab ly amo ng th e 

media, except for the medium wi th the highest pH 
(7. 18) in which FABF was 0% (Table 5). It 
seemed that adventi t ious bud formation of mulberry 
was not appreciably affected by lhe pH of the 
medium. Since a large amount of precipitat ion 
was observed in the highest-pH medium, the inhi­
bition or adven titious bud forma tion at highest 
pH was probably caused by nutrient deficiency. 

Tuble 5. Ef'fecl of 1>H on adventitious l>ud formation 
in mulbe rry (cv. Kokusou 21) 

pH or medium 

3.25 
3.6 
3.88 
4.1 
4.34 
4.54 
5.09 
5.57 
6.16 
7. 18 

Adventitious bud formation (%) 

17 
20 
40 
33 
37 
33 
20 
33 
20 
0 

Table 4. Effect of conccutrntion (>f sugar on adventitious bud fo rmat ion in 
mulberry (cv. Hay11tesakari) 

Co11cen1ra tion Adventitious l>ud fonna1ion (%) 
(%, w/v) Sucrose Glucose Fructose M ixture"1 

I 15 17 28 22 
1.5 38 38 23 39 
2 38 49 44 64 
2.5 61 65 42 47 
3 67 73 49 67 
4 43 56 50 84 
5 44 60 33 40 

a): Sucrose. glucose and fructose wen: mixed 111 the same conce1Hral ions. 
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4) Effect of cytokinins 
So far, only BAP had been used as a cytokinin 

for th e induction or adventitious buds from 
immature leaves of mulberry$.7.ll ·•3•17· •9J. All the 3 
adenine-type cytokinins used in this study were 

Table 6. Effect of cytokinins on advenlilious bud 
formalion in mulberry (cv. Hayatesakari) 

Cytokinin Concentrati.on Adventitious bud 
(pM) formation (%) 

BAP I 0 
5 21 

20 45 
21P l 0 

5 0 
20 0 

Zeatin 1 0 
5 5 

20 0 
Kinctin l 0 

5 0 
20 0 

Table 7. Effect of beuzyladeninc and lhid.iazurou on 
adventitious bud formation in mulberry 
(cv. Hayatcsakari) 

Concentration Adventitious bud formation (%) 

(pM) BAP Thidiazuron 

0.0 0 0 
0.05 111* 0 
O.l nt 0 
0.2 nt 13 
0.5 nt 25 
1.0 0 70 
2.0 27 50 
s.o 22 0 

l () so Ill 

20 43 Ill 

• not tested. 

Table 8. Effect of benzyladenine and thidiazuron o n 
adventitious bud format ion in mulberry 
cultivars 

Cultivar 

Unryu 
Kyukyokusou 
Kibajumonji 
Garyu 
Shidareguwa 
Jikunashi 
Ryomcnsou 
Shinjiro 
Keikansou 
Turugisansou 

Adventitious bud formation (%) 

IO 11 M BAP l /J M Thidiazuron 

36 34 
56 79 
47 69 
53 68 
9 37 

44 16 
52 24 
7 S 

27 33 
0 11 

less suitable for mulberry adventitious bud for­
mation compared with BAP (Table 6). Thidi­
azuron, which is a phenylurea compound with a 
strong cytokinin-likc activity4

•
91 and which induced 

adventitious buds on the immature leaves isolat­
ed from apica l buds of mu lberry 15>, induced 
adventitious buds on the cultured immature 
leaves isolated from winter buds (Table 7). The 
optimum concentration of tbidiazuron which was 
about I µM was approximately LO times lower 
than tha! of BA (Table 7). FABF was higher or 
si milar when 1 JIM thidiazuron was used com­
pared with 10 µM BA in 8 of the 10 cultivars 
examined. although the reverse was observed in 2 

cultivars (Table 8). 

5) Effect of auxin, gibbereflin A ;, abscisic acid, 
brassinosteroid and methyl jasmonate 

The effect of auxin on FABF was not benefi­
cial (Table 9). High concentrations of auxin sup­
pressed adventitious bud formation and induced 
callus, except for !AA (Tables 9, 10). Addition 
or 1 JIM abscisic acid promoted adventitious bud 
rormation (Table 11). FABF was not significant­
ly arfectecl by gibberellin A3, brassinosteroid and 
methyl jasmonate (Tables 12, 13). 

6) Effect of antibiotics and a herbicide'~) 
All the antibiotics and the herbicide used in 

this study suppressed adventitious bud formation 
(Table 14). It was observed that precu ltured 
explants were more highly resistant to the antibi­
otics and the herbicide than the non-preculturccl 
ones. However, tota l suppression of adventitious 
bud formation was observed in the medium con­
taining the highest concentration of genetici n, 
hygromyciu and bialaphos even in the case of 
precultured conditions. 

Discussion 

In a previous paper6>, success(ul genetic trans­
formation of mulberry by Agrobacterium Ti-plasmid 
was reported, but the frequency was low. One 
possible modification for improving the mulberry 
transformation system is to increase the selection 
efficiency of the transformed organs. In this report, 
investigations were carried out l o determine 
whether the genes that inact ivate geneticin , 
hygromycin and bialaphos could be used as selec­
tion marker genes. Another possible mod ifica­
tion is to improve the tissue cu lture system. We 
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Table 9. Effect of' auxin on adveutitiou.s bud formation in mulberry (cv. Hayatesakari) 

Concentration or auxin Adventit ious bud formal ion (%) 

(ttM) IAA IBA NAA 2,4-D Dicamba 

0 {Control) 46 32 31 35 46 
0.0 I 58 2 1 38 28 35 
0. 1 28 18 38 10 40 
I 48 25 18 2.5 7.5 

10 48 30 0 2.S 0 
100 54 4.2 nl* II 1 Il l 

• not te~1ed. 

Table LO. Effect of auxin on callm; fo rmntion of mulberry (cv. Hayalesakari) 

Concentrat ion of Frequency of call us formation (%) 

auxin (11M) IAA 

O (Contro l) 0 
0.01 () 

0.1 (J 

I 0 
10 0 

I 00 2 

* not l'csled. 

Tuble 11. Effect of abscisic acid on adventitious bud 
formation in mulbe rry (cv. Hayalcsakllri) 

Conccntrnl ion (~1M) 

0 
o.os 
0.2 
l 
5 

20 

Adventit ious bud fo rmation (%) 

24 
33 
35 
53 
35 
20 

showed that the frequency of adventit ious bud 
formation varied wilh the medium conditions. I 1 

may be important to analyze the physiological and 
molecular biological events that occur during the 
process of adventit ious bud formation. 

Cal lus w11s induced most efficiently on the 
medium that did 1101 contain ammonium ion10

\ on 
which no adventitious buds were formed. II is inter­
esting 10 no te that the optimum rat io of nit ra te 
ion to ammonium ion for callus induction of mul­
berry was differenl from that of adventitious bud 
formalion, which suggested that metabol ic alter ­
ations affect directly or indi rectly adventi tious bud 
formalion. 

The kind of sugar rather than the concentra­
tion affected FAB F. High FA13F was observed in 
the medium containing suga r(s) tha t prornoied 
vigorous growth of leaves. which indicates that meta­
bolic pathways play a role .in adventitious bud for­
mation. 

IBA NAA 2.4- D Dicamba 

0 
0 
0 
8 

15 
67 

0 0 0 
0 () () 

0 () 0 
28 3S 68 
93 90 70 
nl * Il l nt 

Table 12. Effect of G ihhe rellin Al on adventitio us bud 
f'orn1ation in mulberry (cv. Hayatcsakari) 

Concentra tion (11M) Adventit ious bud formation (%) 

0 58 
0.002 58 
0.0 1 43 
0.05 53 
0.2 58 
I 63 
5 45 

20 10 

Table 13. Effect of brassinosteroid and methyl 
jasmou11te on adventit ious bud formation 
in mulberry (cv. H11yalcsakuri) 

Concentration 
(JtM) 

0 
0.0000 I 
0.0001 
O.OOL 
0.01 
0. 1 
I 

10 

• not tested. 

Adventit ious bud formution (%) 

Br.issinosteroid M ethyl jasmonate 

52 51 
43 Ill* 

47 Ill 

63 68 
51 57 
28 53 
15 63 
nt 54 

Abseisic acid exer ted a beneficial eUect on 
adventi tious bud formation. ft is generally recog­
nized that abscisic acid promotes the expression 
of genes related to the resista nce to va r ious 
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Tnl>le l4. Effect of an t ibiotics und u herbicide 011 advcntilions bud formation in mulhcrry 
(cv. Hayatcsnkuri) 

Concc111 ra1 io11 Advcnlilious bud formatio11 (%) 
(mg/L) l<anamycin 

(Nol µrcculturcd) 
0 45 
0.1 111 • 

0.2 11 l 

0.5 Il l 
I Ill 

2 33 
5 46 

10 17 
20 0 
50 () 

I()() 0 
(Precull urcd for 17 days) 

() 43 
0.2 111 
0.5 Ill 
I 11 l 

2 53 
5 44 

LO 44 
20 38 
50 25 

I 00 8 

* nol tested. 
-: All the leaves plated on the medium died. 

s1 ressesn. Since Lhe culture environmcn l is a kind 
of stress, Lhc beneficial cffccl or abscisic acid on 
advenlitious bud formation may be related l o 
stress resistance. 

As mentioned flbove, various physiological reac­
tions controlled by many genes may be rela ted 10 

adven titious bud formation in mulberry. Many 
genes expressed during Lhe rcgcnernlion process 
have been isolated20l. This informfllion is impor­
ta nt 10 improve the tissue culture system or mul­
berry. On lhe other hand, i t was reported tha t 
no adven titious buds were formed when imma­
lllrc leaves of sprouting winter buds of mulberry 
were cu ltured 131

• We also previously reported 
that the regeneration po1cn1ia l of immature mul­
berry leaf was lowered and was completely lost with 
growll1, even if Lhe leaf size was IO times smaller 
than Lhat of the mature one11>. T hese observa­
tions indicate that l he expression or genes related 
to regeneration varies wit h the development of 
lhc organ. On lhe other hand. adventitious buds 
were l'ormccl whereas c.:i llus was scarcely formed 
on the medium containing 10- 100 pM IAA and 1 
pM lhidiflzuron in this study, although callus was 

Gc11e1ici11 Hygron1ycin Bialaµhos 

45 
33 
42 
25 

4 
0 
0 
() 

Ill 
Ill 

nl 

43 
50 
38 
29 
13 
I 0 

() 

Ill 
11 l 
Ill 

4S 
Ill 

67 
21 
21 
0 
() 

0 

111 

43 
44 
34 
28 
24 
17 
0 
() 

nl 
Ill 

45 
38 
48 
32 

() 

11 l 

Ill 

43 
Ill 
3 1 
44 
47 
38 
18 
7 
() 

11 l 

induced from cotyledon by 2-10 !tM IAA and 2 
pM thidi a:wron in a previous stucJyH•1• These 
f indings imply Lhal the medium conditions 1111d 
the endoge no us di[ferentia ti on po tential of 
explant play a role in adventit ious bud formation. 
Since immature leaf is one or the few organs with 
a potential for differentiation in mulberry, imnrn­
t ure leaf cu lture system of mulberry shou ld be 
used to analyze processes of regeneration. 
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