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Studies on the Mechanisms of Pollen Embryogenesis
Vii. The Role of Na, EDTA in Pollen-plant Formation
of Nicotiana tabacum L.

Shuji Misoo
Faculty of Agriculture, Kobe University, Nada, Kobe, 657 Japan

(Received June 18, 1993)
(Accepted November 17, 1993)

The effects of mineral salts on plantlet formation were investigated in tobacco anther culture paying special
attention to Na, EDTA, a component of FeEDTA.

Removal of mineral salts other than FeEDTA from the basal medium had little influence on plantlet formation.
While, removal of FeEDTA arrested plantlet formation severely, but did not affect the induction of embryogenic
pollen grains. Moreover, very few plantlets were obtained from anthers transferred to FeEDTA-free medium
after 3 weeks of culture. From these results, it is concluded that FeEDTA plays the most important role in the
development from embryoid to green plantlet.

Plantlet formation was almost completely arrested on Na,EDTA-free medium. In contrast, plantlet forma-
tion on ferrous sulphate-free (Na,EDTA) medium was comparable to that on basal medium. Also, the highest
frequency of plantlet formation was obtained at the same concentration (2 x107*M) for both FeEDTA and Na,
EDTA. These results suggest that the effects of FeEDTA on the plantlet formation in tobacco anther culture
refer to the function of Na,EDTA itself.

Introduction

Pollen-derived plants can be obtained readily now in several crops by employing anther culture.
However, no crop has been known to produce haploid embryoids and plantlets as abundantly and
quickly as tobacco in anther culture. In order to apply this method to any other recalcitrant crops,
detailed analyses of the factors affecting embryogenic mitosis and plantlet formation in tobacco
anther culture are required.

Up to now, various factors have been shown to affect androgenesis in tobacco. They are
genotype and the physiological state of the material plants, anther wall, physical conditions of
anther culture, and culture media'~¥. The latter factors include saccharides®®, activated
charcoal'®~'¥ plant growth regulators!'*~1® amino acids!*!”, and mineral salts'*#'®-22_ Mineral
salts, as well as sucrose, are considered to be essential components in the culture medium for
obtaining sufficient plantlets™?®. Several researchers have reported the necessity of iron ion or
FeEDTA for the production of pollen plantlets in tobacco anther culture'*?V. From these reports,
FeEDTA is considered to be one of the most important complements among mineral salts in
tobacco anther culture.

In the present paper, the effect of each mineral salt on plantlet formation is investigated in
tobacco anther culture paying special attention to Na,EDTA which is a component of FeEDTA
stock solution. :
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Materials and Methods

Anther donor plants of Nicotiana tabacum cv. Bright Yellow (2#2=48) were cultivated in a
greenhouse. Anthers from buds with petal length of 13-18 mm were used for culture, as these
anthers have been recognized as containing pollen grains at the late uninucleate and/or early
binucleate stages in a previous study?®?.

The basal medium used throughout this study was prepared according to the modified Tanaka’
s formula (1973)? as shown in Table 1. This formula was employed because of its simple mineral

22 Composition and

composition and sufficient ability to form plantlets in tobacco anther culture
concentration of mineral salts in the basal medium were variously changed in the present study.
All the media used in this study were routinely solidified with 0. 8% agar and adjusted pH to 5.8
with 0.5 N NaOH or 0. 5 N HCl. Twenty and 30 m/ of the media were each poured into 50 and 100
m/! Erlenmeyer flasks, respectively, and these were autoclaved for 15 min. at 120°C.

Fifteen or 20 anthers per flask were aseptically inoculated on the media. About 100 anthers per
treatment with a total of 3, 120 anthers were cultured in this study. Cultures were maintained in a
13 hr light/11 hr dark photoperiod, at a light intensity of ca. 2, 000 lux, and at 304+1°C.

For the cytological study of pollen grains in cultured anthers, 10 anthers per treatment were fixed
in a 3:1 mixture of ethanol and acetic acid 25 days after inoculation. After staining with Feulgen
reagent according to the methods of our previous study®, occurrence frequencies of various types
of pollen grains as shown in Table 2. were assessed by counting more than 1, 500 grains per anther
using a light microscope.

Observation of plantlet formation from anther cultures was carried out at one week intervals, and
the average number of plantlets per anther was assessed after 9 weeks of culture.

Results

Removal of each mineral salt from the basal medium had a drastic effect on the plantlet
formation (Fig.1). When FeEDTA was removed from the basal medium, only one etiolated

Table 1. Composition of the basal medium used in

this study.
Constituent mg/!

Mineral salts (M)

KNO; 200

Ca (NO,),+4H,0 600

MgS0,-7H,0 100

KH,PO, 100

MnSO,-4H,0 10
FeEDTA*! ‘

FeSO,-7H,O 27.85

Na,EDTA 37.35
Sucrose (S) 25, 000
Agar (A) 8, 000

*IFeEDTA stock solution was prepared by mixing 2 X
10~2M concentration of Na, EDTA and ferrous
sulfate solutions at 50°C.

Na,EDTA: ethylenediaminetetraacetic acid
disodium salt dihydrate.
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plantlet was obtained from 96 anthers cultured on this medium, and plantlet formation was inhibited
in all the rest of anthers. Anther response (frequency of anthers producing plantlets) on both the
calcium nitrate-free and the potassium nitrate-free media were slightly lower than the basal
medium. Moreover, anther productivity (average number of plantlets per anther) was consider-
ably lower on the calcium nitrate-free medium (4. 3) than on the basal medium (12.7). On the
other hand, there was no disadvantageous influence on the plantlet formation in the cases of
manganese sulfate-free, potasium sulfate monobasic-free, and magnesium sulfate-free media.

The concentrations of mineral salts were variously changed in the 2nd experiment, though
FeEDTA was added at 10=* M to all the media examined (Fig. 2). Plantlets were obtained from
all the media even in the case of containing no mineral salts other than FeEDTA. Anther response
on the mineral-free medium was lower than the basal medium, but 45. 69§ of the anthers formed
plantlets. On the contrary, anther productivity on mineral-free medium showed very poor value
(1. 8). With the increase in the concentration of mineral salts in media up to 2 Xthe control level,
anther productivity rose constantly. Plantlets formed on the media with low mineral concentration
had a tendency to develop only slender stems and small leaves.

For clarifying the effect of FeEDTA on the initial embryogenic division of pollen grains in anther
culture, microscopic observation was made of the anthers cultured on media with and without
FeEDTA, after 25 days of culture (Table 2). Frequencies of embryogenic pollen grains were appar-
ently higher on the media containing both sucrose and mineral salts (Treats. 1 and 2) than on the
media containing no mineral salts (Treats. 3 and 4) or containing no sucrose (Treats. 5 and 6).
None of embryogenic pollen grains with 4 or more nuclei occurred on the sucrose-free media.
Moreover, from comparisons of Treat. 1 with Treat. 2, and Treat. 3 with Treat. 4, it was clear that
the frequency of embryogenic pollen grains did not increase by the addition of FeEDTA to the
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Fig. 1 Differential effects of mineral salts in the basal medium on plantlet formation in
tobacco anther culture.
Treat. 1: Basal medium (control); Treat. 2: FeEDTA-free medium; Treat. 3: Manga-
nese sulfate-free medium; Treat. 4: Potassium phosphate monobasic-free medium;
Treat b: Magnesium sulfate-free medium; Treat 6: Calcium nitrate-free medium;
Treat. 7: Potassium nitrate-free medium. Values on the top of bars indicate the aver-
age number of plantlets per anther after 9 weeks of culture.



43

9 weeks
6 weeks

5 weeks

80

Freaquency($) of anthers producing plantlets

1/4

1/2 1 2

Mineral salts
Fig. 2 Effects of varied concentrations of mineral salts on plantlet formation in tobacco
anther culture.
All the media used in this experiment containd FeEDTA at 10~*M. Each medium
containing mineral salts with varied concentrations of 0, x1/4, x1/2, X1, X2 and x4
levels of the basal medium. Values on the top of bars indicate the average number of
plantlets per anther after 9 weeks of culture.

Table 2. Mitotic behaviors of pollen grains in tobacco anther cultures as affected by medium composition
(25 days after inoculation).

Freq. (%) of Freq. (%) of
Trrl%at. Medium composition* non-embryogenic pollen*? embryogenic pollen*? Maximum development
' D S U+Bi 3C< 4C= 7C= of embryoid**

1 A+S+M+FeEDTA 82.8 12.9 3.8 6.0 2.5 0.5 GE

2 A+S+M 84.0 3.3 11.3 14.6 3.5 1.6 18V

3 A+S +FeEDTA 88.3 9.2 2.3 1.9 1.0 0.5 12V

4 A+S 89.7 1.3 8.8 1.9 0.8 0.4 G+18V

5 A +FeEDTA 97.6 0.0 2.4 0.0 0.0 0.0 —

6 A 91.8 0.0 8.2 0.2 0.0 0.0 G+2V

*1 For the explanation of each constituent, see Table 1. Treat. No. 1 is the basal medium.

*2D: Degenerated grains; S: Starch-filled grains; U+ Bi: Uninucleate and binucleate grains.
*33Cx,4C<, and 7 C=<: Grains with 3 or more cells, 4 or more cells, and 7 or more cells, respectively.
*4 (5. Generative cell; V: Vegetative cell; GE: Globular embryoid.

medium. Anthers cultured on the medium containing both sucrose and FeEDTA (Treats. 1 and 3)
had a tendency to produce starch-filled grains.

In the next experiment, anthers were transferred between the basal medium and FeEDTA-free
medium reciprocally after 3 weeks of first culture to assertain the effective culture period on
FeEDTA medium (Table 3). Only 2 plantlets were formed in Treatment 2 where FeEDTA-free
medium was used as second medium. On the other hand, plantlet formation was not greatly
inhibited when FeEDTA-free medium was used as first medium.

In order to elucidate the function of FeEDTA in detail, ferrous sulfate and Na,EDTA were
separately removed from the basal medium as shown in Fig. 3. Few plantlets formed on the media
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Table 3. Comparison of culture period on FeEDTA-free medium for the plantlet formation in
tobacco anther culture (after 8 weeks of culture).

Treat. Culture period*! (week) Plantlet formation

No. of anthers

no. cultured No. of Ave. no.
1st-3rd 4th-8th anthers Frequency (%) per anther
1 Basal Basal 135 94 69. 6 10.6
2 Basal —FeEDTA 135 2 1.5 4.0
3 —FeEDTA Basal 135 77 57.0 13.4

*1Basal: Basal medium; —FeEDTA: FeEDTA-free medium; For the composition of medium, see
Table 1.
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Fig. 3 Effects of ferrous sulfate and Na,EDTA, components of FeEDTA, on plantlet forma-
tion in tobacco anther culture.
Treat. 1: Basal medium (control); Treat. 2: Na,EDTA-free medium; Treat. 3: Ferrous
sulfate - free medium; Treat. 4: FeEDTA - free medium,; Treat. 5: Na,EDTA - free
medium containing ferrous sulfate at 5X level of control. Values on the top of bars
indicate the average number of plantlets per anther after 9 weeks of culture.

containing no Na,EDTA, irrespective of the existence of ferrous sulfate (Figs.3and4). On the
contrary, more than 609 of the anthers formed plantlets on the media containing Na,EDTA at 10~*
M. Anther response on the ferrous sulfate-free (Na,EDTA) medium was lower than that on the
besal medium until the 6th week of culture, but the rates became nearly the same after 9 weeks of
culture (Fig.3). Plantlets developed on this medium, however, tended to form pale green leaves.

The effects of Na,EDTA on plantlet formation were compared with FeEDTA by changing their
concentrations in the media as shown in Fig. 5. Effective concentrations on the anther response
were limited from 5x1075M to 4 X 107*M in both components, and plantlets were scarcely observed
on the media containing more than 8 Xx10™*M or less than 107°M of either. Anther response was
highest on the medium containing them at 2 x107*M in both series. Anther response on the media
containing Na,EDTA at the same concentration in the two series were similar to each other except
in the case of 5xX107°M level where anther response was lower on the Na,EDTA medium than on
the FEEDTA one. Although the plantlet formation on the FeEDTA medium was most frequent
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Fig. 4 Plantlet formation in tobacco anther cultures as affected by Na,EDTA and FeEDTA.
Plantlets were formed in ferrous sulfate-free medium (Treat. 3) as well as in basal
medium (Treat 1). For the mineral composition of each medium, see Fig. 3.
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Fig. 5 Effects of various concentrations of FeEDTA and Na,EDTA on plantlet formation in
tobacco anther culture.

Two bars at the same concentration denote the anther response on the FeEDTA (left)

and Na,EDTA (right) media, respectively. Values on the top of bars indicate the

average number of plantlets per anther after 9 weeks of culture.
during the 5th week of culture, the greater parts of plantlets were formed during the 6th week of
culture on the Na,EDTA medium. Anther productivity was highest at 5x107°M level on the
FeEDTA medium and at 10~*M on the Na,EDTA medium.

Discussion

In the present study, as it has been known, FeEDTA was proved to be the essential component in
the basal medium for plantlet formation in tobacco anther culture (Fig.1). Nitsch (1969)' has
reported that the embryoid stopped its development at the globular stage on iron-free medium.
Havranek and Vagera (1979)%" observed the accumulation of viable embryoids at the globular
stage in anthers cultured on the iron-free medium, and obtained haploid plants by adding chelated
iron solution to the medium. Also, it has been found that a supply of iron during the 3rd week of
culture gave a higher percentage of anthers yielding haploid plantlets than supply during 2nd or 1st
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week??, Moreover, in the present study, few plantlets were obtained from anthers which were
transferred to FeEDTA-free medium after 3 weeks of culture on the basal medium (Table 3). It
has been reported that the development of early embryoids was retarded on iron-free medium®V.
However, removal of FeEDTA from basal medium did not influence the frequency of embryogenic
pollen grains at all in the present study (Table 2). From these facts, it is concluded that FeEDTA
plays the most important role in development from globular embryoid to green plantlet.

The effect of Na,EDTA on plantlet formation is considered worth noting. In order to know the
actual concentration of iron in the medium, a preliminary analysis was carried out using an atomic
absorption spectrophotometer (unpublished). From this analysis, 6. 1 ppm iron was detected in the
basal medium to which 10*M FeEDTA (5. 6 ppm as ferrous ion) was added. While, only 0. 3 ppm
of iron was included in ferrous sulfate-free medium, and was considered as impurities in the
medium. On the other hand, anther walls and pollen grains themselves are considered to contain
various kinds of organic and inorganic substances including iron, but this analysis was not carried
out on the culture materials used in this study.

Anther response on ferrous sulfate-free (Na,EDTA) medium was comparable to that on basal
medium in this study (Fig.3). Furthermore, concentration effects of Na,EDTA on the anther
response were very similar to those of FeEDTA (Fig.5). These results indicate that Na,EDTA by
itself affects plantlet formation. In anther culture of Datura, 26% anther response has been
obtained by adding ferrous sulfate at 1075M to the medium without chelating agents*®. In an
earlier study on tobacco anther culture, Na,EDTA by itself was considered to have only a small
effect in the medium'. Also, the addition of EDTA alone has been known to be toxic for growth
of the habituated tissue of Daucus carota®®. On the contrary, the effect of chelating agents without
iron ion on the vegetative bud formation in tobacco callus cultures has been demonstrated®”. Thus,
the effects of chelating agents are different from one another according to the culture materials and
methods used.

In a preliminary experiment on tobacco anther culture, several kinds of chelating agents such as
diethylenetriamine pentaacetic acid (DTPA) and ethylenediamine-di-o-hydroxyphenyl acetic acid
(EDDHA) containing no sodium ion were compared with Na,EDTA in the basal medium. In this
experiment, plantlets were formed sufficiently on such media as well as on the Na,EDTA medium
(unpublished). From this result, it is suggested that sodium ion in Na,EDTA is not essential but
chelating ability itself is important for plantlet formation.

Effects of Na,EDTA on the anther response was highest at 2x107*M in this study (Fig.5). In
such medium, almost all of Na,EDTA are considered to be free from chelation with iron ion in the
medium. These facts indicate that the effects of Na,EDTA on plantlet formation can not be
explained only by chelation of Na,EDTA and iron ion in the medium. It is likely that these effects
must be caused by the chelating ability of Na,EDTA not only with iron ion but also with various
other minor mineral ions in the medium and culture materials themselves, at least in the case of

tobacco anther culture.
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(FNXXEHD)

TE¥rpr D IR R I B 3 2 4T 5%
BRI &1 DILHRIBEYEOIRIC 51T 5 Na,EDTA 0%

=TRERA

MR A B E TR R

FoNa QFRERC B HRMABOEERS, & b0 Na.EDTA BEHREEYEOERICE 2 2 31#
WZOWTIB L7, BEihOEEIEES I IO T oREL & 25, FeEDTA oREIC & DHEDERHS
WIS, Zhicl, HoBBEROREZZRFL L VEXNENEESETFRL T2 00,
FeEDTA OFET TR O ERBEENEROBE TY 45. 6% OF TEYEEEIHD Sl —7, &
BHNTC R O SEMEERE D) &, FeEDTA OFEISEVIHOMBROSFE T ZHE L2 n I L5 e,
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F7c, % 3:EMEIC FeEDTA BREBHICBM L R TREDESER S ik r o7, The DR S,
FeEDTA GEESEYF I HE T 2 BB TEERREIZEU Tw o &L 503,

FeEDTA B DM S T % 5 Hils#k & Na,EDTA %431 THS#UC RN L 72 £ 2 %, Na,EDTA %
Bk U7 B CIRAEM IR R SSIEIE S hz Dt L, Na,EDTA & &2 7o 55 T i st i » Bk o
B Rz, %72, FeEDTA % %2z Na,EDTA ORIBEOEF N L T, EWHEHRERHEE T
FRROZELERL, WInd 2X10*M BETRRESELS L, TheDI s, PredyNan
FiHr&icB 10 5 FeEDTA %Rz, Na EDTA AZOBRIZED 753 T2 b D LRBRE L.



