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Summary. In addition to physical and chemical factors,
genotype appears to be a very important factor influ-
encing success in anther culture. Recombination by
making crosses with selected responding clones has been
introduced as a possible helpful method to positively in-
fluence the success and response type via the factor geno-
type. From the progeny of such a cross, one genotype could
be selected, producing in 30 to 40 percent of the cultured
anthers, fully developed embryoids and plantlets, which
are a mixture of polyploids, dihaploids and monohaploids.

Further, a pleiotropic marker ‘embryo spot’ visible as a
‘nodal band’ in the plant stage, has been used to confirm
the microsporic origin of dihaploids and polyploids and to
prove their homozygous nature. This marker also shows
potential use in confirming the origin of calli from indi-
vidual microspores.
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Introduction

The extraction of dihaploids from the tetraploid potato is
now routinely done with the aid of parthenogenesis in
interspecific crosses with the selected pollinators of S.
phureja carrying a homozygous pleiotropic marker (Herm-
sen and Verdenius 1973). Using the same approach it is
also possible to obtain monohaploids (van Breukelen et al.
1977; Jacobsen 1978). In spite of the availability of this
method, anther culture would be an additional and more
attractive technique to obtain monohaploids since many
more different microspore genotypes than macrospore
genotypes are produced which are potentially available
per flower to grow until the plant stage.
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Production of monohaploid plants through pollen caflus
differentiation has been reported (Foroughi-Wehr et al.
1977). Recently, we communicated (Sopory et al. 1977)
on the effects of the stage of microspore development and
chemical factors on the production of direct embryoids,
avoiding any callus phase, in a selected dihaploid clone of
potato. In the present communication, we report on the
influence of genotype on the successful regeneration of
embryoids and plantlets. We also show that it is possible
to recombine the ability of embryoid formation in order
to obtain clones which are more efficient in the develop-
ment of embryoids. A genetic marker was used in order to
confirm the origin and homozygous nature of regenerated
plants of higher ploidies.

Materials and Methods

Of the existing interdihaploid (H?) clones, 41 were tested during
the year 1976 on the media reported earlier (Sopory and Rogan
1976). From these, 16 clones were retested in 1977 on optimized
media, P 58 and P 59, the composition of which is described in
Sopory et al. (1977). The origin of these clones has been described
earlier (Ross and Jacobsen 1976). Further, a cross between the
interdihaploids, H*236 and H?439, which showed microspore
divisions and microspore callus differentiation respectively, and
crosses between these and a third interdihaploid, H? 560, with S.
phureja were made and studied (Table 1). All F, progeny of these
crosses were heterozygous for at least the B gene for the pleio-
tropic marker ‘embryo spot’ visible as a ‘nodal band’ in the plant-
let stage (hereafter termed ‘nb’) which is inherited by two comple-
mentary genes BBPP (Hermsen and Verdenius 1973). The female
parents were homozygous recessive for at least one gene (B).

Cytological studies of the anthers were made with aceto car-
mine to check up microspore divisions. Staining of embryoids and
root tips of plantlets for chromosome analysis was made according
to Tjio and Levan (1950).

Results

Table 2 shows the different types of response obtained
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Table 1. The number of anthers cultured from different crosses between interdihaploids and interdihaploids
with S. phureja carrying the dominant marker ‘embryo spot’ controlled by two complementary genes, one of

which is BB

Female parent X Male parent Total No. of anthers cultured
1. H? 236 (md; E") H? 439 (md cd) 18172

2. H? 236 (md; E') bb 76. 163/53, S. phureja BB 6 061

3. H? 439 (mdcd) bd IvP 35, 8. phureja (E') BB 3 265

4. H? 560 (md) bb IvP 35, S. phureja (E'') BB 2 060

md = microspore divisions, md cd = microspore divisions and microspore callus differentiation, E' = embry-

oids (< 0.1%), E" = embryoids (< 0.3%)

after cytological examination of the cultured anthers in
the 41 clones tested during 1976. In 31 clones (75,1%),
no microspore divisions were observed (response type 1
and 5), in 6 clones there were microspore divisions (re-
sponse type 2) and in five the divisions proceeded till the
globular embryoidal stage (response type 3). Callus either
originated from the microspores (response type 4) or from
the filament region (response type 5). The differentiation
of callus, whether from microspores or from filament was
achieved on Murashige and Skoog (1962) (MS) + zeatin
riboside (1075M). In either case only diploid and tetra-
ploid plants could be regenerated.

During 1977, 16 clones were retested on P 59 and P 58
media which had been shown to support embryoid forma-
tion (Sopory et al. 1977). As shown in Table 2 (see under-
lined and double underlined clones), the response of most
of the clones did not change except in H2236, H258 and
H2630 (all belonging to response type 3) where some-
times fully developed embryoids and plantlets were pro-
duced. This suggests a strong influence of genotype on the
type of response.

In order to improve the response, crosses between in-
terdihaploid clones, which showed response type 2,3 and
4 (Table 2), were tested. One cross, between H2236 and
H?439, showed a positive response and was studied in
detail. As is clear from Table 3, the parents tested on P 59
and P 58 media responded mostly by showing microspore
divisions. Rarely, as mentioned above did H?439 give cal-
flus formation. However, of the ten clones from the pro-
geny tested, 6 showed microspore divisions and 4 of them
developed until embryoids and plantlets resulted. In one
clone, H3703, about 35-40% of the cultured anthers rou-
tinely produced embryoids on P59 medium. Although
exact quantitative studies to correlate the frequency of
microspore divisions and embryoid formation has not yet
been made, in clones H*701 and H*703 many more pol-
len divisions could be observed.

These results, in comparison to those mentioned
above (Table 2), where responding clones were retested on
P 59 and P 58 media, gives the impression that the ability
for microspore divisions and/or embryoid formation is re-

combinable. The data in Table 4 further supports this.
Here, 3 F; progenies of crosses between interdihaploids
and S. phureja were studied. The response of almost all
the parents was known (Table 1). Compared to the pa-
rents, the capacity of embryoid formation clearly in-
creased in cross 2 and 3, suggesting, therefore, the possi-
bility of positively recombining the parental abilities. The
results in Table 3 and 4 also show a better effect of P 59
medium on embryoid formation.

The transfer of embryoids to MS + zeatin riboside (5 x
107°M) + Coconut milk (10%) showed the best develop-
ment of embryoids. On an average, 12% of the embryoids
in H*703, 15% of progeny 2 and 8% of progeny 3 could
be developed further into plants. Cytological examination
of ploidy level of 22 embryoids of clone H3703 revealed 7
monohaploids, 14 diploids an 1 triploid. However, exami-
nation of 40 plants from the same clone showed only 2
monohaploids, 34 diploids and 4 tetraploids. One mono-
haploid died after being transferred to soil and others
grew slowly due to some chlorophyll deficiency. From
this plant, leaf tissue culture started to diploidize and te-
traploidize immediately. This is also done with other leaf
materials in potato (Jacobsen 1977). The presence of tri-
ploids is an indication that diploids and polyploids can
originate from reduced microspores.

* The marker ‘nb’ was used as a tool to test for the origin
of regenerated diploid and tetraploid plants. Anthers from
F, progenies 2, 3 and 4, which all carried this marker,
were cultured in order to obtain ‘nb’ free plants. From 36
regenerated plants of progeny 2, with H2236 as the moth-
er parent, 19 were with and 17 were without the marker.
The occurrence of ‘nb’ free plants indicates the origin of
plants from reduced microspores and their homozygous
nature.

Occasionally when progeny 2 was in the P 58 medium,
besides embryoid even callus formation occurred. Interest-
ingly, even at this stage it was possible to distinguish calli
with deep pink colour, which we have never observed in
anther cultures from interdihaploids alone, and pigment
free calli, both originating from the same anther. These
calli underwent differentiation when transferred to MS +
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Table 2. Qualitative response of different dihaploid clones

Type Responses Clones

1 nil H? 87, 54, 59, 110, 140,
260, 345, 73,423,424,
438,432, 519,451, 454,
455,473, 548, 631,633

2 microspore divisions H? 437,439, 408,
upto 8-16 cells 578, 580, 596 ]

3 microspore divisions  H? 236, 258, 560, 601, 630
upto globular - -
embryoidal stage

4 microspore callus H?*  258%439F493,596F 630*

5 callus from H*  79,63,408* 411 409,

somatic origin 252,479, 488, 486,

578,633

Underlined and double underlined clones were retested on P 59
and P 58 media; double underlined clones showed embryoid for-
mation on P 59 media with less than 0.1% frequency; clones
marked * are those where differentiation into plants was achieved
in MS + zeatin riboside (10~* M) medium. Note some clones show-
ed two different response types

zeatin riboside (5 x 10°M). From pink calli grew only
plants with the marker ‘nb’ and from green calli, plants
without ‘nb’. This shows that the marker ‘nb’ expresses
itself even at the callus stage. Further, it indicates the
origin of calli from single microspores since in such cases
so far no mixed calli were observed, which would indicate
multimicrosporic origin. An early selection in seperating
calli of different origin is therefore possible.

Discussion

Earlier studies have shown that success in anther culture
depends on the genotype (Nitzsche and Wenzel 1977).
Irikura (1975) observed that out of 46 species of So-
lanum, from which 118 clones and 9 interspecific hybrids
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Table 3. Recombination of genotypes for microspore divisions
and embryoid formation in a dihaploid family. Ten seedlings of
cross between H? 236 X H* 439 were tested on P 58 and P 59
media.

Response

Genotype

P 58 medium P 59 medium

H? 236 (? parent) md mdE +P'
H? 439 (s parent) few md md + callus
Progeny g 690 md md

H? 692 E+P E+P

H? 697 nil nil

H?® 701 E+P(2%) E+P(0.3%)

H?® 703 E + P (20%) E+P(35%)

H?® 709 nil nil

H? 718 nil nil

H? 719 E+P E+P

H® 722 nil nil

H® 728 md md

md = microspore divisions, E = embryoids, P = plantlets, E + P’ =
rarely, % = percent of cultured anthers producing embryoids

were tested, only 19 species and 4 interspecific hybrids
were able to produce plants that were of microsporic
origin. In the present studies, we also found a strong in-
fluence of genotype on the successful response in differ-
ent clones of S. tuberosum (Table 2). It was also inter-
esting to note that out of the 9 clones that fell into re-
sponse type 2 and 3, 5 clores were the result of the same
cross between the primary dihaploids H 171 x H 165.
Similarly, progenies of other crosses either didn’t show
any response or only showed callus formation from the
filament. Although the influence of parental genotype in
anther cultures has recently been suggested in rye (Wenzel
et al. 1977) and potato (Simon and Peloquin 1977), our
results suggest the possibility of recombining (from breed-
ing point of view) ‘weakly responding’ genotypes in order
to produce and select ‘highly responding’ ones. This was

Table 4. The influence of recombination of genotypes between S. tuberosum interdihaploids and S. phureja on embryoid production. All
F, progenies carried the genetic marker ‘nb’ E' = embryoids rarely (< 0.3%)

P 58 medium P 59 medium
Progeny . Number of Number of Percent Number of Number of Percent
Cross studied
number anthers anthers response anthers anthers response
cultured producing cultured producing
embryos embryos
2 H? 236 X 76.163/53 987 80 8.10 1020 141 13.82
S. phureja
3 H? 439X IWP3SE' 732 42 5.73 1182 73 6.17
S. phureja
4 H? 560 X IvP3SE' 613 5 0.81 437 11 2.5

S. phureja
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demonstrated from the crosses we made between clones
showing response type 2, 3 and 4 and then selecting one
cross to get a highly responding clone, H*>703 (Table 3).
These observations suggest that the genes which positively
influence the success rate in microspore divisions and em-
bryoid formation can be accumulated and selected. It is
also possible that the regenerating ability of the callus of
H%439 did positively influence this development or it
could be that the repression of the ability for embryoid
formation was derepressed by recombination in some
genotypes.

The results, based on the total recovery of plants ob-
tained compared to the total number of embryoids pro-
duced, and their cytological analysis, showed that few em-
bryoids developed further and that the ratio of mono-
haploids to diploids and polyploids changed during
growth of the embryoids to plants. The probable explana-
tions are:

i) the heterozygous nature of the dihaploid potato.
This could allow the expression of lethal factors in mono-
haploids more than in dihaploids and polyploids since they
could be of a heterozygous nature because of their origin
from diplandroid microspores produced via parallel spin-
dle mechanism (Jacobsen 1976);

ii) chromosome doubling during development of em-
bryoids to plants;

iii) a negative selection pressure on monohaploid em-
bryoids because of the ploidy level. It might be possible to
select and further recombine genotypes with better re-
generating ability to overcome the present difficulties.

The segregation of the marker ‘nb’ is a genetical proof
for the microsporic origin of the dihaploid and tetraploid
plants and for the homozygosity of at least the B gene.
Because of the complementary nature of ‘nb’, the regen-
erated ‘bandless’ plants can possess different genotypes. It
would be better, therefore, to test the regenerated di-
ploids with nodal bands together with the donor clones of
progeny 2 (Table 4) by crossing with the homozygous re-
cessive genotype (bbpp). This would prove homozygosity,
not only for gene B, but also for the complementary gene
P. This test would give a better indication of complete
homozygosity of the regenerated dihaploids and tetra-
ploids and a better genetical description of the F, pro-
genies tested here. Such a proof is essential since in breed-
ing it is the homozygous diploids and tetraploids that are
needed, and not the monohaploids, for crossing after se-
lection.

Genetic markers have been used earlier to test the
homozygous nature of the regenerated plants (Melchers

1975; Corduan 1975). However, it would be better to
have other methods to prove the homozygous nature
more generally and less specifically. The use of isoen-
zymes as markers, shown to be stable in tubers of potato
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(Stegemann and Loeschcke 1976), could be of help in this
direction.

In conclusion, the present studies support the earlier
observations on the influence of genotype in anther cul-
tures. They further suggest that improvement may be
made by selecting and recombining the existing genotypes
in addition to manipulating the media and cultural condi-
tions even though the latter are essential to help express
the ability of the right genotype.
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