JA 232,

Incompatibility in Angiosperms:
Significance in Crop Improvement
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I. INTRODUCTION

There is a continuous need for modifyin. crop plants to suit chang-
ing human needs in existing environments and to fit the crops into
new environments. Mon often such modlﬁunous are achieved by hy-

bridi e ive for difi such as alteration of a
h or i duction of a new ch into a cultivar, dictates
the choice of p inany b ding prog; Mon often the parents
are c!ole to each other ically and y belong to the same
, there are i when the parenu are only dis-

umly related -nd may also be reprod )] Such si i
are growing in , for desired ch are not (and need not
be) nlw.y: -vuhble in donely related taxa. ln ouch cases the choice of
y be li and is g by the ilability
of cbnruter(l) in a taxon; but '.he taxon in which the charmer is avail-
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able may be distantly related, and the hybrid may not be produced at
all, and even if produced it may not be viable or femle

In this article an of the probl d in
such situations and the hods to circumvent them are discussed.
1 ibility in angiosp has been known for about 200 years.

P

The very existence of these barriers between taxa has been used as a
criterion for taxonomic delumunona, but has been the cause of frus-

to plant breeders din fe of h (s) from one

taxon to another, as well as to evoluti bi i d in the
phylogeny of a group ol' taxa. Thc loluuon to this probhm has often
come from g , phy gists, and cytologists who have repeat-
edly ked this problem. C. dab) gress has been made, as
is evident by two fullwlength discussions on the subject by the Royal
Socmy ' d patibility in Angi "’ in 1975 and
ions of Genetic Sy in Plants' (Rm etal, 1981)—in

lddmon to a 300-page graph by Profi de N t(1977)

and a large number of research nnd review papers on the topic.

' II. INCOMPATIBILITY

Incompatibility is defined as the inability of the functional male and
fernale gametes to fuse with each other to form a viable zygote and a
hybrid (Arasu, 1968). Incompatibility is used here to refer to failure
of seed set after cither self- or cross-pollinations. Temporal and/or geo-
graphic separation (or isolation) of two taxa to be hybridized some-
times occur, but incompatibility should not be assumed in these cases.
Such problems have been solved by low-temperature storage of pollen
until required or by transporting pollen to overcome geographical sep-

There are when certain genetic changes may lead to
incompatibility between two taxa. Incompatibility between taxa, re-
ferred to as pecific i P Lnhty (or cross-i p ‘ilny) in
the literature, preve: i h incom-

patibility wnhm a taxon, , referred to as mm:peclﬁc (or self-} incom-
patihility, is an evolunonu'y strategy to promote outcrossing.

For ) N patibility can be discussed under
two broad titles: & pecific and i pecific. In the of crop
imp h i patibility b taxa is of greater con-
cern as it p the desired fer of genes. But investigations on
se p ..!.' ) n’hﬂxty, and some on mtenyeaﬁc in-

ibility, Jed that i of pallen g ion and

pollenmbemmhm:mﬂnmbozh 'l'heremzynhobeneommon
in Nicotiana, Pandey (1976) observed that
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alleles governing self-incompatibility are effective in interspecific in-
compatibility also.

A. SELF-INCOMPATIBILITY (INTRASPECIFIC)

About half of the ﬂowenng phm lpecles investigated so far have
been found to be self-i (de 1, 1977). Self-incom-
patibility is the rejection by a plant of its own pollen, or pollen from
the same genotype, before or after it has germinated on the stigma,
but mostly before fertilization. It is believed to be the result of an in-

teraction b the male g phyte (pollen gum) and the spor-
ophytic tissue of the pistil. f' ici have gni tnxa with either
a sporophytic or a g phytic ty of self-i patibility dependi

on whether lelf-mcornpmbnbty is controlled by the genotype of the
sporophyte (pollen parent) or that of the gametophyte (pollen grain),
respectively, Brewbaker (1957, 1967) found that in taxa with the spor-
ophytic type of lclf-lncornplublluy, the pollen grain is usullly three
celled at -mhem md is mhnbned on the mgmn, whereas in taxa with
patibility, pollen grains are two celled at an-
thesis and n is the pollen tubes that are inhibited in the style. This
seems to be the genera) trend, but there are a few exceptions (Brow-
baker, 1967).

During the last two decades there has been a great interest in struc-
tural and functi 8P of the i patibility reaction. In lplte of
concerted efforts by physiologists and biochemists, a precise interactive
mode! is still to be defined.

Raph sativus, Eruca sativa, Theris

1. Sporophytic self-incompatibility
Sberd neompaliOLith

amara (Brassi ), Cosmaos bipiy Helianthus annuus (Auenoeu).
and Ip spp. (Convolvul are well-k ples of the
sporophytic system of self-incompatibility, and in these cases incom-

patible pollen is mvmably mh:bned on the stigma, A phenomem:r}

"

correlated with this is the ch istic syr is and

callose in the form of lenticular deposits in the stigma cells in direct
contact with the pollen grain (Dickinson and Lewis, 1973; Heslop-
Harrison and Hellop-Hamlon, 1975), and this has been suggested as
abi . This is strongly suggestive of the fact that the
poﬂen and the puul do communicate with each other, Cy(odmmul
investigations have revealed that there are certain proteinaceous sub-
stances on the surface of the pollen grains (Heslop-Harrison et al., 1973,
1974; Dickinson and Lewis, 1973; Howlett # a/., 1975) as well as on
stigma cells (Mattsson o al., 1974; Heslop-Harrison et o/, 1975; Knox
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et al., 1976; Heslop-Harrison and Shivanna, 1977; Hexlop-leﬁuon.
1981). The pollen wall proteins are labile and diffuse within minutes
on the moist substratum of the mgmu or on agar gel (Hedop-H;rruon
etal, 1971) Theu diffusates from i patible pollen are p
g callose hesis in the stig ptllhe(" ki

and Lrwn, 1973; H:sloy-!-lumson et al.,, 1973, 1974). On-the other
hand, incubation of the stigma in a protem-dnguung enzyme (Heslop-
Harrison and Heslop-Harrison, 1975; Heslop-Harrison and Shivanna,
1977) or coating the stigma with concanavalin (a lectin) (Heslop-Har-
rison, 1976; Knox ¢ al., 1976) has been found to disturb the behavior
of even compatible pollen ;rum, ie., prevenun( the entry of pollen
tubes into the stig: tissue, logical and el phoretic inves-
tigations on B. oleracea stigma proteins have led to the identification of
the self-incompatibility allele (S allele) specific proteins (Nasrallah and
Wallace, 1967; Nasrallah ef al., 1970; Sedgley, 1974; Nishio and Hin-
ata, 1977, 1978, 1980). The most likely source of these proteins is the
stigma surface, as shown for Brassica (Heslop-Harrison # al., 1975).
Furthermore, it has also been reported that Brassica stigmas have a
factor that inhibits sclf-incompatible pollen in vitro (Ferrari and Wal-
lace, 1975, 1976).

The nature of the pollen grain in contact with the stigma papillac
determines the direction of the events leading to either pollen accep-
tance or rejection. The first event, viz., adhesion of self-i ible
pollen, is slower than that of the compatible pollen grains in B. oleracea
(Roggen, 1975; Stead « al., 1979; Roberts e al., 1980). This is fol-
lowed by the diffusion of the pollen wall proteim onto the stigma ac-
companied by imbibition by the pollen grains of moisture from stigma.
Stead et al. (1979, 1980) and Roberts # /. (1980) have proposed that
hydration of compatible pollen is different from that of incompatible
pollen. They have also suggested that there is a protein fraction re-
sponsible for pollen grain adhesion, and Ferrari ef a/, (1981a) have
shown that a hydrophmc mgrnnuc factor is xnvolved in pollen hydra-
tion. The next d ge is the ion of the pollen grain
and the growth of the pollen mbes. which are different in compatible
(see i by Heslop-Harrison,

and
1975& b, 1978a, ,b).

2. Gametophytic self- mmpanhluy

In taxa with g; i patibility, the |enotype of the
pollen (gametophy!e) ible for the i ty (see de
Nettancourt, 1977). The first observation of this kind of incompati-
bility was in Nicotiana (East and M lsdorf, 1925). S
other taxa, such as Petunia Aybrida, Lnlxmlaqﬂomm, Trgfohuapmm,
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and Oenothera organensis, have also been found to have ;Amelophync
selfomcomp-nblhty In these taxa the me of inhibition is usually the
nyle, and the stigma is Ily d with a date at the
time when polhnluon normally takes place; these are thus referred to
as wet-type mgmu Lipnds. sugars, phenols, proteins, and water have
been identified in the stigmatic exudfte of some taxa, and a role has
been proposed for each of these ‘components in stigma receptivity and
pollen germi In g the self-i ible taxa having
dry-type stigmas, proteins in the :tlgmnnc exudate of the taxa with wet
mgrnu have not been attributed with apeclﬁc roles in pollen recog-
nition and pollen germination. But proteins on the stigma surface have
been identified; these are lar and are p: on the stigma
paplllu during early stages of developmem The fact that the inhibi-
tion of incompatible pollen tubes in these taxa is in the style led East
(1934) to suggeﬂ that the inhibition is in some way analogous to the

g found in animals. This pti hn
d ‘im i s to propose hypoth on i

bduy uwmmg that prmelm are indeed the interacting molecules in-
volved in rejection or acceptance of the pollen tubes (see discussion in
Ferrari and Wallace, 1977; de Nettancourt, 1977; Heslop-Harrison,
1978a,b; Ferrari of al., 1981b). Whatever the mechanism, it has been
amply clarified that pollination tnggers a reaction characteristic of the
nature of the pollmmon Tlm is evndent from structural, ultrastruc-

.

tural, phy and b parisons of the p y
and mcompnnbly pollinated pistils.

In P. hybrida no apparent distinctions have been found between the
behavior of the and i ible pollen grains on the
stigma, or even of the pollen tubes within it, The differences are ap-
parent only when the pollen tubes have come in contact with the stylar
tissue (Sastri and Shi , 1980a; Shi and Sastri, 1981; Her-
rero and Dickinson, 1980b). In incompatible pollinations there may
be a reduction in the number of pollen tubes deeper in the styles, slower
rates of growth of mcompmble pollen tubes md heavy callose depo-m
along the pollen tube length at the tube tips such
as swelling, bursting, or bunchmg of the pollen tubes. Incompatible
pollen tube 'walls are much thicker than thase of compatible pollen tubes
(vander Pluijm and Linskens, 1966) Dufenncen have been found in
the pistil also. In 2. kybrida, for i o and Dicki (1979)
obn:rved thatina eompwbly pollinated pistil, starch and lipid reserves

are mobilized in the style faster than after incompatible pollination. In
ﬂnnmnpuihlypoﬂmmdpmﬂoflmmummm. it was found
that seif-incompatibie polien mu.led a ewnnemm organi-

zation of the rough endop (de N o al,
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1973a,b, 1974; Cresti f al., 1980), which is mhlbnory for protein syn-
thesir. A similar observation was also made in P. Aybrida (Cresti et al.,

1979).
van der Donk (1974a,b, 1975) reported dnﬂ'erences in protein and
RNA synthesis in and i patibly pollinated pistils. In

Nicotiana alata there are differences in peroxidase patterns correspond-
ing to the kind of pollination (Bredemeijer, 1974). A d 18 hr after
self-pollination in P. hybrida, floral meubolilel flow away from the
llaweu. whereas in compatible pollination the ovary continues to be
the major sink (Linskens, 1975). Deurenberg (1976, 1977) observed
that ovaries of crossed and selfed flowers revealed differences in pro-
teins 12 hr after pollination.

B. INTERSPECIFIC INCOMPATIBILITY

During speciation and evolution, populations differentiate to such
an extent that morphologically, physiologically md/or ically each
one b a distinct entity ing a ic status,

Reproductive isolation at some stage prevenu gene flow among them,
and the taxa are then described as incompatible with each other. In-
terspecific incompatibility has not been studied as extensively as in-
traspecific i patibility. H , it is k that there is some
similarity between the two kinds of incompatibility. Pollen tube growth
may be inhibited in the style, as can be seen in a self-pollinated pistil
of a taxon with the g phytic type of self-i patibility. In ad-
dition to the types of pollen inhibition met within 'elf-mcomp:nble
systems, the incompatible taxa may reveal other phenomena. In spite
of a | pollen germi and pollen tube growth, fertilization
between the rwo gametes may not occur; in the event of a normal fer-
tilization the resulting hybrid zygote may collapse any time before it
develops into an embryo or a seedling. Such a phenomenon may be
due to lethality [e.g., Gossypium davidsonii when used as a parent in
crosses with most Gesgypium taxa (Lee, 1981)], genic disharmony, in-
efficient endosperm as in several cases, or the failure of the embryo.
hafwnmthebyhidleedlandaeedﬁnpmfomed. which then
develop into plants, but these are sterile due to meiotic irregularities,
domtpmdueepmm mdmdonotfoﬂnfmmmdned-

can be d in one direction only and not in
tberaaprocaldueetian Suchoblervumth-veledtodaewnceptof
“‘unilateral incompatibility’’ as suggested by Harrison and Darby
(1955). In such instances it is often found that the pistil of a self-com-
patible plant did not have any inhibitory effect on the pollen of the self-
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incompatible plant; the reciprocal cross, however. was not a successful
one. Investigations on interspecific in Nicotiana by And

and de Winton (1931). followed up by Pandey (1964, 1976), revealed
that incompatibility in such cases was governed by a gene that also
effected the nll‘-mcompaublluy of the female parent. Martin (1968)

luded that patibility and self-incompatibility are
under the same genetic comrol

There is now another school of thought that iders i pecific

i patibility as a sep function with no interference by the fac-

tors controlling self-i p "ility. Hogenb (1973), based on

crosses between L. peruvi x L i l suggested that

the inhibition of L. esculentum pollen tubes in L. peruvianum pistils was
governed by loci different from those governing self-incompatibility.
From the same crosses de Nettancourt ef a/. (1974) arrived at a different
inference—that loci inhibiting pollen tube growth in this cross are either
closely linked to or are allelic to the § locus.

Interspecific incompatibility is believed to be controlled by one gene
or a group of genes and is often accompanied by zygotic and postzy-
gotic inviability. Therefore, based on time and site of incompatibility,
one or more of the following methods have to be critically selected for
creation of new hybrids, as has been done in several cases in the past.
It has to be emphunzed that the determination of the cause of incom-
patibility is an ial prereq for deciding upon or developing
a method for combining the two parental genomex Some of these
methods are indicated in Tables I-IV for some well-known crosses at-

tempted in the past.

III. CIRCUMVENTION OF BARRIERS

A. THE EARLY METHODS

The early realization vhn the mgml or the llyle acted as the barrier
to foreign pollen promp ds. These surgical
methods evolved from the observation by Jom (1907) that transversely
cut styles of two spécies, when placed end t0 end in.the form of a graft,
did permn d:e growth of pollen tubes. With reﬁnemenu, this method

d to that i
It is believed dm pollen grains of long-styled plants have poteumhty
for longer growth (Rangaswamy, 1963). For example, polien grains of
Nicotiana paniculata (whose styles are 2-3 mm long) are not successful
whenduudondmayles(~l°mm)d~mmmlm,whem;lhe
I cross was | (see Rang y, 1963). Such incom-
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patibility was overcome by grafting by Gardella (1950) in Datura and
by Davies (1957) in Lathyrus. Elegant grafting experiments by Hecht
(1960, 1964), in O. organensis revealed that self-incompatibility in this
taxon could be overcome by grafting a stigmatic part (compatible with
pollen grains) onto a stylar pan (mcompmbde with pollen grains).
Formnltely. the flowers and pistils in Oenothera are large enough for
such to be feasible. Similar exper by Straub in
Petunia violacea indicated that in a gnft of compatible~incompatible sty-
lar tissucs, length of the compatible partner determined the extent of
pollen tube growth in the incompatible partner (Straub, 1946, 1947).

These methods achieved a little more refinement in the experiments
of Swaminathan (1955), who ded the substitution of the nat-
ural stigma (causing incompatibility) with an agar-sucrose-gelatin me-
dium on the cut end of the pistil. Swaminathan md Muny (1957)
succeeded in making crosses in otherwise i p
in Nicotiana and Solanum. It was later realized that |urg|c:l operations
are not always necessary; in Brassica and Petunia the stigma alone, or
with some style, can be simply removed and self-pollen dusted on the
cut ends to obtain fruits and seeds (oee Maheswari, 1950; Frankel and
Galun, 1977). In fact, in B. oleracea injury of the stigma by a steel wire
brush is gh to break self-i patibility (Roggen and van Dijk,
1972).

B. BUD POLLINATION

_The idea of bud polhnlnon probably arose from the realization that
flowers of some plmu is inhibitory to
ulf-pollen The fact :!m in some taxa the gmas are ,
and that the younger ones are not p ibly p !
receptivity of i pistils to i ibl pollen 'runl One of
the earhel( of these was that of Yasuda (1934), who overcame »elf-
patibility in P. violacea by self-pollinating the buds; Attia (1950)
also succeeded in this way with B. oleracea. Linskens (1964) repeated
the experiments of Yasuda with P. hybrida and found that the inhibition
of incompatible pollen tubes was directly proportional to the age of the
bud. Similar results were obtained when buds of Petunia axillaris were

incompatibly pollinated (Shi and Rang Ys 1969). It was
also found that lmurinl the lugmn of Imds with stigmatic exudate
from patible d the of bud self-pol-
linati hi and R y, 1969). In all these studies and

(S
in those on Nicotiana alata (Pmdey 1963; Bredemeijer, 1976) it must
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be noted that the developmental stage of the pistil is critical for opti-
mum results. Pandey (1963) found that ln N alau. only buds at half

the length of the flower d polli-
nanon. younger or older b\ldl failed to do s0. In the same species,
ijer (1976) i igated pollen tube growth and pollen tube

length in “different stages of the pistils and found that in 3.5- w0 5 5-
cm-long buds the growth and length of patible and i

pollen tubes were comparable. It was only in the later stages “of de-
velopment that the pistil was able to discriminate between the two kinds
of pollen tubes. The results were nmdnr when pollmnted buds were
analyzed for seed ber per fruit (Bredemeijer, 1976). Investigati

on R. satwus, Cheiranthus cheiri, and Brassica spp. led to similar obser-
vations (Haruta, 1966; Shivanna e o/, 1978; Shivanna and Sastri,
1981).

There have been some attempts to explain these results. Bredemeijer
(1976) arttributed the success of bud pollination in N. alaa to the ab-
sence of a p ber 10) in the self-pollinated
buds; this particular i uoenzyrne has been observed in self-pollinated
mature flowers, suggesting that it is involved in the rejection of the
incompatible pollen tubes (see also Bredemeuer and Blaas, 1975). It

was suggested earlier that sub patibility are either
absent or are not eﬂ'ecuve ini e punl: (7 ) 1964). Nas-
rallah found that in i of B oleracea, p re-
sponsible for mcomplub:lity elther were absent or were present in very
low (N 1974; Nasrallah and Wallace, 1967)

The absence from buds of S-gene specific antigens being r

for the success of bud pollination was llso u\ppomd by nudxel of Shi-
vanna ¢t al. (1978) from their studies on R and Ch hus. Frac-
tionation of stigmatic extracts by isoel ic f g also led that

there are indeed some fractions present in the mature stigmas that are
absent from the buds of B. oleracea and B. campestris (Nishio and Hinata,
1977; Hinata and Nishio, 1978; Roberts et al., 1979). Such differences
were also apparent in P. Aybrida (Sastri and Shivanna, 1980a; Herrero
and Dickinson, 1980a; Sastri, 1981). Sastri and Shivanna (1980a)
found that the pistils of buds showed some protein bands that were
absent in the matire pistils.

Most of d:cn studies have been on taxa that nsyond to bud polli-
nation, and in all only scl patibility has been over-
come. A question that is wheth bud pollination can also be
extended to interspecific crosses. At the moment it is difficult 10 answer
this ‘because receptivity of buds in several taxa has yet to be investi-
gated. In some taxa it is known that buds are incapable of accepting
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even ible pollen, for le, Sinapis alba (Shivanna et al., 1978),
L long; ﬁanun (Ascher and Peloquin‘ 1966a), Crinum defisum, Ammyllu
vitlata (Shivanna and Sastri, 1981), Saccharum bengalense (Sastri and Shi-
vanna, 1979), and Arachis Aypogaea (D. C. Sum, unpublished). In these
and other taxa in which buds are not recepnve or are poorly receptive,
it has to be scen whether smearing the bud stigma with a medium such

as exudate from (Shivanna and Rlnguwnrny,_ 1969),
unother extract (anmel 1956). or a synthetic medium that is known
polien g can be of any help. However. Knort

md Dvorak (1976) ‘have suggested the possibility of using bud polli-
nation in interspecific incompatible pollination.

C APPLICATION OF PLANT GROWTH REGULATORS

It is a well-r d and pted fact that, like other morpho-
gen:m: phenomena. the ponfemhzmon changes leldmg o fruu for-
mation are dso under the inf] of plant growth
ina dently, or i bination (chh 1952) Elu-
cidation of hormonal ngulmon of fr\m and seed development has been
largely an academic interest. Also, the & ledge of these asp is
limited to such a small number of taxa that it is impossible to conceive
a widely applicable hypothesis. Diversity in fruits is too great to war-
rant a generd concept on hormond regulation of fruit and seed de-

igation of the postpollination
events does revenl dul thue are under hormanal control. For example,
Gilissen (1976) suggested that in P. Aybrida differences in the floral wile-
ing rates between patible and i patible pollinations are due to
the style, which causes pollination-specific changes in the hormone me-
tabolism. Sastri and Shivanna (1978) further showed that such changes
in Petunia can be reversed by altering the kind of pollination. Self-in-
compatibly pollinned Piltill of P. hybrida, when pollinated compatibly
up to a certain time, can form pods and seeds (Sastri and Shivanna,
1978). Incidentally, Hall and Forsyth (1967) observed that among dl
the floral parts, the stigma and style released the g
ethylene, a gaseous hormone douly linked with wxlrmg and npemng
processes of flowers and fruits. It is also known that the changes in the
flower due to incompatible pollinnnom are similar to those of senes-
cence and abscission. In fact, in some of the early attempts, hormones
were used to prolong the life of the flower, thereby effecting fertiliza-

tion and pr g the floral abscission (see R y, 1963). It
is therefore neeemry to find which hormones pmmote fruit develop-
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2. Ho and interspecific incompatibility
Achievement of pnr X apple hybndlnuon due to hormone appli-
cation marked the first step (Crane and Marks, 1952; Brock, 1934)

and stimulated a series of other investigati many ful but some
un:uccenl'ul 8-Naphthoxyacetic acid applied to the stigma promoted
| ger of i patible pollen in interspecific crosses

in Trifolium (Evans and Denward, 1955). Dnonne (1958) lpphed adrop
of (2,4- dlchloraphenoxy)ueuc acid (3-6 ppm) to ovaries 24 hr after
interspecific pollination in Selanum and obtained normal fruits lnd
seeds. Incompatibility between Phaseolus vulgaris and Phaseol
was overcome by applying a mixture of n-phthdene acetamide and
potassium gibberellate (Al Yasiri and Coyne, 1964). Nicotiana repanda
was crossed with Nicotiana tabacum by applying a lanolin paste of IAA
(Pittagelli and Stavely, 1975). Hybrid in the cross Corchorus capsularis
% Corchorus olitorius was not obtained until 300 ppm of IAA was applied
to the pedicels of flowers (Islam, 1964).
Hormone apphcmon was also used lucceufully for certain inter-
By ion of 2,4-di followed by
an apphcmon of glbberel!m. Kruse (1974) dcmonnn(ed that Hordeum
species could be crossed with species of Avena, Phleum, Dactylis, Alope-
curws, Triticum, Lolium, and Festuca. Bajaj ¢t al. (1980) obtained cultur-
able embryos in the cross Hordeum vulgare X Secale cereale by bathing
pollinated spikes in a solution of a mixture of gibberellin (25 ppm) and
kinetin (0.5 ppm) solution. Larter and Enns (1960) had found that
gibberellic acid pr d better develop of hybrid barley embryos
in vive. It was also found that a combination of gibberellic acid (25
ppm) and IAA (1 ppm) promoted pollen tube growth and ovary de-
velopment in barley (4x) X rye (2r) crosses (Lmer and Chaubey,
1965). Successful use of gibbenlhc acid (75 ppm) in an H. vuigere X
Hordeum bulb cross (Subral yam and Kasha, 1971) was dem-
onstrated in a range of i pecific in He de (s
yam, 1979). Plckermg (1979, 1980). however, was not successful in
getting hybrids in an H. vulgare X H. bulbosum cross. Ponpollmmon
treatments of gibberellic acid (75 pprn) gave successful results in Agro-
pyron junceun X Triticum aestivum (Alonso and Kimber, 1980), barley
X wheat (Fedak, 1978; Islam e al., 1976), T. aestivum X Elymus gi-
ganteus (Mujeeb-Kazi and Rodriguez, 1980), and H. vulgare X T. aes-
Houm (Mu_peb-Kuu 1981). Mujeeb-Kazi and Rodriguez (1982)
cmmder dm in lddmon to a postpollination treatment, a prepollina-
1i of hylamine as given by Kruse (1974) could
halpm nedn‘mmL ) in H. vulgare X Elymus can-
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ademsis hybrids. The author’s recent experience has shown that hor-
mones, pamcuhrly pbberelhn and kinetin, can be used in

in the genus Arachis (Singh ¢ al.,

1980; Sastri and Moss, 1982; Sastri ef al., 1981, 1982). These nudnel,
along with others (Table 1). therefore mdu::te that hormones have

Tasee 1. Use of h for hybridization in i ible crosses
Croas Hormone used References
Agropyron X Triticum sesti- Gibberellic acid Alonso and Kimber
(1980)
Arachss hypogaea X Arochis Sastri and Moss (1982);
sp. P.I. No. 276233 Sastri «f al. (1981)
A hypopaes X Arachis gla- Gibberellic acid, Singh «f al. (1980)
brata kineun,
A. hypogees X Arachis pusilla  1-naphthylacetic acid,  Sastri of al. (1982)
A. hypegaea X Arachis sp. indoleacetic acid,
Coll. No. 9649 1-naphthylacetic acid

Arachis monticola X Arechis
sp. P.1. No. 276233
Corchorus olitorius X Corcho-

rus caprularis
Hibiscus cannabinus X Hibis-

Indoleacetic acid
Indoleacetic acid

2,+-Dimethyk

ous

Hordeun x Alop Hor-
deum X Aoma, Hordeum
% Dactylis, Hordeum X
Festuca, Hordewm % Lol
ium, Hordeum X Phisum

Hordeun % Triticum

Hordeum vulgare % Secale
cereale
H. oulgers % T. cestium

Pyrus X Malus -

Gibberellic acid
Gibberellic acid + kine-
Gi.b':enllk acid
Indoleacetic acid

Naphthalene acetamide
4+ potassium gibberel-
inte

(2,4-Dichloroph y

acetic acid
ic acid

B-Naphth
P

Islam (1964)

Kuwada and Mabuchi
(1976)
Kruse (1974)

Larter and Chaubey
(1965)
Bajaj # al. (1980)

Fedak (ma) Tolam «
ol. (197

Pittagelli lnd Stavely
(1975)

Al Yasiri and Coyne
(1964)

Brock (1954); Crane and
Marks (1932)
Dionne (1958)

Evans and Denward
(1955)
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profitably been used in some i pecific and i i

ible crosses. It is not yet clear as to what is the precise role of the
hormone used in such investigations. There are suggestions that in
instances of retarded pollen tube growth and prefertilization abscission
of the flower, hormones mllmlin the flower until the pollen tubes have
grown long gh to discharge the rnale in the vicinity of
the fernale it is also d that h may 1
the mcompauble pollen tube g'rowth in the pistils so that fertilization
can take place before the flower has abscissed, but the hybrid zygote
obtained this way may not develop any further or may not devclop
fully. In such cases embryos from immature fruits have to be excised
and cultured for raising hybrid plants. Islam (1964) had to combine
hormone treatment with embryo culture for interspecific hybridization
in Corchorus. Similarly, Bajaj et al. (1980) had to culture embryos from
a few developing ovaries on Hordeum spikes after they were pollinated
with Secale and treated with hormones. Napier and Walton (1981)
sprayed the spikes of Agrogyron species with an aqueous solution of gib-
berellic acid (50 ppin), naphthaleneacetic acid (50 ppm), and 6-(y,v-
dimethylallyamino)purine on alternate days until harest and ob-
tained less than 10% fruits from 15 interspecific crosses, and embryos
from them had to be cultured to obtain the hybrid plants. In some
interspecific incompatible crosses in Arachis, hormone treatments stim-
ulate normal postpollination changes but only to a certain extent and
not to maturity; in fact, ovules develop very slowly and from them
embryos have to be cultured to obtain hybrid plants (Sastri et al., 1981,
1982 Sntn and Mnu, 198 ).

i were used. A hormone
m.y be applied as a rpruy (as an aq with or a
wetting agent), injected, or applied in lanolin, or a solution may be
applied to cotton wrapped around the ovary. More than one appli-
cation may be necessary. Islam (1964) observed for Corchorus crosses
that lanolin application was better :hln _wrapping the pedicel with a
cotton piece soaked in a h In to this Bajaj
ot al. (1980) found that wrapping spikes of Hordeum with hormone-wet-
ted cotton led to fungal infection and therefore was inferior to the
method of bathing the spikes in hormone solution.

Obviously, fruit and seed morphogenesis is a complex process and
is under a complex regulation, and it is still too early to attribute pre-
cise roles to hormones in such a process. However. there has recently

gremnmzrutmdwmleof‘ inlh.n lop !thu
long been known that certain h duced in d
fruits and seeds of many species and :h-tnedsmdwmnjorwumes
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of these hormones (Nitsch, 1952). Cytokini for
and Carr, 1970; Smith and van Suden 1979). are luggeﬂed to stim-

uhteboth:heoell‘ ision and the assi mgrowmgem

y tissues. In d ing Lupinus elbus seeds, the endosperm is

rich in cytokinin, and this fed Davey and  van Staden (1979) to suggest
ds upon this cy for its g

that the embryo d
and Cionini (1979) also suggested that there was a cytokmm require-
ment by young ernbryoc of Phnnlm atmlﬂu It has also been shown

that in i Ph P does not develup
normally and has much lmr level. of cytokinins than does
from self-polli (N g and Morris, 1979). Cytokini Ievell
seem to be critical for a ‘embryo‘ | H

hether an g supply of cytokinin in this cross can prevent the
embryo deg ion and p its g h is a matter still to be
investigated.

D TEMPERATURE AND INCOMPATIBILITY

Temperlmre is known to be an important factor in induction of
flowering in a large number of taxa (Warcing and Phillips, 1978), but
ulauvely little is known about its role in floral changes leading to fruit

High are known to reduce pollen viability (see
Shivanna e ol., 1979; Stanley and Linskens, 1974; Johri and Vasil,
1961; Johri «t al. B 1977). and low temperatures have been known to
prolong the life of pollen grains. High or low temperatures also cause
poor pollen germination and poor pollen tube growth (Savitri ef al.,
1980; Kuo ¢t al,, lf98!)‘
the of i

ibility, and self-i ibility in partic-
ular, there have been some rep: in which ised s were pol-
linated and incubated at different for i of

polien behavior. Later, intact flowers on  the plants were also lubjeﬂed
to temperature effects. Although there is a lack of knowledge of the
mechanisms of the effect of temperature either on the pollen or on the
pistil, high temperatures have been shown in a few instances to weaken

or break down seif-i bility, par & phytic self-i
compatibility.
In O. Mumdhunm self-incompatible tubes grew well
n 15°C. but were i ik M p (Lewis, 1942). In
P tubes were not af-

&ewd by the nnge ol’mpeumm mvean‘nted (10-39°C), but com-
patible tubes grew faster at higher temperatures (Bali and Hecht, 1965).
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QOenothera organensis pistils pmmted with hot water at 50°C for 5 min

failed to discriminate from i patib) pollen tubes
(Hecht, 1964). Bali (1963) made similar observations on O. rh

and also found that for the inactivation of the incompatibility reacnon
the pollinations had to be done i diately after otherwise
the treated pmils would gndu:lly recover the ability to discriminate
F and i ible polien tubes. Kwack (1965)

howed that similar p. tof 0. g is pistils for even 3 min
kened the i patibility ion but pretr for 5 min was

more effective. Lilium lngylmm pistils (both detached and intact) re-
acted similarly. With increase in temperatures, detached pistils of L.

supported better growth of sclf-incompatible pollen, so much
so that above 39°C incompatible and compatible pollen tubes were
indistinguishable (Ascher and Peloquin, 1966b), but incubation at
39°C did not overcome interspecific incompatibility (Ascher and Pel-
oquin, 1970). A pretreatment for 6 min in hot water at 50°C was found
to be optimum for the best g h of self-i patible pollen tubes,
and higher temperatures (even 55°C) adversely affected both the com-
patible and incompatible pollen tubes (Hopper ¢f al., 1967). Trifolium
Aybridum showed sclf-incompatibility at lower temperatures (Town-
send, 1968). Self-incompatibility in Trifolium was also weakened at
40°C (Kendall, 1968). It was found that incompatible polien tubes grew
longer in styles of T. pratense flowers that were developed at 40°C than
in those developed at 25°C (Kendall and Taylor, 1969).

In Petunia self-incompatibility was overcome by hlgher temperatures
(Straub, 1958; Takahashi, 1973; Li 1975). Furth e, in P.
hybrida it was shown that incompatible pollen grains that were devel-
oped at higher temperatures prior to pollination produced longer pol-
len tubes than those that were developed at lower temperatures (van
Herpen and Linsl 1981). Incubations of fresh anthers in petri
dishes at 40°C for 60 to 90 min, or at 50 °C for 30 and 60 min, with
or without a prior subzero temperature treatment (—20°C for 24 hr)
were effective in breaking self-incompatibility in Lilium longiflorum
(M: b 1980). Matsubara found that treatment for a shorter du-
ration was more effective in producing seed. Coupling hlgh-mnpeu-

lugh

ture treatment with —20°C for 24 hr prod
percentage of frum whoue seeds were heavier than thote formed in
fruits after i The were

found to be more efficacious than lpphcltlon ofa ﬂoul organ extract
to the stigma (Matsubara, 1981).

‘Temperature is therefore an impormn factor that can alter incom-
patibility. For some of i patibility has
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B

largely been confined to self: ibility in spp. (Visser,
1977), Chrysanthemum sp. (Ronald and Ascher, 1975), Nemesia strumosa
(Campbell and Ascher, 1972), Oenothera spp., Petunia sp., R. sativus
(Matsubara, 1980), and Trifolium spp. Even in these taxa, genotypes
sensitive or inscnsitive to temperature treatments have been recog-

nized. In some of i pecific i patibility, heat treat-
ments have been given but the results have not been encouraging. In
some interspecific in Robbel (1960) found 15°C to

be the optimum temperature for pollen germination. But investiga-
tions on crosses between B. campestris and B. oleracea revealed that 25°C
was better than 15°C not only for pollen germination, but also for
growth of the polien tubes, some of them even reaching ovules (Mat-
suzawa, 1977).

E RECOGNITION POLLEN AND INCOMPATIBILITY

The “recognmnn pollen effect,”’ also called the mentor palien effect,
has evolved in pnncnple from Michurin's (1950) work. A mixture of
and i ible pollen on a stigma had a stimulatory ef-

fect on incompatible pollen This phenomenon was also observed by
Glendinning (1960), Wu (1955), Tsitsin (1962), Sarashima (1964), and
others (see Ramulu et al., 1979). A definite role of mentor pollen in
incompatible crosses was clarified when Sten.ler (1968) produced hy-

brids between patible poplar sp by g live i
pollen with y-irradiated (killed) patible pollen. The realization that
the pollen wall is a physiologically active structure (Tsinger and Pe-
tmwklyl-Bnlnovn. 1961) led Knox « al. (19721 b) to propose a
h for patibility and to illustrate
thu by upemng Stettler’s (1968) hyhndxntmn experiments on the
cross, Populus deltoides X Populus alba
In this method, pollen grains of a companble parent are killed and
mixed with live incompatible pollen grains before pollination. The in-
viable pollen is called recognition (or mentor) pollen. The killing of
the compatible pollen has been achieved in various ways. The pollen
grains have been stored (Knox ef al., 1972a,b; Sastri and Shivanna,
1976a, 1980b), frozen and thawed repeatedly (Knox e a/.,1972b),
treated with anhydrous methanol (Knox #f al., 1972b; Sastri and Shi-
vanna, 1976a,b, 1980b; Taylor « al., 1980), or irradiated with lethal
doses of y rays (Stettler, 1968; Knox #f ol., 1972a; Stettler and Guries,
1976; Guries, 1978; Ramulu ¢ al., 1979; Howlett #f al., 1975; Stettler
o al.,. 1980).
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The success of y-irradiated poﬂen as mentor pollen was first dem-
onstrated by Stettler (1968) in the i pecific cross b P. deltoide
and P. alba. Populus alba pollen does not even germinate on the mgrm
of P. deltoides, hence the incompatibility between the two species. ¥+
Irradiated pollen grains of P. deltoides mixed with live pollen grains of
P. alba lppammly stimulate the incompatible pollen grains to germi-
nate on the stigma, leading finally to formation of fruits and.seeds in
this interspecific and otherwise i ible cross (Stettler, 1968).
Knox et al. (1972a, 1972b) repeated this cross and obtained hybrids
not only by the use of y-irradiated compatible pollen mixed with live
incompatible pollen, but also by the use of other methods to imctivue
the compatible pollen. They found that ge at
or repeatedly freezing and thawing the compatible pollen, was also an
effective means of pnpmng mentor pollen (Knox et al., 1972b). Cosmos
bipinnatus and R. mwu.r uxa wnth the sporophytic type of ulf-lncom-

pnxblhty. p the i patible pollen is inhibited
on the stigma.
Subsequently, it was shown that phytic self-i ibili

could also be overcome by using methanol-treated compmble pollen
as mentor pollen in P. h)bnda (Sastri and Shivanna, 1976a, 1980b) and
by using y-irradiated pollen in N. alata (Ramulu et al., !979) Dnyton

(1974) had de ‘thn dm hod could be ly

for o i patibility in apple also. How-
ever, m lpple. pnr and thelr crosses, mentor pollen prepared either
by or by vy ir ion was found to be ineffective
(Visser, 1981). It lhould be mentioned that in P. hybrida, self-polli-
nation of buds produced a higher p ge of fruits with a hrger
number of seeds than were prod d by the pollen d (see
Shi and Rang y, 1969; Smn and Shivanna, 1980b). Fur-

thermore, in a strictly self-incompatible plant such as P. kybrida, men-
tor pollen prepared by methanol treatment was found to be ineffective,
but its leachate, when applied to the stigma before self-incompatible
pollination, gave a low percentage of fruits and the number of seeds
set per ) ble to that obtained by self-pollination of
buds (Sntn md thvanm, 1980b). In another taxon, N, alata, with
ytic self-i tibility, the ber of seeds formed per fruit
was much greater after ‘bud pollmauon (we lredemeuer, 1976) than
was obtained by pollinating the with a of men-
tor pollen and mcompluble pcllen (see ernulu dal, 1979)
Efficacy of this d in some i pecific in-
- compatible crosses. I.nCumu in each of the crosses investigated,
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about 50% of flowers pollinated with pollen mixture produced fruits.
In all but one cross camhmmon. ovules were larger, with well-formed
embryo sacs and globul to untreated incom-
patible polhm(iom. whnch dld not m any fruits (den Nus lnd Oon,
1980). In S pollen
prepamdby hanol of le pollen timul ‘ger-
mination of meompmble pollen on the mgma as well as penetration
into the stigmatic tissues (Sastri and Shivanna, 1976a). In this cross,
however, no fruits were obtained b the i patible pollen tubes
that entered and the stylar tissues were not normal and were soon in-
hibited (Sastri and Shivanna, 1976a).

There are reports that mentor polkn was ineffective in overcommg
self-i P Llhty in B np (Smn and Shivanna, 1980b), O

and a x L (Ra-

mulu # o, 1979) md in avenommg mtenpeciﬁc xncompmbuhty in
eight crosses of Ipomoea (Guries, 1978), Trifolium (Taylor ¢ al., 1980),
and Festuca arundsnacea X Dactylis glommk (Marzk, 1981).

Althongh there arc only a few cases in which different methods of
preparing mentor pollen have been used in the same species, there are
instances in which use of a specific method is crucial to the success in

overcoming patibility. Self-i patibility in R. sativus can be
ovemmbymingme poll d by but not that
btai (Sutn ‘and Shivanna, 19&0!:) The
pollen P ,. d either by ge or by h
was not effi -i ibility in B.
(Sutn and Sluvannl. 1980b), but Roggen (1975) nucoeeded with a
, B. ol , by using p pollen | on the

stigma before nlf-polhnauon Differences in the efficacy of methods
for pmpanng remgnmon pollen were alao ev:dcm in P hybrida. In a
strongly self-i p plant, pollen was
not eﬂ'emve, but the ible polien Jeach were effective in over-
coming nlf-mcompmbdlty (Sastri and Shivanna, 1980b). The com-
patible pollen leadur.es were as effective as the mentor pollen prepared
by storage, by rep g and th , by 7 irradi or by
thanol in 2 tenpec:ﬁ: mcompuibﬂit in Pop-
ulus (Knox « al., 19721 ,b) and aelf- -incompatibility in C. bipinnatus
(Howlett et ol., !975) It may be menuoned here that the incompatible
pollenlnchmswem-hlcmdkh 7 ion in Tberis st
mﬂn(hdﬁefomofnﬂond:pnu)junudnmmmmblepoﬂm
grains do (Heslop-Harrison stal., 1974). It is therefore suggested that for
mmpﬂmwbeMveinmmh(hwmpuihimy, the meth-
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ods for its production have to be j ly selected. In i
which only one method has been tried and found unsuccessful, rnemor
pollen prepared by other methods should be tried.

When there has been success (Table 11), it has been attributed to
the carly interaction between pollen and pistil (Knox e a/, 19723)
Stettler o al. (1980) reexnmm:d the mentor pollen effects in some in-

of ging to three of the five sections of
the genu: Populus. They suggested that the success is due also to the
fact that ovule and ovary are h d by killed patibl

pollen but not by incompatible pollen. That pollination provides a
stimulus is evident from experiments of Illics (1974), who obtained
haploids from pollinated pistils of Populus treated with toluidine blue.
This dye arrested the pollen tube growth halfway through the styles
and still the ovaries developed.

The strength of incompatibility and the extent of crossability of a
parent that is the source of mentor pollen are other critical factors for

‘TanLe II Successes and failures in overcoming incompatibility
using recognition pollen

Intraspecific
Sporophytic Gametophytic Interspecific
Successes
Cosmos bipinnetus Malus (Dayton, 1974y Populus (Stettler, 1968;
(Howlent et ol , Petusia Scettler and Guries,
1975)04 (Sastri and Shivanna, 1976, Stetder « ol.,
1976by~ 1980; Knox e al.,
19728,by <4
. Nicotuna alaia Sesamum (Sastri and
(Sastri and Shi- (Pandey, 1975, 1977, Shivanna, 1976ay
vanna, 1980by* Ramulu o o/, 1979y
C Arachuis (D. C. Sastn, un- Cucumis (den Nijs and
(Roggen, 1975y published)’ Oost, 1980y
Failures
Brassice comp On (Ramulu  Jpomess (Guries, 1978y
(Sastri and Shi- aal, 1979)' Trifolsum (Taylor ot ol.,
vanna, 1980b) I,m(lmulunal, 1980y
1979y
Py . & by v i
) N 1 by repeated freexing and thawing
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success. Pandey (1977, 1979) reported that mentor pollen had a pro-
motive effect in individuals with weak incompatibility but not in in-
dividuals with strong incompatibility.

W"”"‘“‘WW
ibflity in N. alaza by the use of v-

irradiated pollen (100 krad Co), l’andey (1975, l978. 1980) obtained
some unusual results in addi ibility.

He observed that certain chmctm were tumferred by mentor pollen
and this process has been called a specialized form of ‘‘sexual trans-
genosis.”” Pandey (1975 1979) suggested that a high dose of i mmzmg
radiation transforms the ve nucleus into a ber of small
chromatin fragments, and this was confirmed by Grant « al. (1980).

It was also shown that there is a lack of metaphase orientation and the

failure of division of the g ive nucleus during in vitro germination
of t.he wrtduted polien grum By using this method a small number
of di y were ob d that bled the female parent in

a m_,omy of characters but showed a few characters from the parent
of the irradiated pollen. Jinks ¢f al. (1981) have repeated Pandey’s ex-
peﬁmenu in the same :pecies and have arrived at similar conclusions,
suggesting a novel d for in vive tr genosi These observations
have opened & new method for incorporation of segments of paternal
into the thereby f g the lat-

F. IMMUNOSUPPRESSANTS AND INCOMPATIBILITY

Bates and co L i d a novel pt in the light of pos-
sibilities of wide hybnd:atwn Based on other reports that there are
some organ-specific -nugem (Wright, 1960) and on the existence of
phytohemngglunnm: in plum, B-tu and Deyoe (1973) suggested the

g mtha!mmn'mnunnl
lynem‘l"heyenlledﬂm ific inhibiti ion’’ (SIR),
bmthmusuﬂnodinctevndwoefonheuiﬂenuofﬂkmphnu
H , they initiated wide hybrid in which cer-
tain animal-effective i were used. These were ¢-

nmmoupmc acid (eACA), chlormphenwol ld'lﬂl\ﬂn, salicylic acid,
and gentisic acid. Success rates varied
€ACA Imng the most effective. The results obtained have not only
supported the hypothesis upon which these trials were initiated, but
hnedcomuemdmwaysof‘ king the i ific bility
barriers. The crosses in which mbryot were obtained were durum
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wheat X rye, barley X rye, barley X triticale, barley X oats, and
maize X sorghum (Bates ef al,, 1974). In the untreated controls even
fertilization was not observed. Bates ¢f al. also reported that progeny
from barley X rye, dumm wheat X barley, and bread wheat X barley
have been adv d to F,

The results (see Bnel. 1974) with this novel group of chemicals did
stimulate a few other workers, and a few reports published to date are
encouraging. Tiara and Larter (1977a,b) observed that ¢éeACA stimu-
lated embryo d ', mexmm rgid! xSumlccro-m In
all these experi essant was applied to
the leaf axils a few weelu before pouuunon

In the interspecific cross between Vigna radiata and Vigna umbellata,
€ACA (100 ppm) applied asa foliar spray to !he sced 1 parent was twice
as effective as the Asian R ch and
Development Center, 1976). In the same cross B.ker ot al. (1975) found
that an injection of 250 ppm of ¢eACA into the internode of maternal
plants gave optimum results. Foliar spray of eACA (100 ppm) applied
for 14 days starting at, or earlier than, the premeiotic stage of flower
development to two cultivars of Vigna radiata delayed but did not pre-
vent embryo abortion in V. radiata X V. umbellata crosses (Chen aul.,
1978). Embryo abortion could also be prevented by defoliating th
plaml 4-6 days after pollination (Chen aal, 1978). a procedure de-

d for P. x P him and Coyne

(1975) More recently, Mu_)eeb-Km (198!) has shown that in Triticum
i X S. cereale €ACA ion not

given) of 7. mbm'ﬂomsbrl»dlylnherpdﬁnnm reduced em-
bryoneovery&m”Sml&Qﬁ but increased the number of ova-
ries with both embryo and endosperm formation from 11.4 to 18%.
In this particular cross Mujeeb-Kazi has also shown that crossability
unﬂ‘ectedbythzmu’onmmmwh:chthefemdepuennmmwn
and maintained. In F. di x D. gl cross, h , eACA
treatment (concentration not given) was not effective (Matzk, 1981).
‘l‘bmchemnhwmprubublynpcymdonofm;onulmr

number of taxa, with gi ibility; chemi with si
effects can be tried. Abeuerundemndmgofcbemodeofmbnof
these chemicals must be obtained to the effe of their
use in p g other desirable but i patible

G. MISCELLANEOUS METHODS

In addition to the p di ethods, each of which has been shown
to be effective in more than one taxon, there are certain other methods
that have been developed and applied to one taxon only (Table I1I).
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Tasz 11 Miscell hods in intraspecific (S1)
or interspecific (1S1) inmpndhlhty
Type of
Method T /e . e Refe
Organic solvents Brassca eleracea S1 Ockenden (1978)
Popuius 181 Willing and Pryor
(1976)
Humidity Brasnice oleracen SI Ockenden (1978)
Electric-aided polli- Bressics sp St Rm:n wal
(1972)
pp Maize X sorgh 181 Bates (1974);
Bates and De-
yoe, (1973)
Vigna st Bates ot ol (1974);
Chen o ol.
(1978)
Lycopersscon, Triti- 181 Kesicki (1979)
N-m-Tolyphthalmi Brassica pekis 181 Honma and Hecht
acid, P-m-toly- % B, oleracea (1960)
phthalmic acid
co, Brassics spp. SI Nakanishi ¢ o/
(1969); Nakani-
shi and Hinata
(1973)

Frelhly opened flowers of Brassica spp., when exposed to 3-5% CO,,
as self- ible to a certain extent, ulthough there were

diffe ding to the g or the igated (Nak-
anishi « ol., 1969; N.ka.nichu and Hm:n. !973) In 8. dcmn self-
incompadbllity was also overcome by *‘electric-aided pollination®’ in
which an electric potential difference of 100 V was npphed between
pollen and stigma (Roggen « al., 1972). The efficacy of this

mthnnxon.a:pmnedunednumberperpoﬂmwn.uwmpnlbk

NML"byother hods, such as decapitated pistil pollina-
uon,budpulh i '] and
In i cnnumhpulur eenunorgnmc-olvenu(ethylue-

tate and hexane being the most effective ones) were applied to stigmas
and hybrids were obtained (Willing and Pryor, 1976).

H oznz'm': AND CYTOLOGICAL MANIFULATION

Mmpﬂmndﬂwhmmtmm&enkmmd
incompatibility, and there are a of g or cy rea-

sons for failure to produce hybrids or to achi .enetnm-
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fer. These will be mentioned hneny before conndeﬂng in vitro methods,
which have become i for ific transfer,

Differences in number of chromosomes and/or ploidy differences in
two species to be croused can be strong factors, preventing hybridi-
zation between them. The taxa involved may have the same chro-
mosome number, such as Trifolium repens and Trifolium ambiguxm (2n
= 32) (Williams, 1980), yet they cannot normally be crossed.

In many diploid x tetnplcid crosses within or between species, the
endosperm collapses, causing early embryo abortion (Brmk and
Cooper, 1947). Johnston « ul (1980) pmpooed that in such mmm:el
plo:dypefleunmthe wthemnnL

is due to a iation of genome ratios
from 2:1 in the endosperm. In this hypo«helil the genome of each spe-
cies has to be mgnedllpauﬁcvdufnr(hemdowm irrespective
of the ploidy levels of the p 1 species. By g these num-
bers, Johanston and Hanneman (1932) hnve succeeded in producing
hybrids between some diploid species of Solanum that cannot be crossed
otherwise, It appears that results from a few interspecific crosses, such
as Solanum, Gossypium, Lycoperson, Datura, and Avena, can be ex-
phmed by this hypotheul (Johnston « ai., 1980).

Elimination of chromosomes of one of the parents is another prob-
lem emfn em:ounmd in vnde crosses, and this has been profitably

loids in Hordeum (Subrahmanyam,

1979)

‘These problems have been tackled largely by strategic mnipuhuon
of chromosome numbers and ploidy level. Increase in ploidy level has
often been achieved by using colchicine and certain other chemicals,
wmm«mnmpbdyhnhecnuwbthm

and/or by anther and pollen culture or by some chemical treat-
ments (Illies, 1974).

When two taxa cannot be hybridized, a third taxon crossable with
one of them has often been used as a bridge for transfer of character(s).
Examples of such bridge crosses are found in Nicotiana, Triticum, Cu-
md&hm(nembyﬂndkymepmium, 1980;
Stalker, 1980). The scarch for genetic control of crossability and chro-
wpﬂmufcun&m?hﬁmwmdmmmﬂmt
taxa. Crosses should be pted with as many
Mythdﬂzmtqﬂdvmmydwwvmmﬂnywhhu-
other species. Such differences have been observed in N. tabacum cul-
tivars (Pittagelli and Stavely, 1975), Trifolium nigrescens (Hoven, 1962),
MW (Harlan and de Wet, 1977).-16-000 Triticum
sestivwm genes controlling crossability have been identified as Xr/ and

pE
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Kr2 and are located on the 5B ch The domi alleles of
these genes in genotypes such as in the variety Hope interfere with the
pollen tube growth in the micropyle in 7. aestivum X S. cereale (Jalani,
and Moss, 1980, 1981) and T aestivum X H bulbosum (Snape et ol ,
1980) crosses. The 5B chromosome of wheat also carries a gene (Ph)
that restricts pairing. By eli ing this ch (C on,
1979; Thomas, 1981) or by wppnumg the u(wuy of the Ph gene by
AW :pdmdu genotypes (Riley « cl 1968), it has been possible to
increase pairing and ion between g

Details of these and other asp of genetic and cy ol gical
ulations have been listed and discussed often and are not prelemed
here. The papers of Stalker (1980), Rees ¢f al. (1981), Peloquin (1981),
Hadley and Openshaw (1980), Thomas (1981), Riley et al. (1981), and
Driscoll (1981) are suggested for consultation.

1 THE in Vitro METHODS

The in vitro hods are i gly being 1
wchmquel for the phm breeder mterelted in mvenpeciﬁc hybndm-
tion and in over ibility, A in n vitro tech
have been providing opponumuel for sexual hybridization and, more
recendy. for p-ruexud hy by pr plast fusion or for gene

viruses, or otherwise,

Sexualhy‘ idizati byt.hen hod! P ! of em-

, ovules, or ies from i ibl in which embryos

orovule-donotdevelopﬁnﬂyaﬁermde‘ bridi by

means. The first successful culture ofembryol was from the cross Linum
perenne X Linum austriacum (Laibach, 1929); there are now over 40
crosses in which hybrids have been obtained by culture of embryos
(see Raghavan, 1977, and Table IV). In many instances, however, the
embryo degenerates when it is too small to be dissected out for culture,
In these instances, ovule or ovary culture facilitates hybrid production
- (8 , 1981). Takeshita et al. (1980) have compared the effective-
ness of embryo culture, ovary cuiture, and ovule culture from some
interspecific crosses involving species of Brassica and R. sativus. They
found that in some crosses ovule culture was better than cither embryo
culture or ovary culture; this was particularly true when B. oleraces was
one of the (Takeshita ot al., 1980). Ovules from interspecific
crosses in (Stewart and Hsu, 1978) and ovaries from inter-
Mmmmammm. 1978, 1979) have been cultured

and hybrids obtained




‘TABLE IV. Some interspecific hybrids by embryo culture®

Cross

References

Acgilops squarvesa X Triticum bovoticum

Agropyron trukuskionse (6x) X Hovdewm bul-

bosam (4x)
Adnwxoﬁldulp P.l. Na.
276233

Festuca X Dactylis plomerata
Hibiseus asper X Hibiscus connabinus
H. aper X sebdariffe

Gill « ol. (1981)
Shigenobu and Sakamoto (1981)

Sastri and Moas (1982); Sastri of o/
(198

Mujeeb-Kazi and Rodriguez (1982)
Matzk (1976)

Kuwada and Mabuchi (1976)
Kuwada and Mabuchi (1976)
Brink o o/, (1944)

Arisumi (1980)

Nitzsche and Henning (1976)

De La Tour o ol (1978)

Thomas and Pratt (1981)

Williams and De La Tour (1980,

Williams (1910? 1980)
Williarma and Verry (1981)
Phillips « /. (1982)

“In addition to those listed by Raghavan (1977).

Both female lnd male gametophytes have been cultured together in
witro, so that ion, fertilization, and postfertilization changes
leading to formation of hybrid seed or seedlings are all achieved in the
test tube (R , 1977; Zenkteler and Melchers, 1978; Zenk-
teler, 1980; Stewart, 1981) Of 22 interggeneric or uueupeuﬁc com-
binnmm, 5 l‘omed seeds with viable embryos, 13 with immature
embryos, 2 sh d only end fe jon, and 2 only fertilization
(Zenlmder 1980). The test-tube fertilization nnreﬁnemem of the ex-
periments of Kanta and iates on ian pollina-
tions in some bers of Papa (Kanta, 1960; Maheshwari
md Knn. 1961). R
‘to ﬂmmmumhodnmofom:beimion
of di for the p-omh and dif-
ferentiation ofthe betmhryocyte. di hybrid Nu-

attempts, d by the initial su in fusing p
in the sexually bkmmfdum(!’mranl 1970)ande-
m(Caﬂmaul 1912),hvebeenm-dew9ndmnm hybrids
from patible sp (sec Schieder and Vasil, 1980). Sig-

PP
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mﬁumamongtheneuﬁhe ion of ‘‘Arabidobrassica’ by fusing the
of Arabidopsis and Brassica, genera of two different taxo-
nouuctribec Eqml]yngmﬂmthtb:m:hnthemetbodn 0 far ex-
p y in d to well ked out model systems,
are now being ""toh“" and i of crop spe-
cm (Wenlel ot ol 1979). In several other ammpts at interspecific and
last fusion, hybrid callus lines have been ob-

tained (see Sdnedcr and Vasil, 1980; Gamborg « al., 1981; Cocking,
1981). Krumbiegel and Schieder (1981) have oblerved lhlt hybrids
between Datura innexia and Atrope bellad: can be produced only by
mnchybndunmmdmtbymherummzhod:mmnedby
Rangaswamy (1977) and Zenkteler (1980). Hybrids between N. taba-

were produced by in vitro sexual methods (Reed and Collins, 1978) and
by somatic fusion (Evans « al., 1981). Evans « al. (1982) compared
these hybrids and observed that somatic hybrid clones showed a greater
range of variability for certain morphological characters than did the
sexual hybrids. A commonly observed problem in such wide somatic
hybridization is the gradual loss of a part of or a full genome of one
of the parents (Dudits «f o/, 1980). Experiments of Szabados ¢ al.
(1981) lnd Gnetbu:h « al. (1981) suggest chromosome uptake by pro-

ve to fer of the full genome by somatic
fusion. Upuke of chromomnel or of their segments can also be fa-
cilitated by them in 1 before fusing the latter

with the recipnem prvf.opluu This has been shown by Matthews and
Cress (1981), Lurquin (1981), and Giles (1983) Alternatively, the de-
med u[menuofDNAun be tagged to certain vectors such as Agro-

Ti pl d or caulifiower mosaic virus DNA, which
may transfer the DNA to the host cell for integration by its nuclear
DNA. This has been demonstrated recently by Chilton o al. (1982)
and Krens ot al. (1982; sce also reviews by Cocking «f al., 1981; Kado
and Klieinhofs, 1980).

1V. CONCLUDING REMARKS
Thereulpawm(mummdnuuofwddmlnlmformmmg
and

for g pr ofcropn led species
have al ys been of 10 stud of biosy but now
t.heymofequd to plant breed A knowledge of evoluti
and speciation has helped our g of the for fail

of wide crosses and vice versa. Adeepetnuchimothcnﬁilumhu
provided methods for converting some of these into successes. It is
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hoped that these methods, with modifications and i as nec-
essary, will stimulate new ideas for the creation of hybnds that have
50 far eluded us.

It is certainly not casy to pick one of the methods as the best one,
but seif-incompatibility was said to be overcome best by high-temper-
ature treatments (Townsend, 1971). To break interspecific barriers, a
range of parents have to be screened for the most crossable one, and
the nature of mcmnpanbllny—whnher pre- or ponfemhunon—hu
to be d y has been a convenient
method for determnmng this. This methad (Mamn. 1959) facilitates
the observation of pollen tuhe growth through the pmd. which is gen-

erally not casy by light ds. Having deter-
mined the site of the barrier, a nnge of suitable methods has to be

o d. The most of these hod have been dm:uned in
this lmde and with g d ding of the p

more techniques are ‘bound to emerge.
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