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Triticum boeoticum and T urartu
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Summary. The boecticun (9) X wurartu () Fi hybrids gave small, plump and viable seeds while the reciprocal
crosses with 7. wrartu as the female parent had long, shrivelled and non-viable seeds. Reciprocal nuclear-sub-
stitutionlines comprising the nucleus of one species into the cytoplasm of the other were developed through re-
peated backcrossing and were crossed as female parents with respective non-recurrent parents (the cytoplasm
donors). The difference between the reciprocal crosses was presumably attributable to different boeoticum: urar-
tu genomic ratios in the triploid endosperm rather than to the cytoplasmic difference between the diploid wheats.
The endosperm with two doses of the boeoticun and one of the urartu genome resulted in small, plump andviable
seed while the endosperm of the reciprocal crosses with two doses of the wrartu and one of the boeoticum genome
led to large but shrivelled and non-viable seeds irrespective of the cytoplasmic type. One dose of the paternal ge-
nome in the triploid endosperm is probably not expressed in the presence of two doses of the maternal genome
thereby leading to the difference between the reciprocal crosses. The results reported here indicate that dif-
ference between reciprocal crosses may not always be attributed to cytoplasmic difference between the parental

species.

Introduction

The difference between certain inter- and intra-spe-
cific reciprocal crosses is usually attributed to the
cytoplasmic difference between the parents. Novel
phenotypes, different from that of either parent, oc-
casionally occur in certain crosses as a result of un-
favourable nucleo-cytoplasmic relationships (Michae~
lis 1954). The F, hybrid seeds of reciprocal crosses
involving 7. boeoticwn and T. urartu were different
from one another and from those of either parent (John-
sonand Dhaliwal 1976 ). The F, hybrid with 7. boeoticum
as the female parent gave extremely reduced but plump
and viable seeds (Fig.1c) while the reciprocal cross
with 7. urartu as the female had long, shrivelledand
non-viable seeds (Fig.1d). The difference between
the phenotypes of the reciprocal crosses was tenta-
tively attributedto the cytoplasmic difference between
the diploid wheats (Johnson and Dhaliwal 1976). The
reciprocal crosses, however, also differed with re-
spect to genomic composition of their endosperms.
Substitution of the wrarty nucleus into the boeoticum
cytoplasm gave male sterile plants, indicating that the
boeoticum cytoplasm was different from that of
wurartu (Dhaliwal 1976). The basis of the difference be-

tween the reciprocal crosses, whether duetothe cy-
toplasmic difference or different genomic composi-
tion of the endosperms, remains to be resolved. The
cytoplasmic difference, if responsible for the recip-
rocal crosses difference, can be verified by cros-
sing reciprocal nuclear substitution lines with the
parental species.

This paper reports that the difference between the
reciprocal crosses involving T. boeoticun and T.urartu
was presumably due to their different endosperm con-
stitutions rather than the cytoplasmic differences bet-
ween the parental diploid wheats.

Material and Methods

Reciprocal crosses involving several lines of I. boe-
oticwn and 7. urartu (Fig.1lc, 1d) were made andthe
observations were recorded from the mature Fi1i hy-
brid seeds as described by Johnson and Dhaliwal (1976).
Substitution of the nucleus of one species into the cyto-
plasm of the other was carried out as reported by Dhali-
wal (1976). The substitution of the wrartu nucleus

into the boeoticum cytoplasm was carried out up to

the 5th backcross generation (Fig.1e) while that of

the boeoticwn nucleus into the wrartu cytoplasm up

to the 2nd backcross (Fig.1f). The reciprocal nu-
clear substitution lines were crossed as the female
parents with several lines of each of 7. boeoticum

and 7. wrartu as the male parents. Observations on
the morphology and germination were made from the
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Fig.1. Genomic constitution of nucleus or embryo
(upper half of the inner circle) and endosperm (lower
half of the inner circle) of 7. boeoticunm and T. urartu
(top row), their reciprocal F1 hybrids (2nd row),
reciprocal nuclear substitution lines (3rd row) and
F1 hybrids involving the nuclear substitution lines
and T. boeoticum and T. wrartu (bottom row). The
cytoplasm of 7. boeoticwnm is represented by the shad-
ed area between the outer and inner circle while that
of T. urartu by the clear area between the circles

mature F: hybrid seeds (Fig.1g,1h). InFig.1, the
genomes of T. boeoticwn and T. urartu are repre-
sented by letters A and B, respectively. These ge-
nomic symbols, however, do not necessarily cor-
respond to the A and B genome of the tetraploid
wheats which are presumed to have evolved from
boeoticun-urartu amphiploids (Johnson 1975; Dhali-
wal and Johnson 1976). The identity of the parental
genomes was lost due to modifications at the tetra-
ploid level.

Results and Discussion

Morphological characteristics of the seed of I. boe-
otiewn, T. urartu, their reciprocal 1=‘1 hybrids, re-
ciprocal nuclear substitution lines and their 1-71 hy-
brids with T. boeoticum and I. urartu are summa-
rized in Fig.1. The genomic constitution of the nu-
cleus/embryo (upper half of the inner circle) and
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endosperm (lower half of the inner circle) ofthe dif-
ferent types of seeds and their cytoplasm donor are
also shown in Fig.1. The cytoplasm of T. boeoticum
is distinguished from that of 7. urartu by the shaded
area enclosed by the inner andouter circles (Fig.1).

The difference between F‘1 hybrid seeds from the
reciprocal crosses involving T. boeoticwn and
T. urartu (Fig.1c,1d) may be attributed to the dif-
ferent genomic constitution of their endosperm or to
the cytoplasmic difference between the parental spe-
cies. Endosperm in wheat, like other monocots, is
a triploid (3n) tissue comprising 2n complement from
the maternal parent and n from the paternal parent.
The endosperm of the F‘1 hybrid seed with T. boeoti~
cun as the female parent (Fig.1c) had genomic con-
stitution AAB with two doses of the boeoticum ge-
nome and one of that of the urartu. The endosperm of
the reciprocal cross with T. urartu as the female
had genomic constitution ABB comprised of two doses
of the urartu and one of the boeoticum genome (Fig.
1d). Assuming two doses of one genome dominant
over one dose of the other, the paternal genomes B
and A, respectively, inthe endosperms of the recipro-
cal crosses would not be expressed resulting in the
difference between the reciprocal crosses. Electro-
phoretic profiles of the 70 % ethanol seed protein ex-
tracts of F‘1 hybrid seed of the reciprocal crosses
involving T. boeoticum and T. urartu resembled com-
pletely the maternal parent indicating that the pater-
nal genome was indeed suppressed in the hybrids
(Dhaliwal, unpublished). The hybrid endosperms
with different genomic constitutions, although iden-
tical with the maternal endosperms with respect to
their chemical composition, showed the specific in-
teractions only withthe hybrid embryos, asthe selfed
seed of both the parents were normal with the endo-~
sperms having all the three doses of the respective
parental genomes (Fig.1a,1b). Two genomes in the
hybrid embryos presumably required species speci-
fic metabolites which were not furnished by the hy-
brid endosperms due to suppression of the paternal
genome.

Alternatively, the difference between the recipro-
cal crosses may be attributed to cytoplasmic differ-
ences between 7. boeoticum and T. wrartu (Fig.1c,1d).
Different cytoplasms, presumably, interacted differ-
ently with the identical hybrid nuclei in the reciprocal
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crosses. Substitution of the T. wrartu nucleus into
the boeoticum cytoplasm (Fig.1le) resulted in male
sterile plants indicating that the diploid wheats had
different cytoplasms (Dhaliwal 1976). Characteris-
tics purely under cytoplasmic control usually follow
maternal inheritance and are conserved even if the
nucleus of a particular species is substituted by that
of another. In this situation, reciprocal nuclear sub-
stitutionlines would be helpful to decide the basis of
the difference between the reciprocal crosses.

The nuclear substitution lines on crossing with the
parental as well as other lines of the nuclear-donor
species gave essentially normal seed (Fig. le, 1f) in-
dicating that the cytoplasm of either species did
not interact unfavorably with the intact nucleus from
the other species. It may also be inferred from this
that the cytoplasms also did not react unfavorably
with the foreign genomes in the reciprocal F1 hybrids.

The F‘1 seeds from the crosses involving the sub-
stitutionline comprising the wrarzu nucleus into the
boeoticum cytoplasm as the female parent and I. boe-
oticwn as the male were large, shrivelled and non-
viable (Fig. 1g), and were identical to these ofthel:‘1 hy-
bridseed with 7. urartu asthefemale (Fig.1d). Both F,
hybrids (Fig.1d, 1g) had identical embryo and endo-
sperm genomic constitutions, but differed with respect

to cytoplasm. Similarly, the F_ hybrid involving the

substitution line consisting of tl*}e boeoticun nucleus

in wrartu cytoplasm with 7. wrartu gave small,
plump and viable seeds (Fig.1h) like that of the boe-
oticum () X urartu () hybrid (Fig.1c) irrespective
of the cytoplasmic difference between them. This
clearly demonstrates that the boeoticum X urartu re-
ciprocal crosses difference is due to different genomic
constitution of the endosperms rather than to the cy-
toplasmic difference between the parents. The behav-
ior of the reciprocal nuclear-substitution lines simi-~
lar to that of the nuclear-donor species, however, may

be attributed to two other phenomena.

(i) The cytoplasmic determinants responsible for
the reciprocal crosses difference might have been
transmitted through the pollen during the substitution
of the wrartu nucleus into the cytoplasm of T. boeo-
ticum (Fig.le) and vice-versa (Fig.1f). A low fre-
quency of pollen transmission of certain cytoplasmic
organelles such as plastids has been reported in Oeno-
thera (Renner 1936) and Epilobiwn (Michaelis 1935).
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Even if it occurs at such a low rate in wheat, the abun-
dant maternal cytoplasmic determinants still would be
predominant afier several generations of backcross-
ing with the nuclear-donor species unless the mater-
nal determinants are selectively eliminated or sup-
pressed.

(ii) The cytoplasmic determinants responsible for
the difference between the reciprocal crosses might
be under the nuclear control or selective influence of
the nucleus. With the substitution of the nucleus of one
species into the cytoplasm of the other, the cytoplas-
mic determinants are alsc modified in accordance
with the nucleus. If one or both of these highly unlikely
phenomena are prevelant in wheat, the cytoplasmic
difference could still be held responsible for the re-
ciprocal crosses difference.

Reciprocal crosses involving I. wurartu and the
tetraploid wheats 7. dicoccoides or 7. araraticwn
behave similarly to the boeoticwn X urartu recipro-
cal crosses. Hybrids involving 7. wrartu as the fe-
male and the tetraploids as malehad large, shrivelled
and non-viable seeds while the reciprocal cross had
small, plump and viable seed (Johnson and Dhaliwal
1976 ). However, the reciprocal crosses involving
T. boeoticun and the tetraploids had almost normal
seed in either direction. The nuclear substitution line
consisting of the urartu nucleus in the boecticun cy-
toplasm when crossed as female with two lines of each
of the tetraploids gave large shrivelled and non-viable
seed, further confirming the previous findings that the
difference between the reciprocal crosses was not at-
tributable to the cytoplasmic difference. Otherwise,
the nuclear substitution line with the boeoticum cyto-
plasm on crossing with the tetraploids should have had
normal seed like that of the boeoticum (9Q) X tetraploid
(3) hybrid.

The tetraploid wheats (AABB) were presumably
evolved from the boeoticwnurartu amphiploids (John-
son 1975; Dhaliwal and Johnson 1976). As mentioned
previously, the I-"1 hybrid seeds of the reciprocal
crosses involving T. boeoticum and the tetraploids
AA(9) X AABB (J) and AABB (?) % AA (J) were nor-
mal with the endosperm genomic constitution AAAB
and AAABB, respectively. However, the reciprocal
crosses involving T. wrartu and the tetraploids BB(?)
X AABB (J) and AABB (?) X BB (J) with the endosperm
genomic constitution ABBB and AABBB, respectively,
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were different from each other as explained earlier.
The information on the phenotypes and endospermic
genomic constitution from the reciprocal crosses be-
tween T. boeoticum and T. urartu and between the
diploid and tetraploid wheats suggests that no simple
relationship exists between the endosperm boeoticum:
urartu genomic ratios and the phenotypes of the hy-
brid seeds. The hybrid seeds were long, shrivelled
and non-viable as long as the endosperm boeoticun:
urartu genome ratio was less than or equal to 0.5,
while the seeds were normal or at the most reduced
in size when the ratio was greater than 0.5. The tet-
raploid wheats and boeoticwnrurartu amphiploids with
the endosperm (AAABBB) boeoticuwn: urartu genomic
ratio 1 had perfectly normal seeds.
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