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O.H. Fr an kel, Miss S. Lewi s and Miss M. Roskams: "Evolution of 
morphogenetic control in a polyploid syst em. " 

In common wheat (Triticum vulg are) normal flo wer morpho­
gen esis is an invariant ch a r act er. It is controlled by a 
factor as soci a ted with Q, which in turn controls the "vulgare 
syndi-•ome". In speltoid mutants, where Q is deleted or 
inactivated, we hav e obt a ined, a s pr eviously reported, a r ange of 
genetically st abl e genotyp e s in which flower morphogenesis is 
impaired. In certain compa ctoids this extends in the super­
normal direction, wit h extra flowers in the empty glumes. 

In the absence of Q, i.e. in speltoids, two further 
~enetic srstems are revealed. Firstly, there is a second 
(dominant) gene, tent a tiv e ly ca lled A, in the presence of which 
a ll flowers from th e second onward, ar e norm a l. A is thus an 
analogue of Q shift e d one st ep up on th e spikelet axis. 
Secondly, there is a complex polygenic system which is capable 
of producing all intergr a des of flower morphogenesis, from 
completely normal to the virtual absence of flowers. We have 
recently succeeded in establishing genetic a lly stable lines 
along the entire fertility/sterility gradient. Normal fertility, 
it has now been found, can be att a ined by selection within this 
system, even in the absence of A. 

Flower morphogenesis in vulg ar e and in the speltoids 
differs not only genetic a lly, but a lso physiologically. In 
vulgare the flower form a tion is uniformly norm a l in a ll 
experimental environments applied, including dr a stic heat and 
radiation shocks; in th e speltoid series, fre~uenci e s of flower 
formation are strongly aff ected by suitabl e combin ations of day­
length and temper ature ap plied during th e critic a l period of 
flo wer formation. 

Thus, in vulgare, flower morphogenesis is buffered 
genetically against mutation and recombination among a multitude 
of polygenes, and physiologically aga inst en vironm ent a l shocks. 

It can be re a dily und erstood th a t th er e can be no more 
th an one can a liz a tion f a ctor even in a hex ap loid; and it is not 
surprising th at the typic a l polymeric seri es have been found in 
genes conditioning rel a tively superficial functions. Canalization 
systems are opportunistic; their tr ansform a tion in polyploids 
may shed light on the evolutionary ch an ges in gene function 
itself. 

It had previously been thought that a t th e diploid level 
the polygenic syst em may have been in control of flower morpho­
genesis, and that canalization by Q evolved a t th e tetr aploid or 
hexaploid levels, possibly as a result of selection under 
cultivation, so that the polygenic system could now be r egarded 
as a relic system. Recent experiments have rendered this hypo­
thesis highly improbable. Firstly, we now know that the gene A 
is located on chromosom e 5D, th e homeologue in the D genome of 
5A, on which Q is loc at ed. It does seem plausible that A acted 
as th e canaliz ation f a ctor in the (diploid) D genome, with a 

___ s.hift of action - an d hence with ostensible _ina ctiv a tion - in 
the polyploid st a te. There is no tr a c e of a corresponding ge ne 
in the B genome at the hexaploid level, which we a ssume is due 
to the much gre ater age of the tetr ap loid a ssoci a tion of the A 
and B genomes. 

Further, we now kno w th at th e hex ap loid T. spelt a 
possesses a canaliz a tion f a ctor for flower morphogenesis, though 
it lacks the gene complex Q of T. vulgare. This is in line with 
ideas recently expressed by Murumatsu and by Swaminathan on the 
nature and origin of Q. It a lso encourages the speculation that 
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In common wheat (Tri t icum vulg ar e ) normal flo vrnr morpho-
gene sis is an inv ari an t ch a r act er. It is c ontroll ed by a 
factor as soci a ted with Q, which in turn controls the 11vulgare 
synd1"ome11

• In speltoid mutants, vvhere Q is deleted or 
inactivated, we have obtained, a s previously reported, a r ange of 
genetically stable genotypes in which flower morphogenesis is 
impaired. In certain compa ctoids this extends in the super­
normal direction, with extra flowers in the empty glumes. 

In the absence of Q, i.e. in speltoids, two further 
~enetic systems are revealed. Firstly, there is a second 
(dominant) gene, tent a tiv ely ca lled A, in the presence of which 
a ll flowers from the second onward, are norm a l. A is thus an 
analogue of Q shift ed one step up on th e spikelet axis. 
Secondly, there is a complex polygenic system which is capable 
of producing all intergr ades of flower morphogenesis, from 
completely normal to the virtual absence of flowers. We have 
recently succeeded in establishing genetic a lly stable lines 
along the entire fertility/sterility gradient. Normal fertility, 
it has now been found, can be attained by selection within this 
system, even in the absence of A. 

Flower morphogenesis in vulg are and in the speltoids 
differs not only genetically, but a lso physiologically. In 
vulgare the flower form at ion is uniformly normal in a ll 
experiment a l environments applied, including drastic heat and 
radiation shocks; in th e speltoid series, frequencies of flower 
formation are strongly affected by suitabl e combin ations of day­
length and temper ature a pplied during th e critic a l period of 
flower formation. 

Thus, in vulgare, flower morphogenesis is buffered 
genetically against mutation and recombination among a multitude 
of polygenes, and physiologic a lly aga inst env ironm enta l shocks. 

It can be readily und erstood th a t there can be no more 
th an one cana liz at ion f a ctor even in a hex aplo id; and it is not 
surprising th at the typic a l polymeric seri es have been found in 
genes conditioning rel a tively superficial functions. Canalization 
systems are opportunistic; their tr ansform at ion in polyploids 
may shed light on the evolutionary ch an ges in gene function 
itself. 

It had previously been thought that a t th e diploid level 
the polygenic system may have been in control of flower morpho­
genesis, and that c ana lization by Q evolved a t th e tetraploid or 
hexaploid levels, possibly as a result of selection under 
cultivation, so that the polygenic system could now be regarded 
as a relic system. Recent experiments have rendered this hypo­
thesis highly improb able. Firstly, we now know that the gene A 
is located on chromosome 5D, th e homeologue in the D genome of 
5A, on which Q is loc ated. It does seem plausible that A acted 
as th e canaliz a tion f actor in the (diploid) D genome, with a 

___ s.hift of a ction - an d hence with ostensible in a ctiv ation - in 
the polyploid state. There is no trace of ac orresponding gene 
in the B genome at the hexaploid level, which we assume is due 
to th e much greater age of the tetr a ploid a ssoci at ion of the A 
and B genomes. 

Furth er, we now kno w th at th e hex a ploid T. sp e lt a 
possesses a canalization f a ctor for flower morphogenesis, though 
it lacks the gene complex Q of T. vulg are. This is in line with 
ideas recently expressed by Murumatsu and by Swaminathan on the 
nature and origin of Q. It a lso encourages the speculation that 
the flower morphogenetic component of the Q complex may have been 

an ancient and perhaps the crucial component of what has become 
the complex supergene Q, which has assumed such a controlling 
part in the evolution of T. vulgare. 


