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THE GENETICS SOCIETY OF AUSTRALIA 

TWELFTH ANNUAL MEETING, 1964. 

ABSTRACTS OF PAPERS 

F.H.W. Morley and J Katznelson: "Genetic and morphological 
distinction between sub-species of Trif'olium subterraneum L." 

Morphological criteria have been used to assign numerous 
lines to one of' three sub-species. Crosses between sub-species 
give F1 's with high pollen sterility and poor seed-set. 
Crosses within sub-species give a wide range of r-ertility levels, 
but fertility is relatively higher. The existence of partially 
inter-sterile groups within sub-species indicates a continuing 
state of sub-speciation. 

Cytological examination of' F1 's disclosed chromosomal 
inversions, translocations, and failure of pairing. Within one 
sub-species meiotic irregularities were also found. 

The distribution of the sub-species shows some adaptive 
specialisation, but the mechanisms are as yet uncertain. 

J. Sved: "The relationship between diploid and tetraploid 
recombination f'req_uencies." 

It is shown that the effect of multiple crossing-over may 
be to increase the tetraploid recombination freq_uency for a 
particular chromosome region above the corresponding diploid 
freq_uency, even though the mean freq_uency of crossing-over per 
strand may not be increased. Graphs are given showing the 
amount of such an increase which might be expected in practice. 
Corresponding to the diploid freq_uency of 50%, the upper limit 
of recombination in the tetraploid is shown to be 75%. 

D.W. Cooper: "The inheritance of' black pigmentation in a 
family of inbred Peppin Merinos." 

The recurrence of pigmented sheep has been recorded in 
a family of inbred Peppin Merinos. A recessive gene w is 
postulated to account for the presence of the pigment. Pigm­
ented animals are classified into three categories, head pattern, 
piebald and black spotted. The difference between the first 
as opposed to the second and third is tentatively supposed to 
be due to two allelic genes, Pa and .lli! respectively. A descrip­
tion of two types included in the classification'head pattern' 
will be given. Data on the inheritance of several blood groups 
in this f'amily will also be briefly discussed. 

R.H. Hayman: "Population studies on black sheep in the Australian 
Merino." 

Two sources have be en used to make an estimate of the 
freq_uency of the occurrence of black sheep in the Australian 
Merino, firstly the proportion of bales of black wool to all 
wool sold, and secondly information supplied by a number of 
studs on the freq_uency of occurrence of black animals in their 
flocks. If it is assumed that one gene is responsible for 
black pigmentation and that there is complete selection against 
pigmented animals, the presumed recessive homozygotes, it would 
seem that the freq_uency of this gene in all State populations 
(with the possible exception of' Tasmania) is too high to be 
maintained by mutation alone. Possible explanations for the 
way in which these frequencies could have arisen will be 
considered. 
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W.B. Mather: "Temporal variation in Dro 9ophila rubida 
inversion polymorphism." 

It has be en shown previously that the frequencies of 
the inversions found in the tropical Australian species 
D. rubida vary extensively over its known range. It has also 
been shown that at tvvo stations only 20 miles apart, sampled 
at the same time, there is a significant frequency difference 
between the two stations, and between sexes within stations. 
In this paper a report on an investigation of inversion 
frequencies at various times of the year at two stations near 
Port Moresby will be given. 

s,H. James: "C.vtogenetics of Isotoma petraea." 

Isotoma petraea occurs in fairly small isolated 
populations and is particularly characteristic of the granite 
outcrops east of Mt. Sterling in Western Australia. The 
pollination mechanism is flexible and is dependent upon 
environmental conditions - in mild weather cross-pollination 
is promoted while under hot conditions (which must be usual for 
the species) self-pollination is achieved. The chromosome 
number is 2n = 14, the chromosomes are more or less iso­
brachial, chiasmata are localised terminally, one per arm and 
fully terminalised at metaphase-1. 

Cytologically the populations are of two types:- TYPE I: 
mainly structural homozygotes but including some small-ring 
interchange heterozygotes. TYPE II: totally composed of 
interchange heterozygotes, each population being uniform for a 
single meiotic configuration. 

The constituent plants of TYPE II populations are complex 
heterozygotes and are maintained by a balanced lethal system 
operative through zygotic elimination. So far, rings of 6, 10, 
12, 14, 6 + 6, and 6 + 8 have been observed in the complex 
heterozygote populations. Distributional and crossing studies 
indicate that the large-ring complex heterozygotes developed 
via the sequential fixation of interchanges in the heterozygous 
condition. It is suggested that the complex hybridity arose 
in the Lake Barlee area with the advent of a balanced lethal 
system, and that this system has migrated progressively across 
the area in a south-westerly direction converting primitively 
TYPE I populations to TYPE II, the constitution of the resultant 
population being the sum of that of the immigrants and the 
available interchange variability of the native population. 

The above hypothesis is parallel to that proposed by C.D. 
Darlington. It is in contrast to that exploited by R.E. Cleland 
in his analysis of 0enothera phylogeny, namely that the large 
rings were achieved at one stroke as a result of crossing 
between segmentally differentiated but structurally homozygous 
races. 

0.R. Byrne: 11 Polymorphism in the grasshopper Austroicet es 
interioris. 11 

Populations of the above species are polymorphic for 
(a) pericentric inversions in three pairs of autosomes, (b) 
colour pattern, and (c) colour of hind tibia. A study has been 
made of this multiple polymorphism in a population at Port 
Augusta, South Australia. Data from three generations in the 
field have been obtained and will be presented. 

J. Martin: "Non-random association of inversions in the midge 



W.B. Mather: " Te mpor a l v a ri a tion i n Dros ouhil a rubi da 
inversion polym or ph i sm ." 

It h a s be en sho wn previousl¥ th a t th e fr e quencies of 
the inversions found in th e tropical Austr a lian speci e s 
D. rubid a v a ry extensively over its kno wn r a nge. It ha s also 
been sho wn th a t a t t wo st a tions only 20 mil e s a pa rt, sampled 
at the same time, there is a signific a nt fr e qu e ncy diff e rence 
betw e en the two st a tions, and between sex e s within stations. 
In this paper a r e port on an investigation of inversion 
frequencies at v a rious times of the year a t two stations near 
Port Moresby will be given. 

S,H. Jam e s: "C.vtogen e tics of Isotom a petrae a . 11 

Isotoma petr a ea occurs in fairly sma ll isolated 
populations and is particul a rly characteristic of the granite 
outcrops east of Mt. Sterling in Western Austr a lia. The 
pollination mech a nism is flexible and is dependent upon 
environmental conditions - in mild weather cross-pollination 
is promoted while under hot conditions (which must be usual for 
the species) self-pollin a tion is a chieved. The chromosome 
number is 2n = 14, the chromosomes a re more or less iso­
brachi a l, chiasm a ta are localised termin a lly, one per arm and 
fully t e rminalised at met a ph a s e-1. 

Cytologic a lly the populations a re of two types:- TYPE I: 
mainly structur a l homozygot e s but including some sma ll-ring 
interchange heterozygot e s. TYPE II: tot a lly compos e d of 
interch a nge heterozygotes , e a ch popul a tion being u niform for a 
single meiotic configur a tion. 

The constituent pl a nts of TYPE II populations a re complex 
heterozygot e s a nd a re ma int a in e d by a b a l a nced lethal system 
oper a tiv e through zygotic e limin a tion. So f a r, rings of 6, 10, 
12, 14, 6 + 6, a nd 6 + 8 h a v e be e n observed in the complex 
heterozygote popul a tions. Distribution a l a nd crossing studies 
indicate th a t the l a rge-ring complex h e terozygotes dev e loped 
via the sequential fixation of interch a nges in th e heterozygous 
condition. It is suggest e d that the complex hybridity arose 
in the Lake Barlee ar ea with the a dvent of a bal a nced lethal 
system, and th a t this syst em has migrat e d progr e ssively across 
the area in a south- west e rly direction converting primitively 
TYPE I populations to TYPE II, t h e constitution of the result a nt 
population being the sum of that of th e immigr a nts a nd the 
available interchange vari ability of the n a tiv e popul a tion. 

The above hypothesis is p a rallel to th a t propos e d by C.D. 
Darlington. It is in contr a st to th a t exploited by R.E. Cl e l a nd 
in his analysis of Oenother a phylogeny, na mely that the large 
rings were a chieved a t on e stroke a s a r e sult of crossing 
between segment a lly diff e.r e nti a t e d b u t str u ctur a lly homozygous 
races. 

O.R. Byrne: "Polymorphism in the gr a sshopper Austroicetes 
interioris." 

Popul a tions of th e abov e sp e cies a r e polymorphic for 
(a) pericentric i nversions in thre e pa irs of a utosomes, (b) 
colour pa tt e rn , a nd (c) colo u r of hind tibi a . A study has been 
made of this mu ltipl e polymor phis m in a po pul a tion a t Port 
August a , South Austr a li a . Da t a from thr ee g e n e r a tions in the 
field h ave be e n obt a in e d and will be presente d . 

J. Martin: "Non-r a ndom a ssoci a tion of inversions in the midge 
Chironomus int e rtinctus. 11 

This pap e r foll ows on e presented to the Society a t Bris­
bane in 1961, in which wa s discussed th e no n r a ndom association 
of a third chromosom e inv ersion with the s e x-determining region. 
The present pa per conc e rns two s e cond chro mosom e inversions which 
show littl e evidence of he t e rosis whe n consider e d singly, but 
show a strong non r a ndom a ssoci a tion in south Victori a n popul-
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c. Folsome: "Unst abl e rII mut ants of bacterioph a ge T4" 
Mutants which rev ert tor+ with extr a ordinarily high 

frequencies (0.000,01 to 0.5) hav e been studied. Revertant 
phages obtained fro m unst able rII mut ants ( U rII) 
specifically b ackmut at e to the origin a l U rII type regarding 
genetic sit e and reversion index. Neither bas e pa ir alter a tions 
nor genetic recombination is sufficient a s a mechanism to 
explain the genetic beh aviour of U rII mut ants. A model based 
upon the formation of interstr and DNA loops will be presented. 

B. Holloway: "Host induced modification of Pseudomonas phage B3" 

Growth of a b acterioph age on a particular bac~eri""S.l host 
can sometimes caus e genetic a lt er ations of the bacteriophage. 
Thes e are usually manif e sted by ch anges in the ability of the 
phage to multiply in one or another host. This phenomenon 
raises two questions: (i) What is the nature of the change in 
the bact erioph a ge genetic structur e ? (ii) What pa rt does the 
host genome pl a y in this effect? Experiments with phage B3 in 
Ps. aeruginos a have indic ated a diff erent structure of the ·phage 
DNA for host-modified B3, as demonstrated by th e rrequency of 
naturally occurring single strand bre aks. By sexu a l recombih­
ation and transduction studies of th e host bacteria, a region 
of the host chromosome ha s be en found which controls host-induced 
modific ation in an as yet unkno wn f a shion. 

Miss B. Fargie and B. Hollow a y: "Chromosome mapping by trans­
duction in Pseudomonas a eruginosa." 

Joint transduction of genetic markers by phage F116 has 
been used to elucidate the genetic map of Pseudomonas aeruginosa. 
The results sho w that in this b acterium genes concerned with 
se uential steps in the various biosynthetic path ways are not 
clustered together on the chromosom e , but a re distriouted over 
its whol e length. On th e other hand, sev eral clust ers are 
found of genes concerned with unrel ated biochemical steps. The 
pathways under examin a tion include tryptophan, methionine, 
threonine, arginine, isoleucine and valine, lysine and histidine. 

N.H. Luig: "Differential transmission of gametes in wheat in 
relation to Soviet genetics." 

Results obt a ined by th e author when studying single factor 
differences in wheat (r e sist ance to stem rust and to leaf rust) 
are compared with those reported by Soviet workers. The former 
data are highly heterogeneous when statistically analysed, and 
this includes F2, F3, and F4 single factor segregation ratios. 
Studying segregation for the same factor pairs but using diff­
erent parents gave similar differ ences, and this was true for 
linked and ind ependently inherited f a ctor pa irs. The paper also 
deals with morphological, physiologic al and cytological abnorm­
alities in hybrids a s we ll as in homozygous lines and varieties. 

J. W. James: "Select ion response curves. 11 

The estimation of the r a te of decay of response to select­
ion for a quantit a tive ch ar acter is illustrated on data from 
four selection experiments, and the relation of the "rate of 
decay" to dirferent models of the selective process is considered. 
The possibility of predicting ultimate limits to selective 
advance from response in early generations is a lso examined. 

J.S.F. Barker: "Interspecific competition and population fitness" 
,..,, 0, ~.; ----~ -----, ~ - --..::t r, ___ , _____ , 
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Mut ants whic h r evert tor+ with extr a ordin arily high 

frequ enci e s (0.000,01 to 0.5) hav e b een studi ed . Revert ant 
pha ges obtained fro m unst able rII mut ants ( U rII) 
specifically b ackmut at e to the origin a l U rII type regarding 
genetic sit e and r eversion index. Neither base pa ir a lter a tions 
nor genetic recombination is sufficieht as a mechanism to 
explain the genetic behaviour of U rII mut ants. A model based 
upon the form a tion of interstr and DNA loops will be presented. 

B. Holloway: "Host induced modification of Pseudomonas phage B3" 

Gro wth of a b act erioph age o a articular bac~erial hos~ 
can sometimes caus e genetic a lt er a tions of the b a cterioph age. 
Thes e are usually manif e sted by ch ang e s in the ability of the 
phage to multiply in one or another host. This phenomenon 
raises two quest ions: ( i) Vi/hat is th e natur e of th e change in 
the bact eriophage gen etic structur e ? (ii) What pa rt does th e 
host genome pl a y in this effect? Experiments with phage B3 in 
Ps. aeruginos a have indic ated a diff ere nt structure of the ·pha ge 
DNA for host-modifi ed B3, as demonstrated by the frequency of 
naturally occurring single str and bre aks. By sexu a l recombih­
ation and transduction studies of th e host b a cteria, a region 
of the host chromosome ha s be en found which controls host-induced 
modific ation in an a s yet unkno wn f a shion. 

Miss B. Fargie and B. Hollo way: "Chromosome mapping by trans­
duction in Pseudomonas a eruginosa." 

Joint transduction of genetic markers by phage F116 has 
been used to elucidate the genetic map of Pseudomonas aeruginosa. 
The results sho w that in this b a cterium genes concerned with 
se~uential steps in the various biosynthetic path ways are not 
clustered together on th e chromosom e , but a re dist.riouted over 
its whole length. On th e other hand, sever a l clust ers are 
found of genes conc erned with unr e l at ed biochemical steps. The 
pathways under examin a tion includ e tryptophan, methionine, 
threonine, ar g inine, isoleucine and va line, lysine and histidine. 

N.H. Luig: "Diff erenti a l transmission of gametes in wheat in 
rel a tion to Soviet gen1:;tics." 

Results obt a ined by the author when studying single factor 
differences in wheat (r e sist anc e to stem rust and to leaf rust) 
are compared with those reported by Soviet workers. The former 
data are highly heterogeneous when st a tistically analysed, and 
this includes F2, F3, and F4 single factor segregation ratios. 
Studying segr ega tion for the same factor pairs but using diff­
erent parents gave similar differ ences, and this was true for 
linked and ind ependently inherited f a ctor pa irs. The paper also 
deals with morphologic a l, physiologic a l and cytologic a l abnorm­
alities in hybrids a s well as in homozygous lines and varieties. 

J.W'. James: "Selection response curves." 

The estimation of the rate of dec a y of response to select­
ion for a quantit a tive ch ar acter is illustr a ted on data from 
four selection experim ents, and the relation of the "rate of 
decay" to diff erent models of th e s e lective process is considered. 
The possibility of predicting ultim ate limits to selective 
advance from respons e in early gener a tions is a lso examined. 

J.S.F. Barker: "Interspecific competition and pop ula t ion fitness" 

Claringbold and Barker have described a model for the 
estimation of popul a tion fitness, which is b a sed on the outcome 
of competition bet ween a st andard tester population of one species 
and a popul a tion of another species whos e fitness is to be 
estimated. This model is similar to others developed to describe 
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interspecific co mpetition, and is similarly unre a listic in 
ignoring (a) deterministic oscillations in popul a tion size, 
and (b) stoch a stic fluctu a tions. 

In some experiments, het e rog e neity, a reversal of the 
change in speci e s frequency, a nd indetermin a cy in outcome have 
been observed. Possibl e explanations of these in terms of 
genetic change in the populations, genetic het e rogeneity in 
th e founding popul a tion, e ffects of varying population density, 
and stoch a stic fluctuations will be considered, as well as the 
relev a nce of these experiments to studies of interspecific 
competition and th e estimation of relativ e fitness of populat­
ions. 

Miss C.Mo Jacobs on : " An e x amin a tion of X-r a y induced appa rent 
phenocopies of scutell a r mutants in Drosophil a ." 

Phenocopies of some mut a nt lin e s of Drosophila, which 
have either incr ea sed or decre a s e d numb ers of scutellar 
bristles, can be produced by X-irradiation. Both the dosag e 
and the a ge a t which it is given a ffect th e result. However, 
the a ctual interruption to norm a l dev e lopm e nt produced by 
X-ray treatment can be shown histologic a lly to differ from that 
produced by mut a tion in th e se cases. To da te, the results of 
this investigation a re consistent with those obt a ined in 
simil a r studies on mouse vibrissa number, which were discuss e d 
at th e last meeting. 

Miss B. Kindred: "Selection for c a n a lis a tion." 

a char a cter which is well c a nalis e d will be resist a nt to 
environmental as well as genetic v a riation. hn a ttempt is b e ing 
made to select for good and poor c a n a lis a tion of (a) scutellar 
bristles in Drosophila by selecting on response to different 
temperatures during development, and (b) s e condary vibriss ae 
in mice by selecting on symmetry. 

M.Jo Whitten: "D epa rtur e from a symme try a s a measure of genetic 
vari ability." 

Eye development in Drosophila melanogaster can b e altered 
by the pres enc e (on chromosom e II) of a major gene, together 
with minor modifi e rs som e of which are li nk ed to the major g ene. 
Penetranc e of th e mut a nt is dependent on the complement of 
modifiers pres ent, as well as v a rious environmental factors, 
such a s parent a l a ge. Since each e ye is i n dep e ndently a ffected 
the four possible phenotypic cl a ss e s c a n b e tested against a 
model of fluctuating a symmetry. Using this model on e c a n 
measure the genetic a nd environmental contributions to phenotypic 
variance. The method has b e en used to determin e additive genetic 
variability and hence to a ss a y the efficiency of selection on 
penetrance of the major gene. 

Miss MoK. Mader an d PoA. Pa rsons: "Finger-print pattern 
vari ability." 

Based on a survey of finger ridg e -Gounts of unr e l a ted 
persons of British origin, it h a s be e n shown th a t total ridg e­
count for the right ha nd, the l eft ha nd, a nd for th e sum of 
both ha nds is gre a ter in ma les than fem a l e s. However, ridg e­
count vari ability is gre a ter in fem a les th a n males. Simil a r 
results occur for trir a dius counts. 

The gre a ter fem a le v a ri ability could be a ma nif e st a tion 
of th e Lyon hypothesis, whereby in females either on e of the 
two X chromosomes is inactivated in different cells of the same 
inni,rinn :::i1 ;-p ;+ ;c, _o oc:,n,.., c, rl .j.1,-. .-, .j. ~~:t-----'1-.-' - -- · ,., __, __ __.. 
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a nd (b) stoch a stic fl u ct u a ti ons. 

In so me ex p eri ments, he t e r ogene it y , a r ev e r sa l of t he 
ch a nge i n sp e ci es fr equen cy, a nd i n d e t e r mi n a cy in outcom e ha v e 
be e n obs e rv e d. Possibl e e x p l a n a tions of thes e in t e rms of 
genetic ch a ng e in th e popul a tions, g e n e tic h e t er og eneity in 
th e founding popul a ti on, e ff e cts of v a rying popul a tion d e nsity, 
a nd stoch a stic fluctu a tions will be considered, a s well a s th e 
relev a nce of these exp e ri ments t o studies of interspecific 
comp e tition a nd th e estim a tion of r e l a tiv e fitn e ss of pop u lat­
ions. 

Mis s C. Mo J a cobs on : " An e x amin a tio n of X-r a y induc e d ap pa ren t 
phenocopies of scut e ll a r mut a nts in Drosophil a ." 

Phenocopi e s of som e mut a nt lin e s of Drosophil a , which 
ha ve either incr ea s e d or de cr ea s e d numb e rs of scutell a r 
bristles, c a n b e produced by X-irr a di a tion. Both the dos a g e 
a nd th e a g e a t which it is giv e n a ff e ct th e r e sult. Howev e r, 
th e a ctual int e rruption to norm a l dev e lo pme nt produced by 
X-r a y treatment c a n be sho wn histologic a lly to differ fro m th a t 
produced by mut a tion in th e s e c a s e s. To da t e , th e r e sults of 
this inv e stig a tion a re consistent wit h thos e obt a ine d in 
simil a r studi e s on mou s e vibriss a numb e r, which wer e discuss e d 
a t th e l a st mee ting. 

Miss B. Kindred: "S e l e ction for c a n a lis a tio n ." 

H. ch a r a ct e r which is we ll c a n a lis e d will be r e sist a nt to 
environm e nt a l a s well a s gene tic v a ri a tio n . ~ n a tte mpt is b e ing 
ma d e to select for good a nd poor c a n a lis a tion of (a) scut e ll a r 
bristles in Drosophil a by s e lecting on r e sponse to differ e nt 
temper a tur e s during d e v e lop ment , a nd (b) s e cond a ry vibriss ae 
in mice by s e l e ctin g on s ymmetry. 

M.Jo Whitten: "D e p a rtur e from a sy mmetr y a s a mea sur e of g e netic 
v a ri ability." 

Ey e de v e lop ment in Dr oso phil a mel a n oga st e r c a n b e a lt e r e d 
by the pr e s enc e (on chromoso me II) of a ma jor gen e , tog e th e r 
with minor modifi e rs so me of which a r e li n k ed t o th e ma jor g en e . 
Penetr a nc e of th e mut a nt i s depende nt on t h e c ompl eme nt of 
modifi e rs pr e s e nt, a s we ll a s v a ri ous e nvironm e nt a l f a ctors, 
such a s pa r e nt a l a g e . Sinc e ea ch e y e i s i n d e p e nd e ntl y a ff e ct ed 
the four possibl e ph e n ot ypic cl as s e s c a n b e t e st e d a g a inst a 
mod e l of fluctu a ting a s ymmetry. Usin g t h is mod e l on e c a n 
mea sur e th e g e netic a nd e nvir onmen t a l contri b utions to ph e notypic 
v a ri a nce. The method h a s b ee n u se d to d e t e r min e add itiv e g e netic 
v a ri ability a n d h e nc e to a ss a y the e ffici e ncy of se l e ction on 
pen e tr a nce of the ma jor gen e . 

Miss MoK. Mad er a nd PoA. Pa rso n s : " F i nge r-print pa tt e r n 
v a ri ability. 11 

Ba sed on a surv e y of finger ri dg e -co u nts of unr e l a t e d 
pe rsons of British origin, it h a s b e e n sho wn th a t tot a l ridg e­
count for th e right h a nd, th e l e ft h a nd , a n d for th e s um of 
both h a nds is gr ea t e r in ma l e s th a n f ema l es . Howev e r, rid ge ­
cou nt v a ri ability is gr e a t e r in f ema l e s th a n ma l e s. Simil a r 
results occur for trir ad i u s co u nts. 

Th e gr e a t e r f ema l e v a ri ability c ou l d b e a ma ni fe st a tion 
of th e Lyon hy p oth e sis, wh e r eby in f ema l e s e it he r on e of th e 
t wo X chromosom e s is in a ctiv a t e d in d iff e r e n t c e lls of th e s ame 
indivi du a l, if it is a ssum e d th a t polymorphic s e x-link e d 
polyg e n e s occur for fing e r-pri n t pa tt e rns. 

Comments will b e mad e on fin ge r-print pa tt e rns a s a 
us eful ch a r a ct er for r e s ea rch in physic a l a nt hropology a nd 
huma n gene ticso 
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P.A. Parsons: "Link a ge in evolution." 

Inter a ctions between genes or blocks of genes on the 
same chromosome and the degree of link age betv vee n them are 
controlled by n a tur a l sel e ction. Al l variations betw ee n 
extremely tight linkage as in "g ene complexes" controlling 
polymorphisms, a nd looser link age as in linked inversion 
polymorphic systems occur. 

Models will be examined for equilibria for t wo linked 
loci. It will be shown for cert a in models that linked 
interacting systems controlling polymorphisms can be envisaged 
as covering the whole chromosome, even apart from various 
mechanisms whereby crossing-over is restricted, such as 
inversions, localisation of chiasmata and the restriction of 
recombination to one sex, though interactions over long dist an c es 
will be relatively rare since n a tural selection will on the whole 
favour closer link age between th e interacting loci. The intensity 
o°f natural selection will, however, depend on the reproductive 
potential of the species. 

It is but one step to interactions between genes on 
different chromosomes controlling polymorphisms, where in general 
interactions might occur so as to minimise the "genetic load." 

D.L. Hayman. Miss J.A. Marshall and P.G. Martin: "Morphological 
and autoradiographic studies of the chromosomes of some 
marsupials." 

Morpho l ogical vari a tion of the X chromosome asso ci ated 
with sex chromosome b a lance and with some other factors is to 
be described. The synthesis of DNA in all chromosomes has been 
followed by using tritiated thymidine and au toradiography. 
This has allowed certain deductions to be made relevant to the 
morphology of the chromosomes. 

M.J .D. White: "Evolution a ry loss of chi as mata in grasshoppers ." 

All grasshoppers previously studied have chi a smata in 
males (and presum ab ly in fem a l es a lso). Th e se chi asmata are 
cle a rly visible at diplotene - diakinesis -first metaphase because 
of opening-out of th e "r ed uction a l split" after the end of 
pachytene. 

In members of the Afri c an subfamily Thericleinae, there 
are. no recognizable diplotene or diakinesis stages a nd hence the 
transition from pachytene to pr eme taphase I is direct. In the 
majority of th e species chiasmat a a r e reve a led about half way 
through first metaphase, when the reductional split opens out 
between them. In some species chiasmata are only revealed 
momentarily, in first anaphase. 

In three species of Thericleinae chiasmata seem to be 
genuinely absent at all stages in the males, although present 
in the females (the genetic system being apparently as in Droso­
phila). 

It is suggest ed th a t in a ll Thericl e inae the "mechanical" 
function of the chi asma ta (holding the chromosomes together in 
bivalents) is more or less vestigial, in the males. These forms 
are hence cytogenetically pre-adapted for the final loss of 
chiasmat a which h a s occurred in the ma les of thr ee species. 
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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 
L~ - -,-- - - ----~-- = - c +4n nn=~n~a~+ n¥ tbQ O nnmnle mav have been 
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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. 
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