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SECTIoN I. INTRODUCTION 

L. jnvirnmental vazibUty: onotpic jexibility1 

The environment is the totality of extrinsic influences to 

which an organism is subjected. As ontogeny proceeds, the 

organism-environment relation changes, not only because successive 

phases of ontogeny are differentially susceptible to the various 

components of the environment, but because there may exist a 

reciprocal relation between organism and environment, The 

evolutionary role of the environment is twofold, On the one hand 

since development is the result of the interplay of genotype and 

environment it contributes to the determination of the phenotype; 

on the other hands  and implicit in the theory of natural selection,, 

it conditions survival. 

The organism is preadapted to react suitably with its norma]. 

environment. Only for a small fraction of the animal world is 

the environment constant; the majority of organisms are subjected 

to a variable environment and survival depends on ability to 

function efficiently in a range of external conditions. This 

capacity, to which Tho:9.ay (1953) has given the term 'phenotypic 

flexibility, can be effected in two ways: developuent may be so 11 

buffered that it is apparently unaffected by the vuriation in 

external conditions; or different phenotypic variants - 

structural or behavioural * may develop in the various different 

environments, each one better adapted than the others to those 

conditions which produce it, 

In regard to the buffering of development, Waddington (1942) 
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has pointed out that 1 dovelojrnental reactions as they occur in 

organisms submitted to natural s€leotion, are in general 

canalised. That is to say, they are adjusted so as to bring 

about one definite end-result regardless of minor fluctuations in 

conditions during the course of the reaotio& • The aspect of 

selection which favours the buffering of developmental systems 

has been termed 'stabilising selection' by Schmaliausen (1947) and 

'eanalising selection' by %addiztgton (1953(d)). The constancy of 

the wild-type as opposed to the variability of mutants is good 

evidence for the buffering of development: prolonged selection 

for wild-type has yielded a genotype which conditions such 

internal regulating mechanisms as will enable development to 

withstand the disturbing influence of the environmental variation 

normally encoi*itered. 

Turning to the second aspect of developmental flexibility, 

aidwin at the end of the last century noted that modifications 

are brought about at different levels by external agencies of 

different types: physical modifications by direct mechanical 

stimuli; nervous modifications by behavioural stimuli; psycho-

logical modifications by social stimuli (Baldwin, 1896), To the 

animal's behaviour in acquiring modifications during its life-time 

he applied the term 'organic selection' since from among the 

random processes resulting from stimulation the animal selects  

the most beneficial. Since animals which are structurally and 

functionally the most plastic are at a selective premium, and 

since plasticity in the required direction is iWieritedp  there is 

an exaggeration of the capacity to be modified in the following 

generations 
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Kirpichntkov (1947) discusses adaptive modifications and from 

his observations on fish suggests that they result from selection 

for plasticity in an ever-changing environment. In diverging 

groups differences in reactibility may develop in that each 

group comes to react to a different environmental range of 

conditions; part of the original adaptability is lost by the 

'disintegration of useless reaction systems and correlations in 

ontogeny through the selection of viability in an altered 

environment'. Thus the capacity for modification is transformed, 

but not necessarily reduced. 

The tuccess of a far-ranging species lies in the efficiency 

of each unit in reacting suitably with its local environments  

Selection for different reactibilit.ies occurs in different parts 

of the range; hence bet of rather specific reactibiltties, 

This picture of a species aubdivided into unite each character-

ised by its own modifying abilities invites the question: what is 

the part played by modifications in evolution? The subject haS 

been approached from two angles; to what extent can modifications  

promote discontinuity; and to what extent can they set the 

direction of future evolution? Since it Is with the second that 

we are concerned here only brief allusion will be made to the 

isolating role of modifications. 

11-2. The  Isolating robe of mod&fications 	yol4t4, 

The argument that certain types of modification can lead to 

intra-specific divergence is as follows: the characters are 

known to be acquired; they are also known to be handed on to the 

following generation; assortative mating occurs between affected 

individuals, 



The evidence evidence for the first two statements is good. In 

experiments on olfactory conditioning in insects for example, 

Thorpe (1937, 1938, 1939) and Cushing (1941) have shown that a 

change of adult food preference can be induced by transferring 

larvae to a ne food medium 	The preference persists since egg 

laying takes place in the food and the subsequent generation is 

similarly conditioned 	But the evidence for the third statement 

is merely circumstantial. The following deductions are typical, 

Monophagous genera of iiicrolepidoptera have more species than 

polyphagous ones; hence it appears that a particular food 

preference has so isolated its followers from variants of more 

general testes that the species level has been reached in each of 

a broken distribution of islands of occurrences  The capacity of 

grasshopper males to learn a song-patterns  and the observation 

that each race has its own characteristic song intermediates 

between which are never heard in the wilds  suggest that 

acquisition of a song-pattern is an instrument of Isolation, 

Habitat imprinting in birds is well known and that this may lead 

to the isolation of discrete groups is suggested by the 

distinctiveness of song-type in different races of chaffinch in 

8. Russia (Promptoff, 1930), 

In the field of structural modification there is less 

Information. Observations on laboratory mutants are not 

altogether irrelevant if Goldschmidt (1949) is correct; 'The 

study of phenocopies and their relation to mutation shows clearly 

that every departure from the norm produced by mutation can also 

be accomplished as a phenocopy,  whether such phenocopieg can 

occur except under the influence of the type of agent used in the 
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laboratory is uncertain; Patterson and Stone (195, p, 243) 

interpret Dubinin' s discovery of pkien000pie variation in wild 

populations as indicating equally powerful agents in naturul 

environments. Even 30 #  it is doubtful iiether indxced morpho-

logical variation could itself effect isolation, A tendency to 

asscrtative mating on the part of one sex is a oozamon form of 

selective mating in mixed wild-type and mutant populations (e.g, 

Rendel 1944,  yellow (D. subobecura); Jaffe 1954,  aristopedia), 

but unless the preference were shown by both sexes#  it could not 

bring about reproductive io1ation. For this it would seem 

necessary fr structural modification to be accompanied by an 

eco1oica1 isolating principle suoh as was iiçliott in the 

behavioural modifieationa montoned above, Preadaptation to a 

new  niche could be one such mechanism: the flightless habit in 

Insects is knon as a modification and is believed to be more 

adaptive than wild-type in a windy environment (Lierttter, Ncefs 

and Teissier, 1937). The association of habitat preference with 

structural modification could also increase the chances of 

Isolation. This possibility is supported by experiments on 

environment-selection by Drosophila mutants (1addington, oo1f and 

Perry, 1954)  in which significant differences between mutants 

were demonstrated in respect of luminosity and humidity prefer-

ences, 

Li. The directing role Qf zngdificatign in evolutiQn. 

For a great many years biologists have been struck by the 

fact that the same phenotypic character may sometimes appear in 

an inherited manner and sometimes as a modification resulting fro 
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aparticular environmental stimulus during ontogeny, Dorfueister 

in 1864 observed that in the tortoisbell butterfly, Vanessa urttoa 

heat treatment produced the wing-pattern characteristic at the 

southern variety, while cold treatment produced that seen in the 

northern variety. There are numerous iw3tances of characters 

known to be inducible by particular environmental stimuli appearing  

in the phenotype before any contact with the environment has been 

made, Such are the iscb.ial callosities of the ostrich1  the 

thickened plantar skin in prmates1  and the charicters dealt with 

in the 'ecological rules': degree of piientation, length of 

extremities and body size, Gause (1947) observed that the small 

size of the Crimean race of Fannia canicularis L. (the small 

house-fly) was genetically fixed1  while it could be induced in 

Moscow flies by breeding them at a higher temperature than normal, 

Similarly, in Drosophila raised at 250C  body-size is smaller than 

in individuals raised at 180C, 

Such observations have led to the suggestion that selection 

for ability to be modified in a particular way may lead to the 

fixation of the character in question, Circumstantial evidence 

is provided by instances where different races of a species show 

different degrees of fixation of a particular character. In 

the fresh-water snails  Limnaea peregra, the varieties urneti 

and involta show as adaptation to calcium deficiency a reduction 

in the spire of the shell (Limnaea, 199), On transference to 

hard water, some local races revert to normal while in others the 

morphological adaptation is fixed. 

There are theoretical reasons for supposing it to be 
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advantageous for a modification to be superceded by an inherited 

character, Waddington (1942) has stressed the selective value 

of complete independence of the end-product from environmental 

fluctuations since an optimum degree of expression is thereby 

assured regardless of the caprice of the environment during the 

labile developmental period. It has been suested (Thellung) 

that hereditary characters require less energy for development.  

That the fixation of modifications could account more plausibly 

for the remarkable precision of adaptation than can the selection 

of chaflee mutations alone has been emphasised by 1addington (1953c). 

The concept of the fixation of modifications is generally 

associated with the name of Lamarck (who,, it may be noted1  only 

stressed the influence of the environment is so far as it affected 

the animal through use and L"isuset the notion of direct 

environmental modification, implicit for example in the 'eco1ogica. 

rules', should be traced black to 13u.ffon, 107-178) * But 

according to Laiaarakism, it is the degree of realisation of the 

capacity to be modified, and not the capacity itself, that is 

inherited; and the insoluble problems so presented have been 

responsible for the discrediting of this tthearyP by modern 

biology. 

The history of the idea that selection of the potentiality 

to re-, pond to the environment may have important evolutionary 

consequences is outlined by Simpson (1953), It was first put 

forard at the end of the 1at century by Baldwin*  Osborn and 

Lloyd Morgan when its attractiveness lay in the fact that it 

provided a reconciliation between the extremes of the Darwinian 

and the Lamarekian views: 	,ection of individuals showing a 
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particular modification enables the species to survive 'until such 

time as a mutation occurs which happens to produce the same 

phenotypic efct as the modification, Thus Lloyd Morgan (l96, 

p, 314)  suggested that 'modifications afford the conditions under 

which variations of like nature are afforded an opportunity of 

occurring and of making themselves felt in race progress'; and 

Osborn (1896), 'all individuals of a race are similarly modified 

over such long periods of time that1  very gradually.1  congenital 

'ariations which happen to coincide with the ontogenic adaptive 

modifications are collected and become phylogen.ic' 

When, in 1936, the idea was rediscovered by the Russian 

biologist Lukin1 it was based on sounder genetical knowledge. 

The notion was popular in Russia because it provided a method of 

explaining idichurinist tenets on orthodox seleotionist grounds, 

/ 	2 and was developed by a number of biologists such as Gauze 

(irpichflikOV and Schrnbausen, 

/ 	addington (1942, 1952, 1953a, 1953b  and  1953d) has recently 

suggested a possible method whereby a *adification might become 

/ fixed even without the incidence of a mutation mimicking it, or 

indeed of new genetic variation of any sort: selection of a 

modification produces, by reassortment and recombination of 

factors initially present, a genotype which tends to condition 

the appearance of the character even in the absence of the 

environmental stimulus. The causal connection between modifica—

tion and subsequently inherited character is not1  therefore, as 

in the older theories, at the ecological level1  *Lt at the 

genotical level, 

/ The suggested mechanism derives from the observation that 
/ 

I 
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normal development tends to be Ocanalisedt, that is, buffered 

against disturbing environmental and genetic influences. The 

induction by an environmental stimulus of abnormal development 

(via, of a modification) can therefore be visualized as resulting 

Prom the normal developmental processes being forced by the 

stimulus over some threshold from the normal (canalised) pathway 

into an alternative (uncarialised) pathway, Continued selection 

for the incidence of the modification will be expected to result 

both in a lowering of the threshold and, providing some optimum 

value of the character is desirable, in the cuialiation of the 

new developmental pathway, Finally, if these processes go 

sufficiently far, a situation might well be attained in which 

development follows the new course regardless of the presence of 

the stimulust the acquired character has become genetically 

assimilated, This could but need not necessarily, take 

advantage of the fact that a relatively non-specific genetic 

mechanism could now adequately substitute for the environmental 

stimulus and so switch development from the normal into the new 

dir€ction (adiington, 1953b), 

A rather comparable situation appears to have been envisaged 

by 3chmalhausen (1947), To selection effecting the gradual 

independence of development from the environment the term 

'stabilising election is given, but what exactly is the genetic 

mechanism implied is not clear as Schmalhausen Uses Istabiliaing 

selection' not only in the sense of addington' a' canalising 

selection' but also to describe selection against deviants from 

the norm (distinguished as 'normalising selection' by Yaddington), 



-10- 

L. PreViOUS exteriments on th selectiQn of mifioj 

Such experimental work as has been done on the selection of 

modifications throws little light on the problem of the fixation 

of modifications, Heslopp-Harrison (1927) purported to 

demonstrate the fixation of an acquired food preference in the 

sawfly Pontania. salicis. Galls were transferred from that speeie 

of wiUov normally favoured to another isolated species and 

thereby a neu colony of changed food preference was estab1ihed. 

When introduced to the colony four years later, the original 

wtlio species was shunned by the flies, from which it was 

concluded that the acquired preference was now genetically fixed 

The experiment can be criticised on the grounds that the capacity 

to adapt may only have been meL' 'tta1, survival not being in any 

way conditional upon it, The presence among the original eggs 

transferred of genetic variants preada ted to the new habit is 

sugeeted by the occasional very high mortality following 

transference to the new host plants  

Rather comparable criticism can be levied against the 

experiment of Gauso (1941, 19421, 1947)  which were intended to 

demonstrate organic selection, Small body-site in Paraaoecium 

and 1up1otes was shown to be adaptive under conditions of high 

temperature or sa1inity. Change of body size after a prolonged 

period in these extreme environments was then compared in two 

vegetatively reproducing clones and a mixed culture; the 

phenotypic response in the two clones gave a measure of the 

morlificational change, that in the mixed culture of modificational 

as well as genetic change. As the amount of modificational 

change in the mixed culture was known to be approximately equal to 

the mean of the values for the two clones separately, the 
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observed change in excess of this calculated value was attrilMta 

to selection of genetic variation during many generations of 

sexual reproduction. But, as pointed out by Simpson (1.953), 

these experiments do no more than show that parallel results can 

be obtained by modificational and by genetic change: there was 

no proof that the attainment of a new mean genotype with respect 

to size was in any way conditional upon the ability in the first 

place to be modified 

It is by ensuring the preferential selection of modified 

phenotypes that the consequences of selection for response to the 

environment should be investigated, hence the value of experiments 

in which artificial selection is made 	This was so in the 

otherwise rather unsatisfactory experiments of Naumenka (1941) 

designed to demonstrate the fixation of a modification by the 

selection of a mutation mimicking it 	Two Drosophila X-ray 

pheocopie,'divergent' and Irought, were selected for twelve 

generations, X-rays being used on account of their mutagenic 

properties, In the 'divergent' lines  a recessive sex-linked 

lethal mutation to 'divergent' occurred in the last generation. 

But 'divergent' also appeared in an inherited manner (no details 

given) in the 'rough' lines  in which 'rough' itself was never 

fixed 	The whole picture was complicated by the persistent 

occurrence of non-inherited 'rough' in the 'rough' line, and 

divergent' in both lines, 

To test the hypothesis that fixation may automatically follow 

prolonged selection for a modification irrespective of the 

incidence of now genetic 'variability, Wadington (19520  1953) 
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selected for and against phenocopy formation in Drosophila 

me1anogaster. The phenocopy I crosoveinlesstwas induced by a 

4-hour temperature shock applied 21-23 hours after prepupation, 

A marked response to selection was shown in both 1iAo phenocopy-

incidence in the upward line reaching almost 100, and in the 

down-selected line falling to about W%j but more significant 

than this response, was the occurrence at the fourteenth 

generation of a small number of crossveiniess phenotypes among 

untreated flies, Pair-matings showed the character to be 

inherited and a number of up and down selection lines were 

established in which the final incidence of croseveinless ranged 

from 0% to 10%, 

These lines were beoted to genetical analyses from which 

it appeared that the character was controlle4 polygenically, the 

influence of chromosomes I and III being greatest. It seemed 

improbable,. therefore, that the appearance of eroseveinless 

without treatment was due to new mutations arising during the 

course of the experiment since, if this had been so a large 

number would need to be postulated, Thus fixation would appear 

to have been by a process of genetic assimilation making use 

merely of genetic variability present in the population initially, 
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LAims of the re  et jnvett 

The object of this investigation is to answer a number of 

questions suggested by iaddingtont a experiment; - 

1) Does selection of a modification lead in general to 

assimilation? 

The croseveinleas experiment lo repeated a) in the same 

stock b) in another stock c) using other characters, 

) Is aa&5imilation where it occurs due solely to  the  genetic 

variability initially present in the population, or do new 

mutations arising during the course of the experiment, 

poscibly as a result of the temperature-treatment, play an 

essential part? 

Inbred lines as well as sass-bred lines are treated and 

selected on the assumption that they will not respond 

to selection unless induced mutation is important. 

3) What is the nature of the genetic control of assimilated 

characters? 

1) and 2) are covered in Section II, and 3) in Section III 

Experimental results are analysed and discussed in Sections IV 

and V.  
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SECTION Ii: 8BLICTI0N 

Ii 1-4. iLtTERWS AND METHODS. 

I l The use of temperature in enc22-pro4uctiOn. 

That temperature is an efficient inducer of L.henoeopies has 

been shown by a large body of workers (Goldschmidt, 1929; Joflea, 

1933; Plough and Iveø, 1934; Buchanan and Timófeeff-ftesovski, 

1938; lienke, Finok and Mat  1941), Its use here was favoured by 

the consideration that temperature is not as strongly mutagonie as 

many other phenocopying agents. Nevertheless, hot shocks have 

been shown to increase the rate of mutation; Go3.dechinidt (1929) 

drew a distinction between modifications and inherited changes 

produced by such treatment, The effect is note  apparently, 

related to the well-known temperature-dependence of mutation rate, 

for hot and cold shooks produce comparable porcenges of lethalsz - 

I II 

Hot shock (36_3800, 12-24 hrs.; larvae) 0,29 0,03 1133 ± 0135 
Cold shock (-60C 	25-40 mina,) larvae) 0,69 + 0,05 2,45 ± 0,21 
Control (22-250OS 0,15 + 0,48 0682 ± 0,19 

0,22 ± 0,03 0,83 ± 0,11 

(from Plough, 1942) 

Nor is it directly related to the duration of treatment; Plough 

and Child (1937) showed that a 36,50C shock applied for 12 hours 

was as effective in inducing lethals as one of 24 hours 

In view of the selection of temperature-induced effects in 

this investigation, the work of Jobs (1934) must be mentioned, 

Larva were treated at 36-370C for 20-26 hours and the F1 to F3 
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examined, Not only was a x 80 increase in mutation rate claimed, 

but a parallelism was alleged to exist between modifications and 

mutations, repeated treatment of specific phenocopies loading to 

their later appearance as mutations, 4oreover1  further selection 

of weaker alleles was said to give rise to stronger alleles, as 

in the white-eye and sooty-ebony aortas, 

£ very thorough investigation of the same sort was med. by 

Plough and Ives (195) which failed, however, to confirm the 

findings of Jolios. In the first places  an increased mutation 

rate of only x 6 was obtained, Further, the directive effect of 

boat was not confirmed since no parallelism between modification 

and mutation was observed1  nor were step-by-step series of alleles 

produced. Plough and Ives argue that the white-eye series of 

alleles described by Joiiós was the result of the fact that 

mutation is more probable in some directions than in others1  this 

process merely being accelerated by treatment and therefore made 

more apparent; while in the sooty-ebony series, the more extreme 

phenotrpae resulting from selection and further treatment were 

probably not due to mutation to stronger alleles1  but merely to 

the selection of more efficient gene combinations. 

In the present investigation it is hoped that the use of 

inbred lines during selection, and the analysis of the genetical 

control of assimilated charteters, will detect the part, if any1  

played by induced mutation, 
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Ii 2, 	 Tretuiet. 

As Goldschmicit (1945) and Henke #  Finek and Ma (1941) have 

shown, phenocopy incidence is higher if treatment is applied 

during later than during earlier developmental stages; Gal ech*idt, 

for example, found that the number of penocopies per hundred 

flies was 352.7 following treatment of 12-19 hour pupae but only 

2.5 when 21-23 hour eggs were treated. Preliminary treatment was 

therefore limited to pupal stages since a greater choice of 

phenocopies should thereby be offered. 

Pupae were collected from a large number of culture-bottles, 

To facilitate their collection, the sides of the bottles were 

cleared of all pae awl larvae first thing in the day by means of 

a large spatula designed for the purpose, and thereafter at 

regular intervals all prepupae and pupae occurring on the glass 

were picked off with a suitably tapered smaller spatula and 

deposited on the sides of a fresh food bottle, By placing a 

series of such consecutive batches of pupae simultaneously into 

the incubator, treatment of a large number of different age-groups 

was effected • Ageing was in terms of hours since the onset Of 

prepupatton, the number of hours between successive pupa 

collections determining its accuracy. 

The object of this preliminary treatment was the production 

of a number of phenocopies suitable,  far subsequent selection. 

The requirements of the characters chosen were primarily that they 

should be well-defined and therefore easily scored; occur with 

moderate frequency so as to make selection both practicable and 

efficient; have a sensitive period such that treatment could be 
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given approximately one day after pupa-collection; and occur in 

both mass-bred and inbred flies of preferably the same stock. 

Since stacks are known to differ in their phenocoyiflg capacities 

(Plough, 1936), a number different wild-type stocks were treated 

along with not less than one inbred line of each, 

As shown by Goldschmidt, the frequency and severity of 

pkienocopic change is approximately proportional to the product of 

temperature and duration of treatment, It follows that the 

higher the temperature, the more accurately can the sensitive 

period be determined; and hence thernore exactly can response to 

selection be gauged. A sub-lethal temperature of 400C was there-

fore used, preliminary treatment being for 4 5 or 6 hours, 

Pupae were collected at 3-hour intervals and when treated the 

age-groups ranged from 15-18 hours to 44-47 hours, 

Since a large variety of clear-cut wing phenocopies was 

produced, it was decided to concentrate on these. The majority 

agreed well with those described by Ma (1943). Details are 

given in table 1(a) which, since no distinction is made between 

different lengths of treatment and different stocks treated 

Indicates only approximate frequencies and sensitive periods. 

The tact that not every phenocopy occurred in all stocks probably 

reflects true inter-stock differences; on the other hand s  inter-

stock comparison of sensitivity as measured by differences in 

frequency would have been unwarranted since the total numbers 

were probably too small to counteract an observed tendency for 

day-to-day variation in frequency. 

No pb.enocopies were found to satisfy all the requirements 



i&b1e 1(a) Pre1iz rx teent 	hD°C for 4 to 6 hourst 	 obtaine4--- - 	-- 	- 	 - 

-- Approximate No. of stocks shoing 
Sen8itive period - the ohenocooy 

Phenocpy (hrs 	after pre- Frequency Mass bred Inbred 
puation) (Total 	4) (Tota2L 

Vein deficiencie 
*1) posterior crosvoin1es 	(partial or complete) 21-24 high 4 7 
*2) anterior 	 g 18-24 V. low 1 3 

3) incomplete LIV 15-24 v 	low 1 0 
Suernuiaerry veins 

4) plexus (network or extra pieces of vein 6ita1ly) 	15-18 high 3 7 
*5) extra crossvein in first posterior cell 18-21 moderate 3 5 
*6) V 	 suthargina1 cell anteriorly 1-21 V. low 2 1 

Abnoal wing §Ljape  
*7) dunpy 15-18 variable 2 4 

) narrow-wing 15-18 variable 2 6 
9) convex or concave 36-47 high 2/2 212  

10) blistery 41-44 high 1/2 0/2 
11) baloon V. low 2 1 
12) nicked V. low 2 2 
13) crumpled 7 v 	low 2 5 
14) round wing 21-24? v 	low 0 1 

ithnorsz1 wing position  
15)upturned low 2 3 

 roof-like (plane of wine tilted down along 
anterior edge ofwing) 21-24 low 2 1 

 held-out (at 450  or 90 	to body) 36-44 high 2/2 0/2 

* phenocoies chosen for further investiation 
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listed above; particularly did corresponding mass and inbred 

lines tend not to give the same character at a reasonable 

frequency. 	toreover there was often found to be a measurable 

incidence of a character even without treatment, especially in 

inbred lines. This was undesirable since the present investi-

gation is concerned with that situation where a phenotype appears 

only in response to a specific environmental stimulus, Six 

phenocopies were however chosen provisionally (see Table 1(a)). 

Further inies;,iatLon 01 tie sensitive :piods of the 
01105511 1ienOc0)iO5. 

Posterior orosaveinleas (pcvl); anterior crosaveitilesa 

(aevi); extra crosavein in first posterior cell (fpcv); 

extra crosavain in submarginal cell (eaev). 

Pupa collections were now made at 2-hour intervals using 

only the two mesa-bred stocks Wild Edinburgh (E) and Oregon R 

(oh/a), and one inbred line of the former, As ehewn in Table 1(b) 9  

the sensitive periods now indicated were 22-24 hours for pcvl, 

and for the other phenocopies 20-22 hours, It was decided to 

select all four phenocopies using the U. mass-bred stock, 

duplicating the selection of pcvl in OR/R; and to use inbred 

lines as controls only to the two pcvl experiments. 

Of these four characters, two had a tendency to occur among 

untreated flies: pevl was found at an excessively low frequency 

in both WE and OR/h; szacv was found onee in WE, 

dumpy-wing (dp) and narrow-wing (nw). 

Further investigation of dp and uw was limited to that stock 



Table 1(b) Further investigation 	~,ensi 	period of crosj 
lois aad tra-orosveiJ 

U in td OR/It 
benoeopy Age ------ --- 

4 hrB, 	5 hr a. 4 4 hrs. 4 hrs. 	5 hr, 

pcv]. 20-22 	1 14(349) 	29(239) E,(o) 33(193) 
22-24 28* 	53(20) i 	37* 5* 	81(331) 

acvl 20 -2 2 3*(349) 	(289) - 4(.04) 	2(172) 
22-24 - 	 0(20) - - 	 0(131) 

fpcv 20-22 17*(349) 	17(289) 1 	31(440) 4(175) 	2(172) 
22-24 8(1223) 1 	2(2'10) 13(1541) 0 	2(131) 

ev 20-22 3*(349) 	2(289) * - - 

22-24 - 	 1(2O) - - - 

3tock 1 ages and treatments used in subsequent selection 
exeriiients. 

No: Figures in brackets in this and subsequent tables give 
the total number of treated flies, 
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(Crianlarich) in which these phenocopies had been most frequent, 

and treatment for 4 5 and 6 hours was applied only,  aromd the 

enittve period of 15-18 hours already indicated. It was found 

rt.11at the induction of the two characters was guaranteed only by 

ear-1ethal condition, being unreliable except in those batches 

of treated pupae in which mortality was considerable, due, in 

most instances, to treatment for the longer periods, To achieve 

a reliable phenocopy frequency, therefore, it appeared necessary 

to tolerate a large wastage of pupae. An attempt was made to 

eliminate this lethal effect by treating at a lower temperature 

for a longer period: Goldschznidt (1938) obtained dp phenocopios 

by using 360C for 12 hours. But this treatment proved to be no 

more reliable than the shorter treatment, and a trial of 3 °C for 

6 hours produced no dp or nw phenocopies whatever, The original 

400C treatment seemed, therefore to be the least unreliable. 

As shewn in Fig, 1, a vast range of wing-types occurred after 

6-hour treatments  the continuity of dp and nw with each other and 

with wild-type making virtually impossible any accurate 

measurement of frequency, and hence selection, of either alone,,  

Since this difficulty would be removed if all wing-types could be 

selected together as a single characters  an answer was sought to 

the fundamental question whether dp and nw were merely two 

environmentally or randomly determined manifestations of the same 

developmental disturbance. 

An attempt was therefore made to locate the individual 

sensitive periods (s,?,) since non-identity of the two characters 

would be indicated if these proved to be different. A synthesis 



g7) T!7) T7 

Fig. 1. Dumpy and narrow-wing phenocoptea.. 



min 

of all results was drawn up on the assumption that irregularities 

In the results of individual treatments would thereby be cancelled 

out: - 

Age 	dp 	nw 

15-17 27,0 OO (1252) 
4 hrs. 	15-10 7,0 0,2 (482) 

18-19 6,5 0,0 (265) 
15-17 6,0 (545) 

6 hrs. 	16-18 2,0 160 (352) 
17-21 0,3 6.0 (34) 

The figures do not bring out the difference in effectiveness 

between longer and shorter treatments that was observed in 

simultaneously treated batches of pupae, Though comparison of 

actual percentages may not be Justified, that of the relative 

proportions of the two characters is valuable: it would appear 

that 4-hour treatment elicits only dp, while 6-hour treatment 

elicits both dp and nw; and that the S.F. for aw (16-18 hours) 

Is slightly later than that for dp (15-17 hours), This 

difference in S.F. was also found by Schatz (1951) and suggests 

that 4 and nw are discrete characters. 

Some relevant information comes from studies on mutants 

resembling the phonocopies. Waddington (1939, 1940) has shown 

that the B.P. of Ag fails during that phase of development when 

the wing is contracting from an inflated sac to a flat plate of 

smaller area. Distortion in viing siape was shown to be de to a 

disproportion between the contracting epithelium a1 the support-

ing veins, tension being too great in the longitudinal direction 

and resulting in an abnormally short wing composed1  nevertheless, 

of the same number of cells as the wild-type wing. In the D. 



-21- 

subobscura mutant All  (blade), on the other band, a wing narrower 

than normal results from greatest tension in the transverse 

direction. The tact that occasionally a flies are unilaterally 

dumpy suggests the possibility of an environmental switch to 

either type of development. This lends support to the idea that 

dp and nw phenoeopies may not be fundamentally different from 

each other. 

A comparison of the situations in these mutants and in the 

phenocoptes resembling them 'was made by Mm (1950) who showed that 

at corresponding ages phenocopy development and mutant development 

are highly similar, 

ohatz (191) has continued the comparison between dumpy and 

narrow wings by observations on ceU-denity. She notes that 

those mutants and phenocopies with a S.P. during the first 

mitotic phase (0-6 hours) show a wing with reduced cell-counts in 

the longitudinal directions  while those with a S.P. at the 

beginning of the second mitotic jhase (from 18 hours) show a 

reduced count transversely. It is suggested that this distinctiofl 

springs from the orientation of the mitotic spindle, this 

normally being longitudinal in the first phase and transverse in 

the second. Disturbance of the normal orientation will result 

in a wing deviating from normality in its proportions, and if 

such disturbance occurs during contraction, the normal balance 

between longitudinal and transverse components will be upset, 

Schatz therefore suggests that the transition from longitudinal 

to transverse spindle-orientation occurs between the sensitive 

periods of the dp and nw phenocopies, According to this view, 

then the two characters should be considered distinct, 
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It was therefore decided to select dp only, and in order to 

make classification easier, the shorter treatment of four hours 

was preferred on the assumption that after  a perioi of selection 

a more reliable response would be given. This was in fact to be 

the cases  and it was then possible to deterrthe the S.P. more 

accurately. To avoid the interruption of a later section, data 

obtained at generation 17 is given here:- 

Age 

erez-

Age 	Total % dp 	% mutant-like dp 

16-17 $6.6 56,0 (298) 
17-18 96,7 19,8 (148) 

4 hrs, 	18-19 63.5 5,5 (200) 
19-20 32.2 1,6 (148) 
20-21 3,9 0.0 (164) 

The higher total incidence at 17-18 hours than at 16-17 hours was 

almost certainly due to inaccurate classification resulting from 

continuity with wild-type. The period of maximum sensitivity 

appears, therefore, to be no later than 16-17 hours, (As 

routine experimental procedure, it was impossible to treat pupae 

younger than 16 hours,) 

IX 4, 	oedral detail  api1ying to all eerictp. 

The five phenotypic characters selected are shown in Figs, 

2 and 3. In each experiment, selection was carried out in two 

:atages 

Selection for the phenocopy (with treatment) 

Selection for the assimilated character (without 

treatment, 



Fig. 2. Posterior cros8vein)..es: grades 0 C 
AD 

Fig. 3, Anterior crosvein1ess, Extra croBsveip in first 
posterior cell. 

Dumpy 	 Extra crossvein in submarginal 
cell 
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(1) Selection ofsnocoes 

All lines, wiether previously inbred or not, were mass 

mated during selection. A large number of cultures (12-24) at 

approximately 20 females, -10 males per culture*  were used in 

each generation so that the effective population size was large 

enough for inbreeding to be non-existent during the experiment 

(see Table 2, col, W). 

Crowding in these bottles as approximately etanardised 

from generation to generation by allo; lug parents to lay over a 

fixed period (2j-3 days), They were then shaken over to fresh 

food bottles so that a continuous supply of pupae was guaranteed, 

two batches generally being adequate for the collection of a 

sufficiently large number, 

Except in the two mass-bred lines selected for povi, there 

was always a generation's lag in males relative to females. This 

was made necessary by the temporary sterility or semi-sterility 

of young treated males, (For details, see VI 1), Since fertility 

returned after a varying number of days, selected males were 

temporarily stored and subsequently mated to the selected females 

of the following generation, 

The technique of pupa-collection and treatment was as 

described in XI 2,, 

The sexes emerging from treated bottles of pupae were 

separated so as to ensure virginity of the females, 

r) Pnenocopy incidence was recorded in males and females 

separately, 

g) All affected flies were selected, no selection being made 
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for expression except where stated in the accounts of the 

individual experiments 

In order to maintain a high intensity of selections  

treatment was reduced as phenocopy-incidence rose, A final 

measurement based on the initial length of treatment was however 

usually made before any line was discontinued, 

Untreated individuals were examined every few generations 

in order to detect changes In the frequency of the ?spontaneous 

appearance of tbs character, (See on to (2)c and (2)g for 

method of culture standardisation.) 

(2) $e].cttgn of 	pimilated characters 

a) Selection of each character without tre tfaent was started 

when assimilated individuals occurred at sufficient frequency to 

establish a stock and when the probability of similarly affected 

flies occurring among their offspring was high enough to make 

selection practicable, 

These lines were mass-mated using never less than 20 

females and 10 males per generation. 

Culture-density was approximately standardised by allowing 

20 females to lay for 2j-3 days, 

Emerging females were collected as virgins, 

The sexes were scored separately. 

After it was observed that crosaveinlsse showed a marked 

bottle-effect, incidence falling off among later-hatching 

individuals (see VI 2), the penetrance recorded was that among the 

first 100 flies of each sex to emerge in a culture of approximately 

standardised density, This method gave results approximating 



very closely to those obtained by the more precise bat laborious 

method involving egg-collection (see VI 3), 

g) No selection was made for expression except where stated 

in the descriptions of the individual experiments. 

U 5. $uary of results& ewin21pkY, 

The results of the six experiments are summarised together 

in Table 20  full details of the individual experiments being 

given in the following sub-sections. 

The word"spontaneous" is used to describe a character when 

it appears without treatment, whether in the founthtion stocks 

initially, or among 'untreated flies of a line selected for 

phenoeoy formation, "Assimilated" describes the same 

phenomenon only when the incidence of the character has been 

increased as a result of phenocoy selection, 



- 
'fable 2. 	Eu~ 	R3~eriments and Results 

10 U 12 

Experiment Description of Stock 4) 0 V4 
pheriocopy g 

o p 4) 0 v-4 0 0 .r4 	-. 	4) 
0 	O 

q 	ri Ca 
r-1 

(C.) 4n o 
0P. tli 43 

V 
0) 4) 

04 l 

-4 
.r40 00 i-f r4 0) r4 bd 

04 —o.g .rf 
-4C4:  

0 >4 

a) Posterior cross- Offl inburgh 22-24 4(38,2) 28 0.7 15 99 13 682 1219 z c.n6 
i veinless(pcvl)  

0 

.i1d 	linburg1 22-24 2 
44* 0.0 10 44 0 451 1052 - 

/ inbred 

 oeteiorcos - Oregon R 22-24 4(3,2) 58 0.25 14 97 12 'at 	52 830 100 
veinleas (povi) 

____ 
: 1 

-- 

10th 
----- ---v- - 

 Oregon fi 20-22 4 	i 9 
- 

0.0 10 9 0 200 506 

_ 

- 

inbred  approx_ 

III Dumpy (dp) I Crianlarich 16-18 4j!(4,3,2) 6 0.0 30 100 2.5 - 1146 [5.3] 

IV Anterior cross- tlld 	k1inburgh 20-22 4 3 0.0 . 	II 76 7 208 603 c.P4 
veinless (acvl) 

V in first posterior 711 	inburgh 20-22 4 	. 17 0.0 5 65 46 7 %5 o.R1 
co 	r) 

tra orosavein 
VI In submarginal 7I1d Edinburgh   20-22 4 3 0.1 4 46 24 127 519 c.04 

cell (ancv) 
 

' 	av -ned over 10 generations. 
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II 6-12. ZU L4,WTI0N 1XI$T8 

;J_.6. 1x2erient L Selection of smstF,_rior crosveinless 
(pevi); stocksz Wild Edinbrgi was-bred and inbred. 

Sqltton with troatnent 

Mass-bred line; 22-24 hours (Figs, 4 & 50  Table 3), 

Response to the initial 4-hour treatment was good, 

phenocopy incidence increasing from 27,5%to 84,0% in the first 

five generations of selection. Treatment was reduced to three 

hours at generation 6, and to two houi'e at generation 8 0, after 

which the incidence again increased rapidly, reaching 99,0% at 

generation 15 when selection was discontinued. A final 4-hour 

treatment yielded almost 100% phenocopies, 

Among untreated flies a gradually increasing frequency of 

pevi was observed. Concurrent measurement of generation 10 and 

generation 0 (via, the foundation stock) gave frequencies of :3.0% 

and 0,6 respectively, Since pevi incidence is in the WE stock 

increased by low ,temperature (see VI 4), the comparison was also 

made on flies raised at 18°C. A more convincing difference was 

now indicated by corresponding frequencies of 17,25% and 1,59%. 

Finally, a further measurement at 250C  made at generation 15 gave 

a frequency of 13.2%  contrasting very strikingly with that 

initially of less than 1%. 

Inbred line; 22-24 hours (Figs, 5 & 60  Table 4). 

It was originally intended to select concurrently in 

mass-bred and inbred lines so that secular variation, if any, 

would be parallel in both. The inbred line first used had, 
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however, to be abandoned after a number of generations on account 

of contamination, and selection in a second line was not started 

until shortly before the termination of that in the mass-bred line,  

'Advantage was now taken of the fact of segregation in WE of one 

or more factors affecting body colour; a dark Inbred line was 

deliberately chosen so that contamination by the majority of 

stocks aould readily be detected, This stock ('E4) had 

previously been highly inbred by Drs. E. C. R. Reeve and F. V. 

Robertson. 

Since secular trends can mimic selection responses, it was 

decided to treat two lines of the inbred stock, recording 

phenocopy incidence in both, but selecting for phenocopy-formation 

only in one. In the non-selected line, variation in response 

could only be of secular origin, and providing, therefore1  that 

the two lines were treated simultaneously (fluctuation in the 

temperature of the incubator being thought to be an important 

cause of secular variation), large differences in their behaviour 

could only be due to the effects of selection in the one line, 

The duration of treatment was only two hours since 

sensitivity was greater than in the mass-bred line: 

ss-bed 	Inbred 

4 hrs, 	dd 	23,5 (565) 43, (356) 
99 	31,6 (658) 59,2 (461) 

27,5 51,0 

2 hrs. 	66 	5,6 (306) 21,1 (213) 
QQ 	11,9 (293) 46,9 (194) 

8,8 34,0 



The selected selected line gave no response during the first seven 

generations of selection, but in the last three a marked trend 

towards higher incidence was obtained. It was therefore most 

significant that a parallel trend was also shen by the non-

selected line; from Fig. 7 and Table 5 it is clear that the 

measurements for the two lines agreed closely from generation to 

generation except in the unexplained case of the penultimate one, 

(For this comparison, penetraxice was not calculated from the 

total number of phenocopies but was an average of the percentages 

in the individual treated bottles, a method that eliminated 

discrepancies arising from the fact that corresponding pupa 

collections from the two lines were not necessarily of the sate 

size,) The selected line did not, therefore, respond to 

electtpn, and y  as expected in view of this result, there was no 

improvement on the original zero incidence of pcvl among 

untreated flies, 

Se1e2t4.2n. without treatent (Fig. 8). 

A. stock of assimilated orossveinioss was established from cvi 

individuals (94  d, 120 gi)  appearing among the untreated flies 

of generation 10 of phenocopy selection,, At the same time, a 

stock of spontaneous croseveinless was started from cvi flies 

(10 M9 24 g) found in the foundation stock. In both cases a 

proportion of the selected flies had been raised at 180C. 

Response to selection was gradual in both stocks a penetranc 

of 95-100 being attained after U generations, At about 

generation 6 a sub-line of each was started in which selection was 

subsequently made for expression, Penetrance increased more 
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rapidly as a result, but the final incidence was no higher than 

that obtained by selection for penetrance alone. 

There was a remarkable similarity between the plots of the 

kesponses given by the assimilated and spontaneous stocks and by a 

third stock established from assimilated individuals of generation 

1, 5 of phenocopy selection but abandoned after only 3 generations - 

a similarity to which allusion will be made in a later section 

(IV 2), 



0. 

HOURS AT 40°C 

—3-- 	( 

.5 

10 

çS 	 -,--- 
0 	I 	2 	3 	4 	5 	6 	7 	8 	9 	10 	II 	12 	13 	4 	15 

GENERATION OF SELECTION 

Fig. 4 Selection of posterior coseveinless phenocopy in WE 
as-bred stock 

Figs. 4, 9, 12, 1 and 15: s = spontaneous incidence (upper 
point females,, lower point males). 

HOURS AT 40°C 

Fig, 5 Selection of posterior crosveinlosa phenocopy in WE 
mass-bred and inbred stocks 



11 2 61,9 281 5444 48,2 58,1 
12 2 60.1 469 69,5 701 64,8 

13 2 74,8 619 76,3 1 	730 75,6 

14 2 87,9 563 88,9 705 88,4 

15 2 90,1 355 8,40 	87,8 410 18,00 	1 	89,0 

4 98,5 1 386 99.0 411 ] 	98,7 

436 

769 
1020 
1122 

13.20 
	 = 61,5 

Table 3, 	 bred stock; percentage incidence of 
~v -gag treuted L74jntreaLed .fUes £ 	t.aneon.s incidence based on. 600 file 	leach casa, 

firs. dd 1. 

 

99 No4 of 
:atL  flies  

Gen 40°C Pheno Total spontaneous Pheno. Total Spontaneous Pheno. S?otaneous bred from 

0 4 23,5 565 0,17 31,6 658 1.17 27,5 0.67 	
1 

'- 
(1.17 at 180C.) (2,0 at 18°C,) (1,59 at 180C,) 

1 4 30,5 447 39.2 520 34,8 339 
2 4 48,5 478 57.2 575 52,9 561 

3448,5 368: 55,0428 51,8 414 
4473.3426 0.38 '78,8496 1,35 76.1 0,87 703 
5489,5 278 79,6324 1 84,5 507 
6 3 64,4 354 56,7 522 60,6 524 

73 78.1749 71,8 780 750 1145 
8 2 35.7 686 32.8 800 34,2 509 
9 2 573 927 56,1 1071 56,7 1132 

10 2 o3,8 1190 1,50 
(16,83 at 180C) 

66,1 1163 4.50 
(17,66 at 180C) 

65,0 3,00 
(17,25 at 18°C) 

701 
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GENERATION OF SELECTION 

6. Selection of posterior crosvein1eas in WE inbred stock. 

0 	 3 	 4 	 5 	 6 	 7 	 8 	 9 	 10 
UNSELECTED LINE 	 2 	 3 	 4 	 5 	 6 	 7 	 8 	 9 

GENERATION 

Fig, 7, Phenocopy frequency in coneeporaueoua generations of 
I selected and unselected inbred lines, 



Table 4.  Selection for gosterior crosvein1ess Dhenocopy in WE selected and non-siected 
inbred liee 

Generation! 

Selected line Son-selected line 

at 
400C 	-T 

Ay,   Ày, 

Pheno Total P heno. 1 Total P hen, Phenc Total Pbenq, 	Total ,  Piienq1  

0 2 21.1 	1 233 469 1 	194 34,0 21,1 213 4.6,9 194 34.0 
1 2 19,5 	1 410 43,6 516 31,6 38,9 417 71,4 311 55.1 
2 2 17,7 288 42,0 274 29,8 48,6 183 79,0 257 63,8 
3 2 489 2' 73,5 317 61,2 32.2 205 62,1 248 47,2 
4 2 24.8 371 55,4H 388 40,1 28,4 27150,7 335 39,6 
5 2 23,5 438 47,4 538 35.5 48.9 493 74,9 450 61,.9 
6 2 42.3 506 67,8 549 56,5 12,0 251 W 3.2 235 22.6 
7 2 7,17 488 33,1 1 	350 20,1 31,5 295 58,2 462 44,9 
8 2 28.8 372 62,7 424 45,8 10,4 192 41,2 148 25,8 
9 2 56,4 156 75,8 182 66.1 51,6 221 8,1 236 67,3 

10 2 53.3 276 83.3 330 683 44.3 192 63,9 230 54,.]. 



non-selected 

1Table  5. Selection for poteior 2rossyeirU.esg 4nocoL In 

Note: Incierice is here the average of phenocopy 
percentage in individual treated batches of pupae. 

Contemporaneous  dd Av, generations 
I  

S N S N 8 N 5 N 

2 54,7 48.6 86,6 75,3 T.7. 61,9 
4 3 22.9 31,8 51.4 54,2 37.1 43.0 

5 4 23,8 23,9 47,5 45,2 35,7 34,6 

6 5 45.4 47.2 68,9 74,6 57,1 60,9 
7 6 11,4 12,5 28,2 31.5 19.8 22,1 

8 7 27,8 29,0 56,8 57,3 42,3 44,2 
9 8 52,6 17,2 68,0 6461 60,3 40,7 

109 48,0 56,2 91,2 87,3 O,0 71,71 



20 

10 

0 	 I 	 2 	 3 	 4 	 5 	 6 	 7 	 8 	 9 	 IV 

GENERATION OF SELECTION 

Fig. S. Selection of posterior crossvein1s without treatment 
in lines started at generations 0, 10 and 15 of phenocopy 
selection (WE), Dotted linsa: selection for ereion 
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7. ixeriment 2.. Selection of posteri orpJ3sveiu1ess 
(cvL)j socks; 0goR mass-bred and inhzed, 

Solecttcn 7WJ&h  xeatment 

tass-bred line; 22-24 hours (Figs. 9 & 10, Table 6), 

The poor response to selection during the first five 

generations may possibly have been due to the low intensity of 

selection resulting from the high incidence of pheocopies 

elicited by the 4-hour treatmentz a shorter initial length of 

treatment might have been preferable. It should however be borne 

in mind that in these experiments true trends may be partly 

obscured by variations in response that are of secular origin, 

though the magnitude of such variation appears to be far less in 

mass-bred than in inbred lines, being on the whole obscured by 

trends in the selected directions  Reduction of treatment to 

three hours at generation 6 and to two hours at generation 8 was 

followed by excellent response; when selection was discontinued 

at generation 12, incidence following 2-hour treatment was 91,9% 

and following 4-hour treatment 979%, 

The initial spontaneous frequency in QR/R was somewhat lower 

than in WE#  and expression was poorer, As before, phenocopy 

selection increased the Incidence#  concurrent measurement of 

generations 10 and 0 giving frequencies of 11, and 0.2Z,.  

respectively. (Frequencies in the selected line before generation 

10 were measured in non-standardised cultures and were therefore 

probably underestimates.) 

Inbred line; 	-22 hours (Fig, 10, Table 7). 

As in the previous experiment, mass-bred and inbred 
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lines were not selected contemporaneously owing, in this case, to 

the sterility of the treated males, the temporary nature of such 

sterility not at this time being appreciated. The inbred line 

1-ter used had been isogenised and subsequently inbred by Schultz, 

and carried as marker the white-eye gene, Treatment was applied 

two hours earlier than in the mass-bred line, the period of 

maximum sensitivity appearing to fall between twenty and thirty 

- 

do 99 AV. 

18-20 	0,0 () 3,2 (61) 1.6 
20-22 	3,1 (65) 18,2 (66) 10,6 
22-24 	1.4 (61) 1,3 (76) 1.4 
24-26 	0,0  (54) 0,0 (64) 0,0 

4nce crosaveiniess incidence among males was so low as to make 

election in this sex impracticable, measurement over 5 generations 

giving an average of only 264%,  females alone were selected and 

mated to unselected males of the sse generation. 

There was a quite conclusive failure to respond to selection 

parallelled by the maintenance of zero spontaneous incidence of cv1 

These results therefore confirm the ftnrlinga of the first 

experiment, 

e1ection witnout treatmni (Fig, U), 

An assimilated stock was established from cvi flies (32 54 

72 9) appearing at generation 10. An attempt to establish a 

spontaneous stock proved to be impracticable on account both of the 

scarcity of cvi phenotypes in the stock initially, and of the low 

probability of the character appearing among the offspring of such 



r1ies, Use could not be made of lowered temperature since its 

effect was the opposite to that in WEq  namely a reduction in 

requency (see VI 4), 

Response in the assimilated stock was rapid, a penetrance of 

87,2% being reached after only 5 generations, Thereafter it 

seemed necessary to select for expression in order to achieve any 

further increase, but by doing so a penetrance of 100% was 

obtained in geaeration 9. Fig, U also shale the response in an 

assimilated line started at generation 4 of phenocopy selection, 

n spite of no intentional culture standardisation, this earlier 

line responded in the same manner as did the later one, a fact to 

Which further attention will be given in IV 2, 
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Fig, 9, Selection of posterior crosvein1ea phenocopy in OR/ 
mass-bred stock. 
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Fig. 10. Selection of posterior crossveinlesa phenocopy in OE/R 
mass-bred and inbred stooks. 



TAble 6, Selection for posterior  erinless phepocqy in Okt/R ared stocks 	reenta  incidence of 
pevi amon treed and untreated fiiea, (S.-'ontaneous incidence based on 600 flies 	eahçpe.) 

99 	 T - Av. No. of _____________________ 
at _-, 	

--1
f1ie 

Gene 	400C 	Pheno. Total 	ontaneous 	Pheno 	Total 	Spontaneous 	r 	Fpontaneou 	tred from 

0 	4 	45,8 	351 	0 	 69,4 	378 	0,50 	57,6 	0,25 	 423 
(0 at 180c) (0 at 180c) 	 (0 at 180c) 

1 	4 	42,8 	242 	 78,1 	259 	 60,5 	 306 

2 	4 	44,6 	509 	 67.9 	. 	598 	 56,3 	 633 

3 	4 	46,3. 	325 	 : 35,4 	350 	 65,8 	 449 

44 	463 	414 	 728537 	 596 	 585 

54.69,0 	436 	0,40 	78,2481 	0,60 	.73,7 	0,50 	 677 

6 	332,5209 	 51.1274 	 41,8i 	 208 

7 	3 	593.413 	 . 	74,3 	551 	 66.9 	 659 

8 	2 	. 37,3 	766 	 47.7 	1020 	 42,5 	 773 

9 	2 	60.1 	617 	 82,6 	754 	 71.2 	 994 

).o:2!84,7737 	5.50 	97.3694 	1800 	910 	11,60 	 587 
(1.83 at 180C) 	 (3,33 at 180C): 	(2,58 at 180C) 

112 	83.2 	!368 	i 	 92.11 	343 	 87,6 	 622 

12 	2 	$6,9 	
i 	

I245 	 96.8 	251 	 91,9 	 Av =582 
4 	97,3 	1 261 	 98,5 	261 	 97,9 



Table 7. eecton ggg po.terior gmssycLalegs 
hnoo.y in OR /R tnbre4 line. 

Generation 

hrs. 
at 

40°C 

tie 

pheno 
-H 

total. 

99 

pheno, - total 

0 4 319 617 13,8 803 
1 4 1,6 693 28,6 753 
2 4- - 14,1 830 

3 4 4,8 646 4,8 646 

4 4 - - 23.6 626 

5 4 - - 30.1 206 
6 4 - - 	I 418 

7 4 - - 18,1 237 
$ 4 1,7 176 20,6 194 
9 4 0 178 16.0 213 

I 4 	1 - - 11,0 136 
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Fig, U 	e1eetion of posterior crosvein1ess itout treatment 
in lines started at generations 5 and 10 of pbeuocoq 
selection (OR/R), Dotted line: selection for 
expression, 
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LI , Expiment 3. §election f,.2r dMItKUL (,)t stoo 

e1ection with treptmen4, 16-1 (15-17) hours (Fig. 120  Table a) 

Treatment for 4j hours was given at 15-17  hours for the first 

four generations. No response to selection was evident during 

this period, but on account of the exceedingly erratic incidence 

of dumpy phenocopie (II 3) 0  these earlier generation totals are 

probably meaningless, as indeed the increased inciience following 

reduction in treatment to four hours at generation 5  would seem 

to show, (Since the OF is known to be between 15 and 17 hours, 

It seems unlikely that this increased incidence was in any part 

I  due to a simultaneous one-hour increase in the ago of treated 

pupae, made for reasons of convenience in routine procedure,) 	I 

This higher level of incidence was now maintained, and it was to 

a certain extent possible to correlate variation in incidence 

with minor variation in temperature of treatment (9,g, 40,5°C at 

generation 8; 39.0°C at generation 9) 	in order, however, to 

confirm that selection was being effective pupae of the founda-

tion $ tack were treated contemporaneously with generations 9 and 

10. 	The following results gave a clear-cut affthaatory answer. - 
Selected e1ect,ed 	Unselected 

09 	40,7 (1706) 	4,3 (oo) 
010 	74,9 (1072) 	8,6 (548) 

The separability of dumpy and narrow wing was also confirmed since 

a tendency towards narrowing of the wing was only present in the 

unselected stock. 

From generation 8 the frequency of mutant-type dumpy 

pbenocopiee (grade A) was recorded and selection was made as 
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far as possible for this type only. Following a steady rise in 

incidence after generation 11, it became increasingly possible to 

take only the more extreme of these NA" phenotypes, but after a 

number of generations a difficulty was encountered in this 

reapeott the more extreme wings were no longer typical dumpy, but 

tended to be extremely short and square-cut or obliquely-cut. 

The most extreme phenotypes had now to be determined laboriously 

on the basis of wing-length relative to body-length which, coupled 

with a retardation in response between generations 16 and 21, made 

It seem desirable to reduce the intensity of treatment to three 

hours (generation 22), After an initial fall, incidence again 

increased and a final reduction to 2-hour treatment was made at 

generation 27. Three further generations of selection produced 

total and grade 0A5  frequencies of 95,1% and 78,3%  respectively, 

and at this point the line was discontinued (generation 30), 

No tendency towards •a spontaneous appearance of dumpy-like 

wings was observed until generation 25 when, since it is well 

known that the expression of the mutant jg is enhanced by an 

increased temperature, progeny of a group of phenocopies were 

raised at 31°C in addition to the standard temperature of 250C, 

In the 310C cultures there were a number of individuals with 

distinctly round-ended wings (Fig. 13) while at 250C though there 

appeared to be a tendency to-wards blunt wings it was difficult to 

pick out distinctly non-wild-type individuals. Cultures of 

unselected Crianlarich flies raised at both temperatures as 

controls produced no atypical wings. Measurement of the frequency 

of these assimilated phenotypes was not made until generation 30 



the when 	following following percentages were obtained - 

66 	 99 	Av, 

310C 	63 (200) 	9,4 (200) 	7,9 
250C 	0,0 (200) 	5,0 (200) 	2,5 

21e2ti2n witho4t treatment 

An assimilated stock was established from a number of the 

blunt-winged individuals of generation 25 from both 310C and 2500 

cultures, The stock Was at first kept at both temperatures, but 

as it became increasingly possible to distinguish the assimilated 

phenotype at 250Ct  the use of 31°C was discontinued (generation 4), 

31C 	25C 	Total 

Parents of generation 1 3 Q, I WT 6 	2 99 	5 	1 6 
2 	1 d 	32,16 39,268 
3 22Q,266 4,16 6è366 

At and after generation 4,  it was possible to select the best 

20 66 and 20 991p  severity of expression increasing rapidly. 

Nevertheless measurement of frequency continued to be difficult on 

account of continuity with wild-typo; an estimate at generation a 

gave 58.3%  (66 56,i% (100); VQ 59,81, (100)). A very small 

proportion of these flies had the mutant-type dumpy wing, but 

there was no indication of the vortices and whorls of thoracic 

microchaetae characteristic of the mutant. For reasons given in 

111 2, selection was discontinued at this point. 
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32, Selection for duxay phenocopy. 

Fig, 1.3, Assimilated dumpy; three grades compared with wild-type1 
(upper left). 



Table B, 62leStion f2rduphe4oeoP. 

Ay, 
at 

Gen' 	i 4C  1 dj 	ij  dplAt Total 1P 	I dpA' Total c1 

- - - - - 22,9- 
1 41 40,3 - 1005 38.6 - 1327 394 - 

35.9- 
3 4* - - - - - * 31.8 - 
4 4 2,2. - 277 22,3, - 233 25,2 - 
5 4 52,5 - 611 46,4 - 813 49.5 - 
6 4 46 - 1123 	- 49,4. - 1396 478 - 
7 4 - :1108 57,1 - 1311 58 0 9; - 
8 4  86,6 39,4 885 87.3 3,0 817 86.9 36,2 
9 4 40,0 8,0 823 41,3 67 883 40,7 7,4 

10 4 76,3 23,7 489 73,4 20,1 583 74.9 1  21.9 
11 4  46,6 7,8 658 32,9 8,4 811 39,8 8,1 
12 4 58,5 13,4 'Ol 59,0 16,1 837 58,8 14,8 
1.3 4 6,935,2 6.40 66,126.1 793 67,l 30,6 
14 4 86,047,6  250 8(J,o44,1 227 83,0 45,9 
l54 4,89, ') 30,2817 32.5  
16 4-51,3524- 52,4588:- 51,9 
17 4 - 	:46,6 (7 - 47,2 954 91,0 46,9 
184 - - - - - - - 
19 4 94,6 5,0 207 92,3 57,5 261 93.5 57.7 
20 4  88,7 52,3 38d 91,0 68,6 354 89,8 6,5 
21 4 - 54,1 170 -  52,3 218 - 53,2 
22 3 49,3 13,3 535 50,7 15,9 592 50,0 14,6 
23 3 79,,3 31,7 583 83,4 32,5 67 81,3 32,1 
24 3 44,2 23,8 584 49,8 25,6 695 47,0 24,7 
25 3 
26 3 84,4 38.9 3W 76,5  36, 395 80.5 j1, 
27 2 55,6 30.2 126 7,4 44,3 3.83 65.5 37,2 
28 2 76,3 45,1 350 86,0 53,8 494 81,2 49,5 
29 
30 

2 
2 

715 
I 94.2 

35,9 
75,2 

407 
258 

790 6 
1 96,1 

147,5 
181.5 

495 
254 

75,5 
95,1 1 

41,7 
28.3 
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JLJ. ixrinezt 4 	]ectiorL for a tenor cvetes 
çvljj stock 1'i1d Edinburtzh. 

{e1ction with treatment. 20-22 hours (Fig, 140  Table 9). 

Initial incidence of the phenocopy foUocing 4-hour treatment 

as so low (3%)  that it was at first necessary to expand the stock 

between selected generations, Response to selection was good, a 

frequency of 48% being obtained at generation 6 when, for reasons 

unconnected with the experiment, it was necessary to relax the 

line for a number of generations. The reduced incidence at 

generation 7, though possibly of secular origin, is probably the 

consequence of this period of relaxation. Selection was die-

äontinued after a further four generations when incidence was 

75.8%. 

The frequency of'spontaneous' individuals increased from 

zero initially to 9,4%  at generation 9, falling slightly in the 

final generation, 

e1ectton without tr,eatment. 

An assimilated stock was started from cv flies (4  ddl  U ) 

occurring without treatment at generation 4.  Progress was rapid, 

a ponetranos of 825% being achieved after 5 generations, but 

further selection, even for expression, failed to produce a 

frequency higher than this, 
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Fig. 14. Selection of anterior aros6veialsss pheriocopy, 



Table 9. 

1a I NO, OX 
at - fli€s bred -_______ 

(en 40°C çneno. total poncaneou p'aeno total B2 orkafleOXs pheno ontaneou from 

0 4 - - 0 - 03.0 0 10 

11 4 066 303 7.96 351 40 30 

2 4 248 213 22.0 247 23,4 105 

3 4 9.1 253 31.1 302 20,2 117 

4 271 1.5 4,2 326 4,0 39,4 2,8 240 
(1,0 at 180C) (0 at 180C) (0.5 at 180C) 

- - - -, - - 
6 4 42,3 381 54,0 415 4,1 385 

Relaxed, , 
74343:246 6.5 420 303, 12,0 38,0 9.3 211 
8 4 45.9 283 59.9 364 52,9 34 
9 I 	4 129.9 	1 392 11,5 533 441 7.3 41.6 9.4 352 
10 4 57.4 223 63.2 250 60.3 286 

11 4 172.8 301 7.0 78,8 405 6.3 75,8 6,5 IAv20j 



dinburzh. 

ectign with etnent, 0-22 hours (Fig. 15, Table 10), 

Initial phenocapy incidence was relatively low (l?) and 

expansion of selected flies was again necessary at first, 

election was only continued for five generations on account of the 

xcceding1y rapid increase in the spontaneous frequency; at 

generation 3 this was already 22,8% and by generation 6 had risen 

to 45.5%9 a large proportion of the 1 phenocoPiesl consisted of 

spontaneous phenotypes, 

4lect.ton without treatment. 

An assimilated stock was started from a number of the affected 

individuals of generation 3 (17 dd g  12 Q?), Without any selection 

or expression0  a penetrance of 94,3% was obtained in three 

generations; thereafter some selection for expression was made, 

It appeared impossible to separate production of the extra-cross-

vein from a general tendency for extra-crosavein formation at 

various regular points in the proximal. part of the wing, in 

particular the anterior part of the submarginal cefl (see 

Experiment 6). 

- 
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15. Selection of extra-crossvei pheocopie: fpcv (left), 
srncv (right)9 



Table 10 	ltionforfcv pheuocyincience of fpcv among treated and untreats4 flies. 
based on 200-300 flies in each cage.)  

llr3 

Gen. 	40°C 11 	1ieno. ] 
 at j -------f1iesbredI 

to 	ontaneou 	ohenc. total 	spontaneous 	pheno, 	spontaneoLIs 	from 

Av. 	58 	of 

04 	- 	- 	0 	 - 	- 	0 	 17 	 0 	 62 

i]. 	4 	- 	- 	 - 	1 	 18.3 	 90 

2 	4 	40,2 	343 	 67.0 	46D 	 53.6 	 446 

3 	4 	39,6 	265 	18.0 	59,7 	196 	27,5 	49.7 	22.8 	 668 
(2,8 at 18°0) 	 (11,5 at 1804 	 (7,2 at 180C) 

4 	4- 	- 	 - 	- 	 - 

5 	4 	61.9 	339 	 68,7 	1 	380 	 65.3 	i 

6 	* 	- 	- 	34.0 	- 	- 	57,0 	- 	145.5 	 1 Ày 	316,5 
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II U. 	perimnt . 	elti_or an extra CrO5Te1fl in te 
pnterior rt of t1ie uhrgi.nal cell of t 	in (eacv); 
tcc !ild 

eletiQn with treatment, 20-22 hours (Fit, 15, Table U). 

Initial phenocopy frequency (316) was again such as to make it 

necessary to expand the stock between successive treated generations 

during the early part of the experiment. Selection was highly 

effective, a frequency of 55,8% being realised by generation 3. 

Treatment was discontinued one generation later since spontaneous 

incidence was already 24,/$, 

olction WM921  treatent, 

An assimilated stock was established from 'spontaneou& flies 

of generation 5 (7 dd o  15 ) and1  after three generations of 

election, reached a penetranee of 84%. The same tendency 

towards general extra crossvein formation was present as in the 

previous assimilated stock, and here an extra eroesvcin in the 

first posterior ooli was a com.ion feature, confirming the phenotypic 

overlap between the two characters, 



Table 11. 	Selection, for smcv 	henocoy: incidence of smcv ao treate4 and 	nteated flies,.. 
(onrAeou.s incidence based on 200—)0 flies in eich case.) 

1 kfr; I____f of 

Generation F. 4000 
flies 

bred from pheno. I total spent. pheno. total SpOnt6l pheno.i zpont4 

o 	 4 - - 034 - 	- 0.34 3,0 	0,34 10 

1 	4 13.9 324 6,1 	375 10,0 68 
2 	4 20,6 263 13.8 	304 17,2 96 

3 	4 64.1 287 47,4 	310 55,8 331 

4 	4 52,3 172 39,3 	214 45,8  

1__ - - 24,0 - 	-- 24,3 - - 	- 24,2 127 



The results of the six experiments have already been 

summarised in Table 2, 

Assimilation of all five selected pheztocopies has been 

demonstrated, The assimilation of crossveinless in Wild 

dthnrh by Waddington was not in any way unique, having now been 

effected in an unrelated øtock (Oregon K); nor is the capacity 

for assimilation peculiar to this characters  being demonstrated 

here in a number of others, (For those characters showing an 

initial0  though negligible, 'spontancou& incidence, assimilation 

ha involved a significant increase in this frequency) 

From the negative results of selection in the two inbred 

lines, it can provisionally be concluded that assimilation has 

only made use of initial genetic variability0  no important part 

being played by mutations arising during the course of selection. 

Lotet Limited data on the following is given in the appendix;-

Comparison of survival following treatment before and after 

phenocopy selection (VI 6), 

Comparison of phenocopyincic3ence in two inbred lines and 

the F) between them (VI 7), 



SECTION III. THE GENETICAL 

ANALYSIS OF THE ASSIAILATED STOCS 

&LLd;. Introdetin. 

The genetical analysis socks to determine to what extent 

potential directions of assimilation are limited by the specific 

gene contents of a population: is the genetic basis of the 

assimilated character polygenic and unspecific, or $oes it 

consist of one or more major genesT The former implies a large 

number of factors of açproximatoly equal importance; the latter, 

that the presence of one or more specific genes is obligatory.  

The analysis of the assimilated dumpy stock is described first 

since it took a somewhat different shape from that of the other 

stocks 	Next, the behaviour of the four crossveinless stocks in 

A number of different tests is discussed; and lastly the results 

are described of the comparable but such less detailed investiga-

tion of the two extra-erosevein stocks. 

Cultures were kept at 250C and all measurements of penetranca 

and expression were made on the first hundred flies of each sex to 

emerge. 

oclature 	The individual stocks are designated by abbrevi- 

ations for: the foundation stock used (, OR/fl, Cr); the 

character selected (povi, dp, aevi, fpcv, smcv); and when it is 

required to distinguish between different assimilated lines 

,derived from the same experiment, the generation of phenocopy 

selection at which the line was started. The WE 'spontaneoust 

pcvl stock is distinguished by the prefix 's-i. Although this 
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toek is not 'a3imi1atsd in the sense defined earliero  the 

seven stocks are referred to collectively by this term. 

The assimilated stocks with which this section is concerned, 

and the subsections in which the analysis of each is described, 

are therefore:- 

Cr dp 	G25 	XII 2 
WE 	spcvl (GO) 
WE 	pcvl GlO I. 3-9 
OR/R povi GlO 
WE 	aevi G4 
WE 	fpcv G3 	iu 9 
WE 	5AOV G5 J 



i ThMfl-1.;cL 	9T 	TI 

- - 	- 	-- -- - - 	- 	--- V 	- - 
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III 2 	The geneticg ane1yie of dimo. 

The form which this analysis should take was indicated by 

the results of crosses between the phenocopy line and the do 

mutant at the conclusion of phenocopy selection (Table 12): 4, 

of the offspring were of a most distinctive phenotype having 

extremely short, truncated wings (Fig 16) and the vortices and 

whorls of dorsal thoracic microchaetae characteristic of d0j there 

was also a varying tendency for the wing to be raised perpendicul-

arly, and this, in conjunction with its shape, made it easily 

distinguishable from homozygous 

The clearout nature of the character indicated that it was 

probably due to a single factor whose expression was contingent 

on the presence of theJ2 gene; the similarity of reciprocal 

crosses suggested that the factor was autosonal. It was difficult 

to obtain offspring from the cross truncate X truncate, but an 

approximately 2 : 1 ratio of 76 truncate z 42 AR was ultimately 

obtainedf  from which it appeared that the gene concerned was a 

homozygous lethal allele of 	Reference to a list of such 

mutants (bridges and ?rehme 1944)  suggested that it might be 

dumpy truncate of Plough, 	not only did the truncate 

phenotype obtained here answer exactly to that due to 	but 

the convergence seemed more than coincidental since Plough in 1940 

had found the mutant in a fly exposed during larval life to 

alternate doses of 150C and 36,50C, three of each, This is 

circumstantial evidence that the comparable gene here had been 

induced by the hot-shock treatments  and subsequently selected on 

account of its enhancement of phenocopy expression, If this is 

the correct explanation for the origin of the mutants  the negative 



Table 12. 

dp 

Phenocopy stock 
	 sini1at€d stock 

I rnass 
bating Av, 	mating 	 Av.  

I :8.5.1.3 4.9 	I 	43.029836.4 
2 10.4 .0 5.2 	2 	44,026.235,1 
3 5867 6.3 
4 0 0 0 

Av. 	6,2 2.0 4,1 

I 	3.6 9,8 6,7 	I 
2 	59. 0.9 3J. 

Av. 4 5.1. - 
5.51 

43.5 28,0 358 

37.0 32,6 34.8 

403 30.3 F-35.3 I 

.9-299 
dp 

Reciprocal crosses 
coabined 



result of of crosses with .L at generation 15 of phenocopy selection 

suggests that the mutation occurred between generation 15 and 

generation 25 when the assimilated line was started. On the other 

hand, the gene could already have been present at generation 15, 

but remained undetected on account of its low frequency and the 

relatively small sample of the population (c, 40 flies) which was 

tested against 	It can1  of course, by no means be ruled out 

that the gene was present in the population from the start of the 

experiment. 

In view of the above similarities, it will be considered 

legitimate to symbolise the gene as ja TP2 

The possibility that the frequency of dDTP2  had been further 

increased by selection without treatment was investigated by 

crossing generation 8 of the assimilated stock (penetrance 583%) 

to dg (Table 2), The frequency of truncate phenotypes among 

the offspring was now 35,3%. This very substantial increase on 

the frequency at the conclusion of phenocopy selection (4.60 

Invited the question to what extent the assimilated duapy phenotype 

waa conditioned by TP2 in its absence1  would any degree of 

dumpiness remain? The following scheme was therefore devised to 

purge the assimilated stock of the gene;- 

Pair-mating of a large number of assimilated stock flies 

(= Series I pair-aatings, 20-0 in number), 

Progeny-testing of a sample of the offspring of each such 

mating by pair-sating to 12 (W males of each tested; 

Series II), 

Reconstruction of the assimilated stock from untested 

offspring of those families in which jR TP2. did not occur, 



abLo 13. 
asstailated  

Col, 3.. Series I pair matings. 
Col, 2. Proportion of d offspring carrying dp 2 

proportion of series II pair matings in which truncate 
flies appeared. (Fig, in brackets is no, of dd 
tested,S 

Col, 3, Average of truncate flies within these affected 
matings. 

For further details, see text, 

Phenocopy stock Assimilated stock 

1 71 (9) :35.9 1 1.00 (10) 40,2 
2 ,67 (9) 42,9 2 1,00 (Ic) .38.8 
3 .50 () 39,5 3 1,00 (10) 37,9 
4 .50 (10) 34,6 4 1.00 (10) 34,0 
5 ,44 (9) 52,3 5 1,00 (10) 33,6 
6 ,4i (9) 46,2 6 1000 (9) 31,5 
7 33 (9) 32,9 7 1,00 (10) 30,1 

33 (ci) 32,7 8 1,00 (lo) 24,0 
9 .29 (9) 46,9 9 . (io) 37,0 

10 ,29 () 41,8 10 ,39 (9) 34,3 
11 ' ii ,a ( 34,8 
r 12 ,80 (10) 1 	37,8 
I 13 ,80 (10) 25,1 
F 14 '70  (10) 41,1 

0 15 ,?O (10) 373 - 16 ,63 (10) 46,3 

I 
17 
1 

.63 
,63 

(9) 
() 

35,7 
32,0 

19 ,56 (10) 36,3 
20 ,56 (9) 27,2 

30 	/ 21 .33 (9) _____ 
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the probability of missing the gene in any family was very remote 

if only one of the Series I parents carried it, the chance of 

failing to test an offspring in which it occurred would be 

and the chance of failing to detect it if only 20 of the series II 

progeny had been examined would be (); in fact, more than 20 

were examined in order to obtain a reasonable estimate of the 

percentage affected 

From Table 13 it is seen that truncate flies appeared in all 

families 	TP2 must therefore have been present in at least one 

member of each of the original pairs of flies. This made it 

impossible to free the assimilated stock of the gene on the basis 

of this test, but instead of repeating the test on a large scale, 

was decided to purge the relaxed pheno copy stock in which the 

bequency of the gene was known to be lowr. This was successful 

as truncate flies now appeared in only ]L) of the .30 families teted 

(Table 13). Subsequent examination of the purged stock, and 

comparison with the 'unpurged stocks  showed that the assimilated 

dumpy phenotype had been completely eliminated by the removal of 

49 
TP2 

There is some evidence that tP2 only conditions the 

assimilated phenotype in the presence of another homozygous lethal 

gene with which it forms a balanced lethal system, It is useful 

to compare observed results (Table 13) and results expected from 

various types of initial pair matings (Table 14),  Observed and 

xpected frequencies of truncate among the progeny of Series It 

matings are probably in agreement (col, 3 in Tables 13 and 14): 

the fact that the observed frequency is in all but one instance 



Table 14. Theoretical feguencie (for details, see text). 

The numbering of the columns corresponds to that of table 13. 

Parents 	 offspring 	
% truncate flies 

(ddp 
p2)  

ong offspring of d!2 an 	x 
+ 	dp 

(a) x 1 66 50 
+ + 

) 
aT+ 

50 50 

 th+QP± 100 50 + 

 

+ 	12

TH 
66 50 

 
+ 	12 ++ 
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than that expected is almost certainly the result of under—

scoring of truncate flies owing to a tendency for them to become 

tuck in the food, for when precautions were taken against this in 

the  test on the phenocopy stock, somewhat higher frequencies were 

obtained, The observed frequencies of 	among the progeny of 

Series I matings, however, are not at first sight easy to explain, 

(compare col, 2 in Tables 13 and 14).  If both parents carried the 

gene, 66% of their offspring would be expected to do sot  while if 

only one carried it, it would occur in 50% of the offspring 

((a) and (b) in Table 14).  Percentages of this order are seen in 

the results for the phenocopy stock. But in the assimilated stock 

there are a considerable number of cases in which the gene is 

carried by every one of the offspring, an observation which can 

only be accounted, for on the basis of a balanced lethal system 

((c) in Table 14),  This being so it would appear that the 

frequency of a second recessive lethal gene has been increased by 

selection without treatment on account of its intensification of 

the dumpy effect due to 	It might, however#  be that the 

dumpy effect is due to an epistatic relation between the two genes 

neither of which alone can produce any degree of dumpiness. In 

this connection it is perhaps unfortunate that the series I 

parents were not examined individually though in order to be able 

to correlate their phenotypes and the frequency of jg 	among 

their offspring it would be desirable to test more than ten of 

these*  Observed frequencies of < 100% could of course be due to 

the balanced lethal system being carried by only one parent ((d) 

and (a) in Table 14), 
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l. Assimilated dumpy is produced only in the presence of the 

homozygous letkial gene 	A summary of the evidence on which 

this conclusion is based is as follos 

% truncate 
% as,i,si- 	in crosses 
lated dp 	to 

Generation 15 of phenocopr selection 	0 	 0 
Generation 30 of phenocopy selection 	2,5 	4,6 
Asirniluted stock, generation 1 	58.3 	35.3 
Asthniiated stockpurged of 	 0 	 0 

2, A second lethal gene, which forms with c TP2 a balanced lethal 

system, enhances, and possibly is obligatory fore  the production 

of a dumpy phenotype by 

The frequency of j.g TP2  was increased by pbenoopy seleationp  

but it is not known whether this was also true of the second gene 

The frequency of both genes was increased by selection without 

treatment, 

Increase in expression of assimilated dumpy must have been 

due either to selection for increased heterozygous expression of 

the second gene acting as ar intensified of such expression; 

or, if the second gene Is obligatory for the dumpy effect#  to 

selection for enhancement of the epistatie relation between the 

two genes, 
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11.1  3.  The zegeticai aa'ss of the CrQVein1eSS øtocks: 

einxation 

A number of relaxed lines were started at different levels 

of penetrance during selection of the assimilated stocks. The 

results of subsequent examination at 2- to 5-generation intervals 

,are given in Fig. 17 and Table 15. No change in penetrance 

occurred in lines in which it had reached 100%0  or almost 100% 

at the time of relaxation; but in all other lines, relaxation 

led to a marked initial decline in penetrance followed, after a 

varying number of generations, by stabilisation at a lower level. 

From theme results it can be concluded that increase in 

penetrance of cvl is accompanied by an increase in homoz'goaity at 

the pertinent loci, and that such homozygosis is associated with 

decreased fitness (an observation which supports the notion that 

cvi might be a phonodeviant' of Lerner; see V 4) 	In the 

absence of data concerning the ability of the relaxed lines to 

respond to renewed selections  it Is impossible to say to what 

extent if any, the stable levels are still heterozygous. On the 

assumption that all loci unfixed at the time of relaxation are 

now homozygous (+/+), the demonstration of stabilisation at three 

different levels in WE pcvl suggests that in this stock not less 

than three genes are concerned in cvi production. 



WE PCVL 

ORIR FCVL 
00 

so 

60 

40 

20 

10 	 20 

WE ACV( 

GENERATION OF RELAXATION 

Fig. 17, Relaxed lines. 



Table 15, Effectof-relaxation onenetraneeof cvi. 

II 

WE pevi 

Gene Od 99 	Av. 	Total 

0 96,0 98,0 	97.0 200 
5 96,5 100.0 	98.3 400 
9 98,0 98,0 	98,0 200 
10 94,2 100,0 	97.1 200 
9410 96,1 99.0 	97,6 400 

0 700 94,7 	82,3 600 
2 69.8 89,0 	790 200 
4 59.0 79.0 	68.0 200 
6 50.0 75,0 	62,5 200 
10 46,0 83,5 	65,0 400 
15 52,5 82.0 	67,3 1 400 
19 36,5 71,1 	53,8 200 
20 46,1 70,754 200 
1920 41,3 70 9 	56.lj 

7 6,5 
409 

o 51,5 64,0 400 
2 50,5 66,758.51 400 
4 21,0 47,0 134.0 200 
8 28,0 55,0 41,5 400 
14 31,5 61,0 463 400 
17 33,7 55,8 44,7 200 
18 30,3 

1 
49,0 39,6 200 

174-18 3,0 52,4 42,2 400 

ORJP. pevi 

Gene I d9 	Ày, 
0 100.0 100.0 100,0 

	

5 	98,5 it  100.0 993 
9 100,0 3.00,0 100,0 

	

10 	100,0 1 100,0 100.0 
94-10 100,0 100,0 100.0 

0 707 91,9 813 

	

1. 	50,0 1 75.0 	62,5  
2 	39.0 1 80,0 59.5 
4 	52,0 70,0 1 61,0 
6 	21,0 51,0 36,0 
10 	32.0 49,0 40,5 
15 	25.0 54,0 i 	39,5 
19 	29.8 57,2 43,5 
20 	33,7 63,7 51,2 

194-20 	31.7 62,9 47,3 

E acvl 

2 	Av. 	Total 

0 80,0 84,0 1  82,0 200 
7 44,5 55,3 	50,0 400 
12 30,0 36,5 	33,3 400 
16 21,0 38.8 I 29.9 200 
17 U.7 22,7 1 17.2 200 

16+171 16,3 30,8 1 23,5 400 
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111 	Cros to foundatioa. stocks; backcossea. 

Table 16 gives the results of reciprocal crosses between 

assimilated and foundation stocks, and of subsequent baekcrosses in 

oth directions using Fi females, The results are also given of 

roasee between each of the two pcvl stocks and the unrelated 

foundation stock of the other. 

In the Fl. cvi is expressed in a relatively large number of 

Individuals, as many as one quarter being affected. The two 

backeross penetrances are very different; in the *ckcross to the 

assimilated stock, penetz'tnce is around the 50 level, while in 

that to the foundation stock it is never higher than 4% 

These results suggest - but do not distinguish between - the 

ol1owing possibilities: - 

cvl under multifactorta]. control. A thresho]4 situation is 

involved a minimum number of genes being necessary for cvi to 

manifest. Since the assimilated stock has been shown to be 

homozygous (III 2) 9  its contribution will be the Same to all Fl 

progeny, It must therefore be the contribution from the foundation 

stock that sways the balance in favour of cvi, 

cvl uxwer unifactorial control, the F1  cvi phenotypes being due 

either to the heterozygous expression of the main factor, the genes 

referred to in (1) acting as modifiers; or to the homozygous 

expression of the main factors  their frequency being a reflection 

of the frequency of the main factor in the foundation stock, 

The backeross results can in fact be ehewn to follow from the 

Fl results on the latter hypothesis, Predicted and observed 

phenotypic frequencies are compared in Table 17, To make possible 



Table 1 6 . 

Baekcrose 

Assimilated father 
[ 	Assimilated mother Overall 1 To Assimilated - To Foundation Stock 

I 	1 Sexes Sexes Sexes Sexes! 
corn-.Total coin- 	Total c- 	Total ?'O " 	coin-. 	Total 

Assimilated I 	bifled    bined  bined  bitied 

2.030.9 16.5 200 28,0 	36.0  31.0 	200 23.8 42.0 168.0 	55.0 200 2.5 5.5 	4.0 	400 

FpundationStock 
WEspcvlxWE 
WEpovi xWE 2.1 14.3 	8.2 600 13.1 	21.7 17.4 	600 12.8 145.0 1 58.7 	51.9 400 1.0 	2.0 	1.5 	400 
OR/It povi x OWE  2.4 119.0 	10.7 600 2.2 	32.5 17.4 	600 34.1 53.0 81.0 4 67.0 400 0.5 	7.5 	4.0 	400 

Aspimjl3.ted X 
unrelated stock 

0 3.0.0 	5,0 200 0 3.3. 1.5 200 3.3 WE pcv3. x OWE 
OWE pevi x NE 18.0 77.0 	48.8 200 17.0 67.0 .42.0 200 45.0 

Assimi1atd X 
Foundation Stock 

33.5 25.7 19.6 600 23.3  21.0 22.2 600 20.9 4.6.3 4.2.0 44.1 4.00 0.5 1,5 1.0 200 E aovl x WE 



Table 17. Observed frequencies of cvi in backcroses compared with 
frequencies expected on recessive gene hypothesis (see text). 

Observedpheno- 
typic frequencies Predicted and observed phenotypic frequencies 

d Asirn. 
F1 	d (Assi.w. 

Backeros 	to ass!; Backeross to foundn.  Foundation 

Exp. 	Oba. Exp 0bs Exp. Stock Found) 

q2(q1+q2) 22(q1+q2) 
q q1q2 

5 took 

kI SPCVL .980 .165 574 	550 .099 040 .028 	003 

WE ?CW4 .980 052 .529 	.559 .043 1 	.015 007i 	,00$ 

OR/it PCVL 1.000 .107 .554. .061 .040 0il 	.003 

Th ACVL .850 .196 .520 	441 .119 .010 .045 	.000 



the calculation of the predicted frequencies, the gene frequencies 

in the foundation stock (qj) and the assimilated stock (à) are 

first calculated, This makes use of the phenotypic frequencies 

in the assimilated stock (q) and the F1 (qq), The expected 

phenotypic frequencies in the backerosses are now given by the 

product of the gene frequency in the F1 () and in the other 

parent stock (q1  or q2) 

The general agreement between observed and predicted results 

Is good. This is particularly true for the i*ciccross to the 

assii1ated stock. In the other bac ox'oss and in the foundation 

stocks  however, the e*peated value appears to have been somewhat 

'over-estimated 	This suggests that selection has favoured 

modifiers for the gene both when homozygous and when heterozygous: 

the low oberved value in the backcros to the foundation stock i 

due to the fact that not all heterozygotes have expreaion in 

this diluted background; and the low observed vaUe in the 

'foundation stock to the fact that not all homozygo be have 

expression in the unaeleted background, 

px-Unkae ad aternal pffecje. In the reciprocal crosses to 

the foundation Stock8 the frequency of cvi is higher when the 

assimilated parent is the mother. The magnitude of the difference 

can be expressed in two ways; 

enetrance when mother is agsiiqilated 
by the ratio, 	penetrance when father is assiailated 

or, preferably, by the difference, 

(probit of % when mother is assimilated) - (probit of % when 
father is assimilated) 

the values of which, for the sexes aejm.rately, are:- 

* 

re:-

* For probit theory, See iv 3, 
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Probit 
Ratios of %s differences 

dd 99 Idd 99 

 WE OPCV1 X WE 14400 (s) 1.10 1,47 0109 
 WE pcvl x WE 6,24 (s) 1,52 () 0,91 0,28 
 OR/R pcvl x OR/R 0,92 1,71 (A) -3,04 0,42 
 WE acvl x WE 1,73 (s) 0,82 0,37 -0,15 

5. E pevi x OR/It 0,00 0,31 - -0,58 
6, OR/It pevi x WE 0.94 0,87 -0,04 -0,30 

There would seem to be two separate phenomena heres 

A maternal influence (M) is suggested by the higher female 

enetrance in crosses 2 and 3 when the mother is assimilated. If, 

as seems plausible, developmental rate can be maternally debermined, 

this higher penetrance may well be the result of automatic 

selection for early emergence inherent in the method of taking 

only the first flies in a culture combined with the tendency for 

earlier emerging flies to show a higher incidence of cvi (VI 2), 

The effect is presumably also Incident in the males but here may 

be masked by differences due to sex-linkage. It is not clear 

why it is absent in crosses 5 and 6, though, since OR/it has a 

shorter life cycle than WB, there may be no difference in rate of 

development betieen the reciprocal matings in cross 6, 

Sex-linkage effects, In crosses I and 40  the maternal 

influence is non-existent. Nevertheless there is a discrepancy 

between the penetrances for the males indicating that in ?E spcitl 

and WE acvl chromosome I carries cvi factors. This is probably 

also true of WE pevi though it is here superimposed on the 

maternal effect. The only stock for which there is no evidence 

of sex-linkage is OR/It povi, for in both cross 3 and cross 6 the 

reciprocal male frequencies are very similar, 



Interpretation of the data in terms of sax-linkage as well as 

maternal effects could be incorrect if the maternal influence were 

to act differentially on the two sexes the males being the more 

stronly affected. The reality of sex linkage wasp  however, 

confirmed in E spevi and E pcvl by comparing female progeny from 

backcrc3es of the two types of !1 males to one type of female 

(asimi].ated). Symbolising first chromosomes from the unselected 

stock by I XI and from the assimilated stock by !At,  the frequencies 

of croseveinless in the two resultant types of female were- 

XAQ9 	AA 99 

d (WE epcvl x WE) x WE apcvl 99 	43,9 (200) 	696 (200) 
d (WE pevi x WE) x WE povi 99 	51,2 (400) 	61,3 (400) 

The somewhat greater importance of sex linkage effects in 

WE spcvl than in WE pcvl is a minor point of difference between 

thee stocks 

II 5, Chromosome aukstitutio, 

The relative importance of the two major autosomos was 

determined from the effects on cvi frequency of their heterozygous 

ubstititXon, separately and simultaneously, by suitably marked 

cnromQsowes. Assimilated females were crossed to 07L4  (malas, 

and F1 males carrying both markers were backerossed to assimilated 

t'emales. The four backoross classes represented the four possible 

degrees of chromosome replacement, and were scored in.ividually for 

óvi. Since the assimilated stocks were not isogenic, it was 

desirable to do the analysis on a relatively large scale: 20 

assimilated females were therefore used in each generation, and 
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he backoross was repeated four times. In two stacka t  WE spovi 

and WE pcvl, there was a. second backeross series of 3 generations, 

giving a total of sevens  No selection was made for cvi among the 

CyL4M males lest it might have been conditioned by new genetic 

ttuations arising from interaction with the marked chromosomes. 

The scheme may be summarised as follows, chromosomes of the 

assimilated stock being indicated by the letter 'A'. It will be 

noted that all first chromosomes are derived from the assimilated 

tock: - 

i 	 x AAA. rose 	 AAA 

2, 	 x A £ A 

l3ackcross Classes 	Li A • 
	

CYL4  A ; 	A 	; A/Y 	 L M. 

chromosome replaced 	0 	II 	III 	Ii + UI 

The undesirable possibility of interaction of assimilated with 

marked chromosomes would be eliminated in a more complex forms of 

analysis involving the substitution of assimilated by unmarked 

wild-type chromosomes, and vice versa (Reeve and Robertson 1952). 

Such refined analysis is, however, inappropriate in the present 

investigation on account of the non-isogenicity of the stocks#  

he relative inaccuracy of measurement and the problem of incomplete 

pens trance 

irferetinl mQrtaiity. The value of an analysis of this type 

may be reduced if there is differential mortality among the various 

backcross classes, since, if this is so, a sample of chromosomes 

truly representative of those in the tested stock will not be 
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resent in each class,. It was feared that any tendency towards 

Ouch differential mortality might be exaggerated by the fact that 

culture density was only approximately ataaiiardised, For this 

reason, the relative frequencies of the four backerose classes 

among earlier-emerging flies from normal cultures were compared 

with those in cultures of precisely standardised density. These 

consisted of vials into each of which ' eggs were placed. 

For each of the pevi stocks, four "standardised"  cultures and 

one 'non-standardised" (normal) culture were set up using the same 

parents. From the relative frequency of the backcroøs classes 

obtained by the two methods (the totals for the "standardised" 

cultures being pooled) it was clear that the standardised method 

was the more wtisfactory#  for whereas a very significant departure 

from the expected l:ll:l ratio was given in all cazessby the non- 

standardised method., the differences b:T 	 irk--thod 

were in one case non-significant and in two cases barely 

significant at the 5 level, The probabilities are given in 

abie 18(a). It is possible that the highly significant 

departure from expectation in the non-stanardised cultures is a 

reflection not only - or even not at all - of enhanced differential 

$ortality1  but of iifferential developmental rates  a factor that 

would be eliminated by the standardised method where every 

emerging fly is scored, 

On the face of these results the laborious standardised method 

was clearly the more desirable. However, it was possible to 

show that cvl-production and differential mortality were independ- 

ent, for in regard to frequency of cvi the two methods did not 

iffer significantly, The probabilities are given in Table 18(b), 



Table 18, Co arisoa of 8tndardised arid on-staardsa4 
with repect to 

a) Di'e'ential otityith.n 	kqos •eaa; probability 
that observed departures from expected frequencies could be 
due to chance:- 

Stock analysed 
ton-tandardised Standardised 

Total flies Total flies id 99 

E spcv2 .001 05 .50 ,10-,05 
WE pcvl .001 .05 ,50 .02 
OR/It pcv]. ,001 .30 .30 

1- 	
130 

b) 	 clgsj pokb1it tht 
differences in frequencies obtained in the to types of 
culture could be due to chance;-  

Stock analysed Bkcros all  Over all 
1 	2 3 4 ' classes  

WE spcvl 	do --  1,00 	.10 .30 ,'O 
99 .10 	30 IC) 100 

50 

WE pci). 	dd 1,00 02 490 ,'A) .30 
99 ,20 ,30 50-.30 VQ 

.30 

OR/R pevi 	6d 1,00 1,00 ,95 30 70 
99 30 1,00 .95 1,00 .'?O - 

.50 

,70-,50 
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Not only did the Analysis show that there was no heterogeneity 

between the frequencies of cvi obtained by the two methods in 

any one bckcross class, but also that there was no directionalityj 

that is, ti2at neither method was coni3tent1y, though iignificantly, 

superior to the other (see last column of Table 18 (b)), 

In spite of the differential mortality between bckcross 

classes, therefore, the use of the normal method was cotisidered 

!legitimate in this analysis, 

gesltp, The frequency of cvi in the individual backoross ciase$ 

Is stwwn in Figs, 18 anO 19 and Table 19, The following 

observations may be made:- 

1) 

ade;-

1) In all three WE stocks, cvi frequency is reduced by the 

substitution of either II or III; in OR/R pevi, substitution of 

II has no effect, 

III is considerably more important in pevi-produetion then 

is II, its effectiveness relative to that of XI decreasing 

through the series OR/a pevi, WE spcvlt  WE povi, Here again is 

a point of difference between WE apcvl and WE pevi, 

II is slightly more important than III in acvl-production, 

Frequencies following simultaneous substitution of II and 

III do not depart sufficiently from those expected on grounds of 

adciitivity to suggest that non-additive effects are important 

(see Table 19). 

The effect of chromosome substitution on expression of povi 

was also taken into account, wings being classified by eye into 

six grades to each of which a value was allotted (for details, 

see (IV 3). The average wing 'value' for each tckcross class 



90 - 
70 

30. 

dUI WE0 99 

I_uuu___11.1uu1 - 
CHROMOSOME REPLACED 

Figs  18, Penerance following heterozygous ehromosoae 
substitution: YE pevi (left) and WE spcvi (right).. 

CHROMOSOME REPLACED 

Fig,, 19 Penetrance following heterozygous ehroosoe 
substitution: oR/a pcvl (left) and WE aovl (right). 



Table 19. Effect o cvi peti tzance of heteroyou& chromosome BubstitutiQn. 

Ctiroaooe 
replace d 0 II III II + 11.1 II + III. See below 

ExpectedStock 

WE spevi 
96,2 

100 
(237) 
(29) 

76,8 
- 96.0 

(267) 	1 
(247) 

80,0 
17,0 

(162) 
(153) 

i8 
8,1 

(171) 
(136) 

0,7 
02 

1 	3,1 
24 

4,9 0,5 3.3 Av, 	98,1 	8.4 	12,5 

dd 97,6 (254) 63,8 (213) 19.0 (200) 3,8 - (185) 0.6 1.8 
E pevi 99 9,6 (240) 87,2 (164) 35.4 (181) 1 . 	5.8 (155) 3,0 2.0 

4.8 1,8[1.9I 
&v. 	

98,6 	75,5 	27,2 - 

OR/it pcvl 
dd 
99 

100 (173) 
100 (231)i 

100 (137) 
100 (184) 

3.9 
20,0 

(103) 
(75) 

1.7 
2,7 

(117) 
(75) 

3,9 I 
2a.0  

 2,2 11.9 	_L Av. 	100 	100 	j11,9 - 

E aevi 
dd 
99 

85,1 
89,6 

(208) 
(202) 

29,4 
30,4 

(211) 
(194) 

I 	3.0 
41.7(103) 

() ox 
6,4 

(9) 
(94) 	jJ3.6_ 

3,9 1,3 
- 	1,2 

1 	29.9 42,4 3,.2 3,8 1 	1,3 Ày, 	87,4 

Note: 1. The expected penetrance following substitution of II + III was calculated from:- 
exp. 

'ron:-
exp, probit (II + III) = probit o - (probit II + probit III). 

2, The Imt ccl, measures effectiveness of III relative to 11(11 relative to III for aevi) 
estimated tflU5 	robit 0 - probit III 

probit 0 - probit II 



Table 20. - 	 Qo ion o 
ayeruz.2 1 3a1u oj Iffçctod. wig in 

(Pig. inhrackts give tot,a1 nwaber 

Ciii0iaOSOME REPLACED 

0  II III 	- 	II + III 

WE opcv1 6d 548 (14.7) 5,03 (224) 4,00 (149) 1.67 (150) 
5,75 (1)) 5,30 (176)4,62 (107) 400 (13) 

5.62 5,17 4,31 2,84 Lv, 

dc 
WE pevl -991 

	

4,86 (148) 	4,58 (189) 	4,84 (18) 

	

4.94 (134) 	I65 (16) 	3.41 (164) 
0 	(145) 
5,00 (131 

2,50 

OR/it p v1 92 
dd 7,00 (49)  7,25 (16) 2,85 (49) 0 (16) 

714 (so) 750 (30) 'L 
7.07 7,38 3,09 0 Av. 
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s given in Table 20 	The order of effectiveness of the 

CirOmQSOmc3 is the same as above, suggesting that penetrance and 

expression are determined by the same genes, 

The simplest interpretation of the pronounced importance of 

III in pcvl control is that it carries a major gene for the 

character. This being so, the subsidiary influence of II can 

reasonably be attributed to modifying genes, though it could 

Alternatively be due to interaction with the marked onromosome, 

rhe hypothesis that many factors are involved but that they are 

distributed very unequally on the two autosomea is less satisfactory, 

particularly in the case of Oft/R pcvl where III alone is important, 

In WE aevi, however, this hypothesis would appear to provide the 

simplest explanation for the near-equal importance of II and III. 

111 ó, oroyogs oi4eaii].ate4 tqcIcs in-1r se. 

On the hypothesis of single gene control of pcvl, the general 

similarity between WE spcvl and WE pcvl, and the fact that the two 

lines originated from the same stock, suggest that the same gene 

may have been selected, in both. The two lines were therefore 

crossed in order to test for allelism. At the same time, crosses 

were made between WE povi and OR/R pcvl, and between LE pcvl and 

WE acvl, The results are given in Table 21, 

The fact that penetrance among the offspring of the first 

cross is as high as that in each of the parent stocks is strongly 

suggestive of ailelism of a major factor controlling pcvl in both 

E stocks; indeedg  this result could be taken with some justifica-

tion as evidence for single-gene control of the character. But a 

warning that this interpretation may be over-simple is provided by 



Table 21. Penetranc,e of cvi 	cXoisseg of asXat1aied 

Stocks 88 99 Ày, Total 

E apovi x WE pcvl 
8 	9 95,0 100 97,5 200 
9 	8 9810 iloo 99,0 200 

96,5 100 98,3 400 

WE pcvl x OR/R pcvl 
8 	9 76,0 98,0 87,0 200 
9 	8 95,0 97,0 96,0 200 

85,5 97,5 91,5 400 

E pcvl x WE acvl 
pcvl 25,0 63,0 44,0 

8 	9 	acvl57,0 66,0 62,5 	200 
both 17,0 45,0 31,0 

pevl 34,0 56,0 45,0 
9 	8 	acvl 45,0 58,0 51,5 	200 

both 14,0 35,0 24,5 

pcvl 1 29,5 595 445 
acvl 51,0 6340  57,0 400 
both 15.5 I 40,0 27,8 



he result of the cross between WE pevi andthe unrelated stock 

)R/it pevi, for penetranee here falls only slightly, Does this 

indicate allelisia of a major factor but incomplete overlap of 

modifier systems, or non-aUeliaa of major factors and the overlap 

or complementary activity of their modifiers? In view of the 

different origins of the two stocks, the first alternative is no 

longer the more probable. 

The tall in average penetranee in the last-mentioned cross is 

argely due to the lowering of frequency in males when OR/ft pevi 

is the mother. This confirms the earlier observation (III 2) that 

ex linkage is important in WE pevi but not in OR/a pevl, 

Two observations can be made in regard to the cross between 

E povi. and WE acvl, Firstly, the penetrance of each character is 

greatly enhanced compared with that in crosses to the WE stock 

(see below); this suggests that pevi and acvl are conditioned by 

certain genes in common which may be termed generals  cvl-producing 

genes. Secondly, the frequency of the occurrence together of the 

two characters in the sane phenotype approximates closely to that 

expected from their individual ponetrances on grounds of complete 

independence between them; there must therefore be other factors 

apecifie to each stock which determine whether the phenotype shall 

be pcvl or aevi. Denoting these specific genes by 3p  and 8, and 

the general evi-sensitising genes by g, the situations in the 

assimilated stocks, the Fl between assimilated and foundation 

tocks, and the F1 between pcvl and acvl, can be represented as 

f.ollows. It is assumed that the stocks have only one gene in 

common and that Sp  and S*  are non-allelic recessive :- 
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cv) acvl F(pcvl x 	) Fi(acvl x F) F1(pcvl x aevi) 

Sg+ +gS + ++ +++ + 

% pevi 	c, 100 few 13 0 45 

acvl 	it. few c, 85 0 21 57 

Comparison of frequencies among males in the reciprocal crosses 

sggests sex-linkage of genes specific to 'both stocks. 

U.I., 	Croaes, to v-tyje mutnt., 

A number of cit-type mutants are known to be situated on 

chromosome III. The importance of this chromosome in the control 

of pevi (III 5) suggested the possibility that one of these 

mutants might have been selected in each of the assimilated stoc1s. 

Crosses were therefore made to a number of available mutants of 

this type, namely cit-c, (3-57,9), 	(3-65,0±) and detached 

(3-72.5). The results are shown in Table 22, Since the 

assimilated characters have a measurable penetrance in crosses to 

wild-type stocks, the results of assimilated stock x foundation 

stock crosses are also given, for only by comparison with these 

can the effect of the mutant as opposed to the background be gauged 

at all. Even so, it should be remembered that the background of 

the mutant stocks are different from those of the foundation 

stook, 

Preliminary investigation showed that penetrance is complete 

in the homozygous mutant stocks except in 	(males 11,3%8  

females 13,61%), and zero among the heteroygotes in the Fl 

(WE x mutant) and F1 (OR/R x mutant). The incomplete penetrance 



Table 22. Petr&nce of cvi in reciprQcal crosgs2§ between asiitd1at,ed stoc and cv-tye rn1tafltL 

Asimi1ated Assimilated Reciprocal Asirn 
ksiriuJ.ated Father Mother Croes Combine' x 

Stock Found I --  cv-c 1  cv-el dot cv-c 	cv-d detcv-c ev-ddet 

WE spevi 6d 1,1, 5,0 6,0 42.3 	163 19.1 
99 1108 27,8 47*0 39,0 	18.8 32.7 23.5 	17,0 	2o,2 23.8 

6*51 16.9 26,5 40.6 	17,5 1 	25,9 

WEpevi d6 0,0 0.O 2,0 11.3 	16.9 4.2 
99 9.3, 7,2 36,0 165 	15.5 25,7 93 	9,9 	19,5 12.8 

4,6 3.6 19.0 13,9 	16,2 20,0 

Okt/R povi d 47,0 ),5 96.9 - 48,0 92,7 74,1 
99 71,0 97,9 100 77.6 98.9 100 D,9 	90,0 	92.8 14,1 

59.084,298,5 62,8 95.9 H7.1 

WE aeviId 3,0 2,4 17,0 14,4 13,5 
4.0 18,0 - t 	37.0 12,6 10.0 20,3 	11.9 20,9 

-7 

 

13.5 10,2 - 27,0 13,5 11.8 
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det 	its failure to breed true suggests that this stock 

valves more than a single factor, 

With the exception of crosses involving OR/It ccvi, penetrane 

the assimilated x mutant hybrids is of the same order as in 

similated x foundation stock crosses* there is no interaction, 

om this it would seem fairly certain that neither cv-v nor ev-d 

Involved in any of the WE assimilated stocks, but somewhat 

ss certain that this is also true of Let, for the substantial 

crease on the initial £J pene trance could imply allelism rather 

an a mere overlap in modifier sy'sterts. 

In all OR/R pcvl x mutant crosses on the other hand, 

enotrance is far higher than in the cross to the foundation stook, 

n 'two cases reaching 90111, Similar strong interaction between 

u assimilated povi stock and these mutants is reported by Milkman 

1955). However as argued in II 6, reEuits of this sort are 

mbiguous when obtained from crosses between stocks in at least 

no of which the genetic basis of the character is multi' actorial 

hey do not necessarily indicate allolism. It could be however*  

hat weaker alleles of these mutants are involved o  such as cv-b 

t the cv-d locus (1924, bridges; discarded). A comparable 

uggestion is made by Milkman, 

These crosses provide further evidence of sex-linkage in the 

.ssiailated stocks: in eight out of eleven cases the penetranee 

mong males is considerably higher when the mother is the 

simi1ated parent, 
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The major-gene hypothesis sugssted by the results of 

ciromosome replacement (III ) was now further tested. Repeated 

~
backcrossing of individuals showing a particular character to a 

stock in kiicki it does not occur is a standard method of 

iistinguishing broadly between a situation involving a major gene, 

tn diich case a 50% frequency of the character is znthntained, and 

one that is polygenic and as a. result of which frequency gradually 

declines as crossing-over diminishes the average nizber of 

kisairable genes present. 

In the assimilated stocks, backcrossing in the direction of 

sUd-type was impracticable on account of exceedingly low 

ponetrawo (ZZZ 4), 13ackcroses were therefore made to the 

imilated stocks, wild-type, not evi' being selected: inroratio 

bout the cvl genes is thus inferred from the behaviour of their + 

~I llelaa. Since ossing-over only occurs in females, the 

ed flies were of this sex. Ten backeross generations were 

zeept in the case of 0R/R pevi in which, on account of the 

sing difficulty of procuring sufficient wild-type females, 

were only seven,, In two stocks a second, non-coatempor-

backeross series was made so that secular tr1s, if any, 

be least evident in the duplicated generations (see Table 23, 

he results are given in Table 2.3 and. 	20 to 23, The 

f'oUowing observations can be made:- 

There is an initial decline in wild-type frequency (exception: 

OR/il pcvl), 

A stable level is ultimately held. 

In both sexes of two stocks and in one sex of a third stock, 
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Fig, 20, aackcroeing with selection: WE epcvl. 
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Fig, 21, Backeroasing with selection: WE povi, 
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Fig 22 Backcroiug with selection.. OR/R pevi, 

WE: ACVL 

- 	 3 6 	7 	 8 	 9 

BACKCROSS GENERATION 

23. 1aekcroing with selection: WE acvl, 



Table 23. Peneirance of wild-tye in backcroses to the asiilated stocks with selection 
of ?.ilS-Zype, 

k3ackcross 
generation 

WE scvl  Epcvl 

dd 	99 	SCdd 99 SC 

58,0 	32.0 	45,0 55.0 	41.3 48.1* 

58,5 134.0 	46.3 53,7 1 36.8 45.2* 

45.2 	23,0 	34.1 31,2 1 28,6 29,9' 

41,9 	22,9 	32.4 34.3 	21.6 28.0* 

43.0 	14,0 	28,5 1 	39.6 	28,9 34.0* 

34,3 	20.0 	27,1 11 	3.4 	27.9 32.1* 

41.3 	24,7 33.0 33.1 	29.11 31.1* 

42.6 	19,1 30.9 31.3 1  23.21 27,2 

46,4 123.7 35,0 28.4 	27.1 27.7 

5000 127.4  38,7 25,0 	24,7 24,8 

QR/R pcvl WE ac1 

99 SC 44 qsc 
i 

47,0 i 19.0 33.0 : 53.7 
t-- 

58,0 1 55,9* 

46,0 i 16,6, 31.3 34,3 31,4 	32.9' 

43.8 	1,0 29.9 37,0 43.1 	40.1* 

47,0 1  12,0 29.5 44.3!. 36,4 	403* 

46,8 	3,3 25,1 27.9 33.7 	30.8* 

39,4 12,5 25.9 28.3 27,1 	27,7 

41,2 5.2 23.2 27,8 28,5 	28,2 

- 24,2 13.4 	18,8 

- 30,7 21.7 	26,2 

- 28.1 26,4 	27412 

* Conhtet reu1ts of two non-contemporaneous bckcross series, 
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this stable frequency is around 256%, 

It is possible to interpret the results in a number of 

lifferent ways 	t no hypothesis can be accepted unless it is also 

ble to accot for the gradual response to selection during 

stablishaent of the assimilated stocks (Figs, 8 and U). The 

ecurrenee of a near-25% stable level of frequency strongly suggests  

.bat two freely recombining genes are being hold. It is difficult, 

wever, to suggest a mechanism that will both account for this, 

d for the slow initial response to selection, This is true of 

e following hypothesis which has, however, the particular merit 

accounting for the facts In all four lines, (For this 

terpretation of the data I am indebted to Dr, E. (% ft, Reeve.) 

A single sex-linked factor and two freely recombining auto-

factors are postulated to be present initially. For the 

to be wild-type, at least two loci must be heterozygous 

the females, while in the males the sex-linked factor alone is 

tent, In WE,  spovi one of the autoonial factors is lostt  the 

stable frequency in males (c. 50%) than in females (o, 25%) 

being due to the expression of the sex-linked factor in the 

iemizygote, Loss of the sex-linked factor alone will account for 

the facts in WZ pcvl and WE acvl (25% in both sexee), while the 

situation in OR/R pevi (c, 50% in males 51, in females) could 

esu1t from loss of both autosomal factors the remaining sex-

linked factor having a negligible penetranee in females, (It 

should perhaps be pointed out that to postulate a sx-linked gene 

in this stock does not necessarily contradict the outeross evidenee 

gainst sex-linkage (III 4) for the backorosses involve + factors 
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an assimilated background, the outcrosses cv]. factors in a 

terozygous background,) 

But since genotypes condition either 100% wild-type or 100% 

vl this mechanism will not explain the coarse of selection during 

onstruction of the assimilated stocks, Grahzal response over 

number of generations is generally associated with characters 

ssumecl to be coutrofle6 by a ia4ge number of genes (i,o, polygenic 

r by a major gene anda large number of penctrance modifiers, If 

phasis is not laid upon the 25 % level of stability, the backcros 

sults can be accounted for by the hypothesis that a single major 

ictor (or, alternatively, more than one) is being held, the drop 

i penetrance being due to its introduction into a foreign back-

'ound, Construction of the assimilated stocks involved, therefor, 

e selection of penetrance modifiers. 

It can, however, be shown that the backcross results could 

from a situation involving only very few genes if the 

bability of cvi manifestation were to increase gradually with 

number of each genes present, Backoross curves suggestive of 

obtained experimentally can be constructed on this basi s  as 

in Fig, 25, Since the probability of cvi is known 

erimentaUy only in the multiple heterozygote (c, 0a 25) and 

.tiple homosygote (c. 1.00), arbitrary values had to be assigned 

the intermediate genotypes, A multiplication scale was used 

case 1 (2 genes), an additive (probit) scale in cases 2 (2 genea 

3 (3 genes), On account of the arbitrary nature of these 

lest  precise comparison of theoretical an realized trends is 

Y of limited values it is tempting, though probably unjustifi- 

for example, to emphasise the 25% level of stability in case 1, 
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Key. 

I. 2 genes, Xvc scale 
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00 - 
:;+ - 25 CV 

2 genes, +ve (probit) scale 

00 - 74 cv 6+ - 

00 - 25 cv T T. -  
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00a= -86 . a  + 

58 cv 

aaa  ;;;=-25 CV 

2 genes epistasjs 

- 2 
0+ 	

5 cv - 

00 - 25 cv - 

0 	4 	5 	6 	7 	8 	9 	10 

BACKCROSS GENERATION 

Fig, 25, Theoretical backcros results (see text), 



Nevertheless, the observed results might well be due to situations 

of the type illustrated here. 

Although according to this hypothesis it is not necessary to 

attribute a role to the genetic background, it is probable that 

background effects would be involved in as far as they affected 

penetrance, for selection would automatically enhance individual 

gene perietrance by favouring genotypes in which it wae highest. 

There is no need to invoke sex linkage merely to account for 

the discrepancy between the frequencies in the two sexes1  for a 

degree of sex-limitation is a well-known attribute of vein-

deficiency phenotypes1  its diminution with increase in pene 

was striking during sctlection in treated and untreated lines, 

particularly in WE pvl; in fact, the eonveigence of the sexes in 

the WE pcvl backcroses could he edduced as evidence of the 

reality of the decline in wild-type frequency. 

It appears then, that only one or a few genes are obligatory 

for wild-type. But does it follow that a similar situation 

exists as regards cvi? Could not a single + gene block the 

effect of a large number of cvi genes? Now if a gene at a 

specific locus is impated with this property, ita allele Is 

automatically a major gene for evl1  But a situation reminiscent 

of the control of albinism in maize would exist if wild-type were 

due to heterozygosity at any one of a number of loci (eleven in 

maize), selected backcross individuals not necessarily being 

heterozygous at the same lacus. The maize-like situation would 

have to be modified, however, since genotypes having lees than 

the maximum number of cvi genes are known to be able to condition 

a cvi phenotype. Backcross results based on a model of an 



extremely simple situation of this sort (2 genes only) are shown 

in Fig, 25,  curve  4, the genotypic values allotted being 

a and a 	0,25; a + and + ± = 0, But though 
aa a+ ++ 	++ ++ 

the possibility of a situation of this sort cannot be excluded, 

unless a large number of loot were concerned it would not differ 

fundamentally from that just :3escribed. 

In conclusions  therefore, the backcross results suggest 

that the genetic control of cvi is not polygenic, and that 

probably very Low genes (other than 'modifying' genes) are 

involved in each case, 
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The enetjcalArialysig of the extra-cro 	in stocks, 

The results of 9 	 are given in 

able 24, As in the col-responding cvi crosses, the low,  Fl 

could be the result of either multifactorial or 

tonal control, Comparing the pane trances among females in 

reciprocal crosses, there is no evidence of the maternal 

t seen in cvii  though the male peuetrnces in E fpcv suggest 

is important in this stock:- 

Ratios of percenwgea 	Probit differences  
dd 	99 	 66 	99 

WE fpcv x WE 	2.14 (&) 0,94 	0.46 -006 
WE smcv x WE 	0,27 	0,41 	-0.61 -0,43 

JLronsoe btiution was effected by the method used in 

cvi stocks (III 5), Frequencies in the various substitution 

see are shown in Fig, 26 and Table 25, Though removal, of 

thor of the two autosomea lowers the penetrance, the influences 

the individual ciromo5ome5 are unequal; however, in contrast 

the cvi situation, it is II that is of greater importance here, 

is is suggestiv 1  particularly in VM srncv1  of a major gene 

tuatad on this chromosome, 

The fact that the contribution of each of the two autosomes is 

sa in WE fpcv than in WE smcv may perhaps be correlated with the 

incidence of sex-linkage in the former but not in the latter stock, 

Fina1ly 	between -the two pto 	yielded an inappreci- 

bie  drop in penetrance (Table 26), As already discussed in III 

this need not necessarily $.nciicate allelisa of a major factor, 

hat there shou16 be considerable genetic overlap between the two 

'Lines is hardly unexpected in view of the observed ?henotypèc 

overlap between them (ii 5 and 



Table 24. P2Mt-rwiqe,Lq.reciproca1crosseøbeteen Assimilate Extra—crozsvein stocks and Foundation  st,)ck 

Cross Assimilated _father Assimilated aother i 	Overall Av.  

WE fpcv x WE 

WE amcv x WE 

dd 	Q 	Ay. 	j_ Total I_99 	Av . 	Total 

21,6 

5,1 

	

8.4 11,31.0 	1,9.71 	200 

7,5 	7.6 1 	7.5 	1300 

	

18,0 129.0 	23,5 
2,0 	3,1 	2,5 

200 

300 

Tqb1e 25 Effect on penetrance of beterozyou cromosome Outstitution.  

Stock____________ Chromosome replaced 

0 
____________ 

Is--  
-- ___________ - 

WE fpcv 83 1 	94.6 (204) 12.8  (133) 87.7 (154) 8.8 (147) 
9 9,4(183) 50,9(175) 89,9 (17) l$(lj 

96,5 31.8 86.8 11,2 Av. 

WE smcv 38 100 (131) 47 (127) 45.2 (124) 0 (123) 
99 98,8 (163) 1.7 (19) 32.5 (120) 0(107) 

99,4 1 3.2 38,8 0 Ay, 1  



p 

dV 	 99 	 ce 	99 

CHROMOSOME REPLACED 

Fig, 26,, Pene trance following heterozygous chromosome 
substitution; WE fpcv on left; WE siov on right, 

Ma 



Table 26. ?tance tn coseB 

fpcv x 3*Cv 

99 Av 

9 	fpcv 83.0 98,,0 90,5 
200 sv 89,0 97,0 93,0 

fpcv 90,0 960 93,0 200 s'luev 900 96,0 9310 

fPcv 6Ø 5 97,0 91,8 
sicv 89,5 96,5 93,0 200 



ffA 

I  _____• 

	

	 aM. extra 
stocks, 

1) helaxation at different levels of enetrance (III 2) suggests 

that the assimilated cvi stocks are homozygous at the loci 

concerned, 

) The results of reciprocal crosses (III 6, 6, 73, 9) and 

chromosome substitution (III 5, 9) euonzitrate that in the 

majority of stocks all three major chroaosomes are involved 

though their individual effects are unequal:- 
I II 

1. WE 8p0V1 '4+ + +4+ 
 WEpcvl + + +4+ 
 OR/R pevi 

4. ITE aov'l + ++ ++ 
 WEfpcv + 4+ + 
 YfL4 amcv 4+*. + 

No precise comparison of the relative importance of the X-

chromosome ant the autosomes is possible, for whereas 

replacement of U and 111 took place in the aeimilated back-

grounds  comparison of the effects of assimilated and non-

assimilated X-chromosomes was made in the hoteroygous F1 

The pronounced effect of, in most cases, a single chromosome 

(III in cases 1, 2 and particularly 3; II in 6) suggests that 

It may carry a major gene, The results of backorossing with 

selection (III 8) are compatible with this possibility. 

Accepting the hypothesis that the genetic basis of assimilated 

cvi consists of a major gene and a large number of penetrance 

modifiers, the relative importance of the major gene and the 

background cart be crudely assessed by reference to the 

assimilated stocks  the final backcros and the F1; from 

Table 27 and Fig, 27 it would sees that the influence of the 



WE:$PCVL 	 WE PCVL 	 OR/R: PCVL 	 WE:ACVL 
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KEY. 	I. ASSIMILATED sTock 	2. BACKCROSS AFTER SELECTION 	 3 F1 

a'c... 	 do.. 
&a.. 

Fig, 27, The relative importance of the hyothetiea1 £najor gene 
(a1) and the rest of the genotype in cvi production. 



Table 27. 
Ii 

(1) (3) Relative importance of 
Assimilated stock Stable backcross level F1  (Assim 	x Found,,) major gene and background 

(probit scale) 
Stock a' 	a. 	• ' 	a 	• 	• +f +• ()(2) 

YE spcvl 97•1 354 (-i.o) 23•8 671 

WE pcvl 91Q *5 32.8 (3-10) 12. 4•33 

OR/It pevi 99.2 53.6 (7) 14.1 1.99 

WE acvl 882 46 (6-10) 209 1.57 

Note: Since only 50% of backcross progeny are heterozygous for a', -*vi penetrance among these (col. (2)) 
is IOU-2(i.T.%). 
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major gene is considerably, though to varying extents, 

greater than that of the background. 

The evidence for single gene control is not, however, 

unequivocal: none of the results described in this sections  

including those of chromosome substitution and bckcrossing 

with selection, is incompatible with a hypothesis that several 

genes are involved, All that can be stated with certainty is 

that the assimilated characters are not polygenic, 

) It is suggested that whether one or several genes are funda-

mentally concerned penetranco modifiers have also been 

selected, 

) In order to obtain a further insight into the genetic basis 

of the assimilated characters, it would be desir.ble to break 

up the in ividual ciromosomes. It would not however be 

easy to obtain precise information as to the number of factors 

concerned on account of the problem of incomplete penetrance, 

An attempt at overcoming this difficulty by the use of 

appropriate pénetrance enhancers is being made by Milkman 

(private communication), 

The fact that the more important a.utoaome is III in the pevl 

stocks and 11 in the extra-crossyejn stocks would seem to be 

more than mere coincidence; it may well be connected with the 

unequal distribution of known extra-vein and n-type mutants on1  

ti1ee ciromosomes, a preponderence on II of extra-vein genes 

(e.9* 	., , c,j., A# jig) being parallelled by a 

prepoaderence on III of n-type genes (u-b, 	v-d,AX6 

j). 	It is highly feasible that one or more such factors 
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may have been selected in each stock, though this Is difficult 

to test except by gene-localization the results of oroees 

between assimilated cvi stocks and three of the 	trpe 

mutants (III 7) are thus 8oaewhat ambiguous.  

8) hre is good general agreement beteen the behaviour of 

and a iiated crossvetn1es 	The two etooks 

differ siightly in the relative Importance of the individual 

chromosomes; sex-linkage is stronger in WE spovi, the 

influence of III somewhat greater and that cf II soewhat 

less, than in WE pcvl, 
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8CTION IV 

In=(I-action,  

This section describes evidence that the factor instrumental 

in bringing about assimilation in the crossveinless lines has 

been a change in the position of the population sean. 

It is first shown (IV 2) that at both levels of selection- 

with and without treatment - it is the same character that has 

been selected. 

Invostiation of pupuiatton variance (Iv 3) indicates that 

at neither level has selection been accompanied by any chnge in 

variance, from which it follows that the segregating genes act by 

influencing the population mean. In contrast to this situation, 

selection of dumpy phenoeopies has involved an increase in 

variance, 

Lastly (Iv 4), an Investigation of between-wing correlation 

is described, 

Discussion of the results of this section is :leferred until 

Section V, 
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Cpmr'ison of respones to selection, 

The similarity between the genetical control of 'assimilated' 

'spontaneous' pevi described in Section III suggested that 

tion had favoured the same character in both lines, 

tion of this similarity was now sought from a comparison 

the responses of the two lines to Selection, for if in fact 

same character has been selected in both lines, it would be 

ected that the response elicited by a certain selection 

rssure applied at a particular level of penetrnco would be the 

e in both. This approach also enables a valuable comparison 

be made bween treated and Untreated line 4 

t4nardisatton of _the reonses. To make possible this 

comparison between lines, response must be plotted against selection 

app]died. The most useful measure of the intensity of selection 

In any generation is the difference between the average of those 

selected to be parents and that of the population into 

which they were born. The superiority of the selected parents 

U s known as the selection differential, I. which when expressed 

An units of standard deviation,, is given as I (Lush, 1947), In 

the present experiments a random sample of the crosvein1ess 

.ndividuals was selected, and I is therefore the mean of the 

ercentage affected in any generation, Transformation of percent— 

to ! was effected graphically, using for the construction of 

He graph the figures given by Lush (1947, p, 14); anti. T was 

sumeed over all generations (Tables 28 and 2). Before being 

lotted against ZY 
, 

response was transformed from percentages 

to probits since this allows responses at different levels of 

~eaetrance to be compared, as explained in IV 3, 



0 	I 	2 	3 	4 	5 	6 	7 	9 	9 	10 	II 	12 	13 	14 	IS 	16 	17 

Fig, 28, WE pevi: comparison of responses to selection. 
Broken line: selection with treatments  
Continuous lines: selection without treatment, 

----- --------- 
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Fig. 29. OR/ri pcvl: comparison of responses to selection s  
Broken line: selection with treatment. 
Continuous lines: selection without treatment, 



Asiniiated 
(Gb) 

Prohitl77  
of % +8,69w 

3.12 8,39 
3,78 10,96 
4.26 12,66 
4.93 14,00 
5,09 14,85 
5,59 15,59 
5.66 16,05 
5,94 16,48 

5.93 16.79  
6,48 17.11 

6,58 17,27 
6,65 17,41 

Assimilated 
(G15) 

Probit L 

of % +12,5®  

3.88 12.5 

4.50 AJ aI4, 1,21 
5.09 15,26 
5,36 15.93 
564 16,51 

'Spontaneous' 

bit 
of % 

2,54 
3,15 
3,46 
:3.75 
4.21 
4.63 
5.22 
5.35 

5.80 
6 .0 
6,46 

L. '- 

0 
3,0 

5.23 
7.20 

. fl- 

7.20 
8,92 

10,29 

11,35 
12.01 
12,60 
13.17 
130.54 .'+ 
13,80 

Table 28 * 	2931 	aancL Su=ed -ltion 	rnti.1 

Phenocopy 

?robitof% 
L (2 u' trethent) L 

3.62' 0 
3r?9, 1.22 
4,17' 292 
4.15' 3.68 
4,69' 4,45 
4.94* 4,5 
- 5,13 
— 5,;?? 

4,59 6,19 
5.17 7.99 
5,39 8.69 
5.20 9,86* 
.38 1.0,52 

5,69 11,09 
6,20 11,50 
6,23 12.50** 

Selected 
me 

Generation 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1.3 

14 
15 

* Estimited 2-hr values since treatment was for 4 hours. (For method of estimation, see V,) 
* Since selection waa here made for expression, is based on a lower % than is the probit, - 	-- G 17  at that generation of henoëopy selection at %hich assimilated line was started. 



Probit of% 
L. (2 hr treatent) L 

4.30* 0 
437* 	j 068 

1,32 
4.48 2.02 

4.34 258 
4.67 3.23 

4.61 
4,81 
	

5.15 
5,56 
	

6,08 
6,34 
	

6,56 
6l7 
	

7. 5l* 
6.40 
	

7.75 

Probit 
of % +3,,23e 

2 42  3,23 
3.09 6.07 

4.43 8,36 
5.11 9.56 
5.14 10,29 
5,61 11,01 
6,08 11,46 
5.78 11.66 

Probit 
of _% +6,c60  

3.80 6,56 
4,69 8,24 
5,24 9.34 
5.3'? 9.99 
5.57 10.57 
6,14 11,04 
5,67 11,28 

5.93 11.' 
5.89 12,02 
6.48 12,35 

0 
I 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 

Table 29 ORJR evl:probits and summed selection differentials - 

Selected 
Phenocopy 	 Assimilated 

	
Assimilated 

Generation 	 (ui) 
	

(alo) 

* Estimated 2 hr. values since treatment was for 4  hours. (For method of 
estimation, see V.) 

** Since selection was here made for expression, t is based on a lower % than 
is the probit. 

L at that generation of phenocopy selection at which assimilated line was 
started. 	 - 	 - 
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The untransforrod responses of the spontaneous and assimtlat 

es were given in Figs, 8 and 11, and of the pbenocopy lines in 

A, 5 and 10, The responses on the transformed scales are 

wn in Figs, 2$ and 29, (A correction was applied to the 

bite for the first six generations of phenocopy selection so 

t response during these generations could be represented as 

tinuou.s with that of later generations when treatment was 

uced. The method is explained in Vi 5,) 

The untransformed responses to 

eøt.on without treatment are somewhat sigmoid, This could be 

to the fact that increasing numbers of genes are being fixed, 

sponse being greatest when frequencies are around 0,5 (middle 

tions) and least when they are low or high (at beginning and 

of selectiori)a the homosygosity of the assimilated lines is 

favour of this possibility, On the other hands  the sigmoid 

ia of the responses might not be reals  being merely the outcome 

use of an unsuitable scale. If the effect is reals  it should 

sist when transformation is made to the more suit-able probit 

cale. In fact it is lost, being replaced by a fair approximation 

a straight line, This suggests that a genetic limit has not 

been reached * a possibility that is not contrary to the 

bserved factst the selection limit imposed was complete 

in a particular environment, and there is no reason to 

uppose that selection could not have been continued successfully 

itber for greater e:pession or for higher penetrance in a 

different environment (such as higher temperature for VE, lower 

temperature for OR/R), 
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The fact that the plots of the responses tend to be parallel 

bo each other is more important in the present context than is 

bheir shape. This racana that a specific shift on the probit 

scale is effected by approximately the same amount of selection 

)resstLro in all lines, which implies that the same genetic 

situation obtains in all. Agreement in this respect is seen not 

n.ly among the untreated lines, bat between untreated and treated 

ies, from which it can be concluded that the segregating genes 

rodueing crossveinloae ,phenocopies after treeitment are just 

those which produce the character spontaneously. 

The aL reement between the spontaneous and asimtlated lines 

IT is somewhat less good than that between the two assimilated 

ines themselves, This, like the genetic analysis, suggests 

hat there are minor differences in the genetical control of 

rossveinleas derived from the two sources 
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iv i, InistiiaUQn of gi&RFg 	vgrance, 

Variance could not be estimated conventionally since no 

accurate measurement of expression was made, It irna therefore 

measured indirectly by means of the probit transformation (but 

see on for an attempt at more direct measurement), 

ohit T1o. The probit of a percentage, P. is the value of 

the aboia which corresponds to a probability P in a normal 

distribution with mean 5 and variance 1 (Finney, 1947),  The 

standard deviation is made unity in order that the probit may be 

measured in units of standard deviation and thus be independent 

of the unite of measurement, Negative values are avoided by the 

addition of 5 to all values 	Transformation of percentages to 

probits is e±'feted by reference to appropriate tables (Fisher and 

rates, 1948, Table IX). 

The value of the probit transformation is that it eliminates 

effects due to the fact that the magnitude of a change in terms of 

percentages depends on the part of the ditriltion conerre, 

being essentially the ratio of two successiveareas; in a normal 

distribution, for equal shifts on the abcisal scale, the 

change as measured on the percentage scale increases as the mean 

Is approached and decreases as the limits are approached, The 

probit transformation gives, therefore a more realistic picture 

of the situation on the underlying scale. Thus apparent changes 

in the distance between two thresholds can be inferred from changek 

in the difference between a pair of probits at successive stages 

of selection. Sinee however, physiological thresholds must be 

considered fixed, apparent changes in their positions should be 
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interpreted as reflecting changes in the variance of the 

po1ulation* convergence of tnreho1da reflect an increase in 

ariance, divergence a decrease (Fig. 30) 	Such deductions make, 

however the assumption that the distribution remains normal 

and, unless some demonstration can be given that no departure froiU 

normality is incurred, this is a serious objection to the method, 

a) VariancehnRe during ?ben2c9py jelection. 

ies QtiAer than apr, 

?robits are for total ponetrances elicited by different 

eAvironmtntsg each threshold is therefore for sensitivity to a 

particular environment measured in terms of appearance, a$ 

opposed to non-appearance, of the character. 

Data of the required sort was scanty since pane trance in 

more than one environment had been measured only infrequently 

during phenocopy selection. T- o pairs of environments were 

considered treatment and no treatment; 4-hour and 2-hour 

treatment, Generations compared were treated simt.tnaeouely 

as far as possible inouar to reduce differences of secular origin 

Even sog  the results (table 30) are not particularly consistent; 

the two methods give contradictory results for OR/R pcvl 

generations 0 and 12, while in WE aevi a trend shown by three 

measurements and suggestive of increased variance is nullified by 

the results of a fourth measurement, 

No good evidence for systematic change in variance is given 

by these results, Even if they should reflect true intra-stock 

trends (decreasing variance In the first two stocks, increasing 

variance in the last three?) no one direction of variauoe-change 



Table 30. letjatn o1 cae in Vr1 	dirg 
eoy election: 	arent cge in 

dtane h2tueen to thres)-iolua in units 9L 
standard deviation. 

Thresholds -  Stock 
Generations 

compared Change 

2-hr treatment WE pcvi 0, 15 +0,295 
4-hr treatment OR/R povi 0 0  12 -0,597 

WE acvl 60  11 -0,033 

Treataent (4-hr) WE pcvl 0 0  10 +1,164 
No treatment 0, 15 +1,240 

OR/R pevi 0, 10 +0,843 
0 	12 +0,873 

WE aevi 0, 	4 -0,196 01, 
	6 -0,560 

0, 	9 -,733 
0 0  11 +0,375 

WE fpcv 0, 	3 -2,026 
0, 	5 -2,258 

WE SMcV 0, 	4 -0,600 

Average change between first anl final generations of 
selection over all experiments = 0,095, 



appears to be obligatory for assimilation, That the positive 

and negative differences probably only represent random variation 

is suested, however, by the near-zero value (0,095) of the 

average change between first and final generations of selection 

over all five experiments, 

Probits here are for frequencies within each of several 

grades of expression elicited by a single environment: each 

threshold is for a certain sensitivity to the one environment 

measured by degree of expression, The dumpy experiment offered 

More data than did any other for an investigation of variance-

ohange during selection since treated flies had been classified 

into three phenotypic grades from generation B onard: A - 

typicalt dumpy (as in mutant); B - lees extreme dumpy; C - 

wild-type 

The distance between the threshold for A and that for B is 

given by the difference between the probits for (B + w) and for 

!i alone, The values of the probits and the differences are 

given in Table 31 (eels, 2 to 4), and the differences are plotted 

gainst generation number in Ptg, 31. The reduction in the size 

)f the difference as selection proceeds is indicative of an 

Increase in variance. 

It is possible to calculate the magnitude of the variance-

change with change in mean by a method making use of the following 

theoretical considerations, Changes in the distance between 

thresholds are believed to reflect changes in variance, Thus 

using the probit difference of the first generation ae the unit 



KEY 

APPARENT ......... ACTUAL 	- THRESHOLDS & DISTRIBUTIONS 

Fig. 3O Probit method of detecting change in variance, 

Fig, 31, Change in probit difference during selection of dumpy 
phenocopies (see text), 



Table 31, C1ne-i t 	ra-cgvjtjon wth -change in seaaduring ee1eetion for duy Lpheneeopy 	- - - - 

1 	 2 	3 	 4 	 c 

Probit 
of total 

Probit of % per grade of 
epreion (ciu1ated) Probit 

difference 

Standard 
deviation; 

= 1J4.748 Mean ,T, B. 
Generation penetrance p q q-p q-p 5-p) 

8 6,12 3.88 535 1,47 1,00 1,12 
9 4,76 524 6,45 1,21 1,22  

10 5,67 4,33 5,78 1,45 1,02 0,68 
13. I 	4,74 5,26 6,10 134 1.29 -0,34 
12 5,22 4,78 6,05 1.27 1,16 0,26 
33 5.44 4.56 5.51 0,95 1.56 0,69 
14 5.95 4,05 5,10 1,05 1.40 1.33 
17 6,34 3,66 5.08 142 1.04 1.39 
19 6.51 3.49 4,81 132 1,32 
20 6,27 3,73 4,74 1,01 1,47 1.86 
22 5,00 5,00 6,05 1,05 1.40 0,00 
23 589 4,11 5,47 1.36 1,09 1,00 
24 4,92 5,08 5,68 0.0 2,43 -0,18 
26 5,86 4,14 5,32 1,16 1,26 108 
27 5,40 4.6o 5,33 0.73 2,04 0,81 
28 5,88 4.12 5,01 0,89 1,65 1.45 
29 5,69 4,31 5.21 0,90 1,64 1.33 
30 6,65 - 	3.35 4,22 0.87 1.69 2,80 
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for measuring the variation in subsequent generations, the 

relative standard deviation of generation '& is given by the 

ratio 	'obi die 	for netion 
pro bit iiffrence for generation n 

because the smaller is the probit difference relative to 

generation 11, the larger must the standard deviation be. Thus, 

in the situation shown in Fig, 32 in which distributions Z, U 

and Iii represent the population at three stages of selection, 

8 6 05 
q11-p11 -4 

0 

III=. 
  

iii - pIll 5.5 * 3,5 

The position of the mean of successive generations can be 

described relative to one of the fixed thresholds, The first 

generation is again used as the standards  the distance of its 

mean from the thresholds  p, being (5-p)  since the mean is by 

definition, 5. In orders  however, to compare abcissal distances 

from one distribution to another1  it is necessary to standardise 

the units of measurement, Since the distance between the 

thresholds is considered to be oonstant the apparent change in 

Its value (viz, the standard deviation) can be used to convert th 

distance for any generation into units of the first generation, 

Thus the mean of generation u can be given as 6 ( 5-pa) ,  In Fig, 

32, change of mean between II and III, using p, 

UI( 5 PL11) * 11( 5-cii) 

= (5-3.5) - 0.5(5-4) 

=1 
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SCALE OF III 
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P 

- 

q 
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I?i, 32. To illustrate method used for calculation of change in 
standard deviation with cange in mean (see text), 

2-0 

1.5 

STANDARD DEVIATION 

MEUN 

0•5 	 : 

0 

0 	 lb 	20 	22 	24 	26 	28 	30 
GENERATION OF SELECTION 

Fig, 33. Change in mean and standard deviation during selection 
of dumpy phen000pieø, 



-7.7- 

using q, 	1(5-qi) - 

(5-.5) - 0.5(5-8) 

=1 

The values of the standard deviations and means are given in 

Lable 31 (cola. 5 and 6) and are plotted graphically in Fig, 33. 

rom this it is clear that the increase in standard deviation with 

the progress of selection is no more arte fact s for although both 

standard deviation and mean increase with genertion number1 the 

fluctuations in mean about the general trend are not reflected by 

araflel fluctuations in the standard deviations, Thus it can be 

concluded that the increase in standard deviation, and hence in 

arianee, is a real phenomenon resulting from continued selection. 

As already indicated, deductions about change in variance 

ade from probit data assume the maintainance of a normal 

istributton. Some evidence that this was so in dumpy wae avail-

b1e from a comparison of phenocopy expression halfway through1 

at the end of phenocopy selection. This was effected by 

imultaneous treatment of two lines, one relaxed at generation 15, 

other at generation 30 0 of the experiment, Grades A and B 

here each subdivided into three so that treated flies were 

classified into seven1 in place of only three* grades, Subdiviaiolt 

f grade B was made according to severity of dumpiness (i.e, shape 

of distal part of wing), and that of grade A on the basis of wing 

~ength relative to body length (Figs, 34(a), 34(b) and Table 32). 

ç].assification of any fly was made on its more extreme wing. 

Reaulto are shown in Table 32 and Fig, 35, The greater 

requency of the more extreme grades at generation 30 suggests that 
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Fig, 34 (a) and (b). Grades of expression among dumpy pbenoaopieø 



Table 32. Comparison of expression of dumpy Dhenocqpies at generations 15 and 30. 

Gen4 15 Gen 	30 
Grade Description - 

Number % Number 

abdomen visible anterior to last segment, 0 0 57 9.4 
A part or all of last segment visible 19 3.0 190 314 
A- abdomen not visible beyond wings 68 10.9 145 240 

wing shape square -.concave 39 6.3 58 9.6 
B ing shape squarish (heterogeneous group) 140 22.5 X) 11.6 
B- - wing shape pointod :37 5.9 12 2.0 

W wild type 	 - 320 51.4 73 12.1 
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35. Frequency of dumpy grades at generations 15 and 30 of 
phenocopy selection, 



distribution remains normal and does not develop skewness 

(The shapes of the histograms are of course no indication of the 

form of the underlying continuous distributions owing to the 

ty of the method of wing classification,) 

b) 	aianc 	ie during select 	without 	tnt, 

As in the dumpy phenocoies, probits are for frequencies 

vithin each of a number of grades of expression, These are 

esignated 0, A, B, C, D and I, details of the method of classificaL 

being given below. 

Selection of the assimilated lines had been in progress for 

time before classification of expression was sta2'ted, In 

to obtain data at lower penetrances, it was therefore 

to measure the relaxed lines (lIZ 3), the crosses between 

ted and foundation stocks (III 4) and the backcz'osse (III 

Ø) 	The sources of the data are given in Table 33, The intra- 

lass percentages were cumulated and converted into probits 

Where several such pro bit arrays were available at approximately 

e same level of penetrance, an average was calculated1  a 

procedure that was ,justified by the high degree of similarity 

,etween arrays, The cumulated probit.s were then plotted against 

robit of total penetrance, 

Figs, 36 to 39 show that in general the difference between the 

robits remains remarkably constant, The aberration of the 

uppermost line is doubtless a chance effect due to small nurnbers 

and an exaggerated vertical scale. It thus appears that selotio 

f cvi without treatment was not accompanied by change in variance, 

rept meaeent gf vrinnce, 

By allotting each grade a numerical value it was possible to 



Fig. 36 and 37. 
Cwrn1atGd probita of 
grade frequencies 

4cv1 (above), 
WE pcv1 (below) 
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Table 33, a2lLreea of data used in probit met hd of variance investigatiQn 
at different levels of cvi penetrance. 	Figs.3 to 39 

WE spcvl 	- WE pcvi OB/R pevi WE acvl 

90.8 A 89,8 A 	99,6 A 321 
A 84,6 1310 W.6 131-7 	65,2 138 67,4 

6.2 133-9 56,8 A(81)a19 	29.8 B5-10 61,0 
134-8 59,1 131-2 40,9 Fl 	119 B2-4 49,6 
139-10 52,8 A(82)R19 39,4 131 40,9 
A 50,4 A(64)R17 31,2 Fl 25,8 
131-2 42,1 Fl 6,6 A(82)R16 19.2 

(g) 22,1 WE stock 8,7 
Fl(Add) 9.0 
E stock 0,7  

!i to Tables 33 and 34 

A = Assimilated stock, 
A( )a = Assimilated stock relaxed at penetrance indicated, 
B = J3acieroas to assimilated stock (with selection of wild-type). 
Figures incicate generation of selection or relaxation. 
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estimate variance without making use of probits0  Classification 

of wings was as follows, the value assigned to any fly being the 

mean of Itts two win :— 

Grade 	Length of crossvein abpent 	Value allot 

0 	 Total 
A 	 3/4 	 7 i combined 
B 	 1/2-3/4 	 5 1 in 1E acvl 
C 	 1J4-1/2 	 3 combined 
D 	 1/4 	 1 J in WE aevi 
W 	 0 	 0 

An analysis based1  as here upon arbitrarily fixed values, 

is of limited value, and this should be borne in mind when 

weighing up results, Although the value allotted to each grade 

was proportional to the model length of crossvein absent in that 

grade, the question arises whether it is justifiable to identify 

phenotypes in which the same length of crossvein is present but 

in which its position in the crosevein 'gap' is different, 

Variation of this sort has been studied by Timofeef-Ressovki 

(19310  1934)  who shows that it is under genetic control: ideally, 

therefore, it su1d be taken Into consideration in the analysis of 

eroseveinless. 

Variances estimated in this way and the Sources of the data 

used are given in Table 34 and Fig, 40, On the wole, the 

results support those of the probit method: in WE pcv]. and WE 

acv]. no trend is abown1  though in OR/R pcvl the very meagre data 

suggests a decrease in variance, If this is real, it may be 

bound tip with the increaing frequency of bilaterally grade 0 

individuals, but if so, it is difficult to understand why a 

similar decrease does not occur in WE aevi, 
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Table 34, Foulatign variance and betweei-wizig correlation estimated from grade-va 	at 
different levels of gvl enetrance. 	(Figs. io  to Lil) 

E pevi  OR/R pcvl WE aevi 

r 
I 

r r 
A(97)1t9 1 98,0 3.18 0.31 A(100)R9 1100 0,82 0.75 A 91.7 1 6,02 	0,49 
A 94,0 4,06 0,40 A 100 0.26 0.63 B8 81,2 	9,06 10.57 
137(b) 79,2 3,77 0.52 88 86,7 1..s3 0.90 139 73.8 	8,98 	0,52 
134 74,6 3,'s9 0,,0 87 76,8 1,96 0,88 84 61.2 	7,91 	0,6]. 
86 67,0 13.78 0,57 B9 68,8 1.90 0.89 81 45,4 	7,60 1 0.59 
85 59,6 11  5,88 0,39 A(81)R19 43,5 2,82  0,45 Fl 33.3 1 8.31 110.45 
137(a) 58,6 4,50 0.39 Bl(XF,T,)Q 7,5 1,52 - A(82)R20 33.2 1 5.94 10.31 
82 53.2 3,41 0,54 
A(64)1U7 45.0 3,32 0.51 

Note: For Key see Table 33, 
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IV 4. Betwe-winz correlatton. 

The data used in the direct measurement of variance made 

poseible the calculation of between-wing correlation the results 

of which are given in Table 34, The value of the correlation 

coefficient is around 0,5 in WE pevi and WE acv3. (Fig, 41), and 

somewhat higher in on/it pevi. There is no evidence that it 

changes syatematic;Lliy with peno trance other than a somewhat 

doubtful sugstion of a gradual decrease in WE pcvl, 

Reference is made later to the low correlation coefficient 

given by the relaxed lines, 

14tive euene o b4].ater ad unilateral covoinles 

between-wing correlation was approached from a different 

angle by use of considerable data on the frequencies of bilateraU 

and unilaterally crosaveinless flies. Since the analysis is 

concerned with the extent to which the data suggests independence 

between the two wings of an individuals  it is useful to consider 

first the two theoretical extremes, Under a situation of 

complete independence, assuming there is no directional asyanetry, 

but the probability of being affected on the right is equal to 

that of being affected on the lefts  the following can be calóulated 

for any given value of P, where P is the probability of any wing 

being affecteds- 

The frequency of bilateral phenotypes, B. 
The penetrance, P, = B + 2(P-13) = 22 - B. 
The frequency of unilateral phenotypes, U, = E - B. 

Under a situation of complete dependence, on the other hands  

phenotypes can only be wild-type or bilaterally crossveinles1  and'  
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41, Correlation at different levels of penetranct 
WE pcvl (above). WE aevi (below). 
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the bilateral frequency is therefore equal to the pexietraflca 

Realized and theoretical situations are compared graphically 

in Figs 42 to 45 in which bilateral frequency, 13, is plotted 

against penetranco0  (3+U), the two theoretical extremes being 

eown by continuous lines. The unilateral frequency at any 

penetrance can readily be assessed, being given by the difference 

between the value of the diagonal and the value of B 	It should 

perhaps be pointed out that the abscissal scale is not the 

probability of any wing being affected, P ç  which could however, 

be calculated from the experizaental data since ?w 

A more or less similar picture is given by all four stocks: 

the frequency of bilateral phenotypes is always greater than that 

expected from complete independence and less than that expected 

from complete dependence 	The fact that this intermediate 

situation is seen at all penetraneeS indicates that selection has 

not influenced the degree of dependence between wings1  the 

increase in frequency of bilateral phenotypes being no more than 

that expected as a statistical consequence of the increasing 

probability of any wing being affected 

Slight differences are detectable between the stocks. As 

suggested by the correlation-coefficients, the nearest approach 

to dependence between wings is shown by OR/R pevi, and the 

nearest approach to independence by WE pevi, while E spevi and 

WE aevi are more exactly intermediates  

Raed. 

In OR/It pcvl and WE aevi, the relaxed lines behave atypically 

in the last two analyses: exceptionally low correlation 
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cofficiont are given, and the bilateral frequencies approach 

more closely than do those of other lines of approximately the 

same penetrance the values expected under a situation of complete 

independence between wiis. This suggests that asymaLetry,  may be 

Influenced by degree of homozygosit\r, supporting the suggein 

of Lerner (1954) that heterozygosity may confer stability upon 

pment and the experlmante of Wiather (1953) in which 

in bristle nwn'ber was shows to be greater in inbred than 

non-inbred flies. However, it is possible that the 

crepaney here between degree of correlation in relaxed and non-

lines may be the outcome of scale differences: though the 

use have the same perie trances  they do not have the same mean, 

ta of the relevant sort is too sparse to make possible an 

Vostigatiori of this point, but comparison in WE acvl of Fl and 

(both 33%) suggests that this may be the correct explanation 

or the lower value of the correlation coefficient in the relaxed 

it20  

Penetrance 	 33,3 	33,2 
r 	 0,45 	0,31 
Mean wing tvaluel 	4,45 	2,89 



SECTION V. PISCUSSION 

Vi. Assimilation do to a ghiftj,q mean. 

The analysis described in section IV indicates that change of 

mean has been the instrumental factor in bringing about assitaila-

tiori of oroseveinless: selection with treatment, like that 

without treatment, merely increases the frequency of genes 

influencing the position of the moan, The relation between the 

phenocopy, assimilated croseveinless and Ispontaneoust crosevetu-

less can therefore be depicted in terms of the changing position 

of a continuous distribution relative to fixed tbrsholcs for the 

expression of the character in the normal and in the treated 

environments as shown in Fig, 46, Distribution 1 represents the 

situation prior to selection. Under normal environmental 

conditions the threshold for the character is practically outside 

the range of variation shown by the population so that only a 

minute proportion of individuals are 'spontaneously' croseveinless 

The effect of treatment is to lower this threefold so that a good 

part of the population falls above it, Selection in this 

environment shifts the population mean (distribution 2) so that 

an increasingly large area of the distribution falls above the 

treatment' threshold, and pan 	an increasingly large part 

of the tail of the distribution fails above the threshold for the 

normal environment. Those are the assimilated genotypes, 

;Selection of assimilated (or of spontaneous) individuals in the 

normal environment ultimately yields an entirely erossvoinless 

population (distribution 3), 



	

'TREATMENT' 	'NORMAL' 

	

THRESHOLD 	THRESHOLD 

'AMOUNT OF GENE PRODUCT' 

PCVL WITH TREATMENT MPCVL WITHOUT TREATMENT 

Fig. 46Assimilation by a. shift in mean (see, text) 
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The concept of subthreshold distributions has been used by 

Grneberg (1952) in inter pre. tin various skeletal abnormalities of 

the mouse appe--rin6 with Iifferent degrees of intensity in 

different stocks. A genetic as opposed to an environmental 

change was used to show up subthreshold genetic variations  Thus 

the probability of overtopping the threshold for the vertebral 

abnormality f,ti (foramina transversae interuptae) was 

Increased by the presence of the gene undulated 	The influence o 

the heterozygote was less potent than that of the ho*ozygote, so 

that the distributions in the presence of un/+ and un/un 

respectively, could be envisaged as lying decreasingly deeply 

below the threshold, parallelling the case of era svein1ess in 

different environments or at successive stages of selection. 

As described in I 3 Waddington has suggested that in a 

complete assimilation process there are two phases: a lowering of 

the threshold for the character, and an increase in the canaUsa-

tion of the abnormal phenotype, if, however, selection is not 

applied for any optimum degree of expression of the character, 

there will be no direct pressure for constricting the canalisation!, 

and selection will only operate on the first phase, namely the 

lowering of the threshold. This must be considered to be the 

case in the experiments described here since selection was only 

applied for the extreme of the abnormal phenotype: it is only 

ability to produce the character that has been assimilated not 

any specific degree of development of the character. 

The process that has brought this about can be represented in 

either of two ways, At the level of the population it can be 

shown as a change in the position of a normal distribution 
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relative to fixed points on some uricierlying scale (see Fig, 46); 

at the level of the individual it can be symbolised, using 

topographical concepts, as the progressive cutting-away of a 

ridge separating two valleys representing the normal and an 

alternative direction of development, (See Waddington 1953b, 

Fig, 2.) The 'thresholds' in the two cases can be identified, 

In the first the value of the threshold is lowered relative to 

that of the mean genotype of the population; in the seeond this 

lowering of the threshold is represented by the gradually 

decreasing height of the ridge. 

It would be expected that under conditions of natural 

selection some optimum (i,e, intermediate) degree of development 

of a character would be desirable. In attempting to demonstrate 

assimilation of a specific degree of development it would therefor 

be necessary to select for some arbitrary optimum grade of 

expres6ion1  Such elimination of deviants has been suggested by 

addington (1953b) to have two aspccts, within a uniform 

environment it will involve aeroiy the exclusion of aberrant 

genotypes (1  normalising1  selection); in the non-uniform environaen 

normally encountered it will also involve the elimination of 

genotypes which condition poorly canalised development and. which 

therefore give rise to abnormal phenotypes solely because they are 

acted an by non-standard environmental influences (naliin 

selection). 

The results of selection for an optimum might however not be 

easy to interpret. This is illustrated in Fig, 47 which shows 

the position of a population with respect to the threshold for a 

measurable character in to environments A and 13, The character 



a. 

ENVIRONMENT B 

ENVIRONMENT A 

ENVIRONMENT B 

ENVIRONMENT A 

-VARIATION IN CHARACTER 

Fig 47 Asii1ation by shift of mean or by canalisation; 
see text, 
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is 	shown by the initial population in A, but appears following 

an increase in mean and variance on transference to B, In Fig. 

."/ (a) selection is made for the extreme of the abn,rmal phenotype 

B. 	This ultimately yields a population of higher mean which 

n return to A, regresses only partially towards the original 

an, so that a part of it is still above the threshold for the 

: assimilation has occurred by virte of a shift in mean, 

K I 

n Fig, 47 (b) selection is made for an optimum grade of expression 

hree theoretical situations following return to A are shown, 

istribution 3 represents the clear-cut situation in which 

tion of the optimum occurs, and this must be attributed to 

sation of the optimum in B. Regression to the position of 

stribution 2 presents, however, a somewhat ambiguous situation: 

such assimilation of grades of expression lower than the 

ptimum due to partial canalisation or to a shift in mean? It 

seem somewhat difficult to distinguish between these two 

ibi1itie, but two çproachee may be suggested, Moastreent 

D at some intermediate stage might well be helpful as shown by 

stribution 1: the reduced regression between 1 and 2 auggets a 

steiiatic increase in degree of canalisation, In addition it 

ght be useful to investigate whether the reduced variance in B 

selection of the optimum was in fact due to caualieation, 

his might be done by subjecting the population to various near-B 

ts in which  oanalisation developed in relation to 

4uctuations in B could be expected to be effective, 

, 	asiWn due &2 incomp  JeteAX Pentratingnes, 

It was concluded from the genetical analysis (Section III) 
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that the production of croesveinless depends fundamentally on only 

one or a few genes; either a single major gene or a small number 

of genes of approximately equal effect are involved, Under the 

first situation, response to selection was attributed to increase 

in the frequency of penetrance modifiers; but it was suggested 

that such modifiers would almost certainly also be selected in a 

situation involving more than one main gene, Though ouch genetic 

mechanisms can adequately account for the slow response during 

early selection without treatment, it is probable that this slow 

response was due in part to an environmental component that 

prevented genotypes from being distinguished as accurately as 

otherwises there is experimental evidence that penetrance is 

influenced not only by the genetic milieu but by such invironmental 

variables as temperature and age of culture (VI 2,4) 

Thua, though as few as one and not more than a few genes are 

believed to be ultimately responsible for assimilation, it is 

nevertheless justifiable to represent the underlying situation by 

a continuous distribution. 

The simplest interpretation of the facts is therefore that 

assimilation has resulted from the exposing by treatment of one 

or more genes of zero or near-zero penetrance, folloied during 

phenocopy selection, by the favouring of penetrance modifiers so 

that penetrance ultimately becomes appreciable even in the 

absence of the treatment. This1  it is suggested, has been broug 

about by a shift in mean relative to fixed thresholds, Finally, 

selection without treatment has further enhanced penetrance, 

The type of behaviour known to be characteristic of 

incompete3y penetrating genes is comparable with that shocn by 



cr0 vei.n1essj susceptibility to environmental influences; 

susceptibility to the genetic milieu; aaymetry. Gel cmi.ts 

explanation of asymmetry is an extension of that of low ponetrance: 

if a determining substance is available in an amount near the 

threshold level for effectiveness, only a part of the noraal curve 

of variation in the amount produced will be above the threshold 

level; and if, in addition, the developmental proceses in the 

two sides are independent asymmetry beoomis exceedingly probable. 

Or, more simply, asymmetry can be thought of as due to the reveal-

ing by the selected, gene of intz'a-individual variation always 

present but normally invisible at the phenotypic level. Auymmetr 

as studied from the relative frequencies of bilateral and uni-

lateral crossveinless phenotypes (IV 4) indicated an intermediate 

degree of dependence between wings. In contrast to this 

situation#  complete independence of sidles has been recorded by 

various observers, asymmetry being merely the statistical 

consequence of two independent variables: Guthrie (1925), eyeless 

Plunkett (1926), achaete; Atauroff (1930) Tetraptera; 

Timofeeff-Reovaki (1934), v,t,i, (Drosophila funebri) 

The latter investigation is of particular interest because of 

the similarity with orossveinlerjs here, The penetrance of the 

gene v,t,i, (venae tranef eras interupta,) was very lowe  but was 

enhanced by the presence of another cv-type genes  ri (radius 

incompletus), An investigation of the influence on v,t,i., of 

the gene ic background was made by backorossing into different 

genotypes followed by selection and inbreeding, The various lines 

showed different levels of penetrance and Gxpre5sivity from which 

it was inferred that the two phenomena were wider the control of 
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different modifier yteis. This contrasts with the observation 

here that by increasing the penetrance the expr s;ivity is 

automatically increased as well suggesting considerable overlap 

in modifier systems, Timofeeff-Reesovski (1931, 1934) 

distinguished from these 'quantitative' aspects of gene manifesta-

tion a tqualitativet one ('specificity') concerning, for examples 

the position of the remnant of orossvein in relation to L IV and 

L V. This, it seemed, was also under the control of modifiers in 

the case of v,t•i, while in the non-allelic gone v2tsi it appears 

to be primarily determined by the major gene. In the present 

experiments differences in tapecificityt were observed: while in 

OR/ft pevi the crossveirz is invariably represented by a speck more 

or less midway between LIV and LV, in WE pevi the remnant tenfts t 

be attached to LV. 

The assimilation of dumpy was shown to be due to the hetero- 

ygotic expression of a recessive lethal genes: and hero again the 

influence of the genetic background must have been important in as 

~ far as it conditioned such expression. In the event of this 

modification of heterozygote expression being due to an epistatio 

relation between the first and a second lethal gene believed to be 

involved, increase in the frequency of dumpy phenotypes might 

reflect merely an increase in the frequencies of the two genes, 

! But the gradual increase in degree of expression mast still be 

attributed to the selection of appropriate modifiers. 

The portn 	vari&44t, 

The foregoing suggests that assimilation of a modification 

cannot occur unless a speøific genes or a specific genetic mochanim 
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s available in the population. The attractiveness of the method 

sod by 4addington is that, since a large number of relatively 

factors would be involved, the probability of assimila-

occurrin would be high, According to the suggestion made 

individually more specific factors are required, and the 

of assimilation will essentially be limited by the genetic 

ty present in the population, It is therefore signif I 

t wild populations have been shown to have an immensely large 

tore of rcesive genes including many of low penetrance (e.g. 

1936, 1937; Gordon,, 5purway and Street, 1939, D, 

bcura; Ives, 1945), Owing, however1  to the difficulty of 

tooting incompletely penetrating genes, their frequency is 

bably considerably higher than the facts suggest, and this will 

increasingly true the lower is the penetrance: there are 

a great many genes whose visible effects under normal 

itions are as rare as is crosveinies and others whose 

station is even more improbable. 

Several mechanisms have been postulated for maintaining an 

appropriate store of genetic variability in a population. Berg 

1942a) has suggested that mutation rate is correlated with the 

geeds of the population for variability: it was shown to be 

Ligher in large populations consisting of a number of interbreeding 

units than in small isolated populations, Lerner (1954) has 

proposed that heterozygotic superiority in fitness may be the main 

ethod for preserving variability, In the present context this 

ossibility is attractive because subthreshold expression and 

incomplete penetranee might themselves be the result of such 
ieteroais1  since there would be a tendency for the degree of 
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sion of the homosygote of an undesirable gene to be decreased 

e1ectin of genotymu in which its expression was least, 

hiss then, could be a mechanism for producing the type of 

bility that is here conceived of as being important in 

tion, and it would then be the residual phenotypic effects 

genes whose heterozygotes showed superiority in fitness that 

an important part in determining possible paths of future 

lution1 

There is indeed some evidence that the gene or genes concerned 

the production of croseveinleas in Vtild Edinburgh are of this 

e, Since selection pressure against an unesirable mutant will 

directly related to its penetrance and expression, a gene of low 

etrance would be expected to occur at a. greater frequency than 

of complete penetrance0 The incidence of oraseveinless 

0,75% at 2500 would seem1 nevertheless, to imply geno-frequencie 

too high to be accounted for by even weak selection against 

recurrent mut.ation. Assuming a single gene is concerned and that 

waLifestation is due to the homozygotat the gene frequency can be 

calculated as 009 which1 though high, is presumably an un.eresti- 

te since a higher figure would have been obtained from the 

enetrance at a lower temperature, Assuming more than one gene 

a necessary1 considerable higher individual frequencies must be 

~
ostulatped. Such high frequencies might.., however, be accounted 

or by heterozygotic superiority in fitness. 

The fall in incidence of crossveinlesa following relaxation 

f selected lines showing incomplete penetranee does not contradiet 

hi hypothesis although a hasty judgement might interpret it as 

Ioing so, For if the fitness of the heterozygoto is great 



tive to one homozyote1  and slight relative to the other, the 

fitneee of the population will obtain when the frequency of 

heterozygote is not sufficiently high to cause the frequent 

gregation of the more undesirable homozygote; an equilibrium 

be established where the frequency of the less desirable gene 

s relatively lob, 

The  rare spontaneoust aormiity 

In the experiments described here, two out of the five 

worked with had a rare tendency to occur prior to any 

atmont or selection (pevi, amcv); two are known to occur in 

er wild-type stocks (acvl, fpcv) an it is probable, therefore 

t they were not far 'subthreshold' in the stock used; while one 

not known to occur spontaneously in D melanogaster (dumpy), 

t is suggested that these occasional aberrant phenotypes should 

as the rare phenotypic emergence, clue to chance segroga 

a rare environmental event, or both of one or more deleterious 

ecessive genes. The similarity between sponteoust  and 

'assimilated' erossveinless stocks suggests that assimilation was 

tioned by that genetic mechanism revealed in these rare 

The fact that 'dumpy' is not known as a 

character therefore casts doubt on the probability that it could 

assimilated without the incidence of new variability of a rather 

specific sort such as in fact, is believed to have occurred 

during the course of the experiment, 

Grossveinleøs and extra-crossvein phenotypes have turnd up 

epeatedly in population studies (e.g. Timofeeff-Ressovski, 19272  

unbris tordon1  $purway and Streets  1939 1  Q, 	bscura; 
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binin, 194, P. me1anogater; Prevosti, 1953, . 

Spurway and Street concluded that in fl subobsggZa cross- 

was due to a number of recessive genes rather than a 

gene and modifiers. Moreover to explain their results they 

ted that soveral different genotypes could produce the same 

eat. Dubinin demonstrated in D. it, e1angter that polygenes 

aponsible for extra-crossvein production were concentrated on 

some II with two primary centres of activity at the loot 

,o) and b]4.tered (107,3), and he interpreted the maintainance 

these genes in a multiple rucesive state as being duo to the 

ye advantage of the hetoroygotee, That he had envisaged 

over-complex situation was,however, emphasised by Goldacbmidt 

(1953) to whom the data in- icated the segregation in the popuiation 

a number of specific ploiotropicaily acting major mutants (e,g, 

set, blistered. baloon. 21ekilp 	It may well be that the 

osimilation of the two extra-vein characters in the experiments 

here may have been made possible by the existence in the WA 

dinburgh stock of a comparable type of situation. 

A new interpretation of the spontaneous abnormality due to 

is founded upon the thesis that the buffering of development 

determined by the general level of heterosygosit of the geno- 

hype. 	Phenodeviant& occur because a certain proportion of every 

eneration must fail below the threshold number of heterozygous 

ci necessary to ensure normal development. It is suggested 

t the type of phenotypic abnormality produced is determined by 

particular gene contents, hence such diverse abnormalities as 

(Uolcscrujdt et ale , 1951), abnormal abdomen (Sobels, 1952) 

the wing-vein variants. As a typical example Lerner cites 



-94- 

rocked-toes in chicken. The similarity with crQssveinlesa is 

trikin; - 

aporadic incidence at a lo,4 rate in ,a&ny 1ines  

selection leads to fixation 

the behaviour of crosses between lines with various degrees of 

incidence is unpredictable 

expression increases with penetrance even when selection is 

only directed towards higher pertetrance 

actual percentages are very similar: 

Crossveinjess 
Crooked toes 
	

( pevi) 

tFoluldation stock 
Selected stock 
F1 (founc!ation dd x selected ) 
F1 (selected 66 x foundation ) 

~
Backoross to foundation stock 
Backcross to selected stock 

, if crossveinless is to be classified as a phertodeviant, it 

t be allowed that the 'particular gene contents' which gives 

tion to the abnormal development, consists of one or a few 

segregating genes. 

The biolo4cal signjfiçnce of assimilation, 

Implicit in the concept. of assimilation advanced here is the 

otion of sceptibi1ity to modification by change of environment. 

The ex perimeuts have utilised a temperature change of a magnitude 

that would hardly be met with under natural condittons. The level 

efficiency, however1 of such buffering mechanisms as domimance, 

euetrance, dosage compensation and pleiotropy, must be a comproais 

tween the demands for stability and the denuds for lability:  
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he genes must not be too far subthreshold. Muller (1935) has  

shown that the internal balance of the X chromosome is optimal, no 

maximal; Berg (1942b) demonstrated a correlation between degree O± 

ominance and stringency of selection: where selection waø intenee 

(non-isolated populations in competition with each other) 

dominance appeared to be lower than in isolated populations, 

here seems, therefore, little reason to fear that the type of gene, 

are holding responsible for setting the direction of assi.m1latio ft 

1 not be susceptible to environmental variation of a probable 

er of magnitude 	It will thus be constantly tried and re-tried 

different situations that elicit its phenotypic rnanifetation. 

The conciucions of the experiments described here do not 

rturuitely have any particular bearing on the problem of the 

ation of modifications induce4 by that environment to which the 

adaptive (e.g, callosities by friction) 	It is only possible 

suggest a method whereby pre-adaptational variation may be 

reaseth a stimulus, X. produces a response, Y, which happens to 

adativs to the situation, Z. The subsequent selection of the 

ification, Y. culminates in the production of Y as a heritable 

racter and, consequently, in enancipation from reliance on the 

Since 'population' iwiies a number of individuals small on 

bhe probability scale involved when considering the recombination 

of a large number of factors, a threshold character may be totally 

mreaiized merely by virtue of the improbability of the genetic 

ituation conclizioning it. If, however, a change of environment 

auses the character to be shown by less improbable genotypes1  the 

zequency of the rare desirable genes, assuming they enhance the 
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response, will be increased by selection of the desirable phenotypell  

the range of genetic combination extends into the hitherto

r realised 

	I 

field and the originally improbable character may occur 

t an effective frequency even in the original environment.  

Thus the more improbable is the appearance of the character 

thout the environmental stimulus, the more important i. the role 

the environment; ni hence the more biologically agnifoant 

sbequcut process of genetic asimilat!on by which the 

is eiancipa ted from environmental control. 
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U M i4 A a Y 

Selection was made for a number of phenocojie5 to test whethe 

the genetic assimilation of an acquired character is generally  

possible. The phenocopies selected were; posterior cross-

veinles, anterior cz'ossveinless, dumpy, extra crosavein in 

first posterior cell, extra croavein in submarginal cell. 

Assimilation uas demonstrated in all, cases. 

Lack of response to selection and of assimilation in two Lnble 

lines selected for posterior crossveinless suggested that 

assimilation depended only on the genetic variability 

initially present in the population. On the other hands  

there was circumstantial evidence that assimilation of dumpy 

was conditioned by an induced mutation 

More or less true-breeding stocks of the assimilated 

characters were obtained by selection without treatment in 

lines established from assimilated individuals of the later 

generations of henocopy selection. In one cases  posterior 

crossveinless, it bar, also possible to construct a second, 

'sontaneous'1  stock from crossveinless individuals present in 

the base population. 

The genetical analysis of these stocks indicated that the 

assimilated characters are each controlled by very few genes:- 

Bumpy is due to a recessive lethal allele of Llg,, probably 

A second recessive lethal1  forming with the first a 

balanced lethal system, is probably also involved, 

Crossveinloss is controlled by one to a fei genes. The 

'spontaneous' and 'assimilated' posterior cro'.veinless stocks 

are very similar genetically. 
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(o) The leas thorough analysis of the extra-crossvein stocks  

suggested a situation comparable with that in the crossirei-

lees stoc1s. 

The gradual response during selection of posterior cros:3vein-

less is attributed at least in part to increase in the 

frequency of modifiers of penetrace 

A similarity in the responses to selection given by phenocopy, 

assimilated and spontaneous lines of posterior oroasveinleaa 

is interpreted to mean that the saw character has been 

selected at all three levels. 

, 	The absence of any change in variance during selection of 

crosveinless indicates that response has been due to 

election of genes influencing the value of the population 

mean, 

, it is concluded that assimilation of cossvoinloss has there-

fore been brought about by a shift in the position of the 

underlying distribution relative to the thresholds for the 

appearance of the character in 'treated and 'normal' 

envlronents 

Assimilation is attributed to an increase in the penetrance of 

genes of initially sore or extremely I ovv penetrance, 

O, It is suggested that the potential directions of assimilation 

will therefore be united by the nature of the genetic 

reserve carried by a population; that change of environment 

may play an important role in revealing such 'ub-threshold' 

genes; and that the biological significance of the genetic 

assimilation of characters controlled by such genes will be 

directly proportional to the improbability of the character 

appearing in the absence of the environmntai U.mulus, 
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SiCTION VI: AP?ENDIX 

The indiction of tempera 	ale stri 	bi; 
treatment at 100C 

Cultures of dumpy phenocopies from the first treated 

generation of Experiment 4 were extremely sterile, none or few of 

the eggs hatching. In order to determine which sex was affected, 

reciprocal crosses were made between treated (T) and non-treated 

(N-T) flies:- 

mass cultures (a) T dd x 	T 99 

(b) T 86 x N-T QQ 

(c)N-td8 x 	T 	9 

(d) N-T 66 x N-T 99 

After five days, cultures (a) and (b) were very poor while (o) 

and (d) were normal; after ten days, however (a) and (b) had 

improved. It was therefore concluded that only treated males 

are sterile, and that this sterility is temporary. 

In order to determine at what age fertility rturns, matings 

were set up using individual treated males and at least one 

(untreated) virgin, After 2-3 days the males were transferred 

to new vials and given fresh females 	The proportions of fertile 

cultures among the various broods were recorded and are given in 

Table 35,, It appears that all treated males are sterile until 

they are nine days old half becoming fertile between nine and 

thirteen days, and thereafter the proportion increases gradually. 

The test was also applied to males of two other selected lines in 

which cultures of treated flies had been observed to be somewhat 

sterile; WE fpcv (generation 4) treated at 20-22 nours9  and WE 



Table 35, Investigation of tor 	sterility of dd fol-lowAAg treantj hD°C. 

Age of treated pue Age of dd 
and 	of wtieu mated °' Of - 

matins 
treatment 	(nours) Stock 	 (days) 

Total 
Fertile Sterile fertile 

15-17; 4* Criaularich 	6-9 200 1 199 0,5 
9-13 82 43 39 52,4 

13-15 ' 	59 44 15 74,6 
15-19 40 32 a 80.0 
19-22 15 33 2 86,7 

20-22; 4 	 Wild Edinburgh 	0-3 25 3 22. 12,0 
3-5 23 6 17 26,1 
5-7 22 16 6 80,0 
7-9 22 18 4 81,8 

- 	 9-11 16 12 4 75,0 

22-24; 4 	 WildEdinburgh 	0-3 25 0 25 0 
inbred ( 414) 	 3-7 22 14 36.3 

7-10 19 33 6 68,4 



Inbred pcvl treated at 22-24 hours 	Temporary sterility or semi- 

sterility was again recorded (Table 35) but the sterile period 

appeared to be somewhat shorter than that following the earlier 

treatment. 

The apparent failure to regain full fertility in later broods 

resulted at least in part from the death of the male before 

fertilizing the female. 

This temporary sterility is probably comparable with that 

observed after X-radiation of males (Auerbach, 1956; Xhishin, 

1955). There are two known explanations lack of sperm and 

non-fuzictioning of sperm. The absence of sperm in the females 

foUoiing sating with males irradiated as adults vois observed by 

Auerbach, thishin, after treatment of developmental stages 

found however that sperm was present in the females even during 

the most sterile period, and inferred that in the physical 

environment of the old larvae and young pupae irradiation damages 

the germ cells in such a way that the resulting sperm are 

functionally ineffective 'though motile and. morphologically normal. 

The stages sensitive to this type of damage appeared to be spermatQ-

cytea and early spermatid. 

In the present investigation it is impossible to choose 

between these alternatives since females were not dissected, The 

complete sterility following treatment of 15-17 hour pupae 

suggests that spermatids as well as earlier germ-cells are 

affected since at this stage of development bundles of early 

spermatids are present, The reduced sterility following 

treatment at 20-22 hours may be due to the presence in the testis 
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of slightly more mature cells which are immune to the damaging 

effects of heat treaiaent 
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Th jniuenQo ç  age Qfcu1ti4re on enetrace of 
crveinless. 

During selection of pevi without treatment it was observed 

that penetranco among flies emerging earlier in a culture was 

higher than among those emerging later. In order to tnvetiate 

this effect, day to day frequencies were recorded individually 

(Fig, 4$),  The three stocks used were an early assimilated line 

from each of the pevl phenocopy experiments (YE pcvl G4 and 

Oit/R povi &5), and a spontaneous' stock started from a single 

fertilized orossveinless female found in the 1JE stock and not 

mentioned elsewhere in this investigation. 

In all cases a gradual decline in frequency was observed 

until the 10th to 12th day when a more or less stable level was 

held, Such progressive change in penetrance or expression is 

characteristic of a great many mutants and can be attributed to 

changes in the larval feeding opportunity as the culture ages 

1949). 

In order to measure penotranee more accurately, and hence 

to be able to detect generation to generation trends during 

selections  it was desirable to base measurements on in31vid.wls 

whose development has not been subjected to the effects of 

overcrowding. Overcrowding can be eliminated if cultures are 

et.ablihed from a suitably fixed number of eggs, bat, as the 

following section will sho, does not affect the first flies to 

emerge in normal cultures. Penetrance was therefore measured on 

the earlier emerging flies in a normal culture, the first 100 flies 

of each sex being scored; and culture—density was approximately 

standardised by alloi4ng 20 females to lay for 2— days, 
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LL1. juelifiotIRD of meagurement QZ earUer emerging flies. 

The penetrance and expression of cvi among the earlier 

emerging flies in normal cultures ('non-stan1ardised') were 

compared with those in cultures of accurately standardised density 

('standardised') using the four assimilated stocks at penetranoes 

of just under 100%. The same group of parents was used for both 

non-standardised and standardised matures, the former consisting 

of a single bottle in which 20 females had laid for 2j days, the 

latter of four vials at 'X) eggs per vial; and emerging flies were 

scored for psnetrance and expression, The results are presented 

in Table 36, flies from the vials being pooled, (For method of 

measurement of expression see IV ),) 

There is no appreciable difference between the results of the 

two methods as regards penetrance, but there is an indication that 

expression is greater in the non-standardised cultures: the 

requenoy of more extreme grades (o, A) tends to oe slightly 

higher, and that of less extreme grades (B, C) slightly lower, than 

in the standardised cultures. This is reflected in the fact that 

the average 	of affected wings is in three out of the four 

cases higher in the non-standardised cultures, 

The good general agreement between the results of the two 

methods was considered to justify the use of the non-standardised 

method, (The possibility cannot be excluded that susceptibility 

to conditions in the ageing culture may vary with penetrance, a 

near 100% initial penetrance not falling off in the same way as 

would ioer valueøs it would have been useful had the above 

comparison also been made with stocks showing intermediate 

penetrances.) 



Table 36, 

Stock 
S or N& 
culture Penetrance 

Expression  

Frequency of 	radeø Av 	'value' 
 of affected 

wings 0 	A 	B 	C 1) 

spevi .3 97.8 70
WE 1,5 14.3 3,5 1,1 - 4.75 - 

__________ 
NS 97,1 - 	4,1 22,2 61.7 2,1 1.7 5.05 

t!L,  pcvi 0.0 0.3 92.9 1.8 1.2 4.73 

i 
_________  

99,4 - 0.6 1,2 89.0 2.6 0.8 4,67 

0101  pcVl 
S 100 16,1 64,9 15,3 2,6 1.0 6,68 

NS 99.2 23.2 &),112,6 1.8 1,2 6,76 - 

-. 	 S 
scv1 

NS 

6,1 55,6 16 500 5.53 
8.2 57.1 

-___ 
17,6 

_____ 
2,5 5,67 
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VI 4, TLe  inienp 	 of croveie. 

Waddington (1953) observed that the frequency of croseveinless 

was higher in cultures raised at 130C than in those raised at 250C, 

hile advantage was taken of this enhancing effect of low 

temperzre in revealing crosaveinless in the WE stock prior to 

selection (II 6) #  care was taken that response to selection was 

aye measured in flies bred at 250C,  In OR/R, on the other 

hands  lowered temperature appeared to reduce penetrance, In 

order to confirm this difference between the two stocks, a 

comparison was made of the influence of four different temperatures 

on penetrance in an assimilated line of each (WE G15 and OR/E Gb), 

The results (Fig. 49) showed that in WE penetrance tncreasee  and 

in EJt/R decreases with lowering of temperature, 

It is unnecessary to speculate here as to the causes of 

this discrepancy. Suffice it to say that the relation between 

temperature and crossvein production is probably highly complex, 
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fi• 	 the 

tj of trcataent. 

In Figs. 28 and 29 response to phenocopy selection is shown 

as a continuous line in spite of the fact that the duration of 

treatment was not constant throughout the experiment. This was 

effected by plotting response to 2-hour treatment only and using 

estimated figures for those generations in which 4-hour treatment 

had been ap1ied. The estimation of 2-hour frequencies was 

possible because a constant relation appeared to exist between 

probits for contemporaneous 4-hour and 2-hour frequencies, 

Table fl gives the differences between, and the ratios of, pro bits 

for 4-hour and 2-hour percentages for those generations in which 

data of the two sorts as available, namely the first and the 

last. The differences and the ratios are both fairly constant, 

and since the latter were somewhat the more SOp the overall 

average of the probit ratios was used to convert the probits for 

observed 4-hour percentages for generations 1-5 to expected probits,  

for 2-hour percentages, (No response was plotted in Figs, 2 

and 29 for generations 6 and 7 since there was insufficient data 

for a comparable transformation of realised 3-hour to expected 

2-hour firn'se,) 



Table 37. Probit differencop and probit ration for percentage P-cyl phenocoy following  
2 hour and q' hour treatments. 

Stock Generation 
4hra. 
% pheno. 

2hr. 
% pheno'  Probit Difference Probit Ftatio 

VVE 0 28,7 8,8 0,7954' 1,2182 
* 717 29.4 1.11451 	0. 1.2-340 1,2499 

1.2169 
15 98.7 89,0 1.0013 1,1622 

* 99.1 82,5 1.4097 	
1.2055 1,2374 	

1.2374 

OR/K 0 62,4 14.5 1.3778 1,3490 
* 50,8 16.5 

1 1857 
0.9937 i 

1 2979 1,2468 

12 97.9 91.9 0.6303 1,0993 	1,2065 

97,4 80.6 1.0787 	0,0 1,1831 ' 1,1151 
* 95,5 90,2 0,3971 1,0631 

* Contemporaneous pairs of aeasureenta. 
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During phenoco;y selection it was observed that treatment at 

400Q for 4 hours was lethal for about one quarter of the pupae so 

treated. Prolonged selection of phenocopies (i.e. of viability) 

woulci be expected to reduce this mortality, Generations 0 and 15 

of WE povi phenocopy selection were therefore compared with 

respect to percentage survival after treatment: * 
No, pupae 

dd 99 Total treated 

Generation 0 	 71.7 	80,6 76,1 	586 
Generation 15 	 79,6 	81,9 £30,8 	50 
Probabilities* hoterogeneiy 	,05-.02 	,'?O 	.50 

directionality 	.05 

(The value of the comparison is somewhat reduced since the two 

generations were not treated simultaneously.) 

As expected, the selected line shows a slightly higher 

survival in both sexes, though the difference is significant at 

the 5% level only in 6. Testing for directionality, however9  

the total I for the sexes combined is very nearly significant at 

this level, suggesting that the slight increase in survival after 

selection is probably real. 
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VIZ. 	parison openocoy incidence in two inbred linesjid 
the Fl between them. 

it has been suggested (Lerner, 1954) that heterozygosity may 

confer stability on development by decreasing susceptibility to 

upset by extrinsic (or intrinsic) influences, If this is so, 

phenocopy incidence in the Fl between two inbred lines should be 

lower than the average incidence in the two parent stocks, and 

its variation among different batches of treated pupae should be 

less than that in either parent, This possibility was tested on 

a very small scale using the WB and OWR  inbred lines employed in 

Experiments 1. and 20  and the Fl between them. Six contemporaneous  

4-hour treatments of the three types of pupae were made (average 

number per batch per stock = 91; age at time of treatment 

20-22 hours), the subsequent frequencies of povi being as follows 

(sexes combined) - 

E inbred OR/R inbred 	rl 
2,08 4,69 5,00 

11,00 80,29 68,52 
11,84 7474 51,02 
12,50 69,24 39,01 
4.41 73,80 59,07 
400 19,50 45,19 

Mean (= ay. probit) 	4,0002 5,0205 4,7820 
Variance 	 0,493 1.075 0,560 

The hybrid is intermediate in both mean and variance, 

approaching the higher inbred in respect of means  and the lower 

inbred in respect of variance, Had it shown homeostasis, its 

mean would have been expected to be less than 4,53.04 (the average 

of the two inbred lines) and its variance less than 0,493. For 

what this data is worth, therefore, it does not support the 

hypothesis of the superior buffering ability of hetarozygotes, 



REF EREN CE$ 

• C. 1954, Sensitivity of the Drosophila testis to the 
autagenio effects of X-rays. Z, tndikt, Abstaamung-
ii, Vereblehre 86: 113. 

ROFF, L.L. 1930. Analyse der erblichen Struigfflh1e der 
bilatéralen Symmetrie im Zuamuenhang mit der 
Beibs tn: igen variahili tt &hnli cher S rukturen, 
Z, incukt. Abet un,-u, Vererblehre 55: 183. 

J,it, 1896, A new factor in evolution. Amer, N.t, 30: 
441, 536, 

R,L, 1942a, Autability as dependent on the degree of 
isolation of populations. 	C. R. Acad. SCi q. U.R.S. 
36: 71, 

1942b, The role of isolation in the evolution of 
dominance in natural popJ.ations of D. me1ariogater, 
C, R, Aca3, Sci,, U.R,S.S, 39; 284. 

3UCR&&N, VV. and TIMOFELFF-RESSOVSKI, N,, 1938, Nichterblithe 
Modifikationen au ege1st durch Temperaturchocks 
in verschiedenen Entwic11ungtadien. Z. indukt, 
Abstammung,-u. Verrblehre 74;  472. 

GUSHING, J,E, 1941, An experiment on olfactory conditioning in 
D. guttif era, Proc, Nat, Acad, Sci, 27: 496, 

0kFEISTER, 1864. Quoted by Go19cbmidt 1949, 

)UBININ, N.P. et a)., 1936. Genetic constitution and gene dynamics: 
of wild populations of D. melanogaster, Biol. Zb14  
5: 939. 

IN, N.P. 

____ 1937. Aberrant po1ymorphim in F, fasciata 
(;eig, (Syn - melanogaster Meig,), Biol. Zbl, 6; 31, 

1948, xperimenta1 investigation of the integration 
of hereditary systems in the processes of evolution 
of populations, Zhurn, Obshoh, Biol, 9; 203. 

, D.J. 1947, Probit Analysis. Cambridge University Press, 

I$HER, R.A. and YATES, F. 1948, Statistical Tabli, Edinburgh: 
Oliver and Boyd, 

:3RII)ctE8, C.B. 	 ____ _____ 	__ _____ and BREHME, K.S. 1944. The 	of Iirosojhila 
me1a&ter, Carnegie Institution of ashinton 
Pubiication No, 552. 



-109- 

GAUSE, G.F. 1941, The effect of natural selection in the 
acclimatization of I'Euplotes to different salinities  
of the medium. J. exp. Zool, 7; 85, 

&1AkQ.DCVA, N,F, & A.LPATOV, 	1942, (ieograp1iical 
variation in Pai'anoecium, and the role of stabilisizg 
selection in the origin of adaptive differences, 
Amer, Nat, 76: 63, 

1947, Problems of evolution, Trans, Conn, Acad. 
Arts ancl Sd, 37; 17, 

GAUSL, 

G0LSCHitIIfl, R. 1929, Experimentelle Mutationen und das Problem 
der sogenannten Parallelinduction, Biol, Zhl, 49: 
437. 

1938, Phyøioloic.1 Genetics, New York: McGraw  
Hill, 

1945, Additional data on phenocopies .nd genic 
action. J. exp. Zeal, 100; 193. 

1949, 2heno.00pie8, Sci, Amer, (October), 

G0LDCk{MIDT., It,, HANNAh, A. and PITERNICK, L.K. 1951. The 
Podoptera effect in D. me1anogater, Univ. Calif. 
Pub1 Zool, 55: 67, 

GOLD3CLiMIDT, It, 1953. Pricking a bubble, Evolution 7: 264, 

GQItDQ1, C,, SPUfthAY, H. and STREJLT, P.A.R.  1939, An analysts of 
three wild populations of D. subobcura, J. Genet, 
38: 37, 

GRUNIBIhtG, H. 1952, Skeletal abnormalities in the mouse, IV 
Quasi-continuous variation, J. uenet, 51; 95, 

GUTHhIE, 3. 1925, The asymmetry of the small eye condition in 
eyeless, J. exp. Zool, 42, 

HENK1, K,, FINCK, Ev, and MA, S-Y, 1941, Uber sertsiblc Perioden 
fr die Aus1sung von Flitzemodifikationen bei 
Drosophila und die i3eziebungen zwisehen Aodifikationen 
und Mutationen. Z. indukt, Abtamnimg,-u. 
Versrblëhre 79s 267, 

'HERITIER, P,, 1'4EEFS, Y. and TLISSIER, G, 1937, Apterise des 
Insectes et Selection Naturelle, C. R. Acad, Set,, 
Paris 204: 907. 

~"LOP 
ARhIS0N 9 J 	1927, Experimnts on the egg-laying 

instincts of the Safly Pontania salicis Christ,, 
and their bearing on the inheritance of acquired 
characters; with some remarks on a new principle i 
evolution, Proc, Roy, Soc, B. 101, 



-110- 

IS!L8, P,T, 1945, The genetic structure of American populations 
of D. melanogaster. Genetics 30: 167, 

JAYFL, P. 1954. Ph.D. Thesis, Edinburgh, Unpublished. 

J0L10S, V. 1933, Die Ubereinstimaung der bei D. melanogaster 
nach Hitzeinwirkung ents tehenden Modifikationen und 
Iutationon. Naturiss, 21: 831, 

J0ILOS, V 1934, Inherited changes produced by heat treatment. 
Genetica 16; 475, 

K.1iIFW4, A. 1955, Lffeot of larval and pupal irradiation on 
survival and fertility. D.I.S. 29: 18. 

KIPJ'ICiNIK0V, V.S. 1947,  The problem of non-her&itary adaptive 
modifications, J. Genet, 48: 164, 

L11L1t1  I.t, 1954, Genetic Homosts, Edinburgh: Oliver and 

LI.NAEA 1939, Discussion on the variation in Limnaea, 
4a1aco1, Soc. kond., 23; 303. 

LLOID MOkGA, C. 1896, }ibit and Heritage. London: Arnold, 

LUSH, J.L. 1947. nimal Breedi.n 	Iowa State College Press. 

MA, S-Y, 19.43, Experimentelle Untersuchungen Sber Hitzemodifika-
tionen des F1gels von D. melanogaster, Arch, 
EntwMech, Org. 142: 508, 

1950, Uber die Entwicklung der F1ge1form bei Mutanton 
und Hitzemoditiationen von Drosophila. Nachr, 
Akad, iss, Gott,, Mat-Phys, Ki., 1950, U, 

MATk{iR, K. 1953, The genetic control of stability in development 
Heredity 7: 297, 

MILKMAN, R. 1955.  Interaction of various OcrossvoinlessO genes 1
1  

in D. melanogaster, D•I,S, 29: 140. 

MULLi:R, Hj, 1935, On the incomplete dominance of the normal 
allelomorphe of white in Drosophila, J,. Genet, 
30: 407, 

NAUMENKO, V.A. 1941. Fixation of certain mutations by artificial 
selection of corresponding modifications, C. R, 
Acad, Sc,, U,R,S.S, 32: 75. 

OSBOftN, H,F, 1896, A mode of evolution requiring neither 
natural selection nor the inheritance of acquired 
characters, 	Trans. IN, Y. Acad, Sct, 15; 141. 



-111- 

ATThktON, J.T. and STONE, W.S. 1952, 
Drpsphila, New york: aciUan & Co, 

LQUUA P  h,h. and IVES, P.T. 1934. mutations and somatic variattou 
prodced by high temperature. Amer, Xat, 50; 163, 

1935, Incuction of mutations by high 
temperature, Genetics 20: 62. 

I10UGH, H.H. 1936. Developmental modifications in unhatched,  
pupae induced by high temperature in genetically 
different stocks of D. melanogaster, Abstr, Rca, 
Gsriet, SOC, Amer, 4. 

'L0UGH, R.U. and CHILD, G.P. 1937, Proc, Nate  Acad, Set, 23: 435. 

PLOUGH, H,H, 1942, Temperature and spontaneous mwation, 
Biol, ymp, 6: 42. 

1LUNKETT, C.R, 1926, The interaction of genetic and environmental 
factors in deveiopent, J. exp. Zool, 46. 

REVOSTI, A. 1953. Variabilidad genetica en una poblacion 
natural de D. subobsoura, Gonetica iberica 4: 95. 

02APi10FF, A. 1930, Die geographisehe Variahilitit der 1uchf ink—
sehl&ges (Fringiula coe1eb L.) etc. Biol. Zbl, 
50: 478. 

LENDEL, J.. 1944. Genetics and cytology of D. subobscura. II 
Normal and selective matings of D. subobsoura. J, 
Genet, 46: 287, 

O3E1TS0N 9  F, 	and RLVE, E,C,R, 1953, Studies in quantitative 
inheritance, IV The effeots of substituting 
chromosomes from different selected strains in 
different genetic baokirounds in D. me1anogaste. 
J. Genet. Lls 586, 

3MG, J,H., McDONALDt  $.i, and GOkWON, C. 1949, The ecological 
deterninants of population growth in a Drosophila 
culture, Vi The total population count, Phys. 
Zool, 22: 23. 

CHATZ, E. 1951, Thor die formbilung des F1ge1s bei Hitse—
molfikationen ud Mutationen von P, melanogaster, 
131o1, 'bl, t: 305, 

CHMALHAUSE, 1.1. 1947.çtoofEvlut1an 	ila el'hia 
Biakiston, 

IMF0N, G,U, 1953. The Bald in l,.-Cf eat, Evolution 7; 110. 



-112- 

SOBELS, F.H. 1952. Genetics and morphology of the genotype, 
'Asymmetric' with special reference to its 
'abnormal abdomen' character (D, nelanogaster), 
Genetica 26; 117, 

TdELLUNU, 1930. Quoted by Kirpichnikov 1947, 

THODA, J,. 1953, Components of fitness, 5yp. Sac, exp. bio 
7:96, 

TUO1PE, H. and JONES, F.G.V. 1937, Olfactory conditioning in 
a. parasitic insect, etc, Proc, Roy, See,, E 
124: 56, 

L1082E9  V,il, 1938. The nature of the conditioning process. 
Proc, Roy. Soc., B, 126: 370, 

1939, Firther studies on pre-imaginal olfactory 
conditioning in insects, Proc, Roy, Soc., 13, 
127; 424, 

TI0FFT-RE8S0V8Ki, N ,. 1927, Studies on the phenotyic 
manifestation of hereditary factors, I On the 
phenotypic cuanifestatiofl of the genovariation 
r!jdiva inoojgpletUa in D. funebria, Genetics 12; 128, 

1931. Gerichtetes Variieren in der 
phnotypiLohen Manifestierung siniger Genovariatiofln 
von D, fi.mebris, Naturwi, 19: 493, 

1934, Uber der Einfluss des Geno-
typichen ililieus mid der Aussenbedingungen auf 
the Realisation des Genotrps. Nach, Gea., Ass, 
Gott,, Math-Phy&ik. 6; 53. 

DDINtTON, C.H. 1939- Preliminary notes on the clevelopmezit of 
the winds in normal and mutant strains of Prosophil, 
Proc, Nat, Acad, Sci, 25; 299, 

1940, The genetic control of wing development 
in Drosophila, J. Genet, 41: 75, 

1942, Canalisation of development and the 
inheritance of an acquired character. Nature 150: 
563. 

1952. Selection for the genetic basis of an 
acquired character, nature 169: 625, 

1953a, Genetic assiailation of an acquired 
character, Evolution 7: 118, 

1953b, Epigenetics and evolution, 5yp. Soc. 
exp, Biol. 7: 16, 



-113- 

ADDNUTON, CH 19530. The evolution of adaptation80  
Eneavour 12 

1953d 1, The "Baldwin Lffeot", "Genetic Assimila 
tion and 	 Evolution 7; 386, 

ADDDiGTON, C ,H,, OOLF, B. and PERRY, 	1954 Environment 
selection by Lrosophila mutants.Evolution 8z 89 


