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INTRQDUOTION 

Quantitative characters are supposed to be genetica].ir determined 

by a large number of genes distributed along the chromosomes. In their 

assay of the chaetae-producing ability Of. the different chromosomes of 

.: me1anoaster, Mather and Harrison (1949) concluded that each 

of the three major chromosomes in the different lines examined has the 

power to produce chaetae, Breese and Mather (1957) found that the most 

effective chromosome in determining the ohaetae numbr In their 'high' 

line of Drosophila was the third. D.D.T. and B.H.C. resistance in this 

fly was found to be mainly controlled by the second chromosome (Taukamoto 

g., 1956). Different segments of a chromosome seem to have different 

magnitudes of effect in quantitative Characters. Wigan (1949) examined 

9 X.-chromosomes of Drosophila and found that certain regions are more 

effective in determining the sternopleural bristle count.. Breese and 

}father (1957) split the third chromosome of Drosophila into a number of 

pieces., and showed that some parts of this chromosome are more active 

in determining the abdominal and sternop1euial bristle numbers. 

It seems. therefore that the distribution of polygenes is not 

random between or within chromosomes. Rather, certain pieces of the. 

chromosomes seem to have aggregates of polygenes or "major" poiygeness. 

and thus giving us the possibility Of singling them out and locating 

them. Using a new technique, Thoday (1961) was able to locate seven 

genes affecting the sternàpleural count in Drosophila, on the second 

and third chromosomes., 



The abs of the present Investigation are 

to develop a theory for the differentiation of poIygeues according 

to their magnitudes of effeCt using repeated backcrSsing and Oleotion, 

to apply this theory to a quantitative  characters:  

(c). to determine the chromosomes and pieces Of the chromosomes that 

contain the poigenes f the highest effect. 

The character chosen is the steinopleural bristle Count in prsohila 

me]ioaster. 



THEORETICAL 

In In a given number of generations, the average magnitude .of 

effect of the genes fixed by selection bears an inverse relationship 

to the intensity of selection applied. This suggests a method by which 

polygenes may be' differentiated according to the magnitude Of their 

effects. To sort Out genes of different effects in separate lines, 

a bettor method is to use a synthesized populations, by crossing,  two 

populations., one of which has reached its selection limit. 

If we cross the two populations, select in one direction, and 

backcroes to the population which had been selected to its limit in 

the opposite direction, and repeat the operation, we will finally 

reach an equilibrium reta4nlng those genes whose magnitude of effect 

is in excess of a certain level. If we then select for these genes.,, 

they could be fixed.. All other genes of lower effects will be e]4 

mated. Bartlett and Haldane (1935) estimated the mean genetical 

length of chromosome introduced along with the gene selected for - if 

its identification is complete - to be 	which approaches zero 

if n is large. TO show the magnitude of effect of genes that can 

withstand being eThnifl4ed by this process, we shall assume that we 

select for the gene A and backer'oas to the population aa. Thus at any 

generation the frequency of Aa genotype will be p the rest (l-p) will 

be aa. Applying selection coefficients of s and 1 to these genotypes-

respectively.,, and equating the freijioncy of Aa after backeroasing to p, 

wO find that p2' 	i.e. p = 	,indicatiflg that we Can 
p(s-1)+l 	 ' 

retain genes that have an a value greater than 2. 



Being only interested, at any generation,. In the relative 

frequencies of the different genotypes,. we can by ignoring the 

deiioii4nator, derive a general formula. Thus we can form the matrix 

aa(x0) 

0 

aa(x) 	s 	 1 

which has the two latent roots 	=and> 2  = 1. To solve this 

matrix we have to find the matrix C such that cixf = A , where A 

is a diagonal matrix. 	 . 

. 01 

1.0 

2 1 	1 

then w 	( s 	•w0 

0 

and 	2 
'n + 	a XU =WO + 	o 

i. 
0 

s2 

Thus if we stare with a population in which w0  = 1 (and xo = 0) then 

wn 
sn  

and x.= 
s-2 

The exact solution when no selection is applied is 
ii 

W 	
l 

 

l n and 	() 



It is clear that as a increases the relative frequency of to Wn dU 

increase (and tencbto -2 compared with the Case where no selection 

is applied, 	 : 

When we deal with two pairs of linked. genes, the conditions 

for 	il.ibriurn win changed Suppose that the linkage ratio between 

the twO loci a and b is r, 1.é., id duals of the genotype AB/eb 

give the gametes, AB, Ab. aD and ab with the ratio rtl:l*r reSpeotivei, 

while the corresponding genetic ratio if the individuals are Ab/aB is 

ir:r:l Assume that at generation 0 the frequencies of the different 

genotypes are as follows* 

AB/ab 	fib/ab 	aB/ab 	ab/ab 

wo, 	xo 	 o' 	zo, 

(where w,+c0+y0+z0  = 1), and that the selection coefficients applied-

are 8352 12 and 1 'for these four genotypes respectively. Then to 

get the relativø frequexlcieB of the different genotypes at generation ii, 

again we shall consider the r.erator of these frequencies. Thus we can 

form the inatri, D: 

0 Xc, 7,6 

( 

2(].+r) 
0 0 	0 

____ o 

1 Beg '  
2(l+r) 

0 
2 

2(l+r) 2 '2 



This matrix has the 4 latent roote: X = 2(l+r)' 	2 = 

and ) = 1. 	Corresponding to each f' these roots there. 
2 

is a so]ition:- (1) If the highest of these roots is 1, then A and B 

will no longer segregate; (2) 11 the highest root is s2 (which implies 
2 

that a 2 is greater than 2 and that a is less than 1 .+ ) then only B 

will segregate; (3) I the highest  root is sl (implying s3 ) 2 and 

02 <1 + ), A will segregate; (4) And finally if 	1 	is the highest 

root
2(l+r) 

.(implying that . 1and s 2 >. 1+—and  i2) 2(1 + 1) then both 

.A and B will segregate. To put this in another form,, we d=find: 

eight different conditions that may occur with respect to two pairs 

Of linked genes (graph 1): 

both Si  and  a2>  2 	 both A and Bsegregate. 

s > 2 and  2>s2'>l+ 	
It 

2>  2. and  2)si>l+ 	 I! 

(4) 2>si> 1+ and 2> s> + and 

tt 

(5) 	2 and s2r 	 " Aségregates. 

(6) 52 )2 and 31(1+ 	 Beegregatea. 

(7)s> 1 +', 2'> l + 	and 

12 < 2(1 + ) 	 No segregation. 

(8) s 	1 	and 2  (]. + 

Case (4) shows the interesting situation in which both genes may have 

a selection coefficient less than 2, yet both A and B still segregate, 

emphasizing the effect of linkage in preserving genes segregating in 

backerossiitg schemes. 



u6a. 

Ii 

S2 .  

B SEGREGATES 	 SEGREGATE 

c AS 

C0 

NO SEGREGATION 	 :. A SEGREGATES 
- -. 

I 	 -I 
1 	1 i12 	 2 

Si  

RAPR 1, The upper right corner shows- the situations 

here both 'high' genes A and B seg$gats using 
differeut Vales of the recobinatiOn fraction,- 

AsCcIereases, the area of. 

segregation increases to a maximum represented 

by the mm 0 Oe- For everytalw of e, the 

part Of the curve 14nking the Itorizont:al and the 

verticl lines represents the situations'where both 

-s1-.and s2  are lowerthan 2 and both A and Bstill 

segregate. 

Fl 
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let us proceed to get the general solution for the matrix D 

We have to form the matrix C such that C1" = A , A being a 

diagonal matrix with the 4 X 'a as eleients. 

C1  02 C3  

> rss 

2c1+r) 

o 0. 
2 2 

>=t 2 1 0 :.2 0 
2 

2..s2 
1 

3. 

(here a = 	l2 (.31(2 2) .+.52(2]) + r(2.512.1s2)J) 

(2s1)(2..s2)f2(1+r)  rs1a2j 

The general solution .will be: 

w = / 1'182...\U ' 

	

2(].+z)" 	. 0 

i+•z'rs2 	 ... 	1+r,rs2  

W11 	s 2 	11 	2) 	 2 . 

5 
= (Z'Wo 

Wn zi. 	.2 	. 

+ 	 Zo  
+ 2s2 + 5a = 	+ 2 Xo + 2 2 	

+ 

These four simultaneous equations could be solved to get v, x, y. and Zn,. 

and such solution would apply if conditions for both genes (A and .B) :o 

segregate are satisfied. In such case i....we assume that we start with a 



population in which w0 = 1 (i,e.. x =y 	z 	0), then 

'Wn - 2(1+r) 

82 	'fS1\.fl /ra xi 
Zn 

1+Z I XB2 - ) 

(rsl)
2) L 1+r 

and 	z. 	=  x + 
a .-2 

It may be bitter to compare, these results with those of the 

Case where no selection is applied, i.e... two pairs of genes with 

repeated backorossing without selection. In this case we can form 

the matrix D. '• 	 • 

WO ~10 70 zo 

V1 	= 2(l+r) 0 0 0 

Xl 	= (l+r) 
1 1 

2 
0 0 

2(l) •  0 

z 	— 
'1 

1r 
2(l+z5 2 • 2 

This matrix has the 4roots: i=)" >3-and>4-1, 

The matrix C that makes CDC = a diagonal matrix is 

C1 2 03 

= 	2(+1) •• 	

0 O•' 

••>= 	.1 i • •.0. 0 
2 S 

1 b 1 0 
2 
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if we start with a population in which wo  = I ( 0 = = 
z0  = 04 we then get; 

- ,__r n 
wn - 

Xn  
= (.21 

(2)n 
.1 	

L 	l+r J 

_ , 	__ ___ ln-]. 	_ 
Zn  = I . 	+ 

This is the exact solution, and is in agreement with the result obtained by 

the more general method described by Nadler (1952), if we convert his 

recombination ,fraction p to 

Comparing these results with those derived in the situation when 

selection is Operating, it is clear that both solutions are the same if we 

put 01  == 1. 	Thus it is clear that genes - in any scheme of back- 

crossing 411 segregate for a length of time depending upon the magnitude 

of's attached toeach. Itis also clear thatagone,.sey,. with sn$1, 

could be .pz'eserv'ed segi'egatitig in the population for a longer time if It is 

linked to a gene with a higher $ value. So, selection coupled with linkage 

are the mnMiri reasons for the preservation of genes segegating itt any 

practical scheme of backàossing,: provided we disregard random drift. 

To get the frequeny of thi four geiiotypes at eqaiAbriums, we 

shall equate vj,, X, y. and a to their frequencies after selec. tion and back-

crossing, so. that 



wesr 
- 	2(l+r)(ws1s2  + 	+ ys2+z)  

i..e. s1s2t' 2(1+r).(ws1s2  

we]52  + xs1(l+r) 

s1rw.rs.l 

Substituting the values of x, y and z in equation I (z being equal to 

iu.wimx..y) we find that 

%1 = 	
. 	. . 

2(l+r)(81.l) (82_i].) 

The conditions for equilibrium depited by equation II are the 

same as those derived using the latent root S1S2r 
	

it can 

be shown that if linIage operates in preserving genes, it win also 

preserve them at higher frequencies compared with the f4ueaóies derived 

using the one-gene model. For instance, the frequency of the genc type Aa 

at eq4]ibrum14 the 2-gene model is greater than its frequency in the 

one gene model by an amount equal to 

s1(r..l) (erl) 
[s r') (t4sl 82 1 .  ') ' 

which vanishes when r = 



It may be noted In passing that the coupling phase of gametes 

has a frequency higher . than would be expected from the pro net of the 

relevant gene frequencieti. This kind of treatment '. as it were. tightens 

determinant at a uiiilriuxi will be 	: 

Det:wz!Pxy= w-(w+x)(w+y) 

+ 

Substituting the value of w inside the brackets by its value  in II, then 

sIse 
which is greater than zero if r is .eater than 1. 

It has been shown that repeated baokcrossing coupled with 

selection is not effective when we want to retain only those genes with 

an S value grenter than .2, due to linkage interference. Relaxation of back- 

crossing could be used . to Overcome this problems Since If we permit'  

generations of random mating between baekrossea we can ,loosen the linkage 

by removing the gametic determinant. To investigate this pOint., lot us 

assume that the individuals selected at any generation will be allowed 

One generation of random mating before baOkcrossing.. If we start with a 

generation in which the zygotic frequencies and the selection coefficients 

applied are 

b/ab 	. a3/a 	ab/ab 

U 	 x 	 7• 	z 

B152 	 S ]• 0
2 	

1 



(where z+yz i), then the frequencies of the genotypes that wiil be 

involved in random mating will be 

	

AB/ab 	Ab/ab 	aB/ab 	ab/ab 

t 	 t 	t 

where t = 	32+xS
1

+yS2+7.' 

The gametes produced by these parents 411 have the following freqjienóies: 

AS:rwss 

Ab  

	

: 	[1e2.(1+r)I 
aD :{ws1s2+ys(1+r)} 

ab : [rws1s2+(xs1'2+2z)(1+r)] 

where T .= 2t (1+r) 	S 

The generation resulting from random mating of these games will have the 

10 genotypes shown below with their frequencies: 

.Genotye. EXequenOv xi 

AB/AB (rwsed 

AB/Ab 

AB/aB 2rwY2 	12 

AB/ab 2 rws1s2frws1s2+(xs1s2+2z)(1+r)7 

Ab/aB 2 (ws1s24xa1(1+r7 

Ab/'Ab xs(I+r)7
Si 

Ab/ab 2[s1s2  si(1')7 [rws1s2+(fy822z)(.7 

a/aD T 182 52(1+172  

aB/ab 2 	1
8
2+y

82C1 7 L01s2+(xs1+ys2+20(1+r.)7 

ab/ab 	. /ws182+(xs1+ys2+2z)(1+r)7 



Gametes produced by this generation will be 

AB [r1s2  1S2+S114X7 [rws1s2+ws1s2+ys2(l+r)7 + IC] 

= ss(l+r)2 	
x..7 + 

T2  
2 	 K ,Ab 	 2'.1ws ? 

s(I+r)2 	
l' 	82l'222 4.JIL 

TR  

ab 	[1s2 f2+2 7 l82l 2 2  + 

where 'K= ' 	Z r.l)(ws2+x)(ws1+y) + r(wzs.xy)7 
l+r 

at equilibrium we equate these frequencies respectively to w, z, y and 

a, so' that 

V + z =  
T 

From these equations we find that 

. wY82(1-sl) = 0 

which could besatisfiod when 

and .y= 	,I. 
a  .2• 	si..2  27  

Applying .these to equations III,, we find that 

t= 5152, 
4' 

putting the 'luTô of t in terms of w in this last eqjiation, 
= (s1-2)(p2-2) 

4(81 u.l) (sf1) 



From this equation it can be seen  that linkage (expresed by r) ja 

irrelevant in determining the frequencies of the various genotypes. 

The frequency of AB/ab individuals is exactly as expected from the one 

gene model, i.e., it is the product of the frequency Of Aa x the frequency 

of Eb.0. Thus, IncorpOrating generations of i'andCn natin within the back-

crossing. schemes is effective in freeing genes of 6>2 from any lined, 

genes of lesser effect. 

Another possible method for the preservation of genes of 

diffez'exit magnitudes of effect is to 'røisx backcrosG ing for some genor'. 

ations during which selection is practised. First we shaU deal. with one 

pair,  of alleles. 	 S  

If we stop-badcomssing for two generations during which sib-

mating with s5lctiOn is practised, and folly this by to generations, 

Of backerossing coupled with SelØóttofl, we can single Out genes with a. 

mihinum a lower than 2. The situation car. be  clarified by the following 

1 

where: 1 	population resulting from previous backorosaing 

2,4,6 and 8.par-en to selected 	,. 

3 and 5 

	

	generations resulting from sibma.lug indiduals 

seleoted in the previous generation. 

7 and 9 

	

	= generations resulting from backcroasing 'selected 

iztdWiduals from the previous. generation. 



.45... 

Assuming the frequency of As at 1 to be 2c, then 

As as 

at -1 	frequency 2*:. 1.2x 

selection B 1 
coefficient 

at 2 	frequency 

The gene frequencies at 2. will be: 

* ___ for .A- Its 

and for a = _______ 
1c 

At 3 the frequencies of the different ctypes 4U be 

AA 	 As 

Jx(s.s.1)+72 	Jx(s-1)+i? 

The gene 6qu0ncie$ at 4., Le. in the parents seJátéd, will be 

A = xs 

a = 
x(s2+s'..Z)+]. 

The gtypés.x ti aultbig (at. 5) 'will have the following frequencies 

As 	. 	 aa 

(32+s 2)+ 72  

and the coefficients of selection applied to them will be s a and 1 

respectivej. 



Thegene frequencies at 6 $U then be 

. 3 
A 	 = the frequency of the genotype Aa at 7 

x(a +s.2)+1 . 

a 	lx(s2L. 	the freq*eñ of the genotype aa at. 7. 

At 9,0, the freqtexiCy of the genotypes M and an will be 

AA 2 e(s+s.2)+1 

aa 
x(04+0i2)+1 

At eqt4ibrium we equate this frquenby of Aa with 2x 

2x 	xS4 

	

.1. 	 . 

i.e. M 	2(.i)(S3+s2+s+2) 

Then for equii4brium here we require s to be greater than Yr. 

By changing the dqxation of the cycle we can sort out genes 

of different magnitudes of effect. Thus if we do only one generation of 

backcrósaing followed by two generations of sibmating with Selection we 

equate the corresponding genotypic frequencies at 7 and I to get 

(s-.l)(s +8+2) 

indicating that for equilibrium a should be greater than 

if we do onlv one generation of sibmating with selection followed by 

tub ,generations of backmtsaing we equate the corresponding genotypic 

frequencies at 3  and 7 to get: 



2(Sa*].)(a+2) 

in which cane a should be greater than' for equilibrium. 

If we make a cycle of one generation of backC'osaing, followed by one 

generation of aibinttng with s6letiont. we then equate the frequencies 

of the gene A at4 and indlyMmIs Aa at ito get 
2 

IBI-  - (i)+2) 

Genes eelected here will be Of the same maiitude Of effect as those 

selected in the four generation cycle already discussed, but with 

higher frecpenaies. Being relatively sisple, this last cycle will 

be chosen' in the investigation using two pairs of linked gene. The 

situation here will be exactly the same as that described: when allowing 

one generation Of randOm mating. in the. repeated baôkorossingschene, except 

that we apply the appropriate selection coefficients to the 10 genotypes 

ahOwn in page 12 • Thus we get the following frequencies for the different 

genotypes: 

Genotype 	 .quency x 17 

AB/AB 	l2 

12 [2(rwse2) Ss1s2+xs1(l+r)7J 

AB/aB 	Be J2(twSi)  [s1s2+ 2(1+)7J 

AB/ab s102 t2(5I82) 

12  j2fwse2+3w1(1+rI7  

Ab/Ab 

Ab/ab 	st2fwslpexsl(1+rj7frae2+(NB1+ys2  +2z)(l+x)7J 



aB/aB s 
.{ 

aB/ab 2 j2fwslYyS2(1+r)7frwss12+(s14B2+2z)(1+i)7J 

ab/ab' 	 2wss2+(xs+y 2+2z) (1+)7 

there L = w5152(r S24Sf 	+

222 

W+s1+y44ys2+2Z)(i+r) 

or 	2~+2e2 
1'is2221' + 	 + y(s+s2 2)(1+r) + 2(1+) 2. 

The gametes produced by this generation will have the frequenciest 

AS = 
• 

	132 s LZ 	
+ws147(].+r7 w 2+va2 (1+r)7 + 

e 5s+w 2 x(i+7 	 (,  	 1152+2z ) (I+r.)7 	} 

as = 	ijs 	+iis+y(i+r7 fm 	2 	(i+r)7 

ab = 	
{ 	

[1s2+14+(s1+y+ys2+2z 

'(i+r)]+ K} 

here K = S132r1+7) 	 - (wzzy7 / (i+r). 

These Drequoncies should be equated to w, z,. y and z rspetive]r, to determine 

their values at eqtd1ibriurn We find that 

= s ~ frw.L!e +r 

W+Y - s [+wa+y(i+r)7 

*%JS1$ +W51S +(xs+xs1+ys+2z)(1+r) 

L 

'$'. (xs1+y+ya2+2z) (i+r) 
and rz = 



From those eqjmtiona* 

= 	___________ 

Ignoring the tiLVia1 cane when x=y (t..ei6 sfa) we find that 

w2Sa2  (s—s1) +sr +Ses1r) 	'2  (ss2 	 = 0 

This equation could he aa1isfied when 
wo 

S $ • S 	• S S 5 

s1rJr 

These values cOd be tisOd to prove that 

- 
front 'whieb we can deduce: 

= L442(]+r111.t/ ., 	
. S v 

uthere C 	 + 

+ s3 	c2i2)(sr '.l..r)(l+r) 

The conditions for equtUbithvu are then 

From IV S  (and 	should be greater thax1yI 
From V 	81P. should be greater than)(i+r). 
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MATERIAL-AND METHODS 

The character used in this study is the aternop1eurJ. bristle 

count in ,Dt'o!on&la lanogaater, "Three stocks were used: the Kaduna base 

population and. two selected plateaued lea derived from it, namely I'4  

selected for low bristle Count, and C3A (denoted here by Hr) selected fgr 

high bristle number. The Kaduna base population was' described by Clayton 

. (1957). The mean bristle count of Kaduna is 17, of LF 11, and of 

Hy 43. The procedure used throughout Part I was as follows: Parents of 

each generation were allowed to mate and lay eggs in half-pint milk bottles 

for 34  days, then transferred to repeat bottles. The°  cultures. were main-

tained in a constant temperature reel ( 230c). Repeats were used only 

in case of fai1ue of the original bottles. Flies hatching at the tenth 

day of incubation wer destroyed, and' rflales and virgin females were collected 

during the foliowing. 2.'.3 days. When the number of flies required from all 

bottles of a set were collected, scoring and ae].eótion were done in all lines 

0±' 'that set on the same day. In generations where .aeleàtion was to be done 

only on one sex, a sample ,f the other sex was also scored. The mean at any 

generation is given in graphs as the average of the ,means of the 'two sexes; 

unwetghtod if the numbers 'are different. 

In the. following description of experiments., 'all lines designated 

A and band their derivatives (for instance,, a or an Out of A, al out o 

Al. and A1S' out of Al) were originally, from erases of Hy males with IF4  

females, and all lines designated C and K and their derivatives were 

originally crosses of Kaduna males with Li'4  females. Daring the back-

crossing treatments two selection Intensities were used: 10/20 and 10/40. 



All hues designated 1 and .2 in any group had the 10/20 intensity, and 

all lines deaigngted. 3 had 10/40 intensity. 5/20 was the selection 

intensity wed* in all lines in the course of directional selections, 

iñ1eas otherwise ,  stated. 

PART I 

The 	t Eernt: 

IdnesAi and Bid started as follows.: two replicate matings 

each consisting oi males and 10L 4 femaS were matured ifl;two 

bottles,. A and B. From the F1  males of each bottle two samples (1 and 2) 

each consisting of 20 indLviduale, and a sample (.)of 40. were scored. 

The highest 10 of each sample were selected and backorossod t 

females. MaU.. progeny from these or sees were treated in the same way.. 

This was continued for 12 generations., The subscript M was added: to A 

and B to show that males were the sex selected for backcrossi.ng. 

The  S4erinents 

(1) L1esA..B. a And  E; The F1  females of the matings A and 

B were used, together with the F1  females,  of two other matings (C and E) 

each consisting of 10 Raduna. males and 10 laP4  tamales. Out of each of 

these four crosses three samples of females (1, 2 and 3) were scored and 

the highest 10 of each mated to F4. males. Female progeny from these 

crosses were treated in the same way. This was continued for 14 

generations.. 

	

(ii) .1 no ()Sand 	were originated from additional 

samples of A and S lines drawn at the 8th generation of the series (I) 

above. Females and males were scored and both sexes were selected for 

high bristle count using the same selection intensities applied in the 
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repeated backcrossingseheiae. 	This directional sélect,iàn,, without 

baèkèrcasing, was àontinued for five generations, Thereafter the highest 

five pairs were eel cted Out Of twenty pairs scored in each line.' 

Lines AS. SSCS and ES were started after the 24th gener-

ation. of baekcrosing of the lines,, A, B. C and E Samples of females 

and males WO 	every. generation and the highest five pairs out 

of twenty pairs,  mated* 

j43 	!" wnjL: These lines were started frem 

samples dâi from the A,. 	C and E lixiaa after the 34th generation of 

baolcorossing. Only 8 lines were involved in this aot.. two representing 

eachgroiip, These lin'were Aard,3, B. and 31C7. and 3  and El and 3. 

The tkdatmeht -of these linEs was en follows: he highest 10 males and 10 

fnis: out of the appropriate sample number werematOd.. The next 

generation was not scored but left to mate randomly. In the following 

generation sam1ea of females were scored, the highest 10 selected and 

baOkcssed to 104  males. From theprogeny of this matig appropriate 

samples of both sexes were scored and the highest 10 pairs mated to 

repeat the oyóle. 

Lines LS. 	(iwS and wS were the result of directional 

selection for high bristle count in the lilies Mi,, Bw, Cw and EW after 

the 10th generation scored. The selection Intensity used was 5/20 

of each s •' tbromghout. 

TheFota'h Eeext: 

(i) Lines a. b., a and e were started from samples of appropriate 

sizes of both sexes., These were irarn at the fourth generation of 
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backerossing of the 12 lines representing A,. B,. C and E. The treatment 

of these lines was as follows: For two generations the highest ten pairs 

in each sample scored Were mated. In the next two generations the highest 

ten females of each sample scored were backerossed to LF4  males. Five 

such 4—generation cycles were done. 

(ii) 14.nes. aS, bS cSand eS were started by selecting both males 

and females from the progeny of the last generation of the 5th cycle of 

the 12 lines representing aj, b, c and e. The selection intensity used 

was 5/20 of each sex. 

Fifth neriient: 

(t) tines Mi.,  bb,. oc.. and .ee were started from additional samples 

drawn from the 8th generation Of baokcrossing of the 32 lines representing 

A, B,. C and E. The aa and bb Samples were these used to give A(g)S and 

B(8)6. The treatment of the lines in this experiment was the same as in 

Experiment Four (i) except that each cycle consisted of 2 generations of 

directional selection followed by only one generation of backoroasing to 

males. The course Of treatment was continued for 18 generations. 

(ii) Lines .aaS, jbS.ccS and. e were originated by directional 

selection ibr high bristle Count of the last generation scored of the line 

an, bb,, cc and as. The selection intensity used was 5/20 of eaob sex. 

_h..AND.5. 

Two Cr08865 (A and B) each consisting of 10 Ity d'dx 10 124 99.0 

and two other crosses (c and E) each of 10 Kaduna cii x 10 IS4  99 were done. 

Out of the progeny Of each mating 3 samples of females were drawn. These 

were subjected to repeated backoros sing coupled with selection. The intensity 



of selection applied to samples 1 and 2 was 10/20 while that In sample 3 

was 10/40. Each line developed subsequently was subjected to the some 

intensity of selection as that applied to the base line from which it 

was derived. After each course of backcz'ossiag treatment lines were 

subjected to directional selection for high bristle count. The intensity 

of selection then applied was 5/2() of each sex, except  in the first 5 

generations of selection in lines A(8)Sand B(8)S. Here the selection 

intensities applied were the same as those applied during the backorcasing 

treatment. The following example illustrates the successive treatments 

involv'ed in the derivation of lines from base line Al: 

kline 	 0rin 

Al 	Sample of F1  progeny of 
EF4 	(Cross A) 

Aw is* 
	Al dW and 99 after 8 

generations of repeated. 
backcrossing. 

A1S 	Al W and 99 after 14 
generations of repeated 
backeros sing. 

AW1 	A1dk and  after 24 
generations of repeated 
backrossing. 

AWlS 	Awl cV and 99 after 10 
generations of treatment. 

al 	Aci? and 	after 4 
generations of repeated 
babkcrossing. 

alS 	al after 5 cycles of 
treatment. 

Repeated .b.ackci'ossing. of 
with selection. 

Directional selection for 
high bristle count. 

.'ctional selection for 
high bristle count. 

Directional selection for 
One generation. followed by a 
random mating generation, then 
backàxossing of selected 99 for 
One generation. 

Directional selection for high 
bristle Count. 

Two generations of directional 
selection for high bristle 
count foUowed by 2 generations 
of backorossing of selected 
females. 

Directional selection for 
high bristle Count. 
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aal 	Al dV and 99 after 8 

	

- 	generations of repeated 
baokcrossing. 

Two generations of directional 
selection for high bristle count 
followed by one generation of 
baCkcroa sing of selected g. 

aai$ aal after 18 generations 
of treatment. 

Directional selection for high 
bristle count. 

* Oii3y the Hy crosses received this treatment. 

** Onir 4 lines of the Hy origin and 4 of the Kaduna 
origin received this treatment. 

This part is concerned with the study of the effect of the chromosomes 

and chromosomal segments on the bristle COunt,. In some Of the experimental 

lies together with the By line. In the 'complete chromosomal' assays oni 

the eocrnd and the third chromosomes were examined in twelve lines* The 

third chromosome  (in  3.1  of these line) was the one used to study the 

effects of its different seents • Two lines were tested first: Hy and B28, 

using a slightly different technique from the rest of the lines when 

breaking up the third chromosome. All matings were cultured in bottles. 

j]LThe eojnDlcte_chromosomaI .aasa: 

Twelve different hiss were used In this study. The technique 

used is shown .inthe upper  box Of  chart L'  The aim was to study the effect 

of substituting each of the second and third pairs of chromosomes of the 

line, by the corresponding pair of chromosomes of the '12 lines tested. 

Cy and Me, known to be efficient suppressors of crossing over, were, used as 

markers for the second and third chromosOmes respectively. The X chromosomes 
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,116  

L99 

LCy 	Me 	CYX"E?9 	 LL01(fX ?? 

(L— 	

A 	L 

SCOCS4 	(L— 	 -- ±) 

DETERMINATION OF GENETIC ACTIVITY ALONG THIRD CHROMOSOME 
(first a ,.corw chromosom., wore LF4 In all matIngs) 

(1)— 	
A 

Me A (2) 	_dx _ - Pr. rucu 

(3) cQ°  Pr. rucuca 	
Me ruCuto 	A 	5678 (4) 	=—:—-- dtd' x ico__1 2 34 -r--, 

(s) 	--------cVcV x 	Me 
rUCUCO 	H 

A Me L 
	A Mt L 

 
d'd' a 	.cored 

The rucu CO CC rome some 
00 	26'5 	43'2 	44 	50 	62 	707 	007 

I 	I 	III 	I 	I 	II 
I 	\\ 	I Cu 	h 	iN 	at 	Cu 	or 	5* 	Ca 

(I) 	(2) 	(3) (4) (s) 	(6) 	(7) 	(8) 

.Cha'. 1. $chemo for the deteii'i1naton Of second,  
end third chromosome effect, and genetic 
activity along te third chromosome. 
Locations of genes of the 'rucuca' 
chromosome (bottom box) done after 
Bridges and Brehma (1950) ' 



of the marker stocks P3y, Me/H, and all Other chromosomes in C7 and 

Me/H stocks were previously substituted by LF?  chromosomes (donated L in 

the chart). To get the effect of substitutions desired1  25 pairs of the 

required genotypes were scored in each case (50 pairs in Iiy and B2S lines). 

1 te 	attojiof enti& Mty.alen.tbe. hirdLcbrosOme: 

This was effected in all lines used for the whole chromosomal 

assay, except A(8)3S..  The aim was to. study the effect of introducing 

aegnents of different lengths of the third chromosomes of the lines studied. 

in LF4  background. out of the wild type flies scored to determine the 

effect Of the third chromosome., 2 0  virgins were taken randoniir to be used 

in this study. The so-called 1ruouoa' chromosome was used to mark the 

lengths of the different snente of the third chromosome of F4and  of the 

le tested Lit the approprinte a ntheeiZed chromosome. The rucuca 

chromosome (the bottom box Of Chart I) contains B recessive markers, but 

th and at were considered here as one, being very closely linked. Flies 

in which crossing over Occurred between these two markers were discarded 

(only 2 such flee were observed)0 Starting from the 0 end (ru) of the 

third chromosome of each of the lines tested, pIeces measured by markers 

were knocked off one by one in sequential accumulating order, and substit-

uted by the corresponding LF senénts. Chromosomes thus constructed may 

contain a piece of li$  chromosomO inserted between the IF senent 

and the tested chromosome senent. Six different combinations could thus 

be made if we start from the 'ru' end,. six others were also made starting 

from the 1 C& inarkor The middle box Of Chart X shows the steps of 

constructing a chromosome in which the piece starting from the cm end,. and 

ending between t and cu, (4  and 5)ia from I'4, and the rest iS from  
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tested line A In all the matings Shown females were always abundant., 

and 15-20 fein.i.e3 were used inii every 01:53, each generation except in 

the 6th, when the number used was always ]Z The number of males used 

in generation  3 and S was at 'least 8.0  except in the two crosses in 

which crossing over was to occur between at and cu, when at least 4 

inals were used. 

The Me chtOmsiO used here contained the marker ca.,,which 

was used to differentiate between the synthesized chromosome and the 

rucuca chromosomes  in, the 'progeny Of generation 5, First and  second 

Chromosomes of Me/H,. e/Pr.rucuea, 'and nictic' stocks used here were all' 

124  chjOmb3omeso 

Twenty?five pairs of each of the required type of 'flies at 

generation 7 were scored 50 pairs in the case Of fir and,B2$ lines. 



The results of the first experiment in which males were 

selected and. haCkcroased to Z 4  females are shown in Table 1 and Figure 2 

As crossing-over is not expected to Occur in males, each chromosome of 

the high line (fly) 411 behave as a single gene ,of- large effect., thus 

enabling us to study the chance effect of losing genes when dealing with 

population sizes and soleotiøn intensities as those described in this 

cOntext. 

The depression of the means -of all lines in generation 2 is 

expecte4 since the frequency  of each chromosome of the Hy line 411 be 

reduced to 1/4.•  It is expected also that the means will stay at that 

level if all males selected to be baokcroseed are multiple heterozygotes 

for the second and third chrOntoaomes. Clearly lines AM3 and B43 managed 

to stay at that level in generation 12, as also did line BM. But the 

mean Of line BMI, after the. fourth generation, dropped to about 12 bristled,, 

and showed no. subsequent change, implying that it may have lost one fly 

chromosome completely. The same thing happened to line AM1 after the 

10th generation, though the mean approached the LF4  level. Fluctuations 

in lines N2 and 842 were cons iderables, but must obviously be due to 

underlying fluctuation in the freqincy of fly chromosomes, for at generation 

11 or 12 they regained the same. mean as generation 2. 
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Generations 

1 2 3 4 5 6 7 8 9 10 U 12 

14.20 14.0 13.9 13.80 14.00 13.05 13.75 12.55 13.40 12.40 11.2.5 

d' 17.45 13.85 12.75 13.75 13.40 12.30 12.20 22.65 12.35 12.20 11.70 11.15 

14.30 12.45 33.6 12.00 12.85 12.95 12.80 1215 12.45 13.80 13.05 

6' 17.40 13,55 22.90 12.95 112.60 12.10 11.80 12.45 32.30 12.30 13,65 13.35 

14.25 13.63 13.9 14.50 14.20 13.65 23.60 14.25 14.50 24.60 13.80 
.3 

6' 17.08 14.32 13.08 13.28 14.28 24,25  13.55 13.18 13.62 13.601 14.18 13.95 

14.40 13.80 12.90 11.90 3.2.45 1.2.20 11.80 3.2.25 11.75 11.95 12.10 
1 

6' 17.50 12.85 12.55 13.00 11.50 11.20 12.40 22.05 11.50 11.85 11.75 11.35 
- - 

13.70 13.70 13.55 14.40 13.45 15.20 32.9 12.95 12.80 14.15 13.75 
R4 2 

10117.10 13.20 13.45 13.80 12.60 12.85 12.70 12.3 13.05 32.80 13.80 14.2.0 

34.55 14..35 

1- 

13.95 13.70 14.25 14.80 14.25 15.35 34.60 15.35 14.73 

- 
3 

6' 
-- 

16.82 33.92 13.45 13.45 13.62 24.08 
-- 
13.60 13.82 24.55 13.75 14.28 14.02 

Tab].e 1. Generation means of AM and BM groups of 
lines, in which males were selected for 
backorossing to t. Lines 1 and 2 
were based on a selection intensity of 
10/20 and lines 3  on 10/40. Means of 
females were based on 20 individuals 
scored in each line. 



---AM1  ---BM1  
6 —"—AM2  --BM2  

AM3 _BM3 

51- 	 - 

—• • ------------- 	/1 \ -" 	•// 3-

2 - 2- 

4 	 b 	7. 	8 	9 	10. 	II 	12 
GENERATIONS 

$t cure 2. Generation me= of AM and BM gzp of 
ibes in which males were selected for 
bacrosaing to W. Means are given 
as the averageS orthe means of the 
to e€ea. 
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The results of this experiment show that  chance can be a 

major reason for differentiation between lines. The fact that we are 

dealing with chromosomes of lame effect rather than with genes does 

not nOCessari]' give immunity against chance loss. However,, the means 

of lines to which the higher intensity Of selection was applied fluctuated 

less during the course of baokcrossing, and their means were generally 

higher than their sib urea Of the lower inteflsty. This might  show 

the importance of  high intensity of selection in retaining genes 

segregating for a longer time In backciOasing schemes. The population 

sizes, with regard to. the number of. individuals measured, may,, however,, 

have exerted some Influence on those rsulta. 

The SecOr EzDOriment. 

The results ,of this experiment, in which fnáleø were selected 

fOr baciccrosaing with X24  are shown in Table 2 and Figure 3. In this 

scheew: 'expect crossing over to occur; thus we may deal here with 

smaller units (genes Or aeonts of chromosomes), rather than complete 

chromosomes as in experiment L 

In the early generations Of backcrssing,, the means Of all 

lines decreased. The decline of means continued until generation 6 in 

the 1W crosses, and was almost stable thereafter. The same thing was true 

in the case of the Kaduna crosses of high intensity; C3. and E3. In the 

last generations of backcz'ossing,. the Kaduna lines of the low intensity of 

selection showed moans very close to the LF4  level. 

The general picture Is that all the Hy crosses had higher means 

than the Kaduna crosses of the same intensity of selection, and that the 



Generation 

1 2 3 4 .5 6 7 8 19  10 11 12. 13 34 

• 19.60 13.8 12.85 11.90 12.25 3240 .11.65 11.82 1.1.95 1.1.55 11.85 11.40 11.95 11.75 

15.10 32.95 12,70 11.80 11,40 11640 11.50 11.40 11.50 11.70 1.170 11.70 11,75 

3.9.75 15.10 14.4 13.70 33.10 12.55 32.20 11.85 11.75 11.40 11.90 11.38 11.70 11.50 
2 

3.4.40 14.6 13.25 12.75 12.35 11.75 11.50 11.50 11.55 12.30 11.40 11.70 U.20 

19.80 138 13.62 12,90 13.38. 12.50 12.72 12.65 12.55 12.10 13.05 32.56 12.62 12.95 
3 

14.95 13.88 13.20 33.15 12.58 12.18 12.55 12.30 11.68 12.38 32.30 1200 11.95 

19.80 15.55 33.45 12.50 12.55 11,65 11.80 11.00 11.70 10.90 11.30 11.30 11.. 70 11,70 

14,35 13.40 32.40 32.80 12.05 11.80 11.05 11.60 10.90 11.10 11.05 11.35 11.05 

70 15.75 13.80 13.10  32.70 12.60 .12.95 12.82 32.35  11.60 12.3.0 12.15 12.50 12.20 
2 

15..1 13.75 13.0 12.70 11.40 12.75 11.80 12.50 11.45 12.30 11.70 12.30 11.90 

19.70 14.63 13.68 14.25 13.52 12.65 12.55 11.94 12.30 32.08 12.60 32.56 12.72 12.50 
3 

15.4 14.45 13.78 14.00 12.58. 32.20 22-00 32.15. 11.70 12.10 12.32 12.18 12.05 

Pablo 2(t). Generation means of A and B groups Of lines In which 
females were selected for backerossing to 1k'4. LInes 
1 and I were, based on a selection Intensity -f 10/20 
and lines 3 on 10/40. The number of Individuals scored 
was the same for males and females. Means of generation 
34 were based on 20 pairs of individuals scored 14 each 
line. 



Generation 

1 2 3 4 5 6 7 8 9 10 U 12 13 34 

14.40 12.60 11.6 11.3 11.00 
- 

11.15 11.05 10.85 11.30 10.75 11.00 11.12 11.60 11.50 

12.45 11.8 10.6 11.40 U.15 11.25 11.2 10.95 10.95 10.90 11.30 1135 11.05 

34.95 13.10 12.35 11.9 11.35 11.25 11.40 11.28 11.30 11.15 11.50 11.30 11.55 11.65 
0 2 

11.9 12.20 11.55 11.40 10.90 11.05 10.75 11.10 11.15 11.35 11.10 11.20 11.05 

14.58 12.87 12.25 11.97 12.52 11.80 11.88 11.99 12.38 11.28 12.28 12.28 12.28 12.10 
3 

12.35 12.15 11.50 11.60 11.95 11.70 11.38  12.10 11.15 12.30 12.15 11.90 12.10 

1 
14.15 12.05 11.65 11.3 11,20 11.45 11.50 11.08. 11.50 11.05 11.00 11.20 11.55 11.35 

c3 11.55 11.65 11.6 10.70 1100 11.35 11.20 10.95 10.50 11.05 11.30 11.25 11.15 

14.15 32.45 11.55 32.2 11.65 11.50 -11.05 11.28 11.30 10.85 11.30 11.40 11.35 11.55 
2 0 

e 32.40 12.15 11,35 11.05 11.45 11.35 11.35 11.05 10.75 
-U. 

11,55 10.85 11.00 11.35 

34.20 12.35 12.15 32.25 11.65 11,60 11.45 11.35 11.45 11.45 11.80 11.88 11.88 11.90 

12.45 12.10 11.70 11.65 11.75 11.45 11.20 11.20 11.10 10.90 11.62 11.85 11.60 

Table 2(u).. Generation means of C 
females were selected 
1 and 2 were based on 
and lines 3 on  3.0/40. 
was the sane for u&aa 
ation 3.4 were based on 
in each line. 

and E groups of lines in which 
for backoroaslng to It • Lines 
a selection intensity if 10f20  
The number of tziMviduals scored 
and females., Means of ger-
20 pairs of fr'dividuala scored 
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- 	 GENERATIONS 

F& Lit 2k- Giertiou meafla Of A, B, C and E 
groups of lines in thich females wore 
selected for backcros sing to LF,. 
Means are given as the averages ,  of the 
moans of the two sexes. 



high intensity lines also attained higher means than their sib.-lines of 

the lower intensity of selection. 

The levels of means attained by lines at the 8th or the 14th 

generation of backcrosaiñg, though showing a small range of differences 

between lines within the same group, proved to bold greater potential for 

differences with regard to the 'high' genes retained. Thus, when these 

lines were selected for high bristle count, these small differences were 

greatly magnified. 

The results of selecting the A and B lines after the 8th 

generation Of backcrossing are shown in Tahie 3 and Figure 4. The 

unexpected large responses of lines A(8)2S, A(8)3S.1p B(8)23 and B(8)35 

indicate that these .lines had not lost many of the genes introduced from 

the By line alter 8 backcrosstng generations. This also shows that the 

low means of these lines, before upward selection was practised, were due 

to low frequencies of large numbers of genes. This conclusion. is based on 

the fact that the frequency of any gene is determined, by its magnitude of 

effect,: measured by s. if a Is very large, the frequency of the gene 

411 approach its 1imit l/4,  and, if we assume e4ditivty Of gone action, 

we  will expect the mean when the gene is thcedtobe4times its mean 

before selection,, if we consider the 124  mean as our zero level., Such 

expectation gives us a rough measure of the magnitude of genes retained, 

that is,, if we accept that all the differences as measured from 124  nean 

are genetic. The means of A(8)1$ and 8(8)]S are very much closer to the 

expectation level. The great differences observed between means attained 

by lines of the same intensity may emphasise the importance of random drift, 

a conclusion already drawn from the results of the first experiment 



A(8)8 B(8)S 

Gene .1 2 3 3 2 3. 
ation c5' 0cr c' 

3. 11.82 U.S 11.85 U.5 32.65 12455 11.0 11.05 2.82, 11.8 11.94 32.0 

2" 11.95. 11.75 12.3 11.55 34.5 13.98 11.65 11.10 13.9 13.35 12.88 12.2 

3 13.4' 13.3 5 13.22 12,80 17.26 17.35 11.95 31.4: 34.6. 13.95 14.31 13.45 

'4 14.05 13.8. 34.2 13.75 21.18 22.1 13,25 11.5 15.2 ' 14.8 13.82 257 

5 14.55 34.7 15.8 15.0 23.2 2.78 13.5' 12,1 . 15..3 15.45 17.78 16.38 

6 15.05 14.8. '17.65 17.1 26.12 25.1 13.35 14.2 17,2 16.65 18.98 18.52 

7 15.35 15.0 18.65 17.6 26.0 26,25 14.55 13.93 18.1 17.85 20.85 22..3 

8 15.2 34.7 21.35 21.0 29.7 26.85 15.65 15.05 20.0 19.35 21.85 24.18 

9 15.6 14.9 24.95. 22.1 28.9 28.15 15.7 16,25 20.55 20,1 25.85 '27.9 

10 14.65 34,6 25.2 24.3 30.9 28.15 16,7 16. 3 20.8 20.6 32.75 27.3 

U 13.35 14,6 27.35 25.63 31.0 29.35 16.7 17.45 22.3 20.63 30.25 25.3 

12 15.35 14.55 28.65 25.3 31.25 29.35 16.55 17.65 21.93 21.45 33.7 30.6 

13 35,7 34.95' 26.65 25.85 30.7 28.75 17.6 17.85 22.65 21.3 35.6 32.3 

34 15.75 15.10 26.7 24.65 28.85 27.25 16.6 16.95 23,15 22.3 35.1 32.6 

15 15.75 15.05 27.25 25.3 30.65 28.5 17.15 17.4 23.65 22,1 35.65 31.85 

16 15.15 15.1 27.7 25.5 29.23 28.95 17.3 .17.95 22.8 22.55 3.75 33.8 

17 15.25 3465 27.7 26.0 30.49 28.85 16.45 .17.65 22.4 21.75 

Tab1e3. Generation means of A(8)8 'and B(8)3 
groups of lines. For the first 3 
generations ]inei 1 and "2 were based 
on ,a selection intensity of 10/20 in 
each 'sex, and lines 3 on 10/40. In' 
subsequent generations of all lines 
the selection intensity was 5/0 of 
each sex.' 
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The results of selecting upwardS after the 14th generation of 

backcrossing (Table 4 and Figure 5) attU shOw considerable dispersion 

between lines. The ranges Of means attained by the AS and BS lines, 

however, were smaller than those of 8(8.)S and A(8)S,, indicating the loss 

of some 'high! genes. In fact, all the means were redioed appreciably 

except £38 and 82S where  the reduction was n&-',, an4 the means attained 

by these two lines show that they still retain many genes of small effdoti.  

The levels of the means of A1S and BIS are in good agreement)  with 

expectatton as explained before. The disagreement between A28 and 838 

with expectation, however', is not as great as found in A(8)2$ and 8(8)33. 

This may show that the additional 6 generations of backcros sing removed 

from these lines some, of the genes of small effect and increased the 

freiencies of genes with larger etfeet. An unexpected observation is 

that the moan attained by B28 was higher than. that,  Of 	though 

subjected to a lower Intensity of selection during the course of back.. 

crossing. This also may show the importance of drifL 

With regard to the. CS and ES I lines, the range Of moans attained 

s very much smaller than that of AS and ES. Apart. from E28 which 

obviously had lost all the genes Introduced from the Kaduna to*,. and 

which indicates also that the IFline  is reafly plateaued -. the means 

attained by all other lines are in good agreement with expectation 

assuming gene frequency of 1/4  and addittvty of gene action. It could 

be argued then that differences from LF at generation 14 of backerosaing 

were really genetic,, and due to genes of appreciable effect. 
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Generation 

1 2 3 4 5 6 7 8 9 10 11 12 

11.75 13.0 13.4 14.85 15.9 15.6 16.4 15.85  16.2 16.1 16.50 16.5 

d 11.75 .12,65 13.1 1 14.65 14..9 14.9 15.25 15.50 15.55 15.9 15#351 15.55 

11.5 11.05 32.45 11.55 12.45 11.9 12.85 13.00 13.75 13.3  13.00 13.2 
AS - d' 11.2 11.25 11.55 11.6 11.75 12.55 12.50 12.4 12.7 12.5 12.45 1.2.55 

12.95 13.95 16.4 18.25 19.0  21.05 22.4 24.85 27.0 26.1 26.95 27.5 
3 

d' 11,95 14.05 16.0 17.95 1.8,9 20.1. 21.2 23.55 24.75 24.15 25.35 25.45 

11.7 11.45 11.6 12.35 12.0 12.5 12.35 12.75 12.95 12.8 1.2.4 12.4 

d' 11.05 11.30 11.0 11.25 11.65 11.9 12.05 12.0 12.45 12.6 12.95 12.45 

o 12.2 13.55 16,05 17.25 19,55 20.45 20.05 19.35 20.85 20.55 20.6 20.5 
BS 2 

c3 11.9 12.35 15.03 17.55 19.3 19.65 19.6 20.0 20.30 20.7 20.45 20.45 

g 12.5 13.35 15.1 16.75 1.7.1 17.15 17.55 1.7.7 13.45 19,05 18.6 18.20 

d' 1.2.05 12.9 15.55 16.1. 16.9 17.75 18.0 18.45 18.13 19.10 18.75 13.75 

Table L(i).. Generation means of AS and BS 
groups of lines. Selection 
intensity was 5/20 of each sex in 
all lines throughout. 



-31b- 

Generation 

1 2 3 4 5 6 7 8 9 10 U 12 

11.5 3245 32.35 13.55 13.95 13.9 13.85 13.63 13.85 3.3.3 13.75 13.25 
6111.05 11,8 	1 12.15 13.05 13.7 13.0 	1  13.6 13-351 13,0 1.3.2 13.5 13.4 

11.65 11.5 3.2.03 3.2.45 12.3 12.5 12.65 12.55 12.95 13.0 12.5 13.03 
CS 2 

0. 3.1.05 11,6 31.75 1.2.35 3.2.1 32.8 12.65 12,35 13.15 13.0 32.4 32.65 - - 
12.1 13.2 

- 
13.85 

- 
13.95 14.95 

-r 

14.4 
- 
34.95 14.70 15.3 14.8 15.00 15.1.5 

31 cr, 
12.1 12.23 13,2 34.3 14,6 1 14.6 14.65 3.4.95 14.45 14,85 3.3.2 14.85 

1 
11.35 11.25 11.15 11.0 11.45 12.1 32.05 32.1 32.7 13.05 13.25 12.7 

8 11.15 11,0 10.95 11.3 11.15 11.45 11.7 11.85 12.3 12.25' 12.55 12.45 

11.35 11.10 11.55 10.95 10.9 11.30 11.0 10.95 11.2 10.85 11.05 
ES 

c5' 11.15 11.13 11.05 11.0 10.85 11.73 11.15 10.85 11.15 1.0.9 11.3 

11,9 12.4 12.95 13.45 1.4,15 14.15 14.3 3.4.25 34.9  13.6 14.05 14.15 
3 

d' 11.6 11.95  12.10 13.1 13.6  13.45  3.4.0 13.55 14.63 13.5 13.75 13.6 

Table 4(itl. Generation means of CS and ES 
groups of lines. Selection 
intensity was 5/20 of each øoz 
in all lines throughout. 
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Figure. 5 'Generation means of AS, BS, OS and ES 
groups of lines. Means are given as 
the averages of the means of the two 
sexes.. 



The aim 'of this experiment was to study  the effect of 

introducing generations of random mating during the course Of back'. 

crossing. The genes supposed to be under treatment here are those left 

in the different lines after 14 generations of backcxsing, i.e. genes 

expected' to be fixed in lines Aso BS,'CS andES, 

The resets of this experiment are shown in Table 5 and Figure 

6 	 The means of the high intensity. lines Cv3, Ew3 and Aw3,:  at,  the 'last 

generation of baàkcrvssing (generation 9) were lower than those of 

generation l indicating 'th loss Of some 'high' genes. 'The 'same thing 

is obsetv'ed also' in !W and Cw2. The nioana of Awl and Bw3 at generation.'  

94. hOwer'. were about the sane as the corresponding means at generation i. 

This 	dos not exclude the possibility that these lines had lost 

.eome'high' genes. Moans of Ewl show a general trend of iflcr€,aae, when' 

compathg 'means of the same position in the cycle. 

The means attained by these lines 'when directional selection 

was applied are shown in Table 6 and F gure' 7.. It seems that the method 

used here was effective in renâing. f*om some Of the lines genes assumed 

to be of low effect linked to the "high" genes. Thastbè levels of the 

means attained by B3S., w3Sand VwIS are'iAwer than those attained by 

B... A3S and E1.O  :' The reduotioü In the mean of Bw23 •ias appreciable. 

In some of the lines (AwlS, Ew3S  and Cv) the mes seem not to be much 

affected compared with: means attained by AlS, E3S and 035 respc'ivei. 

It could be assumed here that the genes retained in these lines era of 

partioularl,v high magnitude of effect,. t&e Ew]S showed meis higher than 

those of E]hS. This'could happen if we assume the chance loss of some genes 

in selecting E]$. 



AV " Sw Cw Ew 

Genex' ' 	I 3 2 3 2 .. 3. 1 3 
ation - 

c? 

1 12.35 12.15 15.82 14.98 12,15 11,75 12.08 11.95 12.25 11.35 13.6 13.42 11.55 11.25 12.68 32.3 

2 1305 13.55 17.92 17.82 11.70 11.95  12,42 11.85 11.75 11,45 .14,42 34.12 11.35 11.1  13.4 13.3 

3 12.45 11.85 13.8 13.38 11.8 11.5. 32.22 11.58 11,45 .11,35 1345 '13.02 11.5 1105 12c, 1. 121 

4 12.95 12.25 13.65 12.9 1263 11.95 12.02 12.1 11.3 11.75 13.42 13.52 11.7 11.5 12.32 12.25 

5 11.95 12.35 13.;05 12.55 11.55 11.8 11.98 12.05 11.551 11.35' 13.45 12.42 115 11.m3 12,35 ]2o05 

6 12.25 12.45 .13.85 12.95 12.35 .11.4. 13.62 1346' 05 12.2. 11.6 13.98 13.55 12.05 3.2.5 12.5. 	. 32.52 

7 12.35 12.2 13.3 12.58. 11.55 11.85 13.2.. 12.22 11..5 10.9 13.3 "12.72 12..3 11.9 3.2.5 11.92 

8 1315  12.4 14.83' 13.85 1.55 11.6 12.45 12.4 345 ].(95 12.9 32.78 14.15 13.9 12.98 12o32 

9 12.8  11,65 13.85 13.5 11.2 10.73 32.7 12.1 11.4 11.0 12.45 32.12 32.6 11.9 12.18 11,85 

10 12.75 13.2 3.4.9 '34.65 11.25 11.45 12.35 1195 11.6 11.2 13.85 13.55 12.1  12.35  12,4 11,85 

TableS. Ge oration means of Aw, B, Cv and Ew pairS of 
lines. The cycle was composed of 1 generation 
of d rectinal selection followed by one random 
mating' generation of which progeny selected 
females-  were backorossed to LF• Lines I and 2 
were based on a selection ixktesity of 10/20 and 
Inea 3  on 10/40.' The number of Individuals 
scored was the same for both SceS: in each line. 	 'I 
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F&uie .6. Generation means Of Aw, Bw, Cv and Ew 
pairs of lines. The cycle was composed 
of one generation of directional seleOtton 
foUowed by One random mating generation, 
of which progeny selected females were 
backorossed to LF . Means are given as 
the averages of ;fie means of the two sexes. 



AwS BWS NS EwS 

1 3 2 3 2. 3 3. 3 
.0 

1 12.75 13.20 14.90 14.65 11.25 11.45 12.35 11.95 11.60 11.20 33.85 13.55 12.10 12,35 12.40 11.85 

,2 14.15 13.70 18.50 17.1+0 11.95 11.55 13.80 32.90 11.50 11.35 14.75 15.00 14.10 13,60 12.60 12.60 

3 14.70 14.65 19.35 19.50 12.15 12.20 13.40 13.25 11.90 11.55 34.80 15.45 14.90 14.50 13.50 13.30 

4 15.30 '34.70 20.60 20.20 12.30 . 12.20 14-45- . 13.95 12.05 12.30 25.15 15.35 34.55 34.85 13.95 34.05 

5 15.70 15.00 21.10 21.05 12,40 32.45 34.70 14.15 11.95 3-1.55 15.25 15.20 34.90 34.75 14.75 13.95 

6 34.90 34.75 23.85 22.50 12,20 32.46 14.10. 13.80 3240 12.05 15.45 15.95 14.70 14,60 13.70 13.35 

7 15.25 14.35 23,20 22.50 12.35 12.15 14.40 14.10 12.40 . 32.05 15.25 16.20 14.75 14.55 13.65 13,00 

8 15'* 20 34.70 23,20 22.65 32.05 32.30 34.10 34.20 12.20 12.15 15.00 15.40 14,65 15.50 13.70 13.35 

abe 6. Generation means of AwS, ThiS,. Cw$ and EwS' 
pairs of lines. Selection intensity was 
5/20' of each sex. 
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Fjgur 7. Generation eaiis of A$ B, CwS 
and M. pairs of lines. Means are 
given as the averages of the means-of-

the two sexes0 
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The ourtb 	eriment. 

The results of the fourth experiment are shown in Table 7 and 

Figure 8. The cycles here are composed of two generations of selection 

upwards (with sib mating), followed by two generations of backorossing 

of the highest selected females. This scheme started with lines that 

had been through four successive generations of backerossing. So# in 

fact, we are dealing here only with what is left from the Fq or Kaduna genes 

In the different lines at that stage. 

Comparing means of generations Of the same order in the cycle, 

lines a3 and b3 show little fluctuation. This may be due to the continued 

preservation of those Hy genes present when these lines were started, or 

to the loss of genes of small effect compensated by higher frequencies of 

other genes of higher effect.. in the high intensity lines of the Kad.una 

crosses (c3  and e34. it can be seen that the means of the last generation 

of the fifth 07010 :81's somewhat higher than the means at the start.. In 

the low .intensity lines, though the behaviour was not regular in many 

Cases, nest of them at the and still preserve the means they had at the 

start. If we look at the lee after the course Of directional selection 

(Table S and Figure 9),  it is clear that all the Kaduna lines (except ciB 

which had obviously lost all the high genes) reached means which are in 

good agreement with the expectation of gene frequen07 of 1/4  and ,additivty 

of gene action. Among the By lines bi behaved in accordance with expect-

ation and al almost so, while the remainder reached higher levels than 

expected. This may indicate again the presence of genes of minor effect 

and lower frequencies.. It may be noted that the previously discussed sib 

lines of al and bl (namely A(8)is, Al,. B(8)IS and Bis) also behaved 
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a b 

Lines 3. 2 3 1 2 3 
CT,  c3 

• _______________ _______________ ________________ 
Cr 

3. 11.95 12.3 12.10 13.25 13.32 12.53 13.1 12.05 12.15 12.65 13.45 13.25 
2 13.75 12.90 34.55 13.80 14.90 34.92 14.40 12.60 14.60 13.65 15.65 14.58 
3 15.1 15.3 16.6 15.8 18.32 17.62 15.05 15.30 17.15 17.40 21.6 19.00 
4 12.50 13.2 14.05 13,6 15.08 15.22 12.95 13.25 14.55 1.4.65 15.60 15.03 
5 12.15 12.25 32.7 12.2 12.4 13.65 12.65 12.20 13.15 12.15 13.25 13.08 
6 12.65 . 13.3 14.05 13.75 34.70 13.28 13.03 12.70 15 ,6 13.7 16.5 15.38 
7 34.45 34.50 14.35. 16.45 17.08 18.9 15.35 14.25 3.8.33 17.10 18.48 17.70 
8 12,9 13.15 34.1. 1204 14.55 15.95 13.25 12.6 . 14.6 13.8. 15.3 15.08 
9 12.45 11.85 12.0 12.25 14.3.0 13.40  32.1 11.75 13,4 12.95 24.0 13.85 

10 13.35 12.4 13..1 32.45 16.12 15.3 13.5 11.75 15.75 13.00 16.6 1.3.8 
11 13.75 13.33 13.05 13.4 20.65 20.03 33.4 12.95 15.6 17.15 20.45 19.28 

' 12 12.4 11.9 13.05 12.4 14.82 15.98 12.2 12.5 14.2 32.75 15.55 34.62 
13 12.15 12.15 12.25 12.3 13.85. 13.62 12.05 11.65 1.4.05 12.95 13.20 13.1 
14 12.85 12.1 13.6 12,75 17.02 15.15 32.3 12.15 14.5 13.95 16.32 15.02 
15 13.45 13.2 13.5 329 19..3 20,1 12.55 13.35 16.0 1.5.5 19.9 18,38 
16 12.8 12.15 13.25 12.55 15.42 15.48 12.2 12.5 13.95 13.5 15.3 14.52 
3.7 11.9 11.8 32.25 2.0 13.32 32.9 1,1.45 1,1,45 32.65 12.45 13.02 12..9 
18 13.05 125 13.7 13.15 15.82 34.55 11.65 32.03 13.8 13.4 14.88 15.08 
19 14.2 1.7 14.35 24.3 20.4 9,12 13,1 12.3 15.2 14.9 19.1 18.33 
20 32.85 18.35 13.4 12.95 15.15 16.8 32.7 12.2 13.55 13.75 34.92 14.3 
21 32.55 12.3 12.45 12.45 14.0 13.1 12.8 12.45 12.65 12.4 13.7 12.75 

able. 1(1). Generation means of a and b groups of 
lines. The cycle was composed of two 
generations of directional selection 
followed by two generations of back.'-. 
crossing selected females to L&JO  
Lines 1 and 2 were based On a s1ection 
intensity of 10/20 and lines 3 on 30/40. 
The number of individuals scored uas the 
same for both sexes in each line. 
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• 
0 

Lines 1. 2 3 1 2 3 

1 10.95 11.25 11.95 12.5 32.32 11.78 11,35 114,15 11.45 11.55 11,88 11,62 

2 12.30 11.4 12.35 12.3 12.32 12,68 11.20 11.25 11135 11.35 32,80 12,40 

3 12.75 12.55 13.40 12.9 13.92 13.15 11.55 11.50 12,35. 11.85 14.28 13.75 

4 11.95 11.65 12.10  11.9 12.95 12.30 11.95 11.10 11.70 11.40 12.85 12.15 

5 11,0 10.95 11.8 11.7 12.15 11.92 U. 15 10995 11.45 11.50 11.95 11.75 

.6 11.95 11.90 32j5 1145 13.50 13.48 11.4 1.1,3 11.4 11.6 13.45 12.2 

7.  12e.35 12e0 12.35 12,45 15.58 1.4.65 11.4 11.8 12,15 22.35 14.6 34.3 

8 15 1.1.90 U.8 11,55 1375 13.02 11.90 11.25 11.85 11965 13.22 12.42 

9 11.2 11.3 11.65 11.35 13.45 12.32 11.25 11.30 11.85 11.30 12.4 12.32 

10 11,7 12,05 U45 12.05 14.18 33.4 1140 11.35 12.20 12.30 13.22 13,0 
11, 12.3 324 1245 12.25 13.32 1.5 .8 11.65 11.30 13.05 12,7 14.3 13.8 
12 11.75 11,45 1105 11,25 13.48 13.35 11.45 11.05 11.90 11.55 13,05 12.75 

01 

 

33 11.45 11,45 12,05  11,70  12,75 32.50 11.10 11.35 11.50 11.35 12.30 12.18 

14 11,85 11,60 13,0 11,85 14.05 13.25 11.85 11.45 11.60 11.90 13.30 12,70 

• 15 12.15 11,7 12,30 12.45 15.02 14.78 11.05 11.25 12.2 12.0 14.42 14.2 

16 11995 11,75 12,3 11,70 34.35 13,42 11.5 11.5 12.50 11.55 13,38 13.08 

17 1145 11.35 11,20 11.55 13.08 12.38 32.05 11.15 11.45 11.35 12.32 11.80 

18 11.3 11,1 11,65 11.8 14.02 13.45 11.45 11.8 11.70 11.65 13.02 32.42 

19 11,4 11,35 12.0 1195 15.8 15.25 12.2 11.55 32.6 11.95 13.3 13.22 

.0 11,0 11,2 110 119145  14925 34.1. 11.7 11.4 11.7 11.85 3.2.5 12.65 

21 11,05 10,9 11,8 10.85 1.3,05 12,0 11.2 11,65 11.95 11.35 12.45 12.00 

Table ?{ifl. Generation means of .c and e groups of 
lines. The cycle was composed of two 
g0neraton$ of directional selection 
followed by two generations of back. 
crossing selected females to LF,, 
Lines 1 and 2 were based on a s1ection 
intensity of 10/20 and lines 3 on 10/40, 
The number of individuals scored was the 
same for both sexes in each line, 
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1gue. 8. Generation, means of a, b,, o and e groups 
of lines. The C7óie  was composed of two 
generations of.direetionaIseeCtion 
followed by two generations of backoroaslng 
selected females to LF4. Means are given 
as the averages of the rnans of the two 
sexes. 
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- bS  

Gener 
_ 

. 2 '3 1 2 3 
atlon 'd ''de 

1. 12.55 12'0 32.43 345-  14.0 13.1 12.8 12.45 
-. 	-w--'----- -- 

12.65 - 12.4 13.7 12,75 

2 1.3.2  32.5 14.6 13.1 15.0 15.6 13.4 13.3 13.85 13.45  15.3 14.7 

3 33.8  13.5 13.6 16.1 17.75 17.65 16.4 16.15 15.35 15.75 17.05 13.75 

4 3.5.0 34.7 17.1 17.3 22.2 21.2 16.35 16.33 17.85 16.5 20.8 18.55 

16.4 15.8 19.5 19.75 25.95 24.55 16.95 16.70 19.55-18.3 2146 20.5 

6 16.95 16.85 20.1 20.4 27.5 	. 24.8 16.65 16.75 19,8 19.05 .24.65 21.95 

7 17,05' 16.95- 22.55 23.35 26.45 .24.4 16.35 '16.35 19.85 19.9 28.2 24,8 

8 16.95 17.1 2.8 22.1 26.6 25.55 16.8 16.9 20.6 ' 19.2 27.6 26.35 

9 18.1 18.2 . 25.8 24.3.5 27.3 	. 26.45 16.9 16.55 20.2 1945 27.4 25.3 

10 18.25 18645 23.6 24.2 27.1 27.1 	- , ' 19.8 20.25 26.6 26.5 

11 18,2 3.8.0 26.35 25.95 28.3 27.0 19.8 20.65 27.45 26.25 

12 18.15 17.3 28.2 26.15 29.75 27.45 - 27.4.' 26.9 

13 28.4 26.0 30.25 27.0 ' 28.25 27.05 

14 28.15 26.10 29.35 27.00 28.75 27.40 

15 - 2945 26.8 30.1 27.10 29.53 26.05 

16 , 27.7 25.85 - 28.95 26.85 

Tb1e 80.1 Generation means of aS and bS groups 
of lines.. Selection intensity uas 
5/20 of each sex throughout* 
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CS as 
äener. 1 2 3 1 2 .3 ation 

1 11.05 10.9 11.8 10.85 13.05 12.0 11.2 11.65 11.95 1105 12.45 12,0 
2 10.7 11.05 12.5 12.1, 32.9 1.2.8 12.4 11.45 11.75 U.6 13.65 12.9 
3 11.4 10.9 12,85 12.1 1495 13.8 12.0 12.1 13.05 12.45 14.3 13,8 

.4 11.4 10.95 13.15 12.75 15,6 15.25 12.2 11.35 12.9 12.15 13.95 13.3 
5 11.35 11.0. 14.05 13.3 16.6 16.1 12.3 11.9 13.75 12.75 14.7 14.3 
6.. 11.0 10.9 14.1 13.2. 16,2 16.25 12.7 12.05 13.3 13.15 34.9 15.4 
7 11.4 11.15 13.95 13.85 16.4 16.1 13.0 12.15 13.35 13.35 15.8 15.75 
8 11.2 11.2 14.2 14.1 17.25 16.5 12.45 12.10 13.85 13o1 16.1 16.0 
90  

11.35 11.15 14.5 13.65 17.1 16,55 12.7 12.05 13,95 13.05 16.85 16.05 
10 14.1. 13.8 16.75 16.95 16.6 16.25 
11 4.4 34.0 died 16.25 16.2 

12 
......... 

. . 

: . 0 

. 

0 ... 0 

17.05 
___________ 

16.4 

abie. 3(U). Generation means of CS and eS groups 
of lines. Selection intensity was 
5/20 of each sex throughout. 
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according to the hypothetical expectation; 

Lines a, b, o  and a, in facts  could be direct3.y compared with 

their sib lines A j  B, C and E since both sets of lines were subjected to 

14 generations Of backoros sing by different mean. Differences in means 

should therefore be due to genes trapped by the two methods of treatment; 

Comparing means of the last generation in the two sets Of lines,. it is 

clear that all a, b, c and e lines had higher moms (except ci and c2). 

But the differences may be bettor visualized by comparing the lines after 

fixing the genes responsible for the differences in bristle. cunt. Almost 

all the means of the lines of the fourthL experiment reached higher lmels 

than their sib lines AS, BS, CS and ES. This may show the effectiveness 

of this method in presertg more 'genes, Of lower average magnitude. 

The 1fth Beriient 

In this experiment the Cycle was .composed of one generation of 

backerossing followed by two generations of sib mating with selection 

(Table 9 and FIgure ic). Again, we are dealing with Shigh$ genes left 

in A, B,. C and E lines after eight generations of backorossing. So in. 

the lines an and bb we are dealing with the 'high' genes supposed to be 

fixed in A(8)S and B(8)8.. 

Comparing the means of hues at generation I and the last back. 

crossing generation (generation 16) it is obvious that all the means were 

higher at generation 16. HoweVer•, the high-intensity of selection lines 

show higher means at that stage than the sib lines of the lower intensity. 

It is also true that the Kaduna lines were always lower than the fly lines 

of thes.1me intensity* 



Generations 

1 2 3- 4 5 6 7 8 -9 10 11' 12 13 14 15 3.6 17 18- 

11.82 11.95 1.3.4 12.7  13.0 13.6 12.35 13.3 12.95 12.7 13.55 3.4.1 13.35 13.3 13.3 12.45 13.75 14.7 
c 11.5 11.75 13.35 112,25 12.5 13,,651 12.25 11.65 12.75 12.55 13.05 13.45 1 12.4 13.0 13.65 12.23 13.15 14.4 

11.85 123 13.22  32.8 13.15 15.9 334 13.85 14.45 13.0 13.85  14.8 13.35 14.05 13.85 33.25 13.35 13.4 
a2 

d 32.50 11.35 
- 

32.8 13.15 13.25, 14.45 13.3 13.7 14.15 12.45 13.10 33.6 12.8 1 14.50-  13.4 12.6 1  12.65 14.2 

12.65 14,5 17.26 14.65 15.7 19.42 15.35 18.15 25.3 15.55 16.22 21.38 15.4 15.18 17.62 14.62 15.85 22.8 
:3 

d 32.55 13.98 17.35 34.02 15.0 19.08 34.68 16.7. 23.5 14.85 15.48 18.68 3.5.18 15.2 16.15 14.22 15.8 21.8 

11.0 11.65 11.95 32.05 12.z.5 13.25 12.55 13.35 13.75 12.70. 12-.65 13.5' 12.25 12.85 12.75 32.55 12.75 33.7 
1 

c 11.05 11.10 11,4 11.50 12.2 12.35 12.0 12.35 3.2.9 12.25 12.30' 13.4 11.9 12.45 11.75 12.4 12.55 1.0 

32.82 13.9- 14.6 13.95 14.4 13.8 13.35 13.9 3.4.3 12.80 13.80 34,65 12.75 - 13.65 13.65 13.4 3.3.55 15.0 
b2 

C? 11.8 13.35 13.95 13.35 12.75 13.00 12.6 12.7 14.5 12.90 12.45 15.03 12.5 12.10 13.15 12.8 12.50 13.7 

11.94 12.88 14.31 13.68 13.5 16.55 14.45 15.55 18.72 15.25 17.08 20.2 15.9 16.35 17.65 14.95 35.25 18.6 

c 1.2.0 12.2 13.45 12.60 13.52 16.30 14.05 15.45 19.08 15.10 16.10 19.35 15.48 15.22 17.0 14.98 15.25 ].8..X 

Table 9(1). Generation means of aa and bb groups of lines. 
The cycle was composed of 2 generations of 
directional selection, followed by I generation 
of backorossing females to LF1. Lines I and 2 
were based on a selection 1ntnsity of 10/0 and 
lines. 3 on 10/40. The number of individuals scored 

- is-  the -same for both axes in each line. 



Generations 

1 2 3 4 5 6 7 8 9 10 U 12 13 14 15 16 17 18 

9 10.85 10.85 11.35 11.25 11.4 11.0 11.65 3.1.35 11.55 11.45 10.95 11.25 11.3 11.10 11.2 11.25 11.45 11.45 
3. 

d' 11.20 11.05 11.40 10.85 11.35 11.0 11.05 10.9 	1 11.25 11.20 11.601 11.25 11.35 11-10110.8 11.10 11.35 11.2 

11.23 11.6 11.85 11.80 12,4 12.8 12.75 12.45 12.55 32.3 12.65 12.55 12.15 12.25 12.4 12.6 12.15 32.45 
cc 

c3' 10.75 11.25 12.0 11.90 11.9 122 32.05 11.8 12.551 11.85 32.45 12.60 112.2 3.2.2 32.4 11.9 11.70 12.55 

11.99 12,3 13.28 32.45 12.95 14.02 13.6 13.7 15.20 13.38 13.48 15.32 13.85 13.85 15.1 13.85 14.15 3.6.25 
3 

c5'3.1.38 12.45 13.38 12.48 13.15 34.52 13.2 13.8 15,12 33.2 13.82 15.25 13.30 14.68 15.4 13.88 14.50 15.55 

11.08 11.35 11.25 11.05 11.8 11.45 11.15 12.0 11.45 11.75 11.80 12.7 12.35 11.95 11.35 11.75 32.2 11.75 
1 

d' 11.2 10.6 11.40 11.45 11.4 11.95 11.05 11.8 11.25 11.15 11.05 11.7 12.0 11.75 11.45 11.35 11.35 11.4 

11.28 11.35 11.75 11.7 32.05 12.15 12.0 12.6 13.4 32.4 12.65 13.4 12.35 12.2 12.35 12,20 32.8 13- 35  
ei2 

c3 13.35 11.10 11.70 11.55 11.8 11.6 11.9 12.55 12.8 12.10 12.25 13.05 32.0 11.8 11.50 11.95 12.7 - 32.8 

11.35 12.08 13.68 13.05 13.28 14.38 13.1.5 13.28 14.85 12.98 13.25 34.45 13.58 33.48 13.9 13.68 13.85 34.4 
3 

d 11.20 11.85 13.4 12.68 12.92 14.0 12.58 13.13 14.0 12.85 13.20 14.421 13.08 13,18 13.48 13.15 13051 3.4.5( 

Table g(1t). Generation means of cc and oe groups of linea. 
The dole was composed of 2 generations of 
directional selection followed by 1 generation 
of backoroasing females to t. Lines 1 and 2 
were based on a selection 1ntnsity,  of 10/20 and 
lines 3  on 10/40. The number of individuals 
scored was the same for both sexes in each line. 
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GENERATIONS 

iO 	GenOraton means Of as, bb... Ce and se 
groupa of lines. The cycle was composed 
of two geerations of directional selection 
f011owed by one generation of baôkcrossing 
selected females to LF4. Means are given 
as the averages of the means of the two 
sexes. 
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When selecting these lines for high bristle count (Table 10 

and Figure U), it is Interesting to note that the dispersion of means 

among the fly lines of the lower intensity(aais, aa2s, bbls and bb]$) 

is much smaller than the dispersion in any of the experiments already 

described. Comparing the means attained.by  line A(8)S and B(8)S with 

those•  attained in this e*periinent,. it seems that this treatment had 

removed from most of the lines those genes ofzninor ofteèt that were 

responsible for the great dispersion of the means of the sib' lines 

A(8)S and.9(8)S.. Line aalS Is an interesting case. The mean attained 

by this line is very much the sane as that attained by A1S, A(8)IS and 

AwlS (alS, however, reached a somewhat higher mean). These lines of 

course, received different treatments. It could be argued then that by 

the eighth generation of backcrøssing line Al, some genes of large effect, 

or a piece of chromosome containing some closely linked genes of large 

effect, were preserved that could not be separated out by the different 

methods of treatment used. 

The line ociS Obviously had bat almost all the 'high' genes 

introduced from the Kaduna stock. The fact that line ciS also showed the 

same thing might be used to argue that the genes left in Cl after 14 

generations of backerosaing, and fixed in CbS, were not closely linked, 

and that they could be easily lost by chance were the treatment sufficiently 

protracted. 

The Chromosomal Assay: 

The results of the complete chromosomal assay are shown in Table U. 

Means of the lines were taken as the means of the last generation of selection. 
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aS bbS 

aentrim 2 3 l• 
(3' 

1 14.75 14.4 13.45 14.2 22.8 21.85 13.7 13.0 15.0 13.7 18.65 18.3 

2 15.75 15.35 15.5 14.7 24.55 23.2 14.5 14.85 16.9 16.6 21.3 21.1 

3 15.2 15.3 16.35 15.45 28.4 25.6 14.25 34.8 17.6 16,75 22.95 21.9 

4 16.1 15.55 17.4 16.35 32.1 28.7 16.1 .16.15 18.3 18.3 22.9.5 2.35 

5 15.8 15.65 17.5 15.9 31.0 27.85 15.5 16.05 18.1 17.3 24.1 23.45 

6 16.15 15.35  16.8 15.85 30.35. 28,35 15.7 16.1 18.05 18.6 25,85 24.7 

7 15.75 15.4 .17.35 16.5 29.95 28.05 16405 . 16.25 18,45 17.8 26.05 25.8 

8 15.8 15.2 17.2 16.0 30.55 28.75 15.85 16.75 17.9 17.5 27.15 25.95 

9 . . 28.5 27.1 

10 . . . 30.15 26.7 

U 30.6 27.95 

12 S . 29.4 28.45 

.13 . . . . 309 29.60 

14 31.35 29.20 

15 . . .30-85 29-00 

Thble lOtil. Generation means Of aaS and bbS groups o 	Selection Intensity was 
5/20 of each sex th'ougbout. 



ocS eeS 

.Gene I 2 3 1 2 3 
ation 

2 . 9Cr S 9 9 . 

1 11.45 11.2 12.45 12.55 16.25 15.55 11.75 11.45 13.35 -12.8 14.45 14.5 

. 11.25 11.10 12.6 12.55 17.1 17.6 11.75 11.55 13.65 13.55 15U 16.25 

3 11.2 10.95 13.25 12.8 18.35 1925 11.75 11.2 1.3.95 13.95 16.75154 

4 11,6 1.1.0 13.55 13.7 19.75 18.7 12.05 11.6 14.45 14.15 16.3 16.3 

.5 11.7 11.35 13..7 13.5 1815 187 13.0 12,45 1442 13.3 16.55 15o8 

6 11.2 11.2-. 13.7 	.13i.6 18.05 18.4 13.2 12.4 14.-35 13.95 16.75 16.1 

- 	7 11.55 10.95 - 13.7 13.2 18.45- 18.65  13.05 12.5 14.25 140 17.15 16.35 

- 	8 11.1 10.9 14.0 13.05 18.45 18.85 13.25 1.2.85 14.75 14.4. 16.7 16.65 

Table. 10(u)1- Generation 	of coS and asS groups 
- 	of 1neø.- Selection intensity was 

/20 of each sex throughout. - 
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astheaverágésbf the iñeari of the 
two sxes. 	 : 	• • 
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Irne 
+ * of line 	S,E. x of aecnd chromosome -. of thid chrOrnooO 

L1 10.91 	0.09 

Hr 42.58 	Q,40. 15.31 	0411 8 21.27 	0.202 

A(8)3S 29.82 	0.420 13.32 	0.177 22.08 	0.310 

132S 20.48 0.166 116,08 0.092 21.04 	0.169 

bb2S 17.70 0490 11.44 0.103 17.50 	0.220 

B(8)lS 17.05 0.195 10.98 0.109 17.64 	0.221 

b].S 16.72 0.194 11.22 0.123 16.74 	0.220 

aa2S 16.60 . 0.240 13.34 0.139 13.72 	0.240 

bb].S 16.30 0.246 11.18 0.153 16.72 	0.196 

aalS 15.50t O.215 	
0  

U,080.117 15.78Q.149 

A28 32.88 0.165 12.62 0.242 11.78 	0,155 

039 15.00 0.156 10.92 0.117 15.16 	0.184 

023 24.20 0.169 11.88 0.150 13,40 	0.159 

ab1eU. Means of second and third 
chromosomes of the 12 lines 
tested 'a 124  baokgrotud. 
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The results of the Hy line show that the third. chromosome is genetically 

more important than the second in determining the bristle count. Line 

B2S retained a complete I1y third chromosome aloig with an LF, second 

chromosome. A complete Ir third chromosome was also retained in B(8)33, 

along with some of the Hy second chromosome material. This may be used 

as reasonable proof that the Fly third chromosome also contains most of the 

'major' genes. The fact that the means of most of the Fly lines examined 

(bblS, bb2S, US and B(8)1S) are determined solely by the genetic material 

retained from the Fly third chromosome, is in support of this idea. However, 

in aa2S, the material retained from the Fly chromosomes was equally shared 

between the third and the second chromosomes. .A2$ was the only line in 

which most of the Fly genes retained were in the second chromosome; its 

mean, however, was very low, As for the Kaduna CrOases. the mean of the 

line 035.  was determined solely by the Kaduna material left from the third 

chromosOme. In C 2$.,. however, some of  the genes retained were also on the 

second chromosome. 

Since most of the lines having means of less than 21 bristles 

always contain a piece of the donor's (H.p or Kaduna) third chromosome., 

such pieces are to be expected to contain the 'highly effective genes'. 

It would be of value, then, to locate these pines. To do this we can 

start with the genetic analysis of the fly third, chromosOme, according to 

the method already explained. In discussing this analysis it should be 

noted that in. the process of making the different synthetic chromosomes 

three different kinds of chromosomes will contribute to the material found 

In the aenent between the two markers separating the LL piece from the 

piece of the line tested. Suppose that in this segment there are three 



alleles at a lecus, Al in KY,. A2'in LF and A3 in ruouca Suppose also 

that we want to synthesize an HZ chromosome (i.e., the left piece is A'cm 

the line tested and the right is from LF4)., If the lame of this gone 

divides the distance between the two markers In two, the left being p and 

the right q ('where p+q = 1), then the probability of getting the Al gene 

in the synthesized chromosome w1U be q, that of A2 will be p2  and that 

of A3 will be 2pq. This means that the probability of incorporating a 

rucuca gone in the synthetic chromosome will be higher if it is near the 

middle of the two markers. 

In the following description of results (Tables 12-22 and 

Figure 12) the synthetics will be named according to the piece of the high 

line incorporated measured by markers. Thus the synthetic 1-4 contains 

the piece of the line's chromosome measured from the left end (ru) till 

marker 4 and a piece of F4 chromosome from 5 to 8. 

If we compare the average of the 2u.8 synthetic Of the Hy 

chromosome (Table 12) with the mean of the complete chromosome, and 1 with 

tF4, It could be argued that the extreme left 	is of very low activity. 

With similar appropriate comparison It can be shown that the extreme right 

arm is also of very low activity. The main part containing the 'high' gene 

therefore appears to be between 2 and 70, with perhaps some genes In the 

vicinity of the two sides. Eamnng the averages of the 1-4 and 5-

synthetics (almost the left arm and the right arm of the chromosome), it 

can be seen that the left arm is genetically more active than the right. 

It can be concluded then that the piece of the highest activity lies between 

the left vicinity of 2 to the right vicinity of 4. This,,  however,  is the 
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...Stbetc 	.. 

2-8 	3a'8 . 	 5,8 	6..8 	7.8 

Moan 	20.12 	15.76 	1331 	]207 	1375 	1150 

S.O~ 180O.)2]. 	O,i46 	 O.U6 	O. 1O5 

thoti 

1 	. 1-2 	.1.4 	1u.5 	1i6 . 	i-i? 

Mean 	11.45 	1354. 	15.59 	.16.89 	11.95 	20.61 
t. 	 .. 

0.02 	0.U8 	o.160 	0.165 	0..345 	0.204 
., 

Tab1 12.. means of synthetics of the 
third chromosome of the iir 
line. 
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of the third chmoaornes of the U 
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conc1uson if we eàinpare the difIei'enóèa between the means of the. synthetics 

2-8 and 3-8"and betWeen 1-4 and 1-2. The first comparison (2..8 with 3..8), 

suggests the presence of 'high' genes nar 2,, and the second comparison 

suggests the presence of 'high' genOa'. near 4. 

The comparison of the memo of. 3-.8 'and 5-8 synthetics Indicates 

that the,  region 3 to 5 and the borde1ñg vicinities are of appreciable 

genetic actIvity. Moans of synthOtios 1-4- and 1- 'indicate the. presence 

of genetic activity in the region 4 lx> the right of 5.. The existence of 

'high' genes In the region 5 to 6-can be similar]' deduCed. 

The mean of synthetic' 749  being 1highek than 'that of 64, 

indicates the presence of some 'high' ganee in the rueuCa but not 'In R3r, 

Which become incorporated in the synthetic 7i'8. Thus, if we assume little 

or no activity between 6 ad 8, we can, to acCount for the. high Increase of 

the mean of 1-7 over 1-69  assume the existence of some genes around 7. that 

can show themselves by ixteraction with' genOa somehore. on the fl.y 'chromosome 

to the left , side of 6.  

Taking the .thtzd chrónosie 'of'B2S'.(Tablè 13)  which, in 'fact 

should be used as another sample Of the Hy "Chromosome, we 'find that its., 

results agree-with most of the Oonclus.ions drawn from the fly aMb:. 

The mean of synthetic 1-2 is much the same as 1-, and if we judge Only 

by this, it 'woUld appear that 'mOst of the thigh' genes'. are in the vicinity 

of 2. However, the big difference between the means of synthetics 3.e8 and 

5-8 shows that these are 'high' genes near 33, a •conclusion already drawn 

from the fly analysis.. So, the high mean of the synthetic 1-2 may be due to 

genes from rucuca incorporated into the synthetic chromosome. The mean of 



Synthetic 

2-8 	3oi8 	5-8 	6-8 	7-8 	8 

Mean 	21.11 	16.46 	13.48 	1,2.08 . 12.04 	11.35 

SE. 	..205 	0.132 	0..122 	0.099 	0.].i4M. 

Synthetic 	.. 

:1 	1:2 . 14 	1. 	26 	17 

Mean 	11.78 	15()1 	15.34 	17.65 	19.90 	.22.05 

S.E.o.•U6 	0.59. 	0151 . 	0.183 	10.192 	0.237 

able 13. Means of synthetics of the 
third . chromosome of the B28 
line. 
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6.8 synthetic is almost the sane as that of 7-8, an observation which may ,  

emphasize the suggestion that the higher mean of the 7.8 synthetic in the 

W analysis over 68 is due to genes introduced from the rucuca chromosome. 

Considering the means of synthetics 3-89  5.81, 6-8 and 7-8 in line 

B(8)l& (Table 14), and comparing them with similar pieces of Hy,  it can be 

seen that the reduction of the mean of the third chromosome Of this line 

(B(8)1S) is dtto the loss from the fly chromosom of genes to the right of 

6. The mean of 1-5 is very similar to the mean of the corresponding 

synthetic chromosome of fly. It could be argued from this evidence that 

the genes lost from the fly chromosome by repeated back0roasig fOr 8 

generations were those located in the middle of the 5 to 6 region. 

The moans of synthetics 1-4 and 5.8 in line bb2S (Table 15) 

show that this line contains the complete left arm of the fly chromosome, 

and that the lower mean of its chromosome is due to loss Of genes from 

the right a. The 1-2 moan is very similar to the 14 mean (which was 

also the case in B(8)IS)-#, but again the lower mean of 5-8 synthetic 

compared to 3-8 shows the edstenoe of 'high' genes near 2. The mean of 

1-.5 is about the same as 1-.4, and lower than the corresponding synthetic 

chromosome in Hy or B2S, but the 1-6 synthetic has about ths sane mean as. 

the 1-6 Hy chromosome. It seems that the third chromosome held by this 

line is the r1fLt arm of an Hy chromosome chopped off between .6 and 7. 

This conclusion is in accordance with the reduction of the mean of synthetic 

78 compared with 6.8. 

In line bi, the mean of synthetic 1'.4 is almost the same as 

the similar fly chromosome (Table 16), i.e.it seems that this, line still 
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.Stbett 

2-8 	3..8 	54 	6-8 	7.8 	8 

Mean 	18.04 	24.32 	12.70 	iZ.40 	22.16 	U32 

S.E. 	i0.228 	0.195 	. 0,]22 	t0.159 	0.184 	10.141 

	

.. 	. •:.;Sthetic .. 

	

1 	1.2. 	1.4 	1-5 	16. 	1-7 

Mean 	22.04 	14.36 	1494 	16.76 	15.64 	17.16 

S.E. 

 

	

!0. 156 	0..178 	10,6177 	0.207 	.. !0. 199 	0.234 

Table 24. Means of synthetics of the third 
chromosome of line B(8)].S. 

Synthetic.. 

2.8 	3-8 	5-8 	6.8 	7-8 	8 

Mean 	17.84 	'24.46 	12.48 	'' 2.2.54 	11.18 	11.6 

;.E. 	10.231 	-0.134 	0.15 	10.157 	10.1?0 	0.151 

	

1 	1-2 	1.4 	15 	1-6.. 	1-7 

Mean 	11.78 	15O44 	15.70 	15.80 	17.88 ' 16.48 

S.E. 	40.162 	0.346 	!0. 3'21 	!0. 204 	0.201 

Table. .15. Means of synthetics of the third 
chromosome of line bb2S. 
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24 	3.8 	5.8 	6.8 	78 	8 

Mean 	17., 10 	14.30 	11.32 	11.54 	11.16 	U. 38 

S,E, 	O.222 	t0.190 	10,116157 	0179 	038. 	0.121 

Svutheti 

1 1-2 14 	1-5 	1-6 	1-7 

Mean 	11.50 33.56 15.52 	17.28 	17.24 
+ 
S.E. 	0.125 Q. 16o 

'3* 

0.202 	0.181 	10,230 

* This class died. 
le 16 Means of synthetics, of the 

third chromosome of line 
hiS. 
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holds the left arm of the By chromosome. Furthermore,, the ]5 mean is 

similar to the corresponding chromosome of B2S, showing that what is 

bold from the Hy .chromosome in this line is the ]aft piee resulting from 

a crossover between'5 and 6. In fact data. from the synthetics done by 

substituting L Into the ].ine chromosomes starting from the left end 

indicate that such crossover should be between 4 and 5. To get .a satis-

factory solution, it could be assumed that the crossover occurred exactly 

at, or very near to, 5. 

The results of the analysis of the bb]S third chromosome (Table. 

17) are much the sane as those of hiS., but it is clearer here that the piece 

held from the fly chromosome is the left piece produced by a crossover 

between 5 and 6. 

The means of 2.8, 38, and 3.8 synthetics of line ailS (Table 

ia) show that this. line retained the 'high! genes near 3, pbia the remainder 

of the right arm starting from the right proximity of 6. However, judging 

from the means of synthetics 11. 1-2 and 1-4,. it seems that the high genes 

held are near 2 rather than 3. .• But from, the previous discussion it ettU 

seems probable that the high mean of synthetic 1c2 is due to genes introduced 

from the rucuca chromosome, and that the 'high' genes held are near 3. 

From the analysis of line aa2$ (Table 19)0 it is clear that 15 

has a substantially higher mean than 1,4,. and that of 3.8 is higher than 38. 

It might be argued that the low mean of the third chromosome of this line iS 

due to the retention of some high genes between 4 and 5. 

Line A2S will serue only to indicate that lines of very low 

third chromosome mean are more subject to the effective interference of the 

rucuca genes (Table 20). The mean of one 'rucu.ca chromosome in LF4  background 
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Synthetic-- 

2-8-  2-8 	3.8 	5-8 	. 6.8 	7-8 	8 

Mean. 	17458 	13.40 	11.86 	11.46 	11.62 	.11.08 

S.E. 	0.232 	0.198 10.169 '. 0.132 	0.151 	0.240 

	

.. 	.. S,vnthettc. 	:.. .'. 	. 

I . 	1-2 . 	Ia'4 	1-5 	s6 	1.7 

Mean 	12.26 	. 12.96 	15.50 	15.22 	17.10 	16.16 

S.E, 	 0.164' 	0.206 . 	0a143 	0.206 	10.214 

Tpb],e17. Means of synthetics of the .third 
chromosome of line bb].S. 

Synthetic' 

2-8 	3.8 	58 	6-8 	7-8. 	8 

Mean 	15.36 	14.96 	11.56 	 '322.00 	li.48  . 

S.E. 10.1M 10.221 t0.154 0.164 tO.lSO 0.128 

-. ... Synthetic . 	.. .S  

1 	1-2 	1..4. 	1...5 	1-6 	1.7 

Mean 	11.92 	12.76 	13.06 	13.82 	14.22 	15.32 
+ 

S.E. 	O.140 	o.161 	10.172 	10.178 	10.149 	0.3.82 

Table 18. Means of synthetics of the third 
chromosome of line aalS 
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-- Snthotic 

24 	3-8 	58 	6- 	78 

Mean 	.13.34 	13.66 	12.06 . 12.12 	1176 	11.32 
+ 	 . 	+ 	 + 	 + 	 + LE. 	0,139 	.O.168 	-0.150 . -o.i6 	-0.150 	0,165 

-. .. 	Stetje -. 

1 	. 14 	1.4 	1..5 	1.6 	1-7 

Mean 	. 11,72 	 12.24 	34.26 	13.70 	13.88 
* 

SrJ, 	0. 174 	- 	tO.l?5 	10.0.171 	0.167 

* This class died. 
39 	of synthetics of the third 

chromosome of line aa2S. 

Sinthetic. 

2-8 	3-8 	. 	6+8 	78 	8 

Mean 	12.42.. 	.12.44 	 12.28 	11.24 	11.08 
t. 	 .. 	 •1* 

S.E. 	0.174 	0.l67 	0.120 	0.i27 
* This class died.: 

....thtjc 	. 

1 	1-2 	1-4 	1.5 	. 1-6 	1-7 

Mean 	11.84 	. 11.74 	1.2.08 	12.22 	11.64 	1.2.24 
n.E. 	0.147 	0.130 	0.156 	0.129 	0.145 	0.133 

Ta1la 20. Means of synthetics of the third 
chromosome of line A2$. 
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was, found to be 12.48 0,188 (25 pairs scored). 

The. C3S;.  and c2S are the two lines au&•ed from the. Kaduna 

crosses. C38 may 4ve. a C]ie to the exIsteice of the 'high' genes in 

the base population from which the. Hy line WOOr aeleóted. The analysis 

of this- line (Table 21) showa-that shows-that 'high' genes are present near 2 

(comparing means of synthetics, 1. with 1u72 and 28 with 3.8). From  

compariSOn of the means of 1-2 with 1.4 we may conclude that there are. 

some 'high' genes near 4. However,. this is, not the conclusion when 

comparing meanS of .8: with 58. The mean of 6.8 being appreciably 

lower than 5.8 might indicate some genetic activity-around 5., but this 

is not so clearly demonstrated when we examine 1.4 and 1'5 means. The 

means of 6-8, 74 and 8 may indicate that the right arm starting from 6 

has very little activity. This is also the conclusion drawn from the. 

comparison of the means of 1-5,, 1.6 and 4 if we consider that the 

higher mean of 1.6 compared to 1-7 is really duo to thigb'genes 

introduced from r'uuca. 

The aajsiS of the c2S line (Table 22) indicates the 

presence of 'high' genes near 3. (comparing the means.of 34 with 5-8, 

and 1,.2 with 1.4). it may also indicatothe existence of some high 

genes near 2(2..'8.) 3.$ and l<1-?). 



'Synthetic  

2-8 34 5i.8 6-8 7-8 8 

Mean 	15.22 13,08 12.98 31.70 1150 11,32 
+ 

S.E. 	0.186 	0.145 	10-153 	t0.132 	0.126 

Sthetc . 

1. 	1-2 . 1-4 	115 . 	1-6 	1-7 

Mean 	1178 	13.64 	14.76 	15,20 	16.22 	15.24 

	

0.157 	0.171 	0,195 	0,196 	0.198 	tO.213 

Table 21.Means of synthetics of the third 
chromosome Of line C33. 

'. 	 ,. 	. 	Synthetic 	... 

24 	34 	54 	68 	7-8 	8 

Mean 	13.76 	12.52 . 10.68 . 	32,00 	11,34 	11,28 

S.E. -, 	0147 	10.138 	10.150 	0.156 	.0.123 	0.143 

	

1 , 	1-2 	1-4 	1-5 	1-6 	1-7 

Mean 	11.26 	12.30 	13.20 	14.04 	13.86 	12.66 
t 
S.E. 	0.130 	10o132 	O.146 	0.140 . 	0.184 

-Table  22. Means of synthetics of the third 
chromosome of line c2S. 
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DISCUSSION DISCUSSION 

In discussing the efficiency of repeated backcrosslng when 

coupled with selection as a means to single out genes of high magnitude 

of effect, three limitations are to be borne in mind. First, linkage 

should be regarded as a serious obstacle to freeing genes of high effect 

from those of lower effect. As shown in the theoretical seCtiofl with 

respect to the effect of backorossing (with selection) using the two-gone 

model on the preservation of genes segregating, if one gene has an a 

value greater than two,, than the other linked gene need not have an a 

much more than 1 + 	This shows the difficulty Of singling out genes 

of high magnitude of effect using such schemes Of backcroasing, for it 

also seems very likely that one may pick clusters of tightly linked genes 

of lower effect. The second 11in1tation, which is related to the first, is 

the possibility of picking complete 'high' chromosomes, without intra-'. 

chromosornal sieving Of genes. The following simple experiment was done 

to estimate the percentage of the non crossover chromosomes recovered at 

any generation, using the third chromosome. 11F4  was crossed to 'rucuca'.; 

the LF4/rucuea female progeny were then mated to 	males. From the 

progeny of this mating males were crossed individually to 'zucuca' females 

to test the crossover chromosomes. 510 chromOsOmes were tested, out of 

which 12.3 (about 1/8th) were non crossover wild typo chromosomes. (12.7% 

were non crossover Irucucal chromosomes). If the process of backorossing 

was then practised without selection,, we would expect the freq!lency of the 

non-crossover 'high' chromosomes at the nth generation to be 	But in 
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fact such complete non crossover chromosomes wi].l be of vexy high selective 

advantage when backerossing is coupled vith selection. The third limitation 

is the .chance effect of- losing 'high' genes which is clearly demonstrated 

by the results Of the firt experiment.  

The method of. repeated backcrossing to. one fixed genotype when 

coupled' with selection as a means to single. .out the genes of the highest. 

effect acting in the opposite direction, is effective if these genes. are of 

additive genetic nature, or dominant, with. respect to the alleles in the 

backoros sing parent. The experiment done by. Chat. (1961) may be explained 

in this context. In mice, using repeated. backoros.sing with selection. to 

the opposite and the same direction of the parent used,,. he produced four 

lines.: BL(L), BL(S), BS(L) and S(S),. where BS(L) stands for the line, 

backcrossod to the '&aall' size parent. and selected for. 'lerge'.body,  

size. (Line BS(S) would, teat whether there are factors of minus effect 

which are 'preaent in the. Large but not in the Small parental line). His 

results show a differential between means of $m1i and the advanced 

generations of B$( L), but not between large and BL(S), and a differential 

between L and 8 lines in the as but not in the BL. They show also no 

effect of selection with backcrosaing to the large parental line; no 

difference was observed between the parental strain (Large) and the two 

backorosses.. From these observations,, he concluded that the results fit 

with the dominance hypothesis. With respect to. the character  used in the 

present inestigation.t  the results of the experiments, of Part I may show 

that the genes for high bristle Count are not trecessve' to these for low 

count. The great depression in means of the first and sOcond backcroas 



would suggest suggest that this character is determined by genes. most of which act 

additively. 	 ..,.. 

The decrease of the means of the repeated backcrossing lines is 

supposed to 'follow the dOreeae of the. frequency of the 'high' genes held, 

which in turn Is a function of the selective advantage (s) of these genes. 

To get the frequency of the genotype M at generation ns, let us suppose 

that the relative frequency of Aa to aa is x to 1 'at generation zero. 

If We apply selection coefficients of S and I to these genotypes respectively,, 

then at generation I 	' 

ex /2  
X1. l+'ax0/2 

i. = 1+ ax 

of, which the general solution is 

where C O2  

then x ••> 

Using different values of a we can produce Figure 13. From 

this figure It can be seen that as a decreases more generations of back' 

crossing. are required to bring the gene A to equilibrium. For instance,, 

by the fifth generation the frequency of Aa 	almost. reaches Its 

equilibrium when a = 4. . Such state is reached . by the seventh generation 

if a = 3, and by the tenth generation the' frequency is still far from the 
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equilibrium state when a = 2.2. This a higher a value results in a more 

rapid approach to the stable state', an observation in the first experiment 

when we used the Hy second and third chromosomes as genes Of high effeCt; 

The stable state frequencies can be used to predict response when lines 

are exposed to directional selection after the course of backcxSsingo 

The equilibrium frequency of .Aa when a = 4 is 1 13, that is to say,, the 

ftequencV of the 'high' gene A te 1/6, so after direetioflal selection - 

when the gene ki5 tixed - the difference from the low line aa4ll,bO'6 

times the difference before selection If we assume additivity of gene 

action. If S -  3, the difference will then be 8-fold. in fact, a 

respnse of three times the difference is the minimum.,  This shows that 

as a decreases, the mean, which is a function of the 'high' gene 

iquencies, will also decrease, and con ejxexitiy the relative response 

to selection. 

GeneraW one weuld expect the average matitudø of genes 

retained by lines treated with low selection intensity during the limited 

course of backerosing to be higher than that Of lines treated with higher 

intensity of selection. It is easier to drain off genes of lower effect 

when the intensity of selection is low. With respect to genes supposed to 

be oan*oni$ retained by lines of 'high and low intensities of selection in 

repeated baekcrossing schemes (those of e> 2.), the frequencies are expected 

to be lower in the former and higher in the '1attr. This shamthat the 

means of the high intensity lines are expected to be higher than those of 

the low intensity lines after the limited course of repeated backoxós sing. 

As expected, means of the high intensity of selection lines of 

the grouns AM, BM.. A. B. C and E were algava hishar than their Th -14n 
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of the low intensity. The responses to directionsl selection after back-

crossing for 8 or ]I, generations (experiment 2) prove that genes held by 

the higher intensit7 of selection lines are generally of lower average 

magnitude compared to those held by the low intensity lines. Rovever. 

random drift seems to play an important role in determining the big 

differences observed between lines. 

The inheritance Of resistance to insecticides In Drosophila 

is comparable with the scheme of repeated backcroasing when accompanied 

by seleeton. The intensity of selection applied in the backerossing 

schemes will simulate the dosage of insecticides usedo ifferences in. 

opinion about the nature of the inheritance of this character (whether 

polygenic or Mendelian) may be due to the different dosages used to 

define resistance (for references., see Oshima,. 1958). It could be stated, 

accordingly, that the higher the dose the less is the average magnitude of 

the genes selected, and the more 'polygenic'  the character will behave. 

This is in direct contrast to the explanation given by Taukamoto 

(1956) who stated that "when tests are carried out at a higher dosage of 

insecticides as a criterion for resistance, only the gene Or genes 

responsible for high resistance may be recognized. But when the tests 

are done at a' lower dosage, other genes with small effects may also be 

noticed," 

To determine the number of potential units of genes affecting 

the .ternopleural count, the following experiment was done. The P, of a 

cross of Hy males x LF females was kept practising random mating for 29 

generations. Each generation was effected in 20 separate vials, each 

consisting of One pair of flies. The number of potential genetic units (n) 
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was estimated by 

.( of Hy- 
	2. 

8 x genetic variance 

assuming that the variance at generation 29 is all .genetic. The estimated a 

wasabout.-24 uits in other words, the variance between LF4  and.Hy could 

be due to 24 genetic units of equal effects.. The results of the analysis 

of this character show that this, figure is to represent the minimum number 

of polygenes since genes , of !big' effeCt seem not to play a very important 

role in determining the differences between the two lines mentioned, 

According to expectation, from theory, genes of s.>  2 could be 

disentangled from linked genes of lower ma4tude. of effect if we permit 

generations. of random mating within the course. of repeated backerossing... 

In such, case we would .expeot in experimentalproblea.,°  the great 

differences between means of lines to be diminished, if it is due to 

genes of minor effect. This is, a fact, .what. happened. in Experiment 3. 

The more interesting observation is that, apart from line Aw3S, means of 

lines of the Kaduna origin lie within almost the same range as, those of 

the Hy. origin. Moreover, means of lines that' received the higher intensity 

of selection during the course of backorossing were not always higher than 

those Of the lower intensity. It COUIA then be concluded that this method 

of treatment is effective in singling' out. genes of the highest effect 

expected to be retained by the repeated backéros sing method. The means of 

these lines being in fact low, night indicate that suckgonep do not play a 

very big role in determining bristle count., The. results also might show 

that the genes of the highest  effect are present in 'appreciable frequencies 

in the Kaduna base population, 



The different kinds  of treatments involving generations of 

directional selection within the course of backcrossing may again indicate 

that genes of minor effect have the biggest role in determining thee bristle 

count. The range of means attained by lines A(8)S. and B(8)8 was reduced 

when allowing more generations of backorossing (lines AS and BS), indicating that 

that big range may be due to genes of low effect linked to the thigh' genes. 

Using a method for trapping genes of lesser magnitude of effect (lines a and 

b), the dispersion of means of lines after the course of directional selection 

was reucod. When using another method that can trap genes of still lesser 

effect (lines as and bb) the dispersion of means.  of lines of the same 

intensity after directional selection was again reduced. These facts 

strengthen the idea that the dispersion Of means Of A(8)3, B(8)S, AS and 

B$ is due to genes of low effect linked to genes of the highest effect., 

Such genes can permit, by chance that great dispersion to Occur, and when 

put under treatment that can trap some of them the dispersion will be 

reduced. if this idea ie'trueo then we expect the range of means attained 

by lines CS -and -ESs, of Kaduna origin, to be less than that of CS and aS; 

this in turn to be less than ocS. and eeS. This is because, in Contrast 

to the Hy line, genes for high bristle count in this population are not 

expected to be all readily linked on chromosomes. Thus, in the repeated 

backoroasing scheme, genes of lower effect will be easily washed out. 

When we use another method to trap more genes of lower average magnitude, 

the problem is to find chromosomes that contain the surplus genes, causing 

then a greater dispersion. 	In fact., the results of the Kaduna lines 

agree with this ides. However, the observed differences between lines of 
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high and low intensity Of selection, . that become more clear in the fifth 

experiment, show the big role of genes of minor effect in determining the 

sternopleural bristle count. 

The chromosomal analysis of the By line proves that the third 

chromosome is the most effective one in determining the sternopleural 

bristle xrnmber. The two experimental lines of the highest means analysed 

(B23 and A(8)9) show that bOth still retain complete By third chromosomes. 

It could be assumed that most of the experimental, lines of H.V origin which 

attained averages equal to Or highe-r than 21 bristles aL'bor the course of 

directional a election contain the complete Hy third chromosome. in fact, 

all the lines treated with the high intensity of selection (10/40) during 

the different courses of backoross lug reached such means after the 

directional, selection (except 835 and Bw3S). So, using such intensity 

of selection during the backcrossiflg 'treatment seems to hinder the progress 

of sieving genes. To speed up the elimination of minor factors, a lower 

intensity of selection and/or a longer period of treatment are needed. 

The 10/0 intensity,, however, is not.to  be the one used in the repeated 

backorosaing schemes of experiments I and 2, for using such intensity would 

not lead to an equilibrium State it the number Of backerossing generations 

is very large (Dr. A. Robertson, personal communication). 

in discussing the possibility of picking major units using 

the repeated backcrossing method, Wright (1952) suggested, to speed up the 

2B_ 
elimination of minor genes, taking the ratio 	- 2p  as an index, 

selecting the progenies in which this ratio is a maximum and which has 

the smallest means (B = backoross and P = backcrossing parent). This 

procedure, however, rèqdrea a large number of large progenies and "is not 
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ljke1 to be successful unless there is at least one factor with a rather 

large effect and unless environmental variability is relatively small." 

He further suggested selectiitg g number of backeross individuals near the 

inddle of the distribution,, where all + alleles have probabilities Of about 

0.50 of being present, and selecting the progenies aocording to the 

coefficients ofuariability. It could be suggested that such procedure 

may be used in the early generations of baokcrOs sing to Ovez'cpnie the 

problem of retaining the complete Hy third chromosome segregating. 

The results of the different'Hy-derived lines of means equal 

to or lower than the average of the third By chromosome show that their 

means are always determined by genes retained On 'the third chrOmosomes 

This might indicate that most of the genes of high magnitude of effet 

are boated On that chrOmOsome. However, the relatively big effect of. 

the complete By third chromosome may bathe reason for Obtaining these 

results.. For this means that a gene of high effect on the third 

chromosome will always carry along with. it a larger number of genes Of 

relatively lover effects compared with another 'high' gene on the 

second chromOsome, the two chromosomes being of about equal genetioai. 

lengths. Jie to segregation and to the limited number ofn.vidua2s 

scored every generation during the courses of backcrossing treatments, 

selection will always favour pieces of bigger effects derived from the 

By third chromosome. Genes of high effect on the second chromosome would 

then be favoured by selection if a lie boseE by chance much Of the genes 

on the third chromosome. However, the low means Of the søcond. chromos ones 

in lines that retained some of the By genetic activity Of this chromosome 

may lead to the conclusion that the 'high' genes on the second chrOmOsome 



are not genetically  tightly linked, compared with what is expected on the 

third chromosome,-  If we take the seven genes affeCting eternopleural. 

bristle count located by Thôday (1961) as a sample of. 'high' genes, then. 

their .genetic map  will support that idea 

The.intX'aCIuO1floSOmal analysis of the third fly chromosome shows 

c1eai]y,  that the 1ft  am is geneticaIy more active tbi the right 5• 

This again may mean that lines of moderate means Of the third chromosome 

are expected to contain always the left. arm of the fly ebrOmosoine. The 

assumption that the extreue right arm contains-genes Of epistatic nature 

would also mean that such genes shall be easily drained off by backcrossing 

schemes. However. lines of very low meant of the third*. chxIOsome may be 

expected to. contain the genes retained,, on the right arm. These 

conclusions in fact seem to be,-true  in most of the cases. 

The part of the left am of the iLy third chromosome 'that 

contains most of the 'high' genes is that which lies between hand at 

(26.5 and 44.0 C.M0). • this  part was also found by Breese and Mather (1957) 

to be the region of the greatest activity with frespect to aternopleural 

bristle count. Two of the '149h'-genes aiTOctiug this character äxid. 

located, by Thoday (1961) are also included within this distance. in fact, 

the ana1rnia of the third chromosome Of the fly line showed that at least 

two genes within this distance'- are needed for the explanation of the results* 

The 'two genes located by Thodai (1961) near the marker cu would also coincide 

with the piece thought to have the highest activity on the right ain. The 

results then indicate that the activity is greatest in the region of the 

	

centromere., a conclusion shown by Br 	Mather (1957).. 

	

"O 	/ 



The resu1té of the line cis (of Kaduna or&gii) show that 

genes. Of high OieCt between..the two markers Ii and St are present in 

appreciable eencieB in that stock., afld suggest the idea that  in 

this, distEce there are perhaps few Imajbr po1$genes! rather thth :many 

of lever,  effec 	This is because in thelatter cane there would be a 

vex'y low probability Of having all the genes on One chromosome in the 

base stock;individual :genes of low affect ou1dbe easily washed oüt 

du ring the course ,of repeated 'baekcrossing. On the other hand fewer 

genes-of appreciable effects would have a higher probability Of being 

all-held on one chromosOmein the :i 	population. Besides,, such 

genes -need not be found readily linked on one chromosome, and could be 

brought together by directional selection after the course of áOk 

crossing trEatment. 	• • 	• 	• 
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A theory was developed for the differentiation of poigenes 

according to the magnitude of their effects using different methods of 

repeated backcroesing accompanied by selection. These methods were tested 

experimentally using the stet'nopleural bristle count in J)rosophi].a taelenoaster. 

The stocks used were the Kaduna base population and two selected plateaued 

lines derived from It: IF, selected for low sternopleural bristle count (and 

used as the backers sing parent) and Hy selected for high bristle count.. 

LF females were crossed to 'Kaduna and Ity to produce the File to. be 

experimented upon. During the course of backorossing two intensities of 

seectión were used: 10/20 and 10/40. The methods tested experimentally were: 

Repeated .backcrossing accompanied by selection; 

Repeated backorossing with aeleCtton,, with a random 

mating generation in each cycle. 

Backcrcseing with selection for two generations followed 

by two generations of directional selection without 

backcrossing. 

Bckcroasing with selection for one generation followed 

by two generations of directional selection without 

backorossing. 

In the first experiment males were selected, for backcrossing each 

generation. Six lines of Hy origin received this treatinen two of which 

received the high intensity of selection. In this experiment the Hy 

chromosomes are expected to behave as single genes with big effect. The 



results show that chance can be a major reason for differentiation between 

limes. They also show the importance of the high intensity of selection in 

retaining genes segregating for a longer time in backerossing schemes. 

in the second experiment fnalés were' selected for backorossing. 

Here we may deal with genes or pieceS of chrofltósemes of big effect. Twelve 

lines received this treatment,. 6 of Hy Origin and 6 of KadUna origin. 

Four lines received the high intensity of selection, two of each origin. 

The treatment continued for 34 generations. The results ,of this experiment 

show the effective interference of lmlnoró genes linked to the 'major' fleS. 

The minor genes' ciSS4 the great dispersion of means of the Ur lines when 

they were subjected to directional selection after 9 generations of back-. 

abasing. When the directional selection was practised after the 34th 

generation Of backcrcssing.,  the dispersion of means was reduced. 

In the third expeift0t., whichiS no,  on 8 of the 12 lines Of 

the second experiment after 34 geherations of backerossing, a random mating 

generation was introduced before backorosaing. This scheme was expected to 

id the lines of genes of low effect linked to the 'major' genes. The 

treatment seems to be effective since, when we judge by the means attained 

by the lines after the course of directional seloOtion, the range became 

smaller and was almost the,  sane for the Kaduna Crosses 'and the Rr crosses. 

The means of the lines that received the high intensity of selection during 

the backcrossing treatment were not always higher than those of their sib-

lines of the low intensity, that is, after directional selection. 

,The fourth experiment started from samples drawn from the 12 

lines of the second experiment after 4 generations of backerossing, and 

received the two backerossing-two directional selection generations scheme. 
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Lines were subjected afterwards to directional selection for high bristle 

count. The fifth experiment started from samples drawn also from the 22 

lines of the second experiment after 8 generations of baàkcros sing. Lines 

received the one backcrosaing-two directional selection generations scheme, 

and were subjected afterwards to directional selection for high bristle 

count., 

These methods were expected theoretically to retain genes of 

lower averagemagnitude of effect., compared to those retained by the methods 

of experiments 1, 2 and 3. The results Of these experiments (4 and 5) show 

the big role of genes of minor effect in •determiuizg the bristle count. 

Twelve lines (including the Ily line) were chosen for the chromo-

somal assay according to their means. The effects of the second and third 

chromosomes were tested in i 4  background.. The third chromosome, prOved to 

be the most important one in determining the bristle count. Xntra-

chromosomal ana3.ysia of the third ChromOs One was done on U of these 

lines. The results show that the senent of this chromosome containing 

the polygenos with the highest ffeot, i.e. the region always retained by 

lines after backcrossing treatment,.. was that lying between 26.5 and 44 

C .M. The results from one line Of Kaduna Origin might favour the idea of 

a small number of 'major' polygenes rather than many of low effect In that.. 

region. 



REFERENCES, 

Bartlett, M.S. and J.B.S. Haldane (1935). The theory of inbreeding 

with forced heterozygosis. J. Gen. : 327-340. 

Breese, E. I. and K. Mather (1957), The organisation of po]yger4c activity 

within a chromosome in Drosophila. 1. Hair characters. 

Heredity : 373.395. 

Bridges., O.B. and K.S. Brehme (1950). The mutants Of j2rgseWla 

me1axiogaste. Carnegie Institution of Washington. Publication 552. 

Chai,. C.K. (1961). Analysis of quantitative inheritance of body size in nice. 

W. An attempt to isolate poiygenee. Gen.Rea, : 25-32. 

Clayton, G.A., J.A. Morris and A. Robertson (1957). An experimental check 

on quantitative genetical theory. 1. Short term response to 

selection. J. Genet. 	: 13115l.. 
Mather, K. and B.J. Harrison (1949). The manifold effect of.selection. 

Heredity 'j: 1'52 and 131.162. 

Nedler, 3. A. (1952), Some genotypic frequenciós and their variance components 

occurring in biometrIcal genetics, Heredity ,s 37-394. 

Oshiifla,. C. (1958), Studies on DDT-resistance in Drosophila melanogaater 

from the viewpoint of population genetics. J Hered. : 2231. 

Thoday, J,M. (1961). Location of po]ygeneao Nature Ms 368-370. 

Taukamoto, M., H. Ogeki and H. 1tikkaia (1956). Genetical analyses of 

resistance to insecticides in Drosophila znelanogaator. 

Proo.of the International Gen. Symp.: 442.444. 

Wigan, L.G, (1949).  The distribution of po]ygenic activity on. the X 

chromosomes of Drosophila melanogaster. Heredity 3: 53.66. 



WrigJit, S. (1952). The genetics of quantitative variability0. 

In Quatitattveinheritane, Colloqja±wu edited by E.C.R4eeve 

and C.Hi. Waddington. London: Her Majesty's Stationery Office. 

pp.54L. 



ACKNOWDGENT 

I am indebted to Professor C.H. Waddington, F..R.Si for. 

the provision of laboratory facilities in' the institute, of Animal 

Genetics.  

To Dr.. A.c. Robertson I wish to extend my gratitude for 

suggesting this problem, and for his guidance, encouragement and 

stimulating discussions throughout the course of'the work'. Finally, 

I should like to thank Mr. 3.. Allan for the correction. ,of the 

manuscript.' 	 .' 	 . 	. 


