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A Pair of Closely Linked Genes Controlling High Scutellar
Chaeta Number in Drosophila

I. T. MacBEAN, J. A. McKENZIE and P. A. PARSONS

Department of Genetics and Human Variation, La Trobe University, Victoria (Australia)

Summary. 1. A line selected for high scutellar chaeta number reached a mean of about 16 chaetae in females and
13.5 in males at the 69th generation of selection following an accelerated response to selection which commenced at
generation 65 and added five chaetae. 2. The accelerated response can probably be explained in terms of two recessive
high chaeta number genes 1.05 cM apart, and which are located between po and vg on chromosome I1. The gene closest
to vg was found to be scabrous, sca, which causes rough eyes when homozygous and has a pleiotropic effect on scutellar
chaeta number. The gene was found in one of the strains used in setting up the selection lines. 3. The results are dis-
cussed in relation to other theories of control of the scutellar chaeta system.

Introduction

Although the genetics literature abounds with
selection experiments, there have been rather few
attempts at analyzing responses of selection to the
level of genetic loci. Thoday (1961) and his colleagues
arrived at a more specific location of polygenic dif-
ferences built up in selection experiments for sterno-
pleural chaeta number (see also Spickett and Thoday,
1966) by sophisticated breeding techniques (see Lee
and Parsons, 1968). One pair of loci 20cM apart
situated on the second chromosome amply justified
their attempts. If 4 represents more and — fewer
chaetae, ——/—— homozygotes were found to be
lethal as were all individuals carrying the + -+ chro-
mosome. This is a remarkable position effect extend-
ing over 20 cM since + —/—+ is viable and + 4/ — —
is lethal (Gibson and Thoday, 1962). A pair of high
chaeta number loci situated 2 ¢cM apart have been
found on chromosome 3, which in this case did not
show interactions but were both fully dominant
(Wolstenholme and Thoday, 1963). Such precise
information adds to our knowledge of quantitative
genetics, complementing the approach of biometrical
analyses. Other examples, with some general com-
ments, appear in Lee and Parsons (1968).

In this paper a line selected for high scutellar
chaeta number will be described, with the genetic
analysis of part of the response to selection. The
scutellar chaeta number system differs from that of
other quantitative systems in Drosophila in that it
shows little phenotypic variation from the normal
four chaetae. Even so, there have been a number of
reports of genotypic variability for the trait (Payne,
1918; Sismanidis, 1942; Hosgood and Parsons, 1967).
The limited phenotypic variation is thought to be
a result of developmental canalization, where a varie-
ty of underlying genotypes produce the same pheno-
type. Existing variability can, however, be exploited
in directional selection experiments by basing selec-

tion on strains set up from single inseminated females
in the wild, which have a high frequency of flies
with more than the normal four scutellar chaetae
(Hosgood, MacBean and Parsons, 1968). The varia-
bility between such strains has been shown to be
mainly under the control of additive genes, which
presumably arose from genetic differences between
the founder females (Parsons and Hosgood, 1967).

Hosgood, MacBean and Parsons (1968) commenced
four replicated selection lines derived from sixteen
single inseminated female strains collected in the
wild:

1. the strain having the highest mean scutellar
chaeta number,

2. a hybrid population derived from four strains
having the highest means,

3. a hybrid population of all 16 strains, and

4. the strain having the lowest mean.

Directional selection was carried out in each genera-
tion by selecting from the 100 flies of each sex scored,
the 10 of each sex having the highest numbers of
scutellar chaetae to provide the next generation.
Extremely rapid responses were found in 1 and 2
above such that one replicate of 2 showed a conti-
nuous accelerated response to generation 12. This is
the line 2 4 in Figures 1 () and 2 (3). These extre-
mely rapid responses were interpreted as being due
to the segregation of high scutellar number genes in
the base populations, which on selection rapidly
increased in frequency producing the observed res-
ponse. Line 4 A C in the figures represents a control
line for 4 above.

The Selection Line to be Analysed

At generation 12, line 2 4 ceased to respond to
selection, although there was an extra chaeta added
at generation 22 (Hosgood, MacBean and Parsons,
1968). At generation 17 line 2 A V was established
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by a cross between 10 females of line 2 A with a mean
scutellar chaeta number of 10.50, and 10 males from
one of the replicates of the controls from line 3 having
a mean of 4.00 . Line 2 4 died out at generation 5%
due to a bacterial infection. At generation 65 line
2 A V began an accelerated response to generation 69,
during which time the chaeta number went from {1
to 16 in females. The males paralleled the females,
although the actual chaeta numbers were somewhat
lower. After this, the line plateaued at about 16 chae-
tae in females and 13.5 in males. After the accelerat-
ed response the variability between generations was
much lower than before the response. Two possible
interpretations come to mind, namely either the line
has become homozygous for chaeta genes and such
variation as is observed is environmental, or that
there is further genetic variability, which natural
selection acts against, so that the plateau represents
a balance between directional selection for higher
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Fig. 1. Selection response in females in lines 24, 24V and
2 AV R. See text for derivation of these lines and the control
line, 4 AC
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Fig. 2. Selection response in males in lines 24, 2 4V and
2 AV R. See text for derivation of these lines and the control
line, 4 AC
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chaeta number and natural selection for lower chaeta
number. Some support for the latter hypothesis
comes from a line set up at generation 75 where 10
randomly chosen individuals of each sex were allowed
to mate and this was continued over a number of
generations (line 24 V R — Figures 1 and 2). In
both sexes the chaeta number decreased, by about
1.5 chaetae in the males and 2.0 in the females, relative
to 2 A V, and once reached the levels were maintain-
ed. In other words this may be the level at which
there is either homozygosity or a balanced situation.
Back selection was not carried out. Detailed genetic
localization studies were carried out during the plateau
from generations 70 to 94, during which time it seems
reasonable to assume that the genotype remained
constant for scutellar chaeta number.

Genetic Analysis

At the same time as the accelerated response began,
a rough eye phenotype appeared in 2 4 V, and by
generation 68 all flies were rough eyed. By reciprocal
crosses with 4 4 C, it was shown that the gene(s)
controlling rough eye was recessive. Backcrossing
the F, females to 2 4 V females confirmed this giving
116 normal: 109 rough (42 for a 1:1 ratio = 0.22),
(Table 1) indicating the likelihood of a single recessive
gene.

Table 1. Mean scutellay chaeta numbers in the F,'s between
2 AV and 4 AC and backcvosses of this Fy to 2 AC

Parent F¥* Backcross

Fe-  Male F&  Males Females Males

male males

2AV 4 4C 5.05 4.80 Normal RoughNormal Rough
6.59 11.73 5.67 9.53

44C 24V 4.70 4143 (71)* (64) (45) (45)

* All the F, means are based on 40 flies.
+ The number of flies scored is given in the brackets.

The difference in scutellar chaeta number between
rough and normal eye types in the backcross was
about 5 chaetae, which is a major portion of the
accelerated response. In the F; chaeta numbers were
found somewhat in excess of 4, showing that the in-
crease in chaeta number is mainly but not entirely
controlled by recessive genes. The backcross progeny
show rather high chaeta numbers for flies with nor-
mal eyes, as would be expected since their genomes
would have a higher proportion of the selected line
than the F,’s.

The first detailed genetic analysis was carried out
at generations 27 and 28 using the procedure of
Kearsey and Kojima (1967), in line 2 4. Using
4 A C as a control and neglecting the Y and fourth
chromosomes, eight true-breeding combinations of
the three major chromosomes from 24 and 4 4 C
can be synthesized using techniques involving marked
multiple inversion stocks. The inversion stock used
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was Basc; Cy ds33%/Pm; H[Sb. The pure breeding
stocks are then crossed in various ways to form 27
female and 18 male homozygous and heterozygous
combinations. In Table 2a mean chaeta numbers are
given for these combinations and in Table 2b the
analyses of variance. The major additive effect is in
chromosome 2, with significant effects in the other
chromosomes, 3 being more important than the X.
There are significant but lesser effects due to domi-
nance in chromosomes 2 and 3. The magnitude of the
second chromosome additive effect makes it difficult
not to postulate the involvement of one or more major
genes in the increased chaeta level of 2 4.

The next analysis followed the methods of Mather
(1041, 1942 — see Lee and Parsons, 1968 for review).
Localization to a specific chromosome is achieved by
a comparison of the three major chromosomes of
2 AV as heterozygotes and homozygotes to analo-
gous chromosomes of the inversion tester stock above.
The tester stock was crossed to 2 4 ¥ and then the
resultant F; crossed back to 2 4 ¥ which gives eight
phenotypes in which the line 2 A V is represented as
a homozygote or heterozygote for each of the three
major chromosomes in turn. This method is only
fully efficient in detecting recessive genes in the
selected chromosome, but since from Table 1, much
of the genetic activity in 2 A V is controlled by reces-
sive genes, this is not a severe limitation. Flies were
taken from generation 72 of selection, and the analy-
sis of variance is given in Table 3 again showing signi-
ficant effects for all chromosomes which are largest
for chromosome 2. Certain
interaction components are
also significant. The relatively
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Table 2a. Mean scutellay chaeta numbers for all 27 female
and 18 male homozygous and hetevozygous chromosome
combinations, between chvomosomes from line 4 AC (A chrvo-
mosomes ) and selection line 2 A (B chromosomes ).
Chromosomes laken from genevations 27/28

Chromosomal constitution

(females) Females Males
X 3

A A A 4.00 4.00
H A A 4.02

H A H 4.04

H H A 412

A A H 4.02 4.00
A A B 4.20 4.10
A H B 4.90 4.22
A H A 4.04 4.01
A B A 5.60 5.18
H B A 6.45

A H H 4.04 4.01
A B H 6.02 5:18
A B B 7.78 6.84
H H H 4.18

B A A 4.00 4.00
B A H 4.00 4.02
B H H 4.74 4.26
H A B 4.38

B A B 4.46 4.46
B H B 6.28 5.61
B H A 4.24 4.00
B B A 6.36 5.56
B B H 6.88 6.30
H H B 5.66

H B H 4.90

H B B 8.62

B B B 9.98 7.89

Table 2b. Analyses of variance for the various effects of the thvee major chromosontes
in line 24 based on the data in table 2a

high contribution of the X in

| Males

the male may be related tothe  Source Chromo- Females
hemizygousnatureofthe chro-  of variation some d.f. M. S. F M. S. F
mosome comparison. Because
in both of the above analyses additive (a) X 1 637.3 21.67** 489.9 24.24%*
chromosome 2 had produced 2 1 6,840.6 232.59***  6,142.7 303.94%**
the most significant effects, 3 1 2,551.4 86.75*** 2,030.6 100.48%**
it was decided to investigate dominance (d) X 1 62.5 2.13 — -
this chromosome in detail to 2 1 673.5 22.90** 987.0 48-84:*
achieve a more definitive level 3 1 829.9 28.22%%*  256.5 12.69
of localization of genetic acti- a x a Xx2 1 116.6 3.96 127.4 6.30
vity. X x3 1 272.7 9.27* 357.5 17-69:
The procedure follows that 2x3 1 1519 517 271.5 1343
of Thoday (1961) and his 4 x d Xx2 1 0.8 0.03 — -
colleagues who arrived at X X3 1 61.4 2.09 - -
a more specific location of 2x3 1 8.6 0.29 16.1 0.79
polygenic differences built up a x 4 Xx2 1 77.2 2.62 0.0 0.00
in selection experiments for 2xX 1 58.3 1.98 — —
sternopleural chaeta number. Xx3 1 0.9 0.03 0.8 0.04
3IxX 1 51.8 1.76 — —
Fiom aback-cross of a female, 2%3 1 125.1 4.25 45.4 2.25
heterozygous for a multiply- 3x2 1 2.6 0.09 78.1 3.87
marked chromosome and the gypor 8 20.4 20.2

selection line, to a. male homo- ,,
zygous for the multiply-
marked chromosome, recom-

Note. Error M.S. for males has 4 degrees of freedom.
*P < 0.05 ** P<0.01, *** P < 0.001
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Fig. 3. Chromosome 2 markers used in the investigation (map
locations — Lindsley and Grell, 1967)

binants occur which are recognized by the segre-
gation of the marker genes. Such recombinant
chromosomes can be tested to determine how many
classes can be distinguished with reference to the
quantitative trait under discussion.

Table 3. Analyses of mean scutellay numbers based on the
Basc; Cy ds33k{Pwm; H|Sb testcross (see text), based on
25 flies for each of four veplicates '

a) Analysis of variance

Source d.f F
of variation o Females Males
X 1 168.0%** (55, 8% **
2 1 1082.5%** Q53 g***
3 1 268.9%** 68.3% %%
Xx2 1 21.6%** 80.0* % *
Xx3 1 10.7%%* 1.4
2% 3 1 45.6%** <4
Xx2X3 1 21.6%** 4.0
Replicates 3 <1 1.5
Error 21

***P < 0.001

b) Eifects of chromosomes on bristle score

Chromosome Female Male

1 +1.26 +2.84
2 +4.34 4343
3 -+1.60 +$0.92

The various chromosome 2 markers used in this
investigation are given in Figure 3. The first locali-
zation study, using the techniques above, involved
the marker stock al cn bw which spans the whole
chromosome. The effects of the regions may be
estimated by a factorial method analogous to that in
Table 3 described for localizing gene-
tic activity to chromosomes. The fac-
torial analyses of variance indicates
significant genetic activity in the al
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Table 4. Analyses of mean scutellar chaeta nwmbers based
on the al cn bw festeross. 25 flies weve scoved per veplicate

F
Source
T s d.f.
of variation Females Males
a) Analysis of variance
al chromosomes 1 64.8%** 57 g¥%x
cn chromosomes 1 119.9%%x* 157.9% %%
bw chromosomes 1 3.7 3.9
alxcn 1 0.10 28.0**
al X bw 1 17.5%% 15.8%*
on X bw 1 41 F¥%* §5.8%%*
al X en X bw 1 17.5%* 10.9*
Replicates 1 0 1.8
Error 7
*P < 0.05, **P <0.01, ***P < 0.001.
b) Effects of the chromosome regions on chaeta score

Chromosome

al —0.25 —0.18

cn +0.34 +0.19

bw +0.06 —+0.03

find out more about rough eyes these eight phenotypes
as females, were crossed in turn to 2 A V males. Both
rough and normal eyed flies come from all crosses
where the cn* allele is present in the offspring, but
only 25 out of 827 of flies where the ¢ allele is present
show rough eyes (Table 5). This indicates the like-
lihood of the gene being in the region of cx, especially
as no such division is apparent for the al and bw loci.
The 25 rough eyed cx flies occurred for the maternal
phenotype al ¢cn 4 indicating that recombination is
possible between the cx locus and the rough eye locus,
and that the rough eye locus probably lies to the right
of cn.

Table 5 also shows that an increase of about three
chaetae occurs for rough eyed progeny compared
with normal eyes. This is somewhat below the five
chaeta increase of the accelerated response, and
would seem to indicate that the accelerated response
1s due to the gene for rough eyes, and/or to a gene(s)
closely linked with it.

The cn region was further investigated by using the
marker stock b cn ¢ bw. The markers b ¢z and cn ¢

Table 5. Progeny check on vegion localization data. Females of phenotypic
classes cvossed with 2 AV wmales (see text). Mean scutellar chaeia numbers
arve given, and the numbers in brackels, after means, indicate the total number

and number of vough eye flies observed

and cn regions, which is positive in

Females Males

(normal eye) - {Rough Ee)-'e)A

{Rough eyie)r

the cn region, but negative in the al M;terfc‘al
region (Table 4). Thus the region of © o o/Pe
interest for the selection of high chaeta on bw
number is ¢, especially as the al al o -+
region is negative with reference to the Z; _‘t Z’_”
standard al/ cn bw marker stock. The + o bw
cross produces eight phenotypes, being  +
variously homozygous and heterozy- i i ZZ_U

gous for a/, cn and bw and in order to

572 ( 85) — 4.48 (101) —
5.70 (128)  8.77 (13) 4.48 (151) 6.92 (12)
6.50 ( 88)  9.25 (41) 5.20 ( 76)  8.40 (34)
5.75 ( 81)  8.40 (39) 4.60 ( 79) 7.10 (42)
565 ( 91) — 4.53 ( 87) —

6.15 ( 97) — 4.55 ( 87) —

6.40 { 70)  8.90 (32) 5.40 ( 76)  7.60 (34)
5.40 (159) 8.75 (75) 4.75 (134) 7.71 (71)
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Table 6a. Mean scutellay chaeta numbers of va-
rious classes produced in the b cn ¢ bw test cvoss

(1) b ¢n region (All flies are heterozygous b cn).

Progeny type
ben + -+ b+ +cn
(standard)
4.05 5.00 4.68 4.23
Deviations from
ben +0.95 4063 +0.18
Analysis of Variance
Source  df. F )
+/en 1 25.43%%*
+/b 1 3.20
- Jenx + b 1 0.24
Genotype 3 0.62%**
Sex 1 5.93*
Genotype X Sex 3 0.53
Error 80
Total 87

were taken in pairs so that the regions in the centro-
meric regions could be considered. The bw region was
not considered as previous analyses showed little
effect in this region. The data for 4 ¢n in Table 6a
show that only cn* produces a significant effect
relative to the marker region, as b+ and & regions do
not differ significantly. From the techniques of
Thoday (1961), mean chaeta numbers of 44 and 5+
are similar, as are -+ ¢» and & ¢z, which seems to in-
dicate that the chaeta locus might be nearer to the cn
locus than the b locus (Table 6a). For ¢n ¢, however,
both ent and ¢t produced significant effects relative
to the marker regions (Table 6b). Both ¢n* and c*
have higher chaeta numbers than the corresponding
mutant regions. This is in accord with genetic
activity probably to right of the ¢z locus as already
suggested, and between cn and c.

Similarly to the al ¢n bw testcross, four randomly
chosen males from each of the eight possible pheno-
types made up from the b, ¢» and ¢ loci were back-
crossed to 2 A V females (Table 7), and once again
it can be concluded that the rough eye gene is in the
vicinity of ¢n, and the presence of rough eyes in pro-
geny from & cn- phenotypes supports the location of

Table 7. Progeny check on sub vegion of cn vegion. Males of phenotypic classes crvossed
with 2 AV females (see text). Mean scutellay chaeta nuwmbey based on n = 25 except when
fewer flies weve available. The numbers in brackets, after means, indicate the total number
and the numbey of vough eye flies obsevved
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Table 6b. Mean scutellar chaeta numbers of va-
rious classes produced in the b cn ¢ bw lest cross
(2) en ¢ region. (All flies are heterozygous ¢z c)

Progeny type
cn ¢
(standard) + -+ cn + +c
4.08 4.97 4.35 4.41
Deviation from
cnc +0.89 +0.27 +0.33
Source d. f. F
+Jen 1 17.81%%*
+/c 1 13.64**%*
+/enx +/c 1 1.74
Genotype 3 11.06%**
Sex 1 11.76%**
Genotype X Sex 3 0.49
Error 128
Total 135

* P < 0.05, *** P < 0.001

the region of activity between ¢z and ¢. In fact it can
be seen that this table is analogous in form to Table 5,
except that al is replaced by & and bw by ¢, thus limit-
ing the region of activity compared with the previous
experiment.

Between ¢z and ¢, the only reported mutant with
a rough eye phenotype is the recessive gene scabrous
(sca) (Lindsley and Grell, 1967). On crossing sca sca
flies with 2 4 V reciprocally, the F, produced only
rough eyes. It was noted at this stage that the stock
sca sca flies had chaeta numbers greater than four.
Thus means of 5.59 and 4.49 were obtained for 100
females and males respectively. This suggests a plei-
otropic effect of sca on scutellar chaeta numbers.
Rather than investigate the detailed effects of this
locus at this stage, it was decided to continue with
further genetic localization studies.

The next marker stock taken was vg ¢. It was found
(Table 8) that classes 4+ and +4c¢ were similar, as
were vg-+ and vg ¢. There was significant activity
associated with vg*, suggesting that the region of acti-
vity is close to the vg locus and perhaps to its left.
The po vg stock was then taken, and is particularly
useful as the markers closely span the sca locus
(Table9). It was found that
the means of the recombi-
nant classes po-+ and +vg
were intermediate between
the two parental extremes,

Paternal Females — Males ~ and furthermore the po*
phenotype (Normal eye) (Rough eye) (Normal eye) (Rough eye) a'nd‘ vg* alleles differed

— significantly from the cor-
+ -+ +  7.04 (106) 11.88 (54) 5.96 ( 96) 10.28 (51) responding alleles of the
Z_ i + 2.32 ggg; }f.gg gz; g.gg 21 g; 3.96 86; markerchromosomes. Both

¢ . . . .72 (40 :

b 4+ ¢ 5.60 (144) 9.52 (68) 5.08 (120) 9.08 (63) of these results are in
e -+ 645 (113) _ 5.03 { 91) _ agcord with genetic acti-
b cn + 7.03 (118) 10.84 (13) 5.63 (107) 9.70 (10) vity between the two loci.
+ mm ¢ 5.30 (105) — 5.28 ( 93) — “ Progeny testing enables
b on ¢ 5.65 (114) — 5.00 (103) —

an estimate of the mini-
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Table 8. Mean scutellar chaeta numbers of va-
rious classes produced in the vg ¢ test cvoss
(A1l flies are heterozygous vg c)
Progeny type
vg ¢
(standard) + -+ vg+ +-c
4.00 4.52 4.08 4.42
Deviation from
vg ¢ -+40.52 -+0.08 +0.42
Analysis of Variance
Source d.f. F
+ Jvg 1 26.86%**
+Je 1 1.8
+ Jvg X 4 fc 1 0.02
Genotype 3 Q.35%**
Sex 1 3.27
Genotype X Sex 3 1.09
Error 192
Total 199
*xx P < 0.001
Table 9. Mean scutellav chaeta numbers of
various classes produced in the po vg test cross
(All flies are heterozygous po vg)
Progeny types
$o vg
(standard) + 4+ po-+ +ug
4.00 4.43 4.30 4.20
Deviations
from po vg +0.43 +0.30 +0.20
Source d.f. F
+/po 1 461*
+Jvg 1 12.02%%*
+[po X + fvg 1 0.25
Genotypes 3 5.62%**
Sex 1 4.61*
Genotypes X Sex 3 0.97
Error 152
Total 159
* P < 0.05, *** P < 0.001
r e o0 * o
é +vg r . we ee LK )
< po+ l' ¢ sscsee . .o
1 | | l
0 01 0.2 0.3 0.4

Deviations from po vg control line

Fig. 4. Progeny tests of randomly chosen parental and re-
combinant po vg chromosomes
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mum number of loci involved to be made by a con-
sideration of the number of chaeta classes among the
tested recombinant chromosomes. Essentially # + 1
classes indicate # loci (Thoday, 1961). Recombinant
chromosomes were randomly chosen from each re-
combinant class and tested against po vg females. The
results are given in Figure 4 and show three distinct
classes, indicating two loci between po and wg. It is
unlikely that more than two loci are involved because
of the short distance between po and vg. We can there-
fore write the selection line as 4 H H -+ and the control
lines as po LL vg. Thus the initial cross to produce
1

the recombinants is ;—ozzfg ;g ié zg .
the region po-L segment 1, L-L segment 2, and L-vg
segment 3, three possibilities occur for each recombi-
nant genotype (Table 10). Assuming sca to be one of
the loci, then if it is next to vg its effect will be observ-
ed in the intermediate class of po+ recombinants i.e.
po L H+, and not in the intermediate class of -Fvg
recombinants i.e. +HLvg. The two loci, sca and the
second locus (designated chaeta locus) have similar
effects (Fig. 4), and furthermore, the distribution of
the extreme parental and recombinant classes indi-
cates that the loci are largely additive.

If we call

Table 10. Phenotypes showing recombination from the cross

+ HH + 0 po LL vg
po LL vg po LL vg
Chaeta Chaeta
v number po + number
Cross over in
segment 1 + LL vg Low po HH + High
Cross over in
segment 2 + HL vg Medium po LH + Medium
Cross over in
segment 3 -+ HH vg High poLL + Low

Segment 1, po-L; Segment 2, L-L; Segment 3, L-vg.

In order to look further at the situation, the recom-
binant males in Table 10, were crossed to 2 A V fe-
males. For the |vg males we expect:

+ LL vg + HH +

4% 0 + LL vgy normal eyes
po LL vg + HH + + HH +1 and only one
(low) po LL vg [ chaeta number
T HH +J class
(1)
+ HL vg 3 x + HH +Q + HL vgy normal eyes
po LL vg + HH + + HH + | with two
(inter- po LL vg J chaeta number
mediate) + HH +) classes
(2)
+ HH vg + HH + + HH vg
;bol.,ngd‘X +HH+9 THE rough eyes
(high) %T_; normal eyes

(3)
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Table 11. Mean scutellar chaeta number in I, for cvosses between po vg male vecombinants and 2 AV females. Recombinant
deviations based on figuve 4. Means based on 20 flies scoved unless othevwise specified in brackets

Deviation Recom- Females Males Combined deviation class
from binant T
4 chaetae Class (Normal eye) (Rough eye) (Normal eye) (Rough eye) (Normal eye) (Rough eve)
High + 4 4.72 (25) 9.00 (25) 4.72 (25) 8.76 (25) 4.72 3.88
+ vg 4.90 8.90 4.80 S'és l
4.85 8.50 4.60 .60
po 4.75 8.70 4.80 8.55 j .79 8.74
4.90 9.25 4.70 8.70
Intermediate + vg 5.40 (30) — 5.17 (30) — l
5.23 (30) - 5.06 (30) - 524 N
5.13 (30) - 5.03 (30) - ]
5.53 (30) - 5.37 (30) -
2 lines unproductive
po +  4.94 (13) 7.50 ( 8) 4.77 (13) 7.25 ( §)
4.89 (18) 7.75 4.87 (15) 713 (16)
4.80 7-55 4.85 7.25
4.90 6.85 4.80 7.20 4.82 7.34
4.90 7.75 4.80 7.35
4.80 7.15 4.85 7.65
4.57 (14) 7.33 (19) 4.72 (19) 7.06 (17)
1 line unproductive
Low po vg 4.48 (25) — 4.48 (25) — '
+ wvg 4.95 - 4.90 - 4.48 -
4.80 — 4.70 — l
1 line unproductive
po - 4.70 — 4.65 - } -
4.80 - 4.95 — 481

1 line unproductive

Table 11 gives the results and the eye phenotypes
confirm this. In cross (3) equal numbers of rough and
normal eyes would be expected (] for 1:1 == 0.05
based on 169 flies). For cross (2) on combining the
data for Table 11 with other data, of similarly tested
recombinant chromosomes, a bimodal distribution
was found for chaeta numbers, as would be expected
since the chaeta locus is homozygous in one genotype
and heterozygous in the other. For po+4 males we
expect:

poLL + + HH 4+, _poLL +
po LL vg X HE ¥ L HE +1 normal eyes
(low) o LL and only one
PO LL 98| haeta class
+ HH +
(1)
poLH + +HH +, _poLH +
po LL vg g x L HH _+‘9 T HH § rough eyes
et poLL vg ormal eyes
mediate) HE 4 n y
(2)
po HH + + HH + po HH +
poLng6X+HH+9—>+HH+ rough eyes
(high) polLLvg
THH - normal eyes

(3)

The eye phenotypes in Table 11 confirm this. In
crosses (2) and (3) rough and normal eyes would be

expected to be in a 1:1 ratio (y = 0.69 and = 2.22
respectively based on 523 and 180 flies).

Looking now at the actual scutellar chaeta num-
bers, the high class shows pooled mean chaeta num-
ber differences between rough and normal of 4.07
chaetae. Inthe intermediate class (po-) the differen-
ce was 2.52 which is less as would be expected, since
in the former case chaefa is homozygous and in the
latter, heterozygous. The 4 vg intermediate class was
bimodal, and the mean difference between the two
means from the two modes within the distribution was
estimated as 1.64 chaetae, which provides an estimate
of the effect of the chaeta locus (H/H vs H/L). The
two means from the two modes of this distribution
were 6.04 and 4.40 chaetae respectively. The other
normal eyed flies in Table 11 all have chaeta numbers
at about the lower figure, as would be expected since
they should be heterozygous for the chaeta locus.

The known gene locations are po (65.2), sca (66.7)
and vg (67.0) giving a po-vg map distance of 1.8 cM.
The three classes in the recombinant classes in Fi-
gure 4 represent crossovers in the 3 regions, and total-
ling the numbers in this Figure gives five crossovers
in the po-chaeta region, fourteen in the chaeta-sca
region and five in the sca-vg region. Adding in further
data of similarly tested recombinant chromosomes
gives nine, twenty-four and eight respectively. Divid-
ing these into 1.8 cM gives a map:
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po chaeta sca vg
0.40 1.05 0.35

which corresponds quite well with that published
(Lindsley and Grell, 1967) for the three genes pre-
viously located, po, sca and vg.

Discussion

Two closely linked loci, chaeta and sca, which are
just over 1 cM apart probably provide the basis of
the accelerated response to selection between genera-
tions 65 and 69. The two loci when homozygous for
high chaeta genes add about five chaetae, between
them, and of these sca sca homozygotes add propor-
tionately more than chaeta homozygotes. Presum-
ably before the accelerated response, there were some

) + sca
repulsion genotypes chaeta

the accelerated response followed a recombinational
event to produce chaeta — sca chromosomes. This
leads us to enquire as to the origin of the two loci.
In the genetic background of 2 A V are 16 strains set
up from single inseminated females. These have been
investigated and in strain 1 (Hosgood, MacBean and
Parsons, 1968) a single sca sca fly was found. Sub-
sequent pairwise crosses of phenotypically normal
flies of this strain with homozygous sca sca flies
produced scabrous and normal eye progeny in a 1:1
ratio for 2 males from a sample of 34 productive
males of strain I and for 1 female in the 35 productive
females of strain I tested. All remaining crosses
produced phenotypically normal flies. In other
words 3 of a sample of 69 flies tested were heterozy-
gous scafsca* indicating an allelic frequency of
approximately 29, for sca in the strain genome.

in the population, and

While it is possible that this frequency varies
considerably from that in the original population, it
is clear the sca gene did not arise by mutation during
the course of selection. So far as chaeta is concerned,
obtaining evidence of this type was not sought partly
because of the complex breeding program involved.
In any case, whatever the origin of chaeta, it is likely
that recombination in the repulsion genotype as
above occurred. A more remote possibility is that
the chaeta gene became homozygous during the initial
accelerated response at generation 18, and that the
accelerated response between generations 65 and 69 in-
volved sca and another locus elsewhere in the genome.
Unfortunately tests on genetic architecture were not
carried out prior to generation 65, except for the
Kearsey-Kojima analysis at generations 27 and 28
which showed chromosome 2 to be of importance in
the response to selection at that stage.

Therefore, in conclusion, two loci have been located
which are involved in the response to selection and
they are tightly linked. By the breeding techniques
used they can be mapped accurately. This provides
no difficulty with sca, but chaeta is a gene known only
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to have a quantitative effect on chaeta number. Such
precise information about chaeta determining loci
adds to our knowledge of quantitative genetics, and
shows the problems of applying biometrical models to
observed data. The scutellar chaeta system is one of
peculiar difficulty from the biometrical point of view
because of the strong canalization of many strains
at four chaetae which means that many genotypes
show the same phenotype (see Rendel, 1967).

From the literature it is clear that the genetic
architecture of scutellar chaeta number may be no
less complex than sternopleural chaeta number for
which Beardmore (1970) cites the work of Davies
(Ph. D. thesis, 1969) as indicating 16 loci. Beardmore
(1970) suggests that when taken in conjunction with
other work, this may indicate 20 or more loci involved
in the sternopleural chaeta system. It has further-
more been shown by Spickett (1963) that different
genes affect chaeta patterns on the sternopleural
plate.

For scutellar chaeta number, Whittle (1969) carried
out a complete chromosomal analysis of two homo-
zygous stocks having increased scutellar chaeta
numbers in terms of comparisons with an inbred stock
having four chaetae. There were differences in all
chromosomes of both stocks, which were located to
three factors in one stock and five in the other. Fur-
ther, a factor or factors causing a change in pattern
without a change in chaeta number was found. Fra-
ser’s (1970) model postulates a system with two major
loci namely scute sc, and extravert x»¢ on chromosome
3. These loci are modified in expression by & and
modifiers respectively. Mutation at the sc locus leads
to a reduction of chaetae below the normal four, while
mutation at xvt results in an increased chaeta number.
Substitution of s¢ for sc* suppresses xvf and the g
modifiers (Miller and Fraser, 1968), while substituion
of xvt for xvt* suppresses the expression of the «
modifiers in the presence of sc*. Fraser (1967) con-
cluded that the normal four chaetae result from
a stabilization of development because of a complex
interaction mechanism between these loci and their
modifiers. A further locus tufted (#ft) increases the
number of scutellar chaetae markedly (Fraser, 1970),
and Fraser suggested that this locus may be a regula-
tor of a locus determining the upper limits of the
number of scutellar chaetae, such that a mutation at
tft removes the repression and allows the chaeta
number to continue at an unregulated pace. Rendel
(1967, 1968) has discussed the scutellar bristle system
in terms of more molecular considerations, but al-
though this may provide answers in the long term, we
feel that our results are difficult to put in such terms.
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